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NMPEQUCINIOBUE PEQAKTOPA NMEPEBOAIA

CpelH MeTOM0B TNPHKJAAJHOTO CHCTEMHOTO aHaJH3a HMHTAUHOHHOE
MOJENHPOBaHHe SIBJSETCS, NOXKAJyH, CaMBIM MOLIHBIM HHCTPYMEHTOM
HCC/IENOBAHHST CJOXHBIX CHCTEM, YIpaBJeHHE KOTOPHMH CBSI3aHO C
NPHHATHEM peIUeHHH B YCJOBHSIX HeonpepedeHHocTH. [lo cpasHeHHIO
C JAPYTHMH METONaMH TaKOe MOJAeJHPOBaHHe NO3BOJSET paccMaTpH-
BaTh OoJibliiee YHC/IO aNbTePHATHB, YJyUlliaTh KayeCTBO yNpaBJeHde-
CKHX peLIeHHH M TOYHee NPOTHO3HPOBATH HX TNocaeicTBUS. Dddek-
THBHOCTb €r0 3HAUHTEJBHO BO3pOCJAa C NOSIBIEHHEM MOMWIHEX JBM
TPEThEro NOKOJIEHHS H Pa3BHTHEM ClELHAJbHBIX $S3BIKOB TPOTPaMMH-
poBaHHS. DTH HOBBIE BO3MOXKHOCTH OTKPHUIH IYThb K OJOYHOMY mO-
CTPOEHHIO MOZeJell W TpPeOJOJIeHHIO TaKHX Iperpaj Ajs LHPOKOTO
HCIIOJIb30BAHHS CJIOXKHHX MMHTALHOHHBIX MOJeJed B Ipoleccax HpH-
HSITHS PelieHuH, KaK MX HeJ0oCTaTOuHast THOKOCTh H TPYAHOCTH OTpa-
JKEHHST B HHX AMHAMHKH W MHOTOYDOBHEBOH CTPYKTYPH YIpPaBJeHHS.

Yto6sl OB/MIaJeTh HCKYCCTBOM HMHTALHOHHOTO 3KCIEPHMEHTa Ha
HOBOM 3Tale, MaJjio OJHOTO JIHIIb IIaCCHBHOTO 3HAHHS MaTeMaTHYeCKHX
OCHOB HMMHTALHOHHOTO MOJEJIHPOBAHHA H yMeHUsl pa3bupaThecsi B
KHHXKHBIX» MOJ@JSX, CHJIBHO YNPOIIAIOUHX peaJbHhle TpOoGJIeMbl.
Heo6xoauMo TakKe 3HAKOMCTBO ¢ NPAKTHUECKHMH aCHeKTaMH Ipei-
Mera, MEeTOAO0JIOTHeH KOHCTPYHPOBAHHS MOJeJeil, ¢ BOSMOXKHHIMH TIpH-
UYMHAMH ycnexoB M Heyaad. OZHaKO Bce 3TH BONPOCH A0 TOC/TeTHErO
BDEMEHH OCBELIaJHCh [JaBHHIM 06pa3soM B NepHORHUECKOH JHTepa-
Type. OTcyTcTBHe MOHOIpadMH, OXBATHIBAIOUIEH BCe aCNeKTH WMHTa-
IHOHHOrO MOJENHPOBAHHS, 3aTPYAHANO GBICTPOE U IKOHOMHOE YCBOE-
HHe HaKOIJIEHHOTO ONKITa.

Kuura amepuranckoro crnemuanucra Pobepra Illenmmona Bocued-
HseT 3T0T npobesn M sABJSETCS BeCbMa CBOEBPEMEHHOH H IOJIe3HOM.
Ee rnaiast uemb— moMoub HCCeZOBATESIM H MOJB30BATENAM r1y6-
e TOHATh NOKa ellle n0Xo (GopMasH30BaHHHE NPONECCH pa3paboT-
KH MOJesH, ee peaJu3allMH, & TaKke HHTEPIPETallMH pe3yJbTaTOB MO-
ACJMNpOBAHHS, HO B HeH, €CTeCTBEHHO, OTpaXeHa aBTOPCKasi TOUKa
SPCHHS Ha METORbl HAYYHOTO NO3HAHHS [PHMEHHTEJNBHO K 4aCTHOMN
3ajaye HMHTAUHOHHOTO MOJEJHPOBAHHUS.

MoxHo cKa3aTh, 4TO KMHTa MOCBSINIEHA LEJIHKOM HMEHHO TOH ua-
CTH MMHTaUHOHHOTO 5KCIEPHMeHTa, KOTOpas NpeAcTaBasieT coGof
HCKYCCTBO, NOCKOJBKY TaKHe NPOLECCH, KaK OT6Op CyHleCTBEHHHIX
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daxropos ajst TIOCTPOEHHST MOJIE/IH, BBEACHHE YTPOLIAOLIHX aonyiie-
HHH ¥ NpHHsTHe TpaBUJIBHBIX pelleHH Ha OCHOBE MojeJeil OrpaHHu-
YCHHOH TOUHOCTH, ONUPAIOTCS B 3HAUHTENBHO Mepe Ha HHXKeHepHyIo
MHTYHLHIO HCCIENOBATENST H IPaKTHYECKH] ONBIT TOro HJIH HHOTO PY-
KOBOAMTEJISA.

Hanomuuast o toMm, uro HMHTAUHOHHAS MOJeJ]b B HEYMeJhX py-
KaX MOXET NPHUBECTH K HEBepHbIM BEIBOJAM; aBTOp paccMaTpHBaeT
UMbl PN KPHTHYECKHX MOMEHTOB ee Pa3paboTKH H HCIOMBb3OBAHHS,
YKa3HBAET HA CKPHITHE 3]€Ch ONACHOCTH W jaer MHOTO TNOJIe3HHIX pe-
KOMEHZaUuH TNpaKTHYecKoro XapaKTepa, B OCHOBE KOTODHIX JIEKHT
BIYMYHBBHI aHAIH3 THIHYHBIX OWHGOK HcelnenoBareneli. 3HaqHTeNb- VIMHTaUHOHHO® MOJJTMPOBaHHE — OJMH H3 CaMBIX MOIUIHHIX HHCTpY-
HO€ MeCTO B KHHTe YJeJEHO TaKXKe MeTonam ONTHMAJIBHOTO TJaHH- MEHTOB aHa/H3a, KOTOPHIMH PAacHoJaraloT JIOAH, OTBETCTBEHHHIE 32
POBAHHST NOPOTOCTOSIIHX HMHTALHOHHBIX SKCIEPHMEHTOB B YCJIOBHAX paspalboTKy H (YHKUHOHHDOBAHHE CJOXKHHIX TPOLECCOB H CPICTeM..
HEH30eXHLIX Ha NpaKTHKe OTPAHMYEHHA 10 BPEMEHH, a TAKXKE Bbi- Vxest HMHTAUHOHHOTO MOJENHPOBAHHSA NPOCTa H B TO XK€ BPeMs WH
TYHTHBHO TpHBJekaTenbHa. OHa AaeT BO3MOXHOCTb INOJb30BATENIO
SKCNEPHMEHTHPOBATh C CHCTEMAaMH (CYIICCTBYIOIHMH HJIH TpejJarae-
MEIMH) B TeX CJy4asiX, KOTAa feJaTh 3TO Ha peallbHOM obbekTe npak-
THYECKH HEBO3MOXKHO HJIH Heuesecoobpasno. Kaxabil nixeHep H aj-
MHHHCTPATOp, €CJH OH XO4YeT, YTOGH ero 0GpasoBaHHE OTBEYAJIO CO-
BPEMEHHHIM TPeGOBAHHSAM, NOJKEH OLITH 3HAKOM ¢ STHMH MeTonaN{n
MofenHpoBaHnus. [TosToMy AaHHAA KHHra IpefHAa3HAuaeTcst A ABYX
KaTeropuii uutatesei -— AN TeX, KTO NOJKEH Pa3pabaTHBATh UMHTA-
UHOHHbIC MOJENH, H TeX, KTO JOJXKeH HCIOJb30BATh PE3YJNbTAaThl HC-
CJIeIOBAHUH, TIONYIEHHBIE HA ITHX MOJEJSX.

MMHTaUMOHHOE MOMJNHPOBAHHE 3MKIETCS TVIABHBIM o6pasom Ha
TEOPHH BHYHCIHTE/NbHBEIX CHCTEM, MaTeMaTHKE, TEOPHH BepOSITHOCTEH
H cratucTuke. Ho B T0O XKe BpeMs HMHTanmuonHoe MOfeJHPOBaHUE H
SKCNEPUMEHTHPOBAHHE BO MHOTOM OCTAIOTCS HHTYHTHBHEIMH IpoLec-

NPEAMCIIOBUE ABTOPA

Hocrounctso MOHOTDA(HH — B CHCTEMHOM NOAXONe K H3J10 KEeHH IO
npobaeMsl Ha BceX stamax ee PEIICHHS: OT 3aMBIC/]A 0 BOMJIOMICHHS
«B MeTallIe» H IOCJAEAYIONIEro COBEpPLICHCTBOBAHHU S MOJEJIH Ha OCHO-
B aHanM3a ee (YHKUHOHUPOBAHHSI. Jpyras nosoxurensras uepra
KHHIH — OGCYX/ICHHE B Hell OYeHb BAIKHBIX ISt KpynHOMacILTa6HEIX
[IPOEKTOB  BONPOCOB, CBS3aHHBIX ¢ OpraHM3alHeli Hcc/e/lOBaHHi,
YIIpaBJIeHHeM pa3paGoTKaMH M B3aHMOOTHOLIEHHSMI paspabotuuka
C 3aKa3UHKOM.

Ecan yuecrs, uro HApsIAY ¢ GOJBUIHAM YHCAOM yYeGHHIX TIpHMepoB
U yUpaxKHEHHH KHHTa CONEpXKHT Bech HEOOXOMMMEI CHpaBOYHEIE Ma-
TEpHAI, TO €e MOXHO C NOJHHIM TpaBoM paccMaTtpHBaTh KaK MeTONH-
qeckoe nocobue no MMHTAUHOHHOMY MOAeNHpoBaHuIo. B KuuTe Takoro
Polia ocTpo HyxAawTes paspaborudky 24BTOMATH3HPOBAHHBIX CHCTEM
ynpaaneﬂpm, HCcolleJoBaTeNbCKHe KOJIJIeKTHBBI TNPOMBIIIJIEHHBIX npen- CaMHu, OTpaCJIH 3HAHHUS, KOTOpBHIE JieXKaT B OCHOBE l/[Ml/[TaLlPIOUHHOI‘O MO-
IPUSATHIL, a TaKxe TpenojaBaTen BY30B, TOTOBSIIHX CIELHAJHCTOB ACJIHPOBAHHS, XOPOLIO OCBelEHH B APYTHX KHHTaX; 1o 9TOH TIpHYHHE
N0 MHXEHEpHO! KHGEepHETHKEe, H MOKHO HaJIeATbCs, YTO OHA 3ajfiMeT aBTOp He KacaeTcst BONDOCOB NPOrPAMMHpOBAaHHA Ha IBM mam cra-
HOCTOHHOE MECTO Ha HX KHHIKHBIX TIOJKAX, THCTHKH. JleTa/bHBI}i aHAJH3 3THX acHeKTOB MBl OCTaBJSEM JApYyTUM

IlepeBos KHHIH BuIMONHHAKR Apons M. H. (npemucionue aBTopa, H NONbITaeMest SAECh OCBETHTb NPOUECC CO3RAHAS MOJMEJH, SKCIepH-
ra. 1 u2), Epwos A. A, (ra. 4—6), Tuxonos B. K. (ra. 3, 7 u npu- MEHTHpPOBaHHsI ¢ Heil M aHaJu3a pe3yabTaroB. HOf:KO.'Ibe 3TOT eI.I.le
JIOXKEHHST) . HELOCTATOMHO TIOHATHIH Npoulecc SIBASETCH B TAKOH IKe Mepe HCKyc-
CTBOM, KaK M HayKoH, Mbl NIDeJJaraeM BCEro JIHIIb HECKOJbKO MKECT-
KHX TIPaBUJI HJIH YCTAHOBJIEHHBIX NPHHUHIOB. ME MOXeM JHIIb 03HA-
KOMHTh UHTaTe/IsT ¢ KPHTHUECKHMH NPOGJEMAMH B 3Tol obsactH, yka-
3aTh HeKOTOpHIE MYTH MX pelleHHS H NpPEAYIPENIHTL €ro O BO3MOMHKX
OHacHocTsX. DT0 He YXOBAETBOPHT Tex UHTaTeNeH, KOTOphle Bepsr,
UTO cymiecTBYyer TOUHHIT U NpABUJIBHBIH CI0OCO0 pelleHHs] KaKOH YTOA-
HO TpoGsieMEl, H XKeJalT 0 HeM yeanimwate. Ho n060# uenosex, Ko-
TOPHii Korna-u6o mpHMeHsT B CBoel pabote MMHTaUHOHHOE Moje-
JIHpoBanue, cormacures, uro OCBEILleHHble 3]leChb BONPOCH SBASIOTCS
BeCbMa JKH3HEHHBIMH M TIO3BOJISIOT YeTKo OTZEJHTb ‘HaIpaBJIeHUs, Be-
Ayuie X ycnexy, or omn60YHbIX.

E. K. Macaosckui
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IMono6Ho BCeM MOUIHBIM CPEACTBAM, CYLIECTBEHHO 3aBHCAUUM OT
HCKYCCTBa HX PHMEHEHHs, HMHTaUHOHHOE MOJCJIHpOBaHHe croco6HO
aTh JH6O OUEHb XOpOWiMe, MO0 OueHb NMJIOXHE pesyJbrathl. OHO MO-
er JH60 NPOMHTb CBET Ha pelliehHe mpo6ieMsl, JHGO BBECTH B 3a-
6ayxenne. [105T0My BaXKHO, YTOOH PYKOBOJHTEIb HJIH TOT, KTO IPH-
HEMaeT pellieHHs H OyJeT NOJb30BaThCs De3y/bTaTaMH MOAENHpOBA-
HHSI, NPEACTABJAA cebe CMBICJ BBOIMMEIX JONYIIEHWH, CHJIBHEIE H
caabhie CTOPOHBH METORA, €ro NPeHMYLIecTBa H TOHKOCTH. Mu cunra-
eM, YTO eJIHHCTBEHHHI IYyTh, NO3BOJIAIOUIHA PYKOBOLHTENO pa3yMHO
HCIIOJIB30BATh NpEHMYyIIecTBa Mo60ro KOMHYECTBEHHOr0 Merola H M-
KJIIOYAIOIAE BO3MOMKHOCTh Pa30uapOBaHHs HJIH KaTaCTPOPHUECKHX pe-
3y/bTaToB, Tpe6yeT MOHHMAHHA CYHIECTBA JIeXKaU[HX B OCHOBE 5TOTO
MeTofa NpeINoChIIOK H ero (H3HYECKOTo cMbicaa. PykoBomuTe/IO HET
HaZOGHOCTH y4acTBOBaTh B IPOEKTHPOBAHHH, NPOrPaMMHPOBAaHHH H
naxe pabote ¢ Mojeisio. Ho oH JoJ/KeH NOHMMArh, Kak OHa ¢byHK-
UHOHHDYET, HHaue OH ¢ caMoro Hawaaa GyieT BBHYMKAEH BOCIDHHH-
MaTh €€ KaK HeKHH MarmyeckHil SIHK H OKaXeTCsd MNOJHOCTBIO BO
BAACTH HCCJeJ0BaTels.

DTa KHHra NPH3BAHA CAYXKHTb yueGHHIM nocobueM AJIA H3YUEHHT
B TeueHHe TPeX CEMeCTPOB Kypca HMHTaUHOHHOTO MOJe/NHPOBaHHA B
paMkax VueOHHIX NPOTPAMM [0 HHXKEHEPHHM IHCIHIIHHAM, TEOpHH
yIpaBJ/ieHH s, TEODHH BHIYHCJTHTEJBHbIX CHCTEM H aAMHHHCTDATHBHOMY
pykoBozcTBy. Ilpeimosiaraercsi, uTO 4HTaTe]b 3HAKOM C MaTeMarHuie-
Ckoll CTAaTHCTHKOH H OCHOBaMH IporpaMmupoBaHHs na DBM. 3axaun
M yIpaKHEHHs, KOTOPble MOTYT HCIOJB30BAaThCA NO YCMOTPEHHIO Npe-
nonaBaTeNd, AAHH B KOHIe raaB. CTyIeHTaM ¢ Xopoluefl mOAroTOBKOH
O CTaTHCTHKE H NIPOrpaMMHPOBaHHIO DEKOMEHIYeTCHA COCPEROTOUHTH
cBOe BHHMaHHe Ha PEICHHH peasbHhIX 3afau HJIH Ha BHIIOJIHEHHH
KypCOBOro mpoekTa. [ToIJIHHHOE YMEHHE NOJb30BAThCA TEXHHKOI HMH-
TAHOHHOTO MOJEJHPOBAHHS MOXHO NPHOOPECTH JIHIIL Ha ONEITE.

Mee npeacras/sieTcs, 4TO AaHHas KHHIA CYHIECTBEHHO OTJIHYAETCH
OT ApyrHX nocoGHii B AaHHOH 06JacTH, H 5TO OTJIHUHE 3aKJI04aercs
B CJEAYIOIIEM:

1. Ee MOFYT HCTIOJIB30BaTh CTYJAEHTH C Pa3/JTHYHOH NOATOTOB-
KOH B MaTeMaTHKe, TEODHH BePOSTHOCTEH, CTaTHCTHKe H Mpo-
rpaMMHDOBAHHH. YIPaXKHeHUs N01006paHbl Tak, UTO Npenoiasa-
TeJb MOMKET BHIGHpaTh AOMallliHe 3afaHHS B COOTBETCTBHH C
ypoBHeM 3HaHHd cTygenTa. Takum 006pasoM, KHHTa JOJMKHA
0Ka3aThCs NOJIe3HOfI ropasfo Oosee IIHPOKOMY Kpyry 4HTa-

‘ TeJsel.

2. B KHHre He YAeJN€TCS MHOTO MeCTa BOIPOCaM, KOTophie
yKe OCBeUIeHh B APYTHX MHOTOYHCIEHHBIX H3faHMAX. CHHCKH
PEKOMEHAYEeMOll JIUTepPaTypPEl COCTABJEHH TaK, UTO YHTATE]b MO-
JeT HaliTH Bce HYXHhle NOAPOGHOCTH B MEPBOHCTOTHHKAX.

3. OcHoBHOH yHOp JejaeTcs Ha BONPOCH, CBA3aHHHE C
HCKYCCTBOM MOJeJHpOBAaHHfA, a He Ha JNeTalbHblil aHAMu3 Cy-
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LIeCTBYIOMUX MofeJell. [IpHMepH CYIIeCTBYIOMHX Mozeseil aa-
HBEl B NPUJIOXKEHHH.

4. O6cyxnapoTress npo6JaeMel YIpaBJeHHS HayuYHBIMH HCCJe-
JOBAHHAMH H NPHEMJIEMOCTH HX pe3yJbTaToB A5 IOJb30BaTe-
A, DTH acleKThl HMHTAUHOHHOTO MOJEJHPOBAHHSA IOJHOCTBIO
HrHOPHPYIOTCS B APYTHX KHHMAaX N0 MOJEJHPOBAaHHIO.

B ra. | usnaraercs o6uiasi TeOpHs MOJJHPOBAaHHS M Jaerca 06-
30p METOXO0B HMHTALHOHHOrO MOJAeNHpOBaHHA. B ri. 2 onuchiBalorcs
HEKOTOphIE METOMH, NOJIe3HHE IIPH aHa/lH3e HCCAELyeMBIX CHCTeM H
TOCTPOEHHH MO}Ieﬂeﬁ. I'Ipe;maraxoTCﬁ METOABI ONpele/IEHHSA KOHKpET-
HBIX 3HAYEHHH NAPaMeTPOB H YCTaHOBJEHHS ()OPM B3aHMOZEHCTBHS
MeXAY KOMIOHEHTaMH Mojeseff. B ri. 3 omHCHBAaIOTCS S3BIKH IIPO-
rpaMMHpPOBaHHs H cnocobnl BhI6opa cpeln HHX fi3nika, HanboJjee NOJ-
XOAfALIero A/ KOHKPETHOH 3afaud. B ria. 4 pgesaercsd nmonbiTKa NO3Ha-
KOMHTb YHTaTeJNs C TEDPMHHOJIOTHEHl H KOHLENUHSIMH NJIaHHPOBaHHA
9KCIEPHMEHTOB, YTO OOJIErMHT eMy YTeHHe B CJayuae Heo6XOZHMOCTH
CTeuHaJ/dbHOH JHTePaTypH. B rJa. 5 H3naraoTcs HeKOTOphe 33ajadyu H
«JOBYLIKH», BCTPeUalOuIHecs NpH NPOBeJeHHH H aHaJ/H3e SKCIepHMeH-
ToB. B ri1. 6 ob6cyxAaercsa BaxKHas Npo6ieMa OLEHKH aieKBaTHOCTH
MoJeaH 00BEKTY H NPaBHJBLHOCTH BHIBOJOB, HOJYUYEHHHIX H3 3KCIEpH-
MEHTOB; 3TO CAEIaHO KaK C TEOpPeTHUeCKOH, TaK M C IpakTHUeCKOH
Touek 3peHHs. HakoHen, B 3aKJIOYHTe/JbHOH TIyaBe (IV. 7) paccMarpH-
BaloTCA NpobJeMb PYKOBOACTBA HAayYHHIMH HCCJIENOBAHHSIMH H Iepe-
JIaYH HX Pe3yJbTaTOB IOJb30BATEIO.

B ornnyHe oT GOJBLIMHCTBA KHHI 1O HMHTaUHOHHOMY MOZEJHpO-
BAaHHIO B 3TOH KHHI'e HET MHOTOYHCJICHHHIX NIPUMEPOB MoJZeneil, KOoTo-
phie NPHBOAMJIHCE OB 1O XOJy H3J/0XKeHHS. XOTS HEKOTOpEIE BONPOCH
H MoryT OHThb H3ydeHH Ha MOJeNfAX, pa3paGOTaHHHX APYTrHMH, IO
MOeMy MHEHHIO, 3TOT HOJAXOJ HMeeT OrpaHHYEHHYI0 METORHUECKYIO
LenHocThb. JleJ0 B TOM, 4TO He BCErJa H3yueHHe Mojesell 3KBHBAJEHT-
HO obOyueHuio MojenuHposanuio. [lo 3Tofi NIpHUMHE THIOBHIE MOJAENH
CrPYNNHPOBAHEl B NPHJAOKEHHH A, B KOTOPOM ONHCAHH ILECTh H3BECT-
HBIX MojeseH.

Meroxsl reHepupoBaHua ¢ nomowbio IBM nceBrocAyuadHBEX UH-
C&Jl M CTOXaCTHYECKHX BapHAUHOHHEIX PAZOB OCBELIEHH BO MHOTHX
KHHrax M cTaThiX B TeXHHYECKHX XypHaaax. Kpome roro, Gosbluas
uacTh DBM COZEPKHT COOTBETCTBYIOLIME MNOANPOrpaMMH B COCTABE
CBOHX GubiinoTek. I105TOMYy MHl ClenHa/JbHO HX He PpaccCMaTpUBaJH,
gpél;cﬂ-rlb TNIOMECTHJIH B NPHJOXEHHH B KayecTBe BCIOMOraTeJbHEIX

) B JJIs NpOBEJEHHs BBLIYHCJICHH B CJyuae, ecJH HOJA PYyKaMH
HET COOTBETCTBYIOMHX MALIHHHHIX IPOrpaMM.
CTEI;Iaé{?(};i%bng;ouz:;jlfzﬁBqTo ofHa H3 HaHnbojiee CEpPhE3HEIX TPYZHO-
KOJHueCTBeHHbIE METOAH il(;?)ﬁ CPYKOBOMTMH TEpotiena. Yierse,
Paspabarsipaiomye Teopr,uo o4 aBeJe{ng}z::mqecxax D e
Bip aﬁoTa 1 yop A H HCCJIEAO0BaHHUA Olepallui,

p JIH CBOI JiekCHKOH. OfiHako, o6Jjeruas obuieHHe MeXIy clie-
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IHAJHCTAMH, OH CTAHOBHMTCS TPYAHONPEOAONHMBIM O6apbepoM NpH IO-
NHTKaX OOLIeHHsl CHELHaJHCTOB ¢ pYKOBOAMTeJsIMH. IlosToMy MhI
cTapajuch AaTh UHTATENIO ONpeJeJeHHs BO3MOXKHO GoJbluiero yHcaa
TEPMHHOB, COOTBETCTBYIOIHX KaXK[0My NMOHSTHIO,

S1 xoTen O BHIPasHTb NPH3HATENLHOCTH MHOTHM JIOASM M OPra-
HU3aLHAM, KOTOPHE CNOCOGCTBOBA/H 3aBeplieHHIO MaHHO pPaGoOTH.
B oco6ennoctn s1 XoTes OBl BHIPasHTh CBOIO NPH3HATENBHOCTh 3a OKa-
3aHHEIE MHE TNOMOIIb H TOLEPIKKY COTPYAHHKaM AsabaMCKOro yHa-
Bepcutera B XanTcsHie A-py JIkx. XooMaHH, pekropy Bhiciueii mko-
JB HayKH W TeXHHKH A-py P. A. Bpayny, 3aBenyiomeMmy kadenpoi
NPOMBIIL/IEHHOTO OGOPYIOBaHHSI H CHCTEMOTEXHHKH H MOEMY KoJJere
n-py P. M. Buckuny. §I ocobenno 6aarozapen a-py Jx. T. Oxeny
u3 Texacckoro ynusepcutera B OcTHHe, uefi npuMep H ojo0peHHe
BOONYIEB/IAIH MeHs B TsKesnle MHHYTHL BechMa NOJIe3HBIMH GHLIH
TaK¥Ke 3aMeyaHHsl H NMpeiJIoXeHHs a-pa LK. Maysa 13 OKJ1aXOMCKO-
ro yuusepcurera, A-pa M. K. Crapa n3 KoaymGufickoro yHHBepcHTeTa
u a-pa P. UepnukoBckH n3 PouecTepcKOro TEXHOJIOTHYECKOrO HHCTH-
TyTa. MHOTOMIETHSAS NOAKEPKKA, KOTOPYIO B PaMKaX JOTOBOPHHIX OT-
HOLIEHHH OKa3mBasla HaM JlaGopaTopHs HccleXOBaHHi M pa3paboTok
pakeTHoro Komaumosanusi Apmun CIIA mox  pyKOBOACTBOM
a-pa k. JI. Maknsuus/ib, nosBoJ/iHjia HaM npup6pec’m ONBIT H Ma-
TepuaJl, ciesiaBliue BO3MOXKHHEIM NOsIBJeHHe 5TOH KHurH. 51 Gsaaroza-
pi0 Takke r-Ky MOHDO, MHOrO pa3 NepeneyaThHBaBIUYIO DYKONHCH,
u r-Ky JIxK. J{10Ba/lJ1, BHOCHBLIYIO nonpasku. HaKoHel, 1 JOJI2KEH BBI-
PasuTh cBOI0 0COGYi0 NMPH3HATENBHOCTh HEKOTODHIM MOHM CTYIGHTaM,
B ToM unciae Y. 1. Yumiay u II. P. OnoMy, KOTOpEE BHECJH CYIIeCT-
BeHHHH BkJal B cOlepXKahHe /1. 3 H 4 COOTBETCTBEHHO, a TaKxke
1. JlouHessid, OTPeAaKTHPOBABIIEMY NePBHI# BapUAHT PYKONHCH H
COCTaBHBILEMY pellieHHsl yueOHBIX 3aAal. .

9 xoTes Gbl MOCBATHTL 3Ty KHHTY cBOeil HmpekpacHOH xene Ma-
PHOH, ubsl Bepa B MeHS H MOpaJ/ibHasi MOANEPXKKa MOMOIJIH MHE 0Cy-
IeCTBHTh 3afiyMaHHOe, a Takke MouM zersM Keann n Temmu.

Po6epr 10. Llennon

Xautceuna, Anabama

rNABA 1

OCHOBbI MOAENMPOBAHMSA

«Kozda s ynorpebaso caoso, — ckasaa larrai-Boarall do8ors-
HO Npe3PUTeNbHO, — TO OHO O3HAYAET UMENHO TO, YTO A JYMAI0,—
HU Boavule, HU MeHbUES.

«Bonpoc 8 Tom, — ckasara Aauca, — mosere au Bwi sacrasurs
CA0BO BHIPAKCATL TAK MHO20 PA3HBIX Beuyeils.

«Bonpoc 8 rom, — ckasar Ulaarab-Boaras, — kakas cpedu Hux
24Q6HAS — BOT U 6Ce>.

Jdvrouc Kapponr

1.1. KMuTauHOHHOE MOAENHDPOBaHHE

Yupas/ieHHe B COBPEMEHHOM MHpe CTaHOBHTCS Bce Oosee TPYAHHIM
A€JIOM, TNOCKOJbKY OpPraHH3allHOHHAst CTPYKTypa Halliero o6IiecTsa
yelnoxusiercst. dTa CJI0KHOCTh 0OBSCHIETCH XapaKTepoM B3aHMOOTHO-
IIEHHH MEXAy Pas3/IMYHBIMH 3JIeMeHTaMH HalliHx OpraHH3aunuii u ¢u-
SHYECKHMH CHCTEMaMH, ¢ KOTOPHIMH OHH B3aHMOAEHCTBYIOT. XOTs 3Ta
CJIOXKHOCTb CYIlecTBOBaJla XaBHO, MBI TOJNBKO cefiyac HaUHHAeM IOHH-
Marp ee 3HaueHHe. Tenepb MH CO3HaeM, 4TO H3MeHeHHe ONHOH H3 Xa-
PaKTePUCTHK CHCTEMBI MOXET JIETKO NPHBECTH K H3MEHEHHSIM HJH CO3-
AaTh HOTPeGHOCTh B H3MEHEHHSIX B APYTHX YacTAX CHCTEMBI; B CBSI3H
C STHM MOJIyuH/Ja Pa3BHTHE METONOJOTHS CUCTEMHO20 anaiudaY, Ko-
TOpast GhlJia MPH3BaHa MOMOYb PYKOBOZHTENSM H HHXeHepaM H3ydyaTh
H OCMBICAHBATb MOC/IEACTBHS TaKHX H3MeHeHHi. B wacThocTH, ¢ losip-
JICHHEM 3JIEKTPOHHBIX BBLIYHCJIHMTENBHHIX MallHH OAHHM H3 HaHOOJIee
BAXHEIX M TOJIE3HBHIX OPYMHH aHaJH3a CTPYKTYPHI CJOMKHBIX npouec-
COB M cHCTeM CTa/10 HMHTAaLHOHHOE MOJEJHPOBaHHE. Hmuruposars,
cornacno caosapto BeGcrepa®, 3HaYMT <«BOOGPAsHTb, NOCTHUL CYTh
ABJICHHS, He npuberas K SKCIEPHMeHTaM Ha peaibHOM 06BbeKTe» .

O CYMIECTBY, KaXfaf MOJeJb HJH NPEACTaBJEHHE BeUlH ecTh
bopMa uMuTauHH. HMuTannoHHoe MONENHPOBAHHE SBASETCS BechbMa
IIMPOKHM H HEHOCTATOYHO UETKO ONpEeNeEeHHbM MNOHATHEM, HMEIOMUM
OUeHp GoJibllioe 3HAYEHHE MJIS JIHI, OTBETCTBEHHHIX 34 NMPOeKTHPOBa-
Hue u OYHKIHOHHPOBaHHE CHCTEM. Puckys 3acayxkurb o0BHHEHHe B
—_——

1

« > «Hcenenosanne onepaupits u «TeopHS yNpaBNAeHHsi» — TEDMHHEI, PONCTBEHHHE

HC;;BMHO‘My aHaNN3y» M YaCTo HCMOJb3YeMbie B OJMHAKOBOM C HHM CMECTE.
Webster's New Collegiate Dictionary.
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SNepICHMCR OT AHANHAA PASTHYHMY €M, TOMYUIO NEPBOHAYANLHHI TOMHOK B X0Jle PeaH3alliH aBHAKOCMI-
gpeaemepg:;aﬁ cs&igﬂsgﬁg}uﬁmnggriii aBTOPaMH H OCTAaHOBHMCS Ha JECKHX HpOI‘paﬁMM, HO Aake BLIGOpOUHLI 0630p nuTepaTypuTnoxasbI-
Hpenen ° obmnpHa cdepa NpHMeHeHHH MojeJHpOBaHHA. Tak, Ha-
CBgeM cobcTBenHOM. HMMuTayuonnoe modeiuposanue ecrs npoyecc ﬁ;i;e;mg;nnc;b? KH]:I‘_I;I pno l'EpPIMBHeeHH}O HiIIIP[TaE)LPIOHHOI'O s o
KOHCTpYuposanus modenu peasvuoii CUCTEMbL U NOCTAHOBKU SKCNepli- poBaHI B KOMMepUeCKofi jesiTensioctn [12, 22, 23],  skomomike
MEHTO8 HQ 3TOU MOOeAu ¢ yeavto Aubo NOHATH nosedenie CucTeMbl, 24, 26], mapweruare [2, 21] b cicreme oGpasonamnn [3], moanTie
Aubo ouenuto (8 pamkax Ozpanudenuil, HAKAaObIBAEMBLX HEKOTODbLA [7]’, OGI;J,ECTBOBE/IGHHP[ f8, lfi] Hayke o mosexennn [17, 30], mes-
4Hble cTpaTesul , , -
Kpurepuem uau COBOKYNHOCTHIO ’CP”TB’P”ZB)ﬁ f&i/é‘;m TaKHpM oﬁpa: AYHAPONHHIX oTHOWeHHAX [14, 15], na Tpancnopre [18], B KazpoBoii
obecnedusarouyie GyrkyUORUPOSaKLe OGHHO h HOHAMACM KAk TNOJIHTHKE, B 06/1aCTH COBMIO/IeHHS 3aKOHHOCTH, B HCC/e0BAHHH TPOG-
SOM, TpOUECC HMMHTAUHOHHOIO MOXEJIHPOBAHHA MBI 1eM TOPOJOB M IJI0GabHLIX CHCTEM, a TaKXKe BO MHOTHX APYTHX 06-
o e J , 0
[Ipouece, BKIIOUAIOWHH H KOHCTPYHPOBaHHE Moonenﬂ,gl aH;ﬂmnﬂoquZ%_ aactsix. Kpome Toro, GecunciieHHOe MHOXKECTBO TeXHHYeCKHX cTaTel,
NIPUMEHEHHE MONEJH IS H3YUEeHHS HEKOTOpOH anp%HJ:[eeMr - nnuﬂoﬁh— OTHETOB, AMCCEPTaUMil B OGILECTBEHHOMN, 5KOHOMHUECKOH, TeXHHYECKOMN
0eabro peasibHOA CHCTEMbl Mbl TIOHHMAeM NPEXCTaBJl egybHOI‘O Bo- H TIPAKTHYECKH J1060i APYrofl coepe uenoBeuecKoil aesITeNbHOCTH CBH-
€KTOB HJIM HAeil B HEKOTOPOi (popMe, OT:quOHO?;;{,:TEH J[B CMBICTE AETE/IBCTBYIOT O PoCTe HCIOJIB30BAHHS W PACHPOCTpaHEHHH BIHAHAS
IIOWEHHS; OTCi0A2 Tele/I% «peaibHE» HCn 1 qupM cymecrso- HMHTAIHOHHOTO MO/ HPOBAHHS NOYTH HA BCe CTOPOHHL Halliell JKHIHH.
«CYUIECTBYIOUAi HJIH CIOCOGHBIH NPHHATH OZHY
BauHsi». CleJ0BaTe/IbHO, CHCTEMBI, CYIECTBYIOUIHE elile TONBKO Ha 6Y-

Mare HJH HaXoAsuiHecss B CTaZHH NVIaHHPOBAHHS, MOTYT MOMAENHPO- 1.2. Mpumep UMHTALHOHHOrO MONETUPOBAHHS
BATBCA TaK e, KaK H ICHCTBYIOLIHE CHCTEMEL OHHOE MOJEAHPO- Tlpexae uem ABHHYTBCST Zanibliie, HaM, NOXKaJayH, NOJesHO GymeT

Mrorse asTopil yroTpeGasioT TepMHH «HMHTallk o pa3o6parth OYeHb NIPOCTOH TpHMep, KOTOPLIA TIO3BOJISIET YACHHTL CY-
BaHHe» B ropasfo Gojiee Y3KOM CMBICJE, Y€M TOT, KOTOPHIH ONpefeseH

€CTBO HJAeH HMUTANHOHHOTO MOAEIHPOBAHHA. PaccMOTPHM, HANDH-
Bhiie. Corvacko HallieMy ONpefeJleHHIO, TEDMHH <HMHTAUHOHHOE MO- lI\frlep, oqeplém; noxvng'reneﬁ K KOP;;TPOJII)bHOMy NpHJIaBKY pHeﬁ,oJIbLlIgI‘O
JleJIHPOBaHHE» MOXET TAKXKe OXBAaThiBaThb CTOXACTHYECKHE MOJENH H MarasiHa MOAADKOB (TAK HASHIBAEMAT OXHOMHACHHAR CHCTowa Moo
SKCIEPHMEHTHI ¢ HCNOMb30BAHIEM MeTona Monte-Kapiio. Habivu cio- COBOTO OGcAyKHBaHHs). IIPEANONOKHM, UTO MPOMEKYTKH BpeMeHH
BaMH, BXOJE MOJZENH H (HIH) (YHKUHOHAJIbHEIE COOTHOLIEHHS MeXIY MEXIy NOCMeN0BATEJLHLIMH TOABJCHHSIMH NOKYNaTesejj pacupeiess-
PasJMUHHIMU ee KOMNOHEHTAMH MOCYT COA€pXKarTh, a MOTYT H He CO- loTcil paBHOMEpHO B HHTepBaje oT 1 1o 10 MHH (1% NPOCTOTH MLI
HepAKaTh 3JEMEHT CJAy4aliHOCTH, NOAYHHSIOWIHACS BEPOATHOCTHHIM 3a- OKpYr/IsieM BpeMs 1o Gumkafillero meloro wneia MuuyT). Ilpexmo-
KoHaM. Bosiee Toro, Mbl He OTpaHHUHMBAeM Hallie ONIpefeeHHe HMHTA- JIOKHM fasiee, 4TO BpeMst, HeOGXOAHMOe sl OGCAYKHBAHHS KK IOTO
UHMOHHOr0 MOISJHPOBAHHS JHWb SKCIEPHMEHTaMH, NPOBOAUMBIMH C NIOKynaTess, pacupeleNsieTcss PaBHOMEPHO B HHTepBade oT 1 10
NOMOMIbI0 MAWIHHHEIX Mofenedl. MHOro NOJME3HBIX BHIOB HMHTALHOH- 6 M. Hac mirepecyer cpontice mpeats KOTOpOE TOKYIaTelh Tpono-
HOTO MOJENMPOBaHUS MOXeET OHTb OCYLIECTBIEHO H OCYHIeCTBISETCS ANT B Ramnoli cHCTeMe (BKMOWAT 1 OHEIBMNG, H OGNy KHBANME)
BCEro JIMUb IPH NOMOWH JHCTa GyMard W Nepa MW IPH TNOMOIIH H TPONEHT BPEMEHH, B TeueHHe KOTOPOrO NPOFABEL, CTOSUIHH HA KOH-
HAaCTONIBHOTO BLIYHCIHTENS. MIMHTauioHHoe MojenpoBaiie sBuIsercs Tpode, He 3arpyKeH paboToi ’
TNOSTOMY SKCNEPHMEHTANILHOH H NPHK/IALHOR METOZOIOTHEH, HMelomel Tas MONeJHPOBAHHS CHOTEMbI HAM HEOOXOHMO NOCTABHTH HCKyC-
uenblo:onuca'rb HoBeeHHe CHCTEM: E[TBeHuuﬁ SKCHEPHMEHT, OTpPaXalollHi OCHOBHBIE YCJIOBHS CHTYauHH.
— ’ 17 3TOr0 MBI ROJIKHBEI IPHAYMATH cHOCO6 HMHTALMH HCKYCCTREHHOM
— TOCTPOHTH TEOPHH Il THIOTE3H!, KOTOpLE MOIYT O0TLACHHTH Ha- HOCJIBI[OBaTe.}IbHI(I;CTH npuﬁilfuyﬁ noxynaTeneﬁM: BEGMEHH,ygeOGXOAH-
— ggr}:z)’}li?ggae;%‘;ﬁiﬂn?eoplm st IpeAcKasaHus  GYyAyMIero MO0 A 0GCAYKHBAHUA KaKAOrO W3 HEX. ONHH H3 €noco6oB, KOTo-

PHH MBI MOMIH 6mHI NPHMEHHTb, COCTOHT B TOM, YTOOH OXOJXKHTH y
Koro-mu6o us mpyseii, urpaiomux B TNOKep, AecATb (PHUILEK H OZHH KY-
B TeMe HJIH H3MEHEHHSIMH CIIO- p , X
ﬁugb Buaiaﬂﬂiu]f(x&z?ﬁﬂaﬁﬂh:; cuere OMK. Besen 3a stum MBI MOIVIH Onl NpOHYyMepoBaTh QHIIKH ¢ YHcaa-
co6oB ee . ) My

B otanune or gonbumncma TeXHHUECKHX METOIOB, KOTOPEE MOTYT (I)HUIIK;OBII,?-};:;ZQ;;KHT; P;X 1:[311”15‘“37 H, BCTPSIXHBAsl ee, NepeMelliaTh

ObTh KAaccHHUHUPOBAHE B COOTBETCTBHH ¢ HAYYHHIMH AHCUHILIUHA- Mul MOI"JI]/I o (1) ';U y LWIJISNBL M CYHTHIBAS BBINABILEE YHCJIO,

? OHMMH KODHSIMH (HanpHMep, ¢ (H3HKOM Bl TAKHM NYTeM NPEACTABHTb NPOMEXKYTKH BpeMeHH MeX-

W KHMHOR) . MMHTIRAOMO . 10 B 11060t 2 NOABJeHHeM npenkyIero nocaenyoulero nokynarenaeii. Bpocas

WU XHMHEN), HMHT2UHOHHOE MOAEIHPOBAHHE NPHMEHHMO Haml Ky6HK W cunThBasi ¢ ero Be XHeHl TPaHH YHCJO OYKOB, MBI MOT-
oTpaciad HayKH. IMHTanHOHHOe MOAeqHDOBAaHHE, KaK MHl Telepb 3Ha- PXHeii Tp J X

NOBEAEHHSI CHCTEMEBI, T. €. TeX BO3ZeHCTBHH, KOTODHE MOLYT
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Tabauya 1.1
HUmur poBanHe pPaGoOTH KOHTPOJBHOTG NPHIABKA

oy | ot | SR | A | Hatano | Kot | ppous et | B o

e | N atern, | Hum, | mpnoamaw | ‘iumar | wWea. rens vnphaan- CMHSER
MHH MHH nokynareneft MHH
1 — 1 0,00 0,00 | 0,01 1 0
2 3 4 0,03 0,03 | 0,07 4 2
3 7 4 0,10 0,10 | 0,14 4 3
4 3 2 0,13 0,14 | 0,16 3 0
5 9 1 0,22 0,22 | 0,23 1 6
6 10 5 0,32 0,32 | 0,37 5 9
7 6 4 0,38 0,38 | 0,42 4 1
8 8 6 0,46 0,46 | 0,52 6 4
9 8 1 0,54 0,54 | 0,55 1 2
10 8 3 1,02 1,02 | 1,05 3 7
11 7 5 1,09 1,09 | 1,14 5 4
12 3 5 1,12 1,14 | 1,19 7 0
13 8 3 1,20 1,20 | 1,23 3 1
14 4 6 1,24 1,24 | 1,30 6 1
15 4 1 1,28 1,30 } 1,31 3 4]
16 7 1 1,35 1,35 | 1,36 1 4
17 1 6 1,36 1,36 | 1,42 6 0
18 6 1 1,42 1,42 | 1,43 1 0
19 7 2 1,49 1,49 | 1,51 2 6
20 6 2 1,55 1,55 | 1,57 2 5
Bcero 68 55

68
Cpeasee BpeMs npeGhIBaHMsi MOKYNaTess y NPHAABKA== 50 =3,40 mux

55
IponenT HenpoOH3BOIHTENBHOTO BPEMEHH NPOAaBLA = 7 -100=47%

Ju 6bl TAKHMH YHCJIaMH NPEeICTaBHTL BpeMsl 06C/IyXKUBAHHS KaXKIOTO
nokynare/si. IloBTopsis 3TH omepaunHH B yKa3aHHOH MNOCJaeA0BaTeNb-
HOCTH (BO3Bpamiasi KaxAHA pas QUIIKK o6pPaTHO M BCTPAXHBAS WLISA-
oy nepeX KaXIbiM BHITATHBAHHEM), MBI MOIVIH Gbl IOJIYYHTb BPEMEH-
Hble PSIAH, NPeACTaB/ISIOlHe NPOMEXKYTKH BPEMEHH MeXAy IocJeno-
BaTeJIbHBIMH  ODHOHITHAMH IOKynarteJed H COOTBETCTBYIOUIHe HM
BpeMeHa obcyxusanns. Hallla 3afava 3aTeM cBefeTcsl K IPOCTOH pe-
THCTPAUHH Pe3yJbTaTOB 3KclepuMeHra. Ta6auna 1.1 mokasmiBaer, ka-

OcHosbL MOGeAUpOBaHUA 15

KHe, HaIDHMeD, Pe3yJIbTaTH MOXKHO NOJYYHThb B C/yvae aHajau3a IpH-
6ntast 20 mokynaresei.

OueBHAHO, AJIsI NIOYUEHHS CTATHCTHUECKOH 3HAYHMOCTH Pe3yJbTa-
TOB Mbl ZOJIKHH GbLIH B3SITh rOPasfo GoJblIyI0 BEGOPKY, KpoMe TOTO,
MBl He YWIH HEKOTOPhle BaxKHbie OGCTOSTE/NbCTBA, TAKHE, HAIpHMep,
KaK Hava/bHele Yc/IoBHSA (3T0 GyAer o6cyKIarbesi Mo3fHee). Bax-
HHM MOMEHTOM SBJISIETCS M TO, 4TO' [JIsi [eHEDHPOBAHHS cJydaHHHX
yuceJl Mbl NPHMEHHIM [Ba NPHCNOCOG/eHHS (IPOHYMepOBaHHEE TNO-
KepHble (PHIIKH M KyGHK); 5T0 GHUIO CAENAHO C LeEJbI0 OCYLIECTBHTB
HCKYCCTBEHHHIH (MMHTaUUOHHEIH) SKCHEDHMEHT ¢ CHCTeMOH, I03BQ-
JISIOLIHH BEISIBUTL OTIPeie/IeHHElE YEPTH ee MOBEeJeHHSI.

1.3. OnpeneneHye NOHATHS <MOIENbY

Mogeun siBisiercst mpelcTaBjeHHeM OGBEKTa, CHCTEMBI HJH IOHS-
THs (UAEH) B HEKOTODOH (hopMe, OTJIHUHOH OT $OpMEL HX peasibHOTO
CymecTBOBaHHA. Molenb CIy:KHT OGHYHO cpeAcTBOM, TIOMOT a0 LM
HaM B OOBACHEHHH, TIOHHMAHHH HJIH COBEpPLICHCTBOBAHHH CHCTEMBL
Mozenb Kakoro-in6o 06beKTa MOMKET G6HITh HJIH TOUHON KONHeR >Toro
06beKkTa (XOTS H BHINOJHEHHOH H3 APYroro MaTepHana H B APyroMm
MacwiraGe), uiH 0To6paxKaTh HEKOTOpHe XapakrepHble cBOficTBa 00b-
ekra B abctpakTHOl ¢opme. Bedemctsue Toro uto HMHTAUHUS SIBJSIET-
CA JIMUIL OJHHM U3 BHJIOB MOJE/JHDPOBAHHS, XOTA H OYEHb BaXKHHM,
MH TIOArOTOBHM TIOUBY JJISL €ro NOC/IeyIOMero o6cykKIeHHs, paccMoT-
PeB BHauajle MOAC/IHPOBAHNE B ero obmell popme.

OGLIYHO cuHTaeTCS, YTO MOAENb — 5TO HCIOJIb3YEeMBIH AJIST Npef-
CKA3aHHsA U CDABHEHHS. KHCTPYMEHT, NO3BOJSIOMHMA JIOTHUECKHM TyTeM
CIPOTHO3NPOBATbL NOC/HENCTBHS a/JbTEPHATUBHEIX NEHCTBHiI M p0CTa-
TOUHO yBEPEHHO yKa3aTb, KAKOMY H3 HHX OTAATh IpeAnouTenHe, XoTs
TaKoe HCnosb3OBaHHe MOJeJsiell HMeeT BaXKHOe 3HAYEHHe, OHO HH B KO-
€H Mepe He HCUePIEIBAeT nesieil MOAENHPOBAHUA. Kak Mbl YBHIHM H3
CIEAYIOUNX Pa3/ie/IoB, NIOCTPOEHHe MOJeJeH AaeT B PYKH Pa3JIHUHBIX
CHEUHAMHCTOB U PYKOBOAHTeNEH, IPHHHMAIOLIHX pelieHHus, MeTo[, Mo-
BHIAoMmAf 3POEKTHBHOCTL HX CyMXACHHA H HHTYHIHH. B onpenesnen-
HEIX paMKax MoJe/ib MOXKET CJYKHTb TaKkKe 3¢ )eKTHBHBIM CpecTBOM
OCILeHUST 1 OCMBIC/EHHS AeliCTBHTEbHOCTH,

MHorre M10AH AYMaoT, 4TO HCmONB3OBAHHE MoJeJseli Hayajaoch
HelasHo. Ofnako caMo Mo cebe MOJIe/IIPOBAHHE He HOBO — (OPMHPO-
BanHe nomsrds MoxeaHpoBaHus U paspaboTKa MOAeNeil UrpajiH >KH3-
HEHHO BaXHYIO POJIb B IyXOBHOH AeSITE/LHOCTH qeJI0BeYecTBa C TexX
nop, KaK OHO CTa/i0 CTPeMHTbCA K NOHHMAHHIO M H3MEHeHHIO OKpY-
}HK;'IFC;HIEH cpelH. JIwoAH Bcerxa HCIOJB30BAJ/IM KOHUEMUHIO MOJEJH,

fCb NIPE/ICTABHTL H BHIPA3HTh C €€ MOMOMIBIO a6CTPaKTHHE HAEH
;Iogeaa.ﬂbl{b[e 00 beKTHI. Mogennposanue oxpaThiBaeT LWIHPOKHHA nuana-
. AKTOB Ue/I0BEYECKOr0 OOILIEHUS — OT HACKAJIbHON JKHBOIHCH H CO-
PYXKeHHst HiomoB A0 COCTaBJIEHHS CHCTEM CJIOKHEIX MaTeMaTHUeCKHX
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YPpaBHeHHH, ONHCEIBAIOMHX NOJET PAKETH B KOCMHUECKOM IpPOCTpAH-
crse. [lo cymectsy, nporpecc ¥ UCTOpHS HAYKH H TEXHHKH HALLTH CBOE
HauGosee TOUHOE BHIPAXKEHHE B PA3BUTHH CIOCOGHOCTH 4YesOBeKa CO3-
JAaBaTh MOJE/JH €CTECTBEHHHIX SIBJEHHil, IOHSITH]i H 00BEKTOB.

Iloutn Bce Ges HCKMIOUEHHS ABTOPHI, MHWIYIIHE O HayKe, yTBEPXK-
Jal0T, 4TO OJHHM H3 IMIaBHBIX 3JE€MEHTOB, HeOOGXOMMMHX s 3(dek-
THBHOTO DEIUEHHs CJIOXHBIX 3aJay, SIBJASETCS NIOCTPOEHHE H COOTBET-
CTBYIOLIEE HCHOMb30BaHHE MoAenH. Takas MoAel» MoXeT NpHHHMATh
PpasHoo6pasuuie PopMb, HO OZHA H3 HanGosee IMOJIEIHHX W OIpele-
~1eHHO HauGosee ynorpeCHTETbHHX (GOPM — TO MaTeMaTHYECKasi, BHI-
paxaimoumas N0CpeJCTBOM CHCTEMbl YPAaBHEHHH CYIIeCTBEHHBIE YEDPTHl
M3yYaeMbIX peajbHBIX CHCTEM HJIH sBlTeHuil. K coXajeHuio, He Beeraa
BO3MOXKHO C0O31aTh MATEeMATHYECKYI0 MOZENb B Y3KOM 3HAUEHHH 3ITO-
ro cnoBa. Ilpn H3yueHHH GOJBIIHHCTBA NPOMBIULIEHHHX H BOCHHHIX
CHCTEM MBI MOXEM ONpeAe/HTh IeNH, YKAa3aTh OTpaHHYEHHST H Npeny-
CMOTpeTh, 4TOOBl Hallia KOHCTPYKUHS NOZYHHATACH TEXHHYECKHM H
(u1H) SKOHOMHYECKHM 3akoHaM. IIpH 3TOM MOIYT OHITh BCKPHTH H
npeicTaB/ieHbl B TOH HIH HHOH MareMaTHuyeckod (opMe CylecTBeH-
Hble CBSI3H B cHCTeMe. B oTJIHUHe OT 3TOro pellieHHe npobJieM 3aLIHTH
OT 3arps3HEHHs] BO3AYIUHOH CpeJbl, NPeAOTBPAINEHHsT NpecTyHJaeHuH,
3ApaBOOXPAHEHHS H POCTA TOPOAOB CBSI3aHO C HESCHBHIMH M TPOTHBO-
PEUHBBIMH LEJSIMH, a TaKXKe ¢ BHIOOPOM aJlbTepHATHB, JHKTYEMEIX I10-
JHTHYeCKHMH M COUHMaJbHBIMH (axkropamu. ClefoBaTe/bHO, Halle
omnpelesieHHe MOAENH ROMKHO BKJAIOUYATh B ce6Sl KaK KOTHUYECTBEHHHIE,
TaK M KaieCTBEHHHIE XapPaKTePHCTHKH MOJENTH.

1.4. dynkuuu moneneit

Hpest npeAcTaBIeHHs HEKOTOPOTO OOBEKTA, CHCTEMB HJIH TOHATHS
TIpH MOMOIH MOIENH HOCHT CTO/Ib OGUIHiI XapakTep, YTO AaTh MOJHYIO
K1accupukanmio BeeX GYHKUMA MOZENH 3aTpPyAHATENbHO. DbMarpa-
6u [9] pasmmuaer mo kpaiiHeli Mepe NSITh Y3aKOHEHHBIX H CTaBUIHX
NPHBLIYHEIMH C/TyuaeB NPHMEHEHHs] MoJesedl B KayecTse:

— CPeACTBA OCMBIC/TEHHS AefiCTBUTENBHOCTH,

— cpelcTBa o0OLIEHHS,

— cpeicrBa oOy4YeHHS H TpeHaXa,

— HHCTPYMeHTa IPOTHO3HPOBaHHS,

— CPEACTBA NMOCTAHOBKH 3KCIEpHMEHTOB.

Ilonesnocts Mojenn Kak CpeiCTBa OCMBHIC/AEHHSI PEATbHHX CBA3EH
H 3aKOHOMepHocTeli oueBHAHA. MoJenn MOryT NOMOYb HaM YHOPSZO-
YMTh Hallii HEYeTKHe HIH TNPOTHBODPEYHBHE NOHATHA H HECOOOpa3HO-
cru. HanpuMep, npeficraBietne pa6or 1o NPOEKTHPOBAHHIO CHOMKHBIX
CHCTEM B BHAe cereBoii Mofenn IIEPT mobyxaaer Hac npoAyMarth,
KaKHe Ward ¥ B KaKoi MoCJAe10BaTebHOCTH HEO6XOAUMO NpeanpHHH-
MaTh. Takasi Mogesqb HOMOraeT HaM BHISIBHTh B3aHMO3aBHCHMOCTH,
Heo6XOAMMblE MEepONpHSTHS, BpEMeHHEE COOTHOLIEHHS, TpeGyeMEle
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pecypecHl M T. I. Y3Ke caMa NONHTKA NPeICTABHTb HALIM CJOBECHHLE
(OpMYTHPOBKH M MHICTH B KaKOH-TO WHOH (OpMe 4acTo BHSBISIET
NpOTHBOPEUHs M HesicHOCTH. [IpaBHabHO NocTpoeHHAs MOAE]b BHIHYX-
A2eT HAac OPraHM30BATH HAIIH 3aMbIC/B, OUEHHTh ¥ IPOBEPHTH HX
060CHOBAHHOCTb.

Kak cpenctBo oOmeHHst Xopowo NpoAyMaHHAs MOZedb He HMeeT
ceGe paBHEX. DTy QYHKUMIO Mofesefl KaK Heab3s Jywlle IOATBEP K-
JAdeT 1ocToBHUA: «JIyillie OXHH Pa3 yBHAETh, UeM CTO Pa3 yC/IHILLIATHY.
Bce A3HIKH, B OCHOBE KOTOPHIX JNEXHT CJIOBO, B TOH HJIH HHOR Mepe
OKA3bIBAIOTCST HETOUHBIMH, KOTAA [eJ0 AOXOAHT A0 CJIOMKHEIX IOHS-
THi ¥ onucanuit. TIpaBUTbHO MoCTpoeHHBlE MOTEMH MOTYT MOMOUL HAM
YCTPAHHTL STH HETOUHOCTH, NPefOCTaBAsIS B Hallle pacnopsiKeHHe 60-
Jee JeHCTBEHHbIE, GoJtee yeneliHbe cnoco6u oGueHH . [Ipeumyuiect-
BO MOJENH Nepel CTOBECHHIMH ONHCAHUSIMM — B CXKATOCTH H TOYHO-
CTH NPEACTABNEHHS 3aNaHHON cHTyanuu. Mojenap pmenaer Gosee no-
HATHOH OOWIYIO CTPYKTYpY HCC/ENyeMoro o6bekTa H BCKpBIBaeT BaXk-
HBI€ NIPHYHHHO-CJECTBEHHBIE CBS3H.

Mone n NIPUMEHSIHCH H IPOAO/TKAIOT IHPOKO TPHUMEHSATLCH B Ka-
UECTBE CPEACTB NPOIeCCHOHAMBHOM NOATOTOBKH M OGyueHHs. [lcHXo-
JIOTH N3BHO MPH3HAMH BAXHOCTb 0OYyueHHS YenoBeKa NpodeccHOHAMb-
HOMY MAcCTepCTBY B YC/IOBHAX, KOTAA y HETO HET K ITOMY CHIBHBIX
NOOYAUTENBHHX MOTHBOB. Eciu 4enoBek NPAKTHKYeTCS B YEM-TO, TO
Ha Hero He NOMKHO OKA3mIBAThCs AaBleHHe. KpHTuueckas cHTYauust
BOSHHKAET 37€Ch NPH BEIGODPE HENOAXOASMErO BpeMeHH W MecTa o0y-
HEHHsT UETOBEKA HOBHIM NpPOQECCHOHANBHBHIM NpHeMaM. [103ToMy Mo-
AETH MACTO NPHMEHSIOTCH Kak NPEBOCXOAHOE CPEACTBO OGyueHHS JIHL,
KOTOpLIE JOMKHBHL yMETh CHPABNATHCS C BCEBOSMOMHEIMH CIy4aiiHo-
CTAMH N0 BOSHHKHOBEHHS DPeatbHOl KPHTHYECKOH CHTyauHH. Boib-
UIMHCTBO 4HTATEed yiKe 3HAKOMO C TAKHMH NpPHMEHEHHAMH Mojesel,
KaK HaTypHbe MaKeTH WM MOJENH KOCMHYECKHX KOpabiel, HCIOb-
SyeMble A/1sl TPEHHPOBKH KOCMOHABTOB, TPeHaXepwl A5 0OYYeHHs Bo-
AHTCNeH aBTOMAIUMH H JeJOBHE HIphl AJS 0GyYeHHs aAMHHHCTPATHB-
HOTO mepconana QupM.

BeposiTho, 0AHUM W3 Haubolee BAKHEIX TpHUMEHeHHH MOJenefi
B NIDAKTHYECKOM, H B HCTOPHYECKOM aCHeKTaX SB/ISETCS TIPOTHO3HPO-
Balne noBefeHHst MOZCTHPYEMBIX 0GBEKTOB. CTpouTh yaIbTPa3sByKoBO#
PCAKTHBHEI caMoMeT ISl ONpeleeHHS ero JIeTHbIX XapaKTepHCTHK
SKOHOMHYeCKH Heuenecoo6pasHo, 0LHAKO OHH MoryT GHITh IpefcKasa-
HBl CpeficTBAMH MoeupoBaHHS. [Ipu ToJeTe KOCMHYECKOro Kopabas
«Anonnou-13» HMHTALHOHHOE MOJAENHpOBaHHe GBIO TPHMEHeHo s
f{?agéfwa Upe3BHYAHHHX Mep 0 TOr0, KaK GhLIH HaHBl KOMaHAK Ha

YIIECTB/IEHHE; 3TH Mephl Za/lH BO3MOXKHOCTh KOCMOHABTAM BO3-
i};;gl;y;fﬁsﬂa 3eM110 HEBPEIHMBIMH TOCTe B3phiBAa GaisoHa ¢ KHC-
o e OJTBIIHHCTBO MOJe/ell, KOTOPHX MHl KacaeMcs B 3TOH KHH-

s PelCTBA NPOrHO3HPOBAHHS.
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Haxkonen, npuMeHeHHe MoJesell To3BoOJsIeT NPOBOAHTH KOHTPOJH- JHCh TIPH TIOCTPOEHHH MOJEJeH, H pPa3JHYHA B KOHEUHBIX LeJfX, KO-
pyeMble 3KCTEPHMEHTH B CHTYyalHsdX, IIe SKCHepHMEHTHpOBaHHE Ha Topble TIPH 3TOM CTaBHJHCh. B TexHHKe MOJeNH CJyXaT B KayecTBe
peasbHEIx 06bekTax Obiio Obl MPaKTHYECKH HEBO3MOXKHBIM HJH 3KO- BCTIOMOraTeJbHHX CPEACTB IpH pa3paboTKe HOBHIX HJH GoJiee coBep-
HOMHYECKH Heleaecoo6pasubM. HenocpeacTBeHHOe 3KCIepHMEHTHPO- LIeHHBIX CHCTeM, B TO BpeMsl KaK B COLLHAJbHBLIX HayKax MOJEIH 06b-
BaHHe C CHCTEMOH OOBIYHO COCTOHT B BapbHPOBAHHH €€ HEKOTOPbIX SCHSIOT CyLIECTBYWOIIHe cHCTeMbl. Mogeab, npHrogHasi AJsl Uelei
napaMeTpoB; IPH 3TOM, NOAJEPKHBAs Bce OCTaJbHbIE MapaMeTpel He- pa3pa60TKH CHCTEMBbI, JOJXKHA TaKXe H OOBACHATH €€, HO OYEBHIHO,
HM3MeHHLIMH, HabJII0Jal0T pe3yJabTaTbl dKCIepHMEHTa. Has 60JbLIHH- yTo MOJEJH, cO3/llaBaeMble HCKJIOUHTENbHO A5l OObSICHEHHS, 4acTo
CTBa CHCTEM, C KOTODBIMH TDHXOJHTCSI HMEeTb [eJ0 HCCJaeRoBaTeNio, He COOTBETCTBYIOT Aaxe CBoeMy INPSIMOMY HasHa4YeHHIO. ,

5TO HJH TPAKTHYCCKH HENOCTYNHO, HJH CJHLIKOM JOporo, HJIH H TO
H Apyroe BMecCTe. Korna craButh 3KCIIEpHMEHT Ha pea,nbﬂoﬁ CHCTeME

5. Knaccudukauu it
CJHMIIKOM [0pOro H (HJIH) HeBO3MOXHO, 3a4acTyi0 MOXKeT 6LITh MMO- 1.5. K thukauug mogeieit

cTpoeHa MoOJeJb, Ha KOTOPOH HEOOXOAUMbIE 3KCIEPHMEHThl MOryT Mogjean BooGle H HMHTAlHOHHBIE MOAENH B YaCTHOCTH MOXHO
6biTh NPOBEAEHBI C OTHOCHTEJbHOH JErKOCTbIO H HEAOPOTO. Ilpu skC- KJI4CCHOHIHPOBATh Pa3THUHBLIMH crocob6aMu. K cOXaJsleHHio, HH OZHH
NepHMEHTHPOBAHHH C MOJENbIO CJIOXKHOK CHCTEMBl MBl 4acTO MOXKEM H3 HHX He SIBJSIETCH TOJHOCTbIO YJAOBJETBODHTE/JBLHEIM, XOTS KaMKIBIH
6osplle y3HATL O €¢ BHYTPEHHUX B3aHMOJEHCTBYIOLIHX d)vaKTOPaX, yeM C/LyXHT OUPENENeHHOH NeNH. YKaxkeM HeKOTOpble THIOBble TIPYIIBl
MOrJH OB y3HATh, MaHHNYJHPYS C peajbHOM CHCTEMOH; 3TO CTaHO- MOJe/eH, KOTOpble MOTYT OHITh MOJOMEHH B OCHOBY CHCTEMbI KJ2CCH-
BHTCS BO3MOXHBIM 6J1aronapsl H3MepsieMOCTH CTPYKTYPHBIX 57€MEHTOB uKalHH:

MojeJiH, Gjarogaps TOMY, 4TO Mbl MOXKEM KOHTPOJHDOBaTh €e¢ MoBe- CTaTHYeCKHe (HamnpHMep, MONEpeuHbll paspes o6beKTa) H AH-
JIleHHe, JIerKO H3MeHSITh ee NapaMeTpsl H T. I HaMHYecKHe (BpeMeHHEle Psilbi);

Mpl MOXeM pe3lOMHpOBaThb CKa3aHHOe Bhillle, 3aMeTHB, YTO BCE JAETEDMHHHCTCKHE H CTOXaCTHYECKHE;
5TH TIpHMEHEHHs Mojeseili 06pasyloT AHXOTOMHIO. HHBHIMH C/IOBaMH, JNHCKPETHbIEC H HENpEepLIBHBIE;
MOJeNTb MOXET CHYXHTb AJsi HOCTHXKEHHS OJHOH M3 ABYX OCHOBHBIX HaTypHble, aHAJOrOBblE, CHMBOJIHYECKHE.
Hesell: JHGO ONUCATeAbHOU, €CJIH MOIENDb CAYKHT AJS OObACHEHHS M Cnenyst mpensoxennio A. JIx. Poysa [27], ymoGuo TpeACTaBAATD
(umH) Jyumero moHMMamHS 0GbeKTa, JMHG0 npednucsiéaroujer, KOraa cefe HMHTAHOHHLIE MOJENH B BHJE HENDEPHBHOTO CHEeKTpa, MPOCTH-
MOJeNb TO3BOJISIET NPeACKasaTh H (MJIH) BOCIPOM3BECTH XapaKTepH- paioLlerocs OT TOYHHIX MOJeJell HJIH MaKeTOB peasibHbIX 06TLeKTOB 10
CTHKH 00beKTa, onpeleisiollde ero TNopeieHne. Mojeab mpeAlHCH- COBepUIEHHO aBCTPAKTHBIX MaTeMaTHUeCKHX Mogesteir (puc. 1.1). Mo-
BalOLIEr0 THNMA OGHIYHO SBJAETCS H ONHCATEJNbHOH, HO He HaoGOopoT. AeH, HaXOAsLIHECS B Havajle CHEKTPA, 4acTO Ha3bIBalOTCSA (bP{Squ-
ATo o3Hayaer, 4TO NpPeANHCHIBaOIUIa# MOJAEJIb IIOYTH BCEria sB/sercs CKHMH HJIH HATYPHbLMU, TIOTOMY YTO OHH BHelllHe HalOMHHAIOT H3yyae-
ONHCATeJIbHOH N0 OTHOIIEHHIO K MOJETHPYeMOMY 06beKTy, HO OIHCa- MYIO CHCTEMY. B TeueHHe MHOrHX JieT HHXeHepbl HCIOJb30BaTH AJIs
TeJqbHAs MOJEJb He Bcerfa IMoJie3Ha AJs lesed NJaHHPOBAHHA H NPO- TIPOBE/IeHHs] HCIIHITAaHHH MaKeThl B HATYPaJbHYIO BEJHYHHY HJIH yMeHb-
eKTHpOBaHHs. BeposTHO, B 3TOM KpOETCH OJHAa H3 NPHYHH, NOUEMY IIEHHble MOAEJH OGBEKTOB, BHINOJHEHHBIE B ONMpeleJeHHOM MacliTa-
3KOHOMHYECKHE MOJAEJH (B KOTOPHIX OOHapy:KHBaeTcs TEHAEHIHS K Ge. Boopyxennse cuiam CIIA, HACA u KOMMepuecKHe aBHa/JHHHH
ONHCaTeNbHOCTH) OKasajH HeGoJblloe BO3JEHCTBHE Ha yUpaBieHHe TaKKe HCMOJIb3OBAIH MOJHOMACIITAGHbBIE MAaKeTH B y4eOHBIX LEJISX.
5KOHOMHYECKHMH CHCTEMaMH H MaJlo IPHMEHSJIHCh B KauecTBe BCIO- CraTuueckwe Qu3nYecKHe MOZeNH, TaKHe, HampHMep, KaK MOJeJH
MOTraTeJbHOTO CPeACTBA YNpaBJeHHS Ha BLCIUEM YPOBHE, B TO BPEMs dPXHTEKTYPHBIX OODBEKTOB HJH MaKeThl pACMOJOKEHHs 3aBOACKHX
KaK MOJeJNH HCcIel0BaHHs OlepanHil, mo oblleMy HpPH3HAHHIO, OKa- COOpYKeHUH, MOMOrajoT HaM HarJaiHO NpPEACTaBHTh cebe NPOCTpaR-
3aJIH 3HAUHTENHHOE BO3JAEHCTBHE Ha 5TH CHepH. CTB€HHBle cooTHOIIEHHs. [IpHMepoM IHHAMHMYecKOH (H3HUeCKOH Mo-

. Y. ®oppecrep [11] naer GuecTsamuii aHajH3 PasHBIX MOJesed, ACTH MOMKeT CJyKHTb MOJETb ONBITHOTO 3aBOJAA (B yMEHbIICHHOM
NpHMeHseMbiX B €CTeCTBEHHBIX HayKaxX, TeXHHKe H COIHaJbHLIX Hay- Macuitale), npefHasHaueHHas MAJs H3yYEHHS HOBOTO XHMHUECKOTO
Kax. OH OTMeuyaeT, uTO Yy4YeHble-eCTeCTBEHHHKH CTDEMHJIHCb MOJEJH- fpoliecca 1o mepexofia K PaCCUHTAHHOMY Ha TOJIHYIO MOUIHOCTb TpPO-
pOBaTb €CTECTBEHHble SBJEHHA H JeJajH 3T0 € GOJbIIHM YCHeXOM, H3BOACTBY, WJH MOAe/Nb Camo/ieTa B yMeHbLIEHHOM MacwiTabe, KOTO-
TOrfa KaK HHIKeHepbl H yyeHHe, 3aHHMaBLUKECS COHAJbHBIMH HayKa- Pasl HCnbITHIBACTCA B a3POAHHAMHUECKON TPyGe /IS OLEHKH ]:L;fIHaMPI-
MH, MOJEJHPOBANH CUCTEMH], CTPYKTYPY KOTOPLIX OIpejeJseT caM dge- HE€CKOH ycToHuMBOCTH. OTIHYHTEJNBHOH OCOBEHHOCTHIO (u3HYECKO#
noBeK. doppectep cuHTaer, YTO pasjHYHAas CTENeHb MOJE3HOCTH MO- MoZlenn sBisierca To, uTO OHa B HEKOTOPOM CMBIC/IE «BBITIALHT» IIO-
penell, IpHMeHsIeMbIX B TexHHKE H B COLHMAaJbHBLIX HayKax, B 3HayH- A0GHo MoOJenupyeMoMy o0beKTy. Pu3HuecKHe MOJEJNH MOryT HMETh

TEJBHOHN M€pe 3aBHCHT OT METOIOB H CPeACTB, KOTOpHI€ HCIIOJb30BA- BHI HOJHOMaclITaOHBX MaKeTOB (HaanMep Tpeﬂamepﬂ) BRHIIIOJI-
’ ’
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maTb 06beM TPOH3BOACTBA. JIJ1 HEKOTOPHIX OTHOCHTEJBHO MPOCTHIX
c/yuaeB TpaduK AefCTBHTENBHO MOMKET CIYXKHTb CPENCTBOM PeUIeHHS
nocTaBJeHHOH 3anaud. VI3 rpaduka puc. 1.2 MOXKHO NOJYYHTBH KPHBYIO
A3MEHEHHs] IpeesbHOH ce6eCTOHMOCTH H3[eMHf.

Ecan 3agaya COCTOHT B OIpejeJeHHH ONTHMaJbHOro o6beMa Ipo-
H3BOJACTBA IPH RaHHOK ueHe (T. e. 06beMa NPOH3BOACTBA, KOTOPHIK
ofecrieyHBaeT NOJYYEHHe MaKCHMAJbHOH WYHCTOH NPHOBLIH), TO MBI
pellaeM 3Ty 3ajady NyTeM TOCTPOEHHS Ha ToM e rpaduke KpPHBOM

HATHCS B yMeHBIUEHHOM Maclitabe (HampHMep, MOJeNb COJHEYHOM
CHCTEMH) HJIH B yBEJIHUEHHOM MacluTabe (TakHe, KaK MOJENb aToMa).
Onu MOryT OHTH TakXe JBYMEDHBIMH H TpPeXMePHHMH. HMx MOXKHO
HCIOJIB30BAaTh AJSl JEMOHCTDALHOHHBIX neJdell (nampHMep, riaobyc)
HJIH 1Jif TPOBEJEHHS KOCBEHHBIX 3KCIepHMeHTOB. I paiaynpoBaHHbIE
1wa6JOHE, NpHMeHsieMble TIPH H3YYEHHH IJIaHHDOBKH 3aBOACKHX CO-
OpyXeHHui, ABASIOTCS TPHMEPOM [BYMEepHOH (H3HUECKOH Monenn B
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Toqnocms Adcmpanmuocms

Puc. 1.1.

yMeHbIIEHHOM MacluTabe, HCTOJb3yeMOll AJfA [eJell 3KCIepHMeHTH- Odvem npousbodemba
poOBaHHS.

Ananozo8biMu MOJENSIMH SIBJSIOTCSI MOJAEJH, B KOTOPHIX CBOHCTBO
peanbHOro 006bekTa INPEACTABJAETCS HEKOTOPBIM APYTHM CBOHCTBOM
aHaJIOTHYHOrO 1O TMoBefeHHIo o6bexTa. 3afaya HHOrJA pellaercs Iy-
TeM 3aMeHbl OJHOTO CBOHCTBAa RPYTHM, IOC/Je YEro IOJYyYeHHblEe pe-
3yJbTaTH HaJZ0 HCTOJKOBHIBATH NPHMEHHTEJNbHO K HCXOXHBIM CBOH-
cTBaM 00bekTa. AHasorosas DBM, B KoTOpoli M3MeHeHHe HampsKe-
HH{ B CETH ONpEeJeJEeHHOH KOH(QHIypaunHH MoxXeT oToOpa)KaTh NOTOK
TOBAapOB B HEKOTOPOH CHCTeMe, SIBJSETCS MPEBOCXOAHBIM IPHMEPOM
AHAJIOrOBOH MMHTAlHOHHOH MOZeNH. [IpyrHM NpHMEpPOM MOXeT Cay-
XHTb JIorapHQMHYecKas JHHEKa, B KOTOPOH KOJHYeCTBEHHLIE Xapak-
TEPHCTHKH HEKOTOPOro 06beKTa IPENCTaBJeHbl OTPe3KAMH IUKaJdul B
JIOrapH(pMHYECKOM MacluTtabe.

I'padux mpencrasasfer coboif aHAJOrOBYI MOAENb APYIOro THIA;
3lech paccTosinHe oToOpacaeT TaKHE XapaKTEPHCTHKH OOBbeKTa, Kak
BpeMs, CPOK CayXObl, KOJHYECTBO €AHHHL H T. A. I'paduk Moxer
TAK¥X€ TOKa3biBaTb COOTHOIIEHHE Me)Kjly pasJIMYHBIMH KOJHYECTBEH-
HbIMH XapakKTepHCTHKAaMH H MOXeT npeackKasbelBaTb, Kak 6leyT H3MeE-
HATHCSA HEKOTODHIE BEJHYMHBI NPH H3MEHEHHH ADYTHX BeJuund. Taxk,
HanpuMep, rpaguk Ha pHC. 1.2 mOKa3bIBaeT, Kak H3JEPKKU H3TOTOB-
JIEHHSI OTIPEENIEHHOr0 H3JEJHS MOFyT 3aBHCETb OT 00beMa MPOH3BOA-
crBa. W3 sToro rpaduka BHAHO, KaK HMEHHO H3JEPXKKH CBH3AHH C
06bEMOM TIDOH3BOACTBA, H MBI II0STOMY MOXKEM MpPeJCKasaTb, YTO MPO-
H30HJET C HM3JePXKKaMH, eCH Ml OyJeM YBEeJIHUHBATh HJIH YMeHb-

Puc. 1.2, Kpupast npoH3BOJICTBEHHHIX 3ATPAT.

H3MEHEHHS LEeHB ONHOro Hajenus. ONTHMaJbHHIN 00beM OyAeT cooT-
BETCTBOBaTb TOYKE, A€ KpHBas LEHBl H KpHBasl IIpelesbHOi cebe-
CTOMMOCTH TiepecexaloTcsl. I'paduueckne pelleHHS BO3MOMKHH TaKKe
MUl OTpEeAeJEeHHHX 3ajay JHHEHHOro NPOrpaMMHDOBAaHHS, a TaKXe
And HIPOBBIX 3ajad. I/IHOI‘ﬂ,a rpad)m(ﬂ HCIOJIB3YIOTCA COBMECTHO C
MaTeMaTHYeCKHMH MOJeJISIMH, NpHYEM OJHA H3 3THX Mo,:eneﬁ paer
HCXOZHYI0 HH(OPManHIo RIS APYroH.

Otrsinyalomuecss or rpadHKOB MOJENH, KOTOpble MpPENCTaBIsIoT COo-
6ot pa3HYHOrO POJa CXeMbl, TAaKKe SIBJAAIOTCH TOJE3HHIMH aHaJOoro-
BBIMH MOJENSIMH; OOBIYHHIM MPHMEPOM TAKOTrO POJa CXeM MOXET CJIy-
HUTb CTPYKTypHAsl CcxeMa Kako#-nu60 opraunsapuu. CoeIHHEHHEIE
JIHHHAMH «KBaApaTHKH» B TaKOi CXeMe OTPaXKaloT B3aUMOIOLYHHEHHE
MEXJy ujeHaMH OPraHH3alHH KO BPEMEHH COCTABJEHHS CX€Mbl, a TaK-
e KaHaJpl HHOPMAIHOHHOr0 0OMeHa MeXAy HHMH. Kak MH yBHIHM
B I 2, B CHCTEMHBIX HCC/J€IOBAaHHSX TaKXKe IUHPOKO NpPHMEHAITCS
CXEMBI TEXHOJIOTHYECKHX TIPOLECCOB, B KOTOPHX TakHe PasHOOOpasHble
COBbITHsSL, KaK omepamuH, 3aJiepXKKH, TPOBepKH, obpasyloltecs 3amna-
Cbl H T, 1., TpeACTaBJeHH OTOGPaXKAMOMHUMH JBHXKEHHE JHHHSIMH H
CHMBOJIaMH.

HEMHO Mepe Halllero NMPONBHXKEHHS MO CHEKTPY MoAenedl Mbl JOCTHI-
T€X M3 HHX, IIeé BO B3aHMOJEHCTBHE BCTYNAIOT JIIOAH H MAaIUHH-
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Hble KOMIOHeHTH. Takoe MoJenHpOBaHHE YacTo Ha3BIBAETCA HIPaMHu CTBYIONIHE TONCHCTEMBl MOCTYNAET BXOAHOHK curHam IlosToMy st
(ympapseHuecKHMH, BOEHHHIMH, MJIaHHPOBOUHBIMH). I[TocKoabKy mpo- noJyYeHHsI HeoOXoAuMo# HH(OpMAalHH HJH Pe3yJbTaTOB HEOOXOIMMO
IeccH NPHHATHS PelleHHi YNpaBJEHYECKHM 3BEHOM WJIH KOMaHIHBIM OCYLLECTBIASTh «IPOTOH» HMHTAIHOHHHX MOJeJel, a He «pelllaTb» HX.
COCTaBOM apMHH MOJEIHPOBATL TPYAHO, MH YAcTO CUHTAEM MeJeco- JIMHTAIHOHHBIE MOJEJH He CHOCOGHE (OPMHPOBATH CBO€ COGCTBEH-
06pasHBIM 0TKa3aTbCsl OT NMOJOOHOH NOMNHTKH. B Tak Ha3blBaeMBIX HOe pellieHHe B TOM BHJE, B KAKOM 5TO HMEeT MECTO B AHAJHTHYECKHX
YUPaBJIEHUECKHX (HEJIOBHIX) HIPax UeJOBEK B3aHMOJEACTBYeT C HH- MOZEJAX, @ MOTYT JIHIUb CJAYXHTb B KauecTBe CPeACTBA AJIs aHaJiu3a
¢dopManueit, mocrynamleil ¢ BHIXOAA BHYHCIHTEJIbHOH MAallHHB (KO- [oBEIEHHS CHCTeMbl B YCJIOBHSIX, KOTODLIE OMPEeNsIOTCS 3KCIepH-
TOpas MOJeJHpYeT BCe ApYrue CBOHCTBA CHCTeMBI), M TPHHHMAaeT pe- MentatopoM. CJ/lefoBaTe/NpHO, HMHTALMOHHOE MOJAENHpOBaHHE — He
LIeHHA Ha OCHOBe MOoJyueHHOH HH(popMauun. PelleHHs yejoBeKa 3a- TeopHs, a METOA0JOrHs pelllenns npoGaeM. Bosee TOro, HMHTaIHOH-
TEM CHOBAa BBOAATCS B MalllMHy B KauyecTBe BXOAHoH HHQopMamuH, HOe MOJAEJNHPOBAHHE SBJIAETCA TOJNBKO OJHHM H3 HECKOJbKHX HMeEIo-
KoTopasi HCHosb3yercs cucteMod. IIpojosxas sToT mpouecc Aaiblle, LWMXCS B PACHOpSXKEHHH CHCTEMHOTO aHAJHTHKA BaXKHEHIUHX MeTo-
Mbl [PHUXOAHM K IOJHOCTBIO MAIIMHHOMY MOJENHPOBAHHIO, KOTOpOE 0B pelleHHs: npo6ieM. TTocKo/IbKy HEOGXOZHMO H IKeJaTelbHO MpH-
oOBIYHO H MOHHMaeTcsd Mo TEepMHHOM <«MOJEJHPOBAHHE», Bryncau- crocabJHBaTh CpPeaCcTBO HJIH MeToA K peme}m}o 3ajgayH, a He
TelbHasf MallHHA MOXeT OBITh KOMIOHEHTOM BCEX MMHTALHOHHBIX MO- HA0GOPOT, TO BO3HHKAET €CTECTBEHHEIH BONPOC: B KAKHX CJYUasX HMH-
JeJieff pacCMOTPEHHOH YacTH CIEKTPa, XOTHA 3T0 H He 06S3arelIbHO. TALHOHHOE MOJENHPOBAHHE M0Je3HO?

K cHMBOJHYECKHM, HJH MaTeMaTHYeCKHM, MOJENSM OTHOCATCS Te, MBl ONpeAeHIH HMHTALHOHHOE MOJENHDPOBAHHE KAK SKCTIEpHMeEH-

B KOTODBIX AJIsi TIPEACTABJEHHs [POLECCAa WJIH CHCTEMBl HCIOJb3YIOT- THPOBAHHE C MOAEJbIO PeanbHOR cHCTeMbl. Heo6XOMHMOCTb pellleHus
CHl CHMBOJIBI, 2 He (pu3HUecKHe ycTpoiicTBa. OGBIYHLIM NPHMEPOM Npej- 3ajayd OyTeM B5KCIepHMEHTHDPOBAHHS CTAaHOBHTCH OUYEBHIHOH, KOria
CTABJIEHHS CHCTEM B STOM CJydae MOXHO CUHTaTh CHCTeMbl Andde- BO3HHKAeT NMOTPeGHOCTb MOJIYYHTh O CHCTEME CHeNH(PHYECKYI0 HHPOp-
PEHIHATHHEX ypaBHeHuit. [TocKoMbKY MOC/HeHHE NPeACTABIAIOT cOGOR MallHIO, KOTOPYIO HeJb3sl HaHTH B H3BECTHHIX MCTOYHHKAX. DBapuit
Hanbosee aGCTPAKTHHIE H, CJIeLOBATENIbHO, HanGosee oblliHe MOMENH, [4] ykaspiBaeT, uTO HeNOCDPEACTBEHHOe SKCHEPHMEHTHPOBaHHe Ha pe-
MarteMarHyecKHe MOJENH HaXOAAT IUHPOKOe MPHMEHEHHe B CHCTEMHHIX aJbHOM CHCTEMe YCTPAaHAeT MHOFO 3aTpYNHEHHH, eclu Heo6X0AHMO
uccienopannsax. OJHAaKO OpUMEHEHHE MaTeMaTHYeCKHX Mojejeil TauT 00eCnequTh COOTBETCTBHE MEKJY MOJENbI0 H PeabHLMH YCIOBHAME;
B cebe BecbMa peaJsipHbI€ ONMACHOCTH H JIOBYIIKH. CHMBoJHYECKAs MO- 0JHAKO HeJOCTATKH TAKOTO SKCIeDPHMEHTHPOBAHHT HHOIAa BECHMa
nenb ABjsercsd Bceria abcTpakTHOH Hpeasusanuedl 3ajaud, H, €CaH 3HAUMTENbHL, TOCKOJBKY:
XOTAT, YTOOH 3Ta MOJAENb NMO3BOJANA DelluTh 3ajnady, HeoGXOXHMEI 1. OnO MOXeT HapYUIHTh YCTAHOBJIEHHBIH NOPANOK PaGoThl GPHPMHL.
HEKOTOpble ylpolnaoulue npeinosoxenus. [lostoMy oco6oe BHHMaHue 2. Ecu cOCTaBHOR uaCThIO CHCTEMBl A84AI0TCA A100u, TO Ha pe-
ZOJUKHO OBITh OGpALIEHO HA To, YTOOH MOJeNb CIyXKHIA AEHCTBHTEID: 3yJbTaThl 3KCIEPHMEHTOB MOXKeT MOBJHATh TaK Ha3bIBAEMbIH XaYTOPH-
HpIM TpeJCTaBIeHHeM AauHOi 3ajaud. Huxe 06 stoM Gyaer ckasaHo CKHii >(dert, NpoSBAAOMMHUICT B TOM, UTO JIOJAH, UyBCTBYH, UTO 34
fosee moapoGHO. HUMH HabJI0Ja10T, MOTYT H3MEHHTb CBOE IIOBejeHHe.

IlpH MopmeHpOBaHHH CJIOXKHOH CHCTEMBI HCCHEAOBaTesp O6GBIYHO 3. MoXeT 0Ka3aTbCH CJOMHHM MOAZEpIKAHHE ORHHX U TeX XKe pa-
BBHIHYKJEH HCI0Jb30BaTh COBOKYIHOCTb HECKOJILKMX Mojesel u3 uuc- G0uMX ycoBUI IpH KaMAOM NOBTOPEHHH SKCIepHMEHTa WIH B Tede-
Jla pasHOBHJHOCTEH, yMOMSHYTHIX Boille. Jlio6asi cucreMa WJIH NOA- HHe BCero BPEMEHH MpOBEe/ieH sl CepPHH SKCIEPHMEHTOB.

CHCTEMAa MOXeT ObTh NPEACTABJE€HA DA3JHUYHBIMH CIOCO6aMH, KOTO- 4. J{ns nonyuenus ogHoM W TON e BEJIWUHHBI BHOGOPKH (H, CIeAO-
pbl€ 3HAYHTEJIHHO OTIMYAKTCH APYT OT ApYyra Mo CJIOKHOCTH H JeTa- BaTeJIbHO, CTATHCTHYECKOH 3HAYMMOCTH Ppe3YJbTaTOB SKCIEPHMEHTH-
au3anui. B GoJplIMHCTBE CIyuaeB B pe3yJbTaTe CHCTEMHLIX HCCJIEN0- POBanus) MoOTryT MNOTpPe6OBATHCH 4Ype3MEepHBle 3aTparhl BPEMeHH H
BaHHA MOABJAIOTCA HECKONBKO DA3jIMYHBIX Mojesaell ofHOH H TOH e cpencTs.

cucteMpl. Ho o6biuHO MO Mepe TOro, Kak HCC/lefoBaTelb INIyGixKe aHa- 5. TIpH sKCHepHMEeHTHPOBAHHH C peaJpHbIMH CHCTEMaMH MOXET

JIH3HDYeT H Jydyllle NOHHMaeT NpobJjeMy, NPOCTHE MOJETH 3aMeHd- OKa3aTbCsl HEBO3MOMHBIM HCCJEJOBAHHE MHOXKECTBA aibTepHATHBHBIX
10TCA BCe 6osiee CIOXKHBIMH. BapHaHTOB.

lo stum mpuumnam wccresoBaTens ROJKeH paccMoOTpeTh IieJeco-

1.6. locTouncTBa M HEZOCTATKH HMHTALHOHHOIO MOJENHDPOBAHHUS 00Pa3HOCTh NpHUMeHEHHS HMHTaLHOHHOTO MoJeJHPOBaHHA INIpH HaJH-
HHH /1106010 M3 CJeAYIOUHUX YCIOBHI:

ul. He cymecrByer sakoHuenHoit MaTeMaTHYeCKOH MOCTAHOBKH [aH-

HOH sapaun, nnGo eme ue paspaboTaHbl aHAJUTHYECKHE METOJH pe-

Welng chopMyaHpOBaHHOK MaTeMaTHYecKoi Mofenu, K sToii Kartero-

Bce uMuTaumonssle MOJZEJIH MNpeacTaBAdAlOT coboll MoJeNH THHa
TaK Ha3piBa€MOro 4YepHOro sflluKa, 310 03HaYaeT, 4To OHH obecreuu-
BAKOT BBJAYy BHIXOAHOFO CHIHAJa CHCTEMBl, €CJH Ha ee B3aHuMoJed-
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PHH OTHOCATCSI MHOTHE MOJEJIH MacCOBOTO OGCAYKHBAHHS, CBf3aHHBIE
C paccMOTpeHHeM ouepeneii.

2. AnajuTHueCcKHe METOAB HMEIOTCSl, HO MaTeMaTHYeckHe TIpO-
LeAypH CTOJb CJHOXHBL H TPYAOEMKH, UYTO HMHTALHOHHOE MOMEeJHDO-
BaHHe faeT Gosee MPOCTOH cNocob pellleHHS 3afavH.

3. AHajquTHUeCKHE DeIUeHHs CYIIeCTBYIOT, HO HX peajH3aunus He-
BO3MOKHA BCJEICTBHE HENOCTATOUHOH MaTeMaTHYeCKOH MOArOTOBKH
HMeJoIIerocs nepcoHana. B atom ciyvae cieiyer cONOCTaBHTh 3arpa-
Thl Ha IPOEKTHPOBAHHE, HCNBITAHHS H pabGoTy Ha MMHTALMHOHHOK MO-
JeJH C 3aTparTaMH, CBA3aHHHIMH C TNPHIJAlleHHeM CHELHATHCTOB CO
CTODOHBI.

4. KpoMe OleHKH oOIpeJeseHHBIX NAapaMeTPOB, XKEJIATeJIbHO OCY-
IIeCTBHTh HAa HMHTAIHOHHOH MofeJH HaGJIOJeHHe 3a XOAOM Ipolec-
ca B TeyeHHe ONpeJeJeHHOro IepHoAa,

5. VMiMuTanuoHHOe MOJeJHPOBaHHE MOXET OKa3aTbCs eJHHCTBEH-
HOH BO3MOKHOCTBIO BCJI€JCTBHE TPYAHOCTEH NOCTAHOBKH IKCIEePHMEH-
TOB H Ha6/IOJeHHs SBJEHH B peasbHBHIX YCJIOBHAX; COOTBETCTBYIO-
I{UM TIPHMEPOM MOKET CJYXHTh H3yYeHHe TOBENeHHs KOCMHUECKHX
Kopab6Jiell B yCIOBHAX MEXIVIAHETHHIX MOJETOB.

6. [1asi {OJNrOBPEMEHHOTO AEHCTBHSI CHCTEM HJIH HPOLECCOB MOXET
TOHANO6HTECS CXaTHe BPeMeHHOH IuKaJjs. KIMHTanHoHHOe MOAENHPO-
BaHHe 1aeT BO3MOXHOCTb NOJHOCTbIO KOHTPOJIHPOBATb BPEMS H3ydae-
MOro Ipouecca, NOCKOJbKY SIBJEHHE MOXKET OblTb 3aMeNJeHO HIH
YCKOPEHHO N0 XeJaHHI0. K 3TOoll Kareropuu OTHOCATCS, HanpHMep, HC-
caefoBanus mpo6JeM ynajgKa ropojos.

JIONONHUTEIbHEIM [IPEHMYINECTBOM HMHTALHOHHOIO MOZAEJHPOBa-
HHSL MOXKHO CYHTATh IIHpOYaiIHE BO3MOXKHOCTH €ro NPHMEHEHHS B

KaK K CPEICTBY OLEHKH CBOMX HOBHX WHTYHTHBHHX NpPeXINOJOXeHHI
H yMO3aKmoueHuii. MoxHo mpeanonoxurs, uto Tpouece co3faHus
MOJEJI€l HHKOTAA He OCTAHOBHTCA —oOH 6ymeT NPOAOMKATL pas3Bu-
BATHCSL B COOTBETCTBHH C HOBHIM yDOBHeM NOHHMAHHS NpoGJeM, Ha
KOTOPBIH 6yeT NORHHMATLCS PYKOBOLHTEN b,

Hpes MMHTAUHOHHOTO MOJETHDPOBAHHS HHTYHTHBHO TIPHUBJeKaTeNb-
Ha H LIS PYKOBOLHTeNEH, H JJIsi HCCAe0BAaTENel cHCTeM 6aarogaps
cBoed Tpocrore. Il03TOMYy MeTON HMHTAaLHOHHOrO MOJeHPOBAHHS
CTPEMSATCS NPHMEHSTh AT DELIeHHS KaXAoi 3ajaud, ¢ KOTOpPO# TpH-
XOMUTCA CTankuBathC. M XOTH MIOXAM ¢ BHICOKOH MaTeMaTHuecKoii
MIOATOTOBKOH HMHTALHOHHDBI TNOAXOA TpeacTaBiAsieTcs rpy6uIM  cuJIo-
BHIM TIpHEMOM WJIHM NOCAENHHM CDPEJCTBOM, K KOTOPOMY CJeAyer npH-
Geratb, GakKT 3akAIOUAETCS B TOM, UTO 3TOT METOR SIBASTCS CaMBIM
paclpOCTpaHeHHLIM HHCTPYMEHTOM B PyKaX yueHoro, TIOTPYKEHHOTO
B IPOGJEME! YIIPaBJIeHHS U HCC/Ief0BaHH onepauui. B ta6a. 1.2 npen-
CTaBJeHbl pesysbTaTel MpoBesenHoro Llennonom n Bajirecom ofcie-
/IOBAHHT HAyYHON ReATeNbHOCTH TPYNTIH AeHCTBHTENbHAX UIeHOB AMe-
PHKAHCKOTO OGINECTBA HCCAeZ0BAHHS onepaunnit [29]. daa auy, 3a-
HHMAIOIHXCA NOBCeAHEBHHIMH HCCJ/eJOBAHHAMH, GoJee BbICOKy}(') no
CPABHENHIO ¢ HMHTALHOHHBIM MOAEAHPOBaHHEM OLEHKY MOJIE3HOCTH
HMEIOT, KaK BHAHO M3 5TOl TaGJHILL, TOMBKO Teopus BEpPOATHOCTEH H
SKOHOMHYECKHII aHANH3. DTH Pe3yJbTaThl TOATBEP KAAIOTCH W APYTH-
MH  uccaeposarensimu,  Hanpumep, Vacron [33] o6caenosan

Tabauya 1.2
Nonesnocts metonos uccaeporanus onepauuii B MoOBceNHeBHON HayuHOR paGore [29]

chepe obpasoBanusi M mpodeccHOHASbHOR NOATrOTOBKH. Paspaborka Metozst Ornocuensuas
H HCIOJb30BAaHHE HMHTANHOHHON MOJENH ITO3BOJISIIOT 3IKCIepHMeHTa- uennocTs
TOPY BHAETb H «Pa3BIrPHIBaThL» Ha MOJEJNH peasbHBIE IPOUECCH H T
cuTyanuu. 3T0 B CBOIO Ouepelb LOJIKHO B 3HAUATENHHOH Mepe NOMOYB COPHA BEPOATHOCTER (M CTaTHCTHYecKHe olLienkn) 0,182
€My MOHATh H NPOYYBCTBOBATH NpPOGJEMY, YTO CTHMYJHDYET NpOLEcC IKoRoMmYeCKIl| aKaan3 (ouenka sbdexTuBHOCTH 3aTpaT) 0,150
TOHCKa HOBf)BBeD;EHHﬁ. . Hyuraumwonioe Mozetnposanue (),143

B onHoi u3 PeAKHX CTaTeH, 3aTparuBaroIIUX 3TOT aCHeKT HMHUTA- Jnneiinoe TpOrpaMMupOBaHHe ’
LHOHHOTO MoZxendpoBanus, Makkuuu [20] mumrer: Vina 0,120

«Korna pyxoBoAuTeap ROCTHraer NOLJIHHHOrO MOHHMaHHs HpobJe- \ paBJieHHe 3anacamu 0,097
MH H HauyHHAaeT CBOGOAHO YIPABJATH CBOeii MOAEJbIO, OH ofperaer Macconoe oGcaymusanne (reopust ouepeneh) 0,085
crnoco6HOCTh BHAETb COJEp¥KaHHe cBOoell paboThl C HHBIX TOUeK 3pe- Cerepsie monean (ynopsnouenne oneparuit) 0.072
uus. OH 3axXoueT NPOBEPHTb HA MOJEIH MHOMXECTBO aJbTePHATHBHBIX Monean zamens ’
BApHAHTOB, UTOOHl OLIEHHTh OTKPHIBIIHECS €My HOBble BO3MOKHOCTH. Teopus urp 0,042
ITo cytu gmena, om HCNOJIb3YeT MOJeNb AJf TNOBbIIIEHHS CBOEro Ma- S 0,040
CTepCTBAa YIpaBJeHHs], MO3BOJSIONEro eMy Ha HOBOM YPOBHE UeTKO . CCKOE TIporpaMvupoBanie 0,031

R : Metoam noucka

YCTaHOBHTH BCe CYLleCTBEHHHIE NOCJEeICTBHS BHOCHMBIX B CHCTEMy H3- 0.020
MeHeHHH. BoaMoxHO, oH Mor 6bl NIpOJeJaTh 3TO H Ha pealbHOH CH- Heamneftnoe TpOTpaMMHUpoBanHe 0’0]8 I
CTEMe, HO BCJIEACTBHE €€ CJIOMHOCTH 370 GBIIO GH OYEHb YTOMHTEJb- i
HO M CONpsikKeHO c on6kaMu. Bor moueMy oH ofpailaerc K MoOAeNH 1,000
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Tabauya 1.3
4 AelH BHYTPHQHPMEHHOTO IVIAHHPOBAHHS MOXKeT NOHAaNOGHThCS oT 3

no 11 ner.
2. Moxer NoOKa3aThcd, YTO MMHTALUOHHAS MOJlesIb OTpaXaer pe-
a1bHO€ TOJIOKeHHEe Bellled, XOTS B AeHCTBHTEJbHOCTH 5TO He Tak. Ec-

Mertoabi, nanGodee 4acTO HCTOAb3yeMble BO BHYTPHOHPMeHUOM
naaunpoBanuy [33]

o Yacrora poent JI1 STOTO HE YYHUTHEIBATb, TO HEKOTOPhi€ CBOHACTBEHHBIE HMHTAIHH OCO-
HCTIO/Ib30BAHHSA 6eHHOCTH MOTYyT IIPHUBECTH K HEBEPHOMY DelleHHIO.
3. Mmuranuonnas Mogenp B npurmume e TOYHA, H MEl He B CO-
VIMuTauHOHHOE MOAENHpOBaKHe 60 29 CTOAHHH H3MEPHTb CTeleHb 3TO HETOUHOCTH. DTo 3aTPyAHeHHe Mo-
L —— 43 21 :(ec"rmﬁx:[? er{[peoﬂone}{o JIMWD YaCTHYHO NYTeM aHAJH3a YYBCTBHTE/Db-
CereBnie Merogn (kaiouas [TEPT u MKII) 28 14 o 4 P AeH K H3IMEHEHHIO ONpe/lesieHHBX NapaMeTpoB.

; - PesynbraTel, KoTophie 1aeT HMHTALMOHHAS MOJe/b, OGHYHO SB-
Teopus ynpaB/ieHds 3amacaMH 24 12 JAI0TCA YHCJIEHHBIMH, a2 HX TOYHOCTh onpenessiercd KoJHYECTBOM 3HA-
Heanteiinoe nporpaMMHpoBanue 16 8 KOB NOC/Te 3ansftol, BHGHpaeMuIM SKCIepHMeHTaTopoM. B cBsisn ¢
JluHaMHYecKoe TPOrpaMMHEPOBAKKE 8 4 STHM BOSHHKACT ONACHOCTh «OGOKECTBJEHWS UHCeT», T. €. MPHIHCHI-

Llexouncaennoe NporpaMMHpOBaKKe 7 3 BaHll'l'[ﬂu];l: Soanel SgaqﬂMOCTH’ €M OHH Ha CaMOM [leie MMEIT.
Teopus MacCOBOTO OGCIYKUBAHH 7 3 pHBeJelbie co00paKenns TOKa3bIBAIOT, YTO, XOTA HMHTAIHOH-
» HOE MOJETHPOBaHHe SBJISETCH YPE3BLIYANHO MEHHBIM H TOJE3HLIM Me-
Mpoure 12 _6 TOJOM DeLleHHs CIOMHBIX 3a/lad, 5TOT MeTOH, KOHeuHo, He NaHaIes
505 100 A8 pelleHns Beex Npob/ieM ynpasrenns. PaspaGoTka IpHMeHeHHe
HMHTANIMOHHBIX Mofleflell Bce elle B GoJbllell CTENeHH WCKYCCTEO,

Hexeln HayKa. CJlefoBaTenbHo, KaK W B APYTHX BHAAX HCKYCCTBA
YCIIeX HJIH HeyJaua ONpelesieTcs He CTONbKO METOZOM, CKOJbKO Tem,
Kak OH npuMenserca. M xorsi uMurammonmoe MOR&.}IHpOBaHHe—~9T(;
HCKyCCTBO, UM MOTYT JIETKO OBJAfeTh Te, KTO HajeJdeH nsobpeTarenn-
HOCTBIO, HHTYHIIHEH W HAXOXYHBOCTDIO.

1000 kpynueimux ¢upm CIIA (ux mepeueHp HpuBefeH B KypHaie
Fortune) ¢ TOuKH 3peHHSI aHaJH3a NPHIOLHOCTH ONpELENEHHBX METO-
0B 1 BHYTPHGHPMEHHOro NJAHHPOBaHHA. Pe3ysibratel 3100 00-
cnenoBanusi npuBefeHy B Ta6ua. 1.3. Ulupokoe npuMmeHeHHe HUMHTALH-
OHHOrO MOJENMPOBAaHHS KaK MeTOAa pelleHHs NpobjeM CTAaHOBHTCH
ele Gosee OUEBHAHLIM, €CcJQH IPHHATb BO BHHMaHHe, uTo PaxkerHoe
koManpgopanne ApMun CIIIA mspacxomoano B 1968 ¢unancoBOM ro-
Ay Ha HCCAelOoBaHHSI CPEACTBAMH HMHTALHOHHOTO MOAEJHPOBAaHHUS
74 MaH, poaa.

IlosToMy, HecMOTpf Ha HEZOCTaTOYHOE MaTeMaTHYecKoe H3SIecT-
BO, HMHTalHOHHOE MOJEJIHPOBaHHe SIBISETCH OLHHM H3 HauGosee LIH-
POKO pAacHpOCTPaHEHHBIX KOJNHYECTBEHHHX METOHOB, HCIOJIb3yeMEIX
npu pellieHud npobseM ynpaBieHHS. DoJbIIHHCTBO aAMHHHCTPaTOpPOB
U uccleJoBaTesell 3aHHTEPecOBaHBl IJABHHIM 06pa3soM B pelleHHH
CBOMX HEOTJIOKHBIX 3aAay, PYKOBOACTBYSICb HEBH30M <I€/b ONpPaBAbI-
BaeT cpexctsal». Ho umenHo 3a6oTa 0 IPHIOKHMOCTH KOHEUHBIX pe-
3yJabTATOB MOGYKIaeT Hac 3a4aThbCs BONPOCOM: MOXHO JH BOOOLle,
OTHPasick Ha HMMHTALMOHHOE MOJeJHPOBaHHE, TOJYYHTL 'Pe3yJabTaThl
Takxe u Haubosee sd¢pexTHBHHIM crmocoboM? OrBer Hepenko Oyaer
OTPHIATEJbHHM H N0 CAeAYIOUIHM NPHYHHAM:

1.7. CTpyKTypa HMHTaUHOHHBIX Mopeinei

‘ITOl'Ipeﬁ)KE(e 4eM HauaTb pa3paboTKy MOAeNH, HeOGXOAMMO MOHATD,
0 COUOH MDPEACTABNAIOT CTPYKTYpHBIE 3J€MeHTH, H3 KOTOPHX OHAa
Szogqmcg. Xots MaTeMaTHYECKas MM (U3HUECKAS CTPYKTYpa MOAeH
n_K€T OLITb OUEHb CIOMKHOH, OCHOBH ee TIOCTPOEHUS BechbMa TIPOCTHL.

CaMoM obuieM BHAe CTPYKTYpy Moxen
] Y H Mbpl MoXeM TpeAcTaB
MaTeMaTHUecKH B Buje pexcrasy

E=f(x, y)),

;ile, go:opifgilmar HeACTBHS CHCTEMB; X; — TepeMeHHHe | napamer-

bor KOTOprM MbI MOXEM YNpABIATL; y;— IepeMeHHble W TapaMer-

e Ir)aemﬂ MEL yIDABIATL He MOXeM; f— QyHKuHOHANbHAS 32BH-
AY Xi M y;, KoTOpas ompenessieT Beuunny E.

Cronp

p . ABHOE H 4Ype3MepHoe y :

1. Paspa6orka xopolllei HMHTAMOHHOH MOJEJH 4acTto OOXOAHT- HoKaspiBaeT 3aBgcuMoPc)TI?ed)}yr}lﬁglupf(i:gog::ﬁ;}mc;ﬂm; ek on
CTEeMH Kak OT

csl ZOpOTO H TpebyeT MHOrO BpeMEHH, a TaKXe HaJHYHS BBICOKOOAA- KORTPOHpyen

- MBIX HaMu H g
PEHHBIX CIENHMaTHCTOB, KOTOPHX B NaHHOH (HPMe MOXeT H He OKa- OYTH KaXnas Monens ;;gxcrfgq,:éeKOng?”"pyeM“x TePEMEHHDIX.
3atbcs. Poppecrep [11] ykaselBaeT, 4yTo A/t CO3ZAHHA XOpOUIeid MO- TOPYIO KoMbHHammIO TaRHx cocms;m}o;l;g ?{P;, BooOlLle TrOBOPS, HeKo-
K
,

OHo
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— KOMIIOHEHTHL.
- nepeMeHHHe: Ha3bIBaeM SHlIOF(?HHHe NepEMECHHBIE NEPEeMEHHbIMU COCTORAHUR (KOl"}.Ia
- HapaMeTpH' ofel/[M:)ap;:ggpﬂiy}O’g COCTOSIHHE HJIH YCJIOBHSI, HMEIOIIHE MEeCTO B CH-
C B8bIXO0RbBIM
= q)yHKuHOHaanHe +aBHCHMOCT, . CHCTEMH) f MU nepemMeHHbimu (KOX‘}Ia pedyb HAET O BBLIXO-
= a . TAaTHCTHKH HHOTJa HAa3eIBAalOT 3K30TE€HHEIE IIe -
orpaHHYeHHs, HE HE e
H 3aBHCHMBIMH, a 3HAOINeHHBIE€ 3aBHCHMEIMH.

PYKKYUORANbHOIE 3ABUCUMOCTY ONHCHBAIT TOBELEHHE MepeMeH-
HBIX H IIapaMeTpoB B NpelenaX KOMIOHEHTAa HJH BHPaXalOT COOTHO-
IIEHHST MEXJy KOMIOHEHTAMH CHCTEMBl. DTH COOTHOIUEHHS, HJH OIle-
paUHOHHbIE XaDAKTEPHCTHKH, IO CBOEH NpHPOXe ABAMIOTCH JHGO e
TEPMHHHCTCKHMH, JHGO CTOXacTHYECKHMH. [[€TepMHHHCTCKHE COOTHO-
IIEHHS — 3TO TOXKJAECTBA WJIH OIpENeNeHHS, KOTOpHle yCTAHABIHBAIOT
3aBHCHMOCTb MeX/Y OIPEe/eJeHHBIMH NePeMEHHBIMH HJIH napaMeTpa-
MH B TeX ciydasx, Korja Iponecc Ha BHIXOAE CHCTEMBH OJHO3HAYHO
onpenessieTcs 3aaanHoli HHGopMauueii Ha BXoje. B OT/IHuYMe OT 3TO-
ro CTOXAaCTHYECKHE COOTHOIUEHHS NpPeACTaB/SIOT CO60it TakHe 3aBHCH-
MOCTH, KOTOpH€ NpH 3aJaHHOH BXOJHOH HHGOpMAalHH AalOT HA BHIXO-
Jle HeompejeseHHHH pesyabTaT, O6a THIA COOTHOIUEHHH OOBIYHO BHI-
paxaioTcst B opMe MaTeMaTHYeCKOTro ypaBHEHHS, KOTOpOe yCTaHaB-
JIHB2€T 3aBHCHMOCTh MEXJ1y 3HIOTEHHBIMH NlePeMEeHHBIMH (IepeMeH-
HbIMH COCTOANHSI) M 3K30T€HHBLIMH NepeMeHHHMH. OO6HIYHO 3TH COOT-
HOUIEHHs] MOXHO CTDOHTH JIMIIb Ha OCHOBE T'HIIOTE3 HJIH BHIBOAHTH C
TIOMOIIBIO CTATHCTHYECKOTO HJIH MaTeMaTHYeCKOro aHajn3a
Oepanuyenus mnpeicTaBaAsiOT co6oit ycrax—xamnsaemueﬁpeneﬁm
H3MEHEeHHs 3HAUEHHH NepeMEeHHBX HJIH OrPaHHYHBAIOLIHE YCJIOBHS pac-
Ipe/leleHHsT U PACXOJOBAHHS T€X HJIH HHBIX CPeACTB (SHEprHH, 3ama-
C(Sl?l&\?cpc?;::: u T. I.). OHH MOTYT BBOAHTBCH JIHGO Pa3pabOTYHKOM
K} e or“pamf[qennﬁ), JH60 caMof CHCTEMOH BCJeNCTBHE
npnc)‘/mnx el CBOHCTB (ecTecTBeHHBle orpaunHduenusi). I[IpuMepaMmu
x:lc\i):[;c]:;zzi:xuorpaﬂmeﬂnﬁ MOTyT OHTb 3ajaHHBE MaKCHMaJbHBIH
Ma CHD;!MyPOBHH 3aHATOCTH PabOYHX HJIH yCTaHOBJEHHAs] MaK-
B Bqua AGHEXHBIX CDEJCTB, aCCHTHYEMBIX Ha KallHTaJjo-
cromenns. B ¢ 3HYECKOH CHCTeMe TaKoro THIa, Kak pakera, HCKycC-
rye g PaHHYEHHEM MOXKeT OHTh 3aJaHHBIR MHHHMAJbHHH pa-
TegH“qecm;m ngm MaKCHMaJIbHO JIONYCTHMBL Bec. BoabpluHHCTBO
HCKyCCTBeHHb[);rpe OBaHMA K CHCTeMaM IpelicTaBiser coboii Habop
oy D eHHBX orpannyenuit. EcTecTseHnsle orpannuenus oGyciosie-
e rrenla) pono#t cuctemn. HanpuMmep, Henb3ss IpoiaTh G6oJblie
CTqupoéaTb C;ncweMa MOXEeT H3rOTOBHTb, H HHKTO HE MOKET CKOH-
s orpaﬂnqu;;eMy’ HapylWamuyo 3akoHel TpHpOoAH. Tarum obpa-
M T OJHOro THHA OOYCJOBJEHH HEH3MEHHHIMH 3aKOHa-
Aeion ot 2 TO BPeMsl KaK OTpaHHYeHHs APYroro THNa, OylyuH
baremor L e BEUYECKHX, MOTYT NMOABepraThcs HaMeHenuw. Hccieno-
Heonoppre a Ba)KHO TIOMHHTb 06 3TOM, NOTOMY YTO B XOJe CBOHX
Tonernar p;Hc:; JOJKEH IOCTOSHHO OLEHHBATh IPHBHECEHHHIE ye-
Mepe Heoﬁxé)mmog;{:,x' C TeM 4YTOOH OcJabHTh HJIH YCHJHTb HX IO

— penessie QyHKIHH.

Mo KomnosesTamu Mel TIOHHMaeM COCTaBHEIE YacCTH, KOTODEIE IIDH
COOTBETCTBYIOIIEM OOBeHHEHHH 06pa3yloT CHCTEMY. Hnorga MBI CuH-
TaeM KOMIIOHEHTAMH TaK¥e 34eMeHTb. CHCTEMBl HJH €e nodcucrembot.
HanpuMep, B MOJeJH PaKeTH HJIH KOCMHYECKOTO Kopa6sisfl KOMIIOHeH-
TaMH MOTYT GHTH Takhe OODBEKTHl, KaK CHCTeMa THrH, CHCTeMa HaBe-
JeHusi, CHCTEMa yNpaBJeHHs, Hecyulass KOHCTpYKuHS ¥ T. I

Moge/ip TOPO/ia MOXET COCTOSTh H3 TaKHX KOMIOHEHTOB, KaK CH-
cTeMa 06pa3oBaHusl, CHCTEMa 3APaBOOXpaHEHHH, TPaHCIOpTHA cucre-
Ma U T. I. B 3KOHOMHYECKOil MOJEIH KOMIOHEHTaMH MOTyT GHTDL OT-
nesbHble GHPMH, OTAE/TbHHE NOTPEGHTENH M T. I Cucrema onpede-
WAeTCA KaK 2pynnd, uAn COBOKYRHOCTb O0BEKTO8, 06Be0UHEHHbLX He-
KoTopoil popmoii pezyarapHrozo 83aumolelicTéus uru 83aUMO3ABUCU-
MOCTU OAR 8binoANenus 3a0annol yrxyuu. KOMIOHEHTE CYTh 06b-
eKTH, 06pa3ylolIHe H3yYaeMylo CHCTEMY.

Ilapamerpb, cyTh BEJUUYHHE], KOTOpPHIE ONEPATOp, pa6oraiomuii Ha
MOJENH, MOXeT BHOHpaTh TDOH3BOJBHO, B OTJIHUHE OT NEPEMEHHLLY,
KOTOpHE MOTYT NpHHHMATh TOIbKO 3HAYEHH:, ONpeAesdeMEe BHAOM
raHHOH (yHKnuH. CMOTDS Ha 3TO NOJ APYTHM YLJIOM 3PEHHS, Mbl MO-
JeM cKasaTh, UTO IapaMeTpsl, IOCJIe TOTO Kak OHH yCTaHOBJEHL,
ABJIAIOTCS TOCTOSHHBIMH BeJHYMHAMH, He IOJJIEXAalIHMH H3MEHEHHIO.
HanpuMep, B TaKOM ypaBHEHHH, Kak y=23x, 4HCIO 3 ecTb TapaMerp,
a x H y— nepeMeHHue. MBH C TaKHM Xe YCIEXOM MOIVH 6nl 3a4aTh
u y=16x man y=30x. IIposons CTATHCTHUECKHH aHaJH3, MH YacTo
CTpEMHMCS ONpEAEJHTh 3TH HEH3BECTHHIC, HO ($HKCHpOBaHHEIE Napa-
MeTpsl Sl [eJoi IPYNIH NaHHBIX. EcnH MBI paccMaTpHBa€M HeKo-
TOpYIO FpYNINy AAHHBIX WJH CTAaTHCTHYECKyIO COBOKYIHOCTb, TO BeJIH-
YHHBI, KOTOpEIE ONpPEJeNsioT TeHACHIHIO NOBEIEeHH: 3TOH COBOKYIIHO-
CTH, TakHe, HaUpHMep, KaK Cpeanee 3HaueHHe, MeluaHa HIH MOla,
ABJSIOTCA NapaMeTpaMH COBOKYIHOCTH TOUHO TaK ke, KaK MepaMi
H3MEHYHBOCTH CJOyXKaT TaKHe BEJHYHHH, KakK pa3Max, }IHCHepCPU[,
cpenHeKBajpaTHyecKoe OTKJIOHEHHE. Tak, aas pacnpefenenust Ilyac-
coHa, rJe BEepOSTHOCTb X 3ajaercd byukuueir P (x) =g~ M(A*/xl),
A TipeicTaBiser coGoit mapaMerp pacnpeielents, x saBJgeTcs nepe-
MEHHO} BEJHUHHOI, a e — KOHCTaHTOH.

B MOJeJH CHCTEMbl MB Das3jHuaeM NepeMeHHLEe AByX BHAOB—
3K302enmble W 9HOOZeHHbie. JK3OTEHHBIE ITlepeMeHHBle Ha3hBaloTCd
TaK)Xe BXOAHBLIMH, 9TO 3HAYHT, 4TO OHH NOPOXKJAIOTCA BHE CHCTEMH
HJIH SBJSIOTCS Pe3yJbTaTOM BO3JEHCTBHS BHEIUHHX HDHYHH. DujoreH-
HbLIMH TIepeMeHHHIMH Ha3bBaloTCs NepeMenHble, BOSHHKAIOMINE B CHCTE
Me HJIH B pesyJbTaTe BO3JAeHCTBHS BHYTPEHHHX IPHHHH. Mmu Takxe
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BaTh M3 PeasbHOH CHTYalHH TOJNBKO Te OCOGEHHOCTH, KOTOPHIE BOCCO3-
JaloT HAeANH3MPOBaHHBEIH BapuaHT peaJpHOro cobpiThHi. Bece Mopenu
CyTb YNPOLIeHHbIe NPEACTABIEHHs] PEAIbHOr0 MHPA WIH abCTPaKIHH.
Ec/iH OHH BHINOJIHEHH KOPPEKTHO, TO 3TH HJ€aJH3alHH KalOT HAM IO-
JiesHoe unpnﬁnm«enﬂoe 0TO0paxkKeHHe peaipHOl CHTYallHH HJIH IO
KpaHHeH Mepe ee OnpejeseHHbIX 0COGeHHOCTe .

Cx0JCTBO MoJenn ¢ OGBeKTOM, KOTOpBHIH OHa OTOOpaxKaer, Hasml-
BaeTCsl CTENEHbI0 u3oMoppuama. [Iag TOro utobbl GBITH uaomépdmoﬂ
(r. €. HAGHTHYHOH WJM CXOJHOH To (opme), MOZejb AOJKHA YHOB-
JIeTBOPATh ABYM YCJOBHSM,

Bo-nepBbIX, 10/XKHO CYIIECTBOBATh B3aHMHO OJHO3HAYHOE COOTBET-
‘CTBHE MEXJly sJ1eMEeHTaMH MOJEJIH H 3JeMEeHTaMH IPELCTaBJseMOro
06'beKTa. Bo-B:ropux, LOJIXKHB OHITh COXpaHEHbl TOUHHIE COOTHOILEHHs!
H/IH B3aHMOJEHICTBHS MEXNy dseMeHTaMu. CTeleHp H30MOp(HIMa MO-
Jle/IH OTHOCHTENbHE, M OONBIUMHCTBO MoOjenell ckopee rOMOMODP(HEI
ueM usoMmop¢uul. Iloa eomomopdusmom Mpl TOHMMaeM CXOACTBO 11(;
«popMe IIpH PA3JHYHH OCHOBHEIX CTPYKTYp, IpHYEM HMEET MeCTO JHLIb
TIOBEPXHOCTHO® TOAOOHE MeXJy pa3jHYHEIMH TpYNIaMH 3/eMEeHTOB
Moienu H o0bekTa. ['OMOMOp(QHBE MOJeNH SBAAIOTCA pe3yJbTaToM
TNPOLLECCOB YNPOUIIEHHS H aGCTPaKU UK.

Hus paspaGoTKH HAEaTH3HPOBAHHON rOMOMOpPGHOI MOZENH MH
~o6uutmo pasbHBaeM CHCTEMy Ha HEKOTOPOE YHCAO 60/ee MeNKHX ua-
crefl. 3TO AenaeTes A TOFO, YTOGH AOIKHBIM 06pasoM HHTEpIpeTH-
POBaTb HX, T. €. Npou3BecTH TpeCyeMblii aHanus sagaun. Taxok cmo-
Co0 neficTBHI 3aBHCHT OT HANHYHS YacTell HJHM 3/1eMEHTOB KOTOpbIE
B 1IePBOM NPHOJHKEHHH He 3aBHCAT APYT OT Apyra Hiu BéanMoneﬁ-
CTBYIOT MEXIY COGOi OTHOCHTENBHO NPOCTHM 06pasoM. Tak, Mbl MO-
;Ke%ngﬁcr;iziga TIpOAHAJIUSHPOBATL DEXKHM PabOTH aBTOMAIUHHEI, NpPO-
e JOBATELHO ABHIaTe/b, KOPOOKY Nepenad, IPHBOK, CHCTe-

va JBECKH H T. I, XOTfl 3TH Y3JIul HE MOJHOCTHIO HE3aBHCHMEL.

Hpouezcaxo;oopogﬂa AHA/IH30M TPH TOCTPOCHHH MOJENH GiH3KO CBSI3aH
o nerx); p ([)11 us pgaﬂbnou CHCTEMBI. I}pencTaBneHHe 06 ympouie-
pa3yM€Bae’rc}:;[ CT_VHH06 ONBIUMHCTBY JIIONEH — NMOA YIpOlleHHeM TOA-
R e TpeHeOpeKenHe HeCyUleCTBeHHEMH AeTANSIMH WM TpH-
g P JIOXKEHHE 0 6osiee MPOCTBIX COOTHOIIEHHSX. Hanpuwmep,
‘ TO IpeAnoJaraeM, 4TO MeX1y ABYMS NEPEMEHHEIMH HMee -
CTO JMHefiHAS 3aBHCHMOCTD XOT MO a

, KeM TO0J03peBaTh WIH Aaxe

Ilenesan pynxyus, uru GYHKYUL KPUTEPUR, — 3TO TOYHOE orobpa-
JKeyHe nesell wid 3ajad CHCTEMH H HeOOXONMMBX NpPaBHJI OLEHKH
ux somosHeHus. Akod n Cacuenn [1] ykaselBaioT Ha JABa THIa Ie-
neil: coxpanenue u npuobperenue. llenn coxpaHeHHs CBA3aHH C CO-
XpaHeHWeM HJH INOAJeDNKAHHEM KaKHX-1HGO pecypcos (BpeMeHHEIX,
SHepreTHYECKHX, TBOPYECKHX M T. J.) HIH coctoanui (koMdopTa, 6es-
ONACHOCTH, YPOBHS 3aHATOCTH H T. A.). llenu npuoGpeTenns CBASaHH
¢ TpHOGpeTeHHEM HOBHIX DECYPCOB (IpuOBLIH, TEpCOHANA, 3aKa3uM-
KOB M T. I.) WIH AOCTHEHHEM ONpPeleJeHHBX COCTOAHHI, K KOTOPHM
CTPEMHTCS OpraHH3allus HJIH DYKOBOZHMTENDb (3aXBaT 4YacTH DHIHKA,
JOCTHXKEHHE COCTOSIHMSI yCTpallleHus 4 T.1.). Belpaxenne AId Lefe-
BOi (YHKUHH JOKHO OBLITh OXHO3HAYHBIM ONPEAE]EHHEM nesnelt H 3a-
Iau, C KOTODHIMH [OJIKHH COpPa3MepsAThCs TPHHHMaeMble DeIleHHA.
LiutnpoBaHHHIl BHllle cI0Baph BeGCTepa ONpeNessierT NOHATHE KpH-
TepHil» KaK «MEepHJI0 OUEHKH, IPAaBHJIO HJH BHJX NIPOBEPKH, NPH MOMO-
M KOTOPHIX COCTaBJIAETCH NMPAaBHIbHOE CyXJEHHE O yeM-1u60». ITO
YETKOE H OJHO3HAYHOe ONpejejeHHe KPHTEepHs OUYeHb BAaXHO IO ABYM
IpHYMHAM. Bo-IepBpIX, OHO OKa3LIBaeT IPOMajJHOE BJHMAHHE HA TPO-
Hecc co3jaHus MOJEJIH H MAaHHIYJHPOBaHHA C Heldl. Bo-BTOpHIX, He-
TpaBU/IbHOE ONpeje/ieHHe KPHTEPH OOLIYHO BeJeT K HENpaBHIbHBIM
3akmoueHUAM, OYHKIHA KpuTepHs (uejseBas (PyHKuHA) OOHIYHO fB-
JIeTcsl OpraHHYecKOil COCTABHOH 4acThio MOJENH, H BeCh Npouecc Ma-
HUIYJIHPOBaHHs C MOJEIbIO HAaNpaBJ€H Ha ONTHMH3ANMIO HJIH yNOB-
JIeTBOpEeHHe 3aJaHHOro KpHTepHd.

1.8. AHaau3 H CHHTE3

Jlaxe neGospliMe yYacCTKH peaJbHOTO MHpa CIHIIKOM CJO0XKHBI,
4TOGH YeNOBEK CMOr HX TOJHOCTbI0 NOHATL M omucarh, [loutn Bece
npo6reMibe CHTYyallHH UPE3BHYAHHO CJIOXKHBI M BKIIOYAIOT B cebs
mouTH GecKOHewHOe YHCJIO 3JEMEHTOB, NepeMEeHHBIX, NapaMeTpos, COo-
OTHOIUEHHUH, orpaHHyeHHit 1 T. A. [IsITasgch MOCTPOHTH MOAEJb, MBI MOT-
JIH 6bl BK/JIOUHTH B Hee GECKOHEUHOe YHCA0 (PAKTOB H MOTPATHTH YHMY
BpeMeHH, cobHpasi Meipdaiilne (akThl, Kacalolluecs n1000H CHTya-
LMK, ¥ YCTAHABJHBAas CBSI3H MEXJAy HUMH. PaccMOTpHM, HamlpHMED,
mpocroe meHCTBHE, COCTOSIIEE B TOM, 4TO BHl Oepere JHCT 6ymaru
H THUIMTE Ha HeM IHCHbMO. Belb MOKHO 6bilio Gbl ONPENeTHTh TOUHBIH
XHMHUeCKHH cocTaB 6yMaru, KapaHR4WIHOrO rpHpens H DE3HHKH; SHATL HapepHoe, YTO MCTHHHAS 3aBHCHMOCTD MeXIy HUMH HeJHHelHa
BAHAHHE aTMOCQEDHHX YCJIOBHi Ha BJaXHOCTb OyMarw u BJHSHH Hebl fpeanonaraem, 4ro Mo KpaiHeli Mepe B OrpaHHuUEHHOM AHanaso-
HocJefHedl Ha cuay TpeHHd, NEHCTBYOUlyl0 Ha OCTpHe KapaHjaula Teﬂ31lal{exmn IepeMeHHbIX TaKoe NpuO/HKeHHe GyIeT yHOBIETBODH-
IBHXYIIerocss mo Oymare; HCCJIef0BaTbh CTATHCTHYECKOE paclpenejie- " PHLIM. UikeHep-s/eKTpHK paGoTaeT ¢ MOJenaMu uened i ’
nue 6yks Bo (pasax Texcra H T. X. OaHaKo ecaH €IHHCTBEHHBIH ac- Jlaras, 4to pesucrops, KOHJAEHCATOPH H T. A. HE H3MEHSIOT Bony o
NIeKT, KOTOPHIi HAac B JaHHOH CHTyallHn HHTEDECYeT, 5TO (aKT OT+ E:}’;‘:TPOB; 9TO YNpOLIEHHE, NOTOMY YTO M 3Haem 4To 3;:%)‘“1312:

X2ADaKTEPHCTHKH STHX KOMIOHEHTOB H3MEHSIOToS B 3aBHcmfocm

IpABJIEHHA NHChMA, TO HHM OJHA H3 YINOMAHYTHX NOAPOCHOCTel H or 1e
oTHocHTCS K gedy. CiefoBaTeNbHO, MBI JIOJKHB OTGPOCHTH GOMbUIY MICPATYDHI, BJIaKHOCTH, CPOKA CAYMKOH M T. K. Hnixenep-mexa-

4acTh PEANbHBIX XapAKTePHCTHK H3YuaeMoro COOHITHS H aberparnpo
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HHK paboTaeT c MONEJNfIMH, B KOTOPHIX Ta3Hl CUHTAIOTCH HAeaJbHEIMH,
AaBJienHsl anHaGaTHYECKUMH H MPOBOZHMOCTb OFHOPORHOH. B 6o/ine
IIHHCTBE TNPAKTHYECKHX CJY4aeB TaKHe MPHOIHKEHHS HJH yIpOLles
HHSL DOCTATOYHO XOPOWIH H AAIOT MOJNE3HHE PE3Y/bTAaTH. |

YueHwl#l, H3yYaloLuii TPOGTeMEI yHOpaBJieHus, A4Sl NOCTPOEHHS IIo
JI€3HBIX MoJeJeli Take MpHOeraer K ympomenuio. OH npexnonaraer]
uTO €ro MepeMeHHbe JHOO NETEPMHHHPOBAHH (Upe3BbIYaliHO yIpo
lieHHas TPaKTOBKA DeajbHOCTH), JHGO MOMUMHAIOTCH 3aKOHAM Cilys
YaiHEIX COGHITHH, OMHCHIBAEMHM H3BECTHBIMH BepPOSATHOCTHBIMH DYHE»
LUHAMH pacipeneseHnHl, TAKHX, KaK HOPMaJbHOe, yaCCOHOBCKOE, SKC
NOHeHIHaMbHOe K T. A. OH Take 3a4acTylo MpeANoJaraer, 4To 3aBH
CHMOCTH M€Ky NEPEeMEHHBIMH HOCAT JHHEHHHH XapakTep, 3Haf, uTq
Takoe JolyllleHHe He COBCeM MNpaBOMEpHO. DTO YacTo GHBaeT Heo6Xo
AHMBIM H ONPaBIAHHBIM, €CIH TPeOyeTcs NMOCTPOHTH MOAEJH, HOAAAI0
II[HECs] MaTeMaTHYECKOMY ONHCAHHIO.

JlpyruM acmekToM aHaiH3a SBJIsETCS a6CTPaKIHs — MOHSATHE, KO
TOPO€ B OTJIHYHE OT YMNPOIUEHHS He TaK JIerKO OO6DBACHHTbD H OCMEIGH
JHTb. AGCTpaKIHS COAEPIKHT HJIH COCPEIOTOYHBAET B cebe cyec
BEHHBEIE KaueCTBa HJIM YePTH MOBefeHHA o6beKTa (Bemln), {
3aTeJbHO B TOH Xe (opMe H CTOMb AeTadbHO, KAK 3TO MMeeT MeCTq
B opuruHase. BonbuinacTBO MoJesell — 310 abCTpPaKUME B TOM cMBICh
JI€, YTO OHH CTPeMATCS MPEACTAaBHTbL KayecTBa H MOBeJeHHe MOJeul
pyeMoro o6nexra B (opMe HJH CNOCOGOM, OTAMYAIOMHMHCE OT H
ReHCTBHTeNbHON peannsanun. Tak, B cxeMe oprasusanuu pa6or M
IbTaeMcst B aGCTPakTHOH (POpPMe OTPasHTb TPYAOBHE B3aHMOOTHOLIE
HHSL MeXJy Pa3JHYHBIMH TPYNNaMH paGoTalmHX HJIH OTHeMbHH
un1eHaMHu Takux rpynn. To 06cTosTeNbCTBO, YTO MOXOGHAS CXeMa TOJ :
KO IOBEPXHOCTHO OTOOpakkaer peajbHHe B3aHMOOTHOLUEHHS, He YMA§
JIleT ee NMOJIE3HOCTH JJIS1 ONpEeRe/eHHBX [eJieil.

ITocne TOro Kak MH NpPOAHANH3HPOBATH H IPOMOJIeJHPOBANH Y
CTH HJH 3JIEeMEHTHl CHCTEMB!, Mbl NPHCTYIaeM K HX 06beLHHEHHIO
enuHoe nesioe. MIHHIMH C/IOBaMH, MBI MOXeM NyTeM CHHTe3a OTHOCH
TEJLHO MPOCTHIX YaCTeH CKOHCTPYHPOBATh HEKOTOPOe NpHBIHIKEHHE
CJIOXKHOH peasbHOH CHTyauud. 3Jech BaXKHO NpefycMOTpeTh JBa M(
MeHTa. Bo-mepBHX, HCMOJNb3yeMBle AJsi CHHTe3a YaCTH JOJIKHBEI GBI
BHODAHL KOPPEKTHO, H, BO-BTOPHX, AOJDKHO GHITh KOPPEKTHO npe,
CKa3aHO HX B3aHMOJEHCTBHe (310 Gyjer MOAPOGHO paccMOTpeHo H
e, KOrfla MBI KOCHEMCS BONDOCOB YCTAaHOBJEHHS W NPOBEPKH COOf
BETCTBUSL MOJeJH peasbHOMYy o6bekty). Ecam Bce 3To Bmmosnes
BO/DKHBIM 06pasoM, TO 3TH IPOLECCH aHaJH3a, abCTPaKIIHH, YIpPOLL
HHS H CHHT€3a B HTOre NPHBEAYT K CO3JZAHHIO MOJAEJH, KOTOpas a
MPOKCHMHDYeT MOBeJeHHe H3yuaeMoH peanbHOH cHereMbl. Heo6xoxn
MO HOMHHTD, ORHAKO, UTO MOJENDL SIBAAETCH TOJBKO NpHOJMKeHHef
(annpoxkcumanuei), a 103TOMy He 6ymer ce6sl BECTH B TOYHOCTH, K4
peanbHblii 06BbeKT. MBI ONTHMH3HpyeM Mogesb, HO He peasbHyI0
creMy. Bompoc o ToM, cymecTByeT JH gefCTBHTENbHO B3aHMOCBS

MEXJY XapaKTepDHCTHKaMH Hallel MOJeJH H P€aNbHOCTbIO, 3aBHCHT
OT TOT'O, HaCKOJbKO NpaBHJBHO H PasyMHO Mmu MpOBeJIH HalllH Ipo-
1eCChl aHaJiu3a, a6c*rpaxuma, YOPOIUEeHHS H CHHTEe3a.

1.9. HckyceTBo Mopeanposaunsg

Iponece, npu noMomu Kotoporo HHXeHep, 3aHHMalOIHUHACH cHeTe-
MaMH, UJIH yYeHBbIH, HCCaIeAyIOmuil BonpocH yHIpaBJieHHS, Co3LaeT Mo-
Jelb H3yYaeMoH HM CHCTEMH, MOXKET GBITh Jyvllle BCETo oOmNpeseseH
KaK HHTYHTHBHOE HCKyccTBo. JIi0Goit naGop mpapua mns pa3paGoTKu
MoJeJedl B JyulleM Clydae HMeer OTPaHHYEHHYIO NOJIE3HOCTh H MOXKeT
CIYXHTH JHIIE HPEANONOXKHTENbHO B KayecTBe Kapkaca Gynymeit
MONCJIH HJIH OTHPABHOrO MYHKT2 B ee MOCTPOEHHH. IIpn nomwiTke BH-
PasSHTb IpOLECC MOACNHPOBAHHS B TOYHBIX TEPMHHAX Mbl CTpeMHuMes
CHCTEMATHIHDOBATL 3HAHHA, OCHOBAHHHE HAa MHTYHUHH H OILITe Tex,
KT0 panee sanuMaJcs MofeanposamneM. K comasenumo, pesyabraTs
BCEX HAyYHBIX MCCIENOBAHHH H3J1araloTcsl H coobWaloTCs HaM B (op-
Me JIOTHYECKOH PEKOHCTPYKUHH COOLITHH, HMeloWwedl nebio ONpaBAaTh
CMBICJI TIOMYYEHHBIX De3yJbTAaTOB. 3Ta JOTHYeCKas PEeKOHCTPYKIHS
HMeeT MaJjo obmero co c1oco6oM, TpH MoMoInH KOTOpOro HccienoBa-
HHA TPOBOAHIHCHL B NeHCTBHTenbHOCTH. HH B omnOM Hay4YHOM oTYere
BHl HE HafiieTe ONMHCaHH{i (anibeTapToB, oWKHGOUHEIX TIPeNNoJIoXKEeHHH,
TUPHHATHIX H 3aTeM OTBEPTHYTHX, Pa30UaPOBAHHI, BHSBAHHLIX OMUG.
KaMH, H BHE3aNHBEIX o3apeHHH. B TakuX oTueTax MMM cTaTbsix HpHBO-
AATCA TOJBKO IOCHEAOBATENBHOCTh COGBLITHA H 0GbiCHEeHHS TOro, Kak
Ob Temepp mocTymms HCCICNOBATENb, MOJB3YSICH CBOMMH DPEeTpOCIeK-
THBHHIMH 3HAHUSMH H 3HaHHeM KOHEYHOTO pe3y.bTaTa. ONHEM H3 pex-
KHX HCKJIIOUeHHH B 3TOM IiaHe sBAsieTcs  KHHra H. 1. Yorcoua
(ﬂBOﬁH“aﬁ cmupane» [32]. 3a 10, wro o mokazan nponecc MoHCKa
HaYYHOH HCTHHHI TaKHM, KaKOB OH ecTb Ha caMoM Iiejie, MHOTHE yue-
Hble paspasHiuCh B ero afpec 6paHbio.

Koneuso, aas meonmtHOrO Pa3paGoTunKa Mojeneli omacHocTs 3a-
KIOYaeTcs B TOM, UTO, He HAXOAS B JHTEPaType HHUYEro, 3a HCKJIIO-
'ICHHEM JIOTHYECKH NOCTPOEHHEIX PeTPOCHeKTHBHLIX ONMHCaHHH, OH MpH-
HIMaeT uX 3a ONHCAHHe Npolecca OTKPHITHA, 3aTeM, Koria oH BHAHT,
UTo mema MAYT BoOBCe He TaK, Kak TOBOPHTCSL B KHHTaX, OH JeTr'Ko Te-
PAET yBEpEHHOCTb B Cel€, M ero 0XBaTHBAET pa3ovapoBanne, Onhit-
'L pa3spaboTYMK Mogeseil 3Haer, UTo MBIC/IHTeJIbHEE TIPONECCH, CBS-
SaHHHeE ¢ paspaGoTKON MOJeNH, 3HAYHTeNbHO OTJIHYAIOTCA OT TOro,
TO HamHCaHO 06 3ToM B yye6GHHKAx u auteparype. Ho kak mepeparth
To HoBHuKy? Ilo sTomy moBogy Moppuc [23] samewaer crenywmee:
«Eme He pokasauo, uyro HSYueHHE MOJENIed NYTeM LEeMOHCTPALMH He-
ONLITHBIM CTYACHTZM HX KOHKDETHHIX 00pa3loB CYmecTBeHHO CI0co6-
CTBYET Da3BHTHIO TBOPYECKOTO MOAXOHA K cospanui Monenefi. OGyuye-
HHe MOLE/IHPOBAHHIO He To Ke caMoe, uTo H3YyYyeHHe KOHKPeTHHX Mo-
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nesei. Mbl peNKO CTaJKHBAaeMCS ¢ MOJENDbIO, KOTOpas MOJHOCTHIO
YIOB/IeTBOpsNA OB JAHHOH yNpPaBJEHUECKOA CHTYamHH».
ITo-BHAHMOMY, OCHOBOH YCIENUIHOH METOLHKH MOLeTHpPOBAHHS OJ
XHa OHTh TUlaTeJpHasi OTPaboTKa Mozesneil. OGHUHO, HauaB ¢ oueH
MpOCTOH MOJEJH, NOCTENEHHO NPOJBHralOTCA K Gosiee COBEPLICHHO
ee Qopme, oTpaxkaollell CIOKHYIO CHTYyalUHIO GoJee TOUHO. AHAJOTH
¥ acCOUHAIMH C XOPOWIO NOCTPOEHHHIMH CTPYKTYP2MH, I0-BHAHMOMY,
UCPAIOT BaXHYI POJb B ONPENEJEHHH OTIPABHOM TOYKH 3TOTO NpO
‘lecca COBEpLIEHCTBOBAaHHS H OTpaGoTKH Jeranefl. DToT mpouece ¢
BcDIUCHCTBOBAHHA H OTPaGOTKH CBSI3aH C Y4eTOM MOCTOSIHHOTO TIPO:
HeCCa B3aHMOJHCTBHS H OOpaTHOH CBAISH MeXAy peanbHOH CHTya
nuefl ¥ Mofensio. Mexjy mpoueccoM MOAHOHKAUHH MOJENH H NPO
IecCoM 00pabOTKH NaHHHX, reHePHPYEMEIX PeasibHHM 0GBEKTOM, HMe
€T MECTO HemnpephiBHOe B3auMojeficreue. o Mepe NMpoBejeHHS HCIH:
TaHHH M OUEHKH KaXJOro BAaDHAaHTAa MOJE/NH BOSHHKA€T HOBHIA BapH:
aHT, KOTODHH NPHBOJHT K TIOBTODHHM HCIBITAHHSM H TepeoleHKaM
Lo Tex mop moka Momens moAxaercs MaTeMaTHIeCKOMy omHca
HHIO, aHaJIHTHK MOXeT A0GHBaThCsl BCe GOJIBIIHX ee YJyuUIEHHH HJI
YCIOXKHATD HCXOAHBIE NpeAmooxenus. Korga ke Momenb cTaHOBHTCS
«HETOCHYIUIHOM», T. €. HepaspellHMol, pa3paboTuHK NpHOeraer K e
YUPOIEHHIO H HCHOJL30BaHHIO Gosee riayGoKo#H aGeTpakuum.
TakuM 06pa3soM, HCKyCCTBO MOJENHPOBAHHS COCTOHT B CHIOCOGHO
CTH aHaJM3HPOBaTh MPOGJeMy, BHIENAT, H3 Hee HyTeM aGCTpaK
€€ CyIlecTBeHHbIe YePTH, BHOHUPATh H JOJNXKHHM 06Pa3oM MOIHQHIH
POBATb OCHOBHBIE NPEANOJNOKEHHS, XapaKTepH3YIOIHe CHCTEMY, a 3a
TeM O0TpabaTHBATh H COBEPUIEHCTBOBATL MOJENb N0 TeX IOp, NOKa OH
He cTaHeT NaBaTh NOJIeSHHE JJIsl NPAKTHKH pe3yabraTsl. Moppuc [23
$opMyJSHDYET 5T0 B BHE CEMH yKa3aHHH, COIMACHO KOTODBIM Haj
JIEXKHT:
— PAa3JI0XHTH 06l 3aiauy HCCIENOBAHHS CHCTEMH Ha PAA GO
Jiee IPOCTHIX 3ajay,
— 4YeTKo cpOopMyJIHpOBaThL LedH,
~— TOJBICKATb aHaJOTHH,
" PacCMOTPETh CHEUHAJbHHH YHC/IEHHHI NPHMEp, COOTBETCTBYIO
LK JAaHHOK 3ajauve,
— BHIGPaTh ONpeLeJcHHbIE 0603HAUEHHS,
— 3allHCaTb OYEBHIHBIE COOTHOIIEHHS, K
~— €CJH [OJyYeHHas MOJE/b NOANAETCsi MaTeMaTHYeCKOMy ONHCa
HHIO, pPacHIHpHTL ee. B NPOTHBHOM cJIy4ae yIPOCTHTD.
BooGle rosopsi, ynpocTHTh Mozedr MOMHO, BHIIOJNHHB OJHY H
TEpeuHCIEHHBIX HHXKe omnepaudii (B TO BpeMsl Kak [Jsl PacIUMpeHH
MoJeJH TpeGyeTcs Kak pa3 o6parHoe):
— TPEeBpaTHTH NepeMEeHHble BeJHYHHE B KOHCTAHTHI;
—— HCKJIIOWHTL HEKOTOpHle NepeMeHHHEe HIH O0beJHHHTb HX;
— TMPeANOJIOKHTh JHHEAHYI0 3aBHCHMOCTh MEXJy HCCJeNyeMBIM
BeJIHYHHAMH;
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— BBECTH Gojiee KeCTKHE NDPENNOJNOKEHHS H OrpaHHYeHHS;

— HAaJIOXKHTb Ha CHCTeMY GoJlee JKeCTKHE IDaHHYHBIE yCJOBHS.

DBOJIONHOHHEI XapaKTep NpONecca KOHCTPYHPOBAHHS MOXETH He-
p30€eXKeH H 2KejaTelleH, NOITOMY MHl He [OJKHE AyMaTh, YTO ITOT
npollecC CBOAHTCS K NMOCTPOEHHIO OLHOro-€IHHCTBEHHOro 6a30BOTO Ba-
nanTa MoleiH. ITo Mepe Toro Kak NOCTHIAIOTCS LeMH M pEMIAIOTCH
nocTaBJ€HHple 3aJla¥H, CTABATCA HOBHIE 3ajaud JHG0 BO3HHKAET He-
06XOAHMOCTE NOCTHXEHHS GOJDbLIEr0 COOTBETCTBHS MEXKAY MOZEJbIO
H peaJbHEIM OOBEKTOM, ¥TO NPHBOZHT K MEPECMOTPY MOLE/NH H BCe
JYUIINM €€ PeanH3auusM. JToT Npolecc, NPH KOTOPOM HAUMHAIOT C
TOCTPOEHHST IPOCTOH MOJEJH, 2 3aTEM YCIOXKHSAIOT H OTPaGaTHBAKT
ee, HMECT DS NPEHMYINECTB C TOYKH 3PEHHS YCMEUHOro 3aBEpIICHHS
paspaboTKH MopeaH. TeMI H Hanpas/eHHe SBOMIOMHOHHOIO M3MEHEHHS
MOJC/IH 3aBHCAT OT IBYX IMIaBHHX (akTopoB. IlepBHifi H3 HHX — 37O,
O4YEBHJHO, NDHCYIIAsi MOJEJH THOKOCTh, H BTOpPOH — B3aHMOOTHOLLE-
HuSL MEXIY CO3MlaTesleM MOJENH H ee NoJb30BaTeneM. [IpH HX TeCHOM
COTPYAHHHECTBE B TEUEHHE BCErO IIPOLECCa SBOMIOLHH MONENH ee pa3-
paloTYHK M TOJH30BATENb MOTYT CO3XaTh aTMOC(HEPY BIAHMHOTLO Jo-
BEpHi M B3AHMOOTHOLIEHUS, KOTOpHE GyAyT CHOCOGCTBOBATH MOJYue-
HHIO KOHeWHBIX DE3YJbTAaTOB, YAOBJETBOPSIOM[HX IOCTABJIEHHHIM Ie-
JISIM, 3a/la4aM H KPHTEPHSM.

HckyccTBOM MojesHpOBaHHS MOryT OBaajers Te, KTO obaanaer
OPHIHHAIBHEIM MBIHIEHHEM, H306PeTaTeNbHOCTHIO H HAXOQYHBOCTHIO,
PABHO Kak M INYGOKHMH 3HAHHAMH CHCTEM H (DH3HUECKHX SBJCHH,
KOTOpHIe HEOGXOLHMO MOJENHPOBATE.

He cymecrsyer Tepamix u 3Q(PEKTHBHHX NPaBHA OTHOCHTENHLHO
TOro, Kak Halo (OpMyJHpOBaTb 3ajauy B CaMOM Hauasie npouecca
MoleNHpOBaHHSA, T. €. cpa3y e NOC/Te IEPBOro 3HAKOMCTBa ¢ Hell
He cymecrsyer u marnueckix (OpMys 111 pelIeHHs TPH TOCTPOEHUH
MOIRMIH TaKHX BONPOCOB, KaK BHOOp MEpeMEHHHX H napaMerpos, Co-
OTHOIEHH}, ONHCHBAIOWIHX TOBENEHHE CHCTEMH, H OTp aHHYEHHH,
2 TaKXe KDPHTePHEB OUEHKH s¢pdexrupnocrn Momenu. IMomuuTe, uTo
HHKTO He pemraer 3ajauy B uHCTOM BHJIE, KaXIH ONepHpYeT ¢ Mo-
ACBIO, KOTOPYIO OH MOCTPOHJI, HCXOAS H3 HOCTABJICHHOH 3anaun. Bcee
9TH C006paeHHs AOMKHH OMOYp WHTATENIO NpaBHJbHO pa3o6paTh-

¢ B ocobeHHOCTAX MOfesel H B HEKOTOPBIX BONpPOCaX HCKyCCTBAa MoO-
AenupoBanns,

1.10. Tpe6oBanug Xopoluei Moaean
Mp
ATbHOK
Uenbio o
Teruni,

ONpeNeNTHIH HMHTAUMIO KaK npouecc co3naHusg MOJEeJH pe-
CHCTEMBl H TMPOBEJICHHS C 3TOH MOIENbIO S3KCIIEPDUMEHTOB C
CMBICJIEHHS NMOBEJECHHS CHCTEeMBl HJIH OLEHKH Pa3JHYHHX CTpa-
o Onxgropue MOTYT MCHOJIb30BAThCS IIpH YIpaBJE€HHU CHCTEMOIi.
IlO.n}KHap ékﬁeﬂeﬂﬂe TIOACKa3HBaeT psp CYLIE€CTBEHHBIX 4€pT, KOTOPHIMH

J1alaTe Xopoluasg HMHUTalHOHHas MOJ€Nb, H YCTaHABJHBa-
3+
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5. Oyenxa a0exk8arHOCTH — NOBhIIIEHHE NO NPHEMJEMOro YDOBHS
CTENEeHH yBEPEHHOCTH, C KOTOPOH MOMKHO CYJZHTb OTHOCHTEJNBHO KO-
PeKTHOCTH BHIBOJOB O PeasIbHOH CHCTeMe, NOJYYeHHBX Ha OCHOBAHHH
ofpallleHHss K MOJEJH.

6. Crparesuueckoe nianuposanue — NJaHHPOBaHHE >KCIEPHMEHTA,
KOTODPBHIH JOJIKeH AaTb HeoOXOZHMYI0 HH(ODPMaIHIO.

7. TaxTuueckoe naQHUpPOBaHue — oOlpejeNeHHe cnocoba mpoBee-
HHSl KaXIOH CepHH HCOBLITAHHH, NPEeLyCMOTPEHHHX IUIAHOM 3KCIEpH-
MEHTa.

8. IxcnepumenTuposeanue — Npollecc OCYLIECTBJEHHS HMHTALHH C
LeJbl0 NOJYYeHHs JKelaeMHX IAHHBIX H aHaJNH3a YyBCTBHTEJNBHOCTH.

9. HurepnpeTayus — NOCTPOEHHE BHBOJOB II0 JaHHBIM, TIOJYYeHHEIM
nyTeM HMHTAaUUH.

10. Peaausayus — npaKTHYeCKOe HCIOJIb30BaHHE MONeNH H (HJH)
pe3y/IbTaTOB MOJeJHPOBAHHS.

11. Hoxymenruposanue — PeTHCTPALHA XOLA OCYILECTBJIEHHS TMPO-
€KTa U €ero pesyJ]bT4aTOB, a TaKKe NOKYMEHTHPOBaHHe mpolecca cO3-
JaHHS H HCIOJb30BAHHA MOJEJH.

[Nepeunc/ieHHbe 3TaNH CO3NAHHS M HCIOJb30BAHHS MOJEIH ONpe-
ZeJeHbl B TMPEANOJOXKEHHH, 4TO 3aja4a MOKeT GHTb pelleHa HaHaydy-
LIKEM 06pasoM ¢ MOMOIIbI0 HMHTAUHOHHOro MojeaupoBanusi, OnHaKo

cnoco6. HeonHOKpaTHO yKasplBaNOCh, YTO HMHTALUS MPEACTaBJAET
co6oii KpaliHee CPENCTBO HJIH TPYOHI CHIOBOH NpHEM, MPHMEHSEeMBl
IUIsl pelleHus 3ana4d. HecoMHEHHO, 4TO B TOM cJjydae, KOTfa 3anad
MOXeT OHTb cBelleHa K NPOCTOH MONEJH M pelleHa aHAJMTHYeCKH
HeT HHKaKO# HyXIbl B HMHTauuHu. Cleayer H3bCKHBATb BCE BO3MOXK
Hble CPEACTBA, NOAXOMsILlMe NJf PelIeHHS NaHHOH KOHKPETHOH 3ana
4H, CTPEMSICb IPH 3TOM K ONTHMAaJbHOMY COYETAHHIO CTOMMOCTH H K€
JaeMbiX pesyJbrTaroB. IIpexie YeM NPHCTYNaTh K OLEHKE BO3MOXK
HOCTeH HMHTAaLHH, CJelyeT CaMOMy yOemHTbCS, YTO NPOCTAst AHAJH
THYECKasi MOJeJb MUl NAHHOTO CJy4yas He NMPHTOo/HA.

Iockonbky HEoGXOZMMO H JKeJlaTelbHo HoA06paTh HJIA peLIeHH
3aJa4d COOTBETCTBYIOLIHE CPEJNCTBAa, pellieHHe O BHIOOPE TOTO HJI
HHOTO CPeJCTBA WJIH METONA INOJKHO CIeNOBaTh 3a (HOpMyJHPOBaHHE
3anaud. Pelienne o6 HCNOJb30BAHHH HMHTAUHH He JOJKHO paccMar
PHBATbCSl KaK OKOHuaresabHoe. Ilo Mepe nakomneHHs uHoOpManuu
yray6OJieHusi MOHHMAHHS 3ajaud BONPOC O NPABOMEPHOCTH IpHMeEHe:
HHA HMHTaLUHH CJelyeT MoABeprarb mepeouleHKe. ITockonbKy Iisi aTo-
ro yacro tpebyrorca Momune DBM u Gosplliune BHOOPKH NaHHBIX, H3
JePKKH, CBA3aHHHE C HMHTaUMeH, HOYTH BCErJa BHICOKH 110 CpaBH
HHIO C pacXojaMH, HeOOXONMMBIMEH AJf pelleHHS 3ajJaud H
HeOOJIBIIOA aHaMuTHYECKOH Monean. Bo Bcex ciydyamx cienyer c
TOCTaBJIATL BO3MOJKHbIE 3aTPATHl CPEACTB H BPEMEHH, NOTpeGHHe I
HMHTAUHH, C UEHHOCTbI0 HHGOpPMalKK, KOTOPYI0 MBI OXHAAEM II
JIy49HTD.
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Dranel, WIH 3J€MEHTH, NIpolecca HMHTAUKA B HX B3aWMOCBASH II
KasaHb Ha 6Jok-cxeMe puc. 1.3. IIpoekTupoBanne MOJEIH HauHHAET
cs1 06BIYHO C TOrO, YTO KAKOH-JIHO6O COTPYAHHK OpraHH3auuH IPHXOL]
K BHIBOJY O BO3HHKHOBEHHH NDPOGJIEMB], KOTOpAs HYXKIAETCA B H3Y4e:
Hun. [l OpOBeleHHs IPeNBAPHTEJbHBIX HCCIEIOBAHHH BhIIEJIAETC
COOTBETCTBYIOWIH paGOTHHK (OOLIYHO M3 I'DYNNH, CBS3AHHOH ¢ Aa
Ho#t mpoGsemoii). Ha HekoTOpoM 3Tame NPH3HAETCH, UTO A/ H3yde
Husl npoBJeMsl MOryT GHTb MOJIE3HBl KOJHYeCTBEHHbIE METONbl HCCJIE
IOBaHHS, H TOLLA Ha CLEHe MOosBAseTcs MareMaThK. Tak HauHHaerc
3Taln onpelesNeHHs H IOCTAHOBKH 3aJa4ud.

1.12. NMocranoBKa 3ajlavyu U ONpeIeJEHHE THNIA MOAEJIH

djfinmTeliH KakK-To CKasalJ, 4TO NpaBHJbHAS [OCTaHOBKa 3ajad
naxe Goslee BaxHa, 4eM ee peweHHe. JlJs Toro 4TofH HafiT mpHel
JeMoe HJH ONTHMaNbHOE pelleHHe 3ajJayl, Heo0XOAHMO CHayal
3HaTh, B 4YeM OHA COCTOHT. Kak 3T0 HM NmOKaxXeTcst CTPaHHBIM, CJIH
KOM MHOro y4YeHbX, 3aHHMaloLlMXcH MpoGieMaMH yrnpaB/eHHs, IO
HOCTBIO MTHOPHPYIOT OYeBHAHHE QakTh. EXeroiHo pacxonyorcs M,
JIMOHB NOJIJIAPOB, YTOOH MOJNYYHTb H3AMIHBIE H XHTPOyMHEIE OTBET!
Ha HEKOPPEKTHO MOCTaBJEHHble BONpPOCH. B Xoxe XHCKyCCHH MO B
IpocaM NpHMEHEeHHs] KOJHYECTBEHHHX METOJOB B IVIAHHDOBAHHH e
TeabHOCTH Munucrepctea o6oporn CIIA U. Xutu [16] BBICKasaic
clefyIolHM 06pasoM:

«Moii OnbIT MOKa3hHBaeT, YTO caMhle GOJIbLIHE TPYAHOCTH LA C
CTEMHOr0 aHAJIMTHKA He CBA3aHB C COOCTBEHHO aHAJIHTHYECKHMH M
TomaMH. Meronbl, KOTOpHE Mhl B JIeHCTBHTENbHOCTH HCIOJb3yeM
MunucrepctBe 060pOHH], OGHYHO IOBOJBHO MPOCTH H CTAapOMOAH
Yto OTJIHYEET MJIOAOTBOPHO pabOTAIOLUEro aHaJHTHKE — 3TO €ero CI
cobHOCTb (POPMyJaHPOBaTh (MK CTAaBHTb) HpoOBJeMy...»

B oTJiuuHe OT NPHMEpOB, IPUBOLHMHX B 3TOM H JADPYrHX yueOH
00oco6HAX, GOJNBIIHHCTBO NPAaKTHYECKHX 3ajad coO6Ilaercs pYKOBOM
TEJASIM HayYHO-HCCJIe[OBATeJbCKHX IMOApa3JeJeHuil B HeLOCTaTo
4eTKOH, HeTOuHOH ¢opMe. Bo MHOrHX clly¥asx PYKOBOACTBO HE MOX
HIH He CIOCOGHO MpABHJBHO BHPA3HTb CyTb CBOHX mpobiaeM. O
3Haer, 4TO Mexas NpobjeMa CYLecTBYeT, HO He MOXeT ToYHO cdo
MyJIHPOBaTh, Kaxasa 310 npobaeMa. ITosToMy aHAJH3 CHCTEMH OB
HAaYHHAeTCH C HOMCKOBOIO H3y4YeHHS CHCTEME) NOA PYKOBOICTBOM
BETCTBEHHOTO JIHIA, YIOJHOMOYEHHOro NPHHHMATDh pemenns. Hccaen
BaTeJbcKas rpylna AOJXKHA IOHHMATh H 4eTko (opMysHpoBaTh P
HOAXOASIHX K JAHHOMY cly4aio 3ajay u liedeft. ONMT NOKa3HBa
YTO MOCTAHOBKA 3aJa4d €CTh HelpephBHH NMPOIecC, NPOHH3EBAIOIL
BEChb XOJX HCCJIENOBaHHA. DTO HCCJIeNOBAHHE HENPEpPHBHO MOPOXK/IA
HOBylo HH(pOpPMauHIO, Kacalollylocss OrpaHHYeHHH, 3a1ad H BO3MO!
HBIX aJbTePHAaTHBHHIX BapuauToB. Takas nHQOpPMaUHS AOJXKHa HepH!
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JHUecKH HCIOJIb30BATHCHA B UelsX OGHOBIeHHS (OpMyJIHPOBKH H IoO-
CTAHOBKH 3aJadH.

BaxHOH 4acCThi0 NMOCTAHOBKH 3aJauH fBJISETCS OUpefeNeHHe Xa-
paKTEPHCTHK CHCTEMH, NOAJexalleli H3yvenHo. Bce cHcreMs — 3To
NIOJCHCTEMEl IPYrHX GoJlee KPYIHBHIX CHCTeM. [109TOMy MHE JOJXKHH
onpeleiTh UeJIH H OTPaHHYEeHHS, KOTOPHE HAM HaJJeXHT yYHTHBATDL
B npouecce abCTParHpOBaHHA HIM MOCTPOEHHST (GopMaNbHOH MOJeJH.
BopTu [5] roBopHT, 4TO mpo6ieMa MOXKET GHTL ompeieleHa Kak co-
CTOSTHHE HueyIKOBJIETBOPEHHOﬂ notpebnoctH. CHTyauus CTaHOBHTCA
npobJaeMHOH, Korna ZeiCTBHE KaKOH-JH60 CHCTEMH He [aeT XKejae-
MBIX pe3yJbTATOB.

Eciu xenaeMele pesynbTaTsl He JOCTHTAIOTCS, BO3HHKAET MOTPeED-
HOCTb MOAHQHUHPOBATD CHCTEMY HJIH OKPYXKAIOL(HE VCJOBHS, B KOTO-
pHX OHa QYHKUHOHHPyeT. MaTeMaTHYeCcKH M MOXEM ONpeLeluThb
npobJeMy caenyomuM obpasom:

P,=]D,——A,],

rie Py — cocTosiHie NpoGJeMH B MOMeHT BpeMeHu £ D; — xKenaeMoe
COCTOSIHHE B MOMEHT BpeMeHH f; A; — NeHCTBHTENbHOE COCTOSiHHE B
MOMEHT BpeMeHH ¢&.

HOSTOMy" UepBLHIA WIar B ONpeJe/eHHH XapaKTEPHUCTHK CHCTEMH
Mojiexauledl H3YYeHHIO, COCTOMT B IPOBEJEHHH aHAJH3A HOTpeﬁHOZ
CTeH TOH Cpelbl, AJs1 KOTOPO#l NmpelHasHauaeTcs CHCTeMa. DTOT 4Ha-
JIN3 HaUHHACTCSH C ONpENeJIeHHs Uelell H IPaAHHYHBIX YCIOBHE (T. €. To-
TO, 4TO sBJAETCH U YTO He ABJSETCH YacTblo CHCTEMHI, [OJexaiiet
#3yuenuo). Hac HHTEpecyloT 3jecb ABe (QYHKUHOHAJbHbIE [PAHUIH,
?gﬂoél:: uHTepQelica: rpannna, OTAEIAOLIAs Hally npoGieMy oT Bee-
cpenen JI(bTHOI‘O MHDa, d TPaHHLA MeXny E;nc*reMoﬁ H OKpyXKalouen
ook (. €. UTO MH CYHTAeM COCTABHOH 9acTBIO CHCTEMBl H 4TO
oo cpelly, B KOTOPO# 3Ta cucreMa paboraer). M MoxeM
ot ,ETO ngoncxonu’r B NpefesaXx caMoi CHCTeMBI, pa3HHIMH CIIO-
o8 B.Saﬂc;m Bl MBI HE OCTaHOBHJIHCL Ha KaKOM-10 Habope sjeMeH-
e onpenn OCBA3€H, KOTOpble HANJIEXKUT H3YYHTb, HMeS B BHAY BIOJ-
P o €HHYIO 1LIeJb, TNepef HaMu ObJIO OB GeCKOHEYHOe YHCJIO

5 coueTaHuH.

M:e[gga UeJH K 3a4a4d HCCIENOBAHHS H ONpEJeNHB IPAHHUH CH-
o cf:'f;e CBOHM DEaJIbHYI0 CHCTEMY K JIOFHYeCKOH 6/10K-cxe-
Peammion ool 9eCKOH Mogea#. Mu _XOTHM TOCTPOHTD TAaKyK MOJeab
g, o CTaebe, KOTOpad, ¢ OLHOH CTOPOHH, He 6yNeT CTOJb ympo-
JIH3H];OBaHa qu’l‘ TPUBHA/IBHOH, a ¢ jpyroii — He GyzZeT cToib jeTa-
TRt Onacm;crio CTaHEeT rpOMO3/IKOH B 0OpalleHHH H Ype3MepHO LOpo-
KOE G e KOTOpas TMOJCTEperaer Hac NPH IOCTPOEHHH JIOTHYe-
ToM, rg Monenbuu }f::nbno JeHCTBYIOIEH CHCTEMbl, 3aKJIOUaeTcH B
, Koropae ey T TEHAEHLHIO 06pacTath NeTaNsiMH H 3JeMeHTa-
POH HHYEro He BHOCAT B NOHHMaHHe NAHHOH 3aKayuH.

CTe
Me
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TlosTomy mnourn Bcerha HabJaioaaercd TeHIEHUHS HMHTHPOBAT
H36LITOUHOE YHCIO neTajell. Bo n3bexante TaKoOro moJNOXKeHHs Cleny
€T CTPOHTb MOJeJb, ODHEHTHPOBAHHYIO HA DelleHHEe BONPOCOB, HA KO:
TOphie TpeGyeTcsi HAHTH OTBETH, 4 HE HMHTHPOBATbL PEajbHYIO CHCTEy
My BO BceX NoApobHOCTsX. 3akoH IlapeTo ruacur, 4T0 B KaxI0H
rpylie WJIH COBOKYIHOCTH CYIIECTBYET XH3HEHHO BaXXHO€ MeHbIUHH:
CTBO H TPHBHAJbHOe GOJBIIHHCTBO. Huuero AeACTBHTENbHO BaMKHOT
He NPOHCXOMHT, MOKA He 3aTPOHYTO JKH3HEHHO BAXXHOE MEHbIUHHCTB
CucTeMHble AHAJHTHKH CJHIIKOM 4YacTO CTPEMHJIHCh TEPEHeCTH BC
yCyryGJieHHbIe HeTaNMH CJIOXHOCTH DeajbHhX CHTYalud B MOZeEN
Hajgesch, uTo DBM pemnr ux npobiemul. Tako# moAxon HeynoBJeTB
pHTeJIeH He TOJBKO NOTOMY, YTO BO3PacTaloT TPYAHOCTH NMPOrpaMMH|
pOBaHHA MONENH H CTOHMOCTb YIJIHHSIOUIHXCA 3KCIePHMeHTaNbHbI
NPOTOHOB, HO M NOTOMY, YTO HeACTBHTEJbHO BaKHBE aClleKTH H B3
HMOCBAI3H MOTYT NOTOHYyTh B MacCe TPHBHAJbHHX Jeraneil. Bor o
yeMy MoOJeJb JOJKHA OTOGPaxaTb TOJNDKO Te aCIeKTH CHCTeMB,
TOpPble COOTBETCTBYIOT 33/1a4aM HCCJIEJOBAHHA.

Bo MHOrEX HCCleHOBAHHAX MOZEJNHPOBaHHE MOXKET Ha 3TOM 3
KOHYHTbCA. B yauBuTeqbHO GOJBLIOM 4YHC/E cIydaeB B Pe3yJbTa
TOYHOTO H INOCJIeJOBATEJbHOTO ONHCAHHA CHTyalHi CTAHOBATCS OY
BHIHB JedeKThl H «y3KHe MecTa» CHCTeMH, TaK 4TO Heo6XoauMoc
NPOXOJKATb HCCJAEJOBAHHA C NOMOIIbI0 HMHTAIMOHHEX METONOB O
najpaer.

1.13. ®opmyaupoBaHue MOLENH

Kaxpoe uccienoBaHue oXBaThiBAeT U COOpP JAHHBIX, TIOL KOTOP
OGHIYHO MOHHMMAIOT INOJy4YeHHe KAaKHX-TO YHCJIEHHBIX XapaKTepHuCTH
Ho sto TonpKO 0fHa cropoHa cGopa AaHHHX. CHCTeMHOTO aHalHTH
JOJIXKHBEl HHTEPECcOBaTb BXOJAHHE H BHIXOJHHE AaHHBE H3ydaeMoil C
CTeMHB, a TaKXe HH()OPMalHA O PasJHYHHX KOMIOHEHTAX CHCTeM
B3aHMO3aBHCHMOCTAX M COOTHOLUEHHSX MeXIy HuMH. IlosToMmy oH 3
HHTepecoBaH B cO0OPe KaK KOJHYECTBEHHHIX, TAK H Ka4eCTBEHHBIX K
HHX; OH JOJIXKeH pelllHTb, KaKHe H3 HHX He0OXOJHMbI, HAaCKOJbKO O
COOTBETCTBYIOT IIOCTaBJeHHOH 3ajade H Kak coOpaTh BCIO 3Ty H
dopmanuo. Yue6HUKH OGBHIYHO COOOLIAIOT CTYAEHTY HYXKHYIO IJIA P
LIeHH 3afaus uH$opMalHio 6e3 cCHJOK Ha To, KaK OHa Ohlia coGp
Ha u oueHena. Ho Korza rakofi CTyneHT BIepBHE CTaJKHBAeTCSH
peaJsbHOH 3ajgauedl H NPH 3TOM CaM JOJKeH ONPeie]HTb, KakHe Aa
Hble eMy HYXKHH H KaK HX oTo0paTb, TO roJioBa y Hero Hier Kpyro

Co3zaBafi CTOXaCTHYECKYI0 HMHTAIHOHHYIO MOJeJb, BCeTa NpH
JUTCA pelliaThb, CJAefyer JH B MOJEJNH HCHOJb30BATH HMEMLIHECH
NHpHYEeCKHe JaHHBle HeNoCPeJCTBEHHO WJIH 11e1eCO00PasHO HCIOJID!
BaTb TEOPETHKO-BEPOATHOCTHHE WJIH YacTOTHHE pacHpeleseHHA. O
BHOOp HMeer (yHIaMeHTaJbHOe 3HauyeHHe MO TpeM IIPHYHHAM.
NEePBHX, HCNOJb30BAaHHE HEOOpaBOTaHHHX 3MIHPHUECKHX JaHH
03HauaeT, uYTO, Kak GH BH HH CTapajHCbh, BH MOXE€Te HMHTHPO
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tobKo Tpowioe. McnoabsoBaHHe AAHHHX 3a OuH Tof 0TO6pasut
paboTy CHCTEMBHl 33 3TOT TOL H He 0GA3aTeNbHO CKAaXKeT HAM YTO-JH-
60 06 OXulaeMHX OCOOEHHOCTAX PaGOTH CHCTeMb B Gynywem. Ilpu
5TOM BO3MOXHLIMH GYIYT CYHTaTBCA TONBKO Te COOBITHE, KOTOphIe
yxe NpouCXOIuiH. OpjHO Jelno mpeanonarath, uto AaHHOe pacmpene-
JeHue B CBOeH OCHOBHOH (opMe GynerT HeW3MeHHHIM Bo BPEMeHH
# COBCEM HHOE IeJIO CYHTATb, Y4TO XapaKTepHbie 0COGEHHOCTH NAaHHOIO
roga Gyayr BCeria MOBTOPATLCA. Bo-BTOPHX, B 06meM cay4ae mpu-
MeHeHHe TEOPETHUYECKUX UaCTOTHHX HJIH BEPOATHOCTHHIX pacIpesele-
Huil C YUCTOM TPeGOBaHUA K MalUMHHOMY BpeMeHH H maMsaTH GoJee
5QdeKTHBHO, YeM HCNO/Ib30BAHKE TAGJIHYHBIX JAHHMX AJIS oIy 9eHis
¢JIydanHbIX BADHAUHOHHHX PANIOB, HEOOXOAMMHX B PaGoTe ¢ MOIEBIO.
B-TpeTbuX, KpalHe Xe/aTeJbHO H Jaxe, noXany#, o6d93aTeNbHO, YTO-
Obl aHATUTHK-DA3PAGOTIHK MOMENH ONpelelHI ee '{yBCTB[/lTe.’Ib’HOCTb
K MSMEHEHHIO BHIA HCIOJb3yeMHX BEPOATHOCTHHIX pacIpeleseHuii H
SHAUEHH{ NapamerpoB. WHHMu cioBaMu, KpailHe BaKHb HCOBITAaHHS
MOJe/IH Ha UYBCTBHTEJIbHOCTb KOHEYHHX DE3YJLTATOB K H3MeHeHHIO
HCXOZHHIX JAHHBIX. TakuM 06pasoM, pelleHus OTHOCHTENbHO OpHro -
HOCTH AHHEIX IS HOMOJIb3OBAHHS, MX NOCTOBEPHOCTH, (POPMBI npes-
CTA4BJICHHH, CTELEHH COOTBETCTBHS TEOPETHUECKHM paclpeflefieHusM H
TIPOLILIM - pe3yJIbTaTaM (YHKUHOHHPOBAHHA CHCTeMH — BCE 5To B
:«p([)ﬁ]:}[&l;) OC;:HCHH BIUAET Ha yCIeX SKCHePHMEHTa 1O HMHTALHOHHOMY
HHIO U
SoAeMupoBa: He ABJACTCA MNJIOJOM HHCTO TEOPeTHYECKHK YMO-
B xoneunoM cuere nepen PaspaGoTIHKOM MOe/K BOSHHKAET oG-
JéEMa €e OMHCAHAA Ha SI3bIKe, TIPHEMJIEMOM s ucmnogb3yemoit 3BM.
6(1;;]0])1‘])1:114 Tepexon K MAalIHHHOMY MOJE/NHPOBAHHIO TIPHBEJ K PAa3BHTHIO
0 1I0TO YHCJa CHELUANH3HPOBAHHLIX S3BLIKOB MNPOrPaMMHPOBAHHS,
6pe,uuasﬂaquHux AUIst 5T0H nenn. Ha npakruke, ogHako, KaMabili u3
OJNBUIKHCTBA NPENJIOKEHHHX A3HKOB OPHEHTHPOBaH TOJBKO H
HUYeHHH# HaGop MammuH. MMuraim " areror
ooy caoaaop LHOHHbIE MOJENH OOBHIYHO HMElOT
ertaos o nyMoc ;m:{ecxyzo CTPYKTYPY, XapaKTepH3yIOLIylocHd MHO-
S omrn Lo HMC BASEH MEXKIy 5/1eMEHTaMH CHCTeMEl, NPHYeM MHOrHe
i aad CBASEM NPETEpIEBAIOT B XONe BLINOJNHEHHA MPOrpaM-
e paspaﬁoigl;:e ﬂp;?;ﬁeueﬂuﬂ. Sra cutyauus nobynuna HcciepoBate-
o i Ho:ml;aporp:MMHPOBaHM AU obJerdeHns npoG-
mina Gpgs. e, Toar gﬂﬁ BIKH HMHTALHOHHOIO MOZENHPOBAHHA
o ﬂsmxa;\m 50%}; BH, Mynaa, JluHaMo M UM NOXOGHHe ABJ-
Tia Gopraas Spact c%xooro YPOBHf, YeM yHHBepCaJbHHE H3LIKH
omttcary riOM'ombxo r uﬁ SHCHK. TpeGyeMas Moneab MOMXeT GhTh
Kakofinut o cneunanm OT'0 YHHBEPCAJIbHOTO fA3biKa, TeM He MeHee
Morker obnnmore ! La l};::xu ::;ﬁOﬁ HMHTAIHOHHOTO MOJENHPOBAHHS
HEix XapakTepHucTuKax Momenw. PEUNTISCTRAMM TpK onpexees-
CHOBHHE OTJIMYHf A3HKOB HMHTAIlHOHHOTO MOJEJHPOBAHUSA APYT

or
Apyra onpenensiorca: 1) cnocoGoM oprauusauuu yueTa BpeMeHH
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?fgx?:%:il;xcol}asa?b' B HepBéoM npubnuxennn. HanpuMep, cnexyer mo
npoc: He GyneT JH Mojesb -
AaBath abcypaH -
crasits YPAHBEIE OTBE:
o ﬂo;ﬁxﬁ:{ l;ilp(aMETpﬁbI OymyT UPHHHMATb MpejeJbHHe 3HAYEHHA?
My noacs XKe yOeNuTbCA B TOM, UTO Pe3yJbTarhl, KOTOPHIE MEL
nongeﬂo » TI0-BHAHMOMY, HMeloT cMbica. Ilocennee MoXeT 6HTH BI-
uods TblOﬂJH]};-l[ Mouesneu CYIIECTBYIOIHX CHCTEM METOJOM, IHpeNT0XKeH-
i caﬂsaEHml;{ONé [p lg. O; COCTOHT B TOM, 4TO JIIOJE(l, HEOCD eACTBEH-
aboTOH peaJIbHOH CHCTEMB
: TPOCAT CpPABHHT -
3yJILTATH], NOJNyYeHHble HMHTH e . D ho
PYIOIHM yCTPOHCTBOM, ¢
. 0 JLaHHBIMH, 00-
ﬁyo:zM::Mg Ha BBEIXOJe peasbHO# cHcreMH. dasg T0r0 4TOGH T’axaosr
Mgmeﬁ anpzlinao:{ecxonbxo GoJiee CTPOTOli B HAyYHOM OTHOLUEHHH, ME
) HTb 5KCIEpPTaM yKa3aTh ' He-
Ha Da3/Huui MeX, -
1L
g;;oﬁ bKHMH BBIGODKAMH HMHTHDOBAHHHX JaHHHX K aﬂanomﬁim!:aen
I];)pKaN{'H, [OJyYeHHBIMH B peaJjibHOli cHCTeMe
P .
I{CXO,U.:E[?{HHMETOA OLEHKH 3[eKBATHOCTH MOJEJH COCTOHT B NPOBEPKE
i vass mfezmonox(eﬂm, H TPeTHd — B TpoBepKe NpPeo6pasoBaHMis
midop :eoﬁggﬂzﬁoozﬁ“x Bbixony. Ilocnennue asa meroga moryr mpu-
HCIO/Ib30BaTh CTATHCTHYEC
e, I . KHe BHIOGODKH AJs
r;[)leccfd% ;g;gn::airl{g{e;un H JHCOEpCHH, AHCIePCHOHHBIH aﬂagma npe-
, DaKTOPHBIH aHa/lHu3, CIeKT i .
Tpec , PaJbHEI aHaJu3, aB-
" Heﬂg;f:ﬁglgﬁ;\ggﬁ IpPOBEPKH cl_rlloMommo KpHTEpHSA «XH-KBaIL;JaT»
npoBepkH. Ilockombk i
"o 8 Yy KaX[bi H3 3THX -
cho?j‘]{)gglg;); METO/0B OCHOBaH Ha HEKOTOPHIX AONYIUEHHAX, TO ;Tpan
Henombe anel:{ﬁa;(:();znoroHna HHX BO3HHMKAlOT BOIPOCH, cBAI3aHHHe C
TH. HekoropHe cra :
O eOR THCTHUECKHE HCIBITAHHS Tpe-
9(}17)(peKT ;::ﬁiiongggggzgmg JONyllleHHH, YeM APyrHe, HO B oémPZaM
bIBAET IO
ngmﬂ e iiponcp y Mepe TOro, Kak HCXOJHbie Orpa-
HInMa
. Ha}'lrpﬁ él;l;xl:xa [lp]f HeNAT CHOocOoObl OLEHKH HMHUTAIHOHHOMN
Moma TPH K opHK: 1) BepH(HKALHIO, HCTIOIb3YSH KOTOPYIO IKC-
Sy o MpH 'o;eT yOepuTbes, 9TO MOAenb BefeT cebs Tak, Kak
erny nga ea ec:{, ) OLEHKY ajgeKBaTHOCTH — IPOBEPKY COOTBETCTBHA
) HpOﬁJIeMHiIﬁHZﬁ MOAENH | MOBEJEHHEM peaJbHOH CHCTeMH H
LA aJ1H3 — QOPMY/NHPOBAHHE CTATHCTHYECKH SHAUH-
MORe e IIJCIJ;HOBE JaHHBEIX, NOJy4eHHHX NYTeM MalIMHHOTO
. OCYIUECTBJIEHUST 3TOH
oGrg 0B T TOH OLIEHKH YacTO OHBaeT He-
e chuTang:ﬂHp“mb UeJBH pAN AeficTBHH, HayHHAs OT MO3TANHO-
Mopoy pam MOJe/]n Ha HaCTOILHOM KaJbKyJfTope (310 Aesaercs
sonen Honeg:ﬁozcx:[mm;}{oﬁKnporpaMMH M3 STHX 3TAaNOB) A0 mpO-
ranni. Kak 6u 6
ram TO HH OHJIO, CAMH 3TH HCHH-
ﬂOBaHHfoB'Hf(a?;«[Ic;l: TPYAHOCTSIMHE, NPHCYLIUMH 3mnufmqecxoMy Hcclle-
W 1) 2 ucoxas{y TAKHX TPYAHOCTeHd OTHOCHATCH CJeAylOl(He CHTYya-
Rarncs oo okad CTOMMOCTD TOJYYEHHS AAHHBIX BHIHYXKIAeT MOJb30-
MM BHOOPKaMH; 2) JaHHBe Upe3MepHO pa3fie/eHbl

Ha paasn
HYHBE .TPYNNH U 3) ucH
KOTODHIX COMHHTeNbHA, ) OJIb3YIOTCA JaHHBIE, JOCTOBEPHOCTH

M NPOHCXOAAIUX AeHCTBHH; 2) mpasHIaMHu IPUCBOEHHS] HMeH CTPYK-
TypHHIM 3sieMeHTaM; 3) cnoco6oM NpOBepKH YCJHOBHH, HPH KOTOPHIX
peanusyloTCa neficTBus; 4) BHIOM CTATHCTHUECKHX HCIBITaHHI, KOTO-
phie BO3MOXHH MPH HAJHYHH JAHHBIX, H 5) cremeHblo TPYAHOCTH
H3MeHeHHs] CTPYKTYpBl MOIEJH.

XoTsi HeKOTOpbl€ H3 CIelHaJbHHX f3HKOB HMHTALMOHHOTO MoOJe-
JEpOBAHHS 06JajalT OYeHb HYXHBIMH H [0Je3HHMH CBOHCTBaMH,
BHI6Op TOTO HJIH HHOTO 3HKa, KaK 3T0 HH neuaJbHO, Yallle BCero Ofpe-
fedsercd THIOM HMelollelicd MalIMHB M TEMH S3HKaMH, KOTOpHIE
H3BeCTHH HccaenoBarenio. M ecam CyliecTByeT BHOOp, TO MpaBHJb-
HOCTb €ro, Mo-BHUAMMOMY, 3aBHCHT OT TOTO, B KaKoi CTeleHH HCcJe-

noBaTeJb BAAJEET METOAAMH HMHTAUHOHHOTO MozeJHpoBaHus. B He-
KOTOPHIX CJydasx npocToii f3HIK, KOTOpHI JIerKo HMOHATh M H3yYHTD,
MOKeT OKasaTbcsl 0OoJlee LEHHHIM, UYeM n1060ii u3 6oJsiee «OOTaThHIX»
S3BIKOB, HOJb30BaThCsi KOTOPHM TpyAHEE BCJeCTBHe MPHCYLIHX eMy

ocobeHHOCTEH.

1.14. TlpoBepKa MOAEIH

[IpoBepKa MOAENH MpPeICTaBJsieT coboii mpouecc, B X0Ie KOTOpOro
JOCTHTaeTCs IPHEMJeMU ypOBEHDb YBEPEHHOCTH N0/Ib30BATEI B TOM,
4To JI0GOH BHIBOJ O NOBEJEHHH CHCTEMH, CIENaHHBIE HA OCHOBE MO-
XequpoBaHHs, GyZeT NpaBHAbHEIM. HeBOSMOKHO IOKA3ATS, 4TO Ta HJIH
HHAs HMHTALHs SBASETCS NPABHJbHBIM HJH «TpaBAHBBIM> oToGpaxe-
HueM peaJbHOH chcTeMu. K c4acThio, HAC PEIKO 3aHHMAET npobJeMa
OKA3aTeNbCTBA «IPABIHBOCTH» MOJeJH. BMecTo aroro Hac HHTEpe-
cyeT rMaBHEIM 06DasoM CHPaBeJIHBOCTbL TeX GoJsee TIyGOKHX YMO-
saKJoueHni, K KOTOPHM MBl IPHUUIH HIM K KOTOPHM MpHAEM Ha oc-
HOBaHHH HMHTAIMOHHOTO MoJenHpoBaHufA. TaKHM o6pasoM, Hac BOJ-
HyeT OOBIUHO He CIpaBeIHBOCTD caMofi CTPYKTypH MOJelH, a e
(GYHKUHOHAIbHAS [ONEe3HOCTb.

IIpoBepka MojJelH — 3Tall UpesBhuaiHo BaXHHIH, NOCKOJIbKY HMH
TalUHOHHHE MOJEJH BH3HBAIOT BiledaT/eHHe DeaJbHOCTH, H Kak pas
paboTuMKH Mojxeiedl, TaK H HX M0Jb30BATEIH JIETKO IPOHHKAIOTCS
HHEM f0BepheM. K coxaleHHIO, AJIf Cay4aiHOro HabJaonaTels, a HHOT
Aa W M CIenuaqHCcTa, HCKYIIEHHOTO B BONpOCax MO€/IHPOBaHH
GHBAIT CKPHITH HCXOAHbIE TpPeimoJoKeHHT, HA OCHOBE KOTOpHI
cTpomsnach Aannas moxeab. IlosToMy mnpoBepka, BHIIOJNHeHHas Ge
JIOJIZKHOH TIIATEJbHOCTH, MOXET HNPHBECTH K KaracTpodHUeCKHM I

CJIECTBHSAM.

Takoro npoiecca, KaK <HCUHTaHHE» MPaBHIbHOCTH MOLEIH, H
cylllecTBYeT. BMeCTO 3TOro KCIepHMEHTATOp B XO0Le pa3paboTKu L0
JeH [POBECTH CEPHIO NIPOBEPOK, ¢ TeM 4TOGH YKpemHTh CBOE AO0BEpH
k Mogean. s 5TOTO MOryT GHTb HCIOJb30BAHH MPOBEPKH TPEX B
noB. [IpHMeHss IepByio K3 HHX, MBl JOJKHH yGeiuTbed, 10 Moje
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Takum 06pa3oM, BONPOC OLEHKH aJIeKBATHOCTH MOJeJNH HMeeT ABe
CTOpOHH: NpuoGpeTeHue yBEPEHHOCTH B TOM, 4TO MOJelb Bener cels
TaKuM xe o0pasoM, KaK H pealibHass CHCTeMa; yCTaHOBJEHHE TOrO,
YTO BLIBOJAH, NMOJYYeHHble H3 IKCIEPHMEHTOB C MOJEJDbIO, CHpaBelJIH-
BH H KOppeKTHH. O6a 3TH MOMEHT4 B COBOKYNHOCTH CBOASTCS K OObIY-
HOJi 3ajaue HAXOXIEHHS DABHOBECHS MeXJy CTOHMOCTbIO KaxJOTo
JeficTBHS, CBSI3@HHOTO C OLEHKOH aJeKBaTHOCTH MOJEJH, WEHHOCTBIO
nosyyaeMoii Bce B GoJbIIHX KOJHuecTBAX HHGPODMALMH H TOCIEN-
CTBHSIMH OLIHGOYHBIX 3aKJIIOYeHHH.

1.15. CTpaTernyeckoe M TaKTHYeCKOe NJaHHpPOBaHHE

Mu onpenesHiH HMHTALHOHHOE MOJEJIHPOBaHHE KaK 3KCIepHMeH-
THPOBAHHE C NOMOUIbI0 MOXEJH C HeJbio HoJyueHus HHpOpMaukH O
peanbHo neficTBylollieli cucreme. OTciofa CJemyeT, 4TO Mbl JOJKHHI
H03a60THTBCS O CTPATESUHECKOM MAGHUPOSAHUU, T. €. O TOM, KaK IJa-
HHPOBATb IKCIEPHMEHT, KOTODPHIl jaeT XesaeMyio uHpopMmauuo. [lia-
HHPOBaHHE SKCIEPHMEHTOB LIHPOKO NpHMeHseTCS B GHOJIOTHYECKHX H
QusHuecKHX HayKaxX, a Temepb H B MOJEJHPOBAHUH cuCTeM. Lleap uc-
M0JIb30BaHHsl TUIAHHPYEMBbIX SKCIEpHMEHTOB iBOsIKas: 1) oHH obecme-
9HBAIOT 3KOHOMHIO C TOYKH 3DeHHsl yMeHbllieHHS uducaa TpebyeMbix
3KCIEepHMEeHTaNbHBIX TIPOBEPOK H 2) OHH 3a1al0T CTPYKTYpHYIO OCHOBY
o6yueHHs CaMoro HccilefOBaTeNs.

Less ai060ro 3KCIepHMeHTaJbHOIO HCCJe0BaHAsA, BKIAIOYAs Moje-
JEpOBaHKe, 3aKJAI0UAeTCs B TOM, 4ToGu GoJblie y3HaTh 06 H3yyaeMoi
cucTeMe. DKCHEpPHMEHT MpeacTaBider cofoil mpouecc HabJogeHus H
aHaJh3d, KOTOpHH MO03BOJSAET MOJNYYHTh HHOpMAaLKIO, Heo6XoAHMYIO
09 npuHsiTHs pellieHnil. [1naH 3KCIepHMeHTa JaeT BO3MOXKHOCTb BB
G6patb Merton cGopa HcxonHoil HHQOpMauHMH, coxepkalieli Heo6Xouu
Mbie CBeJleHHsl O SIBJIEHHH HJH CHCTeMe, KOTOpHie MO3BOJSIOT CHenaT
BaXHHeE BHIBOAbL O NOBeleHHH H3yyaeMoro o6bekTa. B akcmepuMeH
TAJbHOM HCCJEeJOBAaHHH MOXKHO BBIAGJHTb ABa THIA 3ajad: 1) omp
JlefleHHe COYeTaHHs NapaMeTPOB, KOTODOE ONTHMH3HPYeT IepeMeHHY.
OTKJIHKA, H (uaH) 2) oOGbiICHeHHe COOTHOLIEHHS MeXIy HepeMeHHO
OTKJIHKA H KOHTDOJIHpYyeMHIMH B cHcTeMe ¢akropamu. [aa oben
3THX 3a]a4 pa3paboTaHO H JOCTYNHO JJsI HCHOJb30BAHHS MHOXECTB
NJ1aHOB TIOCTAHOBKH 3KCIEPHMEHTOB.

Hanee, uto66 06yueHHe Gmi0 ycnellHHM, TpeGyeTcsl MoJHOe H
[I0/1b30BAHHE HaKOIJIeHHMX paHee 3HaHHM, YTO B CBOIO ouepeib Heol
XOJHMO TIPH BBHIABHXXEHHH BO3MOXHBIX THIOTE3, MOMLJIEXAWHKX NPOBE
Ke, H CTpaTerui, nomjexamux olenke. XopollHA MJaH 3KCIepHME
Ta 103BOJsieT paspaboTarbh cTpaTernio c60pa HCXOINHBIX AAHHHIX, II
JIe3HHX JJIS TAKOTO CHHTe3a W BHABHXeHHS rumotes. CylnecTsyroly
B HacToslllee BPEMsI MeTOAb MJAaHHPOBAHHS 3KCIEPHMEHTOB H aHal
THYeCKHE MeTOjHl OYeHb XOpOIUO YJOBJETBOPAIOT HAIUHM NOTpeCGH
cTaM. MarteMarnyeckue ONHCAHMS, COMNYTCTBYIONIHE MJIaHHPOBAHH
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?\/?cnepﬂmema, UPEAOCTABIISIOT HAM MHOTO BO3MOMNHMIX aJbTEPHATHB.
He;g:u H3BJIeUeHUs] HHPOPMAUHUH, COLepXKAWeHca B MIaHaX sKCIe-
P Ta, XOpOLIO ONHCAHH H OGLIYHO JIErKO OCYLIECTBHMBL. Takum
06pasoM, MJIaHupOBaHHe SKCIEPHMEHTA MOXET B 3HAYHTEJbHON Mepe
(T)gﬂ;‘:mb CHHTE3 HOBHIX CBEJEHHH W BhIJBHXKEHHe HOBHX Huel upB
C]JElICTB.BpeMH YMEHDBLIUTE 3aTPATH BDPEMEHH, YCHJHH M JAeHeXKHBX
. prrc‘;g;f;:ggcgganupoeanue, BooGlle rOBOpS, CBA3AHO ¢ BOMPOCA-
wn obde U OIpeje/eHneM CNOCOGOB HpOBeieHUsT HCIHTA-
8 CUEHHHIX IJIAHOM 3KCHepruMeHTa. TakTHuecKoe IVIaHHPOBAHHE
gﬁ:iaxﬂ}?at?g;];biixsaﬂo C PEIUCHHEM 3a1a4 ABYX TuIOB: 1) ompenese-
; YCIOBHiI B TOH Mepe, B Kakoi oHH BJHSIOT Ha J0+

CTHXEHHE yCTAHOBHBIUETOCS pexXHMa, H 2
YMEHbIIEHHEM JHCIePCHH pelleHHHl npu oaﬂogpenigf{h;g;ax H:oxézﬂbg:lﬂm
HeOGXONUMBIX PasMepos BHIOOpKH. pawmer
Bﬂﬂl;l;};;:aﬂ 3afava (T. e. ompejesieHHe HAYAMbHEIX YCJAOBHH H HX
Ha JIOCTHXEHHE YCTAHOBHBIIEToCs pexuMa) BO3HHKaeT
gcn:écl;rfne HCKYCCTBEHHOTO XapaKTepa OYHKIHOHHPOBAHHST MOLEJH.
B o HM::&S;OEE:ngOFO 00beKkTa, KOTOPHI MpexcTaBien MOJeJbIo,
e Ok Moze/lb paboTaeT SNH30AHYECKH. DTO 3HAYHT, 4TO
<<0CTaHaBJ[HBaeTf R amyCKaeT MOJe]b, JeNaeT CBOH HAGMIOJCHHA B
EaaaaBAeT € 0 CJeNyIomero nporosa. Bcesikui pas, Koriaa
pasi POTOH, Mozesn Tpebyercs: onpepeneHHoe BpeMms I RO-
q)yﬂmlelgs}lmycnoann PABHOBECHS, KOTOPHIE COOTBETCTBYIOT YCJIOBHAM
by pasg?r;a}niam peaJibHOi cucTeMbl. TakuM 06pasoM, mawasibHBIR
 SabaSoTH OACJIH HCKAXaeTCs M3-3a JEHCTBHS HAYAJbHBIX yciio-
P nycka | g,i.g:; Hana pewenns sapaun, BO-IIePBHIX, HEOBXOAUMO
e Ha‘{aﬂbHOI‘g cch OTPEHHs NaHHbE, OTHOCSIIMECS K HEKOTOPOH ua-
Hanantan choBm{plzlo,ua, H, BO-BTOPLIX, CJeAyeT BhbupaTb TaKHE
ROCTIReII YOTaRGBMBToen pestan P, 1eOOTORRMOE 173
, HMa. PasyMHO Bri6paHHble Ha-
;sg;zu;e};igzlg MOTYT yMeHbLIUTb, HO He MOJHOCTBIO caeiz:'m K HyJIO
Pt Ao eMr; npouecca. HOBTOM}: JIOTIOJIHHTENBHO Heo6X0auMo

e sap Hauala H3MepeHHH.

IIHMOCTEIO oue;:;qa TaKTHIECKOTrO IJIaHHDOBAHHS CBA3aHA ¢ HeoGXo-
Hanon OuCH: J;r:) TOYHOCTD DPe3YJBLTATOB SKCIEPHMEHTA H CTEleHb
Aions o B UCHHH HJH BBBOJOB. DTO HeMeNJEHHO CTaBHT HAC
ey Bméopxuyn I KHMH BONpPOCAMH, KaK H3MeHsSeMOCTb YCIOBHH, pas-
s orp e o BTgpﬂeMOCTb pesynbraToB. B mo6oM skcmepuMente
Beds e CHHOTO 6o 'beMa MOJNYYCHHHX JAAHHEX MH CTPEMHMCH H3-
KD aRTCa e Guﬂonbme uHopMannn. 1 yMeHbluenns pasbpoca
5 conaPaCTHK © 0 TpPelVIOKEHO HECKOJbKO MeToJ0B (B OCHOBHOM
pem CHI/lSI/lgb TﬂypsaMu B3ATHS BHIGOPOK), KOTOpHE MOTYT cyuiecT-
Senepy T I/Ipe YeMHIH pasMep BLIGOPKH u uHCIIO HOBTOPEHHF
Koneenam i Ta: CHO/Ib30BaHKHE OueHb GOJBIINX BHGODOK MONKET B
UeTe DeIUHTb Bce TAKTHYECKHe MPOGJIEMb HMHTAHOHHOTO
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MOJIEHPOBAHKS, HO OOBYHO IeHOH OOMBLIHX 3aTPAT MAlIHHHOrO Bpe-
MeHH M BpeMeHH, HeoGXOHHMOro MJIs MOC/TEAYIONero aHaNH3a pEe3yJb-
TaToB. UeM cJoHee MMHTalliOHHAs MOJedb, TeM Oosiee BaxeH aTal
TaKTHYeCKOro IJIaHHDOBAHHS, BHINOJHAEMOro Iepex NpOBeleHHEM
3KCIepHMeHTOB.

1.16. dKcnepHMEHTHPOBAHHE H AHAJNH3 YYBCTBHTEJbHOCTH

Tlocse 3aBepiieHUs 3TanoB pa3paboTKH K NJIAHHPOBAHHS Mbl HAKO-
Hell OCyIIECTBJISeM NPOTOH MOJEIH C UeJbio TMOJYUeHHS IKelaeMoi
unpopmanuy. Ha sToM 3Tame MB HauuHaeM HaXOJHTb HENOCTATKH H
TpOcueTH B HallleM [JaHHPOBAHHH H IOBTOpSIEM HalllH yCHJIHS N0 TeX
nop, MoKa He JOCTHrHeM NepBOHauaJbHO MOCTaBJIEHHHX LEJeH.

OpxuuM K3 HauGoJiee BaXHHX MNOHATHH B MMHTALHOHHOM MOJENH-
POBaHMH SBJASETCS aHaJH3 YyBCTBHTEbHOCTH. Iloj HHM Mbl IOHHMa-
eM olpejejaeHHe YyBCTBHTEJbHOCTH HAIUMX OKOHYATEJIbHHIX De3yJbTa-
TOB K H3MEHEHHIO HCIOJb3yeMhX 3HaueHul mapameTpoB. AHAJH3 4yB-
CTBHTENBbHOCTH OGHYHO 3aKJIYaeTcsi B TOM, YTO BEJHYHHH NapaMer-
POB CHCTEMaTHYECKH BapbHPYIOTCS B HEKOTODHX NPeACTABJISIOMKX HH-
Tepec Ipeiesax H NpH 3ToM HalJjiofaercsl BAHSAHHE 3THX BapHalHd
Ha XapaKTepHCTHKH MogeaH. Ilours B Jo6oli HMUTAaUHOHHOH MoOJesH
MHOrMe NepeMeHHHEe POXKAAITCH Ha OCHOBAaHHH BecbMa COMHHTEJNb-
HBIX NAHHHX. Bo MHOrHX ciaydYasX HX 3Ha4eHHS MoOryT OHTb olpeje-
JIeHH TOJbKO Ha OCHOBe INpelNoJIOXKEeHHH ONIBITHOrO NepCoHana HiH
C MOMOMIbI0 BecbMa NOBeDXHOCTHOrO aHaJH3a HEKOTOpOro MHHHMaJb-
HOro of’beMa AaHHHIX. [103TOMy Upe3BHIUaiiHO BaXKHO OMNpEleJHTb CTe-
NeHb YyBCTBHTEJIbHOCTH De3y/bTA4TOB OTHOCHTENbHO BHOpaHHBIX AJIA ]
HccNefoBaHus BeauunH, Ecau NpH He3HauMTEJNbHHX H3MEHEHHAX BE-
JIMYMH HEKOTOPHX HapaMeTPoB pe3yJbTaThl MEHSIOCH O4eHb CHJBHO,
3TO MOXET CJYXKHTb OCHOBaHHMEM JJId 3aTPaThl GOJbINEro KOJHYECTBA,
BpPEMEHH H CDEACTB C LeJblo NMOJydeHHS 0oJiee TOYHBIX OLEHOK. B TO
’Ke BpeMsd, eclH KOHeYHhle Pe3yJbTaThl NpH H3MEHEHHSAX BeJHYHH INa-
PaMeTpoB B IIMPOKHX NpefetaXx He H3MeHSIOTCA, TO AajbHeillee SKC
TIepHMeHTHPOBaHHEe B 3TOM HalpaBJeHHH HeollpaBAAHHO M He SIBJISET
cs1 HeoOXOMHMBIM,

VIMuTauHOHHOE MOJENIHpOBaHAE HieaJbHO NOAXOAHMT AJS aHAJIH3
YyBCTBHTENBHOCTH Onarofaps TOMY, 4TO 3KCIEPHMEHTAToOp 31eCh MO
JKeT yCIellHO KOHTPOJHDOBATh Bech XOJ JKCIepHMeHTa. B oTauum
OT 3KCIepHMEeHTHPOBAHHS C peaJbHEIMH CHCTEMaMH I0Jb30BaTe]b MO
JeJIH, pacmojaras BO3MOXHOCTSMH a6COJIIOTHOTO KOHTPOJS Haj CBO
efi MOJeJbio, MOXeT BapbHPOBaThb N0 XeJaHHIO J00H NMapaMerp
CYIHTb O TMOBeleHHH MOJAENH N0 HabJIOZaeMBIM pe3yJbTaTaM.

1.17. Peannsauus 3aMbiciia u JOKyMeHTHPOBaHHE

IlocnenHue ABa 3JIEMEHTA, KOTOpHE HOJXKHH GLHTh BKJIOYEHB!
awboe 3axaHue 1O MOJEJIHPOBAaHHIO, 3TO peajH3alus 3aMuHcCIa u A0
KYMEHTHPOBAaHHKE. Hukakoe 3azaHue Ha MOJeJIHpOBaHHE HE MOX
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CUHTATbCS YCHEeIUHO 3aBEepINEHHEIM 10 TeX nop, moKa oHo He Gymer
IPHHATO, HOHATO H ucnoav3osano. HanGoabline HeyHaud, MOCTHIaB-
IIME CIELHaJHCTOB, 3aHHMAalmKXcs mpobJeMaMu ynpaBieHHs, GbUIH
CBfI3aHB C BOCIPHSTHEM M HCIOJNb30BaHHeM HX pabor. Tak, [epues-
CKH B cBoeM o63ope [12] mpHimesn k BhBomy, 4T0 CyMMapHOe BpeMms
paspaboTKu MoeJH pasbuBaeTcd cileiylowum obGpasoMm: 259% BpeMe-
HH — GopMy/IHpPOBaHHe 3ajauH, 25% — c6op M aHanu3 CTATHCTHYE-
CKHX AaHHBIX, 40% — paspaboTka MamuHHOK Mojenu u 109% — BHex-
penre. IlosToMy He ynuBuTesbHO, uTO PyGuHmTei#iH [28] cumraer
caMol riaBHOH OINHOKOH NPOeKTHHX 3ajaHHi B 00JacTH HCCIenoBa-
HHSI ONEpAaUMii K TEODHH YIUpPaB/eHHS HeNnpaBHJbHOe NOHHMaHHe pe-
3yJIbTATOB MOJEJIHPOBAHHS NOJb30BATENSIMH, NPHBOJSMNIEE K HeJOCTa-
TOUHOH CTeNeHH peanusauuH 3aMuciaa. Eme TpyaHe#i moHaTs, mouemy
Ha TepHOJ peau3aliy BhAENSeTCS CTOJIb MaJblii NPOLEHT BpeMeHH,
€C/IH y4eCTb, YTO yTOYHEHHe MOJeJH, TPEHHPOBKA MO/Nb30BaTelsl, pe-
TyJIHMPOBKa MOJN&MH B COOTBETCTBHH C H3MEHSIOIHMHCS YCJIOBHSAMH H
NpoBepKa NPaBHIBHOCTH MOJyYEeHHHX Pe3yJbTaToB (YTO MOXKET GHIThb
BLITNIOIHEHO TOJBKO Ha 3Talle peaiM3alkH) SBJAIOTCI, NOXKadyh, HaH-
Gosiee TpynHLIMH NpOG/IeMaMH, ¢ KOTODHIMH CTaJKHBAeTcs HCCIeN0Ba-
Tesb. [lo JanuHOMYy omnTy aBTOpa, Gosiee peasHCTHUYHOE paclpepese-
HHe BpeMeHH IMPOEKTHPOBAHHS MONEN: HPENCTABISETCS CeLyIONHM
obpasom: 25% Ha mocraHoBKy 3ajzau, 20% Ha c6op M aHanu3 naH-
HeiX, 30% Ha paspaborky Mozenu u 25% Ha peanusaluo.

IokymenTHpOBaHHe 6JU3KO CBSI3aHO ¢ peannaanueil, TuiaTeJbHoe
H NOJIHOE NOKYMEHTHPOBAHHE MpOLeccoB Pa3paboTKH U 3KCIEepHMEH-
THPOBAHHS C MOJEJbI0 MOXET 3HaYHTEJIbHO yBEJHYHTb CPOK €€ MKH3-
HH H BeposITHOCTb YCNEWHOH peanu3alH. Xopoluo OpraHH30BaHHOE
AOKyMeHTHpoBaHHe obsierdaer MOAM(HKAUHI0 Mojeau H obecmedHsa-
eT BO3MOXHOCTb €€ HCIOJb30BAHHSA, eCJH Jaxe CayxKO6, 3aHHMaBIIHX-
csl paspaboTkoit Mozenu, Gosbuie He cymecrByer. KpoMe storo, Tima-
TeJbHas NOKYMEHTAuHsl MOXeT NOMOYb pPa3paboTUHKy MOJENH y4HTb-
€ Ha CBOUX oWMOKax H, OHTL MOXeET, NMOCHYXKHT HCTOYHHKOM JJIsl
CO3/aHHs TMOANPOrpaMM, KoTophle GyAyT CHOBa HCNOJNbL30BAaHH B G-
IyWHX MpoeKTax.

B 5T10fi riiaBe MH CTpeMHJIHCDH Iily6e paccMOTPeTb BONPOCH, CBS-
3aHHBIE C HCKYCCTBOM HMHTALHOHHOrO MOJeJHpOBaHHSI. MH moauep-
KuBaeM, YTO HMHTAUMOHHOE MOJEJHPOBaHHE — 3TO HCKYyCCTBO, a He
Hayka. He cymecrsyer TBepABIX M JerKHX NPaBHJ OTHOCHTEJIBHO TOTO,
€ro He CJAENyeT HJH 4TO C/lefyeT AesaTh MJSI MOCTPOEHHS MOJEJH.
B caexyromux riaBax gaercst Gosee AeTanbHOE H3JO0XKEHHE Pas/iHy-
HBIX acmeKTOB paspaboTKH MMHTANHOHHBIX MoOZesefi M 3KCIepHMEeHTH-
POBaHHSA C HHMH.

JIMTEPATYPA

1. Ackoif R. L., Sasieni M. W., Fundamentals of Operations Research, Wiley, Inc.,
New York, 1968; ecTb pycckuii mepeBox: Axko¢ P., Cacuenn M., OcHOBH HCCJENO-
BaHud onepallni, n3p-so «Mup», M, 1971,

1—195




50

Trasa 1

~

20,

21.

22.
23.

24,

25.

. Amstutz A, E., Computer Simulation of Competitive Market Response, Mas-

sachusetts Institute of Technology Press, Cambridge Mass., 1967.

. Armstrong R. H., Taylor J. L. eds., Instructional Simulation Systems in Higher

Education, Cambridge Monographs on_Teaching Methods, Ne 2, 1970.

. Barish N. N., Economic Analysis for Engineering and Managerial Decision-

Making, McGraw-Hill Book Co., New York, 1962.

. Bartee E. M., Engineering Experimental Design Fundamentals, Prentice-Hall,

Inc., Englewood Cliffs, N. J., 1968.

. Bekey G. A., Karplus W. J., Hybrid Computation, Wiley, Inc., New York, 1968;

ecTb pycckhii nepeson: Bexn JIxk., Kapnmoc V., Teopns H npHMeHeHHe THOPHAHBIX
BHIYACAHTENbHBIX CHCTEM, H3a-BO «Mups, M, 1971

. Cherryholmes C. H., Shapiro M. J,, Representati.ves and Roli-calls: A Computer

Simulation of Voting in the Eighty — eighth Congress, Bobbs-Merrill Co., Inc.,
New York, 1969.

. Dutton J. M., Starbuch W. H., Computer Simulation of Human Behavior, Wiley,

Inc., New York, 1971.

. Elmagnraby S. E., The Role of Modeling in I. E. Design, The Journal of In-

dustrial Engineering, v. XIX, Ne 6, June 1968.

. Fishman G. S., Kiviat P. J., The Analysis of Simulation-Generated Time Series,

Aanagement Science, v. 13, Ne 7, Mar. 1967.

. Forrester J. W., Industrial Dynamics, Massachusetts Institute of Technology

Press, Cambridge, Mass., 1961; ectb pycckuii nepesor: doppectep I, Ocuosst
kuGepreTHks npeanpuatHs (MHAyCTpHanbHas JWHaMEKa), H3[-BO «Ilporpecc»,

5 G.e,rshefs.ki G. M., Corporate Models, The State of the Art, Universiti of Washing-

ton, Seattle, Wash., 1970.

. Guetzkow H. ed.. Simulations in Social Science, Prentice-Hall, Inc., Englewood

Cliffs, N. J., 1962.

. Guetzkow H., Simulation in International Relations: Developments for Research

and Teaching, Prentice-Hall, Inc., Englewood Cliffs, N. J., 1963.

. Hermann C. F., Crisis in Foreign Policy: A Simulation Analysis, Bobbs-Mer-

rill Co., Inc. New York, 1969.

. Hitch C. J., Decision-Making for Defense, University of California Press, Ber-

keley and Los Angelos, 1967.

. Hogatt A. C., Balderstone F. E. eds., Symposium on Simulation Models: Metho-

dology and Applications to Behavioral Sciences, South-Western Publ. Co., Cin-
cinnati, Ohio, 1963.

. Kresge D. T., Roberts P. O., Techniques of Transportation Planning: Systems

Analysis and Simulation Modele, Brookings Institution, Wasnington, D. C,
1971.

. Little J. D. C., Models and Concert of a Decision Calculus, Management Science,

v. 16, Ne 8, Apr. 1970.

McKenney J. L., A Clinical Study of the Use of a Simulation Model, The Journal
of Industrial Engineering, v. XVIII, Ne 1, Jan, 1967.

Meadows D. L., Dynamics of Commodity Production Cycles, Wright-Allen Press,
Cambridge, Mass., 1970.

Meir R. C. et al, Simulation in Business and Economics, Prentice-Hall, Inc.,
Englewood Cliffs, N. J., 1969.

Morris W. T., On the Art of Modeling, Management Science, v. 13, Ne 12,
Aug. 1967. i

Naylor T. H.,, Computer Simulation Experiments with Models of Econonic
Systems, Wiley, Inc.,, New York, 1971; ecth pyCCKuii NepeBox: Hefnop T. X,
VIMHTAUHOHHBIE SKCIIEPHMEHTH C MOJEJSMH SKOHOMHUYECKMX CHCTEM, H31-BO
«Mup», M., 1975.

Naylor T. H., Vernon J. M., Microeconomics and Decision Models of the Firm,
Harcourt Brace Jovanovich, Inc., New York, 1970.

OcrosbL MOOEAUPOBARUA 51

26. Pacher A. H., Models of Economic Systems, Massachusetts Institute of Techno-
logy Press, Cambridge, Mass., 1972.

27. Rowe A. J, Simulation — A Decision-Aiding Tool, AJJE International Confe-
rence Proceedings, New York, 1963.

28. Rubenstein A. H. et al, Some Organization Factors Related to the Effectiveness
Xi M;ag&gements Science Groups in Industry, Management Science, v. 15, Ne 8,

pr. .

29. Shannon R. E., Biles W. E., The Utility of Certain Curriculum Topics to Opera-
t1<_)n Research Practitioners, Operations Research, v. 18, Ne 4, Jul. — Aug. 1970.

30. Siegal A. J,, Wolf J. J.,, Man-machine Simulation Models, Interscience Publishers,
New York, 1969.

31. Turing A. M., Computing Machinery and Intelligence, Mund. v. 59, Oct. 1959.

32. Watson J. D, The Double Helix — The Discovery of the Structure of DNA,
Atheneum Publishers, New York, 1960; ects pycckuii nepesox: Yorcou M., IIBoii-
?;ggcnﬂpanb. Bocnomunanus 06 otkpuTHH cTpykTypw JHK, nag-o «Mnp», M,

33. Weston F. C., OR Techniques Relevant to Corporate Planning Function Practices,
An Investigative Look, presented at 39th National Meeting, Operations Research
lS;);{ety of America, Operations Research Bulletin, v. 19, Suppl. 2, Spring,

3AJAYH

1. [IpouTute yueGHH} npuMep |, npuBexeHnn#i B npuioxennn A. Moxuo
3Ty CHCTeMY NpOaHaJH3HPOBATh APYTHM MeToxoM? Ompepesnte, Bee JH HEOGXOAMMEE
3TaNkl MOJEJHDOBAHHS BHIMOJHEHH.

2. BpeMs MeXAy nOCJaeNOBaTeJbHHIMH NPHOWTHAMH MOKyNaTejell B MarasHHe
paBHOMeDHO paclipefensieTcss B HHTepBane oT 1 po 20 muu. Has 50% noxynatenefi
BpeMsi 06CNYXUBAHHS COCTaBJsieT 8 MHH, B TO BpPeMsl KakK mJs OCTajbHHX 50% aTo
BpeMst cocTaBasier 14 mus. IlpennoxnTe nogxomslMi gJf 3TOTO cayyas reHepaTop
ClydaRHEIX THCe], OTOGDAXKAIOMIMX BpeMena NPHOWTHA NOKymaTeneHf, H ApYrof Ta-
KOH TeHepaTop — ANl OTOGpaxKeHHs BpeMeHH OGC/TyXKHBaHHS (NPHMeHATh TaGHIB
cayyafiHeX uHces He caepyeT). Mmutupyfite 4 u pa6ote. Onpeaenute cymmapHoe
BpeMfA OXKHIaHHS NOKynaTeaedl H BpeMs NPOCTOS CHCTEMH OGCTYXKHBaHHS.

3. T. A. Illauc xuser B Jlac-Berace. Exennento nepex paGoToli OH 3aXOmHT
B COCGNIHHH pecTopau, CheflaeT CBOH 3aBTPaK H NOTOM B OXHIAaHHH aBTOGyCa, KOTO-
PHIfl KOCTaBJAET €ro K MecTy paGOTH, HrpaeT B «TPOAKy». B 3Toli Hrpe Hrpok mog-
GpachiBaeT MHOTOKPaTHO MOHETY 0 TeX NOp, NMOKa PasHOCTh MEXAY UHC/IOM BHNAB-
LIHX «repGoB» H «DELIETOK» He CTaHeT DaBHa TpeM. 3a KaXJHH GPOCOK MOHEeTH
4rpoK miatHT I foau., HO NpH yAadHOM HCXOJe KOHa HIpHI OH NojydaeT 8 MOAM.
Kaxpoe ytpo Illanc oTKnagpiBaeT 10 poan. ans 3TOf MrpH H HTpaeT B Hee O Tex
TI0p, NOKa JHGO He NPOHTPaeT BCe AEHBTH, OTJOXKEHHHe HM B 3TOT J€Hb Ha Hrpy, Ju6o
@e 3aBepIIHT OAHY napTHIO. ONpejesHTe ¢ NOMOIIbIO HMHTAUHORHOR MOJE/H pe3ysbrat
arpu Illanca B Teuenne Hepenn (5 paGounx auedt), T. e. OyJeT JH OH B BHMIpHUIe?




TJABA 2
UCCNEAOBAHME CUCTEM

Ynopadouenue u ynpoujenue cyTo nepsbie wazi K 08.400eRU0
snanuem. Haw deficreutesvroili spaz — HeusdsecTroe.

Tomac Manr

2.1. XapaKTepHCTHKH U NOBeJlenHe CHCTEMBI

B coBpeMeHHHX OO'bACHEHHAX MUpa MOHATHE CHCTEMH HIPAET BaX-
Hefimylo poib. PyHAaMeHTaJIbHAs HAes HCNOJb30BAHUS CHCTEMHOTO
MOAXO4A I/ paspelleHHs CJOXHHX MPoGjeM HacTONbKO BHeApHIach
B COBPEMEHHYI0 TEXHHKY, UTO Mbl CUHTaeM 5Ty HJEI0 caMo coboit
pasyMeloleiicsi ¥ FOBOPHM O Hefl Kak O CTPOroii MeTOIOJIOrHH (ko-
TOpO# OH&, N0 CyIIeCTBY, He ABJSeTCH). CHCTeMHHIH TOAXOH 3aKJIo-
yaeTcsi B TOM, 4TO HCCJEIOBaTe/]b MbITaeTcsd H3yyaTb NOBEIEHue CH-
CTeMB! B IIEJIOM, a He KOHIEHTPHPOBATh CBOE BHHMaHHEe HAa OTHEJIbHHX
ee yacTsax. [lofo6uui moaxon GepeT cBoe Hauajuo OT NPH3HAHMA TOrO
(aKTa, 4TO eclH Aake KaX/Ibfi 5JeMEHT WJH NOACHCTEMa HMeer OI-
THMaJbHEE KOHCTPYKTHBHHE HJIH (YHKUHOHAJbHblE XapaKTepHCTHKH,
TO pe3yJIbTHpYIOIlee NOBEIeHHE CHCTEMb B UEJOM MOXKET OKa3arbCi
JMIUb CyGONTHMAJBHHM BCJEJCTBHE B3aHUMOJEHCTBHA MeXIy ee OT-
NeJbHEMH YacTAMH. Bospacraiomas ClI0XHOCTb OPraHH3allMOHHBIX CH-
CTeM H NOTPeGHOCTb IPeofosieTh 3Ty CIOKHOCTb NPHBEIH K TOMY, UTO
CHCTeMHHIl TIOJXOL CTaHOBHTcS BCe Gosee H Gosee HeOOXOAHMMEIM
MeTOJOM HCCJIEZOBaHHS.

BceM CJOXKHBIM CHCTEMaM CBOMCTBEHHH ONpPEAe/IeHHHE XapakTe-
PHCTHKH, KOTOpble SIBJSIOTCS NPHYHHOA MHOTHX omubOK H pa30uapo-
BaHHH, HCOETHBAEMHX HAMH IPH TONbTKe YJYYIUATbL NOBEACHHE CH-
cTeMH. YKaxeM cpelH HHX Ha CJIeAYIOIMHe:

1. UsmenuusocTo. YCJIOBHA HJAH COCTOSHHE, B KOTOPOM HaXOMHTCH
CHCTEMa B HACTOSNIEe BpeMsd, ecTb 0GOGIMIEHHHA peaybTaT MPOLUIOro
NOBeJeHUS CHCTEMH M OCHOBA s ee Oylymero mosefeHHs. Hu oxna
peanbHas CHCTeMa He OCTAeTCs CTaTHYHOA B Teyemue AJIHTEILHOrO
nepuofia BpeMenn. Te win HHBE 3JEMEHTH BKIKYAlOTCA B CHCTEMY
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HJH € HCKJIIOYalOTCs H3 Hee JHMGO B IpoLecce 3BOJIOLHOHHOrO pas-
BHTHSI (OT «POXJEHHA» 3JeMeHTa JO ero rubenu), aubo OyTeM Ile-
peMellleHUs HX 3a NpPeJeJH CHCTEMBH.

2. Hanauuue oxpyxcatowjeii cpedol. Kampias CHCTEMa CyLIECTBYeT
B OKpyXalolle#i ee cpeie K fBJAETCA B AEHCTBHTENLHOCTH HOACHCTE-
MOl HeKOTOpO#i Gosee KpynHO# cucreMul. OKpy:Kalomias CHCTEMY cpe-
Jla TIPeACTaBaAeT cO60ii KOMIIEKC HaleNeHHHX ONpele/]eHHEIMH CBOi-
CTBAMH 3/IeMEHTOB, KOTOPHlE XOTfl H He fBJISIOTCH YACTbI0O CHCTEMH,.
OJHAKO TPH HEKOTOPOM H3MEHEHHH MOIyT BH3BAaThb CHBHMT B COCTOS-
HHH CHCTeMH. TakuM 06pa3soM, OKpyxalomas CHCTEMy CPefa AOJKHa.
ObITH TIPEeJCTaB/leHa BCEMH BHEIIHHMH NEePEeMEHHEIMH, KOTOPhHE MOLYT
OKa3aTb BO3/(efiCTBHE Ha COCTOSIHHE CHCTEMH.

3. IIporusountyurustoe nosedenue. I10OBEPXHOCTHOE O3HAKOMJIe-
HHE CO CJIOXHHIMH CHCTEMAaMH MOXKET NIOpOi IPHBECTH K BHBOAY O
HeOOXOMMOCTH TOPO HJIH HHOrO KOPPEKTHDYIOLIEro BO3AeHCTBHS, KO-
TOpOE Ha JeJie 4acTO OKasbiBaeTcsd HedPdeKTHBHEHIM WM AdXKe NPH-
BOJAUT K OOpaTHHM pesyjbraTaM. [IpHYHHA H CJEACTBHe Yacro He
HMEIOT TECHOH CBSI3H BO BPEMEHH H NPOCTPAHCTBE, MPH3HAKH TEX HJIH
HHBIX CHTyauH# MOTyT NpPOSIBHTBCH HAMHOIO MO3:Ke Hauajla AeHCTBHSA.
BBI3BABIIKX HX NMpuuMH. OueBH[HBE PelIeHHS MOIYT IPHBECTH B Aefi-
CTBUTEJBHOCTH K OOOCTPEHHIO IPOGJIEMH, a He K ee PellleHHIO.

4. TenlOenyusa x yxyOuwenuro xapaxrepucrux. CJOXKHBE CHCTEMBE
OGHIYHO O6HAPYKHBAIOT TEHAEHLHIO K yXYAIUEHHIO CO BPEMEHEM CBOMX
XapaKTepHCTHK. YacTH, H3 KOTOPHX COCTOMT CHCTEMA, H3HAIIHBAIOTCS,
H 3T0 CYXHT NPHYHHON cHHKeHHS 3 eKTHBHOCTH ee PYHKLUHOHHPO-
BaHMf, YTO B CHJY NPOTHBOHHTYHTHBHOIO XapaKTepa HOBEHEHHS CHCTEe-
MH MOKeT NPHBECTH K NAaryGHbHIM H3MeHEeHHSM IPOEKTHBIX pelleHHH.

5. Bsaumosasucumocre. Hukakue HeficTBHSI B CJOXKHOf CHCTEMe
HEBO3MOXKHO TOJHOCTbIO H30JHpOBaTh. Kaxzmoe cobuTue MOJBepKeHO
BJIHSIHHIO TIPEAIIECTBYIOMHUX COOHTHI H OKa3biBaer BJHSIHHe HA HOCJe-
nyomue. KpoMe toro, pasiuuHble BHAM AeHCTBHII B peajbHBEIX yCJo-
BHSIX OOLIYHO NMPOTEKAalOT B MapaJjJiesbHBX HANPaBIEHHAX H B KOHEU-
HOM cueTe OKa3hHBalOT BJIHSAHHE APYT Ha ApYyFa.

6. Opeanusayus. PeanpHO BCe CJAOXKHHE CHCTEMB COCTOAT M3 3Je-
MEHTOB HJH KOMIOHEHTOB, XapaKTePH3YIOIMXCS BLICOKOH CTeleHbIo
opraHusauuu. Yactn 06beIHHAIOTCH B HepaPXuK NOACHCTEM, KOTOpHIE
B3aHMONEHCTBYIOT MexAy CO60fi 1S BHIIOJHEHHS HEJeBOro HasHaue-
HUS CHCTEMH.

IloBesene CJOXKHHX CHCTeM BO MHOIOM OOYCJOBJEHO MpeillecT-
BYIOUIHMH XapaKTePHCTHKAMH HX NPOIUJHX aHaJoroB. XOTH CJOXKHHE
CHCTEMH H HX OKPyXalomas Cpefa CYIecTBYIOT OOBbeKTHBHO, OHH B
TO K€ BPEMS COAEePKAaT 3JeMeHT CyO'beKTHBHOCTH B TOM CMBIC]E, 4TO
BHOOD BKJIIOYAeMHIX HJH HCKJAIOY2EMHX H3 CHCTEMbl JeMeHTOB H HX
KOH(HUrypanns AHKTYIOTCH HCcJeJoBaTeNeM. PasiHuHHe MeTOAM aHa-
JIH3a OJHOTO M TOrO € OOBeKTHBHOTO NpOLECCa HJH SBJEHHS MOLyT
TPHBECTH K CO3JaHHI0 BECbMa OTJIHYAIOMHEXCH APYr OT APYra KOH-
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Henuud peasbHHX CHCTEM H COOTBETCTBYIOLIMX HM OKpPYyXalOLIHX
yCJIOBHH,

Tak, manpuMep, Akod [l]; oTMeuaer: «ApXHTeKTOp MoxKeT pac-
CMaTpHUBaTb AOM BMECTe C €ro 3/eKTPHYECKOH, OTONHMTENbHOH M BO-
JIONPOBOAHOHA CHCTEMaMH Kak oiHy Goabliyio cucremy. Ho nHxenep-
TEIJIOTEXHHK BIpaBe PacCMaTPHBAaTb OTONHTEJbHYIO CHCTEMY KakK 3a-
KOHYEHHYIO CHCTEMY, a JOM KakK OKpyxawiylo cpeny. [las counoncu-
XoJora JoM MOXKeT paccMaTpHBaTbhcsl Kak cpefa, OKpyxKamouas
CeMblo, a MOCJeJHsAsT — KaK CHCTeMa, HcC/efoBaHHEM KOTOPOH OH 3a-
HuMaercsa. JIJ1s Hero B3aMMOCBfI3b MEXJy OTONHTeNbHOH H 3JEKTpH-
4ecKoH CHCTEMaMH MOXeT He HMeTb HHKaKoro 3HaueHHs, HO HJf ap-
XHTEKTOpa 3Ta B3aHMOCBA3b MoxKeT OBITb OueHb BaXHOH». TakuM
06pa3oM, Mbl JOJKHBl NMPOSABJIATh GOJBIIYI0 OCTOPOXKHOCTb IPH Olpe-
JleJIeHHH H3ydaeMoH CHCTeMbl M TPaHHI MeXJy Hell H ee OKpyXalo-
el cpeno.

OmnucaHke CHCTeMB JJs LeJed HMHTaUHOHHOTO MOJeJHpOBaHHsA
COCTOMT M3 ABYX 4acTefl: CTaTHYeCKOTO H AMHAMHYECKOro mpel-
cTaBJ/IeHHH.

Ha arane ¢opMHpoBaHHA CTaTHYeCKOro MNpeACTaBJEHHS yCTaHaB-
JIMBAIOTCA NPH3HAKH CYyleCTBOBAHHA IMOACHCTEM. 3/leCh JOMXKHLI GHITH
pelueHbl CHAeAylolHe BONPOCH: KaKHE KOMIIOHEHTH CHcCTeMH 6yayT
BKJIIOYEHB B MOJEJb, KaKHe 3JeMeHTH OyAyT HCKJIIOYeHH HIH 6ynyT
CYMTATBCS YacTbi0 OKPYXKalolleli Cpeinl H KaKHe CTPYKTypHble B3aH-
MOCBA3H 6yayT ycTaHoBJeHH Mexay HuMH? Ha BTopoM 3rame omu-
CaHHS PacCMaTpPHBAIOTCA H3MeHEHHA. 3/ech BBHIACHSAETCA: KaKHe H3Me-
HEHHS COCTOSHHS BO3MOXHH B CHCTEME H OKPYXalOUIHX YCIOBHAX
(cornacHoO HX ONpEAEJEHHIO) H KaKoBa I[OCJAeJ0BaTeIbHOCTb 3THX
u3MeHeHHH? CoCTOAKUE CUCTeMbL B JJAHHBI MOMEHT ONPeHeNseTcs Kak
Habop COOTBETCTBYIOLIHX CBOHCTB, KOTODHE B 3TOT MOMEHT 0GHapyXH-
BAIOTCA B CHCTeMe.

Onnako neHCTBHTeNbHHH mpouecc (opMyJHPOBaHHA MOAeJH MO
HEKOTOpPOH CTeNeHH HHAMBHIAyaJeH. B 5ToM Mpollecce pelualollyio
pPOJIb HIpalOT 3KCIEPTHHE OIEHKH H HHTYHIHA. YNOp Ha MeToh 3KC-
TEePTHHX OLEHOK NPOHH3HBAET BCe acleKTH MOJEJHPOBAHMA: OH NpH-
MeHsieTcsl NpH BHGOpe Haubojee IVIOXOTBOPHOrO NOAXOAA, NpPH pe-
IIEHHH BOMPOCa O TOM, YTO BKJIOYaeTcs B MOJEJb, NPH NPOEKTHPOBA-
HHH H pacueTe MOJEJH, NpH BbiOope PaKTOB K OLEHKEe HX OTHOCHTeJb-
HOH BaXKHOCTH, a TaK:Xe HHTepIpETAUHH pPe3yJbTaTOB. DJeMEeHTaMH
CHCTeMBbl fIBJAIOTCA KOMIOHEHTHl, YacCTH H MOJACHCTeMH, KOTOpHe OCy-
LIECTBJISIOT onpeAeleHHyI0 QYHKUMIO HAM mpouecc. BsanMocsasu
MeXJy 3THMH 3/1eMeHTaMH H cloco6 MX B3aHMOAEHCTBHSA ONpefessiorT
1I0BEJIeHHe Bcell CHCTeMBl M TO, HACKOJbKO XOPOWIO OHAa BHIMOJHAET
CBOIO TJlaBHyIO 3ajauy. IIpn ompenesileHHH CHCTEMB Mbi HOJIXKHBI HC-
XOXHTb H3 OTHOCHTEJbHOH 3HAYHMOCTH TeX HJH HHEIX ee acHeKTOB.
INepBufi mar npu co3gaHuu J11060# MOAENH COCTOHT B ONpeleseHHH
ee yenes020 Ha3HAYEeHUs.
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Kak Mb yXe He pa3 roBOopuJH, He CYIIECTBYeT TAKOTO OJHO3Hau-
HOTO HOHATHS, KaK MOJEJb CHCTeMhl. MB MOXEeM MONeJNHpOBATh JI0-
6yi0 CHCTeMy MHOXECTBOM CHOCOGOB B 3aBHCHMOCTH OT TOrO, Y4TO MEL
XOTHM OCYIUECTBHTb. OJIEMEHTHl CHCTEMbl H B3aHMOCBSI3H MEXAy HHMHE
JMO/KHE OHTb BHIOpaHH Tak, 4To6H OB ofecneyeHO BHIMONHEHHE
Toll cneyugpuueckod 3ada4i, KOTOPYI0 B KOHEYHOM CUEeTe ZOJKHA pe-
warb AaHHasi cMcreMa. Bosee Toro, Ham BHGOp Ho/ZKeH yYHTHBATL
BO3MOXKHOCTH HCHOJb30BAHHSl JKeJaTeJbHHX B [aHHOM CJaydae BH-
JIOB aHaNH3a M [0JIKeH GHTb IPH 3TOM HACTOJIBKO NPOCTHM, HACKOJb-
KO 3TO NO3BOJISIET KOCTaB/leHHAd 3ajaya.

K coxasnenuio, XoTf NOTPeBHOCTb B COOTBETCTBYIOWIMX yTOYHEHHSIX
H YNPOUIEHHSIX COBEPINEHHO OYEBHJHA, METON KX PeajH3alhH AaJeKo
He sceH. IIpH COBpEMEHHOM COCTOSIHHM HCKYCCTBA MOJEIHPOBaHHS
TEOPETHYECKHH amlllapaT ONMCAHHS CHCTEM He MOXeT rapaHTHPOBaThb
HaM HH TOro, 4To Mbl NpaBWJbHO «abcTparupoBaltiH» HAmly CHCTEMY
H3 peaJbHOro MHpa, HH TOTO, YTO MH 0OECHEuHJH ee ONTHMaJbHOEe —
A7 HallHX leJed — MoxenHpoBaHHe. B aToM BaxHelimieM Bo Bcex
OTHOIUEHHSIX BOIPOCE ONMHCAHHS CHCTEM Mbl JOJKHE NOJArarTbcs Ha
HCKYCCTBO, OMBIT, HHTYHLHIO, COBETH H rumoresnl. OAHAKO 3TO BOBCE
HE O3HauaeT, 4YTO COOTBETCTBYIOLlAs METOAMKA NOJXKHA CTaTh INpPO-
HeccoM Cly4adHEIM HIH (aTaibHBIM. MbH MOXeM YBEJHMYHTL Hallk
UIaHCHl Ha yclex, ecad OyneM NpHAEPKHUBATbCH OLPENENeHHOTO MOA-
X0Jla, OCHOBAHHOTO Ha 0600LIeHNH NPOLIJIONO ONBITA.

Mbl XOTHM HOCTPOHTH TAKyI0 MOAE/Ib PEaJbHOH CHCTEMEH, 4TOOHI
OHA He CTaja TPHBHaJbHOH H3-3a H3JIHIIHHX YIPOLIEHHH M He OKa-
3a1aCh CJIHLIKOM TDOMO3ZKOR H CJHIUKOM XOPOrofl B 3KCIUIyaTalluu
H3-3a HeNOMepHOH IeperpyskH neraidaMH. [loaToMy Hawelf nepsoi
3ajauell ABJIfeTCA NpHOOpeTeHHe HyXHHX CBEeJEHHH O CHCTeMe, MOA-
Jexamell Mofenuposanui. ITo Mepe Toro Kak B mpouecce pa3paboTKH
Hallld 3HAaHHA O CHCTeMe OyayT yriy6asartbcd, B Moiean GyayT BHo-
CHTbCS M3MeHenuA. [ToaroMy HaubGosiee 3¢ (eKTHBHHI{ MOAXOA COCTOHT
B TOM, 9TOOH HauMHaTh pa3paboTKy c OGliell KOAHUECTBEHHO Tpak-
TOBKH H ITIOCTENEHHO METaJH3HPOBaTh H yTOUHATH ee N0 Mepe paciiH-
PeHHS HalUMX 3HAHHH O MOJEJHPYeMOM IIpOLecCe HJH CHCTeMe.

Jlio6oe HcclenoBaHKe CyIIECTBYIONIel HJH MPefiaraeMoll CHCTeMbE
JOJIKHO HAYMHATBCS C COCTaBJEHHA IIaHa, MOKA3HBAIOUIEro, KaK OHO
Gyner mpoBOAMTBCH, KaKHe MeTOAH OYAYT HCIOJL30BAHE H B KaKoil
TNOC/Ie10BaTeNbHOCTH OyIyT BHINOJIHATLCH COOTBETCTBYIOLIHe PaboTHL.
B Teuenme Bcero MccienmoBanus MoHaZOGHTCH BeCTH COOp NAHHHX B
HeobxoauMoit nHbopMaunn. Iox c6opoM HaHHHX OGEHYHO NOHHMAETCH
cbop nudposoii HHGOpPMAIHH, UTO BeCbMa BAXKHO, OAHAKO paspabor-
UMK MOJJM HOJIKeH Takke cobupaTb H ADyrHe AaHHHE, KOTOpDHeE He
CTO/b TIPOCTO BbIPa3HThb B LHdposoi dopme. Tak, HanpuMep, eMy Imo-
TpebyloTcs NaHHBlE O BXOJAHOH M BHXOAHOH WHQODMAIHMH CHCTEMH,
a Takke HHQOPMAUHA O Pa3NMYHHX KOMIOHEHTaX H 3/eMeHTax CH-
CTeMH, HX B3aHMOCBSI3fX H 3aBHCHMOCTSX.
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CTyZeHTH, BHOOJHAIIMe yueGHEE KypcoBHEe paboTh 1O KOJMHYe-
CTBEHHHM METOJaM, PelIKO 3alyMHBAalOTCS HAaJ TeM, I'le H KaK OHH
noJlyyaT HedHCJIOBYI0 HHpopMamuio, UHQpOBHE AaHHbHE M T. M., KOTO-
phie Heo6XOLMMO HCIOJB30BAaTh IJIS NMOCTPOEHHS CBOMX Moxeneii. ITo-
YTH Bce y4eOHMKH JAlOT CTYNEHTY OTHOCSAILyIocs K Aeay HHGOpMalHio
H naHEble 6e3 CCHUIOK Ha TO, KaK OHa Omuia cobpaHa. ¥ cTyneHTra
[IPOCTO ToJIoBa HAET KPYyroM, KOrfa OH BIlepBHE CTaJKHBaeTci ¢ pe-
aJbHOM, ellle HHKEeM He paccMaTpHBaBluefics 3amayel, mJs pelueHHs
KOTOpPOH eMy HaJO ONpele]HTb, B Kakoil HHQOpDMauHH OH HyX1aeT-
cf, TAe M KaK ee MOXHO HaiiTh u cobpaTb. Kaxnoe mcciaexoBanue
COCTOHT M3 JBYX 3TAlOB: BHSIBIEHHS (JaKTHUECKOrO NOJOXEHHS Belleil
U aHaau3a. [IepBHii aTam TeCHO CBA3aH C TOYHHIM ONpejejeHHEM NpH-
POABl W ILEJeBOr0 HAa3HAYeHHS CHCTeMH. AHaaH3 e CBA3aH C pe-
rHCTpalyeli B OCMHICJEeHHEM COBOKYIHOCTH ()aKTOB C IEJbI0 BHISIBJE-
HHS CTPYKTYPH CHCTEMH 10 ee MOJEeJHPOBaHHS.

Hccnenosatesr HMeeT neso ¢ TaKHM pa3HoOGpasHeM THIIOB CH-
creM, 4To J106as MONHTKa KaacCHHIKPOBATh HX He MOXeT 1aTh pe-
3yJbTaTOB, YAOBJETBOPHTEJbHLIX BO BCeX OTHOIIeHHSAX. OJAHAKO ompe-
neJieHds, npemoxeHHue AkodoM [1], MoryT okaszaTbesl moJe3HHIMH
[pH OIpeieJeHHH CHCTEM H HX lleleBOro HasHauyeHHs. MoxHO pac-
CMaTPHBAaTh CHCTEMH C JIBYX Pa3/JHYHHX TOYeK 3peHHs. OJHO H3 3THX
paccMOTpeHHil NO3BOJISET OTBETHTb Ha BONPOC, B YeM COCTOHT Iieje-
BOE Ha3HayeHHe CHCTeMBl, TOrja KakK APyroe —Ha BONpPOC, K 4eMy
NPHBOJHT BBOIHMOE B CHCTEMY H3MeHeHHe.

HexkoTophle cHCTeMH XapaKTepH3YIOTCS YCTOL4UBOCT6IO C60€20 CO-
CTOAKUS B TOM CMEICJE, 9TO OHH CTPEMATCS PearHpoBaTb Ha H3MeHe-
HHSI OKPYXAKOWKX YCJIOBHH TakuM 0o06pasoM, uToGH COXpaHUTh 3apa-
Hee 3aJaHHOe, NpexmHcaHHOe cocTosHue. Hanpumep, cucremMa obec-
fe4yeHHs 3aKOHHOCTH NOJIXKHA NpPeAyCMaTPHBATh NOAJePXKaHHe TAKOro
AOpsNKa, IPH KOTOPOM JIHYHOCTb K COOCTBEHHOCTh HaleXHO OXpaHd-
IOTCSL OT HACHJIHS M HEe3aKOHHOTO 3axBaTa COOTBeTCTBeHHO. [lomoGHO
3TOMy, 3ajaya CHCTEMH OTOIIEHHS H BEHTHJIALHH B JOMe COCTOHT
B TOANePXKAHHH TeMIepaTypH B I[OMEeNIeHHAX B 3aJaHHOM Y3KOM
IHanasoHe. Takas cHcTeMa pearHpyeT TOJBKO Ha H3MeHeHHe OKpy-
KaloUHX YCJIOBHH; JO TeX NOpP MOKa KejaeMOe COCTOSHHE MOJLepKH-
BaeTcs HeH3MeHHBIM, JeHCTBHe CHCTEMH CBOIMTCS K HabJIOLeHHIO.

CHCTEMH JPYroro THOa SIBASIOTCS NOUCKOBbLMU, T. €. OHH YCTpOe-
HBl TaK, 4TOOH HCKaTb COCTOSIHHe, KOTOPOe OTCYTCTBYeT B HacTosllee
Bpemsa. HanpuMep, cHcreMa o6pa3oBaHHs CTPEMHTCH AAThb CTyIeHTaM
obpasoBankie U NOATOTOBKY, KOTOphle MOTPeGYIOTCA HM B HX IOCTe-
Hylollell XH3HH; 3Ta CHCTeMa He NHTaeTci NOLAEDKHBATh YPOBEHb
3HAHHMA CTYJIEHTOB B COCTOSIHHH, JOCTHPHYTOM K HAaCTOSIEMY MOMEH-
Ty, a, HANpPOTHB, CTPEMHTCH pAaCIIHPHTb K YBEJHUHTb 00DbeM 3THX
3HaHHH N0 MaKcHMaJbHO BO3MOXHOTO YPOBHS.

CHCTeMH, OCHalleHHHe aBTONHJIOTAMH, TaKXe SBJSIOTCA MOHCKO-
S8BIMH CHCTEMaMH, PaBHO KaK M GOJIBIIMHCTBO GeCHNHJIOTHHX CHCTEM
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BOOPYXKEHHS HANOAOGHE 3eHHTHO-YNpaB/ITeMbIX PaKeTHBX cucTeM, Ta-
KHe CHCTEMH B GOJIBIIMHCTBE cBOeM MOTYT 10 Mepe HAKONAEHHS OMH-
Ta yAydllaTb H BHIOH3MEHATb CBOE IOBELEHHE B TIpoLlecCe JOCTHKe-
HHSL 33alaHHOH uean. [lomo6Hast cucTeMa MOXeT GbiTh i MHOTOlee-
BOil. DTO 03HAYAT, YTO OHA MOXKeT HaXOMHTbCA B DEeXHMe MOHCKA
ABYX WK Goslee 1eJiefi OXHOBPEMEHHO, uTO OPHBOLHUT K HeOGXOAMMOCTH
NPHHEMATE KOMIDOMHCCHEE pelleHHs B CaIyyae, Korga JOCTHXeHHE
PasHBIX neJell BeAeT K KOHQJIHMKTHOH cutyauuu. Haxowen, cyuectsy-
IOT YEACYCTPEMACHHbIE CHCTEMH, KOTOPHE caMu yCTaHaBJI’HBa}OT cog-
CIBEHHHIE Le/NH (YHKIMOHHPOBAHHS. T[aKHe CHCTeML CIOCOGHHE BHI-
paGaTHBaTh KaK CaMi IeJH, TaK METONB MX NOCTHXEHHS NpH 1O-
CTOSHHEIX  MJIH H3MEHSIONMXCS  YCJIOBHAX. M3BeCTHLM OpHMepoM
NOAOGHHIX CHCTEM SBASIOTCS CHCTEMEl, B KOTOPHX NPHCYTCTByeT qepno-
BEK, HalpHMep MHJOTHPYEMHH CaMOJeT Hiu IPyTHe CHCTEMH, ympas-
7fIEMLIe ONEPAaTOPaMHU, KOTOPhle COCOBHL H3MEHSITD CBOH uem{’ pr e-
geycrpemnex—mux CHCTeMaX, KaK TOJbKO IOCTHI4eTcs OfHa M3 uen]éﬁ
q:ginﬂe::; nceq;]i,amcst npyraﬁﬂ aubo, Koria cTaHOBHTCS OquHI[Hh[M:
o hamHad | He MOXeT OHTb NOCTHTHyTa, BHOHpaeTcs aJbTepHa-
» I/Iﬂamenenm BHYTPH CHCTEMH MOTYT GHTb peaKkTuHoLMu, OTEeTHbi-
M ASTOHOMAbLMU. Peakuus cHCTEMH ecTb coGbiTHe KOTOpOe
onpenesnsieTcs APYrUM COGHITHeM. Hanpumep, xorna mm n’axmoqaeM
gBe'r (cobuitue 1), cucrema Pearupyer Ha 3To 3aHraHHeM Jamn (co-
H;[;H;ezlh;;l e. I%EECB HAJIMLO HeNOCPeACTBeHHAS NPHUMHHO-CIENCTBEH-
Ha. - *"PM M3MEHEHHSX OTBETHOTO THNA HEKOTOPOe COGHITHe
KET CTaTbh NPHYHHOH APYroro, HO He cmocoGHO TIPUBECTH K ONpefe-
JICHHOMY cylencTBuio. Hampumep, korna TeMHeeT, MH OGHYHO BKJIIO-
daeM cBeT. MH nocrynaeM Tak B oTBeT Ha HAaCTYM/eHHe TeMHOTH Hd

CaMH mo ceéeu(ec.m TOMILKO BHIKJIIOUATeNb He paboTaeT aBTOMaTHue-
» ABTOHOMHBIE H3MEHEHHS —3TO CaMOONp

efessieMbe

COObITHS, AN cBepUIeHHs KOTOPHEIX Ha/JHYHe MpeMuIecTBYIOmEro cobh-

THSI He 065133]3.711:}10. IaKOBa BO MHOroM npHpO, 4Y€JI0BEYECKOI'0 MO0-
Aa

2.2. Havanpubhi sran HCCEN0BAHUNA

BaHSI);HT HOKA3HBAET, YTO NPABUJBHHA MOXXOA K Hayally mpoeKTHpO-
pa Ham\;g;:;mgm:; MOJICNIH MOXKET CYIeCTBeHHKRM 06pasoM MOBJIH-
. €aJbHOM Cilyyae H3yyeHHe mpo6
JIHLO, YIOJHOMOYeHHOe TIPHHHK PPyNnE o
MaTb pellleHHsl, HJH r
o , Pynna Takux JIHIL,
TOPHE CTOJKHYJIHCh ¢ mpo6.ieMot, Tpebylomei pegrennﬁ (HCCJIE.U.(I)L-'

—
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TeJbHHX pelleHHil, HO OTBETCTBEH 3a COOTBETCTBYIOIIHE DEKOMEHAa-
1uu. B 5TOM cayuae pesyJbTaThl H3yYeHHs MPOGJIEMB MOIyT CIyXKHTh
JBOSIKOH Ieju: 1) moMoraroT ¢unancHpyomeii opraHusanun chopmy-
JHPOBaTh CBOH DEKOMEHIAUHH M 2) cayxar OCHOBOMH pEKOMeHAAlHH,
NOJKDEIUIAIOT HX H CIOCOOCTBYIOT MX NPUHATHIO.

Haunnaercsi aHaaus co c6opa MHGopMauuy H A3HHBIX, HEOOXOAH-
MEIX KaK JJIsl TOTO, 4TOOH OGecneydTh NEPBOHAYAJBHYIO OCHOBY IJIS
HCcJie[l0BAHHHA, TaK H JJis ONHCAaHHS CHCTEMH. 3anzaua ¢opmyaupyer-
st 0cOGeHHO THIATeNqbHO, YTOGH yOemuTbCs B TOM, YTO MPABHIBHO
NOHSTH TMOTPEGHOCTH H TpeGOBaHHS 3aKasuHKa. O6uiuno paspaboTka
AMUTALHOBHOH MOZIeH HAauHHAETCS C ONHCAHKS 3aKa3UHKOM NMpOG/eM-
HoOli CHTyalHH B BECbMa HEYETKHX M HETOUHHIX (opMyaupOBKax. ITO
He JOJIKHO HAC OCOGEHHO YAHBISTD, TaK KaK, eClH Ol OH 3HAJ TOUHO,
B ueM CyTb IpOGJeMbl H KAKOB JYdWIHi CMOCOO ee PelIeHHs, OH pelu
6b1 ee caM. 1109ToMy MH JOJKHB paccMaTpHBaTbh MOJY4EHHOE OT 32-
Ka3uyKa ONHCaHHE 3a7ayH CKOpee KaK COBOKYIHOCTb CHMITOMOB, Tpe-
Gylomux AHArHO3a.

3aKa3ydK ONMHCHIBAET NMPOGIEMHYIO CHTYallHio, ONHUPascCh Ha CBOIO
MPONLIYI0 AesTeJbHOCTh U OMHIT, O3TOMYy ONMHCAHHe YacTO COAEPHHT
JIHMIb TaKHe CBEHEHHS, KaK CyMMB npHOBUIeHl H YOBITKOB, YPOBHH
3amacoB, BpeMeHa NPOCTOEB, NEPEUHH Y3KHX MeCT U Apyrue AOCTyI-
Hble 3aKasuMKy JAHHHe, XapakTepusyiollne (yHKIHOHHDOBAHHE CH-
cremu. TToc/le0BATENbHOCTh HANIMX AEACTBHA NOJXHa OHTH nanee
TakoBa: TNOCTAHOBKa «JHArHo3a» Ha OCHOBaHHH  CHMITOMOB
———— onpefeseHHe 3agaun > (opMysHpOBaHHE MOACIH. Bor
moyeMy oOnpejesieHHe 3ajauM MEPEBOJHT ONMACAHHE CHMITOMOB, CAE-
JIaHHO® 32Ka3UMKOM, Ha TOUHHI S3HK HalIHX (OpPMaJH30BAHHBIX MO-
nenefi. Mo NMOHHMaeM 3TOT IpOliecC NoKa elle Kpafize cra6o, H mO-
3TOMy ellle NPEACTOHT NpOBecTH OOIIMPHEIE HCC/eN0BAHHsH, KOTOpHIE
TI03BOJIMAH O paspaboTaTh JOrHYeCKH OGOCHOBAHHYIO CTDATerHio,
HEOGXOIMMYIO AJst (pOpMyJHpOBaHHs TpPOGIEM. CoBpemMeHHast TEXHH-
Ka (POpMyJHpOBaHHs 3ajay OdeHp Ipyba M HETOUHA IO CDABHCHHIO
¢ MOLIBI0 H TOUHOCTbIO HauwkX (opMajH30BAHHHIX METOAOB MOZAE/H-
posanus. Jas Toro uToOH NPaBHJIBHO chopMynHPOBATEL 3alady, MH
JOJKHEL XODOWIO HM3YYHTh BCE ACHEKTH JesTe/bHOCTH OpTaHH3auHu
3aKa3yMKa, OTHOCAIIHecS K AaHHOH 3amaue. Ciofa OTHOCATCH CHJIHL

¥ aKTOpH, HeficTBylolllue BHe OPTaHH3AUUH, KOTOPHE MOryT OKa3Hl-
paTh BAHfAHHe Ha ee (DYHKIIHOMHDOBaHHME, & TaKXe NOHHMaHHe cy6n-
eKTHBHBHX M OODBEKTHBHHX acnekToB npobgeMbl. 3fech TpebyioTcs
obocTpenHast HaG0AaTeNbHOCTh, BOOGPaXEHHE H MDHCTAJBHOE BHH-
MaH#e K neransM cuTyauud. Hepemko Ra 3Tofi CTalHH MOTYT OHITD
CayuyaRHO TIONYYeHBl OUEHb BAXKHbIE 1§ NeiMA 1a7ayd IaHHEE,
KOTOpHE, OHAKO, MOTYT GHTh He MPHHATH BO BHAMAHHe BCIEJCTBHE
TOro, 4TO MX 3HAaueHHe He GH/IO MOHATO.

IIpoexTHpOBaHKE, yCOBEPIIEHCTBOBARHE H DEANH32URSA HMHTALAOH-
HOfi MOJeaH O6XOAsATcS AOpOro. 3arpaTH Ha NPOEKTHPOBaHHE naXKe
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H CTOMMOCTBIO X TOJydeHHs
CTEE)HGaeM OpeanojiaraeMuex Hecje
ﬁnsau(;{ne: 3abyiaroBpeMeHHo TaK, 4To6Hl Hcce
33aKa3YHK YETKO Il
€JCTABJISININ ce6 5
CleNaHO u ; Sranc no
Shena npe'jae;: ﬁenau He HyxHO. Ha sToMm aran’e nomﬁggmggrf o
PHATE/bHbIE OUEHKH NMOTEHUHANbHOrO BHIMTPHILIA nog;-
, -

4yaeMoro B pesyabtare
cTBYIOmHX Pador. POCHHST MOJIENH, H CTOHMOCTH COOTBET-

Ecan oxunaemnit 5 GaHMXKaimem
BLIDAXKEHHH HE MepeKpHBaeT 065
[IPOEKT, BEPOsATHEE BCero, He 3
4TO BO3MellleHHe pacxono}a B OT

AOBATENILCKHX PAGOT HOJKEH GHITH

6yaymem BBIATPEIII B JeHe}XKHOM
aeMa sarpar Gosee yeM B 10 pas, To
CyXHBaeT peanusauun. OuesHAHo,

TaThl: v
n;l;?';l.nb. Cr;mf:n. Orug_ll?(e:une
Mepponauambune -
OHEHKH
100 000 I
Peanbune pesyJabTaTh 33 300 ;3 ggg "
1,11

O1u pesyabrarm npUMe
BEIM BosMoxHOCTAM. Hcc
ToM, 410 B HEKOTOpHIX
HHe mpobsem noTomy,
Hanpumep, ayumee mon
Topoit cren

ﬂ;:{o SKBUBA/ICHTHH MHOTHM ADYTHM JeJo-

e an.;osaTenn CHCTEM YacToO HAaCTauBalOT Ha

ng ong };{:ﬂaTEJIbHO BCE e MpOBeCTH H3yye-
€T TaKHe NOGOYHHE BH

TOAH, Kak,

WA ;Jl;/;a:aﬂne cucreMul. Takue apryments po 'Hexo:

B, HO €c/iM pe3yJbTaTh MOZAENHPOBAHASR
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He ofemaioT B KOHUE KOHUOB MOJYyYEeHHs CYMECTBEHHOTO SKOHOMHUE-
.cKOro s(dekra, TO 3TH apTyMEHTH MOXKHO CHHTaTh HECOCTOSITENb-
HBIMH.

JLil IPaBHILHOTO (OPMYJNHDPOBAHUA npoGJaeMsl Mbl HOJIMHBI pas-
ReJIMTh 3TOT Tpollecc Ha ABe ¢asul. Ileppas ¢pasa —3TO NEPHOL 06-
mefi OPHEHTHPOBKH B CHTyaUHH H bopMyHpOBaNHT NPOGJAEMEl C TO-
suuuli 3aKasuMKa, Bropas (asa—rmepuox (OpMyTHPOBARHS 3ajaud
uceneposanus. Ilepsylo (asy mpeAnaraeTcss paskeluTh Ha CIACAYIO-
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e TIONepKHBATL CTaGUJIbHBIMH YPOBEHb 3aHATOCTH U HETPepPHIBHLIA
HOJITOBPEMEHHBIH POCT JR€JI0BOH aAKTHBHOCTH. CJIeAOBATENbHO, MBI
06GLIYHO JOJIHBl peliaTh KaK 3aa4n ROCTHIKEHHs LleH (CTpeMﬁC’b no-
J;y‘;ﬂ’l‘b CBOHCTBa, €me He NOCTHTHYTHIE K HacTOSILIEMy MOMEHTY), TaK
: o:};{z:qn COXpaHeHHsI (cTpeMsice moAZepXHBATH Ha ONpeReJEeHHOM
)Bpn % ecBoncma CHCTEME], AOCTHTHYTHIE K HACTOSIIEMY BPEMEHH).
KOTOp I)rilecce (HOpPMYTHPOBaHUS 3a4aYH Ml BEHAEM TOHCK aJbTEPHATHB,

Pbl€ CYMTRIOTCS NMPHIOAHBIMH JJISl HOCTHIKEHHS KeJaeMhIX KOHEU-

HEIX pesyyibTaToB. OAHAKO 3TH Pe3yJdpTaTH YacTO SIBJSIOTCS JIHII
BC]‘I%MOI‘aTeJlebIM CPEACTBOM AJIsSi AOCTHIKEHHS APYTHX Iedeil. b
. a:;lliq?{glpxawen;, MBL TIOJIyYaeM TOCIEeAOBAaTENbHOCTb, KK hepap-
o, § pesy/sTaToB 1 uesedl. To 06CTOATENBCTBO, 4TO AOCTH-
weie :npeneneﬂnux ueslell BBHAY HX 3HaYHMOCTH MOXKeT GHITh Ke-
1 ynopﬂ?xoﬂﬁnnxoo?;;iﬂiznz?ﬁn? ::xi?e“mx pEe3yJIbTaToB, NPUBOLUT
I opyio He i -
BeHb KOTOPOIi paccMaTpuBaeTcs u Kaxp)rl{oneqrf;gxg?éyﬁiéﬁmi YIE:K
%?éi;so HOCTHXKEHHSI WENH OTHOCHTEJBbHO HHKEeCTOSLINX );pOBHeﬁ.
qnenoaa?%iméuse;ﬂb H_epapanecxne CTPYKTYpEI, COCTaBJIeHHEE U3 PAAA
oion T <ueTe — CPEACTBO», PEAKO NMPEACTaBJSIOT CO60H CBSI3aH-
o g o uelo nenoukd. YacTo oHH He COTIaCyOTCH APYT C
YIVIEHbILI'aET BeyOﬂ B MPOTHBOPEYHe, T. e. AOCTHKEHHe ORHOH IeH
yieRsm Heoéxg THOCTh JAOCTHXKeHHst ApyroH. CiemoBaTeslbHO, cTa-
e Bammc};ﬁm::;xéﬁxomnpomnccnue pelleHHs W OUEHKH OTHOCH-
m r g kHGCTH UeHel, YTO B CBOIO OYepejn NMPeBPAIAETCS B ORHY
Kaml;zg; )}J)lg;::;a\eer Caiimon [17], BaXHO TaKXe ysCHHTH ceGe, uTO
cKue u oqenotmbtecoél)?x};{::paatiy)[;r:::; e T oepaduie:
e . € 3JIeMEHTH — 5TO BHICKa3HBa-
e AT s i oA
Bl MOXeM INOJBEPrHyTb MpOBEpKe

C UEIbI0 ONpeielieHHs MX HCTHHHOCTH. OieHOYHBE
NpeacTasyisiioT co60i BHICKa3HIBaHHST am.qecxoro H P amHOT To-
PANKa, HCTHHHOCTb KOTODHIX MH HE MOXKEM II oseﬂﬁ Mogranbﬂoro xo-
TOMUSl CIIpaBEAJIMBA H B OTHOLIEHHH Lejeit Tzlx]xn P leni, Rt nonyie.
: . € IleJIH, KaK mosyye-
6:1?1 ;a}fa;mglx (:;;HTabqe;nﬁ BeCa, NaJbHOCTH JEeHCTBHS, cf{opocm, 1¥p§-
Brv yc:.Tp;m eymm aKTorpaduueckre sjJeMeHTH. Takne ueJH, Kak
Bootpanen e e, MOpaJbHOE COCTOSIHHE, BLICOKHH ypOBeHb 3Zpa-
Mo aboneHas, G ﬁﬂmee o0pasoBaHKe, AOCTATOYHAs 0GeCIEYEHHOCTH
enome BT T BJIFIOTCS 3JIeMEHTaMH OLEHOYHOro THMa. HMHuMH
o oBam, 4acTb 33724 MPUHATHS PEIUEHH COCTOHT H3 06b-

Toﬂmx H CYObeKTHBHHX 3JIeMEHTOB,

- ,Kq;g eg:g:ﬁ;neﬂuoe M3MEeHeHHe KOHCTPYKUHH aBTOMOOWJS mpH-
ormae S }Ke? €T0 CKOPOCTH, eCTb (haKTOrpaduuecKuil s/eMeHT,
onenag B0 ATELHCTH 3TOTO YBENHYeHHST CKOPOCTH €CTh yiKe
i anement. HeclenosaTelb JOMKEH TOSTOMY ueTKo mpell-

mue wary [2]:

{. OnpeaennTs JHUO HJH TPYINy JHL, YNOJHOMOYEHHHIX TpHHH-
MaTh pelIeHHs IO PACCMATPHBAEMOI cHCTeME. )

9. TlocTaBHTb COOTBETCTBYIOIIHE 3aJauH KaXAOMy 4YIEHy 5TOH
rPYNNE, HA KOTOPOTO BO3/araeTcs OTBETCTBEHHOCTD 32 onpeeJIeHHY 10
qacTh NPHHAMAEMOro pelleHHs.

3. HameTuTp APYTHX YYacTHHKOB PaGOTH H OMPEAEJNHTH CTENeHb
BJMSHHS, KOTOPOE OHH MOTYT OKa3hiBaTb Ha pelICHHE, a TAKXKe yCTa-
HOBUTb, MO KAaKHM KaHajaM OHH MOTYT OKa3HBaTb 3TO BJHSHHE.

4. ONpeeNuTh Lean STHX YYACTHHKOB H yCTAHOBHTH HX 32KOHHHC
npasa.

5. YCTaHOBHTb, KaKHe acTeKTH NMPOGJIEMHOf CHTYallHH MOTYT KOH-
TPOJHPOBATLCS JIKUAMH, NPHHHMAIONIHMH PELUCHHS, H BHABHTL npe-
JHeJBl HX BO3MOXHOCTEH.

6. Ompele/HTb Te ACHEKTH OKPYMXAMOUHX yCJIOBHH HJH CTOPOHHI
pelaemoiil MpOOJEME, KOTOpHe He MORARIOTCS KOHTPOMIO CO CTOPOHE
JHy, MPHHHMAIOMMX PEIUeHHs, H MOTYT NOBJHATH Ha OKOHYATEJIbHOE
pellenue.

7. BHSCHHTb, KaKHe BO3paeHHS MOTYT BOSHHKHYTL HJIHM KaKOTO
IpOTHBOZEHCTBHS MOXHO OXHAATb CO CTOPOHBI TeX yYacTHHKOB pa6o-
THI, KOTOPHE SBJSIOTCS NPOTHBHHKAMH KaKHX-JHGO H3MeHEHHH B CH-
cTeMe.

B HallleM CJIOXKHOM O6IIecTse BaKHBe pellleHHs OYEHb PEIKO NpH-
HEMAIOTCS OAHHM 4esioBekoM. UeM Gosiee BaxKHOE peLIEHHE MPEACTOHT
PHHSATH, TeM 0oJee BEPOATHO, YTO B NPHHATHH OKOHIATE/ILHOIO DE-
IIEHHS H €0 peajH3allii NPHMYT yyacTHe HECKOJHKO YeJIOBEK. Takum
©06pasoM, XOTSI 3aKa3UHK MOMKET OHTh NPEACTABJCH OLHHM JHIOM HIH
[pyNNo#l JHI, B OKOHIATENBHOM NPHHSTHH HIH OTKJIOHCHHH HTOrOBBIX
peKoMeHAaLH OBLHIYHO IPHHKMAIOT yYacTHe H APYTue 3auHTepecosa-
Hele CTOpOHH. Ec/H ME XOTHM B MaKCHMAaJbHOH CTENeHy yBEJMIHTH
BEpOSTHOCTH ycilexa, TO BEChMa BaKHO, YTO0H ¢ CaMOro Hauaja usyue-
HHsS BONpOCAa TMPHHHMAJHCh BO BHHMaHHe BO3DaXeHHS M ONaceHHd
3THX TpeACTaBHTelell 3aHHTEPECOBAHHBIX CTOPOH.

MH [OMKHH TaKXe YYHTHBaTh TO, 4TO KpaiHe PeIKO CTaBHTCA
TONBKO onHa Lenb. HampuMep, crassi cebe HeJbi0 YBEIHUHTH pPafHycC
HeHCTBHSL PaKeTHOHl CHCTEMH, Mbl OJHOBPEMEHHO CTPeMHMC: coXpa-
HMTbh €e MaJHH BeC, BHCOKYIO HafeXHOCTb H (PaKTHYECKYI BEIHUHHY
T0/e3HO! HArpysKH; HIIa IyTell yBeJquueHHs MPHOHIH, Mbl XOTHM T2K-
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cTaBASTH ceGe, KaKHe 3JeMEHTH B TMPOGJIEMHOH CHTyaUHH Ha oTané
(OpMyJMpPOBAHKS NMPOGJEME SIBISIOTCS cy6beKTHBHEIMHE (OLEHOYHE -
MH) H KakHe OOBeKTHBHHMH (q)ax'rorpacpullecxuun).

Bropas uacTb (OpMyJHpOBAHHS 327auH CBf3AHA C onpeeseHHEM
ee rpaHHil H TJIAHHDOBAHHEM (asu HcelefoBaHMH. ITOT mpouecc
npejycMarpHBaer 1o MeHbIIEA Mepe CleAyollHe MAary:

1. Uerkyio (oOpMyJHDOBKY 3alaHHs, MOAJIEKAIIETO peanu3aiuH,
H ompejesieHHe CHCTeME, nojJiexallell H3y4YeHHI0.

2. OnpegeneHue OTpaHHYHBAIONHX (AKTOPOB B OTHOMIEHHH Kaf-
pos, rpaduKa paboTH, aCCHTHYEMHX CPEICTB H MaUIHHHOIO BpEMEHH.

3. CoalaHHe CHCTEMH YIpPaBJEHHs BHIOJHEHHEM 3af2HHA C LeJbIo
KOOpAHHAUHH NEACTBHA fiofiefi, KOHTPOJISL PecypcoB H oOMeHa unpop-
Mannen.

4. OGecnedeHne yuacTusi B paboTe Bcero TpefyeMoro mepconaia.

5. Toayuenne mocTyma Ko Beef oTHOCsIelicss K BoOmpocy HHGOpP-
ManHH H AAaHHBIM, KOTODHE MOIyT HMETb 3HaueHHE OJIS paspeuIeHu s
3ajavyH.

6. BuisiBJeHHE COOTBETCTBYIOLIEIO KpHTEDHS B KayecTse OCHOBE
IS OLIEHKH pe3yJbTaTOB HCCJIeNOBAHH.

7. VeraHosjenHe OGBEMa TpeAJaraeMoOro HCCIEJOBAHHS, C TeM
qro6H HCCAeAOBaTelb W 3aKasYHMK HMENH 4YeTKOe MPEeACTaBjeHHe O
mactutaGe paGoTHL.

Koneunu#l ycnex HJH Heypaua NpOEKTa B 3HAYHTEJNbHOH Mepe 3a-
BHCSIT OT METONOB €ro NJAHHPOBAHHS, OCYLIECTBJIEHHS H KOHTDOJA 32
peammaanuefil. [10sToMy He clefyeT HENOOUEHHBATL STH acmeKTH Aes-
TEJbHOCTH HJHM OTHOCHTbCS K HHM NOBEPXHOCTHO.

BeilescTBHe UPE3BHIYAHHOM BAXKHOCTH 3THX BONPOCOB MEL MOCBsL-
THJH HM TJ. 7, B KOTOpOH M OyzeM HX paccMaTpHBaTh 6oJiee moapos-
Ho. B mocienyioIuX pasfeiax MH OOCyAHM CDEACTBA cGopa pH(pOp-
MaluMH H JauHHX, HeOOXOMHMHX HJdg On
MyJIHpOBAHHS 3aay YNpaBJeHHs U 33127 HCCIE0BaHMHs.

2.3. C6op akTHYECKOrO MaTepHaaa

uust 1 HabaogeHHus,
noAydeHHss HUQOPMAIIKH, TAKHE, KaK AOKYMEHTHL,
yuactHe B pabore. K JOKyMeHTaM OTHOCATCS DYKOBOACTBE, yepTex
HHCTPYKUHH, OTYETH,
B GosbIIHHCTBE OpTraHH3aUHi K
BOACTBO H BEHETCA AOKYyMEHTauHs, OfHAK
Tpebyercss. BO3MOXHOCTb HaTH H COOTB
TepNpeTHpoBaTh AOKYMEHTH OKA3EHIBAeT TP
MaHHH H ompejejeHMH cucTeMul. Hccienosatelb AOJKEH,
oueHD BHAMATeNbHO OTHOCHTBCS K JLAHHHM, KOTOpble OH BHOHDAET H

H

MeeTcsi O6BHIYHO OBOIIMPHOE [€eJIOMPOH3
0 He BCerJa TaK, KaK 3T

pejeeHuss CHCTeMEl B (op-

cneunquaunn, KOpPPECIMOHACHIIASA H T. IL

eTCTBYIOIIHM 00pasoM HHY
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JAOKYMEHTOB M MHTEPBBIO. TaKHe HaHHHIe
HOKYMeHT ClleflyeT paccm
roa HCTO?II:[HI}I{;::LB;p:xT:anHe, NPOBEPSITL HX ,aoc%]oseppﬂocrba;?;?)?f
e T HuKa mqepnaﬁnsarb 3aT€M ¢ JaHHHIMH ONHTAa M HabJIo-
S m-,xq)o M;; HyTHE 13 LOKYMEHTOB, MOTYT OKa3aThesi ycTa-
e o G }EQH LA, TONYYCHHAS K3 TEPeNHCKH H HHTEPBBIO
et i mg BCJICACTBHE CYGBEKTHBHHX OCOGEHHOCTEH HH-
e upylonIX 1 1 EPBLIOMDYEMELX JIHI WM B Yrofy HX HHTepe-
oy, r[p 1 9TH peajIbHble ONMAcHOCTH, 002 YKa3aHHHX He-
e npengcra‘rx[aenq; xlnrg:aﬂne HCCIIeIOBATENIST K TeM HJH HHbIM
Hﬂyg Ty aeneT O paclopsiKeHHe (aKTH HJIH BHISBHTH
HT 7
o oeé);blﬁﬂzifssb:;inﬂo TIONI€3HE 10 MHOTHM NPHYHHAM, HO 0CO-
T o MheHHL B ¢ Cly4asiX, KOTAa OMIYIAETCsl SIBHHH Hel0cTa-
b Ay wenrann. M HOMECTBO METOAMK H NpPaBHJ NMPOBEJEHHS pa-
o0 wame ncer 3auemna HE DETHCTPHPYETCS, & eClM H PerucTpHpyer-
o e saM H::{f; A0/l LI€HHOK MHQOPMAlHH MOXKeT GHTH Io-
herycota o €PBBI0. YMEHHe NpOBOAMTb HHTEDBBIO ecThb
Ao ooy OB)QH;pynHo Hayuntbesl. IlpoBeseHne HHTepBbIO B
e npoaepfm q)aﬂ TPECIeNyeT ABe OCHOBHEIE LeaH: 1) obHa-
CONPOTHBJIEHUS BOSMO)K::;:I Hugza:}xb:iiﬁ; Hx? STOpHE. MOryT meemaeH
sompor , KOTOpDHE MOryr -
nomumhl,)e‘frygu.,:;;i le(oxemposaﬂm. I/Icc.nenosal;enb non};xe; o;g[gg;a
Cbe s ATO TH0 l,m)oropmx OH MHTEPBBIOMDYET, NMOJHOCTBIO OTHAIOT
R B ToM, U1 ‘:ro ACATENLHOCTD, BEPOTHEE BCETO, MpHBEAET
6336040m0 e AM B crcreMe. ITostoMy mHTepBBIOHpYeMOE IO
Bopeno cyn Tg?gm H TIOCTIEACTBHSAMH 3THX H3MEHeHHH.
ho P TIPOTHBJEHHEM JIIO i -
Bgmnobcl?s nﬁ;gﬁ?ﬁﬁm BK H3MEHEHHSIM, TO B omomenmfxeﬁé Iliopﬁjx)n
Moo Tonath | OT. HYTPEHHEE CONMpPOTHBJIEHHE BO3MOXKHEIM H3-
S isieds p ;Ixxaer arTMocepy, HeGIaronpHATHYIO As npo-
O SaNAT CBOMMH HeCTEAOBARHAE, CTPOAE Thomenem e T
s . SICb TIPOMOAENHPOBA
MyeL'Trlo ;;iztﬁgienc:;:g:g, OH OOHYHO HMeer nenopc ycrauo%nsuzfxm)ix)g;
Moo o 11 TP Macﬂauﬂ. Hesddexrrusro paboraromuii cayKamui
IPOSIBUTD 6nar0}xe.naren$’cr>2,maKa;?ggg:;;nggnpaﬁom}omnﬁ BB mpH
A OBEKY, KOTOpHIi B -
oo Hc;(;c;ﬁe(;ﬂe st:x;n;:mema'renbcmom NOBJHATH Ha Mergn:[ errc;pgg-
KoTopuIn oo €PBbI0 — 3TO NPOIECC NMOJYYeHHs HHPOPMANHK
Cranoaey, oo YeICs YMEHHEM XOpOWIO CAYWIATh, COBAATh 0.
e pch,ro OJIaraiomylo X Gecefie, H yMeJO HANPaBHTb ee B HYX-
Eciin 570 Bo3m .
B0 crtry m ;;fl*}l!? }1;1 YMECTHO, COTPYAHHK, H3YUalOMHUii NpobieM-
Ot as 0, | HON €H NONPOCHTb HHTEPBLIOHDYEMOIO HOAPOGHO
Mo egennecd | COOEHHOCTAX ero paGoTH B LeJoM. IT0 He0OXOoH-
TOFO, 9TO TOYKAa 3PEHHsI HHTEPBLIOHPYEMOro JHua Ha
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CHTYallHI0 4acTO B KaKOH-TO Mepe oTpaxaeT ero Cy0heKTHBHOEe MHe-
Hue. Beerna BaxHuo pasiHyarh QakTh M MHEHHS —H Te M Apyrue He-
06XoQMME M LEHHH, Ho oOpamarbcs ¢ HAMH ClelyeT NO-pasHOMY.
Hayuaomuii npobaeMHyl0 CHTyalHio HOMXKEH TaKXe NOMHHTb, 4YTO
ero coGcTBeHHHe npenybex/eHus ¥ CyObeKTHBHbHlE MHEHHs NpHIAIOT
onpefle/IeHHYI0 OKpacKy npoueccy o6HapyxeHus u cb6opa $akToB HIH
HCKaxaloT ero. ToT, KTO HMeeT ONMHT paboTh B 3TOH obJjactH, HHOrAa
CKJIOHEH K OBICTDEIM YMO3aKJIOYEHHS M, OCHOBaHHEIM Ha ONEITEe pelle-
Hus 3ajau, BCTpeyaBlIHXcs B npouioM. ITockonbky odeH» Mano 3afay
B TOYHOCTH IOBTOPSIOT APYr Jpyra (eciH BooOlle 3TO HMeeT MeCTO),
OH HEe [OJXKeH CJHUIKOM HOJIaraThCs Ha CBOH IPONULIBIA OMNHT H 00s-
3aH 1m03a6OTHTBCS O TOM, YTOOH €ro JOrajk#d W npefybexpaeHus He
HCKa3HJIH HCTHHHOTO NOJIOXKEeHHs Bellel.

TTocne cbopa Bcex HEOOXOAMMEIX AAHHBEIX M3 JOKYMEHTOB H HHTEp-
BbIO HM3y4YAlOIH# [OJKEH NOoCTaparbCs BCIOAY, TAE 3TO BO3MOXKHO,
NpPHHATHL JHYHOe yyacTHe B paboTe CHCTeMbl WJH NO KpaliHeli Mepe
Habnofarb ee B JeficrBun. Mops u KumGena [13] yreepxkpalor, uTo
H3y4aouui ROJKeH «JjieraTh Ha OoMOapAHPOBINHKE, COBEPIIATH IMO-
e3fikH B aBroOyce, paGoTaTh ONEPAaTOPOM DPajHOJOKAUHOHHOH CTaH-
IMH WM NPOJaBIOM B MarasiHe — B 3aBHCHMOCTH OT OOGCTaHOBKH».
Eciau OH He MOXET JIHYHO NpPHHATH yyacTHe B paboTe CHCTeMH, OH
JoJKeH 10 MeHbllel Mepe Habmiofarb ee JeficTBHe B uesqoM. OH R0J-
JKeH MPOCJIefHTh MPOXOXK/AEHHEe NPHKa3a 110 3BEHbSIM CHCTEMEl, BHAETh

neficTBHsT pacyera, OOCIyKHBAIOIIEr0 DPAaKEeTHYIO YCTAHOBKY, HabJio- !

[aTh 38 XOAOM MaHEBPOB WJH CTOSATh BO3J€ BXOJa B YYpEXKIeHHE H
HaGmonars. IIp TakoM y4YacTHH OH He TOJNBKO IIPOYYBCTBYET OCO+
GeHHocTH pPaGOTH CHCTEMB H OLEHHT HCXOAHHE JaHHBlE, IOCTYNalo-
[[He H3 APYTHX HCTOUYHHKOB, HO CMOMKET TaKKe MHOrOMy HaydHTbCH

y JiofeH, MOBCeAHEBHAs AESATENBbHOTh KOTOPHIX OTPaxKaeT CyHleCcTBQ

(YHKUHOHHPOBAHHS CHCTEMH.

TIpu 3THX ycJaOBHAX MOXHO HaledTbCs, YTO HaOJIOAEHHS H JIMYHO
y4yacTHe, MHTEPBBIO H aHaJH3 AOKyMeHTauuH OyAyT crocob6CTBOBAT
(HOpMHPOBAHHIO NPaBUJILHLHIX NPEACTaBJ€HHil O CHCTeMe H O TOM, Ka
OHa AeACTBYeT B peajbHHIX HJIH IIPEANONaraeMuX YCJAOBHAX. DTH I

T'H, MMeIOLl{e IeJbI0 BHIABHTb (AKTHYECKOe MOJIOXKeHHe BellleH, 0Ky

HEl GEITb XOPOIIO JOKYMEHTHPOBAHH, H KaXAHH (parMeHT HHpopMma~
UMK HaJJIeXHT NpPOBEPATb H NepenpoBepsTh JJf TOro, uTobn yo6es
DHTBCA B ero fAocroBepHoctH. YacTo crnpamuBaioT: «3aueM BaM BCE
3TH NOoApOoOHHE CBefeHHuss (WM IS Yero BaM TepSTh BpeMs Ha Ha#
6JII0fieHHE 32 OmepalHsMH), KOTZa TAKOH-TO MOXKET BaM Bce 006 3TOM
pacckasaTts?» OTBeT Ha 3TH BONPOCH COCTOHT, KOHEYHO, B TOM, YT
AJs yclexa HCCAeNOBaHHS HACTOJNbKO BaXKHO HMeTh 6ecnpHCTpacTHLIE,
He 3aBHCsIIHe OT CyObeKTHBHHX OIEHOK (aKTHYecKHe MNaHHHE, 4Tl
BCE OHH HOJIKHHl ObITh NPOBEPEHHl W IepenpoBepeHEl He3aBHCHMO O
TOT0, H3 KaKHX HCTOYHHKOB IIOJIYUeHH.

B rnoc. E MOTDHi
Mo Megcneﬂ};g}l{x;r};xeﬂ};i;ﬁena); MEl ({))accmorpxm 'HEKOTODHE BO3MOXK-
QIH. BaHH HHQODMAaLHUH, BHSB i rd
TOHCK2 H 0OHapyXeHHs (akro e 5 HanCagen nC
B, ¢ Leabjo obecreunts 6
dexTHBHOE MX HCmOMBL3OBaHHe K i iaatel
- @K YKasHBaJoCh panee, Hi
BCEro ‘Heo0XOHMO mONyqHTH ¢ i terne Mo
2 CTaTHYECKOe NPELCTABJEHHe N
MoM cHCTeMHl. [ng 3Tof memn m sat rpre
orna 6 GHTL HCHoO,
yoit ¢ : JIb30BaHa rpynma
Tuugcxggnﬁggje ;eiﬁg;aé;gmr)pym MOXXHO HasBaTh rpymyoy cgc}«;ma-
A M |Ha3BaHHEM MK MNOHHMaen
Tueck: €M BCe MeTOoAH
2, BKIIOYaOlHe rpadyyecKkoe [PEACTABIEHHE PAGOTH cncge-

MOKHOTO X0fa COOHITH B peafibh

BITHIE a/IbHOM MHDE, 5TH MeTOln T ‘
gé)}(:flCTaBJIﬂ}OT 0G0l oCHOBHO¢ opyxue HHXeHepa, Oﬂnp ;Ieununﬂa%}:g(—)
KyMeHl;ﬁ;o;ﬁ% Hqcroém nomoqﬂ HCCIIENI0BATeNI0 TAYGKe HORATS | 10
CIeAYeMbIl Npollece HIH ¢ HCTe-
KyMen ; VHKIHOHHPOBAHHE CUCTE-
0TSl B HACTOsNlee BpeMs HMEeTCHi MHOMKECTBO METoROB cxeuffr;-

orj - 3leck : X R
Teg:glp:g?xlces; K:ller paccmorpenneM’ s texmomordueckux kag?
d X RuarpaMM, MHOTO(YHKIHOHa: pal y
. ; NIBHBIX JMarpair !
pauuii, 6nok-cxeM u Opramurpa p 4 3 yact
MM: Jlpyrue Meroan HE' -
HHKAX, NOCBfIIEHHHIX CoBepIe ) Sonerse Ty ® Lhics:

€HCTBOBAHHIO NPOHU3BOJCTEA - ||

a i
aHANH3y MEeTOOB ynpaBieHHs npoasabnc'mo;p[ﬁ 7] ) [3’ 4
. ’ ' '

2.4. TexHonoruueckue Kaprid

TexHonornuecka ca X et |
sl KapTra mpouecca -npe, ' O

TEJIbHO HPOCTOE B MCMOMB30Ba 70 H mpemocLooo oTHOCH-
ACTAILHOIO MO3TAIHOIO ™ ONHCAHHY Tofo;

cHM : )

One;ggg;, If:m*opme TO3BONAOT HALANNO MPEACTABHTEL’ GOMBIANCTHO
» BCTPEUAIOMHUXCA IPA U3y yeHuH $YRKIUOHRPOBatHS cHeTer-

5195 .
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Kpy*ok o6o3Hauaer onepayuio, B Pe3yJbTaTe KOTOPO¥ YTO-TO NMPOH3;
BONATC WIH B XOfe KOTOPOH HaMepeHHO HSMEHSIOTCH (HSHIECKHG
HIH XMMHuecKHe CBOBCTBA OGBeKTa, YTO-TO CO3faeTcs, pacuwieHseTcd
HIH cobupaercs, DTH ONepaluH NPOAYKTHBHHI, HANPHMEp MeyaTaHHe
CTDAHHIH TEKCTa, CBEpJIEHHE OTBEpCTHS, CBapKa A€Taid H T. .. Bu-
uhc/IeHHs], IVIaHHpPoBaHKe W c6op WHYOPMAIHH TaKMKe CYHTAIOTCH Ome-
palHsaMH. ' : :

Crpesika 0603HayaeT ABUKEHHE WIH TPAKCNOPTUPOBKY. Sror 3HAK
oToGpaaer [BHKEHHE PACCMATPHBAEMOTO fIpefMera OT OXHOTO MpO:
H3BOJICTBEHHOTO YYacTKa K XPYTOMy HJH H3 OJHOTO OTfAea B APYrof.
Ha TeXHOJOTHYECKOH KapTe JIOGHE NepeMelleHHs BHYTDH 30HbL HEmO-
CpEJICTBEHHOTO OCYIIECTBJIEHAS ONepaliH, TaKue, HaNpHMep, KaK B3,
THE MHCTPYMEHTa, NepeMellleHHe OTYETHOrO AOKYMEHTa Ha CTOJe HC
HOJHHTENS W T. 1., CUATAIOTCH YACTbIO ONEPAnHH, a He TPAaHCIOPTHy
poskoit. Ho eciin 4esoBeK MM NpeMeT JOJIKeH MepeMECTHTRCS B ApY
roe MecTo, TO 3Ta OIepamuf ROJNKHA 0003HAYAThCS KAK TPAHCIOPTH;
poska. HHOTZla TOJIE3HO BHYTPH CHMBOJA, 0603HaYaOLIEr0 TPAHCHOP;
THPOBKY, CTaBHTb GyKBY, yKasHBaIOMlyi0 Ha cnoco6 TPaHCHOPTHPOBK
nanpuMep «I'»> —rpysoBuk, «T»-—Tpadcnoprep HJH «JI» — Au@T.

KBazpar 0603Ha4aeT KOKTPOAb HIH CpABHEHHE Pe3yJbTaToB C 12
HOBHIMH WJIH CTaHAAPTHHIMM TOKa3aTeNSMH, B TOM 9YHC/IE NPOBEPK
eIHHULH TPOAYKLHH NO KAYEeCTBEHHEIM M KOJMYECTBEHHHIM TIOKa3a
TeAsIM, KOHTPOJIb DE3yJbTATOB HCIHTAHHA, NPOYTEHHE JOKyMEHTO
nepes MPHHATHeM ONpeaeseHHOro pelleHus H T. A Tloacuer geranef
BHISIBJIEHHE OMIHOOK B AOKYMeHTE, cpaBHEHHe. IOJyYeHHHX A2HHHX
MpeAMIeCTBOBABIIIMH YKa3aHUAMH — BCe STH NeHCTBUS OTHOCATCH K
OmepamnHy KOHTPOJS H. HOJKHEL 0603HaYaThCA MPAMOYTrONbHHKAMH. B
MHOTHX MpOLECCAX KOHTPQJb YacTO COBMemaercd ¢ APyroi omepaus
efl; HampHMep, NPH HojcueTe Jeranel mepex HX OTrpyskofi paGouH
NIPOH3BOZMT TAKKE.HX OCMOTP. B aToM cllyuae Mbl MOXKeM ynotrpe
6utb B2 CHMBOJ1a, BIIACAB KPYKOK BHYTPb KBaJpaTa.

IMposepsieT, KOHTPOJNHPYeT

3apepxHBaeT, 0XKHAAET

Xpa}m-r, HaKanJauBaeTr
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_Nponucnas Gykea D ymorpeGasteres anisi 0Go3HaueHHS BpeMeH-
HElX 3a0epacex (ot auri. delay), HanmpuMep, KOrAa YesUBeK NpepHIBa-
er paboTy, WK MHCbMO JIEKHT B MOYTOBOM SIIHKE, OXHIAsl BLIEMKH
WIH JaHHEIE, KOTOPHE JO/KHH OHTb HepelaHH cO CIyTHHKA Ha Ha-
3eMHYIO CTAHUMIO MO CHCTEME TENeMETPHYECKON CBASH, OMHIAIOT CBO-
el ouepelu B ?ytbepﬁOM 3anoMHHaiomeM ycrpeiictee. HMapgenns, oxu-
naleﬁ:; cBOeH OYEpeIH Ha COOTBETCTBYIOLIEE oﬁcnymaaﬂué, 803}
13 OXKH

npxlénoﬁ éyxsoi??)?mne TOrpy3KH, TaKXe NOMKHH 0603HaYaTbest mpo-

TpeyronbHuK 0603HaYaeT HAKONAEHUE, XPAHEHUe, UTO HMEET MeCTO
TOrJid, KOTAa JAeTalH WM H3JeNHs NpefHAMEPEHHO XPaHATCA B mac-
CHBHOM COCTOSIHHM, HANDHMED 3anyacTd Ha CKiafle, HHpOpMauust B
onepaTHBHO# TmamAtH IBM HIH Ha JleHTe A/ NOCTENYIONEro Hc-
MoJIb30BAHHUSA, 3amHCH B haiaax.

Pasnuune Mexjly XpaHeHHeM H 3a/epXKOH COCTOHT B TOM, uTO
NepBOe IJIaHHPyeTcA M OCYIIECTBJISETCH NMpeJHAMEPEHHO, B TO B’peMﬂ
KaK BTOPOE He MOAYHMHAETCH KOHTPOJIIO H He MIaHHPYeTcs.

Pacnonarast sTuM uiH mONOGHHIM HAGOPOM CHMBOJIOB, Mbl MOKEM
onucatk JIO0Yi0 NpoueNypy HAHM mpomecc. TexHosornueckass xapra
CTPOHMTCS CPABHHTENBHO NPOCTO H MOXKET HMETb HECKOJDbKO Pasiny-
unixX opu. Ilpocrefias 3 HHX MoKasawa Ha puc. 2.1 H oToGpaxkaer
XOJL omepanM#, KOTOphie BHINOJHSIOTCS HAf ONHHM H3HesiHeM. Takas
KapTa mpeicrapiaser cobof MOC/eOBATENbHHIR KoMmeHTapnﬁ K TO-
My, YTO TNPOHMCXOAMT C ONpeleNeHHOH AeTaJbl0 HIH YeJOBEKOM B TO
BPCMsi, KOTJla JieTa/b Mo/Bepraercs o6paboTKe, a YeJOBEK COBEpIIAeT
ACHCTBHS, BHITEKAIONHe H3 KOHKPETHOH 3afayH. B TexHosoraueckyio
KapTy MOTyT BKJIOYATLCA M JAPYIHE NOJeSHHE CBENCHHS, KaK, Hamph-
Mep, MpOiJEHHHEH NYTh; BpeMs, NoTpeGHOe A PA3THYHBIX oﬁepaum“a-
BpeMeHa 3a/lepXKeK H T. II. '

Hpyrum crocobom BH3yaNH3aUHH 100X TPOLECCOB ABJASETCH HC-
NOTb30BAHHE TeXHOAO2UHeCKOU Ouazpammb, TAKOTO THIA, KaKas mo-
KazaHa Ha pHC. 2.2, B COYETAHHH C TEXHOJOTHYECKOf Ka];TOfr'l Texwo-
‘loruyeckas AHarpaMMa Jaer HaM BO3MOXKHOTb OTOOPa3HTh );011 npo-
lecca, kak Gbl HAJOXKEHHOTO «Ha MECTHOCTb» TOTO PEasbHOTO NPOH3-
BOACTBEHHOTO MOMENIEHHS, TAe STOT Mponecc npoTekaer. Onepauun H
?ng: COOHITHS TPOHYMEPOBAHHl TaK, YTO MH MOXEM CPaBHHTb HX
e ofloruyeckoi Kaproit. Takas cxeMa NO3BOAAET BBISBHTH Y3KHE
T T4 1Ipouecca, rfe MOTYT BOSHHKHYTb MOMeXH H.CHHSHThCS. 3(dek-
C;Ig;l(oﬂc;i BCEro NMPOH3BOACTBEHHOro KoMmaekca. Jas asyqeﬂﬁsi- GeJee
o RHED Mo:oe};l)(aunn,‘npn KOTOPHIX oﬁpaﬁaruaaeTca HECKOJIbKO H3ie-
B (;(;TB;a 1x{{Tom-mooJlmoro«)mxymema, MOTYT HCIO/NB30BAThe
Sorhas nnargaMM.H COYEeTaHHH TEXHOJIOTHYECKHX KapT H TeXHO-
Hmllp:;;}l:tﬂocqem, TOJIE3HHIM CPEACTBOM CXeMaTHYeCKOTO MpeAcTalie-
fiple graac st MHO?OdIyHKuuq‘Haﬂbﬂaﬂ Ouazpamma onepayuii (mul-

ivity chart), B KoTOpO# CBelleHHS O HEKOTOPHIX HeTasisix npo-
5!
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ecca COMETAKTCA C CONIACOBAHHHIM BDEMEHHEIM IpadHKOM MHOXKE- 2.5. BAOK-cXeMbl H OPraHHrpaMmbl
¢TBA NapafieJbHBIX onepanuii. MHOroQyHKIHOHAJbHASL AMarpaMma
03BOJISIET OTOGPA3UTb HA IIKAJE BDEMEHH TPEOYEMYI0 KOODAHHAIHMIO
neficTBiil MeXAy ABYyMs MM GoJjiee JIIOAbMH, MAlTHHAMH HJH KOMOH-
HalusMu Tex W ApyrMx. M oToT MeToA mo cymectsy npoct. Ha wmHo-
ro®yHKIMOHAJIBHOH AHATPaMMe DErHCTPHPYETCA BpEMd, Heo6X0anMoe
IS BHIOJHEHHs. COBMECTHOIH DaGOTH JIIOAbMH, MalUIMHAMH HIH TeMH
u Apyrumu sMecre. OCHOBHEIE CHMBOJIEIL, HCTIOJB3yEMbIE B CXEMaX 1O

Baok-cxeMa — Bemp no HAee YypesBHHUANHO NpoOCTas, HO NPH CO3-
HaHuH MOJENH 3TO, GLITb MOJKET, CaMBIHl NOJeSHEH MHcTpYMeHT. [Tpo-
crefimye G6JIOK-cXeMBl MpeAcTaBieHH Ha puc. 2.4 M 2.5. Baok-cxema
0TOGPAXKAET FJIaBHHE 3JE€MEHTH, MJH TNOACHCTEMH, MOJENIH M TOKa-

Mlg/ymo/ Acmporabm A Acmporabm & Acmponabm B

ROGHOrO THNa, MPEACTABJIEHH B TabJHIe: o fomobum nameper dns TomoBum 03opydobamue
| ancnepusenma A s sncnepumenma A Cbododen
YenoBek Mawuua 10 T a3 N
2 Npobodum sxcnepumenm Tpobodum snan
JA A
Jio6ast pabota wau meatenb- | Jlo6as paboTa Han omepa- .
HOCTD, He 3aBHCAINWE HH OT | LHS, BHMOJHAEMHe MalIHHOA 3]
MalmMH, HH OT APYTHX MofieH | 6e3 BMellaTeabcTa OMeEpa- 20
Topa B
3 ¢
PaGora, BHmOMHseMas co- | Bpems cosMecTHmX AeftcTBHi 3 bododen %ﬁ;ﬂz%’gm Todeomatubaem
BMECTHO ¢ MamuHOft Wi ADY- | MAIAHH ¥ oneparopa 30 —
THM YeJOBEKOM; CHMBOJ 060- 7
3HayaeT TaKxke BpeMs COB- ]
MecTHO#H DPaGoTst = /jpobodk 7
3 TpoboBum sxcnepumenm
E 5
BpeMsi OXHIaHHA MaluHb | BpeMs oxmpaHms omeparopa 40—
MM LPYTOro uepoBeKa B
{Ynanobslbaem mamepuars
50 —ancnepumenma
Ha puc. 2.3 B KauecTBe IpHMepa NpHBEAEHA MHOTO(YHKIMOHAIBHAS E
guarpaMma AeHCTBHH IPyNNbl KOCMOHABTOB. Taxue AHArpaMMbl NpH- oo

MEHSUTHCD B KOCMHUECKOH IporpamMme AJisl H3yueHHs! MPOLeAyp QYHK-
IHOHAJbHO! TPOBEPKH Y3JOB H TNPEANYCKOBOTO OTCYETA BPEMEHHM, A/
W3yueHHs HCTIOJb3OBAHHS BPEMEHH KOCMOHABTAMH H LA pacuera Bpe-
MeHH TPOBEJIeHHSI HEKOTOPHIX SKCMEepHMEHTOB. B GoabHHIAax mnoxo0-
HHe MHOTO(YHKIMOHANbBHEIE AHATDAMMHl IIPHMEHAIOTCH AJISL M3YdCHHS
XOja ONepanMil ¥ CHTYallHi, BOSHHKAIOMHX B KIHHHIECKHX sna6oparo-
pusix. TIocKOJBKY B GOJBIIHHCTBE CJIOXKHHX CHCTEM MHOTOQYHKIHO-
HaJbHHE ONEpalyy COBEPLIAIOTCS OAHOBPEMEHHO, TakHe AHArpaMM

MO3BOJISIOT OLEHHTD, B KAKHX CJyqasiX B MMHTAIHOHHON MOJEJH JOJIK-
HL HMETh MECTO KOMOHHHpOBaHHHE, a B KAKMX He3aBHCHMHE el
cTBHA.

Puc. 2.3. MuorodyHKuHoHaNbHas AHarpaMMa omepauuil.

3LIBAET CyHIECTBYIOIIHE MEXAYy HHMH B3aRMOCBA3H., CTpeJkaMH ykKa-

SHIBAIOTCS HAMpaBJIeHAs CBsi3ell MeXAy 3/7eMEHTaMH, a CaMH 3JieMeH-

TH (noZcHCTEMH) H306paXaloTCst NPSIMOYTOJBHHKAMH C TOSICHSIOLIH-

MH HafNHCSIMH BHYTDH.

( Heckonbko 60see cioxkHas 60K-cXeMa NpHBOARMAACh B . |

CIE:I\C/I 1.3). B 6sok-cxemax 9T0ro THNa (OGHYHO MMEHYEMHX JOrHde-
¥ AnarpaMMaMH) Hapsify € HPSIMOYTOJIHRKaMH ' HCIOJIB3YIOTCS
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HEKOTOpHe clelHaJbHEIE 0003HAaueHHd, NPUHATHE Y IPOrpaMMHCTOR
OBM H cucTeMHHIX aHAJHTHKOB. JlJs Halkx uejefl (pakTuyeckH mo-
TpebyeTcs TOMLKO LIECTH TAKHX 3HAKOB.

PaccmoTpuM i mpuMepa XOpOIIO BCeM 3HAKOMHIE mpolecc —
3aMeHy chnyctupmieli aBTOMOOH/IBHOM IHHH. OpraHArpaMma 3TOro
npoliecca HsoGpaxkeHa Ha puc. 2.6. OHa cOepKHT HECKOJNBKO ajibTep-
HATHBHHIX BETBeH, OfHA M3 KOTOPHIX NMOPOXKAAETCA COGHITHEM <«UIMHA
cHycTHIa». B 3aBHCHMOCTH OT TOTO, CHyCTHJIA JIH TEpefHss HIH 3af-
HsSl WHHAR, HEOOXOAMMH pasHue feficTBud. ITogoGHHM ke 06pasoM
pasHble TOCIEeAOBATENbHOCTH AeHcTBHA GyAyT BHOMpPAThCS B 3aBHCH-

Bsod-évi80d. JTio60k mporece, -MpeoGpasyiomui- HHGOPMALHIO B'
$OpMY, AOCTYNMHYIO A OGPAaGOTKH MM PErHCTPALHH.

\

Q6paboTka ungopmayuu. 3HaueHHe 3TOr0 CHMBOJAE, KOTOPHf MO-
‘noGeH HCMOJIB3yeMOMY B OJIOK-CXeMaX AJf OTOGpaXKeHHs omepa- Xpanene
umuii, B AaHHOM c/yyae orpaHniHBaeTcss ¢YHKuHeh OCHOBHOH 00- unpopmanu
aGoTKH HHOPMALHH. -
P dop S
e | ~N
e ¥ ~

PHIX "BO3MOXKHO JBHXKEHHE MO PasHHM aJbTEPHATHBHHIM MyTAM B
3@BHCHMOCTH OT HAJHUHSI T€X WJH HHHX YCAOBHiL. Bxod Onpoc Obpadomna unpap- Fesynomam Boixod

— (npuem > Mayuu u npuramue > (pusuvecnoe dedim- >

ungopmayuts) pewenus: bue umt cbass) ,

. ) Puc. 2.4. OyHKUHH Ye/10Bex0-MAUIMHHEIX CHCTEM.
Junus cesasu. YxasnBaer Ha aBTOMATHYECKYI0 Mepexayy HH(OP-

MauHH 3 OfHOro MYHKT2 B APYrofi.
MOCTH OT XapaKTepa OTBe€Ta Ha BONPOC, HaKayaHa JH WIHHA Ha 3a-
nacke. KpoMe Toro, morpebyeTcs HECKOIbKO pa3 MOBTOPHTH WHK,
TpHBEJAEHHH} B NIPABOK YaCTH OPraHHIPaMMH, €C/H HECKOMbKO 3anpo-
IIEHHHX CTAHUHUH TeXOOCNyXKHBAHHS HE BHIULIIOT [OMOIb.

DTOT mpHMEp AEMOHCTPHPYeT NPEeHMyIeCTBa ONHCAHHS CHCTEMH
C TNOMOLIbI0O OPTraHMIPaMMBl MO CPABHEHHIO CO CJOBECHHM ONHCAHH-
eM. YcTHOe MJHM NHCbMEHHOE OMHCaHHe SABJSETCA IO CaMol cBOeil
IPHPOZRE MOCTE0BATE/NLHEM,. DTO 3HAYHT, YTO MOCAE TOYKH NPHHATHS
pewlenusl (MOCTAaHOBKH BOTNpPOCa) B ONMMCAHHH MpoLecca NMPHXOLHTCS
Crepsa HATH AO KOHLA 1O OJHOH BETBH, a 3aTeM BO3BPATHTHCS K TOY-
KC MPUHSATHS PEWIEHHsT H CIEA0BATh 10 APYroil BETBH HJH HECKOJBKHM
BeTBsiM. [T03TOMy H TOBOPAT, 4TO CJOBECHOE ONMHCAHME CHCTEMEl $IB-
JI€TCst MOCNeI0BATEIbHEM, JHHEHHHM M ONHOMepHHM. Oprasurpam-
Ma Xe ONHOBPEMEHHO NpEACTaB/seT Ape HAH Gosiee BeTBH Ipouecca,
TaK YTO ONHKCAHHE C €e NMOMOUIbIO SBJISETCS MHOTOMEPHHIM, mapaJ-
JeJibHEM. [IpeBOCXONHOE H3JIOXeHHe NPOLELYP COCTABJIEHHS Opra-
nurpamm gano Bosem [5]. '
I'nasHoe HasHayeHHe OpPraHMTpaMM H (W) G6/IOK-CXEMH COCTOHT
B TOM, YTOGH NOMOYb B f€JI€ aHAJNH3a CHCTEMH NOCPENCTBOM BHISBJIE-
HHs cBsi3ell B ee JIOTHYECKOH CTPYKTYpPe H B3aUMOOTHOWIEHHH MeXAy
SMEMEHTAMH CHCTEMHL. 3TO OCOOEHHO BAXKHO Ha 3Tane ONMHCAaHus CH-
CTEMpI, MOCKOJIBKY B 3TO BPEMS MH 3aYacTyl0 He 3HAEM, KaK CHCTEMa
paboraer (unu poskHa paGoraTs). B BHAe 610K-CXeMH HJH OpraHu-
TPaMMEI MBEL MOXKeM TpEACTaBHTb CHCTEMY BECHMA BHICOKOH CJOKHO-
cth. Ilpu sTOM 4acTo ypaeTcsh BHSABHTH, YT HMEHHO B CHCTEME He-
H3BECTHO, 6/1arofaps YeMy CHCTEMHH aHaJHTHK NOJyYaeT AOCTATOY-
HEIE OCHOBaHMS AJIsl 3AK/MOYEHHs, 4TO HM YYTEHH BCe acleKTH paBoTH

Coedunutess. Touka BXOZAa H3 HHOW 4acTH GJOK-CXEMH WJIH BH-
X0Ja H3 AAHHOJ ee 4aCTH B APYrylo,

Oxoneunvttd 620k, Hayano, KOHEN HJAH TOYKA MNpEpHBauHs Aed-
CTBHAI CHCTEMbI.

: ﬂpunﬂrue peuienus. I’ICHUJIb3yeTCﬂ JJIs YKa3a8HUs TOueK, H3 KOTO-
i

OpraHurpaMMma B OCHOBHOM COCTOHMT H3 JIMHHH, COEAHHSIOLIUX CHM-
BOJIH HJIH TIPSIMOYTOJIbHHKH (GJIOKH), BHYTPH KOTOPHIX JenaloTcs Co-
KpauleHHne Hagnucy. CHMBOJHN NPeACTaB/SIOT TPYNNH 3JeMEHTapHBX
maros (omepauuii), oTo6pakalOmHUX NOBEJEHHE AHAJIH3HPYEMOH CH-
CTeMbl BO BpeMeHH; JIHHHH MOKa3HBAaIOT OTHOWNEHHS MeXAy 3THMH
rpynnaMi. CTpenKk: yKasHBaioT Halpas/ieHHe ABHKeHHs WH(OpManuHu
HJIH TIOPsiZIOK BHNONHeHHs onepauuii. Haanucu BHYTpH cHMBOJIOB yKa-
3bIB2IOT, YTO JeJlaeTcsl Ha KaXAOM IIare; 3amuch peaju3yeMoro mpo-
Hecca BefeTcs MpHu STOM cBepXy BHH3 (pHC. 2.6). ]

OpraHurpaMMil 06/1aa10T OJZHOH OCOGEHHOCTDBIO, OTJIHYAIOUIeH HX |
OT TPaJHIMOHHHX O6JIOK-CXEM H OTKpHBAalOEH BO3MOXKHOCTL GoOJee:
rHGKOTO BETBJIEHHS peaju3yeMero npolecca: OHa MOXKeT COAepKaTh:
TOYKH TPHHATHA pemieHdsi (suGopa). PasiayuHee JHHHH, BHXORSLIHE
U3 6JIOKa pelleHHs, HMeloT MeTKH (OGHYHO «Ja» HJIH <CHET»), OTpa-f
KalOlHe BHINOJHEHHe HEKOTOPOro ycJOBHS, H Aajiee MPOLECcC Caeny-
€T N0 JIHHHH, CBS3aHHOM ¢ COOTBETCTBYIOUIMM OTBETOM Ha BONPOC, MO-}
CTaBJIEHHBIH 3THM YCJIOBHEM.
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Puc. 2.5. B/0OK-CXeMa 3aMKHYTOH CHCTeMb aAMHHHCTPATHBHOTO YNPABJEHHSI.

nepednezo
Kaneca?
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Puic. 2.6. OpranurpamMma mponecca 3amenst COYCTHBINEHA IMHBL.




76 Taasa 2 . Hccaedosanue cucrem 77

cucreMul. KpoMe TOro, OH HMEET TENephb NEPBYIO CTATHYECKYIO MOAENb
CHCTEMBI, OT KOTODOfi MOXET HayaTh nepexol K AHHAMHYECKOH MO-
JeJd,

LeNbio AaTh 3KCIEPTHYIO OLEHKY HEKOTOPHIM IJIaHMPOBABUIHMCH J0-
GaBl/leHHsIM K OubmnorpadguuecKoMy apXuBy HHQOPMAUHOHHOTO MHEHT-
pa HACA no koMmnoHeHTaM H MaTepHalaM LIS TpOeKTa <ATOJIOH»
(APIC). 3T0T HHOOPMALHMOHHEIR LeHTp OB OCHOBAH ¢ lesbio c6opa,
XpaHeHHHA M PacnpoCTpaHEHHS MHPOpMalHH O YacTAX W MaTepHalax,
HMEBIUHX CyLUeCTBEHHOE 3HayeHHe MM NPOrPAMMH HCCJEAOBAHHS

Teneponnas Junust menemadinnod '
AuUNuUS coasu

2.6. Mpumep onHCaHHSA CHCTEMBI

Urobpl HAIJAAHO NMOKA3aTh NPOLECC MCMOJb30BAHHA OJOK-CXeM H
OpraHHrpaMM, PacCMOTPHM 3Tal OMHCAHHMST CHCTEMH B OJHOM (akTH-
yecKM NpOBOAHBLIEMcS ucciegoBanmu [16]. Hccneposanme uMeno

Predrmfl
Fud,

YECKOZO0 NOUCKA

NMocmynawwue
Jonymenmsr Uewmp odpadomnu
Teseqonnasi anpocol

Sunust
nunus Budeoclssu

Nons3oaame Cpedembe
¢ BoixoBnemu . Y
mepMuHaramd noucka

bubauoepaguvecnud
apxul

AnromupoBanue
Qorymenmob u
3anucs awvomagud
Ha MagKumusle

Jenmsl

JSunus Budeoclssu

JSuwus mesemadnnod cBasu

Puc. 2.8. OGoOmennan GAOK-cXeMa OTBETa Ha 3ampoc.

Jlyrn «Anonnon». Konkperso APIC Hec OTBETCTBEHHOCTH 3a TaKylo
HOKYyMEHTALHIO 1O YacTAM M MaTepHajaM, Kak TeXHHYeckue TpeGoBa-
HHSI, TeXHHYECKHE yCJIOBHS, OLEHOYHEIEe AaHHbIE, TPOTOKONE KOHTPOJb-
HbIX HMCHBHITaHHH, CTaTHCTHYECKHE NaHHHE 00 OTKa3ax, MNPOTOKOJH
KTMMaTHYECKHX HCNBITAaHHH, B TOM YHCJE H HCHHTAHHA B npelesibHLIX
YCNOBHAX, RaHHEIE MO HCHONB30BAHHIO M aKTH TEXHWYECKOH NPHEMKH.

Ha puc. 2.7 u306paxeHE OCHOBHLIE NpPOLEAYpPH HAKOIJIEHHS TeX-
HHYeckol uHpopMauuu. MHbOpMauus, KOTOpast BNOCIEACTBHH MOMKET
NOTPeGOBATHCS, H3BJIEKAETC H3 Pa3IHYHBHIX NMOCTYNAIOIMX AOKYMEH-
TOB ¥ 3anHCHIBa€TCf Ha MAarHATHHIE JIEHTH, cOcTasisiiomue OGuOaHO-
rpaduyecknii apxus. ITocae pericTpauun H3ejedeHHOH HHGOpMAIHH
CaMy ROKYMEHTHl 3aNHCHIBAIOTCH Ha BHACOMAarHUTHbLIE JIEHThHl, COCTaB-
Jsioline 6ubauorpaduyeckuit apxuB. B naibHefilieM HCXOAHBIE HOKY-
MEHTH XpaHfATcH B 00bIyHO# pyuHOH KapToTeKe.

Bce 3ampocsl Ha HHOOPMAUMIO NOCTYHAIOT NO TeedOHY B UEHTP
06paGoTKH 3anpocoB. 3xech HMEIOTCH ABE JIHHHM aBTOMATHYECKOH Te-
7eQoHHON CBA3H; KamIad c- ABYM: TelledpoHaMH, 3ampocH MOTyT M-
CTynate B8 HHQOPMALHOHHLIA 1eHTP a6OHEHTOB, JHO0 MMEIOMHX BH-
XOnHEIe TepMHHaNE], JHOO JIHIIEHHHX HX. BHIXOXHHE TepMHHA/L Ha-
10T BO3MOXKHOCTh NOJIyYaTh OTBETHl HH(POPMAIHOHHOrO lEHTpa cpasy

Pyynas
Kapmomena

Lorymenmanswend
apxus

Aonymenmer Sanucs Gonymenmol
wa Oud

SeHmsl

Puc. 2.7. O0wne npouesyps HaKONJIeHusl ¥ 3aNIOMHHAHHS HHHOPMALHH,
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Nonyyenus
MenePoHND20

Ke N0 JIHHHH TeJleTalilHOH MIu (QaKCHMHJIBHO) CBA3H. BJok-cxema
paborsl HHPOPMALHOHHOrO HEHTPa NpeJCTaBAeHa Ha .pHc. 2.8.

B uenrpe. paGoTaeT TEXHMYECKHH NepPCOHAN, OCYINeCTBJSIOWHA
TIpHEM 3aNpPOCOB, HX COPTHPOBKY H KOJAHDOBAaHHE M OTBeualOIHi 3a

Nanyvene P
sanpoca no Ha nepgpo ~
menegony Kapmax
BB0d sanpoca
Tpoledenue vepes
Pymozo mesemadn
nouska
Cpedemba dud,
Mf';'é’ﬁfm o |Hommymanionend Uenmpanonsii
0 menepony | PO poysccop :
o o o o budnuozpaguvecxuil
apxul
Kyda Nevamarnue
f omlema Ha
unpopmaua?" Byenmp menemaiing
odpadomnu
Ada 3anpocol
Hszomob.renue Ha Bvixodnod
Ronud mepmunan
Oonymenmol
| lodzomoBna amde- Boi308
ma x omnpabre nosme3obameri
""”;‘ no medepony
Puc. 2.9. Cnennaasuuifi (pyaHofi) npucx HHGOPMALHHU.
. ﬂadeo/:mdm Hem
NpaBHILHOCTD HHGODMALHH, paccHiiaeMoll U3 leHTpa. BoaMoXHK TPH " ombema
Kjacca 3ampocos, COOTBETCTBYIOHMe Tpem BHAaM MOHCKa HMHQopma- noasso0amern

IHH — CNEeUMANLHOMY (BPYUYHYIO), GHOIHOrPaMYECKOMY H JIOKyMeH-

TanbHoMy. OprauurpaMMul 1jsi HHX H300paXKeHbl COOTBETCTBEHHO Ha& Puc. 2.10. Bu6morpaguueckuit nonck nEGOPManHH,
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Puc.-2.11. JIokyMeHTanbHBIl TOHCK HHGODM ALK,
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puc. 2.9—2.11. Ilpeacrasasiercsi, uyro 3TH OPraHHTPaMMbl NOHSATHHI
6e3 OOBSCHEHHI, HO, eCcJH HYXKHO, YHTaTeJlb MOXKET HalTH HX NOJA-
po6HOe OmHCaHHe B IpHAOKeHHH A.l.

2.7. KoncTpynpoBanue Mmoaean

B mpouecce npeo6pa3oBanHs HallHX 3HAHHI O CHCTEMe B ee Mare-
MAaTHYECKYI0O MOJe/Ib MBI JOJIKHEI DELIHTh YEeTHpe 3a1ayuH:

1. OnpeenuTs Ha3HauyeHHe MOJEJH.

2. OnpenenauTsh, KakHe KOMIOHEHTEl HOJIKHE OBITH BKJIOYEHH B
COCTaB MOJEJIH.

3. Onpelenuts. napaMeTprl. H NepeMeHHHE, OTHOCAIIHECS K STHM
KOMIIOHEHTaM,

4. Omnpeneaurs (OYHKUHOHAJIBHEIE COOTHOLIEHHS MeXJy KOMIIOHEeH-
TaMH, lapaMeTPaMH H IepeMeHHBIMH.

MOXHO HafeaTbCs TakXe, YTO NOGOYHEIM pe3yJabTaToM 3TOH (asml
obwell OpPHEHTHDOBKH SIBHTCSL ONpeNe/JeHHe TOUHON LEJH HIH Ha3Ha-
4eHHs! NaHHOH NMDOTPaMMH .MMHTALHOHHOTO MONENHPOBaHHS. JKCIe-
PHMEHTH NI0 MOJETHPOBAHHIO NPOBOLATCA C BeCbMa Pa3HOOOPa3HLIMH
UeJISIMH, B YHCJIE KOTOPHX MOTYT GHITb:

1. Omenka — onpejelieHne, . HACKOAbKO XOpOIIO CHCTeMa mpejJa-
TaeMoi CTPYKTYphl Oyier COOTBETCTBOBAaTb HEKOTOPBHIM KOHKPETHBIM
KPHTEPHSIM.

2. CpaBHeHne — conocraBJeHHe KOHKYDHDYIOLIMX CHCTEM, pacCyH-
TaHHBIX Ha BHIIOJNHEHHE ONpeXeeHHON (GYHKUMH, HJIH XKe CONOCTaBJe-
HHe HECKOJIBKHX NpelJaraeMHX .pabOunx NPHHUHIOB HJH METOXHK.

3. IIporHos — oueHKa MOBENEHHS CHCTEMEl [PH HEKOTOPOM Ipel-
TI0/1araeMOM COYETAHMH PabOUHX YCIOBHIA,

4. AHanus 9YBCTBHTENBHOCTH — BHSIBJeHHe H3 GOJBIUIOTO YHCA
ZefiCTBYIOMHX (AKTOPOB TeX, KOTOPHE B HAHGOMBIIEH CTENCHH BIHSA-
0T Ha O6mlee NGBEICHHE CHCTEMH.

5. ONTHMH3AIHS — TOYHOE ONpefedeHHE TAKOTO COYETAHHS nek-
CTBYIOLHX (AKTOPOB H HX BeJHYHH, NIPH KOTODOM OGECIEeYHBAETCS
HAaUNYYIIHH OTKJIHK BCEH CHCTEMH B LEI0OM.

BuisiBienHe  (yHKIHOHAJIBHBIX COOTHOIIEHHH — ONpefe/eHHe
TIPHPOAK 3aBHCHMOCTH MEXAY ABYMS HJIH HeCKOJAbLKHMH JeHCTBYIOLIH-
MH (baKTOpPaMH, C OZHOH CTOPOHH], H OTKJHKOM CHCTEMH — ¢ IOpyrofi.

dror cmHeok HHKaK HeJIb35l CIHTaTh HCYEPTLIBAIOIIHM: B HEM IIPO-
CTO TepevnCJaEHE. HEKOTOpHe HAHGoJee pacnpocrpaHeHHbe UENIH MO-
Aennposannn. Uerkoe onpefieseHHe HasHAaYeHHS MOJENH OKa3HIBAET
CYLIECTBEHHOe BJHSHHME HA Bech NpOLECC ee KOHCTPYHPOBAHHSI H IKC-
TepHMenTanbHOK npoBepkH. Hanpumep, ecnu HasmauemHe MOLENH CO-
CTOHT B TOM, YTOGHl OUEHHTL JeHCTBHTENbHbE XapaKTepHCTHKH HNpOo-
CKTHDYEMOR HJIH CyIIECTBYIOIeH CHCTEeMB, TO 9TO JIOMKHTCH THIKENLIM
GpeMeHeM Ha TouHOCTB MOZesiH ¥ TpeGyeT OT NOCIeHeH BHICOKOlH cTe-
TeHn usomopdusMa. B To e BpeMs, eCqu HasHaueHHeMm MOJIeJIH SIB-

6—195
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JSleTCS JHLIb CPABHHTENbHAsi OLEHKAa JBYX HJIH HECKOJBKHX CHCTEM
HaH paGounx NpOLELYp, MOJeJb MoXeT OBTh NPHTOAHA Aaxe B TOM
cayuae, ecld aGCOMIOTHAs BeJHUHHA ee OTKAHKA HA BHeIUHHe BO3Med-
CTBHS CyIIECTBEHHO OTJIHYaerci OT TOTO, YTO HMeEeT MeCTo B Moje-
JIHpYeMOil cHCcTeMe.

Becb mpouecc NpOEKTHPOBAHHSI MOJENH, IPOBEPKH ee aJeKBaTHO-
CTH, DPOBENEHHS 3KCIEPHMEHTOB H (OPMYJHPOBaHHs 3aKIIOUHTENIb-
HEIX BBIBOJOB TeCHEHLIHM 00pasoM CBSI3aH C KOHKPETHHIM HasHa4YeHH-
eM MoZesH. HeBO3MOXHO NOCTPOHTh MOJEJb, He 3HAST KOHEUHOH LeH
skcnepuMedTa. K coxanennio, pa3apaGOTUHK, NPHCTYNas K COCTaBJje-
HHIO MOJENH, He Bcerja GBIBaeT 3HAKOM C TOCTaBJEHHOK NpoGieMoi
B JOCTaTOYHOH Mepe, YTOSBI BIOCJEACTBHH 3a1aBaTh MOJENH IPaBHIb-
Hele Bonpockl. ITosromy Mopens AomxHa HMeTbh §OJiee HJIH MeHee OT-
KPHITYI0 CTPYKTYPY, C TeM yToOel B mpouecce paGoTH el MOXHO Gbl-
JIO CTAaBHTh JOIOJHHTEJbHBIe BOIPOCH, BO3HHKUIHE B pe3yJbTare IPo-
BeJleHHA HAYaJbHHIX JKCIEPHMEHTOB.

IMocme Toro Kak Mel ompeleinau (0 MeHblIei Mepe KayecTBEH-
HO) KOHKDETHYIO WeJb, JUIfl KOTOPOH MOTpe6OBaNOCh. CO3/aHHEe MOJE-
JIM, HACTylaer 3Tal ONpefeleHHS HEOGXOIHMOrO COCTaBa KOMIIOHEH-
TOB MOJEJH. DTOT 3TaNl NOJApa3syMeBaeT NepedHcjleHHe BCeX KOMIIOHEH- .
TOB CHCTEMBI, BJIHSIOIHX KaK IOJOXHTENbHO, TAK H OTPHIATE/]BHO Ha
s¢¢exrTuBHOCTL ee paGorhl. Ilocse cocTaB/eHHS NOJMHOTO CIHCKa KOM-
IIOHEHTOB JUIS KaXJOro H3 HHX pellaeTcss BONpOC, CACAYET JIH BKIIO-
4HTh ero B coctaB Mofead. Ho sto serve ckasarb, yeM CHenaTh, Tak
KaK Ha NaHHOM 5Tane paspaboTKH MOJENH He Bcerja SICHO, HaCKOJb-
KO BaXeH TOT HJIH HHOH KOMIIOHEeHT MJAs JOCTHXXKeHHsi OOIIef . uesan
mojenupoBanud. IIpy 310M Heo6XOAMMO OTBETHTBH ellle Ha OJHMH BaX-
HBIH BOIIPOC: CJEAYeT JIH BKJIOYHTH JAHHBIH KOMIIOHEHT B COCT4aB MO-
JlelH MJIH XK€ B COCTaB OKpY:KaloHlel cpeis?

IIpu pelueHHH Bompoca O TOM, KaKHe KOMIOHEHTH HaJ0 BKJIOYHTE,
a Kakde HCKIIOUHTb, BAaXXHHM COOGpaKeHHeM SIBJSETCH YHCJO Iie-
peMeHHBIX, KOTOpOe HeOGXOAMMO BKJIOUHTb B Mojenb. Onpejpeintb
YHCJE® SHAOTEHHBIX, HJIH BHXOJHHX, NEpPEMEHHHIX, KaK NpaBHJO, He-
TpyAHo. Ecax xopowo mpopa6oran BONPOC O LEIfAX HJIH Ha3HAYCHHH
HccadeoBaHHs, Tpe6yeMble BHIXOAHBIE MEPEMeHHble NOYTH caMooye-
BHAHH. TpyZHOCTH BO3HHKAIOT NPH ONpeAeJeHHH, KaKHe BXOIHHe Ie-
peMeHHEIE M NEDEMEHHEE COCTOSIHHS BHI3WBAIOT HabuaioJaemble 3dr-
(eKTH M KaKHMH M3 5THX IIePEMEHHBIX HeOGXOMMMO MaHHIYJIHPOBAaTh,
qTO6H HOJYYHTL KeaaeMue 53¢ ¢ekTe. K TOMy Xe 3liecb MBI CTajKH-
BaeMCsl C NMPOTHBOpDEYHEM: C OJHOH CTOPOHH, MBI CTPEMHMCSl CHAeNaTh
MOJle/Ib KaK MOXHO Ipolle, YTOOH 0O6JerYuTh €€ NOHHMAaHHe, YIpo-
CTHTb 3aJauy (GOopMyaHpOBaHHS H IOBHICHTb 3(P(PeKTHBHOCTb MOJLENH-
pOBaHHS; ¢ Apyroft Ke CTOPOHBI, MW XOTHM NOJYYHTb KaKk MOXHQ 6o-
Jee TOYHyio Mofeab. CleOBaTeNbHO, pPeasibHYI0 AeHCTBHTEIBHOCTH
Heo6XOZHMO YIpoLlaTb, HO JHIWDL A0 TeX IOp, MI0Ka 3TO He NPHBOXHT
K CYHIECTBEHHOH IOTepe TOYHOCTH.

HafiTh npaBmibHB 6anaHc He TaK-TO JierKo. $ICHO, 4TO MH He
XOTHM YNYCTHTb HH OJMH H3 KOMIOHEHTOB HJIH HH OAHY H3 IepeMeH-
HBIX, OKa3bIBAIOMHMX GOJblIOE BIHSIHHE HAa NOBeJeHHe CHcTeMbl. OnHa-
KO Ha 3TOM paHHeM 3Tane pa3spabOTKH MOJENH MOXeT GHTb BOQGHIe
HesICHO, KaKOe H3 BO3JEHCTBHii CYHIECTBEHHO, a KaKoe HeT. Tyr Ham
UpPHXOJHMTCA NOJNAraTeCsl Ha 3]PABHUY CMEICA, HHTYHUHIO H NpeALILY-
LIHH OMBIT T€X, KTO XOpOLIO 3HAKOM C CHCTeMo#. BoaMoxHO, oKaxer-
CSl KeJlaTeNbHOH M Jaxe HeOOXONMMON IpOBEpKA MHEHH, BHICKA3HI-
BaeMbIX STHMH CIIELHAJHCTAMH, C MOMOHIbIO SKCIEPHMEHTOB H (HJIH)
CTaTHCTHYECKOTO aHaNH3a HMEIOWHMXCS NaHHHX. Bcerla caeayer crpe-
MHTBCSL K BO3MOXHO GOjlee CTPOTOji NPOBEPKE NPHHHMAEMBIX AOIY-
IeHHH H THIOTES.

Oﬁmquﬂo Ha HaYaJbHBIX 3TANaxX COCTaBJEHHS MOJENH HAGMIOLAeTcs
(mo KpajiHe#i Mepe y YacTH CNEUHANHCTOB N0 AHANH3Y CHCTEM) TeH-
MEHUHS K YYeTy upe3MepHO GOJbLIOTO 'yHC/Ia KOMIOHEHTOB H Tepe-
MeHHBIX. ABTOp coracen ¢ yreepxienneM Akoda u Cacmenu [2],
«4TO ... K&K NPABHJIO, CTEHeHh NOHHMaHHs SIBJEHHS 00paTHO NpONOp-
IIHOHAJIbHA YHCY MEepeMeHHHX, (GUTYPHPYIOWIHX B €r0 ONHCAaHHH». De-
Aa B TOM, 4TO, ecaM Mul OyleM C/eJ0BaTh HALUNM €CTECTBEHHHLIM Ha-
KJIOHHOCTAM, MOJeJIb B KOHIle KOHLOB CTAHET TaKOH CJOXKHOH H He-
MOJATAHBOK, YTO MBI HE CyMeeM HaHTH pasyMHoe 0O0DbsiCHEHHe HH
ONHOMY H3 NPOBElleHHBIX C €€ HOMOUIBIO 3KCnepHMeHTOB. Pasywmeercs,
Ges BO3MOXHG 6ojiee CTPOroro OGOCHOBAHHS MHl He AOJIKHBE HCKITIO-
Yarb M3 DAcCMOTPEHHSl HH -OJHOH -HepeMeHHOR. B 1o e BpéMs .mpu
NOCTPOEHHH MOJeNH B BHAE KOMOWHALMH OTAENBHEIX (QYHKLHOHAJB-
HblX GJIOKOB MOXHO, €CIH 5TQ OKaXKeTcsl XKeNaTelbHbIM, BBOJHTbL I0-
NOJHHTE/BHBIE NEePEeMEHHBIE - HIH KOMIOHEHTH mno3fHee. B Goabliny-
CTBE CA1y4aeB Mbl MOXEM HAa PAHHHX CTaAHX KOHCTPYHDPOBaHHS MOje-
JIH cOYeTaTh B Hell OTAE]bHbIE KOMIOHEHTH H NepeMeHHBe TaKHM
06pa3oM, YTOGH B AajibHERIIEM, KOrAa Mol JyHlle TOHMeM YCTPOHCTBO
H JefdCTBHe CHCTEMH, HX MOXKHO Oyler NpH HeOGXOLHMOCTH pas-
JeNHTh.

Kosb cKOpO pellleHo, KaKHE KOMIIOHEHTH K nepeMeHHble ME BKJIO-
daeM B Hally MOJENDb, HEOGXOAMMO Jajee ONPENeJIHTh QYHKIHOHAMb-
Hble CBSISH MEXIy HHMH, & TaKike 3HAUEHHS HCIOJL3YeMBIX MapaMer-
POB. 31ech mepell HaMH CHOBa BCTAIOT TPYXHONDEONOJHMELE npobae-
Mbl. Bo-mepBbiX, Moxer 6uTh TpyAHo (a T H IIPOCTO HEBO3MOKHO)
KOJHYECTBEHHO ONPEJEJHTb HJH H3MEPHTh HEKOTOphle NepeMeHHHIE,
BaxKHele N/l HOBelAeHHA CHCTeMbl. BO-BTODEHIX, COOTHOWIEHHS MeXIY
KOMHOHeHTAMH ¥ IePEMEHHEIMH MOTYT OHTb HEONpedeJeHHHMH.
B-pernux, meo6xoguMas Ham HHGOPMaUKsA H YHCIOBHE AaHHEE MO-
TYT 16O OTCYTCTBOBATH, MHG0 OHTbL B HENPHTOAHOM /Sl HCIOJB3O-
Banua pupe. Bee atn obcrositensersa Gosee MOAPOGHO paccMaTpHBa-
IoTcst B mocJjeylomKX pasjenax.

6*
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2.8. MojeanpoBaHHe KOMNOHEHTOB

[IbiTasick MOAEIMPOBATH OT/JAENbHEIE KOMIOHEHTHl HJIH 3JeMeHTH
(TOACHCTEMET) CIOXKHOM CHCTEMBI, Mbl CTaJKHBAaeMCS C 3ajJadaMH He-
CKOJIbKHX THIIOB, KOTOPHE B INHDOKOM CMBICIe MOXHO pasjelHTb Ha
npameie u o6parHsie 3adauu. PaccMOTpUM CHCTeMy, NOKa3aHHYIO Ha
puc. 2.12. .

3/eCb MOXHO pAaSJHUHTb TPH OCHOBHHX 0GbeKra — BXoJ, cob-
CTBEHHO CHCTEMy H OTKJHMK, HIH BEIX0oX. UT0GH MOJENHpOBATb TaKoh

Aunamuveckas

0/
Bx cucmema

[ OrON UK

Puc. 2.12. IIpocras cucreMa.

(GYHKUHOHAJBHEH GJOK;, MBI' JOJKHE 3HATb HJIH NPEATNOJOXHTbL H3-
BECTHHIMH JBa M3 3THX Tpex o6bekroB. Ec/iM Mbl 3Haem ypaBHeHHS,
ONHCHIBAIOLIHe NOBEAEHHE IHHAMHYECKOH CHCTEMB, TO MyTeM pelle-

HHSL NPSIMOH 3aJaY¥ MOXKHO HAHTH OTKJIMK CHCTEMB HA 3aJaHHBIA |

BXOJHOH cHrHaa, JTo Haubojee GaH3KasA K Hjealy CHTyauHs, KOTO-
PYIO OTHOCHTEJBHO NIPOCTO MOJEJIHPOBAaTb. YPaBHEHHs MOXHO BHBE-
CTH B XoJe NPOEKTHPOBaHHS CHCTEMH HJH XXe HanucaTh Ha OCHOBE

NpeAbIAYIIEro Kecae 0BaHHs NOTOGHMX cHerem. K 3azavam mogo6HOTO

THINA OTHOCHTCS M TaKasi oOparHas 3ajada: [0 3aJaHHOMY MaTeMa-
THUECKOMY ONHMCAHHIO CHCTEMHE H €€ H3BECTHOMY OTKJIHKY HaHTH BXOI-
HOJi CHMTHaJ, BRISBABIUMI STOT OTKJAHK. DTOT CIyuyaH, KOTJa H3BECTHH
ypaBHEHHs, OMHCHIBAIOIHE CHCTEMY, TpENNOnaraercsl 3aJaHHBHIM Tpe-
6yeMblit cHrHaa Ha BEIXOAe cHcreMH (OTKIHK) H Tpefyercss HaiTH
BXOIHbI€ CHTHAJB, KOTODHE BHEI3OBYT TaKOH OTKJHK, OTHOCHMTCH K
KJIaccy 3aJad ynpasieHus.

Topasno Goudee croxHass ofparHasi 3ajada BO3HHKaer, Korja sa-
JaHbl COBOKYNHOCTH BXOJHBIX M COOTBETCTBYIOUIMX BBEIXOJHBIX CHTHa-

JIOB CHCTEMBI, a HaliTH Heo6XOIMMO MaTeMaTHUeCKoe OonHcaHue camoft i

cHcTeMbl. Dra 3aflaia H3BeCTHa Kak 3adawa udenTuuxayuu WIR
CTPpYKTYpHO2O cunTe3da cucteMbl. TPyIHOCTB 37ieCh COCTOMT B TOM, HTO
OJHO M TO Xe COOTHOLICHME MEXJy BXOJaMH H BHXOJZaMH MOXKET
COTJIaCOBBIBATECA C HECKOJBKMMHM MAareMaTHIeCKHMH BHDaXXeHHSIMH.
[IpeAnonoXHM, HanmpiMep, 9TO Mb BBOAMM B CHCTEMY UEJbEe YHCAA
1, 2, 3, 4, 5, 6 (B ykasaHHOM mOpAAKe) W MoJyYaeM Ha BBIXOJE 4HC-
na 2, 4, 6, 8, 10, 12. 3xecy pasyMHo NPEANOJOXHTb, U4TO €CJIH Ha
BXoje AefiCTBYeT 9HCJIO 71, HA BHIXOJE IOSIBJIACTCS YHCIO 271, H MOXHO
npelcKa3arhb, 4T0 CJAEAYIOUIMMH B BHIXOZHOH IOCJeJ0BaTeNbHOCTH Oy-
AyT derHole ducaa 14, 16, .., 2n. OxHako HCXOAHBIE NaHHHE CTOMh
XKe XOpoLIo cormacylorcs ¢ Gopmyaol

2n4 (n—1) (n—2) (n—3) (n—4) (n—5) (n—6). !
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OcHOBHBasiCh Ha 3TOH (opMyJie, MOXKHO NPeNCKa3aTh, YTO CJIeLyIOHIH-
MH YHCJIaMH B BBIXOJHOH mNOCHeNoBaTeJbHOCTH O6yayr 734, 5056
H T. A.— PE€3YJAbTAT, COBEPIIEHHO OTAHYAOIHAcA OT nepBorol)!
Boo6uie roBopsi, Ha3HaueHHe KOMIIOHEHTOB CHCTEMH COCTOHT B TOM,
yToOH TNpeo0pas3oBhHIBAaTH BXOJHHIE CHFHAJH B BEIXOAHMbE., MMerorcs

[r— | .

A. lpeodpasobarue

b, &;opmupodna

B. Odpamwuas cbs36
Puc.’2.13. OcHOBHBIE KOMIIOHEHTH CHCTEMHI,

TPH PasHbHIX BH/JA KOMIOHEHTOB, COCTABJSIOMHX OCHOBHBIE (YHKIIHO-
HajibHElE OJIOKH CJOXHBIX  cHcTeM: 1), sAemenTer -npeobpasosanus,
B KOTOPHIX OJMH HJIH HECKOJbKO BXOJHHIX CHTHa/oB, Gynyun: o6pabo-
TAHHBIMH HEKOTODBIM HamepeX 3ajaHHBIM obpasoM, mpeoGpasyiorcs
B OJMH HJIM HECKOJIBKO BHIXOIHBIX CHFHAJIOB; 2) 3AEMEHTbL COPTUPOB-
KU, B KOTODBIX OJMH MJM HECKOJbKO BXOJHBIX CHTHAJIOB paciipefe-
Js10Test (COPTHPYIOTCS) IO ABYM MJIH HECKOJBKHM. Da3HHIM BHIXOLAM;
3) aaemenror 06parroll cen3u, B KOTOPHIX BXOZHOH CHIHAJ HEKOTODHM

. ) Ipumep saumcrBoBan 3 kuuru E. B, Wilson, J i ien-
lific Restarety, New Yo Jogy, Kuart . , Jr., An Introduction to Scien




86 I'rasa 2

o6pasom H3MeHsleTCS B 3aBHCHMOCTH OT BBIXOAHOIO CHTHajla. DTH
$yHKUHOHANbHBIe OMOKH CXeMaTHYeCKH IOKa3aHm Ha puc. 2.13.

B 3aBucMMOCTH OT Ha3HauyeHHS MOJeEJH HaC MOXKeT HHTEPecoBaTh
Ju6o crneuuduyecKni Xxapakrep paGOTHl KOMIOHEHTa, JHGOG TOJIBKO
BpeMs, KOTOpOe HeOOXOAHMO KOMIIOHEHTY AJISI BHIIIOJHEHHS CBOeji pa-
Gorel. [Iponece nmpeobpasoBaHHs MOXeT OHITb JHGO OeTePMUHUCTCKUM
(BBIXOZHOH CHIHaJ ORHO3HAYHO ONpejensieTcsi BXOAHEIM), Ju6o cTO-
xactuyeckum (UPH 3aJaHHOM BXOJZHOM CHTHAJje 3HaueHHEe BHIXOAHOTO
curHana HeonpeleseHHoe). B mo6oM cayyae cremeHn TPYAHOCTH,
C KOTOpPOH MbI OmnpejeJsieM H 3aJaeM CTPYKTYPY KOMIIOHEHTOB CHCTe-
MBI, BeCbMa CH/IbHO 3aBHCHT OT Hallero aNpHOPHOTO 3HAHHS CHCTEMEL
Ecan npupoja HccieayeMoro npolecca COBEPLIEHHO HeH3BECTHa HJIH
H3BecTHa BechbMa cs1a00, MBI HMeeM Jeso ¢ 3ajayeil uAeHTHPHKALUH
ueprozo Awjuxa. B s1oM cayuae cHcTeMy OOBIYHO NBITAIOTCS ONHCATH
JIHHEAHHMH HJH HeJHHeHHBIMH YPaBHeHHSIMH OCWUX NepefaTOYyHBIX
XapaKTepHCTHK. B JpYTHX cayyasiX, 0HaKO, MBl MOXEM MHOTOE 3HaTh
0 NpHPOJe NpoUecca H HCNBITHBATH HEJOCTATOK CBENEHHH JHUIbL O
KOHKDeTHHX 3HaueHHSX HEeKOTOPHIX IapaMeTpoB. Takywo npobiaemy
HHOIJla Ha3HBAT 3ajauell HAEHTHPHKAUHH Cepo2o AUUKA.

Kak yxe oTMeyasoch, MyTb, KOTOPHIM MH CJl€LyeM, NHITasich Hail-
TH CTPYKTYPY HJH NPHPOAY Npollecca npeo6pa3oBaHusi B KaXKAOM
KOMIIOHEHTe CHCTEMBI, 3aBHCHT OT HAlIero aNpHOPHOTO 3HAHHS CHCTE-
mel. IIpexXHHH ONBIT NOCTPOeHHS MOJe/Nedl NOKa3hBaeT, 4yTO paspa-
GOTUHK MOJe/H HepeAKO NONajZaeT B HEKOTOPHIE THIHYHBIE CHTYAIHH,
H, B YaCTHOCTH, B c/lefylomue [2]:

1. CTpyKTypa CHCTEMBI JOCTATOYHO XOPOIUO H3BECTHA HJH HACTOJb-
KO 1POCTa U NPO3PAayHa, uYTO ee MOXKHO BHISICHHTH NyTeM Hemocpei-
CTBEHHOIO H3YueHHsI WJIH e o0CyXKIeHHs C TeMH, KTO paspabaTeiBal
HJIH 3KCIIyaTHPYeT KOHKPETHYIO NOACHCTEMY.

2. CTpykrypa He OueBHAHA, HO NPEACTABJIAETCSl aHAJIOTHYHOH He-
KOTOPOH CTPYKType, IS KOTOPOil CYHIECTBYET TEOPETHYECKOe OMNH-
caHHe.

3. CTpyKTypa CHCTeMbl He SICHAa, HO €€ MOXXHO BHISIBHTh H3 CTa-
THCTHYECKOTO aHa/luM3a NaHHHX, ONHCHBAIOMHX paGoty cucreMH. [Ipu
3TOM 06bIuHO TpelyeTcst 3HAHHEe HEKOTOPHIX NEPEMEHHBIX, HIPalollHX
BaXHYIO POJb B NMOBEJEHHUH CHCTEMHI.

4. HeBo3MOKHO Pa31eNHTh myTeM aHaIH3a HAJHYHBIX TaHHBIX 3¢-

(PEKTBI, BHI3bIBA€MBbI€ OTAEJNbHBIMH IepeMeHHbIMH, H 3TO HBIHyXXAaeT

Hac OGPaTHTBCA K SKCHEPHMEHTY.
5. HUKaKHX JaHHBIX OTHOCHTEJbHO PAaGOTHl CHCTEMBI HET, H HEBO3-
MOXHO NPOBECTH Haj Hel NMPSIMOi SKCHEPHMEHT.

B nocrefyomux pasgelax Mbl PacCMOTPHM HEKOTODHIE.CTATHCTH- |

YeCKHe H HHBle MEeTOAbl, KOTOphIe MOTYyT OGHITh NONE3HH KaK TIpH oIpe-
AeJe€HHH, TAaK H IPH ONHCAHHH COOTHOINEHHH MEeXAy KOMIIOHEHTaMH
H NEepEeMEHHREMH CHCTEM.
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2.9. Bri6opouustii meros Mourte-Kapao

PassirpriBanue BLOOPOK 1o Meroay Monte-Kap/io siBasiercst ocCHOB-
HBIM NPHHUMIOM MOJEJIHPOBAHHS CHCTEM, COAEPXallHX (CTOXACTHUE-
CKHE HJIH BEPOATHOCTHBIE sieMeHThl. Ero 3apoxienue cBsisaHo c pa-
Goroit ¢on Hefimana u Yiana B kouue 40-X rOf0B, KOIJa OHH BBeJH
TepMuH MonTte-Kap/io u IpHMEHHAH 5TOT METON K PElUeHHI0 HEeKOTO-
PHX 3alay 3KPaHHPOBAHHS SNEPHBIX H3JIydYeHHH. DTOT MareMaTHyec-
KHH Merox GBLT H3BECTEH YXKe MHOTO JIeT, HO CBOe BTOPOE .DOMKJLE-
HH€ OH Iepexua, Koraa Hamwesn B Jloc-Anamoce npumeHende B 3a-
KPHITEIX Pa6oTaX Mo siAePHOH TEXHHKe, KOTOPHE BENHCh TOJ KOAOBHM
HassaHuem «Monre-Kapio». [Ipumenenne Merofa oKasanock HACTOJb-
KO YCHEWHBIM, YTO OH NOJYYHI PacHpPOCTPAHEHHE H B APYTHX o6Ja-
CTSX HAaYKH H TEXHHKH, TaK YTO TeNePb MHOTHM CHELHaJHCTAM TEPMHH
«MeToX Monte-Kapaio» mpeicTaBisieTcsi CHHOHUMOM TePMHHA <HMHTA-
IHOHHOE MOJeNHPOBaHHe». XOT HaHGOMBIUYI NOMB3Y BHIGOPOUHBIX
Meron Monre-Kap/io NpHHOCHT IPH MOAENHPOBAHHH BEPOSTHOCTHBIX
CHTYaUHi, OH NPHJIOKHM TAKXKe H K HEKOTOPHM IOJHOCTBIO J€TepMH-
HHCTCKHM 32/a4aM, He HMEIOHIHM aHaJHTHuYecKoro peurenns [12].

B merone Monre-Kapno aansbie npeiulecTsyioWero ommTa Bhipa-
GaTHIBAIOTCSL HCKYCCTBEHHO MYTEM HCIIOMb3OBAHHA HEKOTOPOTO T'eHepa-
TOpa CYJafiHBIX YHCEJ B COYETAHHH C MHTErpaibHON GyHKUHeR pac-
Tpe/e/IeHHs] BEPOSATHOCTEH JJSi MCCAEeAYyeMOro mpouecca. TaKHM reHe-
patopoM moxer ObiTh TabuHla, KOJECO PYNeTKH, noanporpamma SBM
HJIH KaKOH-IHGO APYrofl HCTOUHHK PABHOMEDHO PAcHpEeNeNEeHHBIX CJay-
uafiubix uncen. Ilopnexauiee pasHIPHBAHHIO pacupefeneHHe BepPOSAT-
HOcTell MOXeT GBITh OCHOBAHO HA SMIHPHYECKHX LaHHBIX, H3BJICKAEMbIX
H3 paHee cOPMUPOBAHHHIX 3aMHCEH, WIH HA PE3YILTATAX NOCAELHETO
SKCHepUMeHTa MH60 MoXer NpefcTaBasTh coG0l H3BECTHOE TeopeTHue-
CKoe pacmpefiesiente. CaydalfHble YHCIa HCHOAB3YIOTCS A/l MOJyue-
HHSL THCKPETHOTO pfAAA CAYYafHBIX NMepeMEeHHBIX, HMHTHPYIOHMIETO pe-
3y/IbTATHl, KOTOPHIX MOXKHO OBLIO GBI OXHAATb B COOTBETCTBHH C Pa3bl-
TPLIBaeMbIM BEPOSITHOCTHBIM PaclpejeleHHeM.

Crnoco6 npuMeHeHus MeTona MoHrte-Kapio no ujaee g0BOJBHO
npoct. Uro6Hl MOMYYHTL HCKYCCTBEHHYIO CIYYafHYIO BEIGOPKY M3 CO-
BOKYIHOCTH BeJHYHH, ONHCHBaeMOH HeKOTOPo#l (yHKuHeli pacmpene-
JIEHHs] BePOSATHOCTEH, CIeayer:

1. ocrponts rpaduk MM TaGmuIy HHTETpadbHOR GYHKWEH pac-
pefesieHHsl Ha OCHOBe Psifa YHCEN, OTPAKalOUIEro HeCaeTyeMHi mpo-
Uecc (a He Ha OCHOBEe Psifia CAyYafHEIX UHCea), NPHYEM SHAYEHHS
ClyuafiHolf mepeMeHHOM mnpouecca OTKAagwbBAlOTCS MO OCH aGCIHCE
(), a snavennust BepostTHOCTH (0T 0 KO 1) —no ocu opzuuar (y).

2. C noMoupio reHepatopa cayyafiHHX WHceJ BHOpaTh caydafinoe
Aecsitnynoe yueao (CH) B npemenax ot 0 zo 1 (c TpeGyembim dwc-
JIOM Pa3psiaoB).
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Bssip ellle HECKONBKO TaKHX BHIGODOK, UHTATENb JIETKO YGELHTCH
B TOM, YTO ONHCHIBaeMBI MeTOJ 06GJaaZaer SIBHHIM BHYTPEHHHM CMBIC-
aom. Ecau ucnoabsyemele cayuafiible uMcaa ReHCTBHTENBbHO pacipe-
JeJileHbl PaBHOMepHO (T. e. KaxJAoe u3 yuceq ot 00 fo 99 umeer ofuHa-
KOBYIO BEPOSITHOCTb NOSABJEHHS), TO Ka)Joe H3 3HAYEHHH HCCAELye-
MOH BeAHYHHH _GYAET B. IpOLECCe ONHCHIBAEMOTO ' MBICJAEHHOTO
IKCHEPUMEHTAa HOABJATLCH C TAKOH K€ OTHOCHTENBHOH YacTOTOH, Kak
H B <peajsbHOM MHpPe», OLHAaKO HCCIeIyeMas BeJIHUHHA NpHOGpereTr

3. [IpoBecTH TOPH3OHTANBHYIO NPAMYIO OT TOUKH HA OCH OPIHHAT,
cooTBercTBylomleil BuGpanHomy CU, mo mepeceuenHs ¢ KpHBOH pac-
apefeneHds BepoSTHOCTEH.

4. OnycTuTh H3 3TOH TOUKH TepecedyeHHs MePHEHIHKYJNAp HA OCh
abeumce. . )

5. 3amucarb NoJdyueHHoe 3HaveHHe Xx. JlaJee oHO TpHHEMaercs
Kak BeIGOpOUYHOE 3HAUYEHHE, )

6. IToBTOpHTh WIArH 2—5 ajd Bcex TpeGyeMBIX CIyyaHHBIX Nepe-
MEHHBIX, CJELYS TOMY NOPSLAKY, B KOTOPOM OHH OLLIH 3aNlHCAaHEHL.

OG61iui CMBICJA 3TOr0 METOJA JIETKO NMOHATh € MOMOLIBIO OYeHb MPo- 1,0
cToro mpumepa o0paGOTKH SMIHPHUYECKHX AaHHBIX. IlycTe MBI HMeeM I
CHCTEMY, B KOTODPO# 32 KaxAblii 10-MHHYTHBIH MepHoA YHCIO KIHEH- 0.8 '
TOB, HYXXZalOMHXCH B OGCHYXHBAaHKHH, COOTBETCTBYeT PacnpeleeHHio, L .
mpHBeleHHOMY B TabJHILe. J|
0,61~ i
:
YHCIO K/IHEHTOB BeposaTHOCTh Kymy1saTHBHAsE BePOATHOCTB 0.4
. 4
0 0,40 0,40 0,2l
1 0,25 0,65 B
2 0,20 0,85 0 L ! I :
3 0,15 1,00 0 7 2 3

Yueno Kouenmob

ITpeAmosoXHM, YTO Mbl XOTHM NPOBECTH MBICJACHHBIH 3KCICPHMEHT
JJsi UATH TepHOAoB BpemenH. Jasi 3Toro CHauaja CTpoHM TpadHK
pacupejeneHHsI KyMyJSTHBHOH BEDOATHOCTH, Kak 3TO IOKa3aHO Ha
puc. 2.14. Janee Gepem H3 TaGJHUB! CHyYaHHBIX yHCes (IPHJOKEHHE
B.1) nfite ABy3HAYHBEIX UHCeJ H Hepe] KaxkAbiM H3 HHX CTaBHM Jecf-
THYHYIO TOYKy. Kaxknoe H3 3THX HSTH UYHCeN HCHOJb3yeM JJs ompe-
JleJIeHHs] YHCJIa KAHEHTOB, NOSBAAOMKMXCA B JaHHOM INlepHOJe Bpeme-
HH. Ecan cayuaiineie uncna cyrs 09, 54, 42, 80 u 20, nosyynm pesy.s-
TaThl, yKazaHHsle B Ta6a. 2.1. . ‘

Puc. 2.14. Pacnpesesiende KyMy/NSTHBHHX BepOSTHOCTel.

cnyuafinpiil xapakrep. Takum 06pasoM, MPOBOIS MBICHEHHEIH SKCIEpH-
MEHT IO, OTpPefeNeHHIO YHCIA KJIHEHTOB, HYXK/AAIOWMXCA B 06CAYXKHBa--
HHH B KaxAbH 10-MHHYTHHIH NepHOA, MBI NOXYyYaeM pe3yJabTATH, TH--
IHuHEle A5 QAaKTHYECKOro NPEeNINeCTBYIOMEro NOBEJEeHHSl HCCaenye-
MOH CHCTEMEI.

B namoxenHom mpuMepe Mbl 6paiy THCKDPETHHE 3HaUeHHS BEPOST--
Hocrell. Ecan pacmpenenenne BeposTHOCTEH HempephIBHOE, CHOCOG-

Tabauya 2.1
Peanusauns no merony Moure-Kapao nas pacnpenenenus pe. 2.14

UPHMEHEHHS METOJa OCTAHETCSl TAaKHM Ke, TOJNbKO KpHBas pacipefe-
Tlepox Bpesern Cayuatisoe wnca0 . [ — AeHust GyAer He CTymewdartol, a maaBHof (puc. 2.15). IMTockoaeky B
. OKDYKajollleM Hac MHPE BECbMa 4aCTO BCTPEYAeTCS HOPMAJbHOE, HJIH

: 0.0 0 fayccoBo, pacmpejeseHHe, OKasajoch leqecoo6pasHEIM 3apaHee BH-
YHCIHTE ero KO3 (HUHEHTH; COOTBETCTRYIOUIas Ta6iuUa NPHBeleHa B

2 0,54 o1 npuioxenuu B.2. dra TabaHua HOPMadbHO PACHpEAETEHHHIX Caydad--

3 0,42 . | HBIA YHCEJ CHpaBelJiHBA JJIS HOPMAJLHOTO 3aKOHA CO CpPeIHUM 3Haue-

4 0,80 9 Huem pu=0 u cpennexBaspatuueckum oTkaonenueMm (CKO) o=1. Uto-

s 0.20 Lo Obl MOAYYHT: HOpPMAJBHQ pacnpefieeHHyo caydafiHyl0 HepeMeHHYIOo-

. AN COBOKYNHOCTH C M3BECTHHIMH NAPAMETPAMH M, O, HaJO B3SITh H3:
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Tabauya 2.2

raGauub HopManbHoe cayuafiHoe uwncao (HCY), ymHOXHTH ero Ha
Meron Monre-Kapno nas nopmamsHoro pacnpenenenns p— 100, o= 10

CKO u pe3yabTaT CJA0XKHTb CO CPEJHUM 3HaUEHHEM:

Hopma/ibHO pacnpenenennan) .\, 1 (HCU) o,
c.nyqam{aﬂ HEPEMQHHQH HopMmasnbHoe ctyyaiikoe 4HCAO BblyhcaieHne X
IMoabaysick TabJuLaMu NpHAOKeHHH B.1 H B.2, MBI cIlepBa BXOAHM
B Tabauny B J060f TOUKe MO cBoeMy BHIGODY, a 3aTeM BHOCHM B MPO- 0,90 100 +10-0,90 109,0
mece BblﬁopKPl TaGJHYHBIX 4HCEJ DeryJsfPHOCTh TOTQ HJIH HHOTO pPOAa. 1,17 100 4 10-1,17 11,7
W0 . —1,50 100 + 10 (—1,50) 84,9
—0,69 100 - 10-(—0,69) 93,1
1,37 100 + 101,37 113,7
Yyp————-
|
| OK43bIBAIOTCSL TOJBKO T€, YTO yxe mnpousownd. CiaegosaTesbH
Heo0Xoxu 5 pe
] 00XOXHMO TPEATIOJIOKHTb, YTO OCHOBHAs (opma pacupejeseHHs Be-
| POSITHOCTEH OCTaHETCS] HEH3MEHHOH BO BPEMEHH M 4YTO €r0 0COGEHHO-
' CcTH, omcﬁ:ﬂnmec;l K ONpeNe/IeHHOMY MePHOAY BPeMeHH, 6YIyT MOBTO--
) PATBCS.  5O-BTOPLIX, HCHONBL3OBAHHE TEOPETHUECKOro paclpeeseHHs
B GOJLIUMHCTBE C/lyuaeB JAaeT JyulHe PE3yibTarThl C TOUKK 3penus

Cayvadnas nepemennast 3aTpaT- MAalIMHHOTO BPEMEHH H TpeGyeMoro ofbema namsTd SBM
B-TpeThbux, mpU HCHMONB30BAHUH TEOPETHUECKOTO pacnpejeneHus ro-
Pasno Jerye usMeHsTh MapaMerpul TeHepaTopa CAyYaifHBIX YHCEN, KO-
Aa TpebyeTcst IPOBEPHTh UYBCTBUTENBHOCTh MOAETH HJIH «IPOHTPATHY-
Ha HEH PA3IHYHEIE BO3MOKHBIE CHTYAIHH.

MBl y6ex/ensl, uTo, €C/H eCTh BO3MOKHOCTb HCIOMb30BATD Teope--
THYECKHE DACHpefeleHHs!, MOJe]b, KaK IPAaBH/Io, ToJyYaercs GoJgee
noJesHolt. IlostoMy unenecoo6pasuo Cpasy Xe, MOJb3YSCh OJHHM H3.
METOL0B, paccMaTpHBaembix B pasi. 2.12 u 2.13, nposepuTs, He corna--
cylores JM HMeIOWHecs SMOHPHYECKHE JaHHHE C H3BECTHHIM DAcIpe-
AejeHHeM (Ha CTATHCTHYECKH NPHEMJIEMOM JOBEPHTEIBHOM ypOBHE)..

hCJIH aa, T y
s o TEOD p P
' 0 CJelyeT BOCIOJb30BATbCA TEOPET HYECKHM acrmpenpeJe:

Puc. 2.15. MeToa MouTte-KapJio npH HenpepuIBHOM paclpene/eHHH.

[1peAnoIoKEM, UTO JKENaTeJbHO B3sTh BHIGOPKY H3 NATH CJyYafHBIX
3HayeHUH B HOPMAaJbHO paclpeJeleHHOH COBOKYMHOCTH CO CPEIHHM
snavenuem 100 m CK=10. O6pamaeMcs K Tabiauue B NPHJIONKEHHHY
B.2, 6epem u3 Hee NMATh HOPMAJbHHX CIyYaHHBIX YHCEN H TMOJCTABJS-
eM ux B ypasHente x= 1004 (HCU) 10 (ra6x. 2.2).

B 31Ex npumepax cayyadHble NepeMEHHBIE BHUHC/IAAHCH BPYYHYIO
Tlpun MAIIHHHOM MOJENIHPOBAHHH BHiUMCJEHHE C/yyaHHBIX epeMeHH b
ofecneuydBaloT MallHHHBE NOANpPOrpaMMEL. B GOJBIIHHCTBE BBIYHCI
TeJIbHHX HEHTPoB B GHO/HOTEKe NPOrpaMM INoJb3oBaTesed HMeETCs#
reHepaTopsl CAyYaHHbIX MepeMeHHBIX A/ HauGosee pacnpoCcTpaHeHHBM
3aKOHOB pacupelesenHs. B mpunoxenun b mpusefeHo HECKONBKO Ta-
kux QOopTpaH-IporpaMm IJs uuTaTenel,, KoTophle paHee He HMeNnN
BO3MOXHOCTH C HUMH NMO3HAKOMHUTBCSI. .

[lpu paspaboTke HMHTAuHOHHON MOJENH, COAEPKAUIeH CTOXACTH
yeCKHe U/ BEPOSITHOCTHHIE 3JEMEHTHI, BCErJa BOSHHKAET BONPOC, ClIeH
nyer au npu Merofe MoHre-Kapio mpuMeHsiTh HENOCPEACTBEHHO MY
NHpHYECKHe JaHHbBIE HJIH XKe HYXHO BOCIOJb30BATHCS OJIHHM H3 Teopey
THYECKHX pachpelesieHHil. DTOT BOIPOC OUEHb BaXKeH H.(dyHAaMeHTae
00 Tpem NpUYHHAM. Bo-MepBhiX, NPH HCIOJIB30BAHHH «CHIPHIX» 3MIAY
PHYECKHX AAHHBIX MOJAPA3yMEBAETCs, YTO MOJENHPYETCs TOJbKO NMPout
soe. JlaHHBIE, MOJYYEHHbE B IPOLLIOM TOAYy, CTPOTO TOBOPs, 0TOODaH
JKaloT JHIIb TOTHAllHee MoBEJeHHe CHCTEMBl; BO3MOXKHBIMH COGBLITHAMM

2.10. 3apava o nbsHOM npoxoxkeM

. nl:ﬂgg.z[ﬂx HJLTIOCTPALMH METOJa PACCMOTPHM KJIACCHYECKYIO 3a1auy-
Sarymon P?p(l)_}comem, KOTOPYIO Ha3EIBAIOT elle 3ajadell O CayyalEOM
S - LIPEANONOKHM, YTO MbSHBIA, CTOS HA YNy YJIHIH, pe-.
o porysisiThCsl, 4TOGH pasornarb xMeab. Ilycrb BeposTHOCTH To-
e o ;J, AOCTHTHYB QUEPEJHOTO IEPEKPECTKa, OH MOHAET HA ceBep, IOT,.
e Kmm 3amaj, oIMHaKoBE. Kakosa BeposTHOCTH TOTO, UTO, MPOii-
R BAPTaJOB, MbAHBIA OKaXerca He jallee AByX KBAPTAJIOB OT Me-
» Tlle OH Hauaa IPOryJaKy?
44HeM C TOTO, YTO 0603HAYHM MECTONOJOXKEHHE TbAHOTO HA KK~

JOM mepekpecTKe IBYMEPHBIM BEKTOPOM (X, Y), rae X — nanpagaenue-
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¢ BOCTOKAa Ha 3amajg H Y — HanpasiedHe ¢ cesepa Ha lor. Kaxnoe
TepeMellleHe Ha OQHH KBApTal K BOCTOKY COOTBETCTBYET IpHpaille-
pHio X Ha 1, a Kaxkaoe NMepeMelleHHe HA OJHH KBapraJj K 3amany —
ymenpmennio X Ha 1. [Togo6HeIM ke o6pasoM TNpH NepeABHIKEHHH

Yemarobume
z=0
y=0
N=10

Beidpamn
bysraunsie
caysadnsie

wucra
¢y

Puic. 2.16. OpranurpaMma MOJie/IH NOBeJeHHA MbSHOTO MPOXOHKEro.

IbSHOTO HA OJMH KBapTal K cesepy Y yBenHuHBaercs Ha 1, a Ha OJHH
kBapTan K iory Y ymenbluaercs na 1. Temeps, ecin Mu oGosHaunM Ha-
yasnbHoe modoxenke (0,0), To HA KaxA0oM 3rame mporyixa Oynem Tou-
HO 3HaTh, I'leé HAXOAHTCH MbSHHN OTHOCHTENBHO 3TOr0 HAYaJbHOTO
nonoxeHusl. Ecin B KOHIE NPOTYJKH NPOTSKEeHHOCTBIO B 10 KBapraios
OKaMercsl, 4To cyMMa abcosioTHHX 3HaueHHi#t X u Y Gosbwe 2, To,
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Tabruya 2.3
Pesyabrartei- Mogeaup NbSAHOIO NMPOXOXKEro
Omnit 1 Onmt 2 Onnt 3 Onnit 4 Onbir 5
E&Ogrgi}:; CU  wmecrono- | CY wmecrono- | CY  mecrono- [ C4  mecrono- | Cd  mecrono-
X eRHe J0Kenne JI0K eHHe JI0XeHHe JIOXKeRHe
1 73 0, 1110 1, 0 0 1, 0 06 1, 0 64 0, 1
2 21 1, 1{8 1,—1 88 1,—1 95 1,—1 76 0, 0
3 45 0, 1|14 2,—1 10 2,—1 |04 2,—1 |79 0,—1
4 76 0, 0]81 2,—-2 04 3,—1 67 2, 0 |54 0, 0
5 96 0,—1]30 1,—2 |48 2,—1 51 2, 1 28 —1, 0
6 94 0,—2|91 1,-3 19 3,—1 9% 2, 0 |05 0, 0
7 53 0,—1| 06 2,—3 4 2,—1 73 2, 1 71 0, 1
8 57 0, 0}38 1,-3 21 3,—1 10 3, 1 75 0, 0
9 96 0,—1|79 1,—4 95 3,—2 76 3, 0 |53 0, 1
10 43 —1,—1(43 0,—4 |11 4,—2 |30 2, 0 |29 —1, 1
Ycnemno? Ha Her Her Ja Ja

C/JE€0BATEeNbHO, HAll NBSAHHK ylieJd oT HAaYaJbHOH TOYKH GoJblie YeM
Ha JBa KBaprasna.

[TocKoMbKY MBI YCIIOBHIKCE, UTO HA JIOGOM ITePeKpecTKe (BKJIIOUAS
HAYAJIbHYIO TOYKY) BEPOATHOCTh AaibHeHLiero JBHXKEHHS B JIO60M
HANpaBJEHHH OJHHAKOBA, JJSl Ka)XJOTO HaNPaBJEHHS! 3Ta BEPOSAT-
HOCTb No/XHA OnTh paBua 0,25. ITosroMmy, 4TOGH peliHTh, B KaKOM
HaNpaBJICHHH FePoOi SKCTIEPHMEHTA MOMAET Jasblle, Bo3bMeM DA JABY-
3HAYHHX CAyyalHHX uucesd (Mo OZHOMY HAa KaxKIMWH ePeKPecToK).
YcmoBumces, 9TO, €CAM CIyyaliHO® YHCIO JEKHT B npepenax or 00 xo
24, mpsAHHE TOMJET Ha BOCTOK, H ME yBesivuum X na 1; ecau or 25
o 49, ou mofiner Ha 3anaj, u Mul ymeHelnM X Ha 1; ecam ot 50 mo
74, ou mofiger Ha ceBep, u MM yBenmunM Y Ha 1; HaKOHeL, eCiIH cay-
HaliHoe YHC/IO JEXHT B Npejesax oT 75 Ko 99, MeAHBIY no#ger Ha ior,
" MH ymerblinM Y Ha 1. Ha puc. 2.16 mokasama oprasmrpamma ua-
Weit moaenH, a B Tab1. 2.3 NPHBEIEHH pe3yabTaTH MOJENHPOBAHHA
At OATH OMHTOB. OueBHAHO, NSl MOMYueHHS Xopolleil OUEHKH (ak-
THUECKOH BEPOATHOCTH TOTO, YTO NPOTYJKA 3aBEPUIHTCS He Jajiee IBYX
KBapTanoB OT HayalbHOM TOYKH, NATH ONHTOB HEAOCTATOYHO, BONPOC
O mpaBuJbHOM BHOOpe o6beMa BHGOPKH paccmaTpHBaercsl B I, 5

2.11. UnenTHdHKaUHT 3aKOHA pacnpenenenns

Ecnu HeKoTopHE H3 5I1eMEHTOB CHCTEMH BefyT celsl CTOXACTHUEC-
K, To B mpouecce 0GLIHON0 MOJIGIHPOBAHHS HECKOIBKO Pa3 BO3HHKA-
€T 1poGaema: KaK MPOBEPHTL COBMECTHMOCTb HKCTIEPHMEHT ANbHLIX AaH-
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HBIX C HEKOTOPHIM TEOPETHUECKHM pacnpejeienueM? Huaue rosops,
BO3HHKA4eT BONPQC: COOTBETCTBYET JH 4acToTa Hab/lofaeMbIX MHOIO
BHIGOPOUHBIX 3HaUeHHH TOH YacTOTe, C KOTOPOH OHH JOJXHBL OB HO-
SIBJAATBCA NPH HEKOTOPOM BEPOSTHOCTHOM paCHpelelIeHHH, OTBeualo-
HIEM ONpENeJEeHHOMY TeopeTHYeckoMy 3akoHy? Ecau yacrtora naGuaio-
naeMbIX COOBLITHH (3SHaueHHH H3MepseMoli BENHYMHEI) OJH3Ka K BeJH-

0,300F-

0,200 —

0,100 }— ]

] | L —

45 55 65 75 85 §5 105 115 125 135 145 155

Puc. 2.17. TucrorpamMma AJas AaHHHX Ta6ua. 2.4.

YHHe, NpeAcKa3bBaeMoli TeopHel, TO B JaJbHEHUIEM MOXHO CTPOHTB

MOoJ€eJb HCXOOHBIX HJIH OXKHIAaeMBIX coOBITHI HA OCHOBE TEOPETHUYECKOro [

pacnpejeseHHs.. .

OG6BIYHO MBI HE B COCTOSIHHH BBICKa3aTh Pa3yMHYIO JOTaJKy (THmo-
Te3y) OTHOCHTEJbHO pacHpelesieHHsi clIydaiiHol NepeMeHHOH, moxa
He cofepeM H He IPOAHAJH3HPYeM JHOCTATOYHOE KOJHYECTBO OTHOCH-
MHEXCS CI0Aa OOBEKTHBHHX (YUYETHBIX HJH SKCIEPHMEHTAJbHBIX) IaH-
unix. Co6panubie gaHube oOLIYHO CYMMHDYIOT B BHJAe pacnpeje/eHHs

OTHOCHTE/IBHBIX 4acTOT (THCTOTPAMMBI); TaKas THCTOTPaMMa NpHBE- |

nesa Ha puc. 2.17. Ecau Mbl HMeeM JeJlo ¢ JHCKPETHOH NepeMeHHOf,
TO 3aMHCBIBAEM YaCTOTHI OSIBJECHHS KaXKJOTO H3 €e BO3MOXKHHIX 3Haue-
puil. Ecau mepeMeHHasi HempephiBHasi, pa3OHBaeM Bech- JHalasoH ee

3HauYeHHH Ha DaBHBHIE HHTepBakn (TPYNNB) H 3aNHCHIBaeM YacTOTHI ]

nosiBJeHust KaxJaofi rpynnel. Uncso rpynn o6eiuo GepyT B mpepenax
or 5 10 20 B 3aBHCHMOCTH OT KOHKPeTHBIX XaHHBX. Toraa orHocHresn-

Hast 4acToTa AJs KaXXIOH Pynnsl pdBHA YaCTHOMY OT AeJleHHs HabJio-
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JaeMOTO 4YHc/ia coOGHTHH JaHHOH rpynnel Ha ofmlee YHCIO COGBITHIL
Taba. 2.4 u puc. 2.17 WAMTIOCTPHPYIOT MOPAAOK TaKoH 06PabOTKH SKc-
NepHMEHTAJbHBIX JAHHBIX NPH HENPEPHIBHOH mepeMeHHol, a Taba. 2.5
u pHc. 2.18 — npu auckperHok. )

3aKOHYHB IOCTPOEHHE THCTOTPAMMBI, aHAJHTHK NEPeXOMHT K MOJ-
Gopy NMOAXOASMIEro K NaHHOMY C/ydalo TEOPETHUECKOro 3aKOHa pac-
NpeJeNeHHst BEPOSITHOCTEH; ycnex 1oro Jeda GyAer Bo MHOTOM 3aBH-
ceTb OT €l0 3[PaBOTO CMEIC/IA H ONBITa Pabothl. IlepeHil cnoco6 — BH-

0,700 -

T

0,600

0,500

T

0,400

0,300

0,200

0,700

— T
- I

0o 7 2 3 4 §

Pyc. 2.18. TuctorpaMma A/ OTHOCHTEBHHX YaCTOT NAHHHX Taba. 2.5.

3ya/lbHO CPABHHTL MOJNYYEHHYIO THCTOTPAMMY C HECKOJBKHMH KPHBEI-
MH TEOpPETHYeCKHX pacmpefenennid. Tak, cpaBumBas THCTOTpaMMy
puc. 2.18 ¢ TEOPETHUECKHMH KDHBBIMH, NPHBEICHHBIMH Ha puc. 2.19,
MOXHO BHJETb, YTO OHA [0XOXa Ha pacmpefenenue Ilyaccoma. B 1o
K€ BpeMs rucrorpamma puc. 2.17 cxoXa ¢ KpUBOH HOPMaJbHOTO pac-
npenenenns. OfHaKo TaKkoe BH3yaJbHOE CPaBHEHHEe MO3BOJISET JIHIID
IPElNoI0XKHTb, K KAKOMY TEOPETHUECKOMY paclpefleeHHI0 Halo MO-
IBITATBCSA <«NMOJMOTHATBY IKCIEPHMEHTAJNbHOE, H HHKOTJa He HaeT AO-
CTaTouHEIX OCHOBAHHH, YTOOH OKOHYATENBHO NPHHSATb HEKOTODYIO TH-
TnoTesy (TeoperHuecKoe pacupejeneHue).

Tocae Toro kak aHaAHTHK TOZOGPAN OZHO HJH HECKOIBKO Teope-
THYECKHX pacnpegeneHuii (Hanmpumep, HopmaibHoe, Ilyaccona, GHHo-
MHalbHOe, raMMa-pacnpesesienne H T. 1), C KOTOPHMH, KaK.OH Ipef-
TosIaraer, MOXHO COTJIACOBATh IKCHEPUMEHTANbHNE JaHHBIE, eMy CJle-
AYeT ompeje]HTh MapaMeTpl PACHPENCEHHSI, ¢ TeM YTOOH [OABEPI-
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Tabauya 2.4 Koraa skcnepumentanbubie aannbie pas6uTH Ha TPYNIH, cpefHee
Pacnpenenentie HellebHofl NIPOHIBONHTENLHOCTH H JMCHEPCHIO MOXHO BLIYHCJHTh IO hopMyaaM
- &
Heptenbras npousBOgHTENLHOCT (X) Yacrora’ P (x) 2 M;F;
- : Cpem*ee:X:% ,
- Menee 46 1 0,008 | .
0,008 ! -
46—55 1 S e e
56—65 3 0,025 =
66—75 7 0,058 Jucnepcusi—s? = e R
76—85 11 0,092 i
86—95 21 0,175 Tie 71— NOJHHH 06beM BHGOPKH, fi= Z‘ F;; -
96—105 28 0,234 =
106—115 16 0,134 k — umcs10 rpynn (HgTepBanon BEIGOPKH) ;
116—125 29 0.183 M; — cpepuss Touka i-ro HHTEPBaJa HAH (N8 IHCKPETHBIX JaH-
’ ! HBIX) 3HauYeHHe i-{ [PyNIH;
126—135 7 0,058 I Tabauya 26
136—145 1 0,008 BbiuHcaeHHe CTAaTHCTHUECKHX NApaMetpoB IAs AHCKPeTHbIX NaWHbx TaGnm. 2.5
146 n Buune 2 0,017
120 1,000 M F MF; MiF;
0 315 0 0
Tabauya 2.5 1 142 142 142
PacnipefiencHie OTHOCHTENLHBIX HacTOT TeaedOHHbIX 3ampocos 2 40 80 160
3&‘0)1!!0‘[&(!030“ HHTepBaa d 3 9 27 81
- . 4 2 8 32
Uucao sanpocos N qncn?w?go;iva mﬁﬁepﬁ OTHocHTeNbHas YacToTa 5 . 5 o5
0 o 315 0,619 : 509 262 440
) 1
1 142 ) 0,‘279 1 . 262
2 40 , 0,078 . = ?03—=0,5147
1 .
8 o 0,018 ; . 440 —509.0,51473
4 2 10,004 i =g = 0,6007
5 t 0,002 i
— i ;
509 1,000,y F;—uacrora nosisnenns i-it TPYNIBl HAH {-r0 HHTEpPBaJa.

HYTb HX TPOBEPKe MO CTATHCTHUECKHM KpHrepHsm. Ecau mpeamomarae-

Moe paclpejiesieHue siBasieTcss GpyHKuHeHd IBYX mapamerpoB, NOCJAefHHe :
OOEIYHO YAAeTCsl OUEHHTh HAa OCHOBE BHIGODOYHOTO CPEJHEro H BHEO- j

PouHOR AHCHEPCHH. .

JIf RHCKPETHBIX JaHHBIX Ta6J1. 2.5 Heo6XonHMBle BHYHCAECHHS CRe-
ZeHb B TaGm. 2.6, a [N HeNpePHBHHX JaHHMX Tabn. 24— B
Taba. 2.7,

TlepBonauanbno Ml MPeANONOXKKIY, YTO AAHHEM Taba. 2.5 moxer
COOTBeTCTBOBATE pacupesenenke [lyaccona. Us crarHernka H3BECTHO,
'ITO y 3TOro paciupeseseHus cpeiHee pasHo nucnepcun (oGosmauaercs

7—195
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A), a u3 Tabn. 2.6 BHAHO, YTO /ISl IKCIEPHMEHTAJbHBIX JaHHBIX CPel-
Hee He paBHO aucnepcuu: 0,56147<C0,6007. D10 Morno Gn 3acTaBUTDH

Hac OTBEPrHYTh PHIIOTE3Y O TOM, UTO 3KCIePHMEHTaJbHOe pacrnpeielie-
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~QDDq MY WOAYIED Myt S OX Y GONY HETEPBANE ENEM OFH] TS MECEOD
“BEICORAS 1.BOPRATHOCES § HOMYI GIHA K PAC RONT 9 HUCY ald EDSHINL O co et
-epenugen YR CAGaCQBIDHEH B KA MIOM EAPIEMOHEO M THHYEPBATe (MAAMFHT
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KOHe pachpejeieHHsi, Mbl MOXEM DacCMOTPeTb JBa BHAA HCIBITAHHR
Ha coorBercTBHe. OAHHM H3 MapaMeTPOB, MO3BOJSIONIHX OUEHHTb pac- |
X0XKJeHUe Mexay HabJI0AaeMbIMH H OXHAAeMbIMH YacTOTaMH, fABJf-
erca BeauunHa ¥2 (GJefyer 4YMTaTh <«XH-KBajpaT»). KpuTepuil «xu-
kBaapat» Obla mpeanoxen Ilupconom B 1903 r., XoTS MONHOCTBIO
31oT Merox Obui paspaGoran duuiepoM, onyGauxoBasium B 1924 r,
COOTBETCTBYIOLIHE TaG/JHIBl KPHUTHYECKHX BeJHYHH, KOTODble HCIOJb-
3yloTcs B Hacrosuiee speMst. CTaTuctuka y2 ompelesisieTcs BbIpaie- |

HHEM
2 (fo—Fe)
X 2 fe ’

rae fo— HabalogaeMas 4acToTa AJs Kax/JOH IPyNIBl HJIH HHTEPBaJa;}
fe— oxupgaemasi wacrora Anst KaxAo¥ IPYNNBl WM WHTEPBana;
3

3. Uncao cTyneHeii cBo6GOAB 3agaeTcst BhHIPaXeHHeM v=k—]j—m
rje £ -—YHCAO TPYNN WJH HHTEPBAJOB U M — YHCIO napaMeTpos, on-
pCAC/ISIEMBIX ONBITHBIM MyTeM HJIM HA OCHOBEe BEIGOPOYHBLIX MAHHBIX
JIIS1 BBIUMC/ICHHST 0XKHMaeMblX 3HAaYeHHH 4acToT.

Mpumep 2.12.1

TpeanosioxXuM, uTo Mbl XOTHM NpOBepUTb AaHHble Tabu. 2.5 Ha ux
COOTBETCTBHE pacmpenenentio Ilyaccora mpu JoBepHTE/NbHOM ypoBHe

0,9“5. Mui snaeM, uro pacmpepenenue ITyaccona Bpipaxaerca popmy-
J108

-y
I"ix=n)=Px (n)=L'e

n '

rae P{K=nt—sep0wwocm HaCTyNJIeHuss n cobbltuil; e=2,71828;
A — NONOMUTENLHAS. KOHCTaHTa (KoTopas O}IHOBpeMeHH,O
SABNSETCS M CPEJHUM 3HAYCHHEM, W AucHepcHeldr).
B mpensiaymem paspene Mb mogcuutanum, uro B HameMm cnyyae
3=0,5577; mosroMy rumoresa H, dopMynupyercs clexylomuM oGpa-
SOM: HE HMEETCSl CYIIeCTBEHHBIX Da3H4Hil MeXjay HaG/oXaeMbMu
AGHIHBIMA U NaHHBIMH, KOTOPHIC NOJYHAlOTCA U3 pacnpegenenus Ilyac-
COHA C MaTeMaTHYECKHM OXKHIaHHeM, WIH cpexHuM, A=0,5577. Basas
B dopmyne pacnpemenenns [lyaccona 5To 3HaueHHe A M 3aTeM nox-
CTaBUB mochenoBarenpho n=0, n=1, n=2 u 1. 1., Mbl MONYYHUM JHaH-
HbIe, IPeACTaBJeHHbe B TabJ. 2.8.

3 — mpexckasaHHaT TEOPETHUECKHM DACTpE/E/eHHEM CyMMa mo)

BCEM IpyNnaM W/IH MHTEPBaJaM.

Ecan q2=0, To Ha6110aeMble U TEOPETHYECKH NpejCKa3aHHBIE 3HA
YeHHsl YacTOT TOYHO COBNALaloT; ecayu ke x2>0, TO IOJHOrO COBNAd
nenusi Her. UeM OGoublle BeluyuHa %2, TeM Gosbllle pPacXOKACHHH
MeXXy @abalogacMbMu M OXKuAaeMbiMu 3HadeHusMH. Ecan ¥2>0, T0]
Mbl JONMHLI CPABHUTH HaIM PacyeTHbe 3HAUEHHsT C TAOJUYHBIMH 3HA
geHusiMu ¥2 (npunoxkenue B.3) nsst T0oro, 4ToGbl OLEHHTb, HACKOJbKG
HabJIogaeMble 3HaYeHHsl ONPENENSIOTCS TOIbKO CAyYaiHBIMH NPHYHHA]
Mu. 3HaueHusl CTaTHCTHK4 %2 TaGy/HPOBaHbl AJisl Pa3JUUHBIX YHCEX

creneHelf ¢cBOGOAH M Pa3JHYHBLIX YPOBHeil NOBePHTEJbHOR BEPOSITHOCT! Tabauya 2.8
l—q. Tlpu nmpakTHYECKOM HCHONb30OBAHMH ITOH CTATHCTHKA BhICKa3H Pacuernble Beanunmst 3* fan Ta6a. 2.5
BaeTcsi Tak HasblBaeMasi HyseBas runoresa .Ho o ToM, 4To MexA
Hab/ofaeMbM H OXHJAAaeMBIM TeOPeTHYECKHM paclpeje/ieHHeM C Te n P (n) le fo el
Ke MapaMeTpaMu HeT 3HAaUHTeNbHHIX pacxoxjenu#l. Ecnu npu mpose fe
Ke 3TOll rMnOTe3bl pacyeTHAs BeJHuHHa X2 OKasblBaeTcs Govibille KP 0 0,571 291 315
THYECKOro TalJMYHOro 3HaueHHs (A RAaHHOrO YPOBHS ROBepHTeN 1 0’319 - 1,98
HOHl BEPOSITHOCTH M COOTBETCTBYIOLIErO UHCJa CTemeHell cBOGOMM), 1 ) , 162 142 2,47
MOXHO 3aK/JIOYHTb, 4TO NPH JaHHOM YPOBHE JOBEPHTE]bHOH BepOATH “ 0,089 45 40 0,56
ctd HabslogaeMble 4aCTOTH 3HAYHTEIBHO OTJIHYAIOTCHA OT OXHAaeMBM 3 0,017 9 9
H TOrja cnejoBano Gel oTBepruyTh rumoresy Ho. & 4 0,003 1l 2| 12 0.09
IIpuMensis MeToj NPOBepKH THIOTE3 110 KPHTEPHIO COIJIACHS 5 0,001 ' 1 1 ’
C/elyeT NOMHHUTh CjaeAylouiee: N iy —— - o
1. OTHoCHTe/IbHBIe 3HAYEHHS 4aCTOT MJH HX 3HaueHHs], BbIpaxe 1,000 509 500 5,10
Hble B NPOLEHTAX, OpaTbh HeJb3sl; HHbIMH CJOBAMH, Mbl JOJIKHb N0

30BaTbCs AAHHBIMH NPSIMbIX HabniogeHu#l WM aGCOJNIOTHBIMH 3HA
HUSMH 4aCTOT.

2. 3HaueHusi Habarodaemsix YACTOT AJif KaX/JoH rpynnsl HiH H
TepBasia JAOJXKHB ObITb paBHBl 5 uau GoJsiee. Ecin 970 He Tak, 4
. CMeXHBIe TPYNIBl HIH HHTEPBAJILI ROJKHBI 06beIHHATbCS.

Ans nonyuenus f, mbi YMHOXaeM COOTBCTCIBYIOIUYIO BeJHUHHY
Tﬂ(l:le)c;(f 509. Hama pacuetnas 2BCJ1H‘!HHH ¥2="5,10. TMonbickuBas kpu-
Hong sz;HaI{EHﬂe BCIHUUHB X* H3 NpUAOKeHHs B.3 ans nosepurenn-
0 Ha 0,95 u uucna cremeHedl cBo6oAb 4—I1-—1=2, HaxoAuM

X"=599. Cnegorarenbro, TOCKOJIbKY DAaCueTHasi BEeNH4HHA Y2 MeHb-
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e TaGJHYHOTO KPHTHUECKOTO 3HaueHHA %2, Mbl He OTGpachiBaeM THIOW
Tesy Ho. Ilocnemnue Tpu rpynnbl sHadeHuHl B HameM pacuere Obijgy
o0befuHeHbl C TeM, 4TOOBl NMOJYYUTb 3HAYEHHE YACTOTHI, MO Kpatine
Mepe paBHOe 5 B KaXJof rpymnme; TakMM o6pa3oM, BMECTO HCXOMHbig)
6 rpynn Mbt noityunsau 4. To4HO Tak e NPH ONpelesieHHH YHC/a CTe
neHe# cBo6O/Bl Ml YMEHDbUIHJIH €ro Ha eJHHHIY NOTOMY, 4TO AJS pac
yeTa OXHAaeMoil 4acTOThl HCIMOJB30BA/acCh BEJHYHHA A, MOJyYeHHa$
H3 JaHHBIX Ha0JMIONeHHS.

Ilpumep 2.12.2.

IIpexnonoxuM, 4To y Hac €CTb FeHepaTop C/AydyalHHIX YHCEN, KOTO
puifi Boitat 500 mudp, pacmpenesieHHBX MO clydafiHoMy 3aKoHy, np :
YeM 3aperucTpPHPOBaHHAsi HAMH YACTOTA UX MOSIBIEHHS NMpeiCTaBieH
B 1aba. 2.9. Ecin 6b undpbi reHepupoBasuch NeHCTBHTENbHO MO CIW
yaliHOMy 3aKOHY, TO MBI MODJIH 6Bl OXHAATb, 4TOo Kaxiaas uudpa ng
aputcs okono 50 pas. Mcnoabsys ypoBerb smauumoctu 0,99, mpose
PHM, HACKOJIbKO MOJyYEHHHE pPe3yJbTaThl COOTBETCTBYIOT pPaBHOME
HOMy pacnpefefiennio. Xof pacueToB HJIIOCTPHPYeTCs

Ludpa 0 1 2 3 4 5 6

Ha6monaswnecn (62 [58 (36 (28 (40 |70 [60 |40 (72
4acTOTH

OxHpaeMbie 50 |50 |50 |50 50 {50 (50 (50 |50 50
4acToTH

TH——72,88] 1,28/ 3,92| 9,68/ 2,00 8,00 2,00( 2,00[ 9,68 5,12{ 46
—2e Zle

Tabgugnas BenHyuHa }’Qﬂj ans p==10—1x9, u a=0,0
Tlogkonbky Xpacy >'x"5m rknoresa Ho o’gieprae'ncﬂ

i e 0
2.13. Rpurepnit Kbsimoroposa - Cvuprosa '

Eme” onnn mupoxg-nenoibsyeMBH KpuTepH
npose]:[%x?d FHIOTe3 6@1a npeNoReH CMUPHOBHIM |
HeHIlleM Pa3BHT CaMHM aBTOPOM M KOJMOrODOBhIM. 1
11 vOH-BPHMEHSAETON - B TeX. CJIYRAAX, (KOTAA: IPOBEPALMOE" pacpae
-H§g HEHPOPWEBHO! NI H3BecTHL: CReRHoe it (enepens icobOkyaaocTH )4
-J#30a° ero, KPETHUCHRHX 3HaueHH rObiya 0Ny GrKoBanS: CiMH DHORLE
vEG48 T B MEeroxpaTHo Wepensmananach:f18]. Tlogdbuo =xpuTe
-gRokpligepuk . KoaMoroposa - GMapwens: MOMKeT - (GNTS - ROTOIE
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a1t TPOBEPKH COOTBETCTBHSI MeXAy pacmpelesieHHEM COBOKYIHOCTH
SMMHPHYECKHX NAHHHIX H HEKOTOPHIM KOHKDETHHIM TEOPETHYECKHM pac-
npenenenueM. IIpoBepka OcymecTBAsleTCS MyTeM 3afaHHs WHTErpaJb-
gofl GYHKUMH, cilefylomiefi H3 TeOPETHYECKOTO DACHPeNc/cHHS, U ee
cpABHEHHS C MHTErpajbHOM (QyHKIMeH pacmpeje/leHHs SMMHPHYECKHX
1aHHBIX.

CpaBHenHe oCHOBLIBaeTcsl Ha BHIGOPOYHON rpymme, B KOTOpo# akc-
nepHMEHTa/IbHO® pacrnpefielienHe HMeeT HauboJbllee aGCOJIOTHOE OT-
KJOHEHHE OT TeoperHyeckoro. [lasee ara abcosoTHAs pasHOCTh COMO-
CTaBJIAETCS C KPHTHYECKHMM 3HAuYeHHAMH (CM. mpuioxenue B.2) ¢
1eIbI0 ONPE/E/IeHHS, MOXKET JIH TaKoe OTK/OHEHHe GBITh CaydaiiHbIM
npl AaHHOM 33aKOHe pacnpejieseHus.

Mpunmep 2.13.1

Jlas WIIOCTpaudM Bo3bMeM jaHHBIE Tabul. 2.5, KOTOpble MBI yike
NPOBEPSIIH MO KPHTEPHIO %2 Ha COOTBETCTBHE PACHpeeseHHI0 ITyacco-
#a (npuamep 2.12.1). Panee Mbl BHUHCAHIH JS 3TON COBOKYIHOCTH
AaHHBIX A=0,5577. I'nnotesa Hy cocTouT B ToM, 4To He MMeercst cyuie-
CTBEHHBIX Da3/IMUMH MeXIy HaGJI01aeMbIMH JAHHBIMH H TEMH, KOTOpHle
J0/UKHBL MOJy4aThest B ciyyae pacnpesesenusi Ilyaccona, co cpeanuM
sHauenueM 0,5577 u n=>509. TIpexae Bcero Mbl AOMKHEI HOJIYYHTD ABa
HHTerPajbHbIX pacnpele/ieHHs — U3 HaGJI0faeMbIX JaHHHX H H3 Teo-
PETHYECKOro pacmpefie/ieNHsi— 1 HaliTu abCOMIOTHHE DAa3HOCTH s

BCCX TDYNN 3HAYeHHsl ciydyafiHOH BeJMUMHBL. STO BHIIOJHEHO B
Tab.1. 2.10. *
1
Ta6ruya 2.104
BbiuHcneHHs npH HCNOAB30BaHHH kpHTepus Koamoroposa—Cmupnona ig
—19
1 11 vl 01
Y . 1t v v
san!;)?c%n Haz.':;;nae- Hag’;’,‘,’"“ Teoperwueckas| UnTerpansuas | Huterpanbhas Af,‘;";:,'g::j?;x
9acrora BeposTHOcTs| BEPOATHOCTH | BeposTrocTb IIBeposthocTh 111 (IV—V.
| qno
1TRI1
0 315 0,619 0,571 0,619 0,571 0,048Hs58
1 142 0,279 0,319 0,898 0,890 0,008 q1
2 garan
40 0,078 0,089 0,976 0,979 O’OHRSHS
3
9 | o,018 0,017 0,994 0,996 0,402 0
4 2 0,004 0,003 0,998 0,999 0.p013!]
5 1 0,002 0,001 1,000 1,000 0 QB0 RSH
Hqodoqn
8H OldT
s FB'Taﬁn. 2.10 naubosbimas abcomornas pasHocTb 0,048 nmosRPQAFRIH!
asgg“”& COOTBETCTBYIOWEH HYJIEBOMY 4HCIy 3anpocoB. MMchMsayl

CTb Hajo CPaBHHTb ¢ KPHTHYECKUM 3HaueHueM, HafineHifAl I
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npusioxenuio B.7. M3 3Toil TalJiHlbl BALHO, 4TO NPH n=509 1 a=0,05]
KPHTHYECKOE 3HaYeHHe ;

1,36 1,36 1,36
DKpu'r“‘ ;/E }/—5@ 22,56 —0,0603

[ockoibKy Halla HauGosblmast pasHoctb 0,048 MeHblle KpHTHue-
CKOrO 3HaueH#sl, Mbl He OTKa3blBaeMCSl OT THIIOTE3bl O TOM, YTO 3Kc+
HepHMeHTaJibHoe pacnpelesieHde MyacCcoHOBCKoe. }

EcrecTBEHHO, BO3HHKAeT BOMPOC, KOTAa CJAENyeT MO0Jb30BAaThCH
kpurtepueM x%, a korza xputepumeM Koamoroposa — Cmuprosa. Ilph
OTHOCHTEJbHO MaJbiX 06beMaX BblGOpOK KpHTepuii ¥2 BooOwE Hey
MpHMEHAM H CJIeJyeT MOJb30BAaTbCH KPHTEPHEM Konmoroposa—Cmup
noBa. K ToMy e, Korxa o6beM BbIOODKH HACTOJbKO Malt, 4TO ZJISK
T0JIb30BaHAS KpHTepHeM 2 MpHXOIMTCA OObeLuHSNTb COCEIHHE TIpPYI
116, MOULHOCTb 3TOr0 KPHTEPHs B KakOi-TO CTemeHH cruxkaercs. OLug
KO, ecyiH 06beM BBIGODKM BEJIHK, MPEIMOYTHTENEH, MO BCell BEPOSATHO
cmH, kpuTepuil x2.

Kaxzawil n3 KpuTepveB HMeeT CBOH CHJIbHblE U C/iable CTOPOHHY
¥ OTHOCHTEJIbHO BhI6Opa MexkJy HUMH MOXHO JAaTbh Jidllb caMble 0G4
mue yxasauus. Kpurepuii % ouenb MomreH masi GOJBIIMX BbI6O PO
(n==100); uto ke Kacaercst KPHTEpHS Koamoroposa — CMupHOBa, TQ
XOTS HeKOTOphle aBTOPbl YKa3hBaloT, YTO MOJIyYaJH C HHM XOpouly
pesyJsbTarhl JiHllb ais n=>30, HET AOCTATOYHLIX OCHOBAHHH NpPOT
npHMeHeHHs 3TOro Kputepus u mpu 99=nz=>10. Ilpu o6beMe BHIGOR
ku Menbile 10 Jyuillie pesy/bTaThl AaeT, MoXaJyl, kpurepuii Kpam
pa— don Museca [15]. Ipu mcnosbsosanun kak Kpurepus x*, Ta
u kpurepus KosmoropoBa — CMHpHOBa aHaJHTHK HMeeT BOSMOM
HOCTb 3afaTh UMCJIO TPYIN, WJH HHTEpPBaJOB, BHGOPKU. IIpaBuibHb
BBIOOP 3TOrO yHc/ia HMeer GOJbIOE 3HaYeHHE, TAK KaK OHO Onmpeney
eT YHCJO cremeHell ¢BOGOAEI NMPH MOJIb3OBAHHH KPHTEpHEM, a BOOOH
roBops, 4eM Gosiblile 3TO YHCJIO, TeM HaJeXHee KPHTepuii pasiinuaf
Xapakrep pacnpenesienus. B ciyuae Kpurepus x° UHC/IO TPYIN Ya ‘
OnpeflesifeTcs M3 YCJIOBHS, YTOOH B KaXAylo TPYNNy MONaJjio He MEH
NATH 3KCIepAMeHTaJbHBIX TOYeK. B To Xe BpeMs B ciydae HCHO/NbH
Banus kpurepus Kosmoropopa — CMMpHOBA JaHHbIe MOXHO K
rPYNOHpOBaTb, TaK M OTHOCHTb KaXJoe HabMiofeHHe K OTHEJbH
rpymnme; mocjefHee yCJOBHe OTKphIBaeT BO3MOXKHOCTb 3 peKTHBHO]
aHa/im3a npu MajbiX BbiGopkax. TeM, KTo GoJsiee rily6oKo 3HAaKOM
MOXeJHPOBaHHEM, MOXHO TMOpPeKOMeHA0BaTh Monorpadpuio dusmm
[15]. B sroit paGore omuchbiBaeTcs MalllHHHAS NPOrpaMMa, Hanmuca
Has Ha yHMBepcaabHOM ssbike doprpan IV u mosBoasiomas Obl
npOBEpHTb JI060e CeMeficTBO H3 n HaGMIONEeHHi HA coriacue c ey
Tbl0 HanGosiee DaCIPOCTPAHEHHBIMH TEODETHUECKHMH (QYHKUHS
IA0THOCTH BeposiTHOCTH MO KpurepusM Koimoroposa — CMupHOY
Kpamepa — ¢on Museca u MoMenToB (AJis ciydas HODMAJbHOrO Pj
npefesienns). [ToMHMO 3THX KpHTepHeB, NPOrpaMma MO3BOJAET, & A
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370 HEOOXOAHMMO, BBIUHCISATH CTATHCTHYECKHE MapaMeTphl H Neyararb
[HCTOrPaMMBl. DTa BecbMa COBeplIeHHAs MallMHHAs NpOrpaMma faer
aHaJATHKY BO3MOXHOCTb O4eHb GhICTPO H 3¢ (eKTHBHO NpH MHHHMAaJib-
Holl 3aTpare TPylAa HaXOAUTb pacmpelesieHHe, KOTOPOe HaHJydUHM
06pa3oM COTIacyeTcsi ¢ IKCMepUMEeHTalbHBIM.

2.14. MoaGop KPUBBLIX

Bo MHOTMX MOJCHCTEMax HMeeT MeCTO QYHKIHOHaJbHAas CBA3b
Mexay ABYMs HaH Gosiee mepeMeHHBIMH, H JKeJiaTeJbHO 3Ty CBSi3b BBISi-
BHuTb. MHOrAa 310 OblBaeT MPOCTO, MOCKOJbKY CBSi3b JIerKO OOHapyKH-
paeTCs WM 3apaHee H3BECTHA; OAHAKO ropasfo 4ame (QyHKIHOHA/Ib-
Hasi CBA3b UPE3BbIYAfiHO CNOXHA HJIH COBEpIIEHHO He H3BeCTHa. B mo-
cjaeJHeM C/iydae Mbl MOXeM CTOJKHYTbCS C HeoOXOnAMOCTbIO BBECTH
HEKOTOPYIO THMOTE3y O Xapakrepe (YHKHIHOHAJbHOH 3aBHCHMOCTH,
T. €. anmpOKCHMHPOBATb €e HEKOTOPHIM OTHOCHTEJILHO MPOCTHIM MaTe-
MaTHYeCKHM BHIPaXKeHHeM, HanpuMep JIHHEHHBIM BBIDAXKEHHEM HJIH
mHorowieHoM. [/ MoHCKAa TaKHX MaTeMaTHYECKHX (YHKIMOHAJbHBIX
HIH CTPYKTYPHHIX 3aBHCHMOCTEH MeX1y ABYMsS HJH Oojiee mepeMeH-
HBHIMH MO HAKONJIEHHBIM 3KCIePHMEHTaJbHbIM JaHHBIM BecbMa INOJies-
HHl METOAbl Pe2PEeCCUONHOZ0 H KOPPeARyUOHHO2O anaausa. Perpec-
CHOHHBIHl aHaJH3 JaeT BO3MOXHOCTb NMOCTPOHTb, HCXOAA H3 HMeIO-
uefics COBOKYIMHOCTH 3KCNepPHMEHTaJIbHBIX AaHHBX, ypaBHeHHe, BHJI
KOTOPOTO 3ajaeT aHaJHTHK, a KOPPeJSUHAOHHBIH aHa/IN3 NO3BOJISET CYy-
JHTbL 0 TOM, HAcCKOJbKO XOPOLIO 3KCNMepHMeHTasbHble TOUKH COrJacy-
10TCA ¢ BHIOpDAHHBIM ypaBHEHHeM («J0XKaTcs» Ha COOTBETCTBYIOULYIO
KPHBY10).

IlepBEIM 1aroM NpH BbIBOZE YpaBHEHHS, aNNPOKCHMHPYIOIIEro
TpebyeMylo 3aBHCHMOCTb, SIBJifeTcsl C60p HaHHbIX, OTPaXKalIMHUX COOT-
BETCTBYIOIIME 3HAYEHHS pacCMaTpHBaeMblX nepeMeHHbX. IlycTb, Ha-
TpuMep, Mbl mpejnoJiaraeM, 4TO BbIXOJ XHMHYECKOro npouecca siBJjisi-
erca (QyHKIHeH KOJHYeCcTBA KaraJH3aTopa, BBOIAMOIO B peakrop.
OGo3nauuM yepes y BeJHUHHY BbHIXOXA H 4Yepe3 X KOJHIECTBO BBOJH-
MOro karanusaropa. Torfa H3 NaHHBIX, PErHCTPHPOBABLIMXCS MpeXk-
Ae WK TMOJy4YeHHBIX B pesyJ/bTaTe CHEHHAJbHOrO IKCHEPHMEHTA, MOXK-
HO B3ATb BbIOOPKY 06beMOM N 3Hauennuil x, Xo, ..., ¥y # N coorBercr-
BYIOIUX 3HAYEHUH Y1, Y2, ..., YN-

Crnenylomunm 1maroM GyneT HaHeceHHe 3THX TOYeK (X1,Y1), (¥ Y2),
-« (XN, Yn) Ha rpaduK B MPAMOYroJbHON CHCTeMe KoopauHar. B pe-
3yaIbTate Mbl MOJIYYAM TaK HasbiBaeMylo duazpammy pasbpoca, U3 Ko-
TOpo#l yacTo ymaeTcsi YHCTO BH3yaJbHBIM Croco60M HaiTH MJiaBHYIO
KPUBY10, annmpoKCHMHpPYIOwyl0 GYHKUHOHaJbHYI0 3aBHcHMoCTb. Ha-
Tpumep, us rpacduka Ha puc. 2.20 BHAHO, YTO SKCIEPHMEHTAbHbIE TOY-
KH Xopowo soXaTcs Ha NpsAMylo JIMHHAIO. B TO XXe BpeMs TOYKH, Ha-
i;g;l-;ﬁle Ha pHC. 2.21, mo-BHAHUMOMY, Jydllle JIOXKATCH Ha HEKOTOPYIO
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3azaua HaXOXKAEHHS A/ aNNMPOKCHMUPYIOIUX KPHBHX TaKHX ypamy

HEHHH, KOoTOpble HaHJyYlIHM 06pa3oM 0TOGPaXKaloT LaHHYIO COBOKY!
HOCTb 3IKCIHEPUMEHTAJIbHBIX TOYEK, YCJIOBHO HasblBaeTca 3apadell 1o

2O0HKU Kpussix 1Mo TOUKaM. Hpe}K,zxe BCEro aHaJIMTHK HOJIXKeH Bblﬁpa §

BHI KPHBOH, A/l KOTOpo# oH OyneT HCKaTh anmmpoKCHMHpyolee ypa

Henue. Huxe Mbl mpuBOAMM ISl CHPaBOK HECKOIbKO HanGosee pa

NPOCTPAHEHHEIX BHAOB anNPOKCUMUPYIOIMX KPHBEHIX H COOTBETCTBYN

IMX UM ypaBHEHMH (X —He3aBHCHMasi NMepeMeHHasi; Y — 3aBHCHMA
Y. '

'

Puc. 2.20. Puc. 2.21.

nepeMeHHasl; ocrajbHble OYKBH M HMPPH OTHOCATCH K KOHCTAHTA
UM mapaMeTrpaM KPUBBIX): :

1) y=ap+a1x
2) y=aptaix+4-asx?
3) y=ao+a;x--asx2-t-asx?
4) y=aotaix+ax’4-asx3~+auxt
neHu

5) y=ag+aix+4agx?4-...4-anx® — napabosia n-#i cTelleHH

6) y=1/(as+aix), wau 1/y=ae+a;x — runepGona

7) y=ab*, unu 1g y=apta.x — 9KCIIOHEHTa

8) y=ap+algx — JorapuMHyecKass KpHB

9) Igy=ap+algx — Kybuueckas Jjorapudmu
CKas KpuBas

— npsAMas JMHES
— KBagpaTHas napaGosa
— KyOuueckass mapaGosia
—mnapabosia yeTBepTOl

Moryr HafiTh mpuMenenue, pasyMmeercs, H KpHBHE MHOMHX XDy
BUAOB. UTOGH pemnTb, KaKyl0 anmmpoKCHMAmHIO HCIOIb30BAT,
AYeT H3YUHTb puarpaMmy pasbpoca W cpaBHHTb ee GopMy ¢ Gopmi
HECKOJIbKMX KPHBBIX, COOTBETCTBYIOI[HX Da3/iMUHBIM yDaBHEHHS
¢opMa HEKOTOPHX M3 HHX NOKasaHa Ha puc. 2.22. Hmorma GuBaj
MOJIe3HO TaKXKe MCC/IefoBaTh AHarpaMMy pasGpoca, mpeo6pasopaB
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y y
y=a,+ax y:aa+a,lg.r
a, >0
a, >0 a, <0 a, <8
x z
v y lgy=a,+az
=gy +a,x+a,z? b
Y=o ™ 2 a; >0
a, <0
a, >0
a, <0
z T
y Y
y=ay+a,z+az?+a;z3 gy=a,+a;lgz
a3 >0
a3 <0
z T -

Puc. 2.22. PaaniuHnle BHAH PErpecCHOHHHX KPHBBIX.

PeMennpe. [{ist 3T0ro MOXKHO BOCHOJIb30BATHCA CHEHUANBHOM 0J1yJ10-
Tapudmuyeckoit unu norapudMudeckoli ceTkol, Ha KOTOPO#l COOTBeT-
CTBeHHO Macwrtab MO OHOM WM 0GeuM ocaM KoopAaHHaT BHOpaH Jo-
Tapndmuyeckum. TIpu 5ToM, Hampumep, ecau guarpamma pas6poca
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B CHCTeMe KOOpAHHAT X—Ilgy okasmiBaercs JHHEHHOH, cienyer Boc-
N0JIb30BaThCSl YPABHEHHEM SKCNMOHEHTHl (cM. m. 7 Bhillle). [TonoGHbiM
e o6pasom, eciM muarpaMMa JuHelHa B Mmaciuitabe lgx —lgy, cue-.
IyeT B3fATb allIPOKCHMHpYIOLllee ypaBHeHHe KyOuieckod Jorapupmu-
yecko#t KpuBo#i (cM. m. 9 Bhlle).

Ilpexne yem HMATH AaJibllle, ONPENENHM, YTO CJeAyeT NOHHMATb
nojJ «HauJyyllefi» MOArOHKOH kpuBoH. IIpexnme Bcero mompoGyem mpo-

Yy

T(fa, Y3
12,

120
]
$(z,,4,)

12,
|

‘(-1'2; 2

Pyc. 2.23.

CTO MOJIOKHTbCA Ha Hall 3jpaBblii cmblca. HanoXxuM na AuarpaMmy
pasbpoca siekano uaH FHOKYIO JHHEHKY W MOMNBITaeMCsi HPOBECTH KpPH:
ByIO TaK, 4ToGbl OHa MPOXOAHJIA «IOCEPefHHE», T. e. YTOB6bl BCe TOU
KH, HE MONaBIIHe HA KPHBYIO, OblJIM OT Hee HAa OJUHAKOBOM MHHH
MasnbHOM pacctosinud. HexocraTok aToro cnoco6a 3aki/loyaercs B TO!
4TO KakaBlil aHaJUTHK OyJAeT noJjiydyaTb CBOH COOCTBEHHblE KDHBBIE
anmpoKCHMUpylOUlMe uX ypaBHeHus. [losToMy xorenock 6bl Bblpal:
TaTh TAKOH KPUTePHil «Hauayyiiero npHO/MKeHHS», KOTOPHIH Obla O
00beKTHBEH, 0TBedaJ HallleMy HHTYHTHBHOMY MOHSTHIO TMPHEMJIEMO
H HMesl CPaBHHTENBHO NMPOCTOE MaTeMaTHUeCKOe NpeicTaBJjieHHeE.
HauGonee yacro sfiech HCIOAb3yeTCs TaK Ha3HBaeMblil MeTod HA
MeHowUx K8a0paTOs, KOTOPLIH, MO CYWIECTBY, NPOCTO (OpMaJH3y
npouenypy noxfopa ammpokCHMHpylIowell KPHBOH Ha rJas, Korga M
CTPEMHMCSI CBECTH K MHHHMYMY OTKJIOHEHHS SKCIHEPHMEHTAJbHBIX T
4ex or noabupaemoil xpusoil. IloscuuM sTo npuMepom. Ha puc. 2.23
rie uepes (¥1, Y1), (%2, Y2), ..., (%n,Yn) 0603HAUEHBH KOOPAHHATH 3K
NepHMEHTAJNbHBIX TOYEK, A/ JI06Oro 3alaHHOrO X, CKaXeM Xi, GyX
MMETb MECTO Da3HHIA MEXAy Yy; H COOTBETCTBYIOLUIMM 3HAuyeHHeM, II
JydaloUliMca MO TeopeTHyecKoil KpuBoH. O603HauuM 3Ty pasHH
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cuMBoJoM D) H 6ymeM HasblBaTb €€ OTKJIOHEHHEM. DTO OTKJOHEHHE
MOXKET ObITb MOJIOXKHTEJbHBIM, OTPHUIATENbHBIM HJH HyJneBbM. CooT-
BETCTBEHHO /IS KaXKAOM M3 SKCHEPHMEHTA/bHBHX TOYEK MOXKHO BBIYHC-
AuTh 3HaueHusi oTkAoHeHHH Dy, .., Dy. Torma mepoii KauectBa mpu-
§.JMXKEHUS] KPHBOH K JKCNEDUMEHTaJbHHIM JaHHbBIM MOXHO CUHTaTh
cyMMy a6COMIOTHBIX oOTKJOHeHH#, T. e. [Dy|4|Ds|+4...4-|Dn|. Tlo-
CKOJIbKY OTKJIOHEHHSI MOTYT GbITb MOJIOXKHTEJbHBIMH MJIM OTPHIIATEJNb-
HLIMH, C MaTeMaTHYeCKOH TOYKH 3PEeHHs NPOlle BO3BECTH HX 3HaUEHHS
B KBaAPAaT H B RajbHeHlUIeM HMeTb A0 ¢ KBaAPaTHYHHIMH OTKJIOHEHH-
amu. CyMMa mocjieIHHX, OUEBHAHO, AACT TAKYI0 XK€ XOPOLIYIO Mepy
kauecTBa mpHOJHkeHHA. ByneM mostomy cuuTaTh, UTO H3 BCEX BO3-
MOXKHBIX aNNPOKCHMHPYIOWMX KDHBBIX KDHBOH HaWiayuller0 npuGiiH-
KEHHS JJIs RaHHOH COBOKYMHOCTH BKCHEPHMEHTHJI])H]:IX TOueK OyJer
ra, nAs Kotopo# cyMMa Di+-D3 +..4+-D% munumanbua. Tak onpene-
JIeTCS KPHTEPHH HauJyynlero NpHOJHXKEHHS IO METORY HaHMEHbIIHX
KBagparToB.

2.15. PerpeccHoHHbI# aHadn3

MaremarHyecknii MeTol, ofecneyHBalOLMA TaKyl MOATOHKY BbIG-
paHHOH KPHBOMH, MpH KOTOPO/l 3KCNepHMEHTasbHBIE TOYKH JIOKATCS Ha
Hee HaWJy4YmHM o6pa3oM B CMbicjie KPHTEPHS HaHMEHbUIMX KBajpa-
TOB, Ha3bIBAETCHA PErPeCCHOHHBIM aHaaH30oM. OGLHH BHX KPHBOH HaH-
Jyuilero NpHOJIMKEHHs aHaJHTHK NOJIXKeH BeIGpaTb MO pesysbTaTaM
M3y4eHHs gHarpaMmbl pas6poca. McnosnbayeMblli B AasbHeiilleM Ma-
TEMAaTHUYECKHH anmapar RoJ/iKeH ofecneyHBaTh HaHJyullee MmpHOJIHKe-
HHE KPHBOH K 2KCNEepHMeHTaJbHbIM JaHHBIM HEe3aBHCHMO OT TOrO, Ha-
CKOJIbKO XOpollo BblOpaH BHA KpuBoH. Ilox npuGJHKeHHeM KpHBOH
K 3KCNepUMEHTaJbHbIM NAaHHBIM Mbl NOHHMaeM TOJbKO TpPOLECC BHI-
UNC/IeHUsl 3HAYEHHA KOHCTAHT MJIH MapaMeTpoB TakuM o6pasoM, 4To-
Obl cyMMa KBafpaTHYHBIX OTKJIOHEHHH Oblia MHHHMaJibHOH. AHajH-
THK JOJIXKeH MpeaBapHTeJbHO BHI6paTb HaMJyylllee annpOKCHMHPYIO-
llee ypaBHEHHE.

JleTanpHoe ONHCAaHHE PErpeCcCHOHHOrO aHaln3a BBIXOAMT 32 PaMKH
AaHHol kHurH. Ero HcuepmeblBaloliee pacCMOTPeHHE MOXKHO HafiTH Y
Esexusna u ®okca [11], Opeiinepa 1 Cmura [10] u Bo mmornx mpy-
TiX mpeBocXoAHBIX paBoraX. MBl 3jech orpaHHYHMcsi OOCyXKIeHHEM
Ipocrefimero caydasi, Korga OXHJAAeTcs, 4TO Y siBasercd JHHEHHOH
Gyukuuen oxHoM nepeMeHHON X. :

OcHoBHas MOZe/b JIMHEAHOrO COOTHOLIEHHS MEXIy 3aBHCHMO# me-
PCMeHHOl y U He3aBHCHMOR NepeMeHHO! X JaeTcs ypaBHEHHeM

Yy=ay+a,x+e,

TAe a;— payasbHOE 3HAYEHHE Y
@} — TaHTeHC yrila HaKJIOHa NPSIMON;
€ — cayyaiinas omu6Ka.

@1
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BCe HE COOTBETCTBYIOT JIHHEHHOH 3aBHCHMOCTH, XOTSl Npamas nomo6-
paHa Tak, YTo OfecneynwBaer HauJyyllee NPUONHMKEHHE K 3THM AaH-
HBIM.

Jlsist OneHKH TOro, HACKOJBKO XOPOLIO Haula npamas (M COOTBET-
cTByIOLlee efl ypaBHeHWE) B JeHCTBHTENBHOCTH COIVIACyercsl ¢ SKCIe-
pUMEHTaIbHBIMH JaHHbIMH, HEOGXOMMMO BBECTH HOHSITHE KOPpeAyud.
DT0 MOHATHE AACT BO3MOXKHOCTb CYIHTH O TOM, HACKOJBKO TECHO JIO-
Karcs SKCIEPHMEHTaJbHEE TOUKH Ha anfpOKCHUMHPYIOULYI0 KPHBYIO.
Ecan perpeccusi onpepenseT NPeANOJaraeMOe COOTHOIIEHHE MeXAY

9N BRIDIGMHBIORE, oW HOHOWSBRCYAENTEVIH MBEL MMeeM COBOKYIHOCTb -
LABBERX, MIOTIDYHIVIG HUM ICOSTSRSUIEIOIMX 3HAUEHHA X W Y, OLEHKH
QPR IG] TRBEROMMOT NVANRRAIBHAW NG naHHbix. Jia sroro  GyneMm °
MGIH30BATIRIS &1 SMYPORI A OPD an e RE M .
dTBTHFO OHXKOM MIdHHBL E H_g'm Sxi
oI || ok 5G| -fapres AT 2 i,
-dIOTBHUHQTO HIRH HMIdHdIOTHKOROM

RHHOFSHE XH HT998£08 &x) 3y)
-HHOSHORATO HMIdHFHTBQABEN 2 %’K_ (zx)’ :
VgSM OIVIHOQOX 9K OIVMET TOBR

Hpomap 184 oty J4TsTHED YMoTE

-NOONQOD OTSHIPYLHSH HOSHQM Xid
. 5&}9};\@; H mﬂgﬂpﬁfﬁqnepnuemamnue ToukH (n=4) u
XGRS O 7]

Thy THEEHENIG OKCHMAIHIO 3TOH COBOKYMHOCTH AaH-
HELE Wgﬁcawgfﬁﬂggﬂ&mﬂ npuBeneHn B Taba. 2.11. ; 4

Tabauya 2.11)

¥

Ji P P TANbHBIX JAHHBIX «® ol
. '

-0dE YHHOTRON ow}:sr o #* 4
—BHROTAKOR—HIPOT S RB T z

-BQLEEN XHIIJH: H RHQ

-HSH Ho&ngu nnwﬁ o0 ji g g Pac. 2.24.

MSTBTdLYESQ OI a15qdidd

-8M MoWfioHdLER 4 fiams 3 4 6 llepEMEHHBIMH, TO KOppPe/JsHMS HOKa3bBaeT, HaCKOJbKO XOPOLIO 3TO
-9KHIONQN 99MBYNHEH aT 5 9 15 COOTHOUWIEHHE OTpaXKaer peHcTBHTEJNbHOCTb. CuJbHA# KOppeasAmus
Cilithy 10T TO 0@ BESH E 1—7~ g MeXJy NepeMeHHbIMH O3HAYaeT, YTO HX HM3MEHEHHS B3aHMOCBA3aHHI

ONQH MSNHSKHLOHQI (puc. 2.25), ogHako Heo6XOAMMO HMeTh B BHAY, UTO 3TO ellie He JO-

-1d8 [39704R. 201 dR2T —1203

%oTe “HoTEqOD Miss—ag — 0947
s opgEsugEY o
aPELGHEMEDHOGRTIS: -Sodi-

6&&‘—1‘5 =1,316

Ka3plBaeT HAJMYUs NPUYHHHO-C/JCACTBEHHOH CBSI3H MeXIy NepeMeH-
HbiMH. TIpH perpeccHOHHOM aHaJ/H3e NpeAnoJaraercs Hajuyue MpH-
UUHHO-CJICACTBEHHOH CBA3SH MEXKnY 3aBHCHMON M He3aBHCHMOH mepe-
MEHHLIMH: NIPH KOPpeasuHFMffiM aHnasiuse Takoe RomylleHue He jeJia-
ered, ’

Hacro pacckasnbBalOT HCTOPHIO 00 ONHOM TOCYAapCTBEHHOM JHesTe-
‘Ie, KOTOPHIAi OGHapyXKuJ, YTO B €ro rocyfapcrBe HMeercsi BechbMa
ClvIbHasl KOppesisiu¥s MeXJy POCTOM: HPOJAXXH NMHBa H yBeauueHHEN
LOX010B WKOMBHEIX yuHTeaed. Orciona OH cllesal BHIBOA, UTO HeldHB-
LyeT mOBHILIATh YUHTEAAM 3apIJary, TaK KaK OHH HauHyT morpedhiars
Gonpwe muBa. Tlo Beeft BeposTHOCTH, OH MOT 6B OGHADYXHTh

K€ CHIbHYIO KOPPEJIALHIO MeXIYy POCTOM 3apIJaThl yuureseli HUBBB-
TOM NPECTYNHOCTH, YHC/a HEe3aKOHHODOXKAEHHHX H uHGuiAnvuHBER-
THYECKH OH MOT OBl HAaHTH CHJIBHYIO KODDeJANMIO U cBA3ath PeFPE¥s-
CHOHHOH KPHBO{i JIIOGHIE 1B SIBJIGHHS, KOTOPble BO3PacTalOT GONERAA
MeHee oguHaKOBHIM 06pa3oM. ro& HEF
B srom wyTaHBOM mpHMepe CYIIeCTBEHHO TO, UTO aMaMHFURNHBHE-
HAN ponymenne (rumoredy) o HaJHYMH [PHYMHHO-c/IeACTBeHH oW NEM-

Cremsaqensor yroP@i7st 1,316 x

Y NTHER UHKOM 9HF

VAT n[
2M¥f§m %%QMH

HoNMQHAOI KM oaCe3HaBaTh TOT (KT, YTO HaMJyullee NpuGHKeH™d
Hamel npAMofl (MM KPHBOH) K SKCMEpHMEHTaJbHbHIM NaHHLIM BOB

C €TCTBYIOINMM HMeHHO 3TOof mpaAMoi. MareMarudeckue omepaim
agg}ga JHIIb NPHBOAAT K 3HaYeHHUAM [apaMeTpoB, obecneuHBaIOIH
Hauayumee (B cMblc/le KDHTEDHS HaHMEHbIIMX KBanparoB) npuGiI
JKeHHe K ypaBHeHHIO BbIOpanHoro BuAa. Haraspunii stomMy npum
naer pHc. 2.24: MBI BUAHM, UTO SKCIEPHMEHTAJbHbIE HaHHbE 3JECh B!
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3H MeXAy ABJEHHSAMH, KaKoe JesiaeTci fPH PErpecCHOHHOM aHajH3e.
Ho B naHHOM cjyuae 3TC ROMyIUEHHEe MOXeT W He OBITb MPaBHJIbHBIM. .
Koppesisillist TOBOPHT JIHIIb O TOM, HACKOJIBKO TECHO 3KCIEePHMEHTaIb-
Hble TOYKH JIOXKATCA HA anmpoKCHMHpylomylo Kpusylo. Ho ona ne
MOMET CKa3arb, CIPaBeNJIHBO JiH OCHOBHOE JONYyIlleHHe O HaJHYHH

N « o
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°“ o
.
* e
. ®
o o
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® o

LussHAS NONONUMENSHAS KOPPEAAUUS Lradas nonomUmensHas KoppeaAuus

Dengwcmdue xoppensyut

CusmHas ompuyamensHas Koppeasyusl

Puc. 2.25.

[IpUYHHHO-CJIeCTBeHHOM ¢BA3H. KoppeasHoHHbIA aHA/U3 NOKasbiBag
JIHIIb CTENeHb COOTBETCTBHS NAHHBIX MPHUHATON rumoTese.

Koo pHuHenT Koppeasuun JieXKHr B npepesax or —I no i;I}-l. 4
spdunrenT —1 cooTBETCTBYeT MAKCHMaJIbHON OTPHIATEJBHO Kopp
JISIHH, KOTAA y yMeHbIIaercs C yBeJHUeHHEM X, a BCe SKCHepHMY
TaJbHbE TOUKH JeXaT TOuHO Ha Kpusok. Kospduuuent 0 coomel
BYyeT NOJHOMY OTCYTCTBHIO KOppesslHH, a xoacp(puuuerf'r + 4
MAKCHMAJIbHOH TIOJIOXKHTeJbHOH Koppeaannd. Bce stH kpaiinue 7
4aH BCTPEUAIOTCS O4eHb H OYeHb PeaKo; OGBIYHO K03 OHIHEHT Kop
JALMH HMeeT HeKOTOPoe APOGHOe 3HAueHHe, U ero eme CjeAyer I ‘
BEPUTb HA CTATHCTHYECKYIO 3HAUMMOCTb. .
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Ina cayyas nmpocToil siHHeliHOH perpeccHoHHO# 3amaun (1. e. nna
cayuas, KOrja HMEIOTCS OfHA 3aBHCHMAs M OJiHA HE3aBHCHMAsl Mepe-
MEHHbIE, CBA3aHHEIE MeXAy co60H suHelino) KospduUHeHT Koppe-
JISLHH 7 BBIYHCASIETCS 0 Gopmydaie

e nE=XY — (£X) (3Y) , @.4)
v [nZXT —(ZX)¥] [n2Y? — (2¥)7]
Hpumep 2.16.1

Hcnonbays mannnle u3 npumepa 2.15.1, MBl MoXeM BBIYHCJIHTD KO-
aQ GHUHENT KOppessilluH TaK, KaK 9TO MOKasaHo B Taba. 2.12.

Tabauya 2.12

X Y XY X2 1%
0 1 0 0 1
2 4 8 4 16
2 3 6 4 9
3 5 15 9 25
Cymmet 7 13 29 17 51
4-29 —17.13
r=
vV (417 =) (4-51 — 1)
25 25
= = 5 = 0,969
/9% ~ %,8 =09

OGmuir-pasbpae <Y onpegensercs kak Z(Y—Y)2, . e. pasen cym-
Me¢ KBAa[paFOB OPKIOHEHHH Y oT cpefHero 3nauenns Y. OTHollenHe
9T0il BeJWYHHLI Pa3Gpoca, O6yC/OBIHBAEMOR HAWIHM PErpecCHOHHBIM
YpaBHeHHeM, K ofuleMy HaGonaeMoMy pasbpocy HasHBaeTcsi Koog-
bunuenToM neTepmumammu ) u paBHO KBanpaTy Kos(bdauuenta KOp-
pessuun. TakuM o6pasoM, s MpexBIXYUICrO NPHMEpPA, B KOTOPOM MbI
Bhiuneauan r=0,969, xoapduuuenr perepmunamuu r=0,9692=0,039.
310. 3HaunT, yTo B 93,9% ClyyaeB OTKIOHeHHe Y 1pu H3Mmenenusx X
COOTBETCTBYET BHBENEHHOMY HAMH YDABHEHHIO

Y=0,947+ 1,316X,
2.17. HennneiiHble n MHOrOMEPHbIC SARAYM

Tockosbiy Hama menb — pacckasath 06 HCKycCTBe HMHTAIUOHHO-
'O MojenHpoBaHHA, & He O CTATHCTHKe, MBI OTPAHHYHJH H3/IOXKeHHe

) [lpyroe Ha3sanue 3TOro0 NoKa3aress — «ko3(p(HUHEHT CMeWlauHOR Koppeus-
Unn», — ITpum. peo.

8—195
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MaTepuaja 2Toil IVIaBbl M COOTBETCTBYIOLIME MPHMEPH NPOCTEHLIHMH
ciyuaaMe. Te ke OCHOBHEIC MAEH M KOHHENIHH MPHEMEHHMEH B CHTya-
IAX, KOrAA OXHJAAEMBIE COOTHONIEHHS HEJMHEHHHl W (WIM) KOrAa
UHCJIO HE3ABHCHMbIX NepeMeHHbX GoJblle oxHoH. SIcHO, uTO MaTeMa-
THYECKHE BHDAXKEHHS B JHHEHHOM M (WJIH) MHOrOMEDHOM perpecCHOH-
HOM M KODDEISUHOHHOM aHajiH3e ropasfo GoJiee CIOXKHH H K TOMY
K€ JIEXKAT 32 NpenesiaMH IJiaBHOH TeMbl TOH KHHMM. MHOrMe Bbiumc-
JIMTEJbHbIE MEHTPHl HMEIOT B CBOMX OHGJMOTeKaxX IJfl NOoJib3oBaTesell
OU€Hb XOpOlIHe NMOANPOrpaMMEl MJISl BHITOJHEHHS 3THX CJIOXKHBIX BBI-
uncnenudt. Hamucanusie na ®oprpane Mammnmsie NpOrpaMMbl  JJist
MHOrOMEpHOH JinHefiHOf perpeccHn H KpHBosMHEHHOM PerpeccHu uHTa-
Teab Moxer Halitm B kuure Bapru [4]. pyrue mporpaMmm Moxkmo
TMOJIyYHTb 110 HOMHHAJBHOH peHe B Hupopmannonno-ynpasisiomem
HeHTpe mporpaMMHoro obecneyenns COSMIC, KOTOpbIli HaXOAMTCS B
Yuusepcurere wr. JIkopaxus (r. Arenc). Jleranbhoe paccMoTpenue
TCOPHH W TPAKTHKH DerpecCHOHHOrO0 M KOPPEIANHOHHONO aHaJiu3a
MOXHO HaliTH B IBYX PaHee YIOMHHaBIIMXCS paGoTax [10, 11], a Tak-
e B 6OJILIINHCTBE XODOIUIHX PYKOBOACTB TIO NPUKAAAHON CTATHCTHKE.

Mu ornoxnM paccmorpenue mompoca o NOBEPHTEJIbHbIX TPaHHIAX
U CTaTHCTHYECKO! NPOBEPKE PasiMyYHBLIX KO3GHUHEHTOB xo ri. 6,
rae paerc Gosee ray6oKHE aHa/iH3 MeTONOB KOHTPOJS CTATHCTHUE-
CKOH JOCTOBEPHOCTH.

2.18. dxcnepTHBIE OLEHKH

Korza Her BO3MOXHOCTH ONpeAe/snTh 3HAUEHHS TeX WJH HHLIX ma-
PaMeTpoB SKCNEPUMEHTA/NbHO HJH H3 DaHee 3aperHCTPHPOBAHHBIX JaH-
HbIX, IPUXOANTCSA MOJIaraThCs Ha CyObeKTHBHHIE ONEHKH. B UOpoGHBIX
Clydasx 4dae BCEro KEeJIaTeJbHO BOCHONb30BATbCS MHEHHEM KOJIIeK-
THBA OKCIIEPTOB, @ HE OTAGJbHOTO JHIA. TakKOH KOJJIEKTHB IOJIIKEH
COCTOSITb M3 CNeHaJINCTOB, 00/1afaloMMX IiyGOKHMH 3HAHUSIMH Moje-
JIMPYEMOro mponecca ¥ mo BO3MOMHOCTH OGJieYeHHHIX MPABOM MPHHU-
Marb OTBETCTBEHHbE peilleHHs. BbisiBienHe WHAMBHAYaJbHBIX TOUEK
3peHHs H (OPMHUDOBAHHE Ha MX OCHOBE EAHHOrO MHEHHS KOJUIEKTHBa
9KCNMEPTOB MOXKHO OCYIIECTBJAATb HECKOJbKHMH METOAAMH, HO, MoXKa-
Jiyfi, CaMbIM TOJIE3HBIM W3 HUX SIBJISIETCS METON Henppnl),

Meron Jlenvdn 6611 paspaboran B kopnopanus POHJL Xenmepom
u Jlasku [9]. D10 nrepannonnas npomenypa, KOTOpas Mo3BOJIET nojx-
BepraTb MHEHHe KaX/Ioro 9KCmepra KPUTHKE CO CTOPOHBI BCEX OCTalb-
HBIX, He 3aCTaBissi MX (akTHYECKH CTaJKHBATBLCS JMIOM K JIHIY.
Vnesi Merona 3ak.iouaercsi B ToM, 4To6B CO3XaTh MexaHusM, obec-
TIeYHBAIOUHH COXPAHCHHE aHOHHMHOCTH TOYEK 3DEHHS OTHENbHEIX JIUI
W TEM CaMbiM CBECTH K MHUHHMYMY BJISIHHE KPAcHODEUHBHIX H 06Ja-

!) 3T01 MeTOX Ha3BaH MO HMEHH PEYECKOTo ropona Henbdw, rme B autHuHLe
BpeMEHa XKHJI OpaKyJ, C/laBHBIIHACH CBOHMH mpelcKasaHusMH. — IIpum. ped.
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AaloluX KapoM yGexAaTb JMYHOCTell HA MOBEJEHHE IPYNIbI B MENOM.
Bce B3auMOAEHCTBHS MexIy YIeHaMH TPYNNbl HAXOAATCS MOX KOHT-
POJIEM CO CTOPOHBI KOOPAHHATOPA MJIM PYKOBOASILErO 3B€Ha, Hampa-
BJIAIOIIET0 BCIO JEATEJbHOCTb rpynnbl. Koopaunarop perysupyer mpo-
UeNypy aHa/iu3a MHEHHH M COXDaHSeT HX aHOHHMHOCTb. [ pymmoBas
OUEHKA -BBIYHCIACTCA MM INYT€M HEKOTOPOro ycpemHenHs (06bIYHO
MOCPEACTBOM HAXOXKJAEHHS CPEAHErO 3HAYEHMS, WM MEAMAHH) W JO-
BOJMTCH 1O CBEJIEHHS BCEX WIEHOB IPYMNIbL.

PaccMoTpuM B KauecTse nmphMepa pacnpoCTpaHCHHYIO 3a1ady ofl-
penesiennst sHaueHHs HeKoToporo uMcia N. Ilycrs B rpynme sxcmep-

_1”1 le”ls,“:/.r"f”o . . ]
! I 1| !
| LI L B T 0 | I KB
a, M a;
Puc. 2.26. PesynbTaThl omeHok no Merony enbdm.

Ny NN, Nio Ny Ny
|
|

ToB Oynmer 12 uienoB. Meroa Jlenbhni HMEeT HECKOIbKO BapHaHTOB,
U MBI MOIJIM GBI BHIGPATH C/EAYIOmME CI0co6 melicTRUi:

1. OnpocHTh KaXkJAOro usieHa TPYIMITBI O OTAEJLHOCTH, KAKOBA €ro
oueHKa yuciaa N,

2. PacnosnioXurh OTBETH Ha ofUiell mKajie B MOPSAKE BO3pacraHus
3HayeHuH ® OmMpemeJHTb kBap™uau Q;, M m Qs TakuMm 0o6pas3oM, yTo-
Obl B KaXJOM H3 YETHIpeX OTPE3KOR LIKATH COAEPIKAIAch yeTBepTas
YacTb BCEX OnEHOK. Pesysbrar mpu 12 unemax rpymmst GymeT BbiTusi-
AeTb T2K, KaK 3TO NOKa3aHo Ha pHc. 2.26.

3. CoOGUIHUTL KaXKIOMY M3 4JICHOB rpynibl 3Hadenus Q, M u Qs u
fIONPOCHTL €ro MePeCMOTPETh CBOIO OLEHKY, a8 €CJiM €ro HOBas OLEHKa
Bhllle Q3 WJIM HHKE Q;, MONpPOCHTH ero KpaTKo 060CHOBaTb CBOE MHe-
Hue. ‘

4. TlogcunTaTh pe3ysibTaThl BTOPOrO Typa H COOBLMTb WiEHAM
Tpynnul HoBhie 3Hadenus Qi M u Qs (oOnuHO 3TH 3HaueHHs GyayT
MMETb MEHbIIYIO AHCIEPCHIO, 4eM IOCJIe NMEPBOro Typa) BMECTE C MHChb-
MCHHBIMH OOOCHOBaHHAMH NpeReJbHBIX 3HaueHHH (0Gs3aTeJbHO CO-
XpaHss aHOHMMHOCTb MHeHHH). TompocHTB Kaxjaoro M3 NpEACTaBHB-
IIHX MHCbMEHHbE OTBETH YYeCTb HOBhIE NAHHbIE H apryMeHTauHio H
TPH KeJlaHHH NEPECMOTPETh CBOIO NMPeABAYILYIO OueHKy. Ecaiu B aToM
TPETbEM Type MepecMOTpeHHas OLEHKAa y NaHHOTO uieHa rpynmsl Gy-
AeT Boimle Q3 WM HMKe Qq, HOTDOCHTDL €ro KpaTtko 060CHOBaTb, node-
My OH Cyell HEe 3aC/AyXWBAIOIMMH BHHMaHHS apryMeHTHl, KOTOpHE
Morji Onl 3aCTaBHTb €ro CMECTHTb CBOIO OLEHKY Giuike K cpexHel.

5. TIoBTOPATE 3Ty MPOUERYPY CTOJIBKO a3, CKONLKO MpPENCTaB/SeT-
CA XKeaTeJbHbIM KOOPAMHATOPY, W/iH IIOKa MPOMEXYTOK Mexay Q; u
Qs cysuten no HexoTOPOH 3apanee yCTaHOBJIEHHOH BesquuMHBL. [las

8*
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3TOr0 0GbIMHO TPeGyeTCst BCETo TPH MM UeTHIpe Typa, MOCKOJIbKY ap-
TYMEHTHl CKOPO HAuHHAIOT TMOBTOpATHCA. [asee Gepercd MexdaHa Kak
TpeACTaBJiAIoiasl [PYNNOBOe MHEHHE OTHOCHTEJBbHO TOrO, KaKuM A0J-
XKHO ObITb 3HauUeHHe N.

Kax ormeuasioch panee, BO3MOXHE HEKOTOPHE BAPHAHTH METOAA
Henppnl. HampuMep, BMeCTo HCIOJb30BaHUA MeAMAHH M KBapTHJe:
MOXHO 6paTb cpejHee 3HAYeHHe M CPELHEKBAJAPATHYECKOE OTKJOHE-
Hue. B arom ciyuae KoopamHaTop coobmaer usieHaM TpyMIb B Kak-
oM Type CpeflHee 3HAYEHHe M CPeJHEKBAADATHYECKOE OTKJOHEHHe W
MPOCHT HX KPATKO OGOCHOBATb BCE ONEHKH, OTJIMYAIOUIHECH OT Cpei-
Hero sHayeHHs OoJblle, 4eM Ha CPeJHeKBaAPaTHUECKOE OTKJOHEHHE
(8 s06y10 cropony). Padymeercs, Mbi npefAlosiaraem, uto MHeHHS 6y-
AyT HMeTb HOPMallbHOE pacilpefiesicHHe OTHOCHTENJbHO CPeJHEr0 3Ha-
4eHHus, a 3To AofylleHUe He 00A3aTe/bHO CMpaBeAiBO. OMpoCch MOXK-
HO TOBTOPATb A0 TeX MOp, NMOKa CPeAHEKBAZPATHYECKOE OTKIOHEHUE
HE YMeHbIIUTCHA A0 32 aHHOM BeJHMYHMHBI WM NOKAa HE CTaHeT SCHO, UTO
NaJibHEMIIero yMeHblleHHs: AHCIEepCHH OLEHOK He Gymer. Heobs3a-
TeJIHO CTPEMHTbCH BO uTO Obl TO HH CTal0 K MOJHOMY €XHHCTBY OLe-
HOK: pasbpoc MHeHHN — HODMaJibHOe fBJieHHe fAaXe B MOCAEHHEM
Type.

Heab merona Hesbsi — yMeHbIINTL TCHXOMOrMUECKOE [aBJCHHE,
HCIBITEIBAEMOE HEKOTOPLIMHU JIIOAbMH IIpH JIMYHOM KOHTAKTe, W, CJEHO-
Bare/IbHO, MCK/IOYHTb BJIHSHHE HAa KOHEYHHI pe3ysibTaT ocobo Kpac-
HODEYHBOH HJH cuibHOH JHYHOCTH. OAHAKO METOZ Hesbad CYMTaTh
NOJIHOCTBIO HaJeXHBIM. HalpuMep, HeusBecTHo, KaKoe BJHAHHE Ha
pacxoXJeHHe MHEHUH OKasHBaeT JXejaHHe yYaCTHHKOB MPHCIOCOGHTD-
s K o6llleMy MHEHHIO I'DYNTb HJIH yCTpPaHeHHe OCHOBHMIX NPHYHH Pas-
Horjiacuii. BossioXeHne Ha WieHOB rpyNIbl OTBETCTBEHHOCTH 3a 060-
CHOBaHHe CBOHX MHEHMH SHBHO BjedeT 3a coloft  cTpeMJeHHe
SKCNEPTOB pACMosiaraTh oleHKH OmuXe K MelAuaHe 6e3 ocoGoii apry-
MeHTalnHH. Kpome Toro, Te y4yacTHHKH, KOTOPbie MEPBOHAYANbHO GbLIN
YBEpeHH, 4To 001ajaloT CHJbHEIMH aPTYMEHTZMH B T0Jb3y CBOETO
MHEHHS], JIETKO MOTYT OTKa3aTbCf OT CBOMX MO3HIMM, KOrja BUAAT, 4TO
UM He yAaJioCh cpady ke yOeIHTb OCTAJIbHBIX WIEHOB IPYINLL JTO Mo-
HeT YCHJIHTb «3a(@EeKT TOJMMBI> BMeCTO TOro, YTOGH yMEHbIIUTb €ro,
KaK 0XKHMAaJioch.

Meron [denbrl, Mpeanosiaraiomufi aHOHHMHOCTb MHEHHH, uTepa-
THBHYIO Mponeaypy o6paloTKu pesyJbTaToB, yIpaB/iseMylo o6paTHyIO
CBfI3b, YHCJIOBble OLEHKH H CTAaTHCTHUECKOe oflpejlelleHHe TPYMIOBOH
OLEHKH, Ofellaer CTaTh NeHHBIM HHCTPYMEHTOM HCCAeAOBAHHA Juifl
Pa3paloTUHKOB HMHTAUMOHHHX MoJened. ITo AammbiM Kysiima [19],
NpoBe/AeHHble KONEPHMEHTH NOKa3a/d Cleaylomee:

1. Jluunble QHCKyCCHH He AAIOT CTOMb e 3(hdeKTHBHBIX pesyJibTa-
TOB, KaK Metol Hesbdoi.

2. TOYHOCTb OMEHKH YJYYLIAeTcsi C POCTOM UMCJA UJICHOB TPYIINbE
H KOJIHYeCTBA UTEPAH.
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3. TouHoCTb OmEHKH najaer c yBeJMYeHHEM HHTEPBAia BpeMeHH
MEXKJAY OTBETaMH YJICHOB TpYIIIbL.

4. Tlpu ucnosbsosanni Meroga Hdenbdbl mocTuraercs Godibliee Co-
rjacHe MexAy TPyNNoBLIM MHEHHEM H MHEHHSIMH OTHEJbHBIX YJIEHOB
rpyNnel, 4eM fpH MeTo/aX, TpeOyIOmHX JIMUHBIX KOHTAKTOB. 3Ta CTO-
pOHa fesia, OYEBHAHO, OCOGEHHO BaXHA, €CJH HEKOTOPble M3 UJIEHOB
IPYNINBl ABJIAIOTCA DPYKOBOAAIMMH PaGOTHHKAMH, OTBETCTBEHHBIMH 32
BHEJIpEHHE Pe3yJIbTaTOB HMHTALHOHHOIO MOAEIHPOBAHHUS.

2.19. BoiBoasi

Sran ompefeneHHst TPAHHIl CHCTEMEI M (OPMYJIHPOBAHUSA €€ MOJe-
JH fIBJIAETCS, HECOMHEHHO, OAHOH H3 Hanbosiee TPYAHBIX H OTBETCT-
BEHHBIX 9Yacredi /0Goro WMHTAMUOHHOINO HCC/EJOBAHHA. YCIex WJH
Hey/aya Ha MOC/EeAYIOLINX €ro 3Talax B 3HAYHTEbHOH CTelleHH Gyaer
OTpPEeAeNSATECS TeM, HACKOJbKO XODOWIO YAaJioCh ONpEeAe]dTb 3afady,
YCTQHOBHTb LeJIH HCCJIeJ0BAHHS, ONPEI1EIHTb IPaHHLBl CHCTEMBI, ONpe-
JIeJIHTh CyHIeCTBEHHble KOMIIOHEHTH H NepeMeHHble, BHPaGoTarb IHIo-
Te3bl W abcTpakuud (OTHOCAIMECS K B31MMOCBA3SAM MeXAy KOMIIO-
HEHTAMH H MlepeMEHHbIMH CHCTEMBI), OUEHHTh 3HAYEHHsI COOTBETCTBYIO-
IAX MapaMeTpoB.

Ecau Mbl MpoABHAM ZOCTATOYHO HCKYCCTBA H OCMOTPHTENbHOCTH Ha
Haua/bHBIX CT2AUAX Pa3paboTKH MOAENH U NPHAAAMM el MOAYJbHYIO
CTPYKTYPY, TO OKaXeMCs B COCTOSIHHM YJy4llarh M KOPPEKTHPOBATb
MOJeJb MO Mepe HAKOIJIeHHA ONbITa Ha Oosiee MO3AHHX 3Talax ee
paspaborku. Bmecre ¢ TeM, ueM Gosiblile OmMO0K Mbl ROMYCTHM Ha
PaHHHMX 3Tanax, TeM TPylHee H Hopoxke obofimercs B pasbHeiillleM
mobas HeoGxonHMan MoAHGUKANUSA MOAeNH. PeasbHblil MHp CJIHUIKOM
CJIOXEH, H MBI BbIHYXJEHbl BCerfa JesiaTb HEKOTOPble YMPOIAIuIHe
Aonymenus. OXHAKO HUKOTAA Hesib3s 3a6HIBATb O TOM, YTO 3TH Jomy-
IJeHHS] CAesIaHbl, U AYMaTb, OYATO BLIXOAHbIE Pe3yJbTaTH Hallell Mo-
JIeJI IIeJIHKOM OTPaKaloT PeasibHOCTb.

Bosmoxuoctn cospemenHbx 9BM mpoposikaioT BospacTath ¢ Gan-
TacTHUeCKoH ObicTporoil. IToBhImenHe ckopocTH 06paBoOTKH, yBesHye-
HHe 00beMa NaMATH H PeXKHM Pasfie/icHHs BPEMeHH JAlOT B DYKH aHa-
JUTHKY BCe Gosiee MOIUIHBIE HHCTPYMEHTH HcclefoBaHus. OfHAKO HBI-
HelHHe H OyAymHue yCleXH HMMTALHOHHOTO MOJEJIHDOBAHHS 3aBHCAT
e TOJIbKO OT Pa3BHUTHSA HOBHIX BO3MOXKHocTedl DBM, HO TakXke OT Ha-
mero yMmeHHsl 3(¢eKTHBHO HX HCMOJb30Barb. IlocKodbKy athdexrus-
HOCTb 3KCmJyaTandu DBM mo-MpexHeMy B 3HaYHTEsbHON Mepe Ofpe-
JleJiieTCA  KayeCTBOM MporpaMMHOro obecneueHMs cHCTeMBl, GbUJIO:
paspaborano GoJsblloe YHC/IO CHeHHatbHHIX A3LIKOB MPOTPAMMHpOBA-
HHA, yIPOUIAIOMWUX /il KOHCTPYKTOPa MOAEJNH €ro paory, Aealolinx
€e MeHee TPYAOEMKOH M B MeHbllel CTelleHH TOABEpIKEHHON CyObek-
TUBHBIM omubkaM. B mesioM 3TH A3HIKH 06eclleyHBAlOT MOJb30BATEJS
COBOKYIMHOCTbIO KOHUENIUHA MaTeMaTHYeCKOro OMHCAHHS CHCTEMBI, yKa-
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3bIBAOT METOL MNPHCBOEHHS HMEH nepemeHHmM " Hp&ﬂOCTﬂBJIﬂIOT CH-
C<TeMy NpOrpaMMHKpPOBAHHs, NPeobpasyoILyI0 ONHCaHHe MOAeNH B Ma-
LIUHHBIA $3HK, MO3BOJISIIOUIKA MallMHe aBTOMAaTHYECKH BHINOJHSATH
MMUTAIHOHHOE MOZeJHpOBaHHe. B ry. 3 MBI paccCMOTPHM HEKOTOpHE
U3 TaKuX SI3HKOB NPOrPaMMHPOBAHHUS, KOTOPHIE MOTYT ObITb MOJIE3HH!
JJI HalluX Iesen.
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Y94, London,

3AJAYH

1. PaccMoTpuTe mpuMep U3 NPHUJIOKeHHT A.2.

a) B Molenn NPHHATO, 4TO CaMoJeT MeHSeT HampaB/eHHe NBHKEHHS Ha obpart-
HOEe MT'HOBEHHO, KaK TOJBbKO BHINYCTHT MOCJAENHIO paKeTy. OKasmlBaeT JiH 3TOT ode-
BHAMBIA HeJIOCTATOK MOJIEJH 3aMeTHOe BJIHSHHE HA TOYHOCTb De3yJbTaTOB?

6) Ecam Bpems, TpeGyemoe camoseTy AJs pasBopora Ha 360° moclle BEITYcKa
NOC/IeHEeH PaKeTH, PaBHO Ty, KaKuM 0GPa3OM 3TO H3MEHWHT ypaBHEHHE MOAEJH?

2. HapucyfiTe TeXuOJOTHYECKYIO KapTy H TeXHOJOTHUECKYIO NKATPaMMy BAlIero
0GbIYHOTO yTPa, HayMHasd C MOMeHTA, KOTLA BH NPOCHNAeTeCh, H KOMYAS MOMEHTOM,
KOTZla BH YXOJNHTE H3 KOMa.

3. TIpennosioxaM, BH KOHCTPYHpYeTe aBTOMart AJs NPOKAXH CJAfoCTeli CTOM-
MOCTbio 110 10 uenToB wTyKa. ABTOMAT NpuHuMaer 10-, 15- 1 20-UeHTOBHKH, a cAauy
BhLaeT TOAbKO 10-uenroBmkamu. Kaxnoe yTpo B Hero 3aK/ajblBAalOT TOBapH #
50 moner no 10 nentoB ans chaun. Haprcylite JOrHYecKyio AHATPaMMy YNpaBJsio-
lLer0 MeXaHH3Ma 3TOr0 aBTOMara.

4. Jlaun cryuafinbe HekoppejaHpoBaHuble nepemenusie A, B m C. IlepeMennas A
HMeeT HopMaJibuoe pacnpelesenne ¢ p=100 B 0=20. [Tlepemennas B takxe pacnpe-
nesena nopManbuo ¢ p=20 B 0=>5. Pacnpeseienne nepemennoit C 3agauo B ciefy-
10ueM BHIE:

3navenne C 10 20 30 40
BeposTHOCTD 0,10 0,25 0,50 0,15

ITpumensin meron Moure-Kapio, omehute cpesee 3nauenne HOBOR NepeMentoi Z,
onpefeasemoli kak Z=(A+B)/C, noabsysacs BhGopKod ua 10 anavenuit.

5. IlpexnosioxuM, uro B 3afave 4 mepemennbie 4 u B HMeOT Ko3b(AuHEHT
KoppeasugH + 1 (T. €. ¢ POCTOM OJIHOK NepeMeHHOH Bo3pacTaer u Apyras). Ouenure:
no Meroay Moute-Kapso cpennee snavenne Z npu o6beme BEGOPKH 10.

6. Eule pas paccMOTPEM 3a/1auy O IbSHOM NPOXOXKeM, 06CYXAABUIYIOCS B pasy.
2.10. ITycTb n1s1 Mero BePOATHOCTH NepeMelIeHHS OT JI0GOT0 3aAaHHOTO NEPEKPECcTKa
B DA3/MYHEIX HANPABJEHHAX He OJHHAKOBH, KaK 3TO NPEXIOJAraloch pamee, a HMeT
crepyiomue skauenns: 50% nas nepemeluerHs npamo, 20% AAs NepeMelleHHS Ha-
npaBo HAM BaneBO u 10% s nBHKeWHs uasapn. IIpoBefHTe MOIeNMpOBaHHe 3TOlt
CHTYaUWH H, MCNOJb30BaB 10 IONMBITOK, BEIYHC/AHTE BEPOSATHOCTb TOTO, YTO MbSHHI,
NpOiiAs nATb KBAapTa/loB, 3aKOHYHT CBOM NYTb He fajiee yeM B ABYX KBapTajax OT
HayaJbHOH TOYKH.

Ilr — —e Toyna nonabarus
|
1y
|
Hanpabuenue nomema |
—— 60m
150m Toyna npugesmbarus

7. IIpomojenupy#ite NoBellekhe HCTPeCRTENS-6OMGAPARPOBIIKKE, MHOCIARHOTO
4TaKOBaTh BaXHOe NPOMBIULIEHHOE MPEANPHNTHE paKeTaMH KJiacCa <«BO3AYX —
3eMJIg», Ka)xnaﬂ Ppakera HaBOAUTCS HHJIHBHAY aJIbHO. Paamepm npennpml'mx
60X 150 M. 3axox ®Wa aTaKy NpPOK3BOAMTCS C HanpaBJieHHs, COBMAjAlOLIEro C Ha-
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NpaBieHHeM JUIMHHOH OCH UeJH, TOYKa NPHUETHBAHHA — rEOMETPHYECKHA weHTp
uend. DaKTHYeCKYIO TOUKY NONANAHHA JJAS KAXKIOH DAKETH MOMKHO onpenenuTh
TODHSOHTA/IbHLIM OTKJOHEHHEM X M BEDTHKAJLHMM OTKJOHEHHEM § (CM. PHCYHOK).
I8 paccTosHys, ¢ KOTOPOTO 3aNyCKAIOTCS DAKeTH, 06a OTK/IOHEHUs HE3aBHCHMHI,
HOpMRJIbHO pacnpelle/lenbl OTHOCHTENBHO TOUKH NPHUETHBAHMA M HMEIOT HyJeBoe
opentee suavenne. CpelHEKBaJpPaTHUECKHe OTKJOHEHMs 60 M B HalpaBieHHH X u
-30 M B Hanpasienun y. BoMGapAHPOBIMK Npx KaXAOM 3aXofe BhINYCKaeT WeCcTh
paxer. BasB o6beM BuGopku B 10 3aX0J0B, ouennTe CpeiHee UMCIO TOTaAaHWi npu
KaXIOH arake.

8. TloTpeGHOCTE B HEKOTOPHIX AETalSX ClefyeT pacnpesienenmio Ilyaccona:

HM3yuuB faHHHE N0 TNPEXHHM NOXapaM, OH Hauleld, 4To ¥ 75% caydaeB mis Tyiue-
HHUA norpeﬁosa:racs TOJBKO OJHa NOoXapHasg MallHHa, a BpeMs, HMXOAH‘MOe DI
JIMKBUIAUMM T0XKapa, MMeeT HOPMaJbHOe pacrmpefenende ¢ =3 4 u p=05 u.
B ocrasbubix 25Y% cayuaeB HyXHH ObliM JBe NOXAapHHlE MALUMHbl, a BPEMS /s
JMKBHIAUHY STHX NIOXKAPOB PACTPelesyioch HOPMaTbio ¢ p=4 u u p=1 . [Ipexn-
no.arasg, 4to He‘OGXOIlHMble NoXapHble ‘MALIMHB BCEria UMENTCH B HaJAWUMH, olpe-
JeJHTe, CKOJBKO YacoB B CpenHeM OoHM GHIBAIOT HYXKHH KaXJbe CyTku. [Ipu moge-
JHPOBAHUH BO3bMHTE 06BeM BbHIGODKM PaBHEM 10 cyTKaM. .

10. I'py30BuKY TPHOHLIBAIOT HA Pasrpy3OuHYI0 CTAHUMIO B CJydafiHHe MOMEHTHS
BpeMeHH. AHa/M3 NMPeXHUX 3amucel NMOKA3aJ, YTO TeMI NPUOHITHS TPYIOBHKOB NOLUH-
HseTCs pacnpenenenuio [lyaccona €O CpeiuMM 3HAaYeHHEM 3 IDY30BHKAa B CYTKH.

ExxefiueBHast MOTpeGHOCTL BepostHoCTh YHeno mHeft O MoOCTaBKH BeposarHocTs

Uueno  npubmBao- 0 1 2 3 4 5 6 7
IHX TPY30BHKOB

22 1 , 1 ,05 0,03

0 0,30 9 0,10 BeposiTHOCTD 0,06 0,15 0,22 0, 0,17 0,11 0

1 0,36 3 0,50 Bec rpysa, npuObiBaIOIIEro ¢ KaXAWM TPY30BHKOM, SBJSETCA INIABHEIM (aKTO-

2 0,22 4 0,30 poM, OnpeieifIOllMM BPeMs PasTpysk. [IpeHMe 3amucH NOKa3LBAalOT, YTO Beca
rPY30B pacnpelleieHbl HOPMAJIBHO CO CPEIHMM 3HaueHneM 12 T # CpefHeKBaIpaTude-

3 0,09 5 0,10 CKuM OTk/JOHeHHeM 2 T. CKOPOCTb Pasrpysku, T.e. Bec, KOTOPHH MoXeT 06paGo-

4 0,03 TaTh OpHTaja IPYsinkoB 3a 1 U, TaKXe NeDeMeHHa M SABUCHT OT BHIA Ipysa.

BepoaTHOCTb npHOBITHS Pys3a KaXKAOro BuAa H COOTBETCTBYIOLIKE CKOPOCTH pas-
rpYsKu Ykasawsl B Tafauue. Bpuragma cocroutr u3 8 yeNoBeK — BOLMTENS aBTOMO-
TpysunKka (dacoBas CTaBKa 4 IOJL) M ABYX paGounx (wacoBas cTaBKa 2,50 mosi.).
dupMa CIOLYeT npaBUaAY — PAsrpyKaTh BCE TPY3OBHKH Me MO3KeE, MeM 4Epes CYTKR
noc/e npuOeITHA. Bee rpy3OBHKH, MPHObIBIIHE HaKaHYHe, HOJMHHE GHITb pasrpyKeHbt
He3aBHCHMO OT TOIO, KaKkyl0 CYMMY CBEpPXYPOUHHIX TPHAETCH BLUIIATHTb. KOJJIEKTHB-
HBLl IOTOBOP, 3aK/IOUEHHHIH ¢ NPO(COI030M IPY3UHKOB, Tpebyer MOJYTOPHOH OTIIaTht
3a KaXJB# uac, NpopabOTaHHEI CBepX 8-yacoBOro paGouero AHs. B3sB 06beM BH-
Gopku paBHbIM 10 cyTKaM, onpenesuTe, CKOJbKO GpHram ClelyeT HausATh, YTOOBE
CBECTH K MMHUMYMY OOLIYIO CTOMMOCTb PasrDySKH.

3anac jietaneil NpoBepAeTCs B KOHIE KaXKAOH MATHAHEBHON paboueii nepesn, u,
‘@CJIH OH OKasblBaeTcs PaBHBIM IIECTH LITYKAaM HWJIH MeHee, pa3MellaeTCs 3aKa3 Ha
necatb jetajefl. Pacnpenenenwe BpeMenH BHINOJMEHHS 3aKas3oB 3afaercs TIpaBo#
‘4ACTBIO TAO/HMUB (BPeMs HCYMCASTCS B PabOUWMX JHAX X0 moctaBke). Havaabunie
YCJIOBHS MOLEJHDPOBAHHA! vl)a‘60’-[aﬁ Heleqasa TOJbKO HauHHaercs, UMeercd B HAJNHYHU
HecATb LeTastefl, 3aKasoB ma HoBble AeTaaM Her. IlpoMozempydte mstb pabounx
Henesb. [Toctpoiite rpaduk ypoBHs samaca k KOHIY KaxAoro paGoyero NHs u nof-
cunTafiTe uMCAO AHell, KONIa HMEETCS MeXBaTKa JeTaJeil.

9. Hayanburk noxapHo#i oxpaHbl B ropofie Jbs6iao (wr. Anabama) oGuapyxui,

UTO UMCIO TIOXKAPOB 3a CYTKH CJGIYeT pacnpenenenuio Ilyaccona o cpefHuM 3Ha-
“JEeHHEM 4YeTHIpe 10XKapa B CYTKH: BHA rpysa BeposiTHoCTE CKOpOCTb pasrpyskH, T/4
UHCA0 1OXApoB B CYTKH BeposTHOCTD A 0,40 3,2
B 0,35 2,8
0 0,02 C 0,25 2
1 0,07
2 0,15 ‘
111, Bepuemcs k 3afiave 9. Ecim cyTouHoe uncio TIOXAPOB NOAYHHAETCS pac-
3 0,20 npenenennio Ilyaccoma, TO MPOMEXKYTKH BPeMEHH MEXAY noxapaMi GYAYT HMSTb
4 0,20 OTpHIATEbHOE SKCIOHEHUHATbHOE Padlpe/ieNenue CO CPEIHKM 3HauenneM 1/3 cyTok.
Topoz [ps6n0 B HacTosiliee BPeMs WMeeT TPH MOKapHHE MamHuW., Hosas noxap-
5 0,16 Hag MalKHa CTOMT 50 THC. NOJIL., a TOZOBOE CONEpIKAHHE KOMAHAH KaMEOR Malli-
6 0,10 HH  06xXomuTcs ‘84 Thic. foa. ECiHH Clyyaercs moxap, a CBOGONHOA Malmue wer,
ToXap NpPHHOCHT ROMOJMHHTEAbHble YOHITKH § ThIC. RO 3a Kamine 15 mum (umw
7 0,06 MOGOH MEHBLIMA TPOMEKYTOK BPEMeHn), NPHYeM MAKCKMAJAbHEE YGHTKH O MPHGH-
8 0,08 THS NOXKAPHOH KOMaHZH MOTYT JOCTHTHYTh 30 THC. N0, BpeMeHeM aBHKEHHs:
9 0,01
D 3apawn 11 u 12 TpeSylor cocraBienus TPOrpaMMel AJa pellleHHs na DBM.

Tenepatopr crysafiHHX mepeMeHHHIX LaHH B NPHIAOKEHKH B,
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MAIIMHH K MECTY MOXapa, €CIH OHa MMEeTCs B HaJHyMH, MOXKHO npeHetpeus. Ecau
Ha TIOXap, Tpebylolui IABYX MOXapHHX Malllud, NPHOHBaeT TOABKO OAHA, LONOJ- Tlorpe6aenue s1ekTposkepruy, KBT YHeno KHIHIL
HUTEABHBIE YOHTKH COCTaBJAIOT TIOJMOBUKMY YGHITKOB [PH IIONJHOM OTCYTCTBHH MaUIHH
(8 pacyere Ha mepuoj, MOKa He TMPHOGYAET BTOpas Mawwuha). Paspaborarte Malugh-

HYI0 MOJeJb M, NPOBENs MOJeaupOBaHHe A 365 CYTOK, ONPeNeNUTb, CKOJBKO TIO- 1000—1499 8
XKAPHBIX MAUIMH L0JMXKEH UMeTb TOPOA. 1500—1999 24
121, BsezeM B 3amauy 10 yc/oBHe, YTO TpY30BHKH HOJKHH OHITH pasrpyeHl
He Ha Cjenyloliue CYTKH, a B Te XKe CYTKH, KOTZa OHH NpHOHBAOT. Ilpemnoso- 2000—2499 96
JKHM, 4TO TPY3OBHKH NDHOBIBAIOT CAyYaiMbiM 06Pa3soM Ha MPOTSAXKEHUM 8-1acoBOro 2500—2999 294
nepuona, HauuHas ¢ 8 4 yTpa. B cpexHeM mX mpHOEIBaeT uYeTblpe B CYTKM, MpHUEM
NPOMEXYTKH BPEMEHH MeXAY NPuUCHTHAMH pacHpefiefeBEl MO OTPHUATEIBHOMY 3000—3499 417
IKCIIOHEHUHAJNBHOMY 3aKOHY €O CPeIHHM 3navenueMm 6 4. Orser no/KeH OWTL Aan 3500—3999 240
Ha OCHOBE MopjeaupoBaHus J-Mecsunodi (60 paGownx mHefdl) paGorbl pasrpysouHoi
Gaswi, [IpumuTe Honymenue, YTo B KaXJble CYTKM CBEpPXYPOYHOE BDEMS HE NOKHO 4000—4499 114
npesiwath 4 1 4500—4999 57
13. B Tabanue npuBeienbl (M OGHUHOTO MeCAUa) jaHHBE Mo eXKejHeBHOMY
YHCay KPax CO B3/IOMOM, CoBepuiaeMulx B ropose ITapanaia (wr. Texac): 5000—5499 16
5500—5999 4
e Br cr Hr e ce Be Tpuuss «="0,05, NpOBEPUTD, ABASETCH JU HCKOMOE paclpenelenie HOPMalbHEIM.
17. B npuMepe npuioxenus A4 mpeicTaBieHa MoAeab cGopa oTxoAoB B Kius-
JieHne. ABTODH, CONOCTaBHB CTATHCTHUECKHME J[aMHble C LAHHBIMM, [IONYYCHHHIMH Ha
2 3 4 6 4 3 HX MMHTAUHOHHOR MonenH (taba. 1), yTBepXKAalOT, 4TO WX MOAEAb JOCTOBEpHA.
5 4 2 1 4 5 3 IlpoBeputb 31M0 yTBepXIewHe mno Kpurepuio Koamoroposa — CMupuoBa, mpu~
Hs8 o =0,05.
4 5 3 5 8 2 2 18. Huxe npuBofsarcs 50 ciyyalHHX 9uCes, MOJYYCHHHX C TNOMOUIBIO MalIHHbY
3 1 3 6 2 1 3 tuna 1BM 360/30 ¢ ucnoassoBamueM GHGanOTEYHON noamporpammn RANDU:
2 7 1 4144 4864 1889 7555 8328 1071 6878 3522 9233 3697
9082 1215 5548 2353 4186 3033 5025 0149 7588 4064

6273 1062 9912 9910 0252 2319 1647 9066 9215 4233
2461 6669 7862 7151 2140 8530 1840 4205 9032 5807
3548 9025 2213 2053 2400 5817 3901 0148 5781 3350

TNpwnsiB a=0,05, mpoBepuTs COrTacHe STHX naHHEIX ¢ pacnpenesenueM ITyaccona,
0JIb3ySICh KPHTEpHEM 2.

14. Tlepenposepute namume 3ajawn 13 ¢ momompio kpurepus Kommoroposa —
‘CMHpHOBa, NO-NIPeXKHEMY npunuMas o =10,05.

15. Takcomoropnass (upma «[Typnypuoe Takcu» (BocToH) BemeT aas CBOHX
MalMK eXeIHEBHEIA YYeT NOPOXHO-TPAHCHOPTHHX npoucwectsuit (JTIT). Pesyis-
TarThl 32 OXHH TOX NPUBEAEHE B TabJHie:

[Tonb3ysick kpurepuem x? mpu a=0,01, onpeneautb, COOTBETCTBYIT JH 5TH JaHHHIE
PaBHOMEPHOMY DaCTpPEICACHHIO.

19. Ins BocbMM 3naueHuii He3aBHCHMOH MePeMeHHOR Xx NOJYYeHH CJeLyloliue:
3HAYEHUS 3aBUCHMON TIepeMeHHol Y.

x 4112630974
y 21 732653

BBUMCINTD: a) DErpecCHOMHYI0 WPAMYIO; §) pPerpeccHOHHYIO Omeuky Ada ¥
npu x="7.

20. TlpennosaraeTcs, 4TO BBHIXOX XHMHYECKOro INpouecca sBASETCS (yHKumed
KOJMyecTBa Kara/luM3aTopa, BBOJAWMOTO B DeaklHio. Pesyabrarbl SKCIEpHMeEHTa NpH-
BENECHH HHXe:

Uucao JTTI 0 1 2 3 4
Uucao aueit 217 113 29 4 2

Crienua/ucr mo MCC/IeNOBaHKIO oOllepamuii 3 MaCCcauycerCKOro TeXHOJorHue-
CKOPO HMHCTHTYT2 cooOmui dupMe, uTo obmiwno cratmcTEka JTII noguuusercs pac-
npefefennio Tlyaccona. IIpoBeputb 910 yTBepXKieusie, npuuss o ==0,01.

16. [Inst cosamamusi COOTBETCTBYIOWiel HMHTALHOHHO! MOJEJH OTHes OCBelleHHs
MYHHUHATIAJATETa TIPOBEJ aHANH3 THBADCKONO MOTPEGJIEHHS 3JEKTPOIHEPTHH | i
B 1200 a6onentoB. CoOTBETCTBYIOWHE Jfanuue npmgengnu 8 Taﬁnnﬂe: pritt TRymHoR Brixon peaxumn, % 67,3 695 70,4 69,6 738 768 75,8
Komuuecrso xataamsa- 17 18 19 20 21 22 23
TOpa, Kr

Buluncaurs: a) perpeccromuyo mpamMywo; 6) xoadduument Koppessuuu; B) Kodpdu-
HueHr IEeTepMHHALKH.

1) CM. cHOCKY K 3apaue 11.
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21. TTuiTasch BHIBECTH YpaBHeHHe /[JIA HCNOJb30OBaHHA B MOJeJH, pa3p86%‘TaH-
HOR AJs H3yueHHst TOPOACKHX MpOG.JeM, MBI MpeAnoJaraeM, 4yTo CyecTByeT nm—xg Ha:l
3aBHCHMOCTb MeX/Ay YPOBHEM TNPO(ECCHOHANbHOTO OOYyyenHs u pOCTOM 3apal or:...
TlpuBomuMble HuEKE De3yJbTaThl ObLIH BHIMHCACHEl Ha OCHOBE cra;’ncmqecxnx Aan-
HBIX 110 yncAy Jer ofyuemns X m POCTY HeJeJLHOTO 3apaboTka Y aia rpymml a3
925 yyammxcs, KOTOpble INPOXOJWIM OCyueHHe MO NPOTpaMMe, OCYIECTBISBLIEHCS
YnpasJesnem 0O YAYYIIEEHIO SKOHOMHYECKOro GAaroCOCTOSBHA.

n=25, IX?=318,
2X=80 ner, LY?=67,650,
LY =1240 nosmn., IXY =4490.

BHIUKCAHTb: a) PErPECCHOHHYIO npaMylo; 6) KosdbuumeiT Koppeasuuy; B) Kodd-
«pULHEHT aeTep MHHAUHH.

TNABA 3
MOCTPOEHME MOJLENM

Yenosexy ne RYMHHO NPUCIOCABAUBATOCA K AUHZBUCTUYECKIM ozpa-
HUeRUAM, 0OHAKO ON MOJKET Ae2KO MPUCnocoburs A ceoux ye-
aell cam A3bLK.

Hocowya Yoamor

3.1. 3BM u mMonenuposansue

B MallMHHOM HMHTAaIMOHHOM MONENHPOBAHHH, BooGIe roBOps, Hc-
T0/Ib3YIOTCS BHIYHCANTEJbHEIE CHCTEMEl TPEX THIOB — 5T0 YHHBEPCaab-
Hple OBM, as1eKTPOHHEIE aHANOrOBHe MALIWHB B HEAABHO NOSBHBIINe-
cs rubpunnnle OBM. Tlpeumymectsa Kaxkpoii u3 Hux onpenensoTcs
CenudHKOA OCHOBHBIX CBOMACTB aHAJOTOBHIX H nudpoBux IBM. Ana-
JoroBasi BHYMC/IHTEJbHAass MalluHa, wiu ABM, nupegcrasiaser coboi
TIEPEMEHHbIE 3aJaui B BHAE JIETKO TEHEPHPYEMbIX W  YHPaBJIeMBIX
(u3MUecKuX BEUUKH, HAUPUMED S/IEKTPHIECKOTO HanmpskeHAs. Perue-
HHEe Ha Hell MOJYYaiOT, BHIIOJNHAS OXHOBPEMEHHble (HJIH napaJlyiesb-
Hble) OmepanuH, B TO BpeMs Kak nudposas IBM Buimosnser omepa-
UHH 10ceL0BATeNLHO (cepusaMu). DTo AaeT aHanorosok IBM cymecrt-
BEHHOE NMPEHMYLIECTBO B CKOPOCTH BHIYHCIEHHHN, 0COGEHHO Mpu pelue-
HUH cHCTeM AuddepeRnuanbHbBX YpaBHeHu .

B 1o xe Bpems undposas IBM cnocobHa obecmeunsaTs 6oJIbIyI0
TOUHOCTb M pacUIMPEeHHEIA JUHAMUUECKHH NuanasoH Gjarogaps CBoef:
CnocoGHOCTH CUUTATb, MOXYHHATHCH JOTHYECKHM npasuiaaM, padorarth
C nuiaBaioueil TOUKOH W HCHOJb30BaTh AJMMHHBIE C/I0Ba., TaKHM obpa-
SOM, OLHO M3 OCHOBHBIX PasuuuMii MeXAy aHaJOTOBHIME ¥ UH(DPOBbI-
MH BBIYHC/IMTENbHBIME MaIllMHAMHU 3aKJIOYaeTcs B crnocobe 06paboTku
SABHCHMBIX MepeMeHHHX. B aHAJIOrOBHIX MallpHAX JAS SamucH 3aBU-
CHMBIX mepeMeHHBIX (K He3aBHCHMBIM NEPEMEHHBLIM 5TO MOXKET u He
OTHOCHTbCS) HCHOJIL3YETCS HempepLBHas ¢dopma. B nudpossix IBM
BCe nepeMeHHble, 3aBHCHMEIE H He3aBHCHMbIE, MOSBJSIOTCA TOJNBKO B
AuckperHoM sHAe. TouHOCTh urcen (T. €. KOJIMUECTBO 3HAUUMEIX mudp)
B anasorosrix OBM orpannyeHa KauecTBOM KOMIOHEHTOB ee SJIEKTPH-
HeCKHX penel, B To BPeM# KaK TOWHOCTb Hu(pPoBHXx DBM 3aBHCHT OT
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KOJIHUECTBA PA3PSALOB M OrPaHHYeHA JIMIIb pasMepoM HJIH 0GbeMOM
Per’cTpPOB MaMSATH.

Becbma MepCHeKTHBHAS BO3MOXKHOCTb OOBEIUHHTb CKOPOCTh aHa-
JI0roBofi MAlIHEB ¢ TOUHOCTBIO M JIOTHYECKHM KOHTpoJieM Lu(poBoit
npusena B Konue 50-x rofoB K pa3paGoTKe BLIYHCIHTENLHEIX METOAOB
Ha OCHOBE THOPHIHHX crcreM. [HOPHIHYIO BHIYHC/IHTEbHYIO CHCTEMY
MOXKHO TOCTPOMTb NO-PasHOMY, OZHAKO HauboJiblllee pacmpocTpaHeHne
nosyuuaa koMGuHauus yHuBepcambhoii SLIBM, ABM u unrepdeiica,
waM csayioulero 6;oka, mexny numu. K sromy kmaccy ruGpHIHBIX BhI-
YHCJIMTEJNbHBIX CHCTEM IpPHHALJIEXUT OOJbIIOE YHCJIO THIOB CHCTEM-
HBIX KOH(UIypauuii, pacCUMTAaHHBIX Ha Pa3JUYHbIE ONEPalHOHHBIE pe-
JKUMBI, crenHbuyeckue OCOGEHHOCTH KOTOPHIX ONpeielsioTcs COOTHO-
HIeHHEM «BbLIUMCJAKTENbHOR MOUIHOCTHY aHAJIOrOBOK M IHPOBOH YacTH.
HuXe mpeanpuusTa MOMBITKA BbIENHUTb H 0600LHTL BCE NOCTOHHCTBA
H HeZOCTAaTKH 3THX TPEX THIIOB BHIYMCJHTENbHBIX CPEICTB NPHMEHHU- |
TeJbHO K UMHUTAIHOHHOMY MOJENHPOBAHHIO.

Boo6ie roBops, ¢ Jio6oil 3anateil, kotopyio pemaer ABM, moxer
crpaBuThes ¥ MomHas nudposas IBM. Ho na aHajorosbx MalKHAX |
peliaTh MHOTME 3ajaud MOXHO OBICTpee, Jierue H JelleBJe. Bexu R §
Kapmitioc [2] mpuBozsT uepTh, Xapakrepusre aus ABM:

1. 3aBHcHMbBIE TepeMeHHble NPeiCTaB/IgoTCs B MallMHe B Hempe-
pHIBHOM BHIE.

2. TOYHOCTb JMMHTHPYETCs KayecTBOM KOMIIOHEHTOB 3JIEKTpHYec-
Kux cxem OBM. 3

3. Bo3MOXHO ORHOBpPEMEHHOE OCYLIECTBJIEHHE Iapall/ie/IbHhIX BbI-
YMCJIUTE/IbHBIX Omepamui. '

4. Bo3VMOKHO BHINOJIHEHHE OMepaluil B PeallbHOM HJIH YCKODEHHOMY
MacuitaGe BpeMeHH, IPHYEM CKOPOCTb BbIYHCIHEHHMH OrpaHHYeHa IJaB-)
HBIM 06pa3oM YacTOTHBHIMH XapaKTePUCTHKaMM IJIEMEHTOB, a HE CIOX
HOCTbIO 3aJjayH.

5. Takue ONEPALMH, KaK CJHOXKEHUe, BHIUMTaHHE, yMHOXeHHE, ]
(epennupoBaHHe, MHTETPHPOBAHHE U TEHEPUPOBAHHE HEMPEPBLIBHL '
(QyHKuuH, BMIOIHsIOTCS BeckMa S(dextuBHO. B To ke mpems AB
BMeeT OrpaHHYEHHbIE BOSMOMKHOCTH B YaCTH NPHHATHS JOTUYECKHX Pef
menuil, HaKoMJIeHHs NHQPOBLIX JaHHBIX, OOeCHeYeH:st QJIHTeNbHBIX 3a;
nepkex ¥ 06paboTku HenupoBoi uHGOpMaLKH.

6. TexHOJOTHs MPOTPaMMUPOBAHHS COCTOMT TJIaBHBIM 006pasoM 1
3aMelleHUH SJeMeHTAMH BbIYHC/IKTE/bHON MallMHBI (TaKHMH, Kak ond
pAaLMOHHbIE YCHJIHTEJH, PE3UCTOPLI, KOHAEHCATOPH H T. 1.) cooTBeTC

BYIOLLHX JIEMEHTOB MOJEHDPYeMOH (u3HuecKoi CHCTEMBI. 4
7. K aHaJjoroBo#l MalUHHe MOXHO NOAKJIIOUHTb anmaparypy MOA )
JIEPYeMO# CHCTEMBI. ©

Hupposas sviuucautessnans mauuna — s1o 10, uto NoApasymeBa-
0T HeNpOo(eccHOHaJIk, T0BOPs 06 SJIEKTPOHHOM Bbl‘lHC.TII/ITeJIbI:IOI':i Mma-
g::e.x:’ Hee, KaK M Y aHaJIoTOBOMH, €CTb CBOM <ILJIIOCHI» U «MHHYCHI».
Kapnnm%ifx’fgﬁ’?ﬁe uepThl, npucyumue nudpossm IBM, no Bexu u
1. Bce naHHble B MalluHe 06paGarbiBaioTcs B McKperHolt hopme.
2. Bce omepanun BHIIOJHAITCA MOC/HEL0BATENbHO C HCIOIb30BA-
HUEM DEXHMa Da3NEeNeHHsi BPEMEHH IJI BCEX ONEPallHOHHHIX Y3JI0B
H G0KOB naMaTd. OJHOBPEMEHHO MOMKET BHIOJHSTBCA TOMBKO OJHA
HJIH OUeHb OrpaHHYeHHOEe YHCJIO ONepailui.

3. TouHOCTb, B KaKOM-TO CTENMeHH 34BHCALIAN OT KAUECTBA KOMIO-
HEHTOB MAIIMHEI, ONpPeNe/sercs TJIaBHHM 06pasoM 06beMOM permcr-
POB TaMsTH, YHCJIOM 3HAYalkX UMQPOBEIX PaspsiioB W BLIOPaHHBIMH
YHC/JIEHHBIMY METOAAMH PelleHHs 3afayH.

4. BpeMs pelleHus MOXeT GbiTh LOBOJBHO GOJBIIAM H ompenes-
€TCs CJIOKHOCTBIO 3afauu (T. €. YHC/IOM apuMETHYECKHX OTepauuii
HeoOXOAMMBIX 1151 TIOJIyYeHHs! PelleHst). ’

5. Hwmeercsi BO3MOXKHOCTb KOMIPOMHCCA MEXIy BPEMEHEeM pelle-
HMA M TOYHOCTBIO, T. €. BOSMOXKHOCTb YMEHbIIATh KOJHYECTBO OLIMGOK
32 CUT yBeJ/IHUeHHs BPEMEHH CYeTa ¥ Ha060pOT.

6. Mimeercss BOSMOXKHOCTb MPOM3BOLUTD JIHIIb OrpaHUYeHHOe UYHCJIO
?pHQ)MeTquCKHX ollepauui, TaKux, KaK cjoxKeHHe, BhIUMTAHHE YMHO-
“KCHHE M JeJIeHHe, HO C MOMOWIbIO COOTBETCTBYIOLIKX npx6nm;<enumx
(MHCNEHHEIX) METOLOB MOMXHO NPOM3BOLHTb GOJIEe CJIOIKHBIE omnepa-
xmu% Hi{'{ﬂpqx;lglep AuddepeHnupoBanye wiIk KHTErPUPOBAHUE,

. OBble ¥ HenuppoBh
Heompaneo, BpeM;:I (poBprie raHHbIE MOTYT XpaHUTbCS B MAMSTH
8. lnsi BBHIIONHEHHs JIOTMYECKUX Omepaunuil ¥ NPHHATHS pelleHHH
HCTIOMb3YIOTCS KaK LHbPOBLIe, TaK U HenudPOBLIE HaHHbIE.

.9‘ Hmeercs BO3MOXKHOCTb BHIIOJHSATH oNepauKu ¢ miaBalouiel Tou-
KOH, uTO YCTPaHsieT TPYAHOCTH MacLiTaGHpoBaHKs.
uﬂalu(l Meroxsl mporpaMMHEpoBaHHS OCHOBaHH Ha NPHMEeHeHHH CIIe-

JIPHBIX MAIIUHHBIX S3BIKOB, YaCTO HE HMEOLIKX HENOCPeACTBEHHOrO
OTHOIIEHHs K pelllaeMoii 3azaue.
nbeI;( 1;6;;21’1]1351: BBLIYMC/IUTEJIbHBIE CHCTEMBbl HPEACTAaBJASIT coboli mo-
oy 00 gé{HTb BCE JIyullee, NPHCYyHlee aHaJIOTOBOHK U LUDPOBOH
orage, | 3 egxan, UX HefocTaTKoB. Hexoropwie Tumml 3amau mox-
chao JIT HEOOXOMUMOCTb yculuTh nudposyio DBM  anasorosoii
KenaTenle{ﬂ YBE/IMMEHHS CKOPOCTH BHIYHMCIECHUH, B TO e BPeMs OdeHb
e O LJisl aHAJIOrOBOM CHCTEMBl HMETb BBICOKYH TOYHOCTb Bbi-

€HUM, rHOKOCTb, BO3MOXKHOCTb XPAaHEHHsS] LaHHBIX H BO3MOMKHOCTb

HClonb3oBanus i

JIOTH

8. ITosb30BaTE/Ib UMEET BO3MOXHOCTb SKCIEPUMEHTHPOBATDb, U BM. 1ly CDPOBaﬂOlxaziixiiﬁgzggggH@ﬁ%ﬁﬁi&iﬁiﬁMH nuGpoBbIX
CHCTeMBl f1aer

Hssl 3HAUEHHMsS YCTAaBOK — KO3(M(HIMEHTOB, YCTaHABJIHBAEMbIX OH TPH Baxk
" HBIX TIpeuM : P
ABM,—u G6naropaps 9TOMY JIyUile MOHSATH NPHHIKMLI KI)YHKILHOgg vacThio mpu BEICOKI})I;Aue%Z?;T.pé}lezz:l:g;m;c;b C};Irg;;sgmb aHaJIoroBoO#
T8almA CUCTEMBbI. [ ' k e HBIX OIlepanusx ¢
! PeK/IIOYeHHeM PeXUMOB; 2) BO3MOMKHOCTH HCHOIIbSOBaprcHCTeMy
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3alIOMHHAHHS ¥ XpaHeHHs AaHHBIX; 3) BO3MOXHOCTb 0GECTIEYEHHs 60-

jlee BHLICOKOH TOYHOCTH BbIYHCJEHUH M TpHMEHEHHs JIOTMYECKHX ome- ‘

pauui. TuGpunHEe BHIYHCIHTE/bHbIE cucrembl, mo Deku Kapmao-
06/1afAI0T CAELYOMEMH TPeHMyLecTBaMA:

& [lz.]éOqETauEOT 6bICTp(})Illei/'ICTBHe ABM 1 toynocrb SLIBM.

9. B nponecce IHPOBOro MOAETHPOBAHHS TMO3BOJISIOT HCMOJIB30-
Barb peajbHBle TEXHHUECKHe CpPeicTsa K 060pynOBaHKe H3yU4aeMOH ¢
CHCTEMBL. j

3. (OGecrmeyuBaloT THOKOCTh aHAJOrOBOTO MozenupoBanus Gaaro- §‘
Aaps HCIIONb30BAHHIO AMSTH U noruxku S1IBM.

4. YsenuunBaloT ObicTpoAelcTBHE SLIBM 3a cueT HCMOJNb3OBAHHA ¥

rOBBIX MOAIPOTPaAMM. .
aﬂag.oﬂenalm lxlsogMopmnoﬁ 06paboTKy BXOJHOI undopmauuy, Opea- g
CcTABJGHHON YACTHYHO B AMCKDETHOH, YacTHYHO B HenpepbiBHOE op-
Me.l’IpoeueHue THOPUIHHX BHIUHC/HTENbHBIX CHCTEM ceromHs, Kak
NpaBHJIo, Lesecoo6pasto, TaK Kak OHO MO3BOJIAET yCTpPaHHTh HENO-
cTaTKH, NpHCYLIHE CErofHs W aHAJOrOBLIM, uudpoBEM MalIHHAM.
OfHaKO 1O MEpe yCTpaHeHHs STHX HELOCTATKOB WM yMEHbIIEHHA HX
BMAHHS NPEMMYILECTBO MHOPHIHDBIX 3BM mnpu PIMH.TaL[HOHHOM MOéle-
JEpOBaHKH GyAeT COKpailaThes. Hanpumep, yxe cefyac 6oJiblIee Obl-
cTponeficTBYE, MEHbIIas CTOMMOCTb, omepaTHBHBIH DEXHM PasfeleHHd
BpeMeHH B GOMbIIKX LH(POBHIX BEHYKCIUTENDHEIX CHCTEMAX 3HaYUTEeNb- |
HO' Cy3HJIH JHMala3’0H 06OCHOBAHHOTO np¥MeHeHH:s] THOPHIHBIX CHCTEM.

D10 ofCyMIeHHE BCEX «IUIIOCOB» H «MHHYCOB» aHaJoroBHX, mAb- 1
poOBbIX M THOPHIHBIX BHIYHC/IMTENbHBIX MallliH TNPH3BaHO o6paTuTh
BHHMAaHue YHTaTeNs Ha TO OGCTOATEIBCTBO, HTO B MAallK{HHOM HMETa- §
[MOHHOM MOJENUPOBAHHH MOXKET HCIOMB30BATbCS HE TOMBKO HH(po- 1
Bas TeXuHKa. [IpH OTpeneleHHbIX 0OCTOSTENBCTBAX 6oJtee npe;(noq;u-_ 3
TeJbHBIMH MOTYT OKas3aTbCsi aHaJOroBble H rubpugHbIe Mamm{mé .vl:e
polio, Korjfa HccllefoBaTelb HMEET BO3MOXKHOCTH BbIOMpATh HAH ouﬂ
IOAXOLSILYI0 BHIYHCIUTEJbHYIO MALIHHy. K coxajieHuio, He xaxmﬂa. ]
yMeeT NOCTYNl KO BCeM TPeM THIaM BBIYMC/IMTEbHEIX MaIIHH, “m‘
npaKTHKe M0Jb30OBATe/b, BEPOSTHEE BCEro, BOCIOJb3YeTcs TOH, K
pasi ye HMeeTcs B ero pacnopaXeniu.

3.2. f3niKH NPOrPAMMHPOBAHHSA

AMHTanuoHHOe MOJe/IMPOBaHHe HaupHAeTCs ¢ H3yueHHsd Molz(lﬁ{;::
pyeMoli cucTeMbl U ONHCaHHA €€ B BHJI€ JIOTHUECKHX cXeM H OYH o
panbHbIX B3auMocsssell. OnHako B KOHEUHOM cyere BCTaeT 3211“ ;
OmMHUCAaHUsl MOJEJH HA TOM s3bIKE, KOTOPbift MOHATEH MalllHHE. Pa ZHH ;
g3HK GOJBIIHHCTBA WH(POBBIX SBM — HBOHURBIH KOI npe,ucraBJIH
NaHHBIX WJIH KOL, KpaTHhii 2, HampuMep Bgc:::vnepxqﬂmﬁ HIH me(;;rsuﬁ
narepuunbit. [l oOlIeHHS o/baoBaTeNell ¢ MallHHOH TaKH: e n
oueHb HEyAOGHH, MOSTOMY CTaiu pa3BUBATLCA crenHalbHb :
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nporpaMMupoBanus. K coxaienuio, 3a mociefnue rofbl GbLio cosna-
HO CTOJIbKO YHHBEPCAJbHBIX M CNEeNUaJu3HPOBAHHBIX S3BIKOB, UTO
[OYTH HEBO3MOXKHO ONpPELeNUTb, KAKOH M3 HHX ONTHMA/EH I3 AaH-
HOrO KOHKPeTHOro mpuioxenus. B 1972 r. toapko B CIUA mpumens-
gock 6osee 170 asbikos [25]. Yaine Bcero s3blK, KOTOPHIM CTPEMHTCA
BOCIIOJIb30BATLCA HCCJEH0Baresb, BhbHpaerTcs He NMOTOMY, YTO OH fB-
JIsieTCs CaMBIM HEMONXOASILINM, a JHIUb MOTOMY, YTO ITOT S3BIK HCCIIe-
oBaTeNb 3HAeT Jyyile APyrux. Mojxeiab MOXHO OmucaTh Ha JIOGOM
YHHBEPCAJIBHOM aJTOPHTMUUECKOM fA3blKe, OHAKO MPUMEHEHHE CIenH-
a/M3APOBAHHbIX SI3LIKOB MMHTALMOHHOrO MOLEJNHPOBaHHs MOXET NaTh
3HauuTe/bHbIE NPEHMYyLIeCTBA B CMbICJE JIETKOCTH, NPOH3BOLUTENbHO-
et ¥ 3 GdEeKTHBHOCTH.

1lesb 3roii riaBbi He B TOM, YTOOBI HAYUUTb YUTATEN s NMPOTPaMMHU-
poBaTh Ha I06OM BHIOPAHHOM KM sSI3HIKE, M HE B TOM, YTOOH OMHCATh
MeTOIM MX mpuMeHeHus. Llesb ee —mokasarbh BCe IMOJOXKHTEJbHBIE H
oTpHIlaTe/bHBIE OCOGEHHOCTH HEKOTOpbIX Haubosiee PpacmpoCTpaHeH-
HbHIX SI3HIKOB. B o6llleM cJjyuae crenuaju3HpOBaHHble S3bIKH HMHTa-
[IMOHHOTO MOJEJHPOBaHHS pasnuyaiorcs: 1) MeroxaMu OpraHusanuu
BPEMeHH M Omepanyii; 2) HauMeHOBaHHAMHU H CTPYKTYpPOH GJIOKOB MO-
Zesd; 3) cmocobaMH NMPOBEPKH ONMEPAlHil W YCIOBUH B3auMoeHcTByA
3/i€MeHTOB; 4) BHIAMH CTATHCTHYECKHX UCIHITaHki, KOTOPHIM MOXKHO
MOXBEprHYTh HMeIOLlecs: NaHHbe, H 5) JIErKOCTbIO H3MEHEHUA CTPYK-
Typbl Mozenu. [IpuBeseM cpaBHEHHE HECKOJbKHMX 513bIKOB, HauaB C Je-
sKallell B X OCHOBE [PWHLMIIOB IOCTPOEHHs, H IOKaXeM, KaKOBBI
r7aBHblE KPUTEPUH BHIGOpA TOrO HJIM HHOTrO s3bIKa.

Kusua [12] nanm xpaTkoe OMpexesieHHe OCHOBHbIX MOHATHI, HC-
M0oJb3yeMEIX TPH K3YUeHHH SIBHIKOB IpOrpaMMupoBannus. BBexennas
um u Cammer [24] TepMEHOJIOTHS GYAET CYKHUTbH OCHOBOM ISt mOCJE-
ayouiero o6CyXieHds Halled TeMbl. $I3bK TPOrpaMMHpOBaHHs Ha
9BM — 310 Ha60p BOCMPHHMMAaeMbX MalIHHOH CHMBOJIOB, C IIOMOLIBIO
KOTOPHIX MPOrpaMMHCT IaeT el KOMaHAbl Ha BHIIOJHEHHE ONpeLelIeH-
HBIX omepanuit. Ha caMoM HuXHeM ypOBHE CTOMT MAUIUHHBLL A3bIK, B
KOTOPOM KOMaHXH IHIUYTCS B ABOMYHOM Koje (uwau B Apyroi gopme
npefCcTaBJEHHs NAHHHX, KOTOPYIO BOCIpHHHMAaeT MallliHA) M mpsMo
COOTBETCTBYIOT MallHHHBIM omepauusm. Hamucanne mporpammbr Ha
MaIlMHHOM s3blKe — HenpocTas 3agava. [loMumo Ttoro, 4ro caM mpo-
llecC 0TO6paKeHHs KOMaHX B ABOMYHOM Kofe (B BHLe HyJeH W ellu-
HHI[) TPYZOEMOK H YTOMHTe/eH, IPOrpaMMHCTy HEOGXOZHMO ONpene-
JIHTb MecTa XpaHeHusi KOManj ¥ faHHbX. OH HOJKEH TakXe 3HaTb H
[IOMHHTbh PacToJIOXKEHHe KaXJI0ro KIoya, HHIMKAaTOpa i Perucrpa, Ko-
TOPHIMH TI0Jb30Bajics. OH JOJKEH KOHTPOJHPOBaTb HX coCrofHue ¢
MOMOLIBI0 KOMaHy mporpaMMbl, Takas sajgaua IS TORABJSIOLIErO
GosnbliuHeTBa MoMb30BaTeneil OBM mpocTo HEOCYLIECTBUMA.

OueBugnple TPYAHOCTH HANHCAHHA H OTJIaJKu MPOrpaMM HA Ma-
IIMHHOM si3bKe IIPUBENH K CO3JAHMIO HECKOJbKHX CHMBONMYECKHX
A3BIKOB mporpaMmupoBanusa. CuMBoMHYECKHE 53BIKH IT03BOJISIOT NPO-

9—195
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rPaMMUCTy NPH COCTaBJIEHHH IPOrPaMMBI HCIOJIb30BAaTh YHAOGHHE CHM-
BOJIBI HJIH MHEMOHHYECKHe 0D03HaueHHs, KOTOphe 06JeruaoT 3amoMH-
Hauue. IIpoepamma Ha accembaepe, HampuMep, mpeipcTaBisfer coGoit
LENOYKY MHEMOHHYECKHX CHMBOJIOB, KOTOPble COOTBETCTBYIOT (BYHKIH~
M, ONIUCLIBAEMBIM Ha MalHHHOM S3BIKE, H KOTOPblE [IEPEBOXATCH Npo-
epammoti-accembrepom B TIPOTPAaMMy Ha OCHOBHOM MAIUHHHOM SI3BIKE.
Becb nnamason s3bikoB-acceMO/1epOB MpOCTHPaercs OT HauGolee Tpo--
CTbIX, KOTOpPbIE BCEro JIHIIb 3aMEeHAI0T KOMAaHAH HA4 MAaIUHHHOM s3bIKe
MHEMOHUKOH ¥ NPUNUCHIBAIOT BCEM MMEHAM IepPeMEHHBIX H MeTKaM Ma-
IIMHHbBIE ajipeca, 10 GoJjiee CNOXKHBIX, KOTOPhIE CIIOCOOHBI PACIO3HAaBaTh
LOMOJIHUTE/bHEIE CHMBOJB (TaK Ha3piBaeMble MAKPOKOMaHAH) H OCY-
LIECTBJIATL COOPKY CJOXHBIX NPOrpaMM Ha 6a30BOM $3bIKE MALIMHEL
Iporpammy, Tae HCTONB3YIOTCS HMEIOUIHE (U3HUECKUH CMBICH CHMBO-
JIbl, TPO4ECTb ¥ NOHSATH TOPA3JO JIErYe, YeM MPOrPamMy, COLEPKaLLYID
JHIb IuppoBHE anpeca sueek maMstd. [lporpaMmupyd Ha CHMBOJH-
4YEeCKOM $13blKe, MPOrPaMMHCTY He HYXKHO 3HaTh WJIM 3aOMHHATB TOY-
Hble ajpeca XpaHeHHs! JaHHBLIX uiyu Komann. On ZoJiKeH mpocto 0603-
HAuHTh HX KaKoH-1ubO MeTKoi W mucaThb ee BCAKUH Das, KOTHA eMy
HYXKHO O0paTHTbCA K THM AaHHBIM wi¥ KoMauje. Hampumep, cioxe-
HUe MOXHO 06osnauuth GykBo#l C, nenenue — JI, BeTBiende — B, uMsa
u damunuio cayxamero — ciosom UMS, mouacosyio TapudHyo cras-
ky — CTABKA u 1. 1.

SI3bikn accembiiepa SIBJSIOTCS MALIMHHO-OPHEHTHPOBAHHBIMH (T. €.
OHH CO37al0TCs Ay onpenenseHHoll DBM). O6biuno 15 KaXIOro THIA
OBM ectb cBoit acceM6biiep. CymecTBYIOT TaKKe U A3biKU KOMNUAATO- 3
po8, ABJAIOLIKECS NPOUELYPHO- HJIH TNPOGJIEMHO-OPHEHTHPOBAHH LIMM
A3bIKaMH. KOMIH/IATOPH MHOTZA HA3HIBAIOT A3HIKAMH IPOTPaMMHpPOBa- %
HHS BEICOKOTO YPOBH$l, TaK KdK IPOTPaMMHCT, paGoTas C HHMH, HO- 3
BOJIbHO [Ha/l€KO OTXOAHT OT HENOCPeACTBEHHO MAUIMHHBIX omepanuit:
€My BaXKHBl 3Tambl, Ha KOTOpPHle pa3fuBaeTcsl peIleHHe 3afauH, a HE
10, Kak OBM 6yger nposoguth HeoGXomuMble omepanuu. J3bIKU KOM- 3
NHJIATOPOB MPEACTABJAIOT COO0H MaKpPOSI3bIKH; 5TO 3HAYUT, UTO OLHHE
OIlepaTop TAKOrO S3BIKAa IMOPOXKRAeT HECKOJbKO MAUIMHHBIX KOMaHJ.
BosmoxHocTb HCoMb30BaHHS MaKpOKOMaHJ BaXKHa 10 KpaiiHel Mepe
N0 ABYM mnpHuHHaMm. Bo-mepBblX, Giaromaps yMeHbUIEHHIO YHCJA KO- §
MaHJ, HeOOXOLMMbIX MPH PAaCIHCHIBAHMH NOCHELOBATENBHOCTH OTepa: f
Uui WIH MAUIMHHBIX [IaroB, MakpOKOMAaHIBl CHUXKAIOT 3aTPAThl CHJ H -
BPEMEHH Ha HamHCaHWE CJOXHBIX MporpaMM. Bo-BTOpbIX, OHH cHHXKa- }
I0T BEPOSATHOCTL TOSIBJIEHHA OWHMGOK NIpH MporpaMMupoBaHuuu. Ilpa- -
BHJIBHOCTD ITOC/I€AOBATEJNBHOCTH KOMaHJ, BKJAIOYEHHHX B MaKPOKOMaH-
Ay, yxe 3apaHee IpoBepeHa, TOTZa KaK NPOrpaMMHCT, HOAPOGHO pacs:
nucChiBask A7 MallMHBl KaXKAbIf 1Iar, MOXeT JIETKO OMGHTbCS.

SI3bIK KOMIUIATOPa He CBA3aH C Kako#-nuGo ompegeneHHol SBM.
OnepaTopbl 9TOro f3blKa 3alHCLIBAIOTCA B KoMnuAupyoued npozpam-
Me U IepeBoisTCA NMGO Ha acceMbiep, JHG0 HA Ga3oBbIA MaulMHHLIK
a3uk. Ecan mporpamma sanncana ma accem6iiepe, To, B CBOIO ouepelb,

oHA TIEPEBOLMTCS B NPOrpaMMy Ha BHYTPEHHEM MalIMHHOM s3blKe OIl-
penenentoii OBM. Taxoe cBOHCTBO HE3aBHCHMOCTH OT KOHKpeTHOH
9BM BecbMa CYIUIECTBEHHO /sl $13bIKOB BBHICOKOTO ypoBHA. OCBOHMB
A3BIK KOMIHIATOPA, TPOrPaMMKCT MOXKET IMOJb30BaThCs mo6oit 9BM
(mOKa OH pacmoJjaraeT KOMIHJIHPYouLeH nporpaMMoi) 6e3 Heo6Xo-
JMMOCTH H3yuaTb APYTHE A3BIKH.

Haxownel, He0O6XONMMO NPOBECTH pas3jiMuKe MeXJy YHHBepCaJbHBbI-
MH H CIIENHaNU3¥pOBaHHBIMU si3biKaMu. O6a 3THX BHJa A3LIKOB ABJIs-
j0TCA TPOGIIEMHO-OPHEHTHPOBAHHBIMU  KOMMHJIHDYIOIUMY  A3BIKaMH.
YHHBepcalbHBeE S3bIKH, Takue, kak DoprpaH, Koboa, Baficux, I1JI/1
u AJros, IpUMEHAIOTCS [Jis pellleHHs O4YeHb ILIKPOKOrO Kpyra 3agad.
C mpyrofi CTOPOHBI, CIeNHalH3HPOBAHHBIE A3bIKH, HalpUMep pasiuy-
Hble S3bIKH MMHTAIHOHHOTO MOJENHPOBAHHs, HCIOJb3YIOTCA MNpPU pe-
HieHHH JUIIb ONPEAeJ]eHHOro Kiaacca 3afay.

3.3. IlpeumymiecTBa sI3LIKOB MMHTALHOHHOI0 MOJEJHPOBAHAS

DBOMIONMOHHOE PA3BHTHE S3BIKOB MMHTAIMOHHOTO MOJEIHPOBAaHHA
HauaJioch B KoHue 50-x roxoB. CHauajia B MOLEJHPOBAHHH HCIIOJNb30-
BaJH JIHGO SI3bIKH, OPHEHTHPOBaHHHIE Ha KOHKperHylo OBM, au6o
yHuBepcajbHble s3biku. Omimod u Cuccon [4] mpocaepumu HcTOpHue-
CKYI0 OCHOBY DasBHTHs S3HIKOB MMHTAllHOHHOTO MOJIE/IMPOBaHHS KaK
nporecca MPOXOXKAEHUS aHAJIHTHKOM ONPeNeseHHOH Moc/iefoBaTe/NbHO-
CTH 3TaloB:

1) aHajquTHK BUILMT 3ajauy,;

2) OH MOXeT ONnHcaTb €e Ha eCTeCTBEHHOM sA3bIKe, HampHMep aHr-
JuiicKoM, ¢ nobasieHreM HEOGXOAMMOH TEXHHUECKOH TepMHUHOJIOTHH;
3) Ha 3TOM 53BIKE OH 10 BO3MOXKHOCTH Haubo/iee TOYHO ONMHCHIBAET
3anauy;

4) onHcaHHe HCIOJNb3YeTCs MPOrpaMMHCTOM (MM MOXET OpITh U
caM aHaJUTHK), KOTOpbIfl MUIIeT MaUIKHHYIO NPOTpaMMy Ha yHHBep-
CaJIbHOM si3BIKE.

MsuoroxparHo mOBTOpsisi 3TH 3Tambl, AHAJUTHKA IPHUILIHE K BLIBOLY,
YTO MHOTHE CHTYalliH, OTHCbiBaeMble MMHTALHOHHBIMH MOJIENMHY,
MOXKHO 0XapaKTEePU30BaTh KaK CHCTeMbl C MaTepHaJbHHIMH MOTOKaMH.
MHorue nmporpaMMbl ONMMCBIBaJM MPOLECcCH, QYHKIHOHAMIBHO CXORHbIE
APYr ¢ Apyrom, 4to B Hayaje 60-X TOJOB NMOUTH OXHOBPEMEHHO MpHBE-
70 HECKOJIbKO TPYMN yueHbIX K Hiee CO3MaHHs CIIeNHajH3uPOBaHHBIX
A3bIKOB. B cBOeM Pa3BHTHM 9TH S3bIKM NOCTENEHHO MPOLLIK 4epe3 psik
CTaguil: OT S3HIKOB THHa acceMGJiepa C HEKOTOPBIMH CrelHaJbHBIMH
CBolicTBaMu K GoJjiee MIHPOKKM IPOGJEMHO-OPHEHTHPOBAHHBIM fI3bIKaAM,
TOJYYHBIUIMM 3HAYHTENbHOE PACIPOCTPaHeHHe Ha KOMMEpYeCKOM phIH-
Ke 1oJjb3oBaTeiel, ¥ HAKOHEI K CJOXHBIM CTelH aJu3ipOBaHHbIM S35
KaM HMUTANHOHHOrO MognenupoBanus. Js uenelt AMUTANUU NOAXOMHKT
OG0 aJAropuTMUUYECKHH A3bIK NPOrPaMMHKPOBaHHS, HO A3bIKH, CIIe-

g*
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LUaJIbHO CO3NaHHbIE JJIsl MuTanuu Ha DBM, o6/1afaloT psaioM ocobbx
NpeHMYILIecTB:
1) cHEHXKAIOT TPYLOEMKOCTb HaNMHCaHKsl NPOTPAMMBI,
2) obecrmeuuBaloT GoJiee CTPOroe clef0BaHKE BhI6paHHOH KOHILen-
I H;
3) moMOralT YeTKO KIacCHQHIHPOBATh IJEMEHTB CHCTEMBI;
4) obecmeunBalOT THOKOCTb, HEOGXONUMYIO [/ H3MEHEHHS Tpo-
rpaMMbl;
5) o6ecrieysBalOT BO3MOXKHOCTb Pa3/MuaTh SJIEMEHTbI OLHOTO Klac-
ca 1Mo UX XapaKTepHUCTHKAM WJIH CBOHCTBaM;
6) OMHCHIBAIOT B3aUMOCBS3H MEXIY SJEMEHTaMu ¥ BHeELIHeH Ilo §
OTHOIEHHIO K HHM Cpeloi; 3
7) NO3BOJSIOT KOPPEKTHPOBATL UHCIO JIE€MEHTOB MOZLENH B COOT- |
BETCTBHH C M3MEHEHHEM BHYTDEHHMX YCJIOBHE CHCTEMBI. 4
Ommod u CuccoH [4] momaraor, uTO B JIOOOM HMHTAUHOHHOM |
HCC/eOBaHHH TPebyeTcs s3HK HMHTAMOHHOrO MOJENHPOBAHHS CO §
crenuQuyeckuMu CBORCTBaMH, OTJIHYAIOLIKMACS OT YHHBEPCAJIBHOTO al- 3
re6paluecKoro WM CHeNHalH3HPOBaHHOTO 3bIKA MPOrPaMMKPOBAHHS]
9KOHOMHUYECKHX 3afay. Cpenu 3THX AOMOJHHTE/bHbIX TPeGOBaHui HYXK-$
HO OTMeTHTb C/eAyoiue:; i3
— CnOCOBGHOCTb FeHEPUPOBaThL Cy4aiHbIE YHCIIa;
— BO3MOXKHOCTb reHepupOBaTh CJyYaiiHble MepeMeHHbIE; 4
— BO3MOXHOCTb «IPOJBUTaTb» BpeMs JMO0 Ha ONHY €NHHHLY, JH-
60 10 cllefyoiero coGuThs; i
— CnocoGHOCTb HAKANJIKHBaTh BHIXOAHbIE JaHHLIE; ‘
— cAocoBHOCTb MPOBOIMTb CTATHCTHUECKMH aHa/u3 HaKalluiBae-

(Kak B clydyae JIIOGBIX €CTECTBEHHBIX S3HIKOB) HaUHHAeT HyMaTb He-
[IOCPEeACTBEHHO Ha 5THX s3bikax. Kusua [12] cuuTaer, 4To nBa caMeIX
BaXHHIX MPEHMYIIECTBA S3BIKOB HMHTAIHOHHOTO MOJEJMPOBAaHHS IO
CpaBHEHUIO C YHHBEPCAJbHEIMH 3aKJMIOYAIOTCS B yN0oOCTBE MporpamMMu-
pOBaHHsl M KOHIENTyaJbHOR BbipasuTendbHocTu. Ilociennee mocrounct-
BO — BO3MOXKHOCTb 4eTKO H SCHO ONHMCHIBaThb Pa3/IdYHLIE NOHATHSA —
BAXKHO Ha CTaJAuMH MOJEJHMPOBaHHs H Bbl6Opa 0o6lIEro NMoaxona K uay-
YEHHIO CHCTEMbl. YIOGCTBO NPOrPaMMHPOBaHHS OCOGEHHO CHJIbHO MpO-
ABJsieTCa NIpu HallucaHuu caMo#i mporpammsel. Eme oxno mpeumyuiect-
BO A3bIKOB MMHTalMOHHOTO MOJE/NHPOBaHHs 3aKIIOYaeTcs B TOM, YTO
UX MOXHO HCIOJIb30BaTb KaK CPeJCTBAa KOMMYHHKALMH K HOKYMEHTH-
poBaHus. MMuTanuoHHBIe MOneNH, HaNHCaHHbBIE Ha 53blKe, TMOXOXKEM
Ha eCTeCTBeHHBIH, 3HAYKTEeNbHO Jierye BOCOPHHUMAIOTCS PYKOBOLHUTE s

Tabauya 3.1

l'lpeuuyluec‘raa H HeJOCTATKH PAa3/HYHHX S3bIKOB NPOrpaMMHPOBAHHSA
YHusepcarvrble A3bIKL

Ipeumywjecrsa Hedocrarxu

. MuuuMyM orpanmuenuit Ha BHXORHOH |. 3nayuTesnbHOe BpeMs, 3aTpayusaeMmoe

dopmar Ha TporpaMMupoBanue

. Ilnpokas pacnpOCTpaHeHHOCTh 2. 3HaynTeJbHOe BpeMs, 3aTpayHBae-
Moe Ha OTJafKy Tporpamm

Cneyuanrusuposansble A3bIKL

. Menbwne sarpars 3peMesn ma npo- 1. HeoGxomumocth TBepgo NpHAEPHKE-
TPaMMHpOBanue BaTbhcsa OI‘paHH‘IeHHl:I Ha BBIXOAHHE

MBIX XaHHBIX; . dopmaru
— CIIocOGHOCTh pacHpenensTh BHIXOJHbIE NAaHHBIE M0 3apaHee 3a-{ . Boslee adekTHBHHe MeTofW BsaBlenns 2. Menbwas rubkocth Mofesefl, 66Jb-
IaHHBIM popMaTaM; : OLIMGOK mige 3aTpaTH MAaWIHHHOrO BpeMeHH

— BO3MOJKHOCTb BBISIBJISITb K DPETHCTPHPOBaThb JIOTHYECKHE HECOOT+Y Ha MOJeHpOBaHue
BETCTBHS H APYTHe CHTYyaluH, cBA3aHHbIE C OIUMOKaMH. :
AU aBTOPHI, KPOME TOTO, YTBEPKAAIOT, YTO M/ MMHUTAlH CHCTEM!
€ MaTepHaJbHEIMH MOTOKAMH IMCKPETHOrO THNa Heobxoaumbl eine #,
TaKHe MpOUecCHl: k
1. Onpesenenne Tna COGHTHs (TOC/TE H3BJEUEHHs €ro U3 CIHCKS;
cobbiTui). 43
2. Bbl30B CTaHAapTHOA MOATPOrPaMMbl [Jif NPUBEAEHHs MepeMel
HBIX COCTOSHHS B COOTBETCTBHE C OMpPeleJeHHbIM COObITHEM.
3. M penrudukanss KOHKPETHHX COCTOSIHHA.
4. XpaHeHue u u3BJeyeHHe NAHHBIX U3 CIHCKOB (Tabaui uax Macy
CUBOB), BKJIIOUAst CIHCOK COOBLITHH U CIIHCKH COCTOSHKA. ¥
HeKoTopble 43 s13HIKOB HMHTaIHOHHOTO MOJENHPOBaHUS SABJSIOTCHS
A3LIKAMH B LUMPOKOM CMBIC/]E CJIOBd, T. €. ClyXKa NOJb30BaTEN0 Cpes]
ctBOM o6wenus ¢ DBM, obaeruaroT u GpopMyiHpoBaHue 3anay. Hmes
CJIOBapb 4 CHHTAKCHC, OHM SABJSIOTCH S3BIKAMH ONUCATEeNbHBIMH. I
Mepe HaKOIIeHusi OnbiTa paGoTHl C TaKHMH $3BIKAMH MOJb30BATEND

- Kparkoctb, TounocTh BHIpaXeHus Io-
HATHH, XapaKTePH3YIOMHUX HMUTHPYeMble
NpoleccH

. BoamoxxnocTh 3apamee CTpouTh AJS
nosnb3oBaTeselt CTaBAAPTHBIE IOANPO-
TPaMMBi, KOTOpPH€ MOrYT IpHMEHATHCS
B JI0GOH MMHTAUMOHHOH MOLeNH

. ABTOMaTHyecKoe (OpMHpPOBaHHe Onpe:
Jle/IeHHBIX THTOB AAaHHBIX, HEOGXOXHMBIX
B IIpoliecce UMHTAUXMOHHOTO MOXEIHPO-
BaNEs

. Y106cTBo makomdeHus u IpeicTaBie-
HHS BEIXOABHIX ZAHEBIX

- OGecneserne ynpaBaenns u KOKTPOIA
Hajk pacnpeneJseHHeM MAaLIHHHOM NnaMsaTH
B Ipouecce AMHTALNMOHHOrO MOLEJIHPO-
BaHus '
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MH, OTBETCTBEHHbIMU 32 Pa3paboTKy MPOEKTa, a TaKxe APYTHMH NOJb-
30BaTe/IsMH, HE HMEIOLIHMH HEMOCPeJCTBEHHOrO OTHOLIEHHS K IPO-
rpamMmupoBanuio. Haubosee yacro ymoMuHaeMBM HEOCTAaTKOM S3HIKOB
HMHUTAlMOHHOrO MOJE/IUPOBAHHS SBJSETCS TO, YTO OOJBIUMHCTBO Ta-
KHX f3bHIKOB Pa3pabarbiBajioch B PasHbIX OPraHu3anusx s CBOHX
COGCTBEHHBIX lle/leH ¥ CTAHOBWJIOCh HOCTYNHHIM OCTAJBHBIM 10 CO0G6-
PaeHUsIM HHTE/UIEKTYaJbHOTO TIOPSNKA, a He KaK PHIHOYHHIA TOBap,
TOLHBIA [JIs HCTOJIb30BaHKs. [TosToMy ualle Becero moJib3aoBaTedid, NpH-
BBIKIIME TOJYYaTh KOMIHJSTOPH B C€OCTaBe OGCIYXUBAIOUIUX PO~
rpamMM OT mpousBomuteneli IBM, He CKJIOHHH BHIOMHATbL 3Ty paboTy
camocrosaTeNpHo. OxHako cefiyac crajo HOABJAATLCS Bce GoJblle H
GoJibllle XOPOLIO KOKYMEHTHPOBAHHBIX S3BIKOB MMHTAIMOHHONO MOJe-
JIEPOBAHMUS.

BooGe roBops, mpeuMyIecTsa HCMOJb30BaHUs CIeNHAIH3HPOBAH-"
HBIX fI3LIKOB 710 CPaBHEHMIO C YHHBEDCAJbHEIMH CBS3aHBl C TEM, UTO
HEJIOCTATKH IOC/ELHHX TPEBPaLIalOTCs B JOCTOMHCTBA mepshix. «Iliio-
CHI» ¥ «MHHYCHI» TeX W APYTHX, [0 JAHHBIM K3 PA3JHYHBIX HCTOYHHKOB
(B ocnoBHom mo Hefinopy u xp. [22] u DBancy, Yoanecy u Cesepien-
a1y [5]), npuBenens B Taba. 3.1.

3.4. ®axroprl, BAHAIONHE HA BHIOOD A3BIKA

TMepen TeM Kak BHIGHpaTh 53BIK MPOrPaMMHPOBAHMS, HEOGXOAKMO
ompene/utb, kKakoro tuna ABM Gyzer B pacmopskeHHH HcclenoBaTte-
na. B unealibHOM cilyyae BHIGOD MallluHB JOJKeH ObITh €ro cOGCTBEH-

HOH npeporaruBofi. B fefiCTBHTENLHOCTH e M0/b30BaTe/b Yale BCero |

CBsI3aH CYLIECTBYIOIeH KOH(uUrypauuell TEXHHUECKUX CPEICTB M HMe-
€T MaJIyl0 CTeneHb CBOOOAH 1A ee H3MeHeHus WK BHEOPa WHOrO
TexHuueckoro obGecmeuenus. Vrak, sHasg, Ha KakoH BHUMCIHTEIbLHON
MalllyHe MPeACTOMT paboTrarb, MOXHO BHOGUpaTh A3HK. BniGop ocyule-

CTBJIseTCA B ABa 3T1ana. K mepsoMy 3Tamy MOXHO NPHCTYIHTb B 10608 3

BpeMs, Jlaxe 10 BO3HHKHOBeHusi camofi 3ajaun. Ha stom srame usy- 4

YalTCA BO3MOXKHOCTH SI3BIKOB, 4 TaKXe HX OlepanvoHHbIe XapaKrepH-

CTHKH 10 OTHOIUEHUIO K Xapakrepy nAesTeJIbHOCTH U HHTEpEeCaM I0Jib= ,

soBaress. Bropo#i sram, HemocpepcTBeHHO OTHOCAIHHACA K KOHKpeT-
HOH 3aladve, NOJKEH HAYaTLCA IIOC/TE MOLEJNHMPOBAHHUS TOACHCTEM H
BbI6OPpa MAIUKHHI.

Ha nepBoM srane npouenyps BEHGOpa HaM HYXHO y6enuThCa B Ha-
JIKYKH PYKOBOJICTB U CNPABOYHHKOB, a TaKXKe B COBMECTHMOCTH TPO*
rpaMmuoro o6ecmevenns. V3 MHoXecTBa CyIeCTBYIOMIHX S3LIKOB He-
006x04HMO 0TOGPaTh Takue, KOTOPhle OKaxyrcs Haubosee yioGHHIMH
AJI HAIKX TIOCJEAYIOIUX 3ajay. Bompoc, Ha KOTODHIE aHAMMTHK AOJ-
JK€H TIPH 3TOM OTBeTHTb, Kacaercs obmuxX ycjoBuH ero paGorn. [lo-
CKOJIbKY cam 0r60p f3HIKOB He CBA3aH C KOHKPeTHHIMH 3anauyaMH,
9TUM MOXHO 3aHHMATbCS B «OKHAX», BO3HUKAIONIUX B MCCJeLOBaTeNbs
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ckoll pabore. Cpenu BOTNPOCOB, Ha KoTopele TpeGyeTcs MOJYYUTb OT-
BeThl, MOXKHO Ha3BaTh CJeLyOLIHe:

1. Mmerorca sy Xopollo HamucaHHBlE DYKOBOACTBA M HHCTPYKLHUH
10151 TIOJIb30BaTe el ?

2. CoBMeCTUM JIi A3BIK KOMIIMJISITOPA C MMEIOUIMMHUCS BBIYKCIUTE b=
HBEIMH CHCTeMaMH?

3. Moxer g KaHHBI SI3BIK HCINOJIb30BATbCs HA APYMHX BBIUHCIIH-
TeNbHEIX CHCTEMAX, CIIOCOGHBIX PellaTh 3afauy MOJb30BaTe/lsi?

4. OGecreunBaeT J¥ TPAHCJAATOP s3blKa BHauy uH(opMainuu o6
owubKax ¥ ryGOKYI0 X IHarHOCTHKY?

5. Hackonbko 3dpexruBen naHHBIA S3HK C yueToM oOuiero Bpe-
MEeHH MOATOTOBKH, MPOrPAMMHPOBAHMS, OT/IIAXKH NMPOrPAMMBEI, KOMIIH-
JISIMH | TIPOroHa ee Ha DBM?

6. KakoBa crouMOCTb BHEJDEHHs, SKCIJIyaTauhyd ¥ OGHOBJIEHHS
nporpamMMuoro obecmeuenust mis ganHoro siamika? (ITockosbKy Heko-
TOpHIe 3bIKKM HAXOAATCS B YaCTHOH COGCTBEHHOCTH, 3@ 3TH YCJAYTH MO-
JKET B3UMarbCs MJara.)

7. 3HaKOM JI4 S3BIK U, €C/JIH HeT, JIETKO JIH €r0 H3YUUTb?

8. OmpaBzpaer Jid YacTOTa HCIIOJb30BAHHS SI3bIKA B PasHYHHIX Oy-
AYIIHX MMHMTAUHOHHHX MOZENSX 3arpaThl Ha €ro H3yyeHHe M OCBOe-
Hue?

Ha Bropom asrame BHOOpa si3bIKa HeOOXOZMMO 3HATb XapaKTePHC-
THKM KOHKDeTHO¥ 3amauu. Pesyisbratrom mepsoro srama Gymer CKopee
BCEro OTGOP HECKOJNBKHX S3HKOB, TOTEHIKHAJIbHO NMPHTOXHHIX 1Js HC-
nonb3oBanusi. Ha Bropom 3ranme HyxHO BEIGpaTh W3 HMX KaKoH-Tu60
OfuMH LIS PelleHds KOHKDETHOH 3ajaun HAa ONPeieNIeHHOH BHYMCIIH-
TeJbHoM MamuHe. Ha 3toMm 3rame Heo6XOZ¥MMO, B YacTHOCTH, Ha#iTH
OTBETH HAa TaKHe BOIPOCHL:

1. KakoBa o6sacTb NpuMeHeH¥s s3blKa H NMPUTOXHOCTb €0 «MHPO-
BO33PEHUs» AJIs OMUCAHUS ABJEHHH peasbHOro Mupa?

a) KakoBbl ucmoJb3yeMBle B HeM MeTOJb NPOTHO3HPOBAHHS?

6) $IBnsiercss M@ 3TOT SI3BIK OPHEHTHPOBAHHEIM Ha COOBLITHS, OIe-
PALMH WK IPoLeccH?

B) KakoBa ero crmoco6HOCTb reHepHpOBaTh CiyuyaiHble
ClyyafiHble epeMeHHBIe?

2. HackoJ/IbKO JIETKO OCYILIECTBJISIETCS XPaHEHHEe u H3BJedyeHHe naH-
HBIX, XapaKTepu3yIOUUX COCTOSHAS CHCTEMBl H PaboTy ee OTAe/bHBIX
qacref?

3. OGecneyuBaercs Jid HeoOXoxuMasi 'EOGKOCTb ¥ KaKOBHl BO3MOX-
HOCTH f3HKa B OTHONIEHHHM MOAU(UIMPOBAHHS COCTOSHUH CHCTEMBI?

4. HackosbKo JIErKO HAHHBIA s3bIK MOXKET ONMHMCHIBATh AHHaMHYec-
Koe nosepeHue?

5. KakoBn BHxonHee HOPMH HOKYMEHTOB, YeM OHH IOJIe3HH H Ka-
KOl cratMcTHUeCKHH aHa/M3 BO3MOXEH Ha OCHOBE 5THX JaHHHIXP

6. Hackombko mPOCTO BCTaBJATL B MOZE/b CTAHAApTHbIE NOXIPOT-
PavMmm, Hanucanubie DONbL3OBATENAMU?

yucjaa H
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cuHXpoHHu3HpoBanbl. Takum 06pa3oM, GyHKIHOHHPOBaHUE MOME/H JOJ-
JXHO TIPOTEKATb B MCKYyCCTBEHHOM BpeMeHH, OfecneuuBasi IOsBJeHHe
coObITHE B HajJIexXalleM TNOpSAAKE W C HaAJleXalluMH BPeMeHHEIMH
uHTEepBallaMu Mexny numu. Jas paspaGoruuka 310 mpeacrasiser 6o-
Jlee YeM TPHBHAJbHYIO 3afauy. XOT KOMIOHEHTHl peasibHOH cHCTeMBbI
(GYHKUHOHHPYIOT OZHOBPEMEHHO, KOMNOHEHTH IK(GPOBOH HMHUTAIHOH-
HOll MOzesd HECTBYIOT MOC/IeNOBaTeNbHO, NMOCKOJbKY B IH(POBOK
3BM B Kaxgbli MOMEHT BPeMEHH BHIOJHSETCS JUIIb OJHa KOMaHLa
(mpunnMn peficTBUS  ee moclefoBaTe/bHLIH), T. e. o6pabarmiBaercs
JIUIIb ONMH KOMIIOHEHT CHUCTeMBl. ITOCKOJIBKY B Pa3/IMUHBLIX YacTax pe-
aJIbHOH CHCTEMBI cOOLITHS MOTYT BO3HHKaTh OZHOBPEMEHHO, HeOGXOMHK-
MO TIOCTPOMTH HEKHMH MeXaHH3M 3aJaHHs BPeMEHH JJISi CHHXPOHH3AIKK
nefiCTBUE KOMIIOHEHTOB CHCTEMH Ha JaHHOM BPEMEHHOM HHTepBaJe.

CyluecTByloT ABa OCHOBHHIX METO4A 3aJaHHf BPEMEHH —C  IIO-
MOILIBIO (PHKCHPOBAHHHIX K NEPeMEHHHIX HHTEPBAJOB BpeMenH. Mx
HHOT@ Ha3bIBAIOT TAKXKE COOTBETCTBEHHO METONAMH (PUKCUPOBANHOZ0
waza v waea 0o credyroujezo coboirus. TIo MeTony (BUKCHPOBAHHOTO
BPeMEHHOrO IIara OTCYET CHCTEMHOrO BPEMEHH BEJercs Yepes 3apa-
Hee ONpejesieHHble BPEMEHHEIe HHTePBalbl MOCTOSHHOA MJIUHH (MOfe-
JIIPOBaHKE NPOTEKAeT B OGHIYHOM BpeMeHH ¢ (PHKCHPOBAHHBIM LIAroM).
Ilpu ncnoib3oBaHKA MeTOAa MEPEMEHHOro llara, WM liara KO Clemy-
IOIIEro cOBLITHS, COCTOSIHHE MOJNENHPYEMOB cHcTeMb OGHOBASeTcs c
TOSIBJIEHHEM KaXXAOTO CYLIECTBEHHOTO COGBLITHS HE3aBHCHMO OT HHTEp-

BAJOB BPEMEHH MeXAy HHMH (MOI/NHMPOBAHHE NMPOTEKaeT BO BpeMeHH
coburruit) {17].

Cl10BO «MHPOBO33peHHE» NPUMEHHTENbHO K A3HKAM HMHTALMOHHO- §
ro MOJENUPOBAHUS MOABJsSETCS BO MHOTHX paBorax Ha 3ty Temy. [log 3
HHM TOJpPa3yMeBaeTcs 3aJOXKEeHHBIH Pa3paloTUMKOM HKCHOJNb3YEMOro
fi3blKa NMPHHIKIN OMKCAHMA CHCTeM, MOMJIEXKAlIKX MOAENUPOBaHHI. Bee
SI3BIKH, KOTOPHIE PUMEHSIIOTCS B MMHTANHOHHOM MOJENHPOBAHUH, UMe-
10T OMpejeeHHOe MHPOBO33DEHHE, U €r0 Haf0 YYMTHIBATb IPH CO3Za-~
HHM MOzeNu. MHPOBO33peHHe THMHYHOrO f3BIKA HMHTALMH JKHCKPeT- 3
HBIX TPOIECCOB MOXHO OBUIO Gbl MPELCTABUTbL CHAEAYIOMM OBPas’oM: |

1. Peaibnuifi Mup oToGpaxaercsi B fi3blKe B BHAe MHOMKECTBA He-
KOTOPBIX peasuii, KOTOPHE MOXHO MOAM(DHUIHPOBATL WJM CIHCHIBATH
C MOMOUIBIO XapaKTePHCTHK, HA3EIBaeMbIX aTpUGYTaMH. E

2. Peannn B3aHMOJEHCTBYIOT C KOHKDETHHIMH IIPOLECCAMH Peallbs |
HOTO MHD&, KOTOPHI€ COOTBETCTBYIOT KOHKPETHHIM YCJOBHSM, OmNpeno-. ¥
JISIIOLIMM MOC/I€ROBATENbHOCTb STHX B3aHMOAEHCTBHIA. ;

3. BsauMopeficTBHSl pacCMaTPHBAIOTCA Kak COGBITHS, TPOHCXOLS:}
uiHe BHYTPH CHCTEMH H BJIEKyLIHe 3a COOON H3MeHeHHe COCTOSHHS
CHCTEMHI.

«MupoBO33peHHe» THIHYHOTO S3HIKA HMHUTALMOHHOTO MOJEJKpOBa-
HHS MOXHO NPEACTaBHTb B BHJE TAKOH CXEMHI:

PEAJIUH

XapaKTepHC- | ATPUBYTHI
THKaMH KOTO-

pHX ABJSIOT- gMejorT 06beK+| ITPOLIECCHI ‘

s TOM B32HMO- Muorue aBTOPE HaXOHAT, YTO HMMHTANHOHHEE MOLENH YIOGHO
neficTBus KJIaCCU(HIKUPOBATL IO ABYM OCHOBHBLIM KATETOPHAM:
%‘2’2&;’5 veaosus — mo0enu ¢ HenpepuiBrbiM USMEHEHUEM COCTOANUA,
HeNeHHHE pesymerare| COBBITHS — M00eal ¢ QUCKPETHbIM UBMENEHUEM COCTOAHILL.
yero mpowuc- B mepBbIX HCIONbL3YIOTCH MeXaHH3MHE (DHKCHPOBAHHEIX npupaile-
XOnAT KOTOpHE | COCTOSIHHE | HHH BpPeMEHHHIX WHTePBAJIOB; HMH yAOGHO ONMHCHIBATH NMOBEJEHHE CH-

H3MEHAIT

CHMCTEMBI CTeM, MNPEACTaB/SEMHIX HeNpephBHBIMH NOTOKAMH HH(OPMAIHH KK

MaTepHaJbHBIMK NOTOKAMH, COCTOfIAMH He H3 eJWHHYHLIX, a U3 ar-
PETHPOBAHHBIX 3/eMEHTOB. MoJie/in BTOPOro BHIA HaXOLAT HPHUMeEHe-
HHe TOrpga, KOTAa HCC/eNOBaTe/Il MHTEPecyeT MOBeAeHHE OTHEeJbHLIX
IeMEHTOB B cucTeMe., B GOJbINMHCTBE MoOpeseli ¢ HHCKPETHBIM H3Me-
HEHHeM COCTOSIHHH HCIOJIb3YeTCs MOTOMY METOL OTCYETa BPEMEHH 10
Caenyromero cobnitus. Hekoropsie 3agauy, BHe BCAKOTO COMHEHHS, O-
THMAJ/IbHO OTHCHBAIOTCH C TOMOMIBLIO JIHIIL K4KOro-1u60 OLHOTO H3
PaccMoTpeHHBIX THIOB MOfeleil, TOrxa Kak B LPYrdX XOpOuoO pabora-
10T 06a THnA.

Puc. 3.1 neMoHCTpHpYeT CIOCOGH MDEHCTABJEHHE K YIpAaBJICHHSA
Bpeyenem B oGoux ciyuasnx. [1o ocu BpeMeHu OTJIOXKeHa OLHA 4 Ta Ke
Hocen0BaTeIbHOCTL COGHITHE €;. Kak MBI BHmMM, gBa COGHITHS, €4 H
€5, NOABAAIOTCA OHOBPeMeHHO. CTperKu YKasHBAalOT HAa TOYKH, B KO-
TOPHX MPOMCXOIMT MPHPALIEHHE BPEMEHH HA OAMH TAKT, U MOMEHTHI

3.5. MexaHH3M CHCTEMHOr0 BPEMeHH

TlockonbKy B GOJIBUIHCTBE HMHTALMOHHBIX MOZeNeli uMHUTHPYeTCH
[oBeJleHHe CHCTEMBl Ha HEKOTOPOM OTpe3Ke BPEeMEHH, OXHOH M3 HaH
foMee BaXHHIX 3ajay NPH CO3LAHHH MOLENH M BhHIGOpe A3blKa Ip .
PaMMHKPOBAaHHS SIBJAETCA ONpPeJe/ieHHe MeXaHu3Ma perJiamMeHTalHi
cOOHITHA K MPOIEeCCOB. B HMUTANMOHHOM MOJENHPOBAHUM TOHATH
«perjlaMeHTallMs» BKJOYaeT B celf [Ba acmekra, WIH ABEe (YHKLHE!
«TIPOABHIKEHHE» BPEMEHH, M/ KOPPeKTHPOBaHHE BPEMEHHOH KOOpAM
HaTBl COCTOFHHS CHCTEMB, H ofecreyenue COrJacOBAHHOCTH pas/iHds
HBEIX GJIOKOB ¥ COBHITHH B cHCTeMe. ITockoJbKy HmefCTBHUS, BLINOJIHNAS :
Mble Pa3/UYHBIME GJIOKaMH, 3aBUCAT OT AeHCTBHME H COCTOSHHUE ApYrH%
3/1eMEeHTOB, OHH JHOJIKHH OBITb CKOOPAMHHPOBAHH BO BpeMeHH, HIN
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HACTYMJIEHHs] OYepelHHX cobHruii B ofeux Mogmensx. B Momenn, uc-
noNB3yIomel MPHHIKN Iara A0 CJAERYIOIEro COGHTHS, KMHTHpyeMoe
BPeMsl NMpH H3MEHEHHH CIBHIaercs BIepe], TOYHO Ha MOMEHT HacTym-

BeJHYHHY Af. Y KaMZOro H3 3THX METOLOB €CTb CBOH NpPEHMYINECTBa.
B MoZenH, HCHOML3YIOMEH METOA 3ajaHHS IIara A0 CJAEAYIONIEro co-
Gritust, 06paboTKa COOHITHE HAET MOC/IELOBATENbLHO H BpeMS HMHTaIHK
Kam/[bl pas cMellaeTcs BHEPeJ Ha HA4alo CHELYIOIeEro coGHTHS,
KaXJ0e H3 KOTOPHIX OOCHyXHBaeTCs N0 OuepefH. B Mofenn c drKcH-
POBaHHEIM INarom 06paboTka COGHITHE NPOMCXOAHT NO-APYroOMY, a
HMEHHO TI0 TPyNnaM, nakeTaM HJIH MHOXECTBaM COGBITHA.
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Puc. 3.1, Teuenne MOReNbHOrO BPEMEHH: @ — B MOJGNH C LIATOM O CJAEXYIOUIEro CO- 24¢ T T —> Bpema
6niTusA, 6 — B MOJeJH ¢ QUKCHDOBAHHKIM LIATOM. § Y B .
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JIEHHS CaMOro paHHEro H3 IOCJAEAYIOINHX coOBITHA. HPH 3TOM IIOCJIENO- § Puc. 3.2. Bausnnue uamenenus Af.

BATEJNbLHOCTL MOMEHTOB CHCTEMHOI'O BDEMEHH §; TAKOBa:

Sy=éy, Ilycrs HaM 3aaHO HEKOTODPOE BpeMs, HanpuMep si, Torza o6pa-
S,=¢e,, 60TKa BCeX COOGHITHI ¢ HAYaJOM B €p, €q, €r, .., TAKHX, UTO

Sg=¢&g Sk—1 <e, €p Ene it K Sty

5,=g =e5=S8,

s‘—e‘ 5% IPOM3BOAMTCA OEpeN TeM, KaK MOJeJbHOE BpPeMS NOJYYHJIO OYepel-
8™ “6r

HOe mpHpalleHHe 10 Sk+1. Beauumna Af okasmBaer pemaiomiee BiaHS-
Hie HAa MPONECC MOJENHPOBAHHUS, TaK KaK BCAKOE NONOKUTENbHOE TPH-
Palllenne BpeMEHH 3aCTABJISIET NPOLECC MOJGJHPOBAHHS LBHIAThCS
Boeper. Ecau BesnurHa Af BHGPaHA HENPABHJIBHO, PE3YJILTATEH MOTYT
TNOJly4HTHCA TaKiKe HEBEDPHEHIMH, HOTOMY 9TO Bce COOLITHS GYIYyT mOsB-
JIThCA B TOUKE, COOTBETCTBYMWIUEH BepxHeli rpaHHIE HHTepBaja.
Puc. 3.2 noxasmisaer, uro Moxer nponsofits npu usMeHeHuun Af. Mo-

rlle KOHKpeTHble 3HAYEHUS BPEMEHH B TOYHOCTH PaBHBI BEHUHHAM e
€, ..., COOTBETCTBYIOLIHM MOMEHTaM NOfBJAEHHS cobuTuii. B ;prro
MOJEJIH, HCHoAb3ylomel MeTol (HKCHPOBAHHOTO BpPEMEHHOro Liarai
MOMEHTH MOJEJILHOIO BpeMeHH OyXyT HOCJENOBATENLHO NPHHHMATB
3HaUeHHs

J

S§=At' ACIIb € 32jaHHEM BDEMEHH 10 CJELYIOUIero COOHTHUS He TpeGyer BhI-
s;==24¢, Gopa npousBoJBHOrO HCKYCCTBEHHOrO NMPHPAIICHHS] BPEeMEHH. DTO IO-
s;=3A¢, 3BoJIsteT M36exaTh OMACHOCTH TOrO, 4TO BhI6paHHas 6e3 BeOMa HOJb-
=4t SOBaTeNsl BENHYWHA TDHPAIICHHS BpEMeHH H3MEHHT pe3yJabTaTHl
s/ =5At, MozenupoBanus. Y MOZENH C 3alaHHEM BDPEMEHH HO CJIeIYIOIEro Co-

: GUITHS ecTh TaKiKe TO MPEHMYIIECTBO, UTO B Hell COGHITHS paccMarpH-
DTH MOMEHTH BPeMeHH HHKAaK HE CBA3aHbl C MOMEHTAMH TIOSBJICHAN BaloTcs u 06eay KHBAIOTCA KAK ONHOBPEMEHHBIE TOJLKO B TOM CJIydae,

COGBITHH €, €y, ..., KOTOPHIE HMHTHDPYET Halla MoAe/b. MoZesabHoe Bpe-. €CIH OHH MapKHPYIOTCS OJHHAKOBHM BPEMEHEM IOABIeHHsA. TaKHM
M 31€Ch TOJTyYaeT NMOCTOSHHOE NpHpalleHHe Ha 3apaHee BHIOPaHHYIO | 06pa3oM, oAHOBPEMEHHOCTh WMEET MeCTO JIHMIb TaM, I OHA HaGuio-
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naeTcsl B AefCTBHTEALHOCTH. DTO MO3BOJIseT H36exKaTh BBEJCHHS B CH-
CTeMY B [eJfX NOCTPOCHHS KMHTAIHOHHOA MOJE/NH KaKOro-JH6o HCKyC-
CTBEHHOrO TNpaBHJa, ONPEJEJSIONIero, Kakoe U3 OJHOBPEMEHHO IIOfl-
BHBIIHXCA COGBITHE CJEAyeT CYMTaTh NOSABHBIIKMCS mnepBhM. Takoe
e CBOMCTBO HYKHO NPHJAaTh H MOACNH C (HKCHDOBAHHLEIM IIAroM.
Ecau nam norpe6yercs, YToGH MOAeJab C 3aJaHHEM INara A0 CJAEAyIo-
wero cob6LITHA Beaa cebs TakK ke, KaK MOAEJb C (PUKCHDOBAHHLIM Ila-
IOM, 5TO HETPYAHO cAeaaTh. KaxAblif MOMEHT e, NOABJIEHHS COOLITHS
Hy2KHO 3aMEHHTb Ha

(Haaﬁonbmee mesoe B %+ 1 ) At.

B Moxen ¢ (JHKCHPOBAHHBIM IIArOM HET BO3MOMHOCTH TOYHO BOC- 3

[IPOH3BECTH NPOUECC C 3afaHHEM liara 10 caefymomero coburast. Oxn-
HAKO, NMOC/MEJOBATEJAbHO YMEHbIIas NPHUPAIIEHKS, MOXHO JAOOHTbCA ]
xopome#l annpoxcHMaunH. [Ipupaienne BpeMen: T0MKHO GHTL A0CTa-

TOYHO MaJhIM, C TeM Y4TOGH B2 HEOJHOBPEMEHHbIX COGHITHS HE mo- §

HaJii B OJHH H TOT K€ BPEMEHHOH HHTEPBaJ H He CO3J4ajH Gbl JOXHO- |

ro mpejACTaBJEHHS 06 HX ofHOBpemeHHOCTH. OJHAKO, KaK Gl CHILHO

MBI HH CXHMaJ# Af, 2T0 JIOXKHOE IIPEACTaBJEHHE HEe HCKII0YaeTcs

6naromaps cymecTBylomel pasHuie (XoTs 6b H OYeHb MaJsoi) Mex- §

Ay HCTHHHBIM K HAKOIVIEHHBIM BPEMEHEM NOSIBJIEHHS] COOBITHSA.

Hesepublfi BHGOP MeTOZa 33JaHHSl BPEMEHHHIX IIAroB MOXKET IPH- .

BECTH K CYIECTBEHHOMY YBEJHYEHHIO MAIIHHHOTO BPEMEHH MOJACIHDO- 3
BaHHA, TaK KaK 3HAUHTEJbHASl YaCTh €ro TPATHTCA HA OTC/IEKHBaHHE
Co6LITHE B KODPEKTHPOBKY «uacoB». OIpeNenuTb, KaKO# METOX Jy4lle J
HJM TIPEANOYTHTEJbHEee [JISi TaHHOR MOJEJH, He TaK Jerko. s 510~ §
ro HYXXHO 3HaTh ‘

— meJb ¥ Ha3HaYeHHE MOJEJH;

— Tpe6yeMyIo TOYHOCTb pesysibTaTos (OGHIYHO ONPEAEssIeMylo mep-

BHIM (haKTOpOM); i

— NPOOIKKTENLHOCTh MALIKHHOTO BPEMEHH, HEOOXOAHMOro NpHy

HCIOJb30BAHHH DPa3HEIX METOJOB; {

— Heo6XOAUMEIH 06beM MALIHHHOK NMaMATH;

— TPYAOEMKOCTb POrpaMMHUPOBAHHS.

K coxaJeHHIO, HE MOCTPOMB OGEHX MOJEJeRd, Heb3s MOJYUHT
CPaBHHTeJIBHBIX AAHHHIX MO TPEM HOCJe[HEM MyHkTaM. CaMBIMH BaX
HEIMH (aKTOPaMH, HECOMHEHHO, ABJAIOTCA TPeOyeMas TOYHOCTb MOZ
JIH K [eJb ee NOcTPoeHHs. Kak MBl yXKe yKashBaJHK paHee, METOL 3
[LaHHS mara [0  CJAELYIOUIEro COOHITHS OGHIYHO RaeT HauGoJbLIy!
TOYHOCTh, IOCKOJILKY B HEM BEJIETCA CUET TOYHOIO BPEMEHH H IOCJE/0%
BaTeJbHOCTH TOMBJEHHA Kaxjoro coburus. Hamo ckasath, yro 3
CHpaBejJIBO JHIb B CaMOM OGIieM Clyuae, TaK KaK Merojl (HKCHPO.
BaHHBIX HHTEPBAJOB NPH YCJOBHH BHIGOpa AOCTATOYHO MAaNBIX NPHPE™Y
IEeHHA BpeMEHH OGeCcTeuHBAaeT TaKylo Ke TOYHOCTh. 3MECh TaK MKe}
KaK B B JPYrHX 3ajayaX, BO3HHMKAIOUIHX NPH TNOCTPOCHHH MOAEIE
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HeoOXOAHM ONpeJe/deHHHH KOMIPOMHCC MeXAy PacXOAOM MaUIHHHOrO
BPEMEHH H TOYHOCTBIO TOJMY4aeMHIX Pes3yJbTaToB.
Her Takxe H SBHO BHIPaXKEHHBIX NPEHMYLIECTB OXHOIO METOAA
nepeX APYTHM INIPH CPaBHEHHH HEOGXOJHMOrO MAIHHHOTO BPEMEHH.
C 57O TOUKH 3peHHs GoJjiee NPeAmOYTHTENLHBLIA METOJA Ompejessiercs
CJIeAYIOUIHMHE (paKTOpaMHu:
— YHCJIOM KOMIIOHEHTOB HJIK 3JIEMEHTOB CHCTEMBI, CIHOCOGHBIX re-
HEepHPOBAThb CYLIECTBEHHbIE COGHITHS;

— YHCJIOM COGHITHE Ha eJUHHYHOM HHTEDBaJsie BPEMEHH, IIOPOXKAae-
MBEIM KaXK/JIBIM 2J€MEeHTOM (T. €. IJIOTHOCTBIO COGHITHI);

— MaTeMaTHYeCKHM OXHJAHHEM HJK CpPeIHeH NPOLOJIKHTENbHO-
CThIO COOHITHA (BpeMeHeM, NPOXOASLIHM OT Hadajaa [0 OKOHYa-
HESA Je#CTBUA COOBITHSA).

B crate Konses, [Ixoncona # Makcsessta [3] ykasaso, yTo RJas
MeTOA2 (PHKCHPOBAHHHIX HHTEPBAJIOB NPH IPOAOIKHTENbHOCTH HMH-
TAUHH CHCTEMEI H3 11 KOMIIOHEHTOB B TeueHHe T eJHHHI BPEMEHH IOo-
tpebyerca Tm pas onpefensth HEOGXOAUMOCTh KOPPEKTHPOBKH Xapak-
TEPHCTHK COCTOSIHHA THX KOMIOHeHTOB. [IpH cpefuel nmpoaoJKuTe/lb-
HOCTH COGLITHSA, PaBHOH ! €IMHMI, BDeMeHH, norpeGyercss HPOBOAHThH
KOPPeKTHPOBKY Tm/t pa3. DTo uUHCI0 He 3aBHCHT OT HCIOJb3YyeMOro
MeTo/a 3aflaHHs BPEMEHHEIX HIaroB.

IIpy uH3MeHeHHH MeTOAA 3aJaHHA IIara A0 CJeAYIOLIEro COOLITHA
Heo6XOAHMO HafTH MHHHMAJbHOE MHOXKECTBO M3 /M 3HaUeHHH AId
xaxnao# u3 T'm/f KOPPEKTHPOBOK, N/ Yero mnoTpeGyercs IPOBECTH
m—1 cpaBuennii. Takum o6pasom, cpaBuuBas seauuunn (Tm/ft)(m—
—1) u Tm, MOXHO yTBePXKAaTh, YTO METOA (PHKCHPOBAHHHIX HHTEDBA-
JIOB JlaeT Jy4IlKe Pe3yJbTarhl npH {<<(m—1).

Korza HMHTamMOHHOE MOJEIHPOBaHHE TOJBKO 3apOXKAaJ0oCh, 00Bb-
CM MAIIMHHOH NaMATH HaK/JaAbBaJ CEPhE3HHIe OrPAHHYEHHS Ha TO,
YTO MOXKHO M Yero Henb3f GBVIO Aenarh. C [OSIBICHHEM 3aNOMHHAIO-
IHX YCTPOHCTB NPOH3BOJBHOTO ROCTyHa M OHICTpoAeHcTByMOmEHR 10-
TIOJHHTEJAbHON NMaMATH 5TO OrPaHHUYEHHE CTAJO MrpPaTh MEHbUIYIO POJb,
XOT Bee ellle OCTaeTcs BaxXKHHM. Tpe6oBaHHA K 0ObeMy NaMSATH B Kax-
JOM H3 5THX ABYX METOAOB TECHO CBA32HH C HCHOJb3YeMOH CTPaTeru-
eil BefleHus 3anmucedl ¥ pacmeyaTKH. JTOT aCHeKT PacCMOTPEH B 3aMme-
gaTtenbHol cratee JleiBa [17].

TpymoemKocTh mporpaMMHDOBaHHS, BO3MOMKHO, M HE CTOHJIO GOkl
OpHYHCAATh K (paKTopaM, KOTOPHIE HYKHO YYHTHIBaTh IIPH BrGope Me-
TOJ2 3afaHKA BPEMEHHEIX IIaroB. BHITh MOXKeT, 3HAUMTEJILHO BaXKHEe
ONBIT B KBaNH(UKAIUA NPOrPAMMHCTOB H BHIGpaHHbA HMHE A3hK. Kpo-
Me Toro, BHGOP TOrO HJH HHOrO METOA2 MPOrPaMMHPOBAHHS HACTO/b-
KO cy6beKTHBeH, a TPyHAOEMKOCTb €ro OLEHHBAHHS CTOJb HHIHBHIY-
a7bHa, YyTO HA 3TOT NOKA3aTeNbh OPHEHTHPOBATLCS HEJb3S.

[TostoMy ME HE TpeAsaraeM HHKAKHX KECTKHX H JOCTATOUHO 3d-
bexTHBHLIX mpaBua ompejeneHHs, KaKofl K3 ABYX MeTOJOB 3aaHHf
BPeMeNHEIX IMaroB Jyyile B KaxAOM KOHKpeTHOM cayyae. [Ipu ompe-
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JLeleHHBIX 06CTOATENbCTBAX KaXKALHA U3 HUX UMeeT CBOK IPEeHMYILECTBA.,
OKoHuUaTe bHO® pelleHHe 3aBHCHT OT XapaKkrepa TOH CHCTEMBH], KOTO-
pyio Mbl MojenupyeM. BooGuie roBopsi, MeTOA (HKCHPOBAHHLIX 1IaroB
pabotaer Jyulile, eciIH:

1) cOGLITHS NOABIAIOTCH PEryAsipHO K pacmpefeseHEl BO BPeMeHR
OTHOCHTE/NBHO PaBHOMEPHO;

2) B TeueHHe LHK/Ia MOReNHPOBaHHF I MOSBJIAETCA MHOrO cOo6HI-
Tuli, IPHYEM MaTEeMATHUECKOE OXHIAHHE TPOXOJIKHTETbHOCTH co6H-
THH MaJo;

3) ToyHas HPHPOAA CYLIECTBEHHRIX co6LITHR He sfCHAa, Kak, Ha-
npEMep, 5TO GHIBAET HAa HAYANbHOM 3Talle HMHTAIHOHHOTO HCC/EO0BA-
HHS.

C npyro#t CTOPOHbI, METOA 3aJaHHA I1&ra A0 CJAEAYIOLIEro co6BITHS
BHITOJEH TEM, 4YTO ‘

1) mosBosfeT SKOHOMHTh MAIIKHHOE BDeMs B CIyuae CTATHUECKHX
CHCTEM, B KOTOPHIX CYILECTBeHHble COOHITHSI MOTYT JJIHTE/]bHOE BPeMA
He HacTynarth; :

2) He TpeGyeT ONpejeseHUS BEIHUYHHEl NPHPALICHHS BPEMEHH (uto-
BAMSET ¥ HAa HPOLO/IKATENbHOCTb IHKJIA MOJENHPOBAHWA, H Ha TOU-
HOCTB) ; i

3)" Moxer 5((eKTHBHO HCHONB30BATHCH NPH HEPABHOMEDHOM Dac-: §
npejeseHHH COOMTHA BO BPeMeHH H (unu) npH GOMBLIOK BeJHYHHE §

MATEeMATHIECKOro OXKHIAHHA HX MPONOJIKHTEIBHOCTH. .
Oxup S3bIKE HMHTAUHOHHOTO MOJEJHPOBAHHS RHKTYIOT NO/Mb30BA-:j §§
Te/o BHOOP METOAA 3aMaHHA BPEMEHHBIX MIaroB, APyrHe JXOMYCKAIOTs: EH
npuMeHenHe N1I060ro K3 HHX. . tH
i EE

3.6. Knaccadukauas A3bIKOB

JI18 MAIIMHHOO MOJHPOBAHHA NPHTOAHE, B0OGIIE roBOPS, TDHA
cnoco6a npoBefenus Bhuncaenufi. Kak yxe ropopusioch, B HX OCHOBS
JIeXHT TpHMeHeHHe HHuGPOBOH, agasoroBoii M THGPHIHOH BBIYHC/IHY
TeJbHOH TEXHHKH. B 3TOM pasfesie GYAyT ONHCaHbl H COMOCTABJICHE
A3bIKH, HCIIOJIb3yeMEle B HMHTAIIHOHHOM MOJGNHDOBAHHH, Ha puc. 3.
MoKa3aHa cxeMa KjaacCHHKaIMK ABIKOB, Muorie H3 HHX HMEIOT paa
AHYHble MOMHdHKANKA K AHajexTsl. [[03TOMY, HE MEPEUHC/IAs BCE C
lecTBYIOUIHEe BEPCHH S3BIKOB, MHl IPHBOAKM B 3TOR CXeMe TOJIbKO
HaKMEHOBAHUS HX OCHOBHEIX BaDHAaHTOB. ‘

OnycTHM PacCMOTDPeHHe YHCTO 2HAJIOrOBHIX METOAOB MOJIEIHDO

HHsI, TIOTOMY YTO NIPOrPaMMHO OHH DEaH3yIOTCS MPOCTHIM COEAMHEHK
eM 3/eKTPHYECKHX KOMIOHEHTOB, TAaKHX, KaK YCHJIHTE/H, OTCHIHOME
pHl, DE3HCTOPHI, KOHZEHCATOPHIH T.[., B3 KOTOPHIX COCTABITIOTC SJIEKA
Tprdeckne uend. Takum 0GpasoM, Kakoe-1u60 MaTeMaTHYeCKoq
ofecneuenHe M f3HK NPOTPAMMHDPOBaHHS 37ech He Tpebyercd. M
He CTaBHJH Nepex coGofi 3afauy obcyxmaTh BONPOCH NPOrpaMMHPOfy
BanHs aHajoroBhx DBM; 3TO# TeMe MOCBSIIEHO HECKOJAbKO OUEHDb XOF
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2) mepBHIMH NOJb3OBATENAMH THGDHIHLIX CHCTeM ObLIM HPOrpaM-
MHCTH QHAJOTOBHIX MallHH, AOCTATOYHO XOPOUIQ 3HAKOMEIE C LHQpO-
BHIM HNPOTPaMMHPOBAaHHEM, YTOOHI CaMOCTOSITENbHO pellaTh CBOM 3a-
Ja4H;

3) rubpuApLe CHCTeMBl CGbITH B OCHOBHOM eJQHHHUHBIMH SK3eM-
[ASIPAMH H LIHPOKOE Pa3BHTHE MaTeMaTHyecKoro oGecmevyeHHs HOSTO-
My He GBLIO ONPaBAAHO.

Mo yKa3samHHM TpPHYHHAM GOJBIIMHCTBO THODHAHEIX HMHTanuk
[POBOXKMTCS C HOMOLIbIO NPOrpaMM Ha MPONeAyPHO-OPHEHTHPOBAHHEIX
VHHBEPCAJIbHBIX sI3bIKaX HHQPOBHIX MamHH. DTH NPOTPaMMBl HIPAIOT
poab CynepBH3Opa H 4aCTO PaGoTAIOT B COYETAHHH CO CTAHAAPTHEIMH
NOANPOrpaMMamMHu [MOJb30BaTeNsl JJs MNPOBEPKH aHAJOrOBOH 4aCTH,
npeo6pasoBanus JaHHBIX, KOHTPOJS H NHArHOCTHKH. IlpemnpuuuMa-
JIUCb TONBITKH CO3XAHHSI H MCTHHHO THODHAHEIX MMHTAUHOHHBIX f3bI-
koB. Lsl OCTPOGHHS H ODOBEDKH NEPBOl CepuiiHOM THOPHAHOR BHI-
ancanrenbyoil cucremsl HYDAC 6bin cosaan sisik HYTRAN. Jror
asbik B cama cucrema HYDAC Griin paspaboTaHbl CHenHaNHCTaMH
@upme Electronic Associated npumepro B 1962 r. Takux cucrem Ghijio
nponano Beero Heckoapko, ¥ HYTRAN ne malles IIHDOKOro NpUMEHe-
HUSl, OAHAKO OH MOCIYXHJI OCHOBo# cospauns HOI (umrepmperaropa
omepanufk sssika HYTRAN). DToT I3BIK HCHOJB3YeTCs AJs aBTOMATH-
3aIMH NOCTPOEHHst HAaGOpHOH CXeMbl W MPOBEDKH AHAJOrOBHIX MOACHC-
TeM, a TaK¥XKe AI9 KOMIUIEKCHOTO KOHTPOJSI 3a HCIOJHeHHeM THOpHA-
HBIX APOTPaMM.

B yuposoix UMUTAUUOKKbIX MeT00aX MCHOIB3YIOTCH KaK yHHBEDP-
cafbHBIE, TaK H CHEIHAIH3HpOBaHHEE A3LKH. CpaBHHTEJbHbIE MpeH-
MyHIeCTBAa H HEXOCTATKH KaXKAOTO K/acca 3THX METOXOB HpencTaBie-
Hbl B Taba. 3.1. [IpuMeHeHHe YHHBEPCAJbHEIX $I3BIKOB HPEAOCTABJSTET
MPOrpaMMHCTy, HECOMHEHHO, 3HAUHTENbHO GOJblue BO3MOXHOCTEH B
cMbIc/Ie THOKOCTH Pa3spaGOTKH, OTJIAAKH H HCIOJNb3OBAHHA MOJGNH.
OjiHako THOGKOCTh 3Ta MpHOGperaercst LeHoR GOMBIIAX YCHIHH, 3aTpa-
YMBaeMbIX Ha OPOrPAMMHDOBAHHE, TaK KaK MOPAJOK BHIIOJHEHHS Ome-
pammii, OTCYET CHCTEMHOrO BPEMEHH H KOHTPOJb 3HAUHTENBHO YCJIOXK-
Haoresi. M Bce e IJIsl HCCJEOBAaTeJsl, HE HMEIILEro BO3MOXKHOCTH
pab6otatb Ha MowHo# DBM, yHHBepCadbHBIH A3HIK €AWHCTBEHHO BO3-
MOXHHIH, TaK KaK GOJbHIHHCTBO CYIIECTBYIOMIHX CHElHaNH3HPOBAHHEIX
AI3BIKOB CO3JaHO HMEHHO ajd Momueix DBM. Kpome roro, MHOrHe
KBa/u(HUHPOBAHHEIE H ONbITHHIC MPOTPAMMHCTH NPEAHOYHTAIOT yHH-
BepcaJslbHble S3HKH BCAEACTBHE HX TMOKOCTH B 4aCTH Bhi6opa BHIXOA-
HbiX (opMaToB H 61arofaps BO3MOXKHOCTH BCTaBOK COOCTBEHHBIX
CTaHZapTHHIX HOANporpamMM. [TockoJbKy MO yHHBEPCAJbHHIM SI3bIKaM
Oblio HANMHCAHO yXKe MHOMXKECTBO KHHI, Ml OTPaHHYHMCH 3/€Ch mpo-
CTLIM BKJIIOUEHHEM HX B Haly Ki1acCH(HKALHIO.

CrenuanH3MPOBaHHbIE SI3BIKH LH(PPOBOrO MMHTAIHOHHOrO MOZCJH-
POBaHHA AensiTcsl Ha JBe CaMOCTOSITEJbHbIE IPYMIbl, COOTBETCTBYIOMHE
ABYM BHAAM HMHTAU#AH, KOTOphle PasBHBAJHCh HesaBHcHMO. Mul pac-

10—195

pounx kuur [10, 11]. Bce aHanorosme MomesnH MPeACTABAAOT COGOH
MOJIeNIH, ASHCTBYIOIIHE B HEMPephHIBHOM BPEMEHH, XOTs IIKaja BpeMe- !
HH C HOMOIILIO COOTBETCTBYIOLIHX METOAOB BPEMEHHOro Macmrabupo-
BaHHA MOXeT OHITh PacTHyTa HJH CXaTa. B NpOrpaMMHpOBaHHH H
NpOBEpPKe aHAJOTOBEIX MOJeJell MOXKHO HCHOIb30BaTh HEKOTOPLIe Mpo-
rpamMmbl ans uubpoBux IBM, nampumep APACHE u APSEY. Onu-
pasick Ha JI0GOH H3 3THX A3LIKOB, MOMHO yMEHBIIHTh BPeMs COCTaB-
JICHHS] H NPOBEPKH MPOrpaMMbl ISl aHANOroBOH BHIYHC/HTEJbHOH Ma-
mHHE. B 060ux cayuasx BXOAHOA fI3BIK paboTaeT ¢ yPaBHGHHSAMH H
npejcrasisier co60if Kak Obl paCUIKPEHHHE BapHAHT YHHBEPCANBHOrO
A3HIKA. JDTH SI3bIKH CJIyXKaT JHIb MNOACIOPbeM, CO3/aBas HEKOTOPHIE j
JONOJIHATE/bHHE YA06CTBA, HO HMH OJHHMH NIPH NOCTPOCHHH aHAJIO- §
roBoil MOAeNH OGOHTHCH Heab3si. HeKOTOpHE MPOrpaMMHCTH BCe K6 §
HOJIB3YIOTCS HMH Gaarofapsl yJAoGCTBY HpPOBENEHKs PacueToB HaGop-
HOK cxeMbl Ha uuppoBofi IBM mHpH COXPaHEHHH NPEHMYINECTB BLICO-
KOro GLICTPOACHCTBHA K HH3KOK CTOHMOCTH aHAJIOrOBOH TEXHHKH. !

CHeKTp METOJOB, Ha3biBAGMEIX 2UOPUOHbIM UMUTALUOHHbIM MOOe- ]
AuposaHues, MPOCTHPACTC OT AHCTBHTENbHO THOPHAHBLIX CHCTEM CO §
B3aHMOJEHCTBHEM aHAaJOroBodl H UM(POBOH anmaparHHIX HacTed 104
TaK Ha3bIBAEMBIX METOXOB THODHAM3ALMH, Ie THOPHIHOE MOJEIHDOBa- §
HHE yyacTByeT JIKIIL HA CTAAHH MOCTPOEHHS aJrOpHTMa MOAENH. Kak§
MH JRasnee yBHAHM, unbdpoByio IBM MOXHO 3aCTaBHTb HMHTHDPOBATD }
aHAJIOTOBYIO, TEM CaMLIM JOMyCKas MOJIHOCTHIO LH(POBOE HOCTpOEHHE J
HMHTALHOHHON MOJeNH, KoTopas GyAer paborarh kak rubpumHas. He-§
KOTOpHE M3 THOGPHIHEIX METOAOB €CTh, [0 CYLIECTBY, METOAH CKopee
aHaJIoroBhle, HEKOTOpHE — IH(POBHIE; HPOMEKYTOUHOE MOJIOKEHHE
MEXAy HHMH 3aHHMalOT METOAH HMHTAIHOHHOIO MOJEJIMPOBAHHS,
KOTOPHIX HCHOJBb3YIOTCS H HENPEPLIBHBIE, H JHCKPETHbIE COGHITHAY
B caMBIX paHHHX NONHITKAaX NPOBEAEHHs AEHCTBHTENbHO THOPHIHOTG
HMHTALHOHHOTO MOJE/JHDPOBAHHA NPHMEHSAJNHCh YHHBEPCANbHAS aHa0A
ropasi ¥ yHHBepcauabHas IH(POBas BHIUHCIHTEJbHBIE MALIHHBL, COELH:
HeHHble C NOMOIIbI0 COBEpLICHHO CaMOCTOSTENIbHOro HHrepdeihca. Ang
maparypa uHTepdeiica, CONpsiKeHHas C yHHBepCalbHEMH OB,
COCTOSIA M3 aHaJIOro-UHGPOBHX M LH(PO-aHAJOroBhHX Hpeo6pasony
tenelt. Ona comepikaJna JKIIb AHCTBHTENbHO HEOOXOAHMEIE Gy(epHHH
yerpoiictBa ¢ MHHMMaJbHOH HX CHHXpOHHM3anued. PaspurHe 3TOrg
HAINpaBJIeHHs] BHIYHCAHTENbHOM TEXHHKH NPHBEJO K NOSBJEHHIO COBPEY
MEHHBIX THOPHAHBIX METOXOB BHIUHCJICHHH H HX almaparHoOro obecrey
uenns. K coxasneHnio, MareMaTHyeckoe oOeClneyeHHe AJs TaKHX CH
CTeM Pa3BHBAJOCh MEAJIEHHEE, HOCKOJIbKY 1

1) moJsb30BaTeNH HOPHAHBIX BBIYMCJHTEJbHBIX CHCTEM OBLIH XOPE
IO 3HAKOMH C aMOapaTHOH 4acTbio W MOLJIH [POrPaMMHPOBaTh CBOY
HMHTAIHOHHBIE 32/1aYH Ha MALIHHHOM SI3LIKE;

1) Bubnnorpaduueckue cnpaBkM MO KaXJOMY H3 YNOMHHAaeMHX B pasjenie SSHEY
X0B GyAyT MPHBEAEHB! HHKE. '
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CMOTPHM 3TH TIPYNNH (HMHTAIHIO XHCKPETHBIX H HEeNPePHIBHEIX NpO~
[[eCCOB) OTAEABLHO JpPYr OT JApyra B perpocnekTHBe. OcTaHOBHMCH
CHayajJa Ha HMHTaAUHH HeNmpepHIBHHIX mpoueccoB. OXHH H3 METOLOB
9T0# IpyNNH JIeXHT Ha CaMo#f rpaHHue cleKTPa IHGPHIHEIX METOJOB, :
T. €. OTHOCHTCSl K Te€M H3 HHX, IZle THGPHAM3AaHst yUacTBYeT Ha CTa- §
JHH HOCTPOEHHA aJropuTMa MoAeax (uubpposas DBM Komupyer mo-
BejleHHe TrHOpHaHOA cHcTeMH). 'pymma s3BIKOB HeNpPEepPHIBHONO HMH-
TALHOHHOIO MOJEJHDOBAHHs JENHTCS B CBOIO OuYepelb Ha TPH THOA: §
ASLIKH aHAJOrOBOTO MOJEJHDOBAHHS; SI3BIKH, NPHMeEHsIeMble IS pe-
IeHHs] CHCTeM AH(pGepeHInHaJbHEX YPaBHEHHH, OMHCHBAIONINX AeTep-
MHHHPOBaHHBIe 3aMKHYTHE HeNPePBIBHEIE CHCTEMBL; SI3HIKH YPaBHeHHH, §
[lepBrie nBa THOA A3LIKOB PACCYHTAHH Ha 6/10YHOE MOCTPOEHHE MOAe-
Jef, A3BIKH 3-r0 THIIA ONEPHPYIOT C YPABHEHHSIMH.

Co3naHHI0 f13bIKOB HMHTAI[HOHHOTO MOJEJHPOBAHHS AJsl Hempe-
PHIBHBIX CHCTEM IHOJoOXHaa Hauano pabora Ceadpuamxa, omyGanko- §
BanHas B 1955 r. Ero mporpamMma, xoropo# Cenpuix He Xak HHKa-
KOro Ha3BaHHs, HOPOJAMJIA GOJblIOE UYKCIO HKMHTAUHOHHHX 513LIKOB j
aHaJIOrOBOTO THNA JJf undposurix IBM. Haubonee ynaunbie u3 HuX—
MIDAS, PACTOLUS, SCADS, MADBLOC, COBLOC u 1130 CSMP. ;
STH ASHIKH HCHOJb3YKT HOKOMIOHEHTHYIO 3MYJSUHIO NMOBEXEHHS aHa-
JoroBHX H rHGpumHbHXx DBM. Hanpumep, cymMmarop 3aMeHsieTcst Ko- 3
JOM OHNEpalHH CYMMHDOBAHHS, HHTETPaTOP — KOAOM OMNEPalHH HHTe- §
TPHPOBaHHsl H T. X. B3aHMONEHCTBHS MeXKIy STHMH JONOJHEHHSIME
(HYHKUHOHANPHBIX KOMIOHEHT ONHCHBAIOTCS € NMOMOMIBIO GJIOYHO-OPH- j
eHTHPOBAHHOIO f3bIKa TOYHO TaK Ke, KaK KOMMYTauHOHHas NaHeJb
ABM 3/€KTpDHUECKH CBS3HIBaeT KOMOOHEHTHl aHAJOrOBOK  BHIYHCJH»
TeJbHOR NPOrpaMMH. DMYJHPYIOTCS H CTPYKTYPa, H 3JeMeHTH aHaJdct |
roBofi niu ru6puaHol BM. AHa/oroBble HMHTALHOHHEE SI3BIKH BHIPOC 3
JIH M3 aHaJOroBHIX OJIOK-CXeM KakK HauGojee HPOCTOrO K YAOGHOrQ:
CPeACTBA OMHCAHHS HeNpephIBHBIX CHCTEM. » 4

Hdas MogenupoBaHHS NepeMEHHBIX, HeNPepHBHEX 0[O JAHaMNa3OHY3
CBOMX 3HaUYeHHH, HO AMCKPETHHX NO BPeMeHHM, yAOGHB TpPH SI3BIK
Ssuik Junamo ([Junamuseckue modesun), paspaborasunii B Maccauy:
CETCKOM TEeXHOJIOTHYECKOM HHCTHTYTe, AJs anNpPOKCHMAlHH HempephIBty
HBIX OpOLECCOB Hcmoabayer AAddepeHIKaNbHbe YpaBHEHHsT MePBOI
nopsiixa Kak Gojiee ynroOHEe MO cCPaBHeHHIO ¢ AH(depeHUHANLHEIM
ypaBHEHHsAMH, OMHCHIBAIOLIMMH BXOAHBIE M BBHIXOZHBIE MOCJIELOBATENbE]
HoctH. CyllecTBeHHBle AJISI H3YYeHHs] NHHAMHUYECKHX CHCTEM HepeMeHy
Hble, TaKue, KaK NePeMeHHble COCTOSHHE M BHIXOJHbIE [I&DEMEHHBIE
ONHCHBAIOTCSl B s13BlKe J{MHaMo ¢ TIOMOIILIO ypaBHEHHH YpOBHE!
H CKOpOCTeH# COOTBETCTBEHHO. [lepeMeHHbe COCTOSIHHE (YPOBHH) ONHpS
CHIBAIOT COCTOSIHHE HJIK YCJOBHE BHYTDH CHCTEMHI B JaHHHIH MOMEHT;
BPEeMEHH; MEePeMEeHHBle CKODOCTH OHNHKCHIBAKOT, KaK MeHsiercd 3TO CO¥
CTOsIHHE 32 HEKOTODBIH OTPe30K BpeMeHH. BcmoMorare/bHEIE ypaBHE=
HHSA, BXONSLIKE B YPABHEHHS CKOPOCTH, HOJHOCTbIO OMHCHIBAIOT (yHK®
UHIO ypaBHeHH# ckopocTH. HecMorpst Ha TO 4TO AJs1 ONMHCAaHHS CHCTE: §

MBl AOCTATOYHO ypaBHEHHH yPOBHeil M CKODOCTH, 3TH HONOJHHTE/IbHEE
ypaBHeHHs! OUeHb BaXHH A5 ofeceueHns o6paTHOK CBSISH, MOCKOME-
Ky € HX NOMOIIBIO MOXHO YNPaBJATh CKOPOCTBIO H3MEHEHHs COCTOd-
guil. B Tex cayuasx, Korja s3bK JIHHaMO HCIOAb30BATh HEJb3s, MOX-
HO NPOTPaMMHDOBATh Ha TaKHX SI3bIKAX, KaK MIMIC uan CSMP.
I3bIKH, paGoTalollHe HEMOCPEJACTBEHHO C YPaBHEHHSIMH, BBIXOAAT 3a
paMKH OrpaHHYeHHH, KOTODHE HAaKJaILBaeT NONHOCTLIO GJI0YHAA KOH-
CTPYKIHS S3HIKOB aHAJOrOBOTO MOJNENHPOBaHHS. JTH sI3HIKH, TOMHMO
60UHOrO HOCTPOEHUS MoAeael, 06/1aAaloT MOWbIO H yAoGCTBOM asre-
GpanyuecKOil M JIOrMyeckod aJrOPHTMH3ALHH. Slanikn, paboralomue C
ypaBHEHHSIME, MOSBU/IHCH SHAYHTENBHO IO03XKe ASHIKOB aHaloroBoro
MmonenupoBanus. B 1966 r. KoMuccueli mo Co3xaHHIO MaTeMaTHYECKO-
ro obecheueHHs /s HMHTALHOHHHIX HCCIeIOBaHHE IpH ¢upme Simu-
lation Councils Inc. 6HJI0 MOArOTOBJEHO NpelBapUTEJbHOE ONHCAHHE
AMHTAIHONKOro s3blKa JUIs HempepuBHHX chcreM. Llennio aToéf paGo-
Tl GbLIO CTaHAAPTH3HPOBaTh (OpMaT sI3bIKa H CTPYKTYPY aHaJoro-
1H(POBLIX HMHTALHOHHBIX IPOrpaMM. PaspaGoTUnKH HaJ@AMHCh MOy~
unTb >((hEKT, CPABHEMBIA C pe3y/bTaTaMd PaboTH KoMuccun cras-
gapros mo Poprpany HpH AMepHKaHCKOH accomHMalHH CHELHAIHCTOB
1o cTaHmapTaM. Tak e KaK H CO3[aHHBIE el0 JAHCKpeTHbe SI3BIKH,
paccMaTpHBaeMbie SI3EIKAMH NEPBOro H BTOPOrO MOKOJEHHS, HOABHB-
Hmecsl mocsie omy6aHKOBaHHS 3TOrO OMKCAHHS HeNpepHIBHLIE f3bIKY IPO-
ZIeMOHCTPHPOBAJH HHYI0 OPHEHTanHio. BoMbIHHCTBO ASLIKOB, MOSBHB-
mHxcs mocae my6aHKauue 3To#i paborhl, MPsIMO OPHEHTHPOBAHO HA
ypaBHenusi. HauGosee ynauHbie M3 HHX— 3TO DSL/90, MIMIC,
BHSL, DIHYSYS u S/360 CSMP. .

Kupua [12] AeauT TeOPHIO HENPEPHIBHBIX KMHTAUHOHHBHIX MOJEJEH
B paHHeM IepHOJe ee PA3BHTHS Ha JBe IIKOJLL: MIKOAY (QHPMEL IBM,
rje NpHMeHseTcst ee coGCTBeHHBH A3pk GPSS, Hemoapsylomud B Ka-
YecTBe JECKPHOTOPOB MOJEJH CXeMHHEe CHMBOJBI, K HIKOJY, HCHOJIB3YI0-
HIyi0 OmepaTopPHble S3LIKH. SISBIKH CXEMHEIX CHMBOJIOB, BOOG1IE TOBO-
pSi, OCBOHTS JIerde, HO HCHOJb30BaHHE ONEPATOPHBIX ASHIKOB 0GeCHeuH-
Baer 6OMIbIYI ru6KocTb. HoBbe sI3HIKH ABIANTCA MO GoJblied YacTH
OnepaTOpHHIMH, XOTS S3HIK CXeMHBIX CHMBOJIOB TaKiKe oGaajlaer pi-
JIOM JOCTOHHCTB, ¥, Kpome GPSS, ucnoansyercs B CumkoM u BOSS.
IMo maureff KnaccuQHKAUHH S3BIKH JeaATCS Ha YeTHIpe KaTeropui:
A3LIKH, OPHEHTHPOBAHHHE Ha JHeHcTBHsA, COGHITHS, MPOLECChl ¥ MOTOKH
cooGmernii (TpaH3akroB). TpaH3akTHEIE SI3HIKH Ha caMoM JeJe ABJA-
I0TCA 13BIKAMH NPOLECCOB, HOCKOJIbLKY OHH J2IOT CHHONTHYECKOe OmH-
CaHne CHCTEM, HO MBI PEUIHJH BEIGJHTh HX B OTAEJbHBEIH KJacC H3-32
HX CXEMHOTO MOCTpOEHHsA. B fA3blKaX, OPHEHTHPOBAHHHIX Ha COGBITHS,
HeiicrBusi ¥ mpolecch (kpome CHMKOMa), AJIsl ONHCAHHS APHYHHHO-
Clle/CTBEHHBIX CBsi3eil MEXHy JAeMEeHTaMH CHCTeMbl HCHOMb3YIOTCA
nporpaMMHbIe ONEPaTOpHL.

B s13blKaX, OPHEHTHDOBAHHLIX Ha JAeHCTBHs, 3aBHCAUIHE OT BpEME-
HH, 5TH AefiCTBHS NPEACTaBJSIOTC B MOJEJbHOM BPEMEHH Kak MIHO-

10+
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BeHHble. [IporpaMMupysa Ha 3THX fA3BIKAX, MBI HE DerJiaMeHTHpPYeM Cco-
ObITHS B NPOrpaMMe, a JIHIIb yKa3blBaeM YCJIOBHSI, B KOTOPHIX OHH
MOTyT NPOH30HTH. B 3THX A3HKaX HET PerJaMeHTauHH jefcTBHE. Bue-’
CTO 3TOTO MPHMEHSIOTCS HCHOJHKTE/bHBIE TIPOTPAMMbI, TIPOCMATDPHBA-; §
olIHe Habop BceX yCJIOBHE mepeX CABHIOM BPEMEHH Ha OYepenHOH HH-
TEpBaJ, UTO MO3BOJISIET ONpPE]eNHTh, MOTYT JH NPOH3OHTH KaKHe-IHOO! |
co6uTHsl. B mOR0OHBIX fI3EIKAaX MpOrpaMma COCTaBJS€TCS H3 ABYX ua- §
creii: obecneunBalome NMpoBepky M obecneunBaromedl neiicteue. [le-,
pel OYEePENHBIM CABHIOM MOJEJNbHOTO BPEMEHH HPOHCXOIHT CKAHHPO-i
BaHHE BCEX APOrpaMM MO JHCTBHSIM [Jisl ONpPEeNeNeHHs, Kakasl 3
HHEX BKJIIOYeHa B pabory. McmoaHeHHe KOMaHI H3MEHEHHSI COCTOSTHHSA: §
H CABHra BPEMEHH B TOH YacTH NPOrpaMMbl, KOTopasl 0GecleyHBaer.
neficTBHE, pa3pelIaeTcsl TOTAa, KOTAa BHIMOJHSIOTCS BCE KOHTPOJHPY;
eMbie ycaoBHsA. EcaM XOTh OHO H3 HHX OCTa/0Ch HEBHIIOJHEHHBIM,]
KOMaHJbl neficTBHA mpomycxalorcs. LlmkinHyeckoe cKaHHPOBaHHE Beexi)
NPOrpaMM HMHTAUHH AXCHCTBHH JaeT BO3MOXKHOCTb YUHTHIBATL BEDO
STHOCTH BKJIIOUECHHS KaXXJAOH H3 HHX M BCe BO3MOXHbBIE B3aHMOAeHCT
BUA. SISHIKH, OPHEHTHDOBaHHHE Ha HeicTBHs, BKIOYalor CSL, ESP,
®opcum IV, GSP u Muautpan. 1

Moxer okasatbCsl M TaK, YTO ONpEJe/IEHHYIO 3a1auy yAoGHee MPO-g;
rpaMMHEPOBaTh Ha S3BIKE, OPHEHTHPOBAHHOM Ha coGuITHS. Kaxnoe co-pi
6niTHE NOMKHO OBITh NPEACTABJCHO B BHAE MIHOBEHHOrO COOLITHS Bej
MOA@JBHOM BPEMEHH C TaKHM DErJaMeHTOM, KOTOPHIH oGecmeynBaett
HacTylJIeHKE cOOHTHS HMEHHO B TOT MOMEHT BDPEMEHH, KOrAa JHHAMHeg
YeCKOe COCTOSIHHE MOKA3BIBAET, UTO CJIOXKHJIMCH YCJOBHSl AJISl €ro MO0+
ABjeHHs. Tak, AN MalIHHB, YeJOBEKa K HETANH NPH HX B3auMmojef
CTBMH HYXHBl PasHble mnporpaMMel. s Toro uTo6b NOABJICHHEH
COOBITHI B MOZEJBHOM BPEMEHH HOXUYHHSJIOCH YCTAHOBJEHHOMY persiasgy
MEHTY, HCIOJHHTeJNbHAs HNPOrpaMMa aBTOMATHYECKH ONpeaesserT HXH
O9epeAHOCTH. B YHC/NO $I3HIKOB, ODHEHTHPOBAHHBIX Ha COGBLITHS, BXO<d
nar Camckpunt, GASPII, Cumkom u Cumnaxk. !

Cosnanne S3BIKOB, OPHEHTHDPOBAMHHLIX Ha Mpolecchl, MPEeCTaBJsi}
er coGoit MONKMTKY OOBENUHHTh KPATKOCTh A3LIKOB, OPHEHTHPOBAHHEINS
Ha JedcTBHS, ¢ 3(GhEKTHBHOCTBIO SI3BIKOB, OPHEHTHDOBAHHHIX Ha COV
Omrus. IIpomeccoM HAaSHBAIOT COBOKYRHOCTh COGBITHH, OMHCHIBAOLHAN
noBefeHne cHcTeMH. [lpomecc cymecTByer Bo BpeMEHH M MOXeET Xas
PaKTepU3OBaThCs AHHAMHYECKHM HoBeJeHHeM. [Ipomecchl Moryr GHTH
I'HGKHMH H DerJaMeHTHDOBAHHBLIMH, HX MOMKHO ODEPHIBATh HJIH JOMOJNH
HSATb MOJYHHEHHEIMH NOANPOUECCAMH, MOMXHO HPOrPaMMHPOBaTh 3ay
JIepXKKH B HHX CaMHX HJH B JIPyrHX HpoIlleccax A0 NOsBJeHHs HEo6XQ
IEMBIX ycsioBHit 1 T. A. HanGonee Ba)HOe CBOMCTBO A3HIKOB, ODHEHTH:
POBaHHBIX Ha MPOLECCH, 3aK/II09aeTcss B TOM, YTO HamHcaHHAass H
noxo0HOM sI3HIKE AporpaMMa paboTaer TakK e, KaK HECKolbKo MpodN
rpaMM, yApaBJAfeMbIX HE3aBHCHMO OZHA OT APYroff nuGo mocpencTBOME
npocMoTpa AeHCTBHE, JHGO NMOCPEACTBOM perJaMeHTHPOBaHHsA COGHIS
tiit. Oco6eHHOCTbIO NMPOrPaMMEPOBAHHsS, NMO3BOJNAONIEH pPEeasH30BaTRY

570 CBOHCTBO, SIBJISIETCS] HCIOMb3OBAHHE HEKOTOPOH TOUKH MOBTOPHOM
AKTHBH3aLHMK (TOYKH PEaKTHBALHMK); 3TO, B CYLIIHOCTH, yKasaTenb, CO-
ofmaomuil nporpaMMe 06pabOTKH AaHHEIX, C KaKOTo MECTa JI0/KHO
NPOZOAIKATACS e BHIIONHEHHE HOC/E BHIIONHEHHA TEX WJH HHBIX KO-
MalJ, 3a]ePKHBAOMKX 3TOT Apouecc. VcmonHkTeabHAsS NPOrpaMma B
5THX A3HKAX peajusyer eme Gosee BaxKHYyH (QYHKUHIO, YeM B A3BIKAX,
OpMEHTHPOBAHHBIX Ha JieHcTBHS Wi coObTHA. B 3Ty XaTeropuio BXo-
19T Takue siabikH, Kak Cumyna, OPS u SOL.

BJIOK-CXeMbl aJTOPHTMOB, SIBJSSICH BaXKHBIM HHCTPYMEHTOM OINH-
caHusl JIOTHKH TIOBEIEHHS W B3aHMOJCHCTBHA 3JI€MEHTOB CHCTeMBl, MO-
nesMpyeMoil Ha OfHOM H3 TpeX YNOMSHYTHIX BBILIE SISLIKOB AJI IHC-
KpETHBIX CHCTEM, KaK B MPOTPaMMHPOBAHHH, TAK U B TEOPHH KOHCTDY-
MpOBaHHs MOZAeJeH NOJOOHBIX CHCTEM HIPAIOT HeGOJBIIYIO POJb. Ipu-
MeHSISl 3TH SI3bIKH, MNOJb30BaTesNhb CTPOHT HMHTAIHOHHYIO MOAe/b Ha
OCHOBE ONEPATOPOB, KOTOPbIE OMHCHIBAIOT YCJHOBHSA, HEOOXOAHMBIE ISt
BHITOJHEHKS AEHCTBHH, Pe3y/bTaThl 3THX ACHCTBHH, a TaKKe ompeze-
JSIOT BPEMEHHEIe B3aHMOCBSA3H MEXJy 3JEeMEHTaMH CHCTeMBl H Jeh-
CTBHSIMH, B KOTODBIX STH 3J€MEHTH YYacTBYIOT. B sI3blKax, OPHEHTH-
POBAHHBIX Ha IPOLECCH], MOXEJHPOBAHHE CHCTEMBI NPOBOAMTCA MyTEM
JBHIKEHHS] TPAH3AKTOB HJH COOCIICHHHE Uepes CTHJIM30BaHHbIE GJIOKH
nefictBuii. [To Mepe mpoxoza TPaH3aKTOB 4epes GOJIOKH TPOHCXOMHMT
CABHT CHCTEMHOTO BDEMEHH; peEUIeHHs NPHHHMAIOTCH B De3ysbTaTe
BOCHPOH3BEJEHHUS JOTHKH (DYHKIMOHHPOBAHHA MOJGNHPYEMOH CHCTEMBL
SI3LIKH, MONAJaIOIlKe B 3Ty KATErOPHIO, Ha3BIBAIOT TPAH3AKTHHIMH.
[IporpaMmucty, yxe 3HaKOMOMY C Hjee#l, OJOXKEHHOHA B OCHOBY 610K~
CXeM aJTOPHTMOB, Ha 3THX sI3bIKaX MNPOrPaMMHPOBath HETPyAHO.
B sToM cayuae cHEeNHaaH3HPOBAaHHBIE GJIOKH COSIMHSIOTCH B CTPYK-
Typhl, 0TOGPAkKAIOMWHKE JOTHKY AGHCTBHH H Das/HUHbIE NOTOKH MOJE-
nHpyeMoit cucrembl. CaMa cHcrTeMa npejcraBisercd B BHAE GJOKOB,
MOJeHpPYIOmasl TPorpaMMa CO3JaeT TPaH3aKThl, MEepeJBHraer HX MO
ONpejie/ieHHbIM OJIOKAM K NPOH3BOAMT AEHCTBHS, CBA3aHHBIE C KaX-
IbM GaoxoM. [TocKOABKY 3TH CHenHasbHbE GJIOKH MOXEJH SBJISIOTCA
OJHOBPEMEHHO ¥ OCHOBHBIMH NPOrpaMMHBLIMH ONEpPaTOPaMH, COCTaBJe-
HHE MOJAE]H Ha sI3bIKe GJIOK-cXeM PaBHOCHJbHO HaNHCAHHIO NMPOrpaM-
Mbl, OfHAKO JIETKOCTh OCBOGHHs THX SI3bIKOB IOKYHaeTcsl HEHOH mo-
Eepn ru6kocti. K ssmixam 3Toii kateropuu npuHajnexar GPSS u

0Oss.

3.7. Baok-cxema pemeHdR

OcHoBbIBasick Ha ABYX3TamHOH mpouexype Bubopa, npejsioKeHHOH
Hamu B pasi. 3.4, u KlaccupHKanuH S3BIKOB, OHKCAHHOR B OpEABIAY-
IWeM pasjese, MOXKHO NPEJJOXKHTh elle OfHH NOAXOJA K BHIGOPY sI3bl-
KOB MMHTAIHOHHOTO MOJENHPOBaHHUs, onHchBaeMHA HIxe. OH 3aKiIo-
Uaercsl B COBMECTHOM HCHOJIb3OBAHHH JiepeBa PemMIeHHH H CNPaBOYHO-
TO pykoBoxctBa K HeMy. Ilepel TeM Kak CTPOHTh JIepeBO peLICHHH,
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Bet xomume Boenamssatamses)
OpUBHITLPOSZANM KA COTI~
MU S3biRIM € SRpaKes onpe-

TSI OpEMERHbMY NpU=
PAUERLSML, 40 e POAKYN.
peznamesmauen colsimed,ma.
D3 IKOM, SDRERTUINEN AT
umumayiy padoms npednpu-
s, BomyCAanuux npedyn-
www we npedizpumen-
wox_sanasol

(Bac wnmepeayem son,

somegwi obvedunsem 8 oined

6 /7
Cumenpunm wwam 7
GASP Muowecmlo nodnpozpamw
Cumnom umumanuy cojsimid, vmo
Cumnan /MPOUQENT ROLUNY FOCTPOCHIS
el

Y
Brei caomens, m.e. s,

HCCae0BaTeNI0 HeoOX0HMO 32KOHUYHTh NPEALIAYIIHE STaNbl 2aHAIH3M
cHCTeMB, Pa36HB ee Ha NOXCHCTEMH H IOCTPOMB HX MoxenH. K sToMY
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MaeTcs, YTO 370 AEPEBO pElIeHHH BMecTe C KOMMEHTapHIMH, NPHBe-
JEHHBIMH B pasf. 3.8, NOMOXKET HCCJIeIoBaTeNio B BHOOpDE s3biKa,
KOTOpHIH O6sagaer HauGoabuied 3()(EKTHBHOCTBIO /s €ro 3aaauH.
[IpHXOX B TOT HJIH HHOil KOHeUHHI GJIOK 3TOH CXeMhl O3HayaeT PeKo-
MeHAaLHio 6oJsee nOAPOOHO PacCMOTPeTh yKashiBaeMble B HeM S3BIKH.
B BepxHeil yacTH KamXAOro 3JeMeHTa JAepeBa pPelleHHH CTOMT YHCJO.
310 — UH(POBOI K/IIOY, MPEJCTABISIOMHUHE CO60H HOMEp COOTBETCTBY-
jomiero 6JI0Ka CIPaBoYHOro pykoBoacrBa (pasz. 3.8).

PYKOBOJCTBO COJEPIKAT CBEJACHHS TO KaXKJAOMY 3JEMEHTYy JepeBa
peLIEHHIl; OHO AOJIKHO IOMOYb NOJAB30BATENI0 NPHATH K KOHEUHOMY
6710Ky. B Hem uHTaTeab HafJeT PEKOMEHAAUMH 1O KOHKPETHHIM f3HI-
KaM H COBMECTHMOH ¢ HHMH allapaType BHIUHCJHTENbHBIX KOMILIEK-
COB, a TaKXe CCHIKH Ha Gosee NMOAPOOHBIE HCTOUHHKH HH(OPMalHH
[0 STHM $3BIKaM. ECTeCTBeHHO, KaxkJAblii KOHEUHHl 6MOK MOXKeT H He
aTh IOJIHOTO CIMCKA BCEX BO3MOXKHBIX SI3bIKOB; MBI CTAPaJIHCh nepe-
YHCJAHTh JIHLIL T€ H3 HHX, KOTOpble NPHMEHsIOTCd HamboJsee 4acTo H
JROKYMEHTHPOBaHH HanGoJee moJsHo. EC/IH 0Ka3LIBaIOCh, YTO HECKOMb-
KO fI3BIKOB CJIyaT OXHOH Wean HJH 001aJaloT MPakTHYECKH OLHHMH
H TEMH XK€ CBOMCTBAMH, NEPEUYHCISJINCh JIHIIL CaMble H3BEeCTHHIE H3
HUX H (MaH) T€, KOTOphie B HaHMEHbIIEH CTENEeHH 3aBHCAT OT KOH-
kpernoro tuna dBM. MHbiMu cioBaMH, 31eCh ObUa NPeANPHHATA CO-
3HATe/bHAS MONLITKA AAaTh JHIIb BaxKHeHIIHEe SI3BIKH M0 KaXA0# Kare-

 paccwompansex: wamu Kameegoul

cvurauiamr sosnt ropun (Tam, e OHH y¥Ke CYIECTBYIOT), UTO IO3BOJIMT HCCJIefOoBaTe-
oetsma i dueto n10 BLIGPaTh HauGomee 3((EKTHBHEIA A3bIK, KOTOPbIH COBMECTHM C €ro
”“,m”“m"’“"’_“[m"",,“,m""”' 9BM. Bo3MOXKHO, CO3XATENH U NOJb30BATE]H A3HIKOB, HE BKIIOYEHHBIX
e HAMH B PYKOBOACTBO, GYIyT pasoyapoBaHbl. ME NPHHOCHM HM CBOH

W3BHHEHHS; ONPABAAHAEM JJsl HAC CJAYMKHT OrpaHHYEHHBI 0ObeM KHH-
[H, He TO3BOJHMBIIMA HAM BKJIOYHTh MHOTHE OYEHb XOPOIUHE H 10Je3-

20 Heromsyime
6PSS

B0SS

BpPEMEeHH OH yXe JXOCTATOYHO XOPOILO 3HAKOM CO cBoell 3amaues,

HO03BOJIAIET €My BbI6paTb A3bLIK, HCXOAsl H3 neneit TMOCTPOCHHST HMHTHY

MHOHHOH MOMIEJIH.

Bonpock, KOTOPHIM OHUIM MOCBSILEHb NPeAbIAyIIEE pPasaes], yA0H]
HO MPEACTAaBHTb B BHAE GJOK-CXeMbl, H300paxeHHOH Ha puc. 3.4. Nyy

Hble A3BIKH.

3.8. CnpaBoy4Hoe PyKOBOACTBO

Homepa 6/10K0B, B KOTOPEIX NPEACTABJCHH NPHBOAMMbBIE HHXKe ONH-
CaHHsl, YKa3aHHsI B KOMMEHTAPHH, COOTBETCTBYIOT KJIIOYEBbHIM HOMepaM
Ha Jepese pemeHuit puc. 3.4. HaunHaTh mosTamuyio npouexypy BhiGo-
pa sismika geo6xoxumo ¢ baoka 1.

BJIOK 1

B ocHoBe Ballero xeaaHust BHGPaTh 3BIK NPOrPaMMHPOBAHAS MO-
XKeT JIexaTh NPEAHOJONKEHHe O TOM, YTO Bamla 3ajfada JAOCTATOYHO
BeJIHKa, CJI0KHA H TPebyeT BHICOKON TOYHOCTH pemenusi. Tak jn 310?

1

1. Na. epexodure x Baoky 2.
2. Her. Hepexodure x Baoky 6.
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06/1a/1aI0T KOHUENTYaNbHOH BHPa3HTENBHOCTBIO H Y Hac He Gymer or-
J1aJXOYHBIX CPEJCTB N/l MPOBEPKH JIOTHKH Bamiell HMHTALHOHHOK Moe-
sd. Pasnuunble BapHaHTHI 3THX 3HIKOB COBMECTHMBI HOYTH CO BCEMH
BBIYHC/IHTENbHEIMH CHCTEMaMH. JInTepatypa, KoTopas MOXKeT MOMOub
BaM NPH HANKCAHHH MMHTAIMOHHHIX NPOrpaMM Ha STHX S3BIKAX, IPH-
BOAMTCH B KOHue raasu [1, 6—8, 15, 18—20, 23, 24, 26].

BJIOK 2

Ec/iu mpu HMHTAIMH CHCTEMHl B MOJEH NPHMEHSIOTCH KaK Hempe-
PHIBHEIE, TAK H IHCKDETHBIE MOTOKH H €CIH HEOGXOAWMO ROCTHYbL BHI-
COKOfl TOYHOCTH, HO HA/JMUHE MHOTOYHCJICHHHX BHYTPEHHHX KOHTYPOB
HEe MO3BOJISET NPHMEHHTb YHCTO HHU(POBHE METOXH HIH eciu Tpefy-
eTcsl OAHOBPEMEHHOE HCHOJb30BaHHe AH(OepeHIHalbHEX ypaBHEHHE,
anre6panuecKHX yPaBHeHHH M JIOTHUECKHX DEUIeHHH, TO PeKOMEHAyer-
¢sl ODHEHTHPOBATbCS Ha THOPHAHYIO BBYHCIHTENbHYIO MamuHy. Jefi-
CTBHTEJILHO JH HMEIOT MECTO YKa3aHHbe YCJIOBHS?

1. Ja. Mepexodure k Baoky 7.
2. Her. [lepexodure & Baoky 3.

BJIOK 6

Bam Gosbule ROAXOAST aHajsoroshle Meroabl. Ilomo6Hbre METOABI
0c06eHHO 3 bEeKTHBHEL:

1. B yueGHBIX menisiX, TaK KaK Xopoulo HJUIIOCTPHPYIOT BJIHSIHHE H3-
MEeHEHHs] TapaMeTPOB H NEePEMEHHBIX.

2. Ha mpexsapuTenbHOM 3Tale NPOSKTHPOBAHHS CHCTEM — NIPH HC-
CNEJOBAHHH BIHAHHS DasAHYHHX KOMINDPOMHCCOB H NEMOHCTPALHH HX
3aKa3YHKaM HJH KOHCYyJbTaHTaM.

"3, [lpu pewennn Gombmux cucreM AuGGbEepeHUKANBHEIX ypaBHe-
HHH, KOTAa BBICOKAas CKOPOCTb PAacyeTOB OKa3hIBAeTCSl BaXKHee, ueM
BBHICOKAsl TOYHOCTb.

4. TIpH NOCTPOGHHH 3MOMPHUYECKON HMHTAIHOHHON MOJENH, T. . B
YCJOBHSAX HEROCTATOUYHOCTH aNPHOPHOH HHGOPMAINMH, Heo6XoxuMOol
Il CO3AaHHsT MATeMaTHYECKOR MOMAEJH.

5. TIpx B3aUMOZEHCTBHA Mexay uyesoBekoM H DBM — B CHCTEMaX,
TJie BaXHYIO DOJIb MIPAET JIMYHBIH KOHTAKT HCC/AEN0BaTes] ¢ MaHIHHO.
Hukako#t s13blK HMHTALHOHHOTO MOJCIHPOBAHHS, KaK TAKOBOH, MpH
5TOM He HCHOJIb3YeTCsl, OAHAKO HEKOTOPhie AHCKPETHBIE SI3HIKH OKa-
SbIBAIOTCS BEChMA MOJIE3HHIMH NPH BLIYHCJACHHH MACIITAaGHBIX KO3dh-
Cbl/luﬂueHTOB, YCTaBOK HOTEHUHOMETPOB H COCMHHEHHH Ha KOMMYTalH-
OHHOH MaHe/H, a TaKkKe NPH MPOBENEHHH CTATHYECKHX NMpoBepox. Ja-
2ee nepexodure & Baoxy 11 u (uau)  caedyrowemy pasdeny stod
2aasel, 2de zosopurcs o asewcax APACHE u APSE.

BJIOK 3

B ta6s. 3.1 npoBoxuioCh CpaBHEHHe YHHBEPCANbHBIX H cHenuand-
3HPOBAHHHIX SI3BIKOB, H3 KOTODPOTO CJIEXYeT, 9TO €C/H 3ajaya AO/KHA 4
peluarbesl MHOTOKPATHO H ecsi TPe6yIoTcss KaKue-TO AOMOJHHTe/bHHE 3
CpeACTBa MOBBILIEHHS BEIPA3HTEJIbHOCTH S3bIKA, TO CNELHANH3HPOBAH- 4
Hble SI3BIKH HMHTAlLMOHHOTO MOAENHPOBAHHS MPEJOCTABJAIOT B 3TOM
I1aHe 3HAUHTENBHO Gosbllle Bo3MoxkHocTell. TakoBa Jn Bama 3agaga?

1. Da. Hepexodure k Baoky 4.
2. Her. Iepexodure & Baoky 5.

BJIOK 4

Ec/n MOXHO CYUHTaTh, YTO B MOJEJNH OTOGDPaxKalOTCsl 3JE€MEHTAPHbIE
06BEeKTH MOTOKOB B CETSIX M €C/IH 3TH o6pabarbiBaeMhle HJIH Hakall
nuBaeMble O6BEKTHl, KaK W 3BeHbs, NPOH3BOAAIIKE HX 06paboTKY;
MOXHO paccMarpHBaTh B KauyecTBe H30JHMDOBAHHBIX 3JIEMEHTOB, He'
HOAJICXKAIHKX arperHpPOBaHHIO, TO CJleAyeT NPHMEHHTb OXHH M3 SI3LIKOB
ONMHCAHHs JWCKPETHHIX CHCTeM. VIMeeT /jim MeCTo HMEHHO TaKas CHTY:
aus?

BJIOK 7

Bac moryr 3awnTepecoBath rHGPHAHbIE MeTOAH. EC/AK BE HMeere
AOCTYN K THOPHIHBIM BBIYHCJAMTENbHBIM CHCTEMaM CpeaHeR MOUIHO-
¢ru tuna EAT 690 mian k Gojee NPOH3BOAMTENLHOK VCTAHOBKE THOA
EAT 8900, Brr moxkere BocmonbsoBatbest si3bixon HOL Ecan Bu pacmo-
Naraere komb6unauuer DLIBM u ABM, 10 MOXKHO HCIIONB30BATh SISHIK
OpTpaH ¢ GHGHOTEKOM CTAHXAPTHHIX MOANPONPAMM npeobpasoBanus
¥ xonrpons AauHmix. [Ipn HEOGXOXWMOCTH MPOBEpHTH Baily CHCTEMY
Win 06serynth BEIYHC/EHHE YCTABOK /51 AHAJOrOBOH YACTH BbI MO-
*ere ofparntbest K Biioky 11 nan sisnixam APACHE u APSE, onnch-
BacMuM B crepylomem pasgene, THOPHIHBIM METOAAM HOCBSIEHE
Paborm [2, 9, 11, 16]. Iepexodure x osnaxomrenuto ¢ YKA3AHHBIMU
Paboramu u (uau) & caedyroweny pasdeay 3roii 2aasol.

1. da. lTepexodure k Baoky 9.
2. Her. Hepexodure k Baoky 8.

BJIOK 5

Bam caexyer BOCHO/b30BAaThCS YHHBEPCANbHEIM SI3HIKOM WM S3blyd
KOM ONMHCaHus npouexyp. Ha mpumenenue TAKHX SI3HIKOB HAKJaJHBA-S
ercsl BecbMa HeMmHoro orpaHuueHnfl. X ocHOBHHe HeZocTaTkH (KOTO-
pHle CaedyeT HMeThb B BHAY) 3aKJIIOYAlOTCA B TOM, UTO 3TH A3BIKH HE §
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BJIOK 8

OnpefesiuB, 4TO BAC HHTEPECYIOT CHCTEMBI C arperHpoBAaHHLIMH Xas
PAKTEPHCTHKAMH K HENpEPEIBHbIC MAaTEPHAMLHEIE HIIH HH(POPMALHOH
Hble NOTOKH, HEOOXOXHMO DEIIHTh, KMEIOTCS JIH B BalleM ciaydae yCiq
BHS, AMKTYIOLlHe BHOOP TIHOPHAHBIX HJH AHAJOrOBHIX BLIYHCIHTEhA
HBIX CHCTEM K pelleHHe Au(depeHInaIbHbIX ypaBHEeHH#A?

1. [la. [Tepexodure K Baoky 11.
2. Her. [Tepexodure x Baoxy 10.

BJIOK 9

Bn nHiTaerech NpeACTaBHTL ceGe, KaKOil K3 METOROB 3a;[fx-mﬂ CH
CTeMHOro BPEMeHH HJIH CHHXPOHH3ALHH NOAXOAHT MIsl Ballley 3aladl
pamayumuM o6pasom. Ecin cpenuss MPOAOJIKHTEILHOCTD cOGHITH]
OTHOCHTEJNbHO BeJHKA HJIH COOBITHS MOSIBASIOTCH HEPaBHOMEPHO BA
BpemenH H (WIH) B NpOLECCe HMHTALMH HMEIOT MECTO JUTHTEJILHR
cTaTHUeCKHEe COCTOSIHUs, TO BaM CJeJyeT BOCHOJbL30BATLCH METOLOH
safagEsl Wara A0 ciefylomero coOhrus. Jlad MOXesIed TaKOro THM
Hauboaee 3Q(HEKTHBEH A3BIK, OPHEHTHPOBAHHBIH HA NEHCTBHS. Taxos
J1x Bamia MOJeab?

1. [a. [Tepexodure x Baoky 14.
2, Her. [Tepexodure k Baoky I5.

BJIOK 10

Bam nyxua mnopManHONHAs cucTeMa c 0GPaTHOH CBA3LIO. Tan}
CHCTEMB MOMHO HAHTH B 3KOHOMETPHYECKHX MOJEJSX, MOLCJAX 3
TenbHEIX QEPM, MOAe sX BceX GupM OmpejesIeNHOH OTPAC/IH IPOMKR
JIeHHOCTH, MOJEJISIX CHCTEM 3JPaBOOXDaHEHHs, MOAEIAX OKpyKaIOH
CPeE], MOLeJsiX GOEBLIX Omepammii i PASIHYHEIX MOXGAAX JADYEM
cucreM. KakoBo GH HE GBUIO KOHKPETHOe NMPHJIONKEHHE STHX MOJE]
Bce OHE SIBJSIOTC MOLSNSIMH arperHpoBaHHOM mpupOAbl. Hamry i
M3 CyIlecTBYIOIIHX ASHIKOB 3JeCh MOXKHO CUHTAaTh JluHamo, XoTd
Ho HCHmOMb30BaTh Takke sisnkn MIMIC u CSMP (cm. Baok
danK J[HHAMO COBMECTHM C BhIYHCJHTEJLHBIMH MallgHaMH 1]
709/7090 dupmn IBM, B5500 dupmer Burroughs, NEAC 2200 .
UNIVAC 1107, 1108 u IBM 360. ITo ssbiky [lunamo umeercs M
nuTepaTypH: :

_ Naylor et al., Computer Simulation Techniques, Wiley, Inc., New York, I3

T: 13_»12, I\IIBS,Y 1‘-24, 188, 220,P 9992, 233; M. Klerer, G. Korn, Digital Computer US
andbook, McGraw-Hill Book Co., 1967, p. 270—273; J. E. Sammet, Pl:ogr
Languages, Prentice-Hall, Inc,, En; lewood Cliffs, N. J., 1964, p. 651-—653; R.Ini
Military Applications of DYNAMO, unpublished master’s thesis, Georgia ;
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of Technology, 1968; A. L. Pugh, DYNAMO II User’s Manual, Massachusetts Insti-
tute of Technology Press, 1970; J. W. Forrester, Industrial Dynamics, Massachusetts
Institute of Technology Press, 1961, p. 369—381; W. G. Browne, Industrial Dyna-
mul:%s— Ingkmg at the Total Firm, Fourth Annual Simulation Symposium, Mar. 1971,
p. 135—165.

ITepexoduTe Kk usydenuio AuTeparypot.

BJIOK 11

Bul pemmsn, 4T0 HaM HEOGXOAMMO NOCTPOHTh HMHTALHOHHYIO MO-
JeJb HeNpepLIBHOM CHCTEMBI, KOTOpas OTpaxana Obl dusHueckde mpH-
4YHHHO-C/IEICTBEHHEIE CBSISH, BHIIOJHANA HHTErPHPOBAHHE, MPOBOAHJIA
napaMeTpHYeCKHi aHajau3, peumlasa cHcTeMbl AuddepeHIHaIbHBIX
ypaBHEHHA M BhHaBaja HAa rpadonocTpOHTE]b ONTHMAJbHBIE TPaeK-
TOPHH NpoleccoB. Telmepb HyXKHO NPOH3BECTH BHIGOD MeKIy SI3LIKAMH
ABYX OCHOBHBIX THIOB, 06a M3 KOTODHIX NPHIOXHH JUIsl OMHCAHHS BCeX
3THX 3a7ay. Ecin cBOIO MOJe/b HeNpephBHON CHCTEMBI BH XOTHTE
(YHKUHOHAJILHO NMPEACTABHTL B BHAE B3AHMOCBSI3aHHHIX (YHKIHOHAMb-
HBIX GJIOUHBIX 3JIEMEHTOB, TO CJeLYeT BOCHOJb30BATHCA OJOYHO-ODHEH-
THPOBAHHHIM SI3HIKOM. JTa JIH 3afaua CTOMT Nepej BaMu?

1. Jda. ITepexodure x Baoky 12.
2. Her. ITepexodure x Baoky 183.

BJIOK 12

Bel xoTHTe pemarh cBOIO 3ajauy myTeM SMyJsdudH Ha uubpoBOit
OBM HMHTAUMOHHOHK MOAeaH, cPOPMyTHPOBAHHOK Ja AHAJIOTOBO
MalnHel. B 9TOM cayuae kaxpas Kommonenta ABM samemaercsi Ko-
AaMH COOTBETCTBYIOWHX OHepamuii. DIeKTPHUecKast KOMMyTauusi, ocy-
liecTB/AsIeMasi Ha KOMMYTaUHOHHOH mauenau ABM, omucriBaercsi Ha
0J10YHO-ODHEHTHPOBAHHOM AI3bIKe. HuXe Nepeunc/IaioTcss S3BIKH 3TOT0
T#Ia 1 OBM, KOTOpHIE ¢ HHMH COBMECTHMEL

MIDAS IBM 7090/94, 7040/44, 1620
UNIVAC 1107, 1108

PACTOLUS IBM 1620

SCADS CDC G-20

MADBLOC IBM 7090

COBLOC CDC 1604

1130 CSMP IBM 1130

Jlurepatypa, pexomennyemas no KaxIoMy H3 STHX A3HKOB:

MIDAS: 'R.’J. Harnetf, F. J. Tansom, L. M. Warslawsky, MIDAS... An Analog
Approach to Digital Computation, Simulation, Sept. 1964, p. 16—43; G. E. Blech-
man, An Enlarged Version of MIDAS, Simulation, Oct. 1964, p. 41—54;
G. H. Burgin, MIDAS III... A Compiler Version if MIDAS, Simulation,

pA Mar. 1966, pp. 160—168.

CTOLUS: R. D, Brennan, H. Sano, PACTOLUS: A Digital Analog Simulation
Program for IBM 1620, Proceedings of the Fall Joint Computer Conference,
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1964, p. 299—312; R. D. Brennan, PACTOLUS — A Simulator Language Which
Makes a Digital Computer Feel Like an Analog Computer, Simulation,
Aug. 1964, p. 12—19; G. C. Willems, A Note on PACTOLUS, Simulation, v. 3,
Ne 5, 1964, p. 3—4. 3

SCADS: D. A. Gall, Introduction to Continuous System Simulation, Proceedings of
the Summer Computer Simulation Conference, 1970, p. 3—9; J. C. Strauss, }
W. L. Gilbert, SCADS, A Programming System for the Simulation of Combined §
Analog Digital Systems, 2nd ed., Carnegie Institute of Technology, Pittsburgh,
Pa., Mar. 1964. 1

MADBLOC: V. C. Rideout, L. Tavernini, MADBLOC, A Program for Digital Simu-
lation of a Hybrid Computer, Simulation, Jan. 1965, pp. 20—24.

COBLOG: J. J. Skiles, R. M. Janoski, R. L. Schaefer, COBLOC, paper presented
at Joint Meeting of Midwestern and Central States Simulation Councils,.,
May 1965; R. M. Janoski, R. L. Schaefer, J. J. Skiles, COBLCC: A Program
for All Digital Simulation of a Hybrid Computer, IEEE Transactions on Electro:
nic Computers, Feb. 1966, p. 78—82.

S/360 CSMP: R. D. Brennan, Continuous S i

3 ystem Modeling Programs: State-of-the-
i\rt and Psrpspectgs for Development, Proceedings of %he IFgIP“\lASIorki:tge (()Ziog}g-
ie;xcedon. imulation Programming Languages, 1968, p. 371—396; G. A. Pall,
'ﬁgOtOC‘;(;lttli(:’Xnu (;to Sscxe?hﬁcMCOmputing, Appleton-Century-Crofts, N.,Y..p. '585—
GEi9-0036»0, ;\370?]5 em Modeling Program, IBM Data Services Center, Report
Ilepexodute K usy4enuro auTeparypoL.

BJIOK 14

B namei MOAECAH HCIIOJNb3YeTCsT MEXAaHU3M 33aJaHHA BpeMeHH6FO
wara 0 CAeIyOUero CoGHITHS, W METOA NePeMeHHBIX MpHpalICHHHA
BpeMeHH. B Balell 3alaue HMHTHPYIOTCS CHIBHO B3aHMOJEHCTBYIOIIHE
1130 s B nan, Csntinuous System Modeling Programs: State of the npoueccol ¢ (pHKCHpOBaHHbIM YHCJAOM 3JIEMEHTOB H HeperyasapHo
Art and Prospectus for Development, Proceedings of the IFIP Working Cone, HCXOAAIHEME cOObTHsiMH. BaM criexyer  Bocmosb n aion,
ference on Simulation Programming Languages, 1968, p. 371—396; 1130 CSMP, OPHEHTHPOBAHHBIM Ha ACHCTBHA, B K WOt ACHCTRE Onpe.
Program Reference Manual, IBM 1130-CX-13X. eJIgeT o4 ’ et Hiao mormmamonta e
piq OYepPEaHOCTb IOSBJECHHS cobbiTui. Huxke NEePEUHCASIOTCA 3B~

ypurl
ITepexodure K U3YHeHUio AuTepaTypol. KH 3TOTO THIIA H COBMECTHMbIE C HUMH DBM.

CsL II{BM 709(1)1/94. 1620, 1410
oneywell 400/1400, 200/22
BJIOK 13 i ESP Elliot 503, 803/ f2200
B03MOXHO, BH yXKe DACNoJaraere MaTeMaTHuecKod (popMyJTupoB- 82%(:"” v IBM 7030
kot 3amaun. [1osToMy, A TOro 4To0BI MepeopMy/IMPOBATL Bally 3a- Eﬁlalrlro;n?? %e
nauy B (PYHRIMOHANbHEIX TEPMHHAX, noHafo6ATCH JONOJHHTENbHE Munntpan IBM 7090/9%asus

saTpaThl CHI H BpemerH. OJHAKO 3TOr0 MOXKHO n36€XKaTh, €CJH BOC-§
HOJb30BATHCS F3HIKOM, OPHEHTHPOBaHHHIM Ha ypasaenui. Hike mes
PeUHCIAIOTCA MOJOGHHE ASHKH H COBMECTHMEE C HHMH 3BM 3

DSL/90 IBM 7090/94
MIMIC IBM 7090/94
UNIVAC 1107, 1108
CDC cepust 6000
BHSL EAL 8400/8900
DIHYSYS B5500 gupMu Burroughs
$/360 CSMP  IBM 360

JluTepaTypa, peKOMeHAyeMast 110 KaX/OMY H3 STHX S3HIKOB: .
DSL/90: Y. Chu, Digital Simulation of Continuous Systems, McGraw-Hill Book Cog
N. Y., 1969, p. 345—417; W. M. Syn, D. G. Wyman, DSL/90 — Digital Simulgd
tion Language, User's Guide, IBM System Development Division, Technicy
Report TR 02. 355, Jul. 1965.
MIMIC: H. E. Peterson, F. J. Sansom, L. M. Warshawsky, MIMIC — A Digital ¥
mulation Program, SESCA Internal Memo 65-12, Wright-Patterson Air For
Base, Ohio, May 1965; Y. Chu, Digital Simulation of Continuous Systen
McGraw-Hill Book Co., N. Y., 1969, p. 24—64. M
BHSL: J. C. Strauss, Basic Hytran Simulation Language — BHSL, AFIPS Con
rence Proceedings, v. 29, 1966, p. 603—611; HYTRAN Simulation Langu
(HSL) Programming Manual, Electronic Associates, Inc., Publ. Ne 00827000
1967. .
DIHYSYS: J. Leon, C. O. Alford, J. L. Hammond, Jr, DIHYSYS... A Hybrf
Systems Simulator, Proceedings of the 1970 Summer Computer Simulation
ference, Jun. 1970, p. 42—48.

Jluteparypa, peKoMenAyemMas no Kax o
CSL: J. N. Buxton, J. G. Laski cﬁﬁgofm nd Simulatio
, J. G. N and Simulation Lan,
éi‘é{gﬁ}ll’ I\\;X‘ansx’xa%gGI%N{L I}gﬁe—dlﬁﬁ), C;ntro&‘t%nd Simulation f::ggi'agfin}l;ﬁzt
i , 1 ingdom, ., and Esso P
iVlgr. 1963; Control and Simulation Language’— Referefxze I\flt;r(:rllexl:{l ICBOM Il‘Jtrsl"'
ESP‘EJ K&ngon‘lxrll..td. arﬁd Esso Petroleum Co., Ltd., Mar. 1963. ’ -
. : é, 11364,‘ ” 52133,331..3. P.—The Eliot Simulator Package, Computer Jornal,
opcum IV: E. Famolari, FORSIM IV Si i g i
GSPM%TRI;E Qror%., EIS_ID-TDR-64<108, May, 1{3\élitmn Language User’s Guide, The
¢ K. D. Tocher, Handbook of the General Simulation Program, I
E'eg(l)’r tDSeg}"O(R)Cpe?/'tll‘Dg}? lgrisearc}{ and Cybernetics, Reportg77/0’}¥(.l 3/(Tr§Zl'1). 223
y ATy ech, The United States Steel Companies, Ltd.,, Sheffield,
MHFIT]:'R%%\IL”RAN Reference Manual, Systems Research Group, Inc., 1964;
MITRe Programming Manual, Systems Research Group.’ Inc., 1964;
! RAN Operation Manual, Systems Research Group, Inc., 1964, ’

Mepexodure x UBYHEHUIO AUTePaTYpbL.

BJIOK 15

Bp@ﬁeiigﬁuﬂlﬁgew erquée BCErO NPHMEHHTh MeToJ (PHKCHPOBAHHBIX
Ao HEIX HH pBajioB. Bam Heo6xXoauMo BHIGpaTh A3HIK H3 4HCIA
SaKTOB,Ep THPOBAHHEIX HA COGBITHS, NPOUECCH HJH MOTOKH TPaH-

- ECIM B MOZIe/IH OTHOCHTEJIBHO MHOTO 3J€MEHTOB H OTHOCHTE/b-
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HO MaJjo B3aHMOJEHCTBYIOLIHX IIPOIECCOB, TO MpeANoYTeHHe CJAEAyeT
OTAATh S3bIKY PErJiaMeHTalKH COObTHH. BEIMOMHEHH /M B Balle# 3a-
Jaye BCe 3TH yCIOBHA?

1. Ka. ITepexodure k Baoky 16.
2. Her. Hepexodure k Baoky 17.

BJIOK 16

Bam Heo6xoZMMO BHOPaTh S3bIK, B KOTOPOM NPHPAILECHHS BpeMe-
HH QHKCHPOBAHB H TEM CaMBIM YCTAHOBJEH MEXAHH3M MOSBJCHHA CO-
6urtuit. OCHOBHOE DasjHuHe MEXIY MOAENSMH, [Je TaKHe A3BIKH MO-
ryT 3QdEKTHBHO MPHMEHSTHCS, U BCEMH APYTHMH MOIE/AMH, HCIOMb-
3YIOIHMH MeTo] (MKCHDOBAHHEIX HHTEDBAJIOB, 32KJIOUaeTcs B HoJe
B3aHMO/JEHCTBYIOIHX NPOLECCOB H KOJIHYECTBE 3JIEMEHTOB  MOJAETH.
B Bamell MoJedH OTHOCHTEIBPHO MaJo B3aHMOJAEHCTBYIOLIHX mpouec-
COB M OTHOCHTEIBHO MHOrO 3/7eMeHTOB. Hike nepeynciaeHBl HA3HIKH,
OpPHEHTHPOBAHHbIE HA COGBITHSA, H COBMECTHMHEE C HHMH 3BM.

CuMckpHnT IBM 7090/94, 360
UNIVAC 1107, 1108
CDC 3600, cepust 6000
GE 626, 635
Philco-Ford 210, 211, 212
RCA 70/45/55
NCR 314 RMC
GASP Jli06251 BLIGHCIAMTEbHAS CHCTEMa, HMEIOas
xoMmmuasTop ¢ ®oprpan IV
CHMKOM IBM 709
CuMnak IBM 7090
JlutepaTypa, peKOMeHIyeMas MO KaXAOMY A3HKY:
Cumckpunt: F. P. Wyman, Simulation Modeling: A Guide to Using SIMSCRIPT,

Wiley, Inc., New York, 1970; M. A. Geisler, H. M. Markowitz, A Brief Review of
SIMSCRIPT as a Simulating Technique, the Rand Corporation, Santa Monica,
Cal.,, Aug. 1963; H. M. Markowitz, Simulating With SIMSCRIPT, the Rand
Corporation, Samta Monica, Cal., Nov. 1963; H. W. Karr, A Quick Look at
SII‘XSCRIPT, paper presented at Fourth Phi Delta Kappa Symposium in Edu-
cational Research, Nov. 1962; H. M. Markowitz, B. Hauser, H. W. Karr,
SIMSCRIPT — A Simulation Programming Language, Prentice-Hall, Inc,

Englewood Cliffs, N. J., 1963; P. J. Kiviat, R. Villauveva, H. Markowitz, The
SII%XSCRIPT II Programming Language, The Rand Corporation, Santa Monica,

Cal,, Oct. 1968.

GASP: A. A. B. Pritsker, P. J. Kiviat, Simulation With GASP I1: A. Fortran Based
Simulation Language, Prentice-Hall,
F. J. Kiviat, A. Colker, GASP — A General Activity Simulation Program,
Rand Corporation, Santa Monica, Cal., 1964.

Cumkom: T. G. Sanborn, SIMCOM — The 1
Eastern Joint Computer Conference, 1959, p. 139—142; SIMCOM User's Guide,
Information Systems Operations, TR-65-2-149010, General Electric Company,
1964.

Cumnak: R. P. Bennett, et al, SIMPAC User's Manual, System Development Cor-
poration, TM-602/000/00, Apr. 1962; M. R. Lackner, Toward a General Simula-,
tion Capability, 1962 Western Joint Computer Conference, p. 1—14.

Tepexodute K usy4eRuro AUTEPATYPOL.

Inc, Englewood Cliifs, N. J., 1969,
The

Simulation Compiler, Proceedings of the’
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Bur pemmy, 4TO Bauly Mofesab yAobHee BCEro mPOrpamMMupoBaTh
Ha si3blKe, KOTOPHIA sddexTnuBer npu GOALIIOM YHC/Ie B3AHMOAEHCTRY-
fowux mpoueccos. Teneps Bam HE0OGXOXHMO ONPEAEHTh, KAKOMY HBI:yI-
Ky OTAaTh NPEANOYTEHHE — SI3BIKY THMA MPE/NHCAHH HIH SI3BIKY npo-
TPAMMHPOBAHHE Ha KOTOPOM OCYIUECTBASIETCA IMyTeM cocTaBeitis
Gaok-cxembl mporpaMuel. Eciln Bama cucreMa DocraTouHo Beanka min
€c/ BAC HE YCTPAHBAaeT HErHOKOCTh (HKCHDOBAHHBLIX GJOKOB S3biKA
0J10K-CXeM, TO BaM CJeAyeT BHOPATh SI3HK, OPHEHTHPOBAHHELH Haknpo-
ueccel. Tak au 06CTOMT A€o B Bamlefi 3ajgaue?

1. a. ITepexodure x Baoky 18.

2. Her. Illepexodure x Baoky 19.

BJIOK 18

Bam Heo6XoaHM S3HIK, OPHEHTHPOBaHHBI Ha nponecc. Toumee
Bbl HE XOTHTE CBS3HIBATh CeOf HCIOJNb30OBAHHEM Ul OMHCAHHS Bamled
CHCTeMbI GJIOKOB TOMBKO ONPEAE/EHHBIX THIOB, KAK HamnpuMmep, B
TPAH3AKTHHEIX fA3blKax. He ycrpamBaer Bac takxke H)HCOGXO,ZIHMO,CTL
3apanee pacnpejensith 6oJbiiHe 06beMbl MALIMHHON MAMATH, KaK 3TO-
ro TpeOyIOT A3HIKH GJOYHON CTPyKTyph. Hmxe nepequcne};m SI3BIKH,

KOTOPbIE YAOBJETBOPSIOT BaIIHM
TpeboBanuamM, a
¢ numu DBM. p , 2 TAKXKEe COBMECTHMBbIE

Cumyna UNIVAC 1107, 1108
B5500 ¢upmu Burroughs
CDC 3600, cepust 6000

OoPS IBM 7090/94

SOL UNIVAC 1107, 1108

B5500 ¢upmu Burroughs

JlnTeparypa, pekomernyemas no Kax,
Typa, A JOMY M3 3THX SI3HIKOB:
Civyna:” 0. J. Dahl, K. Nygaard, SIMULA — An ALGOL Based Simulation Lan-
;g(ue}\%e, Communications of the ACM, Sept. 1966, p. 671—678; O. J. Dahl
& iygaard, Class and Subclass Declarations, Proceedings of the IFIP Working
S?}B&fjrfnce on S1mu}atxon Programming Languages, 1968, p. 158-]74g'
oMu .é?.Programmers Reference, UNIVAC UP-7556, Sperry 'Rand Corpora:
L n, 1967; O. J. Dahl, B. My];rhaus, K. Nygaard, SIMULA 67 Common Base
oPs. ?\XguGage, Norwegian Computing Center, Report S2, May 1968.
MAC szclrlsbelx;/‘gle_[{, i&gé\icwMMgthod%Iogy fo]\l;&C‘c]:mputer Simulation, Project MAC
AC-TR-13, MIT, ; M. Greenberger, M. Jones, On Line, Inc tal Simu-
lation, Proceedings of the [FfP Worki i ation Program
SOL{nggELalrégutahge:ﬁ?‘G& oy orking Conference on Simulation Program-
- E. Knuth, J. L. McNeley, SOL — A Symbolic Lan,
. ] v 3 § guage for General Pur-
g. ieols_yit&r‘ns Simulation, IEEE Transactions on Electronic Computers, 1964,

fepexodure « usyuenuro auTeparypot.
11—195
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BJIOK 19

Bl Bee elle yOEXAeH, UTO HMEeTe CHCTEMY C OTHOCHTENbHO G0JIbe
MMM YHCJIOM B3aHMOJEHCTBYIOLHX NPOIHECCOB H OTHOCHTEIbHO MasbiM
YHCIOM 3ME€MeHTOB? BB mpeAnouHraeTe A3biK GJIOK-CXeM IO NPHUHHE
COKpAIIEHHsT BPEMEHH NPOTPAMMHDPOBAHHS M OTJIALKH, 4 TAKXKe Jer-
KOCTH H OBICTPOTHl €r0 OCBOEHHS? B 5TOM cJyyae Bbl JOJIZKHEL 6bLTH
OCTAHOBHTb CBOii BHOOpP Ha si3blKEe TPaH3aKTHOro THma. Tak JH 3TO?

1. a. [lepexodure & Baoky 20.
9. Her. Ilepexodure x Baoky 21.

pasi A3bIK DPOrPaMMHPOBAHHS JJIS Baliell HMHTAUMOHHON MOJENH, BH
B NE€PBHIH Pa3 NOmMaJgH B 3TOT GJIOK? ’

1. La. [lepexodure x Baoxy 1.
2. Her. llepexodure x Baoky 5.

3.9. MNoneanbie pacuHpeHns U AHANEKTH! S3BIKOB

TlockonbKy TpeGoBanHs X sI3bIKAM NPOrPaMMHPOBAHHS BOOGLLE H
K SI3BIKaM HMHTALHOHHOTO MOJEJIHDOBAHHS B YACTHOCTH 4ETKO He Of-
PEACJIEHDl, HET H €HHOTO MHEHHSI OTHOCHTEJIBHO TOrO, 4TO K€ CJeiy-
€T CYHTATb COOCTBEHHO A3BIKOM. [TOMHMO CaMHX SI3BIKOB, CYIIECTBYIOT
AHANEKTHl, OTBETBJEHHS (HJH S3BIKH L-THna) u pacmeJemme BapH-
aHTBl A3BIKOB. JIHANEKTOM Ha3BIBAeTCSl COKPAULEHHBIH BAPHAHT OCHOB-
HOro s13bIKa. SISBIK L-THNA eCTh SI3HIK, MO AyXy H GYKBE CXOZHBIA ¢ OC-
HOBHBIM fSBIKOM L, HO 06JafalouiHii HECKONBKO HHEIMH CBOHCTBAMH
YTO HE MO3BOJIAET NPHYHCIHTH ero K aHasekram. OCHOBHOE pasnnqﬂé
MEXAy IHAJeKTOM H OTBETBJEHHEM — CTENeHb PACXOXKIEHHS C OCHOB-
HbIM A3BIKOM. Ecm pacxoxjenne HeBeNHKO, TO 3TO MPOCTO JHANEKT
gmﬂx E cuuTaercst pacmHpesHeM fishika L, ecun L—[[O,ZIMHO}KGCTB(;

BJIOK 20

Bel gu60 EMeeTe MaJso OmBITA B MPOrpaMMHPOBAHHM H Bac NpHB-
JleKaeT JIEFKOCTh OCBOEHHS A3biKa GJIOK-cXeM, JHOO MblTaeTech HCIOsb-
30BATb STOT f3BIK HA HAYAJBHON CTAJHH aHANHM3a CJOXHOH CHCTEMBL
To/IbKO MO3TOMY SI3BIKH OJIOYHOH CTPYKTYPHI HE TepsioT AJst Bac cBoelt
PHBJIEKATEJIbHOCTH, XOTS OHH OTHOCHTE/BHO Heru6xu, Tpedyr 6oJb-
moro o6bemMa naMATH H GOJBIIOrO KOJHYECTBA MAIUMHHOrO BPEMEHH
Ha mporod mporpaMM. Huke mepeyuc/eHbl fi3BIKH TPaH3aKTHOrO THNA
H HOAXOASIIHE AJS HHX MALIHHBL

GPSS IBM 7090/94, 7040/44, 360
UNIVAC 1107, 1108
CDC 3600, cepusi 6000
BOSS B5500 ¢upmsl Burroughs

Takne TOHKHe PasiWuMs 4acTO 3aTPYAHAIOT KIACCHOHKALMIO A3bl-
xoB. Paccmorpum, wanpumep, sisbixku Cumckpunr I, Cumckpunr 1.5
Cumexpunt 11, Cumekpunt 115 u Cumcxpunt 11 Tioc. COBEPIHEHi{[;
AICHO, 4TO 3TO SI3BIKH POJNCTBEHHbBIE, HO BCE XKe OHH OTJIHYAKOTCA APYT
ot apyra. Ilpobiema cocToHT B TOM, YTO6BI ONPeRe/HTD, OMHH JIH 570

JlutepaTypa, peKoMeHyeMas 10 KaXA0MY A3BIKY: ; A3BK HJIH NATb PA3HBIX S3BIKOB. &
GPSS: G. A. Pall, Introduction to Scientific Computing, A pleton-Century-Croft CTOSITENBHLIM S{SI:)IKOM HJIH 3T%B T K}amxmm TS T cano
Inc., New York, 1971, p. 574—587; General Purpose Simulation System/3 D A — MPOCTO AHAJIEKT: B nmpenmecrsyioniem
User's Manual, IBM F20-0326, 1967; J. R. Emshoff, R. L. Sisson, Design an YA MBI HE KacasJuCh 3TOH TPYAHOCTH, AaBas JHUb obuiue
Ha3BAaHHA A3BIKOBBIX CEMEHCTB.

Use1(7>f ?;}glplt‘llt:r fi?uﬂlgiiirégsl\/&gggls,wghe MacMillan Co., New York,' 197! K 6

T117—119, 144—145, . 266—270. aK Onl
BOS. é._F. Roth, The BOSS Simulator — An Introduction, Fourth Conference o apyrie nonelg;ll?nggrﬂZslviﬁb?m;; HO CIICAYeT YHOMSAHYTD H HEKOTOPHIe
Applications of Simulation, Dec. 1970, p. 244—250; P. F. Roth, A. J. Meyerho 1B, 310 GERTS P s BKJIIOUEHHblE B TpPEAbIAYLLLE pasje-
BOSS Simulation of a Time Sharing Message Processing System for Ba ~ (MMHTALHOHHAS UPOTPAMMA, MPHUMEHSIOUIAS METOX
Applications, Proceedings of the Third Annual Simulation Symposium, Jan. 19703 rpacdmueckoll ouenkn W o63opa), APACHE, APSE, QUIKSIM (rou-
Mepexodute K U3Y4eHUI0 AUTEPATYpbL. ‘ HOH PACIIHPOBKH STOrO COKPALIEHHsST HHTEE HET; ,npOCTO 6oJsiee Gbl-
SES:EPECTBWOHIHFI Bapuant Cumckpunra), ECSS (pacmmpsiembii ma-
rpaMw;qH SS:T;MHHH umurarop) u SOLPASS (sskikoBasi cHCTemMa mpo-
“MHTAamI{)H). HHS ¥ MONEJNMPOBAHHS, OPHEHTHPOBAHHAS Ha 3afaud
lmsgliigSUMox(Ho YCOEIHO NPHMEHATh NPH MOJCJHPOBAHHM H aHa-
POUHOrO gﬂ ?;Iallaqn C BEPOATHOCTHBIMH CEeTSIMH, Hampumep 3axay c6o-
sagau csﬂgg SBOACTBA, 3alay yNPaBJIEHHA DPa3pabOTKOH NPOEKTOB,
o B H}{Hublx C KOHBEHEepHBIMH CHCTEMaMH, NPOLECCAMH CHCTEM-
e a WA H KOHTPOJIBILIMH NIPOBEPKAMH, 3a/1a4 CO CTOXACTHYE-
IpOleccamMy, a TakXKe IPH aHaJH3e 3arpy3KH NPOH3BOACTBEH-
1* )

BJIOK 21

Bb TAK M HEe ONPENEHJH THI $3blKa, MOAXOAAIMH st mporpam-
MHpPOBaHHs Ballell 3aiauH. BaM HEOOXOAHMO CHOBa copMyIHpOBATh
lle/IH BAIIErO HMHTALMOHHOTO HCCAEA0BAHHS, IPOBEPHTD Bally MOZENb
W elie pas mpoiitH BHH3 Mo AepeBy pewenuii. Eciu B pesysabraTe BH
omsITH MOMafeTe B 9TOT GJIOK, TO Bamly 3afady, Mo-BHAHMOMY, OYACT
yaoGHee Bcero mporpaMMHpOBaTh HA YHHBEPCAJIBHOM S3HIKE. BHIOR-
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HBIX MoliHOCcTell. DaeMentamu cereit mporpamMbl GERTS sBustorest
HANpaBJEHHbE BETBH, KOTOPHE HCNOMB3YIOTCA B KauectBe pabor (BH-
OB [LeSiTeJBHOCTH), H JIOTHYECKHE Y3Jbl, MPEACTABAAIONMHUE COOBITHS.
Kaxgas BerBb Oeper Haualo B OJHOM Yy3Je H OKaHYMBAETCA B JAPY-
rom. BerBH OMHCHIBAIOTCS C MOMOUIbIO ABYX mapaMerpos. OnUH U3 HHX
[0KAa3blBaeT YCIOBHYIO BEPOSTHOCTb BHIGOPA HEKOTOPO! BeTBH MHpPH yc-
JIOBHH, 4TO MBI TIONAJH B y3es1, H3 KOTOPOro OHa HcXoAur. JIpyro# ma-
paMeTp OTHOCHTCS KO BpeMeHH, TpeGyeMOMy Ha 3aBepluenHe paloTHl,
KOTOPYI0 MpeACTaBisfer NanHas BerBb. IlapamMeTp BpeMeHH MOXeT
GbiTh caTydaiiHofi mepemenHofi. ITporpamma GERTS moxXer BRIIOYATH
cerH ¢ JoruueckumH onepauusiMu MJIM u W na BXoze y3i0B ¥ Aerep-
MHHHPOBAHHLIMH WJH BEPOSTHOCTHBHIMH ONEPalHAMHA Ha BLxofe. B 6o-
Jee NO3JHHE BapHaHTH 3Tofl Nporpammbl ObliH A0OaBJIeHHb! ellle 1Be
XapaKTepHCTHKH UMHTHPYEMBIX paboT: HOMEp CueTuyHKa H HOMep pa-
60THI.

Kaxaslit pas, Korfia NMosiBisercss Hopasi pabora, cofepKuMOe Cyer-
YHKOB YBENHUMBAETCS HA eNHHHLY. YKasaHHe HoMepa paboThl MO3BO-
Asier MOZHGHUHPOBATH CETH, T. €. 3aMeHATH OfHH y3ed Apyrum. Ilox-
JIeXKaIHi 3aMeHe y3ea yAaJseTcs H3 CeTH TOTAa H TOJIbKO TOTAA, KOr-
Aa peanusyercs pabora mo MoAuduKauun cerH. BosnHKHOBenHe mo-
clefylomuX paGoT MHHUHHDYeTCs HOBBIMH y3iaMH. B mporpame
GERTS uMeercsi TakXe y3el OXHIaHHSA, MO3BOJAIOIHE [POBOLUTH
MOJeJHPOBAHHE H HAKATUIHBATH CTATHCTHUECKHE AaHHble 00 ouepensx,
06pasyloWuXCcs B ONPEAeNEHHEX Y3aaX. Y3/l OKHIAHHS ONUCHIBAIOT-
csl mapaMerpaMu, KOTOPHE XapaKTepHu3yloT MaKCHMaJbHEIR JJHHbL OUe-
pefieit, MO LOCTHXEHHH KOTOPHIX IIPOH3BOAHTCS MEPEXOJ K LPYromy ys-
ay wam K Apyroit amcuuninne ouepesu. GERTS spasercs He sA3bIKOM, 3
a METOIOM aHa/IH3a H MOJENHPOBAHHs, KOTOPBIA, B CBOIO OUepe/b, HC- 3
MOMb3yeT YHHBEPCANbHBIR A3LIK THIA GOPTPAH HIH A3bIK HMHTALHOH
HOro Mojenuposanus Tana GASPY. ;

Ucnoab3opanue s3bikos APACHE n APSE ofJ/ieruaer BHIIOJIHEHNE
apu@MeTHUECKHX BbIUMCAEHHH NDH COCTABJIEHHH AHAJOrOBHIX MpOr- §
paMM H TMPOBELEHHH CTATHYECKHX MPOBEPOK YC/IOBHHA aHAJIOTOBOTO MO- 4
XeTHPOBaHHsA. B 000X CAyyasX S3bIK sIBJASETCS OPHEHTHPOBAHHLIM Ha
ypaBHEHHS H MHLIETCS KaK PACHIHPEHHE YHHBEPCAJIbHOTO UH(OPOBOLO:4
s3bIKa. J11060# U3 HHX COKpAalllaeT BpeMsi MPOrDaMMHPOBaHHS Ha ABM, 1§
HO HH OJHMH He HCmoJab3yer BoaMoxHocTH DIIBM npu mocTpoeHuH j
HMHTAMHOHHON MOXEAH TaK JKe TOJHO, KK A3BIKH JUIsi HeTpephlBHLIX 4
cucreMm. APACHE u APSE cayxkar aHib 3Q(}eKTHBHEM TOACIOPbEM,

{10 HE BHIMOJHSIOT Bcell 0CHOBHON paboThl. HekorTophie mporpaMMHCTHI,
0HAKO, CYHTAIOT HX yLOGHBIMH JJISi Pacuera yCTaBOK UH(POBBIMH Me-
roJlaMH, COXPaHssi IPH 3TOM BO3MOXHOCTH GoJsibmero GblcTpoeHcTBHS
|| 9KOHOMHYHOCTH TapaJsielbHblX pacueToB na ABM!.

SAsbikn QUIKSIM u ECSS siBasilorcst pacmupenisiMi si3sika CHM-
ckpunr. B aseike QUIKSIM chenana nmonbiTka 06befHHHTb NIPEHMY-
tiecTBa 6JIOYHO-OPHEHTHPOBAHHBIX H ONEPaTOPHBIX AHCKPETHBIX S3HI-
koB. ITocTpoenune aToro A3LIKa MOAYJbHOe, H Jiobas 6/04Hast MOANPO-
rpaMma MOXeT GHITb B HeM BKJIIOUEHA, H3biTa HJIH H3MeHeHa 6e3 H3-
MEeHeHHs KaKMX-JHO0 Apyrux G/ounbix mogmporpamm. QUIKSIM co-
1epkHT 27 roToBHX 6JIOKOB; NOJb30BaTeIb MOXKeET Takxe A06aBJIATH
71106ble cobcTBenHble 6J10KH, HamucanHele Ha CuMckpunte mian ®opT-
pase. Habop Gmokos sizbika QUIKSIM pocraTouen moutH s Jio6o#
{MHTAUHOHHOH MOJEJNH, HO MOJb30BATEIb HMEET BO3MOMHOCTb MHCATh
u cobcrBenHble 6JI0YHBIE NMOANMpPOrpaMMel. UHCJI0 OTaZOYHBIX NMPOro-
HOB MPOTPaMMbl OOBIYHO HEBEJHKO, NIOCKOJNDBKY 3TOT A3bIK MOXHO H3y-
4uTh OBICTPO, 2 MPOrPAMMHPOBATD HA HEM JIETKO, OTJaflKa HE 3aHHMa-
T MHOro BpeMeHH. OHa Tpebyer MeHbllle BpeMeHH, yeM B CHMCKpHI-
‘Te, HO, OJJHAKO, BpeMs NIPOTrOHA MPOrpaMm GoJbiie?.

ECSS npeacrasaser coboit pacuupende sa3bika CumckpunT, obuer-
qalollee MOCTPOEHHE HMHTALHOHHBIX MOJeJeH BHIUMCIAHTEJNbHBIX CH-
crem. Takue MOne/H CTPOATCA HE YaCTO, TAK KAK NPOTPAMMHPOBAHIE
M OTJIafilKa MOJeNel CJOXKHBIX BBIYHCJIHTEIbHBIX KOMIIEKCOB 3aHHMaeT
MHOrO BpeMeHH H 0OXOAHTCS C/IHIIKOM Aoporo. [IpefnpHHAMAJHCD II0-
TILITKH NPOAOJ/KHTL PasBHTHE 3TOrO s3blKa H CO3JAaTb HA HeM MaKeTbl
TpOrpaMM HJIH HMHTAToOpbl, HO OHH OKa3aJHchb HerHOKuMH. SI3BIK
ECSS nosBoasier CTPOHTb HeCJHOXKHBIE MOAEH HJAH OJIOKH CJOXHBIX
‘MoJleselt myTeM 3ampoca HeOGXOAHMBIX CPeACTB H ofecmeueHHs COOT-
BETCTBYIOIHX HCXOAHBIX AaHHBIX.

Ecau nodbsosaress gysersyeT, 4to ECSS ne obecneunBaer addek-
THBHOT'O NMPOIPAMMHPOBAHHS €r0 3aJaYH, OH MOXeT MepefiTH K NMOJHOH
‘Bepcnn a3blka Cumckpunt. B ECSS wucmosbayercss TpaHCAsTop AJs
TepeBoAa CHEeNHadbHBIX KOMaHI K 3anpocoB Ha A3blK CHMCKpHOT
(rounee, Cumckpunt II) ¢ wenplo mociepyloulefl KOMIHJIAUMH HX B

. ”4PexomeuuyeMaa nureparypa no APACHE — APSE: Analog Programming and
Checking Programmer’s Manual, EURATOM Report EUR 2436e, 1965, CETIS, Ispra
Establishment, Italy; G. W. T. White, Digital Simulation Languages for the Solu-
tion of Process Control Problems, Proceedings of the IBM %cientiﬁc Computing
Symposium on Digital Simulation of Continuous Systems, 1964, p. 72—76; G. H. Bur-
gin, APACHE: Some Encouraging Experiences, Simulation, Jan. 1966, p. 16—19;
C. Green, H. D’'Hoop, A. Debroux, APACHE — A Breakthrough in Analog Com-
puting, IRE Transactions on Electronic Computers, Oct. 1962, p. 699—706; Automa-
tic Programming and Scaling of Equations: Simulaton Language Programminf
for Analog/Hybrid Computers, Electronic Associates, Inc., West Long Branch, N. J.

9 Pekomennyemas nmepa-ryga no ssuky QUIKSIM: D. G. Weamer,
“QUIKSIM — A Block Structured ~Simulation Language Written in SIMSCRIPT,
Third Conference on Applications of Simulation, Dec. 1969, p. 1—11.

1) Jlutepatypa no GERTS: A. A. B. Pritsker, W. W. Happ, GERT: Graphical
Evaluation and Review Technique, Part I, Fundamentals, Journal of Industrial En- -
gineering, May 1966, p. 267—274; A. A. B. Pritsker, G. E. Whitehouse, GERT;
Graphical Evaluation and Review Technique, Part II, Probabilistic and Industrial
Engineering Applications, Journal of Industrial Engineering, Jun. 1966, p. 293—301; .
G. E. Whitehouse, A. A. B. Pritsker, GERT: Part III — Further Statistical Results; §
Counters, Renewal Times and Correlations, AIIE Transactions, Mar. 1969, p. 45—50. -
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o6bekTHyI0 TporpaMMy. JleTanan mporpaMMHpPOBAaHHS, KpoMe CJOMNKHBIX
MeCT, He BXOAAT B 3ajauy MOJb30BATeNsd, YTO MO3BOJSET €My CKOH-
IEeHTPHPOBATh CBOE BHEMAHHE Ha JIOTHKE MOAEIH. YCTpaHss Heo6Xo-
JIEMOCTb GOJIBIION 3aTPaTHl BPeMeHH Ha Pa3paboTKy H OTIAAKYy HMH-
TaNHOHHHEX Moje/iell CJIOXKHBIX BBIYHCAHTENbHBIX CHCTEM, ECSS mnos-
BOJISIeT OCYLIECTBJSTb aHaJH3 ITHX CHCTEM. DTOT SI3bIK BCE eule pas-
BHBAETCH, H, BO3MOXHO, B GYAymleM YAACTCS MOBHICHTb €ro MHOKOCTH
W HCKJIOUATb BCE HENOCTaTKH, OTMEueHHhle B HEJaBHHX paboTax no
ero npHMeHeHusm!.
SOLPASS npencraBaser coboil CHCTeMy KOHCTPYHPOBaHHs HMHTa-
LHOHHBIX MojeJiell ¢ MPHMeHEeHHeM $i3bIKa HMHTALHOHHOLO MOANHPO-
panust SOL Aas MMHTauuu KpymHbIX cereft. IlepBoHaya/bHOH uenbio
ero cosfaHust Gblio oGecmeuntb BoaMoxuocth Apmun CIIA Goaee
3¢ {eKTHBHO NPOBOAHTL COOP MAHHBIX 0 CrATHCTHKE MEPEBO30K ¥ HMH-
THPOBATb 3TOT NPOLECC HA BHIYMCAMTENbHBIX CHCTEMaX —PasHuHbIX
KOH(HIYpauuil ¢ Nelbio YCTaHOBJEHHs TpeGOBaHHA K JIHHHAM H y3/1aM
nepenadn fauubix. OAHAKO TellePb STOT H3HIK HMEET BecbMa HIMPOKHA
KDYr NpHMEHeHHH, KoTophle MOXHO PasfieluTb Ha CJeIYIOInHe YeTHpe
rpymnubl:
1. JucKperHas HMHTAlHs
VMuTanus nepeBo3ok
AHanus nepeBo3oK M0 aBTOMOOH/bHEIM J0POTaM
Anasu3 BO3AYLIHBIX NEPEBO3OK
AnaJus nepeaaun coobuienui
2. iMurauus cHCTeM
CucTeMbl yIpaBAeHHs
BriuncauTebHbIe CHCTEMB
CucTeMbl CBA3H
CucreMbl epeflaut AaHHbIX
3. MMuTanus CPeACTB TeXHHYeCKoro obecnevenns
O6Hapy:keHHe H HCIIPaBaexHe OMHO0K
YcrpoficTBa KOAHPOBAHHSA-EKOAHPOBAHHS
Jlornueckue cxeMbl
4, iMuTanus HeNPepHIBHBIX MPOLECCOB
CucreMbl KOHTPOJS YPOBHS BOAbL B peKax
Awnanorosble mpoieccHl
DNEKTPOHHBIE CXEMBbI
Ananus nepexofHbIX IPOIECCOB
H3-3a Toro uTo npH paspaborke sizeika SOLPASS crasuiochk ycao-
BHe obecnieuents BO3MOXHOCTH 0JAHOBpeMeHHOH 06paboTku a0 10 THIC.

cooblennl, TPOXOAAIHX Yepe3 BbIYHCAHTENbHYIO CeTb, 3TOT SH3BIK
paccunTaH Ha paboTy ¢ AHCKOBOH NAaMSATBIO B PeXHMe onnafin. Ta-
xiM 00pas’oM, KOJHUeCTBO COOOLLeHHH, KOTOPHe B HeM oOpabarbiBa-
{0TCSI, ONIPEeNsIeTCs] He BO3MOXKHOCTAMH OCHOBHOH MaMSTH, a HaJHYH-
oM JHUCKOBOH NMaMsTH. DTOT s3HK IO3BOJsAET Takke paborartb ¢ Tep-
\[HHalaMH B DexHMe oHJalH 6es GoJblioro ymepba ANs CKOPOCTH
BHITIOJIHEHHS PAcYeTOB Ha GOJBIIHX HMHTANHOHHBIX Mojensx. Yucio
(iepeMEHHBIX, XaDaKTePH3YIOUHX OUepelb, H UHCIO OJHOBpPeMeHHO 00-
C1yKHBAaeMblX ouepeiell B HeM NIPaKTHYECKH HE OrpaHHyenbil,

3.10. MHeHHa nosb30BaTeael

B 1971 r. Knafinom [14] 6bl1 mpoBefieH Ompoc MOJAB30BaTeNel ¢
ilebI0 OUEHKH SI3BIKOB JHCKDPETHOTO HMHTAIHMOHHOTO MOJEJNHPOBAHHS.
BriociencTBHH MOJNyYeHHble B XOJe ONpoca JaHHble ObLIH NPOaHaH-
3UPOBAHBl 32HOBO C HCIOJNbL30BAHHEM METOAA, ONUPAIOIIEroCst HA Ipa-
BHJIO B3BEWIEHHOTO GOJIBIUMHCTBA, KOTOPbE Obl1 mpennoxken Ileuno-
nom ¥ Bbsatrom [27]. [lpm cocraBienun BompocHHKa Kaaiin yuen To
08CTOATENBCTBO, UTO CPEAM CAMHX <«3KCIEPTOB», KOTOPBIX OH MPOCHJ
OLEHHTb HEKOTOPbie IPyINbl 00BEKTOB (B AaHHOM c/lyyae sI3BIKH AHC-
KPETHO WMHTANHK), CTENeHb 3HAKOMCTBA C ITHMH oObeKTamu Oyner
BecbMa pasnnuHoil. [ToaToMy OH NpeanoXKHua KaxkAOMy YYacTHHKY Of-
poca ONEHHTh CBOIO KOMIETEHTHOCTb HJH CTelleHb 3HAKOMCTBA ¢ Mpe/-
MeToM To mKane 0—4 caeiyomuM o6pasoM. «DkcnepTamM» (TPHILIO
103 otBeTa) GBUIO NPEANOXKeHO MPOPAHKHPOBATL F3bIKH HMHTAIHOH-
HOMO MOJEJAHPOBAHHSA, PYKOBOACTBYSCH JHUHBIMH IpPEINOYTEHHSAMH.
Kpome Toro, HX NONPOCHIH OUSHHTb TPYAHOCTb OCBOEHHS ITHX S3bl-
KOB U MCNOJb30BaHUs OCOOBIX BO3MOMKHOCTEH, XapaKTepHBIX Aaf KaX-
10T0 M3 HEX. JTo HyXHO ObLIO CReJaTb MO AeciTHOANbHOH IHIKaJe,
rte 1 o3Hauana «NPaKTHYECKH HEBO3MOXKHO OCBOHTbY, a 10— «upes-
Bhiuaiiio npocto». HakoHen, yYacTHHKH IOMKHbI ObLIK AATh OLEHKY
BO3MOXHOCTE KaX[Oro si3blka nmo necsTHGanbHOM IuKaje, rae 1 o3-
Hauyala «HHKAKHX NPEHMYIecTB A3bIK He HMeeT», a 10 — «aA3bK ofna-
1aeT OYeHb LEHHBIMH CBOHCTBAMHU».

CocTaBnsisi cBo#l BONPOCHHK, KnalH OCTaBHA OTKPBITHIM HepedeHb
CONOCTAB/SEMbIX SI3bIKOB AHCKDPETHOH HMHTanHH. SI3BIKH, HE MNpefHas-
HauyeHHble CNeNHMaNbHO AJs NPOrpaMMHPOBAHHSA HMHTAHMHOHHHIX MoJe-
Jgeit (nanpumep, ®oprpan, I1J1/1), HyxHO ObIIO OUEHUTD MO BO3MOXK-
HOCTH HMX MCINOJb30BaHHs [Js HANHCAHHS UMHTALUOHHBIX MPOrpamMM.
SI3bIKy, ymoMuHABILIHECS B OTBETAX DeXe BCEro, B MOCAERYIOWEM aHa-
“IH3€ He pacCMaTPHBAJHCh.

B paGore [14] npeacraBiesbl pe3y/bTaThl aHa/lH3a, B KOTOPOM
OUCHKY PaCco/aralich Ha KOAHYECTBEHHBIX IKANAX MOJE3HOCTH C ajk-

1) Pexomenayemas nureparypa: N. R. Nielsen, ECSS: An Extendable Computer
System Simulator, The Rand Corporation, RM-6132-NASA, 1970; N. R. Nielsen,
ECSS: An Extendable Computer System Simulator, Third Conference on Applica-
tions of Simulation, Dec. 1969, p. 114—129; D. W. Koky, Experience With the Ex-
tendable Computer System Simulator, Fourth Conference on Applications of Sima-’
lation, Dec. 1970, p. 235—243. :

L ! Pekomenfyemas Juteparypa no aswky SOLPASS: A Simulation Oriented
-anguage Programming and Simulation System, Third Conference on Applications
©of Simulation, Dec. 1969, p. 24—37.




Iocrpoenue modeiu 169

168 1'2a8a 3

B namem caydae HHAUMBHAYaNbHBIM CYXKAEHUSAM 3KCIEDPTOB C pas-
JIMUHBIM YPOBHEM KOMIIETEHTHOCTH Ob11H MPHUCBOEHBI CHAEAYIOLIHE OTHO-
CHUTEJbLHDbIE BECa:

JUTHBHBIMH cBOoficTBaMH. Kak H3BeCTHO MHOTHM UYHTATeNsIM, NPaBO- §
MEPHOCTb KOJHYECTBEHHOH OLUEHKH NOJIE3HOCTH 5KOHOMHCTHI, (PHIOCO-
(B, [CHXOJOTH H MAaTeMaTHKH INOABEPraloT CePbe3HbIM COMHEHHSIM,.
naguHas ¢ XVIII B., xorga mosBunace pabora mapkusa ae-Ilongopce

no mnpoueAypam BbIﬁOpOB, rie oH 06Cy}KJlaJI HPOGJICMM BLIPaGOTKH ] xa}n/lggx:;- Crenesb SHAKOMCTS2 C SSBIKOM Bec
NpeANOUTEHNH BCTYNAKOWKEX B COI03 [PYNIHPOBOK. I103TOMY HaHHbIE, | HocTh

[OJNyYeHHBEIE B XOJ€ OIIpOCa, NOJBEPraJHCh aHaJ/H3y ¢ MOMOILLIO JBYX

MeTO/IOB ONpefesieHHsi NMOPSAKOBbIX MosesHocTel. [loa «MeTofaMu mo- %ﬁaKOM He HaCTO/ILKO, uTOOHl JaBaTh OLEHKY e ero oo g,gg
PAJLKOBEIX NOJIe3HOCTeH» MBI MOAPasyMeBaeM CJaeAyloulee: €ClH B OT- Baﬂ};(;r#aMzsyﬂggg:bgzl;;ﬁ,yno AOCTaTOYHO 3HAKOM C € ,
BeTe sA3bIKy A JaBasacb oneHka 9 MO HEKOTOPOH MiKaje (HampHMep,. HiMelo HekoTOpHH ONET PaGOTH ¢ HHM 0,50
JlerKocTb HCIOMb30BaHHs), a f3bIKYy B — oueHka 6 mo TO# Xe mKaJe,. OgeHb XOPOWIO 3HAKOM 0,75
Cuntalo cebs KCIEPTOM MO 3TOMY 3HIKY 1,00

TO B aHa/H3€ HCIOJNb30BaJCS JHIIL NOPSAOK, T. €. CUHTAAO0Ch, UTO B.
COOTBETCTBHH C 3TOH IIKaJOH [Jas AAHHOrO 3KcHepra A NpeamouTH- |
Te/bHee B.

[TepBBHIM H3 HCHONb30BAHHBIX METOAOB OBLIO MNpOCTOE INPaBHIO
GoabuiMHCcTBA B (opMysaupoBke Dppoy H Apyrux. Ilox «mpaBuiom
GOJIbIIHHCTBA» HMeeTCs B BHAY, YTO e€ClIH Nix, y)— TaKOoe YHCAO JIHIL,
u4To X=Yy, a Ny, xy— TaKoe YHCIO JHL, UTO y=>X (TAe X>y UHTaeTcH
KaK «X NMPeANOUTHTEJbHEE y», a ¥=y uuTaercs KaK «X H y paBHOmpeJ-
HOYTHTENbHBI»), TO

Pe3yJbTaThl NPEACTABAEHH B BHIE PaHXKHPOBAHHBIX IIOCAENOBA-
TeJbHOCTEH AJsi TPeX PasJHUHBIX LIKaJ, MocTpoeHHHX: (1) mo npaBu-
Jy GoablUMHCTBA, (2) MO MpaBHIy B3BellleHHOro GoabiuuHcTBa H (3)
METOJOM KOJHUYECTBEHHOro aHaju3a moaesHoctH mo Kaafiny. Tperbs
paHKHPOBKA Oblila BbiBelleHA HA OCHOBE YCDEAHEHHs BCEX OLEHOK HIH
cymmHupoBaHHsi panroB. Kak u paunee, A>>B unraercs Kak «A mpen-
noutntenbHee B» u A=B unraercst Kak «A 1 B paBHONpPeINOYTATENb~
Hbi». JleBATb SI3BIKOB 3aKOAMPoBaubl OykBamu: A—GPSS, B — Cumy-
sna, C— Cumckpunr 1.5, D — Cumckpunr II, E—GASP, F—SOL,
G — ®oprpan, H—T1J1/1, ] — APL.

1. BoamosxcHocTu aseika

X2 Y, TOTIA H TOABKO TOTMa, kKorga N , = Ny, .,

[TpaBuno 60JbIIHHCTBA, NPEMJIOKEHHOE DPPOYy, NPHCBAHBALT KaAXK—§
LOMY 3KCIIEDTY OfHHAKOBbi€ Beca (T. €. OLMH OIPALIHBAEMbIHl COOTBET+ §
CTBYeT OJHOMY roJiocy). Bropoii MeTos, KOTOPbI#i Mbl Ha30BeM IPaBH-j
JIOM B3BEIIEHHOTO GOJIbIIHHCTBA, Obll paspaboran IllenHoHoM ¥ BbaT+f
ToM. Mx uies 3akaloyanacb B TOM, 4YTOOBl YYHTHIBATL M MHEHHE
HeIKCliepTa B JAHHOM BOIIPOCE, HO C BECOBBIM KO3(Q(HIHEHTOM, COOT+H]
BETCTBEHHO OTpPaXKaIOUIHM YPOBeHb €ro KOMIereHTHocTH. Tako#l mon-i
XOJ YUYHTHBaeT TEHJEHIHIO yYacTHHKOB OIpoca NPeAlOYHTATh OJLHEE
SI3BIK APYroMy TOJDbKO JHIIb H3-32 TOTO, YTO OCTaJbHble SI3bIKH OHHY
3HAIOT XyKe. HEeKOTOpOMYy sI3HIKY MOXeT OTAaBartbCs NMpPEANoYTeHHe N0H
Tolf mpocTol MPHYHHE, YTO ONMpPAINHBAEMOMY H3BECTHbI HE BCe NPeHMY-y
mecrBa B ynoOcrBa sI3BIKA, KOTODPBIH OH 3Haer Xyxe. DTOT (axT Ho-
3BOJISIET CAeNaTh ABA NMPEANONOKEHHA: E

1. Ecan npoBoAHTCS CPaBHEHHE ABYX SI3BIKOB IO MeTOLY GOJIbLIHH
CTBA TPYNNOf 3KCIEPTOB C Pa3HBbIM YPOBHEM KOMIETEHTHOCTH, TO BCE
OLEHKH JOJKHBI B3BEIIMBATbCS OTHOCHTENBHO TOH, KOTOpas NMpHHAL=i]
JIEXUT HaHMEHEe KOMIETEHTHOMY SKCIepTy, HJH OTHOCHTENbHO HaH- 38
6osiee HH3KOH OLEHKH N0 KakKOMy-iH00 H3 JABYX (akTopoB (HMeeTcH"
B BUJAY YH06CTBO MOJb30BAHHS H JIETKOCTb OCBOEHHS ). :

2. KaxoMy ypOBHIO KOMIIETEHTHOCTH 3KCIEPTOB JIHIO, IPHHHM a0~}
lee pelieHHe (AHAJHTHK), MOXET NPHCBANBATb HHIMBHAYAJbHBIA BEC,. §
KOTODHIf JOJI2KeH YYHTHBATbCSA NIPH ONMPEAeNeHHH KOJNJIEKTHBHOIO MPely
TIOYTEHHS. 1

[IpaBHIO GOMBLIIHHCTBA:
D>B>C>A>E>H>F>G>I
TlpaBuso B3BemeHHOro GOMLIIMHCTBA:
D>B>C>A>E>H>F>G>I
Merox Knafina:
D>C>B>A>F>E>H>G>I.
11. JTeexocro npumenenus asvika
Mpasuao GombimucTBa:
A>C=E>D>B>F>H=I>G.
Tpasuso Bapemennoro GoabmuHCTBA:
A>D>E>B>F>C>H=I>G.
Meron Kaafina:
A>E>C>D>H>B>I>G>F.
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1. IIpednouuraemolii a3sik

IIpaBuso GoabliHHCTBA:
C>A=B=D=E=G>H>F>I.

IIpasuso B3BeIEHHOro GOMbIIHHCTRA:
D>C>B>A>E>G>H>F>I.

Merog, Kanafina:
C>A>D>G>B>H>E>I>F.

TMpumeps MPOCTHIX MojeNeil HA PAa3AMYHBIX S3bIKAX

Tabauya 3.2

3.11. 3akJloYATeNbHbIE 3aMEYaHHS

B »70#f raaBe Gblia MpEeANpHHsTA IONMbITKAa 06CYAHTD MPOGJIEMHI,
cBfA3aHHble ¢ TPaHCAALMEH Hamed MMHUTALHOHHOA MOJEJIH Ha #A3blK,
nousitublli DBM. 1o He TaKas yXK Jerkas 3aAaya, MOCKOJbKY cylle-
CTBYET MHOTO YHHBEPCAJAbHbIX H CIEUHAIH3HDOBAHHBIX s3biKOB. Hai
OMBIT FOBOPHT O TOM, 4TO GOJBIIHHCTBO HcC/efoBaTeNell H IpodeccHo-
HaJbHBIX IPOrPAMMHCTOB 3HAKOT OT OJHONO A0 TPeX A3bIKoB. [losToMy
BO3HHKAeT eCTECTBEHHBIH BOMPOC: ONMPABAAHBI JH OXHAaeMble BbIMOJLBI
OCBOGHHS HOBOTO $3BIKA M 3aTpaThl yCHAHE Ha ero uayuenne? Orser
Ha HEro KaxAblil MOJKEH HAaXOAHTb Ms cebsi caMOCTOATENbHO.

Hano HajgesTbes, 4TO TOMY NOMOXKeT OBCyXAeHHe A3BIKOB, Mpei-
JI0KEHHOEe BHHMAHHIO uHTaTelell B 3Tof raase. JIpyryio HoJe3Hylo HH-
dopManHio unTarteds mafimer B ra. 6 Knuru [4] u B crathix KuBha
[13], JluneGaprepa u Bpennana [19], Cammer [25], Tuupoesa u Jlio-

Jlurepatypa

Tprsefieniibie NpHMephl

6una [28] u Touepa [29]. Pemas sompoc o BeiGope Kakoro-nuGo omn-
PELeJNEHHOro s3blKa, 4acTO OblBaeT INOJE3HO O3HAKOMHTbCS C 7po-

J. P. Emshoff, R. L. Sisson
{)emgn and Use of Computer Simulation Mo-

els
The MacMillan Co., New York, 1970

G. S. Fishman

Concepts and Methods in Discrete Event Digital
Simulation

Interscience Publishers, New York, 1973

G. Gordon
Systems Simulation
Prentice-Hall, Inc.,, Englewood Cliffs, N. J., 1969

H. Maisel, G. Gnugnoli
Simulation of Discrete Stochastic Systems
Science Research Associates, Inc., Chicago, 1972

R. C. Meir, W. T. Newell, H. L. Pazer
Simulation in Business and Economics
Prentice-Hall, Inc., Englewood Cliffs, N. J., 1969

T. H. Naylo;, J. L. Balintfy, D. S. Burdick, K. Chu
Computer Simulation Techniques
Wiley, Inc., New York, 1968

J. W. Schmidt, R. E. Taylor
Simulation and Analysis of Industrial Systems
Richard D. Irwin, Inc, Homewood, Iil., 1970

Huuamo
GPSS

GPSS
CHMCKPHAT

Cumyna

Juuamo
GPSS
CuMckprnT
360/CSMP
1130/CSMP

GPSS
CaMckpunr
I/t

JHuamo
GPSS
CHMCKPHAT

Junamo
GPSS
CHMckpunT
GASP
GPSS
Cumckpunt

cTOi MOJENbIO, 3aNporpaMMHpOBaHHOR Ha 5ToM s3biKe. B rTaba. 3.2
TNpHUBENEHE! CBEAEHHS O TOM, [Jle YHTATeNb MOXKeET HAMTH ONUCAHHE Ta-
KHX MOAENIeH.
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4.1. 3Ha4yeHHe MPOEKTHPOBAHHSA

[lnaH SKCHEPHMEHTANbHOrO0 HMHTAIHOHHOIO MOJAENHPOBAHHS HA 9BM
npeAcTaBlsier CoGol MeToX MOJYYeHHs C MOMOUIbIO SKCICPHMEHTA He-
06x0iEMOl HH(OPMAIKK, CTOMMOCTb KOTOPOM 3aBHCHT OT Croco6a
cGopa B 06pPabOTKH AaHHBIX. DbGEKTHBHOCTb HCIOJNb30BAHHA SKCIE-
PHMEHTATBHBIX DECYDPCOB CYIIECTECHHHIM 06Pa3oM 3aBHCHT OT BEIGODa
IJaHa 9KCMEPHMEHTa, TaK Kak: .

1) mnaH SKCHEpHMEHTa B 3HAUHTENbHOH CTENEHH ONMpEeNAeT Mo-
PALOK CTATHCTHYECKOrO aHa/IH3a ero pe3y/bTaTos; )

2) yCHEmHOCTb pPa3pelleHHs C MOMOLIbIO SKCIePHMEHTA HOCTaAB-
JIeHHBIX 3KCIEPHMEHTAaTOPOM BOMPOCOB (6€3 YPEe3MEPHEIX 3aTpaT Bpe-
MEHH M PecypCOB) CYLLECTBEHHO 3aBHCHT OT IPaBH/BHOCTH IaHa 3KC-
NepHMEHTa.
pSKcnepumeHTaanoc Monenupobanne Ha OBM rpebyer sarpar Tpy-
12 H BpEMEHH 9KCIEPHMEHTATOPa, a TaKKe 3aTPaT MAlIMHHOrO BpeMe-
#i. Uem Gosbiue CpeiCTB BJIOKEHO SKCIEPHUMEHTATOPOM B JaHHOE HC-
Clle/loBaHHe, TEM MeHblle HX OCTaercsi Ha OCTAIbHEIE HCCJENOBAHHA,
li OTOMy HeOGXOAMMO HMeTb ILIaH, MO3BOJSIOLIHE H3BJIEKaTb H3 KaK-
JIOTO 3KCHePHMEHT2 MaKCHMAaJbHO BO3MOMKHOE KOJNHUECTBO HH(pOpMa-
uun, OCHOBHAS le/b IKCHEPHMEHTANLHOrO MOJETHPOBAHHA COCTOHT B
BO3MOKHO BoJjiee TyGOKOM H3YYEHHH IMOBEJIEHHS MOLENHMPYeMOH CH-
CTeMbl IPH HaHMeHbUIHX 3aTparax. C 3T0fl meblo HEOGXOAUMO IIAHK-
POBaTb W NPOEKTHPOBaTh HE TOJbLKO CaMy MOJeJb, HO H mpomecc ee
HCTOMBb30BAHHS, T. €. TPOBENeHHe Ha Helt skcnepuMmerToB. Caenosa-
TEJIbHO, Mbl JOJIXKHBE PaccMaTpPHBaTh BONPOCH TAKOrO CTPATErHYeCKOro
TUTAHHPOBAHHS SKCNIEPHMEHTA, KOTOPOE IO3BOJHT MONYYHTD KeA2eMyIo
HHGOPMANMI0 NPH MUHHMAJbHbIX 3arparaX. Co BpeMeHH NOSBJIEHHS

3AJAUYH

1. O3nakoMbTeCh C npHIOXKeHuem A.3.

a) 3ra MOeab MOXeT OHTb 3anNpOrPaMMHPOBAHA HA ABM, HO eciu BH pelun.
npumernth DIIBM, To KakUM SI3HKOM BaM JIyullle BCETO BOCHOJB30BATHCS?

6) Kax MOXHO WaCTHuHO UPEOJONETb TPYAHOCTH, Ha KOTOpHIE  yKashlBa
ABTOP B OBfI3H C UPE3MEPHUEIM KOJUUECTBOM JAHHEIX? !

2. Aprop npunoxenus A.l cocTasHn nporpaMMy cBoeffl MOJEJH Ha A3HIKeH
GPSS. Kak BH nymaere, yiauen au ero BHGOp?

3. Kako# f3HK BHOpanu 6H BH fasi NPOrpaMMHPOBAHUS MOJENH, ONHCAHHOMN ‘B
npunoXenuu A.2?
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2. JlerkocTb NOBTOPEHHSI U BOCIPOH3BEAEHHS yCJOBHH NPOBEACHHS
3KCHepUMEHTAa.
i 3 S-ICI‘KOCTb NpEpPLIBAHKSA H BO30GHOBJICHHS 9KcnepumeHTa.a _—
4. Hajuuue HIH OTCYTCTBHE KODDENsLMH MEXAy IOCIe10BaT
MU BHIGOPOUHBIMH TOUKaMH. .
5. le%aBneHﬂe YCJIOBHAMH [IPOBENEHHsT SKCIEPHUMEHT. B Q)gf{g;z_
CKHX SKCIEPHMEHTaX CTOXACTHUECKHE YCJOBHs HE 3aBHCAT og arene
pHMEHTATOPa; NPH IKCNEPHMEHTAX Ha 9BM 3T YCJOBHSL OINP

TCS1 CAMHM 3KCIIEPHMEHTATOPOM. o
° [pn BEIGOpE CIOCOGA HCNOJNL3OBAHHS MOACGTH H anasnnsa n‘fnyzlel;
HBIX PE3yJbTaTOB OJHHM H3 MEPBBIX BO3HHKAET BONPOC O TOM,b TooTBeTa
raTbh BBHIGOPOUHOR TOYKOH. CyllecTBYIOT PasiHYHbIC BApHAHTHI
14 3TOT BONIPOC, HAIPHMeEP: )
1. Becb mpouecc HCnbiTarHs MojenH. IIpH 3TOM B KauecTse BbI6O

B 1935 r. kuurn @umepa «[laaHnposanue 3KCNIEPUMEHTOBY IMOSIBHJIOCH
~60JIBILOE YHCNO KHHT M CTaTell 110 MIAHHPOBAHHIO SKCIEPHMEHTOB, Ha-
HIEIeMY WIHPOKOE NPHMeHeHHe B GHOMOrHUECKHX, GH3HUECKHX U CHC-
TEMHBIX HCCAEeAOBaHHsAX. IlnanupoBaHHE SKCIEPHMENTOB BHIFOAHO B
JABYX OTHOIUEHHsX: 1) OHO MO3BOJISIET YMEHLUIHTb YHCJIO HEOGXOLHMBIX
HCULITAHHA H TEM CAMBIM MOBLICHTb SKOHOMHYHOCTb SKCIEPHMENTa H
2) CJyKHUT CTPYKTYPHOMN OCHOBOH Tpolecca HCCJIeA0B aHHiL.
OKcrnepUMeHTaIbHOe MOLCIHPOBAHHE MPEACTABJIsET COBO0H npouecc §
HCIOJIb3OBAHAS MOJEJNH C UEJIbI0 TMONYYEHHs H aHAMH33 HHTEpecylo-
ule#f Hac HHQOPMAUMH O CBOMCTBAX MOLENHPYeMOil CHCTeMBL lLianu-
POBAHKE SKCNEPHMEHTA NO3BOJSIET BHOPATh KOHKPETHBIH MeTox c6opa
HEOBXOAUMOl JJIst TOJYYeHHS 06OCHOBAHHBIX BLIBOLOB uH(pOpPMaunH.
Bcecroponnee ofcymaeHne npobieM NJIaHEPOBaHHS 3KCIEPHMEHTOB 1
BBIXOAMT 32 NpeAeabl JaHHOH KHHrH. UTo6bl 0Ka3aTb MOMOINb UHTa- i TOUKH MOXET PACCMATPHBATbCS CPeAHee 3HaueHHe [epeMeH-
TeMo B paGoTe ¢ 06MHKPHOM JHTEPATYPOil O 3TOH TEMATHKE, B HACTOSI- poUHOM TO Ka, MOJNyYeHHOEe YCPEAHEHHEM IO BCeMy MpOoueccy HCmbl-
leil rnaBe DPHBOAHTCS HEOOXOAHMAs AJs TAKOH paboThl TEPMHHOJIO- HOH OTKIHKA, Y
;’;’;Ozaﬁf;;ng?{zp?iﬁggﬁ l;.n}oqesme BOUPOCH TEOPHH M MPAKTHKH n1a- TaHgﬂ‘d)HKCHPDBaHHbIﬁ HHTEPBAJ MOJAEIbHOTO :gg;fe::éM‘:}f;P’;ngi
Y 0B. 4 y i b 7 HHTEPB s
[Tpo6aemsr nopcmoeﬁuﬂ H aHaJH3a IJIaHOB KCIEPHMEHTOB B Tec- mpomeee "C”Z‘Z:;”’;Hﬁi}xﬁzﬂiﬁfi:TT. o, a Bp KayecTBe BLIGOPOUHBIX
HOM CBSI3H ¢ NMPOTDaMMaMH HCCAEHOBAHHIl PACCMOTPEHH B psje npe- pAEMOrO B AcoMATDPHBATHCS cpejHie 3HAUEHHs NMEePeMEeHHOH OTKIH-
BOCXOAHBIX KHHT. CpeiH HHX clefyeT BBILEJAHTb KHHUIH CHeLYIOIHX TOYEK MOFyTlg HCS 3TH§ HHTEPBAJOB.
aBTopoB: Bapru [3], Kokpen u Koke [9], Hesnc [12], Nukcon n Mec- § Ka Ha KaKA0 HKDETHAS OMEPAIHsi PACCMATPHBAETCA Kak BbIGOpOd-
ceft [13] n Xurc [16]. Kpome Toro, B cBopruKe mog penakuuett Hef- 3. Kamna}i_l[ai:lo PIN]IJC B KauecTBe BBIOOPOUYHOH TOUKH MOXKET pac-
aopa [20], conmepxamen cTaThH, NPEICTABNCHHEIE HA NPOBOAHBIIEMCS has ToAKa. pM g;,mom{efmﬂ naHHOHA paGoTHl HJIHM IIOJHOE BPEMSs
B OkTs0pe 1968 r. B Yuusepcurere nM. [[boKa CHMIIO3HYME 10 IJia-} C“ganHBaTb}f:HBl?fﬂgﬂTa
HHPOBAHHIO MAIIHHHBIX SKCIEPHMEHTOB C HMHTAUHOHHBIMH MOXEIAMY, | © Cﬁygﬂiaauuu o6 beHHAIOTCA B TPYIIL (HKCHPOBAHHOTO PasMepa.
npHBeseH oqe}éb TOJIESHEIl 2HAJIH3 PSAA XaDAKTEDHHIX JJf paccMar- | I{anf)limrép]? Mbl MOXKEM B3ATb rpymnmy u3 25 o;mo;mnuglx pagzch;zggﬁ_
pHBaeMoOH npo6aeMbl TpyLHOCTEI. . BBLINQJIHEHHS] OAHOH PaboTH -
HexoTopbie THIbI N1aHOB 3KCIEPHMEHTOB B HACTOSIIEE BpeMsi CTaH- nee HBOKZT{(Q?T;AJ};IL?:O;(?:&% Tqu(;l.
AapTH30BAHBL L0 TAKOR CTENEHH, YTO HX MOXKHO MPOCTO GpaTh H3 CO- Bdﬂl’(a}x 0€ H3 MEepeuHCJEHHbIX ONPEAeTeHH: HMEET CBOH MDEHMylle-
OTBETCTBYIOIHX CHPaBOYHHKOB. [ToJ0GHO ToTOBOH OfeXAe, roTOBHE P—— Hﬂéﬂ.OCTaTKH Hcnonb3oBaHKHE MEPBOTO ONPENENCHNUS MO)KeTeII];;I(;
[[POGKTBI MOTYT OYEHb XOPOLIO NMOAXOAHTb AJIs PEUIeHHs: MHOTHX 3a- ) ) eJH K UPEe3MEpPHOMY yBeJHUEH
Kad. OpHAKO TaK Xe, KaKpl'IOpTHOi/'l MOArOHsIET olxzx(ﬂ.y IJ15t 3aKa3uHKa § DOAHTE B sai];?;hed&i? B%;eﬁ:rﬂriﬂﬁoécpeﬂﬂeﬂﬁﬂ nop BCEeMy Ipoueccy
C HECTaHIAPTHOH (UIyDOH, HeclenoBaTeNb NOMKEH GBITH TOTOB K MO-4 ﬁgﬁfxigﬁn:%mn K (aKTHIECKOMY NPEHEGDPEKEHHIO 3aBHCAILHM OT Ha-
AMGHKAUME HMEIOMKXCS IIAHOB H HX NPHCIOCOBMEHHI0 K crneuudu- § UAIBHBIX yCIOBHA HAYAIbHEM YUacTKOM TPacKTOPHH MpoICCCa. l'f{o;}t(—)
HECKHM yCHOBHAM KOHKPETHBIX 32124, pobioe 0BCyMXIeHHe BAHSHHS HAYAJIbHBIX YCAOBHH HA CTOXACTHIEC ye-
CXOIMMOCTb IpPHBEAEHO B I 5. Bropoii Merox (buxcuposax;xlx;uﬁe?é)ﬂy
MEHHEIX NpHpallleHni MO3BOJAET PAcCMATPHBATH KOppenﬂ:(‘»)m HHTEp-
BLIGOPOUHBLIMH TOYKaMH NpPH Nepexojie 0’1‘e Zl;goMFZTgESAeH
B roMy (TaK e KaK H IOCAeIHH .
anéqxe;gﬂbm) nﬁ)cumymec’rsoxu MalHHHEX SKCIEPHMEHTOR nepeﬁe(bg:
3HUECKHMH SIBJS€TCS JIEFKOCTb BOCIPOU3BEACHHST YCTOBHH IKC H?&M
Menta. EcIH Mbl TIPOBOAHM CPaBHEHHE ABYX aJbTEPHATHB, ”T?;ohg?xeno‘
CPaBHHMBATb HX NMPH OJHHAKOBHIX YCJAOBHSX (IpH 0AMHAKOBOK it ool
BarenbHOCTH coBHTHI). DTO focTHraercs MyTeM HCNOAb30BAHHI

4.2. Pasnuuus mexny Quanyeckumu SKCHepUMEHTaMH
M 9KcHepHMeHTaMH Ha IBM

HecMoTps Ha TO 4TO weaH 3KcIEpHMEHTAIBbHOrO MOJIE/THPOBAHHS §
Ha OBM n npoBeneHns (H3HYECKHX SKCHEPHMEHTOB, MO CyIIeCTBY,
COBNAJAIOT, MEXNy STHMH ABYMs BHIAMH 3KCIEPHMEHTOB CyllecTBYIOT
M HEKOTOpHIe pasiauuus. [Ipu a1oM HauGosee BaXkHoe 3HAUECHHE UMEIOT J
caenylomue GakToph: }

1. Tpyauocrb onpeneneHus NOHATHS BHOOPOYHOH TOUKH.
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H TOH e MOCAef0BATENbHOCTH CyYalHbIX YHCE AJSA KAXKAO0H H3 aJb- |
TEPHATHB, B De3yJbTaTe 4ero yMeHbIaeTCHi Pa3HOCTHAS BAPHAIHS
YCPEIHEHHBIX XaPAKTEPHCTHK aJbTEPHATHB, YTO IO3BOJISET OCYILIECT-
BJAATL CTATHCTHYECKU 3HAYMMOE DA3JMYEHHE STHX XapaKTepHCTHK NpH
3HAYHTENBHO MEHBIUMX pasMepax BbiGopxu. Ecu ke Ham myxHO oue- §
HHTb abGCOMIOTHBIE XapAKTEPUCTHKH CHCTOMEHl, MBI MOMKEM Ha Kaxa0M
Hiare HCHo/Mb30BaTb HOBYIO NOC/EAOBATENBHOCTb CJHYyYAHHBIX YHCEN.
Eule 0/HO TpeHMyIIecTBO MaUIHHHBIX IKCIEPHMEHTOB mepen GH3H-
YECKHMH COCTOMT B JIETKOCTH HPEPLIBAHUA H BO3OGHOBJCHHSA 3KCIePH-
MEHTa. DTO TNO3BOJIAET NPHMEHSATH TpH MAIIMHHBIX 3JKCIEPHMEHTaxX
MOCNEN0BATE/IbHEIE HJIH 3BPHCTHUECKHE METOZLbl, KOTOPHIE MOTYT OKa-
34TbCSl HEPEANM3YEMBIMH IIPH SKCIEPHMEHTAX C PeaNbHBIMH MOLENSIMH,
Hpu pabore ¢ MalMHAOR MOAENBIO MBI BCErfa MOMKem npepBaTh Kc-

Jantsie 0 pecypcax,
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NEpPHMEHT Ha BpeMf, HEOGXONHMOe LNl aHAJNH3A De3yJAbTATOR H NpH-
HATHA DELIeHHs 06 M3MEHEHHH NAPaMETPOB MOAEIH HIAH TPOLOJKE-
HHH SKCNEPHMEHTAa INPH Te€X XKe 3HAYeHHAX napamerpoB. OLHAKO
BONIPOC O HAUAJBHDLIX YCIOBHAX (IM. 5) MOXeT mpeBpaTHTb 3TO npeH- |
MYLIECTBO B HEZOCTATOK.

an aHaJqu3€ MaUIHHHBIX IKCIIEPHMEHTOB IO HUMHTAUHOHHOMY MO-
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AS/INPOBAHKIO 1ACTO BOSHHKAKT TPYXHOCTH, CBA3AHHBIE C TEM, YTO BEI- |
XOAb! OKA3LIBAIOTCA aBTOKOPPEJHPOBAHHEIMH. ABTOKOpDENALHS O3Ha-
4aer, 4T0 HaG/IO/IeHHS B BHIXOAHHX MOC/AE0BATEAbHOCTAX HE SBJSIOT- §
Csl_HE3ABHCHMBIMH (HE32BHCHMOCTb — OZHO H3 OGBIUHBIX MpPEANONONKE- |
HUH MHOTHX METFOJOB IJIAHHPOBaHHS SKcrepumenTa). [IpH oTom 3Has
UeHHEe HAGJI0NaeMOro BEIXOJA 3aBACHT OT PE3YJbTATOB OXHOTO H/M A
HECKOIbKHX MPEeABAYNIHX HAOMIOLEHHH M NOTOMY COJEDKHT MeHbLISH
HHOPMANUH, yeM B CAyyae HE3ABHCHMBIX HAGA0feHMH. Tak Kak BJ
GOJbIIHHCTBE CYIIECTBYIOIKX METOLOB IIAHHPOBAHHS 3KCIIepHMeHTd §

YemaroBums

-
|

yeau

NPeAnoaraerTcsi He3aBHCHMOCTb HAGJIOJEHUH, TO MHOrHE OOLIYHLIQ
CTATHCTHYECKHE METOLb! HE/Ib3SI HENOCPENCTBEHHO NPHMEHSATb B CJy,
4ae HaNHYHS aBTOKOPP EALHH.

4.3. lleas nnannpoBanusg 9KCHEepHMEHTOB

B TWaTeabHO NMPOBOAMMOM HCCAELOBAHHH MJIAHHDPOBAHHE SKCIIepH
MCHTA M BECb MNPOHecC MAUIMHHONO HMHTAUHOHHOTO MOAENHPOBAHUS
CBA3aHb! B 1BYX obGnactax. Ha puc. 4.1 (nmpencraBasioniem coboit né-
TaAu3auHI0 pHe. 1.3) MoKasaHbl 3TH 06JACTH H NPEACTABICHA GJIOK-
CXeMa BCEro mpouecca MOJEIHPOBAHHS OT MOCTAHOBKH 3a7au 10 CO3-
A2HHS NOKYMEHTAUMH ¥ NPAKTHUECKOH PeaM3anHy pesy/bTaToB MOAE-
JHPOBaHKs. J[Ba 6/10Ka, COOTBEICTBYIOUIHE (QYHKUHAM NJIaHHPOBAHHA
SKCNEPHMEHTA, O6BeeHbl KUPHOH Munuell. [locae Toro Kak ycranosme-
HBl LEJIH 3KCHEPHMEHT, ONpefeseHa MOJSNHDYeMasi CHCTeMa M NpH-
HATO PEHICHHE BOCHOJb30BATbCA MAIUMHHBIM HMHTALHOHHBIM MOJE/IH=
POBAHHEM, OYCHb INOJNE3HO HA 3TOM HAYAAbHOM 3rane pas3paboTKH
MalIHHHOM MOJE/IH POH3BECTH NMPEABAPHTENbHOE NIAHHPOBAKHE Mpel-
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crosiiero skcnepumenta. Heo6xoauMo ¢ caMoro Hauaja NpoBeieHHS
SKCIepHMEHTA HUMeTb JOBOJBHO MOAPOGHBIN €ro mJiaH, YTO MO3BOJHUT
BoIOpaTh Hanbosiee MOAXOAAIYIO MOAEJ]b, C TEM YTOGBl MOMKHO GBIIC
OpraHH30BaTbh IlleJIeHanpaBjeHHoe H 3(QdeKTHBHOe nosyyeHne (a BoO3-
MOXKHO, H YacTHYHBIA aHanu3) TpeCyeMbIX SKCIEPHMEHTAJbHBIX AaH- '
HbIX. MalluHHOe BpeMsi CTOHT OpOro, H MOTOMYy ydeT crelubHYecKHX
TPe6OBaHWA K XeJaTeJbHbIM SKCNEPHMEHTANbHBIM JaHHBIM MOMKET
OKa3aTh BJIWAHKE Ha BHIGOP CTPYKTYpH MOjesnH. BHIo 6b HempusaTHO
OGHAPYKHTb, YTO Y€ MOCTPOEHHAS M BBeJEHHAS B MALIMHY MOJeb
He COOTBETCTBYET NOTPEGHOCTAM NIPOBOAMMOIO SKCIEpUMEHTa.

Kak noxasano Ha puc. 4.1, BTOpast ¥ rMIaBHas (YHKIHA NJIAaHHPO-
BaHHS 3KCHEPHMEHTA — 3T0 OKOHYaTeJbHOE CTPaTernyecKoe W TaKTHue-
CKOe ero mjiaHuposatue. IIpu 5TOM MJaHOBHE OrpaHHYeHHs Ha BpeMms
(PexuM) W 3aTparThl ZOJNKHB GbITb MPHBENEHBl B COOTBETCTBHE C HMe-
IOIMMHCS NPAKTHYECKHMH YCIOBHSAMH H OTpaHuueHMAMH. XOTH MOA-
poGHoe MIaHWPOBaHHe M paclpeie/icHHe HMEKIUXCA CPEACTB IPOBO-
AATCSL B CaMOM HayaJie SKcIIepHMeHTa, B XOJeé €ro HeoOXOAHMO HMeTh
UeTKOE peasliCTHYecKoe MpejcTaB/eHHe 06 OCTABIUMXCA pecypcax H
CNOCO6ax HauJyyulero HX HCMOJb30BaHUs. JOCTHralOTCS JIH LETH 9KC-
nepuMeHTa 3(h(EKTHBHLIM 06pa3oM, B 3HAUYHTENbHON Mepe 3aBHCHT
OT MAaCTepCTBa M NPeAyCMOTPHTEJBHOCTH 3KCIEpHMEHTaTOpa, MPOSB-
JICHHBIX MM TpPH pa3paboTke NyaHa sKcnmepuMeHrta. Uem nopoxe H
CJloZHee NPOBOJKMBIA SKCIEpPHMEHT, TeM GoJbliee BHHMaHHE CJeIyeT
obpamarb Ha 3TOT 3Tan paboThl.

JluWb B OYeHb HEMHOTHX HCC/EOBAHHAX He NPHXOLATCH CTAMKH-
BATbCA C OFPAaHHYEHHSIMH Ha PECYpPCH, BHICTYMAIOUMH B BHJE OTpa
HHYEHHH Mo BpeMeHH (PeXHMY), MO CPEICTBAM H 10 BO3MOMKHOCTS
OBM. B GosbUIHHCTBE CJYYaeB STH OrpaHHYEHHS 3a7a10T BECbMa Ke- ]
CTKME€ TPaHMIbl BO3MOXHOCTEH SKCIEPHMEHTA H 4acTO He MO3BOMSIOT §
BOCMOJIb30BATbCA TPaAHIHOHHBIMA CTAaTHCTHYECKHMH MeTogaMu. [Ipe- 3
KpAaCHBIH npuMep 5T0To JaH BuisessoM B ero o6cyxpeHHH HMUTALH-
OHHOTO MOJEJHPOBAHUS MpOiecca GETOHHPOBAHHA aBTOCTPAJ, € HCIOJMb-
30BaHMeM MePelBHKHOr0 GETOHHOTO 3aBOJA IPH PAa3JHYHBIX CKOPO- 3
CTAX GETOHMPOBAHHSI M DA3NMYHHIX Pa3Mepax Napka MAaWHH [ §
AOCTABKH GeTOHA M Da3HbiX CKOPOCTAX mepeBoskH. Ilo ciosam Bua- A
Besa [4]:

«Ilocnie 3apepuleHysi BHYHCJIEHHH BBISCHHIOCH, YTO CTOHMOCTb Ma-
UIMHHOTO BPEME@HH OrpaHWYHBAET BO3MOXKHOCTH SKCIEPHMEHTANbHBIX -
HCCIe/loBaHKH, TPOBOANMEIX NOAPSAYKKOM, H €CIH MOCHeNHHI JKenaeT §
HaliTH HanboJjlee 3KOHOMHUHHE CTPYKTYpY M npouenypy npoBeieHHS
SKCIIEPUMEHTA, TO OH JOJLKEH HCIOJNb30BaTh JJISi 3TOTO BCe CBOM 3Ha-
Hus ¥ onuit. Hanpumep, npu MogeanposaHiu 19 pasiuuubBIX pasmepoB -
napka MalluH A A0CcTaBKU GeToHa (1-—18 u 21 mammubl) npu yeTH-
PeX pasMyHBIX cKopocTsaX Gerouuposanus (0,8, 1,6, 2,4 u 3,2 km/meHn)
W TpeX CPelHUX CKOPOCTSX ABHXKeHHs GeroHoBosa (24, 48 u 72 xm/4)
AJs MOAEIUPOBaHUsA HeobXoaumo 6ogee 200 u».

B paccMoTpeHHOM NpHMepe HMeeTcs 19X4X3=228 KOMGHHaIlm;y
Tpe6GyIOIHKX [Js HOJHOrO HMX MpocyeTa 200 y MaUIMHHOTO BpemeO}{m:
Ec/H NpeanoNoXuTb, 4TO OAMH Yac MaWUKHHOTO —BpEMEHH CT
300 fosJL., TO Becb 3KcHephmeHT oGoierca B 60 000 gousa., mpuyem
CTATHCTHYECKAsi 3HAYHMOCTb €ro pe3yJbTaTOB HEBBICOKA BCIEACTBHE
OTCyTCTBHSA TOBTOpeHHH 3Kcmepumenra. Ecaum Gbulo 6Bl BO3MOXKHO C
MOMOILbI0 TUIATENLHOrO aHajlW3a W TNJIaHUPOBAHHA MOJYYHTDH 3f{aqn-
Mble Pe3yJIbTaThl IPH PacCMOTPEHHH JIHIIL TPEX pasMepos na%xéa 1\2aa-
wan (1, 11 ¥ 21 MawmubL), Tpex CKopocTel GeronupoBauus ( 8 "
3,2 KM/I€Hb) M TPeX CPeAHHX CKOpOCTeH TPaHCIOPTHPOBKH O€ToHa
(24, 48 u 72 x¥m/u), TO YHCIO BO3MOXKHBIX KOMOHHAIHH COKpaTHJIOCH
661 10 3X3X3=27. Heobxomumoe MalluHHoe BpeMs (¥ CTOHMOCTD
IKCIEPHMEHTA) YMEHbUIHTCA NPONOPHHOHANBHO YHCIY KOMOMHaMMH.
370, KOHeYHo, He eIHWHCTBEHHBIH BHIXOA, TAK KaK Mbl MOXEM, Halph-
Mep, BOCIIOJB30BAThCs Gosee GBHICTPOH HIH Gonee pgellepoii DBM, pac-
CMaTpHBATb TOJBKO OAHY CPEAHIO CKOpOCTb GeTOHOBO3a W T.I. )
B GOJIbIIHHCTBE CJOXHBIX SKCIIEPHMEHTOB MO WMHTAHOHHOMY MO
JeNHPOBAHHIO YHCJIO BO3MOMHBIX KOMOWHalH#l 1 3HaueHHH [parf'ropms
NpaKTHYeCKH GeckoHeuHo. ITosromy, 4TOGBI YAOBJETBOPUTH OrpaHutie-
HUSM, HAJOXEHHbBIM Ha PecypcH AJs MPoBEAEHHS SKCIePHMEHTaNbHO-
ro HcCJefoBaHMs, NMPUXOAUTCSA NpHOGEraTh K CYLUIeCTBEHHBIM yHpolie-
HUSIM MofesHu. Boi6upaemas 5KCIepHMEHTAaTOPOM MOJeJ]b B 3HAYHTE/b-
HOH CTENMeHH onpefessercs LeJblo HCCAENOBaHHS M METOJOM CTarH-
CTHYECKOIo aHaJjH3a ero pesyJbTaToB, HeOGXOlH/IMPIM AJ1s AOCTHKEHHS
3TOH 1eaH. B 3aBHCHMOCTH OT KOHKPETHBIX IeJseli SKCMepuMeHTa AJd
AHAJM3a €ro De3yJbTATOB MOTYT NOTPeGOBATHCA PA3JMYHBLIC METOAI.
HauGoltee WKPOKO PACNPOCTPaHEHbl CIEAYIOIKE THIE IKCIEPHMEHTOB:
1) cpaBHeHHe CPeJIHHX W JHCIePCHH pa3JHYHBIX aJbTEPHATHB; .
2) onpenejieHHe BaXXHOCTH ydeTa HJIH 3HaYHMOCTH BJTPI;[HHSI nep
MEHHBIX H OTpaHHYeHUH, HAaOKEHHBIX Ha STH MEPEMEHHbIE; .
3) oTbicKaHHe ONTHMAJbHBIX 3HaUYeHHH Ha HEKOTOPOM MHONKECTH
bIX 3HAYEHHi NMepeMeHHBIX.
ngi)cx:epumemu nepBol::‘O THNA OGBIYHO SIBJAIOTCA TakK Haauuath;:
MH 0JHOpAKTODHBIMH 3KclepuMeHTaMu. OHH KOBOJIBHO NMPOCTH, H O -
HOBHBIE BOIPOCHI, BCTalOliHe Iepeji SKCNepHMEHTAaTOPOM HpPH HX rlpoPI
BeJleHHH,— 5TO BONPOCH O pasMepe BHIGOPKH, HAYaJbHBIX YCJIOBHAX 1
HAJHYMHM HJIH OTCYTCTBHH AaBTOKOppeasimuu. dTn BompocH Goiee ne-
TaJbHO PACCMOTPeHbl B M. B, DKCIepHMEeHTaM BTOpOro THIIA Pocsﬁ.
LieHo GOJBIIMHCTBO KHHT IO IJIaHUPOBAHHIO SKCNIEPUMEHTOB H dHaiIOB
3y ux peayabTaToB. OCHOBHBIME METOAaMH HCTONKOBAHHA pesyi};Tﬂaﬂuﬂ
3THX SKCIIEPHMEHTOB MBJSIOTCA AHMCIEPCHOHHBIH W perpece OHHEIH
aHaau3bl. TpeTuii THN SKCIePHMEHTOB OOBIYHO MpeAnoaraer KCro -
30BaHHe MOCJTELOBATENbHBIX HJIH MOHCKOBHIX METOJ0B IHOCTPOCHHA SKC
nepuMeHTOB. B clefylomux pasieiax Mbi KPaTKO o6CcyAuM H«&;{:Tg:
Pble MeTOAH aHaJH3a, OTBedalolllie IePeYHCIEHHBIM THIaM SKCHep
MEHTOB.

12
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4.4. MeToj, N1aHHPOBAHUS a) CieiyeT JH BHISIBUTb B3aHMHOE BJIHAHHE pa3nuyHHX GakTopOoB?

6) KakoB XapaKTep HMEIOMIEXCSH OrpaHHYEHHI: OrpaHHyeHO fpeMﬂ
Ha MCCJIeNOBaHUS, OrpaHHYeHB! CPEJCTBa MJH MaIlHHHOE BpEeMSr
B) KakoBa Tpebyemas TOYHOCTb? .
Uro6bl 0Ka3aTh NMOMOLIb NPH YTEHHH CYIECTBYIOLIEH JHTEPATYPHI,
ONPEJIENHM elle Pa3 HEKOTOPHie TOJBKO YTO BBEJCHHBIE TEPMHHBI. Ifo-
AUMeCT8eHHO! HA3HBaercs MePeMEHHas, BENHUHHA KOTOPOH ~MOMET
6HTh H3MepeHa ¢ MOMOIIbI0 HeKOTOPOH HHTEPBAJIbHOH HJIH OTHOCHTEIb-
Holi wKajbi. IIpEMEpaMH MOTyT C/IYXHTh TeMmneparypa, AJKHA, cKo-
pocTh, neHa, BpeMs K T. I Kauecrgennoil e Ha3HBAeTCs NEPEMEHHAS,
BEJHUHHA KOTOpPOH HE MOXeT ObiTb H3MepeHa KOMHYECTBEHHO, a yIlo-
pSIOYHBAETCS METOJAMH PaHKHPOBaHUA. ITpuMepaMy KaueCTBEHHHIX
1epeMEeHHBIX MOTYT CJYXHTb MallHHBL, nonur'lmxa, reorpadyuyeckue 30-
raHH3anuy, peulapllne NpaBuia | T. I
Hb]"lggpmuﬂ tp]imc’ugosaﬂubte YpoOBHU 03HAYAET, YTO MH ynpaBJme:vE
yPOBHSIMH KBAHTOBAHHS WJH YCTAHABJHBAEM HX. Ecnu ypoBHH };\/BiaH
TOBaHHUS BHOHpAIOTCA CAydalfHO (HanpuMe?, ¢ nomomplo Meroaa MoH-
re-KapJio), To YPOBHH HasbiBaloTcs ciydakHbiMH. Ecin ucnonbayeMai{
15 TOCTPOEHHsI SKCNepHMeHTa MaTeMaTHYecKas Mo}lenbaumeer %mxﬂ
cHpoBaHHble NMapaMeTphi, OHa Ha3HBaercs oo«:ecmoﬂ modenvro. Eca ,
(aKTOPH MOJEJH MOTYT H3MeHATBCA CAydYalHHM 06pasoM, oHa HdSH:
BaeTcs 8epOATHOCTHOU Mmodeabro. Ecin Mofenb CONEPHKUT KaK uKCH-
pOBaHHBIE, TAK H CiaydYaiinbie (aKTOphl, OHA HA3HIBAETCS CMELLAKNOL
nodeavro. Ppgekrom 83aumodeiicTéUL MOXKHO Ha3BaTh KOMGUHHpO--
BAHHOE BJMSHHE HAa OTKJIHK [BYX HJH GoJee $HakTopoB, MposBJsiOuLe-
ecsl TIOMMMO HH/HBHAY2JbHOTO BJIHSHHS BCeX 3THX (PaKTOpOB MO OT-
JeNbHOCTH.

Ilpy NyIaHHPOBaHHH H TIOCTPOGHHH MOJEJBHHIX SKCMEPHMEHTOB Mbi
HMEEM [eJlo C AByMs THIIAMH EPEMEHHHX, KoTophe 6yNeM Ha3hBaTh 4
B OTOH IJaBe QaKkTOpamu u OTKAuKGMu. Il BHSCHEHUS pasiHYHi §
MeX/ly HHMH PAaCCMOTPHM MPOCTOH SKCIEPHMEHT, B KOTOPOM paccMar-
puBalOTCH JUIb ABE NepPeMeHHHe X U y W LEJb KOTOPOrO COCTOHT B
OTBETe Ha BONPOC: KaK NPH H3MEHEHHH X H3MeHsercs y? B srom cay-
yae x—dakrop, a y— OTKIMK. B suTeparype dakTopH HasHBaWOT |
TaKXe DeXHMaMH HWJH HEe3aBHCHMBIMH NEpPEMeHHBIMHM, 4 OTKJIHKH —
BBIXOJAMH HJIH 3aBHCHMBIMH MepeMeHHHMH. B pasg. 1.7 Mbl ucnosbso- |
BaJIH TEPMHHB! 9K30MeHHbi#l (BXOA) M SHAOTEHHHIH (BHIXOR WJIH COCTOSI-
HHE) COOTBETCTBEHHO IJIfl paKkTOpa W OTKIHKA. HTak, TepMutb (akrop,
PeIHCUM, HE3ABUCUMAS NEPeMEHHAS, 8XOOHAA NePeMeHHas U 3K302eH-
HAf NePeMEeHHAs IKBUBANEHTHBL, TAK XKe KaK U TEPMHHH OTKAUK, 6bi- |
%00, 3a6UCUMAA NepeMennas, BoiX00HAA NEPeMennas, nepemennas co-
CTOANUA, dndozenHas nepementas. llono6Has TePMHHONOTHSI BO3HHK-
Jla B CBA3H C TeM, YTO NEPBHE HCCIEAOBAHHS C NPHMEHEHHeM CTaTH-
CTHYECKHX JKCNEPVMEHTOB NPOBOAHIHCH B CEJIbCKOM XO3SIHCTBe, a 3a-
TeM B GHonorun. B kaxmo#t u3 3THX obsacrefl HcC/IeNOBAHHH ABTOPH
CTPEMHJIHCE HCIHOJb30BaTh HaHOO/Mee MOHSTHHE YUTATENAM TEPMHHHL. |

Hans BbiGopa nmnana skcmepuMenta caenyer [3]: ;

—— ONPeAEJHTb KPUTEPUHU IIAHUPOBAHUS SKCTIEPHMEHTa;

— CHHTESHPOBATb 3KCICPHMEHTAJBHYIO MOJEb; ]

— CPaBHHTb TOJNYYEHHYI0 MoJeNb C CyUIECTBYIOIIHMH MOAE/SMH ;

CO CTaHJapPTHHIMH IJIaHAMU K BHIGPaTb ONTHMAJIBHHE MJaH.

IlnaHnpoBaHHe SKCMEPHMEHTA N0 HMUTALHOHHOMY MOJENHPOBa-
HHIO, KaK W Apyrue mpo6JieMbl NJaaHHPOBaHUs, Tpebyer CHCTeM aTHue-
cKoro moaxoaa. Cienys mpesnoxennomy Bapru [3] meromy, o6cymum i
Iponece NMOCTPOeHHs INIaHA IKCHIePHMeHTA, Pa3bHB €ro Ha TPH STama: |

— NOCTPOCHHE CTPYKTYPHOL MOJeIIH; :

— NOCTPOEHHE PYHKYUOHANLHOL MOJEIIH;

— NMOCTPOEHHE 3KCREPUMEHTANBHOL MOLEIIH;

Bug sxcnepuMenTalbHO# MOZeNH onpesenserca NOMIKHHIM o6pa-
30M NOJOCDPaHHBIMH KDHTeDUAMH MiaHupoBanus. Heo6xoAuMo pac- ;
CMaTpPHUBaTh CJEAYIOIIHE KPUTEPHH:

1. Uucno BappHpyeMHX HaKTOPOB.

2. Uncno ypoBHelt (3Hauenuii) KBaHTOBaHHS KakAOro tdaxropa.

a) SIBasiioTcs MM YPOBHH (PaKTOPOB KAueCTBEHHEIMH HJIK KOJHTe-
CTBEHHHMH?

6) JlomXHB JU GHTb YPOBHH KBAHTOBAHUS ¢duKcHpoBaHH (ynpaB-
JSIEMH) WIH CIyYafHH (HEynpaBiseMbl)?

B) Culefiyer JIH oleHHBATH HEMHHelHble apdexrs?

r) HomxHbi JX Bce GaKkTOpH HMETb OZHHAKOBOE UHCJIO ypoBHe#H?

3. Heo6xonuMoe uHci0 u3Mepenuil epeMeHHOM OTKIHKaA.

4.5. CTpykTypHast Moneib

B cooTBeTCTBHH C NPUHSATHM HAaMH NOAXOAOM IiepBhie JBa KpHTE-
pHsl WIpalOT OCHOBHYI pOJb B ONpeJeJeHHH CTPYKTYpHOH MOJENH.
CrpyKrypHasi MoJeJb Xap aKTepusyercs

— yHcaoM GaKkTopos;

— yHCIOM ypOBHeHR I Kaxporo dakropa.

Briop 3THX NapaMeTpoB onpejeisderca UeAAMH 35<cnepnrmema,
TOYHOCTBIO H3MepeHu# (akToOpoB, HHTEPECOM K HEJIMHEHHBIM s dex-
tam u T. 0. Ha sror BhifOp He JoJIKHA BJHATH OrPaHHYEHHOCTb YHCJIA
BO3MOXHHIX H3MepeHHH, BO3HHKalOlias BCJAEACTBHE OrpaHHYCHHOCTH
pecypcoB. Ilofo6HEE OrpaHHYeHHsl CYIIECTBEHHH IJI5 BhiGopa GYyHK-
IHoHaJbHOU MofenH. CTPYKTypHas Mojeab BHOHpaercs HCXOAd H3
TOro, 4To GOAMHO GHTb cAenaHo, a (YHKIHOHaJbHas-— U3 TOro, 4TO
MOXCeT GHITb CAEJAHO.

CrpyxTypHas MoJelb SKCIeDHMEHTA, C/eJA0BATENbHO, UMEET BHI

Ns=(ql) (qz) (qa) b (qk)v (4 1)
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tae Ns—unciio sneMeHTOB 3KclepuMeHTa; k— uHciI0 (AKTOPOB SKe-
TIepHMeHTa; §; — YucJo YPoBHe# i-ro ¢akropa, i=1, 2, ...,

Mb! HasbIBaeM 354EMEHTOM OCHOBHOH CTPYKTYDPHBIH 6JOK 9KcnepHu-
MEHTa, onpe/iesisieMbifi KaK NPOCTeHUINHA SKCIEPUMEHT B Clydyae OAHO-
ro gakropa u OJHOro ypoBHH, T. €. k=1, g =1, N,=1.

Bomnpoc o Bhifope uncla M BHIA HeoGXOAMMBIX (BaKTOPOB caenyer
paccMarpuBaTbh € Pa3IHUHBIX TOYEK 3peHUs. IlepBOH M OCHOBHOH u3
HUX fABJsdercd leJb HCCAeJOBaHHs. DTo O3HAYAeT, YTO Mbl LOJIKHEI
PeInTh, KaKHe OTKJIMKH HHTEPeCylOT Hac B IepBYIO Ouepeib, T. €. Ka-
Kue BeJIMYHHbl HeOOXOXMMO H3MEPHTb, YTOGH! NMOJYYUTb HCKOMBIE OT-
Berbl. Hanpumep, npu mMogenupoBanuy HHGOPMaLHOHHO-TIORCKOBOH CH-
CTEMBl HAaC MOXKeT MHTEPecoBaTb BpPeMs OTBeTa CHCTEMBl Ha 3ampoc.
B 10 e Bpems Hac MOXeT MHTEPeCOBATb M MAaKCHMAaJbHOE YHCIO 06-
CJyZ’KeHHBIX 3aNpPOCOB 3a AaHHbIA NMPOMEXKYTOK BPeMeHH HJM KaKHe-
160 IpyrHe XapaKTePHCTHKH MOJeNUPYeMOlt CHCTEMBL.

Ilocne BhiGOpa MHTEPeCYOIMX HAC MePEMEHHLIX OTKJAHKOB MBI
JOJKHBI ONpeAeNUTs (YAKTOPbl, KOTOPbie MOLYT BJHMATb Ha 3TH Mepe-
meHHble. O6bIYHO YHCIO TAKUX (AKTOPOB LOBOJBHO BEJHKO, noTOMY
HeoOXOAHMO BbleJsTh Cpefl HHX HECKOJNbKO HauboJiee CYLIECTBEH-
HbIX. K coxkanleHWio, yeM MeHbIle Mbl 3HAKOMBI C cucTeMol, TeM 60JIb-
e Takux (akTOPOB, KOTOPbIE, KaK HaM MNpPeACTABJSETCH, CnocobubL
BAUATL HA OTKIMKH. Mbl coraachet ¢ Akodom n Cacnenu [1] B TOM,
TO, €KaK MPaBWUJIO, CTelleHb MOHUMAaHHUs ABJEHHS 06paTHO NpPONOPIHO-
HaJIbHa YHCJy NePeMeHHBIX, QUIYPHPYIOMKUX B €ro ONHCaHWH». Bojb- §
TIHHCTBO cHCTeM pafoTaeT B COOTBeTCTBHH ¢ npunyunom Ilapero, xo- |
TOPBIH IJIACHT, YTO C TOUKH 3PEHHS XapaKTEPHCTHK CHCTEMBI CyLIeCT- t
BEHHBI JIMLIb HEKOTOpble M3 MHOxkKecTBa (pakropoB. [leficTBUTeNbHO, B
‘GoapuwnncTBe cucreM 209 ¢akTopoB onpegensior 80% CcBOKCTB CH- |

cTeMbl, a ocraabubie 80% dakropos onpemensior Jumb  20% ee | ynpoliiaer onpejeseHne Kgad]cpnuwemoxa TIOJIHHOMHAJIbHOH (b yHKIHH.
<Bofict. Hama 3ajaya — Bblge uTs CyllleCTBEHHbIE tdaxkTopbl. o ITosToMy 06bIuHO ABE KpafiHWe TOYKHM WHTepecylomeH Hac obaacTy
Tlocie onpegesieHusl MePeMeHHHX OTKIMKA H BBHIEJNEHHS CYLLECT H3MeHeHUsl KOJHYeCTBeHHOH NMepeMeHHOH BBIGHPAIOT KaK JBa ee yPOB-
BEHHBIX (AKTOPOB HEOGXOAMMO KJaccU(HIUPOBATL 5TH ¢dakropsl B Hsl, @ OCTAJIbHBIE YPOBHHM DPACNOJAralT TaK, YTOObl OHU [eJHJIH MOy~
‘COOTBETCTBHH C TeM, KaK OHH BOHAYT B Oyaymuil skcnepument. Kaxs § YEHHBI OTPE30K Ha PABHbIE YaCTH. R
il GaKTOP MOKET BXOJMTb B IKCIePHMEHT TpeMsa cnocoGamu [3]: Brille 6110 OTMEYEHO, UTO MOXKHO MOJYYHTh CYULECTBEHHbIE aHa
1) daxrop moxer GHTh MOCTOSHHBLIM H TEM CAMbBIM HIpaTh Polb rpa- # JIMTHYECKAE NPEUMYILECTBA, €CAN TPHHSATH 4HCIO YPOBHEH BCeX pax-
HHUHBIX YCJOBHH SKCMePHMEHTa; 2) (Gakrop MoxeT GHITh epeMeHHBIM, 3 TOPOB OJUHAKOBBIM, B OCOGEHHOCTH €CJIHM YDOBHeH BCEro JABa-TPH.
'HO HeYNpAaBJISieMbIM W BHOCHTb TeM CaMbIM BKJIaj B OLIMGKH SKclepH- Taxue cTpyKkTypHBIe MOZE/H CHMMETPHUHb H HMEIOT BHA
MeHTa; 3) dakTop MOKeT GHTb H3MepseMHM M ynpaBiseMbiM. L N,=g". 4.2y
‘CTPYKTYPHOH MOJeNHM MHTEpecHH ()akTophl TPeTbero BHAa. Unuraresb
JOJIZKEH NOHMMAaTh BAXHOCTb MPOBOAMMBIX Ha 3TOH paHHe#l cTaiuH
fipollecca MOJeJMPOBaHus paccMoTperuit. McenenoBaresio #eobxodumo
3HATb, KaKHe NepeMeHHHe eMy MOHaJO6HTCA H3MEPATb M KOHTPOJIHPO-
BaTb B Npollecce NPOESKTHPOBAHKS K NPOBEJEHHs SKCIepuMenTa. B mpo-
THBHOM CJIy4ae BIOCJEACTBHH OH MOKET CTOJIKHYTHCS ¢ HEoBXOAMMO-
CTbIO NE€peJeJIKH TOTOBOH MOMAEJH,

CJllefylomuil War NPOEKTHPOBAHHA CTPYKTYPHOH MOZIENH COCTOUT
B ONpelleieHHH yPOBHel, Ha KOTOPbIX Clle/lyeT H3MePSTb W yCTaHaBJIH-
BaTb AaHHBI (pakrop. MuHHMa/bHOE YHCIO yPOBHeH (akropa, we AB-
JSIIOIErocsl MOCTOSIHHBIM, paBHo AByM. OueBHAHO, YTO YHCJIO YPOBHER
c/efiyeT BHIGHPaTh MEHMMaJbHO BO3MOXKHBIM M B TO XKe BpeMs J0oCTa-
TOYHBIM JJIA JOCTHKeHHs ueJedl 3KcmepuMenra., Kaxaplit nonosuu-
TeJbHBIH YPOBEHb yBEJHYHBAET CTOMMOCTbL 3KCNEPHMEHTa, h CJeAyeT
TILATEJNBHO OLEHHBATh HEOGXOAHMOCTb €ro BBefeHHs. Buibop A Kax-
noro (akropa OJUHAKOBOrO 4YHCJa ypoBHell (B ocoGeHHOCTH ecin
ypoBHell Beero ABa-TPH) AaeT oNpe/elieHHble aHaJHMTHYECKHe MpeHMy-
mectBa. KauyecTBeHHbIl ¢aKTOp Mo CBOEH CYTH NPHHMMaeT PsA BO3-
MOMKHBEIX YPOBHeH, HalNpuMep CTpaTeruii B CHCTeMax MpPHHATHS pelle-
uuit. XoTd Mbl A48 yAo6CcTBa 0603HayaeM YPOBHH KayecTBeHHOro ¢dak-
topa uudpamu 1, 2, 3 wian 6ykBamu A, B, C, Mbl Z0/KHBI OMHHTD,
9T0 HOJOOHOE YNOpsifioueHHe NPOM3BOJBHO, TAK KaK KayeCTBeHHbIE
YPOBHH HEJb3si U3MEPATb C NMOMOINBIO KOJHYECTBEHHOH IIKaJbl.

s KonuuecTBeHHOro hakTopa HeoOGXOLUMO BEIETHTL MHTEpeCylo-
mylo Hac o6JacTb ero H3MeHeHHA W ONpeJe/IuTb CTeneHb Hallell 3aMH-
TEPECOBAHHOCTH HeJWHeHHbIMH 30 dexkramu. Ecam Hac HHTepecyloT
TOJILKO JIHHeHHbie 3QdeKThl, A0CTAaTOUHO BHIOPATh JBa YPOBHS KoJHye-
CTBEHHOH nepeMeHHoII Ha KOHIaX HHTepBajla o0JIacTH e€ M3MeHEHMs.
Ecay Xe wHcclefoBaTes b TPEANOJIaraeT W3yyaTb KBaJApaTHUnble 3¢-
(deKTbl, OH JOJIKEH HCIOJb30BaTh TPH YpoBHA. COOTBETCTBEHHO M,
KyGHuecKoro cilyyas HeOOXOAMMbI YeTbipe ypoBHA H T. A. Uucio ypos-
Hell PABHO MHHHMAJbHOMY 4YHCJIy HeOOXOAHMBIX IJIS BOCCTAHOBJIEHHST
byHKIUE ToyeK. AHAJIH3 JAHHBIX CYLECTBEHHO YNpPOIIAeTcsl, eclu cle-
JIaThb YPOBHH PaBHOOTCTOSIMME APYT or Apyra. Takoe pacnosoxeHue
103BOJIIET PAacCMATPUBATh OPTO2OHAAbHOE pa3buexrue W TeM CaMHM

4.6. dyHKuHOHANBHAS MOJIENb

DyHKUHOHAMbHASL MOZEJb ONpefelseT KOJHYeCTBO 3JEeMEeHTOB
CTPYKTYPHOH MOZeH, KOTOphie AOJKHBI CHAYXKHTb JeHCTBHTEbHBIMHU
H3MEPUTRNSIMH OTKJHKA, T. €. ONPEJesATh, CKOJLKO HeOOX0AUMO UMETD
PasnuuHux wHQOPMaIMOHHBIX Toyek. {logoGHble QYHKHHOHANbHBIE
MoJeJH B COOTBETCTBHY € onpefenennem Bapru ([R] moryr 6bith JAu60
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COBCPIUCHHBIMH, /KO0 HecoBeplUeHHHIMH. (OYHKUHOHAJIbHAS MOJESb
Ha3bIBACTCA COBCPLUEHHOH, €CIH B H3MEPEHHH OTKJIMKa Y4acTBYIOT
BCe ee 3JleMeHTH, T.e. Ny=N,. DOyHKIMOHANbHAS MOJENb Ha3biBa-
©TCsl HecOBepLICHHOH, €CJIH YHCIO WMEIOMMX IMECTO OTKIHKOB MeHbIle
4HCJIA 3]1eMeHTOB, T.€. Ny<N,. Tak kax CTPYKTYpHAs MOJeNb OTpefe-

HBIM OTpaHUYeHHSM, MB OGBIYHO BBIHYX/JeHbl TOHTH Ha GoJblloe:
ygcao xkoMmnpomuccoB. Ha puc. 4.2 mpencrasiena B YeTBIPEX KBai-
paHTax HOMOIpaMMa, KOTOPYI MOXKHO HCIOJb30BaTh AJs TIpeaBapH-
TeJbHOrO TIAHHPOBAaHHMSA SKCIEPUMEHTa B OTHOIUGHHH dYHcaa ¢akTo-
pOB, YPOBHEH, TOBTOPEeHHH 3JKCIEPHMEHTA, a TakXke CKOPOCTH BbIYHMC-
JeHHH W 3aTpaT Ha Hux. JIBa JeBBHIX KBajJpaHTa MOCTPOEHH C
TOMOIIBIO CJENYIOIEr0 BbIPAXeHHs MJ MOJHOTO YHCJAa MAaUIMHHBIX
[IPOrOHOB, HeOGXOAMMBIX TPH CHMMETPHYHO NOBTOPSEMOM 3SKCTeDU-
MEHTe:

z ! ¥
Yucso ypobwed paxmopa § 2

S

[

[
N
5

N:qu, (43)’

r1e k—uucao GaKkTopoB (BXOXHBIX TapaMeTPOB WIM MEPEMEHHBIX);
g — unca0 ypoBHell (akTOpa; p— uKcaO0 MOBTOpeHHi; N — momHoe
4KCJI0 TpeGyeMBIX MAalIUHHBIX IPOTOHOB.

Ha puc. 4.2 npHBele cooTBeTcTBYIOWMUE NpuMep. BoibepeM uucao-

>

/o

mawunmoeo Bpemens, 10° 3o,

|
\

“\
S
llonwas emoumocms

Yueno parmopod k
N

‘ 2 T T 20 30 0 50 (hakTOpOB B JIeBOM BepXHeM KBajJpaHTe 9TOTO PHCyHKa. M3 BmiGpaH-
f\\ i 5 L lomnoe maussmoe Gpens, s I ’ HOll TOUKM TpOBefeM TODH3OHTAIBHYIO MPSMYI0 KO TEPECeyeHHS ee C

. K< =y Spensra KpHUBOH, ©TBeyawlleli TpebyeMoMy uncay ypoBHe#l daxtopa. M3 Toukw
2 N porone | nepeceyeHus: NpoBeleM BEPTHKAJbHYIO MPAMYI0 BHH3 JO MEpeceyeHus

ee C KPHBOHl B JIEBOM HHXKHEM KBajpaHTe, OTBeyalollle TpeGyeMOMy
yucay noBropeHuit. M3 mosydeHHON TOYKH MpOoBeAeM FOPH3OHTAJbHYO:
fpSIMYIO BIIPaBO A0 NMepeceyeHus ee ¢ KPUBOH B MPAaBOM HHIKHCM KBaj-
paHTe, OTBeyalolieli CpelHeMy BpPeMeHH BHITTOJNHEHHS OJHOTO MalluH-
HOTO miporoHa (KpuBble B IIDABOM HHXKHeM KBa/lpaHTe MOCTPOEHHI B-
pacyeTe Ha TO, YTO Pacxoj, MAIIHHHOIO BPeMeHH Ha JQaHHBIH NMPOEKT
de mpeBbilaeT 20 MHH MAIIHHHOTO BpeMeHH B JeHb). I[lpoeunpyst
MOJYyYeHHYI0 TOYKY BePTHKaJbHO BHH3, MBI MOJYYHM OLEHKY YHCJAA
KaJleHD.aprIX I[Hel:l, HeOﬁXOJlPlMHX AJisT TIONYYEHHST HCKOMBIX JTaHHBIX.
ITpoeuupys 3Ty e TOYKY BePTHKAJLHO BBEPX A0 MEPECEUCHHS ¢ KPHU-
BOH B BepXHeM MPaBOM KBalpaHTe, COOTBETCTBYMOIIEH CTOHMOCTH | W
MalIMHHOTO BPeMeHH, MBI MOJYYHM TOCJHeAHIOW TOUKy TNepeceueHus.
BepTukaibHas KOOPAMHATA STOH TOUKH (MJIH TOUKH NIOJYUYEHHOH HH-
TepnoasfnHeil) NmpeicTaBiasieT co00H OIEHKY MONHOH CTOMMOCTH Ma-
UIHHHOTO BpeMeHH, HeOOXOAUMOro [/ MOJy4eHHA BcCeX HCKOMBIX
AaHHbIX.

[Ipumep puc. 4.2 COOTBETCTBYeT OIMHOYHOMY SKCHEPUMEHTY C
Tpems (paxkTopaMu, TpeMs YpOBHaMH, '15 moBropenusmu, 120 ¢ Ha
OIHH MalIHHHBIH TPOTOH MOJNeJH H CTOHMMOCTH OJHOLO Yaca MalllHWH-
Horo BpemeHH, paBHO# 500 mosn. Takofi axcmepumeHT moTpebyeT
400 BBHIUMCJWTEJBHBIX IMKJIOB, TPUMepPHO 13,5 4 MaIIMHHOTO BPEMEHH,
oKkoso 40 nHell Ha TOJy4eHHe BceX AaHHBLIX ¥ 6000 moau. aas omaarsi
MalugHoro BpemeHd. Cuefyioumue nudpbl A1eMOHCTPHPYIOT BaXKHOCTh
TIaTeabHOTO NMJIAHHPOBAHUS SKCTIEDHMEHTa Npu Bbibope yHCiIa ypOB-
Heli dakropa. PaccMOTpUM mpeAblAyiHil IKCNepPHMEHT, B KOTOPOM
BMeCTO TpeX ypoBHeH QaxTopa Bbl6pano ABa. Tako#i asKcnmepuMeHT
norpe6yer Aulb 135 BHYHCAMTENbHBIX HUKJIOB, 4,54 4 MaUIMHHOTO
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Puc. 4.2. HoMorpamMma Ans OLEHKH CTOHMOCTH JKcmepumenTa [21].

~IS€T TO, 4TO Mbi XOTeNH OB HMeTb, TO MIA€AJNbHHM GbLT Gbl cayygait
KoTla (QyHKIHOHAJbHAS MOJENbCOBNALaeT O CTPYKTYpHOil. K oo)Ka-,.
JIEHHIO, GOJIBIUHHCTBO MOJENbHBIX HCCAeAOBAHKY HMeeT OTpaHHYeHUs
HaJoXeHHble Ha BpeMsi (rpaduk), JAeHeXHble CpejcTBa u rnpOHSBOJ.‘LH-'
TEJABHOCTE BLIYHCAUTENBHHIX MAIUKH, BO MHOTUX Ciyyasx aTH orpa-
‘HHYEHHsl yCTAHABJHMBAIOT [0BOJNBHO IKECTKHE TPAHMLH NS (BO3MONK-
HOCTeH SKCMePHMEHTANbHOTO HCCIAENOBAHHS M He MO3BOJISIOT npuMe-
HATb KJNACCHUECKHE CTATHCTHYECKHE MpOueAypH. DYHKIHOHANbHAS
MOLeJb JIOJL)KHA TOMOYb HaM BHIGPATh MpHeMJIEMBbIH KOMIpoMACC
MeXNy HalllUMH KeJIaHHSIMU W HALIHMH PecypcaMu.

B GonbuuHCTBE CJOKHBIX SKCMEePUMEHTANbHHX HCCIef0BaHHA
YHCIO BO3MOXKHBIX KOMOWHauuH (akTopoB u paccMaTpHBaeMHIX HX
YpOBHel mouTH GeckoHeyro. ITosToMmy, MTOGH YIAOBJIETBOPHTb pecype-
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AHaslorHyHbIM 06pa3oM OTHOCHTEJIbHOE BJHSIHHE e/[HHHYHBIX H3Me-
HeHHl WHCIA TIOBTOPEHHH M uHciIa (akTOpOB ONpeAessieTcs COOT-
HOLICHHEM

BpeMeHH, 13,5 AHA HA MoJyyeHHe NaHHBIX U Bcero 2250 JOJA. a8
ONJIaThl MalIMHHONO BPEMEHH (COKpallcHHEe 3aTpaT Ha 265%).
llpusesiennas BHule HOMOrpaMMa mo3BOJISIET TNPOEKTHPOBIIHKY
ObICTPO OLIEHHTh CBOH BO3MOYKHOCTH IpH MpPOBEJECHHH SKCIEpPHUMEHTA.
Hamnpumep, ecau KomuyecTBo menexHbIX cpeers PHKCHPOBaHO, To 1py
BaJlaHHbIX CTOMMOCTH 1 Y4 MalUHHHOIO BPeMeHH H JJHTEJLHOCTH Bhi-
TIONTHEHHS] OIHOTO 'MAIMHHOTO NPOTOHA TIPOCKTHPOBIIHK MOKET 6bICTpO
OUCHHTL MAKCHMAJNBHO JOCTYMHOE €My YHCIO MAIIKHHBIX [IPOTOHOB.
3aTeM OH MOXKeT NPOC]EAUTh BOSMOKHBIE B3AHMOCBSIZH MeXAy dak-
TOPAMH, YPOBHAMH W UHCJIOM TIOBTOPeHKH. Ecim e oH BHAHT BO3-
MOMKHOCTb COKPAIICHHS BPEMCHH BHIOJHCHHA MAalIKHHONO MPOrOHA
(HanpuMep, ¢ TIOMOIBIO TepenporpaMmHupoBanusa) co 120 go 60 ¢, To
OH MOXKeT GHICTPO OUEHHMTb, ONPABAAHBL JIH HEOGXOARMbIE IS 5TOT0
YCWIHSL (B HalleM NPHMEpe SKOHOMHS COCTABHT 2667 M0/, Mo Ma- |
IIHHHOMY BpemeHH W 20 nHe#t yckopeHus rpaduka pabor).
[Tpennonoxum Tenepn, 4T0 BCIEACTBHE OPDp AHHYCHHH II0 CTOUMOCTH |
HIR MAUIHHHOMY -BPEMECHH OKCMEPUMEHTAa MPOEKTHPOBLUHK CUHUTAET 4
HEOOXOJMMBIM YMCHBIIHTD TOJHOE YHCIO BHITHCAKTENbHBIX TPOTOHOB.
Torza xenaTeJbHO MPOAHANHBHPOBATb OTHOCHTEJBHOC BAWSHHE dak-
TOPOB, YDPOBHEH H 4YHCNA [OBTOPCHHH Ha KOJHYECTBO TMOTPeOHBIX |
MAUIKHHBIX POTOHOB. OAKH H3 CMOCOGOB CAENATb 9TO — HAHTH, KaKas :
U3 STHX TpEX MEPEMEHHBIX BeJHYHH JACT HaHGOJblIee COKpalleHHe 3
TIOHOrO  KOJIHYECTBA TPOTOHOB Ha EAMHHUHOE H3MCHEeHHe nepeMeHHOM;
Jas storo BemosHUM LxddepeHnrpoBante ypasHCHUS (4.3) mo p; §
k u_q, a 3aTeM paccMOTPHM OTHOIIEHHe TOJNYYEHHBIX ypaBHeHu#H [21]4
Huddepenunpys mo & u g, nojayyaem :
)
_gx/ﬂ=‘7_l“_‘7. (4.4)]
o9 _k_ g

oNfop . _1_ (4.6)
ON/ok plng *

U3 ypasuenuii (4.4)—(4.6) moayuaem:
1. E}gm kp>q u k>qlng, T0 foMHHHpYyeT (OKa3blBaeT HauGOJb~
uiee BJAHSHHC HA TOJHOE YHCJAO MAIIHHHBIX NPOTOHOB) H3MEHEHHE

yucaa yposnet.

2r— \

~a

N

Losnuwupyrom k=5
panmops

A /
"W// i

(g in g)/k
AN

Ecm

oN oN
W> g « -

7
Puc. 4.3. daxToph # yposun [21].

TO CNHHHYHOE H3MCHEHHE uUCIa (PAKTOPOB H3MEHSET TOJHOE YUCH
MAUIHHHBIX TIPOrOHOB MO CPABHEHHIO ¢ CAHHWYHBIM H3MEHEHHEOM YHCI
YpoBHe# daktopa B GoJbilielt crenens. Ecan xe

N ov 2. Ecnu kp>q u k<q Ing, To LOMHHHpYET YHCIO HAKTOPOS.
N 3. Ecau pp<qqn plng<l, To KOMHHHpYeT UHCIO HOBTOpeHull.

ITpuBesieHHBIH BBILIe aHAJIH3 J1aeT OCHOBY JJIs pa3pa60TKu° 6bICTf
poro rpaduyeckoro Mertola ONpeleJeHHs JIOMHHUpYHOIeH HiIs-
L@ HHOTO SKCMepUMeHTa NepeMeHHOH. ITOT METO/l OCHOBaH Ha HCHOJb30-

TO BEepHO 0GpaTHoOE yTBEPXKICHHE.
Huddepenunpys o p u g, Tosyyaem

ONjop____q . Banuk rpaduueckHX oToOpaxeHWil ypaBHeHu# (4.4)—(4.6), npmarc-
ONJog "~ kp (4.5) 4 NeHHBIX gaq;uc. 4.3—4.5 cootBerctBeHHo. Ha puc. 4.3 mpuBeaeH Tpa-

Qux orHomrenus (qln q)/k kaxk GyHKkuUK YHCIa YPOBHEH § MpH HWHCTE
daktopos B mpexenax or 1 go 5. Ecau orHomenne (¢ In g)/k npeshi-
Waer | npy naHHBX BeJWYHHAX ¢ U K, TO AOMHHHPYET 4YHCIO (HaKTO-

B 2ToM crnyyae oTHOCHTeNbHOE BAMAHME eXUHHUHDIX uaMenenull’
9uCa NOBTOPEHUH M YNCHTa ypOBHeH ONpefessieTcss OTHOLICHUEM (4'5): 1
“aCTHBEIX MPOU3BOAHEIX 10 STHM [TePEMEHHBIM. oy
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poB. Ecu ke 9To oTHoOLleHHe MeHble I,
YPOBHEH.

Ha puc. 4.4 npusefed rpaduKk 3aBHCUMOCTH OTHOLICHUS qlkp ot
4HCTa ypoBHEH ¢ AU BEJHYHH MPOH3BeleHWid kp B mpegesax ot 1

‘

[IOBTOPHOTO (DAKTOPHOTO SKOMEPHMEHTAa ¢ HETHIPbMSA (HAKTOPAMH
(k=4), Tpems YpOBHAMH (§==3) W BOCEMBIO MOBTOPEHHAMHU (p==8)?
O6patumcss K puc. 4.3, nonaras ¢=3 u k=4. OrTHOWEHHE
(g1n g)/k MeHblle 1, MO3TOMY YPOBHH HOMHHHDYIOT Hal (aKTOpaMH.
[Mepexonum K puc. 4.4, nonaras takxke §=3 0 k=4. OrHoleHue

TO TOMHHHPYET YHCJO ;

2 (gIng)/k MeHplle !, u mOSTOMY YPOBHH IOMHHHDYIOT HaJ TOBTODE-
h ? -
&
| Aomurupym A /
nobmapenus N
/ \
s Aomunupyrom
& ® . nobmepenusi p=1
N 7 b =
= 1w s |
Homunupyom y‘ § ~N
ypoliu Lomunupyrom
/ P panmops! p=2 —
L
Ty
/ \\
_ p=m
0 7 2 P) 4 5
g 0 7 2 N 4 5
Puc. 4.4. Tlosropenns 1 yposan [21]. g

- 4 Puc. 4.5. ITosropenns 1 daxropn [21].
710 5. Ecan B AauHOM cityuae g/kp>1, TO HOMHHHDYET UHCHO TOBTO

pernii. Ecan xe g/kp<<l, To poMuHEpyer umcmo ypoBHe#. OTmery;
YTO CCAH Rp=>5, To BCerAa NOMHUHEPYET Ynucio ypoBHeii.

Ha puc. 4.5 npuBefien rpaduk 3aBHCHMOCTH OTHOMICHHS 1/(p In g};
‘OT uhcaa yposHedl ¢ ans 1, 2 u 10 mosropenwuit. Eciu 1/(plng)>1,
TO AOMUHHPYET HMucno nosTopenuit. Ecau 1/(plng) <1, To mpu p=>2
H g=2 GaKTOPLl JOMHHHDYIOT Haj TMOBTopeHHSAMH. C MOMOLIBI0 STHX 3
‘“TPEX DHCYHKOB H YCTAHOBJIEHHBIX BbILIE COOTHOIUEHHH MOMHO Jerko:
BBIABHTD, €IHHAYHOE H3MEHEHHe KAKoM H3 Tpex nepeMeHHbX — yucaad
{pakToOpoB, ypoBHel MM MOBTOPEHHH — NPUBOJUT K MaKCHMAaJbHOM
COKPaUIeHHIO MOJTHOTO YHCJA MALIHHHBIX 1POTOHOB.

Mpumep 4.6.1

Husva. MTak, B AaHHOM mMPHMepe yMeHbLIEHHE WHCJIa YpoBHeH c 3
710 2 mpuBefET K MAKCHMAJIbHOMY COKDAlEHHIO MOJHOTO HHCIA He-
OOXOMMMBIX MAIIHHHBIX TPOTOHOB. KoHEyHo, 2TO MOXKHO CHae/aTh
JHIIb B cyyae, eCIH HAc HHTEPECYIOT TOJNbKO JHHefHbe BdOeKTH.
Pic. 4.4—4.6 MOMOrajT OIEHATh BJIHAHWE PA3JNHYHBIX NMepeMeHHHX,
HO OHH He CHOcOOHB! MOMOYb MPHHATH TO WIH HHOE pelleHHe.

4.7. OnnodakTOpHbBIE SKCNEPHMEHTbE

HanGonee npocr B 71aHUPOBAHHK TaK HA3bIBaeMblHi OMHO(AKTOP-
HBI{l SKCIEPUMEHT, B KOTOPOM H3MEHsSETCsl JHIIb eIHHCTBeHHbIH ¢ak-
TOp. YPOBHH HeC/IE€AyEMOro «paKTOpa MOTYT ObiThb KAYECTBEHHBIMH HJIH

Kakas nepemeHHas wurpaer ZOMUHH i
p P ot PyIOImyio pojib B COKpalleHH KOJHYeCTBEHHBIMH, (GHKCHDOBAHHBIMU HJIK ClIydaiHbIMH. Y POBHIMH

JIOMIHQrO YHUCJIa MAaUIWHHBIX TNpOroHOB, HeOBXOIMMBIX AJs MpOBeICHH
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¢axTopa MOryT OHTb PasjHyHbie CTPATETHH PAGOTH, pas/HyHbie KOM-
(urypanuu CHCTEMB H Pa3jHYHbie YPOBHH BXONHOH HJH BHXOLHONK
nepeMeHHOH. Yncio HAGMI0eHH} WK IIPOTOHOB JIJISl KAXK/IOTO yPOBHS
pexuMa wnitn tdaktopa ompejensercas LONYCTHMBHIMH 3aTPATaMH, e-
J1aeMO# MOILHOCTBIO MPOBEPKH HJH CTATHCTHYCCKOH 3HAUHMOCTBIO pe-
3yJIbTaTOB.“ PaccMarpiBaeMylo CHTYalHI0 MOXKHO MpPeACTAaBHTb B BHAE
cleAylolell MaTeMaTHYeCKOH MOJENH:

Xyj=np+ Tj+8ij9

rre X;; o6osHauaer i-e HaGmogeHne (i=1, 2, ..., n) Ha j-M pexuMe
uin yposHe (j==1, 2, ..., k yposHeit). Hanpumep, X4, o6ozxauaer
yeTBeproe HaGMIOAeHHe WIM TPOTOH HAa BTOPOM YpOBHe axTopa.
O6iiee BAHAHEE BCErO SKCMNEPHMEHTa OGO3HAUEHO UepPe3 ; BJIHSHHE |
j-ro pexxuMma—T;, a depes e;; oGosHaueHa cuayuafiHas omubka f
i-ro HaGJIOJeHAs Ha j-M pexkuMe. B GoJblluHCTBe paccMaTpHBaeMbx
B JINTEPAType IKCNEPHMEHTANbHBIX MOMeJeH &;; npeinosaracTcs HOp-
MaJIbHO paclipefie/ieHHOH C/AyualHOH BeJNHUYHHOH ¢ HYJEeBHM CpPEeIHHM
o IACnepchell 6%, ONWHAKOBOM AJs BCex j. B 6Gosee CJOXHBIX Cayqasx
B MPaBYI0 YaCThb NPHBEAEHHOTO BHIIlE yPaBHEHHS MOJENIH BKIOYAIOT
AOTIONIHHTE/IbHBIE [IePEMEHHbIE, MO3BOJIAIOIIKE YYeCTh BAMSHHE APYTHX
dbaxropos u ycnosuit 3anauu.

Ecnu pexxuM uin (akTop HMeT JHUIL ZBA YPOBHS, TO MOXKHO
HCOIIOJIb30BATh NMPOUEAyPH NPSAMOH MPOBEPKH THIIOTE3 € HCIOJIb30BA-
HHEM CTaHAAPTHHIX KpuTepues (£, F, x® uiu otHowenuit). B Ta6n. 4.1
T10Ka3aH THIHYHBIA MUIaH (MaxkeT) OAHOMAKTOPHOrO 9KCIEPHMEHTA € |
k yposHaMu daxTopa.

xy €i ECIH HyjleBas THNOTe3a OTBEPrHyTa, TO MOMKHO IPHMEHHTb
pAl ADYTHX HCOBITAHHA JUIS BHISBJIEHHS ypoBHeH, 06Jafalomux
CyIeCTBEHHO PA3/IHUHBIM JeficTBHeM. Mb MOXeM caelaTh 5TO AByMA
cl0co6aMH B 3aBHCHMOCTH OT TOTO, KOTAa (X0 HJH TIOCHe NOJYUYCHHS
7AHHBIX) NPOH3BOAUTCA BHOGOP HEOOGXOMHMBIX CpaBHEHHH CPeAHHX
BenuuuH. Eclii BBIGOP OCYINECTBJSETCA aNMpHOPHO (1O [OJNYYEHHS
JaHHBIX), TO HeOOXOAMMBbie CpaBHEHHS MOXKHO NPOH3BECTH 6e3 uszMe-
HeHHSI pHCKa a4 anpHOpPHOro JHCIIepCHOHHOTO aHaJiu3a. Yucao Taxux
cpaBiHeHuli He IIDEBOCXOJHT YHC/IA CTelecHeH ¢BOGOAE CPelHHX 3HATe-
Huit yposHeil pexuma (T.e. k—1). OGBUHO HCIOJB3YETCS TaxK Ha3bi-
BaeMblil MeTo0) OpTozoHaAbHbix paszbuenwil. B TOM ciyyae, Xxoraa
BbLIGOP TIPOH3BOAHTCA TOC/E TOMYYEHHS NaHHHX, CIeAYET BOCHO/IB30-
BATbLCA HOBHIM MHOrOGOHHHM xpuTepheM Jlynxana \[3].

Bo.IbUIHHCTBO ONHMCAHHBIX B JHTepaType KJIACCHYSCKHX 3IKCIepH-
MeHTaJbHHX IJIaHOB OCHOBAaHO Ha HCNOJb30BAHHH JHCIEPCHOHHOTO
WK PErPECCHOHHOrO aHajqusa nociae c6opa AaHuslx. OOBYHO npH
HaJHUAH KAYECTBEHHHX (AKTOPOB HCNOJb3YETCA JHCNEPCHOHHBIH
aHalH3, a B C/Ayuyae, KOTra Bce (axkTOPH KOJHUECTBEHHHIE, — perpec-
CHOHHBIE aHaJau3. JlerajbHOe paccMOTPEHHE COOTHOLICHHS MeXAy
DErpeCCHOHHHM H [HCIEPCHOHHHIM AHANH3OM MOXHO HAfTH B KHHTE
Ipeis6uata [15]. MerTosibi  AMCICPCHOHHOIO —aHadu3a MPEKPacHo
HecJeOBAHH TakXkKe B PEKOMEHJOBAHHOH BHlle JuTepaType no mjaa-
HUDOBAHHIO BKCHepHMeHTa. TpPaxTOBKA H BHUHC/IHTENbHBIE ACHEKTHI
‘PErPECCHOHHOTO aHaJH3a TIOAPOGHO PacCMOTPEHH B KHMIE Baptu [2].

4.8. ®akTOpHBIN aHAJIHU3

Tabauya 4.1
Maau onnodpaxropuoro JAHa B npexsinyweM pasaeie Hac HHTePeCOBAJO BJMAHHE Ha OTKJIHK
o1Horo dhaxTopa. PaccMOTpHM Tenepb clyyad HasMUHA ABYX H 6osee
Yposers dakropa 1 2 ... j.. & $aKTOpOB, BJHSAHHE KOTOPHX HA OTKJIHK MOJKEH MCCIEN0BAaTbh SKCIe-

puMentarop. OHH M3 TPajMIHOHHEX MeETOJIOB HCCHEAOBaHHH MHOrO-
aKTOPHHX 3IKCIEPUMEHTOB COCTOMT B (uKcaiuuu Beex (GaxKTOpOB,
KpOMe OJIHOrO, Ha HEKOTOPbIX YPOBHAX H BAapHAallMK ypOBHeH 3TOrO

Xi Xug oee Xij oen Xy
Xoo Xap oon Xy oen X

L ).(“ DA A )f”k dakropa. [Ipu Taxoit cxeMe (AKTOPH H3MEHAIOTCA H HCCIELYIOTCT

L. e noouepeano. M3BecTHo, 4TO SKCIePHMEHT ¢ OJAHHM (AaKTOPOM DEAKO

Cpenue X Xo X X oBaajgaeT ROCTATOYHON WHGOPMATHBHOCTbIO, €CJAH OH HACUHTHIBAET B
R ] ceGe MeHee 8 BHOODOUHBIX TOUEK Ha KaxKAOM yposHe. B Taba. 4.2

NpHBeLeH MONOGHHI TPaAHIMOHHBH 2-PakTOpHEH OKCIEPHMEHT ¢
JABYMS YPOBHSIMH XaxKJ0ro ¢axTopa. 3nech X — BHIGOpOYHAs TOUYKA,
a pufopka uMeer o6beM 32.

OnHAKO MOXHO MOCTPOHTH 3TOT IKCIEPHMEHT H Kax CHMMETpHY-
HHH NOJHBI (axkTOPHHA 3IKCNEPHMEHT, IJIaH KOTOPOTO IIpHBEAEH B
Taba. 4.3. PaAKTOPHOIM SKCNEpUMEHTOM Ha3hiBaeTCsd TaKOH DKCIepH-
MeHT, B KOTOPOM BCE YPOBHH JAHHOro (haxTopa KOMOGHHHUPYIOTCA €O
BCEMH ypOBHAMHM BCeX APYTHX ¢axTopoB. Ilox «CHMMeTpHYHOCTBIO»
TIOHHMaercsl OJMHAKOBOE KOAMYECTBO YPOBHEH (i1 BCeX (axTopoOs.

Xog Xeg oo Xof vl Xop

Ecinu ©axTop uiu pexuM nMeeT GoJiee ABYX yPOBHeH, TO OGHIYHON;
HONOJb3yeTcs] ORHOMAKTOPHBE NHCIIEPCHOHHHH aHAJH3 (JAH) ¢ uy-:
nesoit runore3oil T;=0 pas scex j. KoawmuecTso HabaofeHnii uaM ;
IPOTOHOB He 0053aTEJbHO OMMHAKOBO JUIA DA3JHYHHIX ypOBHeH «pak-
topa. Eciu HyseBasa TumoTesa BepHa, TO HabJIONeHHe X;; He 3aBH- :
CHT OT ypOBHs (akTopa H KMeeT cpeJHee W H CIAydailHyl0 OLIHG-
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] Tabaruya 4.4
Tabauya 4.2 4
B o omHoro Bakropa daxTopHuA NaaH pas 3 GakTopos M 2 ypoeHeil
apuaunﬁ TOJIBK!
Sxcnepument 1 Sxcrepument 11 JAH Aas KaXporo' sKClepHMeHTa Ay As JAH
Yucno c1'e1-xe-J c ¢ ¢ ¢ P — ‘{x«:lo crene-
A As By Bg Herounnk m!.c‘nepcxn Hel cBOGOAM 1 2 1 2 Hel
R
X X X X Mexay YpOBHAMH 1 XXX XXX XXX XXX | dbdexr A 1
X X X X Buyrpu ypoBHeil 14 XX X XXX X X X XXX | dpdexr B I
Bcero 15 Apdexr C 1
X X X X BaauMopeficTBue 1
X X X X AB
X X X X BaanMmopeficTBHe ]
X X X X AC
X X X X BsaumoneiicTsne }
X X X X BC
BaaunmoneficTene ]
ABC
Tabauya 4.3 v Omn6ka 16
®akTopHbHi NaaH ans 2 Gakropos m 2 yposHeil 3 -
Bcero 23
AAH
decTBe oblltero NpaBHJa OyneM Jajee YAEPXKHBATb UHCIO CTemeuei
A Ag HcTouHuK JHCTIEpCAH e o & cBoGonb 1as OIKGKH GonbuiuM fecsaTH. C 9Tof LEJbIO B Tabn. 4.4
pasMep BuiGOpkH ypeanueH a0 24. TIpu 9TOM oKasbiBaeTCs, 49TO MHI
uMeeM 12 uaMepeHuit JIJsi KaXIOTO YPOBHS TPeX ()aKTOPOB (BMECTO
B X XXX X XXX Sppexr A 1 BOCBMH H3MEDeHHI LA KaXJAOTO ypOBHA ABYX (AaKTOPOB), a Takxe
B, X X X X XX X X dddexr B 1 U3MepeHHsl BCeX B3aHMOJEHCTBHE BTOpOTO TIOPSAKA M B3aUMOJeHCT-
BaauMogeiicraue AB 1 BHA TpeTbero Mopfika,,a YHCJIO, BHIGOPOYHHIX TOUEK HA BOCEMb MEHB-
Omubka 12 llle, yeM B NePBOHAYAJBHOM OSKCHepHMeHTe. Temepp MbH  MOXeM
OLHHTh CHJY H IPEHMYIeCTBa XOPOUIEro TJIAHA SKCIePHMEHTA.
Beero 15 B cayuae, xOT@la XeJaTeNAbHO HCCNeN0BATh BIMSAHHE HA OTKJHK

H3 rtabn. 4.3 BuaHo, yTo, XOTA pa3dMep BHIGOPKH COKpalieH ¢ 32 A0

16, Mbl Bce xe HMeeM IO 8 M3MepeHHil IJsi KakIOro ypoBHA (ak-

Topa A ¥ no 8 m3MepeHm#l A KaxkAOro ypoBHs ¢dakropa B. Kpome 1

TOro, Mbl HMeeM TellePb BO3MOKHOCTD H3MepHTb Ji060e peasbHOE
B3auMoZeiicteue Mexay A M B, yero He Gblio panbme. [Ipu atoM
KOJIHYeCTBO cTeleHell cBOGOABI OUIMGKH OCTaeTcsl MOYTH TeM XKe.
BeaycloBHO, KaXIBIfl 3KCIEPHMEHTATOpP MOHAMAET, UTO BJIHAHUE
Ha OTKJHK CHCTEMBl MOTYT OKasbiBaTb H HEKOTOPble JONOJHHTEJbHbIE
takTopsi. [T03TOMy OH JOJNXKeH pPaccMOTpeTb, Y4TO NPOH30HAET, eclnH K
OByM HMeEWLMMcS (PaKTopaM No6aBuTcS TpeThH C, Takxe HMeIOU{HRk
aBa yposHs. [lnan Takoro okcmepaMenTa npusefeH B Taby. 4.4. B ka-

M3MeHeHHs IByX MJIM GoJiee $aKTopoB, GaKTOPHHI aHANH3 MPENCTaB-
Jsier cobol, mo-BHAUMOMY, HanGoJsiee ahheKTHBHBIA MeTol HCCJeLoBa-
Husl. Tlox 3dGeKTHBHOCTBIO M MOHHMaeM 37ech TO, 4To (aKTopHHI
aHaJIM3 NO3BOJSET MOJYYHTb TpebyeMyio HHGOPMANMIO IPH 3aJaHHOM
CTeMeHH TOYHOCTH ¢ MHMHHMAJIbHBIMH BaTpaTaMH ycuauil. ITostromy
(akKTOpHHII aHANH3 HIrPaeT BaXHYIO POJb BO MHOTHX HCCAEHOBAHHSAX
C HMCNOJIb30BAHHEM HMHTAIHOHHOTO- MOJEJIHDOBaHHs. Tellepb MOXKHO
[POCYyMMHpPOBATh [PEHMYILleCTBA (HAKTOPHOrO, lJaHA HAJ KiaccHue-
CKHM MeTOAOM «OJHH aKTOp B KaXAbifi MoMeHT BpeMmeHH». K HuM
OTHOCHTCS C/eAyIoline AOCTORHCTBA (PAKTOPHOrO aHanu3a: s

1. Makcumanpiasi aGGEKTHBHOCTb {IPH OICHKE BJHSHHS Tepe-
MEHHBIX. © . : : :
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2. IlpaBusibHast WIeHTH(QHKAUUS U HHTEPNpeTAUHs B3anUMOeHCT-
BHI MeXy hbakTOPaMH (EC/IH OHH HMEKT MeCTO).

3. Bauauue (akTopa OLEHHBAETCS TIPH HECKOJBKHX YPOBHAX JIPY-
rux (aKTOpOB, H TeM CaMBIM [OJYUYCHHbE Pe3yJbTAaTH CNpaBelTHBH
B GoJiee LIKPOKOM IKala3oHe yCIAOBHH.

4. TlpocToTa NpHMEHEHHs] U HHTEPNpPETaiHH.

4.9. Henoanbiit hakTOpHLIA aHANH3

ITpucTynas K MOXENHPOBAHHIO CHCTEMH, Mbl YyJeJseM Goblloe
BHHMAaHKe II0 BO3MOXHOCTH GoJjiee OBICTPOMY H TOYHOMY BbisIBJEHHIO
Ba)KHHIX, CYINECTBEHHBIX NepeMeHHHX chcreMbl. OcHOBHas TPyAHOCTb
pellleHusl TaKOM 3a/ayd COCTOMT B TOM, YTO NOJHOE YHC/IO BO3MOXK-
HBIX KOMGHHAllWii nepeMeHHHX KaTacTpodH4ecKH pacTeT c Bo3pacra-
HHeM uucJa nepeMmeHHbX. Hanpumep, ecin Mb uMeeM ceMb GakTopOB
C JByMs YPOBHSMH KaXIbifl, T0 paxe Ge3 MOBTOpEHHH HeOBGXOIHMO
27—=128 BH60opouyHHX Touyek. OueBHIHO, WYTO Kax10e MOBTOPEHHE
yaBauBaer 310 yHcno. Hapany c BO3pacTaHueM mMOJIHOTO HHCTA KOM-
GuHaiiil pacTeT M UMCIO B3aHMOJeEHCTBHII Bhicokoro mopsiaka. Heko-
TOpbie U3 B3aMMO/IeHCTBHA BHCOKOrO MOPSIKA MOTYT PaccMaTPUBATLCA
KaK OIeHKH OLIHOKH, TOCKOJbKY B3aHMOJEHCTBHs Bhillle BTOpPOrO MO-
paAxa GHBAIOT TPYIHO OGBACHHUMBIMHU, Haxe €CIH OHH NPHIHAIOTCA
CylllecTBeHHbIMH, B Ta6i. 4.5 TmpHBeleHbl KOVINYECTBA TJIaBHBIX at-
(eKTOB H B3aHMOJEHCTBHI BEICOKOTO TIOpS/KA, KOTOPhie MOTYT OBITb
BHISIBJIEHB TIDH NOJIHOM HCCJIe0BaHHH 27 KOMGHHALHM.

Tabauya 48
2n-thakTopHbie sddexTh [16] '

Yneso B3aHMORERCTBHA

Yucno
n 2" TaaBHEX 12 24 3 4
sddekToB | popanok | mopamok | mopsmok | mopsmok

5 32 5 10 10 5 1

6 64 6 15 20 15 6 | 1
7 128 7 21 35 35 21 7
8 256 8 28 56 70 56 28

Tak Kak TOJHHHA (aKTOPHbIH aHaJu3 MOXeT MOTpeGOBaTh CHHMI:. |
KOM ‘MHOTO MAIUHHHOTO BP€MeHH, HeOGXOJHMO DacloJaraTh MeToAaMA &
0T60pa CyULeCTBEHHHX NiePeMeHHHX, T.€. OTHICKaHHs Hanbosee BakK- |
HOTO TOJMHOKECTBa TePeMeHHHX, BJIHAIOIHMX Ha OTKIHK. OxasuBa-
eTcsl, u4TO, eCJH Hac He HHTepeCylOT B3aUMOJENCTBHS BEICOKOTO
MOpPSANKA, MBI MOXEM IOJYYHTb 160JIbIIOE KOJHYECTBO HH(OPMALHH C §
TIOMOINBI0 HCCJEOBAHHS JMUIb Hekotopoit wacrd (1/2, 1/4, 1/ 3
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W T.J.) BCeX BO3MOXHHX KOMGHHamui. EcH B ¢akTOpHOM 9KCHepH-
MeHTe TNPOH3BOJAMTCA JHMUIb YacThb BCeX BO3MOXKHHIX TOBTOPEHHH, TO
n/1aH SKCMepHMeHTa Ha3BBaeTcs HEnoAHbiM NAAHOM NOBTOPEHUl WIu
HENOAHbIM (PAKTOPHBIM NAGHOM. DTOT METOJ MO3BOJISIET UCCN0BaATeII10
TIOCTPOUTb CEPUI0 KOPOTKUX SKCMNEPHMEHTOB .JIfi BHISBJIEHHS CpejH
IpOMaJHOrO YHCJIa NepeMeHHBX HeGOJBIIOrO KoJHdYecTBa Haubojee
cylllecCTBeHHEIX, a 3aT€M CKOHIIEHTPHPOBaTb H4a HUX Bce CBO€ BHH-
MaHHe.

Besikuit pas, xorga MH Hcnosb3yeM BHIGOPKY, MEHBINyH, uyeM
9TOTO TpeOYeT IOJIHbiK H)aKTOPHBIK MJaH, MH IUIATHM 32 3TO PUCKOM
cmemuBanus addexroB. [log cMemnBaHHeM MBI IIOHHMaeM TO, 4TO
CTAaTHCTHK, U3Mepss oauH 3dexT, B TO oKe BpeMs WaMepsieT, BO3-
MOKHO, W HEKOTOpPH# npyroit addekr. Hanpumep, ecau raasusiit
9 dexT cMellMBaeTca ¢ B3aHMOJLEHCTBHeM Gosiee BHICOKOTO MOpSAIKa,
TO 5TH ABa 5(dekTa yKe HEBOZMOKHO OTHEJUTb APYr OT Apyra.
Taxum o6pasoM, eciu Hall aHAJH3 NOKAa3biBaeT HajlHyHe HEKOTOPOro
s¢ipeKTa, To MBI He MOXeM C YBEDEHHOCTBIO CKa3aThb, INIaBHHH JIH 3TO
addext, uau sdhdekT B3auMoeHCcTBHS, WIH HEKOTOpas alIUTHBHAS
KoMOHHaUus 3THX 3@dexToB. [IpH TOCTPOEHHH HemoJHOro dakTop-
HOTO MJIaHa KCMEPUMEHTATOP JOJIKEeH ONpefeNHTb ShdEKTH, cMelIU-
BaHHe KOTOPBIX OH MOXET AOmyCTHTb. Booblue roBops, Jayulle cmy-
TaTh B3aUMOJEHACTBHSA BHICOKOTO MOPSAKa, 4YeM TIJlaBHHe 3(heKTH.
O6biyHO MOMKHO HafeATbesl, YTO B3aUMOJECTBHE BHICOKOTO TOpPAAKA
OTCYTCTBYET, H MOXKHO TOJYYHTb Pa3yMHyI0 HHGOOPMALHKIO O TJaBHHIX
o(QdeKkTax U B3aMMOAEHCTBHSX HU3KOIO mnopanka. Koraa pgsa uiau
Gosee 3¢ipexTa CMEUINBAIOTCS, TO TOBOPAT, UTO OHH ABJSIOTCH CO8-
MECTHOIMU. YCTleX HEeNOJHOTO HaKTOPHOTO SKCHEPHMEHTa AOCTHIaeTCs
B cllyyae, ec/IM €ro IJlaH N03BoJisieT He CMEIIWBATbH HH OAHH BaiKHHIH
30pdexT ¢ Apyrum.

Ecan qucno ¢aktopos HeBeNHKO (OGHYHO MeHbLue nsATH), TO He-
NOJHHE TJIaH Hemenecoo6paseH BCJAGACTBHe CHJBHOTO CMeUIHBAHHS
30deKTOB, He N03BOJAIOUIEr0 PA3IHYATE IJaBHHe IMEKTH H BaiKHBIE
B3auMojelictBusl. OCHOBHbIE NMPHHIHKIE H METONB NOCTPOEHHS HeloJ-
HBIX ()aKTOPHBIX TJI2HOB SKCMEPHMEHTA ONHMCAHH B JI0GOH HOCTATOYHO
NOJAPOGHOH KHHTE 1O NJaHHPOBAHKIO oKcmepumenta ({9, 12, 16].
Tabnunel HEeKOTOPHX YACTO WONOJB3YEMHX IIAHOB MOMKHO HaiTH B
kuure Kokpena u Kokca [9] u B ny6aukauusax npukaagHol marema-
Tuyeckoit cepuu HanuonaneHoro 6Gropo cranmaproB [10, 11, 14].
B ra6n. 46 mokasano, kaxue dheKTH MOKHO BOCCTAHOBHTh € MO-
MOIpI0 HEMOJHBIX (haKTOPHHIX TUIAHOB IIPH MOJHOM uHCJe KOMOHHA-
unkt 27, Jleuc [12, cTp. 476] npuUBOAUT aHANOTHUHYIO TAGJHIY AJS
Cly4as 3™ BO3MOXKHHX KoMGHHailuit. OTMerum, 4to Tabi. 4.6 He MOKa-
3biBaeT MONYCTHMOCTH KaKHX-JIHGO cTelleHeH cBOGOIH OLIMOKH, HEOO-
XOMUMBIX 7 TpPOBEJEHHs JHCIEPCHOHHOTO aHamusa. Jlast arToil
UETH TOHAaZOGHMTCA HCNMOJNB30BATh HEKOTOPHE U3 B3auMOJeHCTBUR
BBICOKOTO MOpAAKA.

13*
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Taba. 4.7.
pomecce 0o6Bb-

B

npuBeeH
10 BOCEMb B KaokioM). 3aTeM

YUCJIOM BO3MOXHEIX KOMOuHa-

muit 25 OnuH U3 BOSMOXKHBIX BapPHAHTOB
B /151 MIPOBEJleHUs SKONMepHMeHTa. ITO

O3Ha4aeT, YTO MH JOJXHH cMellaTb TpH 3ddexTa B I

TMOJIHBIM
eluHCeHUsl HabmojeHui B 6J0KK. MH cjenaeM BTo,

c
, 4TO COOTBETCTBYIOIUMHA (HAKTOD [0JXKEeH HPHHATH

DTOT MIaH CTPOHTCA CAeAyIOluM 0GpasoM. CMelaeM B3aHMoJeii-
CTBUSl BBICOKOTO MOPSAAKAa U Pa3gesuM 32 BO3MOXHBIE KOMOGUHAILUU HaA

B xauecTBe mpuMepa pacCMOTPHM IJIaH {1Jis HenosHoro (1/4) dak-
yeTbipe GJIOKa OJMHAaKOBOTO pa3Mmepa (.

MUHUMaJIbHO€e 3HayeHHe, a -1 — MakcuMaJibHOE 3HaueHue.

BHIGEpeM OJHMH H3 STHX GJIOKO

TOPHOTO 3KCIIepUMeHTa
3nech — 1 03HayaerT,

BHIGHpas WBYyX- H

G6muM daxTopoM. B  nanHOM
, HMeolllue obmui Pakrop E. Cume-

TPex()aKTOpHbHIE B3aUMOIEHCTBHA € O
ciyyae Mo BHGpanu BCE u ADE

WaB 3TH B3aUMOUEHCTBHUS,

, WIH onpedeasro-

cmemtanu  ABCD.
ABCD, xotopoe 6HJIO HCIOJb3O-

[TosToMy Mbt TOJIyuMIH TaxX HasbiBaeMoe TOMAECT8o
670ka no 8 Habuio-

, UYTO Mbl YTPaTUJH BO3MOXHOCTb BOCCTaHOBJIE-

# Ha 4eThipe

Mbi aBTOMaTHYECKH
ADE

BaHO 1J1s1 nejeHus 32 HaBJIONeHH

3To 03HauaeT
Husl Takux 9@ ¢exToB. Manonb3osas 5T0 TOXAECTBO KaK OCHOBY JJs

JeHux.
CMellluBaHUs B HallleM IIaHe, MBI JOJ2KHBI CHes1aThb TO Xe H cO Cle-

ALYIOIHUMH COBMeCTHHIMH S¢rdpeKrTaMu:

Wee pasbuerue, I=BCE

ABCE,
ACD=ABDE,

ABD

ACDE,
BCDE,

AD=ABCDE,

BCD

CE=
BE=

D=AE=ABC

B
E=BC

A
c

(gg) vHELY
-govowneed dxHdoLNed-¢
28 H ([g) BHELEOY

-onneed dmqudolxed-g 906

JHHELOHOYORHBEE XIHH
-dorved-g T109M H HHELD
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AB=CD=ACE=BDE,
AC=BD=ABE=CDE.

H3 sr0r0 CaemyeT, 4TO €C/H B3aHMOJCHCTBHEA HET, TO MBI MOXKEM
10 BOCbMH HaOMIOACHHAM TOJYYHTb MHGOOPMALUHKIO O KAXKAOM H3 MATH
raBHbiX 9pdexToB (A, B, C, D u E) H HCHOAL30BATb AaHHbie
sppexTos B3aumoneiictsutt AB u AC, 4TOGbl OUEHHTb OMMGKY JHC-
TEePCHOHHOTO aHajH3a. B autepatype [3, 9, 12, 16] Moo HaiiTH
nosHoe oGcyxAcHHE mpobjieM BEIGOpA TOMXK/ECTBAa, pa3GHCHHS Ha
GJI0KH, ONpejesIeHns COBMECTHHIX o(O(MeKTOB X aHa/Au3a NAHHBIX IO
OKOHuaHMM 3konepuMenTa. B xnure Bowunm [5] u pabore Xantepa
u Hefiiopa ‘18] paccMOTpeHbi mp¥MepH HCIOMb3OBAHHSA HETIONHOTO
(haxTOpHOro anaaM3a B MPOUECCE MOAETHPOBAHHS.

HIHOrZa KeNaTebHO HCIO/b30BaTh HEMOMHb akTOpHBI aHau3
€O OMelMBaHKHeM ypoBHeHd. CMelMBaHKE yPOBHeH OGBIYHO MpHMEHS-
ercd B ciy4ae, Koria 4acTb (akTOPOB WMEeT O ABa YPOBHS, a OC-
Ta/bHbie (paKTOpei — 10 Tpu yposua. Komnop u Sur i[10] omucann
TOJIHOE CeMEHCTBO IIAHOB TONOGHBIX SKCIEPHMEHTOB, MOCTPOEHHBIX
TaK, 4TO TJIABHOE CpelHee, Bce IaBHbie 9(@PexThl H Bce 3dPexTh
JBYX()aKTOPHBEIX B3aHMOJEHCTBH OIEHUBAIOTCH 53 CMEIUUBAHMS STHX
¢axtopos. [1pu 3TOM OHH TpemOaaraii, uTo 3¢pdexTamMy B3aumoaei-
CTBU G0/iee BHICOKOTO IIOPAAKA MOKHO NPEHE6pEdD.

B sakniouenne elle pa3 NOTYEPKHEM, YTO HeMOJHEIA DaKTOPHHH
aHa/IM3 HCIIOJB3YETCH IJ1aBHHIM 00Pa30M Ha HauajbHOH CTAJHH HCC/Ie-
AoBanus. C €ro noMOWBIO BHIABAAIOT HAHGOAEE CYIIECTBEHHBIE [epe-
MCHHLIE B Cjydae Hajuuusd Gonee dyeTnipex ¢akTopos. Ecam B pe-
3y/AbTaTe TAKOro OTGOpa Mbl YMEHBIIMM YHCJIO MEPEMEHHBIX 0 UEThi-
PeX W MCHBIIE, TO MOKEM 3aTeM JIErkO MPHMEHHTb MOJIHBIf (aKkTop-
HBIA aHaans.

A TPeINOJOXKHTb, YTO BCE TIEPEMEHHBie KOJHYCCTBEHHBI, HENpPEepPbIBHAL
§ H3MEpHMBI, TO yDaBHEHHE TOBEPXHOCTH OTK/JIMKA MOXKHO 3amucaTb
B CJCIyIOLLeM BHJIE:

Y=F (%1, X35 o0y Xp).

QOueHb NOJIE3HO HMETb TEOMETPHUYECKOe MPeLCTaBICHHE IIOBEPXHO-
crti oTkauka. Ha puc. 4.6 nzobpaxkeHa NOBEPXHOCTb OTKJIHKA, H30-

Puc. 4.6. TToBepXHOCTb OTKJIHKA.

6paxkalollass 3aBHCHMOCTb OTKJHKa Y OT JABYX HE3aBHCHMBIX Iepe-
MEHHBIX X| H Xz B IPSMOYTOJIbHOH cHCTeMe KoopjauHat. Jlpyroe mo-
JIe3HOC  NIPCCTABMCHHE MOBEPXHOCTH OTK/IMKA MOXHO IOJYUHTD,
H3006paxas Ha TJIOOKOCTH Xj Xz IIPOEKUUK Ha Hee JMHHH TOCTOSHHOTO
OTKJIHKAa Y==yo, TIPOBENCHHBIX Ha IIOBEPXHOCTH OTKJIMKa (KOHTYypHI
oTkanka). PsAx nmpuMepoB mnoJOGHBIX TPEACTaBJACHHI IHpPHBEASH Ha
puc. 4.7. Takoe H306paKeHHe [OBEPXHOCTeH OTK/AMKA aHAJOTHYHO
A306paKeHHI0 Ha Tomorpaduueckux KapTax peabeda MECTHOCTH TO-
CPeACTBOM KOHTYPOB DaBHOHM BBICOTH WJIH H300PasKeHHIO Ha KapTax
norofs H306ap, NMOKa3biBAOIUX paclpelejieHHe aTMOC(HEepHOrO AaB-
JIeHHS Ha NOBEPXHOCTH 3eMJH. besycsioBHO, TeomeTpuueckue Iipel-
CTaB/eHHs TOBEPXHOCTH OTK/JIMKA OrpaHHUYeHBl TPEXMEPHBIMH H300pa-
KenuaMH. OJHaKO TEOMETPHYECKOe I[IPEACTaBjJeHHE TPEXMEpHBIX
TOBePXHOCTeH OTK/INKA BHAa y==f(X1, Xz) [OMOraeT HOHATb, UTO IPO-
HCXOIAT B Gosiee OOILEM CJIydae —Ipu X HE3aBHCHMBIX [epEeMeHHBIX.
ToaToMy Hanblie Mbi OrPaHHYEMCH PACCMOTPEHHEM TPeXMEPHHIX TO-
BepxHocTeH OTK/IHKA.

MeTo0/10THST OBEPXHOCTH OTK/HKA OOGBIYHO OCHOBAaHa Ha Hccje-
JOBaHHH IOBEPXHOCTH OTKJHKA C NOMOINBIO PALA HEGOIbUIHX NMOJHBIX
HJIH HeNOJHBIX (DAKTOPHBEIX SKCIEPHMEHTOB. DTH HEGO/BIIHE BKCIEPH-
MEHTBl MOT'YT HCIIOJIB30BaTbesA (st Pa3pelleHHs ABYX BompocoB. Ilep-
BBl H3 HMX CBf3aH C BHIGOPOM TAKOTO HANpABJCHHS TepeMelleHHs

4.10. OTbicKaHHe ONTHMAJBHBIX YCAOBHI

Bo MHOrMX ClyuasX ue/blo MONENMDOBAHHS SIBJAETCH OTHICKANHE
TAKHX BETHYMH HJIH YDPOBHell HE3aBHCHMBIX NEDEMEHHBIX, NIPH KOTO- §
PBIX OTKIHK WM 3aBHCHMAsi NEPEMEHHAd JNOCTUTAeT ONTHMAjbHHX 3
(MaKCHMa/IbHBIX WIH MUHMMAMbHEIX) 3Hauenuii. Ecap 3aprcumas 1
HE3ABHCHMAS NEPEMCHHbIC KOJHUECTBCHHBI M HCNPEPBIBHBL, TO /s
PelICHUS 3aAaUN MOUCKA ONTHUMYMa OOEIYHO MCMOJB3YeTCS METOA0M0- §
TAs TOBEPXHOCTH oTkAHKa (MIJO). Merodoaozus nosepxmocru or-
Kauka Oblia BrepBbie mpenjoxena B 1951 r. BokcoM n Bunco-
HoM i[8]. Obeyxmenne MITO ¢ pasauuMBIX Touek 3PEHHS MOXKHO
HafiTH BO MHOTHX paGoTaX, HanpuMep B pabotax [lesuca [12], Kox-
pena u Kokca 1[9], Xukca [16]. [la nepBoHAYAABHOrO 03HAKOMICHHS
¢ MITO mMoKHO pexoMeHOBaTb KHury [eBuca. :

Ecin o6osnaunts 3apucumymo MEPEMEHHYIO 4epe3 Yy, a He3aBHCH-
MbIC NEpEMEHHbIE uYepe3 (X1, Xz, ..., Xx), TAe Kk — uHCIO ($HaxTopoB,
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JJIS NPOBENEHHH CJELYIOUIEero 3KCIEPUMEHTa, 4TOOH MPHGJIM3HTLCA K
OTMTHMaJbHOH TOouKe. BTOPOR BOTMpOC BO3HHKAET TOTAA, KOTAA MBI yXke
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Puc. 4.7. THNHUEBIE KOHTYDHl OTKJHKOB. o

@ X0iM; 6 — MOAHMMAIOUHACH rpeGeHb; 8 — rpeGeHb MOCTOSHHON BHICOTH;
2 — MHHHMaKC, Win Ceaio.

HaXoAMMCH B JOCTaTOYHON OGJM30CTM K TOUKe OKCTPeMyMa. OTOT 1
BTOPO#i BOIPOC —BOIPOC O BHIE YPABHEHHS NOBEPXHOCTH OTKJIHKR
BOJIN3Y ONTHMAJbHO! TOUKH. N

OnHAM M3 TPaAHUUOHHBLIX METOJOB MOWCKA ONTUMYMa -(MaKCH- 3
MyMa) sBJISeTCS METOJ -NMOKOOPAMHATHOrO noxbeMa. Kak noxasaHO
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ua puc. 4.7, a, ecinu 3adUKCUPOBATL Xy ¥ BAPbHPOBATbL X|, TO MBI
MOMKEM HAHTH MaKCHMYM IO X; IPH (PHKCHPOBAHHOM SHAUEHHH X3.
3aduKCHPOBAB X| B HalXeHHOH TOYKE MaKCHMyMa, OyheM HCKaTh
MaKCHMYM TIO Xs. B clyuae IOBepXHOCTH OTKInKa Buia 4.7, a 3TOT
METOJ 32 /(Ba [Iara mpuBeleT B 6JM3KYI0 K ONTHMyMy Touky. OIHaKO
B CJyuyae TOBEDXHOCTH BHAa puc. 4.7, 6 9TOT MeTOA He TPHUBEIET B
TOUKy OnTHMyMa. OGBIMHO BHJ TNOBEPXHOCTH OTKJAHKA HEH3BECTEH,
[I03TOMY JKEJATEJbHO MMETb TAKOH METOJ IOWCKa ONTUMYMa, KOTOPBiH
paboTas Ol IIPH HEM3BECTHOH (POpME MOBEPXHOCTH OTKJIHKA.

Ecin wn3BeCTHO TOYHOE MaTeMaTHUYeCKOe BhIDakKeHHe (QYHKIHU
OTK/JMKA, TO OTHICKAHME ONTHMAJBHOH TOUKH MOXKHO CPaBHHUTEJIbHO
MpOCTO OCYUIECTBHTb AaHAJHMTHYECKHMH MeTofaMu. B asToM ciyuae
Hallla 3a7a4a COCTOHT B TOM, YTOOH KaK MOXHO ObICTpee BBIHTH B
6AH3KYI0 K ONTHMYMY 006JacCTb, 2 3aTeM BOCHOJb30BATLCH AHAJIHUTH-
YeCKHMM METOJAAMHM JIOKAJbHOTO MPEIACTaBJEHHS 9TOH (PYHKUHH B OK-
PECTHOCTH TOUKH OnTHMyMa. Tak KakK OOBMHO Mbl He 3HaeM BUX
TIOBEPXHOCTH OTKJHK2, TO HEOGXOAMMO HCIOJb30BaTb B KauecTBe am-
MPOKCHMAIMH KaKylo-Ju60 TUOKYlO, NJIaBHO H3MEHSIOWylCs (QYHK-
nyio. B KauecTBe Takof QYHKUMHM OGBIYHO HCMOJb3YIOT MOJHHOM Iep-
BOTO NOPSAKA

Y=0ag+ a1+ Qg+« - - + 0k
MM TIOJMHOM BTOPOTO TIOPSIAKA
y=ay+ arxy + @t - - - + X+ BroXnXy -+ QrgXa Xyt v o
e B Xt O+ Oyt - LA

rie mapaMeTPH dg, Gi, G2 U T.J. OLEHHBAIOTCA C TIOMOLUbIO SKCIEPH-
menta. MoxHno moxkasathb ([6, 7], uTo rmOKOCTb TaKHX MOAeJel mep-
BOIrO ¥ BTOPOTO NMOPSAKa HHOTAA CYHIECTBEHHO YBEJMUHBAETCS 32 CUeT
fipeo6pasoBaHuil X H Y.

HauGosee uacto nomoabsyercs B MITO Tak HaspiBaeMBi MeT00
Hauckopetiweao nodsema. OCHOBHAS HAEST METOJAA COCTOHT B TOCTpOe-
HUH JIMHEHHOH ammPOKCHMAanUH NOBEPXHOCTH OTKJHMKAa B OKDECTHOCTH
JIaHHOH TOYKH ¢ MOMOLIbIO IPOCTOTO BKCIePHMEHTa (OO6BUHO (aKkTOp-
Horo). Ilo mocTpoeHHOfi JuHefiHOH YHKUHH ONpeJesseTcs HamnpaB-
JIEHHe HauCKODEHIero ImogbeMa K TO4YKe onTHMyMa. [To aToMy Ha-
P aBJCHUIO [eJiaeTcs HeGOJbIIOl 1IaT, 3aTeM NOBTOPAETCA NPOUEAYpa
ONpeJiesienysi HATPaBJEHHS HAUCKOpeHIlero moxbeMa H T.J. DTOT
METOZ He MO3BOJSET OnpeleNsiTh [JIHHY Ilara, OJHAKO TIOKa3hiBaeT
HarnpapJieHne ABHKEHHA.

PaccmorpuM npuMmep, npuBeieHHB Ha puc. 4.8. IIpexmooxuM,
4TO HCcJeoBaTeNb NPOBEJ B Touke P arcmepuMent ¢ 2?2 KOMGHHA-
UMAMH [JIIOC ABa HAOJIOLEHHS B LEHTPe. DKCIEPHMEHT MO3BOJIHJ Olle-
HUTb @y, @) U Qp, ONpeJeJAIONINe HAKJIOH INIOCKOCTH amfpOKCHMANHUH,
¥ BHIYMCIHMTbL HalpaBJeHHe HauCKOPeiIlero Bo3pacTaHHs HJIM MAaKCH-
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oueHuBaHug. [To AOCTHXKEHHH TakoH 00NacTH HEOOXOAHMO HCCJIeno-
BaTh BHA B Hell TOBEPXHOCTH OTKJAMKA, YTOOBl ONpEAeUTb Gosee
TOYHO OINTHMajbHYIO TOYKY. s 3ToH wean OOBLIYHO HCHOJNB3YIOTCH
anIPOKCHManiu TIOIHHOMaMH BTOPOTo 1 ‘Gojiee BBICOKOTO MOPSIKA.
[lepexon X MOJHHOMAaM BBICOKOTO NMOPAAKA BBHI3LIBAETCS CYILECTBEHHOH
noTeped TOYHOCTH ATMIPOKCHMAILMU IOJHHOMOM IEPBONO IOPAAKA.
"Tor ¢akT, 4TO ZOCTHTHYTA [OYTH CTAlHOHapHas o6xacTb, He 03-
HayuaeT, YTO Mbl HaXoAUMcCs BOJU3H TOUKH MaKCHMyMa, KakK 9TO HMeeT
MecTo Ha puc. 4.7, @. 'MBl MOXeM IPH 3TOM HaXOAMTBCH Ha MEIJICHHO
noAHUMawoLeMcs rpebHe, Kak Ha puc. 4.7, 6, Win Ha TpeHe TOCTOSAH-
HO# BBICOTHI, KaK Ha pHc. 4.7, 8. BO3MOXKHO TakkKe, YTO MBI AOCTHIVIH
OKPECTHOCTH MHHHMAaKCHOR TOUKHM (MHOTAAa Ha3blBaeMOH cel0BoH
TOUKO!), KOTODas ABNAETCH TOYKOH MakKCUMyMa IO OJHHM Hampas-
JIEHHSIM U TOYKON MMHMMYMa [0 ZPYruM (kak Ha puc. 4.7, 2). [loss-
JIeHHE CeIJIOBOH TOYKH MOMKET COOOILHTb HaM IOJE3HYI HH(OPMAUHUI0
0 TOM, Y4TO Hallla TIOBEPXHOCTb OTK/MKA HMeeT ABa WU 6oJiee MaKCH-
MyMa, H, cleiys MeTOLY CKOpeHlllero TOXbeMa, MBI MOXeM HaHTH
He TM0GaNbHbl, a HEKOTOPBIH JIOKaJbHBIA, BTODOCTEmEHHBIA Mak-
CHMYM.

Wrak, MeTox Hauckopefllero mogbemMa He TapaHTHPYeT CXORH-
MOCTb B TOUKY TII00anbHOTO MakKchMyMma. B Kakyl0 HMEHHO TOUKY
MaKCHMyMa CcOHIeTcsi NMOCTPOeHHasd ¢ €ro IIOMOUIbIO ITOCIeX0BaTeb-
HOCTb, 3aBMCHT OT HAYaJbHBIX YCJIOBHI okcmepumenta. Ecau mpenmo-
JlaraeTcss HaJlWYHe HECKOJbKHX MAaKCHMYMOB, TO OAMH M3 OCHOBHBIX
¢1ocoB0B OTBICKAHUA V100aJbHOTO MaKCHMyMa — 3TO OBTOPHOE TPH-
MeHEeHHe METOfa HaHCKOpeHllero ImojbeMa ¢ MEHSIOUIMMHCA B WIHPO-
Ko 067acTH HayaJdbHBIMH YCAOBHSAMH. XOTS TakoOd caydaii ¥ BO3MO-
XKeH, B peasJbHBIX YCJHOBHAX OOBIYHO HMMeeTCs eIMHCTBEHHBIH MakCH-
MyM, H BTO YIpPOIIAeT AeJo.

Kaxk yxe OblI0 OTMEYeHO BbIIe, B TOYTH CTALHOHADHOH 0OmacTH
KeJlaTeIbHO aNNPOKCHMHPOBATb TIOBEPXHOCTb OTKJAHKA IO MEHbleH
Mepe MOJMHOMOM BTODOro mnopsigka. Jis 3TOd 1eldH IPOBOAMTCH
3KCIePUMEHT Kgadparuunozo npubauscenua. Huxe npusenen o6mui
BHJ KBaJApaTHYHOI'O MOJHHOMa (BTOPOrO NMOpsAKa) AAA caydas ABYX
He3aBHCHMBIX IePEMEHHBIX

Y=ay+ ayx; + X + A% + Ao+ G1aXy X

Hns onenuBanus ko>PPUUMEHTOB perpeccud B STOH MOZeNH HeobXo-
JlMMO H3MEPHTb KaxKAbli «(DakTOp WM NEepeMeHHYIO 10 MeHblleH Mepe
Ha Tpex ypoBHAX. DTO O3HayaeT HeoOXOZHMOCTb HCIIONb30OBAHMS IOJ-
HOro 37-(akTOPHOTO JKCIEPUMEHTAa HJH K€ HEIOJHOro (aKTOPHOro
sKkcrnepuMenTa. K coxaleHHIO, B cilydae 6ojee 4eM TpeX mepeMeHHBIX
YHCIO HEOGXOMMMBIX I1POTOHOB MOXKET CTaTh CJIMIIKOM GONBIINM faXe
DM KCHONb3OBAHUM HEMOJIHOTO (GaKTopHOro akcmepuMmenta. Kpowme
TOro, 3KcNepUMeHT ¢ 3" KOMOMHAUUSMH HaeT AOBOJbHO HH3KYIO TOU-
HOCTb oneHOK KO3(duurenToB perpeccuu. ITostomy Bokc u YHuacon

MaJbHOTO HAaK/JOHA [JIOCKOCTH. DTO HampaBleHHe I10Ka3blBaeT OTHO-
CHTe/IbHBlC BEJIHYHHB H3MeHeHHS (DakTOpOB, oGecleunBalOIlHE yBe-
nuYeHHe OTKJAHKa. TIPOMBHHYBLIHCH 10 3TOMY HANpaBJCHHIO AO HEKO-
TOpo# TOUKH Q, CaenyeT MOBTOPHTD BCIO IPOUCAYPY.

Taxas momaroBas npoueAypa MMO3BOJASET HOCTHTaThb Bce OObIINX
u GonblIMX OTKAMKOB. OfHaKO BONHM3H TOYKH ONTHMYyMa 9Ta TpOLe-

~
Zp

(+]
[¢]
1

Puc. 4.8. KontypH oTk/HMKa ¢ H306paxenneM 22-paktopHoro miana.

Iypa yxe He 3((heKTHBHA, TaX KaK HaKAOHBl @1 H dy CTAaHOBATCH
HEeOONbIINMH, ¥ TOYHOCTb MX ONpeJe/eHHs CTAHOBUTCA HEAOCTATOU-
#o#i. Kpome Toro, B6/IM3H TOUKM ONTHMYyMa JHHeHHAs amipOKCHMalUMs
mepecTaeT OBITb, yAOBJNCTBOPHTENbHOH, W AJS aTPOKCHUMaUUH HeoB- j
XoauMo 6paTh MOAMHOM ©6oliee BHICOKOTO moOpsfka. B mpumepe:
puc. 4.8 mpoCTOH SKCHEPHMEHT ¢ 22 KOMOHHANMAMH J0CTATOYEH JJIf
OLIGHHBAHHUA Qo, A1 H dg. OXHAKO ABa MM GoJsiee HabJIOLEHHS B Teo-
METPHYECKOM TeHTPe P NO3BONAIOT He TOJBKO YTOYHHTH IIOBEPXHOCTH
perpeccuy, HO ¥ HOJYUYHTb HECKOJbKO IONOJHHTENbHBIX CTeneHeH CBO-
6oabl 1/ MPOBEPKH CTATHCTHYECKOH 3HAYHMOCTH OLCHOK I1apaMeTpoB
perpeccud. To Xe caMoe MOXKHO cleJaTh C NOMOLIBIO HOBTOpEHHA
3KCIIePHMEHTA. ]

XoTsl mocefoBaTeNbHOE HOMOAb30BAHHE SKCIEPHMEHTa c 2" KOM-
GuHAUMAMH ¥ H3MEDEHHAMH B LEHTPAJbHOH TOUKe He AaeT BO3MOMK-
HOCTb TOYHO ONMPENeJHTb TOYKY ONTHMYMa, OHO, OIHAKO, O3BOJHT
HCCAIGNOBATENI0 OBCTPO HaHTH OKPECTHOCTb TOYKH ONTHMYMa, KOTO-
PYI0 MOXKHO Ha3BaTb NOYTU CTAYUOHAPHOL 06aacTbro. B oTof 0G1acTH 3
HaKJIOHbI TIOBEPXHOCTH OTKJAMKA MaJbl II0 CPaBHEHHIO ¢ OLIHGKaMH
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8] paspaGoranu cneunaJbHO AJS KBaAPATHYHBIX NMOJHHOMOB HOBHIE
€noco6H mnoCTpoeHUs sKcnepuMmMeHta. M3 nux Hawbosee moJe3HH

|
s Mo6org uucaa (GaxkTOPOB M IPEACTABASIOT oGOl perysnspubie
YeHTPabHble KOMNOSUYUOHHDLE, UK POTATAGEAbHbLE, TIOCTPOCHHUS, KO-

H TOJypETYJAAPHBIE TCOMETPHUECKME (UTYPH ¢ [EHTPANBLHBHIMH.
TOUKaMH.

Z2 BecbMa 1pOCTOE ¥ IIOJIE3HOE NOCTPOEHHE, Ha3biBaeMoe KYy6 naroc
» AN 38e30a nAt0C’ YeHTPAAbHble TO4KY, PHBEJICHO JUIS caydas AByX mepe-
+1F (o) _7,/_+ o) MEeHHHX Ha puc. 4.9. OtMeTuM, 4TO 3TO 2%-(aKTOPHHH SKCIepHMEHT
Va AN (xy6), nuoc 'YeTHpe KOMOJIHHTEAbHHE TOUKH (3Be3za), pacnosoXeH-
Tyl ¢
/ \ 2
0+ « ® » +1}
AN /
\ /
N\ /
=1k O —‘ﬁ—— O
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Puc. 4.9. 2%-pakTopHHI MIaK IJIOC 3Be3a H UEHTPANbHBE TOYKH. 0f /\ @
L, Ty
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T \
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I // -7 L l \‘ 1 1 1
- s _1 0 PR )
S . 7 "2 7
e | Puc. 4.11. FekcaroHanbHBEA naaH.
- T I
e 1
- |
(& | Hble Ha PAaBHOM DAacCCTOSHHM APYT OT APYTa B MJIOCKOCTH MO OKPyXK-
| Hoctu ¢ menTpoM (0,0), maioc nenTpadbHbie TOUKH. TOT XKe caMuit
§ TOPAHIHA, HO NPHMEHHTEJNbHO K 3-(QaKTOPHOMY SKCIEPHMEHTY, WJLIIO-

cTpupyetcs Ha puc. 4.10.
Ipyroe nosesHoe poTaTaGeJbHOE NOCTPOEHHE, HA3BIBAEMOE 2eKcd-
2OHAAb NAKOC YeHTPAAbHbLE TOYKU, IPUBEJSHO Ha puc. 4.11.

Hakonen, HeOGXONMMO YHOMSHYTb O KGHOHUYECKOM GHAAU3ZE KAK
METO/le HHTEepPNpPeTauMH yDaBHEHHH KBAaADATHYHOH ANMPOKCHMANUH.
1o Meton, obcyxkaaemmii Hesncom [12] u Kokpenom n KoxcoM
[9], nomoraer nomsiTh XapakTep NMOBEPXHOCTH OTKAMKA B TOUKE aml-
TpokcuManuu. B 4YacTHOCTH, OH MO3BOJISET BHISICHHTb, HAXOAUMCH JH
MBI B OKPECTHOCTH TOYEK MaKCUMyMa, TOUKM MHHHMAaKca HJIH MeJ-

1‘2 0
Puc. 4.10.3%-¢axTopHH MIaK MUOC 3Be3/la H LeHTPasibHble TOUKH.

TOpHE TI0MYYaIOTCH NOCPEACTBOM JH0GaBJICHHS NONOJHHTENbHBX TOUESK:
K LaHHHM, NONYYeHHHIM H3 2"-$aKTOPHOTO 9kcmepuMenta. Jlas pora~’
TaGebHHX NOCTPOEHHA CTaHAAPTHAA OWKOKa ONMHAKOBA ANl PABHO-§
yAaJeHHHX OT IeHTPa o6/aacTn ToueK. Takue HOCTPOCHHS CYINECTBYIOT
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JIEHHO pacTyliero rpeGHsa. DTOT MeTox yJA0GeH U B CAOXKHBIX Caydasx,
mpH HAIHYHH TpeX H Gonee (HakTOPOB. /
JlutepaTypa nmo METOIONODHHM aHaaH3a nmsepxnoctx OTKJHK2
BeCbMa OOWIMDHA, W B HACTOALIEM pas3jene IaHO JHMIUb Herjaoe pac-
CMOTpEHHE HEKOTOPHIX CTOpPOH Bompoca. IlpeBocXoamas TpakTOBKa
METOJa MOOYEPEAHOrO HCCICNOBAHUS MO KAXK/AOH MEpeMeHHOR (MeTo-
Ka cedennit) nana Ilmuarom xu Tefinopom [22]. Mo merony mancko-
pefilliero MOABEMa Ml ‘peKoMengyeM paGoTel Jesuca [12] u (mau)
Koxkpena u Kokca [9]. O6cyxaenue mpo6aeM ONTHMH3ANHH B HeMo-
CPE/ICTBEHHOH <CBS3H € MOJEIUPOBaHHEM JaHo B pabote Mupxema
[19]. Xopomnm pykoBoytcTBOM Mo Bhesmel 10 1965 T. KypHaabHOH
JUTEpPATYyPE, CBI3aHHOH € METOJZOJNOTHEH aHanu3a NOBEPXHOCTH OT-
KIHK2, MOXKET CNyXKUTb 0630p Xunna u Xanrepa [17].

. Naylor T. H. (ed.), The Design of Computer Simulation Experiments, Duke:
University Bress, Durham, N. C., 1969. . . .

. Odom P."R. Shannon R. E., Nomographs for Computer Simulation, Industrial
Engineering v. 5, Ne 11, Nov. 1973. . .

. Schmidt J. M Taylor R. E., Simulation and Analysis of Industrial Systems,
Richard D., Irwin, inc., Homewood, 1., 1970.

3AJAUYU

1. O3uakoMbTeCh C npuaoKenuem A4

a) B sToM uccienoBaHMH aBTOPLI MPOBOAT psil HeBOJBIIHX IKCIePHMEHTOB.
Kak Bbl cuMTaere, MPAaBHJIEH JU STOT MOAXOA HJIH XKe CIelyeT [pOBECTH OHH
Goablnod (paKTOPHEI SKCTEPHMEHT?

6) Kak Gymer ®Hrsferb mnoumbii (akTOpHHE IKCIEPHMEHT B yCAOBUAX
puc. 4.4?

B) CKOJIBKO 571eMeHTOB GyAeT COAepPXaTb BAll IVIH SKCMEPHMEHTa WO 1. «6»?
2. VcenenoBaTeqb Da3paboTan MMHTALHOHHYIO MOAeTb, TpeGylomylo 2 MHH Ha
ozuu nporoH. Y Hero octanoch 10000 gosa. mas OWATH MAUMHHOTO BpeMEHH, Ko-
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ny pexxuMaMy. OUeBHIHO, YTO TOUHOCTh PE3Y/ILTATOB MOACTHPOBAHUSA
# KOJIMUECTBA BJIOMKEHHOTO B MOAGAHPOBaHHE TPYAa TECHO CBA3aHH
mexxy coboi)

VMeHbIUHTy, OWMOKY OLCHKH BJAMAHHSA JAaHHONO peXHMa IMOXKHO
nByMsl pasimdueiMu crnocoGamu. OXMH H3 HHX COCTOHT B HCTIOJB30-
BaHHH GoJjee |TOHKOH METOAMKH IONYYCHHS JaHHBIX (HalmpHMmep,
MOXKHO HCIIOJIH30BaTh MCTOAB YMEHBlleHHs Aucmepcuu). Jlpyroi cmo-
€00 COCTOHT B |IPOCTOM MOBTOPCHHH SKCIEPHMEHTA HYXKHOE UHCIO Da3
¥ YCPEAHEHHH |IIOJNYYEeHHBIX DedynbTatoB. K coxaneHHio, Taxof cro-
cob HemocTatohno ©¢@dexTHBEH, Tak Kak CpeIHeKBaJpaTHuecKoe
OTKJIOHEHHE yCpPEIHEHHOH BeJHUHHBE 06PaTHO MPONOPUHOHAIEHO JNHIIb
KBaAPaTHOMY KOPHIO W3 mucia moBTopenuii. Taxum obpasom, ycpea-
HEHHE IO WeTHIpeM U3MEDECHHAM I03BOJACT YMCHBIIATb  OILUHGKY
BABOE, a yCpeAHeHHe Mo 16 H3MepeHHAM — JIHLIb BYETBEPO.

Ipy onpeneneHAXn HEOGXOAHMOIO HHCJA MTOBTOPEHHH HCCaea0Ba-
Telb AOJKEH 3amUcaTb HHTEPECYIOIMe ero J(IepeMEHHBEe OTKJIHMKA
BMeCTe ¢ OLEHKAMH HX CDEJHEKBaApaTHUeCKHX OTKJIoHeHHiA. Heobxo-
JMMOE YMCI0 NMOBTODPEHUil OmpejesnsieTcss HaHbOJEe BaXKHOH IepeMeH-
Holt. ECIM BaXHBIX HEepeMeHHBIX HECKOJBKO, TO UHCJIO MOBTOPEHHI
OIpefieNIieTCsl EPEMEHHOH ¢ ‘MaKCHMalbHBIM CPEAHEKBAJAPATHUECKAM
oTk/oHeHHeM. Torga As OCTAJBHBIX NEPEMCHHBIX UHCJO NOBTOPEHHH
OyZeT TpPEeBHIUATH MHHUMANbHO HEOOXONMMbIM AJ KaXKAOH H3 HHX
ypoBeHb. Eciau OxuZaeMOe pasJuune MEKAY PexHUMaMH MOXCT
MEHATbCS B LUIHPOKHMX NpPeAeax U €clH XKeJaTeJlbHO OUEHHTb N0BEpH-
TeJbHBIE YPOBHH JJISi PA3JMHUYHBIX TEPEMEHHBIX, TO HYXKHO BBIYHCJIHTb
HEOGXO0JHMOE YHMCJO NMOBTOPEHHH OTASNBHO IS KaXJOH mepeMeHHol,

TAKTMMECKOE NNAHUPOBAHME /

HcrunnocTd He TOALKO 8 OKpydiaroujem Hac Mube uau HAWUx
modennx, HO u 8 npoyecce cooTHeceHus modeaeli 4 mupa.

J E. A. Cunzep
|
!

{

5.1. TipoGaembl hayKTyaiui

B JjonosHenyue K PaCOMOTPEHHBIM B TJl. 4 CTpaTerHuecKuM npoGieMaM
NIJIaHHPOBAHUS  JKCNEPHMEHTa HEeOoOXOAMMO HCCAEeO0BaTh APYTYIO
rpynny npoGJeM, KOTOPHE MOXKHO Ha3BaTb TakTHueckumu [3]. Tak
KaK (UYKTyauHu [pHCYIIH BCEM CTOXACTHYECKHM HMHTANHOHHBIM
MOJeNsaM, TO IJS JOCTHXKCHHA 3aJaHHOH TOYHOCTH pE3yJbTaTOB
BSKCTIEpHMeHTa HEeoGXOLMMO TOBTOPSTb SKCIEPHMEHT (Kaxiabifi pas
MeHsi 3HAUEHHS BXOJASAIMX B MOAeNb caydaiinbix (akropos). Bpems
OJHOTO MAIUMHHOTO TPOTOHA CIOXKHOTO MOJENBHONO 3KCIepHMEHTa a 3aTeM BHIOpATh U3 HHX MaKCHMaJbHOE.
MOXeT ORTb GOJBIINM, a BhIIGJEHHOE Ha IKCNEPHMEHT MallluH- TpebyeMoe MHCIO MOBTOPEHHH 'MOXHO OLCHHUTb HCXOAS H3 COOT-
Hoe BpeMs OOBIYHO OTPAHHIEHO, NMOITOMY HEOOXOAHMO CTPEMHTBCS K HOUIEHHs MEXAY OKHAAEMHIMH CPEIHEKBaJpaTHYECKAMH OHOKAMH H
TIOMIYYEHHI0 MaKCHMalabHOH HHGOPMAaNMH € MOMOLIBIO HEGObUIOTO BEeJIMUMHAMH HMHTEepecylolux Hac 3(QWpexToB (pasiuunii MEXKIy pexu-
qucaa nporouoB. Kpome Toro, SxCHepHMEHTaTOp AOJ/UKEH NPOBOLHTh Mamu). Jlasi 9TOTO HEOOGXOAUMO UMETh OLEHKY AHCNEePCHH OMWHOOK H
SKCNEPHMEHT TakuM 06pa3oM, 4TOOH HE TOJBKO IOJAYUHUTb pe3ysb- 3a7aTbCd MHHHMaJAbHOH BeJHYMHON HHTepecyoIIHXHac 3ddexros. [las
TaThl, HO ¥ OUEHUTb UX TOYHOCTb, T. €. CTeNEeHb NOBEPHS K T€M BBLIBO- BHUHUCJICHUA KOJHUCCTBA JIOBTOPEHHﬁ, HeoOXoIUMOTO JJis BBIABJICHHUSA
JaM, KOTophie OYAYT CAeJaHbl Ha OCHOBE 3THX pPe3yJbTaToB. 3aJlaHHOTO MHHHMAJIbHOTO Pa3JHyls MeXJy NapaMeTpaMy IpH 3ajiaH-
CreneHb TOUHOCTH OMPEAENACTCS BeAHUIHHOR (GUyKTyauui ciaydad- HOM YpDOBHE 3HAUMMOCTH, CyLleCTBYET Pfi/i METOAOB, BBIGOp H3 KOTO-
Horo (pakTopa (ero AHucmepchedl). B caysae npoBepKH COBNaNeHHS PHIX ONpeneNseTCs KOHKPETHEIMH YCIOBHAMH 3ajaud. B oTo#f ruase
JBYX PEXHMOB SKCIEPHMEHTATOP MOJIKEH 3alaTb JOMyCTHMBIE BE- . 3 MBI PAacCCMOTPHM HEKOTOpbIE OCHOBHBIC IIYHKTHI, OIpeJEAAIOINE TOU-
JIHYUHEl PHCKOB OIIMGOYHBIX BHIBOJOB, KOTODHIE OH MOXET ¢AeNaTh, HOCTb ¥ CTOMMOCTb PE3yJBTATOB OKCIepHMeHTa. Cpefd HHX — CXOAH-
ecan 1) npuaeT K BHIBOAY, YTO DEXHMBI COBIAAAlOT, TOTAA KaK Ha 3 MOCTb, HauaJbHbIE YCJOBHfA, pa3Mep BBIGODKH H METOAbl yMEHbIIEHHS
CaMOM JieJie OHH Pa3JHYHb (OWMOGKa B BTOPOTo pofa), HiH 2) mpuAeT i JHCIIEPCUH.,
K BBIBOAY, YTO PeXHMBI DPA3JHUHEL, TOTAA Kak B JAEHCTBUTENBHOCTH "
onM coBmajaiT (owubka @ mepBoro popa). JKemaemyio cTenesb
TOYHOCTH MOXKHO 3alaTh B Pa3JHYHHX (OpMax, Hampumep, a) B BHAC
JOJMH CTaHLAPTHOTO OTKJIOHEHHs; 6) B NPOUEHTAaX OT BeNHUMHB CPEA-
Hero 3HadeHHs; B) B aGCOMIOTHHX BequuuHax. JlocTHXKHMas CTreneHb
TOYHOCTH 3aBUCHT OT MPUPOLB PEKHUMOB M BEJHUMHBEI Da3JIHuni MeX-

5.2, HauanbHbIE YCJIOBHA H PABHOBECHE

Kak ommeueno B pasj. 4.2, 04HO W3 OCHOBHBIX OTVIHUH{ HMMTAIU-
OHHBIX 9KCIIEDPHMEHTOB OT SKCIEDUMEHTOB € PCAJbHHMH (PUIHUECKHMHU
CHCTEMaMU 3aKJIOYAETCsl B NPOCTOTE TIOBTOPEHHS H BOCTPOU3BEACHHS
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yCa0BUE SKCIEPHMEHTA, a TaKKe B NMPOCTOTE 3amycka, ;bepbmaﬂm H |
BO30GHOBJIEHUS AKCIEPUMEHTA. DTO KaueCTBO MOJAC/IBHHIX IKCIEPH- ]
MEHTOB fBJAETCS OJHOBDEMEHHO HX JOCTOMHCTBOM H |HEIOCTATKOM,
JIOCTOMHCTBOM €r'0 'MOXKHO CUMTaTh [OTOMY, 4TO ¢HO MO3BOJSET
KCIEPHUMEHTATOPY HOJHOCTBIO KOHTPOJHPOBATb IKCIEPHMEHT, H He-
AOCTATKOM — NOTOMY, YTO OH BBIHYXKIEH 3a6OTHUTbCS d TOM, KakK 3a-
1aThb HaYajbHbie YCJAOBHS M KOTAA NPUCTYIHTb K COODY HAHHBIX. 3
BOJIbIIHHCTBO UMHTAUMOHHBIX MOAENeH HCIOMBb3YeTCs [Ji/isl H3YYeHHS |
yCTAHOBUBUIAXCH DPaBHOBECHBIX YCJOBHMH pabOTHL, T.e. A/ H3YYEHH ]
CUCTEMB B THIHYHEIX IJIf Hee W MOBTOPAKIMXCA HBO THA B NEHb]
ycaoBusiX. K coxamlennio, B GOMbLIMHCTBE CTOXaCTHY¢CKAX Mo neiel;
OOLIYHO MMEIOTCA HadalbHble CMEIIEHHS WIH KPaTKOBPECMCHHBIE Teper
XOJHBE YCJIOBHS, KOTOPbie HE XaDakKTePHbl JJIs YCTaHOBHBLIETOCH!
COCTOSIHMS CHCTEMBI, IIPUYeM TpeGyeTcst onmpejeseHHOe BpeMs AT A0
CTHXKEHHS MOZLEJbI0 HeoGXOAMMOrO YCTAHOBMBINETOCHA COCTOSTHHS
OO6BbIYHBIM CIIOCO60M SABJIAETCA 3afaHHe HYJNEBBIX HauaJbHBEIX yCJIOBHHJ
Peanbubie CHCTEMBI YIOBJETBOPSIOT 9TOMY VCJOBHIO JIHIIb B CaMb
nepBblil MOMEHT pPaboThl MOCTe HX CO3NAHMS, MOCKOJABKY, HalpHMERs]
GoJibHHIIA HHUKOTHA He ObIBACT NYCTOH, B a3pONOPTY NOYTH BCENKAM
HMEIOTCH CaMOJICTHl Ha 3eMJe ¥ B BO3AyXe, 3aBOA BCeria TOTOB
MPONOKEHHIO PaGOTHl (Iaxe KOTAA OH 3aKpHIBAeTCH Ha HOUb). )

CyliecTBYIOT 1O MeHblIeH Mepe TPH OYTH yMEHbLICHHS BO3MO
HOTO BJMSHHS HavaJbHOTO IEPHONA Ha MOLydaeMble JaHHbIE:

1. Mcmonb30BaTh HOCTATOYHO JJIMHHBIE BHIYMCAHTE/NbHbIC NPOTOH
yTOGbl YMCJIO JAHHBIX IEPEXORHOTO IEpHOJa GBIIO HE3HaYHTEeJbHO
CPaBHEHHUIO ¢ YHUCIOM NaHHBIX YCTaHOBHBLICTOCS COCTOSIHHUS.

2. McxaounTh M3 PacCMOTPEHHS HauyalbHBIA IEPHON HPOTOHA.

3. BuibpaTh @/ yCTAHOBHBIUETOCS COCTOAHHA TakKoe HauaJbHO
yC/lOBHE, KOTOPOE I6/1HXKe K THIMYHOMY, H TeM CaMbBIM yMEHbLUIH
nepexXo HBI epUO.

Kaxnblii #3 9THX OyTeH CBs3aH ¢ pEIUCHHEM Psfa BOIPOCQM
INepBblil MTOAXOX MOXKHO MPHMEHHTb TOJBKO B CJydae, ecli [1pOLGM
Mojeny He TPeOyeT CHAHIIKOM MHONO MallWHHOTO BpeMeHH. OnHan
ec/ii MOJe]b CJI0XKHa H KaXKIBIH mpOrOH CTOHT AOPOTO HJH Ke Nep@y
XOZHBIH TEepHOA JOBOJBHO BEJHK, TO TAKOil IyTb MOXKeT He NOLOM
B culy OOJbLIHX 3aTpaT MAlIHHHOrO BpeMeHH. Ualle OXa3biBaloBh
MOJIE3HBIMHK OMH WM ABA MOCHAIHHX IOLXO0Ja.

Bropo#i moxxon Takie MMeeT CBOM HEXOCTaTKH. Bo-mepBhIX,
daxTHIeCcKH OECMNONE3HO TPAaTHM YacThb MalMHHOrO BpeMeHn (W
YaJabHBIA mepuox). Bo-BTOpHIX, OUEBHAHO, UTO B HEKOTOPHIX clydaml
yMeHbllIasi TaKHM CIOCOGOM CMellleHHe, MBI B TO Ke BpeMs yBeJHN
BaeM JHCTEpPCHIO (BCAGACTBHE COKpallleHHsi RJIHHB BhIGOpKH). Pl
mMan [11] mokasan, 4To B HEKOTOPHIX CJydasX mnpu oTGpachisa
YaCTH JaHHHX yBeJIWUMBAaeTCd (CPeIHeKBaJpaTudecKas
B-TpeThuX, MH JOJIKHB PEUIHTb BOIPOC O TOM, KOTAA 3aKOHUMJICH 1M
PeXOnHBI T1epHOJ, UTOOH ONpPeNeNHTb ROMI0 OTOpachiBagMbiX 1aHAH
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He cymiecrByeT mNOMHOCTBIO HAaAEXKHBIX METOXOB IJs PELICHHS
pompoca o TO{A, JOCTHTHYTO JIM YCTAaHOBHBLIEECS COCTOSIHUE HJIH HET.
Kax ormemun Kouseit [3]: «BaxkHo cosHaBaTb, YTO PaBHOBECHE — 3TO
fipefieIbHO COCTOSHHE, K KOTOPOMY MOXKHO IPHOJIHXKAaTbCs, HO KOTO-
poro TIPAKTHYeCKH HUKOTAA HeNb3s HOCTHYb». Kpome Toro, ycra-
HOBUBIICECS COCTOSHHE BOBCE He O3HAYaeT, YTO IePeMeHHas OTKIHMKa
JIOCTUTIa HEKJTOPOTO IIOCTOSHHOTO ypoBH#A. TlepeMeHHas OTKIMKa
npoAodxaer PUyKTynpoBaTh mpucylluM el ob6pasoM. [Jon pasnose-
cileM WIH YCTAHOBUBULUMCS COCTOSHUEM MBI MOHHMaeM Takoe COCTOS-
HHE PeryAsPHOCTH WM YCTOHYMBOCTH, B KOTOPOM IIPOTHBOIEHCTBYIO-
1iHe CHJIbl WIH BJIHAHHSA COallaHCHPOBaHbI W KOMICHCHPYIOT Jpyr
apyra. MB nmpexmofiaraeM, 4TO mJsi KaX[JOH cToXacTHYeckoifl Moxenu
CYLIECTBYeT IIpeAeJbHOe pacnpeneseHHe BeDOSTHOCTER OTK/IMWKA, $iB-
Jisliolleecsl XapaKTePUCTUKOH CcucTeMbl. MOjeNb HaxOAUTCs B DPaBHO-
BECHH, KOTZA OTKJAHK MMEeT 3TO NPEAe]bHOe, WJIM XapaKTepUcTHde-
CKO€, pacrmpeaesieHue BeposTHOCTeH.

‘Brillle MbI OTMETHJIH, YTO B OGOJBIIMHCTBE HCCAGIOBAHUA Hac
HHTEPECYIOT XaPaKTCPHCTHKU CHCTEMBI B YCTAHOBUBLIGMCS] COCTOSTHUHU.
KoneuHo, 3T0 He BCceTAa Tak, M CYIIECTBYIOT TaKkKe 3amgaui, B KOTO-
PHIX HAC HHTEPECYIOT UMEHHO HAuYaJbHbili NEPEXOIHBIH NMEPHOR M ero
XapaKTePHCTHKH.

MBI He 3HaeM IIOJHOCTBIO YAOBJETBOPUTENBHOIO METOAa, KOTOPHIi
MO3BOJISIET OTMPENENHTh MOMEHT JOCTHXKEHHs paBHOBecus. Bce OGBIYHO
HCIOJb3yeMble METOJbl OCHOBAHBI Ha M3YYEHHH IPOOHBIX HIM TpejBa-
PHTENBHBIX MPOTOHOB. Eciu 5T0 BO3MOXKHO, pellieHHe CleayeT IpHHU-
MaTb Ha OCHOBe GoJiee ueM ORHOro mpoGHOro mporona. Lopmon [13],
Derrep u ToMncon [9], a Takke Apyrue aBTOPH MOKas3alu BHICOKYIO
4yBCTBHTE/JBHOCTb NEPEXOIHOTO NEPHOJAa K BEHIGOPY HayalbHOTO 3Ha-
YeHHs TeHepaTopa <JIydafHBIX gucel. PellleHue O AOCTHKEHHH PaBHO-
BeCHA clefyeT IPHHUMATh Ha OCHOBE HCCIEIOBaHHS HECKOJbKHX
TIpe/iBapUTENbHEIX TTPOTCHOB.

Ilo moBomy HROCTHXKEHHsI paBHOBeCHS MBI MOXKeM JHIIb NPHBECTH
PSLA TIPE/JIOKEHHBIX Pa3IWYHBIMH aBTOpaMH CIOCOGOB.

1. Konseit .[3]: «Ot6paceiBafiTe [OCHEIOBaTENbHO pE3yJIbTAaThi
HabnloleHnii 1O TeX mOp, NOKa MEPBOE M3 OCTaBIIMXCH U3MepeHui
He OyJ1eT HU MHHHMAaJbHBIM, HH MaKCHMaJbHBIM».

2. Omwod u Cuccon i[7]: «Onun npocTOf ¥ MOME3HBIH, ¢ Halef
TOYKM 3peHHs, Cnocob COCTOHT B CPaBHEHHH UYHCIa H3MEpeHuH, KOTO-
Pble NPeBOCXOAAT CPefHHH YPOBEHb, € WHCIOM HU3MEPEHHH HHXKe

- 3TOro YPOBHA; €CAH 9TH YHCAA NPHOAH3UTENbHO OJHHAKOBH, TO, CKO-

Pee Bcero, yc/a0BHs CTAUMOHAPHOCTH COCTOSIHHS BBIIOJNHEHBI».

3. ®umMan [10] mpemnoxun maAs aBTOKOPPENHPOBAHHEIX TaHHBIX
BEIUHC/ISITE MaKCHMANbHBIA IPOMEXYTOK BPEMEHH R, Ha KOHIAX KOTO-
POro panmbie €llle 3aMETHO KOPPEMMPYIOT, H OTOPacHBAaTh HaYasbHBIH
TeprHoa BpeMeHu AJUHOK k.
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uue XapakTepucTHKM M B cucTeMe A CyIINECTBEHHO Gosbllle, yeM B-
cncﬁﬁeclg:ngxlm ¢ KouBeeM B TOM, 4TO GOJIBIIHHCTBO mc.ue;lonaTe-»
seli BeCbMa HEOXOTHO MAYT HAa CTOJNb TPHBHAJIBHOC OMHCAHHE, nzi_)IK?
ecJTH TPETHi ¢Hoco6 eACTBUHl NPUBOAUT K JAYUIMM pesylleaTaMl;/mc(;
3TOMY ‘MBI OTAaeM MPEANOYTEHHE BTOPOMY cnocoby, T. e. KKOMIIPO e
HBIM» HAYaJbHBIM YCJIOBHSIM, KOTOPbIC fa/iee COXPaHAIOTCS HEHM v
HBIMH BO BCeX NPOTOHaX MojeaH. Jlaxe Ipu HaTHuHH snaqmenbnoe
anpropHOiH HHGOPMAUMH O MOJCIHDPYEMBIX CHCTEMaX YCTaHOBJIEHHE:

!

4. Touep [29]: «O6muno Tpebyercs, 4TO6H caMbiil ﬁjmﬂnmﬁ LHKA]
00DbekTa Gbla NOBTOPEH 110 MeHblliel ‘Mepe TP HIu MeThlpe pasa. ad
N03BOJIAET MOAABHTb BIHAHYE HAUAIbHBIX YCIOBHH, KOTOPHE He HMEIOW
CMBICTA». { E

5. Topaoxn {[13] npeanaraeT u306paXkaTh NUCHEPCHIO BHIGOPOUHOrg
CpPE/IHErO B 3ABHCUMOCTH OT JJIHHH BHIGODKH B JIOT2PH(PMUUECKUX KOs
opannaTaXx. Eciun HauanbHOe CMeHIEHHE OTCYTCTBYET, mOMyueHHBIM
rpaduk AOJKeH SIBAATLCS NPAMOK JHHHEH C TAHTEHCOM YIia HaKJIOHaj
PaBHEIM NPEMePHO —1/2 (cpemHEeKBaApATHYECKOE OTKJOHEHHE o6par-
HO NIpOMOPUHOHAMbHO n/d),

6. Ommod n Cuccon {[7]: «Ipyroit cnoco6 COCTOMT B BHIYHCTEHU
[J12BaIOUIeT0 CPEAHErO BHIXOJAHOA BENMUMHBL, Y CTAHOBUBUICECH CO
CTOSIHHE MOXKHO CYHTATH JOCTHTHYTHIM TOTJA, KOMIA 3TO CPejHee e+
pecTaeT CylleCTBEHHO M3MEHSTHCS BO BPEMEHUY. 4

TlockoMbKy B peKOMeHZauuAX 5 # 6 MCHOMB3YIOTCS CTATHCTHUKH ef
HaKOIVICHHEM BCeX BHUIGOPOUYHBIX AAHHBIX, TO OHM B KOHLE KOHUOB A0
CTHTHYT YCTAHOBHBINErOCH 3Hadenns (puc. 5.1). Oxnaxo Nipu mocTpoesy
HHH T2KHX CTaTHCTHK HMEETCS 3ana3JAbIBAHHE OTHOCHTEJBHO TEKYLIET
cocrosinus. UeM Goabilie BelndnHa GAYKTYaUHH B HAYATbHBIH TI€PHO,
BpeMeHH, TeM GoJibllie BeIHUMHA 321123 bIBAHNS,

MoXHO COKPaTHTb (HO HE YCTDAHMTb) mepexoAHHI nepuos, €
BHIGDATb HAYAJNbHbIE YCNOBHS GNH3KHMH K YCTOBUAM YCTaHOBHBILE-:
rocs cocTofHus. JTOT cnoco6 npemnoxun Komeed [3]. Omacnoer
COCTOHT B TOM, YTO MBI MOXEM IIPH TAKOM cI0CO6e HOMYYHTb HEKO
TOpOE CMellleHHe B CTOPOHY CAeN2HHBIX 3apaHee BHIBOAOB 06 yCIIO
BHAX YCTAHOBHUBIIETOCS COCTOSHUSA. J[pyrasi TPYAHOCTb MOSABJSETCS
CJlydae SKCHIEPUMEHT2 10 CPABHEHUIO asibTepHaTuB. IIycTb CpaBHEDY
BAlTCA anbTepHatuBbl A u B. Kakue HauajbHHe YCJIOBHS BHICTABRY
JSATb B CJIydae, €CHAH OTH YC/IOBHS CYHIECTBEHHO pasAuyaloTcs /s
pasHeix anbrepuatuB? Kouseli [3] oTMeuaer, uto apecs ects o Me
wel Mepe TPy BapuaHTa:

1. TIpoBepuTb KaMIyio aJbTEPHATHBY IIPH IPOU3BOJBHHIX HAUAMb
HBIX YCJIOBUSX. e

2. TIpOBepHTb aJbTEPHATHBH C HCUOMAL3OBAHHEM OGLIMX HaYa/be]
HBIX yCJIOBHI, SIBJSIOLMXCS KOMNPOMHCCOM MEXAY HAaWJIydiliMH v
JIOBUSIMHU ANl KaXA0H aJNbTepHATHBHL .

3. IIpoBepuTb KaXKAYI0 aJBTEPHATHBY ¢ HAWAYYIIMMHU AJS Hee HA
YaJbHBIMU YCJOBUAMH.

Bropoii cnoco, oueBniHo, sddexTHBHEE TEPBOrO, a TpeTuf :
¢exTuBree Broporo. K coxanenno, Tpetuii cnoco6 tpebyer TpuMepR&
CNE/YIOWETO TNpPEelCTAB/ACHHS IOJYYEHHBIX pPe3yabTaToB: «§ X0
CpaBHUTb ABe cucTeMbi: A u B. §I oxwupan, uto cucteMa A o6aana
GoMbIIMM 10 CpaBHeHuIO ¢ B cpennuM snavenueM xapaktepucTukn M
51 BHIOpaN HawanbHbe 3HaueHHst IAs cucTeM A u B TakuM 06pa3o
9TO0H CpeflHee 3HAUEHHE XaPAKTePUCTHKM M 6bisio Goblie B CcHCTe ]
me A. PesaynbTaThi 9KCHepPHMEHTa NOKA3HBAIOT, UTO CpefiHee 3Haye--y

R

Yucao yenewnsx ucxadol

0 2 4 6 8 0 12 1 16 18 20 22 % 2 28 30
n-yucao ucnsimanud

Pac. 5.1. Ouenka 3HaueRnii p.

HaYaJbHBIX YCJOBMII SBJSeTCS HETPHBUABHOM sajgaueir. ‘OZHAKO
MOXKHO COIMIacuThCS ¢ BhickasbiBanueM Kousesi: «EpuHCTBEHHBIM yTe-
lieHpeM SBJASeTCH Bepa B TO, UTO MOYTH HEBO3MOXKHO CAENaTb HTO-TO
XyXKe, 4eM IpH BHIGOPE NMPOH3BONbHBHIX HAYANbHBIX YCJIOBHH, TAK 'mi
I06ele pasyMHBE YOWIHS MO3BOJAIOT YMEHBIIATL BpEMsi BIYHCIE
HHUf» '[Sf,

5.3. Onpexenenne pasmepa BHGOPKH

Ipn MoAeNMPOBAHHH CTOXACTHUECKHX CHCTEM Mbl MpEICTABIACM
OAHY uau Gojiee TEPEMEHHYIO BEPOSTHOCTHBHIMH PacHpeAe/]eHHIMHu,
B COOTBETCTBHH ¢ KOTODHIMH pacupeleleHs HX BeopOUHBIC 3Hade-
Husi, UcenenoBaTtesab He N106HBaeTC 3HAUMTENbHOTO Nporpecca B Imvia-
HHPOBAHHM SKCICPHMEHTa MO0 TeX Nop, TMOKa OH He CTaJIKHBaeTCﬂﬁC
npoGeMofi Onpefesenns neo6XoaHMOro 06beMa BbHIGODKH. Tloxauayit,
Haubosee YacTo Iepej CTATHCTHKOM BO3HMKaeT BONPOC: KaK MHOIO
BBHIGOPOYHHIX 3HAUCHHI CJeAYeT B3ATb, YTOOH OOECHCUNTH AOCTATOH-
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HYIO CTAaTHCTHYECKYIO 3HauyuMoCcTb? K coxkanennio, Mbn He Moxewm
‘OTBETHTDL Ha 3TOT BONPOC, HE 3HAA KOJMYECTBA HH(POPMANHH, KOTOPYIO |
HeNOBEK, NPUHUMAIOIIM PELIEHHS, XOUeT HMeTb, Tak Kak HMeIOmHecs
BHGOPOUHEIC 3HAYEHHS CIyYaliHM, TO CymleCTByer HEKOTOpasi HeTou- §
HOCTb pe3yJbTAaTa IKCNEPHMEHTA, CTemeHb KOTOPOH B 3HAYMTENbHON |
Mepe OnpeleNdeTCs pasMepOM BHIGODKH. 3ajaua ONPEAETCHHS TAKOTO |
‘PasMepa BHIGODKH, KOTOPHIH MO3BOMSET OBECHEUTb KenaeMbil ypo-
BEHD TOUNOCTH U B TO Ke BPeMS MUHUMAJbHYIO CTOHMOCTb MOJE/IHPO-
Banud, BeCbMa TPyAHA, HO 1 BecbMa BaxHa. K coxXaneHuio, xak 0TMe-
vaer Manken [5], pasmep BBIGODKH OOBIMHO SBJAsSETCH byHKuneH
KOIMIECTEA CPEACTB, OTMYIIEHHHX Ha MOJe/IupoBante. Tak Kak moay-
YGHHYIO B pe3y/IbTATC MOJEJPHOTO 3KCHCPHMEHTa HHGOPMALMI0 Mbi
HCHONbSYeM ISl NPHHATHS DeIICHHH, CBA3AHHBIX ¢ (yHKUHOHHPOBa-
HHEM DEaNbHOM CHCTEMBI, Mbl XOTHM CHAENaTh 3Ty uHpOpManHIo Kak
MOXKHO GoJIee TOUHOH HJH IO MeHbIlel Mepe Y3HaTb CTeNeHb €€ HETOU- |
Hoctd. [lostoMy anst ompemencus o6beMos BBIGODKH HEOOXOAUMO
TIpUMEHEeHHe CTATHCTHYECKOTO aHa/ju3a.

Onnaxo 310 TPoIIE CKa3aTh, 4eM CAENATH, TaK K2k, €CJIH MBI TOYHO
3HaeM HeoOXOJAUMYIO JJIsl NPOBENCHHS aHAJH3a MHOPMaUHIO, B 60b-
LIMHCTBE CAydaeB OTHAlACT HEOGXOAMMOCTb OKCIEPHMeHTa. IIpH ome-
HNUBAHWU 3HAYCHHH NapaMeTPOB BHIXOAA WM CMEIICHHI TiepeMEHHBIX
BEJUYHH HEOOXOLMMO BHISICHHTD ClIeAYIOLIEE:

1. Kakyio Bennuuny casura flapaMeTpOB WIH DacHpeleseHHii BH
XOTHTE Pa3/uyaTh, T.e. KAKOBa KeJaeMasi TOYHOCTb ONEHUBAHUS Tia-
PaMeTpa COBOKYIHOCTH?

2. KaxoBa Beqnyuna QGaykTyauui BEIGODOUHBIX 3HAYCHHH H3 STOH
‘COBOKYIIHOCTH? ]
3. KaxoBa BennuMHa pHCKa, KOTOPBIM BBl XOTEeJH 6B 3a4aTbCH?
4. ABTOKOppENHpOBaHH a1 BBIOOPOUHbIC BHAYCHHS?
5. KaxoBo pacnpenenenne BBIOOPOYHBIX 3HAYEHHUH? .
B oxmom pasgene meBo3MOXHO PacoMoTpPeTh BCE MNOAXOAH K i
TpoGieMe OnpeieNnenus 06beMa BLHGOPKH. [losTomy MB!I pacomoTpuM
JIHLIb HEKOTODBIC HaHGOMeC 4aCTO BCTpeYalolLUecs CHTYaluUH u npeg-
JIOMHM [BOSMOKHBEIE NOAXOAM K HX Daspemienuio. Pasmep BHGODKH.
MOKET ONPEACIATECA [0 ONHOMY W3 ABYX myTel: |) ampuOpHO, T.e, °
HE3aBUCHMO OT PaboThi MojenH; 2) B mpouecce paGOThi MOACIH ¥ HA
‘OCHOBE TOJYYEHHBIX C NOMOMIBI0 MOAENM DPe3yabTaTOB. Paccmorpum
BHayase HEepBbId MMy Th. g
HacTo MoXHO 0GOCHOBATb LENECOOBPa3HOCTD HUCIOAb3OBAHHS All- - §
PHOPHOTO aHa/H3a, OCHOBAHHONO Ha 3HAHHH MOJenu. MHOTHe MeTOXH
AHANH3A HCHONB3YIOT MPEANONOKEHHE O HE3aBHCHMOCTH H HOpPMasbs
HOM DACHpPEeACNCHUN OTKIKKOB MOJAENH. TO MpPEIITOI0KeHHEe OCHOBAHO:
Ha NPUMCHEHHN YEHTPAaAbHOU npedenbHOl TeopeMmbi TEODHH BepOST-
HocTell. Dbl mpemnoxeH uenmit pag GOPMyTHPOBOK mEHTpaJbHOH
TpefesIbHOA TeOpeMbl, OGCYXKIEHHE KOTOPHX MOXKHO HafiTH B KHHTE
®ensepa ([8]. CymHOCTb HEKOTOPHX M3 HHX (He CAMBX OGHHX)

COCTOHT B YTBEpKIEHHH, YTO pacCmpejesIeHHe CaydanHoHn 1\3}21;;!;21—1;1 le-
apasiiollefics cyMMoi GO/BLUIOTO YMC/Ia HE3aBHCHMBIX cnﬁ b e
JHMYHH € ONMHAKOBBIMH pacnpelesieHnsMu 1Bepomj\r/{io‘0're '[Qé] Ko X
HOpMaJbHOMYy pacnpejenennuio. Jlafinania 4] u HBCMacn | moxa:
3a1H, 4TO TPeOOBaHHH HE3aBHCHMMOCTH M OJIMHAKOBOH P cPraTovtmo
HOCTH He ABJAIOTCH HEOGXOIMMBIMH. Yacto O6biBaeT A0 HeﬁOJIb-r
qTOo6B OTKJAWK IPGACTaBAsl coGolff CyMMy 60/BIIOrO 4HCIA JeGone
wux 3¢ ¢exToB. ITO NO3BOJIAET HAACATHCH, 4TO nepel\vae:;{aaT;é)‘M ?;JILH-
C/I0XKHOM MMHTAIMOHHOH MOAEIH, SBIAIIAACH Pe3y. e
THBHOT'O JACHCTBHS GOJBLIOTG YHCaa CAyYaHHBIX nepemeﬁnuséﬂ?ro“ por
JeneHa MpAGAN3UTEABHO HOPManbHO. J[PYTHM BaXKHBIM rM%ﬁ i e,lléflb-
KOTOPOrO 3aBHCHUT ONpPaBAaHHOCTb IPAMEHCHHA uempanbr; 3ngeﬁ.m
HOl TEOpeMbl, ABASETCH CHOCO0 ONMpeAescHHs BHGOPOUHO g ﬁ ens.
Ecau kaxjoe BHOGODOUHOE 3HAUEHHE MPeACTaB/IACT CO obHaﬁ ke
cyMmy Gonbioro gncaa HeGoablwux 3dPekTos, TO HeHTpaiI Has ngn—
jeqpHas TeopeMa mpPHMEHHMa, B Mbl MOXKEM NPenoaarats,
6JMKEHHO OTK/IMK HMEeT HOPMaJbHOE DAaCHpefeaeHue. o
B ycnOBHSIX HPHMEHMMOCTH TEHTPaJbHOH NMpeLeNbHOU Teopee, o
OTCYTCTBHSI aBTOKOPPENALHMH Mbi MOXKEM HCIONBb30BATE J/IA onéJT;LOB A
uus o6beMa BHIGOPKH, HEOOXOAHUMOM A/Nd OUEHHBAHHMSA napé)M gaﬁae-
3a7aHHOl TOYHOCTbIO, METOJ JOBEPHTEJBHBIX MHTEPBaJOB. C uek}[{ocm
MBIMH TapaMeTpaMH MOTYT OHTb CpejHee 3HauyCHHE COBOKYI Tmo-r
COOTHOLIEHHE MeXJy IapaMeTpaMH H CpeIHEKBaApaTHYECKOE O‘TEHHﬂI
HeHHE COBOKYIIHOCTH. PaccMoTPMM HEKOTOpEie METOABI OIpeae’
o6beMa BHIOODKH TIPH OLECHMBAHHM 3THX NapaMeTPOB.

5.4, OueHHBaHHE CPEHEr0 3HAUEHHs COBOKYNHOCTH

[IycTb MB XOTHM IOCTPOHTB Takyio OmeHKy X HMCTHHHOFO CPelHEro
3HaYEHHUs |\ COBOKYIHOCTH, UTO

Plp—d< X< ptdl=1—a, (5.1

r1c X — BHOOpOUHOE cpeanee, (1—a) — BepOATHOCTb TOro, HTO HH-
tepsan p==d comepxuT X. 3ajaya COCTOUT B ONpPEJE]CHHH Heoﬁxoml_
Moro Ans BumosHenus (5.1) o6bema BHOOPKH. B npennosoxenin Hope_
MaJbHOCTH paclpejeeHHs BHIGOPOUHBIX 3HAUEHHH H3 Halled reH
PajbHOH COBOKYIHOCTH MOMKHO TOKa3aTh, YTO

n=(6Zqp)*/d" (6.2

rie Z g2 — ABYCTOPOHHAS CTaHIapTHAA Hopmamégaﬂncmzxﬁf;};e;
BoiBox ypasuenns (5.2) Moxno Ha#TH B pabore l[d 1. Aasa pKaKOBa
vpaBxenna (5.2) Heo6xoZuMo 3HaTh O, Zap H d, T.C. a) 2
BE;TMUMHA M3MEHUMBOCTH COBOKYNHOCTH, 6) KakoBa JOMyCTHMasi BEJ

YMHa pHCKA W B) KaKOBa JONMyCTAMasl DPasHOCTb MeXAy OueHKOH:F
HCTHHHBIM 3HaYeHHeM mapaMmeTpa? BeJHuHHY ¢ HYXHO JAHOO 3HATh,
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an60 AJs ee ONpele/eHHs HYXHO IPOBECTH NPOGHBIN SKCIEPUMEHT. |

Ecnu Mb umeeM TPeACTaBJAEHHE O npefesiaX, B KOTODbIX MOXET H3Me-
HATHCA OTKIAHK <CHCTEMBI, TO rpy6ylo OLIEHKY BEJHYHHBI O MOXKHO

TIOJIy4UTb U3 yCJIOBHSA, YTO PasMax dIePeMeHNHO! OTK/IHKA DaBeH MpH- 3

MepHO 40.

Ipumep 5.4.1

[pennonoxkuM, YTO MBI XOTHM ONEHHTb CPELHECYTOUHBIH BHIXOJ, _:'
MPOJAYKUHH XHMHYECKOTO 3aBOXA TaK, UTOGH C BEpPOATHOCTHIO ¥
0,95 ourmbka OUEHMBAHMS COCTaBAAnAa He Godee =4 T. Mtak, MH §

XOTHM, YTOOH € BeposTHocTbio 0,95 Halla oueHka X Jexana BHYTDH §
uHTepBana p44 T. TIyCTb M3BECTHO, UTO pPAa3yMHBI AOMyCTHMBIR
pasMmax xome6aHuii BHxoma cocraBaser 80 T. Toraa 40=80, uau
0=20, d=4, Zgp =1,96. CienoBaTenbHno, ;

ﬂ,=(0'Zu/2)2/d2=96.
Ilpumep 5.4.2

TIpeanonoxumM, 4TO MBI He 3HAEM MaKCHMaJbHOTO Pa3Maxa BHIXOAA }
B8 npuMepe 5.4.1 B He 3HaeM MHCTHHHOTO 3HAYEHHSI O. MBI MOMKeM

TOCTaBUTh 3ajady TaK: KaKOB JOMKEH GHITb DasMep BHIGOPKH, YTOGH j
Hallla OuneHka ¢ BeposTHocTblo 0,95 sexana B mpepenax p=o/4? 3

Torza d=o0/4, Zge =1,96 u
n=(1,960)%/(c/4)*=61.

Vitak, M MOXeM onpefensiTb pasMep BHIGODKH, He 3HAs O, HO 3a- ‘4

JaaBas d B BRIE HEKOTOPOH JIOJH OT C.

Ecnn 310 BO3MOXHO, CJIelyeT ONPEAENHTb RUCIEPCHIO BHXOZA C
MOMOILBIO MPOGHOTO IKONEPUMEHTA H NONYYHTb OUEHKY $? AUCTICPCHH,
A 3aTeM BRIYHCAHUTH IIOJTHOE YUCIO HEOOXOAHMMBIX Habmamonenuii. Toraa 4
pasMep BHIOODKH 1 ONPEASNUTCH BbIPaKEHHEM -

n=¢%s?/d2,

TIe {— TalyNuPOBaHHAA BENMYHHA JJsi 3aIAaHHOTO AOBEPHTEbHOTO

MHTEpBaJa W UMC/AA CTeNeHeli CBOGOAH HAYaJbHOH  BHIGODKH; 4
d — on0BMHA HIMDHHB JOBEPUTEJBHOTO WHTEPBANA; S% — OLEHKA

JHCHePCHH, MOJNYUYEHHAS 0[O BHOOPKE WIM NPOGHBIM 3IKCHEPHMEHTOM.:

5.5. Tipumenenne Teopembl YeGbimena

Hepasencrso Ye6oluiesa TOBOPHT, 4TO NPH 3afaHHOM GHCIE kj

(HE MeHBIIEM eMMHUUBI) W NPOM3BONBLHOM BHIGODKE X1, X2, ... %n

pasmepa n no MeHbuieli Mepe 1—1/k? usMepeHuit mHaxoadrcs B6JH3H §

CPeHer0 3HAYEHHS Ha PACCTOSIHMM He (oJee k cpenﬂ‘exsanpamqecxn L
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OTKJIOHEHHH. DTO HePaBEHCTBO CNPaBEMIHBO JJsA JIOOHX pacnpenene-
HHil COBOKyNHOCTel. Eciiu MBI He XOTHM MCXOAHTb U3 MPEANOJNONKEHH
0 HOPMaJBHOM DacCHpeleNeHHH BHIXOA2 (KOTOPOE, KCTaTH, HE BCerja
BHIONIHAETCA € AOCTATOYHOH TOYHOCTBIO), TO MOXKEM JAJs Ompenene-
HHg 06'beMa BHIGODKH BOCIO/IB30BAThCA HepaBeHCTBOM UeObillleBa, KO-
TOpOe HMeeT BHJ

P (|lx—p|> ko) < 5. (5.4)

ITycTb MBI XOTHM, YTOObI Halla OLEHKA TMomaja B HHTEpBas
p-=0/4 ¢ Bepoarnocteio 0,95, T. €.

P{IX—p|>-¢} <005 (5.5)
Ucnonb3ys ypaBHenue (5.1), noaydum
— — 4’
P{X—n|> Y ) <o0s=1. (5.6)
TaK Kak
Vn 14
k= B

Orcrona
n=42%/0,05=2320.

IMonyyennsii pa3mep BHGOPKH cyllecTBeHHO Goxble TOrO,
KOTOPbif OKa3hbiBae€TCH LOCTATOUHBIM B C/AYyYae HOPMAJbHOTO pacmpe-
HeneHus cOBOKynHocTH. OQXHAKO OH MO3BOJSAET MOJAYYHTb TapPaHTHPO-
BaHHyl0 TOUHOCTb NPH OTKIOHEHHAX DACHPEIC/EHHs COBOKYIHOCTH OT

Tabauya 5.1
O6nem BuIGODPKY, nNpH KOTOpOM BHGOpOUHOe CpenHee JeXHT B Mpenenax p=d
aas a=0,05
Heo6xoauMLA 06beM BRGODKH 1
OrKionenue no uempm;i;;gurzpeuenbﬂoﬂ fo Teopene UeGHmesa

of2 15 80
/4 61 320
o/6 138 720
a/8 246 1280
of10 384 2000
o/12 553 2880
/20 1537 8000
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HOpMaJsibHOrO. B Ta6s. 5!l mpuBeneHsi pasmepbl BBIGODKM TpH pas- Ilpumep 5.6.1

JIMUHBIX 3HAYEHUSX d B IPEANOJIOKEHHH HOPMaJbHOCTH U 16e3 Hero,

T. €. 'Ha OCHOBe HepabeHcTBa UeGnimesa mpu o=10,05. Kaxuum nomxen Grth pasmep BbIGOPKH (4HC/IO MCHBITAHMI), YTOGBI

¢ BeposTHocTbio 0,95 Ha0mosaemMasi 4aCTOTa YCHEWIHBIX HCXOO0B OT-

5.6. OuenuBaHMe NPOLEHTHBIX COOTHOWEHH Judanach OT HCTHHHOH p He Gosee uem na 0,02? Mmeem d=0,02,
! Z o =1,96 u, cnenosartenbHo,

Bo MHOTMX HMHTAIMOHHBIX MOJEJSX BBIXOJ MMeeT BHJ IPONOPIHY,
Jonu wad mnpoueHta. Hampumep, npH MOAETHPOBAHHU OTHEBHIX §
CPEACTB BOEHHOTO HA3HAYEHHS Mbl YacTO HHTepecyeMcs IPOLEHTOM
NOpajyKeHHBIX ILeJsieH, T.e. BEPOSTHOCTBIO NomajaHus. B mpomblulieH-
HOCTH MBI MHOT/A JKeJaeM OIEHHTb NPOIEHT 3aGPakOBaHHBIX H3LeNui
WM NPOLEHT 3aKOHYEHHBIX B 3aflaHHoe BpeMs paGor. OTKIMKH Moje-
Jiefi moylo6HOTO POAA TPHHAMAIOT OOBLIYHO OJHO H3 JABYX COCTOMHHH,
HanpuMep ycleX — Heyjxada, HaJH4He — OTCYTCTBHe, IONagaHHe —
Henmomafanue u T.N. Takde OTKJIHKH HA3bIBAIOT nepemeHHoimu bep-
Hyaasu. OHE XapaKTepU3yIOTcs GHHOMHAJNBHBIM paclpeleseHueM. 3

BykBoii p 0Go3HauuM BepPOSTHOCTB TOTO, YTO HEKOTOPOE COGBITHE
TIPOM30HNET B JAHHOM €JIMHHYHOM HCIBITAHHHM, §= l—p — BeposiT- 4
HOCTb TOTO, 4YTO OHO He MPOM3OHIET, 7 — YHCHO MCOHITAHUH W ]
f — ghcsio ycneXoB B 3THX HCHOBITaHHAX. Teopema Bepnysinm ymBepik-

1,962

N=720,0m

= 2400.

Ilpumep 5.6.2

CkonbKO 6OeB cieyeT mpoBecTd, 4TOGH ¢ BeposiTHOcThIO 0,99
naGniolaeMasi 4acToTa NMOPaKeHUS UeTH MPOTUBOTAHKOBBIM OpyaHeM
OTnH4anach OT HCTHHHOM He Gosmee ueM Ha 0,057 Mwmeem d=0,05,
Zajp =2,58 u, cneposaTesnnHo,

2,582

=70, 052

= 666.

UB Ta6/. 5.2 NpUBefeHH BeNHYUHBL 7 AN pa3jIMUHBIX 3Haye-
HHA o u d.

JaeT, YTo fIPH 71, CTPeMsllleMcsl X GecKOHeUHOCTH, Jossi ycnexos 6/n § . Tabauya 5.2
CTPEMUTCH K HCTHHHOMY 3HAUEHHIO BEPOSTHOCTH YCHELIHOTO HCXOA3, ] Munumaashuii 065em smiGopku ans ouenox Bephyaam
Mnaue rosops, Ans Jo6oro 3agaHHoro d>0 mpd 10CTaTOYHO GOJIb-
IIMX 1 BBHIIOJHSIETCS HEPaBEHCTBO I—a Zyn p n
8 1
——p|< d 6.7) §
n = ) b 0,90 1,65 0,10 68
Hama 3ajaua cOCTONT B ONpejeneHMM 4HCAA HONBITAHUE 7, OPY ) 0,95 1,96 0,10 96
KOTOPOM 0,99 2,58 0,10 167
P[i%—p| <d}=1_a, (.8); 0,90 1,65 0,08 107
' 0,95 1,96 0,08 150
Tae 6/n —Hama omerxa BepositHocTH p U (1—a) — BeposiTHOCTDH TOTO, ° 0,99 2,58 0,08 21
YTO 3TAa OLlEHKA OTKJOHSETCS OT p He OoJiee, 4eM HA 3aJAHHYIO 0,90 1,65 0.05 979
BesHuHHy d. K 0,95 1,96 0.05 284
B nenom psane pabor mokasaHO, 4TO IPH JOCTATOYHO GOJNBHIOM f 0.09 e 4
d He CJIMIIKOM MaJblX P W ¢ GMHOMMAJbHOE pacnpejesieHue MOMKHO ' :58 0,05 666
ANIPOKCHMHPOBATL HOPMaJbHBIM pacnpeneneinem. Ha npakrtnke 0,% 1,65 0,02 1700
MOXKHO CUHTATb, YTO TaKas AaNIPOKCHMALHNS JOCTATOYHO XOpOIIA, ecli 0,9 1,9 0,02 2400
BeJMUHHbL np U ng Goabme 5 wnu npg=25. TIpu BHINOMHEHWH BTHX: 0,99 2,58 0.02 4163
NpPeANOIOKeHHH MOXHO I0Ka3aTh, YTO ’

n=2Z%p/Ad?, 69]

rie Zgp — CTaHJapTHAas HODMasbHast CTATHCTHKA /IS HCKOMOH Be-$
posTHocTH. BriBoj ypasnenus (5.9) moxHO Hafith B paGore Mafiza H A Iocrpoenne nosepurensibix HHTEPBANOB 4acTo TpeGyeT oOueHH-
Kokca '[23]. Hast peiileHust 3TOrO ypaBHeHHs HeOGXOMMMO 3aJaTbCH | BaHHS cpe)HEKBAAPATHYECKOTO OTK/IOHEHWS COBOKYITHOCTH KaK Mepbl
BenuuMHaMn 1—a u d. - AHCepenn  BpIGOPOUHBIX 3HaueHmd. 3ajauy omeHuBaHms Jlncnepcxl)m

5.7. Ouennsanne JACTIEPCHA COBOKYITHOCTH
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COBOKYNHOCTH MOXHO NOCTaBHTh KaK 3ajauy OTHICKAHWS OLEHKH 2,

TaKoH, 4TO
P{l—d)ot<s* < (1+d)c*}=1—a, (5.10)

rae 0<<d<<| — uucao, Xapakrepusyiollee cTeleHb GIHM30CTH OICHKR j

5% K MCTHHHOH JAMCIePCHU 02

Maiiz u Koke [23] nokasamu, uto ygo6uee B ypasuenun (5.10) |

HCIONb30BaTh y2—cTaTHCTUKY (n—1) §2/6? ¢ n—1 cTemensmu cBOGOMH,

KOTOpas MO3BOJSET CAeJATh JOBEPUTENDHYIO BEPOSITHOCTD HE 3aBUCALIER §

oT o EciH n JOCTaTOYHO BENHKO, TO pacnpefeleHue X2 MOXKHO

ANNPOKCHMHPOBATh HOPMAJbHLIM paclpe/leleHHeM M IOJAyYHTb ypas-

‘HeHHe OTHOCHTENbHO 7.

Zg/2=w, (5.11)

Li0)8:8

Z, L
n=1 +3(—;ﬁ- (5.12)

ITpumep 5.7.1

OueHka s2 orauuaercss oT o2 He Gojee ueM Ha 5% C BepoAT- 1

HocTbio 0,95 npu
2-1,96%
0,05?

Hpumep 5.7.2 T

n=1+ = 3074.

Ouenusanye ¢ TouHocTsi0 10% mpu BeposiTHocTH 0,95 moTpeGyer §

3HAYHTENbHO MeHbIIero ofbeMa BHIGOPKH:
21,96 _

=14 0,108 =769.

5.8. CpasHeHue 1Byx pacnpejeienuit

YacTo BO3HMKAeT 3afaya IpOBepKH GJIM30CTH DacTpeleeHHsl OT-

K/IHKa MOJeJH K HeKOTOpOMy IPyroMy pacmpeienennio. Hampumep,
Takast 3a/1aia BO3HHKAET, KOr/la HeOGXOAHMMO POBEPUTh GMU30CTL pac-
npejeeHuii OTKAMKOB MOJENH M PeasbHOH MoJeaupyemoi cucTeMbl
HJH CPABHUTL paclpejieleHust OTKIMKOB Ha JBYX pexumax paGoTh
CHCTEMBL.

Kak u 8 pasg. 2.12 u 2.13, Aas mposepku GIH3OCTH JByX pacnpes

JeJeHull MOXKHO BOCIOJb30BaThes Kpurepuem Kosamoroposa — CMHPr
HoBa. B 3ToM pasjene Hac HHTepecyeT 00beM BHIGOPKH, IIPH KOTODOM
JIOCTHTaeTCsl JKeJaeMasi TOUHOCTh CpaBHeHus pacnpegenenuii. ITofk
KejlaeMoll TOUHOCTBIO, MM JONyCTHMOH OIIHOKOMH, OyleM NOHMMATH:
MaKCHMaJbHYI0 Pa3HOCTb cPaBHUBaeMbIX pacnpefieneHnfl B0 Bcex TO9:
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kax. HanpuMep, ecau Bui6paTh d=0,10 ¥ HCIO/Ib30BATb BLIYUCIEHHbIH
pasMep BHIGOPKH U ecnu abcomioTHAas PasHOCTh ABYX pacmpefesnennii
B HEKOTOpo# Touke mpesoimuaer 0,10, To xpurepuit Koamoroposa —
CMHPHOBa jJaeT 3HAUHMYIO0 pasHOCTb INIPH  3a/JlaHHOM  yPOBHe
OUWHNOKH a.

Caeaysn npejsoxenuto Creniutra [26], mbl MOXeM BBIYHCIUTD
HeoGXO uMBIH pasmep BBIGOPKH 1O HOpMysaM:

=(—£d"1)” a=0,01, (5.13)
n=(%}’ a=0,05, (5.14)
n=(Lj2—)’ a=0,10, (5.15)

PesynbraTel BbiyHcAeHHA 1o 3THM (OpMysaM INpHBeJeHbl B
ta6n. 5.3. OgHO orpanuyeHHe COCTOMT B TOM, YTO 0OBeMbi CpPaBHH-
BaeMbiX BbIGOPOK HOJKHbBI ObITh O AHHAKOBLIMH.

Tabauya 5.3

06bem BLIGOPOK, HEOOXOAUMBIH NS MOAYYEHHS KeJNAeMOA TOYHOCTH
MOJENHPOBAHUA CHCTEMBbI

YpoBeHb SHaYHMOCTH H 0GbeM BHGOPKH
{ Jenaeman TowHOCTH
0,10 0,05 0,01

[

0,10 149 185 266
0,05 596 740 1063
0,04 913 1156 1655
0,03 1 650 2053 2950
0,02 3721 6084 6643
0,01 14 884 18 496 26 569
0,001 1 488 400 1849 600 2 656 900

5.9. ABTOKOPPEANPOBAHHDIE JAHHBIE

B npegbifymiux pasjienax NpH ONpeleseHHH HeoO6XoaHMoro ofbema
BLIGOPKH MBI IPEANOJarajy, 470 BbIGOPOUHHE 3HAYEHUS He3aBHCHMEl
H HexoppenupoBaHul. [1pn MOCTPOEHWH MHOTHX MMHTALMOHHBIX MOJe-
Jefl 370 mpepnmosioxeHne He BHINONHSeTCH. TePMUH ABTOKOPPEAAYUR
O3Hayaer, 4TO NOCJHeAylollee BHIGOPOUHOe 3HAUeHHe 3aBHCHT OT IIpe-
Apityuux. [Ipu HajsuYud aBTOKOPPeNsMM B BHOOPKE cOLEPHKHTCA
Menbule HHGOPMAINY, UeM B BHIGOPKe M3 HE3aBUCHMbIX NaHHbIX. Puul-
Man [10] nokasas, 4To HEOGXOAHMBI pa3Mep BHIOODKH BecbMa UyB-
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CTBHTEJIEH K BeJHYHHE AaBTOKOPPensuuu. [1pH MOJOXKHTENbHOH Heydm-
THIBAEMOH KOPpeNANUH OlEeHKH IHCIEPCHH MOJIYYaloTCs 3aHHKEHHBIME,
Cy1ecTByIOT B2 OCHOBHHIX cnocoGa paBoOTH ¢ aBTOKODpPENHPOBAH 4
HBIMU JAHHBIMH: 5§
1. Pasbuth BHIGOPOYHBIEe 3HAUEHHA HA DaBHHE NOATPYINH H Paecs;
CMaTpHBATh KaXAYI0 NOATPYNNY KaK OJHO He3aBHCHMOe HalaioneHwe, §
2. OueHuTbL aBTOKOPDEJAUHOHHYIO (DYHKUMIO M HCIOIb30OBATH eed
OLIEHKY TIPH TIOCTPOEHHH OLIEHOK NapaMeTposB.
Mpi paccMOTPHM 37€Ch JHMIIb NOCHENHUNA OAXOL, CUATAS 72 HAGIIO~}
JeHuil (M3MepeHMH) 3aBuCHIIMMH OT BpeMeHH. B cayuae 4
POBAHHBIX JaHHHIX OLEHKH napaMeTpoB NPHHUMAIOT BHJI

pus (5.18), paBHB: p,x=0,3301, ps, x=0,2993, p3,»=0,1987. Munu-
MaJbHBI pasMep BHIGODKH, IPH KOTODOM OIEHKAa HMeEeT TOYHOCThb
+10Y% wucrunHoro cpegHero ¢ u=>0,05, pasex

2

n=[1,962- 101921,54{1 + 2[(1— —)- 0,8301 +( 1——)+ 0,293+

+ (1) 01987} j0.12- 205,742 = 1757,

5.10. Ucnosib3oBaHHe MPaBHJ aBTOMAaTHYeCKOH OCTaHOBKH

B npembayminx pasgenax MH OGCYIHJIH DAL BO3MOMHBIX MeTONOB
onpefleeHuss pa3Mepa BBIGOPKH, HeOOXOZHMOTO JJIf JAOCTHREHUS
3a7aHHOH TOYHOCTH pe3ysabTaToB. JLpyro#i, HcmoJabayeMbli HHOrAa
METON COCTOUT B 3afaHHM JOBEDHTENbHHIX HHTEPBAJOB AJA BHIXOM-
HblX BeJMYMH M OCTAHOBKM NPOTOHA MOZENH IO HOCTHXKEHHH 3aiaH-
HOTO XOBEPUTEJbHOTO MHTepPBana. ITO I03BOJAET CHeJaTh IIPOTOH
HE CAMIIKOM KODOTKHM M He CJMIIKOM JJMHHBIM. B TO Xe Bpems mpu
BBEJ€HHH B MOJeJb IPaBHJA OCTAHOBKM H ONepanuii BuUHCHEHHS
JOBEPUTENbHBIX HHTEPBAJIOB YBENHUMBAETCS MalIHHHOe BpeMs, HeoO-
XOZMMOe AJfi TOJYYeHHs ONHOH BeiGopounoll Touxku. IlosToMy HeoB-
XOIHMO HCKATb |IPYTHE METOABL.

Eme oana npoGieMa, cBA3aHHas ¢ OPaBHJAMH aBTOMAaTHYECKOH
OCTaHOBKH, 3aKJIo4aercs B pPHCKe IpeXIeBPeMeHHOH OCTaHOBKH H
[OJyYeHHsl OLleHOK Ha OCHOBE CJHINKOM Masoi BerGopku. Ecan ne mpu-

= ffr {1+2i( l—ﬁ‘)%,x}.

=1

rAe 03 — NUCIEpPCHS COBOKYIHOCTH; Qp, x — p-#i xosdduuHEHT aBTO-]
KOppeJsluuH; m — MaxcuMajbHas TIJIy0HHA paccMaTpHBAaEeMOlH aBTO-4
Koppensuuu, p=i1, 2, ..., m. -

Ins ouenusanust x0a(pHUMEHTOB XKOppessiuud HeOOXOAUMO MPO-%
‘BECTH (IIPH YCTAHOBHBIINXCS YCJAOBUAX) MPOOHEIH dKcmepuMeHT. TOrAg]
OIIEHKH KOPPeANUH MOXKHO BLIYHCIHTD 0 hopMye

n—p HATb Mephl NPeJOCTOPOXKHOCTH, TO NPH HEKOTOPHIX YCJOBHAX Ciydaii-

2 (X = X) Xogp— X)) Hble ‘(yKTyalud MOZEJSH MOTYT NDHBECTH K TOMy, YTO IpasuJa Oc-

o] TAHOBKH YA OBJETBOPATCA [PH BeécbMa MasnoMm o6beMe BbIGOpku. Kpome
Op,x= Zn—1) 4 TOTO, He0OXOAMMO YUHTLIBATbL U NEPEeXOAHBLIH Nepuox.

CyiuiecTByIOT JABa OCHOBHBIX €nocoGa BKIIOYeHHS B MOJeNb Ipa-
BHJI aBTOMATHYECKOH OCTAHOBKH:

1. [IpoBomuth mporon Momenu B pBa stana. CHauasma caeaath
TNPOroH, MO3BOMAAIOWUH NONYYHTD BBEGOPKY OGBEMOM 7, 3aT€M HCIOJMb-
30BaTb MOJYYEHHYIO BLIGOPKY AJisl OLEHMBAaHUs HeOGXOAUMOTO 0GbeMa
Br6opxu n*. Eciu n*<n, To 3aKOHYUTL npOroH. B mpoTHBHOM cayuae
TPOJOJIKATh 0 MOJYYEHHWS HENOCTAMUX n*-—n BHIGOPOYHHIX 3HA-
YeHUH.

2. Wicnonb3oBaTh NOCJAENOBATENbHYIO BHIGODKY mis ONpeleseHHus
MUHMMAJIbHOH BEJNHYMHBI 7, IO KOTOPOH MOXKHO € JOCTaTOYHOH TOY-
HOCTbIO ONpefelsiTh CpeIHeKBAAPATHUECKOE OTKJIOHeHHEe §, 3aTeM
CPaBHUBATbL BeJMYHHY

TZe S; — AMCIEepCHS 7 W3MepeHuil B HalleM NPOGHOM IKCIepHMeHTe. §
B xauecTBe XOpOINEro 3BPHCTHYECKOrO NPABAJIA MAKCHMAJLUYHOH
TyGURY M BHIYHCASAEMBIX KOMDOHUIMEHTOB KODPPEJSHIHH CJeLyeT BH:
Oupatb paBHO# npuMmepHo 10% uncna n uaMepenuit, a Kaxanl Kosd-4§
DHLUMEHT pp ; NMPOBEPATb HA 3IHAYHMOCTb OTIMUMS OT Hyas '[12
Teiicrep [12] moxasan, 4To mpu 3THX YCNOBHSAX MHHHMAJIbHBIHA He
XOZMMblii pasMep BHIOODKH MOXKHO BBIUHCJHTH 1O (HOpMy.ie

(a1 42 3] (1= 571 ) )
p=1

(dX)?

n=—

() ti—q, 1
Vvn

C 3ajaHHBIM ypOBHeM d M OCTAaHABJIWBATL I[IPOTOH B TOT MOMEHT,
KOTJa 3Ta BeJHuYHHA CTaHOBHTCS MeHbile d. OGbIYHO Jyullie MPOH3-

Ilpumep 5.9.1

PacoMOTpuM TecTOBBIH mporox Monend B npuiaoxennu A.l. Um
nabmogenuit 500. Cpennee 205,74 mun, aucnepcus s2=101921,8
Onenku KO3DOHUHEHTOB p;, 5, NOJYYEHHHE ¢ MOMOUIBID ypaBH
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BOJHUTb BBIYMCJIEHHS MO MOJY4YeHHH KaxKAOTOo Yy, a HE TocJe nonyl{eﬂun:

Xsunckom6 [16] mpeanoxun B KauecTBe Meph 3(dexTHBHOCTH
KaXj0H BLIGOPOUHOH TOUKH.

OLEHWBAHHS NMApaMeTpa ¢ MOMOLILIO MOJAENHPOBAHHS HCIONb30OBATH
BENMUHHY
5.11. Meroabl yMeHbIUEHHS JAHCIEPCHH .

¢ l(EKTHBHOCT"='—,El;l»xcnepcmixPaGcrra ¢

B HauajbHbll MepHOJ Pa3BUTHA HMHTAUMOHHOrO MOAEJHPOBAHHA ;
(1940—1950 rr.), KOoria ObICTPOAEHCTBHE BLIYHCIHTENbHBIX MALIHE]
GLLIO HH3KHM, 3auacTylo yMeHbllleHHe «biykTyauuil pesysibrara 3af
cueT yBeJHUeHHs OGbeMa BHGOPKM GbIIO CIHMIIKOM JOPOrOCTOSIIHM J
wenom. IToaromy GoJblIOe BHHMAaHHE y/eNsnOch pa3paGoTke MeTONOB,
NO3BOJISIOIINX NMPH 3aJaHHOM OObeMe BHIGODKM YBEJNMYMTL TOYHOCT'
OlIEHOK ¥, HAa0GOPOT, NPY 3a/IaHHOH TOUHOCTH OUEHOK COKPATHTb He-:
06X0AUMBIfl 06HeM BBIGOPKH. DTH CIOCOOHI 4aCTO OTHOCHJH K METORY,S
Monre-Kapsio, HO B TOCTefHee Bpems BO n3bexaHue CMellleHUS 10=
HSITHH HX Ha3hBaloT merodamu ymenvuuenus ducnepcuu. OHY HCIOJb: §
3yioT uHpOPMALMIO O CTPYKType MOJeNH H CBOHCTBAX ee BXOJIOB:
Iono6uas uupopmauust MO3BOJAET TAK H3MEHHTL [ePBOHAYAJDHYIO
3ajady, 9TO6b 3aTeM € NOMOUIBIO CNeELMaNbHBIX METOJOB MONy9YaTs J
OLEHKH ¢ JKeJlaeMOH TOYHOCTBIO NIPH MEHbIUHX 3aTparax. -

B HECKOJAbKHX IOCHAeIylollHX pa3jleaX KPaTKO OMHCAHBI HEKOTO-
phie OCHOBHHE CNOCOON yMeHbIIEHNs JHCIePCHH.

Tak Kak 3TH MeTOJbi JIOBOJBHO PPOMO3/IKH, MBI PACCMOTPHM JIHIIH
HEKOTOpHe Hanbojee OBLIHE MX UEPTHI, OTChLIAs YHTATenel 1A Gojee |
HeTaJlbHOTO O3HAKOMJIEHHS ¢ HHMH X COOTBETCTBYIOIeH CrelnanbHoR |
JHTepaType. BOJMBIIHHCTBO U3 PACCMATPHBAEMEIX HHXKE MeT0/0B' GHIO
pa3paGoTaHO 3a BpeMs OT Havana 40-X 1o #ayana 60-x rojos. Coor
BETCTBYIONIHE CTATHCTHYECKHE MOLXOMBI HCIOJNb3OBANUCH JUJISl. PASIHH: |
HpIX Uejell (HampuMep, B COLMAMbHHIX HAayKaX) MHOTO paHblle, HO .
HMEHHO B 3TOT 20-7eTHUil MepHOJ OHH ObLIH H3NOKEHB Kak MeTOf)
yMeHBUIeHHS JUCIIEPCHH B HMHTAIMOHHOM MallHHHOM MOJeNHpOBaHHH
ECTecTBeHHO, UTO MHTEpPeC K STHM MeTOJAM JOCTHT CBOero MaKCHe
MyMa Torja, Koraa OLICTPO/IEHICTBHE BHIYUCIHTENBHBIX Mauui ObIId
HH3KHM, M HayaJ NaJaTh C YyBejHUYeHHeM OBICTPOAEHCTBHS SBM,_
B Hacrosilllee BpeMs, OAHAKO, CKOPOCTh POCTA CJIOKHOCTH pelraeMsiX
3ajaq ollepekaeT CKOPOCTb POCTAa GbICTPOJAEHCTBHS qunc.rrmengﬂlgi_
MalIMH, 4eM ¥ OObsCHSIeTCs BO30GHOBJeHHe MHTEpPeca K ITHM Men'(f-"
AaM. B MOIensix COKHEIX CHCTeM, TPeOyIomuX s NoayYeHus oaHOR 4
BEGOPOYHOR TOUKH OKONO 1,5 4 MAlIMHHOTO BpeMeHn [2], MeTORH
YMeHbIIOHUs JHCIEPCHY MOTYT B 3HAUHTENbHOR Mepe TOBIWATH -H8
ycnex 3KCIepPHMEHTA. oo 0

Hau6onee cojepxaTenbHbiff 0630p MeTOJ0B yMeHBIIEHHUS aucnep- 3
cHH MOXHO Hajiti B Kuwrax Xammepcnes u Xsmackomba [14] # 4 Gbuta ofuHakoBo#i. K cOXaseHHIO, MOCTeHui CTOCOS TpebyeT HAMH-
Crefixnepa 1 eGGapaa [27]. lpyrue, Gonee uactisie 0630pel npel 3 dMs JI0BONBHO 3HAYHTENLHOH HHOPMAlMH O paccMaTpHBaeMOl COBO-
cTaBieHb B paGorax Xuiepa ¥ JInGepmana [17], Axoda u CacHedd i KyTHOCTH. ! > paccma »
[1], oruerax [18, 21] n.KypHaJbHbIX craThsx [6, 9, 20]. .- s§ Heo6Xo1us0 Taike pemiTs Boripoc o wicne BHGOPOTHAX SHATe-
o ’ ’ o HuH, KOTOpHE - HeOGXOAMMO B3ATL W3 ‘Kaxno# “crpaTh, - Kpurepnem

15—195

JIeficTBUTENIbHO, MBI MOMKEM 3a CUeT YBeNHUEHHS! YCHJHH MO HoCTpoe-
HiI0 OUEHOK YMEHbUIHTb JUCIEPCHIO OLIEHOK WJM YMEHbUIHUTh KOJHYE-
CTBO pabOThbi, yBeNUUAB TeM caMbiM JRucmepcuio. C TOUKM 3peHHs
nofo6HOR oOueHKH 3hQPEKTHBHOCTH He HMeeT CMbicaa J06HBaTHCS
yMeHbIIeHHs] AUCIePCHH, eClH HeOOXOJHMbIe JJIsl O9TOTO YCHJIHS CJHLI-
KoM BeJuKH. Taxum o6pasom, cielyerT He TOJbBKO DaccMaTpUBATDL
BO3MOXKHOe yMeHblIeHHe NMCIHEePCHH, HO M YUUTHIBATH HEOGXOAUMbIE
Al €r0 NOCTUKEHUS ycHAHsA. B peasbHBIX CUTyaUUsX MLl OGLIYHO
He 00JajaeM JOCTAaTOYHOH uH(ODMauueli I TOYHOTO OUEHHBAHUS
3aTPAYEHHBIX YCHJIMHA MM BO3MOXKHOTO yMEHbIIeHUs! JTUCIEPCHH MpH
MCIIOJNE30BAHHY NaHHOTO Meroja. IToatomy, KaK u Beeriaa, 3jech HeoO-
XOJUMB MHTYHUHUS H ONBIT HCCaeLoBaTe s,

5.12. CrpaTudHuHpOBaHHbIE BHIGOPKH

B counanbHblX mecnelOBaHHAX HCIONb30BaHUe CTPATHQHIMPOBAH-
HBIX BLIGODOK JUIst yBedmueHus! S(QEKTHBHOCTH OLEHHBAHHS uMeeT
AJHTEIbHYIO NPeJBICTOPHIO. B Merone cTpaTHOHUMPOBAHHUBIX BHIGOPOK
BCsl BHIOOPKAa pa3GuBaeTcs Ha Psiil BHIGOPOK 'MeHbIIEro oGbeMa u
pesysIbTaThl OLEHHBAHUA MO YACTHHM BHIGODKAM, WM CTpaTaM, 06b-
€/MHSAIOTCS 3aTeM B €IMHYI0 OLeHKy. OmnpejleseHre CTPaT OCHOBAHO
Ha anpuopHOX WHQOPMALUUK O CBOFCTBAX PaccMATPHBAEMON COBOKyI-
HOcTH. Llenb COCTOHT B TOM, YTOGH ®IeMEHTH B KAaKLOH cTpare OHLAH
Gosee OLHOPOJHBIMHU, WM TOMOTEHHBIMH, T. €. 06/1aady MeHbllel THc-
TIepCHeH, 4eM 37eMeHThl Beell COBOKYMHOCTH B wesoM. CTpaThl OTJIH-
danres APYr OT Jpyra TakikKe BeHUMHOH HHTepecylollell Hac Xapax-
Tepuctukd. Hampumep, npu MojenupoBannu cucreM ¢ OuepelsIMH
HHTepecylOllue HAC XaPAKTEPUCTHKH MOTYT MPH MajbX H GOJbIIHX
HHTEepBajaX BPEMEHM MeXJy NOCTYIJIeHWSMH 3asiBOK Ha OGCTyXHBa-
HHE 3HAYHTENbHO OTIHYAThCH.
Pa3mepbl cTpaT MH MOXKeM BHIGHPATb DA3NUUHBIMH CHOCOGAMH.
Tlpocrefiuinft, Ho He 06s3aTeNbHO HAMMYYIIMH €noco6 — pa36uTh pac-
npellefieHne COBOKYMHOCTH HA OJHHAKOBOe 4ucao uacTefl. Eciu ‘ecTsh
- AOCTaToOuHAsl anpHOPHas uHGOPMaLWs, Jyullle BLIGPATb CTPATH TakMM
006pasoM, YTOGH JuchepcHs BHIGODOUHBLIX 3HAUECHWI B KAKIOH M3 HHX

Dol
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100 mcnbirauuii. Ecam 6bl MBI MOJYYHIH DacnpefieneHue, NpH KOTO-
poM P*(x) =0,05, To uMean 661 TaKyl0 Xe BePOSTHOCTb HACTYIIEHHs
aTOr0 COOLITHSI NMPH BIOATepo MeHbhlefi BblGopke. [lonyueHHast mpu
TAKOM H3MEHEHHOM DpacHpelleicHHH OLEHKa OylleT oMelieHa, 4To
MOXXHO CKODPEKTHPOBaTb, YMHOXHB ee Ha oOTHOWmleHHe W=
=P(x)/P<;).

PaccmorpuM caepylomuii npuMep. Ilycrb jkenaTenbHO OLEHHTh
CpeIHETOJIOBLIe 3aTpPaThl JKHTeJell MHOTOKBaDTHDHOTO JOMa Ha Ia-
pPHKMAaXepCKHe H CaJIOHBl KpacoThl. [I3BecTHO, 4TO 3aTpaThl XKeHIUH
pacrnpenenensl B Gosee LIMPOKOM JAMala3OHe, ueM 3aTPaThl My KUHH.
BonbmuHeTBO MyX4HH MOceuiaeT NapHKMaxepckylo pa3 B 4eThipe He-
Hend, Ha 4TO 3a TOJ B CPefHeM YXOJUT Okojao 50 mosa., a uucaa
Gonee 100 m Menee 25 mons. mOSABASIOTCS OdYeHb Penko. [omoBble
3aTpPaThl XKEHIIWH HA HaBeJeHHe KPAaCOThl B IPHYECKE MOTYT COCTAB-
aATb OT Hyas go 500 gona. wu Gosnee. TaxuMm oGpasom, Bapuanus
3aTpaT y KeHIIMH 3HAYMTEJbHO GOJblle, YeM y MYKYHH, H MOTOMY
TPyAHEe ONEHHTb HX CpeAHHe 3artparel. [IpenmonoxuMm, urto 80%
KUTeJIeHl JOMa COCTABJSIOT MYXXYHMHBIH 0GbeM BbIGOPKH NPHHAT pas-
HeiM 15. Ilpu nmpoBegeHHu nmpoOCTOro ciy4afiHOro OTG0pa B CPemHEM
Mbl OyZeM B Tako# BbGOpKe mMeTh 12 MyxuuH (80% or 15) u Tpex
KeHIHH. OXHAKO Mbi MOTIH OH OCYNeCTBHTb ¥ BBIGODKY M3 ISTH
MYyKUUH M ReCATH KeHmuH. IIpeimomoxuM, 4TO FOXOBble 3aTpaThHl
(B monnapax) mONaBHIHX B 3Ty BbIGOPKY KHTeJeHl TaKOBBI:

Myxunnn: 45, 50, 55, 40, 90,
JKenmmun: 80, 50, 120, 80, 200, 180, 90, 500, 320, 75.

3]IeCh MOXKeT CIHYXHUTb JHCTIePCHS BHYTDH KaXKIOH CTpaThl, OueBHIHO,
eci BUYTDH JAHHOH CTPATH JHCHEPCHs DaBHA Hymio (HeT QuykTya-
uuit), TO OZHO M3MEDEHHE M3 3TOH CTPATHl HaeT HaM NONHYI0 HHGOP-
Manuio o He#l. M3 crpaTtnl ¢ GoabiOH JuCIHepCHEH cjelyerT B3STb
JAocTaTo4yHO GosbiMoe uxcyio u3mepenuil. Touep |[29] npeanaraer Boi-
6upaTh H3 KaXKIOH CTPATH YHCIO HaGMIOZeHUH N, OponopuroHanbHOe
NPOH3BEEHHI0 BEPOSTHOCTH TOTO, YTO 3HAYEHHE H3 DACCMATPUBAEMOf
COBOKYMHOCTH NOMajeT BHYTPb NAHHOM CTPATHl, HA CpeIHEeKBAa[ApATH-
qecKOe OTKJIOHEeHHe 3HaueHHH BHyTpH 3Toli crpaTsl. COOTBETCTBYONINE
"BEpPOSITHOCTH ¥ CTAHIAPTHHE OTKIOHEHHUS MOMKHO OLEHHUTb ¢ IOMOIIBIO
NPOOHOTO 3IKCMePHMEHTAa, DKCHEPTHBIX OIEHOK, aNpPUODHBIX AAHHBIX H
JIPYTHX METOJIOB.

Ecnn nucnepcou#t B cTparax pasnHYAOTCS HE3HAYHTENLHO, MOIKHO
TIPUMEHHTb NPONOPYUOHAAbHOE CTPATUPULUPOBAHUE, T.e. YUCIO Ha-
©O0feHNil B BbIOODKe paclpelensercs N0 CTpaTaM IPONOPUYOHANBHO
JoJie, KOTOPYIO 3Ta CTPaTa 3aHHMaeT B COBOKYIHOCTH. .

Merojt cTpaTHGUIHPOBAHAS TIO3BOJSNET YMeHbIIATh NUCIEDCHH IO
CpaBHEeHHIO ¢ OObiyHBIM MerofoM MouTe-Kapao B orHomennu 13:1
[14]. IlpuMenenne sToro mMeroga B cufreMaX MaccoBOTO OGC/IyKUBa-
HHsI MOXHO HaiiTh B paGote Knapka [2], a aast mozenuposanus
SKCIOHEHIHANbHOTO DacnpeneseHus.— B paGore Xuasepa u JluGep-
maya [17], .

IR cr oL
5.13. BriGopka no 3HaYHMOCTH

Méi:cjji BBIGOPKM MO 3HAYAMOCTH 3aKII0Yaercss B TOM, 4TO -TIPR
Mbngnhpdsaﬁun NPUHUMAIOTCS MePbl K MOBLHIEHUIO BepOSTHOCTH Ha-
CTYIJIeHAs] MHTepeCyOUIuX HaC COGBITHA HO CPABHEHHIO ¢ YCJIOBHIME
peanbHON CHCTEMB. .DTOT .METOX .NIPEANOIATACT TAKYI0 MPOUELYDPY
¢opMHUpOBaHYS BHIGOPKH, IDH KOTOPOH SJIeMEHTH TeHepasnbHOH COBO-
KyMHOCTH MMEIOT HHHe BePOSITHOCTH NONAaZaHHs - B BHIGODKY, 4eM
TOrAa, KOTAAa OHAa HMeeT CJyyaineii Xxapakrep. OcHOBOH mpouecca
CHyKHT HEKOTOpOe HeadeKgarnoe pacmpejesneHue, OTJHYHOE OT JHK-
TyeMoro (M3uyeCKMM CMBICJIOM 3aJaul, HO 3aTeM IOJNyYeHHble ¢ erg
NOMOLIBIO BBIGOPOUYHBIE 3HAYGHMS IEDEMEHHOH YMHOMXKAIOTCS Ha COQT- |
BeTCTBEHHO MOXOGpanHbIH BecOBOH kOQDUIMEHT, ¥ 3THM KOMIEHCH- 4
pyercst OlnGKa, CBI3aHHAS C HCIOJIL30OBAHUEM HeaJeKBATHOTO 3aKOHA |
pacnpenesenus. B kauecrbe HealeKBaTHOrO BbIGHpAeTCs TaKOi Bepo- '

HHTyuTHBHO $1CHO, 4TO Takue MAHHBIE MO3BOJSIOT MNONYYHTb GoJee
TOUHble OLIEHKM CPEIHHUX 3aTDAT, 4eM AaHHbIe N0 BHIGOPKE H3 12 MyxX-
YAH M TpeX XeHmHUH. UTOOH NPOaHAaNH3UPOBATh 3TH HAaHHbIE, BLIYMC-
JIUM CpeiH¥e 3HAYeHHS OTHEJNbHO AJISl MYXKUWH M JKeHIHH:

Cpenee aas MyXuuH =56.

Cpentee ana xeund =169,5.

YTo6B! MONYYHTb HeCMENIEHHYIO OIEHKY CPEIHHX 3aTDAT, HeoGXO0IHMO
ACMONb30BATh 9TH HAHHBIE CO chelylomumu ecaMH. [lycre M; u
W; oGosnauaior i-e BHIGOPOUHOE 3HAueHHe M MyKUHH M JKEHLIHH
COOTBETCTBEHHO; TOTA

5 10

STHOCTHBIH 3aKOH, IIPH KOTOPOM GOjbHIas 4acTh WMEIOUMXCs BBIGO: X—=_l 0,80 4 +2 0,20 w1
POMHBIX 3HAUEHMH C/yyaiHOH BenWUUHBI MOTAjaeT B OCHOBHOH Jua- . 15 0,33 "¢ 0,60 "
;Ma30H. " i=l =1

[1peAnosOKEM, HANPHMED, 4TO MBI XOTHM OLEHHTb BEPOSTHOCTH
P(x) HACTYIUIEHHS HEKOTODOTO COGLITHSI NMOCJE MOMEHTAa BPEMEUH X,
Tycts ucTHHHOE 3Hauenne P(x) pasuo 0,01. Ecau Mbl Bocmonpsyemcs
BBIGODKON M3 COBOKYNHOCTH, ¢ HCTHHHHM . paclpefesieHHeM, HHTepe-
£ymoulee Hac cOGBITHE - IPOH3GHALT .B CPeJHEM JHIUb B- OXHOM U3

~ - (678,784 513,62) ~ 79,49 sonn.

HauGonpmas rpyssocts npuMeHeHHS MeTOXa BHLIGODKH 1O 3HAUMMO-
CTH COCTOUT B MOLOOpe COOTBETCTBYIOIEr0 MOAHGbHLHPOBAHHOrO pac-

15*
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npeneneHus BHGOPOUHBIX 3Hauenuii. Xammepcnei n Xsuackom6 [14]
Jaly HENJoXoe ONHCaHHe cmoco6oB BBIGOpPAa TaKHX pacupeneseHuil.
C nomompl0 MeTona BHIGOPKH IO 3HAYHMOCTH MOMKET [OCTHTAThCH
yMeHbillenne fgucnepcin B 30 pas [14].

5.15. MeTo, KOMIIEHCAUMH

OxuuM u3 HaubGosee BaXKHBIX METOLO0B, TPEIHA3HAUCHHBIX Hemo-
CPE/ICTBEHHO AJIsl CHCTEM HMHTALHOHHOTO MOJeNHPOBAHUS, SIBAseTcs
METOJ KOMIeHCALMH, IpeloKeHHbli XammepcieeM u MoproHoM
[15]. Mmess MeTona COCTOMT B HOCTPOGHHH JBYX OIGHOK X H Xp
HEM3BECTHOTO NapaMeTpa Y, TaKOro, 4TO X| HMeeT OTPHUATeNbHYIO
KODPDEJSIMIO ¢ Xp. Ilpu BHIGOpE OKOHYATENBHOH OLEHKH Napamerpa
y B BHje CYMMBI (X;+4Xp)/2 OHa HMeeT NHCIEPCHIO

- (0%, + 0%) -+ 5 cov (xy, 55).

5.14. Pycckas pyJierka H pazbuenne

Meroabl pycckodt pysneTKH H pa3OueHHs ObLIM NpeisIoXeHH (oH
HefimanoM u ¥YnaHoM ¥ npHMeHeHs! HMH IIPH HCC/Ie0BaHUM nuddy3un
yacruu. KoMOHHAUMSA BTHX METONOB MOXKeT GbiTh BecbMa SdbeKTHB-
HOM B CJydYae, Korla MMeeTcsi HHOODMAauus O CYUIECTBeHHBIX H
HEeCYIIeCTBEHHBIX YaCTAX COBOKYNHOCTH. OCHOBHBIE HJEH 3THX METO-
JoB OJHM3KH HJESM, MCIONb3YeMBIM B MOCJAEJOBATENbHBIX CXeMax
fioNlydeHust BEIGODKH JJISl KOHTPOJIS KauecTBa. PaccMOTDHM IPOCTYIO
UNIOCTPAUHIO METONOB PYCCKOH DyJIETKH Ha NpUMepe 3aJayH OlleHH-.
BaHMsl BEPOSITHOCTH TOTO, YTO CyMMa 4YMCeJ, BHIIABINUX [IPH NOC]EN0-
BaTE/IbHOM ‘GPocamm JABYX MTPaNbHBIX KocTed, paBHa 3. YUucao Gpo--
canuifl KocTell MOXHO (COKDAaTHTb, €c/iH Ilepel GpDOCAaHHEM BTOPOM
KOCTH 00pPaTHTb BHMMaHHe Ha WYHCJO, BHINABHIEE HA NEPBOH KOCTH. -
Ecnn 3710 uHesno He paBHO 1 MiM 2, TO HeT cMBicia 6pocaTh BTOPYIO
KOCTh, TAK KaK MBI He CMOXeM NOJy4dTb CyMMy, paBHylo 3. B satoMm.
cllydae ClelyeT Cpa3y OTMETHTb HeyJauHbli uCXOx W nepeiitn XK.
CaelylOmeMy ucobTaHuI0. Tako# crmoco6 NO3BOsISET HCKMIOYUHTDL [0
AByX Tperedl 6pocanu#t BTOpoli KocT. IIpu Tex xe o6mEX pe3ynbTa-
TaX MBI COKDATHM O6liee 4YHCAO OPOCaHMHi NpUGMH3UTENBHO HA'
Tperh [19]. : ‘

B Oonee cIOXHBIX CHTYalMAX YaCTO Ha KamJoH cTaauu dopmupo-
BaHWs BBIOODKH €€ MOMHO KJacCH(PHUMPOBATH KAaK CHHTEDECHYIO» M
«HeuHTepecHylo». BLIGODKH, NPH3HAHHbIE <«MEHHTEDECHBIMH®, Mbl MO-
2KeM' MCKJIOYHTDb ‘M3 DAcCCMOTDEHHS! M. NPOJ0/KATh (POPMHUPOBAHUE
BHIGOPOYHBIX 3HAYEHHH _TONBKO ISl «HHTEPECcHBIX» BHOOPOK. Mul
MOXKEM TaKiKe KjIaccu(puUMPOBATH «HHTepPecHbie» BLIGOPKH, Pa3bupast
HMX Ha DS TONKJIACCOB B 3aBHCHMOCTH OT CTeNeHH «HHTepeca» K HHM,
o BHIOMDaTb «HanGosee WHTEPeCHbIe» M3 HMX JJIsl [IPOJOJIKEHUS
MCCeIOBAHUS. .

Cnenrep-u -T'e66apa [27] -ormeuaror, uto MeTon pasGuenus mpen-
CTaBisieT €O60H YaCTHBI CcTyYadl BLIGOPKH 1O 3HAUHMOCTH, NpHYEM
©Gonee npocToil A HCNOJIB30BAHMS, TAK KAK OTNAAaeT HEOGXONLHMOCTD
B noAbope HealeKBaTHOTO pacnpejesenus. OHM TakKe yKa3eBaloT,
4TO MeTOX Pa3bueHust MoxkeT GHITH pecbMa d((PEKTHBEH NDH HATHUHE
ZIOCTATOUHO HAfEKHOH HHOOPMAUMU 06 «HHTEPECHBIX» H <HEHHTepec-
HBEIX» 06/1aCTAX COBOKYIHOCTH (OJHAKO OHH He JAJH OLEHOK BO3MOM-
HOMl CTeNeHY yMeHBIIEHus Aucnepcuu). STH aBTOPH IPHBOAST, KpoMe
TOro, (opManbHblil BHIBOJ OLEHOK II0 METOAY PYcCKOH pyseTKH H
JaloT oleHKH 3(HeKTHBHOCTH ‘METOAa pas6ueHus, "

BenencTsie OTPUUATENBHONH KOPPeNSUWH 5Ta BeJHYHHA MeHbille, 4eM
B CJIy4ae HE3aBHCHMBIX Xi H Xz, H IIDH HEKOTOPBIX YCJIOBHSIX yMEHb-
IeHWe JMCIEPCHH MOXKeT OBITb HeoXujaHHO GosbimuM [14]. Dror
MeTOJ aHAJOTHYEH B HEKOTOPOM CMBICJe MeTONY KODPeTHPOBAHHBIX
BLIGOPOK, KOTOPBI OyIeT paccMOTPEH HUKe.

Xopomu#l mpuMep IPHMeHeHHst OTOTO MeToia IpuBeleH B paboTe
IMefinka [25]. B kauecTBe Mopenu 'Obl1a paccMOTpeHa CHCTeMa
06cyKUBaHUS C WHTEPBAIOM BPEMEHH MeXIy INOCTel0BaTeNbHHIMH
sasBKamu T; u Bpemenem o6cayxusanust Si ITeflK nmononbsoBas ABe
dopMbl MeToa KOMIeHCAUMH. B nepBoil HauasnbHBIA MDOTOH MOJENH
oCyIecTBASUICS €O CTydafiHo TeHepupyembiMu BenuunHamu T u Sy
a B creayiollieM IDOTOHE OH 3TH BeNHYHHBl MEHSJ MecTaMu, T.e€.
T; =S; u S} =T;. Tlpu 3T0M Ta XKe AuCHEDPCHS pe3yabraTa JOCTH-
raercsl Npu BABOE MeHblleM oObeMe BbIGODKH. [Ipn Hcnonb3soBaHuM
apyroil popMel MerToda KommeHcauuyu [lefiix BeIGpan caydaiinble Be-
nuuuHe A; ¥ B; paBHOMEDHO paclpefesieHHbIMH, H B I€PBOM IPOTOHe
T;=A; u S;=B;. Bo BTopoM mnporose oH monokun A7=1—A; u
B} =1—B;. Tlpu strom pa3Mep BBIGOPKH TaKKe YyMeHbIaeTcs
Ha 50%.

IIpu HeKOTOPHIX ClenHasJbHBIX BHAAX paclpelesieHuii 3TOT MeTOX
M0aBOJISIET yMeHbUIHTh aucnepcnio B 3980000 pas [14]. OcuoBHoe
IPeHMyIIecTBO METO/a — BO3MOKHOCTb €ro IDHMeHeHHs B JoGo# cy-
UIeCTBYIOUIell NpOrpaMMe MOIEJNHPOBAaHHS Ge3 cepbesHBIX ee H3MeHe-
#uii, Ha npaktuke npollle HaHTH OTPHUATENBHO KOPPeNHPOBAHHBIE
HeCMEILeHHbIE OLEHKYM, ueM HaHTH CTOJNb JKe YJIOBJEeTBOPHTEJbHOE
HeaJeKBaTHOe paclpernes]eHHe M clennanbHble QyHKIUH, Tpedyemble
LJIs IpUMEHeHUs! APYTHX MeETONOB yMeHblleHus aucnepeun. Ilo aTo#
NpHYHHE MeTOJ KOMIeHCaudH Ha NDAKTHKe OKasbiBaeTcsi Gonee 3¢-
(exTHBHBIM U 3aC/yKMBAaeT CEPbe3HOTO PACCMOTPEHMS.

5.16. MeTop, KOppEAHPOBAHHLIX BHIGOPOK

MeTo KoppenHpPOBaHHbIX BHIGOPOK NpPeAHA3HAYEH /IS NPHMEHEHHA
B 3ajayax CpaBHeHus 1AByX u Gosee anbTepHaTuB. Hanmpuwmep, sanaua
MOKET 3aK/II0YaThcs B ONPeAeJeHud Jydiledl u3 AByX crparernit A B
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B unn nyquiero u3 JBYX IPOEKTOB A u B n 1.0 B nofgoGHEX ciy-
gasX HAC HHTEPECYeT OTHOCUTeAbHOe pasiudue JABYX anbTEpHATUB,
a He aBCoNMIOTHOE 3HAaueHHe KaxJo# U3 HuX. JIJIsi cpaBHeHHS CpeJHHX
3HayeHMii /ByX aJbTePHATHB HeOOXOAHMO OIEHHTb MX pa3HOCTh
Z=A—B. Tlpu uucto cnyyajinbix u HesaBucuMbx A u B umeem
D(Z)y=D(A)+D(B). Ecnn xe A u B 3aBucHMH, TO HOBas Iepe-
meHHass Z* uMeeT TO Ke cpellHee, YTO M Z, HO MEHDLIIYIO JUCIEpCUI;
D(Z*)=D (A)+D (B)—2cov (A, B). 3ana4a cocTOHT B TAaKOM I[O-
CTpOeHUH BHIGODKH, 4TOGH KoBapuauust (A, B)- Gbia MONONKHTENbHA
H JOCTATOYHO BeJHKa. .

Jlns mosydyeHus TakKo# KODPeNSIHMH MOXKHO HCIOJNb30BaTh YIpaB-
neHue TeHepaumuedl cayyafHBIX BEJIMYMH Ha JIByX MporoHax. B mpensi-
AylleM pasjelle MBI DacCMATPHBANH OGpasoBaHue KODP e1HPOBAHHBIX
BLIGOPOK #JM NPOTOHOB NyTeM MCIOJb30BAHHA OMHOH M TOH XKe ciay+
galiHOH mOCJeJOBaTEeNbHOCTH 151 00eHX ajbTepHATHB. Takoi cmocob
1103BOJIsIET CPaBHHBATh aJIbTEDHATHBBI INPH OJAHHAKOBBIX YCJIOBHSIX.
B MOzenbHEIX 3ajayax CJy4YaHHbie IOC/I€JI0BATENbHOCTH TEHEpHpY-
JOTCS JATYHKOM IICeBJOCAYYafHHBIX YHCeN M MOIYT OHITH JIeTKo BOC-
NPOH3BE/IEHHI.

Taxum 06pa3oM, MBI MOXeM NOCTaBHTb 1Ba WiaH Gojee SKcMepH-
MEHT4, HCMOJb3ysl KOPpeJHpPOBAaHHbIe NAaHHBE, H YMeHbLIUTH caydais
Hylo olnGKy CpaBHeHMs anbTepHaTuB. OIHAKO emle Jyulle IPOBECTH
TONBKO OAMH SKCIEDHMEHT M CPABHHTH Ha HeM HeOOXOJHMEIE ajabTep+
HaTHBB. B 3TOM cJydae, KPOMe yMeHbIUEHWs /[HCIEDCHH, YyMeHbHIa-
eTcsl KOJHYeCTBO 9KCIEeDHMEHTOB. PasymeeTcs, ycioBHS AAS 3TOro
He BCerja cyllecTByIOT. Kcmonb3ysi OMHHAKOBYIO IOCHeJ0BATENbHOCTD
ChydafiHbIX YHCEJ, Mbl MOXKEM HHOTJa NPOBOJAMTb NApHOe CPaBHeHHe
aJbTepPHATHB ¢ GOJIBIINM BHIMIDHILIEM B MOLIHOCTH COOTBETCTBYIOLLEro
craTucTHYecKOro kputepus [28].

Tysua [6] npuBomsiT TaGauiubl cpaBHEHHS CBOHCTB psiia TaKuX MeTO-
n0B. MX uccneloBaHMs NOKa3biBalOT, YTO MPHMEHEHHe 3THX METOHOB
B JIOBOJIBHO NpPOCTHX HCKYCCTBEHHBIX 3ajayax IIPHBOAHT K BechMa
BIEYATISIOIMUM ¥ JaxKe YAMBHTENbHBIM pe3ynbTaTaM. Ilpu paccmor-
peruy Gojee CIOXKHHX 3afay 3(G(EKTHBHOCTb METOJOB CHHIKAETCH,
HO OCTaeTcs ellke JOBOMbHO 3HaumTenbHod ([14]. Kaun' [19] wu psax
JApYruX aBTOPOB NPENOCTEPEraioT McciefoBarenell OT HeNpaBHALHOTO
HCTIOJIb30BAHMS 3THX MeTOJ0B. B YacTHOCTH, OTMeuaercs, 4TO IpH
fIpPABUNBHOM MX MCHONb30BAHMH 3(P(eKTHBHOCTD MOAENH MOKeT
BeCbMa CYIIeCTBEHHO BO3PACTH, ONHAKO €CAM UHTYHIHS HCCIeL0BA-
Tenst OGMaHEIBAeT ero, TO NPHMEHEHHe METOJ0B BHOGODKH IO 3HAYM-
MOCTH, DYCCKOH DYJeTKH, pasOHeHHsS M CTPaTHOUKAUHM MOXKeT Npu-
BeCTH K ofpaTHoMy 3(ibexTy, T.e. K BO3DPACTAHHMIO JHCIeEpCHH.
Bonbmeft mo cpaBHeHHIO ¢ HHMH YCTOHUHBOCTBIO O6JalaeT MeTOJd
KODPeNHPOBaHHBIX BLIGOPOK, TAaK KaK JaiKe IPH HEBEPHOH HHTYMIHH
B pe3ysbTaTe ero HCHOJIB30BAaHHS TPYAHO YBEJHUHTb AUCIEPCHIO MO
CPaBHEHHIO CO CJIyYaeM OTCYTCTBHS KOD eIy,
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5.17. Ucnoab3oBanHe MeTONOB YMeHbLIEHHS JHCIEPCHR

Kak nokasano B NpelblAymuMX pasjesax, MeTOAbl yMeHbIIeHUA
JMCIEPCHU CclyXaT JuG0o /s yBEJTHYEHHS TOYHOCTH Ipu pabore ¢
BEIGOPKOJ NOCTOSHHOrO 06beMa, Aub0 AAs yMEHbIIEHHS 3TOTo ofbeMa
npu 0GecneyeHHH NOCTOSHHOM cTenmeHH TouHocTH. OG30p cyilecTByIO-
el JUTEpaTypbi MOKA3LIBAeT, YTO METOMABI yMEHbUIEHMS [HCIeDCHR
HeJOCTATOYHO INMPOKO HUCIHOJB3YIOTCS Ha TpakTHke. OCHOBHBIE WIEH
BTHX MeTOJ0B B Psfle <JyyaeB [OYTH TPHBHAJNBHB, HO BBIMTPBIII,
KOTOPbIHl ¢ MX JOMOLIBI0 MOMKHO MHOTJA MOJYYHTb, OHIBae€T NPOCTO
HeBeposiTeH. K cOXaNeHHIo, STHM METOJaM He Y/eNfioT TOTO BHHMa-
Husl, KOTOPOTO OHH 3aCJyXKHBAIOT, M, BO3MOXKHO, NOTOMY, 4YTO OHH
pacCMaTpHBAIOTCS JIHIIL B HeGONbLIOM YuCAE Y4eGHHKOB, a HCCJIEN0-
BAaTENb He JOOHMpAeTCs 10 HHX, NOCKOJbKY Yy HEro M Tak XBaTaer
3a60T ¢ POTpaMMHPOBAaHUEM U OTIAJKON MOJeNH.

i Xammepcilelr u XouickoM6 '[14], Moit [24], Dpesdensy u Ben-
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Bouncanute Ko»bOuiMeHTH aBTOKODDENAUMH MeXJIy 4uCIaMu €O cHBUroM Ha
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N. J., 1963. 7. B pasa. 5.2 paccMOTpeHH BONPOCH, CBf3aHHBe C HaYaJbHHIMH YCJIOBHAMH H
pasHoBecHeM. CKOJMbKO TaKWX JAWHHX BH HCKMIOUWMIW OH H3 paccMOTpenHd B 1. 6,
3AJAUU npexie YeM NPOBOAHTL AHAAN3?

1. O3uaKOMbTeCh ¢ IpHAOKeHueM A.5.

a) Uro caenand aBTOPH B OTHOWIEHHM: 1) MauasnbHHX yCAOBHH; 2) paBHOBeCHS;
3) pasMepa BHGOpKH? .

6) MorAo AH OKa3aThCA 37eCh {10NE3UBM NPHMEHEHHE DACOMOTPEHHHX B STOR
rJaBe METOJOB YMEHbIUEHHS MHCNEPCHH? -

2, TlpeanonioKuM, 4TO MOTPeGieHHe BOAK B TOPOAE HMeeT HOPMalbHOe pac~
npejenenve. MH XOTHM OLGHHTb CpelHee moTpebienue BOMH B ACHb TaK, 4TOGH
ownbka He mpesnllana =6000 i c sepoarnoctbio U,95. Ham mamectno, 410 pasyM-
nan obaactb pasbpoca notpeGaesns BOAW cocTaBaser 120 Tmc. a/genb. KakoB
nOJKeH GHTh HEOOXOAMMHH AN 3TOTO HCCIGOBAHHA OOBeM BHOOPKH (CKOMBKO
Iuell creyer IpOMONEIHPOBATH)?

3. M mHMeeM MOJeJdb HA3eMHON NPOTMBOBO3NYIIHOA paKeTHOR YCTAaHOBKH.
CKoMbKO cnefyeT NPOMOAENHPOBATh OTPAMEHHA BOSAYIIHOA aTakmu, 4TOOH uYacToT®
TIOPAXEHHA UEAd OTAMYadach OT WCTHHHOA BEPOATHOCTH p He Goaee ueM na 0,02 ¢
BEPOATHOCTLIO He Menee 0,852 - :

4. TlpennonoxuM, 4To B 3ajaue 2 Mbl XOTHM JOCTHUb TOYHOCTH OUEHKH AMCHED-
cun’ motpebaenust soam 1% c seposrsoctbio 0,95, KakuM pmoaxen Obtb o6bEM
BHGOPKH? i - S - '

5. JlaTunk nceBRoCAyuafMHX uHuMCes, pacnpefefienHhx no sakouy Ilyaccona ¢
napaMerpoM Jagm6Aa, paBHMM 5, BHfan nocienosarenbuocts wacen: 4, 6, 3, 4, 5, 4,
6,6 4 2,5, 27,4, 1,5 36,7, 27 55,7533,6,5 11, 46,6, 4
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OBOCHOBAHME BbIBEOPA
U AHANM3 MOREMM

06pa3oM B3aHMOJefCTBYIOIUX JAPYT ¢ ApyroM. MOXKHO MOKa3aThb, 470
[pH JOCTATOYHO OOJBLHIOM wuicjie MOBTOPeHmi# (AOCTATOYHO GOJBLIOH
BeJHYMHE BLIGODKHM) pe3yabTATHl MOJENHPOBAHHS MOMNHO cOeraTsd
cKoab y200HO To4HbIMU. 1IpoGieMa COCTOMT B TOM, YTO 3TH TO4HbiE
pe3ysbTaThl TOYHB! TOJBLKO B TOM c/yyae, KOTAa MAEHTHIHB! MPOUECCH,
NpOUCXOAsiIME B MOJen¥ M B pPeasnbHOil cucreMe. Ecnu xe Mexay
STUMH IpOlleccaMd €CTb HeKOTOpOe pacXOXKJeHHe, TO pe3yibraraM

Ecau, npescde uem #auaro Oeso, 6bino Hor Heobxo0umo HaiTw
nyru npeodoserus scex 603MONCHHIX npensrcreutl, KoTopovlie MO-
2yT 8CTperutvcs 8 xode €20 @bINOAHEHUR, TO Hu 00HO Oeao
Hukozoa e 6bLso Gbt Hawaro.

Cemoare Hoxcorcon
A flosesnacms modesu

)
N Cmaumocms smodest
3
] \
2 \/ﬂa/aoﬁa/iampamu
<
\
N\
§.1. O60cHOBaHHOCTL MOIEJdH 0 0,5 0

- Toyrnocme
Mogens CTPOHTCS AJ1S NOCTHXKEHHS KOHKDETHOH llesi, u ee aXeKBaT-

HOCTb, HJIH OGOCHOBAHHOCTb, OLlEHHBAeTCS B TePMUHAX 9TOH lesu. Mt
XOTHM CTPOHTb MOJe/b TAKHM 06Pa3oM, 4TOOLl OHa o6sanasna Xapak-
TEPHCTHKAMH, GJIM3KMMH K XapaKTeDHCTHKAM H3yuaeMOH peasbHON
cucreMbl, OueHHTb KAayeCcTBO MOJeNH O3HauyaeT OIEHHTb YPOBeHb
Hamlell yBeDeHHOCTH B TOM, 4YTO BbIBOJbI, CJeJAHHbHE ¢ IOMOLIbIO
MOJeNH, NPUMEHHUMBI U K peasbHOi cucreMe. [TonsiTne 060CHOBaHHO-
CTH MOl He SIBisieTcs JBOHYHOH IeDeMeHHOH THIa «/1a — HeT».
OGLIYHO BO3MOXKHOCTb IIOCTPOEHHS a0COMIOTHO aJeKBATHOH, TOYHOM
MOAeNnH ObiBaeT NaJekO He sCHa JaxKe TeOpeTHYecKH, a B cayuae,
KOTJla 3TO BO3MOXKHO, HH OJIMH DYKOBOJHTENb He IDEeIOCTABHT HOCTa-
TOYHOTO JJIsi 3TOTO KOJHYECTBA CPEACTB. TOUHOCTh MOJENH MOKHO
NpeACTaBHTh B BHAe uMciaa Ha wkaine ot O no 1, rme 0 osnauaer
abCcoMOTHO HETOYHYI0 MoOJesb, a 1 — aGconoTHo TouHylo. C pocToM
TOYHOCTH MOJI&JIH BO3PacCTaer ©e CTOUMOCTb, HO BO3PACTAET H €e IleH-
HOCTb AJISl MCCJIen0BaTellsl, XOTs, cKOpee BCero,M ¢ yOnlBamomlell cKo-
poctbio. ducxod u Xeitec [4] cuuraior, 4TO B GONBLIIMHCTBE CiIyyaeB
COOTBETCTBYIOUIMEe KPHBbIe HMeIOT BHJ, TOKa3aHHbIH Ha puc. 6.1. TakuMm
06pa3oM, OTHOIIEHHe BHITOJa/3aTpaThi GYyLeT, MO-BHAUMOMY, AOCTH-
raTh MakCHMyMa B TOUKe, KOTODAsl J€XKHT OJHKe K Hadanay KOODAM-

Puc. 6.1. TousoCcTb MOJETH.

MOJIEJIHPOBAHUSL NIPHCYIlAa HETOYHOCTb, KOTODYIO HeJb3sl YCTPaHHTh
YBeNMYEHHEM YMCJa NOBTODEHMH WJ/IH NPHMEHEHHEM DasJHUYHBIX METO-
JI0B CTATHCTHYECKOTO aHajH3a. DTOT (AKT HIIOCTPUPYET CAeRyIo-
ulast Bbifepxkka u3 paborer Kynmana u Beprepa i[17]:

«JI1st neMoHcTpamuu ddekra HaKOIJIeHHs! OMIHO0K, KOTOPHIE IO-
SIBSIIOTCS. BCJIE/ICTBHE HETOUHOTO 3HAHHMS CPeJHHX 3HaYeHHH coOTBeT-
CTBYIOLIMX 'BEpPOSITHOCTEll, 51 NPEJICTaBJIO CNeNYIOmHi NpHMep, B KO-
TOpOM npoGaema CuibHO ynpomeHa. TIpeanmonoXuM, 4TO uMeeTcs n
He3aBUCUMBIX COOBITHH H i-e CcOObITHE HacTynaer € BepPOSTHOCTHIO
pi. B 3TOM cayuae Mbl HMeeM WJIeHbl, MMelIIHe BHJ IIPOH3BENeHHH
Py P2, -+ - Prn. JJS yOpomleHus 3ajauu g GyAy paccMaTPuBATbh TOJIb-
KO OJHO 3TO NpPOU3BejeHHe (HE3aBHCHMO OT TOTO, HCIOJb3YIOTCS JIH
BLIYMC/IUTENbHBIE ‘MALIMHBI WM HET, OTBET ONpelelsieTcsl NpOoH3Be/e-
HUsIMH Takoro BHuja). O603HauuM 3TO NpousBeleHue depes P; roraa
OTHOCHUTENIbHAsl OMuOKa OTBETa paBHA

8P 8(pwps--.pn)

HaT, 4eM TOouKa, COOTBETCTBYIOUIAs Haubojee OGOCHOBAHHOH MOJENH, 'p‘=m—5l°g (P1Pe.--Pn)-
KOTOPYIO TOJIbKO MOKHO MOCTPOHTb, He LIafs CPEACTB.
B GonbliyHCTBe MAMIHHHBIX HMHTAUUOHHBLIX SKCIEDHMEHTOB HC- Taknm o6pasom,
MOJIB3YIOTCS CAyualiHbie YHCHAA, CAydaiiHble MepeMeHHbe H IOBTOPEHHS n
¢ Lenblo OTHICKAHHS HEKOTOPHIX YCPEJHEHHBIX XaPaKTepHCTHK MOJIeNH. ép b

Monenb cONEPKHT OOCBIYHO LENOYKM CJAYYAHHBIX COOLITHH, CJOKHBIM
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Ecayu omnGKu He KODPETHPOBAHBI M OTHOCHTENbHbie OHIMOGKH BCEX
BeposITHOCTeH NPHOIHAKEHHO OJHHAKOBBL, TO MOXKHO HAaNHUCATb

8P 8p
S—ym b,

ercsl cepbe3HbM yrapaM. HoloToHoBcKast xapTuHa ¢ ee a0COMIOTHHIMH
MepaMH BPeMeHH H IIPOCTPAHCTBA BIOJIHE YAOBJETBOPAJNA HALINM
oObiUHBM OlryleHusM. OpHako o6masi TeOPHS OTHOCHTENbHOCTH
DitnmTefiHa, OjecTslle MNOJATBEPXK/AeHHAss Ha TPaKTHKe, NOKasanja,
HACKOJbKO OIIMGOYHBIM MOXKeT ObiTh odeBHAHOe. IlyTh, mpofaeHHbIA
DMHILTEHHOM, TMOKA3ad, 4TO JYYHIHM CHOCOOOM IOCTDOEHHS TeOPHH
ABJsieTcs He BHIBOA ee N0 HHAYKIMH M3 HMeoMmuXcs HabJiojeHHH,
a NMOCTYJHPOBaHHE OCHOBHHX NPEeANOCHIIOK TEeODHM, cO3JaHHe Ha HX
OCHOBE caMOJ¥l TeOpHH H MOCJIeLyIOIlasl ee MPOBEPKA HA NPAKTHKE.
BooGiie TOBOpS, MMHTALMOHHAS MOJeJb MPH3BAHA OTPAXKATbH
CTPYKTYPY H BHYTDeHHHe CBsi3W MOmeNuHpyeMo#i cucreMmbi. IlpaBuiib-
HOCTb TEOPHH MHOCTPOEHHS Mofedeli MOKeT OBITb NMPOBePeHA TOJbKO
Ha npakTHkKe. Tak Kak IIPH TIOCTPOGHHH JIIOGOH MoJeNH HCIOJb3y-
10TCSL ynpoiuieHuss ¥ aGCTPaKUHH PeasibHOM CHCTEMB, TO MOJeNb
He siBjistercsl aGCONIOTHO TOYHOH B OMBICJIE OXHO3HAYHOTO -COOTBETCT-
BUSL ee peanbHoll cucreMe. CieoBaTe/NbHO, CYLIeCTBYIOT DPas/iH4Hbie
CTeneHH KOPPEeKTHOCTH M TOYHOCTH Mopend. VIMuralnoHHOe MopenH-
pOBaHHe He 3aHUMaeTCs MOMCKOM aOCOJIOTHON MCTHHBI, OHO JHIIb
TO3BOJISIET MOJYYHTh CEPHIO MOCAEIOBATEJbHBIX NMPHOAMKeHHH K Hc-
TiHe. IlpoGneMa 060CHOBAaHMS MPUMEHMMOCTH MMHTAUHOHHOH MoxenH
HHYeM He OTJHYaeTcst OT npoGjeMsl OOOCHOBAHUS TPHMEHHMOCTH
TEOPUR WJIM TUNOTE3H! B JIOG0H oTpaciu Hayku. IIpu 3ToM BO3HHKAIOT
Ba OCHOBHHX BOIPOCA: YTO 3HAYUT «OGOCHOBATh THIOTE3y» H KaKOH
NP 3TOM HCHOJAB30BaTh XpuTepnii? TaK Kak ydenole M (unocodpn
He CXOZSITCS BO MHEHHSX NMPH OTBETaX Ha OTH BOMPOCH], TO ¢ HameH
CTOPOHBE ObIIO Obf CAMOHANESIHHO YTBEPXKAATh, YUTO MH MOXKeM Ha HHX
oTBeTUTb. OIHAKO MH MOXeM OOCYAUTb HEKOTOpHE cpeicTBa AJS HX
paspelleHHsi, a 3aTeM OCTABHTb 3TH NPOGJSeMH HccleaOBaTeNSIM MO-
Zenefl ¥ TeM, KTO HX HCIOJb3yeT.

HecMoTpst Ha 0GLIMPHOCTD JHTEPATYPH O BONpPOCaM 0GOCHOBAHHUS
U MccleI0BaHHS TOYHOCTH MoOJened, BTH BOIPOCHL OCTAlOTCS NMOYTH
CTOJIb Ke TPYIHHMH, KaK W Ha [ePBHX Nopax ux paspaborku. [Ipn
TIOCTPOEHHH MOTesell PeasybHBIX CHCTEM OJHUM H3 pelllalomuX sBJAS-
€Tcsl BONPOC O COOTBETCTBHM (B HEKOTOPOM PA3syMHOM CMBIC/e) BbIXO-
a2 MOJeNH OXMIAeMOMY BLIXOLY peasbHONH cHcTeMHl. J[lanee, Mbl
YBepeHbl, YTO INpPOLeccH NOCTPOeHus, OGOCHOBAHMS M peatusdllu
Moxenu Hepasjpenumsl, Uepumer [7] Takxe cuHTaeT, 4TO TEOPHU IO-
‘CTPOeHHS! MOZENH W €€ NPOBEPKH SBJISAIOTCH HEOTHEMJEMHMH aclek-
TaMu 11060 . TEOPHH HaYYHOTO HcclenoBanus. Ecnu ato Tax, To Oyier,
BEPOSITHO, MOJE3HO KPATKO PaccMOTpeTb HEKOTOphie TeopHH HAYUHBIX
HcelexoBaHU A,

Ecmu

TO

Taxkum oGpasom, ommOKa B Kaxnofl u3 10 BepositHocreidi na 30%
MOXeT NpHBecTH K ABYKpDaTHOH omHGKe B pe3ysbrare. Takoe xe
pacxoxneHue BO3HHKAaeT B Cayyae dgeThipex coGbiTuit npu 50%-Hoir
omm6Ke B ONpefeseHHM BepoaTHOCTeH. Pe3yibTataMi aHaIH3a MOXKHO
Bce Xe M0JIb30BaThesl, ONHAKO HCCAENOBATENb He HOJKeH 3a6biBATh
06 3THX oumMbKaXx, He HoJKeH OHTh OOMAaHYT KamyuieHcsl TOYHOCTHIO
pe3yJbTaTOB MOIeJHPOBAHUS.

Pumman u Kusua |[11] penar npouecc oueHuBaHHs HA TpH 3Tama:
1) mpoBepKy y/AOBJETBODHTEJbHOCTH DPaGOTHL MOmenH; 2) OLEHKY
TOYHOCTH COOTBETCTBHS MOBEIEHHS MONENH INOBEAEHHIO peasbHOR
cucTeMHl; 3) mpoG/eMHbIH aHANu3, T. ©. aHAJAH3 U HHTePIpPETALHIO MO-
Jy4eHHBIX B Pe3y/bTaTe OKCHEDHMEHTa NAHHHIX. JIpyruMu cjJoBaMy,
paccMarpHBaeTcs BHYTPeHHSS COCTOSATENbHOCTb NAHHOH MoOJeNnH, ee
COOTBETCTBHE peaJbHOH CHCTeMe W IIPaBUNBHOCTD HHTepPNpeTauHs |
TIOJyYeHHBIX C MOMOIIbIO MOJeNH IaHHBIX. BTOPOH acmekT oxBaThl-
BaeT HETPUBHA/IbHLIA BONMPOC O CTENeHH (COOTBETCTBUSI MOJENH peasib-
Holl cHcTeMe. HacKonbKo HM3OMODGHBIMH JOMKHB OHTL MOIEIb W
peanbHasl CHCTEMA, YTOOHI MOMKHO OblJIO CYHTATh MOJE]Ab LOCTATOYHO
TouHOH? Ecnu Mogenb AOCTATOYHO TOYHO MPEeACKA3HIBAET Pe3ysbTATH
paboTH peasbHOH CHCTEMbI, TO HACKOJNLKO BAXKHBIM SBJISIETCS M30+
MOP(HOCTb MOZeNH M PeasNbHON cucTeMbl? MOKeT JM MOZesb GbITh |
BecbMa CyllecTBeHHO TOMOMOP(HOH ¥ TeM HEe MeHee JOCTATOYHO TOYx
HOW? Damarpe6u [10], nanpumep, paccMoTpen Mogelb sl NpecKa- 4
3aHHsl 3aHSITOCTH WM SKOHOMMYECKMX UMKIOB, OCHOBAHHYIO HA BBHICO- |
KOA KODDeNHPOBAHHOCTH 3THX IUMKIOB ¢ NsATHamM# Ha Conuie. Ecaw
TaKas Momenb OyJeT maBaTh JydimlMe Pe3yJbTaTH IO CPABHEHHIO €
JPYTr¥MH, TO C/lefyeT JH ee CYUTAThb TOYHOH MOJesblo SKOHOMHIeCKHX
UMKJIOB, HECMOTPS Ha OYEeBHAHYI0 HeCBSI3aHHOCTb 3THX SIBJAEHUH? |
MoXHo TaKXe BCTATh Ha TOYKY 3DeHHsi, 4TO BaXKHA TOJMBKO [OJ€3-
HOCTb MOJeNH He3aBUCHMO OT COOTBETCTBHS €€ CTPYKTYpHl MOeJH*
PYeMOMY SIBJICHHIO.

Ha oTu Bompochl He Tak Jerko OTBeTHTb, W CNOPH BOKPYT HHX
UM Ha NPOTSKEeHUH BCeH MCTOPHH Pa3BHTAS HAYKH M MPOAOJKAIOTCA
no cefl jsenb. Bepa, ocHoBaHHAst Ha HaGMIONeHHAX, YacTO MOABEpra=

6.2. Cy6bekTHBHbIe H 0GheKTHBHbIE MeTOIbI

Ilpu mocTpoeHur ¥ OBOCHOBAHMM WMHTAIMOHHHX MoOjeJeldl 4acTo
BO3HHKaeT KOH(JIHKT MeXIy CTPeMJeHueM K OGBEKTHBHOCTH U HeOO-
XOIUMOCTBIO MCNONB30BaTh HAIIM CyGbeKTuBHbIe npefcraBiedus. [lox
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npoBepKe, K OOBEXTHBHHM BHBOAAM. B uHCTOM BHAE DPalHORAIH3M
OCHOBaH Ha TOM, YyTO KaHT Ha3blBad CUKTETUHECKUMU aNpUOPHbIMU
npednocoiakanu, 1 o uem numer Po66unc [24]: «Her Heoﬁxonm/.wcm
NpOBEePSTh NPEANOCHJIKH, YTOGH YCTAHOBHTb MX MPABHJBHOCTH; OHM
HaCTOMBKO BOHIIM B Hall NMOBCENHEBHHIA ONHIT, 4TO MOCTATOUHO HX
c(hOPMyIUPOBATE, HTOGH OHH CTA/H OUEBHAHBIMHY. ‘
Hampumep, Mojenb ropoia, mpeinoxennas $oppecrepoM, OCHO-
BaHA Ha HEKOTODHIX NpeANOCHIIKAX, KOTOpHIE, KaK OH CUHTaer, <o-
IepKarT cBoe 06ocHOBaHue B camoit (popmymnposke [12]:
1. Ecan ycnoBHa B jaHHOM ropoje Gojee 61aronpHATHLL, €M BHE
ero, TO MIOAX H NPOMBILIEHHOCTh GyldyT CTPEMHTBCA B HEroj ecrecT-
BEHHO, MPABUIBHO M OGpaTHOe.
2. MaMeHeHHsl B XH/MILHBIX YCJIOBHAX, B YHCJACHHOCTH H COCTaBe
HaceJeHHs W B NPOMBIILTEHHOCTH — OCHOBHBEIE MPOLECCH, OTpPeeJIAd-
IHe POCT HJIK 3aCTOH B PA3BHTHH rOpoia.
3. UeMm Goabiue pacxoAbl Ha Jyuly Hacel€HHs, TeM BbIlIe ypOBEHb
obcayXUBaHUS B TOpOJe.
4. Yem Goabile yHCAO €XKErojHO CTPOSIIKXCS B ropoie HAOMOB,
TeM GoJsbllle MPHBJIEKaTeAbHOCTh FOPOJA.
5. Uem Gosbllle IPONEHT HE MOJNHOCTBIO 3aHATHX PaGOTHHKOB, KO-
TOpHIe @XKeTO4HO MepexoiAT B PAAH pabouero kiacca, TeM Gonee mp-
BJEKaTeNeH Topod AJsA TeX, KTO HaXOAHTCA 3a €ro MpeaetamH.
VIMuTanuoHHBIE MOJENH ropoja H MHpa, paapaEﬁoTau.Hme doppe-
CTepoM, SBJAIOT CO60fi XOPONIH NpHMep MOJesneH, OCHOBAHHBIX Ha
dunocodun paunonanusma {[12, 13]. Cozaacurecs ¢ npasuLbHOCTHIO
TaKOI MOOEAL — BHAYUT COZAACUTBCA C OCHOBHBIMU nPeOnoCvLAKAML
(1eo6ocHOBaHNBIMU) U A02UKOL, KOTOPOI ORI MeHOY coboil csa3amst.
doppecrep ob6BACHAET OTCYTCTBHE o‘GocugnaHux NpeANoChIOK H OT-
CyTCTBHE SKCTeDHMeHTaJbHbHIX H3MepeHHH napaMeTpoOB CJELylolHM
o6pa3oM:
«3HauuTenbHAS YacTh MOBEJEHHS CHCTEMBI OCHOBaHA HA COOTHOIIE-
HUSIX H B3aUMOJZEHCTBHSX, KOTOpHIE, NO-BHAHMOMY, BaXHH, HO HE
H3MEPHMEl KOJMHMYecTBeHHO. ECNH MBl He OuEHHBAeM 3TH COOTHOIIE-
HHS, 4TOGBl 3aTeM BXJMIOYHTh HX B MOJENb CHCTEMH, MBI TeM CaMbIM
CYHTAEM, UTO OHH HecyllleCTBEHHBl H MOTYT OHITb omymtensl. CuH-
TaeTcst, YTO TOPa3fo omacHee BooGule He BKAIOUHTH BaXXHOe COOTHO-
lleHHe B MOJeJMb, YeM BKJ/IOUHTb €ro ¢ HH3KOH CTeNneHbIo TOUHOCTH
OLEHHBAHUSA, KOTODAs, 0JHAKO, HAXOXUTCS B MPABJONMOXOGHOM Juana-
30He BeposiTHOCTER.
Ecay mccienoBaTenb CUATAeT [JaHHOe COOTHOUIEHHE BaXHBLIM, TO
OH COOTBETCTBEHHO CTapaeTcs HaHayymuM o06pa3oM HCMONB30BATH
nMerontylocss nudopmanuio. OH XoueT, uTOGb €r0 pPenyTauHs MOKOH-
Jlach Ha TPH3HAHHH OCTPOTH €ro MPOHKUATENLHOCTH H MPABHIBLHOCTH
HuTepnperauuy asaexni» [12].
K coxanennio, Jo6asi NMONMbITKA YeTKo C¢(OPMyJHPOBATH BCE OC-
HOBHEle pPalUHOHANHCTHYECKHE NONYyIIeHHS H TPeANOCHIIKH, JeXallne

TyGBeKTHBHBIMH NPeACTaBICHHAMH 3JeCh NOHHMAIOTCS B3MISAH, HH-
TYUIHS, MHEHHS, OIUIYILeHHS, NMPeANOJOXKEHHS U BHeYaTNAeHHH, KOTO-
phie MBI HMeeM OTHOCHTeJBHO TOro, Kak paGoTaeT WHTepecymouias
Hac cucreMma. [loJ OOBEKTHBHBHIM TOHHMaercs pPacCMOTPEHHe, OCHO-
BaHHOE TOJNbKO HAa IKCHEPHMEHTANbHHIX JaHHHX. Kak ormeuaer Baur
[5], «o6mas ¥ Xopomo H3BeCTHas JUIeMMa HAay4yHOrO MeEToAa
COCTOMT B TOM, UTO Y4eHHIH J0JXeH ObTh OOGBEKTHBHBIM, XOTS OH H
TpOJBHraeTcs Bmepen, caelys CYOBEKTHBHBIM COOGDaXKEHHSIM».

ST0T KOH(IHKT MOXKHO PA3PellHThb, €C/IH MPOLECC NOCTPOSHHA MO-
JenH paccMaTPHBaTh KaK HeNpepeIBHbie B3aHMOOGOTallaloliHe Iniepe-
XOAH OT CYOBEKTHBHBIX cOOOpaXeHHH K OOGBeKTUBHHIM (akTam H
#Hao6opoT. Baur ([5] cunraer, uT0 JMI060H HAyUHBI METOA COCTOHT H3
MPONECCOB CO3MAAHHS H NPoBePKH. CosujaHHe ecTh NMpouece MOCTpoe-
HHS 'MOJ@/H KaK CPelcTBa oTOGpaxceHHA pPaGOThl peafbHOH CHCTEMH,
OCHOBAHHHIX HAa HHTYHIHH, TPeACTaBIeHHAX, HAOGMIOLEHHAX, MHEHHAX
H T.m. Tak KaK YHCAO BO3MOXKHBIX MOJeNeH NMOYTH GeCKOHeuyHO, BTOT
nponecc B 3HAYKTENIbHOR CTeneHH cyGbeKTHBeH. IIpoBepka Xe mouTH
TOJMHOCTbIO OOBbekTHBHa. Ee ILenb COCTOMT B ONpeleNeHHH TOTo,
HACKOJNBKO Halla MOJeNb YIOBJETBOPAET OGBeKTHBHEIM KPHTEPHAM
CPaBHEHHS C PeajbHOCThIO.

Taxum o6pasoM, mpouecc TOCTPOEHHS MOAENH COCTOHT H3 CO3HAA-
HUSl — NPOBEPKH — COSHAAHHA — NPOBEPKH M T.N., TA€ CO3HLAHHe
ecTb NpPOTeCC NOCTPOSHHS MOAENH, a NPOBepPKAa OCYUIECTBASAETC NS
OnpejesieHHsl COOTBETCTBHSA MOJENH PeasbHON cHCTeMe.

6.3. Panuonannsm npoTHs SMNUpH3Ma

Ha nporsixenun Bcelt HCTODHH HayKy HAET 60PHGA MeXKLy palHo-
HaJH3MOM H SMNHPH3MOM B NMOAXOAE K BOTNPOCY O NPABHIBLHHIX MeTO-
Aax HAyYyHOTO MO3HaHHA. [IpelcTaBHTENH 9THX HAmMpaBJeHH# COraac-
HBl C TeM, 4TO Hayka HauMHaeTcsid ¢ HaGMoJeHHH Hal HEKOoTopoR
4acTbl0O MPHPOAB (HJAH, B HalleM Clyuae, HaGJIOLEHHH HaJ MOZLEeJH-
pyeMoil cucTemoil), HO Ha 5TOM HX colyiacHe H KOHuaeTcs. JOMKeH Jiu
yueHBIl mocie MOJMydYeHHS HAGMIOZEHHH TNOCTYJHPOBATH CHOCOG B3aH-
MOZeHCTBUS 9/IEMEHTOB CHCTEMH], a 3aTeM NPOBEPHUTb 3TH MOCTYJATH
C TMOMOILBIO HAGMIONEHHH, HIH OH [OJKEH PAcCMaTPHBATh TOMLKO TE
B3aHMOJEHCTBHSA, KOTOPHE IIpOBepeHH 3MnHpHYecku? Chexyer Ju
HATH OT OOILEr0 K 4aCTHOMY HJIH OT YaCTHOTO K Ouiemy?

PanuoHaJHCTE TeCHO CBA3aHbl ¢ MaTeMaTHKOM W JOrHko#. Ux
YCHNHS OOLIYHO HamnpaB/eHH Ha DaspaloTKy MaTeMaTHYeckH BHIpa-
KAeMBIX THNOTE3 OTHOCHTEJBHO B3aHMOJNEHCTBHH CHCTEMBl, NpHuEM
TAKHX, KOTOPHE OTBEUAIOT HMeoWUMCH HaGMIOJAeHHAM, a 3aTeM H K
NPHMEHEHHIO MeTOA0B (OPMANbHON JIOTHKH I/ TNOMYUeHHs paasHd-
HBIX ceicTBHH. IIpHBEpXKeHubl pauHOHANH3Ma CUHTAIOT, UTO MOZAENb
eCTh COBOKYMHOCTb NPABHUJ JIOTHUECKOH NeAyKuHH, KOTOpHE BeAyT OT
NPeANOCHUIOK, MOAKAMIINXCA (KWIH He NOAJNAIOIIMXCA) SMIHPHYECKOH
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paxTHON HCTHHHOCTE HJH JIOXKHOCTH Ha BOMPOC ﬁe;(;y’-moﬁaeztx p.fgf
- OWHGKY C TOUKH 3PEHHS
MOZEeNb JOCTATOYHO MaJyIo exeh Morenpe-
e THIOTeTHUECKas SKOHOM
paHAdg». [Ipn TakoM NOAXON KA wonem
} CBA3H 3KOHOMMWYECKH
damarpebn [10], ocHoBaHHas Ha ®
ananfu Ha[COJ;HLlE, LOMKHA OGHITh TPHHATA, CIH oazn:xxpeﬁxc:fpo@
BaeT SKOHOMHYECKHe NUKJH Jjydlle, YeM apgrg;ﬂgiﬂ. paéxox&aeﬂuﬁ
eHHE BO3MOX!
[19] npuBoxuT HHTepecHoe OGCYXA e mo
‘ OM NpH H3J10XKeHHH HCCI
MeXIY SMIHPUKOM H NMparMaTHK , A 1o
uMKTguHOHH(fMy MOJETHPOBAHHIO HHXXKEHEPHBIX np%iiﬁgBéggg;xTﬂme
NPHBECTH AOCTAT Ger
«06OCHOBAaTh MOJE/Ib» 03HAyaer KTHEL®
OCHOBAHHS, HalpuMep, BHIGPAB OLHY u;) npm;;eﬂyfzlpl]cnbﬁ:laxﬂu:ﬁmgﬂepa
eitsiopa u PuHrepa i .
AEHHHIX B KOHue cratbi H e
«0BOCHOBATh> 3HAUKHT MOKa3aTh, YTO MaUIHHHASA ug«m:u:o:ng: s
Xelb HMEeT HemocpeACTBeHHOe OTHOIUEHHEe K ero pa 03*“ ;n'oép A
KeH yGemuTbesl, YTO MOXKET BEPHUTh MOAEIH». ,T_I’.aneepala]I lf‘lﬂb[e o,
it u yHble HaMepeHHs H .
BBIBOJL, 4TO KaXIbIH HMeeT Pasiu : e ne.
Ero HCcefoBaHHE ObLIO OPHEHTHPOBAHO Ha a‘xuauewu‘{ecT};fxueH :pzo .
HyXHO OBUIO eMy AJIsi 3aBepIUeHHs NOKTOPCKoif AHCCEP aus n’aae.nnﬁ
KaK WHXKEHep CTapaercs YJyHYIUHTb XapaKTepHCTHKH C?IOH'-IHHMH s
WiH opranuaauuH. VTak, Mbl HMeeM Aesno ¢ AByMd pas3
X04aMH K O60CHOBaHHIO OLHOH B TOH e MOJENH.

B OCHOBE KOHKDPETHON MOJENH, OYeHb CKOPO BBISIBJISET COMHUTEIbHOCTD
uX oueBHAHOCTH. Tax, HanpuMep, MPeAMONOKEHHE, UTO €CAH HA LYy
Hace/ieHus Topoj TPATHT OoJablle COGPAHHHIX B BHAE HAJIOrOB
CPeACTB, TO KAauecTBO OOCJAYXKHBAHHS NOBHILAETCHS, He OUYEBUAMO,
TIOCKOJIBKY 3JeCh HTHOpHpyerca Bolpoc o6 adbexTuBHOCTH. [l0106-
Hble (aKTH MPUBOAAT K TOMY, UTO HEKOTOPHIE aBTOPH, HampHMEp
Pajixenbax [23, c1p. 136], oTpumaoT caMoe CcymecTBOBaHme CHHTe-
THYECKHX AalPHOPHHIX NPEANOCHUIOK, a APYTHe aBTOPH OGDBABASIOT
HCCel0BaTeNeH-DAUHOHANHCTOB  NOCJAEI0BATENSME  CpeHeBeKOBLIX
ANXUMHKOB.

OMNHPH3M HAXOIHTCA Ha APYrOM KOHUE dunocopekoro cnexrpa.
OMNHPHK OTKA3HIBAGTCH MPHHHMATH JMIOGHE MPeANOCELIKH MK Jony-
IeHHA, KOTOPHIE HEe MOTYT GBHITb NMPOBEPEHH! HIH C NMOMOILLBIO 3KCIe-
PHMEHTA, HJH HAa OCHOBE aHA/IH3Aa SMNHPHYECKHX JAHHHX. Tax,
Paiixenfax (23, crp. 256] numer: «Bo3MoKHOCTh NPOBepKH sBATETCH
COCTABHOM YaCThiO MIOGOH HMeoweH cMBICH Teopun. IloHsATHe HCTHHBL,
KOTOPYIO HeJb3fl NMPOBEPHTH C NOMOWIBI0 BO3MOXKHHIX HaGJuoLeHH,
GecembicnienHo». Kacafich palHOHAIHCTCKEX MOAeneffl cHeTeM ynpas-
nenus, Cnpoyn roBoput: «$1 rotoB ¢MOTPeTh Ha KaXAylo B3 HHX KakK
HA HHTEPeCHBI H30MHPOBAHHHA cilyuai, KOTOPHH MOXKeT GHLITh OMH-
CaH, HO M3 XOTOPOTo s He OYNyT AenaTb HHKAKHX BHBOLOB» [28,
crp. 148]. Hedtnop u ®unrep ormeuanot: «XoTs NOCTpOeHHe M aHa-
JIH3 HMHTALHOHHOM MOJENH, TOYHOCTb KOTOPOR He MOATBEpKIaercs
SMIHPHYECKHMH HAG/MIOJCHUIMH, MOTYT TDEICTABIATh HHTepec AAA
ACMOHCTPALlKH K MeAAaroTHIeCKHX nejefl (Hanmpumep, AJs HIIIOCTDa-
LAY KOHKDPETHOTO METOAA MOJENHPOBAHUS), TaKHe MOLEJH HHUEro
He NPHOABAAIOT K NOHEMAHHIO MOAENHPYEMOH CHCTeMbBI» [21]. Urax,
SMIHPHSM B UYHCTOM €I0 BHIPAXKEHHH TpeGyeT ONOPH Ha JOKa3aHHBE

UMM nposepseMble GaKTH ¥ O0TKA3a OT BCAKHX HEMPOBEPEHHBIX Mpej-
IOJIOXKeHR . .

6.5. YTHIMTAPHEIA MOAXO0N,

‘ "
Uyncrhle panMoOHAaMHCTH, SMMIHPHKH H al6comon;b;:T:pp01rMo?{Talf;;
BCTpeualoTcsl OYeHb PelKO. BOJBUIHHCTBO SKCIEpHME e o mope
BalOTCA B TAKOM TNOJIOXEHHH, 4TO OHM ‘HCHOJ'[hsle"lI'—IBﬁnO ey
Bce 3TH TPH moAxoja. [losromy, Kak OTMEHaioT fizml’lp B oer
[21], obbuHO mpoumecc OGOCHOBAHUA HMeEET PAA C A o Aperitn
060CHOBAHHIO MOJENH, BKAIOUAIOIIHA B KaKOH-TO Mepamxon A
DAIHOHAJHKCTOB, SMIHPHKOB H aGCOMIOTHBIX MparM ,
Ha3BaTh YTHIHTAPHEIM NMOAXOAOM. .
aaHa anBoﬁ cn?amm pelleHHe 3anay Mou,enupona:ligge c;ggichﬂmﬁ
NOCTPOEHHIO BHYTPeHHeHl CTPYKTYphl MOLeTH Ha tT); Sy
HHGhOPMAUKH, NMPOULIBIX HCCASAOBAHHH H CYIIEC ysonbmoro -opu”.
Jio6as C/oXKHAS UMHTAUHOHHAA MOJENb COCTOHT H3 et o-
npocTHX MoAeaeil. VIMHTHpyeMBble 3THMH MPOCTRIMH Mo P 4
HeccHl OGBIYHO XOPOINO OMpejesieHbl H MOHATHH. Onﬁax;a B .
HeHHH HX B CJOXKHYIO COBOKYTMHOCTB GOJbHIOE qugn-oeﬂu s}) O e
MOKUBIX B3aUMOJHCTBHI JenaeT MOHHMAaHHE MOBEX
Mbl 3aTPyAHHTEJBHBIM. ) r
I/ITai,y nepsas Crajus MOCTPOEHHs OGOCHOBAHHOH lt\:gzee% ;:::g“
B pPacCMOTPEHHH H B HEKOTOPOM CMBIC/IE HaHJIy‘-lII.éeM e Ao
TNPOCTHIX COCTABJ/AIONIHX CA0MXKHOrO mpouecca. Jho a‘ﬁPIIPI aomx’ﬂa 4
pas oTBepraercs € MOMOUIBIO alpHOPHOH HqupMaucne’zmaaHm .
BepraThcsi A0 TeX NOP, MOKA JOMOJHHTENbHEE HC

6.4. AGCOIOTHBIA MparMaTHam -

Mb MOXXeM paccMaTpHBAaThL HMHTAUHOHHYIO MOJENb KaK uepHBIA
SHK, TPeoOpasylouit BXONHbE NepeMeHHHe B BHIXOLHBIE. Pamyo-
HAMHCT B SMONUPHK 3aHHMAIOTCH BHISBICHHEM CTPYKTYPBI STOMO 4ep-
HOro smuka. Tperuit bunrocodckuit noaxon —dunocopus atcoaoT-
HOTO NparMaTHMa — 3akJIouaeTcst B cleAyomeM. AGCOMIOTHE npar-
MAaTHK B MPHHUKNE YTBEPKAAET: «f CTPOIO MOJenb AN AOCTHXKEHHS
KOHKDeTHOH nenu. Ecnm nmenb gocturmyra, To COOTBE TCTBYIOM AN
Mozenb Toura». Ero cosepuienHo He HHTepecyeT BHyTpeHHsis CTPYK-
TYPa «4ePHOTO SINHKA®», OH 33AHAT JHIIb COOTHOWEHHIMH MeXIy BXO-
RaMH H BBIXOLaMH.

) Hlpank # Xoapr [25] npexnnonaraior, 410 «11s 06OCHOB aHES TOU-
HOCTH NaHHOH MOZENH clefyeT NPHMEeHSThb KPHTEPHA €e NOJIe3HOCTH,
TeM caMblM nepeMellasi OCHOBHOE BHHMaHHE C BONpoca O ee a6CT-

16—195
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ONBITH He U3MEHST HALIeTr0 OTHOMIEHHS K Hel. HeT cMBlcaa BKIIOYATH
B PacCMOTpPEHHe THNOTe3y, KOTOPYIO MHl cuHTaeM omuGouHoii. Heko-
TOPEE NPEJCTABACHHSA WM THMOTESH XOPOINIO H3BECTHH U3 NMPEBITY-
I(HX HX TNPUMEHeHHH, a Apyrue MOKOATCA HA CTPOTOR TEOPETHYECKOR
OCHOBE, BLIBEIEHHON M3 mpeAbIAymuX HccaenoBanuil. Korma mpouece
JNlerko Hab/I0KaeM U H3MeDAeM, YDPOBeHb LOBEPHS K TpeACTABICHHUAM
O HeM [OBOJBbHO BhICOK. B mporuBHOM chnyuae Mb uyBcTByeM cebs |
MeHee yBepeHHO. Mbl He HacrauBaeM Ha SMIHPHYECKON npoBepxe
KaXJ0A THNOTEe3Hl, MBI JHIIBb TpeGyeM, uToGH Kaxjias HCnoAb3yeMas
runore3a Obi/1a’ pasyMHa ¥ OCHOBAHA HA HAHGOMEe MO/HBIX 3HAHHSX
06 Hayuaemoj cucreme. TaxuM 06pasoM, mepBas cTaiusd npejcTaB-
asieT co60# MOANGHUHPOBAHHHIA DanNHOHANKCTHYECKHA MOAXOA. Mm
He HacTauBaeM HA CHHTETHYECKHX aNpPHOPHHX AONymeHHsx Kaura,
a TpefyeM JIHIUb, YTOGH AONYIIEHHS HMeIH CMEIC,

Bropas craaus Takke cBsisaHa ¢ 0GOCHOBanHeM BHYTpeHHe#l
CTPYXTYphl MOJENH H COCTOHT B IMNHPHUECKOH mpoBepKe (KOTKa 3TO
BOSMOXHO) HCMOJb3yeMOfi FHmoTesnl. Maes TNPOBEPKH HAUIHX Hpen-
TMOJIOXKEHHA O CTPYKType CHCTeMH, ee MapaMeTpax M HX pacmpesene: §
HUAX TPELCTaBNACTCS BecbMa pasyMHO#A. OCHOBOR JMs Takofi OLEHKH 3
H NPOBEPKH THIOTE3 MOXKET CYXKHUTb TEOPHSA CTATHCTHKM.

Tperbell cragnelil aBasercs BCeCTOPOHHSIS TPOBEPKA MPHIOLHOCTH
MOJCNH LI TNPEACKA3aHHS MNOBEAEHHS MOJeNHDPYeMOfl peanbHOM
cHcTeMbl. Ha 3TOff cTaguu MBl JOMKHB YGeAUTbCS CaMH X y6eauTh
TOTO, KTO GYAET HCMO/Mb30OBATh HAWly MOXeNb, B TOM, 4TO OHA pabo-
TaeT TaK, Xax JAOJNKHAa paboTarth, T.e. uTO OHa mojse3Ha. Boobme
ToBOp4, 3Ta CTalHfA BX/IOUALT CPaBHEHHE COOTHONIEHHH BXOJOB H BH-
XOJOB peaNbHO# CHCTeMB M MoZend. Ha srmoit cranum OJHOH Hu3 oc- §
HOBHBIX liefie ABJASETCH LOCTHXKEHHe COIMACHS NMOAb30BATENS TOPHHATH
Hauy mozenb. [Monesnsie Ha 310# cragun cpencTsa TIPOCTHpPAIOTCA OF A
NPHAKNAJHHX MareMaTHUeCKHX METOJ0B, TAaKHX, K4XK CHNEKTpaJbHHA
aHamH3 ¥ ApPYrHe CNOCOGH NPOBEPKH GMU30CTH CHCTEM, N0 HCHBITAé J
HH}l TIOBEJEHHS CHCTEMB], MOZOGHHIX «TECTY ToioprHra», H mpoBejes -
HHS NPAKTHYECKHX HeMoHcTpauuit. Ha 3Tofi Tpetbell craguu Gouee
TOYHOR cuMTaeTcs MOJZeslb, KOTOpas yCmelllHee MpeiCKas3biBaeT [MOBe+ -
JleHHe CHCTEMHI, i

PaccMorpennsle Tpu crammu mponmecca KOHCTPYHPOBAHUS MOJe/iH §
OCYIIECTBASIOTCH HTEPATHBHO. Jlaxe ecqm MOjeNb MAK OfHA M3 HC !
NOMb3YEMLIX TPH ee NOCTPOCHHH THNOOTE3 He COLAcyercss ¢ SMOMpHs §
MECKHMH JaHHBIMH, OHa OGHIYHO He OTBepraercs A0 Tex mop, IOKa }
He MOSBHTCS Jyulllas Mozedb. Ecan Mogens win rumoresa pasymuuM 3
06pa3oM COOTBETCTBYyeT SMIHPHYECKHM (QaKTAM HIH TEODHH, TO HO* )
ABJICHHE He COTMIACYIOIUXCA C Hell JAHHBIX NPHBOJHT OGHUHO He K W

OTOpACHIBAHHIO, & K YTOYHEHHIO HJH nepeonpesesieHHio FHNOTE3H: A
TlosTomy B mpounecce nocrpoenns u TPOBEPKH MOAENH MPOUCXOAAT '

NIOCTOSTHHBIE Tepexoin MeXAy TOUKAMH 3peHHsi PalHOHANH3Ma, SMIH-
PH3Ma H IparMaTH3Ma.

[Ipu HCMOAb30BAaHHH MMHTANHOHHOTO MOJENHPOBAHHS AMSA H3yUe-
HHS CJIOMKHBIX CHCTEM BO3HHKAIOT PAa3/IHYHOrO POJA OUIHOGKH, KOTOpble
MOTYT MPHBECTH K HeBePHHIM BEIBOAaM. OMHGKH BO3HHKAIOT:

— NpH MOCTPOEHHH MOJENH;

— [pH NpOrpaMMHPOBAHHH;

— B HCMOJNb3yeMBIX JaHHBIX;

— B HCNOJb30BaHHH MOJENH;

— B HHTepIpeTaluHH pe3y/bTaTOB.

B npouecce mocTpOeHHS M NPHMEHEHHS MOLENH MBI JOJIKHBI TIOM-

HHTb O BO3MOXKHOCTH MNOfBJAEHHS TaKHX OMHOG0K H Jenarb BCce BO3-

MOXHOe, uTo6n H36eraTh uX. Tak Kak B NpoUECC MOCTPOEHHS CIOXK-

HOH MOJENM BHOCST BKJaj, MHOTHe CNENHAJHCTH Pa3JHYHBIX MpPodH-

Jgeft, a caM mpouecc NpojonaxKaercs. 6Gojee HIH MeHee IJMHTENbHOE

BPEM#, TO CYIIECTBYET TaKXKe BEPOSTHOCTh, 4TO OKOHYATENbHBIH pe-

3yabrar Gyfer He COBCEM TOT, KOTOPHIE MBI XOT€MH MOMYYHTb IEPBO-

Haya/bHO.

Wraxk, npouecc NOCTPOEHHS H IPOBEPKH MOLENH COCTOHT H3 Tpex

nepeMeXalomUXCA CTagul: .

— NOCTPOEHHS Psifa THMOTE3 O CMOCO6aX B3aHMOAEHCTBHS SJeMeH-
TOB CJIOXKHOH CHCTeMbl, OCHOBAHHOTO Ha HMeloulefics HHpopma-
UM, KOTOpas BXKMOYaer HaGMIOAEHHS, De3y/bTaTh Mpelslay-
MIUX HCCAeAOBAHKA, COOTBETCTBYIOIUIHE TEODHH H HHTYHTHBHBHIE
TIpe/CTAB/IEHHUS; .

— MOMBITKH TIPOBEpHTh (KOTJAa 3TO BO3MOXHO) NpPHHATHE AOMY-
LIeHHS H THNOTE3Bl ¢ TOMOIBIO CTATHCTHUECKHX TECTOB;

— CpaBHEHHS COOTHOIIEHHH BXONOB H BBHIXOJO0B MOJENH H MOJENH-
pyeMoil peasibHOH CHCTEMBI.

6.6. HMcnbiTaHus BHYTPEHHEH CTPYKTYyPbl H NPHHATBIX THMOTE3

Kax oTMeualoch B TJ. 2, naxe BecbMa IpOCTble Ha IepPBHIH
B3MVIS peajbHble CHCTEMbl CTHIIKOM COKHB, YTOGH HX MOXKHO GBUIO
U3yyaTh BO BCcex Jeransx. CIefoBaTeNbHO, Mbl NOMKHBI OTBJAEUBCH
OT GOJBIIMHCTBA CBOHCTB PeastbHOM CHCTEMBI M BBIJENHTb CpelH HHUX
JMIb HEKOTOpBle, KOTOPHiE B COBOKYIIHOCTH MO3BOJISIOT MOCTPOHTH
YOpPOUeHHBIA M HAeaJH3HPOBAHHEIA BapHaHT PeaNbHOH CHCTEMBL.
B cayuae ycmexa crosb npocThie afcTpakTHble BapHaHTH JAIOT T0-
Jle3HBle TPHOAMKEHHS K peadbHbIM cHcreMaM. OObIYHO yxOGHO pas-
6HTH mpouecc HAeAMH3AUMH HA PsiJl HE3aBHCHMBIX NPOUECCOB aHa-
N33 OTAENbHRIX uacTell cHcTeMbl. BO03MOXHOCTH Takoro TmoJAx0na
OCHOBaHAa Ha TOM, 4TO B CHCTEME CYIIECTBYIOT 3JIEMEHTHI, KOTOpBIE
NOYTH HE3aBHCHMEI HAH B3aHMOAEHCTBYIOT NMpocTeHuIHM 06pasoM.

Tocne pasbuenus CHCTEMBl Ha 3JEMEHTH MBI CTPOHM l‘Hl’IOT&BbE
OTHOCHTENBHO NPHPOXH H BHAA B3aHMOZefcTBHH. Bo MHOrHX <y
Yasx THNOTe3b O TOM, Kak paGoTaeT 3JAeMeHT, HAH O B3aHMOxeHCT-
BHH IBYX H GOJiee 31€MEHTOB CTOMb MPOCTHl K CJEACTBHS H3 HHX CTOJb

16*




244

24
L 6 O6ocnosanue svibopa U _anaaus modeau 5
Ara8a

it BE
2. OnpefesneHHe KOJAHYECTBEHHBIX ypaBHeHm)x, CBSI3BIBAIOIMAX ]

| lit aHalH3).

Gosiee mepeMeHHbie (PerpecCHOHHD i
PIJmI/ITau(, ocugaﬂme CTaTHCTHUECKHEe METOJbl, HCIOoJb3yeMbie AJis one
HUBAHHS H NPOBEPKH IHIOTE3: .

1. ITpoBepka cPeAHUX 3HAUEHHH.
2. Auanu3 jucnepcuit H KOBapHauUHH.
‘ coryjiacus.
3. ITpoBepKa MO KPHTEPHAM CO .
4, PerpeccHOHHbI H KOPPeNAUHOHHBIN aHANH3.

OUYEBHJHEl, YTO MHl MOXEM TIPOBEPHTb MX HENOCPEACTBEHHO ¢ Mo-
MOIUBIO CTATHCTHYECKOTO aHAAH3a WM APYTHX BHJAOB SMIHPHUECKOTO |
aHanusa. HanpuMmep, ecam Mbl npexnosaraem, 4to BpeMs OGCIYKH- §
BaHUA B CHCTEME DACNPEleNeHO N0 SKCNOHEHNHANLHOMY 3aKOHY,
a BpeMsl Mex/]y NPHXOAOM 3afBOX HAa OOCIyXHBaHHe pacnpejeseHo-
no 3axony [lyaccoHa, To MOXHO MPOBEPHTb 5TH THIOTE3H MO HMeIO-
MuMCs MPOIIBIM JAHHBIM, T.e. N0 HaGnloLeHHAM Haj PaGoTOH CH-
cTeMbl 06CTyKHBAHUS. '

Kax Mb yXe Heckonbko pas OTMeuany, 3ajpaua IPOBEPKU Ipa-
BHJIBHOCTH MOLEJH BO3HHKAeT HAa MPOTHAXKEHHH BCErO mpouecca MOAe-
JAHpOBaHHSA., Monenr Moxer 061anaTh PANOM HEXOCTATKOB. HeKoTo--|
pHie H3 HHX nepedncaenst Akodom u Cacuenx [1]:

— MOJelb MOXeT COJePXKaTh HeCyllecTBeHHbE NepeMeHHHIE;

MOZEJIb MOXKET He COAEPHKATb CYIIeCTBEHHBIX IepeMeHHBIX;
OllHa UMM GOJiee CYIIeCTBEHHAS NEPeMEeHHAS MOXeT OHTh olle-
HeHa HJIM NpejcTaBleHa HETOUHO; -
ee CTPYKTypa (T.e. 3aBHCHMOCTb, CBS3LIBAIOUIAS OTKAHK C
YUPAB/ACMBIMH HAH HEYIPABNSEMBIME NEPEMEHHBIMH) MOXer
6LITb OMIHUGOUHOMH.

Jlnst sMmEpHuecKod MpOBepKH NpaBHABLHOCTH TMPHHATBIX KOmylle-
HHE MOXKHO HCNOJIb30BAaTb METOABl CTATHCTHYECKOH TEOPHH OlEHHBA- f
HHA ¥ NPOBEePRH runores. [losHoe OMHcaHHe TAKHX METOAOB BHIXOMUT |
33 paMKH NaHHO# KHHIH. HuXe MBI KpaTKo paccMOTpHM HanGojee:!
BAXHbIE H TIONIe3HBIE M3 HUX U NPHUBEJEM CCHIIKH Ha JIKTEpaTypy, B §
KOTOPOH OHH ONHCAHH 60/ee MOLPOGHO. 3

CraTHCTHUECKHE HCILITAHKS, HCTIOAb3YEMBIE A NPOBEPKH TPHHA-
THIX TIpH TMOCTPOGHHH MOJENH JONYILIEHHH, a TaxKe BHBOJOB, KOTO-

PBEIE JI@TAIOTCS HA OCHOBE Pe3yJbTAaTOB 3KCIIEPUMEHTA, PellaioT IJaB-
HBIM 06pasoM. CIedyIoLIne 3a4ayK:

6.7. IIpoBepka CpeAHHX 3HaYeHHH

C 1nOMOIIbI0 POBEPKH CPEIHHX 3HAUCHHH pemaercs B:ﬁgg(a)ﬁo C'gc:g:
31UYHBle BHIGOPKH OAHOH reHep
npuHajiexar AU ABe pa A e Con-
HaM MOXeT moTpeGoBarbcs MP ,
xynuocts. Hanpumep, 2 NPOBEPHTY, AAE-
¢ J1yXXUBAHHA Ha CTaHL X
HAKOBO JM cpeiHee BpeMs 00cC. A
enHux 3HaueHusx. I[Tep
MOMKHBl ABAa BHJa THIOTE3 O CP 1 t Bua T
uX 3HaueHH#. DrTa THMOTE3a
noTesa O paBeHCTBe CPeiHH | uapaerer
i ‘ ecad Jobasg H3 COBOKYyI
BYCTODOHHEeH U OTBepraercs, T
%oyxbmge cpeanee. Bropoit Bua-—rumoresa 0 ToTNI[),qu;a I?gig:ga
ee, 4eM COBOKYITHOC .
goctb A umeer Goabliee cpeaHee, 2
HasbiBaercs OJHOCTOPOHHeH H OTBepraerci B cneyl;g, Becillpfrocﬁi?ﬂ:g-
0 cpejHeMmy 3HaueH .
sHayenue A MeHpIe HJIH DaBH D oo
TINATEeJbHO PAacCMOTPeT :
6paTb BUJ THIOTE3bl, CIEAYeT ©
uMelomedcd a
ero KpHTepHs 3aBHCHT OT
By omaantt aTh pasyMHble NPEATO-
KM M BO3MOXHOCTH CIel paaya
D it, Ecny MBI MOXEM
‘ eMBIX COBOKYMHOCTEH, |
JI0XKEeHHS O BHAE paccMaTpHBA ot M MoK e
HOPMaJIbHOCTH COBOKYIHOCTH,
cHenath NPEXNONoXKeHHe O HO R
i off TeopeMme, pe3yJbT P
Ha UEeHTPanbHOH MpejelbH T
OBOKYITHOCTH HJIH HMEIOIL
NpoBEpOK HOPMAIBHOCTH C e dvavd
MO}XKeM BOCIOJNb30BATbCA O
0 mpupoje mpouecca, TO e
) 6.2 moxasaHo, 4T0 BHIOOD Kp
MeTpHuecKHX Kpurepnes. Ha puc. 6. P
3am§cm OT KOHKPETHOH CHTyauud H Onpejeisercsi OTBETAMH Ha Cl
JOILlHE BONPOCH: >
ay 1. Umetor a1 o6e COBOKYMHOCTH OXHHAKOBYIO ,rmcnepcmou o‘:)ue“‘
9 U3pecTHH K JHCIEPCHH COBOKYIHOCTeH, HIH XKE OH
BalOTCHA? i
3. IMpoBoauTcs JH CPaBHEHHE CpPEAHEro suaqeﬂga BBIGOPKH C
BECTHHIM CPEIHHM 3HaueHHeM BTOPOH COBOKYNMHOCTH! R
4. VimeioT 14 06e BHIOOPKH ozmﬂaxgayro BEJHUHHY?
[ K?
5. Kaxossl pasMepHl AByX BEIGOPO uro
PaccMOTpHM cHauana 3ajady NPOBEPKH CHIOTE3L! (I;Iao onroc»g 1o
ABe COBOKYTHOCTH HMEKT OLRHAKOBYIO JHCIIePCHIO . .mamyo* i
XOTHM TNpPOBEPHTh [HIOTE3Y 0% =0} mporus a.n?THepszar B c-rri plle
Ilns 3TOro BHUMCIMM BHIGOPOUHBIE IHCMEPCHH S 2. Iy
3anoch, uto S§ > 8. O6pasyeM CTAaTHCTHKY

F = s}/s;.

A. Tposepxa rumores: N
1. Ouenka mapameTpoB COBOKYIHOCTH B NPeATIONOMKEHHE O BHA®Y
(GyHKUME pacnpeiesieHHs BeposATHOCTeH (Ha ocHOBe Takux napamer+4
PHYECKHX KDPHTepHeB, kak F, ¢ u Z). .
2. Omuenka mapaMeTpoB COBOKYNHOCTH HE3aBHCHMO OT BHJa (DYHK:§
UHH paclipeleneus (MOCPELCTBOM HemapaMeTpHUecKHX KpHrepues) |
TaKHX, XaK KputepHit Manuo — Yumuu ans cpepnux 3HaueHu#t), - 3
3. YcraHoBneHue sakoma pacnpepesenus A COBOKYNIHOCTH, H3 §
KOTOPO# MosyyeHa BHIGOPKA (HA OCHOBE KPHTEPHEB COTMACHA, TaxX;
KakK XH-KBaApaT WX KpHTepuit Kosnmoroposa — CmupHOBa). 4
NPEASNEHHe TECHOTHl CBS3H MeX1y ABYMs HJH Gojee mepeMeH-
"HBEIMH (KOPDENAUHONHBIA aHamu3).
B. OueHusanue:

1. Beucnenue ToYeuHHIX u HHTEPBANBHHX ONEHOK napaMeTpoB CoO-
BOKYITHOCTH. '

i
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CpaBunBaeM F co 3HaueHHAMHY, NpHBeAeHHBIME B Tab6J. I1. B. 6, rae p §
BepXHefl 4aCTH YKa3aHO UHCJIO cremeHedl cBOGOAH (pasmep BHIGOPKH 1
MHHYC €[MHHUA) AJA GONBIIErO H3 3HAYeHUR si u s3, a c6OKYy B |
KOJIOHKE — YHCJIO CTeneHed CBOGOABI [/ ‘MeHbBUIETO M3 STHX 3Haue-
unfi. Ecan cratucruka F npeBOCXOAKT COOTBETCTBYIOIIEE TaBaHYHOe
3nayenue Fo, To Hama runoresa H, nomxua 6uTh OTBEeprHyTa.
BeposiTHO, UMTaTeNb HMeeT HeKOTOPH ONHT B uACTH IPOBEPKH
THOOTE3 O CPEHHX 3HAYCHHAX, ONHAKO LA NOHMMAHHA pHC. 6.2 §
TaXOTO ONBITA Jaxe He Tpebyercs. CiefyeT MOMHHTD, 4To Bee npuBe-
JEHHEIE B 3TOH KHHI€ TaGNHUB MOCTPOEHB AJS OHOCTODOHHHX KpPH-
TEPHEB ¥ UTO 3HAYEHHS COOTBETCTBYION[MX BEPOATHOCTEH H LOBEDH- |
TEJNLHEIX HHTEPBAJIOB M IBYCTOPOHHHX KPHTEDHEB CJIeyeT yIBOHTb.
Kpome ToOro, cieiyer MoMHHTb, uTto Hynesas rumoresa H, oTBepra-
€TCA B TOM Cayuae, KOTAA BBIYHC/IEHHOE 3HAUEHHe CTATHCTHKH GOJIbIle
TaGJHYHOTO 3HAYEHHS. {
HHTaTe/MO MOXKET [IOKA3ATHCA HESTCHHIM H HOBBIM JHMIb GJOK Ne 8 4
Ha pHue. 6.2, DTOT 610K OTHOCHTCH K HCMO/B30BAHHIO F IR B3BEILECH- §
HOTO {-KpHTepHs. LA onpefe/eHus ypoBHS sHAUHEMOCTH ¢ TpH 3alaH- ;
HOM 0O6LIeM YpOBHE 3HAYUMOCTH MBI HCIIOJIb3YeM  aMNPOKCUMALKIO |
Koxpena n Kokca [8]. 3uauenne #, taxoe, uro GosbllHe [0 cpas-
HEHHUIO ¢ HAM 3HAYEHHS JONKHE CYHTATHCA SHAUHMBIMH, BBIYHCISETCH
10 popmyne

0% neusbecmne

- Wty -+ wts
w +ws *

Tae wy=s] /N, wy=s3 /N, u {1 B f — COOTBETCTBYIOI[HE 3HAUEHHA
kpuTepust CTbIOJIEHTA ¢ COOTBETCTBEHHO sl Ni—1 u Ny—1 creneneft {
©BOGOJH NpPH 33aJaHHOM YDOBHE 3HAUHMOCTH.

Ilpumep 6.7.1

[lpn HccaeloBaHAU PaGOTH XHMHYECKOro 32BOAA MBI MOJYYHIH §
JlaHHBlE U3MEPeHHH HEKOTOPOH XapakTepHCTHKH $YHKUHOHHPOBAHHSA }
©OJIHOM W3 TMOJCHCTEM B TEUeHHE NPOWEIHX 5 Hegeab. Mojens aTof 3
TOACHCTEMBl HCNOMb30BA/NACh PaHee AJs NPENCKA3AHHS TOH Ke Xa- §
DAKTEPUCTHKH B TeueHHe 7 Heleab. Kamepennwe sHauenus sToft 4
XAPaKTePUCTHKH (TOHHEI B HELENIO) HMEIOT C/eAyIomHe 3HAUCHAA:

st moacHeTeMH: 22,0; 225; 22,5; 24,0; 23,5;
ANl MOARJHI: 24,5; 19,5; 25,5; 20,0; 18,0; 21,5; 21,5.

02 ugbecmmna

TIpn a=0,05 Tpetyercs NPOBEPHTH, €CTh /X 3HAYAMAS pasHHuA MexX-

Ay CPeIHHMM 3HAYECHHAMH XaPAKTEPHCTHK MOJACHCTEMBI H MOJIENH:
N,=5, X,=22,9, 52=0,68;

55=1,25.

Ny=1, X,=21,5,

o Heussecmuo

B usbecmme

o Heusdecmmo

2o u3becmno
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Prc. 6.2. Kputepuyt A1 MPOBEPKH THNOTES O CpejHUX 3HAUEHHAX,
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Jf pellleHusi 3TOH 3ajaun nposepum rumoresy Ho: o} =oi. Hmeen
y

7,95
F=W_10,66.

rae Dj— pastocrs (X1;—Xp;) MeXIy COCTAaBJASIOUIHMH j-H TIaphl,
a N —uucjao nap.

Ta6auunoe sHauenne (raba. I1.B.6) aax a=0,05 ¢ (7—1) u (6—1)
<TeneHAMH CBOGOAB PaBHO Fra6=6,16. Tak KakK Fpyy>>Fras, THIOTE3,
Ho orsepraerca. CiegoBaTesbHOo, HeOGXOLUMO HCIOB30BATh B3Be-
IIeHHbIH {-KpUTeprit (610K Ne 8 Ha puc. 6.2):

[Tpumep 6.8.1

BbI0 BHIOMHEHO MO 10 IPOroHOB MMHTAUHOHHOR MOJENH B :uay:
peXHMax ¢ MPHMeHEHHeM MeTola KOPPETHPOBAHHBIX BEIGOPOK (T. €.

= = He HCNOJb30OBajach OJHA H
% X=X 2,925 B T O e o anTONBHOTE) PeayJibraThl TpHBeJeHH B
Louan== 5 3 008 7% =12 Ta Xe cayuaffiHas [OCJAENOBATENBHOCTB). Peay, D LMY
VN T+ W =1 V T t+t—% raba. 6.1, TpeGyercs mpoBeputh runoresy Ho papencrsa cp
1= 2
0 Tabauya 6.1
=" =014,  w,=T5 104,
7 Pe3yabTaThi MOACAHPOBAHHS
1,=2,78, #,=2,45, . N
¢ __witi+wyit,  0,14-2,78 1,04»2,45_2 49 Homep nporona Pexm A Pexum B PasHocTe
KT T Fw, 0,1441,04 e
—0,4 0,16
Tak Kak BHUYHCJIEHHOe 3HaueHue ¢’ MeHbllle COOTBETCTBYIOIIErO KpH-) 1 4,0 4,4 1,5 e
THYECKOTO 3HaueHHH, TO rumoTesa X;=X, He oTBepraerci. OxHakod 2 5,2 3,7 ’ 1'00
TOT (aKT, 4TO JHCHEPCHA XAPAKTEDHCTHKH MOLENH CTATHCTHUECKH) 3 5,7 4,7 1,0 ’
-3HAYHMO OTIHYAETCA OT JHCNePCHH XapaKTEPHCTHKH TOLCUCTEMH, ] 4 4,2 2,8 1,4 1,9
JOMKEH 3acCTaBUTh HAC NepecMOTPeTh Hallly MOfeab. XOTS Moienb H4 5 48 4,2 0,6 0,36
JlaeT NpaBuIbHOE CPelHee 3HaueHHe, GOMbIlast JHCIEPCHS MOXKeT pH- 3'9 4.3 —0,4 0,16
BECTH K HeXenaTeNbHBIM NOCAeICTBHAM IPH BKJIIOUEHUH 3TOH MOJENH 3 6 ’ '5 0.6 0,36
B Goslee OBILYI0 MOAEID. 7 4,1 3, o7 0.49
8 3,0 3,7 —% ’
6.8. Ilapuble nabawaeHua 1 0 46 31 1,5 2,25
Kak orMeueno B pasj. 5.16, uHOTIa BO3MOKHO M KeaaTebHO He-A 10 6,8 1,9 4,9 24,01
ONB30BATH METOA KODDPEJHPOBAHHHX BEIGOPOK, T.e. HCNONB3OBAT!
‘OIHY H Ty e CJAyuaBHYI0 NOC/HeZ0BAaTeNbHOCTh AJIS KAXKIOR H3 Ol ‘ 3 10.0 33,00
HEBaeMHIX anbrepHaTHB!). HcnonbsoBanme sToro Meroza NPHBOJUT Bcero 46,3 36, ’
TAPHEIM KODPPENHPOBAHHBIM HAGMIONEHHAM, YTO NO3BOAACT YBEIHUHTS: X 4,63 3,63
‘TOUHOCTH PA3MHYCHHS NMPH (HUKCHPOBAHHON BeNHUHHE BHGOPKH uas

COKPaTHTL OGBEM NpH 3ajaHHo# TouHocTH. ITpu 3TOM ycTpaHseTe: {
HCTOYHHK JNONONHHTENbHBIX (YKTyanuil oT mapel K mape. PaccMoT-)
DHM TPOBEPKY HY/eBOH THNOTESH COBNAfeHHA CPeNHHX 3nauenuh}
CpaBHHBAaEMBIX COBOKYNMHOCTel. Uncio cremenell cBoGOLH PaBHO YHCAY
map HaGawoaeHH# MHHyC eimuuna. CTaTHCTHKA ! TIPHHEMAaeT BH],

3HaueHHii B pexkuMax A u b mpoTuB anbTepHAaTHBEL, HUTO cpenH.eeH;H::(;
yende pexxuMa A Goabiile, NpH a==0,05. Hcnonb3ysa npuBeleHHy’
Bolllie  ¢hopMyay, nojydaeM

a. Ry —Xa __ 4,63—3,63 ,
— X, — X, [ V D3 — (ZD)E/N - 33 — 103/10 -
2 e
ALEFDI vy Vs
i i . -
]/ —w W fra=183.

1) 3zteck 610 65t NOESHO MPOYHTATH Pas. 5.16. Tak Kak fpuq > fras, 10 runmoredy Ho ciexyer oTBeprayTh.
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6.9. Kpurepuit Manubl — Yutuu

Eciu npeanosnoxenne 0 HOPMaJbHOCTH COOTBETCTBYIOUIHX Paclpe-
JleJIeHHH SIBASIETCS. COMHHTENbHBIM (2 MMEHHO NIPH 3TOM NpEANOJIONKe- ]
HuM PabOTAIOT NPHBELEHHble BHIIIE KPHTEPHH), TO Mbl MOXKeM BOC-M
TIOIb30BAThCH HeMapaMeTPHYECKHM KpHTepHeM MaHHb — YuTHK '[26,)
34], XOTOPHIf ABAAETCH OJHHM H3 HaHGONee MOUIHBIX HeMapaMeTpH-
4eckuX kpurepHes. Mox [20] moxasan, uT0 3ddexTHBHOCTL 3Toro
KpHTepHs (MO MOILHOCTH) OTHOCHTEJBHO KPHTEPHSI [ B caydae HOPS
MaJbHOTO pacnpefesends 61u3ka kK 95%. Mu ne 6yzem 3nech omuch-
BaTh 3TOT KPHTePHH, a NPHBENEM JHIb KPaTKOE ero 06CyXAeHHe.
DTOT KPHTEPHH NMPHUMEHHM K MPOBEPKE THIOTE3Bl O TOM, YTO ABE He-
3aBUCHMble BHIGODKH MPHHAlA/MEeXKaT K OAHOHA cOBOKynHocTH. OH MOXKeT
TPHMEHATbC BMECTO KPHTEPHS ! B cilyyae, KOTJa HCCaelOBaTeldb He
yBepeH B BRINOJHHMOCTH TeX NPEANOJIOXKeHHH, KOTOpHEe Heo6XOXHMEb
JJ11 IPAMEHEHH S OCHEeJHErO.

Tlycts nmetotca ase BHGOPKkH pasmepoB M m N, rze M<CN.
Ynopsazounm BHIGOPOUHBE 3HAYEHHS OGEHX BHIGODOK B ONHY IO- ]

CJeA0BATeNbHOCTh  JMHHB P=M-+-N. [IIpumumeM HauMeHbIIEMY
HabJII0 JeHHIO B ITOR yOopAA0YeHHOH NOoC/e0BaTeAbHOCTH
paur 1, a cAelylOmMM —paNFH B  BO3pacTaloleM NOpSAKE: )

[Tycts R — cyMMa paHIros, NPHNHCAHHHIX HAGMIONEHHAM H3 BHIOODKH
pasmepa M. O6pasyem cTatucTHKy MaHHB — YHTHH: ‘

U=My L ML p

Cnoco6 onpenenenus 3HaYUMOCTH cTaTHCTHKH U 3aBUCHT OT 3HAaYeHHN ]
pasmepa N. TIpu 3TOM CymecTByIOT TPX BO3MOMKHOCTH:

1. Eciu N ne npesocxoaur 8, cheayer soiumcantTs U/=MN—
H Bei6paTh MHHAManbHOe u3 3Havennit U u U’. Dra pennumua HC
MOJIb3YeTCS AJISL OTBICKAHHS TOYHOH BEDOSTHOCTH ee TMOSBJCHHS, KOTO
Py MOXHO Ha#TH mo Tabauuam [26, 34].

2. Ecnin 8<N<21, cHOBa Heo6XOAUMO BHYHCAHTD U H U,
Tenepb B Tab6AHNAX clAeAyeT HCKaThb KPHTHYECKOEe 3HayeHHe 5 HaX
MeHblllell H3 5THX ABYX BeJHYHH NPH 3aJlaHHOM yposHe a [26, 34
# ecnH Upya>Uras, 10 rumotesa Hy o ToMm, uto ABe paccmaTpuBae
Mble BEIGOPKH IDHHajIeXaT OJHON COBOKYMHOCTH, OoTBepraercsd. ‘a4

3. Ecim N=21, To MH MOXeM OmpefeluTh BEPOSATHOCTb MOSIBJIE- 3
HHS BBIYHCAEHHOTO 3HaueHHs U ¢ MOMOIbBIO BHIYMCJAEHHS BENHYHHE 2 J
H MOXCTAaHOBKM ee B Taba. I1.B.6: 1

U — MNj2 .
MN (M N F1)
1z
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Ilpumep 6.9.1

ITpeAnonoXuM, 4TO MB HMeeM AaHHbie mo 18 wHedenam paGorh
peabHOM CHCTEMB H JaHHBIE TIO 22 HepenaM paboOTH ee MOZENH. DTH
faHHble TpHBeAeHH B Tabsa. 6.2. TpebyeTcs ¢ NOMOILbIO KPHTEPHS
MaHHB — YHTHH TPOBEPHTb 3HAUHMOCTH OTJIHYHSA PabOTH CHCTEMHI H
ee mogenn npu a=0,01. VimMeem

M=18,
N=22,
R=251,5,

U=MN+£”_(_M§L"Q_R=

—=18.224 LB o515-3155,
U— MN/2

Zem U MNZ

2 =319,
-VMN(M—|—N+1)
12

CooTBercTBylomee 3HayeHne H3 Ta6Ga. I1.B.6 pasno Z=2,33 (ana
OJHOCTOPOHHEr0 KpHTepHs). Tak Kax BHYHC/IeHHOe 3HadeHHe F Hosbp~
uie 3TOr0 KPHTHYECKOTO 3HayeHHA, TO rumorTeda Hp 06 oTcyrcTBHR
3HAYHMOTO OTIIHUHSA JOJXKHa GHTb OTBEPTHYTA.

B cnyuae npumeHenus KpHTepHs MaHHBl — YHTHH Tpeaniosiara-
ercd, YTO COBOKYMHOCTb HMeeT HempephlBHOE pachpefesnenue. [Ipu
OYeHb TOYHBIX H3MeDeHHSX HeNnpepHBHOH NepeMeHHOH BepOATHOCTH
COBMaJeHHsl IBYX H3MepeHMil paBHa Hyaio. [Ipn oOBIYHBIX XKe ycja0-
BHAX TaKHe COBMaJeHHs MOTYT HMeTb MecTo. Ecan [gBa u3MepeHHS
COBMNaAalOT, TO UM MPHINHCBIBaeTCS CPeJHee 3HayeHHe TeX paHIOB,
KOTOpHle OHM HMesaH OB, ecau Obl He coBnajain. CoBmajeHHue IBYX
Han Gosee H3MePeHHH K3 OAHOH BBHIGODKH He BIHAET Ha BeJUYHHY
craticTHkH U, a Npu coBnajeHHH H3MepeHHHl M3 PasNMYHBEIX BEIGOPOK
OHa M3MeHseTcs, XOTA OOLIYHO He3HauuTenbHO. [nf yueTa coBmajge-
HHA H3MepEeHHHl MOXKHO BBECTH KODDPEKIHIO

Y wemw (T o)

fle T=13—{[12, t — 4Hcn0 cOBNANAIOMHX AAHHEIX ¢ JaHHEIM PaHTOM;

T—cymvMa T mo BeeM TpynnaM COBNAJAONMX  H3MepeHHI:;
P=M+N.
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Jna orsickanust LT npocymmupyeMm 3sHaueHHa (£2—1£)/12 pna Kax-

Tabruya 6.2]
’ JOH H3 3THX TPYNN H3MepeHHi:

Henenpniie nokasatean paGoThi peafbHOR CHCTEMbl H ee MOXETH

5 —5 484 2 —2 28— 2 22— 2
Peanbuast cucTema HmurauHoHHas Mopeab T= 12 + 12 + 12 + 12 + 12 =
HeJlMﬂ nokKasaTesnb pasr MoKa3aTeJb paur = 10 + 5 + 0)5 ‘|_ 0,5 + 0,5= 16'5.
HerpyaHo BHAETb, 4TO KOPPEKUHS Ha TaXylo BeJHUHHY NpaKTHYe-
| 80 19 % 29 5 ckH He omyriMa. Koppekuus Beeria HECKONbKO yBeJlHUHBaeT 3Haue-
’ uge Z. Curenr [26] pexoMeHAYeT NPOUSBOAUTb KOPPEKHHIO JIHMIb
2 70 1 91 31 TOTAR, KOTAa [0/ COBNAaJ2KNIKX H3MEDEHHH BelHKa, HEKOTOpHE
3 79 17,5 9% 35,5 u3 ! BeNHKH HIH BeHYHHA Z, TOJNYYyeHHas Ge3 KOPPeKUHH, OdeHb
4 74 5 90 29,5 6MH3Ka X KPHTHYECKOMY 3HaueHHIO.
5 85 24 93 33 6.10. CpaBHetine COOTHOMEHHH BXOAA H BbIXOAA
6 89 B 83 2 HmHTanHOHHAS MOAENb B NPOCTEHINEM CMBICE SBASETCH npeobpa-
7 76 9 o7 38 30BaTe/Je€M BXOJHBIX IlepeMEHHHIX B BBIXOJHHle, OfHH U3 HaubGoJee
38 82 21 72 3 OYCBHAHBIX TNOAXOMO0B K NPOBEPKe TOUHOCTH MOJAENH COCTOHT B CpaB-
9 76 9 95 35,5 HCHHH BLIXOJOB MOJE/NH H pealbHOR CHCTEMbI NPH OJAKHAKOBHX (€CIH
10 77 13,5 84 23 8T0 BO3MOXKHO) Bxoxax. MCnombaysi cOOTBETCTBYIONIHA KPUTEPUH AJs
u - 9 % 9 ABYX BHIGOPOK, Mbl MOXeM IPOBEPHTb CTaTHCTHUECKH FHNOTE3Bl O TOM,
4T0 BHIGODKH BBIXOAOB CHCTEMHl K MOJENH SABASIOTCS BHIGOPKAMH U3
12 71 2 n 13,5 Pa3IHYHEIX COBOKYNHOCTE! HJAM 4TO OHH <IPAKTHUECKH» TpPHHaLTe-
13 73 4 79 17,5 XAaT OJHOH COBOKYNHOCTH.
14 o4 34 92 32 Ecmu Mepoit s(pdekTHBHOCTH paBOTH CHCTEMB H MOJAELH CITYXKHAT
15 75 6 9% 37 OjHa TepeMeHHas, TO MBI HMEEM JeJI0 C OJHOMEPHO z“xBybinﬁopquofd
" 7 135 &7 % 3ajaueil. Bume MEI noxasasH, 4TO AdA PellleHHs 5TOH 3aAaYH MOKHO
’ MPHMEHHTh pasiHYHble KDHTEPHH TIPOBEPXH. Mbl MOXEM NpPOBEPATH
17 78 16 9% 39 THNIOTE3H O CPEIHHX 3HAYEHHSX C NOMOIIBIO OTHOCHTEJABHO HajeiK-
18 81 20 36 25 HOrO KpHTepHUst ! MIM HemapaMeTPHYECKOTO KpHUTepHs MaHHE —
19 99 : 40 YurHu, MB MOXKeM CPaBHHBATH JHMCIEPCHH € NOMOIIbIO Kputepus F
2 % 9 W/ MPOBEPSTH THNOTE3bI O COTNACOBAHHOCTH € IIOMOIIBIO KPHTepHS
21 88 97 COrIacHs XH-KBaApar, KpHTepus KosmoropoBa — CMHpHOBa HAH KpH-
Tepust Kpamepa — o Museca (paszn. 2.12 u 2.13).
22 77 13,5 Tak ¥ax BHIX0JOM GOMBIIMHCTBA MoJeseil ClyXXaT BpeMeHHble
PAILBL U 3TH PAABL aBTOKOPPENHPOBAaHH, AAS CPAaBHEHHS OGAH3OCTH
Beero 1413 951 5 1921 568 5 BPEMeHHBIX DPAJOB CHCTEMbl H MOJENH MOXHO NPHMEHHTH CIeXTpaib-
- ! ’ Wbl aHanH3. [TpouenyPH NPOBEPKH SKBHBa/EHTHOCTH ABYX CIIEKTPOB
X 78,5 87,3 PaccMoTpeHHl, B 9aCTHOCTH, B pa6orax [Ixenkuuca [16], ®uummana

1 Kusua [11]. CpaBHeHHe BPeMEHHEIX PAJOB ¢ NOMOILbIO CIIEKTPa/b-
HOro aHamu3a MMeeT CBOH NPEHMYNIECTBA M HeZOCTATKH. MHIIMaH H
Kupua [11] Beigensior CIeyollHe JOCTOHHCTBA. 3TONO0 METOMA:

1. ABTOMaTHYeCKH TPHHHMAeTCs BO BHHMAHHe npo6iema aBTO-
Koppensuuu.

2. CrexTpasibHbiii aHaIUs3 baccmaTpuBaeT cpeAHHi ypoBeHb pabo-
Thl CHCTEMB!, OTKJIOHGHHS OT 3TOTO YPOBHS, a TaxKxKe U TO, Kax ROJAro
COXPaHSATCA OTKAOHEHHS NOCAE HX MOSBMEHHS.

B namewm npumepe umeem:
5 uamepeHnui no 76,
4 usmepenus no 77,
2 uamepenus no 79,
. 2 uaMepeHus mo 90,
2 n3mepeHus mo 95.
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3. ChexTpanbHBIl aHAMH3 NO3BOMSET OOBEKTUBHO CDABHHBATL NBA
BPEMEHHEIX psila X CTPOHTDH JOBEPUTENbHbIE ['DAHHILHL. .
Ban Topn i[32] oTMeuaeT creiyollHe HEIOCTATKH 3TOr0 METOAA:
1. Ectu KpHTepu#l cpaBHeHHs CIEKTPOB BHIXOJOB CHCTEMBl H MO-
IenH TOKasan HX COBNAJEHHE, TO yPOBEHDb JOBEPHS HCCAEIOBATENS K
Tako# MojJenH nosemaerci. OJHAKO HHTePNPeTauHs HecOBNALEHHS
CNeKTPOB CTAHOBHTCS MeHee SICHOM, ]
2. CpaBHeHHe CIeKTPOB NpPeANONAaraeT HaAWYHe BECbMa GOJBUIOIO:)
KOJHYECTBa HabaioneHnH, ‘
3. CrmexTpambHbi aHANH3 MpPeANlONATaeT CTAIHOHAPHOCTb COOT-
BETCTBYIOIlHX BPEMEHHLIX PSAJOB, TOTLA KAK MHOTHE HCCTeLyeMble cH-
CTeMBl HECTAUHOHAPHBI H HHUKOTAa He JOCTHIalOT CTANHUOHADHOTO!
COCTOSIHHS. )
HecMOTps Ha mOJIe3HOCTb CNEKTPANbHOTO aHaAH3a B psje 3anad,
€ro HeJOCTATKH CHAbHO OTPAHHYHBAIOT BO3MONKHOCTH €r0 HpPHMEHe- §
HHSL A/ TIOCTPOEHHS HMHTALHOHHBIX Mojenell. O6cyXaeHHe CBS3aH-
HBIX C 3THM BOTNPOCOB MOXKHO Ha#iTH B paGorax Yurrca [35], Xosu w
Kenenxana [14]. H
B Haeane 6bi10 6bl XKemaTelbHO HMeTh TakKOH KPHTePHA TpoBep-:
KH THIOTe3, KOTOPHIA paboTan 6bl MPH MAJBIX BHIGOPKAX, MHOTOMEp-:
HBIX OTKAHXaX (pasf. 6.11) M HecTauMOHAPHBIX WM HeyCTaHOBHB-'
WHXCA YenoBHAX. ECAX MOHHMATh CJIOBO «KPHTEPUH» B HEKOTODOML)
HIHPOKOM CMBIC/IE, TO HHTEPECHO DAcCMOTPETh TaK HA3HIBAEMBIH KPH-S
repuit Tviopunra. Toropunr [31] paccmarpuBan 3agauy mNOCTpOSHHS §
crnoco6a cpaBHeHHs COOGPA3HTENbHOCTH YeMOBeKAa K MaIUHHH. OcHo-¥
BO# paspaboTaHHOTO MM KDHUTEeDHsl ABASAETCA TMOHATHE HMHTALHOHHOR
Hrpsl. I/ ee NpOBefeHHs HYXeH YeJ0BEK, KOTODPHI XOPOIIO 3HAKO
¢ paboTofi H3yyaemo#t cHcreMbl. IIpefcTaBUM 3TOMy HelOBEKY BXOJ
Hble H BBIXOJHBIE JaHHBIE PEAJbHOH CHCTEMBI H BXOJHbBIE H BHIXO/Hbé
JaHHbe Halllel MOJENH K NONMPOCHM ero pasAuYuTh HX. Eciu oH cH€
JlaJl 3TO yCNEIHO, CIPOCHM €0 0 TOM, KaK OH 9T0 cienal. Ero orpéill
MOXeT yKa3aTb HaM Ha TO, 4YTO B Hame#d Mofenn HeBepHo. TpyHm
4TO-THG0 CKa3aTh O MOUIHOCTH TaKOTO KPHTEDHs, HO OH HHTYHTHBRO
NpHBAeKaTeNeH H MOXeT 1aTh MHOTO 6ojbllle, 4eM €CIH MH GymeM
TOIaraThCA TOMBKO HA HHTYHUHIO YENTOBEKA, CTPOAILEr0 MOJAeNb., Mmr
pod [19] npuBOAHT OueHb HHTEepecHOe OGCYXIeHHe MDAKTHYECKHX WY
dunocodckux npobaeM, CBASAHHBIX C HCMOAb3OBAHHEM KpHTepHs THNH
TecTa ThiOpHHTra. :
‘CylecTBYIOT TakXe JPyrHe KpPHTeDHH, HampHMep cBA3aHHHE Of
koshPuunenToM HepaBencrsa Tefiia M ¢ HCMOMb30BaHHEM perpecchd
ouHoro anamnusa [9]. Afirhep [2] moxHAN BechbMa C/I0XKHHE BOMPOCH
OTHOCHTENBHO OGOCHOBAHHOCTH NPEeANOJOKeHHH, /MeXamHX B OCHOBEY
HCMOJb30BAHHA DErpecCHOHHOTO aHaMH3a [IJs CPABHEHHS COOTHOLNHY
HHli BXOJNOB H BBEIXOZOB, mpepioxenHoro Koenom -u Keprom i[9].3
HesicabiM ocTaeTcss BOMPOC O BO3MOXKHOCTH HCHOJIB30BaHHA KOIPHHY §
uHeHTa HepaBeHCTBA Tefna AAS MOCTPOGHHA MoOeNeH, OTIAHUHBIX "GP

cneundHYECKHX KOHOMHYeCKHX Moglenelf. Xaut [15] TIPOJIEMOHCTDH-
pOBaJ €ro TMOJIe3HOCTb LSl BBIACHEHHS TOTO, Kakasg H3 MOjenell jnyu-
e TPEJCKa3HBaeT MOBEJAEHHEe CHCTeM, B KOTODHIX HEOTbeMIeMOH
COCTABHOHM YacTbiO ABASETCS YeHO0BEK.

6.11. Mpo61eMa MHOrOMEpHbIX OTKIMKOB

Kak Mbl ykKe BHIENH, OGBIYHBIH MOAXOA K NMpOBEPKE TOYHOCTH MO-
JeNy peasbHOR CHCTeMbl B OCHOBe cBoefl mpocT. [IpeXje Bcero mosy-
4aloT JBe He3aBHCHMBIe BHIGOPKH: OjJHAa H3 HHX — MOC/e10BaTeJbHOCTDb
BBIXOZOB MOJIeNH, Apyras — peadbHOH cuCTeMBbl. 3areM NPHMEHSIOT
COOTBETCTBYIOIIHI JBYXBHOOPOUHHIH KPHTEPHH, YTOOH NMPOBEPHTHL CTa-
THCTHYECKYIO THIOTE3y O TOM, 4TO 3TH JBe BHIOODKH NPHHAAJMERKAT
ofHO!t COBOKYNMHOCTH. Ec/lM Hac uHTepecyer TOMBKO OfHA BHIXORHAsS
nepeMeHHas, To MBI MOXKEM HCNOJb30BATh LML PAJ CTATHCTHYECKHX
npoBepok. Ecin XKe uHHTepecyOlHX Hac BBIXOJHBIX NepeMEHHBIX He-
CKOJIPKO, TO NpoGJemMa NPOBePKH TOYHOCTH MOJENH CTAHOBHTCH 3HAYH-
TeJMIbHO GoJee cioxHOR. YacTo MBI MOXeM paccMaTpHBaTh MHOrOMep-
Hble OTKJAMKH KaK HaG0p OZHOMEPHHIX H pemarb 3ajaqyy NpPOBEpPKH
TOYHOCTH MOJENH OTAeJAbHO MO Kaxao# mepeMenno#f. OpHako Takoi
MOAXOK MOXeT NPHBECTH K TPYZHOPA3PEIIHMOH CHTYalUHH, €CclIH To
ONHHM TepeMeHHBIM MOJENb yAOBJIETBOPHUTENbHA, a MO APYTHM HeT.
Jpyroi o6pIuHBI MOAXOA K MpoGjaeMe MHOTOMEPHBIX OTKJHKOB CO-
CTOHT B TOM, YTO C NOMOIIBIO Npeo6pa3oBaHHs OTKJAHKOB (HampHMep,
HX B3BelleHHBIM CYMMHDOBaHHeM) (OpMHpyeTcs HeKOTOPHIH HHTe-
rpajJpHBI OTKJAHK B KayecTBe MepH «3()(eKTHBHOCTH» pabOTH CHCTe-
MBI 3aTeM MpoBepKa TOYHOCTH MOXENH NMPOHU3BOXHTCS TIO 5TOMY ONHO-
My OTKJAHKY. OJHAKO Takylo HHTErpadbHyl0 Mepy 3(@deKTHBHOCTH
4acTo TPYAHO Pa3yMHHIM 06Pa3oM MOCTPOHTb M HHTEPNPETHPOBATh.
Kpome ToOro, mpoBepka TOYHOCTH MOZAENH MO 3TOMy HHTETpajbHOMY
OTKJNKY, BOOOIe TOBOpPS, He SKBHBAMEHTHA NMPOBEPKe TOYHOCTH MoOje-
JH 70 BCeM ee OTKAMKaM. ENHHCTBEHHBI caydali, KOrja Mbl MOXKeM
JIoBepAThL pe3yabTaTaM NPHMeHeHHs TaKOro NOAXOMA, — 3TO cayyaifl,
KOrga mo HHTErpaNbHOMY OTKJAHKY MOJie/b NMPH3HAETCA HEJOCTAaTOYHO
TouHOo#. OTKas OT MOJEJH Ha OCHOBE ee HHTErPaJbHOIO OTKAHKA JOJ-
XeH GBITh MPHHAT HCCMEeJ0BaTeNeM BO BHUMaHHe. OIHAKO eC/IH MOJEeIb
He oTBepraercs, TO 3TO NPOCTO MOXKET O3Ha4yaTb, YTO HCTHHHBIE Xa-
PaKTEeDHCTHKH CHCTEMBl H MOJEJH CMAasbIBAIOTCA STOH HHTerpaabHOR
Mepoit (Hanmpumep, GOJBINOA OTKAHK MOMKET MOJABMAATL MPOSBAEHHS
Masnoro oTK/IHKA).

Myere Op=[Xy, Xs, ..., Xp] # Om=[Yy Yo .., ¥Yp] — nBa mHOXKe-
CTBA p-MepHBIX CAy4afHEIX BEKTODPOB, ONpPEJENeHHHIX Ha BHIGOPOYHOM
npocTpancTBe, rae p KOMIOHEHTOB NPEACTABASAIOT COGOf pasJH4YHBIE
OTKMHKH, [lycts Op — BEIXOAB HMHTANHOHHOK MomeaH, Om— BHIXO-
MBI peasbHOX cHCTeMB NPH TeX Xe BXoAax. TpefyeTcs MpPoBepHTH
ThloTesy o ToM, yto O, u O, NpHHAZAEXKAT -OLHON COBOKYNHOCTH.
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HexoTopbie TPyRHOCTH, BO3HHKAIOLIHE DY PemIEHHH TaKHX MHOTOMep
HBIX 3afad, B MpOcTeHllleM [BYMEPHOM Cllyuae HITIOCTPHPYIOTCSY
puc. 6.3. €

Ecnu B curyanuu puc. 6,3,a MH TpHMeHHM mT060i OJHOMEpHhITY
JBYXBBIGOPOUHHI TeCT, TO GyJeM BHIHYMXAEHH OTBEPTHYTDH THNOTE3y Q
TOM, 4TO H306paKeHHBIE BHIGODKH NMPHHAAJAEKAT OJHON COBOKYHOCTH);
Onnako B ciyuae puc. 6.3,6 sTa runoresa He Gyger OTBEPTHYyTA.

HanGosnee mepcneKTHBHHIMH METOJAMH MOCTPOEHHS TOJNEPAHTHHIX
o6nacTeil ABAAOTCH, NO-BHAHMOMY, METOABI, OJH3KHE K NpeAnoXkeH-
ubiM Yunxcom [36—38], Baubsgom [33], Teioku [30] u Bose [6].
3TH MeTOAw o6nafaT cielylOIlHMH NpeuMyluecTBaMH: 1) cpaBHH-
BaeMble BBIGODKH He 0053are/ibHO AOJKHAI GHITb CAyYalHHBIMH HIH
He32aBHCHMBIMH (BMeCTO 3TOr0 HakJaAbBaeTcsa Oosee ofmwee Tpedo-
BaHHe CHMMETPHYHOCTH COBMECTHOrO pacmpejeeHHs OTHOCHTeJIbHO
Hynf1); 2) AaHHBe JOJUKHBEI GBITH JIHIIL YacTHYHO HETMPEpHIBHHIMA (MO

MeHblIed Mepe JAOMXKeH OblTh HeNPePEIBHHIM OXHH KOMIIOHEHT);

1. Ry y 3) mocjae NMoCTPOeHHsI TOJMePaHTHHIX obiacredl W BBIYUCIEHHS COOTBET-
— CTBYIOUIMX 4acTOT MOMAajaHHsg B HHX MOXHO TIPHMEHHTh OJHH H3 XO-

50 P P pOLIO H3BECTHEIX HEMapaMeTPHYECKHX KpHTePHeB; 4) mponecc pasGue-

(x O X} 7T HH TPOCTPAHCTBA HA OGMACTH MOXKeT GHTb NpeKpameH B J060H

N x X/ /;51.5 e N MOMEHT, KaK TONbKO GyeT NosyueHa AOCTATOYHAS AJs NPHMeHeHHs
ety —" | e XI\ KPHTEPHS CTAaTHCTHKA. [10-BHIMMOMY, MepCMEeXTHBHHIME JJIs TPHMeHe-

[ 9n”) A '{x/ HHA ABJAAOTCA Takke mnpoueAype Augepcona [3] u Iletopu n

e .'// ~= Cena [22]. _

6.12. IoneBble HCNbITAHUS

Han6onee ctporoMy u CypoBOMY KOHTPOJIO MOAE/Ts NMOABEPraeTcs
TOrAa, KOrZa MpOBepsieTcs ee cHNOcOGHOCTb TMpPelCKa3hBaTh OyAylilee
(eme Heu3BecTHOe) MOBeJeHHe peaJbHOM cucTeMBl. JlaXe ecnH To-
CTpoeHa MoOJeNb, KOTOpPas BecbMa yAOBJETBOPHUTEJBHHIM O0O6pa3om
OMHCHIBAET TPOMLJIOE NOBEAEHHE DeaJibHOH CHCTEMBI, BCErAa OCTAeTcs
BOMpOC, HACKOJBLKO XODOIIO OHa cmoco6Ha Npeicka3biBaTh GyAyllee
1IOBeJleHHe CHCTEMBI, MOCKOJbKy B OOJBLIHHCTBE HCCAEAO0BAHHH Hac
HHTepecyeT HMEHHO 3TOT acnekT. Hama mogens JOMXKHa AaThb OTBeTH
Ha BONPOCH TuNa «YTO MPOH3OHAET, €CAH H3MEHHTH BOT 3TOP» B cay-
Jae A0CTaTOYHO BAXKHEIX HCC/JAELOBAHHH MBI HHOIZA MOXKEM MO3BOJHTL
cefe mnpoBejeHHe NOJEBHX HCOHITAHHA A1 TPOBEPKH CNOCOBHOCTH
MOJeNnH TNpeAcKasblBaTh Oylyulee TMOBeldeHHe peanbHOR CHCTEMHL.
ITpumepoM Taxoro noaxoZa MOTYT CyXHTh HCCAEAOBAHHS 1O HMHTA-
UHOHHOMY MofenaupoBanuio efictBuii HeGoapuinmu HesaBHcHMBIME
Cunamu (JIHHC), npoBesenHoe YnpapgeHHeM NepcleKTHBHBIMH HC-
cnefosannamu Apmun CITA B mauane 1970 r. [18].

B pesynbraTe ombTa BOeHHHIX XeHCTBHH TpPOTHB NapTH3aH Bo
Boername Apmus CIIA nepemsa na cucremy JHHC, koropas onpe-
AensercAd Kak AeHCTBUS HEeOOJBUIMMH BOCHHEIMH NATPyJAsMH B 5—
10 uyeoBex HezaBHCHMO OT AefCTBHA APYTHX TAaKHX e PyIN, HO npH
HaJIMYHH BO3MOXKHOCTH TONYYaTh OT HHX NMOANEPXKKY OTHEM H CHab-
KeHneM 6arojaps HMemomuMcs cpeicrBaM cBssH. Oyuxkuun JTHHC
SaKMoyaloTCcs B pasBelke M GOEBOM NATPyJHPOBAHHH B YCHOBHAX
lapTH3aHckoro okpyxenusi. B 1968 r. B CIIA 6uin npoBefeHH Hc-
C/llef0BaHHs C ULeJbl0 TOBHINIEHHA 3(hGEKTHBHOCTH NeHCTBHS TaKHX
llexordex nmoppasienenuil. IIpn HceleOBaHHH paccMaTpHBAMHCh JBa

17—195

1)
o

Puc. 6.3.

B ofoux cnyuasx o6iaacTH BEIGOPOK CNeNHaNbHO cloenaHbl He nepe

cexaiomumucs. Tenepb npeacrapTe ceGe CJAOKHOCTH CHTYALMH, KOT
pasvepHOCTs p paBHAa 3 WiH 6 H BHIGOPOUHBE NPOCTPAHCTBA TNef
CeKanTes. R

Hrak, HeoGxoAuMO HMeTh JOCTAaTOYHO 3 dexTHBHEE K WKPOM
HPUMEHHMEIE MHOTOMEpHbIE ABYXBHGOPOUHBIE KPHTEPHH NPOBEPKH
1oTe3 (NPeANOYTHTENBHO HeNmapameTpHUecKoro xapakrepa). Cymy
BYeT JOBOJILHO MAJIO NMapaMeTPHUECKHX KPHTePHeB Takoro popxa. Eclf
KOMMOH@HTH OTK/IHKA HeMPEePHBHEl H BHMOJHEHO NPeANnonoKeH e MM
roMepHo#l HOPMA/LHOCTH, TO MOMHO BOCHOJIL30BATBCA KPHTEpHEM -§
XoTe//MHra, a B NBYMEPHOM Clyuae — NPHMEHSATH KOPpeJIsIuHOHH
KDATEDHH. JTHM MapaMeTPHUuECKHE KPHTEPHH APAKTHUECKH Hcuep
BaloTCA.

B nacrosmee Bpems HauGosee MHOrooGeHlaromAM SBASETCS KIS
HeMapaMeTPHYeCKHX KPHTEPHEB, HCNOJB3YIOIHX KOHUENNUIo T
pauTHbX oGnacteit. ¥IX ujges cOCTOMT B TOM, uTO MO OAHOH H3 M
BEIGODOK CTPOMTCS MHOXKECTBO B3aHMHO He MepeceKAOIHXCA H 3
TO/IHAIOIHKX BCe MPOCTPAHCTBO TOJEPAHTHBIX obiactell. STH ob6aacH
COCTABJSAIOT Pa3GHEHHe MHOTOMEDPHOTG MPOCTpaHCTBA BHGOPOK. 3arell
TNOACYHUTHIBACTCS YHECJIO HAOJIONEHHHA H3 06eux BHIGOPOK, Jexautux ¥
KaXnoi us -atux obaacredt. ITosyveHHble sHaueHHs HCTOb3YIOTCS, AAM
MOCTPOCHHsT KPHTEPHSA CPaBHEHHs ABYX DAacCMAaTPHBACMEIX BHOOPE :
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OCHOBHHIX acniekTa: 1) pa3paboTKa u mpoBepKa HOBOro 0GOPyNOBaHHS,
BKJIOYAIOUIET0 YYBCTBHTEJbHblE AAaTYHKH, CPEACTBA ONpPENENeHHS Me-
CTOHAXOXKJEHHs MaTpyJsi, CPeACTBa BOOPYXKEHHs M CPeACTBa CBSI3H;
2) HccaenoBaHue KPHTHYECKHX BO3MOMXKHOCTEHl NMaTpyJsi, BKIOYAs BO3-
MOMKHOCTH CBSI3H, MepeJBHMKEeHHH, 3ach/IKH M BO3BpaTa NaTpyJs,
BO3MOXKHOCTEHl O0HapyxXeHHsi LeJell. IIpu NMpoBeleHHH TakKOro HccJe-
IOBaHHS HMHTALHOHHAsi MOJeJdb MOIJla OKa3aTh HeOLEHUMYIO MOMOLIb
KaK C TOYKH 3pEHHs] MOAEJHPOBAHUA ACHCTBHH MATPysi, TaK ¥ C TOYKH
3peHHs MOJAEJHPOBaHHsi OGCTAaHOBKH, B KOTOpOH oH geiictByer. Takas
Mojelb Gblia pazpaGoTaHa, mpHYeM OBLIO HCHOJNb30OBAHO OPHTHHANb-
HOe MOJeJHpOBaHHe MECTHOCTH H NepeJBH:KeHuit no Heil. O/lHaKo Hac
cefigac HHTEpeCyeT He caMa MoJelb, a ee NMPOBepKa.

Mogeab Gnila HOCTPOEHA MOAYJbHBIM criocoGom (pasa. 7.9), mpu
KOTOPOM MOJACHCTeMEl MOJAeNH TpeAcTaBlsud co00i pasiuyHble Mpo-
tecch W TpeGyeMble Joruyeckue pemenus. Jlas npoBepKH PasAHYHBIX
gacrell Mojenu ee paspaGorudky B 1970 r. npoBenu psj SKCIEPUMEH- |
TOB Ha BOeHHOM mnoJuroHe B KanudopHuu, rjie MeCTHOCTb H NPHPOA-
HbE YCAOBHa OBUIM aHAJOTMYHBL YCJa0oBHAM Bo Bhername. Mopens
npejcKasbiBata pe3yabTaThl JeACTBU{ MATPYAsi B PAa3JIHYHEIX HCKYCCT-
BeHHO CO3JlaBaeMBIX Ha MOJHrOHe cuTyauusx. MckyccTBeHHoe matpy- |
JMpoBaHHe OCYLIECTBJASJIOCh NMOJ PYKOBOACTBOM ONEITHBIX PYKOBOLH-
Tejell MO MaTPYJUPOBAHHIO, NPHOLIBIIKX H3 BberHaMa. DTH nogeshe |
HMCNBITaHHA NO3BOJMAH HCCAENOBATEISAM NPOBEPHTb P MPEANOCHIIOK,
3aKJaJBBaeMbiX B OCHOBY MOCTPOEHHS MOJEJH, H CYLIeCTBEHHO TOBhI- |
CUTh CIIOCOGHOCTL MOJENH TMpeicKashiBaTbh HCXOIBl peaNbHBIX el
CTBUH.

Ucnonb3oBaHue MOJeBHX HCHHTAHHH, KOrJa OHH BO3MOXHHI, MO-
MoraeT HcC/ef0BaTeq0 U OyAyueMy I0Jb30BaTeNl0 y6eIuThcs B 4
NPUMEHHMOCTH MOJeJH Ha mpakTake. K coXa/leHHIO, OOGBIYHO TaKHE,]
HCNLITAHUS JOPOTH U CJOMKHBI, a HHOTAA AJsi CJAOXKHBIX CHCTEM TPYAHQ ]}
OPraHH3OBaTh pa3yMHble IOJeBHE HCNbITaHHs HX Mojeneil. OpHAKg;
9acTo €CTh BO3MOXKHOCTb NPOBEAEHHS TOJEeBhIX HCNEITaHUH OTAe/bHbIX
COCTaBJISIIOUINX CMOKHBIX Mojenell. Hanpumep, npu paspaGoTKe MOner,
J¥ TpoLecca NaTPYJAHPOBAHHS IOJHMIMH B TOPOJACKHX YCAOBUAX @
UeAbl0 HCCJAeNOBaHHS CHCTEM paClpefeleHHs U OPraHH3ALUH MOMHy,
UEeHCKHX CHJ MBl MOXeM BbIOpaTb JAJsi NOJEBbIX HCNBITaHHH HeGOJI
1101 PaiioH ropoRa. DTOT cnocod YacTo HCNOAb3yeTCs B BOCHHOH MpaK- 3
THKe TIpH TIPOBEJEHHH MaHeBPOB H BOEHHHIX WIp. Mue Kaxercs, 4TO,
HoAeBHIE HCIBITAHUSI MOFYT H JOJKHBI 60jee IIHPOKO HCMOAb30BATHCH
B MPOMBIILIJIEHHOCTH H B COLHAJbHEIX CHCTEMaX.

OILEHOK MKl HCHOJH:(:!{EM AOBEPUTENbHbBIE HWHTEPBAJbBI. HarlpHMep, ecan

Mbl HMeeM OLeHKY X HCTHHHOTO CPEIHEro W, Ml XOTHM OGEIYHO Ompe-
JIeNHTh BEPXHIO H HHXKHIoW rpauunl (Bl u HI) Tak, 4to6m Bepo-
ATHOCTb TOMAaNaHHs HCTHHHOrO CPeJHEro B HHTePBaJ, 3aKJAOYEHHHI
MeXKAY 3TUMH TPaHHIAMM, PABHsJIACH 3a]aHHOH BeJHUHHE:

PBI< p< HN=1—a.

Onpegennts HI' u BI' B ciyyae HOPMAaNbHOH COBOKYNHOCTH CpaBHH-
TeJbHO NMpocTo. PaccMOTpUM cTaTucTUKY ¢

X—p

s— )
" i

f=

r/le HeH3BECTHO TOJIBKO W, S3=S/YN—I, s — BhIGopouHOe cpelHeKBaz-
paruyeckoe oTKJIOHeHHe, N — pasmep BeGopkH. [Ipu HeGoablioM pas-

mepe BEGOpkU (N <C30) moBepuTe/bHBIA HHTEPBAA MOMKHO 3aMHCATh B
BHIE

rfle 3HayeHHsI = lypyr €CTb KPUTHYECKUE 3HauyeHHus f u3 tabfA. [1.B.5
npu N—1 crenensix cBOGOAM U 3alaHHOM ypoBHe a. Ecau MH 3Haem
HCTHHHOE CPelHeKBaJpaTHYeCKOe OTKJAOHeHHe HJIH pasMep BHIGOPKH

zocTaToyHo Beauk (N2>=30), To M0BepHTENbHBIA HATEpPBAN MOXKHO 3a-
MTMCaTh B Buje ' ’

— c !
X=+Z, v ‘
3aech Z,— HOpMaJbHasi CTATHCTHKA U3 Taba. I1. B.4, a pas olleHHBa-
HHST 0% HCIOJB3YeTCs HecMemleHHas onenka s2[N/(N—1)].

TTpunep 6.13.1

ITo 10 usMepenusm BpeMeHu o6opora HHDOpMauMH Ha MOLETH
CpefiHee 3HaueHHe OKa3aloch PaBHEM X=43,8 muH, a cpejHeKBajpa-
TH4eckoe OTK/IOHeHHe —6 muH. Hafitu a) 95%-Hbii u 6) 999% -uuii
A0BEPHUTE/IbHEIE MHTEPBAbl ANl HCTHHHOTO BpeMeHu 0GopoTa.

a) Vimeem 95%-Hblit JoBepuTe/BHEIH HHTepBA

—X =+t '—S“
0,975 ]/ N — 1
6.13. JloBepHTeNbHbIE HHTEPBAJIBI o] Tax xak uucio creneneit cBoboabl 10—1=9, to to,075=2,26 u

43,8 +2,26-5
5 =138 4,52

Urak, cpennee smauense ¢ BepOSITHOCTBIO 0,95 ]
43,8-4,59-39.98 u 43,844,592 48,39 oY T B mpenenax

17%

.

Mbl 4acTO UCMONB3yeM Pe3yJabTaThl MMHTALHOHHOrO MOAENHPOBA-
HHs IJs TNOJyYeHHs OLEHOK 11apaMeTPOB COBOKYIIHOCTH, K KOTOPOH. |
TIpUHAMIEKUT NepeMeHHasi OTK/IMKa. [las onpejfesneHusi TOYHOCTH STHK
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6) [lns BepoATHOCTH 999 tgpm=tu,995=3'25~ Toraa AOBEpUTENb- Hpunmep 6.13.3

HbI HHTepBA paBeH 43,813,25.6/V§-=43,8i6,5, T. €. HHTepBaly OT [Ipeanonoxum, uro B 100 HenbiTaHUSAX MBl MONY4HAH 60 ycmenrHex

37,3 no 50,3 gcxofoB u 40 Heynauneix. Haxomum 95%-Hbili 10BepUTeAbHBH HHTED-
’ e gaJ aJd BEPOATHOCTH ycrnexa:
Hpunep 6.13.2 =P=-2__06 2=19
Ilo BuiGopke, paBroit 100 sHaueHUAM BpEMEHH 06paboTkH HH(OP- p 100 00,  £L.=1,90,

MaluH, cpeaHee, CONJIAaCHO MOAeTH, oxausa.uocn) pa(1)mu:uv1[:1 82,64 CQ’Q%J/C—I;{zuﬁ
HEeKBaJpaTuyeckoe OTKJIOHEHHE 4 c. Haiitu a) 95 /o-HhI6 Hﬁo) 9 b
JlOBepUTe/bHBle HHTEPBaJBl AJ1A CpeAHero BpeMeHH 00pabOTKH.
a) [naa Hawe#d 3anadd X=824c u HechIiu;léHaﬂ O;L:émﬂa_
?=s2[N/(N—1)]=16,6 n 6=4,02. Tar Kakx Z a2 =1,96, TO nOBED
TeJbHHI HHTepBan paBeH 82,4+ 1,96 o/yN =82,4=0,79. 7258
6) Has 99%-Horo MHTepBala MEHSETCA JHUIIb sxﬁ%m;e +_]_()zi .
JoBeputenpHblii HHTepBan HMeeT BHI 82,4+258 o/YN=8 ,421_65,[1.],.“l
VuureBas LeHTPaJbHYIO MpelelbHyIo TeopeMy, MOXKHO Hall b ;
4TO OmMMCaHHble Bhille NMPOLEeLypbl MOCTPOEHN JIOBePUTEJbHBIX H: ae;.)a
BaJioB Gynyr Gojee MM MeHee XOpOLIO paboraTb ¥ B ({quagotj)lbxilmx
OT NpeAroJoxeHHss HOpMaJbHOCTH (pasa. 5.3). Ilpu BecbMa
BBIGOpKaxX caydyaliHaf BeJHYHHA X pacnpejeneHa npuﬁnnaﬁg}e;l::[?{
HOpMaabHO. Kpome TOro, ecTbh HeKoTopas Halexia, 4TO B ; pobry
MOLEJAX OXHOBpeMeHHoe JHeficTBHe GOJBIIOrO 4YHC1A MeJIKPEIeHH 1o
POB MOKer NMOPOXKAaTh GJIH3KHE K HOPMAlbHOMY pacrpele. He T ]
KIHKOB 5THx Mojeiell. HamoMaum Terepb HMHTEPIPETALHIO J10B gee
TelbHHX HHTepBaloB. HenpaBulbHO rOBOPUT, 4TO McmHHl(_)Ie cp:ilbﬂo {
(U JdexuT B 3alaHHBIX Tpejelax C BepPOATHOCTLIO 0,95. paB]Ou bEO |
FOBOPUTD, yTO MPOLUELYPa, KOTOPAs MPUBOJMUT HAC K yTBep)xueHuHa, e
L JIeKHT MexkAy HEKOTOPHIMH ABYMs TpeleiaMy, B 95 cn%qaxx eﬂmbf
llaeT BepHbIi pesyabTar. MBI OTMeuaeM 3T0 pasauuue, 4r06bl B;IHIL TH T i
TOT ¢aKr, 4TO CIydyaiHBIM ABIAETCS JoBepUTebHbIH HHTEPBAT, £
napamerp COBOKYMHOCTH. .
PEanpHac H}}«I,TepecyeT no/g yclexoB B BbGOPKe paamep§6i)v g(s)‘i
COBOKYNHOCTH ¢ OGHHOMHAJIbLHBIM pacnpefenenueM (pasil. .aH;mo-?
npouesypa NOCTPOEHUS JOBEPHUTENLHOTO HHTepBaja OCTAeTcs 109
rHUHON. Ecau 0603HauuTh 4epes P J0J10 yCMexoB B soifOpKe AJHU bl
N H p— HCTHHHYI0 BepOATHOCTb YCMeIHOro Hcxola eMHHqHO%OO Hox'h
NBITaHUA, TO W=p H o2=pg=p(1—p). Has éoﬂbmnxaleuM%eT
(N=30) xopolias annpoKcHMalus [LOBEpUTEeJIbHOrO0 MHTEPBAJ

BUI
PtZE]/ p(1N~D) .

JIpyroii npu6auKEHHBIA KPUTEPHI NPUMEHUMOCTH 3TOH annpoxchHe; 1
uuK umeer sun Np>5 u Ng>5. Bosee TOuHbEe METOAM "HOCTpoanb~
AOBEPHTeJbHHX HHTEpBANOB B TAKOH 3ajaye MOXHO HaiTu B 0

IIHHCTBe KHHUT 110 TEOPHH BepPOATHOCTEH W CTAaTHCTHKE [38].

PiZc]/P(l )

Hrtak, 95%-HbIM uHTepBanoOM siBaseTcs obaacts ot 0,5 mo 0,7.

.—::0,6 =+ 0,096.

6.14. AHaIH3 YYBCTBHTENLHOCTH

Kak oTMeuyanoch B pasa. 1.16, 01HO M3 npeUMyLIeCTB UMHUTAILHMOH-
HOT0 MOIEeNHPOBAHHSA 3aKJI0YaeTcsd B NMPOCTOTE aHANH3a YYBCTBHTEJIb-
#OCTH MOJead. AHalMu3 4yBCTBHTENBHOCTH O3HAayaeT aHaJH3 BJAHAHUA
Ha BHIXOJHYIO MepeMeHHYI0O HeGOoJbIIMX H3MeHeHHH pasiuyHHIX Ilapa-
METPOB MOJeNU UJIH ee BXOJ0B. MccilenoBaHue yyBCTBHTENBHOCTH MO-
Jend MOMKeT CYU(ECTBEHHO NOMOuYb B ONpefeNeHHH cTeleHH H0Bepus
K Hefl.
Ilpexae Bcero Takue MCCJeJOBAHHS IOMOTAlOT BHIICHHTb YYBCTBH-
TeJbHOCTb BBIXOJOB MOJAEJH HJH NMOJYYaeMBIX C €€ NMOMOLIbIO pe3yJb-
TaTOB K U3MEHEHUI0 3HayeHHH MapaMerTpoB Mojeau. Tak KaK 3HauH-
TesbHaf 4acTh (ecjqH He GOJBIIMHCTBO) [AaHHBIX, Ha OCHOBE KOTOPHIX
MBI CTPOUM MOJENb, 44CTO GBLIBAIOT HETOUHE], Mbl AOJKHBEl 3HATh, NPH
KaKoOM pa3fpoce 3THX [aHHBIX COXPaHAETCA CNPaBeNJHBOCTb HalIUX
OCHOBHBIX BBIBOJAOB, CJIeNaHHBIX MO pe3yJbTaTaM MOJeJHPOBAHHS.
Ecu OTKAHK MOZENH CPDAaBHUTEJBHO Majo YyBCTBHTEJeH K H3MeHeHH-
sIM HeKOTOPHIX NapaMeTPOB B IIHPOKHX Mpefesnax, TO HaM U He HYXKHO
CJMIIKOM 3aBOTHTbCSI 06 HX TOYHOCTH. B TO e BpeMsi, eclH BBHIXOJX
MOJENH OKa3blBaeTCsl BBICOKOYYBCTBUTEJNbHBIM MO OTHOWIEHHIO K HEKO-
TOPHIM ee MapaMeTpaM, TO CTOUT NOTPATHTb BPeMsi H CPeACTBA, YTOOKI
IONyyuTb GoJee TOYHBIE H3MepeHHsi W OLEHKH 3TUX IapaMeTpOB.
AHanus yyBCTBUTEJbHOCTH OTK/AMKAa K BapHalMsiM BXOAHBIX BeJH-
YMH B IIHPOKHUX Mpejenax IO3BOJSET TaK¥Xe MPOBEPHUTb CIpaBelaH-
BOCTb NMPHHHMaeMBIX HAMH DellieHH# NMPH U3MeHeHHsXx CpPelnl, B KOTO-
poii paboraer Mozeab. B cayyae, korga mnosdyyaeMble ¢ HOMOWIBIO
MOJeaH pe3y/bTATH HeYyBCTBHTENbHBl K GOJBIIHM H3MEHeHUSIM BXOX-
HBIX MepeMeHHBIX, Mbl HaxoauMcs B foJdee yA0OHBIX AJs peadu3allHH
Mofean ycaoBuax. Ecnn xke HeGoJblIne H3MeHEHHs BXOLHOTO CHIHaJia
TIPHBOASAT K CYLIECTBEHHOMY H3MeHEeHHI0 MPUHUMaeMEIX C MOMOIIBIO
MOJleld pellieHHH, TO MPH pealu3alUHd MOAENU MH JOJKHBl Npel-
YCMOTpeTb HEKOTOphle Mepbl NMPefOCTOPOxKHOCTH. Hanpumep, Mbl MoO-
“KeM paboraTbh MO3TAIHO, cTapasch BHIOMpPATh Ha KaxJAOM 3Tale Hau-
Gosee KH3HECHOCOGHYIO AJIbTEPHATUBY, MM TOCTPOHTH CHCTEMY KOHT-
Pons, xkortopasg 6HCTPO coofuiaer 06 uU3MeHEHHSAX YCJAOBHH PabOTHL
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saHusi OCOCHOBaHHE X aHa/u3 IMPEACTABJAAIOT COGOH HempephBHHI
npouecc, HAYHHAOLHKACA C HAYajJoM HCC/eLOBaHHS. YDOBEHb AOBepHS
He eCTb HeYTO TaKoe, YTO MOXKHO BBISICHHTb OTAENbHO, B KOHIE HccJe-
JzoBanusi. [loepue BBOAMTCS B MOZeAb B TPOLECCE €¢ TMOCTPOCHHS.
Haub6oabmasi 060CHOBAHHOCTb MOAEJAH LOCTHIAETCS:

1) UCMONb30BAHHEM 3APABOrO CMHICAA U JOTHKH,

2) MaKcHMaJbHBIM HCIOJb3OBAHHEM OMbITa TeX, KTO XOPOUIO 3HaeT
ACCAeyeMyIo CHCTEMY;

3) sMIupUYECKOH NMPOBEPKOH ¢ NMOMOIBIO COOTBETCTBYIOL(MX CTa-
THCTHYECKHX HCIBITAHHH BCeX HCIHOJb3yeMEIX IONYLUIEHWH, TUNOTE3 H
T. 1.;

4) MaKCHMalbHBIM BHHMAaHHUEM K BCEBO3MOMKHBIM JeTalfiM C npo-
B8ePKOH U TepenpoBepKOd KaxAOro Iiara npouecca MOCTPOSHUA MO-
Zed;

5) nmpHMeHeHHeM Ha CTaJuM AOBOAKH MOLENH KOHTPOJIbHBIX JaH-
HBIX IJf MPOBEPKU TOrO, 4TO MOjeNdb PaGoTaeT LOJKHHM 06pasom;

6) cpaBHeHHeM COOTHOWIEHHH BXOJa H BbIXOJAa MOJENH H peanbHOM
MOJeJHPYEMOH CHCTeMHl (eCcaH 3TO BO3MOXKHO) ¢ HCNOJb30BAHUEM
CTATHCTUYECKUX KPHTEPHEB U HCTIbITaHH# THNA TecTa ThIOPHHra;

7) nmpoBeseHueM, KOILa 3TO BO3MOKHO, NOJEBHIX UCTIBITAHHE MO-
AeJU I ee MOJACHCTEM;

8) mpoBeseHuem aHalH3a YYBCTBUTEJBHOCTH BHIXOJa MOJEAH MO
OTHOWEHHIO K H3MEHEHHAM BXOJIHBIX MePeMeHHbIX U T.IL;

9) TWATeNbLHEIM CPAaBHEHHEM pPe3yabTaTOB, NpeiCKa3HIBAEMbIX MO-
A€Jbl0 ¥ TOJyYaeMbIX B Tpolecce pabOThl peasbHOH CHCTEMBI, KOTO-
Dpasi mojBepraeTcst HCCAeAOBAHUIO.

KpoMe TOr0, aHa/lu3 YyBCTBHTEJIbHOCTH MOXKET MOMOUYb Ham B on-
pefiesieHUH BO3MOMKHBIX KOPPEKTHB, KOTOPhIE CAELyeT BHECTH B MOAEIb.
Ha npakTuke MOJeab, KOTOpas NOJe3Ha Al TDUHATHS PelieHHH,
06BIYHO HEMpEepHBHO KoppekTupyercsi H momuduuupyeres. Tlpu srom,
ecn He TMPHHSATb COOTBETCTBYIOWHX Mep TNPelOCTOPOKHOCTH, yxoieﬂb
paspacraercd H yCJOXKHsSETCs ¢ KaXOH Takoll moaudukayued. Ana-
JiM3 UYBCTBHTEMLHOCTH MOXET MOJACKA3aTh HaM NYyTH YNPOMIEHHST MO-
peau. Hampumep, rje-To MOXKHO MepeATH OT METOAOB N&ome-Kapno
NPOCTO K HCTIO/Ib30BAHHIO CPEIHETO 3HAUCHHs NMEPEMEHHOH, 3 HEKOTO-
pble MOACHCTEMbl MOJENH MOXKHO BOOOMLE OTOPOCHTD. AHanus yyBCT:
BHTEJbHOCTH MOJKET TaK¥XKe MOAcKasaTh HaM, Kakde YacTH Moxe1n
6bis10 GBI MONIE3HO paszpaboTraTh 6ojee AETajlbHO. .

ITpu paccMOTpeHHH BOMPOCAa O MPHMEHHMOCTH MOJEJH Ha MPaKTH-
Ke peayabTaTH aHa/Ju3a YYBCTBHTEJNBHOCTH MOJAEJNH MOTYT OKa3aThes
BecbMa yGeauTe LHEIMH AJs OyAyLIero mojb3oBaTels. YiKe caM (bam:'
NPOBeIeHUs HCC/€J0BAHUA YyBCTBUTENBHOCTH MOJENH K Da3JHIHBIM
H3MEHEHHSIM, OIIHOKaM H T. M. moMmoraeT y6eauTh OyAyliero moab3o:
BaTeJsi B TLAaTeJBHOCTH MpoOjiesaHHOH pabGoThl ¥ CIPaBeIHBOCTH HA-
IHX BEIBOJOB. .

6.15. 3akaiouenne

TlocnieanuM H, MOXKady#H, Hauboaee BaXKHBIM HCIBITAaHHEM LIS Ha-
wefi MOAENH H TOJAydYeHHHX pe3yJbTaToB OyAeT OTBeT Ha BOMpOC:
HMMEIOT JH OHH cMHICI? Jluuno 51 yGexaeH B TOM, 4TO npodeccHoHanb>
Hasi OlleHKA MOJEJHM CTeHaJHCTOM, KOTOPHH XOpOIIo 3HAeT MOjenau*
DYeMyIO cHCTeMY, 3HaUHT GojbINe, yem OUEHKa Mo JMoGoMy H3 cyuie:
CTBYIOIMX CTATHCTHYECKUX KpuTepueB. KoHEUHO, MH HajeeMmcd, YTO
Hallla MOjeIb MOMOXeT BhHpaGoTaTh HOBOe, Gojiee riyGOKOe NMOHHMA-
HHE CYWHOCTH PabOTH M3ydaeMOH CHCTEMEI, NOHMMaHHE, KOTOPOre
TPYAHO AOCTHYb APYruMH Merogamu. OJHAKO MPaBHIBHOCTL 3TOTO 10
HUMaHHS JOJIKHA OBITh TIATEbHO TNpOBepeHa C MOMOWIbIO MpHBJE-
YeHUs BCEro HMEIOLIErocs apceHaja 3HaHUM. ¢

910 He GRIO GH CTOJMb HEOOXOAMMEIM B caydae, ecau Obl M0Jb30-
BaTeb ckasad: «C Moell TOYKH 3peHHs, Ballly pe3yJbTaThl He HMeloT
CMBICJa, HO pa3 Ballla MOAE]Ab FOBOPHT, 4TO AeNaTh HajO Tak, TO Tak
MH H Gylem genaTb». B JeHcTBUTENLHOCTH Ke BO3HMKaeT ciaefylollas
cutyauusi. Eciin pesy/bTaThl McclelOBaHHsi PasyMHBE ¥ corjacyloTces
¢ MMEIOUIUMCS y TMOJb30BaTest ONEITOM, TO ero He OCOGEHHO BOJHYIOT
neTand MoOJeNH HaAH crnocob6 ee nocrpoeHus. Ecau xe ToJyyaeMbie
pe3yabTaTHl W PEKOMEHJALHUH He ABJSIOTCA Pa3yMHBIMH, TO Bce CTAaTH=
cTHYeCKHE HCMBITaHHsi, BMECTe B3sThle, HE CMOTYT yOeaHTh MOJb30BA-
TeJsl IPUHSATD 3TH PeKOMeHJaluH. .

CyMMHpysi COAEpIKaHHE ITOH IMaBH, MOXKHO cKa3aTh, YTO B IpO-
ecce MCCAe0BaHHSA CHCTEMBI C MOMOWIBIO MMHTALHOHHOTO MOAENHPO-
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266 Taasa 6
14. PaccmoTpuM HeGOMbIIYIO KJWHUKY C ABYMsS BPauaMu M ABYMS MEAHUHHCKHMH
cectpamu, IlocTynneHue GOJMbHBIX [POMCXOZMT B CJAydafiHoM UOPSAKE B CPGAHEM
Crpareruu KaX/ble [oJyaca. DosbHbe O6CHyXuBalOTCH B NOPAAKe X TOCTYIVIEHHS, NpHHeM

He y4uTHIBaTCA HX JKejaHme, KTO H3 JOKTODOB M CECTEp [OJKEH X gﬁggﬁ:ga:::.
CVLIECTBYIOT TpH THOA GOJBHBIX, KAXKAbifl M3 KOTOPBIX XapaKTepu3yercd CI -
4 7. %, 15, 5, 31, 35, M, 19, 3, 6, 3, 12, 4, 3, L CKAM BPIEIOM W BpeMeHeM ofcayxuBanusi. Mivelorcs ciaepylomye JTaHHEIS!

4, 8, 44, 14, 36, 37, 25,

TpeGyemoe BeposaT-
60111-::0:‘0 o&gg')lz’::;nne HOCTb Bpems o6cayKuBaHHs
B 36, 40, 8, 13, 37, 37, 34, 16, 18, 30, 17, 38, 31, 27, 9, 42.
A Tonbko ZOKTOp 0,45 p=10 i, =2
7. Hcnonbsyss nauubie 3ajavuH 6, NpeAMNOJNOXKHTE, 4TO MCCJAENOBATENL CUHTAeT B ToabKo cecTpa 0,20 p=>5 muH, 0=l
onpasjaHHBIM JONYIlEHHe O HOPMAJNBHOCTH 3aKOHA paclpefeteHus He3aKOHUEHHBIX —12 -3
pabot. Ilpu 3TOM NpENNmOJOMEHWH TPOBEPbTE emle Dpa3, NPEBOCXOAHT JH CTpaTe- B JIokTop u cecrpa 0,35 =12 mu, 0=

rust A crparernio B mpn a=0,01.

8. PaccmotpuM 3ajauy CpaBHEHHS JABYX aBHaJWHWA 00 CpeaHeMY BpeMeHm
OXUAANHS TACCAKHPOM €no Gara)Ka, OTCUMTHEIBAS 3TO BpeMs ¢ MOMEHTa NPU3EMJIEHHN
caMoJiera N0 MOMEHTAa TOJYYEHHS Baraxa. Ilo TIpUBSACHHBIM HUXKE AaHHBIM apo-~
BEpbTE SHAUHMOCTb PA3/NU4MS CPeAHHX 3HaYeHWH BpeMeHW OXuiaHus npu o=~0,05

Bpems oGcnyXuBaHus A BCEX TPEX TWIOB GOMBHEIX PAcnpeAeseHo HOpMalb-
HO C yKa3aHHLIMH CpeIHMMH 3HAYEHHSMM M CTaHAAPTHHIMH OTKJOHEHHAMH. Ecnu pns

06CTYKHBAHUA GOMBHONO TPEGYIOTCA OZHOBPEMEHHO W JOKTOD, M CECTpa, a B 3TOT

ABHajuuust «30M0TOR Ko+ Yncao novieros =20, MOMGHT 06€ CecTPHl 3aHSATH, TO LOKTOp BH3bIBAET OJHY M3 Cecrep, 3aHATHX obcay-
Bep»: Cpenxtee spemst oxunamun="55 muH, JKHBaHHEM GOJBHELX, KOTOPEIM TPeGyeTCs TOMbKO cectpa. Bpems obcay:KusaHust Goub-
Hucnepcast - spemenn  oxunaHna= HOTO ONMHAKOBO KaX NpH HENpepbiBHOM OGCJIYXuBAHUH, TAK M NpH OGCAYXHBAHHH C

=6,2 mun?, nepepuiBamy. Vmetorca 4 xaGuHera aJns 06CJIY)KH«B&HHH.»K.’IH‘HH‘K3 otkpuita ¢ 8 U

yrpa mo 5 ¥ Beuepa. [locne 5w Hu OZWH HOBbIH GonbHOR He NpHHUMaeTcs, HO Bee

Pernonanbnast aBHaJHHH: Yucno moneros=25, Gonblbie, CTOSIME B MOMEHT 3aKphiTHs B Ouepeid, obcayxusaiorcs. PaspaGoraiire,

Cpennee Bpemst oxufaHusi=10,9 MuH,
IncnepcHst  BpeMewH  OXHAAHUSI=
=40,1 mun2, .

3alIpOrpaMMEpYATe M TPOBEIHTE SKCIEDHMEHT C WMATALMOHHOH MOAE/bIO KIHHHKH
AJIST BHISICHEHHST CJEAYIOLHX BOIPOCOB:

a) Kakoso cpenHee BpeMs mpefuiBaHHs B KIuHWKe OOJbHHIX KaXJO0MO M3 Tpex
<unos? Ilocrpoiire 95%-HElii NOBEPHTEMbHHIA UHTEPBAM AJS MOJYYEHHOH OUEHKH.

9. Beinciure 95%- n 99%-Hbie NOBepHTENbUEIE HUTEPBANH NS ABYX CDEJHRX 6) Ouesure NpOLEHT 3arpyXKEHHOCTH AOKTOPOB M CeCcTep.

3paveyuil B 3ajave 4.

10. Buuncaure 95%-usle 10BepuTENbHbIE HUTEPBABl AJS CPELHHX 3HAUEHHI TDB
ABYX CTpaTerusx 3aiavn 6.

11. Tlycts u3 1000 3amycKoB paKeTh KJacca «3eMJs — BO3LYX» cHcremoii [1BO
uenb 6wina mopaxewa 485 pas. Haiinnre 99%-ubifi nOBepHTe/MbHBIE HHTEpBAN AMS
HCTHHHOI BePOSITHOCTH MOpaXeHHs LesH.

12. Buuncante 95%-ubie 1OBEpHTE]bHBIC HHTEPBAJH [JS CDEAHETO BPEMEHM .
OXHJAAaHUS Ha JABYX aBHAJHHHUSIX 33434y 8.

13D, Pacemorpum 3apavy 3 ra. 1. Ilpennonoxum, uto mucrep Ilance urpaer a
TeX MOop, NOKa He HACcTYNaeT OJHO M3 Tpex cobHruil: 1) y Hero KoHvYaOTCSt JEHBIHS ™
2) mocae Kaxqofi MIPH OH MPOBEPSET AJMHY OUEpEeNH, OKHAalouedr aBTobyc, u ecim..
oHa mpeseiaer 10 "enoBex, TO OH TepAeT HaJeXAy cectb B aBTobyc; 3) uacTynae
MOMeHT Ipuxoaa asrobyca. Ilycrb BpemMst MeXAy NOAXOJAMH JKENaomuX cecrb B §
aBTo0YC pacupeaeseno SKCIOHEHIHAILHO CO CPeAHHM 3HadeHHeM 0,5 deu./mun. Bpems, -
Koroprim Mucrep Illamc pacmonaraer mocne oOKouyaHHsi 3aBTpaKa, pacnipeneneHy
paBHOMEPHO B HHTepBane MexAy 5 u 15 mun. Emy rtpebyercs 0,5 muu Ha monGpd-]
cpiBaHne MoHern. OH paccMaTpHBaeT yBe CTpPaTeDMH: HauMHATb KaXAablil jgeHb ¢ 10,
uan ¢ 30 monu. IlocTpoiite, 3anporpaMMupYATe W TIDOBEJHTE SKCMIEPHMEHT C HMHTA-
HHOHHOH MOAENbIO STOR CHTYalHH ANl ONpejeJeHHs CPeAHEro AHEBHOTO BHIMTPHILA
H/IM NDOWTpHILIA TPH ABYX PaccCMaTpuBaeMbix c’rga'remnx. Hcnonbayiite ans ofen
crpareruil sribopky B 100 nmeit. Ilocrpoiite 95%-uEie noBepuTenbHrie HHTEpBAR
AN CPENHHX 3uaueuHii mpH KaxKmoHl crpaternu. IIpoBepbre, HMEETCS JH 3HAUHMOR ]

OT/IHYME CPENHHX 3uaveHuit mpa o=0,05. )

1 374 u crepyiomme 3a4avd A PEIUEHHS TPeOYIOT MOCTPOGHHS HA BHMHCAHS

TeabHON MaluWHE UMHTaUHOHHOK Mojemi. B mpuioxenun B nas stoit nenn npusefes
Hbl TEHEPATOPH CAYHaRHBIX HHCe. :
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TNABA 7

Tabauya 7.1

TiponoMKHTENLHOCTb BbINONHEHHS NPOEKTOB HCO [20]

OPIrAHM3 ALLMOHHBIE ACMEKTDI
MMHUTALLMOHHOIO MOAENMPOBAHMUA

Bpemst paGoTH Han TIpouent
npoeK'l%M, Mecs TIPOEKTOB
Canoii 6oavwioti npobaemoti modeseil ynpasienuss S64%eTCS TO, Menee 3 9
4TO 8 CaMOM YNpasAeHuu UX npaKTU4ecKu He UCnOAb3YIOT. it 2
Axcon 1. K. Jurra 7—12 30
13—18 24
.
19 u Goaee 12
Beero: 100

CeNHAAHCTH CAMHX pa3JHYHBIX NpodHaed, HallpuMep B 00/1acTH HC-
CJIelOBAHHsT ONMepalHil, CTaTHCTHKH, NMPOrpaMMHPOBAHHS, CHCTEMHOrO
aHaau3a, a TaKXKe B JaHHO OTpaciau 5KOHOMUKH. OlHAKO He BCe OHH
HYKHB OJHOBDEMEHHO; KaXJbli CllenHalHCT MOXKET MONKIOYaThCA K
pa6oTe Mo Mepe HEOGXOJAMMOCTH B HEM H MepeK1IouaTbCsi Ha Apyrue:
NpPOeKTH MO 3aBeplieHHH cBoell yacTH padote. Ha pamnux cramusx
pa3pa6OTK# HEOB6XOMMBI Jullb CHEUUANHCTH MO HCCAEL0BAHHIO Olle-
paluil M CIeLHATHCTH-OTPACAEBUKH. DKCIEPTHHE OUEHKH MOTyT I0-
TPeGOBATLCS HA PasNHUHBIX CTA/HSX BBINOJHEHHs MPOEKTa, TOTAa KakK
NPOTPAMMHCTH H aHANMTHKH BKJIOYAIOTCH B HHCIO paspaGoOTYHKOB-
JHMIIb TOCAe 3aBepLIeHHSl CO3AaHHs NMPOTPAMMHOTO OGeCIedeHHs st
TepBHIX rpy6hix Mojesei cucreMel. B raGa. 7.2 mpuseienbl AanKble
Tep6ana Mo cpeiHeMy YHCHY CIEUHAJIHCTOB Ha OJHH NPOEKT. Otme-
THM, 4TO TpPH cpeiHed MpPOAOKHUTENLHOCTH BHINOJHEHHS MpOEKTa
10,1 Mecsina H CpejHeM 9ucje Pa3paGOTUHKOB, PABHOM 2,5 ueNOBEKa,
cpeaHHe 3aTpaThl TPyAa Ha CO3JaHHe OJHOrO MPOEKTa THINA HMHTALH-

Tabaruya 7.2

Yucao paspaboTuHkor Ha Kaxpawii npoext [20]

7.1. Mpepniaymuii onsit

Hasi TOro YTOGH MOMYYHTL NMpeACTaBJIeHHe O MpoLecce, KOTOPHIM MH
AOJIKHBI YNPABISTh, HEOOXOAMMO H3YYHTH OIBIT, HAKOIIEHHEIH APy~
rHMU. MHe 710 CHX NOp He H3BecTHHl KaKue-1u60 paGoTH, Hemocpel-
CTBEHHO H NEIHKOM MOCBSIlIEHHbE HMHTALHOHHOMY MOJAEJHDPOBAHHIO, ]
OfHaKO B ueJoM psige pa6or [7, 15, 20] oTpaKeHbl CHCTEMHBIE HC-
caenosanus. Onu nokasany, yto ot 25 1o 50% pabor mo CHCTEMHOMY' }
aHaausy u Hccnenosanuio onepanuii (CA/UCO) cBsizano ¢ umurany- §
OHHBIM MOJeJHPOBaHHEM, TIOSTOMY HX Pe3yJbTaTH AOMKHE TPEACTaB-
JISITh AJIS1 HAC HECOMHEHHBIH HHTepec.

B paGore TepGana EQO] NpHBeJeHH pesyJabTaThl onpoca 500 xpym- 3
Hefiwux kopropanuk CIIA, B3siThX u3 crhucka, ONyGAHKOBAHHOTO §
KypHanoMm «Dopuyn»; 107 u3 HHX BepHyJH ONPOCHBIE JUCTH C HHTE- §
pecHbIMH OTBeTaMH. B 3THX oTBeTaX, KBaJH(HLUHPOBABLIHX HauGoJeq
PacupoCTPaHeHHbIe METOIH, OLEeHKY, NpPeBHILAIOUYI0 OLEHKY HMHTar ]
UHOHHOTO MOAEJNHPOBAaHHSA, MOJNYYHJ JHIIbL CTAaTHCTHYECKHI aHAIH3%.

JIHHEHOE NPOTPaMMHPOBAHUE CTOMIO HA TPETbeM MecTe. TH TPU Me- 4 Yueso paspaboTamion TIpoueHT mpoeKToB
TOAa HCNOMb30Baauch B 739% pabor cneunanucros no CA/HUCO.: Ha MpoexT —
CpenHsist NpOAOJIKHTENLHOCTb BHIOAHeHHs TpoekToB UCO cocraBasas |
10,1 mecsina. IIponOMKHTENLHOCTS HHAMBHAYANbHHX PaGoT BapbHPO- 3 1 7
Basa oT 1 10 80 mecsines (taba. 7.1). E 95 60
Kak ¥ cienoBato 0XHIaTh, npoekthl UCO 4vame Bcero BhmoaHS« 3 10 20
I0TCA He MHAUBHAYAJbHO, a IPYNNOi clennanucToB. O1HAKO B NPOTHe 6= 13
BOBEC PEKOMEHJALHMIM MHOTHX KHHr mo CA/UCO pasmepn rpynm, 11 u Gonee
Pa3pabaTHBAIOLIKX OTAEIbHEIE NPOEKTH, OTHOCHTENbHO MaJbl. B cped- § —
HeM NPOEKT BHIOJHAETCS TPYNNoi Hs 2,5 cmenmannucTa. Jas pa3pa- f Beero: 100
GOTKH MallHHHOH MONENH-HMHTAaTOPa CJHOXKHOH CHCTEMH TpeGyloTcs
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Tabruya 7.3 ) .
! MaTh OINTUMajAbHble peLleHUd, H JUCKPHUINTUBHOH TeopHed NPUHATHSA

Crenens seapenus poextos [20] pellieHHil, MbITalOUWEACs ONucath, KakK 68 delicTeUTeAbHOCTY OHHU NpPH-

Pesynbrar, BRUMCIEHHM HUAMAITCA. )
Crenenb BHeApeHus Aaﬂ:fg:r::rnvgq;:ﬂue TyTeM aHANTH3a COCTOSHEA B 3Toi1 rsiaBe npealpUHHMAETCs MONbITKA OTPA3UTh HEKOTOPhIE ofﬂ
ouwa sonpoc, % " opockran, raHU3alHOHHBE aclleKThHl NIaHUPOBAHHUs, NPOBeAeHHs U UCIO/Nb30BAH
pesyJbTaTOB UMHTALUOHHOIO MOJAENHPOBAHUA. [Ipn 3TOM NPUMEHSIOT-
I 48,1 35,4 ¢ KakK HOpMaTHBHaf, TaK M AHCKPUNTHBHAA TEOPHH NPHHATHS p;
OHOCTRIO BHEADEHH 18'1 21'5 mIeHUA ¥ yYUTHIBAaeTcs HX BJHAHHE Ha yclex pa3paboTKH HMHUTALL
B OCHOBHOM BHeJpeHbi s R -
OHHOH MojesHu. ) )
BHeppeHsl wacTHumMO 13,7 20,3 Mpl mosiaraeM, 4To paccMarpuBaeMble HaMHU THUIIBI pemeﬂﬂueféu]’:g
i , asch -
BHeapeHs! coBceM He3HauHTENbHO 6,6 4.4 KaloT U3 OPTaHH3aUMOHHOH CTPYKTypHl YHpaBjieHud, SBJ i
oTbeMAeMOH dacTblo. [103TOMy Hac uHTepecyeT NPUHATHE pe 8
He BHexpenn 13,6 11,4 3 ecc HHIHBYLY-
1 7.0 paMkax Bcefl OpraHM3aluM B ULEJNOM, a He IPOCTO MPOL )
OnoMene mescHoe ’ allbHOTO TPHHATHS pelIeHHs HeKOTOPHIM JMIOM BHYTPH 3TOH opra-
HU3AUHH.
npm-
Beero: 100 100 Ecau, TakuM o6pasoM, B3fATh JHUIIb caMy CYUHOCTb Mpolecca 1p

HATHA pelleHHH, OH OKashBaeTcd NPOCTHM M mnpsmMbiM. CoraacHo-

Yepumeny, Akoby u Apsody [5], MHHUMAJbHEE HEOOXOAUMBIE H 10-

CTaTOYHBE yCJOBHS CYILIeCTBOBAHHS CHUTyalUMd NPHHATHUA PELICHUA
eOyIoT Haludud:

P 1;/ anua, npuHuMmaiomero pewenus (JITIP), xotopoe orTaaer ceGe

OT4eT B TOM, yTO mpobjeMa cylllecTByeT, H TpeOyeT NPHHATHs pelle-

HHS, )

2) BHIXOJA WM LeJH, KOTOPBIX CTPEMHTCH JA0CTHYb JITIP;

3) mo kpafiHell Mepe JBYX aibTepPHATHBHHIX BADHAHTOB pellleHus,

KOTOpBlE HANPaBJeHbl Ha NOCTHXKeHHE MOCTaBIeHHOH LeNH;

4) comuenuii JI[TP OTHOCUTEJLHO TOTO, Kakylo H3 ajbTepHaTHB-

ClleflyeT mpeanodyecTb;

5) cpell HAH yCJAOBHH, B KOTOPHIX cyllecTByeT npobiaema.

B stux ycaoeusx JIITP:

1) ocosHaeT HeOGXOAUMOCTDL TPHHATH pellleHue; . .

2) MPOBOAMT MOUCK H OLEHKY aJlbTePHATHBHEIX NeHCTBUH; ‘

3) BHIGHpaeT OfHy HJIH HECKOJIbKO aJbTePHATHB, KOTOpHE, MO ero

MHEHHIO, BeAyT K JOCTHXKEHHIO LeJH.

XoTs Bce 3TO 3BYYHT JOCTaTOYHO MPOCTO, Halle MOHMMaHHEe AUHA-

MHKH 3TOTO IpOLecca, OCOGeHHO B OPraHM3alHOHHOM KOHTEKCTe, eule

OUeH, HerAy6oxo, 4TO, BO3MOKHO, M SBJSeTCH OJHOH W3 NpPUYMH

Heyjay NpU BHEJPEHHU MPOEKTOB HCCAe0BaHHs ONepalui, nocrpoe-

HHSl CHCTeM ymnpaBJjeHust ¥ MHGOpPManuoHHEIX cucreM. Henbss ycrel-

HO CO31aBaTh MOJENH HJIM CHCTEMBl, He pa3obpaBIluch AETaJbHO B

ToM mporecce, KOTOPbI Mbl MOAENHPYeM WJH KOTODHIM XOTHM yNpas-

JNATh. BHUMaHHIO YuTaTessi TpeajaraeTcs OJHa U3 Mojesedl Takoro

lpouecca, y106HO BIHCHBAIOWIAsACA B pealbHbIH MHD. Puc. 7.1 packphi-

BaeT aJrOpUTM TaKOTO Mpolecca NPHHSATHs pellleHHH B chepe OpraHu-

33aIIMOHHOTO yNpaBJeHHs, KOTOPHH MEl GyldeM HCINOJL30BaTh B IMocie-

AylomeM 06CyXKaeHUH.

OHHOM MOjenu cocTaBasior 25,25 desoBeKO-MecAua, npu4yeM 3jech He
YUUTHBAETCS yYacTHe BCIOMOraTeJbHOrO NepcoHala.

Ilocnegnum mo nopsaxy, HO He 1O BaKHOCTH SBASIETCS BOIPOC O
TOM, CKOJbKO e MPOEKTOB OKa3biBaeTcs: (DaKTHUECKU BHeAPeHHBIM.
Jlnsi Toro 4TO6H ompexeAHTH MPOLEHT yCrelH X BHeppeHu#, Tep6an
'B CBOEM BOTIPOCHHKE NPHMEHHJI TlepeKpecTHylo nposepky. CHavaia Gbla
nocTapien OOulMA BOTPOC O MpOLEHTe BHEAPEHHHX NPOEKTOB, a 3a-
TeM — O JajbHefiliefi cyab6e STHX MPoekTOB. B Ta6i. 7.3 0606uienn
ToydenHble pesyabTaTh. OHM JOBOJLHO XOPOLIO COTJIACYIOTCS C pe-
Sy/bTaTamH, NPUBEJeHHBIMH B Apyrux paGorax [13, 17], B koTopmx
"MOKa3aHo, Y10 oT 35 10 45% mnpoeKTOB OKazajHch He COBCEM ycneri-
HBIMH — He O4eHb XOPOLIMi nokasaTedb! ONHAKO 3TH M ApyTHe HCCJe-
ROBaHHS cOMEPKAT HEKOTOPHIe PEeKOMEeHAAluH OTHOCHTEALHO TOTO, KaK
MOKHO HCIPABHTh MOMOXKeHHUe.

7.2. Tlponecc NPHHATHS pellleHHH

Kak yxe HeoqHOKpPaTHO OTMeuanoch B 5TOf KHHre, rjaBHas Ledb
HNOCTPOEHHsT JIGOH UMHUTALUOHHON MOZENH — NMOMOYb PYKOBOAUTENSAM
TIOBBICHTL KA4ECTBO ynpasjeHHusi. [l TOro 4TOGH NMpemoCTaBAATH HM
HY2KHble 1aHHBle B HyXHOH (OpMe U B HyXKHOe BPeMs — yTO MOMOMKET
TIPABHILHO MNPHHUMATh HyXKHBEIE peILeHHs, — HEOGXOAHMO TJ1yGOKO
BHUKHYTh KAK B CaM NPOLECC NMPUHSATHA pelleHHH, TaK W B hYHKUUH
JIHL, TPHHUMAIOILIUX pelleHHs]. |

3HaKOMCTBO C JIMTepaTypoll B 06/acTH TeOPUM M MPAKTUKU NMPHHSA-
THsSI PeIieHHH cpasy ke MOKA3EIBAeT, YTO CYUIECTBYIOT JBa pasiaud-
HBIX HanpaBieHus TaKux pador. Moppuc [11] HasmBan ux HopMaTHB-
HOH TEODUeH TPHHATHS peLieHuH, OMUCHBALWEN, KAK HYHHO NPHHH-
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PesyJbTaToM MPHHATHA pellleHHs MOXeT ObITb BHIIOJHeHHe HeKo-
TOpPOTo AeHCTBHS WIAH NPHHATHE HjeH. JIeTKO Npenon0KHTb, 4TO py-
KOBOAUTENb 3HAeT O CyLIeCTBOBAHHH HepellleHHOH mnpoGJeMhbl, 3Haer,
KaKOBa 3Ta mpo6JeMa, U HMeeT HaMepeHHe pemuTh ee. OJHaKO OObBIU-
HO OcO3HaHHe HalM4us NpoOjeMbl MPUXOAUT IOCTENEHHO, B mpoilecce
AMHTeJABLHOTO HabMI0JeHHs PYKOBOAMTENA 3a ylpaB/seMOd HM CHCTe-
MO H OGCYXIeHusi BOSHHKAIOUIMX BONMPOCOB C KOJJEraMH H TOMYH-
HeHHBIMH. [IpejicTaBuB ceGe HAaKOHel, YTO ecTh HeKas npodiema, pyKo-
BOAHTENb TOpYydaeT KOMy-AHGO TIIATeJNbHO paccMOTpeTh ee. TakHM
JIULIOM MOXKeT OblTb KTO-1460 H3 aJMHHHCTPALHUU HJIH U3 COTPYAHH-
KOB. DTO aBJseTcH OTOPABHBIM MOMEHTOM NPHUHATHS pelleHus.
ITepBhiil HcclenoBaTeNb NPoGaeMbl AedCTBYeT OCMOTDHTE/BHO, NO-
cTelleHHO ysicHsig ee u (opmyaupys. CHauana OH BbIABISET ee CUMI-
TOMBI, TaKHe, KaK HapyllleHHsi rpaduKa, c60ou B cHalxkeHHH, HeloCTa-
TOYHAsi MPHUGbLIb, MHOTOYHC/IeHHble DeKJaMallid 3aKas4yuKoB H T. I.
[To Mepe usyyeHusi npoGjaeMbl ee MPUPOAA U CYUIHOCTb CTAHOBATCA BCe
scHee U sicHee. IToc/le mpoBegeHHs HedopMasbHBIX OOCYXKAeHHH NpH-
HHMaeTC COBMecTHOe pelleHHe O 1eneco06pasHOCTH pasBepTHIBaHHA
GoJiee CTPOroOro U yray6/eHHOTO HccldeloBaHus.

STOT MOMeHT sBAfeTcs BTOPOH MOBOPOTHOH TOYKOH B NpPHHSTHH
pewenus. Eciu pellenne (npuHMMaeMoe OOHYHO Ha COBELIAaHWM Ipyn-
IIbl PyKOBOIHTe/ell ¥ JHIa, KOTOPOMY OPYYeHO H3ydeHHe NPOGIeMbI)
COCTOHT B TOM, YTOGH BBAENHTb cPeAcTBa AdA Gojdee (OPMaibHOrO
H3yYeHHs NPOoGJeMBl, TO Ha CJelylouleM lIare HyXHO yCTaHOBUTb, KakK
3T0 caenaTbh. Ha 3ToM 3sTame HeOOXOAMMO DEIUHTb, caelyeT JHU CO3-
nate rpynny CA/MCO, npusjedb KOHCY/JbTAHTOB CO CTOPOHBI HJIA
nopyuuth paspabOTKy MPOEKTa OJHOMY M3 JHHeHHEIX MOLpasieneHHH.
Peuende, NpUHATOEe Ha 3TOfl paHHeH cTaluH, MOXKeT 0Ka3aTbcst BECbMa
KDHTHYHEIM LJs1 Beell mochlelyloulei paGoTel Hajl pellleHHeM BO3HHK-
el npo6aeMHl.

Koraa rpynna npoekTHpOBaHHsA cO3laHa, HauHHaeTCs HCIOJHEHHE
sranos 7—12. Ecau rpynna ucciefoBaredeii pelllaer NOCTPOUTh HMH-
TAlUOHHYIO MOjelb, TO HCIOJb3YeTcs ajirOPUTM, H300paxKeHHBIH Ha
puc. 1.3. BaxxHo X0pollo MpeACTaBUTb cebe, YTO pellleHHe, NPUHHMae-
Moe Ha mmare 12, aBasieTcs OOBIYHO KOJJEKTHBHHIM pellieHHeM BCeX
32UHTepPecOBAaHHBIX CTOPOH. AJAMHHHCTPATOp, OTBeTCTBeHHHI 3a pas-
pa6oTKy NpoeKTa, OYeHb PeAKO MofgeT Ha TO, 4TOGH AaTh OLEHKY
pes3yJabTaTaM HccleJOoBaHHS H NMPOBECTU NOJyYeHHEIE PEKOMEHAAUHu B
XH3Hb Ge3 TaKOTO KOJNJeKTHBHOTO HX o6cyxjeHus. OGBYHO 3TOT Npo-
" LlecC HOCUT HTepaTUBHHI XapaKTep. 3aMeTHM, UTO KaXX/blil M3 PyKO-
BomuTeNel, TAK MM HHaye yYacTBYIOUIMH B pellleHMH NMpOGJeMEH, HO-
NbITaeTcd COXPAHHTb W YKPENHTb CBOH NPeCTHX, BJacTb W NPHBHJC-
IHH W MUHHMH3UPOBaTb JI0OYI0 YIPO3y COOCTBEHHOMY IOJIOMEHHIO.
Ouenp peako yjaaeTcsi AOCTHYb €IHHOTJACHOTO MHEHHs BceX ydacr-
BYIOUIMX CTOPOH, OJHAKO YMHREI PYKOBOJAUTENbL XOPOLIO NOHUMAeET, YTO
Ges obmiero o6cyxAeHHs NPOGAEMbl ee pellleHHe He GyJler yCMEUIHBIM.

18—195
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HeT HHYETo YAHBHTEJNbHOTO B HeEKeJlaHHM PYKOBONHTeNell Hapylarth
paBsHOBeCHe.

TlpakTuueckd Bcerga, JAake CO3HaBasi MOTPeGHOCTb B MNPHHSTUH
pelIeHHts, PYKOBOJUTEH CKJIOHHBI HCKATb yAOBJETBOPUTENLHEe, HO He
OnTHMa/bHble CPeiCTBa pemeHusi npoSaeMe.. Mapu u Caiimon [9]
KOHCTATHPYIOT, 4TO «GOJBIIHHCTBO pemreHufl, kak HHAMBHAYaJbHEIX,
TAaK U KOJJIEKTUBHBIX, HalpaBJeHO Ha NMOMCK H BHIGOP YAOBJETBOPH-
Te/IbHEIX aJbTepHATHB». BO MHOrMX MPHBOAATCS MHOIOCJOBHBIE OMNH-
CcaHus «ONTHMaJbHBIX pelieHHi», HO caMHe JeTajbHBHE MOJeaH OTpa-
JKAIOT BCEro JHIIb HeGoJbllylo A0JI0 peaibHoro Mupa. Yacro 3albl-
BAIOT ¥ TaKoH JOBOJALHO O4eBHAHBI (akKT, uTO BLIOpaHHAs albTepHa-
THBA «ONTHMaJbHa» JHIIb B CPaBHEHHH C APYFHMH ajlbTepHAaTHBAMH.
BecbMa BeposiTHO, 4TO Bcerja CyllecTByer Hekas Jyvlias aJbTepHa-
TUBA, KOTOpasi BooOLle He Oblla paccMOTpeHa.

Hakoneu, ciaeayer o6paTuTh BHHUMaHHe elle Ha OQHH aCHeKT HpH-
HATHs pelleHuil, ykasanuoii CafimonoM [19]. Kaxnoe pewenue co-
AEPIKUT 3JeMeHTsl ABYX THIOB — (haKTOZpaguUuecKue u YeHHOCTHbLe.
daxrorpaduueckue 3J4eMeHThl — 5TO JaHHble 0 Hal/0JlaeMOM Mupe H
ero 3akKOHOMepHOCTsX. Yx HeoGX0AuMO NPOBEPsTh Ha UCTHHHOCTb HJH
JIOXKHOCTb. LleHHOCTHBIE 3J1eMEHThl — 3TO 3THYECKHE HJIH MOpPajabHHE
XapaKTePHUCTHKH, MPaBOMEPHOCTb KOTOPHIX TPOBepHTb Heabasi. Takas
e IHXOTOMHs XapakTepHa W ias uedaeii. Ilenu, tTakue, xak Bec, CKO-
POCTb, AHATA30H U T. A., ABAAIOTCA (aKTOrpadHyecKHMH 3/J1eMeHTaMu.
Llenu Tuma ycTpalieHHs INPOTHBHHKA, HAUUOHAJNBHOTO TMpeCcTUXKa,
VAOBJIETBOP EHHS 3aKa3YHKa, MOPadu H T. A. SIBISIOTCS IEHHOCTHBHIMH
3JeMeHTaMH. BoJbIIHHCTBO npobJeM, CB3aHHBIX C NPHHSTHEM pellie-
HHil, COMlepIKUT KaK OObEKTHBHbIE, TaK H CyOBEKTHBHbIE 3J1eMEHTHL

K cokaleHuI0, ME CMOCOGHBI OLEHHBaTb CyObeKTHBHbIE aCleKTH
1po6aeMb 3HAYHTEJNBHO XY¥Ke, uUeM OOBeKTHBHbIE. Has o6paboTku
daxrorpaduyeckux, HIH OOBEKTHBHBIX, TOKa3aTeledl CylleCTBYeT
MHOJKECTBO CJOMKHHX MaTeMaTHYECKHX CPeICTB, HO CyObEeKTHBHBHIM,
411 LLeHHOCTHBIM, aCleKTaM CTajlyu yJAeJsiTh BHHMaHHe JHIIb B NOCAEI-
HMe rojbl. DTH aclekThbl, 6e3 COMHeHus, JOKHB ObITb yd4TeHbl B MPH-
HUMAaeMOM pelleHHH, H COOTBETCTBYIOIUIHE CYXKIEHHsi MOryT BBIHOCHTB
JIMIIb CaMH JHIa, TPHHUMAaKOMHe peureHxe. HOrAa moesHbIM OKa3Hl-
BaeTcs TecHoe coTpyaHuuectBo JIIIP ¢ paspa6oTunkaMu Molend, B
pesyabTaTe KOTOPOrO 3TH LEHHOCTHBIE 3J€MeHThl HaXOJsiT CBO€ OTpa-
XeHue B MOJeNH. B Ipyrux ciaydasix HeoGXOAHMO, 4TOOH MOJedb IO
BO3MOKHOCTH TOUHee BOCIPOH3BOAN/IA PeallbHbil 06EKT 10 BeeM dak-
THYeCKHM HJH OOBeKTHBHHIM ero xapakTepucrukaM, a JIITP naknaansl-
BaJu 6bl Ha PE3yJbTaThl MOJAIMPOBaHHS CBOW LeHHOCTHHlE Mpearnod-
TEeHUst M MOMydeHHs OKOHYaTeJbHOro pemienus. B aioboM ciydae,
OHaKo, HeoGXOAHMa TecHas cBsisb Mexay JIITP u uccrepoBaTeseM.
Tocaennuit siBasieTcsi kak 6m coctaBHoN uactbio JIIIP, Ho He 3ame-
Hser ero. [J03TOMy BaKHO OCO3HAThb TO, YTO XOpoIUasi HMHTAUHOHHAR
Mojieslb cHCTeMB He MOKET GHTb MOCTPOeHa B BaKyyMme. BonblIMHCTBO
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7.3. XapakTepHCTHKH pelieHns

Y aJAMHHHCTPaTOPOB BHIPaGATHBAETCA CKENTHYECKHH BarAsi Ha
HEeOOXONHMOCTb MPOBONHTb B JKH3Hb DEKOMEHAYeMHe HM pellieHusi, u
NO3TOMY OHH CKJIOHHH He NPHHUMATh BO BHHMaHHe NpPoGJeMH KoTo-
peie GOpMYNHPYIOTCS B HeLOCTAaTOYHO SICHOH M YeTKOH dopme. ’HOMH-
MO pHCKa, €CTh H Apyrue (aKTOPEl, KOTOpHe CNOCOGCTBYIOT OTKJIOHE-
HUlo MpejnaraeMbix pemreHufi. OfuH u3 Takux axTopoB — 06yueHue
AnMUHHCTPATOPOB yuaT Au60 OHH caMu NPUXOJAT K TaKO# MBICAH ‘{T(;
cilefiyer H3GeraTh MPHHATHS PelleHHil, B KOTOPEIX HET HEOGXOMHMOCTH
Tlockoabky pemenusi (0COGEHHO NPHHATHE Ha BepXHHX c-ryr[enmé'
HepapXuu PyKOBOACTBA) OGBIYHO MPePHBAIOT HOPMAJBHEI X0 PaboTh
U CO37al0T JOMONHHUTENbHYIO PaGoTy, aJIMHHHCTPATOPH H3GEraloT ux:
NpUHEMATh MO MeaoyaM. bepHapn [3] JaeT COBeT, TUMHYHBIH JJsi CO-']
BETOB, KOTOpLIe HOMYYaloT yrnpaBasiomue: «TOHKOe HCKYCCTBO MpHHs-"
TUs yNpaBleHYeCKUX pellleHuii 3aK/N0YaeTcsi B TOM, 4TOGH He pemaTh
BOMPOCEL, KOTOPEIE €ule He BCTald CO BCeil OCTPOTOH, He pemarb HX |
MpPeX/eBPeMeHHO H He pelllaTh HX 3a APYrHX». i
Jxenillir ;Ocrelzmo npncl}_rlme u36eraTh peilleHHi CaMOCTOSATENbHO MOCTaB-

co. o kx
- noﬁygﬂlaeTCH: accuukauun Beprapna [3], mpunstue pe-

CBEPXY — BEIIECTOSIHM PYKOBOACTBOM;

CHH3Y — MOAYHHEHHBIMH;

COGCTBeHHON UHUIMATHBOI. :

B nepsom cnyuae pykosonutenem npakruueck: Bcerma NIPUHHMaeT~
CA pEllleHHe; BO BTOPOM TaKiKe MNPUHHUMAETCS pelieHHe, XOTS OHO |
HHOTJla MOXKET 3aKJI0YaThCsi 4 B TOM, 4TOGH He HPHHHMa’;‘b HHKAKOTO |
DELIeHHs, T. €. COXPaHUTbL CTATYC-KBO; B TPETbEM JKe Caydae HeT Mojs
TaNKHBAIOWErO MEXaHH3Ma, H TAKHE PelIeHHS MOIYT AOJAr0 He MpHHU
MaTbesl Ge3 omaceHus kKakux-au6o HakasaHuid. Eciu NpUHHMaeMoe Ha §
XOjly pellenHe BEISHBaeT NPOTHBOPeUUBLle NOCAeACTBHS, PYKOBOLHTEND 4
MOKeT OTIOXKHTb JeTallbHOE W3yueHHe NPoGJeMH. OH paccyXkaaer {
Tax, 9TO CO BPeMEHEM MOJOKeHHe caMo COGOH UCTPABHTCSH H 3TO u3+
GaBHT €0 OT YNpPaBJeHUECKHX MYK». On6epc [i1] rosopur 06 3ToM |
;?);(Ii/lo«)l]?}?liiﬂb IlépHHﬂTb HeBEPHOE pellleHHe 4aCTo CHAbHee OMAceHUss

Heb6aaronpu i 1
Do PUATHBIX MOCAEACTBHH HenpuHSTHS HHKaKOI‘? !

Haanno Takxke u cuibHas TeHueHnus NPHAEPKHBATLCS yCTaHOB% 4
JIeHHOTO 00pasa AeficTBusi. [IporpaMMbl pasBuTis 1 OpraHH3alHy UMes
JOT HEKuH BCTPOEHHBIH HHEPLHOHHbIA MexaHH3M. VHepius mporpamMmbl
PasBUTUS GOJBWIOH CHCTEMB MOKET OBITh AOBOJABHO 3HAYHTENLHOM.
Koraa yxe MOCTpOeHB MJaHH, BHUIESEHH cpelcTBa, pa3MelieHo 060-
PylMoOBaHHe, TOAMHCAHEI KOHTAKTH, BHECTH H3MeHeHHs OKa3hlBaeTC
BeCbMa HeNpocTo. JTO JHMb YBEJIUUHBACT HEOBXOMHMOCTD nposene-
HUS XOPOLIero aHa/u3a U MIaHKPOBAHUsI Ha PaHHHX CTAfHAX MPOTpaM-
MBIl Pa3BHTHs. BBujy TpymHocTeli mepeopuenTauun Takoi nporpaMMH 3
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3) COOTBETCTBHe MeXly pecypcaMH, KOTOPBIMH pacmofiaraetr Ipyn-
ee 3a7aYaMy;
“a’f) CTeI;uéHb csz)éom,( rpynner CA/UCO B Bm60pue MPOEKTOB /:LJ[KV
Jjcce0BaHuH, B OCyllecTBIeH:H c6opa HeoOXOAUMOH uHdOpMALHH H!
MOMYYeHHBIX Pe3yJbTaToB;
Bﬁeg)pek)[rl;)};:eﬂgoﬂenoépgmgnmenbﬂoro OTHOIIEHUsi K JAesATeJbHOCTH
st CA/UCO;
rpys) per[yT/aunﬂ,‘KoTopoﬁ M0JIb3YeTCsi AeSTeNAbHOCTb IPYTIIbI CA/MCO
OpraHu3aluH;
BHy’;‘§)H06II)ua;1 ouélm(a, yenexa pa6orsl rpynna CA/UCO BuyTpu opra-
HH3aLHH;
8) OpFaHHSauPé)XI;I};IIE(I)fIJIH TeXHUYeCKHe BO3MOMKHOCTH, KOTODBIMHi
najaer rpynna ;
6 9)jl COOTPBYETCTBHQ npoextroB CA/MCO pelcTBHTE/NbHEIM HYXKAAM:
U3aLHY;
oprfllg) B:nmine, koropbiM noabayercs rpynna CA/UCO unn ee pyko-
BOAHTEJH CPeAH COTPYAHHKOB OPraHU3aluH.

TakuM 06pa3oM, B3aHMOOTHOIUEHHS MeX]y 4JeHaMu TpYIIbE
CA/UCO, pyKOBOASILMM COCTaBOM OPraHH3alMu U 3aKa3yHKOM AB-
JsI0TCs BaXHeHIEM GaKTOPOM, BAHSIOUAM Ha yCleX PaGOThl I PYNMEL
B paGore PyGenmTeina # Aap. [13] mpoBoauTcsi UeTKoe pasaHuMe:
MeXLy PyKOBOJHTENSMH H 3aKa3uHKaMH. [ToHTHE «DyKOBOLUTENH> y
5THX aBTOPOB OTHOCHTCS K BHICLIEMy yDOBHIO HepAPXHH DYKOBOACTBA,.
HEeJOCTYIIHOMY AJisi Y/eHOB TPYMIEl CA/UCO; sakazuuKaMH ¥XKe CUH-
TAlOTCH Te COTPYAHHKH HJH PYKOBOAUTENW OPraHH3alMH, AJs YyAOB-
JIeTBOPeHHs HENOCDEICTBEHHBIX HYXJ KOTOPHIX BBIMONHACTCS paGora
rpynnoit CA/MCO. Xorsi PyGenmredn noaiepkuBaer BaXHOCTb 06~
CyKJeHHil paGOTH C PYKOBOJMTENSIMH M JHUHBIX KOHTAKTOB, OH OTMe-
yaer, YTO yCrex AU Heyjaua onpejelsieTcsi pesyJbTaTHBHOCTBIO pato-
Tl rpynmnb. B cBsish ¢ TeM 4To paspaGOTKa MMHTALHOHHBIX MOJE/CH
# npoektos UCO oBxoautcst A0POro, BCSIKHE NPeJIONEHHs O IMpoBe-
JeHUH HOBHIX PaGOT PYKOBOACTBO OyleT BCTpeuaTb BechbMa CHEpiKam-
HO, eCI 710 STOro GbINM OfHH HeyJaud W JOCTHIANHCh JHLL CKPOM-
Hble pesy/bTaTH. BOT noueMy yMHHIH PYKOBOAUTENb TPYMIEl HcCe-
noBarejeil BhGeperT BHayaje JHIIb TaKHe NPOEKTH HUCO, xkoropbie ¢
BHICOKOH CTEleHBIO BEPOSTHOCTH MOXKHO YCIENIHO OKOHHTH 3a KOPOT-
Koe Bpemsi. [[OCTAaTOYHO BecOMble, C TOUKH 3DeHHs U PYKOBOACTBA,
3aKasuuKa, peayJbTaThl, MOMyyeHHBe HA CaMBiXx PaHHHX CTajHsax CO-
BepIIEHCTBOBAHUS OPTraHH3aLMOHHOTO ynpaBJeHHus, YKpeNsT penyTa--
UHI0 TPYMIE HccAenoBaTeneli W GyayT cnocOGCTBOBATL LIMPOKOH NOA-
JlepKKe ee JesTeNbHOCTH.

Cy/eHHUH, OLeHHBAIOUHUX yClex WAM Heylaudy TakoHd paGoThl, H0JXKHO
ucxoauth ot camoro JIIIP. EauncTBeHHO, yeM MMHTALHOHHOE MOJelH-
poBaHHE MOXKET €My MOMOYb, 3TO 0GecrneyuTb COOTBETCTBYIOLIEe Da3~)
Jenenye Tpyaa. 1

Llenb, KOTOPYIO MBI CTaBUM NpH OOGCYXKAEHHW mpoliecca IpHHSTHS
pemeHu#i H XapakKrepucTHK JIITP, aBosika: 1) NMOATBEPAUTH MBICHABL O
TOM, YTO HMHTAUHOHHBIE MOJeNH JAOMMKHEl CO3MaBaThCsi LENEHAIPaB~{
JIeHHO 1Jifi KOHKpeTHbix JITIP, u 2) mokasaTk, YTO OKOHYaTeJAbHBIE e~
3yJAbTaThl U PEKOMEHAAUMH JOJIKHBI BbilaBaTbCsi B Takolt ¢opMe, B
KOTOPOH OHU GYLYT UeJUKOM U MOJHOCTBIO MOHSTHBI U MMPHEMJIEMB 115 §
JITIP. Ecau JITIP He BHAHT Haluuus NpoGJeMH, TO Ma/OBEPOSTHO,
4TO OHO GYAeT NMPOBOAUTL B JKH3Hb PeKOMeH[alHH, MOAyYeHHbe B pe~
3yJabraTe JQ060ro uccaenoBaHus. [103TOMy, AJIs TOrO 4TOGH COXPaHUTh
CBO€ MOJI0XKeHHe M JOOHMThCsi ycrexa, HCc/lefoBaTedu W Pa3paboTyHKH
HMHTallHOHHBIX Mojellell MOJKHH paboTaTh Haj NpoGjeMaMHy, yKasaH-
wuoiMu JITIP. 3navenue 3Toro MoMeHTa eule GOJiblie MoYepKUBaeT,
Hamnpumep, TOT QaKT, 4TO N0 JaHHBIM OJHOTO OGCJEN0BaHHs, OXBAThl~
BaBlero 217 npoekTos, Begymuxcs B 107 pasiaUdHBIX NPOMEIILIEHHEIX §
Kopropauusax, 51% OBl HauaT No MHHUMATHBE CaMHX COTPYIHHKOB
ormena CA/MCO [20].

Takasi ecTecTBeHHast OCTOPOXKHOCTb PYKOBOAHTeJNEH, ecTeCTBeHHO,
COCTaBJIfieT BTOPOH Ba)KHbIi MOMEHT, KOTODH Haj0 yYHTHIBATL MPH
NpoBejeHHH HcclefoBanui. EcaAu nociencTsusi usMeHeHud NOTEHIH-
a/bHO BENMKH, TO HeMb3si OXHAAThb OT PYKOBOJUTENs, HeCYLLero BCIO
MOJIHOTY OTBETCTBEHHOCTH 3a 3TH IMOCAEACTBHS, YTO OH MOXKET CBSI3ATh J
GyZzyuiee cBoero jefla coO cJlienolf Bepofl B rpynny paspaGoTYUKOB Mpo- |
ekTa. OH JOMKeH MOJNHOCTBIO NMPEACTAaBUTb ceGe Bce CTOPOHH NMPOJE-:
JlaHHOH paGoThl, BK/MOYAst U JOMYIIEHHS], Ha KOTOPHIX OCHOBAHHI NOJMY-
YeHHble DPe3y/bTaTh, H YPOBeHb [IOCTOBEDHOCTH HCXOAHDLIX AaHHBIX. §
K cuactbio, yeM TmaTenbHee chopMyJHpoBaHa npobiema, YeM MPOLY- |
MaHHee MJIaHHPOBaHMe W MPOBeJeHHe HCCJAeJOBaHHs, TeM Jerde 06bsic- |
HUTb H BHEJPHTb NMOJYYEHHBIe Pe3yAbTATHI. ’

7.4. ®axTopH, CNOCOGCTBYIOIKE yCnexXy

Hauunas npumepno c 1960 r. rpynna corpynnukos Cesepo-3amaji- 4
HOTrO YHHBEpCHTETa MpOBela MOJ PYKOBOACTBOM PyGeHliTeiiHa pAM R
rayGOKUX HCCNef0BaHUA AesiTebHOCTH TPYNN MO0 COBEpPLICHCTBOBAHHKD
METO/0B YNPaBJeHHUs M HCC/EJOBAHHIO ONePaluii B TPOMBINLIEHHHX §
Kopriopauusix. Ha oCHOBaHHH 1OJy4eHHBIX AaHHBIX GHUIH OmpejeseHB |
10 caenyomux $akTopos, BAHSIIOLMX Ha yCTlex AeATeNbHOCTH TAKHX
rpynn CA/UCO [13]: ;

1) ypoBenb pyKOBOACTBa, NMOAAePKUBAIOWETO UX PaBOTY, BKAOYAA
eTenelb NOHHMAHHs PYKOBOJACTBOM HeOGXONMMOCTH NpPOBefeHHs TaKHX
HCCJeJOBaHHUI;

2) opraHH3auHOHHBI{ yPOBeHb NPOBeJeHHs UCCAENOBAHHI HIH yPO-
BEeHb, Ha KOTOPOM pPacCMATPUBAIOTCSI MOMYYeHHble De3VJbTaThl:

7.5. IlpoTHBOPEYHBOCTh KPHTEPHEB MOJEH

Mogeau BooOLE M MMUTaLHOHHBIE MOJEAH B YaCTHOCTH HCMOJbL-
3yloTcst B ABYX DAsMHuHBIX Oelsx. Jlas uccienoBaTellefl, MPpHMEHSIO-
WHX TAKOH HAayUHBI NOAXOA, MOJENHPOBAHHE FBJAETCH OAHHM U3
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BaXKHEAIUNX STANOB B LeNoyke GOPMYJIHUPOBAHHS TUNOTE3, TOCTPOEHH~
AX MOJeJH, NpelcKasaHus OyAyHIero NOBENEHHs CHCTeMbl H OLEHKH
pesyapraros. Ilo BrcKassBanuo Sumoda u Xeiica [2], ncciaenosa-
/TE/IH OOGLIYHO CYAST O MOJEJH MO ee KayecTBy. XOpOMel MOXebiol
CUHTACTCS HETPUBLANLHAR, MOUHAR U USAULHAA MOJeNb. HerpusHain-
Hasg MOJEJb, NO3BOJAIOWAsT MPOHHKHYTh B CYNIHOCTh NOBEAEHHS CH-
-CTEMBI, BCKPHIBA€T J€TAJIH, He BHUAMMHE IIPH HENOCPeNCTBEHHOM Ha-
-GJII0ICHHH; MOILIHAs NI03BOJACT MOJNYYHTh MHOTO TAKHX HETPHBHA/IbIHY
JAerajiell; U3sllHAass MMeeT NOCTAaTOYHO HPOCTYIO CTPYKTYpPy H JIETKO
npocyHThHBaercss Ha IBM. C KauecTBOM co3JaBaeMbiX MOJeJdell 06b-
‘HO TECHO CBFI3AHHE HayyHas PellyTallisl M OTBETCTBEHHOCTh Pa3paboT-
“UHKOB H 110 HEKOTOPOH CTENEeHH MX LIAHCH Ha MPOJBHIKEHHE. i

B To xe BpeMs PYKOBOJHTENH HCIOJB3YIOT MONEAH I/I5 BBISBJE-
HEA LEHHOCTH a/bTeDHATHBHMIX pelleHufi. Mx Godbwe uutepecyer
IparMaTHYECKHH ACNEKT, H OHH OLUEHHBAIOT MOJAEIH 1O CTENEeHH IpH-
MeHHMOCTH. C HX TOYKH 3DPEHHs, XOpOLlas MOIENb— MOJeJb peae-
-BAHTHAA, TOYHAA, Pe3yrbTATUBHAA, 3KOHOMUYHAL. Monenb cuHTaeTcs )
;peIeBAHTHOH, eC/IH OHa Hale/eHa Ha PelleHHe BAXKHMX LIS PYKOBO/IH-
“TeJIst IPOGJIEM; TOYHOM, eclH ee Pe3yJabTaThi 06Jafal0T BHICOKOH CTe-
TICHLIO OCTOBEPHOCTH; Pe3y.IbTATHBHOM, ec/IH NOMyyaeMble Pe3y/IbTaTH ]
MOIYT HAaiTH yCIeUIHOe NPHMEHEHHe, H SKOHOMHUHOM, ey sapdexr or
‘BHEJIpEHHsT PE3y/IbTATOB NPEBHINAET PAacXOAn HA ee CO3jaHHe H He- |
nosib3oBanue [2].

DTHMH Ke aBTODAMH OTMeYasoch, 4TO B OCHOBE PasHOrJAacH# Mex-
Ay paspaCOTUHKaMH MOJeNeil U PYKOBOJHTEASMH JeKar pasanuHBe
KDHTEDHH OLEHKH Moxeseil. Llesbio PYKOBOAHTEINA ABASETCS pelleHUe
“OPTaHU3ALHOHHLIX NPOGJeM, TOrla KaK Pa3pabOTYHK IMABHEIM 0Gpa-
-30M 33aHHTEPECOBAH B KayecTse CO3/aBaeMONi HM MojeaH. Paspa6or- §
“IHK HE HECeT OTBETCTBEHHOCTH 3a TO, YTO KaKOH-THG0 0cO60 BamKHON
npoGiieMe BOBPeMsi He GHIO yAENEHO AOJKHOTO BHHMAHHUS, PykoBo-
JHTENb e MOMKET (aKTHYECKH MOIJIATHTLCS 33 3TO CBOEH KapbepoH, §
Ero, onnako, HHKTO He MOXBAJHT 3a NOMCK HAHGO/ee H3SILIHOTO pelle- §
HUs JUI BTOPOCTENEHHOH 3ajaud. DTO NMPHBOAHT K CyIIeCTBOBAHHIO
JJBYX 00J1aCTedl NOTEHUHANbHHIX KOH(JIMKTOB: 1) obnactu BGopa §
qpo6aeM u2) obnactnounppoma 20%, CYTb KOTODHIX NIOSICHSIETCS HUKE, |

Te, KTO CO31AOT MOLeJH, CTAapPAOTCA BHOHPATh 3ajaud, KOTOpHE §
fIDHHECYT MM HaHOOJblUee NPO(ECCHOHANLHOE NPH3HAHHE M MAKCH- |
MaJbHO paCIIMPAT BO3MOXKHOCTH NPHMEHEHHS HX NPOheccHOHAAbHHX 4
#1aBHKOB. OZHAKO, C TOUKH 3PEHHS PYKOBOLHTeNs, MOTYT OLITh 3ajae
4H, TOpasno 60Jjiee HEOTAOKHbIE H Ba)KHHE. TaKHM 06pasoM, Hccaenor 3
BaTe/lb CTPEMHUTCA Y4acTBOBAThb B TexX NPOEKTaX, Ile OH BHAHT BO3- }
MOXHOCTb NIOCTPOHTL KPAacHBYIO MOAeNb H MNPOSBHTL CBOH CIOCOGHOe
<TH. KpuTepueMm BHIGOpA CTAHOBHTCS HE BaXKHOCTD 3ajaud, a mpogec- i
CHOHA/ILHO® TINECAABHe HCCAe/0BaTels, GOJblue 3aHHTEPeCcOBAHHOTO
B METOIO/IOTHIECKOM H TEXHHYECKOM COBEPIIEHCTBOBAHHH HCIOJb3yes
MEIX MM METOJOB, YeM B PelleHHH HACYIHHX NPAaKTHYECKHX 3a/ad.

Bropast TpyJAHOCTh BHTeKAeT H3 TaK HasHBaeMOro cunapoma 20%.

Jlo6oii, KTO NpHHHMAA yuacTHe B paszpaboTke npoektos MCO, suaer,
yTO HauboablIMi BhIXOj nawT nepshie 809 paborh. B sTOoT nepu?p.
0T/1a4a Ha BJIOMKEHHbIE CPeJCTBA MOXKET JOCTHYb COOTHOIUCHHS 10:1

wian jaxe Gospire. B 10 e Bpems ocrasuuecs 20% ycHami MOTyT
BoObIIe He NPHHECTH HHKaKOH oTaauH. BOJLIIMHCTBO DPYKOBOAHTEJeR
HHTEpeCyeT MoJyueHHe NMPUOHUIM WJIH pellleHHe BaXKHeAWIMX 3alady, a
He TIONCKH HaHOo/ee H3AUHOTO METOAA PelleHHs; NOSTOMy OHH qaCTOo
AyMaloT, 4TO BTOpas YacTb HccJeJOBaHHH, B Ipejesax OT 80 1o 100%

BX HOJHOro 06beMa, cheZaeT pPecypchl BIYCTYId H UTO COOTBETCTBYIO-
mue cpeacTsa Jyylle NyCTHTh HA NpoBeleHHe apyrux pator. Mccie-
10BaTeNb e MOMKET HAacTauBaTh Ha 3aBePIIEHHH 3THX OCTABLIHXCA
20% paboTh, TaK Kak WHAue Oyxer HaHeceH ylIep6 ero caMoJioOHI-
H NPOGECcCHOHAILHEIM HHTEpecaM.

Muorue pyKOBOAHMTeH YKA3HBAIOT, YTO B STOM 3aKJI10YaeTcs OAHA
13 HaHGoJiee OCTPHX KOH(JIHKTHBIX CHTYallWH, BO3HHKAKOMUX MEXIY
HUMH M uWieHaMH TIPyNmsl uccienoBatened. Bo MHOrHx ciyuasix ee
IHTAaMHCh PA3PellHTh IyTeM CO3JaHHS CHNElHaJbHOIO COBETAa KOHCYJ/b-
TAHTOB, DELIAIOINEr0, Haj KaKUMH NpoGiaeMaMu HANO Hayarh pabo-
TaTh, KOrja 3Ty paboTy cjeayeT NPeKPaTHUTh U KOrza mepeHTH Ha pe-
IIeHHe HOBHIX 3a]a4. B 5TOT coBeT OOHYHO BKJIOYAIOT BHICUIHX aAMH-
HHCTPATOPOB, NPEACTaBJSIONHX DPAa3JiHUHBE HOJpa3ie/eHHs] OPTaHH-
3allU¥ M CIOCOGHBIX BHpaboTarh OOLIMi B3IJIAJ Ha TO, YTO SIBJISETCS
HauGoJee BaXKHBIM IJI51 OPFaHH3aLHH B L(EJIOM.

7.6. KoHTakTs!

Ha nytu X Ipu3HaHHIO yclexa HcciefoBaTesled OJHOH M3 CaMHX
Cepbe3HHX TPYAHOCTEH OKa3hHBAaeTCsi HX HeCNOCOGHOCTb (WAH OTCYT-
CTBHE JKEJIaHHs) yCTaHABAMBATH 5b(eKTHBHHE KOHTAKTH C KeM-1H00,.
IIOMHMO CBOMX HEIIOCPeACTBEHHHIX KoJuJier. JliofH, MOoAy4YHBIIHE IOATO-
TOBKY B 06/1aCTH TOYHHIX HayK, MaTeMaTHKH, CTATHCTHKH, OKa3HBAOT-
sl 9acTO COBEPUIEHHO GEcIOMOUIHHIMH, KOTA@ AeJ0 LOXORHT JO TOTO;
YTOGH 3aMHTEPECOBATb JAPYTHX CBOHMH HIESIMH, pe3y/bTaTaMH CBOed
PaGOTH HJH CBOETO ONMBITAa JHOO PAa3bACHHTL BCE STO HENOCBSIUIEHHBIM.
YacTol MPHYUHOH HENOHMMAHHS, BOHHKAIOWIETO MEXIy HCCIeNo-
BaresieM onepanuil, ¢ OfHOH CTOPOHH, H HENOCBSUIEHHEIMH H aJIMHHH-
cTpaTopaMH —c JAPyro#, sBisieTcs s3bIK HccaenoBaTeds. HasmBas
TpOLeRyPH, BEPOSTHOCTHHE CHCTEMH HJH HHTYHIHIO aJrOPHTMaMHu,
" CTOXAaCTHYECKHMH CHCT€MaMM H 3BPHCTHYECKHM IOAXOAOM, HCCaelNO-
BaTeJp CKOpee He NPOCBellaeT, a BHOCHT nyranuly. McmosansoBanue-
HENPHBHIYHOH TEDPMHHOJIOTHH HE}KeJaTeNbHO, NajKe eclH OHA H IOHST-
Ha, TIpUyHH NOSIBJIEHHST TAKOTO CJOBApA JJISi HENOCBSAIIEHHBIX, MOXO-
JKEro Ha MHOCTPaHHHH s3bK, ase. [lepBas — B MeXAHCUHIUIHHADHOM
XapakTepe HCcAeJOBaHUH; MeTOlbl H HieH 6ePYT CBOE Hayalo BO MHO-
THX aKaJeMHUYecKHX OTpacisix HayKH —B MaTeMaTHKe, S5KOHOMHKe,.
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TeXHHKe, QH3UKe U T. 1. [TosTOMY He yAuMBHTENBHO, UTO CJI0Baph HCCJle-§
JoBarTeJst COLEePKHUT NOHATHUS H3 MHOTHX o6JacTeil.
Bropas NPHUHHA NOSBJACHHs NOAOGHOrO CJIOBAaPs HMEET CerofH:
Meﬂgme ONPaBIAHHH; OHA KPOETCsl B HEKOTOPHIX STOHCTHUECKHX o4
TPeOHOCTAX HccaenoBaresefl. MareMaTHK, SKOHOMHCT M T. X., KOTOPH ‘
' iy o ;
CTaJH MHTEPECOBATbCS MPHUK/NAJHHIMH 3a1auaMH, BCKOpe OGHApyxaT;
UTO HX HEOXOTHO NPHHHMAIT KOJJIEry N0 HayKe. Pa6oTas Hax MOHCKa
)1:1(1: TPAKTHYECKHX DeUIeHHH AJst NPAKTHYECKHX 3a1ay, OH CTAHOBUTCRY
o PTBOH aKageMHYyecKOro HJIH NPO(ecCHOHANBHOTO CHOGH3Ma. Oxug)
.ca HEMHCAHLIX NPaBHJ ONpeAeIeHHON YaCcTH HAYYHONR OGIIECTBEHHO1)
»Jlgxmacm, UTO €C/IM BhH 33aHHMaeTech NPHUKAAJHEIMH, BHIOLHLIMH K
e O MOHHMAEMBIMH 32/1a4aMH, TO OHH He MOTYT GHITb OJHOBPEMEHHO,
.1ch CTaTOYHO my(‘)oxnmf. Ouenb yacTo, HanpuUMep, MPOCTO HANHCAHHEE
¢ am;( 0 NPHUKIAJHOH TeMaTHKe He NPHHHMAIOT B HayYHHIX )Kypﬂa{
,nax. OTsl, YTOGH BBIXHTb, 3Ta JEATENLHOCTh NOMKHA coxpaﬂsn‘y
npzxggqecxyxo HanpaBIeHHOCT: H OPHEHTHPOBAThCH Ha NOMyUeHHEd
Hqul{og %%]xlllxeegme €CTh U Apyras aJbTePHATHBA NOGHTbCS NPH3HAHHS
. BEHHOCTH: ClielaTh CBOH PaGOTH H g
7 CNOHATHEIMH IS
HeNoCBSIEHHHX. M BOT ye ropops
. T «3BPHCTHKA», a He «HHTYH 3
b , LHS»,
Ha;nz?{%uzm», A He «mpoueaypas. XOTs LeJbI0 fBJASETCS noqueHne'i
HH};{ , Hroéole;:{rsﬂaﬂuq;]x(,b OHO Mo>I§eT CONPOBOMKIATLC H HEKeAaTeNbs
MH sdpdexramu. I'MaBurM u3 HUX 5B (]
) JISIIOTCS TPYLHOC
OCIICHHS] C PYKOBOAUTENSIMH 5 N
H 3aKa3YHKaMH; KpOMe TOroO, TakK
HM Ty=
TeMMchgggzzfg;;;;Tﬁgepu IJisl Pa3HHIX INAPJAaTaHOB H n[;oxo.unMue};g
YKa3HBaJiH Ha TO, 4TO 3amayy CH ]
-CACNIOBAHHS] HENb3st CYUTATH YC ¢ A, ety He BHOADENIE
TIELIHO DPelIeHHOH, eCJAH He BH ¢
enp eI
gicgsls{y.r;;tn}ﬂ, KakUMH Ol O6ellaoluMy OHM m:x 6r1H Ianoig :3
O TICHXOJOTHYeCKHH (aKr: H : ;
: HM ONMH aJAMHHHCT 3
NOfNeT Ha NPEeTBOPEHHe B o wae
XH3Hb NaHHHX eMy PeKoMeH, i
-€CJIH OHH O0€emaloT AaTh 6OJbLIOH St o
OH 3KOHOMHYeCKHH 3¢ ek
JIMIIL Ha OAHY cjenyio Bepy. Em S s
. Y ZOJKHO OHTb NOHATHO i
YeHH 3TH PEKOMEHJAIMH, KaKH R A
e HCIO/B30BaIHCD 3
JA nas sroro meo6: ' ROw  Heenane
XOLHMO O6IieHHe MeXny 3a g
} Ka3uHKOM H HCCJeIo]
TeJsIMH Ha SICHOM, KOHKPETHOM o
H TIOHATHOM 06eH
Oren'o pagams p’e M CTODOHAM s3LIKG!
» Pe3yJIbTaTH KOTOPOH He sicHn JI[IP
Ha noake. Ilostomy xopomnit \orh paGorare &
AHAJMUTHK JOJXKEH yMeTb pab
-ABYMs CJIOBapsIMH: OIHHM — JJI y ettt
: s1 OGIIEHHsT ¢ KoJjier -
AJU[HpaGOTH C NIPaKTHKaMH. Srani 1 BropsM =2
¥
- Beiixﬁéiﬁgigﬂoﬁmeum C NOJb30BaTeNSIMH H 3aKa3UHKAMH CTaF
X HCCJIENOBAaHHUAX ellle OAHY NPo6
-CTBO aJAMMHHCTPATOPOB (Laxe Y Gp ey ooty 3
C TeXHUYECKHM 06pa3o :
HeBRICOKH} YPOBEHb MaTeMaTHy i Hoomaen) et §
€CKOH NOJATOTOBKH. [ 3
JITIP cnoxuHi MaTe % ki e OLACKRR
MaTHYECKHH HJAH CTaTHCTHYeCKUH
: CKHH MeTOA MAM Ma-
AUHHHYI0 NPOTPaMMy, aHAJHTUK b
MOKET CTOJAKHYTbCS C O
MH TPYAHOCTSIMH. B 0c060 mieKoTa e
. HBOM INOJIOXXEHHH OH OKa3hl 1
“ Baercs
B TOM CAyuae, eCilH ero COGeCeJHHK HMeeT TeXHHUECKOe 06Pa3oBaHHe: |

KOTAA-TO H3ydas MaTeMaTHKy, OH yxe MODALKOM Bce 3a6bL1, HO HE
xoueT NPH3HABATbCS B 3TOM JAaxe caMOMy cebe. Obuielt oMmUOKOR
jiccaeioBaTellell sBJsiercs NPHIHCHBaHHE JIITP Gosee BHCOKOTO ypoB-
4t MAaTeMaTHYECKOH NOATOTOBKH, YeM OHH Ha CaMOM Jele HMEIOT.

B paBHO} CTeNeHH CHPaBeNIMBO U TO, YTO MOJB30BATEAb HIH 3a-

Ka3uHK TaK¥XKe MOJb3YeTCs B cBOel AesTeJbHOCTH HEKHM 0COGHIM CJIO0-
BapeM, 4acTo CTOJb XK€ HENOHATHBIM AJIs uccaenosareneil. Takum.
06pa3oM, AJs ycremHod paboThl HajL NMPOEKTOM STHM ABYM rpynnam,
roBOPsILIMM Ha PAasHBIX s3HIKAX, Heo6XOAMMO HaHTH CIOCO6 Nepenayw:
ApYT APYTY MHPOKOTO KPYTd CJIOKHBIX TIOHSATHH.
PyGenmTeiftH H Ap. [13] OTMeuyalH OueHb TECHYIO CBA3L MEMXAy
ycIelHo# paboToi rpymnnb HccsenoBaTesefl M HaJlHUHeM B Hefl sHep-
THUHOTO BHLEdsoUlerocst Juiepa. HacTo ¢ yXOAOM Taxoro JHAepa
BJHsHHE TPYIIE HAYHHAET NajfaThb, H OHAa B UTOTe paclafactcs. Jlerko
cebe MpeICTaBHTh, UTO KMOYeBHM (aKTOpPOM ycrnexa, AOCTHIHYTOTO
JIAZIepOM, ABJSETCH ero CHOCOGHOCTh NPeono/eTh NOHSITHHHBIA 6apb-
ep. B ouenn xopomeii paGore BuHa [4] nokasaHO NOJIONKHTENbLHOE
BAHsHHE, KOTOPOE OKa3HBAIOT NMPOMEXyTOYHbie 3BeHbs HA NpeonoJe-
HEe TaKOTO 6apbepa MeXLy MCCJef0BaTeliMH H 3aKa3uHKaMH. Asrop
OTMEuaeT, YTO HENOCPeNCTBEHHOe OOIIeHHe MeXay HHMM 4acTO IpH-
BOAUT K HEYAOBJIETBODEHHOCTH, HATAHYTHM OTHOLIEHHAM, HEAOCTATOH-
HOH OLeHKe pe3y/inraToB pa6orh. On MOKa3plBaeT, 4TO TAKMM IpO-
MEKYTOUHHM 3BEHOM Jyulle BCEro OhiTh CNENHAIHCTY B Hecsle1yeMon
o6aacru. [Tono6Hbe pabGOTH MOATBEPKAAIOT MHCIbL O TOM, YTO YCIEX
paBoTHl IPYITIbl AHAJUTHKOB BO MHOIOM 3aBHCHT OT bopMbl KX obIIe-
HHUS C TOJIL30BATENEM.

7.7. Kouraomepat cneuHaabHOCTER

B crenuajabHON JHTEpAType 4acTo 06Cy»KAaeTcst BONPOC O Leseco-
06pa3HOCTH NPHBJEUEHHS B rpyniy HUCO crnenxasucToB pasHHX Mpo-
¢usefi. Ha nmpakrhke, OLHAKO, Tunuuuni ornes MCO BecbMa Mal H B
CpeiHeM HACUMTHIBAT IISITh AHAIMTHKOB M OXHOTO-ABYX TEXHHYECKHX
COTPYNHUKOB H CeKpeTapei [20]. ITosToMy HeT 0cOGOrO CMEICIA IOBO-
PHTb O MEXIMCUUIJIHHADHOM XapakKTepe IPYMNIb H IEPEdHCATh 100
uid 12 cnegnanpHOCTel.

Kak nOKasHBaeT CJOXKHUBIIAsCA NPAKTHKA, M3 IATH Y/EHOB 06bIu-
Horo oraela CA/UCO aBoe sBJSIOTCS MaTeMaTHKaMH, CTaTHCTHKaMu
UK GH3HKAMH, IBOE-— HHXKeHepaMH (B OCHOBHOM HHIXeHepaMH-Mexa-
HUKAMH, 5AeKTPHKaMH WIH CIEHAJTHCTaMH B KaKOH-1HOO HHOM oTpac-
JIi TPOMHIIVIEHHOCTH) M NOC/TelHH#, NATHA YJieH IPyNIbl — crenna-
JHcTOM B 06JacTH LEeA0BOr0 aJMHHHCTPHPOBAHHSI HJIH 3KOHOMHKH.
O61yHO XoTS G y OLHOIO ecTh CTeNeHb NOKTOpa Hayk H ellle y IBO-
ux — Marucrpekue namiomu?. IMo kxpaiineli Mepe HECKOJBKO 4JIEHOB

1) D10 npuGAHIHTeJbHO OTBeuaeT Hallel CTENeHH KaHARAATad HAyK H YHHBEPCH—
TETCKOMY AHIIOMY COOTBETCTBEHHO. — ﬂpu,u. pe&.
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CPYNNs (MM Da¥Ke BCE OHH) 3HAKOMHI ¢ 7 .
aboroil Ha
MHPOBaHHEM. P OBM w nporpai:
u 0l“osops( O JKEJATEeJLHOCTH MMeTb B Ipymne CHELHaIHCTOB PAa3HOTo
poduns, Ml He MMeeM B BHAY MEXAUCUUIVIMHADHEI NOAXON B €ro|
TPAJHLHOHHOM CMEICHe. 3j7ech CKOpee II0Apa3yMeBaeTcs pasjnuye:
YDOBHEHU ONEITA U NOATOTOBKH B TaKOH CMEIIAHHOH IpyNIe aHAMHTH-
4[{(1)831 ONMEpaLHOHHCTOB U CNEUHAIHCTOB B AAHHOH o6macT. ¥ Ilaiikona
TIPUBOAUTCS ONHCAHHE HAEAaABHOH T :
TIIT
ha PYIIIBL, B cOCTaB KOTOPO#
“ 1. Odun uau necxoavko cneyuarucros no CA[HCO. 310 nonxHB
ITh mozglAuMemmue AOCTATOYHBIE 3HAHHUS M ONBIT JJs NPHMEHEHHS
MEeTO/I0B /MUCO k PEIICHHIO KOHKDETHHX 33134 N0 NPHHATHIO VII- |
ffsneﬂqecxux pewenuii. Tlo noayyeHHOMY 06pasoBaHuI0 CENUANBHO-
< H STHX JIIOACH MOTYT ObiTh Pa3/IHYHEIMH; HalPHMEp, OHH MOTYT GBITh
Hx:{iunanncramu B Da3/HYHHIX 06/acTax (UIUKM, a HenaBHUe BHIITYCK-
1in gAynnnggpcheros MOTYT OHTH CIENHAJIHCTaMH HENOCPEACTBEHHO
anqecrgennu}wn moeéom CAy4ae BCE OHH JOJIKHLI XOPOUIO BJAANeTh KO-
MEeTOJaMH H yMeTb a6CTparupo
BaTh INpoGaem
:TO;J)Ic;nTb MOJieJib, YYHTHIBATB, TAE 3TO HYIKHO, H&OHpE;{EJ‘IEIFHOCTPl%}
30BaThCsT HAHOO/IEE MOAXONSUIMMH B KaXaoM KOHKPeTHOM CJy4a
METOJaMH aHaJjHu3a. yaae
o @I:agggnc I:te/u; :;CKO/LbICO CNEeYUarUCTO8 NO BbIMUCAUTEABHOU TeXHU-
. LHAJMUCT, 10 MOEMY MHEHHIO, — 3TO He II
POCTO Iporpam-
?\Mag;:nsnBMH.oO: CaM JOJKeH OBTb aHAJHTHKOM, A0JKeH yMerhb ETngTb
s rO OCHOBHBIE YCHJMS NOJKHB 6 i
HTb HAaNpaBJeHb Ha |
ucnojabr3oBanve IBM niis 06paborku y
NaHHBIX U NOJYYeHHE pe3ybTa~
TOBBHa octioBe MpINCHA UAnor Rl METOJlOBy pesyabra KOTOPBIMH DaclOJ1araioT pasiHuHble NOAPasfeeHHs Opranusa-
HEKOTOPBIX ' i ;
o 3ame§ CAY4asX CHENHAJIHCT IO BLIYHCAHTENBLHOH TeXHHKE s
UTb OIHOTO 3 cmenuanuctoB 1o CA/MCO aubo o6e SR ~ KORTPO: HAZ pACTPEREIERHEN PECYPCOD:
%TH CNENHAALHOCTH MOXKET MPENCTABJATL OJHO AHLO. OHH JOCTATOYHO |
JIUSKH, XOT5 epBas HMeeT CoJbliee OTHOWeHHe K IBM, a Bropag— 1
K NIOCTAHOBKE 3a]1a4 H MOJENHPOBAHHIO. ' pai— |
-Texzimggicigﬁ u;t:a efzeTcot;%bvrc)o apyOuposannbix auy (re obfsaressuo ¢
), XOPOIIO 3HAIOIIMX OPTraHy. 1
el u ocobeHHO ee mpoGaemu. T ’ e o
- Takue 71014, BO3MOXKHO, Jydlie
JAPYrux
gog;malo-r OMEePANHOHHYIO CYUIHOCTh 3ajad, B peLLKEHm’/] KOTOpH}?)’I‘pe-
Hy s NIOMOIE aHANUTHKOB, ¥ MO OBl IIOMOYL B HX IOCTAHOBKE
JIET%ZIHp;;iIg;H M (POPMYJIHPOBAHHH ANTOPHTMA HX pemtenusi. Onu MOﬂ‘-’
, , IEPEBECTH 3TOT AJrOPHTM H IO .
e VIYyUEHHbIE Pe3yabTaTH
Ha f3BIK, TIOHATHBIH COTPYAHHKA o
M OPraHH3alKH; OHH, NO-BHIH j
MOM
ﬁaor.rm Ont OTKDHITb AHAJIHTHKAM T XBEDH, Ko-rop’ue oéuqno 3aKpuT{;
m{T:gﬁ.e Hc:ea;g;[n:gﬁtﬂym UM HH)OPMALMIO [0 TeMe HCC/enOBaHHS
HOPHHECYT rpyllle aHAJAUTHK ,
OB HEOLEHHMYIO
xMOmh. OHH nyyme aHAJIHTUKOB MOTYT IOHSATb LEAH H 33134y opl}"a-
S4UHH, 3HAIOT, TA€ B3ATh HEOOXONHMbIE NaHHBIE, CIOCOGHE! I1OMOYD

B YCTAaHOBJIEHHH KOHTAKTOB C COTPYAHHKAaMH M, CKOpee BCero, cro-
coBHBl HAHAYYIIHM 06Pa3OM «NPOAATH> NOJNYYEHHEIE Pe3YJIbTATHL

4, OOur UL HECKOABKO COTPYOHUKO8 OpeaHusayuu, hpedcrasaao-
wux 0T0es, KOTOpbLI 3aUHTEPecoBar 8 peulexiu npobaemst. Takam
ndUaM Jydme, gem KOMy-AHOO ADYroMy, H3BECTHE QyHKUMH OTHEaa
ji mpOGJeMbl, CTOSIHE Nepey aHaJHTAKAMH. Pa6orast B TeCHOM KOH-
TaKTe ¢ APYrHMH WIEHAMHU FPYNIb, TaKHe JIHIA MOTJM Obl BHECTH HaH-
GonbIIM BKJAAj B yCIeElIHylo pa3pabOTKy MpOeKTa NPOCTO B CHAY
CBOEro ONbiTa PaboTH B TOH Y3KOH 06JacTH, KOTOpas paccMarpuBaer-
csl B IOCTaBJAEHHOH npobaeMe.

Puc. 1.3 u 1.7 naloT sicHOe NpencTaBJeHHe O TOM, YTO Js paspa-
6oTKH HMHTALHOHHBIX MOJeJell HYXHb 3HAHHS B DasHbHIX 061aCTAX.
OauH ue/OBeK He MoXer 001afaTh BCEMH HEOOXOAUMBIMH 3HAHHAMH
AT CO3MAHHMs U NPHMEHeHHs MojeJed. CrnenuaJjucr mo npoéjaeMam
yNpaBJeHHst WIH BHYHCHHTEABHOR TEXHHKE B COCTOSHHH CO31aTb-
BHYTDEHHE HeNPOTHBODEUHBYI MOJEJ]b; OHA, OJHAKO, MONKET H He
oTpaKaTh peajbHOTO MHDA, TaK KakK y ee pa3pabOTYHKA, CKOpEE BCEro,
e 6ymer UHGOPMALKH O LENSAX W NMPEANOYTEHHSX OPraHH3alHH. ITpo-
BejeHHe CHCTEMHOTO HCCJIeI0BAHHS He TOJNBLKO TPeOyer yyacTus cre-
[(MaJUCTOB Pa3HhIX NPOQuAeH, HO JONKHO H OOBEIHHATH HX YCHANS
B eQMHOe 1eJoe, OHTh Pe3yJabraToM PaGOTH KX KOJIEKTHBHOrO pasy-
Ma. CxemMa NpOBENEHHs TAKOTO MCCAENOBAHHs NOJIKHA VI 3TOTO-
[IpeIycMaTpUBaTh:

— o6befMHEHHe YCHJIMH CMEeNHAJNHCTOB PasHHX NpodHied;
— mnepeBoJ| Ha OGIIENOHSATHHI sI3BIK CHEUHAAH3HPOBAHHBIX 3HaHUH,

7.8. PazaHuHble CXeMbl OPraHM3alyH HCCAE0BATENbCKOH Tpymmbl

Omnpenensis HeOGXOAUMEIE NDPHHIHNHAJbHEE (OPMEI NPOBEIEHHST
JicceOBalus, HYMXKHO DPAacCMOTPETh CJeayiolnHe OcOGEHHOCTH, Xapak-
TepHHE AJS Beex PabOT MO MMHTALUOHHOMY MOJENHPOBAHHIO, HA KO-
Tophie ykasuBaau Ouacen n Caccep [12]:

1. JJoaxKHa GbITh pellieHa KOHKpeTHAs 3ajaua.

2. 3ajaHue NOJKHO OBITh BHIOJHEHO K TBEPAO YCTAHOBJEHHOMY
HJIH JKeJdaTeJbHOMY CPOKY.

3. Hanpassnenue ncclefOBaHHsI M €ro KOHEYHBIE De3YJbTATH Xa-
PAKTEPU3YIOTCS BHICOKOH CTENEHbIO HEONpeeIeHHOCTH.

4, Ha pecypchl HaJIOMEHH XKeCTKHe OrpaHHUeHHS.

5. HceaenoBaHHe OXBaTHIBaeT MHOMKECTBO pasHOPOAHHIX BHAOB
JleaTeLHOCTH, WK 3a]aHuH.

6. Tpuposa 9THX 3ajaHHi TpeGyeT NMPHUBJIEUEHHs Pa3JHYHBIX crie-
HUaNHCTOB, MPEACTABJSIONIEX PA3JHUHbe YUaCTKH OPraHH3alHOHHOro
YrnpaBaeHUs.
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7. TpeGyeTcs BHCOKHH YpoBeHb KOOPIHHAUUH pabor.

8. Heob6xonuM BHICOKHH ypOBeHb 3aHHTEPeCOBAHHOCTH YYacTHHKOB

9. Ha HekoTopom srane mpoBeiieHHs: Hec/lenoBaHHs H TIOCTPOEHHUS
MOIGJIH NOJNYYeHHbIe pe3ysbTaThl U (UJIH) caMa MOXeJb Iepejalorcs
Ipynne CIenHalHCTOB OPraHM3alHH-3aKA3YHKa, a HCCJAEN0BATe/bCKA
Tpynna pacnyckaercsi JH60 NepexoiuT K HOBOH paboTe.

OTH XapaKTEDHCTHKH ABAIOTCS OOUMMH A/s GOJbIIeli WacTH Ha
YYHO-HCC/IElOBATEILCKHX H KOHCTPYKTOPCKHUX pPaboT He3aBHCHMO
HX HANpaBIeHHOCTH, W 3TO NO3BOJET CYHTATh, YTO MHOTHE Daspa
GOTaHHble /I HHX KOHUENLHH M MeTOIL B PaBHOH CTelleHH pHMeHH
Mbl M K MMHTaLHOHHOMY MOZE/IHpPOBaHHIO.

Lnqa opranusauuu rpynmsl AHAJIMTHKOB-Pa3paboOTYHKOB H obecie
ueHus: 9QYeKTHBHOrO B3aUMOMAEHCTBHS MeX1y YI€HaAMH TaKOH TpyIn
CYUIECTBYIOT 110 KpaiiHe#l Mepe TpH noxxoxa [16]: 3

1. CosnaHHe aBTOHOMHO!I caMOCTOSITEIbHOMN rpymne CA/HCO, co
CTOSIEH HCKJIOYHTENLHO M3 CIlenuajiucToB mo CA
“TeJIbHOH TeXHHKe H CTATHCTHKe.

2. CosnaHHe TNOJyaBTOHOMHON CaMOCTOATENBHON T
“TAOLIeH NOA KOHTPOJIEM M NPH YYACTHH PYKOBONCTBA OPraHH3AIHH
-DTa rpynna BKIOYAET TeX e CIENHaNHCTOB, YTO H B MIEPBOM CJIyYae,]
“OAHAKO TECHEE CBSI3aHA C PYKOBOJHUTE/ISIMH BBICUIETO H CPEIHEro 3Bes
-Ha YNpaBJeHus], UCTIOJIb3YeT HX COBETH H NOMOILb. :

3. CosjaHHe HHTErpHPOBAHHOI TPYNIH, BKJIKOYAIOUIEH aHAaAHTHH
KOB-Pa3pabOTYHKOB, CINEUHANHCTOB OPraHH3ANHH-32KA3YHKA H npeg-
-CTaBHTe/Iell AAMHHHCTPALHH 3TOM OPraHH3aIHH.

Takue tunm pabouux rpynn yxe nokasanu csowo 3¢ erTHBHOCTDY
H OYAyT NPHMEHSTbCT H B GyaymeM. Y Kama0# H3 HHX ecThb CBOH
TIpEHMYINECTBA H CBOH HEJOCTATKH, OLEHHTb KOTOPHE MOMKHO JIHIIb B
‘KOHTEKCTE KOHKDETHOTO HCC/IENOBATENLCKOTO NPOEKTa. Bce OHHM moj-:
PasyMeBaioT KOJJIEKTHBHBEIH NONXOA K PewleHHi0 Npobiem opraHus “
UHH ¥ pa3MYai0TCs JHIIL IO CTENeHH YYacTHs B HHUX CIEHHAMHCTO
¥ DYKOBOACTBA OPraHH3auuH. [IpeHMyIIeCTBa M HEZOCTATKH Kaxio
H3 HUX OuaH onHcaun llaiikonom [16] caenyiomum o6pasoM:

«B mepsoit rpymme, cocTosimed TOMbKO H3 AHAJIMTHKOB-pa3p a6oT
"HKOB, NPEHMYIIECTBA 3AKMIOYANTCS B CBOGOAHOM BIAJEHHH METONZ
“MH HCCII€JOBAHHSA, CBOOOAHOM NOHHMAHHH YJIEHAMH TPk IPYT Ipy-3
Ta, MHHHMAJIbHOH HeoGXOZMMOCTH B bOpPMANBLHEX O6CYKIEHHSX B
00bSICHEHUSAX NMOSHIHH OTHHX UJICHOB rpynmne apyruMm. Takas rpynog
-AHAJIUTHKOB MOXKET GHCTPO NIOCTABHTL MPOGJIEMY TAK, KAaK OHA MIHO)
BEHHO ee CXBATHBAeT, H Aath ddekTuBHOe pemrenne. HemocTaTKON
JKE €€ SABJSIETCS TO, UTO NPH OTIHYHOM BHYTPEHHEM B3aHMONOHMMAHHH)
‘TaKas rpynna MoXer npocMOTPeTh KaKHe-THGO acleKTs 3a4auH, paX-
Hb€ ¢ TOYKH 3pEHHS OPPaHM3alHH-3aKA3YHKA, HO HE OUEBH/LHHIE CO
CTOPOHHL. E

Ilpu BTOPOM Meropme opramusanuu HCCJIeI0BaTe/bCKAs . FPyNna,
HMEs BLIXOL Ha DYKOBOAHUTeNeH cpeaHero yposHs, o6nagaer mpenMy-

JUCO, BHYHCIHS
¥

PynInbl, pabos

4

O peanu3ayUORKDLE ACREKTbL UMUTAYUORRO20 MOOeALpOSAHUR 285

wecTBOM 60JIEe TecHOH CBA3H C 3aKA3YHKOM. 3aKA3UHKOM HB;;;;:SMC,;
ToT, AJIsl KOrO pellaercs NpobJema, H, CJe10BaTelBHO, on: l?m KoMa
eMy Jyulle, yeM KoMy OH To Hu Gbito. [Ipu TaKoit OpraHus Eeoéxgiu-
qpl, KaK NpaBuJo, He BO3HHKaer npobJem, CBﬁ33HHbe6 Ce iy
MOCTBIO IIHDOKOTO BHYTPeHHero HH(OpMaLHOHHOro 00M Hﬂeoéxozm-
yneHaMu rpynnel. HenocraTknm MeToja MPOHCTEKAIOT H3 Gxomi-
MOCTH TOCTOSIHHO JAepikarh 00JblIOe YHCJIO JAI0JeH B Kypceén a3 10
BceM acrektaM paspaborkd. ITockoabKy aaMHHHCTPATOpEI OOBIY o e
saajeoT MerogoJdordeii u ammaparom CA/HMCO, 03I{aKOM.}IeHHZ i C
[pPOBEJEHHHM aHAIH30M H NPHIHHAMH BHOODA TeX HIH HHEIX MaTnn B
4acTo TPeGYIOT NPOCTPaHHHX obbsacHeHuH. OOIIHe 3aTpaTH ;e qpeM
peleHHe MCCHIe/OBAHHs TIOITOMY MoryTeﬁgg; HEeCKOJILKO BHILE,
raHH3aU{y TPYINHE 110 NIepBOMY METOAY.
HPHT(]))%Tnﬁ Me[;'o;[ gg’raﬂnsaunu paGoueil rpynnu OCHOBAH Ha comzﬁ:
HHYeCTBE MEXIy aHaJHTHKAMK M DabOTHHKAMHU ynpeumel—x!{eexorou_IEM
napara. OH NoJpasyMeBaeT yacTble BCTPEYH HA CPelHeM H Bl}lx;em-
ypoBHe pykoBOAcTBa. Takyio pabouyio rpynny Mbl Ha3oBeM KO Leri
anbHol. IIpeuMyluiecTBa ee SICHEl — 5T0 KOHTaKTH Ha BCexX pra X
OpraHH3alMOHHOR HepapXHH M IPsMOl JOCTYN KO BCei %quop_ su "
B paMKax 3ajlauyl HCCJeNOBAHHS H K JIONsM, HauGojee GJHM3KO 3H
KOMBIM ¢ Helf. MeTojn NpOBefeHHs HCCJeNOBAaHHs M NojyyaeMbe pe-
3yJAbTaTH IWHPOKO PAcHpOCTPaHSAIOTCS CPedH COTPYAHHKOB OprOaBHaHHSHaK
unM, B pesyJbraTe R0cTHraercs s3(peKTHBHOE yYacTHe B mme%mams
ylpaBjleH4ecKOro nepcoHasa. IIpH3HaHHe H BHEIDEHHE pe3y ros
yame BCero MPOXOLHT Jerko H GesbosesnenHo. HepocTaTku 3Toro | -
Toza —B 6oJiee CJOXKHOM XapaKTepe MeXJHYHOCTHHIX OTHOILICHHH,
HEO6XOLHMOCTH TOJAepXHBATL GOJbIIOE YHCJIO PAGOYHX KOHTAKTOB.
IlpHu Takol OpraHH3aLMH rPYNNE B HCCAeJOBAHHH MDHHHMAET ydacTHE
GoJbllle JIOJEH H Ha 9TH KOHTAKTHl 3aTpayuBaercsi GoJblle BDEMEHH».
Mur yxe rOBOPHIIH, YTO KaxKJasi H3 TAKHX ¢t opM OpraHH3anuH pzé:
Goyeji rpyNNel MOXeT OHTh 3¢eKTHBHOH NIPH COOTBETCTBYMOUIHX Y .
JoBUSIX. B HeKoTOpbix cJiyuasx Bhi6opa Her. Hanpumep, ecan opra
HUM3aLUHUsI-3aKA3UHK /s DaspaGoTKu MOJesNH INPHBJEKaeT JAPYrylo
OpraHM3alHio, KOTopas reorpapuueck yjajeHa OT Hee, TO me?;ce’
Apyroro He ocTaercsi, Kak MOPYYHTb STy paboTy aBTOHOMHOH rpy e
4AHAJIUTHKOB. B TO 3X€ BpeMsi, ecH Ipollecc NPHHSTHS pellleHHH cOOT
BETCTBYeT aJATOPHTMY, H306paxKeHHOMy Ha DHc. 7.1, TO MOXHO npei-
10103KUTh, YTO TPETHH THN TPYNIH OKaxeTcs Gosee 5P(heKTHBHBIM,
T. e. obecleyuT 6GoJee IOJNHYIO OLEHKY H HCIOJb30BaHHe NOJyYeHHHX
peaynbTaToB. DTO MOATBEPIKIAETCS JHUHBIM ONBITOM H PAXOM HcCie
JoBaunii. B omHoi u3 cBoMx paGor Illaiikon [17] mpoBoxuT MECIDb (:
TOM, yTo ycllex BHEADEHHs Pe3y/IbTaTOB HCCJENOBAHHS NPIMO nponopa
UHoHAJeH YDOBHIO yYacTHs B HeM IpPEACTaBHTe]ed H pyKOBOLLCTBC-
OPraHW3alUH-3aKa3UHKa. JTO Ke MOATBEpKAaer H TILATEILHOe pa -
cMoTpenue oTyetoB rpynmu Py6enwreiina [13]. K coxasenmio, 1aH
Hele [1lafikoHa NMOKa3bIBAIOT H TO, YTO OOm(He 3aTPaTHl Ha NMPOBEAEHHE
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JKUBAeTCs Ha TAKOM IPOCTOM NpuMepe: Bo3bMHTe 10 nmporpaMMucros
§ NONPOCHTE WX HaNucaTb Npocryio nporpammy Ha PopTpaHe, ree-
PHPYIOLLYI0 M CKJAaAbBalomyio duciaa or 1 go 25. B pesyibrate BH
noayuure 10 pasiuyHeIX nporpaMM. [IporpaMMHcTaM, Kak, BHpOYeM,
KOMY YTOJHO, MOXKET HHOIAA HacKy4YHTb 0JHOOGpasHas pabora, u OHH
GyAYT BBUAYMBIBATL MHOMECTBO PDAa3JHYHBIX CNOcO00B HallMCaHHUs
KaKoOH-HuOYb MPOCTOH NMOANPOrPaMMHI TOJALKO HJsi TOTO, YTOOH pas-
BJeubcs. Hepeiko onH, HaIpHMep, HA3LIBAIOT NePeMeHHEIE KaKHUM-HH-
GyAb MMEHEeM — CBOHM COGCTBEHHBIM, CBOero pe6eHKa HJIH 3HAKOMOH
aeBylkd. Korga mporpaMMuer pa6oraer Haj Goabliofi IporpaMMoi,
€ro MHAHBHAYAJBHOCTb MOXKET NPHHECTH eMy JHUIHHe 3a060Thl — K Ha-
qaslly IPOBEPKH NPOrPaMMHI OH MOXKeT 3a0HTh NepBOHayalbHbIH 3a-
MBICEJ TIOCTPOEHHsI KaKoi-11u60 ee yacTd. DTO 03HAYaeT eme 4 To, 4To,
CcKOpee BCeTO, HHKTO, KPOMe aBTOPa IPOrPaMMEI, HE CMOXKET BIOCHEeN-
CTBHHU U3MEHHUTH ee.

['opasno Gonee cepbesHas npofJjeMa BCTaeT HHOrJAa, Korjia aBTop
nporpaMMel YXOAHUT ¢ pabGoTH miau 3abojeBaer N0 TOro, Kak OH ycIme-
BACT 3aKOHYHTb M OTJIaJuThb NporpaMMy. Ero npeeMHHK, nepea Tem
KaK 3aBepIIHTb pPaGoTy, JOJIKeH BLIICHHTb, KAKHE (GYHKIHH BEITIOJHSAET
nporpaMma, KakKue 4acTH ee yKe OTJIaXKeHbH H KaKHMH HeOOBIYHHIMH
Wy HeCTAaHJAaPTHRIMH CJ0OBaMH B KayecTBe NepeMeHHHX M[O0J/b30Bajics
aBTOP HporpaMMbl. Bo MHOTHX c/ydasix, ec/lH He B NOAABJAIOIEM HX
OOJIBIIHHCTBE, AJs TAKOro NpeeMHHKa Oyjaer sICHO, 4TO OHICTpee H
npoute Hagyath PafoTy 3aHOBO M IepeNHcaTb BCIO Nporpammy. 3To
fIpH3HaeT J:060# NPOrpaMMHUCT, KOTAAa-1u60 NHTaBIIHics pa3obpaTbes
B 4y2Ko#l nmporpaMme, u Ji060# afMHHHCTPATOP, MOPYYaBIIKH NPOrpaM-
MHCTY BHECTH H3MEHEHHs B UYXXYIO IPOrpammy.

B T0 e BpeMsi MoAyJIbHEI NIOAXOA NO3BoJAeT pa3burb BCio paboTy
Ha HeGoJblIHe 0603PHUMBbIE YacTH; IPH 3TOM KaXkias Takas 4acTh, HJH
MOAYJb, MOXeT OBTh pa3paboraHa HHIUBHAyaJbHO. MEI He MoXeM
Jatb 34ech NOJHOTO ONMHCAHHs Tporecca CO3NaHHA MOAYJbHOH IHpO-
rpaMMH; yHTaTedb cMoXeT Hafitu ero B Kuure Mehnapaa [10],
LeMHKOM IOCBSIIEHHOR 3TOMy Bornpocy. OTMETHM JIHIIB, YTO KaXKIbIM
MoayJieM peajiu3yercs ONpejesieHHas Jornyeckas (YHKLIHsS HJIH He-
CKOJILKO B3aMMOCBSI3aHHBIX JIOTHYeCKHX OYHKUHMHA. [l TOro uTo6H
ONpeneJnTb, KaKie IMOACHCTEMBI H JIOTHYECKHe (I]yHKL[HP[ HOHa}IO69[TC$[
B NporpaMMe, MPOBOAMTCA aHaJu3 MoaetH. [Tocie Toro KaKk BBIABJIEHLI
JoryyeckHe (QYHKIHH, KaXAbH MOAyJb KOAHPYeTCS H OTJIaXKHBaeTcs
110 OT/JeJbLHOCTH.

BaxueflluumM sranoM NpPH TAKOM MOIXONe $IBJAETCS INOCTPOEHHe
CXeMBl CcOeJAMHeHHs 6a30BHX MoAyJell B mporpaMMy. OGbeiHHEHHbBIE
B o0muit aJropHTM, OTJeJbHHE MOAYJH HAUYHHAIOT paboTatb BMECTE,
llepenaBas JaHHble OXHH xapyroMy. Takum o6pasoM, mocie cocraBiie-
HHs W NPOBePKH KaXJIOrO MOAYJs JJIsi MOCTPOeHHs paGoTarolieit MO-
Aejn HeoGXOZUMO OOecneyHTh JHIIL NpPaBHALHOE HX O6beiHHEHHEe R
BLI30B B IPaBHJbLHON NMOCAEL0BATe/LHOCTH.

HCCJIeIOBaHHsl [Pynnoii Broporo tHna Ha 100% BHe, yem mepsoro, &
TpeThero THna—Ha 709% Bblwe, yem BToporo. Takum o6pasoM, 3a
TIOBBIIIEHHE WIAHCOB HA ycCIelIHOe BHEJIPEHHE De3yJbTAaTOB HCCJeN0
BaHHs NPHXOJHMTCS HEMAJAO IJIATHTb; C JAPYrofi CTOPOHEL, HYIXHO NIOM=
HATb, YTO yCIeX poXJHaer ycleX, H KOJMIeTHAJbHBIH NOAXOA Ader
GoJblle OCHOBaHHH DacCUMTHIBATL HA JJIHTENLHYIO De3YJILTATUBHYIO
paGoty rpynnst CA/HCO.

7.9. MoayabHOe NOCTPOCHHE H JOKYMEHTHPOBAHHE MOIENH

BecbMa BaxHBIM (akTOopoM B paspaGorke, NpOrpaMMHPOBAaHUH M
NPHMeHeHHH HMHTAIHOHHOH MOMENH SBJSETCS CIOCOG IOCTPOEHHS: )
MalHHHOH NPOrpaMMBl— He NPOCTO BHIGOP fI3BIKA, a CKOPee MeTOX
ee KOHCTpyHpoBaHus. JI060H HccnlenoBaTelb, KOTAA-MIHGO CTAaJNKHBAaB<
UIMHCs € IPOrPaMMHPOBaHHEM, PACCKAXKeT BaM MHOXKECTBO CBA3AaHHBIX !
C HHM XKYTKHX HCTODHH, OTHOCAINMXCA MO GOJBbIIEH YacTH K crocoby: §
HalHCAHHs, KOAUPOBAHHA H NPOBEPKH NPOrPaMMEHL. .

Ha sape BLIYHCAHTENbHON TeXHHKH ONHH H TOT e NpOrpaMMHCT
CTPOMJ JIOTHKY HJIH QATOPHTM IPOrPaMMEI M C4M pacHHCHBal ee B
MalUIHHHBIX Komannax. Toabko NOTOM HauMHadAcsH 3Tan OTJAAKH B
IPOBEPKH TIPOrpaMMul. B pesyibraTe moaydaiuch MOZENH WM IpO--
rPamMMbl, HasbiBa@Mble MOHOAUTHBIMU WIH UHTEZPAAbHbIML. B Te Bpe-
MeHA NpH HeGOJBIINX M OTHOCHTEJBHO HECAOMHBIX MPOrpaMMax Takok
MOAXOX OHI BNOJHe MPHeMJIEMHIM, HO cefiyac OH KpaliHe HemesaTe-
JieH, 0c0GeHHO B HMHTAaIHOHHOM Moneanposanuy. Han6onee pasymHas |
€My a/lbTePHAaTHBA — MOJAYJ/bHOE NPOrPaMMHPOBaHHe, SBJSIONLEECH, |
no onpejesennio Meitnapna [10], «cucremoit mocTpoeHus porpaMm
H3 Hab0pa OTAeNbHBIX B3aHMOCBA3AHHEIX GJOKOB (HA3HIBAEMEIX MO-
AYASAMH), ¢ NOMOMIBKO PA3NHYHBIX COUETAHUH KOTOPHIX MOMKHO noJy-
YHTb KOHKDETHYIO IPOrpaMMys. !

Ilepex TeM Kak roBOPHTb O NpPEHMyllecTBAX MOLYJILHOrO NMOAXOIA:
K MPOrpaMMHPOBAHUIO HJIH NPOEKTHPOBAHHIO, PACCMOTPHM MpOGAeMH,
CBA3AHHBIE C [IOCTPOCHHEM MOHOJIHTHBIX, HIH HHTerPaJbHHX, Mofesefl. |
Bo-nepBbIX, NPaKTHUECKH HEBO3MOXKHA NOJHAA MPOBEpKa TAKHX npo-«
rpaMM, 4To OGbscCHAeTCS GOJbUIMM YHCAOM OGIUHX JOTHYECKHX MHO-
CTPOEHHI, CAOXKHBLIMH B3aHMOCBA3SMH H HeBO3MOMHOCTBIO BBLIENHTH
KJ0ueBbe y4acTKH MPOTPAMMBl A/ HcHbiTaHHA. BO-BTOPHIX, B aiaro-,
PHTM HEBO3MOJKHO BHECTH KaKHe-THOO M3MEHeHHsi Ge3 Cephe3HOf me-'
pelleikH npOrpaMMbl. B-Tperbux, pafoTa Bcell uccaenoBaTeabcKOM |
TPYNIBL 3aBUCHT OT MOCTOSHHOTO YYaCTHSI B Hell NPOrPaMMHCTa-cOCTA~
BHTEJIs1 TaKOH MOHOJHTHOM POrpaMMel.

Y Kam1oro mporpaMMHcTa ecTh B paboTe CBOIf HHIHBH]Y aJAbHEIf
TNOUEPK, H BCe OHH OCOGEHHO JMIOGAT NOKA3bIBATH 5TO NPH HANHCAHHW |
nporpaMM B MAaIIMHHHX KOAaX HJIH Ha acceMbiepe, KOTOpbie MO3BO-' |
JIAIOT NPOSIBUTH GOJbIle HHAMBHAYANLHOCTH. DTa YepTa cpasy obHapy-
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— TpPUMEHATb MOAYAbHHEI NOAXOX;

— HCNOJIb30BaTh KOPOTKHE (He 6ojee 50 CTPOK) OCHOBHHIE HPO-

rpaMMBl H MOJNpPOrpaMMHl;

— HAYHHATL KAaXKJyl0 OCHOBHYI0 H BCIIOMOraTeJbHYyI0 NPOrpaMMy
coofimeHHeM O ee Ha3HAUGHHH H CJIOBapeM HMEH MepeMeHHEIX
(anst yero Heo6XOAMMO AONOJHHTL NMPOrpaMMy NepdoKapToi ¢
KOMMEHTapHsIMH) ; }

— BKJIOUaTh NepPOKapTH ¢ KOMMEHTAPUSIMH, OOBSICHSIIOUIUMH pa-
60Ty nporpaMMbl, NMepei KaxABIM OTBETCTBEHHBIM IDOTOHOM;

— COCTaBJATH MOJHYIO JAOKYMEHTAILHI0, B TOM YHCJe Kacamoulylcs
cnoco60B BBOJA JaHHBIX.

Xorsl 3TH mpaBHJa 3ByyaT BecbMa IPOCTO U PasyMHO, s caM yObe-

JHJCS B TOM, YTO OOJBIIHHCTBOM aJAMHHHCTPATOPOB H aHAJHTHKOB OHH

yCBAaMBAIOTCS JHULIL NOCJE TOTO, KaK y»Ke CcIeJaHQ HeCKOJbKO JOpOro-

CTOAIHX OWIMOGOK. 3APaBBIii CMBICJA, TAaKUM 06Da30M, OKa3blBAeTCs HE

HE TAKHM YK ouyeBUAHBIM aeoM. ITycTe KTo-HHOyAb H3 ONMBITHLIX pas-

PabOTYHKOB MMHTALHMOHHBIX MOJeJell PaccKaxKeT BaM OXHY M3 CBOUX

«XYTKHX» HCTOPHH, U 5 yBePeH, UTO Bbl 0GHADYKHUTe B Hell HapyLIeHHE

OJHOTO HJH HECKOJbKHX H3 3THX COBepIIEHHO OYEBHAHBIX IPaBHJ.

$1 Mory rapanTHpoBaTh, 4TO, NpopaboTaB HaJ MOAEIbIO MECSIEB IIEeCTh

u 0OHAPYKHB, YTO BAIUKM yCHJHS MOLLIK NPAaXOM H3-33 HEJOCTATOUHOTO

JNOKYMEHTHPOBAHHSA HJH TPYIHOCTEH BHECEHHS H3MEHeHHH B MOJyYeH-

HyI0 MOJe/b, BBl CTaHETe SPHIM NPHBEPIKEHIEM 3THX NPOUENyp, B OC-

HOBe KOTOPBIX JIEXKUT MPOCTO 3[PaBbIH CMHCI.

OnHHM M3 OrPOMHBIX NPEHMYIUECTB MOIYJABLHOrO NPOrPAMMHPOBA~J
HHUsl SIBJISIETCS UCNOJb30OBAHHE HEGOMBIIMX YYACTKOB NPOrPAMMEL, KOTG
pBIE MOXHO JIETKO 3aMeHATh M (M) IIOBTODHO MCIIOJAb30BaTh. Ka-
KOH-1160 MOAYJdb MOXKHO IPOCTO <«BHIHYTb» M3 YK€ COCTABJEHHON
NpPOrpaMMbl M 3aMEHHTb JDYTHM JHOO HCIOAL3OBATH B APYrofl mpo-i
rpamme. Ecan, HanpuMep, OJHOH M3 uedell HalleH MOJENH SBASETCH)
OLEHKA Da3/IMYHBIX CTPATErHH, TO MOXHO B3STh MOIYJb, ONMHCHIBAIO-4
uluii JOCHKY OAHOH CTPATerHH, H 3aMEHHTb €r0 [OTOBBHIM MOAYJEM,
ONHCHIBAOLIAM JIOTHKY APYroH. B MOHOJHTHO} e mporpaMme cTpa-
TETHH TAK CHALHO YBSI3aHBI, YTO JJS PAaCCMOTPEHHsT HHOH CTpaTeruu]
NPHXOAUTCA NMEPeNHCHBATL OGJBIIYI0 YACTh IPOrPaAMMHL.

S5THM MPEHMYLLECTBOM TECHO CBS3aHA M BO3MOXKHOCTb 1O Mep
Heo0XO0AMMOCTH YNPOWATh, YCAOKHATL WIH MOAU(GHIHPOBATL MOJEE. |
Monysp IPOrPaMMEL, reHEPHPYIOIIHA CTOXACTHYECKHE NepeMeHHbIE 110
MeTORy MouTe-Kapio, MOXKHO 3aMEHHTh HEKOTOPO} NOCTOSIHHON BesH-
YHHOH, HamnpuMep CcpeiHuM (WaM Hao6opor). Bmecto monyas, reme-
PHPYIOIErO 3HAUYEHHs] HOPMAJbHO PacIpeJeNeHHON BEJHYUHEI, B NPO-]
rpaMMy MOMKHO BCTaBHTb MOAYJb, TeHEPUPYIOUIMH 3HAUCHHS 5TOH Bewd
JAMYHHH, pacnpejeiennsie no 3akony Ilyaccora. Moayas ¢ pexumoml
06C/1yKUBAHAS «NePBHI MPHIlIE] — NePBEHIM 00CAYKUBACIILCST» MOKHOS
3aMeHUTb MOJyJieM ¢ MPHOPHTETHBIM O6cay:kuBaHHeM. HHKakas HHTS
rpanpHasi, WiH MOHOJHTHAs, NMPOrPaMMa He CPaBHUTCS C MOLYAbHORS
10 T'HOKOCTH H BO3MOXKHOCTSIM OBICTPO BHOCHTL H3MEHEHHUSI. .

Eme onur darrop, Kotopmit caeayer 06CYIUTh, — JOKYMEHTUP O
BaHue. BOJBIIMHCTBO MPOrpaMMHCTOB He 3KeaeT TPAaTHTh BDEMS HAJ
TILATeJNLHOE JOKYMEHTHPOBAHHE KaKAOTO MOJIYJs H BCEro anroputMad
monenH. [Tonnoe 10KyMeHTHPOBaHHE OXBATHIBAET: :

— OJOK-CXeMBl aJArGDHTMOB KaXKIOTO MOLYJS M BCell MOLeIH;

— ONHCAHHe BXOJHHEIX JAHHBIX, HEOGXONHMBIX IJ PaGOTH NPO-§

TPaMMBbl, T. €. HOMEP BXOJHOH nepoKapTH, XapakTep DaHHL

(zngpoBsie nau GykseHHBIE) M TpeGyemoOe MoJe 3amHCH; i

— OINHCAaHHe NEPeMeHHbIX NPOrPaMMbl, He HCIO/AL3YeMHX B Kaués

CTBe BXOJHBIX;

— CJIOBECHOE ONMHUCaHHe 33a7ay u QYHKUHH Bcex MOAyJei; 1 4

— INYCKOBbIe XAapaKTEePHCTHKH, HEOOXOJMMBIE JJIs1 BHIIOJHEHHAY

nporpaMMbl Ha HyXHo# DBM;

— JIHCTHHT NPOTPaMMEL.

7.10. Hcoab3oBanHe pe3yabTaTos

Camas Jyymasi B MHpe HMHTAlMOHHAss MOJEJb HMYEr0 He CTOHT
0 Tex IOp, NOKa OHA He HCNOJbL30BAaHA WM He 0J06peHa TemHu, AJAsS
KOro oHa Oblna paspaGoraHa. Bce HaluM yCHJHsT OKaXKYTCS TILETHBIMH,
€c/1M MOoJydyeHHBle Pe3yJbTaTH He HAlayT mpuMeHeHHs. JIAs GOMBLINHH-
CTBA AaJAMHHHCTPAaTOPOB H DPYKOBOAHTeJeH NPOH3BOJACTBA HHTEpec
NPENCTaBASAIOT He H3SUIHAS MaIUMHHAsT MOJeNb WIH KDACHBOE HCHOJb-
30BaHHE CTATUCTUKH H MaTeMaTHYeCKHX METOJO0B MOJYYeHHs H MHTep-
NpeTaluy pPe3yJabTaToBs, a peajbHble NPOGAEMH H CIOCOGH HX PelleHHs.
EpxBa 1 MoXHO ¢ GObIEM Ge3pasiuuneM, YeM OHH, OTHOCHTBCS K
o6beMaM BLIGOPKH, NOBEPUTEJLHBIM YDOBHSIM HJAH JIOCHM JDPYTHM
Sl npumen K SMIHPHYECKOMY NPaBHIY CTPOHTH MOAYH, COxepKad JeTassM, CTOJb BaXKHBIM JUIst aHAJMTHKOB, KOTOPHIE IOATOTaBJMBAIOT
uide He Gosee 50 MPOrpaMMHpyeMbix LIATOB, H IIHPOKO HCHO/b30BATHY ACKTaA ML HAYHHO TEXHHUECKOrO CEMHMHApa HIH CTATLIO B KypHAIL
B NPOTPaMMax KapTs C KOMMEHTAapHAMH, MPeNCTABAAIOLEME coG0M Hndopmanus, nomyvaemas ¢ MOMOLIBI0 HMHUTALUOHHOH MOJIeJH,
ONHCAHHA, HIH ONpEIENeHHS, BCTABACHHHE HENOCPECTBEHHO B MPOWY - JOJKHA OBITH nMpHeMJeMoll AJs 3aKa3uHKa-moJb3oBareds. Kpurepuu
rpammy. - ¢ 3 NPHEeMJIEMOCTH BKJAOYAOT B ce6s HaJeXKHOCTb H IOME3HOCTL HH(Op-

PYKOBOJCTBO, TaKM 06Da30M, OKaXkeT GObIIYI0 NOMONLb NpH MO- Manud. EcTecTBeHHO, BHIXO/HbIE JaHHbIE MOJENH NOJKHB OHTbL PasyM-
CTPOGHHH, NPOTPAMMHPOBAHUH, OTJIAJKE, NPOBEPKE U HCMOMb3OBAHHH' HEIMH, T. €. MOJETh HE JO/KHA JaBarh abCYpIHBIX OTBeTOB, Aaxe
MAINHHHBIX HMHTALKOHHEIX MOJeJefl, eciH OHO GYAET CJAenoBaTh cle-d GClH B KauecTBe BXOMHBIX NEPEMEHHLIX GEpyTCst COBEPIIEHHO abeypi-
LYIOMHM MPaBHIaM: Hele nu¢pel. Ecln BHIXOAHBIE NaHHBIE MOJENH KaXKyTCS HEBEpPOSTHBL-

19—195
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MM MDH A@HHBIX YCJAOBHSIX, TO K HUM OyIyT OTHOCHTBCS C IOAO3DPEHH-
eM M NIPH BHEIIHe NPaBAONOJO6HEIX Pe3yJILTaTax.

Bropoii acnekT npueM/aeMOCTH H NPUMEHHMOCTH De3yJbTaTOB 3a-
K/I049aeTcss B TOM, 4TO 3aKa3YHK-NMOJb30BATENb JOJMIKEH IOHHMATh,
KaK HeoOXOAMMO IMOCTYNHTh WM KAaK MOMKHO HCMOJB30BATh COOPaHHBIE
nannpie. Ecan eMy He siCHO, KK 3TH NaHHBIE MOTYT NOMOYL €My WJH
KOMy-1160 NpyroMy NDHHHMATh DeINeHHs, TO OH HX Oyxer IpocTo
HTHOPHPOBATb, H BCsL paloTa 0 CO3MAHHIO MOJENH OKaxeTcs Gespe-
3yJABTaTHOH. Ycmex Tako# paGoOThl H NMOJE3HOCTb Pe3yJAbTAaTOB, TAKHM
00pa3oM, TECHO CBSI3AHBL C LEJbI0 HMHTALHOHHOTO HCC/ENOBAHHSA —B |
9TOM H 3aKJMIOYaeTcs NPHYHHA, NMOYEMy MbI TaK HACTOHYHMBO momuep-
KHBAaeM B4XHOCTb INOHHMAHHS, JJISI Yero CTPOMUTCS MOAedb. MOKHO |
NpeiCcTaBUTL cefe, UTO YNTATENIO yiKe HaNOoe]O CJALILIATL BCe BPeMs:
«Kak uaM 4To BB JO/IKHBI Je/NaTh, 3aBHCHT OT LeJH, KOTOPYIO BH |
cebe nocraBunn». OJHAKO HeJb3T He NPH3HAThL TOTO, YTO HCCJAEAOBA-
TeNb, KOTOPHIA XOyer, HTOOK €ro MOAeNb OblJla KOMY-TO HYKHAa HJIH
Pe3y/bTaThl MOIVIH ObITh HCIOJBL3OBAHBI, AOJIKEH XODOWIO HpeAcTaB:
J9Th cebe Heab Bcell paGOTH B LieJoM. L

C ROCTHXEHHEM KOHEUHOR MelH TeCHO CBA3aHO H TPeGOBaHHe pea- .
JHCTHYHOCTH JAHHBIX, -HEOOXONMMBIX JJIf HCHOJAb30BAHHS MOJEJH,
Peanuctyunble JdHHBIe NOJKHEI GBITh 1) JOCTATOUHO HaMeXKHBIMH] .
2) HoCTYNHBHIME B 3) NOJy4aeMBIMH 33 Pa3yMHylo IJaTy. KakuMH G i
OUeBHAHBIMH HH KasaJHCh 3T TPeGOBaHMS, HA yAUBJAeHHe 4acTo NpH-
XOAMUTCS CTAJKHBATLCS C MOMENSIMH, IS KOTODHIX BXOJAHBIE JaHHEIE .
NOJYYHTb NONDPOCTy HeAb3s. MHe, HampuMep, H3BECTHA OYeHb HHTe-
pecHas HMHTAUHOHHAs MOZeb GOMbHHLB, HAa Pa3pabOTKy KOTODPOH
yiesa moutd roi. K coxanenuio, oHa, CKOpee BCEro, HUKOrna He Hai-
ReT IPHMEHEHHS NO TOH NPOCTOi NPHUHHE, YTO MOAe]b TPefyeT mpo-
BEPKH M NPHUBENEHHs K €AHHOH KJAaCCHQUKALUHMH BCeX HCTOPHUH 60JI€3~
HH, 2 AJs 3TOr0 60JbHHIe NPHULIOCH OBl AepKATh KBAMHQHIHPOBAH:
HOro Bpaya H BOOOIUe MepeeMOTPeTh BCIO CBOIO CHCTEMY BelleHHS HCTOA
puit 60Je3HH. : Lo

HakoHel, n06asi HMHTAUHOHHAS MOJeNb NOMKHA MO3BOJSTL AAMH-
HHCTPATOPY OLUEHHBATb U pellleHHs, KOTOpble yIOBAETBOPSIOT ero co6-
CTBEHHBIM NOHATHSAM PALHOHANLHOCTH, H BO3MOXHBIE Pe3yAbTaTH npH:
MeHeHHs c(hOpMYJAHPOBaHHBIX ‘MM crparterufl. KiioueBeIM MOMeHTOM
3Jecb fABJASETCA CTENeHb €ro JHYHOro yyactusi. MIMeHHO Ha HeM, a ue
Ha aHANUTHKE JIEXKHT BCS NOJNHOTA OTBETCTBEHHOCTH 3a DPesyabTaTH
HCTO/IB30BAHHS JIO60H MOLENH NDPUHATHs pelleHHH. AAMHHHCTPaTOp |
nosaraer (H, ckopee Bcero, He 6e3 OCHOBaHUMN), YTO HMEHHO OH, MO-BH- |
AHMOMy, MOXKEeT HaWIyYUIHM 06pasoM NOAYyYaTh YAOBAETBOPHTEJbHHA .’
pemeHns. AHAJNHTHK HyXeH [Jsi NOMOILM B STOM, a He /IS ero 3a-
MeHH. UnTareaio cielyer mpouecth cTaThio diaoHa «Uto Takoe pe-
wenne?s [6], rae o6cyxAalTcs pasnMyHBIE ACHEKTH pauHOHaAH3Ma
TpH BPHHATHH DeIleHHHi M COOTHOLIeHHe MeXAY JHUHBIM H KOJJeK:
THBHHM IIpH BHGOpe. . . T - i

TakuM 06pasoM, 4TOObl HMEeTb MaKCHMaJbHbIe€ INAHCH YCIHEIHOI'o

NPHMEHEHHs] Pe3y/bTAaTOB HMMHTALHOHHOTO HCCJAEIOBAHMS, HAIla MO-

JieJb JOJIKHa OBIThH

— TMOHSATHOH 3aKa3YHKY-T0Jb30BaTENIO;

— CNOcOOHOM faBaTh Pa3yMHBIE OTBETHI;

— CNOCcOGHOH TaBaTh HH(OPMALHIO, KOTOPAs MOKET GBITh B AaJb-
HellleM HCIOAL30BaHA;

— peaJHCTHYHOH B TPeOOBAHUAX K NAHHBIM;

— CcnocoGHOH OTBeYaTh HAa BONPOCHL THNMA «A uTO GYAET, eCAH...?»;

— JIerKO MOAHMGDHIHPYEMOH;

— HeJOpOroi NpH ee NPUMEHEHHH.

7.11. IlpeacraBieHHe peayabTaToB

Hano napesithes, yro rpynna uccaepopaTelell GyIeT MMeTh BO3-
MOXHOCTb MOCTOSIHHO fepXaTb B Kypce Jeja aAMHHHCTPAaTOpa HIR
3aKas3yHKa-noap3oBaTeds. Her coMHeHHs, uTO, yeM 6oJbHIe 3TH JHLA
OCBEJIOMJIEHBl O CaMOM HCCJE[0BaHHH H ero AeTalsiX, TeM CKOPee OHM
MPUMYT # CTAHYT HCHNONB30BATb ero pe3yabTarthl. Takoil MOAXOA mpe-
NOCTaBJAsIeT HM MNOTEHIHAJbHYIO BO3MOXHOCTH OKa3HBaTh B JI060€
BpeMs BAHMsSIHHE HAa Pa3sBHTHE NpOLECcca H TeM CaMHM YyBCTBOBATh, YTO
U OHH MPHYACTHH K NpOLecCy MOJdyyeHUs pe3yaAbTaToB.

UpespriyafiHO BaXXHO, YTOGH KOHEYHBIE Pe3YJAbTATH NpPEeNCTaBJS-
JMCh B NOHATHOH H 4eTKOH (opMe Ha NPHIOAHOM AAS BOCIHPHATHA
yposHe. CaMo co6oit pasymeercsi, MpeAcTaBieHHe AAHHBIX B TaKOM
(opMe LOMKHO TILATENLHO H TBOPYECKH MPOAYMHIBATHCS M NJIaHHPO-
BaTbesl. Mjest mpaBWIbHOM «noOjauH» pe3yJbTaTOB CTOJL e BaKHa,
CKOJIb H caMoO NpOBeJeHHe PAaGOTH, H el CAefyeT YAeAHTb CTOAb XKe
cepbe3Hoe BHHUMaHHe.

IMoarorasnusasi pe3yAbTaThl HCCACAOBAHHS IS NpPeCTABJACHHS
AAMHHHCTPALUHY HJAH 33Ka34YHKy-NMOJb30BaTesi0, HCCAEN0BaTeIbL HO0J-
KeH NPHAEPIKHBATLCSA CJAeLYIOUIHX NPaBHI:

1. ITHcbMEHHBIM OTYeTaM Bcerja cjellyeT NPeANOYecTb YCTHHE
COOCLIEHHS] ¢ ONHOBPEMEHHHM HCHONb30BAHHEM XOPOLIO NPOAYMAHHAIX
IeMOHCTPalHOHHBIX cpeacTs. ONBIT MHOXKeCTBA JIOAEH FOBOPHT O TOM,
YTO NHCbMEHHBIE OTUeThl YHTalTcsi peiako. KpoMe Toro, o6parthas
CBSI3b, YCTAHABJAHBAEMAS C NOMOILLIO BONPOCOB H OTBETOB, MO3BOJISIET
ONpPEeNe/INTDb, YTO BalllH yCHJIHS He Mpomaiu aapoM. IloarorosbTe aas
YYacTHHKOB NHChMEHHOE ONHCAHHe, ¢ TeM YTOGH OHH MOIJIH UM NOJb-
30BaTLCS B XO/le COOGLIEHHS, a 3aTeM OCTaBUTh cebe.

2. OnHoMy GOaBLIOMY (POPMATLHOMY H3JIOKEHHIO De3yILTaTOB Pa-
GOTHl Jyullle NPeANoyecTb CEPHI0 HeGOMBIIHX HehOPMAabHHEX 06Cy K-
Zenuii. To, 0 yeM BBl XOTHTe DAccKasaThb, AJs Bac NPOCTO H MOHSTHO,
TaK KaK BH NPHHHMAJH ydyacTHe H B NIPOBENAEHHH HCCAEJOBAHUA, H B
TPHHATHH BCEX PeINEeHHH MO HeMy, HO IJIsi CJyHIaTe[sl BCe MOMKET OKa-
19*




292 T'raea 7

3aTbCs HeM3BeCTHBIM. HOBBIe c0XKHBIE HIEH YCBAaHBAIOTCH He CPasy, H |
HX JIydylle N0JaBaTh HeGOJbIIUMH JO3aMH. ]

3. He Hamo mymarb, 4TO BalllH CJAYLIATeNH — CIVIOIbL SKCIEPTH B
06JacTH 3JEKTPOHHO!H BBIYHCJIHTENbHOH TEXHHKH, HMHTAaLHOHHOTO MO-
Jle/IHPOBaHUs, CTATHCTHKH H MaTeMaTHKH. Moxer okasartbcsi, 4TO 3TO
coBceM He TakK. [IOHATHA «cpelHeKBaJpaTHUeCKOE OTKJIOHEHHE» WIH
«JIOBEPHUTEJIbHEIH yPOBEHb» BXOAAT B YHCAO OCHOBHBIX INOHATHH aHa-
JMTHKA, HO MOTYT OBITb COBepLIEHHO HE3HAKOMBIMH aXMHHHCTPATOpY.

4. lenafiTe ynop Ha JIOTHKY Ballero MOAX0Ja K DELIEHHIO 3aJaYH.
JlnuHHbBe OOBsACHEHHs! JOCTOHHCTB H METOJOB MOJAEJHDPOBAHHUs, BO3-
HUKIIUX B X0J€ pabOTH 3a/a4, METOJOB PELIeHHs M T. 1. OOIYHO HHKTO
He caywaer. CiylaTesio e Halo 3HAThb JHIUb, [OHAMaere Ji BhHI
npoGJeMy, JOTHYEH JH Ball aHAJH3 U caM JOAXOH, PasyMHBI JH mpef-
JlaraeMble BaMH pelleHHs.

5. B mepBoM JOK/ane YETKO H ACHO ONHMIUHTE BCe TPHHATbIE NOTY-
{lleHHst H OrpaHuyeHus. DTO HaeT CAyLIATeNsIM BO3MOXKHOCTb BBICKA- }
3aThb CBOH BO3PAKEHHs YXKe Ha HAyajJbHOM 3Tane OGCYXACHUSA; TaKHe
3aMedyaHHs MOTYT OKasaTbCf MOJE3HBIMH NPH JajbHeHlleM aHAIH3e
HJIM TIPeJICTaBJEHHH Pe3yJAbTaTOB. :

6. TmareabHO ONMMIIHTE LeAeBYI0 (YHKUHIO WJAH BHIXOAHLIE Nepe: §
MeHHble MOJEMH. BaxHO, uT06H clyliaTeny NOHSIH, YTO COGHpaeTcH i
AHAJUTHK ONTHMH3MPOBAThL Ha 6ase CpPaBHeHHs PAa3JHYHBIX ajibTep-
HaTHB. . ]

7. TmareJbHO H C MHHHMAJBHOH TEXHHYECKOH TEPMHHOJOTHed -
OMHIDHTEe Ball KOHLENTyaJbHbIH MOAXOJH, OCHOBHbBlE B3aHMOCBS3H, me- §
pemenHble H OGOCHOBaHHs BHIGPAHHOrO cHoco6a HHTepNpETanuU pe-
3yJIbTAaTOB. : '

8. B cayuae u3NOXKEHHS DPe3yJbTaToOB PaGOTEl PYKOBOJCTBY HIN §
3aKa3yMKy-N0/Mb30BATENI0 HA Bac OyleT JaBHTb FPY3 J0KAa3aTeJdbCTB.
Onnako pesy/ibTaThl ClAefyeT NPeACTaBIAATb B TaKOH (opMe, KOTopas |
COOTBETCTBYET X OXKHIAHHAM Y MOHSATHA UM.

9. HaiiTe o6LIyIO OLEHKY, a TaKiKe NEPeuHC/IHTEe BCe JOCTOHHCTBA !
H HEJOCTATKH PACCMOTPEHHBIX aJlbTEPHATUB M PE3Y/IbTATOB, MOIYUEH* }
HBIX C HX IIOMOLIbIO. YKaXKHTe TaKiKe, KAKMM H3 HHX BB CAMH CKJIOH- 1
HBl GOJIBllie NOBEPSTh. b

10. HakoHern, He NPOM3HOCHTE XBaJeGHBIX pevefl 1o [IOBOAY MeTC- §
JI0B MM NpOdeccHOHANbHBIX CIOCOGHOCTEH TPyNNbl pa3pabOTUHKOB. |
Tlomuure, uto TOMY, KTO NMOKyMaeT JOM, BOBCE HE HHTEPECHO 3HATD)
KaKoii ¢upMoJi BHINyIIEH MOJOTOK IVIOTHHKA MJAH CKOJBKO rBo3nefi od
BOHJ He COTHYB. Boofiie roBops, pyKOBOJMTENH OGBIYHO PACCUUTHIBAY
10T Ha Jiyulllee, HHave OHH OHl Bac He NPHUIVIACHIH. :

7.12. Hagzop 3a ocsoenHeM

Camo co6oif pasdyMeercs, 4TO TIpymma HccieaoBaTeNell NOIKHA °
NPHHUMATh MaKCHMAJbHO BO3MOXKHOE yJacTHE Ha CTaluH BHeJPEHUS |
PesyJabTaToB, CAEIHTb 3a NPHMEHEHHEM MOJEJH B TeyeHHe Bcero Bpeb

i
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MEHH -€e HCIOAb30BaHuA. [lis GO/MbIUMHCTBA OPraHH3allufi HeJ0CTa-
TOYHO IIPOCTO CO3AaTh MOAENb, HCIIHITATh €€, NIPOBECTH C €€ NOMOLIbIO
ucc/e0BaHHe W, MOJAYYHB Pe3y/bTaThl M BKJIOYHB HX B OTYET, CHIETb
H X/AaTh, KOTJAd OHH GyIyT OuUeHEHH H HCIOJb30BaHbl. IlewasibHOH
MCTHHO} SBJSETCS TO, YTO yclleX HJIH Heyjaua BCEro IpOeKTa MOMKET

3aBHCETb M OT 3Tala BHeJPEeHHs, NIO3TOMY €ro rakxe CAeAyeT IJ1IaHH-

pOBaTh H NPOBOAHTL CAMBIM TIIATeAbHEIM 06Pa3oM.

XapakTep HCIO/Nb30BAHHA Pe3yJbTaTOB 3aBHCHT OT TOrO, HanedeH
JAH NPOeKT Ha MOJyYeHHe KAKOro-Au60 OJHOPa30BOr0 pelleHHus, W
JKe ero peayabTaThl OyAyT HCIOMb30BAaThCS MHOTOKpaTHO. B n1060M
cayyae Tpynmne HcclemoBaresell HYXHO HeE TOJBKO XOPOLIO «NOJAThb»
CBOIO MOJEJ]b H €€ Pe3y/bTaThl, HO COXPAHATb aKTHBHOCTb H Ha mocJje-
NYIOIMX 3TaNlax UX BHEIDPEHHs H HCIOJb30BaHHs. HeoGxomuMoCTh 3Ta
NUKTyeTCs CJeyIOmHMH COO0PaKeHHsIMU:

1. CKoab GbI aKKyDATHBI I IPeLyCMOTPHTENbHB HU OBLIH HCCAENO-
BaTelH NPH CO3JaHHH, NPOBEpPKe M pafoueM NPOroHe MOJENH, €e He-
ZIOCTaTKH MOTYT BBISIBHTbCS TOJIbKO HA CTaJMH BHEJDEHHs Pe3y/bTaToB.

2. Cnoco6bl HCIOAbL30BAHHs NOJYYEHHOrO pPellleHHsl HIH NOBTOPHBIX
NPOrOHOB MOJEJH MOTYT GBITb COBCEM HE CTOJIb OUEBHIHBIMH, KaK 3TO
MOXKeT II0Ka3aThCsi Pa3pabOTUHKaM.

3. TlonbITKH 3aKAa3YHKa-NOJb30BAaTeAsl CaAMOCTOSITENbHO BHOCHTL B
MOJedb H3MEHEHHsi 6e3 BCECTOPOHHEro ee IIOHHMaHHs MOTYT 3aKOH-
9UTLCS NEeYaJibHO.

4. PeasbHasi CHCTeMa MOXKET H3MEHATbCS BO BPEMEHH, H MOJeJb B
3TOM ciayuae Gojblie He GyAeT ee aJeKBATHHIM OTOCPaxKeHHEM.

EcrecTBeHHO, 4TO HHTEpeC HCCJAEOBATesell K MOJAENH Ipomajaet,
KaK TOJMbKO OHH 3aKOHUAaT ee pPa3pabOTKy, NPOBepKy H nporoH. MM ue
TepnuTCcs B3sThb Kakoe-THGO HOBOE CJAOXKHOE 3ajaHHe, a HACMIIOJeHHe
3a MCIOJb30BAHUEM MOJEJH M BHEJPEHHeM pe3yAbTaTOB NEpPeJOXKHThb
Ha APYruX. D10 sIBAseTCs ellle OJHOH H3 NPHUHH, NOYEMy Pe3yJbTaThl
CTOMLKHX TPOEKTOB, KOTODBI€ BBITISAAAT CTOJIb BHYUIATEIbHBIMH Ha Oy-
Mare, HHKOrJla He BHEADAIOTCH AHO0 BHEIAPSIOTCA C BecbMa yJpyvalo-
UIHMH NOCJAelCTBHSMH. B apMHH XOIHT NOroBOPKa, KOTOPYIO MOCTOSH-
HO TIOBTODSIOT NP NMOATOTOBKE coaaT: «Ecnu y4eHHK we BBIYYHJ, TO,
3HAyHT, YYHTEAb IVIOXO y4Ha». Mbl MOriu OBl nepeienarb 3Ty NOro-
BOPKy Ha cBo# Jai: «Ecaum moabsoBaresb He NPHMEHSET pe3yJabTar,
TO 3TO 03HAYAET, YTO HCCJeOBaTeNb He 3aKOHUHJ CBOe HCCAelOBaHuE.

7.13. MamATKa Aas PYKOBOJHMTENS HCCJIeJOBAHHA M aHANHTHKA

ToBops o dakropax, cIOCOGCTBYIOIIHX yclexy NpoBeleHHs HMHTA-
UHOHHOrO HCCAeJOBaHHs, YAOOHO IPEeJCTaBHTb HX B BHAE HEKOTOPOro
CIIMCKa 0653aTeNIbHBIX JEHCTBHH JJisi CaMOKOHTPOJs. BOT Kak BbIrs-
IMT TaKas NaMsiTKa [Jisi PYKOBOJMTENs HCC/IeNOBaHHM:

1. Y6enurech, uto nmpobseMa JeHCTBHTENbHO BaxkHa MJIf 3aKas-
91Ka-1M0Jab30BATENS.
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2. BMecTe ¢ 3aKa3uMKOM-NOJB30BaTeJNeM TIIATENBHO ONHIIHTE
067eMy, BKJOYas M mpelnojaraeMble MaclITabe HCC/eN0BaHHUs
, €. UTO OHO BKJIIOYaeT U YTO HET).

3. Paspaborafite njaH JNeACTBHH, KOTOPHIH [NOJXKEeH COJePXKaTh
ipopManuioc 0 HeoOX0JMMOM IlepcOHale, Crnocobax IpHBJIEUSHHS
Ka3yHKa-moJab3oBaTedss K pa3paboTKe NpoeKra H HCHOJL30BaHHIO
JIy4eHHLIX Pe3yJabTaToB, HeoOXOMHMBIX pecypcax H rpaduke Ipose-
HHs PAGOTHl C YETKO BBIJEJNEHHBIMH Y3JIOBBIMH MOMEHTaMH.

4, PaspaborafiTe OpraHH3amHOHHYI0 CXeMy BHIIOJHEHHst Pabor,
yTopasi Gyler BKJIIOYATh DeryiasipHbe 06CYXKACHHs NPOeKTa ¢ ajMH-
icTpanyel W 3aKa3yHKOM-TI0JIb30BaTeNeM.

5. JloGeliTech COBNAJEHHS B3IJISAOB AaAMHHHCTPAUHH H 3aKa3yH-
1-110/1b30BATEJIsI HA NMJIaHBl, rpadHuKH, BEe/NseMEe CPeICTBa H oOLIui
1aI1a30H HCCJIeJOBaHHM.

6. YcTaHOBHTE TeCHEIHl KOHTAKT C PYKOBOJCTBOM, 3aKa3YHKOM-IOJIb-
BaTeJeM U IPYIINOH HCCaefoBaTe]ell H NMOANEPXHBaHTe C HUMH B3a-
MHOe JOBepHe.

7. PeryasipHo copa3MepsifiTe 3allaHHPOBaHHble pecypchl H GIOZKeT
(baKTHYeCKH H3PACXOJAOBAHHBIMH DeCypCaMH H JOCTHPHYTBIM IIpO-
)€CCOM B HCCJIeOBaHHH.

8. Y6enutech, yTo pa3pabOTUHKH MOAE/IH CTPOro IPH/ePIKHBAIOTCS
JHKTOB NaMSITKU, IPeJHA3HAYEHHON IS HHX.

9. HacrosTenabHo tpebyliTe HCHONL30BAHHSI MOZLYJLHOrO MOAXOAA
IPOrPAMMHDPOBAHHIO U COCTaBJIEHHIO NOJHOH NOKYMEHTauHH Ha Io-
"POEHHYIO H IIPOBEPEHHYIO MOJEJb.

10. 3aBepwas paboTy Hajl NPOEKTOM, CePbe3HO NpoldyMaHTe MeTo-
1 H NOAXOAB K NPeJCTaBJEHHIO U HCIOJAB30BAHHIO Pe3yJbTaTOB.

11. Iycth Bac He CTPAIUHT TO, YTO MOTYT OOHApPYXKHTbCs caabble
eCTa M HELOCTATKH B MOJEH, Pe3y/bTaTax HJH IJIaHe HX HCIOAB30-
IHHS; CBOEBPEMEHHOE BBISIBJAEHHE BCeX 3THX HEJOYETOB IIOMOMKET BaM
ICTPee HX IPEeONOJETh.

12. Caenute 3a paboToil MOZEAH Ha CTaJHH BHEIPEHHS IOJYUYeH-
JIX Pe3yJbTaTOB H COXPaHSHTe BAaIlM CBSA3H C 3aKa3YHKOM-NOJAb30Ba-
JIEeM.

13. ITocrapafiTecb 00BEKTHBHO OHEHHTH BeCh IIPOEKT — €ro JOCTO-
{CTBA, HENOCTATKH, OWHOKH, —C TeM HYTOOB 3TO NOMOINIO BaM B
yOYIHX HCCAEe0BAHHAX.

14. CocraBbTe HTOrOBHIH HOKYMEHT C oOIueil OmEHKOH M KpHTHKON
)3JJaHHOH MOJEJH, C TeM YTOOBL OTPA3UTh BCE €€ aCIEKTHI.

[Togo6HEIM 3Xe 00pa3oM, COCTABHB CIHHCOK KOHTPOJILHLIX IeHCTBHI
1S aHAJIHTHKOB-Pa3paboTyHKOB, MOXKHO 0GOGIIHTL M IDYTHe MOMEH-
1, TOAPOOHO OCBEIEHHLIE B 5TOH KHHre: |

1. V6enurech, YTo BBl IOHS/IM CYIXECTBO NPOGJEMB H MeXaHH3M
a6oTel cHcTeMbl. Elne u eme pas npoBepre cebs B pasroxsope c
SMH, KOMY 5TH BoIpochl 6JIHKe BCero.:
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2. AKKypaTHO ONHIUATE 3aRayH H JHANA30H HCcJaenoBaHus. Kako-
BH €ro KOHKpeTHble neju? Ec/H BEl He MoXeTe ONMHCaThb HX HECKOJb-
KMMH 4eTKUMH ()pa3aMH, 3HAUHT, BH He JO KOHIA OCO3HAJH HX.

3. OnpMTe rpaHANb H3yuaeMol cHcTeMHl. UTo B BaweM Hccaeno-
BaHHH OyAeT NPHHALJIEKATL CHCTEME, & UTO HeT?

4. PaspaboTaiire KOHKpeTHHIA IJaH jefictBuit. fIBasiercs Jn HUMH-
TanHOHHOE MOjeJHpoBaHHe HaHOojee NMPaBHJILHHEIM NOJAXONOM K pe-
meHHio npoGJteMe? Ecin pa, TO KakoBbl HeOOGXONMMbie DPecypcehl,
CKOJIBKO H KaKHX HYXHO crenuajuctos? PaspaGorafire miaH-rpadux,
COCTaBbTE CMETY H APYTHe JOKYMEHTH, HeoOXoauMbie 1Jis NpOBeAEHHS
HCC/IeNOBaHHS.

5. Jlob6eHitech COBNAJEHHs B3TJSANOB aAMHHHCTDAIHH H 3aKa3uH-
Ka-No/1b30BaTellsi Ha IeJH, 3ajauH, NMOAXOX K HX DPeUIeHHIO, IJIaHbl
H CMeTy.

6. OnuuiuTe Bce MOICHCTEMEl, B3AUMOCBSI3H U APyrHe HeoOXoauMble
cBolcTBa Bawej cucreMbl. Onpejesnnre, KaKHe NOJE3HbIE [[aHHbIe MOX-
HO TOJYYHTb HA MOJEJH.

7. Paspa6oTaiiTe JIOTHYECKYI0 CXeMYy MOJEJH B TOM BHJe, B KaKoM
BH ee 3aJyMaJH.

8. Tam, rie 3TO BO3MOMKHO, NIPOBEIHTE SMIHPHUYECKHE HCNHITaHHSA
(o mopGopy 3aBHCHMoOCTeH M jp.) LJs onlpele/teHHs NapaMeTpoB H
XapaKTePHCTHK B3aMMoCBsi3eH, BXOXHBIX NoKasaTesefi H T. I.

9. [IpuMuTe peweHHe o BhGope S3HIKa POrPAMMHDOBAHHSI H Me-
XaHM3Ma yyera BPEMEHHEIX XapaKTePHCTHK JJis Balllefl MOMEH.

10. ITocTpofiTe H 3anporpaMMHpyHTe MOAeNb, HCIOJB3Yst MOAYJb-
HBIH MOJXOA, KapThl ¢ KOMMEHTapHsIMH H OCYIUECTBJISAS YeTKoe HOKY-
MEHTHPOBAHHE H MPOBEPKY HA KaXKIOH CTaAMH NIPOEKTa.

11. IIposepbTe Bce MOANPOTPAMMEL H CaMy MOJeb, YTOOB yOexHThb-
csl, 4To oHa paboraer TakK, Kak ObLIO 3aTyMaHoO.

12. [IpoBeppTe Bce IOANPOTPAMMEl TeHEPHPOBAHHS CJAYYaHHBIX
yyced, YToGB YOENHThCS, UTO OHM AeHCTBHTENBHO CiTyyaiiHHe M obec-
neynBaloT TpebyeMoe CTaTHCTHYECKOE PaclpeleseHHe.

13. TwaresbHO NpoAyMaHTe, Kak HOJIKHA HCIMOJL30BATBHCS Bama
Mozesns. lJs 9TOro MOryT NMOTpeGOBATLCsT €e NpeiBapHTe/bHBIE NPO-
TOHBI M y4YeT TaKHX MOMEHTOB, KaK

a) BeI6Op H ONHCcaHMe NepeMeHHHbIX, YYacTBYIOUIHX B SKCIEDHMEHTe,
1 ypoBHell 3HaUeHHH BXOAHBIX NIePeMeHHbIX;

6) Ha/JMuMe WJIH OTCYTCTBHE aBTOKOPPeJSIHH;

B) CXeMa NPOBEeJEHHsI SKCIIEDHMEHTa;

I) HayaJbHHE YCJIOBHSA M TOYKH HAayana 3aMepos;

Il) BO3MOMKHOCTh HCNOJBL30BATh METOIbl YMEHBIIEHHS JHCIIepPCHH;

e) o6beMul BHOOPOK;

XK) CHocobsl PoBePKH MOJEIH.

14. BuinoJiHuTe NPOTOH H IPOBePKy Baluei MofedHd. IlocrosiHHO
OueHHBalTe Da3yMHOCTb IOJyYyaeMHIX pe3y/bTaToB, obcyXnas HX C
3aKa3YyHKOM-I10JIL30BaTeJIEM.
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15. TIpoBenuTe aHANH3 MOJYYCHHBIX PE3YAbTATOB C MPOBEPKOH
YYBCTBUTENbHOCTH, NMOCTPOCHHEM JOBEPHTEJbHBIX MHTEPBAJOB H T. 1.

16. TwateabHo pa3paboTaliTe IPOUEAYPY U METOIB NPEACTaBJICHHS
pesynbTaTOB H DeKOMeHJalHil aAMHHMCTPALMH H 3aKa34HKY-NOJIb30O-
BaTe/10. Y6eauTech, YTO OHH OXBATHIBAIOT H KOHKPETHBIH MJaH HCIO/b-
30BAHHsT NMOJAYYEHHBIX Pe3yJabTaToB. [IpH BceX AeMOHCTPALHAX MOJe-
JY cTapaiTech LIMPe NOJb30BAThCS BH3YaNbHBIMH CPeICTBAaMH.

17. TlpeacrasasiiTe, NMONyJAsPUIHPYHTE, PacIPOCTPaHsHTe pe3yib-
TaTel U PEeKOMeHAaIHH.

18. ITOCTOSIHHO CJ€IUTE 3a HCNOJb3OBAHHEM pe3yJbTaTOB MOJe-
JIUPOBAHHS U 1O BO3MOXXHOCTH CaMH YYacTBYHTe B 3TOM INpolecce.

19. V6exurech B TOM, YTO BCe 3Tambl Pa3paGOTKH MOZe]H H NPO-
BeJIeHHs] HCCJAe/OBAaHHs TILATELHO 3aJOKyMEHTHPOBAHEL.

20. Yuurtech Ha CBOHX OIINOGKax!

7.14. Yto Xe nanapuie?

Jlaxe npH NMOBEPXHOCTHOM B3IJIsile Ha HMHTAllHOHHOe MOAENHDPO-
BaHHE OHO He MOXET He MOpa3uTh HAC IIMPOKHM Pa3MaxoM PHMeHeHHU
H BaXHOH POJbIO, KOTOPYIO OHO MIrpaeT H GyieT urpath B Hallel xus-
Hu. ExBa n MOXHO HaWTH Kakyw-au60 00acTb 4ejOBeYecKOi Aes-
TeJLHOCTH, COBCEM He 3aTPOHYTYI) HMHTALHOHHBIM MOJEJHDOBaHHEM.
[TosToMy 6biJI0 GH HHTEPECHO BKpaTie 06CyaHuTh, KAKOBO OBLIO M0JIO-
JKeHHe B 9TOH o6JacTu npexXje, rie Mol HaxXOZHMCs cedvyac H Kyaa
MH, 10 Bceli BepOSITHOCTH, HAEM.

B cBOeM NpPHBETCTBHH JeTHell KOH(EPeHIHH [0 MalHHHOMY MOJe-
auposanuio, nposopusiefica B 1972 r. B Cau-Mluero (Kanudopuus),
Kapniaioc [8] roBopusn 0 «yeThipex BO3PAcTax» TEXHHKH H MOJEJHpO-
BaHusA. Ero ocHOBHas Mes OMHpaeTCs Ha NMpPenNoJioOXeHHe, YTO Pa3BH-
THe J1060H OTPACAH TEXHHKH NPOXOAHUT IO eJHHON M HEeU3MEHHOH CXe-
Me, OXBATHIBAIOIUEH WYeTHIPE CTaJHH, KOTOPHE ONpPeAeNsIOTCsT THIAMH
JNOMHHHDYIOIUHX B HHX CNEI{HaJHCTOB. DTHMH JIOABMH SIBJASIOTCH:

— u3obperareJib;

— MHHKEeHep;

— TEOpPEeTHK;

— 10J1b30BaTeb,

KOTOpbie M HaKJAajblBalOT COOTBETCTBEHHO CBOH OTNEYATOK Ha KaXIyIo
H3 3THX CTagui.

Jlast Bcex 3THX CTAaAMH XapaKTePHBI Pa3BHTHE M MCCJAEAOBaHHS, HO
n1aBaiiTe MOCMOTPHM, KYAa Ha PasHBIX. CTAZHAX CMELIAJCS «UEHTD Ts-
KecTH». MBI, KpOMe TOro, ajee yBHAHM, YTO MOJENHPOBAaHHe TecHeH-
mHuM 06Pa3OM CBSI3aHO C PAa3BHUTHEM BBHIYHCAHTENBHOH TEXHHKH.

Ha panHux cTajgusix PasBHTHs JIO0OH OTPACAH HAYKH M TEXHHKH
r/1aBHYIO POJb Hrpaj HaobpeTartesb. /sl MaIIMHHOIO MOAEJIHDOBAHHS
cragus u3obperartesisi, MOXHO CYHMTATh, 3aHHMajna nepuox c¢ 1938 r.,
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KOTJa BIIEpBbIe ObL1 IPENJIONKEH ONepalHOHHBIN yCHJHTEb (BHOCHEN-
CTBHH TpHBeJNIHA K aHAJOTOBHM MOJEJHDYIOWHM YCTpOficTBaM),
npuMepHO 10 1953 r., KOTra Ha PHIHKE NOSIBWINCDH NEPBEIE aHANOrOBhIe
BEIYHC/IHTEJbHBIE MALIMHBEL. B 3TO ke BpeMs nosiBHJach pabora $oH
Heifimana u YaaHa, rae GBUIO TaHO NepBOe ONHcaHHe Meroza Monre-
KapJo, W TPHHSIM WIHPOKHH pasMax paGoTsl N0 cospaHHi IBM,
yBeHuapImHecs BbiMycKoMm nepsbix Mamud tina UNIVAC. TlosBienne
B 1953 r. BEIuHCIHTELHONH MamHHe IBM 650 0TKpEIIO neproa GypHO#
KOHKYPEHILUH B 06/1aCTH NpoeKTHpoBaHus OBM.

Ha uHXeHepHO!H CTaiH¥ NMPOHCXOZMT CIBHI B 00JacTb NpaKTHYe-
CKOTO HCIO0JL30BaHHSA. Bee TaK e Ae/alTCs OTKPBITHS H H300PeTeHHs,
HO C ropasjo 6ojee BHIDaXKEHHHIM NPAKTHYECKHM YKJIOHOM. [Jlas ma-
NIMEHOTO MOAEJHPOBaHHS 3TOT MEPHOA HpojoxKaics ¢ 1953 r. npu-
MmepHO 10 1962 r. B 310 BpeMs pa3BHTHE LUQPOBBIX, aHAJIOTOBHX H
rUOPUAHBIX MAIUlHH 1ajeKo OOOrHaJo BCe BO3MOXKHOCTH IOJIB30BAaTe-
Jieli 3 PeKTHBHO HCIOIbL30BATh TPOMAAHBIA NMOTEHUHAN BBIYHCIAHTE/b-
Holt TexHHKH. B kouue 50-x ¥ HawaJje 60-x roxoB Mbl HabJwonatu 6yp-
HOe pa3BHTHE sI3BIKOB MOIEJHPOBAHMS, LEJLIO KOTOPHIX ObLIO NMOMOYb
AHAJHTHKY GBICTPO NEPEBECTH CBOH HAEH B (OPMY, NOHATHYIO MaLIH-
He. TIpodeccHn NPOrpaMMHUCTOB H AHAJNHTHKOB CTAIH AeQHUHUTHBIMH.
ITostBR/INCL GHPMBI, CNIENHANH3HPYIOLIHeCs HA Pa3paboOTKe MaTeMaTH-
qeckoro obecrieyeHus, ¥ GUPMBI, 3aHUMaOWHecs OOCAYKHBAaHHEM
BBIUHCJAUTENBHBIX MalllMH, 8 B JHTepaType CTa/jH NyOJHKOBATbCS ONH-
CAHHsi UMHUTALHOHHBIX MOZeNeH MPOCTHIX CHCTEM.

ITo3:xe NPOHCXOMHT HOBBIH CABHI — B CTOPOHY TeOpeTHKa. B uMu-
TAaUMOHHOM MOJEJHPOBAaHHM 3Ta CTafus Npoxoixanack ¢ 1962 rmo
1970 r. Torza aHAJNTHKY U MAaTeMaTHKH HavajlH Pa3BHBATL CaMy HACI0
MOIeJHPOBAHKS U paspabarniBaTh Gosee $HOpPMaSH3OBAHHEIN, HAYUHBIH
noaxon K Hemy. Crajdu NOSBAATLCHS CTAThbH, NMOCBAIUEHHBIE TOBOJBHO
TOHKMM BONpPOCAM MOAENHPOBAHHS, TAaKHM, KaK TeOpHS BHIGODKH,
HayajIbHbIE YCJAOBHMs, CTAaTHCTHYECKHH aHA/H3 BBIXOAHBIX JaHHBIX H
T. A. DTOT ynop Ha TEOPHIO BO3BEJ HMHTAUHOHHOE MOAEIHPOBaHHE B
paHr akaJeMHYecKOH HAYKH, YTO CONMPOBOXKJAJ0OCh MOsBICHHEM (op-
MajbHOH TeOpeTHYecKoi WIKOJAB ¥ 06pa3oBaHHEM HayYHBIX OOLIECTB
(nanpuMep, COBETOB N0 HMHTALLHOHHOMY MOJENHPOBAHHIO), AEsATe/b-
HOCTb KOTOPHIX 6BLIA NOCBSIIEHA 9TOH 06JacCTH.

CocTosiHHe MMHTaLHOHHOTO MOJENHPOBAHHS B KOHIe CTaiHH Teo-
perHKa MOXKHO OXapaKTepH30BaTh cJjeiylomum obpasoM. K 1970 r.
GBLIO OIyGJIMKOBAHO YKe MHOTO OTJIHMYHBIX CTaTeH MO MOAeNHPOBAaHHIO
CHCTeM MaccoBOTO OOCHAyXHBaHHS, cHCTeM 00palOTKH MaTepHaJOB,
TPAHCNOPTHLIX CHCTEM, OGOPYNOBAaHHsi aBHAKOCMHYECKHX CHCTEM, CH-
CcTeM YIpaBJIeHHsl 3alacaMH, CHcTeM cHaGXeHHs M T. I. MBI Jerko
MOIJIH CO37aBaTh MOJE/]H aBTOMAaTHYECKHX CHCTEM, He BKJIOYAIOLIHX
qgejioBeKa. Mpl CNPaBASINCh H ¢ PelleHHeM CPeACTBAMH MOAJHpOBa-
HHsl 3a/a4 OPTaHH3ALHOHHOTO YNpAaBJIEHHS, KOTOphie 06aajanu ciae-
AYIOIIUMH CBOMCTBaMH:
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— 6niM HanpaBJieHH Ha pelleHHe NPOH3BOACTBEHHHX 3ajady Op-

raHH3alHH;

-— BO3HHKAJH Ha CPeJHeM YpOBHE aJMUHHCTDATHBHON HepapXuH;

— HMeJH KOJHYeCTBEHHbIe Xap aKTePHCTHKH;

-— KacaJuCh B OCHOBHOM YJy4YIIeHHs S5KOHOMHYECKHX MapaMeTpoB;

— HMEJH CKaJspHbIE lejeBble QYHKUHH.

HHTepecHo CPaBHHTh THNH COOOIIeHHH Ha KOH(MEpeHUHH MO Ma-
IIHHHOMY MOAeaupoBaHHio JeroMm 1970 r. ¢ cooblieHHsMH Ha aHajO-
rugHOfl KOHdepeHIHH, cocTosBIelica aumoit 1973 r. Ha kondeperuun
1973 r. ocHOBHOe BHHMAaHHE yJeJsJ0och MpobJeMaM Pa3BHTHsS ropojios,
HaNHOHAJBbHOH 5KOHOMHYECKOH MOJHTHKE, rJio6ajbHOMY MOAEJHPOBa-
HHIO, OJINTHKE B3aHMOOTHOMIEHHH C OGILIECTBEHHOCTHIO, OXpaHe OKPY-
XKalolmell cpeianl M APYyTHM npo6jeMaM, K KOTOPHIM MPHKOBaHO OObie-
CTBEHHOEe BHHMaHHe. DBulIo 6bl MpaBHJBHBEIM CKasaTh, 4TO B 1973 r.
GOJIBITHHCTBO AOKAAJ0B GblIO MOCBSIIEHO MOHCKAaM HayyHOro NOAXoAa
K pelIeHHIO COLMaJbHBIX M NMOJHTHYECKHX Npo6JeM, a 3TO CHIbHOE f0-
Ka3aTeJbCTBO TOTO, YTO B MOJAEJHPOBAHMM HACTYNHJa HOBas CTaHs —
CTajusd NOJb30BaTeJs.

Sra KOHeYHas CTajHsl XapaKTEPU3YyeTcs 3HAYHTENbHO GOJbIIMM
BHHMaHUEM K pe3yJbTaTaM H NOCJAEJACTBHSM PaboOTH, 4eM K ee Tex-
HUYECKHM JeTatsaM. KoHeYHHM NOJb30BaTeNeM MOMXKET GOHITh 3KOHO-
MHCT, HOJHTHK, ajJBOKaT, Bpay Hau ryMasurapuii. C pocTom Bepsi
[0JIb30BaTe/I B CHJY BHIYHCAHTENbHHIX MalIMH M A3bIKOB HMHTAIHOH-
HOTO MOJEJHPOBaHMS PaGOThHl BCe MeHbIIE H MEHblle HeperpyxaloTcs
MaTeMaTHYeCKHMH PacCyXXACHHSMH H HeTalsIMH BHUHCAeHHH. B TO Xe
BpeMs yHelsercs Bce Gojlee cepbe3dHOoe BHHMaHHE KOHEUHOMY HCIOJb-
30BaHHIO MOjeJielf, yUETy BCeX COUMANbHHX, SKOHOMHYECKHX H MOJH-
THYeCKHX (akTopoB. ONHH H3 Pe3yJbTaTOB 3TOTO0 COCTOMT B TOM, UTO
OCHOBHOH ymop jejlaeTcs yXKe He Ha «ONTHMH3aLHIO PEUIeHHs», a Ha
6oJjiee TIIAaTeJbHOE PacCMOTPEHHe BEPOSTHEIX MCXOJOB H YHET BCeX
BO3MOXHBIX a/IbTePHaTHB. PeayjpTaTh, MOJyyYeHHble BO MHOTHX HC-
CNefOBAHHAX C MOCTPOEHHEM MMHTAIMOHHBIX MoJenell, (aKTHYECKR
HCTOABL3YIOTCS He Ha NPAKTHKE, a KaK JONOJHHTENbHOE OPyXKHe B MO-
JIMTHUECKOH Goph6e BOKPYr BaXKHEIX COLHAJLHEIX BOIpPOCOB.

Yro ke nanpme? Mpl HHYEM He PHCKyeM, yTBEPXK/asi, 4TO H Aalb-
me 6yaeM MOJb30BaThcs MJAOAaMH TBOPYECTBa H3o6peraTesell M HH-
KeHepoB, PaboTalOKX Hal CO3[aHHeM TeXHHYeCKoH 6ashl, MareMaTH-
YecKOoro oO6ecleyeHHs H MONIHEIX s3BHIKOBHIX CPeAcTB. B HMHTanHOH-
HOM MOJeJNHPOBaHUM OyleT HeyKJIOHHO BO3pacTaTh, HANPHUMEp, POJb
MaIIMHHOA rpa@UKH H METOJoB paGoTs Ha IBM B onepaTusHOM pe-
KuMme (omJafH).

TouHO TakK e MOXHO yTBEPXJaThb, YTO TEOPETHYECKAS W HAy4YHas
6a3a: HMHTALHOHHOIO MOJEJHPOBAHHS GYAeT yKPelJSThCA M Aajblie
N0 Mepe PelIeHMs MaTeMaTHKaMH H HCCJeN0BaTeJsIMH 3afay NPOEKTH-
POBaHMA MHOTOMEPHHIX TOBEPXHOCT€H OTKJIHMKZ, NPOBEPKH ajeKBaT-
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HOCTH MOjieJlefl, aBTOKOppeJsunH u T. . Ho nHacToslee noJje aesTelb-
HOCTH Bcerja 6yJeT cofepxKaTb 3ajlaul, KOTOPHE
— BO3HHKAIOT Ha BHICIIHX YDPOBHSX HePapXHM yOpaBJieHHS;
-— SBJSIOTCS WHTETPUPOBAHHLIMH M CTPATETHYECKHMH MO CBOeH
NpHpOJE;

— HMeIOT MHOTOKDPHTepHa/bHHE neJieBHe (QyHKINH;

— cojepxKaTr NepeMeHHbe, He BHpaXaeMble KOJHYECTBEHHO;

— Tpe6yIoT yuera CyKAeHHH M OpeANOYTEeHHH JHI, NPUHHAMAIOIHX

penieHus.

MonennpoBaHne SBJASETCS CTOJb MOLIHBIM H THOKHM CPeICTBOM
pelleHHs 3afay, BO3HHKAIOIUX B CJAOXKHBIX CHCTEMax, 4TO HEeT COMHe-
HHs B TOM, YTO OHO M faJblle GyAeT yCHJEHHO pa3BuHBaThcs. MHe Ka-
JKeTCS, yXe CerofiHsl MOXHO yKa3aTh CBHIIe TPeX COTeH NPHMEPOB
YCHEIIHOTO ero MPHMeHeHHsd. DTOT CIHCOK GYAeT HACYHTHBATh THICAYH
OpHUMEHEeHHii, KOrja MOJAeJHpPOBaHHe riy6xke NPOHHKHET B COIHaJb-
HYIO, MOJIUTHUECKYIO ¥ 3KOHOMMYECKYI0 06aacTH. ORHaX AN A CAbIIIAJ
NOKJadyHKa, KOTOPHIH yTBepXKJaJ, 4To HET HH ORHOH NPo6JaeMH, KO-
TOPYIO Heslb3s GHIO 6bl PEMHTH C MOMOIIBLI0 HMHTALHOHHOTO MOJEJIH-
poBanusi. XOTs B 3TOM 3asBJEHHH COAEPXKHTCs HEKOTOPOEe NpeyBesH-
qeHHe, s TJy6OKO yBepeH B TOM, YTO HMHTALMOHHOE MOJeJHPOBaHHE
OKasblBaeT H elne JoAro 6yjdeT OKa3HBaTh pacTyllee BJAHMAHHE Ha
KH3Hb KaXJOro U3 Hac.
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NPUJIOXKEHUE A

MPUMEPDBI PELLEHUA
MPAKTMYECKUX 3AAAY

n.A.1.. MORENMPOBAHME
ABTOMATU3MPOBAHHOW
MHDOPMALMUOHHO-NOUCKOBOH
CUCTEMBI"

M poep?

Aror TpuMep paer YHTATENI0 TNPSICTABJACHHE O TOM, KakKOro THNA BONPOCH BCTAKOT
nepen paspabotuuxamu Mofend. Ocofoe BHHManHe DPeKOMEHAyeTcs OCpaTHTh Ha
pasjesbl, MOCBAIIEHHBE cOOPY MaHHBIX U TAKTHYECKOMY IJIAHHDPOBAHHIO paboThi HH-
(bopMaunonHo-nouckoso cucremn (HIIC).

BBepnenne

WHpOpMaLHOBEbIH HEHTP N0 TeXHHYeCKOMY OfecrneyeHHIO IpOrpaMMel
«Amnosnon» Gl co3aa AJs c60pa, XpaHEHHs M PaclpOCTpaHeHHS uH-
dopMalK O TeXHHYECKHM XapaKTEpPHCTMKaM MaTepHaloB, Aeralel,
y3JI0B M YCTPOMCTB, IPHMEHsieMBIX B OTAEJbHBLIX IPOEKTaX NPOrpamMMal
«Anosnos». B uyacTHOCTH, MH(OpMaLMOHHas CHCTeMa LEeHTPa COxep-
JKHUT faHHBle [0 MX HICHTHOHKALHH, NPeXbsBJIAEeMBIM TEXHHIECKHM
Tpe6OBaHHAM, HCIBITAHUSIM, HANEHKHOCTH, cdepe TpHMeHeHHH, HOP-
MajIbHEIM H 3KCTPEMaJbHBIM YCJIOBHAM 3KCIJIyaTallHH, a TakXe Npo-
(HIAKTHYECKOMY KOHTPOJIIO.

Ha puc. T1.A.1.]1 B 06061eHHOM BHAe NIpeJCTaBJeHa cxeMa uHpop-
MalHOHHHX IIOTOKOB B cucreMe. [0 pasiuyHBIM BXOXHBIM JOKYMeH-
Tam, cojep)amum uupopmanuio zast Beoga B MIIC, cocraBasiorcs
pedeparhl, KOTOpEIE 3alHCHIBAIOTCA Ha MarHHTHYIO JIeHTY M 00pasyior
Gubnmnorpaduyeckuit apxus. [Tociae KOIHpOBaHHA pedepaToB LOKYMeH-
TH 3alHCHIBAIOTCS Ha BUAECOMarHUTHYIO JIEHTY, 00pa3yst JOKYMEHTallb-
HBl#i apxuB. OpHrHHAJB HX XDaHATCS B PYYHOH KapToTeke Ha OObIY-
HBIX 6HOJHOTEYHBIX CTeJIaXkaX. .
CrnpaBoyHas cayx6a HH)OPMAUHOHHOrO IeHTpa OOCHyXHBaeT
NoJb30BaTeNeil B ABYX OCHOBHBIX DEXHMaX: PeXHMe PaCChUIKH yKa-
3arenell W peXHMe THIA «3aUpOC— OTBET». YKasaTejeMm IO ONpexe-

1) U3 HeonyGJHKOBAHHON AMCCEPTalMM Ha COHCKAaHHe YYeHOH cTeneHH MarucTpa
HayK «VIMHTaLMONHAs MOZeJ]b A5 OLEHKH MPOEKTHPYEMOTO PacCUIHpEeHHs ClpPaBOYHON
cayx06u VHOODMAaUMOHHONO LEHTPA N0 TeXHHYeCKOMY oO0ecleueHHIO TNpOrpaMMbl
«Anonnon», Yuusepcurer wt, Anabama, r. Xauncrsua, mr. Anabama, 1967 r.

2) Hayuumit cotpyauuk Lientpa no ucciefoBanmio OKpyXKaiouwled Cpensl, YHHBED-
cureT wr. Anabama, r. XaHTCBHI. E
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JIEHHOMY BHAY MaTepHaJJOB HJH H3AeNHU{i Ha3bIBaeTcs NEePHOAHYECKOe

H3JaHHE, CONEPXKalee KPaTKyl pedepupoBaHHyl0 HHOOPMUHIO O ;
Hux. ['naBHoe HasHayeHHe ykasaTesed — 06ecneyHBaTh IMO0Jb30BATEs
Jnefi KOHUEHTPHPOBaHHOH uHDOPMauHel u3 AOKYMEHTOB, XpaHSLIMXCH

B cHcTeMe. PexxuMm THna «3anpoc — OTBET» SABJASAETCA OCHOBHBIM B pai b

Tesreponnas Junus mesemadnnod
TURUS cbasu
Toas306 Lpedemba
Jes A Jud,
vecnoeo noucka
Uenmp odpadomnu
Tenegonnas Jsanpoco! Sunus
unus Budsocbasu
flonts Lpedemba
¢ Boixodusimu doxymenmassiozo|
mepmMunanamu noucka

Junus Budeocbasu

Sunus mesemainwod cbasu

Puc, T1.A.1.1. OGofmenHas cxeMa HHpOPMAUHOHHO-CIPABOYHOTO OGCIYXKHBAHHS
peXuMe THIA «3aMPOC—OTBET, s

Gore MHQOPMAIHMOHHOrO LEHTPa; B HEM MOJb30BATENb NepelacT CBOf !

3ampoc B UeHTP Mo TejedoHy M MOJyyaeT OTBET TakKke 0O TededHOoHY ;

MJIH To TIouTe. b3

Hpouenypsl 06paGoTkH 3anpocos

UndopMauuoHHbe 3aNpockl OT NMOMb30BaTedeil nmocrynaior no TS
Jedony B HeHTP 06pabOTKH 3ampocoB, KOTOPHIH CBA3aH ¢ APYTHM
4acTSIMM CHCTEMBl JBYMsI 3aMKHYTHIMH TeJe(OHHBIMH JIMHHAMH, }
KaXJ0# H3 KOTOPHIX CTOAT MO ABa TelehOHHBx anmapaTa. Ms-3#
CJIOKHOCTH 3aNPOCOB MH)OPMAUHOHHEIA LEHTP HE MOXKET NPEHOCTé
BUTh NO0Jb30BaTE]NSM BO3MOXKHOCTh HENOCPEACTBEHHOTO 06paineHus K:j
cucteme. [Jo/yueHue, CTaHiapTH3ANMA H KOZUPOBAHHE 3ampocoB Mpod
M3BOLATCS COTPYAHHKAMH LEHTPA. 3ampPOcH AeNATCH Ha TP Kiacca? §

COOTBETCTBYIOIIHE TPeM cxeMaM o00paboTKM: cHenuaibHbl pydHOR §

TIOMCK, MaUIHHHbI NOUCK B GuOAHOrpadMuecKOM apXuBe W MaIIMHHHHA |
TOHCK B JOKYMEHTaJbHOM apXHBe. ‘j‘ ]
Pyunoti nouck TPOBOAMTCA NO 3aNPocaM, KOTOPHE Heab3s YAOBj

JIETBOPHTh MPOCMOTPOM 6ubanorpaduyeckoro apxura. [lpoueaypa 00+
paGOTKM TaKoro kjacca 3ampocoB NMokasasa Ha puc. [1.A.1.2. [Tocme 3
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MOJIYYeHHs! 3anpoca OAMH M3 CHEeNHaJHCTOB LEHTPa NPOBOAHT MO HEMy
cOOTBETCTBYIOIME NoucK. ITodyueHHb OTBET 3amUchIBAaeTCS; MOAb30-
BaTeJsl Mo TededOHy 3ampallHBaIOT, HYXHO JM H3FOTOBHTbL AJ4 HEro

Hanyvenue
3anpoca no
menegony

Npobedesue
Pywwozo
nouska

Boizob
nomssobamenrs
1o menepony

Hszomolpenue
Komud
Bonymenmot

\Todeomobna ombe-
ma A qnnpaﬂ/m

ng novme

Puc. TLA.1.2. Asropus 06pa6oTKH 3ampPocOB Kracca PYYHOTO NMOHCKA.

KONIHM HMEIOLIHXCS TO TeMe 3anpoca AOKYyMEHTOB. Ecau HET, TO OTBET

Ha 3ampoc BHICBLIZETCS €My 110 MOYTE, €CJH A, TO C HyXKHHIX HOKyMEH-
TOB CHHMaIOTCS! KOMHH M MOATOTaBJIHMBAIOTCS AJA OTHPABKH MOJb30Ba-
TeJII0 MO MOoYTe.

Tlouck & 6ubiuocepagpuseckom apxuse npencraBaser coboit aBTo-
MaTH3HPOBaHHYI0 NPOUEAYPY, KOTOPas NO3BOJSET NONYYHTh B CXKa-
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Nonyvenue
3appoca no
mesepoy

TOM BHJe HHPOpMaUHIO O NOKyMeHTax, xpaHsmuxca B UIIC. O6uas -
cxeMa 06pabOTKH TaKOro Kfiacca 3anpocoB oTpaxesa Ha puc. [LA.1.3;

Mocne mosayuyenusi 3ampoca BBOA - €TO OCYIIECTBJSETCS BPYUHYH §
gepe3 referadn. LleHTp pacnosaraer ofHHM TeNeTafNOM KakK LIS Me- ;
penaul, Tak M M nojJydeHHs uHpopmanuu. Ecau Teneraiin oxasan- §
Csl 3aHAT, 3anpoc HabHBaeTcs Ha nep(OKapThl, KOTOPHE BBOAATCS B
YCTPOMHCTBO UTEHHS KapT, CONpsXeHHOe ¢ Teleraiinom. [asee 3anpoc §
NOCTyNaeT B KOMMYTaIHOHHBIH npoueccop, GYHKIUHE KOTOPOr0 CXOMHH |
¢ pyHRUUAMH TededOHHOH NOACTaHUHH, BHIMOMHSIOWEH NEPEKTIOUEHHS §
TeNe)OHHbIX KaHAMOB. B 3TOM KOMMYTaHOHHOM MpPOLECCOPE 3aNPOCH
HaKaNlHBaIOTCS M MePelajoTcs HaJjee LEHTPaJbHOMY NPOLECCOPY B
peXHMe <«NepBbIM MpHILe] — NEPBEIM OGCIyXHBaembCa». [IOCKOMBKY |
K UEHTPaJbHOMY OPOUECCOPY CHCTEMBl MOTYT OJHOBPEMEHHO MOAKJIO-
4aThCsl MHOTO aGOHEHTOB, 3aMPOC CTaBHTCH B OYepelb, I€ OH GYAET §
HaxXOAHTLCSA AO T€X MOP, MOKa NMPOLECCOpP He 0CBOGOAHUTCS, 4TO6H ero §
OGCTYKHUTD.

Otser nHa 3anpoc GOPMHpYETCS B LEHTPAJbHOM NPOLECCOPE, IPO-
H3BOJSILEM COOTBETCTBYIOU{HiI NOUCK. JlanHble OTBeTa NepexaioTcs
KOMMYTaUHOHHOMY TPOLECCOPY H CTaBATCH B OYEPenb A0 OCBOGOKIe- §
HHs TPUEMHOTO yctpoiictBa. Eciu 3ampoc moayues oT mosnb3oBatens, §
MMEIOIEro AOCTYyN K BHEHMIHEMY TEDPMHHaNy CHCTEMBl M JKeJalouiero
[OJYYHTh OTBET MO TeJleTaiiny, OTBET OT KOMMYTaNUMOHHOTO MPONECco-
Pa Hanpas/serTcs cpady Xe Ha 3TOT TepMHHal. EcIH mosb3oBareln
TPe6YIOTCS KOMHMHM KaKHX-THO60 NOKYMEHTOB, yKa3aHHEIX B OTBETE, 9
AJIS1 MX TOJYYeHUS OH AONKEH MPeNCTaBHTb HOTONHHTENbHbIH 3anpocCs

OTBeTnl H2 3aMPOCH TeX MOMb30BaTelNeil, KOTOphle He HMEIOT JO)
CTyNa K BLIXOJHHIM TepMUHa/laM, NEePeAaloTcs KOMMYTAUHOHHEM NPOf)
UeccopoM Ui meyaTH Ha TejeTafine B ueHTpe 06paGOTKH 3ampPOCOBy;
Ecan nonn3osaTesb No TeNedOHy coobliaeT, YTO eMy TPeGYIOTCA KO-
[IUY BCEX JOKYMEHTOB, pedepaThl KOTOPHIX HafifleHbl B X0fe GuGIHOrPan
¢$Huueckoro noWCKa, 3ampOC HAMpaBJSETCS CPEACTBAM LOKYMEHTAJIb
HOTO ToHCKa. Ilonb30BaTeNs, KOTOPHIA HE yKasal, HYXKHE JH eMyi
KONMH JIOKYMEHTOB, 3aNpalluBaloT 06 5ToM no TededoHy. B ciyd
KOTZa 3TH KONHH He HYXKHbl, OTBET IOTOBHTCS K OTIPaBKe MO MOY
Ecin nosip3osatens no TenedoHy COOBWIMT O TOM, 4TO eMy TPebyIo
KONMM AOKYMeHTOB, xpanamuxca B HIIC, ero sampoc nepenaer
CpencTBaM AOKYMEHTaJbHOrO MOUCKa.

AeTOoMaTusuposantil OoKymeHTabHbI nouck TTaHMpyercs Kaf)
ZanpHeiiliee pasBUTHE HHPOPMaUHOHHO-CHPABOYHOH CAYKGEHI ueHTpg
DTOT K/Macc MOMCKOBHIX OMEpauuil JAOJKEH yAOBIETBOPATH 3anpOCANS
Ha TOJNyyeHHe KOMHH KOHKPETHHIX NOKYMEHTOB, XpaHSIIHXCS B MaCCH
Be nokymentos HIIC. TIpomenypa moJyueHHs OTBeTOB Ha 3ampl 3
'9TOro THNa mpeAcraBiena Ha puc. [1L.A.1.4. TTo uudpposomy HHAEKEY
COZepPKAIIEMY HOMEP AOKYMEHTa, BPYYHYIO NPOH3BOLHTCS NOHMCK 6f
ajipeca xpaHenus, KOoTopu# Beopurcst B MIIC uepes tepmunan. Ecf
TEpMHHAJ OKa3hIBaeTCAd 3aHAT, aJpec XpaHeHHs NOKyMeHTa HaGHBAETS:

Nep@opupobanue
3anpoca #a

nepponapmax

B60d

anpoca vepe3
menemadn

K 2 I enmpaneniil [ Budnuozpagpuyvee-
nud apxub

P P Yt

]

[levame
Haswavenue ? | omfema na
Uenmp menemadne
ol

Jarnpocod

Baixodnod
mepauran

Bsisol8
' nomobamens

1o meaepoky

M. puc.
nA.14

flodeomobra nov-
mofozo ombema
nom3oamesw
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Nonyvenus
meneponHozo
3anpoca

!

BorBenenue
Anrovedsix
npusnanol

Meppopupobanue
Hem K H048081x
npusnanos
Ha neppo-
rapmax
B60d sanpoca
vepes nyssm
onepamopa
CpedembBa Jonymenmansnozo nousna
Mouck
. F) " H
' 7 '
L Lorgmermanshsii J
- - - apxul -
fiyda n
Hpopmagus 2~ 8 Yeump Fonymenmol
’y A
Jar//;umallw l
[lodz0mobua
Ha Boixodmod: noymobozo
mepmunan omBema

" Puc. TLA.14. Anroput™ 06pa6oTks 3anpocos knacca JAOKYMEHTAJIBHOrO NMOHCKA.
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csi Ha nepdoKapTy, KOTOpas BBOAHTCS B YCTPOHCTBO UTEeHHMS KapT
tTepMHHala. Ecin mojb3oBaTenb HMEET AOCTYN K BHELIHEMy T€PMHHa-
Jy, TO MPH HEeOOGXOAMMOCTH NMOJY4€HHs NOKYMEHTOB OHH BHLI3HIBAIOTCS
npsMO Ha 3TOT TepMHHaJ. [IpH 3TOM NOJb30BaTelb HMEET BHIGOP: OH
MOXET OrPaHHYHTbCS UTeHHEM H306paXKeHHs NOKyMeHTa C 3KpaHa HJH
MOJYYHTb €ro pacneyaTky ¢ aJdaBHTHO-HH(GPOBOro NeyaTalolero
ycrpoficTBa TepMHHada. [IpH OTCYTCTBHMHM [AOCTyna NOJAb30BaTeNsd K
BHEIIHEMY TePMHHaJy HeoOXOZMMble eMy [IOKYMeHTh BHIAANOTCA Ha
OLICTPOJIEHiCTBYIOLIEE MeYaTalollee yCTPOMCTBO B UeHTPe 06paboTKH
3anpocoB.

HocTpoeHne MOAENH

HecmoTps Ha TO uTO HHPOPMAUMOHHEIN LEHTP yKe paboral, Bax-
HO 6BLJIO MPOBECTH OLEHKY €ro BO3MOXHOCTeH, 4TOOnl yOeauThCcs, 4yTo
OH CMOXET YNOBJETBOPHTb 3aMPOCH W NPH HX OXHJAaeMOM yBeJHye-
HuM. Kpome Toro, o6uIupHble HccleloBaHHs 0GOPYNOBaHHs MO3BOJIHIH
NOJYYHTh PEKOMEHJAUHH OTHOCHTeJbHO THMOB OGOPYNOBaHHS, KOTO-
pHle neaecoo6pa3Ho HCHOJNb30BaTh AJsi pacuiupeHus uedrpa. OaHako
ocTaBajloch HesCHBIM, KaK BCTPOHTb PEKOMeHAyeMoe 06OpyldoBaHHE B
CYIIECTBYIOIIHH HEHTP H 3aTEM OUEHHTb €ro NPOH3BOAHTENbHOCTb.
Llens omHcHIBaEMOro HCCIELOBaHHs 3aK/ioyanach B OUEHKE Cyle-
CTBYIOLIIEH CMPaBOYHOH CJAYXKOBl C yYyeTOM NpelJaraeMhXx H3MeHEHHH
ANl BLISBJEHHS €ro MOTEHUHAJbHBIX BO3MOXKHOCTEH yNOBJETBOPEHHS
3aflpocoB moJab3oBaresell. KpuTepuem OLEeHKH CIyXuio BpeMs 06OpoO-
Ta 3aApoca B CIPaBOUHOH cyX6e CHCTEMBL. DTO BPeMs ONPEAENsIOCh
Kak obmee BpeMs MoaHOH 06paGOTKH 3ampoca ¢ MOMEHTa MOCTyIJe-
HHSi €ro B UEHTP 00pabOTKHM 3amPOCOB AO OTCHUIKH AOKYMEHTa HJH
BLIJaYH OTBeTa M0Jb30BATEIO.

Jns omyucaHHA TpPOUERYPH! NOJYYeHHs OTBETAa Ha 3anpoc HCHOJb-
30Bajics PsAA MPOCTHIX B3aHMOCBsI3eH, BRIPaXKeHHBIX B uuGpoBoi dop-
me. Bripaxenus pis BpeMeHH o6opora 3ampoca GBUIM NMOJYYeHH BbI-
JeJIeHHEM B 3THX B32MMOCBA3SX PabOYMX KOMIOHEHTOB H KOMIOHEH-
TOB OXHJA2HHUS H HX cyMMHpoBaHMeM. C NOMOLIBIO TakoH MOZeNH,
TOCTPOEHHON Ha MaTeMaTHYeCKHMX BHIPaXKEHHSX I BPEMeHH 060poTa
3anpoCoB, MPOH3BOAMJIOCH MOJAENHPOBaHHE PaGOTHl LEHTPa MPU Pas-
JHYHBIX YCIOBHSX. [1OCKONBKY STHMH yCJOBHSAMH MOXHO GBLIO ympaB-
JISTh, JIETKO TNPOBEPSJIOCh BJHSHHE M3MEHEHHs OJHOTO HJIH CPa3y Xe
HECKOJIbKHX NMapaMeTpPOB.

Monens onupasachk Ha ClefylOlIHe Kiacchl 3alPOCOB:

1. O6paGoTka 3ampoca TPe6YeT HCMOIb3OBAHHA ONPEEIEHHOTO
Habopa ycTPOHCTB annapaTHolt yactu cuctemsl (F1, F2, ..., FM).

2. Mexny ycrpolictBaMH 3TOr0 HaGopa MOTYT BO3HHKATb OYepely
(Q1, Q2, .., QN).

3. Komnosent (Cl, C2, ..., CK) onpenensercs B eAMHHIAX BPeMe-
HH. Bpems 06paGoTKH 3ampoca Ha HEKOTOPOM YCTPOHCTBE CHCTEMH

20*
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ecTb pabounii kxomnonent (i (Fl), £o(F2), ..., t;(FM)). Bpems Haxox-
IeHHS 3anpoca B OYEPeAH €CTh KOMNOHeHT OxuiaHus (#(Ql1), ]
tz(%Q)é---, t,-(QéV))‘ ;

. Bpems 060opoTa KaXJOro THna sanpoca ecThb GYHKHHS Habopa ;
komnoneHtoB (Cl, C2, ..., CK) u Bnlpaxaercs B BuAe & P

caMH MOXKHO GhlIO ONHCATh OTPHUATENbHHIM SKCIOHEHUMANLHLIM pac-
ppeseienneM. VcXols M3 PacueTHOro Temma PoCTa 3anpocos, CTPOH-
jch COOTBETCTBYIOUIHE SKCMOHEHIHAbHEE DaCHpeNeIeHHs. Hexkoto-
e BPEMEHHLIE XaPaKTeDHCTHKH, HalpPHMeD BPeMs CBASH C 3aKa3uH-
koM TIO TenedoHy M BpeMs NMPOBELEHHS 6ubauorpadHIeckoro MOHCKa,
T,=i(C}, C2,...,CK). (1) § gul1H ONHCaHB pacnpenenenuem Spaanra. Psii BUAOB pacnpeaeneHuir
je yAaJ0Ch alNPOKCHMHPOBATh HH OAHHM H3 CTaHIapTHEIX TEOPETHue-
4x pacnpefenenuii. K HAM OTHOCHJIMCh, HalpHMeP, KOJHYECTBO BO-
¢ KaXAuM Tq, BHPaXaeTes Kak QyHKuus g ;I;o)éog nop omHomy 3ampocy Kaacca I, KOJ'IPI'-II)ECTBF) JIOKYMEHTOB Ha
T,=f{ty(F1), t,(F2),...,t, (FM); . oTBET, KOJHMUECTBO CTPAHHMI Ha AOKYMEHT. B sTHx clydyasdx B KauecTBe
£ (01), (02 N 9 3XOHOFO TapaMeTpa HCHONb30BAJHCh JaHHbIE DealJbHHIX BbHIGOPOK.
1Q1), £(@2)....1;(QN)) @ MeTOAHKa NOJNYYeHHs OTBETOB Ha 3ampoOCHl Kiaccos 2 u 3 cBi3aHa
¢ TJaHHPYeMHIM Pa3BHTHEM HEHTPa, MOSTOMY KakHe-THGO sMOHpHYe-
ckie faHHble TI0 YacTOTe 3alPOCOB TAKHX THNOB OTCYTCTBOBaaH. Bruior
M ¥ Npe/UTOXKEHO yCTaHOBHTh B Pajuyce §0 KM OT UEHTPa TepMHHaJbHbIe
T, =S¢, (FM i (ON u ycrpofictBa Aisl CBSI3H MOJIL30BATENEH € cucremofi. CooTBeTCTBYIOIIHE
q 2 t H‘Z 1 @N), 3 o OUEHKH JJIs 3alPOCOB 3THX THNOB GbUIM NOJYYEHb! MO 3aMHCAM H3.
XypHAJ0B 3aPOCOB.

He 6b1J0 CTAaTHCTHKH M [0 BPeMeHH 3a/lepPXXKH, BO3HHMKalolled B
ToM clydae, KOTAA COTPYAHHK LEHTPA rOTOB H3JOXKHTL MO TeledOoHY
NoJyYeHHEH O 3aMPOCy OTBET, HO TeledOH MONb30BaTe/s OKa3hlBaeT-
¢ 3aHATHIM. [TosToMy O6BLIIO cleNaHO AOmyleHHe, YTO H3-32 3aHATO-

Ha6op pabounx KOMIOHEHTOB H KOMIOHEHTOB OXKHIAHHS, CBS3aHHH

ITonaras, yto 062 BMAa KOMIOHEHTOB SBJSIOTCS He3aBHCHMBIMH JPYF
OT Apyra, Bupa3uM T, caepyomuM o6pasom: C

i=l1 j=1 ot

rae Tq—Bpems o6opora KaXmoro Ttuma sampoca (¢=1, 2, .., 10),
t;(FM) — Bpems, TpeGyeMoe nis 06paboTKH 3anpoca yCTPOHCTBOM |
M u t;(QN) — Bpems oxHupaHHs 3ampoca B odepenu N 40 TOro, Kax 4
0CBOGOAHTCS clefylolnee yCTPOHCTBO AJis MPONOJNKEHHs 0GpaGOTKY
3anpoca, 7 CTH HOMEpPOB TeledOHOB NOJb3OBaTesell MOXET OKa3aThCs 3alepiKaH-
B xauecTse s13LlKa MONENMPOBaHHS GBLT HCHONBL3OBAH YHnBepcam; 1 HBIM HEKOTOPblii MPOLEHT OTBETOB, H MONBITKH JO3BOHHTHCS A0 TOJb-
upii  Cucremunit Hmuratop 11 (GPSS), paspaGoramsnii (upmep § 30BaTeNs NpeNNPHHUMANHCh Yepe3 PaBHble OTPE3KH BpeMeHH. MOMeHT
UNIVAC [3]. Baousas cTpyKTypa 5TOTO S13HIKA H HCTIOJb3OBAHBR BpeMenH TeJe(OHHOrO BHI30Ba 3aBHCHT OT THNA NMEPeroBopos (Mmepco-
onepanuii Npeo6pasoBanus AeJalOT €ro MAEAJbHLIM ISl STHX He 3 HAJbHBIA, MEXAY CTAHIUAMH HJM BbHI30B OPSAMBIM HaGopoM), a TaKxe
B momesb Gblin BKIoueHn 250 610KOB, 38 (yHKmHH, 12 yCTPOACTR, | 0T paccTOsIHHMA. PacnpeleneHHs cpefHell MPOAOIKHTENbHOCTH TeJe-
13 ouepeneit u noayueHH 24 BEIXOAHBIE Ta6MHIL. ’ . (OHHBIX BEI30OBOB N0 PasHEIM THNAM TeledOHHBX HHGPOPMAUHOHHBIX
B 3aPOCOB OLLIA MOJydeHnl B pesyabTare Gecefibl ¢ NPeACTaBHTENEM
C6op namHux . (blprBbe Southern Bell Telephone.

i nepuoj c60pa AaHHBIX ObLIO OGHapyXKeHO, YTO BpeMs MeyaTH
0TBera Ha TeJeTaiille 3aBHCHT OT BHIXOAHBIX (OPpMATOB H 06beMa pac-
Neyatky orBera. TakuM 06Pa3oM, TOYHBIX 3MNHPHYECKHX AaHHBIX OO
BPeMeHH MeyaTH MOJYYHTb Helb3s. JIpyruMH pab0uyMMH KOMIOHEHTa-
MH, 0 KOTOPHIM OTCYTCTBOBaJa CTaTHCTHKa, OblTH BPeMsi MPOBELEHHS
PYumoro moMCKa OTBETa Ha 3alpOC, BPEMsl NMOATOTOBKH MOJYYE€HHOT'O:
0TBeTa K OTHNPABKE 3aKa3yHKY MO MOYTe M BPeMs NPOCMOTPA HHJEKCA
A5 JoKaJH3alHH MOHCKOBOrO HOMepa JOKyMeHTa. Beceawl ¢ coTpya-
HHKAMHM 1eHTpa, 3aHATHIMH 06PabOTKOH 3ampOCOB, MOMOTAH MOJYIHTH
OLEHKY CPeAHEro BPeMEHH A/ KaXKAOro U3 3THX KOMIOHEHTOB.

Lleasr sToro srana— c60p HaHHEX MO paboyuM Komnonemag
t;(FM) ¥ N0 JIOTMOJHHTENLHEIM BXOAHBIM MapaMeTpaM, HeOGXOLHMMM 3
AJs Momenupylowe#f nporpaMMel. Pabora mo c6opy naHHBIX pa3jes g
JsieTcs Ha ABe (asbi: c60p HMeloLIeiics SMNUPULECKOH HHQJopmaunluﬁA
GbopMHpOBaHHe NaHHBIX, AJs KOTOPHIX TaKas 3SMIHPHYecKass HH(OP:
MalUHd OTCYTCTBYeT M KOTOpble CBS3aHHI C NEPCIEKTHBHBIM Pa3BHTHEM 3
HHYOPMALHOHHOrO HEHTPa. ’

C60p sMNHPHUECKHX NaHHHIX MPOBOAMJCS C SHBaps MO CEHTﬂﬁpb
1966 r. OCHOBHBIMH HCTOYHHKAMH CJIYXHIH 3aNHCH H3 XKYDHalda 3ar ]
NPOCOB, MarHHTO(OHHblE 3aMHCH 3aKa30B, CHENaHHEIX N0 TededOHY
M BHYTPEHIMe eXeHeAeNbHbE M exeMecsunnle oruersl. Cyms mo cof-
PaHHOH CTAaTHCTHKE, PacnpefieseHHe MOMEHTOB MOCTYILIGHHS 3aNpOCOB’
noauuHANOCh 3aKOHY Ilyaccona. CieoBaTebHO, BpeMs MeXAy 3anpor

TakTuyeckoe niaHHpOBaHHe

Tlpu omeHKe BO3MOXKHOCTEl HH(OPMaUHOHHO-CIPABOYHOH CIYXKOBY
UeHTpa MOMKHO pPaccMOTPeTb KOMOGHHaUHIO NapaMeTpoB (TaKHX, Ha-
UpnMep, KaK maaHAPyeMHIl TeMN yBeJHUEHHsS MOCTYIJIEHHsS 3ampOCOBY
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B KayeCTBe BXOJHBIX MNepPeMeHHHLIX MOJeNHpoBaHHS. Toraa oueg
YCTPOACTB annapaTHOH 4aCTH M BO3HHKZIOWHUX NPH 06paboTKe 3a
coB ouepeneft 6yAeT QYHKUMeH TeMma MOCTYMJIeHHs 3ampocoB. IT
HeNOCPeACTBeHHOA Pa3paboTKON HMMHTaUMOHHOH MOJeNH Heo6Xoj
ONpe/le/IUTh HayajbHble yCJOBHSA, MOJOXeHHe PaBHOBECHS, KOHey,
YCJAOBHS U pasMep BHIGODPKH. &

TTocKkoIbKY B MMHTAUMOHHOM MOJENH TPeByeTcsi, YTO6H 10 MOM
Ta JIOCTHXEHHUS CHCTEMOH COCTOSHHS PABHOBECUA WM YCTOHUHB
HPOLLIO OTpeseleHHOe BPeMsi, Haua/lbHbf HEYCTOHUMBEHI yua
OPOroHa MOJENH He J0JIKeH YUMTHIBATHCS NPH NOJNyYeHHH ee B
HHX napaMerpoB. [IIHTEJbHOCTb 3TOTO MEPHOAA AOCTHIKEHHsS CHQ
MOH COCTOSHUS yCTOHUMBOCTH siBJsieTcsl DYHKIHefi KOJHYeCTBa 3aif
COB, MOCTYMHBIIMX B NEHTP, H KOJHMYECTBA 3aNPOCOB, NPOIIEALIHX
o6paborku. Cornacro Kouseto [1], ans onpeneneHusi MOMeHTOB
BE/eHHA H3MEPeHHiI HeT KaKUX-JNHGO0 0GbeKTHBHBIX KPHTEDHEB; OM
KO 3TOT aBTOP PEKOMeH/IyeT BLIMOJHATL CPa3y HECKOJNbKO H3Mepey
u 6paTh CpelHee 3HAaUEHHE. -

Bpems, Beo6xonuMoe NI LOCTHIKEHHS CHCTEMOf COCTOSHHS {
HOBECHs, 3aBHCHT OT ee HauadbHBIX YCJOBHH. B HavadbHbI MONG
IpPOroHa MONSIHM YCTPOHCTBZ He 3aHATH M Ouepefeil Her, MO9TY
JoGIe ApyrHe HayalbHBlE YCJIOBHS TOJBKO yBeJHYAT BPeMs JA0Q
MEHHs COCTOSHHs PaBHOBecHi. B HieanpHOM ciiyuae BHIGHpDaTh
dasMbHble yCJAOBUA HYXHO Tak, 4TOObl OHH COOTBETCTBOBaJH YCIOBH
fIPH KOTOPHIX IEeHTP AOCTHIAET COCTOSIHHs PaBHOBecHs. ONHAKO Ta
uH(QOPMAUUs OTCYTCTBYET, MOSTOMY BHIGOp HauadbHBIX ycnoBult
HOBUTCSl CYGbeKTHBHLIM JeloM. [lepBOHaYaibHO B MONedH IIe
ObLIM NPUHATH TaKHe HaualbHblE YCJOBHS, NPH KOTOPLIX (op
BaJIuCh 10 3anpOCOB B HYJNEBOH MOMEHT BpeMeHH. :

Tlocne Toro Kak copMHpoBaHH 3TH mepBhe 10 3aTPOCOB,. Pt
3yeTcst BbIGPaHHBIA TeMN NOCTYMJIEHHS 3anpocoB. Takoii MOXOA|H
10ab30Ban KoHBel MPH ONpellelleHHH TOYKH yCTOHUMBOCTH. BeRd
TPOCH GBI OGbeNMHeHH B IPynnel mo 25 3ampocoB B mopshkd
TIOCTYM/IEHHS U3 LeHTPa. BblyHCasI10Ch cpefHee BpeMs 060poTa, 33 )
ca JUis Kax/0# IPYNNbL, KOTOpoe NpeAcTaBleHo Ha puc. [1.A.1.5. 3'
YuTeHH M paHee CQOPMyJHPOBaHHble HaualibHHe yCJOBHS. Ile]
TIHK, He SBJSIOUIHACA HH MaKCUMyMOM, HH MHHMMYMOM /5 BCE
3amPOCOB, COOTBETCTBYET YeTBePToit rpynme. [losToMy AamHLIE no ™
BuiM 100 3anpocam B Mojens HE BXOAAT. Ta TOuKa ycTORIHBOM
Mo/eau 6bijla NPHHATA NOCTOSHHOM 15 BCEX ee HUKJIOB. R

KoHeunble yC/IOBHS MOLeNH TPeNONpefelsiOT OCTAHOE NUKIA !
AeHPOBaHHs Toclde 06paboTKH B HHPOPMAUHOHHOM HeHTpe 32l
HOTO uHcaa 3anpocoB. Ha Ko/MuecTBO 3ampocoB, MOCTYHalOMUIMX
BXOJL MOJIE/H, HHKAKHX OTpaHHYeHHH CBepXy He Hai0XeHO, nosth
nocae mnojydyeHHst KOHEYHBIX YCJOBHH MOTYT OCT2BaThCsl HeOGCays& ;
HBIMH 32MpOCH], HaxoAsuHecs Ha 06paboTke B yCTpPolcTBAaX CHCTH!
HJIH B OYepelsx. :

Modeauposare UHPOPMAYUOHHO-NOUCKOBOL CUCTEMbL 31k

Jlns ompeleleHHs pa3mepos 66.60pKu TPUMEHSIOTCS Pas3fiHYHbIE
MeTOAB. B OZHOM M3 4acTo MCHOJb3yeMbIX METOJOB yCTaHABJHBAETCSH
rakofi pasMep BHIGOPKH, IPH KOTOPOM JOCTHTaeTCsl NaHHHH AOBepH-
rebHBIE yPOBeHb HaXOXMEHHs ONPe/eNeHHOI0 yCTPOHCTBA WJH oOde-
penu B 32/laHHOM COCTOSHHHM WJIH yCIOBHSX. Tockoasky UIIC BKJIO-

400

g
I
)

200

Cpeduee pems 0bgpoma Sanpoca 8 Kawdod gpynne, Mun
S
S

KonuyecmBp epynn

Puc. T1.A.1.5. Cpennee BpeMsa ofopoTa 3anpoca nis Kaxpoll rpynmsi no 25 3anpocos.

YaeT B ce6s1 MHOXXECTBO YCTPOHCTB H ouepesiell ¥ NPH 3TOM HEKOTODHIE
H3 HHX HCHOJB3YIOTCS He CJHMIIKOM Yacro, TakKod mnoaxojn Tpebyer
BEIOODKH 04YeHb GOJbWIOro pasmepa. [TosToMy AJsi ompejeleHHs pas-
Mepa BbIGOpPKH ynOOHee ObLIO 6Bl HCHOAB30BaTh BpeMs oGopora 3a-
Ipoca. [lajee no pe3yidbraraM, MNOJydYeHHHM JIJs Pas3iH4HBIX
YCTPOHCTB CHCTEMH H Ouepejeil, IPOBOJAMIOCh CPaBHEHHE a/bTePHATHB.

[Ipu naxoxzenun pasMepa BHIGOPKHM BCe 3anpochl 06beNHHANHCH
B rpynnml no 25 3anpocoB B MOPsiAKe HX MOCTYIUIeHHsS U3 ueHTpa. Iloa-
CleTom cpeasero BpeMeHM 060poTa 3ampoca B KaXjoit rpynne 6bulia
Nonyyena cepus M3 7 M3MEPEHHUil Xy, Xz, ..., Xn. LleHTPabHas Mpeenb-
Hag reopeMa mo3BOJIsET MPeANONIONKHTL HOPMaibHOE pachlpereseHye
* B kaxzoft rpynne. B cooTBeTcTBUM ¢ HepaBeHCTBOM UebbilieBa BhI-
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n.A.2. MOLIENIb OTPAXKEHMS ATAKM
pAKETHOW BATAPEEA NBO"

Gupaercs Takas BeJHUYHHA fy, 4TO TPH 95%-HOM JOBEPHTEJIRY
YypoBse .
1,960 < 3 Lenror:
' T < X
THe X — OlleHKa JefiCTBHTEIbHOTO cpensero. ]
INonyyennble n HU3MepeHHH CBS3aHH cO BPEMEHEM, T. e. TOCIe
BaTe/IbHO NPOBOJAMMEIE H3MEPEHHs HeNb3sS CYUTATh HE3aBUCHME
TlosTomy snech Hcmonb3oBadach AMCHEPCHS cPefHEro s aBTOKOpY
JIMPOBaHHEIX PANOB [2]. MuHHMaibHBI Pa3Mep BLIGOPKH, MOMYW
HBIA aHaJNHTHYeCKH, PaBHsics 500.

3roT npuMep MOKAa3biBa€T, KaK MOXHO HCNOJb30BaTh JIOTHKY W 3HAHHE MpOCTHIX
(u3HUCCKUX H BPEMEHHBIX COOTHOIUEHHH NNA CTPYKTYPH3alHH MOZEJHpYEMBIX npo-
gieccoB. MHOTHE M3 DeajbHBIX CHCTEM M MPOLECCOB HACTOJMBKO IDOCTH, UTO cneum:
1uCTHl CIIOCOGHBL Pa3oBpaTbcsi B HHX NYTeM OQHOTO JHIIL HX HaOMOJEHHS #@ mociae-
1yI0ILeT0 0BCY K IEHHS,

Brixonnbie napameTpsl MopeaH

Brixoxble mapaMeTpPEl MONeNH OMHCHBAIOT CleAyIOIHe Xap aKg
puctuku HIIC: 1) cpepsee Bpems orsera na 3anpochl P asJIHgm]
THNOB (T. €. Cpefisiee BPeMs 060POTa 3anpocos); 2) ycpenHeHHble A
Hble 1O 3arpysKe YCTPOHCTB anmapaTHoii yacTd; 3) cpepsee Bp
‘0XHJaHUA B ycTpolicTBax. KpoMe sTHX AaHHBIX, MOZENb TaKKe MO
JSeT NONYYHTE 1) pacnpeneenne BpeMenu o6opora 3anpocos; 2)
npeje/eHne BDeMeHH OXHA2HUA B ouepesix; 3) MakcHMadbHble 1M
ouepeniefl; 4) cpemHHue JUIHHB Ouepepei; 5) obuiee KoJnyecTBo 3amfy
COB, MPOMIE/IUINX BCe O4YEPEAM C HYJEBHIM BPeMeHeM OXKHAAHHA.

Ananus pesynbraToB PaGOTH HMHTaLHOHHON MONENH NMOKa3hBad
4TO MPH NOCTHXEHMH MIaHUPYEMOro TeMna NOCTYIJeHHs HHbOpMal
OHHHIX 3aNMPOCOB NOTPe6yeTCs BLIMOJHHTbL P HeGOMbIIMX H3MEeHEH
B KOH(HUIYpauuH annapathollt wactu UIIC u B paccraHoBke 06c.
B2IOWNEr0 mepcoHana. BoabmutcTBo sTHx Mep Tpebyer HapauuBal
MOIMHOCTH CHCTEMBl M YBeJHYeHHs ITaTa WH(OPMAUHOHHOrO LEHY
HIH TepepacnpesielieHus 06i3aHHOCTEll MeXAy €ro cOTpyaHHKam

BsepeHune

Lleabio 3TOr0 NPHJIOKEHHS SBJISETCS ONMHCcaHHe NPOCTOH HMHTaUHOH-
HOfl MOJCNH, KOTOPYIO MOXKHO NDHMEHHTb JUIS 2HA/IN3a YyBCTBHTENb-
HOCTH NapaMeTPOB CHCTeM BoOpYXKeHHH. Takoff moAXom— HCIOJNB30-
BaHME HrPOBLIX MMHTaUHOHHHIX MojeseH HJjs Bhi6opa M OUEHKH OPYy-
KHUSI — XOPOIIO H3BECTeH CHCTeMHBIM aHaJuTHKaM. [logpo6HLle HMH-
TALMOHHBIE MOJENH, MOCTOSIHHO COBEPINEHCTBYyeMHbe B mpouecce pabo-
TH ¢ HHMH, TO3BOJAIOT H3YYaTh B3aHMOIENCTBHE KOMMOHEHTOB
CIOXKHBIX CHCTEM OPYXKHS. YKpyNHeHHe H YCJIOXHeHHe 9THX Mopeel
00bSCHSIETCS KeNaHHEM MaKCHMaJbHO NPHGIH3UTL MOAENb K OMHCHI-
BaeMOH CHTyalHH, HO, K COXaJeHHIO, 3T0 Bce GoJjee H Gosee 3aTpyl-
HAET OLEHKY BJHSHUS KakOro-JHO0 OIpeiejeHHOro NapaMeTpa Ha

0, 4TO AJS%
JIATEPATYPA obuyio addeKTHBHOCTL paboThl cHcTeMH. [JosToMy scHo,
3 aJlekBaTHOH OUEHKH 3((PEKTHBHOCTH CHCTEMBbI H ONTHMaJbHOrO BHIGO-
1. Conway R. W., Some Tactical Problems in Simulation Methods, Memorang Pa Heo6XoAUMO pa3paboTaTh HE MPOCTO OAHY GOJMBLIYIO CAOKHYIO MO-
RM-3244-PR, The Rand Corporation, Santa Monica, Calif,, 1962. ’
2.

IeJb, a CKOpee [ejoe ceMelcTBO Mozenel.

Cospanne 110608 MOZENH IpecaefyeT IBe OCHOBHEBIE LIeJIH. Monens,
BO-NIEPBLIX, AOJKHA ObITh AOCTATOUHO MPOCTOH, ¢ TeM uTO6H ObGecme-
YHRATh GHICTPYIO BHIAAYy OTBETOB Ha NMOCTaBJeEHHLle BOmpochl. Bo-BTO-
PHIX, HOMYIEHHUs, NPHHATHE B HeH, He NOJKHBI MacKHPOBaThb CYLIECT-
BeHHHIX (PAKTOPOB B OMHCAHHU PaGOTHl cHCTeMHl. Takum 06pasoM, pas-
PaBoTunk MOAENH CPasy XKe CTalKHBaeTCs ¢ HeOGXOAMMOCTBIO NOHTH
Ha HekHH KOMIOPOMHCC: MOAENb AOJNXKHA XOPOIIO anmpOKCHMHPOBATh

Geisler M. A, The Sizes of Simulation Samples Required to Compute Ce

Inventory Characteristics with Stated Precision and Confidence, RM-324

The Rand Corporation, Santa Monica, Calif., 1962.

3. General Purpose Systems Simulator 1I on the Unmivac 1107 Users Manual,
vac Division of Sperry Rand Corporation, New York, 1965,

4. Operation Program Plan, Astrionics Laboratory, George C. Marshall Space
Center, Huntsville, Ala,, 1965.

5. Specifications for Supplementary Hardware to a Mass Storage Device Sy
{\ségonics Laboratory, George C., Marshall Space Flight Center, Huntsville,

9

6. The «Videofile Systems, Datamation, Jan, 1965.

1 U3 oruera «OTpaxkenHe BO3AYIIHOR aTak# — MOJAeNb I», NOArOTOBJIEHHOrO
Hayuno-meclienoBaTe/IbCKEM HHCTHTYTOM NpH YHHBepcHTeTe mr. AnaGama, r. Xaut-
CBun, wr. Ana6ama, centsbpb 1968 r. PaGoTa ¢QumamcHpoOBajdach KOMauAOBaHHEM
Pakernmx Bofick Apmun CIHIA no xontpakty DA-AH01-67-01630.
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BaXKHeHlHe MOMEHTH B TeX CHTyallHsiX, B KOTOPHX GY/eT 1eiicTBOB
paspabaTeiBaeMas cHCTEMa OPYXKMs, HO B TO e BpeMs AJs GLICTp
BbIZLa4YH OTBETOB el Ha/IeXHT GBITh 1OCTATOYHO MPOCTOiL. )

Mojens, KOTOpass OMHCHIBAETCH B 3TOM NPHAOKEHHH, BCErO Jup
OJlHa M3 ceMelCTBa Mojesell OueHKH pPakeTHrx cHcTeMm I1BO. OTa
JeNb MOMKeT GHTh NPHMeHeHa JJIA OLEHKH HEKOTOPHIX MapaMerp
TAaKHX CHCTeM NPH OTPaKEHHH aTaKH HH3KOJETAIUETO camoJeTa I
THBHHKa.

CrcreMbl MOpaXeHHs: HH3KOJIETAIIAX CAMOJETOB NpeiHa3HaTal0n
ANS 3aIHTEl IPAaX/JAHCKOrO HacesieHHs, CKJAJO0B, apTHIJIepHiic
NO3MUMMA, CKOMJIeHH#l TPaHCIOpPTA, BOHCK M T. m. HasHaueHHe xe j
Boil cHCTeMBl HACTYNaTeNbHOrO OPYXKHS — Pa3pyIIHThL 3ajaHHbIE [ie
¢ HaUMEHBIIHMH 15 cebst moTepsiMu. O6bIUHO CUHTaeTCs, YTo 060
HUTeJbHAs CHCTEMa He MOMKET MPeJOTBPAaTHTh MOWIEHI yAap Bpag
‘CKOTO HACTYNATeNbHOIO OPYKHS, KOTOPHIH BHIBEJET H3 CTPOS BH

oGOPOHAIOMIEACS CTOPOH, MOZE]b I0JIKHA COAEPKATb H ompejeeHHLe
(IpABHJIA HIPEI», KOTOPHIe JJIsi AaHHOTO Ci1yyas MOXHO 3alHCaTh TakK:
1. YacTHyHble MOBpEeX/IeHHs caMojera HaH Gartapen ITBO B mone-
qi HE PaccMaTpHBaloTcsi. B 1060/ MOMEHT aTaku KakJas M3 CTOPOH
A0YKET JHGO GHITH MONHOCTHIO YHHUTOXKeHa, JHGO COXPaHsSTh MOJHYIO
60eCTIOCOBHOCTS.
2. Leasio nns G6atapen [IBO MoxeT CAyXHTb JHIUb CaMOJET, a
e BbIYIIEHHbIE HM PaKeThl.
3. U camoxner, u Gartapes [IBO oTkpHIBalOT OroHp JHIIbL TOTAA,
korna TMPOTHBHHK MOTajaeT B COOTBETCTBYIONIYIO 30Hy NMOpaKeHHs.
4, CTOPOHBI NPOJIOJIKAIOT BECTH OTOHDb O Tex MOP, MOKa He HacTy-
nur OJIHH H3 MEPBBEIX TPEX BO3MOMKHBEIX HCXOJOB HJH MOKa He KOHUHTCS
60eKOMILJIEKT. .
5. ATakylomuii camoJeT NPONOJIKaeT JeTeTb C MOCTOSHHOH CKO-
pOCTBIO H BBINYCKAaTh PaKeThl KJacca «BO3AYX — 3eMJs» Ha uelb IO
JIEHHOE €My MHOXKEeCTBO ueJell, ec/]H HacTyNammas CTOPOHA TOTQ) HACTYIJIEHHsI OJHOrO H3 MEePBHIX TPeX BO3MOXHHIX HCXOJ0B HJIH [0
NOATH Ha olpejiesieHHble noTepH. HaszHaueHHe 3aINMTH, TaKAM 0O HCHePTIaHHs CBOEro GOEKOMIUIEKTa, NIOC/e Hero OH Cpasy pasBopatiH-
-30M, COCTOHT B TOM, YTOOL 32CTaBHTh HamajeHHe [IOHECTH 3TH NOTef paeTcsl U yAadsieTcss ¢ TOH K€ CKOPOCTbIO.
Ilo TepMHHOJIOrMH TEODHH Wrp ee LeAbIO SBAAETCS MaKCHMH3AMMS. OcHOBHBlE TaKTHKO-TeXHHYecKHe NaHHBIE CaMoJieTa M erg pakeT-
TpaT HamaJeHHsi NPH MHHHMM3ALUH cOGCTBeHHEIX 3aTpaT. CHCTe HOrO BOOPYXKEeHHs:
06OPOHHTEILHOTO OPYXKHsl C2MH TI0 Ce6e ABJSIOTCS BaKHLIMH H M0 " V — cxopocTh camoiiera; )
THMH 00BeKTaMH, YHHYTOXKEHHE KOTOPHIX BXOAMT B YHCIO mejed W Dy— ynTepBasN MeXAy NOCJENOBATENbHEIMH NYCKAMU PAKET;
nafenus. Ilo cymecTBy, TakHe cHCTeMB OGBIYHO caMH ABJISIOT M — KONHYecTBO pakeT B GOEKOMIIEKTE;
HauBaXHEHMMHE HJIM TEepBOOYepPeNHBIMH HeIsSMH TpH Moboit Ry— noporosast, uiin MaxCHMalbHas, 1aIbHOCTh NMOJETA PAKETH;
KecKoil arake. ] Uy (R) — cpenHsis CKOPOCTh aBHaLMOHHOH paKeThl Kjlacca «BO3AyX—
Hanapnenne, B obmem ciyuae, cTpeMHTCS yHHYTOXUTH KOMMJieHS 3eMJsA» KakK (pyHKIHS AaJJbHOCTH uean; .
[IBO Kak MOXHO paHblle, aTaKys MX pPaKeTaMH ¢ HH3KOJETAIIHX 8 P;(R) — BepOsITHOCTb NMOpPaXKeHHs LieJH NepBOH paKeTOH KaK QyHK-
MoJsieToB. B nporuBomosioxkHOCTE 6oMOGOBOMY yAapy pakeTHas at#} UHs AadbHOCTH HEJIH. . .
MOXeT OHTh IPOBeAeHA CO 3HAYHTENHHO GOJBLIEr0 PacCTOSHUS, N OcHOBHBlE TaKTHKO-TeXHHYeCKHMe NaHHBle Ha3eMHON paKeTHOH Oas
YBeHYHBaET BePOSTHOCTh BHIKHBAHHS aTaKylollero camojera. P Tapen TIBO: )
Has aTaKa ¢ MaJjo#f BHICOTHI, KPOMe TOTO, 3HaUHTENbHO yMeHpmabH D,— uHTepBaJ MEXY NOCJEN0BATENbHBIMH NYCKaMH PaKeT;
BEPOATHOCTh OOHAPYXeHHs caMoJieTa 10 TMOSBJIEHHs ero B 30He il N — KonuyecTBO pakeT B 60e€KOMIUIEKTe;

JKEeHHs] 3EHHTHBIM OTHEM. 135 R,— noporosas, WM MaKCHMaJbHas, JaJbHOCTb MOJIeTa PaKeThl;
Uz (R) — cpemsss CKOPOCTh paKeThl Kiacca <«3eMJisi —BO3LYX» Kak
OYHKUHSA A2JbHOCTH LEIH; 5
P;(R) — BeposTHOCTb MopaXeHust BO3AYLIHOH LeJH NMEPBOH pakeTol

KaK (pyHKUMS N2aJbHOCTH HEeJH.

Kak yxe ropopuioch, B TakoM 6010 MOTYT GbITb JIHUIb YeThIPe HC+
Xona. Ucnoas3oBanue merofa MoHTe-Kapao AJs MOAcYeTa BEPOSTHO-
CTefl 5THX MCXO0B AJIs OLHOTO HJH JaXe HeCKONbKHX BapHaHTOB Gos
He umeer cmeicia. Mozelns, paGoTaiolas oueHb GBICTPO, MO3BOJISAET
Terko paswmrpartb, Hanpumep, 1000 cutyauuit (80 ¢ MalIHHHOrO Bpe-
Mety va SBM UNIVAC 1107) npu Jo6oM Habope BXOAHHIX mapaMeTs
PoB. 3o NaeT aHaJUTHKY BO3MOXKHOCTb ONPENEJNHTb ¢ GOJBHIOH TOYs
HOCTHI0 BepOSTHOCTH BeeX HCXOMOB. .

Kpome BeposTHOCTH HaCTYNJAeHHS KaXKAOrO H3 HeThipeX HCXONOB

flpunsiThie HONYIIEHHS K BXOLHbIE NAPAMETPHI MOLEH )
OcHoBHas UeNs, TOCTPOEHHS STOH MOAENH — CO3AaTh CPEACTBO M

Hocua. Kaxnas M3 NPOTHBOGOPCTBYIOMHX CTOPOH CTPEMHTCS yHMM
XUTb APyryio. IIpH 3TOM BOSMOMHEI JIHIIL yeTHpe HCXOAA:
— camoJieT ru6Het, 6atapes [IBO Buixupaer;
— CaMoJIeT BElKHBaeT, 6atapes [IBO rubser;
— 06e CTOPOHH THOHYT;
— 00e CTOPOHH BBHIXKHBAIOT. "
Kpowme BaXHeHIINX TaKTHKO-TeXHHUYECKHX AAHHBEIX Hanazaonei
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6051, Hac HHTEPECYeT M OXHJaeMas leHa NOCTHXKEHHs 6Jaronpus
#Cx0Aa (KOJUYECTBO BHIMYIIEHHHIX pakeT). IIporpaMMa BHIUHCIIsIE
[0 HaKOTUIEHHOH CTaTHCTHKE MPeABLIAYIIHX GOeBbIX CHTYalMil. )
Onus nporoH MallWHHOH MPOrpaMMbl MOJEJH MO3BOJISIET HOJYY]
<ciefyomee: b
1. XpoHOJOrHuecKyi0 NOC/Ie0BATENLHOCT, KPHTHYECKHX COOLQ
apeaniaymux 6oe.. n
2. [TocenoBaTeNbHOCTL COOBITHH KaXkaoro 60s. 4
3. BepoATHOCTb MOSBJEHHs Ka¥IOCO M3 HCXOJOB Ha GOJIBLIOM:
TepBaJle BpEMEHH. 4
4. YacToTHBIE pacnpejeseHHs PaKeT, KOTOphle HEOGXOANMO BR]
CTHTb, YTOOH TMOPa3HTh LEJH, AJs HaseMHoil Gatapen IIBO u
caMoJleTa IPOTHBHHKA.
5. OxniaeMoe UHCIO PaKeT KlacCa <«3eMis — BO3AYX»> H
JyX —3eMiis», HeOOXONMMLIX IJsi TOPaXKeHHS HeJAH COOTBETCTBE

NMpunuun pa6orsl MOxenH

Tocne Toro Kak mapaMeTpHl, XapaKTepH3yIOUIHE ATaKYIOIIYl
OBOPOHSIOWYIOCS CTOPOHEI, BBeJIeHH B MOJe/b, MalIUHHAS NPOrpa

1) BBIUMC/ISET KOJHMUECTBO pakKer, BHINYIIEHHBIX Ha3eMHON pla‘
#oit Gatapeeit [1BO; )
2) ompejensier MOMEHTH BpeMeHH, KOIZla IPOHCXOIAT MyCKH Pi§
KJacca «BO3JyX —3eMJisg» ¢ 6OpTa aTaKylOmero camoJjiera H P
KJacca «3eMJs — BO3AyX» ¢ Ha3eMHOH Gatapen [1BO; K.
3) BHIYMCISET COOTBETCTBYIOUIMI AHAaNa3OH NEHCTBUS PaKeTh
KaXJIOM NyCKe;
4) BBIYHC/IAET MOMEHTHI BPeMEHH, KOTZa KaX/[as M3 BHITYIef
Ha3eMHO! §aTapeeil H aTaKYIOLIMM CaMOJeTOM PaKeT NOCTHTHeT o
BETCTBYIOLIEH nenu;
5) naer BpeMeHHYI0 NOCIENOBATENLHOCTh KPHTHYECKHX COGH
6os;
6) Ha OcHOBe 3TOH MOC/IENOBATENLHOCTH AeNaeT BEPOSTHO
8bI60pKYy o Metoay Monre-Kap.ro; .
7) BBIYHCHASET BEPOSATHOCTH HCXOAOB U APYTHe BHIXOLHbIe Besydl
MOZeJH. :

BbiBOA ypaBHeHu#

Ora MOneAb ABJSETCA MOIEJbIO MOC/AELOBATENLHOCTH KPHTHY
COGHITHH, T. €. YPaBHEHHA B Hell JaHH B OTHOCHTEJBHOM BpeM@
Ecnu sa Hawano Gos (T. . MOMeHT NMycka mepBofi pakeTH 1060
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cTOpOH) NPHHATL {=0, TO BCe OCTa/JbHBIE COGHTHS JaHHOrO 605 HyXK-
HO OTCUHTHIBATh OT 3TOro MoMmeHTa. OAHHM M3 AONYINEHHH, HCIOJb3O-
BAHHLIX NPH MOCTPOEHHH 3TOH MOJeJH, ABJSETCH AONYIIEeHHe, 4TO Ca-
moJeT u 6atapes [IBO OTKpHBalOT paKeTHHI OrOHbL JHIUL TOTAA, KOT-
na TPOTHBHHK OKaXeTCs y NOPOra AaJbHOCTH AEHCTBHS PaKeTh, 3Ha-
yeHHs KOTOPHIX BBeJEHEl B MOJeJb B KauyeCTBe BXOJAHBIX MapaMETPOB.
Takum o06pa3oM, BCe ypaBHEHHs 3aBHCAT OT TOTO, 4bs A&JbHOCTH
‘G6OJblIe 3€HUTHLIX HJHM GOPTOBEIX CaMOJETHBIX PaKeT, MOCKOJbLKY 3THM
onpeleasieTcs, KTO NMepBHIM NMPOH3BEJAET MYCK PAaKeThl M TeM CaMHM
3a4acT TOYKY OTCYeTa BPeMeHH.

Ecau cuuraTh, 49TO f, €CTh MOMEHT OTHOCHTEJLHOTO BPeMeHH, KOTAa
€aMoJIeT BEITyCKaeT CBOIO MOCJAeHION PaKkeTy, TO

t,=M—1)D; npu R;>R, (1)

,C=Jﬁ;_Rx+(M_1)Dl mpH R, >R, @)

Kak TOAbKO caMoJjeT BEINYCTHT CBOI0 HOCJEIHIOW paKeTy, TO B
COOTBETCTBHH C MPaBHJaMH HIPH OH TYT e Pa3BOPayMBaeTCs M yaa-
JASeTCA € TOH XKe CKOpOCThIO. [103TOMY MOXKHO MOACYMTaTL PaccTos-
Hue R () Mexny camojeroM u Gatapeeit [IBO B s11060#f MOMeHT Bpe-
MeHH £

RW)=R,—Vt upu t<t, Ry >R, (32)
HWIH
R(O)=R,—2VL+Vt tpn t>t, R,>R; (36)
R()=R,—Vt mpn t<t, R, >Ry (4a)
HIH
R(y=R,—2Vi,+Vt npu t>=t, Ry>R,. (46)

MaxcuMasipHOE YHCJO PaKeT, KOTOPOe MOXKET HCHOJb30BaTh B 6010
camoJieT, paBHO M —ero GoekommiekTy. C IpPyrojt CTOpOHH, MaKCH-
MaJbHOE YHCJIO PaKeT, KOTOPble MOMKET BEITYCTHTD M0 CaMOJIETY PaKeT-
Hag 6arapes [IBO, 3saBHCHT OT BpeMeHH HaXOXJEHHs CaMoOJIeTa B TIpe-
Zlesiax 30HBl PaKeTHOrO OTHs 6aTapeM M TakKXKe MOMET AOCTHCHYTDb
4HCaa pakeT B GoekOMIJIeKTe 6aTapen. BpeMs HaxoXAeHHS caMoJjeTa
TPOTUBHUKA B 30He paKeTHOro ors T(R) onpenensercs BhHpaKeHHEM

T(R)=2[&;i+(m_1)ul]. ©)

Tenepp MOXHO HoACuHTaTh L — MaKCHMaJbHOE UHCAO PaKeT, BH-
NymeHHLIX paxkeTHoH Garapeeft [IBO.
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TockoabKy II. B MOMeHT nycka j-ii paKeTH K/lacca «3eMJIs — BO3LYX»> CaMOJeT

NPOTHBHHKA YXOLHUT OT UeNH, T. e. G; >t u H;> L.

III. B mMoMeHT nycka j-# pakeTs kJacca «3€MJIsI — BO3AYX» CaMo-
| JIeT NPOTHBHHKA MPHGJMKAETCH K LeEJH, HO yCNeBAeT PasBePHYTbCs H
L=A+A, @ ] YXOLHMT OT LieJId B MOMEHT, KOI/la PAKeTa HACTHTAET €ro, T. e. Gy<l,,
" Ho Hj;>t..

Benuuuna H; npn yuere orpamndenus H;>G; HaxoguTcs c mo-
MOIIBIO ypaBHEHHH:

T(R
a=T®, ®)

o 4
rae A—-pononnenne K A fo GruxaHIlero 1enoro yucia B TOM Cay-
gae, eci A uMeeT APOGHYIO UaCTb.

OueBugno, uto npu L>N Garapes uspacxoiayeT Bech cBOf Goe- .J

KOMIJIEKT, nosTomy L 6epercst paBHBIM N. . ] Cayuair I: Hj——GJ-—U—If_g{")—V-_—O. (14)
Haiins . (kputuueckoe BpeMs) u L (MaKcuMaJbHOE YUCJAO DaKeT, | 2[R +

KOTOpBle BhinycTHT Gatapes IIBO), MOXHO ONpefesnTb OTHOCHTENDb- ] o 1T G R (H)) .

HBI€ MOMEHTBHI BPEMEHH HJIs KPHTHUECKHX cOOHTHH 6os, T. e. E; — Mo- Caysait I H,—G; U [RHN =V =0. (15)

MEHT NyCKa CaMOJeTOM i-f paKer; F;— MOMEHT HOCTHMKEHH LETH 4
i-i pakeroli Kjacca «BO3NyX— 3emiss, rae i=l, 2, .., M; Gj— Mo-
meHT nycka Garapeeir [1BO j-it pakersl; H;— MOMEHT NOCTHIKEHHS
ueny j-i PaKeToH Kmacca «3eMast — BO3Ayx», rae j=I1, 2, ..., L ;

Boiuncnenne anauennit E;, F; n G; He npeicrasaser TpyaHocTeil.
Ilpu Ri>R, ;

Cayuait T:  H,—¢,—RUD) 5 {21(;;]1\/_—1/1)1 Dio.  (16)
I

Boinenuts cayuait 11 sToit sagaun serko npocroi npoBepPKOH ycJio-
Bus G;>f. Onnako mpu G;<Cf, npaBUJbHBIM DellleHueM Gy@er Hau-
MEHbIIAS BesuynHa M, ynoBJaeTBOpsiomas ypasHeruto (14) uau (16).
[loxaxem Ha mpuMepe, Kak MOXKHO HCNOJIB3OBATH TAKYID MOAETb
R(E) ) And OUeHKH UyBCTBHTeNbHOCTH. IlycTb mac mHTepecyior: 1) Bausmue
F1=E’+WT; i=1, 2,.., M, M3MEHEHHS NPOJAO/IKUTENbHOCTH HHTEPBAJa MeXJy NycKaMH pakeT
1 ‘ Lo KJacca «3eMJsi-— BO3AyX» H 2) BJHSHHE, OKA3bIBAEMOe H3MeHeHHeM
G,=£‘-_E’—+ (—1)D, j=1,2,.,L. (10). 4 HOPOroBoi AaJAbHOCTH HX NOJIETa. Bhige UM NSTH CAEAYIOMHX MOLEJb-
v HBEIX CJy4aeB:

E)=(i—1)Dy, i=1,2,... M,

Y

3amernM, uto R(E;) BeuHCAseTCs AJs KaXIAOTO MOMeHTa Bpeme-N
HH 1o ypaBHenHuio (3). CpeiHsisi CKOPOCTb pakeThl KJacca «BO3LYX —M
seMasl> KaK (YHKIHS [NaJbHOCTH MOJETA PAKETH 3ANHCHIBACTCH B
tdopme Ui[R(E:)]. Oyukuna Ui(R) caAyXuT OaHMM H3 HeOO6XOIHMBIYK '
BXOAHBIX aDaMeTPOB MOJAEJNH. k

Tunuaneui cayuail

N =6,

D2 =10 C,

R,=6000 wm,

U,(R)=1750+ 0,2 R —0,00000833 R2,
1,1=0,00005 R npx R > 2700,

Pz(R)= }
0,7 mpu R < 2700;

V=200 M/,

M=10,

Dl= 3 C,

R, =6000 m,

U,(R) =600 0,2 R —0,00000833 R?,

PR } 0,764—0,0000033 R npu R > 1500,

W(R) =

0,6 mpn R < 1500.

Mbl BHAKM, YTO NpH Ry>R;

E=27R 4 i—)D, K

_ ) A
F=Etgrenrvv 12

G=(j—1) D, Nt

Paccrosuue R(E;) 3mech BhIUMCHASIETCS ¢ NOMOLIBIO ypaBHEHHA .
(4). Tlonyuuts Beamunny H; (MOMEHT BpeMeHH, Korja j-g DaKera j
KJacca «3eMJs — BO3AyX» JOCTHIHET IeNH) yXKe He TakK NpocTo. 3AeCh
BO3MOXHBI TPH CJyqas: :

I. B MoMeHT nycka j-ii paKeThbl KJacca «3eMJs — BO3AYX»-CaAMONeET i
TPOTHBHHKA HANPABIACTCH K USTH, T. & Gylle vt Hi<<fe. - -

Cayuad 1
To xe, #o Dy=12 c.
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Cayuai il
To xe, vo Dy=8 c.

Cayuats 11T
To xe, Bo Ry=4500 m.

Cayvad 1V
To ke, Bo R;=6500 M.

Kosdp¢puiuenTl B ypaBHEEHAX CPEIHHI CKOPOCTEH, B3ATHIX B |
GyHKLHY JaJbHOCTH NOJIETA PaKeT Ui(R) u Uz(uR), MOXKHO TIOJIYYHTh §
DETPECCHORNbLIMH METOAaMH C aNNPOKCHMAUHEH KPUBOH. 3HaueHHA |
BepOATHOCTe} MOpaXKeHUs LENU NepBol pakeTol B yHKIUHH Ja/bHO-
ctu nosieta pakeT Pi(R) u P3(R) noay4aioT 10 HEKOTOPOH MHHHMAJb-4
HOM AaJBHCCTH MO JHHUSIM PETPEeCcCHHU, MOC]e Yero OHH NPHHHMAIOTCR
HOCTOSHHBIMH, OAHAKO HX MOXHO NPEACTaBETb JI060H KDHBOH COOT-
BercTBylolled GOpMH. af

ITo 1006 6oeBHx CHTyauuit IAs KaMXAOro MOLENBHOTO ciy4as Ghie
JIH NIOJTydeHE! CJIeAYIOIIHE Pe3ybTaThl:

THIHEYEEA
c.rxy.llaﬂ.

Hcexopn o 1

Barapes IIBO ru6uer — caMosieT BHXHBaeT 51,5 49,5 (42,3 (62,8
Cawmoner rubxer — Garapes fIBO BukuBaer 26,5 27,1 (29,0 |20,8

O6e CTOPOHH THOHYT 22,0 23,4 |28,7 |16,4
OGe CTOPOHH BHIXHBAIOT 0,0 0,0 | 0,0 | 0,0
OXHJaeMoe WHCJO paKeT Kjacca «HO3AYX— 3,47 3,50| 3,45{ 3,50
3eMasg» AJA KODaXKeHHA lesH

OxHpgaeMoe THCAO paKeT Xjacca «3eMias— 1,7 1,38 1,51 1,17

BO3AYX*» AAA NOpa)KeHHs LelH

EquHCT3EHHHA HEOXUAaHHIH pe3yJbTaT NOJyYeH AJs Caydad
B KOTODOM yBeluueHHe HHTepBaja BpEMeHd MeX]y NyCKaMu pa o
oKasaJjoch K Buroge Garapen I[1BO. Ilpuuena 3TOro 3ak/iodaercs
cayuaitioM xapakTepe pasbpoia napaMeTpoB, H CTaTHCTHYeCKas IR
BepKa 3HAXMMOCTH NOKashiBae™, UTO yKa3aHHas pasHulla He BHIXOA
3a PAMKH “TaTHCTHUECKOro pas6poca. Obmee Bpemst paGoThl MalIEe~
HOl NPOrpaMMH 1JISl BCeX NATM CJaydaeB DaBHAIOCH 166 ¢, BkaOYa®
Bpems Komnuasuun Ha IOBM UNIVAC 1.08. Ilpocuer Mmozen# AQ.
10000 GoeaHM CHTyauusiM YBE&IHUHT 5TO BpEMS 10 5 MHH.
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3akal0ueHHe

OueBHIHO, YTO MAUIUHHOE MOJEJNUPOBAHHE NO3BOJIAET GLICTPO HpPO-
BOIUTb (DaKTOPHBIE 3KCNEPHMEHTH (T. €. Takue, B KOTOPHIX BCE ypOB-
HH NaHHOTO (aKTopa KOMOWHHDYIOTCA CO BCEMH YDOBHSIMH J0GOro
apyroro ¢akTopa, yYHTHIBAEMOro B 3KCIEpHMEHTe), C NOMOIIbIO KOTO-
PbIX MOXHO MOJYYHTb LEHHYI0O HH(QOPMALHIO O BEPOATHOM BJIHAHUH
11apaMeTPOB CHCTEMbl Ha e€e MOBeJeHHe. YBeJHYeHHe TOYHOCTH HaBe-
JeHHs paKeT OYyZeT cpa3y OTpPaXKeHO B BEPOSTHOCTHHIX KPHBHIX MOma-
JaHHs B LeJIb C NEePBOr0 3aMyCKa, a POCT YCKOPEHHS DAKeT yBEJHUHT
KPYTH3HY KPHUBBIX CpeJHeH CKOpOCTH.

Jta MojJeJb MOKET JerKo HCHOMb30BaThcsi M B CleHapusix GoJee
CJIOXKHBIX 60€BBIX CHTyallu#t, HANpHIMep CO MHOTHMH yYacTHHKaMH KaK
¢ aTakyiolleH, Tak H c 0GOPOHSAIOLIEHCA CTOPOH, € NPENATCTBHAMU Ha
MECTHOCTH, 3aTpyAHAIOIHMH 00630p, ¥ T. 4. OZHAKO OYEBHIHO, UTO
JJisi IPHMEHEeHHsl MOjJenH B GoJiee CHOXKHBIX CHTYalUsAX NOHALOOHTCH
JOMOJIHHTEIbHOE BPeMsi Ha ee nepeneaky. Ho naxe B TakoM mpocTom
BILAE€ MOJENb MOXeT OHTb BecbMa NoOJe3Ha NPH HEOOXOMMMOCTH NpPO-
BCCTH aHaJH3 YYBCTBHTEJBHOCTH IIapaMeTPOB CHCTEMbl OPYXKHs GBICT-
po # 6e3 GoJblIUX 3aTparT.
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N.A.3. MOAENUPOBAHHME AENUCTBYIOLLEN
CUCTEMbI PACTIPEAENIEHHSA

BHSI MEXIY HOTp€6HT€JIﬂMH BOJBI, noJyyeHa HHq)OpMaI.lHﬂ O KOHKper-

BY HBIX M B3aHMOJNOMNOJHAIOIIKX acleKTax TAKOro B3aWMOIEHCTBUHs H

BOJAHbIX PECYPCO BbITENEHEl IPOGJIEMBl, KOTOPHIM He yAeasoch A0MKHOTO BHHMAHHS B
GoJlee PAHHHX HCC/IENOBAHUAX.

Ppedpuy?

B TeuenHe NocJeAHHX HECKOJBKHX JeT B JIHTepaType MNOSABHJIOCH
MHOTO ONMCaHHi DAINHYHHX METOLOB ONTHMAJBHOTO MJAHHPOBAHHS,
HO HCTOJIb30BAHHE STHX AHAJIHTHUECKHX METOJOB AJs OUEHKH rpadu-
KOB SKCIUyaTaldu GOJILUIKX H CNOXKHHX CHCTEM HE JaeT yIOBJeTBO-
PHTE/BHHX DE3yJNbTATOB H3-32 HEOOXOAUMOCTH BHOCHTb B ONHCAHHS
STHX CHCTEM YNPOILIEHHs H JHHEAPH3ANHIO, a TAKKE HATH Ha 0606me-
HUsSL Palli NOJyYeHHss HX MAaTeMarHyeckod Mozenn. UTo6m u3bexraTs
TPYIHOCTEH, CBA3AHHBIX C KOJHYECTBEHHHIM yYeTOM HEKOTOPBIX Orpa-
HUYEHHUH, MPH aHaNu3e M OLEHKe PABOTHI CHCTEM MOIKHO NpHMEHSTh
METOAB UH(POBOrO MOAENHPOBAHUS, OCHOBAHHBIE HA NpPEACTABJCHHH
O TOM, YTO XOPOWHH rpadHK IKCIIAYyaTanHH O6BEKTA MOKET GbiTh CO-
CTaBJeH NyTEM NOC/IELOBATENLHOTO yJyYUIEHUs CAMOH CTPATErHu ero
HCTIOJIb30BAHHUS,

PaspaGareiBasi HEKOTODHIH BapHaHT miaHa u HMHTAUHOHHYI0 MO-
A¢/Ib, MO3BOJISIOLYIO ONPEENHTh PE3YJbTATH €T0 BHEAPEHHS, OLEHH-
Bas 5TH DE3yJbTATH MO CTENEHH NOCTHIKEHHS MNOCTABACHHEIX Nefell
(DYHKLHOHHPOBAHHS CHCTEMbI, BHOCA B [€PBOHAYAJIBLHBIN BapHaHT nJia-
114 H3MEHEHUS, YCTPAHSAIOIINE OWHOKH WIH HECOOTBETCTBHS CTPaTerui
SKCIUIyaTalun NOCTABAEHHEIM LeasM, OGHapyXeHHble C [OMOIIbIO
MOJeJH, ¥ NOBTOPSS STOT WHKJ 0 TeX MOP, NOKa He GYAYT MOJHOCTDHIO
AOCTHTHYTHI LENH, MOXHO DPa3pafoTaTh oNTHMAJbHBIH miad. Ha npu-
ME€pe ONHONR TEeXHUUECKOH CHCTEMBI NMOKAXKEM, KAK BHIABASIOTCS U ¢op-
MYJIHDYIOTCS 1eJH DYHKUHOHHPOBAHHS CUCTEMH W KAK NPOH3IBOMHTCS
OLEeHKa pe3yJbTaTOB PaboThl MOJEJH.

B 3TOM npuMepe ONHCBIBACTCA CHCTEMA, KOTOPYIO MOXHO NpEeACTaBHTb B BHAE Helpe-
puiBHoit Mozmens. Co3naHHe TaKHX MOJENeHl CTaBHT Mepex pa3paGoTUHKaMH BeCbMa ]
CNOKHHE 3afayd NPENCTABICHHs M aHaAW3a RaHHHX. PacomMaTpmBaeMas CUTyaLHs, 3
KpOMe TOro, cnelmdmlma H TeM, UTO MOXeT ObITh OMHCaHa C {IOMOIIBIO KaK aHaJoro- 3
BOM, TaK H HeTpepbiBHOH LHPPOBOA Mopeed.

Beenenue

Heo6x0aHMOCTD yueTa B/IHAHHS COLHMOJOTHYECKHX (PAKTOPOB H OKPY- §
)amome# cpeabl B pa6oTax NO ONTHMH3ALHH HCHOJIb30BAHHS BOLHBIX
pecypcos mpHBeIa K PasBHTHIO METOJOB aHAlH3a H OLEHKH XapaKre-
PHCTHK CyIIECTBYIOIIHX CHCTeM. B pesyabraTe Bospoclueil zauHTepe- ‘
COBAHHOCTH 06LIeCTBA M TNOJHTHKOB B TAaKHX PaboTax yBeJHYHJACK,
HeO6XOAHMOCTb B HCCJEJOBAHHAX, B KOTODHX CTaBATCH CJAELYIOUHE
3ajayH: 1aTh 0630p HCMOMB3OBAHUS CYIIECTBYIOIIUX CHCTEM; npeano- 3
JKHTh IJAHB N0 HX COBEPIIEHCTBOBAHHIO, Pa3paboTaTb OCHOBHBIE Tpe-

00BaHHsi K NJIAHHPOBAHHIO GoJiee MOJNHOIO HCHOJb30BaHHS 3eMeJbHHX
H BOJHBIX PECYPCOB MJIsi GacCefiHOB PeK, rile B HACTOsIee BPEMs 0OCYy-
UleCTBJAAIOTCS TNPOrpaMMbl Da3BHTHS, ONPENENUTb 3KOHOMHUECKOE
IODHIHYECKOE, COIHANbHOE M (PYHKUHOHAJBHOE BJUSHHUS H3MeHeHHR A
KDHTEDHEB HJIH NPHOPHTETOB HCNO/IB3OBAHUS BOAHHX PECYpPCOB, a TaKry
e BJHSHME M3MeHeHWH 3THX NPHOPHTETOB HA OKPYXAIOUIYI0 CPexy

F'uapocucrema pex Apkansac — Yaiit-Pusep — Pen-Pusep

TpuMep aHanmsa cymwecryomedl rugpocHcTemsl GaccefiHos pex
Apkanaac, Yaiit-Pusep u Pen-Pusep xopowo unmocrpupyer see TPYA-

HIOCTH, BCTPEYAIOLHECS NPH H3YYeHHH (YHKUHOHHPOBAHHA peabHHIX
Temnbl, ¢ KOTOPHIMH H3MEHAETCH COBPEMEHHOE OOLIECTBO, H HECOBs] cucreM. Kak nokasano ua puc. I1. A3]l, s1a chcreMma COCTOHT H3

NaJal0lHe MHTEPECH DA3JHUHBIX €ro CJOeB 3aCTABASIOT NO-HHOMY § 23 MeCTHBIX BOJ0XpaHHJHIL, PAacHoJIOXKEHHHX B TPeX PeuHHX Gaccefi-
B3MVISIHYTb HA TeKyLUHe 3aJaud W NDH NPHHATHH DelleHHH pacliHpHT E Hax. Bynyun nesaBucHMBIMU TO cBoum rujpopecypcaM, OHH CBSi3aHbI
7HAaNa30H paccMaTPHBAaeMHX ILeJefi ¥ KpUTepHeB. IlosToMy éonef B ENHHyI0 3HEPreTHYECKYI0 CHCTEMY TaK, 4TO TEOPETHYECKH MOTpe6-
ray6GOKHM J0JKeH ObITh M YPOBEHb NPOBEIEHHS ucCIe/10BaTe IbCKH HOCTh B 5JE€KTPOIHEPrHu MOXKer obecneunBarThes Ji06oi H3 19 smnekr-
pafor, Ha OCHOBe KOTODHIX Oyler onpejleleHa CTeNeHb B3aHMojeHcT- POCTAHIMH, HAXOAAMHMXCA B Npefelax 3THX Tpex 6acCeiiHOB. Kpome

BLIPAGOTKH 5/1€KTPOSHEPIHH, 3TH CTAHNUK [OJKHB OGECHEUNBATE
"PEIOTBpALLEHHE HABOLHEHHH, NOJJEPKAHUE PEK B CYAOXOLHOM CO-
CTOSIHHH, BOAOCHAGKEHHE, a TaKKe BLINOJHATH TPeGOBAHHS, CHOCOG-
¢TBYIOUHE HAMNCKAIEMY USMEHEHKIO W yayulleHHo (UIODH U dayHb
PeuHHX GaccefiHoB, OUHCTKE BOMb ¥ 0GECHEUEHHIO eCTECTBEHHOMO Kpy-
roBopora BOAM. He Ha Kam/0# cTaHmuu HMeeTcss BO3MOKHOCTD Bhi-
21*

) CxaToe M3JOXeHHe ROKMafa, NPeACcTaBIeHHOro OGbexuHenHol HaynoHalbHOR -
roudepenwin MKMIDP no Gosbmum cuctemam B 1971 r., ¢ paspemenus asropa H
KOMaHIOBaHHsA HHKeHepHHX Bofick Apmun CIA, LleHTp rHApoJOTHUECKHX HCCIEAO- ;
Banuht, Jesue, Kanxudopuus.

%) PyKOBOZHTe b HAYUHO-HCCENOBATENBCKOTO OTAeNa LleMTpa THIDO/IOrHUECKHX ¥
HCCAeA0BaHHR HHXKeHepunx Bofick Apmun CUIA, JNesuc, KanndopHus.
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[HOJHHTb BCe 3TH TPe6OBaHHsA, HO NPH 3KCIIyaTaUHH NOYTH BCEX CTaH-
uufl CTAaBHTCA 3ajaya HENOCPEACTBEHHOTO JOCTHIKEHHS MO KpaiHeil
Mepe XoTda 661 ABYX H3 Ha3BaHHBIX L[EJ'IGI:I UCNO0JIb30BaHUsA BOAHBIX De-
CYPCOB.

ITockosbKy Kakux-au60 (H3UYECKHX CPEICTB obGecneyeHHs mepe-
6poca BOJBI H3 ojHOro GaccedHa B APYroi He CyIIecTBYeT, noTpebHO-
CTH B BOZI€ HA KAX/J0#l CTAHIHH JOJIKHEI Y0BJIETBOPATLCS B Npejesax
JaHHOTO peuHoro Gaccefiia. Ho H3-3a 1ODHIHYECKHX M TEXHUUECKHX
OrpaHHYEHHH HCNOJB30BAHHS 3aNacoB BOAB CTaHUHH HE BCErga MOTYT
HOJIYYHUTb TPeGyeMOe UM KOJHYECTBO BOJAB Ja)Ke NPH HaJHYHH TAKOH
(PH3HYECKOH BO3MOXKHOCTH.

3anackl BOABl B BOJOXPAHHJHKINAX KoJeGaoTcss oT 5,35 Mupa. m?
10 23,4 MJIH. M3 BOJAB TEXHHUECKOTO ¥ OBITOBOTO HasHaueHus. O6mas
MOIIHOCTB 19 THApo3JeKTpocTaHuuil, 0GbeIHHEHHBIX B OJHY 3Hepro-
CHCTEMY, COCTABJAET MOYTH 2 MJH. KBT. 3afaud BOAOCHAOXKEHHsI, CO-
XpaHeHus ¢Jioppl H $ayHbl H OYHCTKH BOJAB CYHTAIOTCH B HAcTOsIIEe
BpEMsA MeHee BaXKHBIMH, YeM 3aJauyd NPeJOTBPAlIECHHs HAaBOLHEHHS,
NOJAEPKAHHSA CYIAOXOJAHOCTH PeK H TNpPOH3BOACTBA 3JEKTPOIHEPTHH.
OJHaKO MOjJ pacTymHM AaBjieHHeM OOIIECTBEHHOTO MHEHHS CEpPbEe3HO0e
BHHMaHHE CTaJo YAENAThCA BCEM 3THM Npo6jaeMaM, H NPH TEKyleMm
NJIAHHPOBAHHK COOTBETCTBYIOLIHE TPeGOBAHHS YUHTHIBAIOTCH B SBHOM
HIH HeSBHOM BHJE.

BonmoxpaHuiiHiia u 3/1€KTPOCTAHUHH HAXOAATCS B PyKax TpeX He-
34BHCHMBEIX OpraHusayuid; emie ojHa opraHHM3auHsi, cBf3aHHas C pac-
NpeleJeHHEM 3JIEKTPOIHEPTHH MeXJy NOTPeGHTe/NsIMH, NpPHHHMAET
HEIIOCPeACTBEHHOE YyacTHe B TEKyllleM NJIaHHDPOBaHHH. B BejeHuu
(enepanpHoro npasureabctBa CIIA (KOMaHJOBaHHS HHMKEHEPHHIX
Boiick Apmuu CIIIA) Haxozdrcst 20 M3 23 BoAOXPaHWJMI, pachpeje-
JIeHHeM 3HEpruH, nocrynamoues or 16 ¢epepasibHBIX THAPOIJIEKTPO-
CTaHUHH, BEJaeT cnenHaJbHOE areHTCTBO. B BEJEHHH areHTCTBa WITATa
HaxoasaTcAd ABa M3 23 BogoXpaHuauim (06a ¢ 3/€KTPOCTAHUHIMH), H
elle OJHO BOJOXPAHHJHILE (TAKXKe C 3JEKTPOCTAHuMEH) HAaXOAUTCH B
YaCTHOM BJIaJE€HHH.

TpyAHOCTH BO3HHKAIOT NPH aHaju3e JIOGOH CHCTEMBI, OTAENbHbIE
4acTH KOTOPOH HAXOAATCS B PYKax PAasHBEIX BJaleldbli€B, HO CJOXKHOCTb
aHaju3a paboThl KPYNMHOH THAPOIHEPTETHUECKOH CHCTeMEI ele GoJiee
ycyry6asiercst TeM, 4TO B JONOJHEHHE K eCTeCTBEHHBIM (DH3HKO-THAPO-
JIOTHYECKHM OTPAHHYEHHSM HEeOOXOAMM YYET TEXHHUECKUX W IOpHAHUE-
CKUX TpeGoBanui. [IpH aHanuse paGoOTH THAPOSHEPTETHUECKOH CcHCTe-
Mbl OyneM MoJaraTh, YTO 3JEKTPOCTAHLUHH COCAHHEHH MEXAy co6oit
TaK, 4yTo BCA BhIpabaThiBaeMasi 3JEKTPO3HEPTHs NOCTYNAET MOTPebH-
TeJiAM 4Yepe3 TPH 3HepreTHuYeCKHe NOJACHCTEMbI, KOTOpLIE HYKHO pac-
CMaTpHBATh HE3aBHCHMO APYT OT APYra, HO CUHTATh, YTO OHH pabora-
0T coBMectHo. Kak nokazano Ha pHc. [1.A.3.2, anektpocranuusu B
Byan-Iloac u Te#t6a-Pok cBasaHbl Mexay coGoil JIHHHEd sJeKTpome-
bpexayn. BripabathiBaeMast HMH 5JIEKTPOSHEPrHsi peasusyercs (ene-

Puc. TLA.3.1. TuaposnepreTHyeckas cucrema Gaccefinos pek Apkanuaac, Valit-Pusep
u Pen-Pusep.
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paJjbHBIM areHTCTBOM H pacnpelensercss B pPaioHe ¢ CE30HHBIMH KoJe-
GaHHAMH PacXofa 3JIEKTPO3HEPrHH NPH 3HAUUTENBHOM IMHKE, NPHXO-
AslleMess Ha suMHui nepuod. YactHele sfekrpoctaiuuu (B Oszapk-Buy,
Mapkxem-®eppu u IleHcakoaa) 3KCIVyaTHPYIOTCS CAMHMH BJajeNb-
UaMH, # enepanbHOe areHTCTBO He yYacTBYeT B PACHpeaeJeHHH BHIPa-
GaTbIBAeMOH HMH 3JeKTPOIHepruu. [losTOMy BTOpasi THADO3IHEpreTH-
decKasi NMOJCHCTEMa, KOTOPYIO OHHM 06Da3yioT, TakoBa, YTO B 4HacTH
rijipopecypcoB OHa cBf3aHa ¢ (elepaJbHBIMU BOAOXPAHUJIUILAMH,
TOrla Kak BHpabaThBaeMas €l0 3JEKTPOIHEPrHsi He pacnpeieasieTcs
¢denepanpHoit sHeprocucremoii. OcrajbHHe 14 3jieKTpOocTaHuUHH CBA- i
3aHBl MEXAY CcOG0H JHHHAMHU 3/EKTPONEPeJaud U 06Pas3yioT TPEeTbio iy
SHEPreTHYECKyI0 MOACHCTEMY, KOTOpasi 06ecneynBaeT 3/1eKTPO3HEepruei :
pafoH CO 3HAUMTE/ILHBIM NMHKOM NOTPeGJEHHS, NPHXOAAIMMCS Ha JeT- i
#1ifl nepuoA. KpoMe 3TOro, 4acTb 3JeKTPOIHEPruH, BbipaGaThiBaeMasi i
sjleKTpocTaHuuell B JleHucoHe, HanpaBasiercst TnOTpeGHTENAM B

wr. Texac, npuueM 5TH NOTPeGUTENH He CBA3AHH JHHHAMH 3JeKTPO-
nepefavy Cc APYrUMHM NpPeANPHATHSAMH 3TOro paifioHa. [loaTomy 3ty ‘
4acTb 3JEKTPOSHEPIHH HEOOXOAMMO BHUECTh H3 OOGLIEro KOJHYECTBA
IHEPTHH, BhpaGaThBaeMoft sJeKTpocTaHuueidl B JleHHCOHe, A TOTO
4TOOB ONPENEJHTb JOJIO BKJAafa 3TOH 3MEKTPOCTAHUMH B OBILYIO
3HEPrOCHCTEMY.

OcHoBHas NMOTPeGHOCTb B 3JEKTPOSHEPTHH B MECTHOCTH, OGCYIKH-
B4eMOH 3HEPrOCHCTEMOH, YNOBJETBOPAETCH TEJIOBHMH 3JeKTPOCTaH-
UHAMH, He HaXOAAIMMHUCS NOJA KOHTPoJeM (enepalbHOro NpaBHTEJb-
CTBa, a THAPO3/EKTPOCTAHUHMH HCHOJB3YIOTCS IMIaBHHEM 06pasoM mis
NOBLIIERHS MOLGHOCTH 3HEPIOCHCTEMH B NMEPHOAB MHKOBHX HAarpys3ok.
W3 1112000 kBT 3/1€KTPOSHEPTHH, BHPaGaTHBAaeMOH (eAepasbHO
sHeprocucTeMoit B cocraBe 14 saekTpocraHuuil, 400 000 kBT maloT pac-
TNOJIOKEHHbIE HA P. ApkaH3ac 3J€KTPOCTAHLUUU C CyAOXONHBIMH ILIIO-
samu. Mcnonb3yeMbiif STUMH CTAHUUAMH 3anac BOABI NO3BOJISET CHpa-
BUTbCA C NHKOBBIMH HAarpyskaMH, BO3HHKAIOIMUMH B JHEBHOM HJIH,
camoe GoJiblilee, B HENENBHOM UUK/IE NOTPEGAEHHS 3MeKTPOSHEPIHH.
[lockosIbKy 3TH 5JI€KTPOCTAHLHU PalBOTAIOT Ha «NIPOTOYHOM» peyHoi
BOJle, 3amac BOJBI, HCHNOJIb3YeMBH HMH, HELOCTATOYEH MJis obecmeye-
Husl TIOJHOM HArpysku BcexX T'HIPOreHepaTOpPOB, W, NOCKOJBKY HeT (H-
3UUECKHX CPEACTB nepeSpoca BOMsI MeXAy GacceiiHamu Yait-Pusep u
Pen-Pusep, He0OGX0AHMO TOUHO OMPeNENHTH ONTHMAJIbHOE Pa3MelieH e
3MEKTPOCTAHUMA BHYTPH 3THX 6acceHHOB HJIA TOTO, UTOGH NPH Cylie-
CTBYIOIMX BOAHBIX CTOKaX CHCTeMa BHpabaThiBaja Ob MaKCHMaJbHOE
KOJINYeCTBO 3JEKTPO3HEpPruu. OnpesesieHHe KPHTEPHEB TAKOTO pa3Me- ‘
lUeHus sBJIACTCS OCHOBHOH 3ajiauelt NMJIaHHPOBAaHUS U 3(QQPEKTHBHOH |
SKCIVIyaTaUKK THAPOIHEPTETHUECKOH CHCTEMBI. ‘
Ipr pewennu 3anaum pacnpefeneHHs 3/JeKTPOIHEPIUH CHAPOIHED-
TCTHYECKOH CHCTEMBI HEOGXOAUMO OGECHeYHTh BO3MOKHOCTD NOAKJIO- |
UCHUA K cHCTEMe TeNJIOBHX 3JeKTPOCTaHuMHl B Te NEPHOAH, KOria

BONHBI CTOK Man. 3aTpPaThi Ha 5/MEKTPOSHEPTHIO, BLIPaGaTHBAEMYVIO !

flonwap -ﬁ.n.ha

(Oawasconss () Huwonopm

7
 Yenabusie adosnavenus:

=

fir-

By~ Wonc
J40 MBm

/e Bodg-
anyul

Cucmema p. Yadm-Pulep

lpupc-Peppe

S8 MBm

Tpoenmupyemsie nepedepa mswse
oMbt
1POCITH

Jriuu amenmponepeday - cucmema 2

~== Jusuu sxenmponepeday - cucmema 1

O [udparocuvecnus nyxnms!

OB e S Bt

Maprxem-Deppu
00 M8m

()

7

cremsl Gacceilnos pex Apkamsac, Ya

Pusep n Pen-Pusep.

'€ THYECKOH CH

Cucmeme p. Apransac

Podepm C.Kepp~
HoMEm
Aapdanern
124 MBm

Bax Bowper

-

Bponen-boy
100MBm
Pre. 11.A3.2. Cxema ruaposuepr

Qucmema p. Pti—Pana/ T TN




328 M punoxcenue A.3 Modeauposanue cucTeMbl pacnpedesenus 800HbLX pecypcos 329

gOJHOTO MOTOKA B TeX XK€ €JuHHUAX. O,ﬂHaKO 3TH Tp€6OBaHHﬂ MOTYT

TelNJOBbIMH 3JIEKTDOCTAHUHAMH, AOJI2KHbI BBIUHTATLCA U3 CPEACTB, [O- ]
onpene’IdaTeCss U Kak 3alac BOJbI B BOJOXpaHHWJHILE HJIH KakK BbIpa-

JyyaeMBIX 33 DeaJU3AUUI0 SHEPIHU THIPOSHEPTETHUECKOH CHCTEMH, 0 xpait
T03TOMY TPOCTO MAKCHMH3UPOBATh BEIXOJ CHPOSHEPIHH HEAOCTATOR- HaTpiBaeMas 3JEKTPOSHEPrHA B KHJIOBATT-Hacax.

Ho. Heo6x011M0, YyTOGH THAPO3HEpPreTHYECKass CHCTeMa C MOAKJ/IOYEH- TlockosibKy He Bcerja yaaercd HaHTH HENOCPEACTBEHHYIO CBA3b
9 3THX TpeX MapaMeTPOB ¢ HEKOTOPHIMH XapaKTEPHCTHKAMHU pyHKUHOHN-

HBIMH K HeHl TeIJIOBEIMH 3JEKTPOCTAHUMAMH obecrneuHBajia Takod § , ) A
ypoBeHb BHPAGOTKH JEKTPOSHEPTHH, IPH KOTOPOM 3aTPATHl Ha 3JeK1 4 pOBaHIs, PHXONHTCH CTPOHTH ee HCKyCCTBeHHO. Hamphmep, Cyl0XOX-
HOCTh PEeKH MOXeT ONpeAeIATbCA YPOBHEM BOJbH Ha HEKOTOPOM Kac-

POSHEPTUIO TEIWIOBBIX 3JIEKTPOCTaHUMH Oblix Obl MHHHMAJbHEL 6es
4 xaje peKkH. XOTs ypoBeHb BOAB B HEKOTOPOM KacKaje H HE ABJAETCA

pHCKa Meperpy3KH IHAPOreHepaTopoB.

BXOAHBIM [apPaMeTPOM MOJEJH, MOXHO KOCBEHHBIM IyTeM MOJYyYHTb
OTHOLIEHHE 3TOTO YPOBHS K CTOKY BOJbI M BBIYHCJIHTbL OMNEpauHoOHHbIC
tpefoBaHuA K COpPOCYy BOJIH, KOTOpbie U BBOAATCA B TPOTpammy
MOJEJIL.
TToMHMO OIHCAHHsS ONepauMOHHbIX TpeGoBaHHMi K KaX[oil 3ajaue
719 BCeX KOMIOHEHTOB CHCTeMbi, HeOGXOJAHMO PAaCKpPHITh (H3HYECKHE
B3aMMOCBSI3H M OTpaHWYeHHS, HAK/aJbiBaeMble HAa yNpaBJjieHHe 3THMH
KOMMOHeHTaMH (HampiuMep, pPacxOj] BOJbI uepe3 THMAPOTEHEPATODHL,
OTHOLIEHHE BHICOTHI BOJOCJAHBA K c6POCY BOJIBI, BHCOTA PACMOJIOKEHHS
TYPOUHHBIX BOJ0BONOB). HakoHerl, ecjin padoTa CHCTEMBl 3aBHCHT OT
OTHOCHTEJNHHOIO COCTOSTHHS ee KOMIIOHEHTOB (HalpHMep, €C/H Bhipa-
GOTKA 3JIeKTPO3HEPTHH KaKOH-JHG0 3JIEeKTPOCTaHUHEeH N0 CPaABHEHHIO
¢ JPYrHMM 3JEKTPOCTAHUMAMH [AaHHOH CHCTEMEBI 3aBHCHT OT 3anaca
B0/, KOTOPHIM pacroJiaraeT BOJAOXpaHHJHILE 3TOH THAPOCTaHIUMH),
HEOGXOIUMO YeTKO ONpefesuTh NpaBuja paGoThi cHcTeMbl. DTH Npa-
BUJa, TPeGOBAHUS H YACTb OTPAHHUEHUil MOryT BaPhbHPOBATLCHA BO BpE-
MEHH (HampHMep, Pacxoj, 3JEKTPOIHEPTHH B AHBAPE MOXKET COCTABHThH
2000 MBTt-u, B (espase 2700 MBt-4, B MapTe 2500 MBT-u u 7. 4.).
Tus ananansa rugpocucteMs A—Y—P Heo6x0auMO GbiJIO yYECTh CBA3D
€€ C MECTHBIMH TEIJIOBBIMH 3JIEKTPOCTAHUHAMH; A/ 3TOTO HMHTHDYIO-
ulasi IpOrpaMMa ZOJIKHA Gbiia XOTsi G Tpy6O MOAeJHpPOBATH pabory
CIICTeMbl 3THX 3JIEKTPOCTaHLHHA.
B ocHOBe NPOBOAUMBIX MPOTPAMMON BHIUHCJEHHH JICKHMT NPUHIUI
HEeMpepLIBHOCTH IOTOKA, BhIPAXaeMbill ypaBHeHHEM

S$;=S;a+1,—~Q—E

rie S;—3amac BoAn B BOJOXPaHHJHILE K KOHIY paccMaTpHBa&Moro
nepnona i; Si—y—-3amac BOAB B BOJOXPaHHJHILE K KOHLY Npeanlay-
wero nepuoia i—1; f; — 06beM MPHTOKA BOAB 3a MEPHOA i; Qi—00D-
eM c6poca BOAb 3a MEPHOX i; E; — KoJINYyeCcTBO BOJBI, UCNapHBLIeiiCs
3a nepioj i.

Onpenenns Besuuutn [, Q n E, 370 ypaBHeHHe MOXHO HCIOJIBb30-
BaTb .15 OUEHKH 3allacOB BOABI IPH YCJOBMM JOCTaTOUHOH JJIHTEJb-
HOCTH TepHO1a i, C TeM YTOOGH MOXKHO G0 MpeHeGpeub BpeMeHeM
NPOXOKIEHHs BCell MAcChl BOAbI Yepe3 BOAOXPaHHJHILE. [IpH Tosyye-
HHH BeqWYMHb | MMeeTcs B BHIY, YTO €CTb JONOJHHTEJbHBIH NMPHTOK
BOAb B pacCcMaTphBaeMoe BOJZOXPaHHJIHHIE M BCE CTOKH H3 BOJLOXpa:
HIIMIN, HaXOAAIIMXCA BHILE MO TeyeHHIO, NMPUBGaBJSIOT CBOIO BOAY K

UmMuraunonHag Mojaeab

B kayectBe croco6a u3yuyeHHs (YHKIHOHHDOBAHHSI THAPOCHCTEMH),
pek Apkausac, Yaiit-Pusep u Pen-PuBep nMuUTauuOHHOE MOJeJHpOBa-
HHe TPUMeHsJIOCh W paHblie. PyuHbie Mojetu (T. €. MOAeNH, OOecmes]
yipaBlIHE NPOBeJECHHE aHANH3a BPYUHYIO) KaK OTAENbHEIX ee YyacT-§
KOB, TaK H BCEH THIPOCHCTEMBI B 1€JOM MPHMEHSJINCh HA MPOTSKer]
HuH  MuHEMyM 20 JleT CHELNMaJHCTaMH HHXEHEDHBIX BOHCK
JIuta-Poke u Tance. PaHblle, ofHaKo, UeMH U OHATIA30H TaKHX HCw
CJie0BaHHH OBIH OTPaHHYeHH, B mocaefHHe TOLbI NOABUAHCH HEOGw]
XOAMMOCTb H BO3MOMKHOCTH TNpOBeAeHust GoJee yrayGJaeHHBIX pabor,
[0 HCCJIeAOBAHUIO CHCTEM BOJIHBIX PeCypCOB. 1

Auanna pa6oTsl THAPOCHCTEMBI NIPOBOJUJCS MyTEM MOJEJHPOBAHHA
ee (QyHKIHOHHPOBAHHUS NO AAaHHBIM, HAKOMJEeHHHM 3a 45 Jer Hal/mo- 3
neHuit. CYUHTaeTcs, YTO STOT NEPHOJ BPEMEHH sBASETCS JHOCTaTOHHO |
MpeACTABUTENBHBIM, BKJIIOUAIOUUM BCE KPHTHUECKHE THAPOJOrHYeCKHE |
cOGLITHS, HEOBXOJMMbIE IJsi OUEHKH a/JbTePHATHBHbIX BADHAHTOB ILI&
HUpOBaHH#A, H 06ECNEeYHBAIMM Pa3yMHOe yCpelHeHHe BHXOLA CHCTd
ME 110 TaHHBIM MHOTOJIETHHX HaGJIOZeHHM. :

MamunHEas NporpaMma, HcnoJb3yeMasi B AAHHOH MOjesH THApari
cucreMbl pek Apxkauszac, VYair-Pusep u Pen-Pusep (rugpocucreMay
A—Y—P), NpoBOAHT BCE Te XK€ CaMble BHIYHC/IEHHS, KOTOPbIe BLIIOK:
HSUIHCh W B GoJiee PAHHHX PyYHBIX HMHTAUHOHHBIX MOJeJsAX. Pa3iuing;
COCTOHT B 3HAUHTENLHOM MOBHILIEHHH CTENEHH afeKBAaTHOCTH MOjeJH;
ee CAOKHOCTH M CKODOCTH BHIUHCJeHHH. MallHHHAs HMHUTaLHOHHAS S
Mojens (NporpaMma) NO3BOJMJIA YUECTh 3HAUHTENBHO Goablue pakre
POB, YeM HCHOJIb30BAJNOCh B OGBIUHBIX PYYHBIX MOJENSX, TMyOxKe pac- %
CMOTpeTh BJHSHHE KAXIOTO OTAGIBHOTO (aKropa, IPoaHaNu3HpOBaTh
60Jiee KPYNHYIO CHCTEMY.

B mamuHHOM nporpaMme o6blyHO TpeGyeTcsl yKa3biBaTh Pacrodo-y
JKeHHe KaXAOTO KOMIOHEHTA CHCTeMH (HATPHMEp, BOZOXDaHW/MILA, 3
3JeKTPOCTAKIHH, NYHKTH KOHTPOJsS CTOKa AJs PeryJHpoBaHHs c6poca 4
BOAbL W T. J.) OTHOCHTENLHO BCeX APYTHX KOMIIOHEHTOB CHCTEMEI, 8.
TaKKe ONepanuoHHHE TPeGOBAaHHA KO BCEM CYIMECTBEHHBIM 3a/ayaM,
BBHINOJHAECMBIM KaXKAHM KOHTPOJbHBIM NYHKTOM X BOJOXDaHHJHILEM. 3
OTH TpeGoBaHHs B oOlleM cayyae 3aMHCHBAIOTC KaK pacxoi BOAH, §
HanpuMep c6poc BOXH B KyGoMeTpax B CeKyHAy WM OOUuii pacxoR |
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€CTeCTBEHHOM :
Baercs, uTo B}lez};oi};;ﬁy Hgogg?&p?:{inzg:ﬂe’i};’;g P?Cg:ﬂP::yMe' » TepPHCTHK B KAXKOH 3HAUKMON TOUKE CHCTEMB, HayHHAS OTCaMOH BepX-
PasHBIX wHefell TakXe AOMKHH paccMar ‘;B};Tb ka B €€ 1Ia my well TOUKK (CUNTA® NO TEUEHWIO), N0 KaKJAOMY BojHOMy Gaccefiny.
06mell BeJUYHHE BHIXOLHONO MOTOKA: BeJIPquP[Ha Ec;mm’}‘{acg:r‘:;"’;“e ! Pacxoll BOAH, HEOGXOAUMBIL 4S8 NOCTHKEHUS BCeX OKANBHBIX Lesel,
yBeJHUeHHe WIH YMeHblIEHHe 3anaca BOLH B BOAOXPaHHﬂHmepBCﬂeTb J HAXOLNTCSA HPH ydeTe BCEX ONEPALHOHHBIX TpeOOBaHHH, a TaKKe Gbusu-
CTBHE WHCTOrO WCNApeHus (T. €. caMOr0 HCNAPEHHS MHHYC METeo lé‘ | 4ECKHX M ONEPANHOHHHX JOKAJbHHIX OpraHu3auui. B cooTBETCTBHH C
JOrHUECKHE OCAZKH) €O BCell MOBEPXHOCTH BOSb B Bouox;};anmnmg; | 1aHHBIMH OmepanKoHHeix TpeGoBanufi onpenesercs NOKa3atelb OT-
TeueHne PacCMATPHBAEMOro NEPHOAA BpEMEHI. 4 ; HOCHTENBHOTO (COCTOSHNS KaXIOro BOJOXPAaHW/IKINA (OOHTHO B (YHK-
O6bem BHpPaGOTKY saekTposHeprun GE; (8 kuIOBarT-uacax) s 1 uux ero BopHoro 3amaca). [Tocse Toro Kak sl KaKAOH 3HAYHMOH
TNEPUOL | BLIYHCASETCS ¢ MOMOUIBIO ypaBHer;x a 3 TOUKH CHCTEMB 3a(HKCHDOBAHO HANHUKE BCEX MOTPEOHHIX JOKAIbHBIX
pecypcoB (WJIH ;Ke WX HeXBaTKa B C/Iyuae HEI0CTATOYHBIX 33MacOB BO-
GE,=0,08464Q;h.¢;, 1 ‘{H), MPOW3BOAUTCH NPOBEPKA BHIIONHHMOCTH obllecucTeMHbIX TpeGo-
rae Q; — pacxo ., BaHHH. DTOl TPOBEPKOH yCTaHABAHBACTCH, A0CTATOYHMI JIH HMEIOIHECH
poTygziHH}I;) ;: rlile;;(};; i}? ;ff?:;;;’g’ég%’;ﬁg&&%o’:{‘;ﬂnyéme:o;;p%e;“ﬂ' 1 3amach BOAB M MOI[HOCTH [MJDPOSHEPreTHYECKUX YCTAHOBOK A 1O-
BYIOUMHA HA TYDOHHY B NEPHOA i; €; K. M. 4. THAPO p6 » AEHCT~ ] CTHKEHHST COBOKYMHOCTH MMOCTaBJeHHBIX neded. Ecnu ner, T0 JOMOJHE-
oX i. ’ - A. THAPOTYPOHHEI B NEpH- | TeJbHAasi HArpyska JISKeT Ha Te NPOEKTHpYeMble BOLOXDAHWJHINA H
310 ypasHeHHe WCTOJb3yeTCsH B Tex cayuasx, Koria Qi ompe -3 51CKTPOCTAHIKH, KOTOpHE NPEANONaraeTcs MoCTpouTh AaA TIOKPHITHSA
JIieT COBOH TOJMBKO Ty l{acrb'cﬁpacmaaeMoﬁ H3 Bo}xoxp’aﬂmahla f g PACUETHOIl HAIPY3KH C yHeTOM IL1aHa BBOAA STHX 0GmeKTos B AHCT-
KOTOpas NPOXOLHT UePes FHAPOTYPOUHY; Ay rlpencmmﬁe o OHL, BHe. J[OMOMHHTENbHBE COPOCH BOIB CKIAABBAIOTCA € TEMH, UTO OBIH
poCTaTHUECKHH Hanop, AefcTByiouHl 4 T;/pﬁnﬂ o e ;oco )OH THA- § [oJlyueHbl paHee JAS pelleHHs JOKAJbHHIX 3ajau, ¥ TAKHM 06pasoM
Dhifl BHUHC/ASETCA MyTeM BHUHTAHHS BHCOTH B}OI,ZIOOTBg;LaAHl (xoTO~ obecreunBaeTcss MOCTHKEHHE KAK JOKAMBHBIX, TaK H 061 eCHCTEMHBIX
CTaTHYECKOro Mepenaja H3 BHCOTH BOXHOM MOBEPXHOCTH BO OWUIPO' ; ueqeH (WM OMpelesfieTCs HEXBATKAa PECYpCOB, Kak JOKAJbHHX, TakK
J¥INA), H e; OTpaxaeT OGLIMA CpeaHHil K.IL 4. 3JeKT OCTanH XpaHH- § 1 0GIIECHCTEMHEIX, IPH HeJOCTATOYHHIX 3alacax BOAH). DTOT mpomece
BpeMs i. PHAPOCTATHYCCKUH HANOP BOXH BBeATeTCR r?o i | MOBTOPAETCA AJIA KaXKAOrO NHKJIA HCCAENOBAHHS, MPHUEM KOHEYHOE
Tekymaf TepKOX BpEMerH BHCOTE I cpearcii Ha COCTOSTHHE BCeX 3JEMEHTOB CHCTEMB B JAHHOM uHKJIe OyleT Haualb-
we (cpenHedi mo ngaﬂbﬂom . eKOOBePX“OCT" BOJBl B BOAOXPAHUJH~ HLIM MX COCTOSIHHEM B CJEAYIOLIEM LHKJIE.
a BHICOTA BOAOOTBOAA JHGO };aeTCﬂH::zorgcrthﬁf{TaM CTOKa BOAL), W Pe3y/bTaThl BHUHCJAEHUH, MPOBENEHHHX MOCAENOBATENbHO B Kax-
SABISIETCA QyHKUKEH cpeaHell CKOPOCTH CTOKA 1 BEJHUHHA, JHOO: 3 70M muKJae A BCEX TOYEK CHCTEMHB (T. €. ‘He TOJBKO O BOAOXPaHH-
Mbifi neprHOzL. p BOJbI 32 paccMaTpuBae- JHIEAM), 3aMMCHBAIOTCH ¢ MOMOIUIBIO TPOUEXYPHI, MO3BOJAIONIEH BeCTH
oMn ‘ _ - VueT JBHIKEHHS BOJAH B CHCTeMe MO OTHOCHTENbHHIM YDOBHSIM BOABI B
AOC?R}Ke:::H;gmggc{[eeﬁ;{’ cﬁgzgﬁze (2223{? :?anlferlxlgfe:glx?ﬂ“ BRAdL B BOJAOXPAHUMHILAX W KOHTPOMBHHIX MyHKTaX. CyMMupYsl COpOCH BOZHI
BEIPAGOTKH 3/1€KTPOIHEPTHH, ONPECTeHHbI DPACXO I:;o s ke, {13 BOJOXPAHNIHIL 1 eCTECTBEHHOO TOUCHIHA peK, MBI Noayyaem oGuuit
GUKCHPYeMHI B HeKOTODO ,Toqxe BHH3Y 1Mo geqeﬂﬁ 0}11" B HOTOK(} i cbpoc, a npubasasisi oGbeM BTeKkawollell BOAH K 3anacaM BOABL BOJO-
JIHIL, WIH OTpaHHUEHUS, HAK/IALLBACMbIE HA 5TOT alc(;( T BOJAOXDaHH- -G XPaHMJHIL ¥ BBIYUTAS U3 HUX COPOCH, MBI M(3}KeM TONTYYHTh COCTOSHHE
BpAllleHHA HABONHEHHS), OTPEACTAIOTCA TAKIM ()6p on unﬁénpenm— = | To6oro KOMIIOHEHTA | c6bpoc BoAH B J1060H Touke cHcTeMbl. Pesyab-
HewnTs yuacrie HOCTI AL HOCTABAETIOH em?%or\i, 4yTO6H 0Gec- TaTH BBIYHC/AEHHH 3aHOCATCA B MaMsATh ¥ 3aTeM pacneyaTHBAIOTCA
TOB THAPOCHCTEMS (BOTOXpAHAANIL)  KOTO Iﬂeu - JHILL TeX JeMeH- .. 3 MOC/TefOBATENBHO A KAXKJAOTO KOMIIOHEHTa CcHCTeMBl, ofecreunBas
(cKOpee B CMBICE 1OpHAHUCCKOM H.;m TE)?HH‘{IIKO 3TOTO BBHIACASTIOTCSE ., 4 Takum o6pa3oM HeNpepHBHYO HH(GOpMamHIO O NpuTOKe H cOpoce,
HATHIHA (HHIECKO BO3MOKHOCTH). B 3aBKC1§:{0cM’ a He B CMBICJE ‘ samacax BOABI, YPOBHAX BHIpAOOTKH 3JIEKTPOSHEPIHH H O APYTHX BaX-
HCCAe0BaHMS O6IIECHCTEMHEe L[€JIH.MOI‘ - TH OT KOHKPETHOIO ..} HBIX XapaKTePUCTHKAX, Jlast pasiMyHBIX leJell aHalu3a W OIEHKH pa-
(byHKIROHRPOBaH y 0 COBMALATb C LENAMH 3 GOTHI CHCTEMH 3TH PE3YJAbTATH MOXKHO NPEACTABJATh B pasHoil (popme
Trst 1010 Emé Hsl OTAEJNBHBIX 3JIEMEHTOB, JHGO OTJHYATHCA OT HHX. ' il PASJHYHEIX COUETAHHAX.
MeHTaMu P‘Hﬂpﬁ,&gggg;m;o;g;{zeg;ibgii’::g?::c“’o‘fe Mexay aJe- . g TiiaTe bHOe H3yueHHe NOJYUeHHBX NAHHHX H HX OleHKa [03BOJA-
ollepallHOHHbIe IPABHAA ’ ’ 10 OTIpeZieeHBl BCE B 10T ONpEAEIHT, OTKIHK CHCTEMH Ha H3MEHEHHE ONepalHOHHBIX Tpe-
. -3 OoBaHHi#i ¥ HOPM (YHKUHOHHPOBAHMA CHCTeMH. EC/AH OTK/IHK CHCTEMH

[IpHHIHND pabOTH HMHUT i -
Teﬂle::)M -Bulngcvleﬂnﬂ rupl}x éi)uHHQHaHOH MOAeNH TNOCTPOEH Ha No¢1en0Ba~ V10BJIETBOPHTEJEH ¥ B HaMeYeHHOM rpadHKe SKCI/yaTalHH CHCTEMH
: v (POAHHAMHYECKHX H 3HEPreTHYECKWX Xapak-= OTCYTCTBYIOT Kakue-qu00 HeJOCTaTKH WJH HEeCOOTBETCTBHA, 3TH MaH-
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Hble CJYXKaT OCHOBOH A5 ero BHeapeHHs. Ec/in e peakuHA CHCTEMH |
OTpHIATEbHA, CIelyeT INy6¥Ke H3YUHTb Pe3yJbTaThl MOAETHPOBAHHsM
M TOMBITAThCH ONpeAe]uTh, NoueMy rpaduKk 0oKasajcst HeyHOBIEeTBO- §
puteapHbIM. Koria TakWe npuunHel OyAyT HalgeHBl, HX Hajgo Oyner !
y4ecTb B HOpPMax (PYHKUHOHHDOBAHHUS CHCTEMH H 3aHOBO IPOBECTH §
MOJIeJJHPOBAHHE C M3MEHEHHBIMH ONEePAalMOHHBIMH HOPMAaMH, MOBTOPAS
3TOT UMKJA JO TeX Nop, MoKa He GyAeT NMOJIy4eH yAOBJETBOPHTEIbHHIM
rpa(uK 3KCIJIYaTAlHKH CHCTEMBI.

Hcnonb3oBanne ¢GyHKUMA 70X01a MO3BOJASET NOJYYHTH COOTHOLIE- j
HHSL MeX]y THADPOJOTHUECKHMH H/IH (PH3HYECKHMH [1apaMeTpaMH i §

Ipapux ypoBHeil BLIPAGOTKH 3JIEKTPO3HEPrHH B IHAPOSHEPreTH-
yeckoit cucreMe (puc. I1.A.3.3), ocHoBaHHBIH Ha CTATHCTHHYECKHX THA-
POJIOTHYECKHX [AHHBIX, MO3BOJKET ONPENETHTD noTpe6HOCTh B JOMOJ-

H3dsimon srenmp
T A

P P

8m-4

3KOHOMHYECKOH BhIrofoi. ®YHKUHH AE€X0[4a NPH HEOBXOAMMOCTH MOXK- 4§
HO BHBOJHTH AJf KaXKJIOTO BOJXOXPAaHHJIHINA, Ka)KAOTO KOHTPO.ILHOI®
NYHKTa H Ka)XJ0H H3 NOCTaBJeHHbIX nesaefl (GpyHKUHOHHPOBAHIS CcH- §
creMbl. [ToMHMO 3TOro, (pyHKUMH #0X04a MOTYT OTPaKaTh CE30HHLIe H3dsimon y He wa Y
KosieGaHHs 3aIacoB ¥ pacXoja Bojbl. B KoHue Kax0ro MPOroHa HMH- ::N%/%GW bi6 odnum eudpomypd
TANHOHHO} MOeJHPYIOLIell NPOrpaMMbl B COOTBETCTBYIOLLHE (PYHK- 2
I¥MH [0X0Ja BBOAATCA TaKHe MapaMeTphl, KaK pPeryJHpyeMblil pacxom ) £ I
MOTOKA, YPOBeHb BbIPA6aTHIBAEMONl 3/1EKTPO3HEPIHH N VDOBEHDb 3anaca § 8 /"30% ~.
BOABI 1715 MOJYYEHHS [IOKA3aTeJst OTHOCHTE.ILHOH 3KOHOMHYECKOl BhI- § /. mancumansnod \\\
TOAH, OXHJIaeMod NpH MPHHATHH JaHHOTO BapuaHTa rpadmka sKc- 3 " sanymu nepeut \\\
IJIyaTaluH CHCTEMBL. j / menrobsix srexmpocmanyud \\\
S -
Peay/ibTaThi MOZENHPOBAHUS ,/ I wn  T~— Hagpyana cucmems, ~ ~ _
. L / MaRCuUMamsol =~ . _ nonpsibaemas eudpomypdu-
Vsyuenne (GyHKUHOHHPOBAHHS THAPOIHEPrHuUecKoll cHcTeMb A— § : —— sanyma owepeus "~ NGk & GG STRYTNEIL
Y—P 10/:KHO NPOBOJHTLCS HENMPEPHLIBHO, ¢ TeM YTOOLI flePHOLHUECKH | menaolbsix 3meRmpoCmanyul ~—_
nepecMaTpHBaeMHe LEMH H KPHTEPHH OLEHKH (YHKUHOHHPOBAHHSA OT-
paxanu M3MeHeHHs NPHODHTETOB B HCMOJb30BAHHH BOJHHIX DPECYPCOB. .
[TosTomy Takas paGoTa He jaeT OKOHYATEJIbHBIX B OGHIYHOM CMbiciae §

cs10Ba ‘pesysibTaToB. OgHAKO NPOBEJEHHBIH B TeYeHHe J1BYX MOC.1eIHHX i
JleT aHaJI¥3 3HAYUTEJbHO DACIIMPHJ Hallle NPeACTAaBJEHHE O CHCTeMe,
0 NpUPOAe BO3MOXHBIX U3MEHEHHH M COBEPUIEHCTBOBAHHH €€ onepa-
UHOHHBIX HOPM M JaJi LEeHHYI0 HH(POPMAIHIO, KOTOPYIO MOKHO HCHOJIb-§
30BaTh B pabore Hax MoBbleHHeM >¢peKTHBHOCTH ee OTIeJbHBIX 3/1€
MEHTOB. =

Heo6xonuMocTh MOAAEPIKAHHS ONPEeAe/NeHHOR MOIIHOCTH 3SHepro-. 3§
CeTH, 00yc/IOBNeHHAst KOHTPAKTHBLIMH 00f3aTeNbCcTBAMH nepex (ene-
PaJbHBIM areHTCTBOM IO paclpefieJieHHIO 3/EKTPOSHEPTHH, Tpebyer
KOOPAHHAUHMM YCHAH 10 BbHIPabOTKe T'HAPO3JEKTPOIHEPrHH M cHal- 3
HMEHHIO CHCcTeMbl N00aBOYHON 3HEprHed, NOJYyY4aeMOH OT TEJIOBBIK
3JIeKTPOCTAHNUMA, KOTOpasl OmjayuBaercst (ejiepaibHLIM areHTCTBOM.
KoanyecTBo 370l 106aBOYHON 3JEKTPOIHEPIHH, NOCTYNAIOULEH OT Tel™ s
JOBBIX 3JIEKTPOCTAHIUH, 3aBHCHT OT OTHOCHTE/JBHOTO YPOBHA 3anacos -}
BOJB B BOAOXPAHMJHILAX, H OHA NOCTYMAET JIHLIb TOIla, KOIAa HEI0+
CTaTOYHA MOLIHOCTb 3HEPrOCeTH THAPO3HEPreTHUECKOl CHCTEMBbl HJM
KOT/la YMEHBUIAeTCst PAcXOf BOAB, YTO YKa3biBaeT Ha BO3MOXKHOE B
GyavuleM CHHKCHIE BbIPaGOTKH 3J€KTPOSHEPIHH THIPOTYPOHHAMIL

A . 3,
w 7 (

5 HBIM smepeu, b,

Y

menrobsimMu 3AeKMPOCTINEUIMU

Honavecmbo

Snbaps ' Bpems 200 - Aexadps

Prc. TLA3.3. Tpaduk ypoBkeli BHIDaGOTKH 3JEKTPOIHEPTHH MO AANHBIM H3YUCHHA
cucreMn GacceiiHoB pek Apkansac, YaiT-Pusep u Pen-Pusep.

HUTEJABHON 3JEKTPOSHEPTHH OT TEIVIOBBIX CTaHUWil. DHepropecypc CH-
CTeMbl, HCNOJb3yeMblH Ha 3ToM rpadHke B KayecTBe NapaMeTpa,
OnpefeasIOUIero COCTOSHKE CHCTEMbl H TEM CAMHM BIHSOLEro Ha
pelileHile 0 NPHOGPETEHHH AOMOJHHTENBLHOIO KOJIHUECTBA 3HEPrHH, Cly-
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Ll puroxcenue A3

KaK MOXHO ObicTpee, JIeTKO OGHAPYXXHTb, 4TO Aa)e AOCTATOYHO MNPO-
cToe IJIAHKPOBAHHE HMHTAUHOHHOTO aHa/jn3a OAacT OTBeT Ha MHOTHe
BONPOCH H CIKOHOMHT MHOroO BpeMeHu H chji. CToMT Takke 3apaHee
noAyMath 0 BHIGOpe CyIIECTBEHHBIX WJIM MHTEPEeCYIOLIHX HAac BEIXOX-
HBIX MapaMeTPOB MOJENHDPYEMO# CHCTeMB. 3HAYUTEJBHO Jierde H Je-
weBne 3actaBuTh DBM npocunTHIBATL H BHIAABATL HHTEpECyiOlHe HAC
napaMeTphl, yeM BHIHCKHBATb HX B BHIXONHBIX (hOpMax BpyuHYIO.

HUT, NMO-BHAUMOMY, Go/ee HAJEKHBIM IOKA3aTeJeM, YeM, CKaKeM
3amac BOAB B BOJAOXDAHHJHIIAX CHCTEMBL OnHaKo’BBenéHﬂe 3TorO
TapaMeTpa MOXET BLI3BAThb HEKOTOPble TPYAHOCTH, CBA3aHHHIE € TeM
MTO 3/1KTPOCTAHUHH HA p. ApKaHzac, NHTaeMble ee CTOKOM, He MOI‘y‘l:
BOCHOJB30BATLCSA 3amacaMu 'BOAH B GaccefiHax pek Yaf/’x’T-PHBep Jo4
Pen-Pusep. B nanbHeimewm, Bumnmo, TPHICTCS HECKOJIBKO MOAUGHUIH-
POBaTh 3TOT MapaMerp, YTOOB OH OTPaXKaj BO3MOMKHBIE NMOCHEACTBUS
HepaBHOMEDPHOTO paClpeje/eHns 3amacoB Boab. OHUM H3 CIOCOGOB
Takoif MOIMGHKAUHH IIPK ONpefefieHHU OBLIEr0 SHEPreTHUECKOro pe-
Cypca CHCTeMh SABJAETCA HCIOJb30BAHHE BECOBBHIX KO3DQHIHEHTOR
AJtsi BHIMHCJIEHHBIX 3HAYCHHH SHEPrOpecypcoB KaXKIOTO GacceiiHa.
Takum 06pasoM, ocHOBHBle TPyIHOCTH B aHaiH3e CylleCTBYOLIEH
PHAPOSHEPTETHUECKOH CHCTEMBI CBA3aHLl C OTCYTCTBHEM KOJNHYECTBEH-
HOTO OMMCaHHs ueseil ee dyHKUHOHMpoBaHHs. M3-3a Toro uro paHee
TPOBOAHBIIHECH HCCJIENOBAHUS ee PabOTH OHIJIK 4ANEKO He BCeOGbhEM-
JIOULUMH, U3BECTHEIH HA60p llesiell MOXET OKa3aTbcs HEMOJHBIM HJH
HeajJeKBaTHHIM. Jlpyras cBsidaHHas C 3THM Npo6JeMa 3aKTOYaeTCs 8
TOM, 4TO HeT UHPOPMAUHH O KDHTEDPHSIX H OTPAHMUEHHAX, HAKJIA[b-
BAEMBIX HA B3aHMOIONIOJHSIONHE H KOHKYPEHTHBIE B3aHMOOTHOLIEHHS
MEXIy pa3iHYHBIME NOTpeOUTeNsiMH BOAbL. U CHOBa OTCYTCTBHe 3TOH
uHpOpManyu OGDBACHAETCS LIABHEIM OGDA3OM TeM, 4TO paHee mpo-
BOJHBIINECS HCCJEAOBAHUSA OBbIIH HENOJHBIMH, B 4ACTHOCTH He Tpe6o-
BaJu HOJNydeHHs TaKoH HHpopMauuu. [lo3TOMy NaHHBIE aHANH3 GBI/
0COGEHHO IOJIE3EH B TOM CMEIC/E, YTO OH TO3BOJIH OYepPTHTb 06MacTH
e HYXHO MPOBECTH NOMOJHHTENbHBlE YINyGJeHHble HCC/IEI0BAHHS
Ilpu ananuse ruaposHeprerHueckoi cucreMs A—Y—P Bosuukna
H ellle 04HA TPYAHOCTb, BBI3BAHHAS YPe3BHUYAKHO GOJLINHEM 06bEMOM
BBIXOJHBIX AaHHBIX. 32 OAWHIIPOrOH WMHTALHOHHON TIPONPAMMbI, MOJLE-
Jupyiouleit paboTy CTOJb CHOKHOH CHCTEMBI, MOMKeT IIOJIy‘{PITI;Cﬂ b ()
TBICAUR CTpaHHI pacneyaTkd u Gosee. [TocKOAbKy TakHX TPOroHOB
MOXeT MOHaJ00HTbCSi MHOTO, 06beM BHIXOLHOM HHbopManuu Oyaer
OYeHb GHICTPO PACTH. Y
3a napy Helleib JIeTKO TIPOH3BECTH CTOJNBKO BBIXOMHOI HHpopMa-
UMM, YTO MHOTHM JIOJSAM HOHafOGATCA TOAM [/l ee OCMBIC/IHBAHHS.
Ku0u ¥ pelreHHio 3T0fi mpoG/eMbl 3aK/MOYACTCH B TUIATEIHHOM IL1A-
HHDOBAHWH MOAGIBHOTO HCCiefoBanHs. He mosmocthio mponymanHoe
Hccael0BaHKe, TPECellylollee OrpaHHYeHHble WelH, ¢ WI0X0 chopMy-
JIHPOBAHHEIMU KDUTEPHAMH OyLET NOUTH BCErAa UMeTb JHIIb OTPAHH-
YeHHVIO UEHHOCTb. Ha paHHHX cTafusX MMUTaUMOHHOTO HCCleNoBaHUS
OTBETOM Ha OGO} BOTPOC BCETA KAXKETCH MOCTPOECHUE elle 0AHOM MO-

3akalouenne

Pa6oTsl M0 H3yuennio cucTeMbl A—Y—P H ADYrHX NOLOGHBIX THA-
DOCHCTEM CBUJETEJBCTBYIOT 'O TOM, HTO MOJLEJIHPOBaHHE sABJIACTCHA
>h(}eKTHBIM CPeACTBOM H3yUeHHs KX (yHKUMOHHDPOBAHHS. Ho nmast
NoJtyyeHHss MaKCHMa/bHO# OTAauK M GoJee HOJHOr0 HCIOJb30BAHHA
pe3yJIbTaTOB MOJEMPOBAHHS HeOGXOAHMO COBEpUIEHCTBOBATh amnma-
pat W MeToan MoxeaHpoBanHs. BoJsee pasBuThie METOABl MO3BOJAT
BHIABUTH He 3ajlaHHbie B ABHOM BHJe L€JH H 3afay¥ CHCTEMBI W OIpe-
J1eJUTb KOJNHYECTBEHHbIE 1apaMeTphl, ¢ TOMOUIBIO KOTOPHIX MOXKHO H3-
MEpHTb CTENeHb NOCTHIKEHHS STHX Lesek.

Jnsi Toro uTo6H MOKHO OBLIO AeNaTh panuoHaNbHbIH BHGOD MEX-
1y TOTPeGHTENsIMH BOAB B C/lyuae, KOria ee HEXBaTKa He I0O3BOJsAET
NOJHOCTbIO YJAOBJETBOPHT, BCE MOTpeGHOCTH, HEOOXOXUMO paspalo-
TaTh COMJIACOBAHHBIE H CPABHHMBIE MepBl OTHOCHTENbHOH BaXKHOCTH
notpeGureseil. BaxHo TaKKe yAenuTh 0o/blile BHUMaHHA olperefe-
HHIO HeOGXOJUMBIX BHIXOAHBIX MapaMeTpoB H (OPM HX Ipe]CTaBleHHS,
¢ TeM YTOGH MOKHO GBIO M36HpaTEbHO NOJydaTh JHLIb CaMOe IJaB-
Hoe MU CyIleCTBeHHOe, DTO MO3BOJHT yMeHbIIHTh 06beM BBIXOAHOH
HHpopManux Mo GOJBIIHM CHCTEMaM [0 TaKoro ypoBHS, KOTrAa BCi
OHa MOXeT ObITh 06paGoTaHa H IPOaHaJIU3HPOBAHA.

U nakoHen, oYeHb KeJAaTeNbHO HafeNATb HMHTALHOHHBIE MOJETH
HEKOTOPO# CHMOCOGHOCTbIO K CAMOONTHMH3AIUH, YTO COKPATHT KOJIHYe-
cTBo ofpameHHii K Hell CO CTODOHBI 4eJOBeKa, CTapaiollerocs MoJy-
UHTbL ONTHMAJBHBIA MJaH cy6ontuMaibHbiii rpaduk. Ho passurue Mo-
Jeseii caMOONTHMH3ANHH C HeOGOXOAHMOCTBIO BKJIOuaeT B ce6si paHee
OTMeueHHble MOMOXKEHUS, Takue, KAK KOAHYECTBEHHOe ONHCaHHe Hesed
DYHKUHOHHDOBAHHS M Pa3pabOTKa CPaBHHMBIX CHOCOG0B H3MEpeHHS
LIeHHOCTH aJibTepHATHBHBIX MOTpefuTeseil BOLbI.

Ot aBTOpa

[IpuBefeHHas uHppPOBAs HMHTALMOHHAS Mojeib paspadoTaHa

Aemd. OHAKo M0 Mepe HAKOMIEHWS De3yJbTATOB TaKofi paGoTH, Ko-
TOpbie HAKEM He aHANH3HPYIOTCS HJIM aHAMH3HPYIOTCS JHUIL 4aCTHYHO,
CTaHOBUTCS OYEBHIHBIM, 4TO 3TO HE TOIBKO HE XOPOLUMi, a,HaoGoporT,
COBCCM IIIOXOf OTBET. 3aMEHHTb XOPOLIO MPOAYMAHHOE, YeTKO Bbi-
TNOJHEHHOE H TINATe/BHO 3af0KYMeHTHPOBAHHOE KMHTALHOHHOE HCCIE-
JloBaHHe HUUEM Heab3d. He moanaBmuch HCKylIeHHIO MPOBECTH aHaJH3

Bapnom, mupektopoM LleHTpa rHApoOsIOrHuecKHX HccieloBaHufi. Pa-
GoTa Mo H3yueHHIO (YyHKUHOHHDOBAHHS CHCTeMbl A—Y—P NpoBOaH-
Jach 3THM LEHTPOM coBMecTHo ¢ IOro-3anmagubiM OTAe/OM HHXKeHep-
Hex Bofick Apmun CIUA, a takxke ero noxpasieiesusmu B Jiura-Po-
ke u Tauce. 3lech H3MomeHa TOUKA 3PEHHs CAMOr0 aBTOpa, He 00s-
3aTeJbHO COBIARAIONlaf ¢ NMOJHTHKOH M NMPAKTHKOH KOMaHAOBaHHS.




M.A.4. UMUTALLUOHHOE
MOJENIMPOBAHME B 3ALLAYAX
OPrAHMU3 ALMM BbIBO3A
TOPOLCKHMX OTXOHOB"

Kaapx u Iowcunsusn

OTOT NMpHMED HJUIOCTPUPYET CBA3L MOXENMPOBAHMA C 3a7AYaMu TOCTPOEHHA YIpas-
JIeHYeCKHX HHOpMaUHOHHHX cucreM. Ou TIOKa3LBaeT, 4TO HCCACAOBAHHE Kpg’]‘lHOI'O
06BeKTa 4YacTo CKJIaABAETCA H3 CepHH HE3aBUCHMBIX, HO B3aHWMOCBA3aHHBLIX 3KCnepy-
MeHToB. Uurareaw PeKOMeHIyeTcsa OOpPaTHTb 0CO60e BHHMauHe Ha TO, KaK nocaeno-
BaTe/IbHOCTb HeGOJbIINX SKCTIEPUMEHTOB {IPUBOAMT B KOHEYHOM UTOTe K MOHHMaHHIO
3aKONOMEPHOCTe!l QYHKIMOHMPOBAHNA CJIOXKHONH CHCTEMBL.

Opraﬂmaumx" 3 deKTHBHOro c60pa H BHIBO3a rOPOACKHX OTXOO0B fB-
JII€TCA OAHOM M3 BaXHEHWIMX NpPoGJeM AJs GOJNbLIHHCTBA GOJIBLIMX
u cpeanux roponos CIUA. Pocr KosnuecTBa 0TX04OB, TPYAHOCTH 8
OTHOIMIEHUAX MEXAy PabOUHMU M aAMHUHHCTPATHBHHM DYKOBOACTBOM,
YMEHbILIEHHE 3eMENbHBIX PeCypCoB, MOBBIIEHHE TPEGOBAHHH K CHUXKe-
HHIO YPOBHA 3arPA3HEHHOCTH CTOYHBIX BOJ, POCT PAcXOLOB M HeOTpa-
GoTaHHAast TEXHOJIOTHS YHHYTOMKEHHS TBEPABIX OTXOJOB — BOT JIHIIb
HEKOTOpbIe H3 MPOGJIEM, CTOAIUX CEFOAHS NEPEe] PYKOBOTUTENAMHU op-
FaHHSAIHH, KOTODhle 3aHMMAOTCA CGOPOM H BLIBO3OM OTXOOB.

Bo muorux pa6otax no mpo6iemam yNpaBJieHUst 3TOH BaxXHOH OT-
Pacibio TOPOACKOTO XO3FHCTBA HCMOMB3OBANHCh JETEPMHHHCTCKHE H
MMHTanuOHHbe MOAenH [4, 7]. B psine paGor mo MapIIPYTH3aLUHH Bhl-
BO3a OTXOMOB H MPOCTPAHCTBEHHOMY paclpefeeHHI0 NOTPeGHHX Tex-’
HHUCCKUX CPENCTB 3TH MOJENH CTDPOHJHCh Ha OCHOBE IpenNoJIOXKeHU
H OLCHOK HJIH NO AaHHBIM, COOPaHHLIM €IHHOBPEMEHHO AJIfl pelleHHs
KOHXpeTHOH 3ajaun [2, 5, 6]. DTu pabOTH NMPONEMOHCTPHPOBAH BO3-
MOKHOCTH CHCTEMHOrO NOAXOJa H METOROJOTHH HCCJAENOBAHMS oOle-
pauuii B pa3paGoTKe BaXKHBIX YNpaBJeHUECKHX peLleHHH MO ynaJje-
HHIO TOPOACKUX 0TX00B. OnHAKO HHKEM ellle He PaccMaTPHBANAcCh 3a-
Jlaua HEMpPEpLIBHOro c60pa H HCMOJbL30BAHHS HEMOPMALHH B MaTeMas
THUECKHX MOJENAX A/l NPHHATUS ONMEPATHBHBEIX pelleHHi.

1) TlepeneuaTano B COKpAIEHHOM BHje W3 OTueTa EPA-670/5-73-12, moab 1973 r.,
C paspellenHs AMEPHKAHCKOrO areHTCTBa mO OXpaHe OKpYxaiowe#l cpexn, Hauuo-
HaNBHBE HEHTP HAyuHBIX HccaeRoBauuit, otnen HWOKP, Liununnnamy, wr. Oraiio.

2 K.T(ZII)K ABJAETCA CNEIHANUCTOM 1O CAHUTADHH oTaeNna KOOpAHHAHU nporpaMM
Halmol-lanbl-l?l‘O LEHTpa HAYYHBIX HCCJeAOBaHuil AMEPUKAHCKOro areHTCTBa MO OXpaHe
OKpyxaioued cpefs, Lnnuuunary, wr. Orafo. JIKRIINSH—TIpe3ugenT dupmu ACT
System Inc., Yunrep-Tlapk, wr. Gaopuaa. A '
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B 1anHo#i paGoTe npUBOAATCA pPe3yJAbTaTH HCCJef0BaHHs, NpOBe-

aenHoro B Kausienpe, mt. Orafio. Llenbio HcctegoBaHusa GbLIO co31a-

HHe MHGOPMAaILHOHHON CHCTEeMBl NPHHATHS HOJTOCPOUYHBIX H KDPaTKO-
CPOYNHX YMpaBJeHUECKHX pelleHuii Ha ©a3e HCNOJIb30BAHHA Hagex-

HOII  OJgHODOAHOH uHGOPMauHH, HEeNPepHBHO IMOCTynawueHd B
JIMHAMIIYECKYI0 HMHTAllHOHHYIO Mogesb. B pesyabraTe Guina moctpoe-

Ha CHCTeMa, BKJ0Yalouas NATh OCHOBHBIX YacTel:

1. Mexanu3M HenpephiBHOrO c60pa OZHOPOAHBIX U HajfeXHHIX Aan-
HbIX 06 onepauuAx no c60py H BHIBO3Y OTXOJ0B.

2. MexaHu3M mnpoBejeHHs aHaJH3a NEPeMEHHBIX, OKAa3biBAIOIIHX
CYHIECTBEHHOE BJHSIHHE Ha CHCTeMy BBIBO3a OTXOJOB, TaKHX, KaK Te-
KyHIHe H TIPOrHO3HpYyeMBle H3MeHeHus jgeMorpaduueckodl CHTyalHH
HJIH A¥HAMHKa Pa3BUTHS TPAHCIOPTHOH CHCTEMBI.

3. MMurauuoHHast Mojgenb WJH MOjeldb paclpeleteHHs DPecypcos,
KOTOpasi HCHOJIb3yeT HeNpepeBHO NOCTYNAIOIYI0 HHPOpMAUHIO H YuH-
THBAET CylleCTBeHHble A/ CHCTEMEI epeMenHHe.,

4. Anroputv paGoThl MOZeNM W HCIOJIb30BAHUS €€ Pe3yabTaToB
MpH MPHHATHH AOJTOCPOYHBIX M ONEPATHBHBIX pelIeHHH.

5. MexaHu3M cpaBHEHHS MDOTHOCTHYECKHX AAHHHX MOJENH C He-
NPepPHBHO NMOCTYNAIUIMMH JaHHHMH Ha6M0NeHHH.

JKurenu GoabmuHcTBa KpynHbXx roponos CIIA, oTkaswmBasich ro-
J0COBaTh 3a NOMNOJIHHTEJNbHBIE HAJOTH, TPeOYIOT 0JHOBPEMEHHO pacuiu-
penHsi chepsl ycaAyr HJIH KeNaloT COXpPaHeHHS TeX YCJYT, KOTOpHE HM
ViKe TpepocTaBafiorcs. TpeGoBaHHS TOBBICHTb 3apaGoOTHYI MJaTy
paGoylX H CJAyKALHX, POCT CTOHMOCTH MallHH, 060pYyOBaHHS H T. M.
IOCTABHMM TOA Yrpo3y OIOmXKeT MHOTHX MyHuuunajureroB. CeMbH C
BHICOKHM M CDPEIHHM YDPOBHEM J0XOJOB TepeGuparTCs H3 TOPOJCKHX
HEHTPOB B IIPUrOPOALI, yBO3 ¢ cOGOi CTOJb HyXHBE rOpOAaM cpef-
CTBa, KOTOpble OHY BHIIJIAYMBAJIH B BHJ€ BHCOKHX HaJOTOB, a HX MECTO
3aHHMAIOT CEMbH ¢ HH3KMMH AOXOAAMH H COOTBETCTBEHHO € HM3KHM
VpOBHeM HAJ/IOTOBOro 0GJIOKEHHS], XOTS YCJAYr OHH TPEGYIOT He MEHb-
we. [lepexon aBTOCTpaj M APYrHX paHee o6jaraeMblX HaJOroM mpei-
NpUATHIA B oOu1ecTBEHHOE NOJb30BaHHe TaKxe JHLIAeT ropofa NOTEH-
LHMaJpHBIX HCTOYHHKOB HOXO0Aa.

Takoe moJioxkeHHe Ca0XKHJIOChL U B KJjusjenge. OHO AOMOJHHTEIb-
HO 060CTPHJIOCH B CBSI3H C OTMEHO NOBHILIEHHS HAJIOTOB, YTO BH3BaJO
(HHAHCOBBle TPYAHOCTH BO BCEX OT/eJaX rOpPOJCKOr0 MVHHIHNAJIHTE-
Ta, MpuyeM B HauGoJee 3aTPYyAHHUTENIBHOM NOJIOXKEHHH OKasaJcs OTAC!
no c60py H BHBO3y OPOACKHX OTX010B. B 00s3aNHOCTH COTPYAHHKOB
OTA€Ja BXOAHT OPFaHH3auUs MepeBO3KM MYCopa M OTX0I0B M3 MeCT HX
HaKOIIEHHs B MECTa CBAJKH.

OpxHaKo HE3af0JIT0 A0 3TOro (pHHAHCOBOrO KPH3HCa M0 MHUIHATHBE
MYHHIIHIIAJIATETa COBMECTHO ¢ AMEpPHKAHCKHM areHTCTBOM MO OXpaHe
okpyxatoumeit cpenst (EPA) nauanace paspa6oTka mporpaMMBl Co-
3faHus OOIIEeHANHOHAJLHOA CETH MO YAa/leHHIO TOPOJACKHX OTXOHOB, B
OCHOBY KOTOpOIi Npeano.’araioch NOJOMKUTL PE3V/IBTAaThl HCCJEA0Ba-
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Hufl, HayaTeix B Knusinenne. B okrs6pe 1970 r. EPA cosMecrno ¢ Or-
JieJIoM 1o ¢60py H BHIBO3Y TOPOACKHX OTX0A0B MyHHuunajutera Kiaus-
JIeHa Hauajlo PeryJspHufi c60p cooTBeTCTBYIOLIefi HHpopMauuu [3].
Iast storo 6Bi BHIGpaHB ABa MaplipyTa, CAelys N0 KOTOPHIM, Olle-
patops co6Hpa/ju AaHHBle H NPEACTABJSJIH HX B BHAE €XKeJHEBHBIX
CBOZOK.

IMepes ynmosHOMOYEHHBIM MYHHUHIAJLHOTO OTAENa BCTAJdH CJOXK-
HHE 3a/aiH, CBA3aHHBlEe C BO3MOXKHHIM CHHJKeHHeM KauectBa oGcay-
JKHBAHHA. [l HX pemeHHs OH MOr BOCIOJIB30BATbCS HAKOIJIEHHBIMM
3a HECKOJIbKO MecCsiieB NaHHBIMH IO ABYM BHIODAaHHBIM MaplIpyTaM.
Pabory ©Opuran H3 leCTH 4YeJOBeK, 3aHHMABIUHXCS Da3 B HeHEJI0
BEIBO30M OTXOJOB CO BCEX MYyCOPOCOODHHKOB Ha 3THX MapuupyTax,
MOXXHO OBIJIO CPaBHHTb C HHOM TEXHOJIOTHell c60pa OTXOHOB HA 3THX
JKe ABYX MapuIpyTax B paMKaX 3KCIePHMEHTAJbHOH OOE€HAaLHOHAJb-
Holt cetn EPA.

[Mocie THIaTeJbHOTO H3yueHHS NPeXBAPHUTENbHBIX AAHHBIX 06cie-
JOBaHHS 3THX MPOGHHIX MapHIPYTOB GBIO PellleHO OTKa3athCA OT pac-
NOJIOXKEHHST MyCOPOCGOPHHKOB BO ABOPAaX H yMEHbUWIHTb Gpuranbl Ao
Tpex 4eJIOBEK, He CUHTas BOXHTeNs MycopoBo3a. Uepe3 HeCcKOJbKO Me-
csilleB Gpuranl GLLIH COKpallleHH K0 ABYX pabouux. B pesyabrare Ha
ITHX MapHIpyTax CTOMMOCTb BbIBO3a TOHHBI OTXOJOB, COGHpaeMEIX B
CpenHeM 3a JieHb, ynaja npuMepHo ¢ 30 xo 13 moau., 4To pajo 0XKH-
AaeMYI0 3KOHOMHIO 4 MJIH. IOJI. B TOZ.

OTH jaHHble OOGUIEHAUMOHAJBHON CeTM N0 YHAJIeHHIO TOPOACKHX
OTXOA0B OKa3aJIHCh CTOJb BHYIIHTEJbHEIMH, 4TO GBJIO PelleHO HAuaTh
c00p aHAJIOTHYHBHIX NAHHHIX [0 BCEM APYTHM MaplipyTaM BHBO32 ro-
poackux 0TX0X0B. Ha cy6cunuio, BraenseMylo EPA Ha miannposanue
u 6/1aroycTpoficTBO TOPOACKOrO XO3sfCTBA, MYHHUHIAJUTETOM Obla
CO3XaHa yNpaB/eHYeCcKass HHQOPMAIHOHHAS CHCTeMa, xoTopast Gblaa:
npeHa3HAYeHa [JIs PelleHHs 3aiay c6opa H BHIBO3Z TOPOACKHX OT-
XOJOB B ONMepaTHBHOM pexkuMe [1].

Pa3paboTKa CHCTEMBI TaHHBIX

Paynonanbioe mocTpoeHHe aBTOMAaTH3HPOBAHHON CHCTEMEl Tpe6o-
BaJIO NPOBeJEHHs NOJIHOTO aHAJIH3a OPraHH3aUHU H YNPaBJeHHs OT-
Renom mo c60py ¥ BBIBO3Y TOPOJACKHX OTXOA0B. DTOT oTAe], obciy-
*KuBawuyi okono 250 THIC. NOpOACKMX ceMeil, BKJIOuaeT B ce6s cO-
TPYAHHKOB, TPAHCNOPTHHE CPEACTBA HcnenobopysoBanne, Kak Buano
na puc. I1. A. 4. 1, ynosHOMOuEHHBII OTZHesa pPYKOBOAUT paboroit
YUpaBJSIOUIHX WECTH MycOpPOoCGOPOUHBIX CTaHUWME. Ymnpap.asoliue
CTaHUHAMHA HMMEIOT B CBOeM NONYMHEHMH Pa3HOe UHCJIO0 OGPUrazupoB:
TaK, ga cranuun 100 nMeotcss Tpu Gpuranupa, a Ha craHuun 400 —
wectb, Kaxcnnii 6puraaup orBeuaer 3a c6op Mycopa Ha BbIZeJeHHOM
€My Mapuipyte, nmpuueM uMciao 6pHral, NMOXUHHEHHBIX OIHOMY OpH-
rajupy, TakxKe pasJIHUHO.
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Bpuraga no c6opy OTX0Z0B OGEIYHO COCTOHT X3 BOAUTENS MYCOpO-
BO3a M ABYX pabouKX, KOTOpHle paboTalOT Ha CBOEM YYacTKe Mapupy-
Ta J0 TOJHOTO 3anoJiHeHHs: 0o6beMa MyCcOpOBO3a HJH A0 OKOHYAHHS
cBoeii paGouefi cMeHn. Ecau MycopoBO3 3amoJiHeH [0 3aBepUleHus
ofbe3na Bcero yuacrka, wocdep OTBO3HT MYCOp Ha CBaJKy H BO3Bpa-
ulaetcsi Ha y4actok. OuUMCTHB MycOPOCGODHHKH Ha BCEeM YUacTKe,
BOZUTEJ]b NpH HENOJHOA 3arpyske MycopOBO3a OTBO3MT OTXOZbl Ha

Cmanyus 400 (58,809)
Cmamyus 200 (45,093)
Cmanyus 100 (24,603)

Cmanyus 600 (43,919)

Cmanyus 500 (34,991)

Cmangus 300 (48,5871)

Puc. [T.A.4.1. [T10THOCTb HaceJeHHsl B Ka)/JOM M3 LIECTH PaioHOB YOOPKH IOPOACKHX
otxoz0B Kiusnenna, mr. Oraiio. [To nanusiM Ha okTabpb 1970 r. Kaxaas touka (.)
npeacraBaser 100 1omoB (ceMeAcTs).

FOPOLCKYI0 MYCOPOCKHMIMATe/bHYI0 CTAHLHMIO, a NPH TOJHOH —Ha 4a-
CTHYI0 CBAaJKy, NpuyeM B OOOHX CJyuYasx y HEro JOJIKHO OCTaThCH
BpeMs Ha 06paTHylo AOPOIy 0 KOHUA CMeHB. B psife ciyuaes, Koria
IIPH HeNOJIHOA 3arpy3ke MalUMHBI BPEMS CTAHOBHTCS OINPEASJISIOLIHM
($aKTopoM, BOAMTE]b INOJyuaeT yKasaHHe BepHyThCS Ha aBTobasy xa-
#Ee C HeBHITPYKEHHHMH OTXONAMH.

Baxuoft uacreio 06CAENOBAHMS SIBJISIHCH MHOTOUHCJEHHble Gece-
ABl C COTPYAHHKAMH OTAEJ]a, YTO NO3BOJHJIO CO6path AaHHBIE O CTOH-
MOCTH 3KCIIyaTallHd M PEeMOHTA MalluH ¥ 060pyNOBaHMSA, 8 TaKkKe O
#e06X0AMMO}l PeMOHTHON 6ase. DTH JAaHHBIE JeIVIH B OCHOBY paspa-
60TKil \TpaBieHuecKofi HHGOPMAUHOHHON cHuCTeMbl. BhixonHast HH-
dopMauns, B CBOIO ouepelb, MpefoNpeleluaa HeOOXOAHMHEIH A/ ee
noayueHusi HaGop Bxoambix napaMerpos. CosagaHHas cHcreMa obpa-
GOTKM JaHHBIX CTaja OCHOBOH ylpaB/eHuecKOH  HHGDOPMALUOHHOM
cucreMsl. CucreMa BHIAAeT CpelHHe TaHHbe JHEBHOH BHIPaBOTKH B Te-
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HHPOPMAUMS 0 EXEAHEBHOH BbIPAGOTKE BPHIALbLI
Jama P
. 10
Mawura : N Obsem ( Lopiree ) “ ,%Z/Z’,;‘,h )
HNosuveembo odcaymubaemsix
domoo. Bpems | Muau | Bec Myunm Boiepysne
Besesd ¢ dassl
Havano coopa
Botesd ¢ yvacmna K nyunmy Boiepysnu
B nynnme Buigpyanu ,
Bosbpausernae na yvacmon
Buiesd ¢ yvacmna x nyunmy Boiepysnu
B nywame Suzpysna l
Bosbpawenue na yvar nox
Buiesid ¢ yracmna K ngwxmy Evicpyonu
B mywnme Bsizpysnu i
Bosbpawenue na dasy
Bud pemonma
0ded — wavan (6sse39 ¢ yvacmna ) (od6ecimu npymnom)
— nowey (bo38patyenee wa yvacmon ) 1 Topmosa, noseca, wuns
2 Cacmema oxsamdends
3 Cucmema spexmporumanes
4 Cuemema nodavu monmube
Pemonm —ravane
5 Tpancrnopmeo
— nOHEY 6 Cucmema pyneboeo yrpabaevus
7 fpyeue budsr pemonma
*3anecmu nonep Mpusevanus
7 Mycopocwuzamensras cmanuyus
2 Cbama
3 7 .

Puc. [1.A42. dopma a5 exelHeBHOTO c6Opa JaMMBIX,

MYCOPOBO3a.

YeHde HeZeNH Mo Kaxuoil MycopocGopounolt cranums #u Gpirade.
KpoMe Tor0, Gpuraguphl # ynpaBJsiOLlHe CTAHUMAMH MOCYT N0JyuyaTh

3anojHseMas BoIxTeneM

IPH_Heo6XOAHMOCTH MTOrOBHE NaHHHE 10 CBOHM MapLipyTaM.
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Hhle (OPMpl JOKYMEHTOB, NogoOHHe noxKasaHHo# Ha pHe. [1.A4.2.
B nokyMenr, H3o6pakeHHBIl Ha PHCYHKe, 3aHOCATCH HOMeEp H TeXHHU-
YeCKHe JaHHble MyCOPOB03a, UHCJIEHHOCTb ODHrajlbl, KOJHUYECTBO 00-
C/ly’KHBaeMBIX MycopocOOPHHKOB, NMYHKT CBaJKH Mycopa (BHITPY3KH)
H IpyrHe BaxKHble TaHHBle. 3aMHCH H3 (OPMEI eXexHEeBHOH OTueTHOCTH
NepeHoCsATCs HelOCPEICTBEHHO Ha nephoKapTH.

" Bolia npeanpHHsiTa NONBITKA ONpPeleNHTh H APyrHe (GaKTOPhl, OKa-
3bIBalOLIMe BJIHSHHIE Ha VIPaBJeHHe BEIBO30OM TOPOACKHX OTXOLOB.
CyluecTBeHHOe BJIHSIHHE MMEIOT, HAalpHMep, neMorpadHueckHe TeHIEH-
HHH H NMJOTHOCTb HaceJleHMfl, paclpenejeHHe YHCJAEHHOCTH ceMe#. He-
00XONHM H yueT IMHAMHKH TPaHCIOPTHOH CEeTH rOpoxa — H3MeHCHHe
NPOTAXKEHHOCTH YJHL, pacnojoxKeHMsi OCHOBHBIX TOPOACKHX Tpacc i
UI0CCeiiHBIX 1OpOr. PeKOHCTPYKUHS H NepCIeKTHBHOe DPa3BHTHe ropola
H3MEHSAIOT ero AeMorpacHuyecKyio KapTHHY (NPOCTPaHCTBEHHOZ pac-
npejesieHue, MJIOTHOCTL HaCeleHHsI) H MOITOMY TaK¥Ke BJAHSIOT Ha NJa-
HHpoBaHHe pabor mo GaaroycTpoiicTBy. IToTeHNMalbHOE BJHSIHIT® OKa-
SHIBAIOT H IOPHAHYECKHe (PAaKTODH — 3aKOHBl INTaTa, NMOCTAHOR/EHIIA
OPraHoB cCaMOYNpaBJEHHS TOPOLA HAH OKPYra.

Haunbie mo neMorpauueCKoMy pasBHTHIO, DOCTY TPaHCIOPTHOI
CeTH H rOPOACKHX DaHOHOB BMecTe ¢ HH(opMauueH, uMempollcica B
ynpapjeHueCKod HHQOPMaUHOHHOH cucreMe, 00eCIeuH/IH CaexyIOUIHIE
Hab0p BXOXHHX NMapaMeTPOB 418 HMHTALHOHHOH MOLETH:

1) no o6pasoBaHHi0 OTX0J0B— IVIOTHOCTb H COCTaB HACCIeHHH,
UHCJIEHHOCTD CeMell, BeCOBble HOPMBI, CTOMMOCTD;

2) no cbopy OTX0ZOB— paccTosHusi, oObeM, BpeMs cbopa, Mapii-
PyTH [epeBO3KH, THIIbI WCIOAb3yeMHBX MaullHH, YHC/AE€HHOCTh 6{)?{[‘&.’1,
CTOHMOCTb pabor;

3) no mepeBo3Ke OTXOJOB— DAaCCTOSHHS, BPeMs, CKOPOCTb Iepe-
BO3KH;

4) mo BHIrpy3Ke OTXOZOB— NPOiIEHHBI KHJIOMETPaXK, BPEMS Ha
BHIIPY3KY, MECTO CBaJKH, COOTBETCTBYIOHNIHEe PacCHeHKH.

Mogesb CONepKAT NATh IAaBHHIX NPOTPaMM, KaxKAasf H3 KOTODBIX
MOZEJHpPYeT JOTHKY OZHOH H3 NATH OCHOBHBIX omepamuii: 6jok reHe-
PalliH HCXOAHBIX AAHHHX, 6J0K (hOPMHPOBAHHS MalIHHHONO NapkKa,
6mokn cGopa, mepeBo3KM M BHIIPY3KHM orxoxoB. Ha puc. TL.A4.3 mpu-
BeleHa OJOK-CXeMa ajJrOpHUTMa HMMTAUHOHHOTO MOXEJIHPOBAHIS CH-
CTeMBHL.

OCHOBHaﬂ CTaTHCTHUeCKas MH(I)OpMaLlI/Iﬁ CHCTEMBL COREPH:TCH B
MaccHBe BXOZHBLIX IaHHBIX; OHa BKJIOYaeT B cebf, HalpHMep, K.1accl-
¢HKanuo 06pasyolHXCs OTXO0IOB, THIH HCNOJb3yeMBIX Malllld, pas-
Mephbl GpHrajn, 4uHcaIo o6cayKHBaeMBIX ceMell, BpeMs c6opa, Kil1OMeT-
pax nepeBo3kH. JIIs olpeleseHHOr0 NPOroHa MOAeMH 3TH IiaHHbIE
cTporo (HKCHPOBAHBI, HO B 3aBHCHMOCTH OT THIa MOJeIHpyeMOH cl-
CTeMBl OHH MOTYT MEHSIThCS.

sl perucTpauun onepaTHBHHIX IAHHBIX, KOTOPHE JIO0.TKHHEl GblIH

Ha BhiXxoze Moaedb j1aer moTpeGHoe KOJHUYECTBO MalIMH Ha Kark-
CTaTh OCHOBHBIMH BXOJIaMH CHCTeMH], OLLTH Pa3paboTanni cClenHa.Tb-

AbIT €Hb; 3Ta widpa 3aBHCHT OT ulicda MaplipyToB, YTO, B CBOIO:




Nlpedsrbarue ABuwmenue na
almodase admodasy
Beresd wa
mapupgm

Coop
omxodal

Hanvas
azpyana ?

Mywnm
Berepyanu 1
ucnoms 308k ?

Nymrm
Berzpysme 2
ucnossioban ?

Enedobanue
K nymmy
Buoyan Credobanue
Aa K nyanmy
Berapysna 3
Caedobanue i
K nymrmy
Tapocobiii Suizpyine
Somon
cEododen ? Borepysna
omrodol
Chpocelsid
Aomox
Buzpyma X clododen ?
omxadod Omudanue

Boizpysna
omxadol

Puc. I1.A.4.3. BJaok-cxema MOJIeJIHPYIOILETO aNrOpPHTMA.
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OYepelb, onpelessieTcsi KOJHUECTBOM 06pasyloLIHXcs 3a JeHb OTXO-
0B, T1ponosIKHTeNbHOCTD pabodero JHs DK CONOCTABIEHHH Dasiiny-
HBEIX cHCTeM YOODKH TODOACKHX OTXOJOB 6blia MPHHATA paBHOH 8 ua-
caM. OJHAaK0 OlleHKa allbTePHATHBHHIX BADHAHTOB JJISL NOJHOTO LHKJ2
<60pa H BHBO3a OTXOJ0B NPOBOAHJACH N0 AAHHBIM 32 HeNeJIO.
Jloruka onepauuii mo c6opy OTXONOB NpejpnosiaraeT HEKOTOPLI
Habop paGOuUHX NMPaBHA ¥ COREPKHT AOMOJNHHTENbHBIE AaHHble AJs5
HCNOJIL30BAHHS B KOHKPeTHOH cHcreMe. HanpuMep, misi CHCTEMH,
cocTosililefi H3 MallHHB, BORHTE]Sl H OXHOTO pabouero, AeJalTCA Cie-
AyIolilHe NPEANOJOXKEHHS: BOXHTE]b INoMoraer paGoueMy B INOTpyske
otxofoB npumepHo 60% BpeMeny, 3aTpaunHBaeMoro Ha MappVT; 3a
3Ty MOMOILb OH NOJYuaeT IeHEXHYl0 HanbaBKy; TeMIsl c6opa OTXO-
0B B Mofean Moryt konebatbest ot 0,5 po 1,0 (xr/c)/uen.; Bo Bpems
paboThi COOPIIHKH MycOpa NepeABHralOTCS CO CKOPOCTBIO  OKOJIO-
0,6 M/c.

WndopMauns o 3ano/iHeHHOH OTXOZAMH MallHHe 00pabaTHBaeTCs
TOANPOrpaMMOii JIOTHKH MEpPEeBO3KH. DTa MOANDPOTPaMMa NPHKpemIser
MaIlHHy K HeKOTOPOMY NYHKTY BHIIPY3KH OTXOZOB H BHYHCJSET Bpe-
Ms MallHHBl B NYTH B 32BHCHMOCTH OT ee MeCTOHaXOXKJeHHs Ha
Mapuipyre.

B TOT MOMeHT, KOria MallMHa <IONOUNIA» K IYHKTY CBAJIKH, HH-
¢popMmalnsi o Heli mepefaercs NOANPOrpaMMe JIOTHKH BHITPY3KH.
B nyHKTe CBaJKH 3Ta NMOANDOTPaMMa HPHUIHCHBAET MAIIHHY K OIpe-
LeNCHHOMY MECTy BHIIPY3KH, T'le OHa MOXeT JIH60 BHIIPY3HTb OTXOXbI
cpasy, 60 BCTAaTh B Ouepellb B 3aBHCHMOCTH OT YCJOBHH B JaHHOM
MyHKTe cBajKd. Ilocje TOro Kak MalIHHA pasTpyXkeHa, OHa MOXKET
BEpHYTBCH 160 Ha 6a3y, MO0 ONATH Ha CBOH MaplipyT, 4TO Ompele-
JISeTCA TeM, 3aKOHYMJa JH Gpurafa o6be3f CBOEr0 yuacTka, I TeM,
CKOJIbKO elile BpeMeHH OCTaJOCh A0 OKOHYaHHA pabouero AHs, WIH W
TEM H APYTHM OXHOBPEMEHHO.

Monenuposanach pa6oTa Kak OTHEJbHBIX GpHrai, Tak M CHCTeMEr
B nejoM. CHauana B NOANDOrpaMMYy JIOTHKH C60pa OTXOZOB 3aKIaAbi-
BaJIOCh NPEANoJoKeHHe 00 HCIOJb30BaHHH GDHraiwl, COCTOsILeH H3
TpPex WIeHOB, ¢ NPHAAHHBIM el MYCOpPOBO3OM, KOTOpHIl 3arpyxaercs
csaau. BHocnauch RaHHLe O HanGoJslee THIHYHOMY MapupyTy. B Mo-
Re/ld PacCMaTpHBAJHCh BApHAHTH KaK C KODOTKHMH, Tak H € AJIHH-
HBIMH peficaMH M pas/iiuHOi IJIOTHOCTBIO HacejeHHd. BriGop IsiuH-
HHIX peifcoB OBl NPH3HAH Helenecoo6pasHbIM AJst YCioBHH Kius-
J1eH]a.

Ha crenyiomem srane noanporpaMMa JOrHKA c6opa cpaBHHBana
pasjiHuHBe THNH cHCTeM c60pa M BHIBO3a OTXOAOB H OTGHpata HaH-
Jyumide cpean HUX. JlaHHBle 10 3THM CHCTEMaM NOCTYNaaH Aajee B
NOANPOrpaMMy JIOTHKH BBIIPY3KH JJIsl NMOJYYEHHs Pa3JMYHOrO pacro-
JIOXKEHHSI POMEKYTOUHBIX MYCOPOCOOPOUHBIX IIYHKTOB, [IOC/AE uero
TOANPOrpaMMOii JIOTHKM (OPMHPOBAHHA MAIIMHHOrO Napka onpefe-
JIS7I0CH - HEOOXOAUMOe UYHCJIO MYCOPOBO30OB R/t 0OC/YKHBAHHA BCETOr




344 I puroxwenue A4

Tabauya IMA4.1

CpaBHenue Pe3y/bTAaTOB MONENHPOBAHHS ¢ (DAKTHYECKHMH HAAaHHBIMH
A MycopocGopounoit cranuuu 100

Humeg Y:_l:pm- Pesﬂy;.rlllbnr::r;y 1\:;}};1;:;;0- oaxng;::ﬁ;?;e;::unue, Orknouenue, %
111 12 984 12 606 3,0
112 14 252 13968 2,0
113 7680 7 404 3,7
121 9 660 9583 0,8
122 13483 13547 0,5
123 20045 19750 1,5
124 19222 18 956 1,4
131 17 955 17 968 0,1
132 22 800 23548 3,2
133 22108 22314 0,9
134 21509 20 836 3,2
1350

! Ha:ubie 10 MapmpyTy ue TIPUTOAHSI,

ropoga. 9va npoueaypa HeoXHOKPaTHO MOBTOPAAACH ¢ PAa3JIHYHBIMU
COUETAHUSIMH BXOJHBIX JaHHBIX.

IIpn nporpaMMHpOBaHHH NpHMeHSICS VHUBEPCAbHBIH $3BIK HMH-
TaunonHoro Mopxemuposanus QPSS Moxudukanun V. BxogHbie nau-
Hble MOZeNH H paboude MPaBHJA NOJHOCTBIO COOTBETCTBOBAH meficT-
BHTENIbHOH cuTyauun B Kansnenge. Jlisi OUeHKH MOAETH NPOBOLHJIOCH
‘CPaBHCHHe DEe3yJbTaTOB MOAETHPOBAHHA C (hAKTHUECKHMH IaHHEIMH,
NOyYeHHRIMH W3 ynpaBjieHdyeckoll HH(OPMAHOHHON CHCTEMB
(ra6a. I1.A4.1).

Brixonnas mHbOpMauus Moxenn comepkuT: 1) o6bem H(H1IH) BeC
BEIBOSHMBIX OTXOM0B; 2) KHJIOMETPaK IEPeBO3OK; 3) BpeMs c6opa ort-
XONOB; 4) BpeMs NepeBO3KH OTXOMOB; 5) BeC OTX0IOB, IPHHHMaeMbIX
B Da3HBIX MYHKTaX CBAIKH; 6) AaHHbIe ouepeneil y CBAJOUHBIX JOTKOB
# 7) KOJHUECTBO 0GCIYKHBAEMBIX JOMOB.

*OLeHKa CHCTEMbI

[ocie mpopa6oTKH MOAeNH Ha KOHLENTYanbHOM YypOBHE H HalH-
CaHus NPOrpaMM Mopelb GBI onpo6oBaHa sl OLEHKH PSLAd. allb-
TEPHATHBHEIX CHCTeM YGODKM TOPOACKHX OTXOKOB B KimBIenme, Kak
HCTIONb3YEMBIX, TAK H NepPCNeKTHBHHX. YacTh 310il pabotnl Gbia Ha-

Modeauposanue 8 3adauax 8618036 20podcKux 0Tx0008 345

npaBjeHa Ha COBEPIIEHCTBOBaHHEe HBIHE CYINECTBYIOUIEH CHCTeMB C
1e/bl0 NOBLILIEHHS ee >(¢eKTHBHOCTH. HekoTopble H3 paccMOTpeH-
HBIX aJbTePHATHB OTPa)keHbl Ha puc. [1LA4.4. Jlas KXJO0H 3 HHX
OlleHHBAJIOCh BJAHSIHHE IVIOTHOCTH IKHJBIX COOPYXKeHHH, pacno/oxe-
HHSI MycOPOCOODHHKOB, TeMNa 06pa3soBaHHA OTXOAOB, EMKOCTH MallHH
¥ uHCAeHHOCTH G6purag. Hanpumep, 3eKTHBHOCTb CHCTEMBI Ha oC-
HOBe Opurajpl, HACUHTHIBAIOIeHl [Ba uesJ0BeKa, HCMOJb3YIOWell Mo-
- Lucmemnas mampuya

Senobus Temn odpasobanus Tun mawuns Yuzrennocme
obcnymubarus omxedo douzadsr

Jiomnas 3acmpodna, mrogo~

008
#bapmupnsie doma ;g :ﬁ Z’; 1 on
Nnommas sacmpoina, . 0. L
Joma wa odky gmm % Hopmamnsii 20 nyo. spo. 2 ver.
Pednus saompodna, : 29 nyd.apd. J ven.
Joma a0k cemsid - \ m/T

4 ven.
Sauunsill ciop emrodes Momoponep

Yenobus ucnsimanud

Y y P

Amunsiil pedic (408 ns) ~——— 7w olpazotia- boibosa Tmomss Hete cucmembs B <2ampermmsix
Hopomuud pedc (Smtns) — Hwus omxoded : omxodpt yenobusix. Mowws czcomom-
(52 Hedead) Ha Lrmousocme peme 8-10 cucmev

1mapupym obcaymubanus
1 doma

Puc. IT.A 4.4, Cxema ambTeDHATHBHEIX BAPHAHTOB KOHQHIYDALKY CHCTEMBL

TOpOJINep H 06CHyKHBaIONIeH IyCTOHACeNeHHBI PalOH, cpaBHIBaAacCh
¢ 3(Q(MEeKTHBHOCTBIO CHCTEeMbl Ha OCHOBE TaKOil JKe [0 YHCAEHHOCTH
Gpurafibl, Ho HCHOAb3yIOeH GOJBUION MyCcOPOBO3 C MEPEABHIKHON Te-
aexkoit (M/T) u o6caykuBalomell MajsoHaceNeHHBI NPHTOPOA, 3a-
CTPOEHHBIl NOMHKAMH Ha OAHY CeMblO; B 0OOHX CIyuasXx [PHHUMAJCS
HOpPMalbHBIH TeMN 06pa3soBaHHS OTXOMOB. KakJas M3 a/jbTepPHATHB,
YKa3aHHbIX Ha Aunarpamme puc. I1.A4.4, paccmarpuBajach AJsi NJHH-
HBX (40 MH/Ib) H KOPOTKHX (8 MH/b) DeliCOB IPH yCJAOBHH, 4TO Ha
KaxaoM Mapupyre c60p OTX0L0B NPOBOAHTCS pas B Hegedo. Mo-
Jelb Cpasy ke NOKasala OrPOMHOe NPEHMYLIeCTBO KOPOTKHX peiicoB
IUIsL BCeX PpaccMOTpeHHbiX ciyuaes. OTHolleHHe o6liero Beca cobpaH-
HBIX OTXOAOB Ha KOPOTKHX peiicax IO CPaBHEHHIO C AJIHHHBIMH PaBHs-
Jock npubausureabio 2: 1. [TostoMy AnuHHBe pefichl B panbHelimem
Gonee He pacCMaTPUBAIUCE.

a5 pawKHpOBAHHS CHCTEM HCIOIb30BAIHCH CJENYIONIHE KpHTe-
puu: 1) oTHouleHHe BpeMeHH c60pa OTXOJOB KO BPEMEHH HX I€PEeBO3-
KH; 2) CTOMMOCTb TOHHEI BBIBE3EHHBIX OTXONOB; 3) CTOHMOCTBb Iepe-
BO3KH OTXOJ0B B paCueTe Ha OJAHY CeMblo; 4) «ONTHMa/bHasg KOHeu-
Has Touka». Ilepshe TPH KpHTeDHs OObACHEHH} He TPeGyloT, a uer-
BepThIil 03HAYAeT (DHSHUECKH TOT NYHKT MaplipyTa, B KOTOPOM 3a-
KaHyHBaeTcs ¢G0P OTXO10B 1O HCTeueHNHH 8-uacoBOro paGouero AHS.
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Tabruya 11.A.4.2
PankKupoBaHue CHCTEM DA3IHYHOM KOHGHUIypaiuu

Panr cHcTembl Kyﬁ.oﬁﬁsne.u—l—( ﬁ%ﬁi»ﬁém Gpuramet | Y 6:};};."“3 43
(KOHGbHIypauust CHCTeMnl)
1 10—1 50
2 292 66
3 16—1 81
4 29—-3 83
5 20—2 88
6 10—2 101
7 M/T-1 15
8 20—3 120
9 294 123
10 16—2 130
1 M/T-2 141
12 16—3 150

HauBbiciine Ganibl NPH PaHKHPOBaHHM OHUTH NPHCBOEHH TAKHM KOM-
OHHAUMAM «THI MAIIHHB — UHCJIEHHOCTb GpHraf», KOTODHE MOTJIH
oGecrieunth 3a 8-uacoBoll paGounil xeHb BHIIOJHeHHe BCero 06beMa
pador wa Mapwpyre. Hamnyywas cucreMa nosyunia 1 6an, ciaexyio-
mast—2 6aina u 1. A B 1a6a. [LA4.2 npusenenn pesynbraThl paH-
JKHDPOBAHHS Pa3/IMUHBIX CHCTEM.

W3 tabaupel BuAHO, uTO HauGOJBINMMH BO3MOXKHOCTSIMH obrana-
10T CHCTeMa Ha OCHOBe GpHMrajbl UHC/IEHHOCTHIO B ABA ueloBeKa H
MycopoBosa ¢ obbeMoM Ky3oBa 29 kyG. spaos) (29—2) u cucrema
3 ONHOro ueJOBeKa M MycopoBo3a ¢ o6beMoM KysoBa 10 xy6. sipaos
(10—1). ITpn 3TOM Gpajicst HOPMANLHH TeMI 0GPa30BaHHS OTXOAOB.
Hst ouenky TPOMYCKHOK CIOCOGHOCTH JBYX THX CHCTEM B KPHTHUE-
CKOfi 06cTaHOBKe OB 3ajaH NpeANOsaraeMbIii MaKCHMAaJbHBEIE JHEB-
Hoit 06beM oTXopoB. ITociie mepecTpoiikM H ONTHMH3ANMM MapuUIPY-
T0B GBIIH OCYLIECTBNEHb NPOTOHH MOJENH B YCJOBHAX MAKCHMaJb-
HOTO TeMna o6pa30BaHHA OTXOMOB.

Eme oano McnmTaHue GO MPOBegeHO ¢ HedbIO NOJIyYeHHsT OTBE-
Ta Ha BONPOC, HEJB3S JIH NOBHICHTL (PPEKTHBHOCTL OBCHYHKHBAHUL
3a .cuer KOMOMHMDOBAHHOrO NPHMeHEHHA oGenx cructeM. st 3TOTO
chcteme 29—2 G0  NOpyueHo O0GCIYKHBAHHE TYCTOHACENEHHOTO

1 1 ky6. sipA pamen npumepno 0,765 M3, — Mpum. ped.
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paiiona, a cucreMe 10—I1-—paifioHa ¢ MaJoff NJOTHOCTHLIO HaceJe-
Hus. CoBMecTHasi pafoTa HBYX 3THX CHCTeM Okasaslace GoJee 3¢-
(PEeKTHBHOH, ueM KaXJOH M3 HHUX B OTZEJbHOCTH.

Ha ocHoBanuu psiza JOMOJHHTEJBLHBIX CyOBeKTHBHBIX COOGpaxe-
Huii cucremMa 29—2 ObLla Npu3HAHA ONTHMaJbLHOH: oHa obgaazaer
6osbliei THOKOCTBIO, ueM cucteMa 10—1, u B Gosbluell cTeneHH OTBe-
uaer npaBuaaM paboThl, 040OpPeHHBIM NPO(COI03aMH, H TPeGOBaHHIM
TeXHHKM 6e30MacHOCTH.

OueHka NYHKTOB BbIFPY3KH

[Tocsie BBIsiBjieHHst HanGosee >PPeKTHBHOH CHCTEMBI Obljia HPO--
BejeHa OLEeHKA MecT CBaJKHM OTXONOB 178 BblOOpa HanGosee MOAXOLS-
wero. Tonorpadus pakiona KausieHna nojckasaia BO3MOXHCTb pas-
GUBKH TePPHTOPHH rOpOAa Ha [Be TPYINH MapUIPYTOB: mepBast 06Cay-
KHBaJla paloHH MycopocGopounHx cranuuit 500, 600 u samazHo¥:
wactd craunun 100, sropas—paiionsl cranuuii 200, 300,400 u BOCTOU-
HOM uact craHumu 100 (puc. [1.A.4.1). B 3anajguywo rpynny Mapui-
pyToB yROGHO BIHCHIBaJMCh 36 MaplmIpyTOB BHIBO3a OTXOLOB C BHI-
rpyskoil Ha cBasike B pafioHe Pumx-Poya, a B Boctounyio — 53 Mapiu-
pyTa C BBIrPy3koi#t Ha cBajdke B pafloHe 24-ii yaumnel u Pokysaaa
(pacnoJioxXeHHOH BOCTOYHee MycOpOCGOPOUHOH CcTaHUMM Ha 3-H 3a-
MajgHO} y/AHIUe, HA MOJNYTH B raybb pafiona; puc. [1.A4.5). Ha atom
3Tane MOJREJHPOBAHMS OblJa yCTAHOBJIEHa 1eJeco00pPasHOCTh yCTPOM--
cTBa aBT06a3 y 0feux CBajJOK AJsI TOTO, YTOGH yCTPaHHTh ‘HEOOXOXH-
MOCTb NMOPOXKHHX PelCOB Nocje nocJjefHeil BHTIPY3kH. B Mozenab BBo-
JHJIACh CJefylOllHe OTPaHHUeHHs: 1) MycOopoBO3 [OJkeH chelaTth
OIMH HJIM MaKCHMYM JBa pelica ¢ pa3npyakol; 2) ouHcTka MycopocGop-
HHKOB [HOJI2KHa NPOH3BOLHTbCS B NEPHOABI, KOTOPHIM OTBEHaeT MaK-
CHMaJIbHBIH TeMN 006pa30BaHHS OTXOXOB; 3) KOJHMUECTBO OOCIYIKHBae-
MBIX KaxA0H OPHragoff KH/IBIX KOMOB XOJIJKHO OLITh MAKCHMAaJbHHM;
4) Gpuraga ROJIXKHA BHINOJIHATL BeCch 0GbeM PafOT Ha CBOMX yuacTKax
32 40-uacoByro paGouylro Hepe/10, NPHUEM H3 3TOTO BPEMEHH MOJIKHO-
ocraBaTbest 1,5—2 u paGouero BpeMeny Ha NPOQHIAKTHUECKHH PEMOHT
MallMH KaxAuf natbil zedb ¥ 0,5 u eXexHeBHO Ha MBITbe MAUIHH.
DBHIH BHIMONHEHBl NPOTOHBI MOJETH N0 cHcTeMe 29-2 co BpeMeHeM
OUMCTKH MycOpocGopHHKa 32 36—52 c¢. Uncio o6cayKuBaeMBIX ceMell
/18 3amajHoro paiioHa ycTaHaBiuBa/loch paBHHM 83 016, a mns Bo-
cTtoynoro — 129470. B mozenu OBLIH yuTeHE Bce YCJIOBHS, PaccMOT-
peHHble paHee.

B apyroM BapuaHTe NYHKT BHIDY3KH Obli mepeHeced B [apuen-
Bsaaun, Ha 2 Muam K ceBepo-BOCTOKY OT MycopoCGOpHHMKA, pacloJio-
KeHHoTo B pakoHe 49-# u I'apsapackoit yiauun (puc. I1L.A4.5). 3o,
©CTeCTBEHHO, M3MeHH/a0 H oOwuil mpober, ofHako MoAeldb IOKasasla
HC3HAUMTENBHYIO DAsHUIly MeXay oGOHMH BapHaHraMu. ‘PesysbTaThl
OblcTH BecbMa VIOBJMETBODHTEJNbHB U XOPOIUO  COINIACOBBIBAJIHCh C
VCTaHOBJAEGHHBIMH Tpe6OBaHHﬂMI/I.
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Tiare pHOe paccMOTPeHHe M0KA3aJ10, YTO HAWAYYUIHM BapHAHTOM
IJs 3amakHOil TPYNNB MapLIPYyTOB SBJSETCS DACHOJIONKEHHe ITyHKTa
BHIPYSKH B paiioHe cBaJkM B Pokcaiifle, a AJst BOCTOUHOH — pacro-
JIoXeHHe NPOMeXYTOUHOro NyHKTAa AJs IePerpyskH OTX0ZoB B lap-
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Puc. T1.A45. Pacnonoxeure MYHHIHNAJBbHOrO XO3AHCTBA, HCMOJB3YEMOro OTIEJOM
110 cOOpy H BLIBO3Y TOPOACKUX OTXOLOB.

neH-Banau. Janee orxomsl u3 Iapaes-Bassn 10KHE nepeBosHTbes
B aBTOQyproHax Ha cBanky B Pokcaiin.

Ilns mpoBepKM HMMHTALMOHHOH MOHENH B Hee GBUIM 3a/i0JKeHH
JaHHble, XapakTepusymoollne 92 MapupyTa epeso3oK no cucreMe 29—2
‘B COYETAHHM € HauGoJee 3(PHEKTUBHHMH BAPHAHTAMH BHIPy3KH. Pe-
3Y/bTaTH HMHTALKOHHOTO MOJeJHPOBAHHS [IOKA3a/H, YTO TaKas KOH-
Purypanus mossosusa Gul Jerko PeUIHTh NPOGIEMy BHBO3a TOPOL-
CKHX oTX0Z0B B KiuBienze.

PesyabTaThl HCccaeoBanus

BHefipenyne pesysbTaTOB NPOBENEHHOTO HCCHEROBAHHS COBMECTHO
¢ ympaBJieHueCKOH HHQOPMANUOHHON cHCTEMOH 0Ka3anoch ype3pHyail-
HO 30¢ertHBHbBIM, O6mee uncno paboruukos Otnena no c6opy H

BBIBO3y TOPOACKMX OTXOA0OB MyHHUHMnasHtera KJIHBIeHHAa ROCTHIVIO
k 1970 r. MmakcumyMa B 1825 uesnoBek. Mcnosb3oBaHHe RaHHHX, fo-
JIyYeHHBIX IIPH CO3MAHMH 3KclepuMeHTanabHoil cetn EPA, mosBoauio
COKPATHTb KOJIHUECTBO PAGOUHX, 3aHATHX HENOCPEACTBEHHO BHIBO3OM
oTx010B, Ha 50%. IIpu 3TOM OT cHcTeMB MYyCOPOCGOPHHKOB BO 1BO-
‘Ppax IepeulIH K PAcloJOXKeHHIO X Ha 060uHHaX XOpOT.

Paspa6orka u BHelpeHMe YNPaBJeHUECKOH HHGMOPMAaUHOHHOH CH-
CTeMbl H Pe3yJbTATOB MOREJHDOBAHHS [O3BOJIMJIM YMEHbLIIHTh 00lee
uHcs0 MapmpyroB ¢ 224 no 138. Uncio pabounx B 1973 r. cHH3HIOCH

JAo 600 yenosek. I'omoBoit Giomker cokpatHiacs c¢ 14,3 MaH. Roi. B

1970 r. mpumepHo 10 9 MaH. goaa. B 1972 r.

VIMHTAaUHOHHAS MOZesnb MPHMEHA/NACh KaK A/ TeKyIUero, Tak M
IJIsT ROJrOCPOYHOIO AHAJH3a H NJIaHHPOBaHHA. B TexkymweM nuaHupo-
BaHHH OHa MO3BOJIHJIA YJYUYLIHTh MapIIPYyTH3ALHMIO H TEM CaMBbIM cO-
KPaTHThL 3arpaThl. [To 107rocpouHoMy NJIaHHPOBAHHIO OBLIM NMOJYUEeHH!
cjlelyIoli{He Pe3yJbTaThi-DeKOMeHAaIHH:

I. JIns cGopa u BHBO3a OTXOA0B I'OPOACKYIO TEDPPHTOPHIO LENECO-
-00pasHo pas6uTh Ha ABa paiiOHa — 3anafHH ¥ BOCTOUHBIH.

2. MHHHMa/lbHOe YHCJIO MapWpyToB ROJNKHO OHTL pasHo 92 (36
JJ14 3aMafHOTO M 56 1JIST BOCTOUYHOrO PaifioHOB).

JlAs ROCTHXKEHHst BLICOKOH MPOH3BOAHTEJNBLHOCTH (OTHOLIEHHS
BpeMeHH c6opa KO BPEMEHH IepeBO3KH OTXOZOB) aBToGa3bl AOJKHHI
OLTh PAclO/OXKeHHl B HENOCPEICTBEHHOH GOJIH30CTH OT TYHKTOB BH-
IPY3KH OTXOJ0B.

4. HeobxoxanMo npuobpereHne JBYXCKODOCTHHIX MYyCOPOBO30B
B0JIbIIOH BMECTHMOCTH ¢ GOKOBOIi 3arpy3Koil, 06C/AyKHBAEMBIX OHHM
BOMTeJEM H OJHHM pabounM.

5. Pexxum oO6C/yKHBaHHS MalIHH AOJKeH IpelycMaTpHBATh HX
€IKeIHEeBHY10 NPOQHIAKTHKY H UHCTKY CHIAMH ODHraji; PeMOHT MaIlHH
I01)KeH BHIIOMHATHCS aBTOMEXaHHKOM.

B pesynbrare BHeppeHyus Bcell 3TOH NPOrpaMMBl OXKHAAeTcs, HTO
Olojker MyHHUHnanurera KJHBieHa CTa6UIMSHpyeTcs Ha CyMMe,
DaBHOH NPHMepHO 72 MJIH. ZOJIL.

JIMTEPATYPA

1. Clark R. M., Management Information for Solid Waste Collection, Environmen-

ial Protection Series EPA-R2-72-012, National Environmental Research Center,

Office of Research and Monitoring, U. S. Environmental Protection Agency, Cin-

cinnati, Ohio 45268, 1972.

2. Clark R. M., Helms B. P., Decentralized Solid Waste Collection Facilities, Jour-
nal of the Sanitary Engineering Division, American Society of Civil Engineers,

V. 96, Ne SA5, Proc. Paper 7594, Oct. 1970, p. 1035.

3. Clark R. M., Sweeten J. M., Greathouse D. G., Basic Data for Solid Waste:

A Pilot Study, Journal of the Sanitary Engineering Division, American Society

of Civil Engineers, v. 98, Ne SA6, Proc. Paper 9424, Dec. 1972, p. 897.

. Marks D, H,, Liebman J. C., Mathematical Analysis of Solid Waste Collection,
Public Health Service Publication, Ne 2104, 1970.




350 I punrowenue A4

n.A.5. UMUTAUMOHHOE
MOJEJIMPOBAHME B 3ARAYAX
OBCNYXMUBAHUSA CTAHKOB"

o

. Marks D. H., Revelle Ch. S,, Liebman J. C., Mathematical Models of Location:
A Review, Journal of the Urban Planning and Development Division, American
Society of Civil Engineers, v. 95, Ne UP1, Mar, 1970, p. 81,

6. Quon J. E., Tanaka M, Wersan S. J,, Simulation Models of Refuse Collection §
Policies, Journal of the Sanitary Engineering Division, American Society of Ci- }
vil Engineers, v. 95, Ne SA3, Proc. Paper 6626, Jun. 1969, p. 575.

7. Truitt M. M., Liebman J. C.,, Kruse C. W., Simulation Model of Urban Refuse

Collection, Journal of the Sanitary Engineering Division, American Society of

Civil Engineers, v. 95, Ne SA2, Apr. 1969.

Ppumen, 'ysep, Carua?

STOT NpHMep NOCBSINEH OMHCAHHIO CIOXKHOH MOJeNnH ¢ ouepensiMH. Yurateqio peko-
mennyeTcss 06paThTh 0co00e BHHMAHHE HA METOAb, HCNOJb3yeMble IS OTHICKAHHS
NpHEMJIEMBIX HAYAJILHBIX YCJIOBHH M MOCTPOEHHS GJH3KOH K ONTHMAJbHOH KOHGHrY-
palKKH CHCTEeMbl, KOTOpAasi NO3BOJAET CYLIECTBEHHO CHH3HTb 3aTPAThl MALIHHHOIO Bpe-
meHn, [Tpumep TakkKe HAMIAAHO TIOKA3BIBAET, UTO NPABWIbHO NOCTPOEHHAS MOIENb
IOMOXET OTBETHTb Ha MHOFOWHC/IEHHbiE BONPOCH THNa <A yro OyXeT, ecid...?»

Cpeau KOHKDETHBIX 3a/lay MacCOBOTO OGCIYXKHBaHHS GOJbIIYIO NMpaK-
THUECKYIO BaXKHOCTb HMeeT 3ajaua OGCIyXKHBAHHA CTaHKOB. B camoi
mpocToli (opMe ee MOMKHO NPONEMOHCTPHPOBATH HA NpUMepe Habmio-
JeHNns 3a pPaGouHM-MHOTOCTAHOUHHKOM. 3aKpellJleHHble 32 HHM CTaHKH
BpeMs OT BPEMeHH OCTAHABJHBAIOTCA H NPOCTaHBAIOT 10 TeX NOP,
10Ka pabouHyi He MOAOHIET H He YCTPAHHT HEHCIPaBHOCTb. Eean o1-
HOBDEMEHHO OCTAHOBATCA JBa CTAaHKa HJH HECKOJNBbKO, TO pabounil
CMOXKeT cHauaja MOJOHTH JHIIb K KaKOMY-TO OJHOMY H3 HHX, H, cile-
JIOBATe/NbHO, APYTHe CTaHKH OyZyT B OXKHIAHHH peMOHTa :Ge3meiicT-
BOBATb W He 1aBaTh NPOAYKHHH. TakOe siBleHHe H NPUBOAHT K TO-
CTaHOBKE 3aJ1a4H OOCAYXKHBAHHS CTAHKOB.

ITpouspoAcTBeHHbe MOTepH HMEIOT MeCTO H B IEPHOX PEMOHTa, H
B NHTEpBaJie OXKUAAHUA OGCIYKHBaHHSA. IIPOH3BOAUTENBHOCTL KAMKAO-
o CTaHKa H Ka)xJoro pabouero 3aBMCHT OT 4YacToTh PEMOHTa, €ro
IPONOJKHTEILHOCTH H KOJIHYECTBA CTAHKOB, OGCAYKHMBAEMBEIX OJHHM
paGounm. ITo3TOMy BaXHO 3HATL ONTHMANbHOE YHCIO PaGOUHX, Tpe-
OyeMBbIX jJsi 0GC/HYKHBAHHMS JAHHOTO KOJHUYECTBA CTAHKOB.

B TepMHHAX 3alauH O CTaHKaX MOTYT ‘6biTb ONHCAHB MHOTHe pe-
anbHble CHTyauuu. PaGora Ha TOKapHO-BUHTOPE3HBIX, BOJOUHJBHBIX H
ApYrux CTaHKax ClNEeUHaJbHOTO HAa3HAaueHMS, BblAaua Garaxa B aspo-
NopTe WJH O0OCHy:XKHBaHHe CHIaMH ORHOH MeJACECTPH HEeCKONbKHX
GOJIHHYHBIX NANTAT — BOT JIHIIL HEKOTOPhle NPHMeEPH MOZOGHLIX Cli-

D Tlepemewatano u3 xypuana Industrial Engineering, 7. 5, Ne 7, mions 1973,
< paspemeHHs AMepHKaHCKOrO HHCTHTYTA HH)KEHBPOB Nno OpraHH3auun NPOH3BOJACT-
8a, Atnianta, WT. JXKopuKus.

% Corpynuuxn Cesepo-Bocrounoro yumsepcurera, Bocrow, mir. Maccagycertc.
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Tyauri. K HUM MOXHO OTHECTH H. MHOTOYHC/IEHHble NPHMEpBI, XapaK-
TepHhle IVl MPeANPHATHH TeKCTHIbHOH NPOMHINIEHHOCTH. B Kax oM
TAKOM ciyyae HeOOXOAUMO HAHTH HeKHH KOMIPOMHCC MeXKIy TPYLO-
3aTPaTaMU H LEHOH BBIHYXKIEHHBIX NPOCTOEB. :

B sToM mpuMepe Ml PacCMOTPHM 3a1auy 0 CTAHKAX B €e CaMoii
ofwell mOCTAaHOBKe, NPHBEIEM HEKOTOPBIE TPaiHLHOHHHIE METOThl
aHaiusa U ONHIIEM YHHBEDCAMBHYIO UMHTAUHOHHYI0 MOZe/b, MO3BO-
JAIOILYIO OLUEHHTb NPOZOJIKHTENLHOCTb OGCIY)KHBAHAS U HATPY3KY Ha
Kaxaoro paboyero. dta HMHTANHOHHAS MOAEIbL He tpebyer BBeaeHHUs
OTpaHHYeHHH, XapaKTepHEX L1 OOLIYHBIX aHAIHTHUECKHX METOXOB.
Mozgens ucnonbsoBanack TIPH aHalM3e PANA NPAKTHUECKUX cHTyauui,
OIHa H3 KOTOPHIX yzAeT saech noxpoGHO pasobpaHa.

XapakrepHas cHTyauus

B obmem cayyae zazauy MoxHO copmyanpoBath Tak: «HMmeercs
Tpynna CTaHKOB, H3BECTHH HH(OpManus o paboTax, NomlekaliX BH-
TIOJHEHHIO, H XaHHble 00 ypOBHE KBaJH(HKALUH OGCAYMKUBAIOLIHX STH
CTaHkn paboynx. KakoBo ONTHMaAbHOE UHCI0 pabounx Ka*kIoro ypos-
H kBalHOuKauun?» Huxe paccmarpupalores napaMeTphl 3TOH
3ajzayu.

Xapaxrepucruxu soinoansemvix pabor. B TPAZHUHOHHHX MeToxax
aHanusa OOBIYHO TIPEANIONATAeTCH, YTO A/ MEPeX0La K BLITOJHEHHIO
KaKoro-to HOBOTO 3aZaHHS HANO BBHIK/IIOYHTL CTAHOK. B 1eHCTBHTEb-
HOCTH Hapsfly ¢ 32AAHHSMHU, KOTOPble MOXKHO BHIIIOJHHTh TOJLKO NPH
BK/IIOYEHHOM CTaHke (HaNnpHMep, NMpoBepka ero pafoueil CKOPOCTH),
MOryT BCTPEYaThCH M ONEPALHH, BHNOMHSAEMBIE Kak NPH pagoTalo-
IMEM, TaK H MPH BHIKNIOYEHHOM cTaHKe (HampuMep, oBen, Nepephis,
TIOHCK HOBOTO 3aJaHHA 1O paGoueMy JKypHaly u T. f.).

Jas kaxmoro 3azaHus HeOGXOZHMO YKa3aTth ero NepHOXHYHOCTh
W BpeMsl BBINOJHEHHSA. IlepHoanuHOCTs (BpeMsi MeXkiy ABYMs mocie-
AOBATE/IbLHLIMA MOABMEHHAMH OXHHAKOBOIO 3aiaHHs) MOKET 3aBU-
CeTh OT BpeMeHH PaboThl CTaHKAa HJH OT PeajbHOro Bpemenn. Hanpu-
MEp, MOMEHTHl yCTAHOBKH 3arOTOBOK B CTAHOK ONpENESIOTCH TEeMIIOM
paboTel cTaHKa, TOTA2 KAK MOMEHThl 3aHeceHHs paGounm 3amuceil B
KypHam yyeTa ecTb (yHKUMS PeasbHoro BpeMeHH. OBmuHO npexmno-
Jlaraercs, 4TO 5TH MOMEHTH BPEMEHH NOXYHHSIOTCH SKCIOHEHHHAJb-
HOMy 3aKOHy pacnpejeneHus BepositHocteil. OxHako 3To npeanoao-
KeHle MONMTEXKHT MPOBEPKe HA DeasbHBIX LAHHBIX, B Pe3y/bTaTe KO-
TOPOH, €ClTH 3T0 Heo6XoauMOo, CAefyeT NPUHATH Oosee Noxxoxpsuiee
Pacnpefie/ene — HOPMalbHOe, JpJaHTa, PaBHOMEPHOE WJIH npocTo
KOHCTaHTy. HeKoTOpble 3ajiaHusi MOTYT HAH ZO/KHE BHIIOJHSTLCS He
ofHHM paboyuM, a nemoil Gpuramoii. B sTom clyyae HOMXKHO GBITh
3a1aHO BPEMS AMIS BEITONHEHHS BCeX BO3MOXKHBIX 3JEMEHTOB 3aMaHHI.
Kpome TOro, A1 HEKOTOPHIX 3amaHHi MOXKeT GwiTb pesepB BpeMeHH.
D10 3HAUMT, YTO 3afaHHe MOXKeT GbiTh FOTOBO K BHITIONIHEHHIO, HO 3TO
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OGCTOATENLCTBO He MPHBEAET K BHIHYKICHHOMY NPOCTOIO B OKHAaHHH
O0C/IY)KHBaHHSA, MoKa He OyAeT HCuepmaH CYLIECTBYIOWIHH pe3epB.

Xapaxrepucruku cranxos. Ha cTanKH MOIYT BHAABATHCH HEOLHHA-
KOBble 3afauns. DT0 MOXKET GHTh CBSI3aHO JIHOO C PAasJHUHeM THIOB
CTaHKOB, JH0O0 G Pa3HOH CTENeHbIO H3HOCA OJHHAKOBHIX CTAHKOB, Ta-
KO€ ycnoBue BO3HMKAeT M B 3a1ayax cdepbl OGCIYKHBaHHS, HANpH-
Mep MeRHIHHCKOTO,

Xapaxrepucruku pabouux-oneparopos. I'pynna craHkoB Moxer
00C/1yKHBaThCA ONEPATOPAMH C DA3THYHBIM ONbITOM paborhl u pas-
JuuHofl KBanuduxanue. OnHO H TO XKe 3aJaHUe, BEPOATHO, MOIKET
ObITb BEINOJIHEHO OMEPATOPAMH C PAa3HHIM YPOBHEM INpodeccCHOHAb-
Ho# moAroToBKH. Ho B 711060M clyuae 3agaHHs LoaKHBI NJ1aHHPOBATh-
C ¢ yyetoM TpeGyemoro ypoBHs kBajugpuxaund, HMuoraa orneparopy
MOXeT OBITh NPHAAHAZ JHIIb YaCTh PACCMATPUBAEMONH TPYNIE CTaH-
k0B, Hanpumep, Halamunk Moxer oGCayKHBaTh BCio TPylily craH-
KOB, 70ria Kaxk 3a PalouHMM-CTaHOYHHKOM GOYAeT 3aKpelleHa JIHUIb
ompenesieHHas HX yacth. MHorna omepartop paboTaer Ha cTaHKe JHIIb
4acTb BPEMEHH, a He MOCTOsiHHO. HanpuMep, Bo BpeMs ofexeHHOTO He-
pepriBa paGoyero Ha €ro MeCTO 3a CTAHKOM MOJXKET CTaTh Gpuranup.

fTpasura cocrasrenus pacnucanus. Korza HeoBXOIHMO BbiIo-
HHTb HECKOJIbKO 3aNaHHH, IVII HHX NOJIKHB GbITh YCTAHOBJEHHBI pHO-
PHTeTH. JTO ANAETCSH € YYeTOM BPEMEHH BHIIOMHEHHS 3anauuii, pe-
3€PBOB BDEMEHH M T. A. Haslnuue cpeay HuX 0co60 Ba)KHOrO 3a7aHHS
MOXKer NoTpeGoBaTh NPEPHIBAHHMH BHINOMHEHHS BTOPOCTENEHHLIX 3a-
nanuii. ITosToMy AnMst KaX7A0ro 3afaHust BaXKHO 3HATh TaKkylo ero xa-
PaKTePHCTHKY, KakK BO3SMOXKHOCTb TPepHIBaHHSA [NpepbiBaetr JH ero
BEINOJHEHHe DabOoTy Haj ADYPHMH 3aJaHHsIMH H (MAH) MOXHO JiH
TIpepHBATL €r0 BHNOAHeHHe]. HCnob3oBaHHe CHCTEMb TIPHOPHTETOB
CBA32HO C TIPEONOJIEHHEM JIBYX TPYIHOCTeH: BO-NePBBIX, HYXKHO BHI-
Opath 3(heKTHBHYIO CHCTEMY NMPHOPHTETOB H, BO-BTOPHIX, He0GX01NMQ
CTPOTO €e NMPHIEPKUBAThHCS.

TpanuusoHnbIE METORB

Pewenne 3agaun onpenenenuss HeoGXoAHMOTO YHC/Ia pabouux Aas
O6C/yKHBAHHST TPYNIBE CTAHKOB MOXKET GbiTh OCYIIECTBIEHO MHOXKe-
CTBOM METOAOB, CPeaH KOTOPHX MOXKHO Ha3BaTb CEMyIONIHe:

L. HcnoabsoBanne 1abium pexumoB 06CIyKHBaHUS [1]. Mepso-
HAYalbHO 3TH Ta6aMIE PaspabatThlBalHCh NS TEKCTHABHOIO NIpOH3-
BOLCTBA, rie paGounii paboTaeT Ha HECKONLKHX CTAHKAX, Tpefyomux
TEPHOAMYECKOro 00C/1yKHBaHHus, HelocTaTOK 3TOro MeToxa — Heo6Xo-
AHMOCTb B C/HIIKOM YNPOILEHHOH NOCT2HOBKE 3aAauH, NOCKOJILKY NpH
COCTaBNeHHH TalAHL AeHCTBYIOT ClefylOIiHe OTPAHHUEHHS: OTHOTHI-
HOCTh CTAaHKOB, OLHHAKOBAs KBaJUGMHKALHA ONEPATOPOB, CIOCOGHOCTH
KaXKJ0To U3 HUX paborath Ha JMOGOM H3 HMEIOLIHXCS CTAHKOB, BBLIOJ-
HEHHE OAHOTO 33aJaHHS TONbKO ONHHM ONEPaTOPOM, HEAONYCTHMOCTh

23—195
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NpephBAHWH BEINOJHEHHS 33[AaHM HH3KOTO IPHOPHTETA NPH NOSBIe-
HHH 3ajianuii GoJiee BHICOKOTO NMPHOpPHTETA H T. A. Takue yNpolleHHs
NPHBOAAT K TOMY, 4TO TAGJHUB CTAHOBSTCS HENPHUTOAHBIMH JIS MHO-
THX NPaKTHYECKHX CJyyaeB.

2. Ananns ouepellei. B paGore Kokca u Cmura [2] npeacrasien
MeTOJl pelleHHs] aHAJIOTHYHOH 3aJayH, OCHOBARHHBIH Ha MCIOJb30BaHHH
MOJe/lell MHOTOCTAHOUHOTO OOCTYXHBAHHSI C OYEPEASIMH H KOHEUHHIM
YHMCJIOM 3aKa3YHKOB, KOTJda HHTEPBAJBl MEXAY NOCTYIJIEHHSMH HOBBI X
SajaHuil MOAYHHSIOTCH 3KCIOHEHUHAILHOMY 3aKOHY, 2 BPeMst PeMOH-
Ta CTAHKOB HJIH BbLUIONHEHHS 3aJaHHS SBJASETCH ISKCIOHEHUHAJbHO

Tun 3a0aHus: YKaspBAeTCS OJHO M3 Tpex Tpe6oBaHHil, HeoO6X0AH-
MBIX JJIS BBITIOJHEHHS 32iaHusi: 1) CTaHOK BHIKJIOYEH (HanmpuMep, 3a-
JaHHeM SBAseTcs BHIOJHeHHe peMoHTa), 2) craHok pafoTaer (3afa-
HHe — yCTaHOBKa pexuma o6paGorku) H 3) mo60# M3 ABYX 3THX pe-
JKUMOB (32/laHHe — YCTAHOBKA 3aTOTOBKH);

npuoputer 3adadus; Kaxaoe 3ajaHHe MOXET MMeTb OJHH M3 Tpex
npHOpHTETOB: 1) MOXKET NpepHBATL APYTHEe 3a[aHHS, HO CaMO He Mo-

Y/ e 0 Jadanunx: Cmasmuemuvscnue dansie
anHbi :

no cmanKam:
ii fiHOH HOH Tun Bpems padome
pacgpe}leneﬂﬂon CAYYaHHOH NEepEeMEeHHOH. Nepuodusnorms Fpems: pemonma
Sror Metox 06JajaeT TEMH JKe HeIOCTATKAMH, YTO H IpPeXbIAy- Peseol Bpement Tipodemameasnoome Bsmyndemnsix
1107078 KpOMe TOro, MOXKET OKa3arThCs HEBEDHHIM MPpEeANoJoXKeHne 06 Nmmensocme Somonmenus

SKCNIOHEHNHAJbHOM DACIpe/ieleHHH  MOMEHTOB BPEMEHH; IpHHSTas
MHUCUHIIHHA OOCHYXKHB2HHS «NEPBLIM IPHIUE] — NEePBHIM 06CaYKH-
BAEIIbCA» TAKXKE MOXKET OKa3aThCAd NaJEKa OT PeajhHOCTH.

3. Anamus oxupaemoil pabodeli HarpyskH. B 5TOM MeToxe Ha
OCHOBAHHH OXHJaeMOH IPOROJIKHTENLHOCTH PafoThl ONEpPaTopoB H
KOJIHYeCTBa 06C/AyKHBAEMBIX HMH CTAHKOB NPeANPHHHMAETCS NOMBITKA

Munumamsnsd pasmep Tmamucmusecnue Gantere

Bpuzads Hmumamap mpe- 10 CIIAHOIHUNGA

Mancumassnsii pasmep Sobanud na [lpous800cmb

dpucads odenyrubanue ﬂ;pepwﬁu, adycnobrentsie
'aspsi padovix cmankol %gz%z “Hymoami padosux

Jannsie 0 CMaROWUAAX : Crmamucmavecsue anisie
[ HH N

1o 3A0aANUIM
HaliTH ONTHMaJbHOE YHCJIO ONepaTopoB. EMy MpHCYIIH Bce HeXOCTaTKH Paspsd 3"%”;‘””%5:”M
oma
NepBLIX JByX METOAOB; KPOME TOr0, STOT METOX He YUYHTHIBAeT 3aBH- ;%ﬂzg‘”y’“”’””"‘ q:@om ,,,zgmﬁo’:ﬁ ‘s
CHMOCTH CTENl€HH <«IePeKPHITHA» 3afBOK Ha OOCAyKHBAHHe OT HH- !

TEPBAJIOB IIOCTYIJIEHHS 3aKAa30B H BPEMEHH HX BHIIOJHEHHH.

Bce 3™H Tpu MeTOAa B NPAKTHYECKOM NPHMEHEHHH He 0GecliedH-
BajOT TOYHOTO ONpefeseHHs norpe6HocTH B paboueii cuie. OfHako HX
YAOGHO HCHOJIBb30BATh MU NOJYYEHHS I€PBOTO NPHONHKEHHS 3THX
OueHOK, OHH NPHMEHAIUCh aBTOPaMH /ISl PEABAPHTENLHOTO AHAJIH3A
C LeJbI0 HAXOXKACHHS PAa3yMHHX HaYaibHHIX yCJIOBHH MOAETHPOBAHMS
3ajayu, ONMCAHHON B 3TOM pasjede.

Puc. TT.A5.1. Bxoaubie H BIXOXHble falHble MO/EMHPYIOLIEH NPOTPaMMBL

JeT GHITb NPEpBaHO, 2) He MOXKET NPephIBaTh M He MOXKeT OHTh Npe-
pBaHO H 3) He MOXKeT NIpepHBaTh, HO MoxkeT OmTh npepsaHo. Kpome
TOTO, MJIsi HECPOUHBIX 3afaHHH, T. €. TAKHX, BHIIOJHEHHE KOTOPHX IPH
oTcyTcTBHH CBOGOAHON pabouyell CHJIH MOXKeT ObIThb OTJOXKEHO, BBO-
IHTCSL JONOJHHTENbHAS KATETOPHS. DTH 3alaHHs He BBHI3BIBAIOT Ha-
JOJKEHHA omepanMii 06CAYKHBAHHMA, HO yBeJHYHBAlOT pabouylo Ha-
rpy3Ky;

unTepBas HOCTYnAeHUR: 3alal0TCA 3aKOH DaCIpefeseHHs BepoAT-
HOCTeli H ero napaMerphl, CBf3aHHHe C HHTeDBaJaMH NOCTYIVIEHHS
3aaHHH; 2

pesepg @pemenyu: NaHHBIE O 3aKOHe Daclpele/eHHs] BEPOSATHOCTEH
¥ mapaMeTpax, CBA3aHHBIX C pe3epBaMH BpeMcHH. B 3ToM KOHTeKcTe
pesepBOM BpEMEeHH Ha3plBaeTcs TOT HHTEpBal, B TeueHHe KOTOpOre
BHINIOJHEHHE 3aAaHH{ MOJKHO OTKJIaJblBAaTh, He BHI3LHIBAA MNPOCTOEB
CTaHKOB;

OAUTEAbHOCTy BbINOAHERUs 3a0anusf: RaHHEE O pacnpeleseHHH
BepOATHOCTEel H MapaMerpoB, CBA3aHHHX CO BPEMEHEM, HEOOXOAUMBIM
1J151 BHIIOJHEHHS 3alaHus; 9

YCAOBUS NOCTYNAGHUA: MOTYT ONPENeNAThCS BpeMeHeM paGoTH
cTaHka HaM a6comoTHBHIM BpeMeHeM. MHrtepBan mocrymiiesus 3aja-
HHsT MOXKeT OTCUHTHIBATHCS OT MOMEHTA €ro JOCTYMHOCTH AJS BBHIIOJ-

Mogenupylouasi nporpamMmma

Ha puc. I1.A.5.1 moka3aHH BXOAHBle H BHIXOAHBIE JaHHble HMHTA-
IIHOHHO} MOAenH. BXox BrMOYaer B ce6Gst faHHble O BBHITOJHSEMBIX
3allaHHSIX U O KOH(HUTypauHH YeJOBEKO-MAIIHHHOH cHcreMbl. Ha BHI-
XOJe ONpENeNsioTcs NPOAOJKUTENLHOCTH PAGOTH, pEMOHTa H BhI-
HYXJeHHBIX NMPOCTOEB JJIS KaXKAOTO CTAaHKAa, Harpyska H cTeleHb MC-
NMOJIb30BaHHA Ka)XXJAOTO CTAHOYHHKA H HAKANJHBAIOTCS CTaTHCTHYECKHE
NaHHBIE, MOJlydaeMble IPH paboTe MOJEJH.

BxonHple laHHBIE O 3aXaHHSX BKAOUAIOT

HOMEp 3a0aHUA: KAXKAOMY 3aJQaHHIO IPHCBOEH CBOH HOMep;

HaumeHosarue 3adanus: CJIOBO, HAEHTHQHUMPYIOIlee 3anaHHeE;

paspad CTaHO4HuKA@: TMO YPOBHIO KBAJHGUKALHH HJH CTElEHH OF-
BETCTBEHHOCTH CTAHOUHHKM MOTYT HMeThb Da3Hhle Da3psjbl; KaXKA0E
3aJlaHHe MOXET BBIIONHATHCS CTAHOYHHKAMH OJHOTO HJH Pas3JHYHBIX
pa3psanos;

23"
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3adams napamemps!
Lo, o8ame erucon
J;bw codsimud A

HEHHS; HOBOE 3aJaHHe TaKxKe MOXeT NOCTYINHTb BO BPEMSA BLINIOJHEHHA
npeapiAyLero 3aaaHusa n160 N0 OKOHYAHHH €ro BHINOJIHEHHS., TakKHM
06p330M, MOC'YT BO3HHKHYTb MIECTb PA3HBIX CJyyaeB.

Ha Kaxcaoe 3ajgaHHe, BLINOJIHAEMOe ONpele/leHHBIM CTaHOYHHKOM,
HeoOXORHMO HMMeTb AaHHBIE IO BpEeMeHH er0 TIepBOro NOCTYIJIEHHS H

imu X ! cods,

Cu eomodnocma
320aniA K O5INOAHEHURR

HHTepBasaM nocjenyiolidx nocrymienuii. Ha puc. TLA.5.2 nokasana %%Eﬂ'g;’:fu | Aodadums woboe sadence 8 caucon
6J10K-cXeMa MOJeJHpYIOLiell IPOrPaMMbl. menyux sadonid & coomlerenlus
Mogens paboTaeT B HECKONBKHX PeXXHMaX, 00ecleuHBaIOIHX pas-
JIHYHBIH YPOBEHb jeTaJH3allHM BHIXOAHHX AaHHBIX. B rtata. TLA5.1 Henmowums dsimoanenioe *""g"""""”””"““’ Hom
NpHBeXeHbl BCe BHIXOJHble napaMerpbl. IToyueHHast HA MOJEJH CBOAKA me%%u[mmam;”ﬂ?m e ! Duaguacrer mm—l?
IO CTaHKAM COXEPXKHT cPefHHe 3HAUeHHS M QHANa30H H3MeHeHHS Bpe- o RKAG, LMLTIPOBEITS BRIDVERLE CTIGHNE V4e -
MeHH paboThl, PEMOHTAa U BBIHYXKJEHHOTO IPOCTOS CTAHKOB 33 MOJe- % oams Momesm i 4 ALK CMAHAL
JHpyeMblii nepHoX BpeMeHH. CBOJKa N0 CTAaHOYHHKAM I[OKa3bBaeT caedyouees sadanun s orons A Hsmenams epagun npu eobRcdusocm

1

/lpadepums cucoK meRyULLX Mﬂdﬂ}-—
]

paGouyio Harpysky, BpeMsi paGOTBl H BpPEeMsI NDOCTOEB KaXAODO H3
HHX B TeyeHHe TOTO JKe NepHoxa BpeMend. CBOLKA IO 3aJaHHSIM 1aeT
YacTOTy NOSIBJEHHS, BPeMEHHEe 3aXePXKKH H BHIHYXJeHHble NPOCTOH
MO XaXKAOMy 3ananuio. Kpome TOro, AMSl KaXKIOro 3aXaHHs NPOCYH-
THIBAETCSl BeCh NHaNa3’oH BpeMeHH, TpedyeMOro Ha ero BBUIOJHEHHE.
Ha ocHOBaHHH 3THX JNaHHBIX MOXeT OCYILeCTBJIATbCH [E€PECMOTP
BXOJIHBIX [1apaMeTpOB.

—— 7

Vda
Boidpams naudosee cpovoe sadancs l

_Hem

Fems mu 3a0anis,

Jnst ycraHoBJEeHHS NPHOPHTETOB 3aXaHHH CYIIECTBYIOT HECKOJIBKO ~ 1 tem
pasAHYHBIX MeTOJOB. B 3ToM cMbicie IpoGaema cXoxa ¢ 3afauei cf““""”"f"”’l”“;‘,‘”m’;‘fmm” -
NOCTPOEHHST NpaBHJA paclpefefeHHs 3ajaHuil mo uexaM. OTHOCH- T
TesbHble NIPHOPHTETHl ONPEAENAIOTCS N0 AaHHHIM O pe3epBax BPeMeHH
0 N 00005 ?

MoJeNHpyloleli IporpaMmoil. 3ajaHHe ¢ MHHHMaJbHEIM De3epBOM > Hmenomes a ”’”’”’”””"" |

‘ J1 bl = . i Az
BPEMEHH JOJKHO BHIAABAThCs ONepaTopy nepBbIM. Cpenn 3anaHuii ¢ e paiee
PaBHBIMH pe3epBAMH BpPEMeHH IepBblii NPHOPHTET HMeeT 3ajaHHe C e mﬁ“‘iuw“”mmm
HaUMeHBbIIHM BpeMeHeM BbinoNHeHHs. IIpu moHcke nyTei cokparue- Osinomenus sadenis 0 cnucne A

HHSI BpeMeHM BBINOJIHEHHS 3TH IPaBHJIa MOXKHO YCJIOXKHHTb H NpoaHa-
JIH3HPOBaTh GoJlee CJOXKHble BHIXOZHBE pe3yJbTaThl. OIHAKO ¢ YCJOXK-
HeHHeM NIPaBMJ HCNOJIL30BATb HX B MOJEJIH CTaHOBHUTCS Bce TPYAHee H
TpyAHee.

IporoHs! MOJenH BBINOJHSJHCH B PeXHMaX NaKeTHOH 06paGoTkH
H pasfieJleHHst BpeMeHH. BBOJX NaHHBIX M NPOBe/leHHE aHAJNH3a YYBCT-
BHTeJIbHOCTH MOJEJH B PeXKHMe pasiesieHHsi BpeMeHH OKa3aJjHCh I1po-
Iile, XOTS, KOHEYHO, CTOMMOCTb HCIOJIb30BAHHS 3TOTO DEXKHMa BhiIIe.
STH coofpax<eHHss NPUXOAUTCH YUHTBIBATh NPH BHOOpE COOTBETCTBYIO-
1ero pexxuma o6paGoTKH KaHHBIX.

PesysibraTl TpUMEHEHHSs pPAcCMOTPEHHOH HMHTALHOHHOH MOJeNH

Moxem su me;ryg;ee 3adarae Hem
npepsidaims dpy2ue ?

[
' Mowmen 1z npepsidasue odecrevums | Hem

BsicB000mdenie NymAbIX padodx ?

{44
L Neobams coomlemembyraee 3adanae (7)
BsicBododums padotux

Brecma asmenenas 8 coucna A4 b

a Be1dams wa revams
rfped_wmm padosas cuena L‘——A———Ii Janste J

—
[ Hem
B pfijfe NPAKTHYECKHX 3a1ay MOATBEPAMJIH ee BBICOKYIO rHOKocTh. OHa o 1 ] 1 Y T ———
T03BOJISIET YYHTHIBATh NMOCPENCTBOM HEKOTOPOI0 H3MeHeHHS JaHHHIX O Kowvaemes au padovas cMesa? u camacmuvesnué Gamss
3aJaHHH TakHe YCJOBHS €ro BHITOJIHEHHS, Kak paboTy palouero 3a [ i e e
IAHHBIM CTAaHKOM TOJIbKO YacTb CBOEro BpeMeHH HJIH BbIK/IIOUeHHE Hem Honeu npozonz ? | 4a Pannsie
CTaHKOB NPU NepephBax B paboTe MO JHYHHIM HyxnxaM. Mojenb Hc- = | Moweu

10Jib30BaJIaCb NpH OLEHKe pasOTbl LIeCTH CTAaHKOB, BbINOJHSAIOLWHX

25 sapanuii. Tpe6oBanHs K 00beMy NaMSTH H MalIMHHOMY BpeMEHH Puc. I1.A.5.2. Brok-cxeMa MoJenHpyiolled MPOrpaMMul.
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78,685
408,563
21,315
17,466
139,464
3,845.
53,656
Ipocton, %

Tabauya I1.A.5.1

TIpocToH, u

JlHuHOE BpeMs,
%

MPOLEHT BPEMEHU BECITPOCTOMHOM PA-
JInuydoe Bpems,

BOTBbI
[IPOLIEHT BPEMEHHU OXWJAHHS

MAKCHUMAJIbHASl TPAHHULIA
[IPOLIEHT BPEMEHH ITPOCTOEB
MMPOUEHT BPEMEHHU PEMOHTA
MAKCHMAJIbHAST TPAHVMHA
5,180 MAKCHIMAJIbHASI TPAHHLIA

377,689
278,944
83,835
45,655
18,454

102,311

CraTHCTHYeCKHe AaHHble MO CTAHOYHHKAM
Harpysxa, %

Ceoaka Pe3yabTaTOB HMHTALHOHHOrO0 MOACJIHPOBAHHA

Harpysxa, u

Paspag

Homep cranou-
HBKa

CPEIHEE BPEMS BECIPOCTOVHOM PA-

CTATUCTHYECKHE JAHHBIE N[O CTAH-
BOTBI

BBIXOOHBIE JAHHBIE

KAM

MWHHMAJIBHASI TPAHULA
CPEJHEE BPEM{ [TPOCTOEB
CPEJHEE BPEMSI PEMOHTA
MHWHHMAJIbHASL TPAHHULA
CPEOHEE BPEMS O)XWJIAHUA
MHWHHMAJIbHAS TPAHHULA

%’%ug Modearuposanue 8 3adauax 06CAYHUBAHUS CTAHKOS 359
e 5oE5
SE_:_.\_‘@_%‘_B_ §§§§.§ ; BecbMa CKpoMHHE (25000 csoB u oT 5 Ao 10 MHH MalIHHHOTO BpeMe-
REIFLT sBEZER WoOmmO HU Ha ojluH Nporod Ha BM tuna CDC3300).
gene Ora Xe HMHTALLHOHHAS MOJeNb MOXKET NPHMEHSITbCS H B 3ajadax,
SET HeMOCPe/ICTBEHHO He CBA3aHHHX C OOCJYXKHBaHHEM CTAHKOB, LAl aHa-
5, JIi3a CHCTEM C KOHEYHBIM YHCJIOM HCTOYHHKOB TpeGOBaHHH M KOHeu-
853335 i cocax HBIM 4HCJIOM OOCJaY2KHBAIOMHX NPHOOPOB.
#38:¢8 RO
TTmeas g5 —— CpaBHeHHe PA3JIHYHBIX METONOB
=& IMo Mepe yCaoXKHEHMSI MOJENH PacTeT H CTOMMOCTb IPOBeleHHS
g, aHanu3a. [l1s npuMeHeHHs AHAJHTHYECKHX METOJOB TEOpHH Macco-
121813181010 838 Boro o6cay:kuBanus TpebyeTcss BBe/leHHE JOCTATOUHO JKECTKHX JOMy-
e 85 TREES IIEHHH H NONYSMIHPHUYECKHX  aNNPOKCHMAlKH. ITostoMy, Ha Hall
£8% gnyg®s B3TJIf], Jierde MCIOJb30BATh pelIeHHs, HaifleHHble ¢ TMOMOLIBIO OTH-
M CaHHOH HMHTauuoHHOH Momenn. Kpome Toro, oma TO3BOJIIET 1OJTY-
£ =B 4aTh pacreyaTKy AeTATbHOH NOC/Ie0BATENbHOCTH COOLITHA B KOHKpeT-
E . HElE NepHOAH BpeMeHH. DTa HHMOPMaUUs MOXKET ObITh JErko jA0Belle-
288888 :{( I o mer Ha 70 CBeleHHs PYKOBOACTBA, YTO NOBLILAET AOBEPHE C ero CTOpo-
Sgsssg © 533z 8538 HEl K aJeKBATHOCTH MOJE/IH H €e KOHEeYHBIM Pe3yJbTaTaM.
PE2S g ZERE mwa-g Teopus MaccoBoro OGCHYXKHMBAHHS HpHMeHHMa, OJHAKO, He Be3le.
© EEE [IpuMepoM 3TOro MOKET CAYKHTb CHTYallks, B KOTOPOH BTOPOCTeleH-
E = Hple 3a/laHhsA BHIXOAAT HAa NepBOe MeCTO M AJIS HX BHINOJHEHHS Tpe-
g & 6yercsi HECKOJbKO DabOYHX ojuHakoBoil kBamudukanuu. Hortawm,rie
erggse ¢ ¥ gresny 9T0 BO3MOMKHO, aHAJH3 C NpPHMEHEHHEM TeODHH MacCOBOTO OOC/yXKHU-
SSSoww §  mf PR BaHHA JAOJXKeH IIpPeAIIeCTBOBATh MAIUMHHOMY HMHTAaIHMOHHOMY Moje-
WBWIO—~ & g5 ~AN-~a JIMPOBAHHI, OH TIOMOTAeT HAHTH OAM3KYI0 K ONTHMAJbHOH KOHQHTY-
E = PaLHIO CHCTEMBl YeJIOBEKO-MaIIHHH.
=
=]
S s
D 00 QY b © fg 238323 I'[pﬂMep
RO 28 Soaco Heo6X0AHMO HAuaTh BEITYCK HOBOro Buia H3gemutt. CTanku, Ko-
REEKK=® &2 | TOpHle H3TOTOBJAKT TAKHE H3JeJHs, TPeOYIOT NepHoiHIecKoro obcay-
KMBAHHS CO CTOPOHH paGoynX-cTaHOYHHKOB. Hexoropnie H3 BUAOB
06CAyKHBAHHA MPOH3BOAATCS MO rpadHKy, NMOTPeGHOCTH B JAPYTHX
2fr  wogawy BO3HMKAeT B cJyuaiiHble MOMEHTH BpeMeHH. YIMeercs IIecTb CTaHKOB.
888 So_ew Hx oGcayxusalor paGoyHe TpeX CIIEUHAJbHOCTell: CTAHOUHHK, MOA-
——iciemm g8z~ °° coOHbI! pabouuil W cJjecapb-peMOHTHHK. Pasjuyusi B ypoBHe KBaJH-
duKkauun W TpaBHIa, YCTAHOBJEHHbe NpOdCo03aMu, He MO3BOJAIT
Kaxk10My paboyeMy BHIIOJNHATb BCE ONeEpallHH.
=
g Smeee CGop naHHbIX
Heo6xoauMo co6paTh jAaHHBE, OTHOCSIIHeCS K HHTepBajlaM IO-
w0 oE CTYIJIeHHs! 3aJaHHii, peseppaM BpeMEHH NO KaXJIOMy H3 HUX, NpO-
£2 —amwn JOJIKHTENbHOCTH BHIIOJIHEHHs] 3aJaHHS, YHCAEHHOCTH OpHTaj H Apy-
Tg FUM MapaMeTpaM, XapaKTepH3ylownM 3alanue. OGHYHO HMeIOTCs 1Ba
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HCTOUHHKA JAHHBIX: DE3YJbTATH NPOGHOrO BHIOJHEHHS 3ajiaHHA B
HHXKeHepHAasl OlleHKa NapaMerpoB, NMOJyyeHHas HAa OCHOBAHHH TeXHH-
qeckux coobpaxeHui. JlanHEHe MOXKHO cOOHpaTh ABYyMsA cmocofaMu—
OTHENBHO MO KaXXAOMY 3a]aHHMI0 H(HH) MO BHOODOUHHM MOKasaTe-
JIAM BHIIOJHEHHSI PAJA 3aflaHui, KaK 3TO NOKa3aHO Ha pHC. T1.A.5.3.

Eciu ucnmoabsyloress BHGOpOYHHe naHHble, HEOOXOAMMO ompele-

| 72 I 71 T4 ! 75 71
Cmanor N 1
I Padoma Padoma Padoma Padoma —[

75 F;I ‘nl @

I Padoma Padoma ! Padornz j V

L

B pesyJbTaTe aHa/NKH3a OXHAAEMOrO HHTepBaja NOCTYIVIEHHS 3a-
nanuii B BPeMeHH WX BHIIONHeHHs Obina ompejenena pabodyas Ha-
rpyska H CllefaH BBIBOL O IeJNecO00pasHOCTH MCIOJb30BAHAS OT TPeX
1o wectd pabouux sl O6CHYXHMBaHHA TPYNIBl H3 LIECTH CTAaHKOB.
[puMeneHye TEOPHY MAacCOBOrO OOCHYxKHBAHHA NO3BOJHJIO HAHTH
ONTHMAJbHOE YyHCJMO pabouHx Ha IIECTb CTAHKOB: TPH CTaHOYHHKA HJH
noAcobHpX pabounx u ABa peMonTHHKa. Ofllee oxUIaeMOe BpeMs,
B TeyeHle KOTOPOTO CTAHKH He pabOTalOT, COCTaBHJIO MO ouenke 51%.
Jlns yrouHenus noTpeGHOCTel B NepcoHaje B COOTBETCTBHM C Haif-
JIeHHBIM pelleHHeM HCIOJb3yeM HMHTAIHOHHYIO MOJEJb.

Cmaron N 2 AHanu3 ¢ NOMOLBI0 HMHTALKOHHOK MOEAH

HMuTankonoe MOAeNHPOBAHKE BHIIOJHANOCH IJIs TPYMN H3 TpeX
W I0eCTH CTAHKOB. Pe3ysbraThl anajiusa cBefleHH B Taba. [TA.54.
Jlerko BHAeTb, YTO MHHHMAJbHYIO CTOMMOCTb OOC/AYXKUBAHHS MOXKHO
NOJYYHTL TPH HCTOJAB30BAHHH JBYX CTAHOUHHMKOB, ABYX NOACOOHHKOB
# JIBYX peMOHTHHKOB. Harpyska Ha 3TH Karteropun pabOYHX yKasbl-
Bajach paHee B BHIXOAHbIX AAHHHIX, IpHBEACHHHX B Taba. ILA.5.1.

Gpema

Puc. [1.A.5.3. BuGopounast perucTpauds NpOGHOTO BHIOJHEHHA 3afaHuil.
T» 0603HaYaeT BPEMS BHINOJIHEHHS R-To 3ajaHus.

JIUTh BpeMsi MeXy NOC/Tel0BaTeNbHBIMH MOMEHTAMH TOSIBJEHHS Kax-
J0ro 3aaaHus, BepoATHOCTHOR pacnpejleseHie U ero NapaMeTpsl MOXK-
HO HaAfTH HAa OCHOBAHHH OOBIYHHIX CTATHCTHYECKHX HCIBITAHUH.
B rta6sn. I1.A.5.2 nmpencraBienbl cOOOpaKeHHS, KOTOpble HCIOJL30BA-
JHCchL B oNeHKe HHpopmaumu# B 3ToM mnpumepe. B taba. T1.A5.3 sra
HHbopManHs AJs NaHHOTO TPHMepa TpHBeAeHa B CKATOM BHIE.

PaccMoOTpeHHe Pe3ybTaToOB MOAENANPOBAHUS

IMpexxpe ueM NPHMeHHTb pe3yJabTAaTH aHaJu3a, HEOOXOAUMO OT-
BETHTb Ha pPSJ BONPOCOB.

Kakos onrumanvusli paamep epynnot crankos? Ob6belrHeHHe BCeX
ulecT¥ MMEIOMKXCS CTAHKOB B OJHY TPYHIly BCeria MHHMMH3HDYeT
obuye 3atparsl. OpHaKo Ha BBIGOP ONTHMAJbHOTO pasMepa TPYMNIH
CTAHKOB BJMSIOT ellle ¥ Apyrue coobpaxenus. BecbMa OWYTHMBEIM
$akropoM npu yBeqMYeHHH UHCJ1A CTAHKOB B TpyNNe siBJseTcs yAJIH-
HeHye OOIIEr0 PACCTOSHHSA, MPOXOAMMOrO OOCHYKMBAKOIHMM NepCoHa-
Jaom. Kpome Toro, mpu 3TOM yMeHblUuaeTcs JHYHAS OTBETCTBEHHOCTDb
®Kaxaoro pabouero. Jlerko BUAETb, YTO YMEHbIEHHE uHcjla CTAHKOB
B IpynNe C LISCTH A0 TPeX NOBBICHJIO CTOHMOCTb OOCJYXKHBAHHS Ha

Tabauya I1.A.5.2
Bo3MOXKHbE HCTOYHHKH WAGOPMAUMH, HCHOJb3yeMble TPH c6Ope AaHHBIX

Haumenosanue Oarnolx Herounux

Koauyecrso cTankos B rpymne HpOCTpaHCTBeHHOe pasMellleHHe u pelue-
HHUA yNpaBJCHYECKOro NEpCoHana

Hugopmayus no sadanusm

Tun Texupseckue yenonus 17,5 noan.fu. Takoe yBeqnueHHe 3aTpaT AOJKHO OHITb CKOMIEHCHPO-
XapaKkTepHCTHKH NPepHIBaHHS > » BAHO KAKHMU-TO MHBIMH SIBHBIMHM WJIH HeSBHHIMH (aKTOpamu.
TBIEPHOHH'!HOMB MOCTYIVIEHHS 3a4BOK Briopounas perucrpauns Kaxoii moxer 6oiTo nosyden dPPeKT, ecAu CHATb O2ZPAHUUEHUE, He
PEMA BRIMOAHEHUS > > 710360AA10U4e€ PEMOHTHUKAM NOM02aTb 8 paboTe cTanownuxan? Boob-
Peseps BpeMenu TexHHYeCKHe H TEXHOJIOTHUECKHE YCIOBHST o
Cmoco6 HopMEPOBAHHS Texumuecke yenosus 1€ TOBOPSI, OYEBH/IHO, YTO BBeJeHHe Gojlee THOKHX MHCTPYKUHH s pe-
UpcaesHOCTh H  NPOH3BOJATENBHOCTS | DKCHepHMEHT MOHTHHKOB MOXET TOJBKO YJy4IIHTh pabory Opuraiel. B cBs3u ¢
6pHran THM B Ty Ke HMHTAIHOHHYIO MOjenb ObLIO BBEAEHO yCJOBHe, YTO
VYpoBuu kBasHQHKAIHH CTAHOYHHKOB Ananns norpeGHocTeil B mepcosase pas-

PEMOHTHHK, He 3aHATHIi HENOCPeACTBEHHO DPEMOHTOM CTAHKOB, IOMO-
raer CTaHOUHMKY. B pesysibraTe mpocrou cHuauaHch ¢ 21,3 10 19,7%,
a 3aTpaThl yMeHbIUWIHCh Ha 23 poi1. B cMeHy. MHbIMH crloBamy,
CHATHe TIOAOOHOTO OrpaHHYeHWs BJIMSET Ha yJydlleHHe oOIuX MOKa-
3aresei paborhl OoJbllle, yeM J00aBjeHHe ellle OQHOTO CTAHOYHHKA.

AHYHOH KBaanHKAUMH, NMPaBHIa, YCTaHaB-
JMBaeMble MpodCOIO30M, NOJHTHKA DYKO-
BOJCTBA GHPMH

3azpysxa nepconaaa Tlpasuaa, ycranasansaeMue npodcoio3oM
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Tabruya I.A5.3
XapaKTEPHCTHK 3ajauHil

3akou pacnpegeneyus |
BpeMeHH NOCTYIIeHH:A
sapauus
Howmep Moxer —_—
saja- | CrnenmaabHocTs paGo- Tpe6yemoe NpepbiBaTh Moxer
HHs uero cocTosiHHe CTaHKa |  mpyrie Guts
saanusa npepBaHo MaTeMaTHye-
CKO€e OXHAa-
THIN) HHe (mapa-
METphbl )
1 |Cranounnx Brikstoyen Ja Her 3 25,0
2 [Cranounnk HJH|Bryiouen Ha Her 3 40,0
noacoGHEIA paGounii
3 |Tlomco6umiit  paGo-|Bxaowen  wan| Her Her I 18,0
uuit [BEIKJTIOUEH
4 [CrasouyHuk wi| To xe Her JHa P 8,0
noxco6Hui paGounit (npepesnl
3,0; 13,0)
5 |Caecapb-peMOHT- |BuikmoueH Ha Her <] 80,0
HHK

1) [T — nerepMuuBpoBaniias Beanywna, H — sopManbioe, P — paBmoMepuoe, D — Dpnawura,

2) TPYROGMKOCTs 331aEHs (B UeN.-MHH) NIDH MaKCHMaabHOR UHCIEHHOCTH GpHTaZbl PacCuH-
KO3QDHUHEHT 3P eKTHBHOCTH. B ciyyae GPHraib nepeMeHHON YHCJIEHHOCTH 3TO BpeMs onpene-
HOCTH.

Takum xe 06pasoM MOXHO NPOAHANM3MPOBATb BJAHSHHE M IpPYTHX
orpaHuyeHHH.

Caedyer au yauTo pabodux HA3HAYATL APUOPUTETbL BbINOAHAEMOIM
sadanuan? B n1060i CXeMe OIpefe/eHHs NPHOPHTETOB, MO Beeil Be-
POSITHOCTH, MOJIKHB YUHMTHIBATRCH HMEIULHECS pe3epBbl BPEMeHH.
B Mozenu Ans 3agamuii ¢ OXMHAKOBHIMH pe3epBaMH BPeMeHH HCIOJb-
30BaJIMCh JABE Pa3JIMuHble NHCUHIJIMHBL OOCHYXHBAHHSA: «TIEPBBHIM IIPH-
WeJ—MePBHM 00CAYXKHBaCLILCA» | «I0 HAHMeHbLIeMy cpelHeMy

3akon pacnpene- 3akor pacnpege-
JIeHHS HHTepBaJIOB JIEHHS] BpEMEeHH
pesepBHOro BBINOJIHEHHsL Kosd-
BpeMeHH 3apaHus @“.
YucnesHOCTb "g:;m
sbdek-
2 MeTon MIaHHPOBAMHA
MaTeMATH- Gpuram?) THB- P
yeckoe MaTeMaTHYeCKoe HocTH
TEn!) | oxupganre | Tunl) okHRaHHE 6pH-
(napa- (MapameTphl) ragst
MeTpbl)
I 0,0 H 2,5 (cpense- 1 2 1,6 | Hasnauaercs Ha
KBaJ. OTKJIOHE- CTaHOK, BHINOJHHB-
HHe 0,5) WHA  npexbinyllee
3ajlaHne
b1 g 30,0 T 4,0 (mpe e 1 1 1,0 Hasuauaercs mo ro-
3,0; 5,0) TOBHOCTH K BHITIOJI-
! HeHHIoO
)iy 20,0 T 2,0 (mpemennt 1 1 1,0 | To xe
15; 2.5)
P 3,0 P 1,0 (npenensi 1 1 1,0 | CraBures B oue-
npexess 0,5; 1,5) pexb Ha  CTaHOK,
rhe HayaTo BHIIOJ-
HeHHe Jpyroro 3a-
JNaHHHA
)ig 0,0 3 10,0 1 1 1,0 | Hasnauaercs Ha
CTaHOK, BHIMOJHHB-
wHil  mpexslayllee
3ajanue

T —Tpeyroabhoe pacrnpeneiesue.
ThIBAETCA NMYTEM YMHOXEHHS BPEMEHH, HeOGXONHMOro iIs GDHrafbl MHHHMAJbBHOTO COCTaBa, Ha
nseTes JnHeAHON MHTEpNONALKEA MEXAY BPeMeHeM I HaHBOMblIefi M AAs HaHMeublled yHCIeH-

BpeMeHH oOcayxuBaHuA» B 3TOM Cilyyae NOJyYeHHas pasHhlla BO
BpeMeHH BHINOJIHeHHs paGoThl Oblja He3HauuTeabHOH. Tpyimee Obi-
BaeT DPeKOMEHAOBAThb JIMIIbL KAKYIO-TO OJHY AHUCUHMIVINHY OOCHyxUBa-
HHS; HMHTAIHOHHOE MOJEJMPOBAaHHE MOXET TOJbKO IOMOYb Ofpele-
JIMTh Pa3JHYHSl B BePOSATHOCTHOH BeJHuHHe BPeMeHH NPOCTOS B OXKH-
JaHMH OOGCJYXKHBAHHSA VIl PAa3HBIX AHMCIHNJIMH.

3adanue M 4 soinosnsercs wauwje ecex Opyeux. Kakoso 6yder
8AUAHUe U3BMEHeHUs pe3epsa spemenu Ha e2o 8vinoaxexue? Jlo6Goe




Tabauya 11.A.5.4
Pe3yabraTsl MOLENHPOBAHHA

OTunocurenb- | 3aTpathl ua pa6o- Ilotepn oTTmpo- CyMmapHsie
CocraB Gpﬁra;[bl HOe BpeMs Yyl CHIy B pac- CTOEB B pacuere HSJEPXKH B pac-
TIPOCTOEB yeTe Ha uac, A0AM. Ha vac, noan. YeTe Ha uac, aoi.

PasMep rpymmbi:

6 cTankos

2Cr, 21, 1Cn 0,280 2,0 50,40 76,40
1Cr, 211, 1Cn 0,345 21,0 62,10 83,10
3Cr,21II,1Cn 0,280 31,0 50,40 81,40
2Cr, 11, 1 Cn 0,320 22,0 57,60 79,60
2Cr,31I1,1Cn 0,280 30,0 50,40 80,40
3Cr, 11, 1Cn 0,325 27,0 58,50 85,50
1Cr, 311, 1 Ca 0,300 25,0 54,00 79,00
1Cr, 211, 2Cn 0,290 29,0 52,20 81,20
2Cr, 211, 2 Cn 0,213 34,0 38,34 72,34
2Cr, 1T, 2Cn 0,286 30,0 51,48 81,48
1Cr, 311, 2Cn 0,280 33,0 50,40 83,40
3Cr, 111, 2 Ca 0,261 5,0 46,98 81,98
3Cr,31II,1Ca 0,255 35,0 45,90 80,90
3Cr, 211, 2Cn 0,205 39,0 36,90 75,90
2Cr, 311 2Cn 0,203 38,0 36,54 74,54
3Cr, 31, 2Cn 0,195 43,0 35,10 78,10
Pasmep rpymms:

3 cranka

1Cr, 1 11,1 Cn 0,336 17,0 30,24 47,24
1Cr, 21, 1Cn 0,266 21,0 23,94 44,94
2Cr, 11,1 Cn 0,277 23,0 24,93 47,93
2Cr, 211, 1 Cn 0,236 26,0 21,24 47,24
2Cr, 211, 1Ca 0,208 34,0 18,72 52,72

TIpOroHH HMHTAUHOHHOH MOJENH NOBTOPSJIHCH [0 HOAYUEHHs YCTOHUHBOW OUEHKH
JJs. OTHOCHTEJBHOTO BPEMEHH MPOCTOEB € TOYHOCTHIO XO 0,05.

3arparo. Ha pa6ouyro cury 8 pacwere wa wac, Goan.:

Cranoynuk (Cr) 5
TMoxco6umit pabounit (IT) 4
Caecapb-peMOHTHHK (Ca) 8

TloTepn OT MPOCTOEB B pacyeTe Ha CTaHOK 3a yac — 30 mosui.

Modeauposanue 8 3a0a4ax 06CAYHKUBARUL CTARKOE 365

yMeHbllleHHe pe3epBa BPeMeHH MOXeT NOBJeYb YBeJHyeHWe BpeMeHH
NPOCTOEB B OXKHAaHHM 0OCJAyxKHBaHHS, W HaoOopor. B Hame# Moxe-
JI1 GBIIM OCYLIECTBJIEHBI HPOTOHHI NPH PA3JHYHHIX pe3epBax BPeMeHH.
Ha puc. T1.A.5.4 npuBelen rpaduk COOTBETCTBYIUIe#l 3aBHCHMOCTH,
M3 KOTOPOTO BHIHO, YTO Ha/iiyHe pe3epBOB BPEMEHH JJIHMTEJbHOCTLIO
3 MHH yXKe He yBeJiHYHBAaeT BHHYXKAEHHBIX NMPOCTOEB.

0,229
0,225 |-
[
X
s o
0,275 -
<
! | | { | }
(0; 0,210) 0 20 30 40 50 60

Cpednan Oemyuna pesepba Bpemenu
wa Bomosnenue adawus, mu#

Puc. TLA5.4. 3aBUCHMOCTb MeXy CpejlHell BeJHYHHOH pe3epBa BpeMeHH Ha BHIOJA-
HeHHe 3aianHs Ne 4 M IJIHTeJIBHOCTHIO BEIHYXIEHHHX MPOCTOEB.

O6biuno oxoao 5% paborarouux orcyrcreyer. Kaxoe sausnue
0Ka3bl8aeT 3TO HA BbiHYydcOenHvie npocTou? BiusiHHe OTCYTCTBHA HA
paboyeM Mecte CTaHOYHHMKA, NOACOGHHKA WJH DPEMOHTHHKZ MOXKHO
onmpeaeants no taba. I1.A.5.4. B cayyae HeBHXoxa Ha paGoTy cra-
HOYHHKA BBIHYXJEHHHE MPOCTOH B TPYNNE CTAHKOB YBEJHUHBANOTCHA
Ha 7,5%.

Kaxosoi sarpare: na nposedenue anaiusa nodobrozo tuna? 3xech
TPHCYTCTBYIOT jABa BHJAA 3aTpaT: 3aTpaThl Ha pa3paboTKy obiei
MOJEJIHDYIOIIEA NpOTpaMME M 3aTpaThl Ha NpOBeJeHHE aHa/lu3a C
MOMOLUBIO WMHTAUHOHHON Mojenu. Takoli aHann3 oOXoAHTCH TpHMED-
Ho B 50 noaa. 3a 1 mporoH Mofein. B HameM npumepe norpedosa-
J0Ch 0KoJo 20 NpOrOHOB, YTO B CYMMe oOOLIOCH HPUMEPHO B
1000 poan. CroumocTh co3aaHusi MOA0GHOH HMHTAIHOHHOH MOXedH
cocrasisier ot 6 10 8 ThC. Aoan. Ecau mosoBHHY pacxofos Ha co3aa-
HHe MOJNH OTHECTH Ha BHINOJHEHHe NpPOEKTHHX paGor, T0 obuas
cyMMma coctaBur 4 rthic. Aol TofoBoi (ouA 3apaboTHoil maaTH
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CMelMAauCTOB, 3aHATHIX HA TNPOH3BOJACTBe pellleHHeM NMOXOOHBIX 3anxay,
nexkuT B mpefenax ot 120 no 160 tme. aoan. Ilostomy 3arTpate Ha
npoBejleHHe aHaJH3a COCTABJASAIT Bcero 2—3% nNpAMBIX PacxoioB,
CBSI3aHHBIX C NPHHATHEM YIpaBJeHYeCKHX pelleHHuH.

JIUTEPATYPA

1. Maynard H. B., Industrial Engineering Handbook McGraw-Hill Book Co., New
York, N. Y, 1972.

2. Cox D. R., Smith W. L., Queues, Wiley, Inc., New York, N. Y., 1961; ecTs pycckuit
nepesox: Koxe II., Cmut Y., Teopus ouepenedt, Hsx-Bo «Mup», M. 1966.

N.A.6. MOCTOBOW KPAH"
He Maiip?

3ror npuMep AEMOHCTPHPYET, Kak cosparensam HMHTaL[HOHHOﬂ MOJE€JIH CJAeNyeT mpe-
TNOAHOCHTL 3aKasuMKy pe3y/abTaThl cBoedl paGorhl. BoBaeyenwe B paspaboTKy H no-
CIeyIOlyl0 OLIEHKY NPOEKTAa HMHTALHOHHOTU HCC/AeNOBAHHS PYKOBONHTEJEH MPOH3-
BOACTBA DPAa3HbIX yPOBHEH MOMOINIO TIpPyNMe HCC/enosaTeneli A0GHTLCA NPU3HAHHSA
OKOHYATEJbHBIX Pe3ysNbTAaTOB IIPOEKTA.

Ha ocHoBanuu nporiosoB Gyayulero pocTa H AaHHHX O paCIIHpeHHH
PHIHKa cObITA ajiMHHMCTpALHS MeleliaBHAbHOTO 3aBoxa B OumH-Bpa-
Ce NpHIJa K BHBOJAY, 4TO NPOH3BOACTBEHHBle MOLIHOCTH 3aBOJa B
CKODOM BpEeMEHH OKaXKyTCi He B COCTOSHHHM YJIOBJETBOPHUTb pacTy-
WMH CIpoc Ha MeAb W MeJHble CIVIaBblL.

JlutefiHoe NPOM3BOACTBO Ha NPeANPHATHN OCHOBAHO Ha IOJYHe-
TpepHBHOM Npollecce JHTbsl MOJ jAaBjaeHueM. Ero mpoayxuueil saBjs-
10Tcsl 6OJIbIIMe OTJIHMBKH CIJIaBOB IBETHHIX MeTaJjIoB, HalpaBiseMble
Jlajlee Ha TPOKAaTHbie CTAaHbl ¥ WITAMNOBOYHBe MamHHBL OTJIHBKH 1O-
JYY4alOT H3 PAZJHYHBIX KOMOHMMAIMH CHIpbSl ¥ JOMAa IBeTHHIX Me-
TaJJOB.

B snureiftHOM nexe HMeeTcsl pAX MOACHCTEM, TAaKHX, KaK IJIaBHJb-
Hble IIeuH, paanaroqﬂue nedHn, pasJHuBOUHbIE HpOJIeTb] H pasjanuynoe
BCIOMOTaTe/ibHOE KPaHOBOe H TPAaHCHOPTHPOBOUYHOe obopynosanue. [o
BceH BEPOSITHOCTH, Y3KHM MECTOM sABJseTcfi MOCTOBOH KpaH, mepeiBu-
raluMicsa BA0Jb BCEro uexa.

Koraa cocraBasiicss mPOEKT pacIIMpeHHs MejelIaBHABHOTO MpO-
M3BOACTBA (DHPMBI, BCTAJI BONPOC O TOM, CMOXKeT JIH KpaH, A0 3TOTO
TIOJHOCTHIO yAOBJIETBOPSIIOUIMN HyXKAaM NPOH3BOACTBA, CHPAaBHTbCA C
YyBeJHueHHOH pabouelt Harpyskoi.

Ot Harpysku Ha MOCTOBO#i KpPaH B GOJIbIIOH CTeNeHH 3@BHCAT NO-
KasaTeau paborn mexa. Hekoropele BHJABI 3ajepxKeKk B NepeMelleHHH
rPYy30B BO3HHKAIOT H3-3a HaJIOXeHHA 3aJaHHi (T. e, HaJWUhA B He-

D Tlepeneuatarno ¢ paspewenus xypuana Industrial Engineering, mapr 1973.
Copyright American Institute of Imdustrial Engineers, Inc., 25 Technology
Park/Atlanta, Norcross, Georgia 30072.

2 Corpyauux ¢upmut Olin Corporation, Her-2nros, Hanuroiic.
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[punoxcenue A.6

KOTOpble MOMEHTH BpemexH 0osee OMHOTO 3ajzaHus, Tpefymomero
Ge30T1araTeapHoro BemosiHenns1). Takne 3aLepKKH 4aCTO HPHBOAAT
K YBeIHYEHHIO JHTEHHOTO UHKJIA H COOTBETCTBEHHO K YMEHbIICHHIO
0011eit BBHIXOZHOM MOLIHOCTH NPOH3BOACTBA. KOTAa BHIYHCJHIH, 4TO B
pesyqbTaTe pacIUHpeHus JUTEHHOrO MPOM3BOACTBA HATPY3KA Ha KpaH
Bo3pacter Ha 20—25%, Ha MOBeCTKy IHA BCTAN BaKHBIA Bompoc. Ero
¢opMyJIHPOBKA TOCHYKHIA TEMO HACTOAIIETO HMUTALHUOHHOTO HCC/Ie-
JAoBamns: «Kaxas uacte mowHocTu Autetinozo oGopydosanus 6yder
nOTEPAHA NPU PACHUPEHul MeOenAasurbHOZ0 NpPoudsodcTsq, ecau

0CTa8UTL 6€3 UBMEHEHUA CYULECTBYIOWYIO CUCTEMY YAPABACHUS MO-
CTOBbLM KPAHOM?>

Heo0xoaumocTh HMHTANHOHHOTO MONENHPOBAHHS

Hst TOrO uTOGH OTBETHTL Ha IIABHLIA BOMPOC M AATh PYKOBOACT-
By Q)HpMHuHGOGXOIlHMyIO uHbOpPManKo A8 NPHHATHA PeLICHHMEH, CJe-
JOBaJIO HAHTH OTBETH HA TaKHe BOMPOCH:

— KakoBa 6yner cTenenb HAJOXKCHHA 3afaHUH HA KpaH?

— Kakoso Oymer ysenmuenne paGouei Harpyaxu Ha KpaH?

— Onpappaer sy yBesqHuHBLUeecs HAJOXKEHHe 3afaHuil 3aTpaTH

Ha HCCENOBAHUA AJA IO CHHKEHHA?

— CyutecTsyer Jiu 3pech BooSuie cepbe3Has npoGaema?

[locae HEKOTOPOTO aHANHM3A, MPOBEACHHOTO PYKOBOMMTENSIMH npo-
M3BOACTBA (MPMEI, cTaMo SICHO, UTO CHCTEMa YNpABJEHHS KpaHOM
YpE3BHYAHHO CTOXKHA U H3BECTHHE METOAH €ABA JH TPHHECYT [OJb-
3y. PykoBoaurenu saspuiu, 4To MM Tpefyercsi mpodeccHOHaJBHAS
TOMOILL €O CTOPOHH HCC/IEAOBATeNeH-aHaTHTHKOB. Ocobenno moxuep-
KABajiach BAXHOCTb INOCTPOEHHS HMHTAUHOHHON MOAENH CHCTEMBI
yTIPABJIEHHS KPAHOM. i :

To, 4T0 apMuHHCTpauMs caMa cTajla WHHIHATODOM NPOBELCHHS .|
HMHTAUHOHHOTO HCCJICNOBAHMS, B 1aibHelllleM 0Ka3aJoch BechbMa To- &
JIE3HBIM. DTO TOMOTVIO YCTAHOBHTb XOpOLUHE paGoune KOHTAKTH € .
COTPyAHHKaMH (QHDPMBI, OTBEYANUIMMH 3a YNpPaBJCHHE NPOH3BONCT-
BOM; 3TH KOHTAKTH Ha BCEX 3Tanax pabOTH —OT ee MIaHHpPOBAHHL
AO TOJYYEHHS OKOHUATENbHHX pe3yJbTaTOB — GHJM OYeHb NJIOAO-
TBODHEIMH. YuacTHe YNpPaBJeHYECKOTO NEPCOHANA BO BCEX CTANUAX
HCCIECI0BAHMST NIOMOIVIO PYKOBOACTBY MOHATb METOAOJOTHIO MMUTALM-
OHHOTO MOJ@/IUPOBAHMA H C NOBEPHEM OTHECTHCH K NOJYYCHHHIM pe-
3y/IbTaTaM ¥ Cae/aHHBIM BHIBOAAM. Pe3yabraTh ucc/efoBaHHS cTaH

HaleXKHOH OCHOBOH AJA TPHHATHS peIUCHUH AAMHHHMCTPAuWeH KOM-
TaHUH, -

Mapamerpsi

YuacTre pykoBoaHTeseli MPOH3BOACTBA HA TOM 3Tafie NpOBeJeHHA
HCCIeNOBARNSA OBIO OCOGEHHO BaHHM. [l0 cymecTBy, omu pand  §
OmucaHHe BCCH CHCTEMEl, Ha OCHOBAHWH KOTOPOTO GhlIa NoJydeHa
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abcTpakTHAs MMHTAIMONHAA MOAEb. BaHO OTMETHTL TO, 4TO MO-
nejp Hé OHJa TPOCTO KeM-TO pa3paboTaHa H MepexaHa PYKOBOACTBY
AnA onddpeHus: oHa ObuIa €O37aHa MPH CAMOM HETOCDPEACTBEHHOM
€ro y4actHH.

C mpeictaBHTenIMH aJAMHHHCTPATHBHOTO ammaparta, HauydHas oOT
CTapulero MacTepa TOTOYHOH JIMHUM A0 JAHPEKTOPA MPOH3BOACTBA
¢$upMb, Gpia mpoBexeHa cepus BcrTped. [lepBasi BeTpeya Hocuaa MOA-
TOTOBUTEbHH XapakTep. DEUIM 0ObsAcHEHH OOLIHE LETH NPOEKTa H
pa3paboTaHel «IpyOHe» omHCaHHs TMapaMerTpos cucteMul. [locaexyro-
ixe BCTPEWH PacCIUMPHIM H MONMOJHWJIM 3TH OMHCAHWA TaK, UTO HCCae-
JOBaTeNH NOJY4HIH NMOMHYI0 HHGopMaluio o060 BCeX NMapamerpax CH-
CTEMBI. ‘

Ias noayuenns Habopa mapamerpoB TpeBoBaJOCh COCTABHTb OIH-
CaHWS M ONPELENHTb BpeMs BLIIOJHEHHS Omepaluil, a TakkKe coGpaTh
ONHCATENbHYI0 HHGOPMANHIO O PacHpefeseHHn cOOHTHI MO KaxaoMy
3aJaHHIO.

3ananus Ha MOCTOBOH KpaH (Bcero 16 THIOB pas/iHuHBIX 3aaa-
HYH) [eTaJu3HpOBAJHCh NMyTeM pa3bMBKM KaXKAOTO U3 HHX Y3JIOBHIMH
ToukaMu Ha Tox3anaHus (taba. I1.A.6.1). HanmpuMep, opHo 3apaHune
MO0 GHTbL pa3GHTO HA NMATh MOA3afaHMH ¢ yKa3aHHEM BpPECMEHH BH-
NOJHEHUS KAXKIOrO W3 HHX, Takoe jerajbHOe ONHCAaHHe 3afaHufl
MO3BOMSANO MPUCBAHNBATH HM IIPHOPHTETH HaumboJee pPeajHCTHYHO.

B pesyabrate psifa COBMECTHHIX OOCYXAHHH C DYKOBOAHTEAMH
IPOU3BOACTBA OB COCTAaBJEH KOCTATOUHO MOJIHHIA TNepedeHb 3ana-
HUt Ha KpaH M HX AecKpurnropos. Ha sToM sTame ObljIo NMpOBeAEHO
U3ydeHHe »KypHANOB JMUTEHHOTO MPOH3BOACTBA H IKCIIyaTauHH 0Go0-
PYLOBAHHS 33 HECKOJBKO TOCJASAHHX MeCSUEB, NpH 3TOM paHee TO-
JaydeHnas uuGOpPMANUs NOCTYXKHJIAa OCHOBOH MJIS CO3AAHHS YMOOHOH
dopMer cbopa zaHHBX. Llenblo 3TOrO 3Tama paboTH OHLIO MOJTydeHHE
4acToT cOGBITAN O 3aJaHHAIM #Ha OCHOBE PETPOCIEKTHBHOTO aHaIH3a
paboTHl 1exa.

Pe3ynbTaTh 3TOTO PETPOCMEKTHBHOTO aHAa/nH3a B COYETAHHH C HH-
TyuuHer HauGoJiee OMBITHHIX AAMHHHCTPATOPOB TO3BONHIH MOMYYHTD
HaulyyllHe OLEHKH /IS NapaMeTPoOB CHCTEMEHl, HCTOJb3yeMbX B MO-
meru. K 3ToMy BpeMern OBUTH TOJNHOCTbIO HAEGHTHOHUMPOBAHH BCe
3ajaHua nAa KpaHa, MOJNYYeHH DACNpPEACNEHHS YacTOT COOLITHA IO
3ajaHusM KaXA0To THIA, CTAJ H3BECTEH XapaKTep pacrpepeseHdi
COOHTHH W 3ajaHUAM ObIIH MPUITHCAHE IIPHOPHTETHL.

flocTpoexue Moaenn

Jlnst Toro yto6H MoJeNab NPAaBHIBHO OTpaxKasJa B3aHMOCBS3H MEX-
Iy ee OTAEJbHHIMH KOMIIOHEHTAMH, OHA AOJKHA BKJIIOYaTh HE TOJbKO
TmapaMeTpUyecKylo HH(OPMANUIO, HO H JOTHKY MOCTPOEHHSI HPOrpaMM.

OcHOBHasl 4acTb 3TOH JIOTHKH CBf3aHa CO 3HAHWEM JIOTHUECKHX
TOCJAEA0BATENBHOCTEH COOBITHII — Kakue COOHTHS JIOTHYECKH MOTYT
TNpPOM3OHTH OXHOBPEMEHHO W Kakue COOLITHSl HEMPEMEHHO MOJIKHBI

24—195
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Kawdoe kpanosoe sadanue pasbusaercs Y320861MU TOUKAMU HA nOJ3adfHUA. IMpononxenue
B ysao0sbix Touxax aobas onepayus moswer Goiro npepsana 8 cayuge,
ecau Ha Kpaw nocTynaer sadanue ¢ GoAee BbicOKUM f
P Y BbICOKUM RPUOpPUTETON Koopmutatst yano- ——
X 7 3apatine Onucaune BBIX TOYeKl)
3apanne Onucanne oogﬂ,‘;“::z'exffo. nﬁuopurer
i - 5
Cayuaiiibie  3ai1a- | Menxue paGoThl, “fd";PTi N
Hspieuznne Goasa- | Heo6xomumo BHIHYTb OT-| |1 (yaaoBeix| 10 (HauBkicinit) HHUA Mep nepemu;egﬂﬁoéawy
HOK, OrJHTHX UOA | MHThe GOMBAHKH #3 GOPM | Toiax Het) | pHaJIOB K pasa ’
NaBJIeHAEM # [OCTaBHTb HX K JApYTHM ! y4acTKy 5
YCTaHOBKaM i naJbheii- Tepememenne ro- | [lepeecTnts oOTaHBKE OT) 5
el 06paGoTKy | TOBBIX OT.HBOK pasJIHBOYHBIX ~ arperatos
3amMeHa uaayxTopos | Heobxomumo 3aMEeHHTh | |0—5-—20—40— ," 9 apyroro THha A
BHIUIEAUIHE 73 CTpOR Ha- To0s_10 3aMena KOKHAel C | 3aMeHHTb KOKHIHM Ha pas- 20—25
rpeBaTeJbHble HHIYKTOPBI === ) BepTHKAIBHEIM JMBOYHOM arperaTte
Tonvena nunnn 3a- | Matepramw, oGbiano mo- 6 ' 8 pasbeMom THOA
rPYy3KH 1aBaeMble Ha Da3AHBOY- - <KHHra» .
HBlil YYacTOK ¢ DoMOmIbIO Savena  Kokureli | T1OCTAaBHTb HOBue KOKH- 6—6 4
RO3HDYIOWeH JHHHH, NpH Hoce DasIHBKH JH Ha pa3JHBOYHLI arpe-
€e MOBPeXJEHUH NOJKHbI raT Tocae ouepeAHOH pas-
HOCTaBJAATHCA KPaHOM JHBKH
Monvena mopramp- | Ilpr  nospexpennn nop- 6 8 3amena meun Ha | [lepemecTuts mess, okoH-| 15—15—10— 4
HOro KpaHa TanbHOr0 KpaHa MOCTOBOM a;nHBKe 4UBUIYIO pasJHBKY Ha - 10—10
KpaH NpHHHMaeT Ha cebs P arperate - -
BBIIOJIHEHHE ero 3aJaHuil i 10 4
Ha Pa3IHBOUHOM YYacTke 3amena  arperata | PacniaBieHHBifl  MeTaud =
BepTan JIO/KEH ToJaBaTbesl HA
3amena QopMosou- | 3amenuts (bopMoBouHbIe 6—6-—6—6 7 9TOT arperat ¢ [OMOIIBIO
HOH TesexxH TEJICKKH HA YCTAaHOBKAx - T T KpaHa
TATbA NOA AaBieHHem o nupix TEOAX|  10—20—10 4
N - HeHHe  T0A0- H onpeene P=ad—
3aMena sraanumeir | 3aMenuTs BKAAALILH 5—5 7 zg;pirgerlara Bepr- Hepﬂcnpa%}w”eﬁ 3Toro ar-
npecc-dopM 1pecc-popM Ha yCTaHOB- - ;m perata HeoGXONMMO HKC-
Kax JATb MOA naBJIeHHeM 0J1b30BaTh MOCTOBOJ
3aMena ycranoskn | IToamoCTbIO 3aMenHTH 6ok | 145—10—10— 6 Kpad i
JHTBS  rox JaBje- 43 DATH IJaBHABHBIX Te- 10 I(T 10_
HHeM HCH M Pa3jaTOUHYIO Neub,| -— .o -9 . He-
s W, nepHofam, roa TpefyeTcs yuacrue Kpawea.
CBASAHAYIO C JiHTbeM noA _19—2*10— nogq‘g?{?{?*iﬂf?ﬁ?& Byp:alv‘si(alegécggggﬂ‘.( )(T:;aopoepnzmxﬂo)(gpoﬂrn A0 nepexoia K ciaeayloiemMy
AasJenHen 60._1(]110_ 10 mary;po;maxo B MepHO; BPEMeHH, COOTBETCTBYIOUIHH HEMOLYEPKHYTOMY UHCNY, Kpak cBoOoleH
— = = AN BHINOJHEHHS KaKoro-iu6o Apyroro 3ajaHusi.
10—120—6—6— .
6—6—10-10_— npousoiiTy B pasHoe BpeMsa. C nOMONIbIO PYKOBOAHTeNEH NPOH3BOX-
T10—10—120- cTBa (GUPMBI OB cOCTaBJeHa MarpHua, (HKCHPyHOWAA COOHITHL,
To0 1 . KOTODhie He MOTYT NPOMCXOAHMTH oxHoBpeMeHHo (rabia. I1.A.6.2).
20—15—30 Jlornka mporpamm, HCmob3yeMHX B MOJENH, ROMKHa Oblia TflK};
, P aHUH
Henpensanennas 3aMennts Bhwenmy0 #3| 10—5—10—d40— 6 JKe MpefycMarTpuBath paspabOTKy aATOPHTMOB TeHepaluH 3aj ocTelt
3ameHa B xope | CTPOA IVIABHJIBHYIO neub T 10—15—20 COOTBETCTBHU C 3afaHHHIMH 3aKOHAMH paclpellejleHH BepOATHOCTEH.
JIaBKH pa3JHBOYHOrO arperata us T2 Buisicuuioch, yro cHOpPMYJNHPOBAHHEIE 3aJlaHHA MOCTOBOMY KpPaHY B
3asena msta maa ;“TH neved : 3aBHCHMOCTH OT XapakTepa pachpejeneHHsi COGHITHH MOXKHO KJIacCH-
‘ = . aM :
BRIbHbIX Teded omeq | RTH MABBHIGALX | 10—5—10—40— 6 £ GuuupoBaTh ClefyoWEM 06pazoM:
10 5 pas : — 4UCTO caydainble cOOBITH;
noton 13—10 ‘ — ciayyafiible COOHTHS C HEKOTODHIM H3BECTHBHIM, HO MEHSIOLHM-
— — | JIOM;
5 pa3 ki il LMK ’
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Jra Marpuya nonyuena e pesy.
nepcosara upMol; crorbel
cobbirud, a KpecTuxamu or.

K

1. BoleMKa oTsi#BOK X X X

p A0TATE UNTEPBLIOUPOBARUS NPOUSBOACTEEHHOZ0

L CTPOKL MaTpuysbl codepowar oduraxospui Habop

e4enbl CobbITUS, KOTopble e Moeyr npoucxodure
o0HoBpeMer o

CobbiTHA
2) 3| 4/5) 6| 7809 10|11 (121314 15] 16

2. 3aMena HHIYKTOPOB X X

3. HeHcnipasrocTs  ginuum X
3arpysKku

4. HexcnpasHocTs
TaJdbpHOro KpaHa

5. 3aMena
TeJICKKH

nop- X
¢dopmosourofl X X X

6. 3aMena
npecc-¢popm

7. 3aMeHa pasamBouHOTO X X
arperata X oxex

BKIagselt X X X X

8. Hempensuzensne 3a
. - X
MeHBI 110 XO1y MiaBKH XXX ox

9. 3arpyska matk
BHJBHBIX TeYeii
10. Cayuaitnete sagawus

11. TlepeMelenne roToBbIX
OTJIHBOK x

mia- X X X X

12. 3avena xoxuiei ¢ BEp-
THKaJbHHM  pasbeMoM x
THIA <KHHTa»

13. 3aMena Xokugefi mnoc-
Jle PasiauBKH X X

14. 3aMena meun Ha pas-
JIHBKE x x
15. 3arpyska
Beprun

16, PeMont arperata Bep-
TJAH

arperara

— BUKCHPOBaHHKE BO BPeMeHH COOBITHS.

Mopenupyomas nporpaMMa Obita pasuTa Ha TPU OCHOBHBIE ya-
CTH, COOTBETCTBYIOUIHE STUM TPEM THIAM COOHITHIL

Hucro cayyaliubie cO6HTHS — 5T0 WMeHHO TO, YTO UMeeTCcH B BHL
B caMOM Ha3BaHuu. UHCIO COBHITHH 5TOro Tuma H3BECTHO, HO B eMEI'
TOABTEHAA KAXKAOTO M3 HUX CYHTAETCH BeJNHUHHON a6COJ;}OTHO pmy-

Tabauyé 1.A6.2 3

"g |

i
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yaitHofi. [losiBenye TakuX cOGBITHH PaBHOBEpPOATHO B JIOOOA MOMeHT
BPEMEHH B TeueHMe BCEro IUK/JI4d MOZEIHPOBAHHUA.

3ajaHue Ha BLHIEMKY TOTOBHIX OTIMBOK H3 (OpPM IpeicTaBifer
co60o#i nmpHMep cyyafiHOrO cOGHITHS BHYTPH H3BECTHOTO BPEMEHHOTO:
nuKa1a. Bpems nosipienns TAKOTO 3aLaHHA BHOMpaercs NO CIAyyaiHO-
My 3aKOHY, a HayaJo IHK/Ja 3aKaeTci HEKOTOPLIM H3BECTHBIM BHIOM
paclpeneaeHHst.

3aMena OTJUBOYHBIX (OPM npexcraBiseT coboit mpuMep GuKCH-
DOBAaHHHX BO BpeMenH coObituii. 3azanust Ha 3aMeny dopMm Obuiw
pEerJaMeHTHPOBAHHI elle mepeil HAaya/JqOM HMHTANHOHHOTO HCCJIEXOBA-
HUS, ¥ B MOJEJNH WX HyXKHO OBUIO paccMaTPHBATh HMEHHO Kak (hHKCH-
pOBaHHEE COOLITHA.

CTOHT OTMETHTb, YTO (PHKCHPOBAHHOE BpeMs NOsABJIeHHs COOBITHI
Ha caMoM Jende BoBce He (HKcHpoBaHO. HasBaHEI 3TH COOLITHS 31€Ch-
TAK JHIUb [IOTOMY, YTO B UMHTANUOHHOH MpOrpaMMe OHU MPHHHMAJIHCD.
(GuKCHPOBAaHHHMHU. B reficTBHTENBHOCTH «(UKCHDPOBaHHBIE» MOMEHTHL
HOSIB/IeHHs COOBITHH ONpexensiINCh € MOMOUIbK TeHEPUPOBAHMS IICEB-
HoCTyyaiHbHIX YHCEN H CYHTANHCh «HUKCHPOBAHHBIMH® B Iporpamme
JHIOb 4718 oGecneyeHus JOMHYECKON NOCJAe0BATENbHOCTH oOllepalHil.

Kak yxe oTMeuanoch, Kaxjaoe H3 16 xpaHOBHX 3ajaHuii pasbu-
BaJOCh C IOMONIbIO Y3JOBHX TOUYeK Ha MOA3ajzanus. IT0 Aenanochb
Ans TOro, uToOH HauGoJee IOJMHO OTPA3HTb BCE 3TANE €r0 BHINOJHE-
Hus, [IoCKOJbKY MHOTHE 3afaHUS HMEIOT NOCTATOYHO GOJIbIIYIO MJIH-
TEeJBHOCTb W COCTOAIT W3 HECKOJNbKHX YeTKO Pa3JHYHMBIX 3TANoB, Obi-
Jo pemleHo, 4YTO B JI0G0H Y3/I0BOH TOUKE BajJaHHe MOXKeT ObITb-
npepBaHO B c/ayyae, ecaH NOCTYIHJIO HOBOe 3ajaHue, ¢ Oojee BBICO-
KHM NPHOPHTETOM. BHINO/IHEHHE OT/IOXKEHHOTO 3aJaHHMsl WJIH HeCKOdb-
KMX 3ajaHuil JOJKHO OBITH 3aBEPUIEHO, KAK TOJbKO 3TO IO3BOJHT HX
npHopuTeT W paGoyasi Harpyska Kpaua. Takum 06pasoM, MOAeNb O~
CHlBaJia yIpaB/leHHe KPaHOM OyeHb GIH3KO K TOMY, KaK 3TO IIPOHMCXO-
ANT Ha caMom xese. Jlaa umeseii aHaan3a GBLTH COCTABJIeHH TaGJUULL
CTATHCTHYECKHX naHHBIX 00 oyepensix IO BCeM 3ajaHUAM U Olpene-
JIeHB HX y3J10Bble TOUKH.

[MepBoHayabHO HMHTAUHOHHAS MoOjxeab oToOpaxaja CyulecTByO-
uywo cuTyamuio. B mpouecce sKcnepuMeHTa Ha OCHOBe TPAaKTHYeCKHX
3HaHufi © 6OraToro ONbITa PYKOBORHTeNeH IPOM3BOJACTBA YHAJOCh OT-
Kanu6poBaTh MOJeNb U IOOHTbCSH HEOOXOAUMOM ee aneKBAaTHOCTH elle
10 BBElEHHS B Hee HOBOTO HEH3BECTHOTO 3JeMeHTa ~— AONOJHHTENbHO-
ro auTeiinoro o6opyAoBaHHA, AxMuHHCTpAnmHsA GUPMEL cTajta ¢ 6Oab-
IIEM JOBEPHEM OTHOCHTbCS K Pe3ysbTaTaM HCCAEIOBaHHS, TAK Kak:
ybeauaach B TOM, 4TO MOpenb HMHTHDYeT CYyUIeCTBYIOUIHH TEXHO.10-
THYeCKHH Iporecce ¢ BHCOKOH CTeNeHbI TOYHOCTH.

Bonpochi nporpaMMHpOBaHHS

OcHOBHasi 3ajzaya NPOTPAMMHDOBAHHSA, OT pelleHHs KOTOpOH 3a-
BHCEN yCIeX BCEro IPOEKTa B IeJd0M, 3aKJI0Yanach, eCTECTBEHHO, B.

'
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HauboJee DPeaJUCTHYHOM OTPAaxKeHHH PAaGOTH CHCTEMBI yIpaBJeHus
KpaHoM. C 3T0fi yesbio GBUIO 3apaHee 3adHMKCHPOBAHO BpPEeMSI BBITIOJI-
HEHHsl HEKOTOPBIX BHAOB omepanuii. [Ipu atom ucmoabsosasach xoM-
GuHanMs CAyYaHHOCTH H JIOTHYECKOH MOCJAeA0BATENbHOCTH TIOSIBJIEHH S
COOBITHIA.

B mozxeanpylomeit mporpaMme takue sapanee buKcUpoBaHHbIE 32-

Aanusi 00pabaThiBa/NCh CJIEAYIOIHM O6PA30M: «eKeaHeBHO» HMHTH- |
poBanach GyHKUHA QOPMHPOBAHMA KOZOB (HKCHDOBAHHBLIX 3ajaHHil, 3

TOAJIeXKALINX BHINOJHEHHIO B TedeHHe Aus. [aKasd UMHTAIMSA B cOye-
TalHi C PasAnYHEIMM ONepaTopaMH  (OPMHDPOBAHHS MOIAEpPIKHBANA

ONpeneNeHHyI0 JIOTHYECKY10 TIOCJeX0BATENbHOCTh TMOCTYIJIEHHS 3apxa- |

HHMH Ha KPaH B TeueiHe BCEro MepHoaa paGoThl MOLENH.

O6a Buja 3apannuil — cBA3aHHLIE ¢ HACTYILIEHHeM H ¢dukcupoBan-
HBIX, W caAydaHHBIX COOBITHI — CONEPIKANH, KAK yXKe TOBOPHIOCH, y3-
JI0Bble TOUKH. Hainyhe TakHX TOYeK MO3BOJAIO CHCTEME YIpaBJeHHs
KpaHOM MPEepHIBATL BEITIOJHEHHE 3aJaHHA B C/yuae, ecd Ha Hee IO-
CTynano 1noBoe 3ajanue, ¢ Gojee BHICOKMM NpuopHTeroM. Pacmpeme-
JIeHHe BPEMEHN BBIMONHEHHA AJIsi PasHLIX THIOB 3ajaHuit ONpejes-
JI0Ch TyTeM MOCTPOeHHst (yHKIHH DaclpefeseHusi s KaKAOTO 3a-
A2HHA, B KOTODYI BKJKHYANOCh BpeMs HENOCPeACTBEHHOH paGoThl
M BpeMs TPOCTOS KpaHa B TeueHHe NEPHONA BHINOJHEHHS 3a4aHHS.
Onucanue 3agaHus, HanpUMep, MOIJIO BHITJIALETh Tak:

5 MuH — paboTa ¢ yuacTHeM KpaHa,
6 muH — pabora ¢ yuactueM KpaHa,
10 muu — paGora Ge3 yyacTus Kpana,
7 MMH — paboTa ¢ yuyacTHeM Kpana.

B Teuenne oTMewennbix 10 Mun mpocros KpaH Obla cBoGomed as’
BBHINIOJIHEHUS APYTHX 3a]1aHHI. .

B nomosiHenye X CTaHIAapTHBIM BHIXOAHBIM (DOpMaM GHIH nocTpoe-
HBI pa3aHYHble TAalJMUB TDEACTAaBJIeHHs NAHHHX. B ofHON u3 Ta6-
JIHL, HalpUMep, COAEPKaJIUCh NAHHBIE TO TPEANHCAHHBIM IJIHTEIbHO-
CTAM BDEMEHHBIX LMKIOB H [UIMTENbHOCTAM, (aKTHUECKH HMEBIIUM
MecTo B Tpomecce MoienupoBaHHs. CpaBHeHHe 5THX AaHHBIX 0Ka3a-
JI0Ch TMOJIE3HBIM AJI ONEHKH BJHMAHMS paGodell HATPY3KH HA MJIH-
TeJAbHOCTb JIHTEHHOTrO MUK, ‘

Tabanun NpUMEHAIHCh TAaKKe 1S OLEHKH CTENeHH Hal0meHHs
3ajtaumi apyr Ha npyra. YcnoabsoBanue 3Toft uHdoOpManu npH
Pa3paGoOTKe HOBHX aJITOPUTMOB AJA YUPABJNEHHS KPAHOM [OJIKHO
ObII0 yMeHbIINTb B3aHMHOE HAJOXKeHHe 3a1anuil B Oyayieil cucreme.

HMuraunonnas moxens 6buia 3amicana na aspike «HMwmnraropa no-
TokoB» (Flow Simulator) ¢upmer RCA. Stor a3mk 6am30K K A3HKY
GPSS; npuuuHoii ero BHGEOpa 6BLIO TO, yTO MOJeJIHpOBAHNE BHIMOJI-
Hsoce Ha OBM RCA Spectra-70, B KOTOPOH /151 MMHTAUMOHHBIX 1ie-
Jiell TIpUMeHsAeTcs HMEeHHO 3TOT S3bIK.

HauMenbilas exuunna speMeny, ucnogbsyemasn B MOj1eJqIH, cOCTaB-
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asna 1 MUH, TOJHBIA TIepHOJ MOJeNHpOBaHHA 6unupaBeH 1 Mecsuy.
ITporoH WMHTAHOHHOH NPOTPAaMMH, MOXEJHpYIOilek pabory kpamna B
TeyeHHe | Mecsima, 3aHuMaj 25 MHH; HeOOXOAHMMbI 06beM Omeparus-
goft maMsaTy cocrasua 220K Ga#T.

Kaan6poska monean

HecxobKo MPOTOHOB HMHTALHOHHOH Monean OHLIO Bb!HO%H%HO c
LLeJbI0 TIOJydeHHs HEeKOTOPOi KapTHHBI paboTel B mpolwioM. Ta ym;:
pOBAHHBIe De3y/bTATH ObLIM MOKasaHb PyKopoxcTBy. CTpyKTypa M
JIead MO3BOMAJA ONpENEJSATh MHOTHe BaXKHbie DabOYHe MapameTphl,
KOTOpble MOXKHO OBIJIO KaK W3MEPHTb, TaK M NMOJYYHTb HA OCHOBE AaH-
HEIX 33 TIpoluJible TepHoin Bpemend. OHa no3BoJsia, HampHMep, no-
JydaTh CBeJIeHHs O MPOHM3BELEHHON 32 Mecsill MPORYKIMH, NPHUEM He
TOMBKO MO Baly, HO H B OTHEJbHOCTH IO KakKXOH H3 HOMEHKJATyp-
HHX TO3ULHMH. Pe3ysnbrarhl, mMojydyenHbe C TOMOIIbIO MOJENH, XOpo-

Tabruya M.A6.3
Cpaeueuue 4ACTOT NOABACHUA PABAUMHBLX KparoBblx 3adanuil no PeTpPOCneKTUBHbIM

OanHbIM 1 pe3yavTaTam modeauposanus nodTeepxdael A0eK6ATHOCTb
UMUTAYUOHHOLI MODeAl

OtHocHTe 1 bHas

ouwnbka MoaesH!
no uacrore
3ananue nosRIeHHA
3aganmit, Y,

1.  BniemKa 60JBaHOK Her pannbix
2. 3aMeHa HHIYKTOPOB 0

3.  HeuncnpaBHOCTb JHHHHA 3arpysKn 30

4.  HencrpaBHOCTb NOPTaNBHOT® KpaHa 30

5. 3aveHa (OPMOBOUHOH TeseXKH i 0

6, 3amena BKJaaullell npecc-$popy v 0

7. 3amena pasJHBOYHOrO arperara

8.  HenpexBHIeHHbE 3aMEHB NO XOAY NJIABKH 40

9. 3arpyska DATH NJIABHILHBHX neyelt 0
10,  CayvaitHbie 3afanus 4
11. TlepeveuieHne rOTOBHX OT/JIHBOK 23
12, 3aMena KOKHJeil C BePTHKAaJbMBM Pa3beMOM THNA <KHHra» o
13. 3ameHa KOKujell 1ocje pasiHBKH .
14, 3aMeHa IeYyd Ha Pas/HBKe %
15.  3arpyska arperata Beprin o
16. PemouT arperara Beptiu B
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1o COBTIAJNK C peajbHHIMH JAaHHBIMH NPOM3BOACTBA, U 3TOT (aKT CHr-
pas OTPOMHYIO poOJib, yOelHB aAMHHHMCTPALHIO B TOM, 4TO MOJENb
npaBu/ibHAa. Moesnb NMOKa3alla TakKXKe, 4TO KpaH CHpaBJsercs co Bee-
MH 3afaHHAMH, KOTOpble NOCTYNAalT Ha Hero B TeueHue Mecsana. Kak
BHIHO U3 Tabu. [1.A.6.3, MOMEHTH MOsABJeHUs 3aAaHKki B MOACJH OUeHb
6/1U3KH K peasibHBIM. MoJesb CIPOEKTHPOBaHA TaK, 4YTO TNO3BOJsSET
JIeTKO YYATHIBATh HapallHBaHHEe MNPOHM3BOACTBEHHHX MOIUIHOCTef.

C camoro Hayasa NoAX0A pa3pabOTYHKOB K CO3AAHHK MOAENH
TpeAnosiaray TOYHOE OTpAaXKeHHe B Hefl peasibHOM CHTyauuH, y6ex-
JIeHHe DYKOBOACTBA B €€ afieKBATHOCTH M BO3MOXKHOCTb OLEHKH BJIHSA-
HUfl YCTaHOBKH MOMOJIHHTENbHOr0 oGopymoBanusi. Tako#i mMoaxon mno-
BHIUAJ WIAHCH Ha MPUHATHE DYKOBOACTBOM (HPMH Pe3yJbTaToB HC-
<JIefIOBAHHKA, H OH OKa3aJics BeDHHIM.

MojennpoBanue pacliuPEHHOr0 NPOU3BOACTBA

B ornaxennyio u opo6peHHy0 ajMHHHCTpauyell Momenb OHUIM

BBeJeHbl JAaHHBle O MAOMOJIHHTENBHOM oéopynoxsaﬂuu, HaMeyaeMOM K |

YCTAaHOBKe B JIATEHHOM ILeXe, H BHIIOJHEHbl NOBTODHBE €€ NPOTOHbI.
Jloctuub mesefi WMHTALKMOHHOTO HCCIENOBAHMS MOXHO OBUIO, JAHIB
‘CPaBHHB pe3yJbTaTH MOJAENHPOBAHHS CATYaUufl «mo» M «mocie». Ta-

KOe CpaBHeHHe ajo Gbl BO3MOMXKHOCTb CAEIATh 3aK/IIOYEHHE O KPHTH- B

YeCKHX XapaKTEePHCTHKaX CHCTeMH ynpasaeHus kpaHoM. OHO mo3Bo-
JIATIO OLEHHTb H BO3MOXHBIE 3aJePXKKH BHYTPH JHTEHHOro LMKJIA,

CBA3aHHbEIE C POCTOM HaJIOXKeHHs KPaHOBBIX 3ajlaHufi ApYr Ha mpyra. §

JlocToBepHbIE BHIBOAB

CpaBHeHue pe3yJabTATOB MOJENHPOBaHKS CYLIECTBYIOLLEr0 JuTeH }
HOTO TNPOM3BOACTBA, O/NHM3KO COBNABIUHX € peaNbHHMH NAHHEIMH, Hij

‘Pe3yNbTaTOB MOJEJHPOBAHHA PACIINPEHHONO MPOH3BOICTBA C AOMOJ-
HHUTEJbHBIM 060DYyJlOBaHHEM [MO3BOJNHJO CHesaTh PAA  3aKI0yeHuf.
OcHOBHOl BEIBOJ, COCTOHT B TOM, YTO W3-32 BO3DACTAIONUIETO HaJOXKe-
HMsA 3aJaHHH ApPYT HA Apyra obuias NpPOU3BOACTBEHHAS MOUIHOCTb MO=-
JKeT CHH3uTbCs Ha 2,8%. B cBoiwo ouepeib, 3TH NPOLEHTH, BHpaXeH-
HEle B TOHHaXKe NOTEPSHHOrO METaJId, 0Ka3aJHCh [VIABHHM pe3yilb-

TATOM HMHTAIHOHHOTO MCC/IeAOBAHMS, HOBIMABLIMM Ha NPUHATHE |
peweHnfl, 3apaya NoMyuHia KOJNHYECTBEHHOE PELIEHHE, H jallee yKe:

PYKOBOJCTBY CJIE0BAJIO ONpPee/uTh HyKHbIe 1eHCTBHS.

BaXHBIM DE3YJbTATOM MNPOBEAEHHOTO HCCACNOBAHKA OHJIO H TO, ]

4To TeNeph y PYKOBOACTBA (DHPMHI 0Ka3aJOoCh 3HAYHTENbHO GoJible
HHbopMaluKK AN NPHHATHS NpaBWIbHOro pelreHus. Oco6eHHO BaX-
HBIM TPH 3ToM OBUJIO TaKXe W TO, YTO OHO C HOBEpHEM OTHECHOCh K
TIpe/ICTABJIEHHEIM Pe3yJbTaTaM W BEIBOAAM.

,U.E'l'aﬂbﬂaﬂ CTPYKTypa MOJeJiH [aJjia BO3MOXKHOCTb 3aKJIIOUHTh, 4

4TO pasJjiiuke MeXIay ABYMS MOJeJHpYyeMBIMH CHTyalHusaAMH HMeeT
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Tabruya I1.A64

Honyuenroe no pe3ysbTATAM UMUTAYUORROZO MOOEAUPOBAHUA OTHOLUTEAbHOE
usMenenue GYHKYUL KPawa 8 C6A3U C npednordzaembim Ppacuiupenuem AUTCUHOZO
npouszsodcrea. ITu UBMEHEHUA BbL3BAHLL NOGbLULERUEM CTENEHU HAAONEHUR
Kpanosbix 3a0anuil

Jauuble,
NnoJIyYeHHbI &
XapaKTepHCTHKH Ha MOZeIH
(MpOLeHTHOe
H3MEeHeHHe)
Cpexsee 4YHCAO Da3/JHBOYHBIX LHKJOB Ha OAHH JAeHb Ha Kaxnyio —2,8
MalrHyy
PaGouas narpyska Kpana +15
BhieMKa OTVIHBOK NPH ‘HYJEBOM BPEMEHH OXHIAHUS —17
Cpexsee BpeMs OXHIAHHA HO BCEM 3aJaHHAM HA HM3BJICUCHHC OTJIH- +44
BOK
Cpenee Bpemsi OXHAaHHS s OTJIHBOK, KOTOpHe XAyT obcay- Bes namene~
MHBAHHS Hu#
Tlpouest 3apanuii, BHIOJHAEMBIX TNPH OJHOBPeMEHHOR TOTOBHOGTH +7,9
K Bbllaye OTJHMBOK GOJjee 4eM ONHOro arperaTa
Tlpouent 3ajaHHii Ha H3BJEUYEHHe OTJIHBOK, KOTOPHle BHIIOJHAOT +4
C MpeBHILEHHEM NOMYCTHMON 3aJEPXKH

CBOEll TPHYHHOH BO3DOCIIYIO CTEMEHb B3AaHMHOTO HAJIOXKEHHS KPaHO-
BhIX 3alaHufl, B Ta6u. TI.A.6.4 mokasaHbl HEKOTOpHE BaKHBle CTAaTH-
CTHYeCKHe AaHHBIE M0 3THM ABYM MOJEJHPYEMBIM CHTYalHsIM.

YyacTtue pykoBoacTBa

MakcuMalibHO 3aHHTEpPecoBaB PyKOBOACTBO B YYacTHH M IpoBele-
HHM HMHTAIMOHHOTO HCCJIENOBAHKSA, MOXKHO PE3KO IHOBBICHTbH BEpOAT-
HOCTb TOTO, YTO BIIOCJAEACTBHH MM OyRYT XOpOII© NMPHHATHI pe3yJibra-
TBI 3TOTO HccleAoBanus. B HccienoBaHHe Hajo cTapartbCcs BOBJEYb.
BCe YPOBHH HepapXHUH pPYKOBOJACTBAa M MNOJAAEpPKHBATh HX yyacTHe Ha
NPOTAXKEHHH Bcelt paGoTEL

OxoHyaTeNbHOe NPHHATHE H BHEApeHHe IMOJYYCHHHIX De3y.bTATOB:
MMHTalHOHHOTO MpPOEKTa CBfi3aHH He CTOJBKO C BEHICOKHM TeXHHYe-
CKHM YpPOBHEM ero BHIMOJHEHHH, CKOJIbKO C YBEPEHHOCTbIO PYKOBOICTBA
B LEHHOCTH €ro pesysibTaTOB, MOSABJANUIeHCS NPH NPaBHJIbHOM MOJ-
Xome K NpOBeleHHI0 HCCJeROBaHHA. DTO 3aKIloueHHe He cielver IO-
HHMAaTh TaK, 4TO BHICOKHH TeXHHYECKHH ypOBeHb He MMeeT OTHOLIEHHS
K yciexy Aena; OHO JHIIb NOAYEDKHBAET, YTO HeJb3s He YUHTHIBATDb-
WM HeROOUEHHBATb BAXKHOCTb YYaCTHS DPYKOBOJHMTEJeH, eclu Bl XO-
TUTe AOOUTbCA MAaKCHMaJbHOH CTeMeHH peajusalud BO3MOIKHOCTEH,
TI0CKa3blBa€MbIX Bailedl MOAeJbIo.




TIPMNOXKEHMUE B

TEHEPATOPbI CNYYAWHbDIX BEJIMYMH

Beenenue

Jlpu NMOCTPOEHHH CTOXACTHYECKHX HMHTAUHOHHHX Mojesell HeoOxonH-
MO 0O0eCHeYHTh BO3MOXKHOCTb FeHepHPOBAHHSA CAYYANHEIX BeJHYHH
JuCo ¢ nomowplo Tabaun, MO0 MO TeOPETHYECKHM 3aKOHAM paclpe-
JlejleHHsi BeposiTHOCTell ¢ Tpe6yeMblMH napaMeTpaMHu. Kak ykassiBa-
Jioch B pasi. 2.9, A7d 3TOH LeJH HCMOMb3YIOTCA CayvafiHble YHCIA HAH
Be6opkn mo Metoxy Monre-Kapao. Ecrecrsenno, uTo, ecau Hama
MMHTAaUHOHHAS MOAENb NPOCUHTHIBaeTcs Ha DBM, MBI HOMKHEI HMETh
BO3MOXKHOCTb 1) NOJy4aTb paBHOMEDHO paclpeleseHHble caydaiHble

YHC/Ma H 2) HCNONBL30BATH 3TH CAyuaHHble UHC/AA AJSA TEHEPANUH CJy-

YaHHBIX BeJHYHH C TpeOyeMBIMH XxapakTepHCTHKaMH. bubaunorexku
nporpaMm GoaplinHcTBa DBM BKIIOYAOT ¢ 3TOH NeNbIO CleNHANb-
Hble CTanAapTHble NOAmporpaMmsl. IlporpaMMHCTy B TakoM ciydae
Jierye BCEro BOCNOJB30BATHCA yXKe HMEOWHMHCA NOATPOrpaMMaMH
(ecnn OHH COCTABJIHH HOCTATOYHO ynoGHO). B Tex opraHHaauusx, Ko-
TOpbIE €le He HMEIT JOCTaTOYHOrO OMBITA IOCTPOSHUA HMHTAHOHHBIX
Mo1esel, IpOrpaMMHCThl 4acTO O6HAPYKHBAIOT, YTO HyXKHbe HM CTaH-
JapTHHe NOANPOrpaMMH JHGO BoOOIIe He BKAIOYEHB B GHOJHOTEKY
CTAaHAAPTHBIX NOANPOrpaMM, JHu6o coiaepxkar MHoro omutok. Iloaro-
My B HACTOSIIEM NPUJIOKEHHH NpHBOAATCS Hekortophle Poprpa-npor-
PAMMEl, KOTOPHE MOTYT OKa3aThCS IIOJE3HBIMH IS Da3paGOTUHKOB.
Ho noasienns DBM B kayecTBe reHepaTOPOB CAyYaHHBIX YHCE
¥CIONb30BANHCh MeXaHHYeCKHe YCTPOHCTBA — KOJeCO DPYJETKH, Cle-
IHANbHble MrpajbHBIe KOCTH H YCTPOHCTBA, KOTOpH INepeMelIHBaJH
GHIIKH ¢ HOMEPaMH, BHITACKHBAaEMHEe BPYYHYI No ogHoH. Hexoropnie
H3 1OJOGHBIX YCTPOMCTB JAlOT BIOJHE YHOBJETBOPHTENbHEIE De3yJb-
TaTel B cAydae JHIIb HeSOJBLIOrO KOJHYECTBA (HLIEK HIM ducel.
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[To Mepe pocTa NpHMeHeHHs CAyYallHBEIX WHCeN AJsA YCKOPEHHS HX
reHepHpPOBAKHS HCCAEJOBATENH CTAaNH O0pallaThCd K MOMOLLH 3JEKT-
DOHHBIX yCTpoiicT, HEeCOMHEHHO, caMbiM H3BECTHEIM GBUIO NPHMEHEHHE
TAKHX YCTPOHCTB /s TeHEPHPOBAHHSA cayualiHpIX uHcen B (upme
RAND Corporation, rae Aas 3TOr0 HCIOJNB30BaJCA 2JIEKTPOHHBIA HM-
NyJAbCHEL reHepaTop, YNPABJASeMbll HCTOYHHKOM LIyMa. OnHH MHMIH-
OH cayuaiHBIX 4HCeJ, c)OPMHPOBAHHEIX STHM yCTPOHCTBOM, BK/IOYEH
B kuury [21], BeiyliesHyl GHPMOH RAND, a rakxe cymecTByeT
B 3alUCH HA MarHHTHOH JIeHTe.

IMpuMenenHte MOZOGHBIX YCTPOHCTB CBS3aHO ¢ ABYMS TPYAHOCTAMH.
Bo-nepBuX, BECbMa HeJerko MOCTPOHTh H IOCTOSHHO MHOAAEPIKHBATH
paboTocnoCcoGHOCTb (PH3HUECKOro yCTPOHCTBA, H3 KOTOPOrO 3BM &
n06oe BpeMsa Moria Obl IIOAyyaTh ClydYadHble uHCAA. Bo-BTOPEIX,.
yHcMa, reHepHpyeMple TAKHMH yCTpOficTBaMH, He MOTYT BOCIDOH3BO-
AUThCSA TNOBTOPHO, NOSTOMY CTAHOBHTCS HEBO3MOMKHBIM OCYLIECTBJEHHE
KOPPEJHDOBARHEIX IPOrOHOB HMHTALHOHHOH MOJENH (paccMOTpeHHBIX
B pasa. 5.16). KoneuyHo, 3Tu TPYAHOCTH MOXKHO 0GONUTH TaKHM MyTeM:
HOJAYYHTh BeCh HA6Op CAydaHHHIX YHCEN H XPAHHTb €ro B ocoboM Mac-
CHBe B MAIIMBHOK NAMSATH WIH Ha JeHTe, BHI3BIBAs IO Mepe HeOGXOXH-
MocTH. JIas Takoll NPOLeAypPH, K COXaJeHHIO, TpeOGyeTcd MHOro Bpe-
MEeHH u 60/pliod oObeM MalUMHHOF MaMATH, NO3TOMY B 3ajayax, TAe&
HMeeTcs GOJbIIOe KOJHYECTBO CAy4aHHBIX YHCEN, OHA HENPHTOAHA.

C 1nOMOIBIO pPeKypPEHTHHX MAaTeMaTHYeCKHX METOLOB peanH3o-
BAHO HECKOAbKO AJTOPHTMOB IeHEDHDOBAHHA ICEBAOCHY4AMHBIX YH-
ceq. Mu Ha3pBaeM 5TH ukMc/la NMCEeBOCAyYaHHEIMH NOTOMY, YTO (ak-
THYeCKH OHH, JaKe IPOAA BCe CTATHCTHYECKHe TECTHl Ha CAYYaHHOCTh
¥ PABHOMEPHOCTb PACHpejeseHus, OCTAlTCA NONHOCTBIO AETEpMHHH-
POBaHHHIMH, DTO 3HAUHT, UTO eC/IH KaXJbli LHKI paGoTH reHeparopa
HAYHHAETCS C OXHUMHU M TeMH YKe HCXOAHBIMH LaHHHMH (KOHCTaHTaMH
H HayaJbHEIMH 3HAUCHHSAMH), TO Ha BHIXOJE MBI [OJyyaeM OJHHAKOBHE
mocJaeZoBaTeqbHOCTH uHcesd. Takoe CBOHCTBO IMO3BOJAET NPHMEHATH
METONE KODPENHPOBAHHOH BHOODKH, 00CYXKIaBIIHECA B pasi. 5.16,
HO TOTZAa HeOOXOAHMO CJEIHTh 32 TeM, uTOOH He NIpHATH K TOH XKe
0CTe0BATEIbHOCTH, KOTAA Mbl 5TOTO HE XOTHM.

MeTonaM BLYHC/AEHHS CAy4aiHbIX YHCEJ H reHepHPOBAHHS Caydaii-
HBIX MepeMEHHHX TMOCBAIEHO MHOXKECTBO TEODeTHYECKHX pafor; orpa-
HHUYeHHBI OOBEM KHHMIH He IO3BOJNSET HaM DaccMOTPeTh HX 31eCh.
BesmKosenHbdi 0630p Mo paboraM, omyGaHKOBaHHEM 10 1962 r., Gbla
nanucan XanioM u JloGenaom [5]; 6uGanorpadus 0630pa COLEPKHT
oxono 150 HamveHoBasuA. DTHM e BONMpOCaM IOCBflleHa MOHOrpa-
¢usa Succona [8], moasuswasics B 1966 r.; B GubIHOrpadHI0 BKIOYE-
1o okoso 300 nammenopaumi. B kumre Hedmopa u np. [17] atu Bo-
TPOCH PACCMOTPEHH B ABYX I/aBaxX; KHHra COAEPXHT TaKKe CTaH-
lapTHEIE TNOANPOTPAaMMbl TeHEPHPOBAHHA CIyualHBIX 4HCEN Ha
Qoprpane.
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Meroj cpeHHHBIX KBaJAPaTOB

OIBOH U3 NepBHX apHPMeETHUECKHX NIPOUEAYpP, HCNOB30OBABHEIX AT
BEIYHC/ICHHS  MOCJAEJ0BATENbHOCTEH DAaBHOMEPHO paclpeleseHHBIX §
NCeBROCAYYaHHBIX yHCeN, GBI METOX CpeNHHHBIX KBAaAPaToB. B 3ToM
Merofle, npefsoxenHomM ¢don Hefimanom n Merponoancom B 1946 r., i
Ka}Jloe HOBOE YHCJIO B IOC/AENOBATENLHOCTH INOJNYYanoCh B3ATHEM
CpEeNHHX m nH(p H3 YHC/IA, TOJNYYEHHOro BO3BEJEHHEM B KBAaApaT
NE€PBOHAYANBHOrO /M-3HAYHOrO 4YHCA4. MeTOX CpeIWHBHIX KBalpaToB
COCTOHT H3 CJAEAYIOWHUX IIAroB:

1. B3sTh NPOH3BOJBHOE YETHPEX3HAYHOE YHCO, ;

2. Bo3sBectu ero B KBAaZpAaT H, eCHH HYXHO, 06aBHTH C/eBa HYJH
JI0 BOCbMH3HAa4YHOro 4HCJIA. 3

3. B3aTb yeThipe nH(PH H3 CepeNHHE B KayecTBe TEPBOro CAyyaii- |
HOTO YyHCaa. }

4. BosBecTw B KBaJpaT 4eTHIPEX3HAYHOe YHCJO, NOJYHYEHHOE HA §
ware 3 (ONATL IPH HeOGXOMHMOCTH 106aBJafAs cleBa HYJAM KO BOCh- 3
MH3HAYHOro YHucaa), ;

5. IloBropaTe warn 3 H 4 R0 HOJNYYEHHS HeOBXOMUMOTO KOJHYECT- §
Ba ClyyalHBIX WHCe.

Anst wAIOCTPAlHA METOAa NPEANONOKHM, UTO MepBOe YHCIO, KO-
TOpoe MH B3fnH, Xo=2152. Torga no stomy MeTony OyZeT BmIUHCTIE-
Ha TaKad NoCAeI0BATeNbHOCT YHCE:

X,=2152 (X,)*=04631104
X,=06311 (X,)*=39828721
X,=8287 (X,)*=168674369
Xy=6743 (X;5)?=45468049
X,=4680 (X4)?=21902400
X;=9024 U Te IO

K coxanenuio, 3TOT METOJ TPYAHO NPOAHAIH3UPOBATE, OH paboraer
CPaBHHTENbHO MEJUIEHHO H He JaeT CTATHCTHYECKH YJOBJIETBODHTE/b- M
HBIX pe3yapTaToB. Tak, HampuMep, KOPPeNALHIO MEXIy NepBHM uHC- I8
JIOM ¥ AJHHOH HenoBTOpAMIedcs HOCAeA0BATENbHOCTH (HaspBaeMOf -
MepHOOM) 3apaHee OLIEHHTb OYEHb TPYAHO. BecbMa uacro mociemoBa-
TENBHOCTh ClyyaHHBIX YHCEJ OKA3HBAeTCA CAHWKOM koporkoit. Ho,
4TO elle XyXe, B Hell MOXKeT BOOOIle OTCYyTCTBOBAThb CJAYyaRHOCTh. &
ITocMoTpHM, yTO OyHET, €CH B KayecTBe HAYaJLHOTO YHCJAA Mbl BO3b* &
meM Xo=4500:

X,=4500  (X,)*=20250000 3
X,=2500  (X,)*=06250000
X,=2500  (X,)'=06250000 ¥
X,=2500  mr.on £
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H3-3a 3THX HeNOCTATKOB MH He GyJeM PEKOMEHAOBATL UHTATEJNAM
3TOT METOA, OH JJIsi HAc NpPEACTaBJseT JHLWb HCTODPHYECKHH HHTepec.
Ero npexuaa nomyaapHocTh 0GBACHANACH TPOCTOTON ONHCAHHA H JIer-
KOCTpI0 NOBHMaHHA. B Hacrodjee BpeMs NOYTH BCe CTAHAADPTHHE
616AROTeYHble POrpaMMbl BHIYHCJIEHHS NOCJEA0BATENBHOCTEH PaBHO-
MepHO pachnpeleNeBBHIX CIyyaHBHX YHCEJ OCHOBAaHBL Ha KOHCPY3HT-
HBIX MeToZax, paspaborannbix Jlemepom [10].

MyJbTHIIHKATHBHBI KOHTPYIHTHBIR METOJ,

KoHnrpyssTHEI MeToz mpeicTaBaser cofoii apHQMeTHUECKYIO Npo-
IEeAYDPY MJIS reHeDHPOBAHHA KOHEYHOH IOCHeNOBATENLHOCTH PABHOMEp-
HO pacmpejeneHBHX uyHCed. C HCNONb30BAHHEM HECKONLKHX DEKyp-
PEHTHBIX (QOpPMYJ GHIO NMOCTPOEHO MHOMKECTBO KOHIPYIHTHBIX aJro-
PHTMOB. B ocHOBe KaXJOro M3 HHX JEXHT (yHAaMeHTaJbHOe NOHATHE
<KOHTDYSHTHOCTH»!); TpH HanGosee W3BECTHHIX METOAA — MyJbTHILIH-
KaTHBHBIH, CMEIlaHHHHA H aJNUTHBHBIA. PaccMOTpHM cHayala Myab-
THIVIHKATHBHBIH aJrOPHTM.

OcHoBHas (opMy/a My/JbTHINIHKaTHBHOTO KOHTPYSHTHOTO MeETOAA
HMeeT BHI:

Xipa = aX, (modm),

rfle @ H m — HEOTpHNaTedbHble Ueable yueaa. CorsacsHo 3ToMy BHIpa-
JKEHHIO, MBl JOJKHH B3AThb IOCAeTHee cayyaiiHoe 4HCaIO X; yMiO-
JKHTb €ro Ha IOCTOAHHBLIH KO3(G(HIHEHT @ U B3ATh MOAYJb NOJYYeHHO-
ro yucaa mo m (T. €. pasfesHTb Ha aX; U OCTAaTOK CYHTATh XakK Xii1).
[MosToMy A resepHpOBAaBHA NOCAEOBATEJIBLHOCTH yHced X; HAM He-
00XOAUMBL HayaabEbie 3HaueHHA Xo, MHOXKHTENb @ H MOAYJb m. Jlio60#
reHEepaTop NCEeBAOCAYYaHHBIX YHCE] MOXKET NaTh JHIIbL KOHEYHOE MHO-
2KECTBO IeJBIX CAYYalHBIX YHCeJ, T0cae KOTOPOro IoCJael0BaTeIbHOCTh
HayHHaeT noBTOpAThCA, [lepHOX, MM AJHHA NOCJefOBaTeJqbHOCTH, P
32aBHCHT OT BHIYHC/JHTENbHOH MALIHEH H OT BLIOPAHHOrO MOAYyJs, a
CTAaTHCTHYECKHe CBOMCTBA MOJYYeHBOH MOC/JeA0BATENbHOCTH 3aBHCAT OT
BHOOpa HayaJpHOrO 3HAYEHHA H MHOXKHTend. TakHm o6pasoM, BHOH-
path a, Xo B m caefyer Tak, 4ToObl 00GeCHEeYHTh MaKCHMAJbHBIR Ie-
PHOJN H MHHHMAJbHYI0 KOPDEAIHIO MeXAy eHeDHPYEMBIMH YHCAAMH.

IpaBunbEEIA BEIGOD MOAYJA He 3aBHCHT OT CHCTEMBI CUHCHEHHS,
icnosib3yeMoki B fanHoih DBM. CaMbIM ecTecTBEHHHIM GHIIO Ol B3ATh
m paBHBIM NJIHHe MaluuiBOro ciaoBa. Jas DBM, riae npumensercs
JABOMYHAs CHCTEMA CUHC/eHHA, m OyneT paBHo 2°, rae b — umciao

D Jga uensix udcaa A u B KOHrpYSHTHH (CPaBHHMH) NO MOAyTio m (rie m —
neJsoe ‘{PICJIO) TOrZa H TOJBKO TOrjxa, Korja cylecTByeT Takoe LesNoe UHCJIOo k, 41O
A—B=Fkm, T. e. eciH pasHocts A—B nenutcs Ha m u ecqm uMcaa A m B naior
OXHHAKOBbIe OCTATKH NPH NeJIeHHH Ha aﬁCO.’HOTHYlO BEJIHUHHY 4YHCIA m. 3to onpepe-
Jenne 3anuchiBaeTcs Kak A=B (mod m) u unraercs «A KourpysutHo B mo moxmy-
10 ms.
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aBouynblx uudp (6HT) B MamuHHOM ciaoBe. s AecATHYHEIX MALUHH |

M=104, rze d —unucao AecaTHYHHX 1Mdp B MallpHHOM cjloBe. Mak-
CUMaJbHBI TMepHOX (KOTOPHIH NOJydyaeTCs NPH NPaBHJbLHOM BhGOpE
a u Xp) Toraa pasex

m
P =202 =7~ A mBOWMHOE chcTeMH C b2>2,

P =5.1042 = —;& IS NecATHUHOR cHcTeMsl € d > 26

DTOT mepHOJ, HAH AJHHA MOCHELOBATEbHOCTH, Peain3yeTca TONBKO NIPH
CIenHaNbHO BbIGpAHHBIX 3HaueHHAX Xo H a. BbIGOP 3TOT ONATH-TAKR

3aBHCUT OT Tuna DBM. JlyifA ABOHYHOH MaIUHHBL
=8T = 3,

rie T MoxKeT GHITb JIOOHIM IEJbIM TOJNOKUTENbEBIM YHCAOM, a Vo— ;
yucgaoM. s mecATHYHOH 3

JIOOBIM MOJOXHTENbHBIM, HO HEYeTHHM
MalIuHB

a=200T = Q,

rie T — moboe 1enoe MOMOKHTENbHOE YHCAO, a Q MOXKeT NPHHHMATh {
ONHO M3 CJAeAYIOIHX 3Hauewu#t: =+ (3, 11, 13, 19, 21, 27, 29, 37, 53, {

59, 61, 67, 69, 77, 83, 91). B kauecTBe HauaJBHOrO 3HayeHHS B CJAY-
Yae AeCATHWHOR CHCTEMH CYHC/IeHHA Gepercsl JI060e HeueTHOe IOJIO-
JKHTeJbHOE YHCIO, KOTODOe He JeJHTCS Ha 2 WIH Ha 5. .

Jna toro 4yTo6n AOOMTbCA IONYYEHHA HEKOPPeNMPOBAHHOH noOC/E-
IOBATEJbHOCTH, Hafo emle GoJee OrpaHHYHTbL BBIGOD MHOXKHTENR @.
HekoTOpsle aBTOPHl PEKOMEHAYIOT C LEJbI0 MHHHMH3ALMH KOppeas-
uH BHIGHPATh MHOXKHTENb IIPHGIIM3HTE]BHO PABHBIM KODHIO KBaZpaT-
Homy u3 Mozyas m [5, 7, 8]. K coxa/neHuio, 9TOT COBET 0Ka3ajics
necocrosTeabnbiM. KaBbio B Makdepcon B paGote [2] u Ban I'eazep B
pabore [27] mokasamu, yTo npH a=m'’

MBl AefiCTBUTENbHO TONY+ 3
YUM Malylo KOPPeNlHI0O MeXJy NapaMH COCeLHHX YHCeJ, HO BECHMA

GonblIylo — MexJy TpoHkamu. [To 3THM ¥ II0 HEKOTOPHIM JApyrHM &

NnpyUYMHaAM BeJMYUHA @, OUYEBUAHO, He NOJKHa ObITh CBSI3aHA HHKAKOR

(YHKIHOHAIBHON 3aBHCHMOCTBIO C M. B KauecTBe 3TOr0 MHOXHTENS

Ayuuie BRIGPATh YHCJAO, CopepKallee NATb WAH Goablie LD 63 <

IJIAHHBIX IElIOYeK HyJeH U eIHHHIL.

Clefysa 3TUM DeKOMEHAAIUAM, HCCIeIOBATENb
Gosee yeM [OCTATOYHOE KOJIMYECTBO CJAyYaHHBHIX 4HCEJ IIOYTH OJAR
A1060f#i HMHTAUHOHHOA 3aZayd. 3aMeTHM, OJHAKO, YTO, XOTA BLIOOP
m=2% yau m=10¢ ycxopsieT u ynmpouaer BbIUHCIenHus, O He obecne-
yHBaeT NOJNYYyeHHe TNEPHOJA MAKCHMAJbHOH AJHEH. BOsbluyno IauHY
TIOC/IeZIOBATENILHOCTH B CJy4ae, ec/H Ha3BaHHble INPOUEAypH ee He
1410T, MOXKHO TOMYYHTb 1I0 MeTOAY XaTUHHCOHA [6], yacTHuHO NOXKEPT-
BOBaB JJA 3TOrO CKOPOCTBHIO BhIUHCAeHHHA. Ecan B3ATE m, paBHOe HaH-
GoJiblIeMy IIPOCTOMY 4HCHY, KOTOpOe MeHblle yeM 2b, u a, paBHOE

CMOXKET I10.J1Y4YHUTh
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nepBoo6pasHoOMy KODHIO H3 fm, MaKCHMaJbHas AJHHA I10C/Ae10BaTelb-
HOCTH OyjeT yBeduyeHa ot m/4 go m—1.

[TpoueAypy BhiuHcAeHHs caydyalHeIXx yHcea Mexay 0 u 1 MoxnO
NpPEeJCTaBUTb B BHJE II0CAEZOBATEJIbHOCTH H3 C/EAYIOUHX LIATOB:

1. BaaTe B xauecTBe HAYaJbHOTO 3HAUEHHA JI000€ YHCIO, COMEp-
JKalllee MeHee [1eBATH 3HAaKOB, H 0003HaYHThb €ro Xo. DTO YHCJIO MOXKHO
BbIOpATh IPOH3BOJIBLHEIM 06Da3oM, HalpHMep C IIOMOMbBIO TaGJaHIB
cayyaligex yicea (taba. I1.B.1).

2. YMHOXKITH 5TO YHCJIO Ha KOHKPeTHOe YHCJO @, COAepiKalmee MO
MeHbLIefl Mepe MATh 3HAKOB.

SUBROUTINE RANDUM (IX,IY,RN)

1 IY = IX*

2 IF(IY)344

3 IV =1Y + m
4 RN = IY

5 RN = RN#m!
6 IX = IY

7 RETURN

8 END

Puc. ILB.1. TlporpaMMa reHeparopa paBHOMEPHO DACHDEXENECHHBIX CHAYYaAHHBIX uH-
cedl.

3. Ilpon3BejieHHe, N0JyYeHHOE Ha IWare 2, yMHOXKUTh Ha IeJ0Oe HJIH
Jpo6HOe uHeJO, paBHOe 1/m. YMHOMKeHHe PEKOMEHAYETCs IOTOMY, UTO
OHO siBaisieTcs GoJiee GHICTPOR omepauuelf mas SBM.

4. BaaTh ApOGHYI0 YacTb pe3y/abTaTa, IOJYYEHHOrO Ha ware 3, B
KauecTBe NepBOTo cayyafioro uuciaa 0<X<Cl.

5. Mcknounts ¥3 yHcaa, NONYYeHHOro Ha Iuare 4, 3anATyo, H HC-
MOJb30BATh ero B KayecTBe X, YMHOXAEeMOro Ha g B ware 2.

“6. [MoBTopsiTe wars 2—5 40 MOMYYEHHS BYXXHOTO KOJHYECTBA CIy-
qallBpiX YHCes.

C noMompio Takof NpoueAypH BBIYHCASIOTCA CAyualiHEe 4ucaa
Mexay 0 u 1. 3ro obaeruaer, Kak Mol YBHAHM B JajpHellueM, HX Hc-
TONb30BAHHE B JAPYPHX resepaTopax cilydafiHHX IepeMeHHbIX. [lepe-
\OJ OT neCATHYHOH ApOGH K LeJOMy uHCay TpeGyeT BCEro JiHIb VM-
1{0}KeHHsi Ha 4HcaA0 10 B COOTBeTCTBYOmEH CTeNeHH .

HomnporpamMma renepHpOBaBHs PaBHOMEPHO pacIpeaeleHHBIX CJ1y-
aHBBIX YHCEJ C NOMONIBI) MYJBTHIVIHKATHBHOIO KOHTPY3HTHOTO MeTO-
12 COCTOMT BCero M3 HeCKOJNbKHX IuaroB. [T09TOMy KaXKiplii pas TaM,
"le B mporpaMme 3aiauu tpebyerca ciyuyalHoe 4YHCJIO, ee HETPYLHO
N0BTOPHTb. OaHAKO GOJNBUIMHCTBO IPOrPAMMUCTOB NpPEANIOYHTAIOT HC-
101b30BaTh OJAHY CTAHAAPTHYIO NOANPOrpaMMy KaK OGIUMA HCTOYHHK
1451 BCeX CAyyaHHBIX yHCes.

O6wuii Bu1 Qoprpan-nporpaMmet RANDUM nanst sToit mpomenypol
noxasau Ha puc. [1.B.1. 3aMerTnM, 4T0 X0 NepdOpUPOBAHHA NpPOrpaM-
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MBI aHaJHTHK AOJXKEeH 3aME€HHTb KOHCTAHTH @, m H m-! ux e CTBH-
TeJbHBIMH 3HAYEHHAMH.

IIJ'IH BBHINNOJTHEHHS TIOANIPOrpaMMEl HCIOJNB3YETCA ONepaTop BhI30Ba
remeparopa CJIy‘«IaﬁHbIX qucea

CALL RANDUM (IX, IY,RN)

BennuuHa HayanbHOro 3maueHHA (HEYETHOE LEJNOe YHCJAO, COJep-
Kallee MeHee JeBATH JAECATHYHHIX 3HAKOB), KOTOpasd 3alHCHBAaeTCS
B kayectBe 1X, 3ajaercd HCXOAHHIMH JaHHHIMH nHKAa. C IoMOWbIO
3TOH MOANPOTPaMMBl MH MOXeM IOJYYHTb JI000e KOJHYECTBO IOC/e-
JNOBATeNLHOCTE! HE3aBHCHMBIX CJAYYAMHBIX YHCeJ, 3ajaBafd 11 Kax-

noro navaabHoro 3HaueHus I1X1, IX2 u 1. a. pasuble Bennunnw. [locre
OKOHYaHHS KaxAOro HHKJa BHXOA IY 10/MKeH 3aMeHaTbess BXOJIOM C &'
nomompio omepatopa IX=IY, noarorasnuBaiomero moxnporpaMmy x g
CleNYIOmWeMy nuKkay. Ecan oTo caeaalo, T0 B KauecTse pesyJbTHpYIO-
Ilero C/ay4ya#HOTO IeJOro YHcjla MOXKHO OpaTh ai06oe TeKyluee 3Ha-

genne X uan IY.

Upes, sanoxennas B 5TOM aJroputMe, mpocra. Onepatop 1, He-
TOJIb3YS 1eNIOYHCIEHHYI0 apHpMeTHKY ¢ QHKCHPOBAHHON 3amATOl, BH-
4Hcaser 3HaueHHe aX; DTo mpousBefeHue OyIer uMeTb MAHHY 2b
IBOWYHBIX Pa3pAfoB; cTapliHe pa3pAABl OTGPACHBAIOTCA, a MJaAllHe
Gepyrca B KayecTBe [€PBOr0 uJ/€Ha NOCTEN0BATEJBHOCTH, Xity.
KoManza uenounicleHHOro ymHOxeHHs Ha QopTpaHe oT6pachBaer
CTaplliye pa3psiibl aBTOMATHYECKH.

Omepatopst 2 1 3 B 9TOH HmOAnporpaMme o6ecleyuBaIOT MOJOKH-
TeMbHBIH 3HaK yxcaa Y, mosyyaeMoro mpm oTGpacHIBAHHH CTapUIMX
paspAnoB mo KoMaHje oneparopa l. Benwunna, koTopyio npuGasiser
K pe3yJbTaTy omeparop 3, NIpeAcTaBiser cOo6oH MaKcHMAaJbHOE Iie-
Jloe YHCIO, KOTOpOe MOXKHO BBeCTH B MawuHy. OObuHO B KauecTBe
Takoro uymcia npuruMaerca 2°-'4-1. Onepatopst 4 u 5 1a0T pesy.n-
Tar ¢ MIaBalomed TOYKOH. B pesysbTare BHIMOMHEHHS KOMAaHIbl Olle-
paTopa 5 MH moJydaeM CiyyafiHOoe UYMCJAO C MJaBaiollell TOYKOH B
uurepBaie (0,1), umenyeMoe RN.

Hpunmep 1
Iomnmporpamma ans 3BM ¢ 32-paspsigubiM c10BOM mpH a=>513=
=1220703125 Gyner BHIrAsSLeTs CleAyOmUM 06pa3om:
SUBROUTINE RANDUM (IX,IY,RN)
1Y =1IX*1220703125
[F(IY)3,4,4
IY =1Y + 2147483647 + 1
RN=IY
RN=RN* 0.4656613E — 9

Tl W RS =

6 X=IY -
7 RETURN
8 END

Ienepatop Jlemepa

B kunre Mafisa u Kokca [15, crp. 87] onucana mommporpamma,
paboTaowas 4yTh MeiJeHHee U OCHOBAHHAS Ha ONepalUH AeJeHHS.
Omna HCnoJ/b3yeT MpOCTHe YHCAa B KayecTBe 3HAUEHWH MOLYJISA H MHO-
KHUTEb 4, DABHBIA TIOJIOXKHTENLHOMY NEePBOOGPA3HOMY KOPHIO H3 1
(comepxalieMy MHHHMYM ueTsipe paspana). 3Ta NMOANpOrpaMMa Aa-
€T B IBa pa3a GoJbIUYI0 TOYHOCTb. B OCHOBe ee JIeXHUT ules, NepBoO-

HayalbHO BBICKa3aHHadA JleMepOM M CTAaTHCTHYECKH poBepeHHas XaT-
YHHCOHOM [6].

IIpumep 2

HOns 3BM ¢ 36-paspianuM cloBOM HauGoabllee npocToe YHCJO,
MeHbliee 2%, ects 2%—31, Kotopoe HCIIOJIb3yeTCsl B KauecTBe .
TlepBooGpasnble KopHu H3 m paBHE! 5% u 5%, B momnmporpamme, omu-
cansofi B [15], nocrosuHas a paBHa 5°=3125 (uTo corsacyercs ¢
3anuceio 8T=3, rne T=391) u m=2%—31=34 359 738 337.

SUBROUTINE RANDUM (IX,RN)
X=IX*3125

RN=FLOAT (IX)/34359738337. DO
RETURN ? _

END

Ormerum, yro DO o6osnauaer xBoliHy0. TOUHOCTh H uTo IX aBTO-
MaTHYECKH MEHSETCs ¢ KaXAHM uukaoM. IlceBaocayuafinoe uucno ¢
nnaparouleli Toukoli RN (B unrtepBane Mexny 0 m 1) moayuaercs B
BBI3BIBAEMOH NporpaMMe BCAKHH pa3, KOrZa B HeM BO3HUKAET HeoBXO-

anMoctb. Tlepuon, wmi ainHa 10C/Ae0BATeNbHOCTH, paBeH m—I1, win
2%—32, Lo :

Jlpyrue KOHrpy9HTHbiE MeTObE

Ha ocHoBe KoHIpysHTHOH (opMysH GHIH CO3JAHH U HCHHTAHH
GyKBaAbHO NECATKH TeHepaTopOB NCEBAOCAYUAaiHHIX YHcel. TOMCOHOM
[25] GBlin mpeanioXeHH KOHrDYSHTHHIE TeHEPATOpH, HASHBAEMHE
OGLIUHO..CMEULANNbIMY KOHZPYIHTHEIMY. PaboTa sTHX reHepaTopoB: 0C-
HOBaHA HA HCIOJb3GBAHHH (HOPMYJIH . o

' Xr=aX,+ C (mod m),
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[pu, Cmur u Kaem [4] npeldoXuan aiXuTHBHBHIA KOHIDYSHTHHIA
MeToX. OH OCHOBAH HAa HCNONb30BAHUM PEKYDPeHTHOH (opMyanl

Xpa=(X;+ X;—y) (mod m),

Mpyu Xo=0 u X;=1 3ToT aATOPUTM NPUBOAUT K OCOOGOMY Cay4alo, Hi-
3HiBaeMOMy INocjaefoBaTedbHocTh0 (PH6oHayun. B kuure Kuyra [9]
obcyxnaeTcs Oodee CROXKHHA alINTUBHBIA MeTON.

Magaapenom u Mapcaass [11], Becraefixom [28] u npyrumu
apTopaMy INpelJgoXeHa KOMOWHAUHS IBYX KOHIPYSHTHBHIX TeHepaTo-
pOB ¢ IepeMelHBaHHEM IONYYaeMHIX IOCJefoBaTedbHOCTel. Makaa-
peH u Mapcaabs BMecTe €O CMeLIaHHBEIM KOHTPYSHTHHIM reHepaTopoM
HCIO/b30BaJH TAaKXKe MacCHB TafJHI 4HCea H3 omyGaHKoOBaHHON (up-
moit RAND [21] rabanust cayuaiineix yucea. Kaxaw#i pas, korna
H3 Tabauubl 6panoch cayyalHoe YHCJO, HA ero MeCTO 3aHOCHJOCH ero
H3MeHeHHOe 3HayeHHe, NOJYYeHHOe C INIOMOLIbIO CMelIaHHOro KOHrpy-
3HTHOTO réHepaTopa.

Bce 31u nmpepsiokeHHS HamnpaBleHHl Ha TO, YTOOH MOJYYHTb reHe-
patop, au6o paboraioomuii OpicTpee, AH60 AAKOWHA JayyliMe Xxapakre-
PHCTHKY ToJydaeMBIX nociefoBaTeabHocTedl. TulaTedbHOR CTaTHCTH-
4eCKOH NPOBEPKe INOABEPrajuch reHepaTOPhl, KOTOpbie NpemJIOXKHIK
Kasbio 1 Maxdepcon [2], Ban Teaxep [27], SAnccon [8], Topenurrefin
[3], Maknapen u Mapcaaba [11], Xaaa u Ho6eaa [5], I'pun u mp:
[4], Cmur xFQ.‘S] ¥ JApyrde aBTOpHl. Pe3yabTaThl HX IIpOBepPOK IOKa-
3BIBAIOT, 4TO, XOTA KaxAbI H3 reHepaTopoB HMeeT NpeHMYyLIecTBa
Npy ONpelleleHHHX YCAOBHSX, BCe GHH BeCbMa YyBCTBHTEJbHH K BHI-
60py HayaabHBIX 3HAYeHWH H KOHCTaHT. MHe JHYHO Kaxercs, 4TO IO
CPABHEHH0 ¢ MYJbTHININKATHBHBIMH aJrGDHTMaMH B GOJBLIHHCTBE
cayyaeB nmpHMeHeHHe KaKHX-1100 WHBIX KOHIDYSHTHHIX MeTOJOB HHKa-
Kux npeumyuiects He naeT. Ha GoasmuHcTBe IBM MyabTunankaTup-
Hble MeTOAB paboTaloT NG KpafiHeHd Mepe HMUYTb Me MelJeHHee ApYy-
FHX, HO HX NpHUMeHeHHe B TO e BPeMsl JHIUEHO KaKHX-AHG60 NOMOJHH-
TeJNbHHIX TPYAHOCTel (€c/aH, KOHEYHO, HauaJbHBle 3HAYeHHS H KOH«
CTaHTH BHOPAaHH B COOTBETCTBHH C peKOMeHIALHSMH, JAHHEIMHA B
pasx. 11.B4). - :

MpoBepka caydafiHoCTH

TlocKOABKY H3BECTHO, YTO HPH HCHONE30BAHHH .JAeTepPMHHHPOBaH«
HBHIX AArOPHTMOB TOJNyYaemas NOCAe0BaTeAbHOCTb ABAAETCA HEe YHCTO
¢iryuafinoli, a ncesRocaydafifiofi, yMecTeH BONPOC! HAcKOABKO GaHSKH
3TH NOC/AEJOBATEAEHOCTH IO CBOEMy IOBEACHHIO K cayyafinbim? JLast
3TOTQ TIPeANaraioch TPHMEHSIIOCh BeJHKOe MHOKECTBO CaMbIX pas<
ROOGDa3HEIX MeTONDB CTATHCTHUECKMX WCIBITaHAH: "EciHM NpUMEHHTH
BCe 3TH HCIBITAHHA, PEKOMeHI gMHé; KaK- COBEPIIEHHO ‘He0OXOAHMHE,
TO YKWCJIO TaKHX TeCTOB OYIEeT:dTdiib; B&MKO, UTG MBI HHKOrZa He JO-

o8
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GepeMcsl 10 mpPHMeHeHHA Hallero reHepartopa. Cpegu HauGolee uarrTo
HCNIONb3YeMHEIX TeCTOB MOXKHO YKa3aThb CAelylollHe:

1. Yacrornoie TecTol. Manoab3yor AM60 KPHTEPUH XHU-KBAAPAT, JHGC
kpurepuit Koamoroposa -— CMHPHOBa IJs. CpaBHeHHS GJH30CTH pac-
UpefeNeHus IodyyeHHOro Habopa YuCel K DPaBHOMEDHOMY pacmpe-
neleHHIo. -

2. Cepuanbnbui Tect [13]. Puxcupyer yacTorl NOSABJAEHHS BCEX
BOSMOXKHBHIX KOMOHHanu# yncea 2, 3, 4,.. H IPOBOXHT OLEHKy HOJY-
YeHHBIX JAHHBIX 110 KPHTEPHIO XH-KBalpaT.

3. Hnrepsaavnoii rect [22]. [IpoBoAWT NMOACYET 3HAKOB, NOABAIO-
IHXCA MeXAy NOBTOPAaMH KaKHX-1H60 UKD, H CPAaBHHBAET pe3ydb-
TaT C OXHJIAeMBIM N0 KPHTEPHIO XH-KBAajApar.

4. LHukauueckud tecr [22]. TIpoBepsieT KOaHYeCTBO LHKIOB HHXKe
H BHIUE HEKOTOPOR KOHCTaHTH (OGHLIYHG BeAHUHHBI MareMaTHYEeCKOTO
OXHJaHHA). B 3TOM TecTe NOACYHTHIBAETCA HCTHHHOE YHCIO LHKIOB
PasHOH IMHHB, KOTOPOe CPAaBHHBAETCHA C OXKHJAAeMbIM IO KDHTEpHIO
XH-KBajpaT.

5. Cnekrpasensui tect [2]. Ha ocHoBe mnpuMeneHHs aHaau3a
®ypbe H3MepseT CTATHCTHYECKYIO HE3ABHCHMOCTb COCEAHHX TPYNN
uucea. Kuyr [9] xapakrepuayer ero Kak HauGOaee UYYBCTBHTEJb-
HBIA TeCT.

6. [lokep-trect [22]. AHanorhueH TecTy CHAyH KapT IPU Hrpe B
nokep. B 3ToM TecTe NOACYHTHIBAIOTCS NATH3HAYHBIE H Godee JHH-
Hble KOMOHHALHHK M3 PA3AMYHBIX UHdp NpH OnHOM, ABYX M Tpex mapax
KapT oXHOH MAaCTH U IOJHOM HAGope W HPOBOJHMTCA OLlEHKA COBMafe-
HHfl Pe3yJAbTaTOB € GXHIAeMBIMH.

7. Asrokoppesnyuonnsie Tectol [22]. I3MepsoT KOPpeasiliuio Mex-
1y Xn B Xnin, THe k eCTb cMeuwleHHe IO reHepupyemo#i IoCJel0Ba-
TeabHocTH (R=1,2,3,...). :

8. Tecr d-xksadpar, nau rect paccroaxus [8]. IlocaexoBaTenpHbie
mape CayyadHBIX YHCeJ PacCMaTPHBAIOTCS KaK KOOPAHHATH BHYTpH
eIHHHYHOrO KBaApaTa; KBaApPaT PACCTOAHHSA MexAy ABYMA TOUYKAMH
CpaBHMBaeTCA C TEOPETHYECKHMH BepPOATHOCTAMH, 3aXaBaeMLHIMU CH-
CTeMO# ypaBHeHHH.

9. Hopadxosvie crarucruweckue tecTer [11]. IlpoBoaaT omenky
MaKCHMaJbHHX HAH MHHMMAJBHBIX BeJAWYHH COBOKYIHOCTH 7 HOCIe-
ROBATENbHEIX YHCeJ WJH OLEHKy RHAaNa3oHa HX 3HaueHH.
IpuBeseHHull nepeyeHs Rajeko He HCUEPNBIBAET BCEX MpeaJONKeH-
HBIX TecToB. [lpu KaxXIOM NPOroHe HMHTAUHOHHON MOXeNH aHAJHTHK
He uMeeT HM BO3MOXHOCTH, HH HeOGXOZMMOCTH NPOBOAHTH Bce 3TH
HCNHTaHuA. BooGule HMKakHe KpHTePHH He MOTYT TapaHTHPOBaTh
NoaydeHHst aGCOJIOTHO CAy4YalHOH MOCJAeROBATeNbHOCTH. Ilpu m060M
KOHeyHOM Habope KpHTepHeB NOCJEXOBATENLHOCTb, KOTOpAs NpoiileT
BCe CTATHCTHYECKHe HCIHTAHHA, MOXKeT OKa3aTHCA BCe }e COBepIeH-
HO HeNpHEMJEMOH IAS HeKOTOpHX mpuaokenuid. TakuM - o6pasom,
Bcerga CylecTByeT BEPOATHOCTBb, YTO CAMBIE TIIATedbHble HCIHITAHUS
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TOC/IeR0BAaTENbHOCTH He CMOTYT BHISIBHTb 2GCOMIOTHO BCEX €€ CBOMCTB.
B TakoM ciyyae jayulle MOAGHPAT: reHeparTop, MOMB3YSCh NPOCTHIMHU
TeCTaMH (THOA IEPBHIX YeTHPeX) M HEKOTOPHIMH JONOJHHUTENLHEIMH
HCIEITAHHAMH, HMEIOIHUMU HEMOCPEACTBEHHOE OTHOIUEHHE K pelraeMoi
sagaye. Torga R0 Tex NOp, MOKa MHl He IepeiifieM K HCIOJb3OBAHHIO

ApPYroro reHepaTopa, He NoTpebyeTcss GOMbIIOrO YHCAA CTATHCTHUECKHX
TIPOBEpOK.

PaBHOMepHOe pacnpejeneHue

PapHomepHoe pacnpepenenne (puc. I1.B.2) mpemcrasasier cobo#
HENMpPEpLBHYI0 (YHKUUIO INIOTHOCTH BEPOATHOCTEH, NOCTOSHHYIO BHYT-
pu HHTEpPBaNa OT @ 10 b u paBHYI0 HyJI0 BHE 3TOr0 HHTEpBaJa.

2

T

b-a |
I T
a b

Puc. I1.5.2. PasuoMeproe pacupesienciue. R

Ilnotaocts BeposthocTeli f(x)=1/(s—a), MatemaThueckoe oxupamne p=(6-+a)/2;
JHcnepcun 2= (6—a)?(12.

Jlns uMHTaluu DaBHOMEDPHOrO paclpefielleHHs Ha HHTepBaJe or

a mo b acnoabsyercs obpaTHoe npeobpasoBaHue QYHKIHH ILIOTHOCTH:

x=a+(b—a)RN, O RN, -

Ha pac. I1.5.3 mpuBenena yxoGuas Goprpas-nporpaMma LJismoay-
YeHNsi DaBHOMEDHO paclpefeneHHoli nepemenHoi. Ilpu Heo6XoAHMO-
CTH ee MOXHO BBHI3HIBATH € NOMOIIBIO ONepaTopa

CALL UNIFRM (A,B,X)

3uayenns A u B (uHTepecylomuii Hac AHanasoH) 3ajalTCs HA
BXOZE.

Pacnpeaeaenne Iyaccona

Pacnpenenennem Ilyaccona MOXKHO OomMcaTh LeJbl psj peajbHHX
mponeccos. Ecan MH BO3bMeM CepHIO M3 11 HE3aBHCHMBIX HCIBITaHHR
mo cxeMe Bepuyanu (aa —wHer, ycmex —Heyjaya ¥ 1. IL) ¢ Majof
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BEPOATHOCTBIO NIOSIBAEHHA COGBITHH B KaXKAOM M3 HHX, TO C pOCTOM
n BepOSTHOCTH TOro, 4To Mbl OyneM HaGMaOAATh MOsABJEHHe COOBITHA X
pas, NOAUHMHAETCS  IyacCOBOBCKOMY  3aKOHY  paclpeleneHHs
(puc. [1.B.4). D1uM pacmpejesesHeM, BalpHMep, ONUCHIBAIOTCS MHO-
rde SIBJIGHHS Ha ONpeJe/eHHOM OTpe3Ke BpeMeHH, HampHMep KOoJHye-

SUBROUTINE EXPONT (THETA,X)

1 CALL RANDUM (IX,IY,RN)
2 X = -THETA*ALOG(RN)
3 RETURN

4 END

Puc. [1.B.3. TlporpamMma resepatTopa cayya#HBIX BEJHUHH, PABHOMEDHO pacnpefeeH-
HbIX Ha uHTepBaxe (A, B).

Puc. [1.B.4. Pacnpenenenne [lyaccona.

[1noTHoCTh BeposiTHOCTeR [(X) =A%e™[x!, MaTeMaTHUeCKOe OXHAAHHE w=A, Aucrnep-
cust 02=A.

CTBO NOXKApOB, ABHAKAaTACTPOd, yparaHoB, KpyWEeHHI MOPCKHX CY-
JI0B H T. A.

Pacipenesenue ITyaccona OTHOCHTCA K 4HCIY AHCKpeTHHIX (T. e.
TaKdX, NP KOTOPBIX IllepeMeHHAs MOXeT NIPHHHMATh JHUIb LeNOYHC-
JleHHble 3HA4eHHd, BKJIOYAs HYJAb) C MATEMATHYECKHM OXHAAHHEM H
Aucnepcueft, paBHBIMH A. JIAMO4a MOXeT IPHHHMATh TOMBKO MOJIOMKHU-
TCJBHEle H He 06S3aTeNbHO LedOYHCIeHHble 35auenus. [las resepupo-
BAHUS NyacCOHOBCKHX IlepeMeHHBIX MOXKHO BOCIIOJB30BATbCA H3BECT-
HbIM COOTHOIUEHHEM MeXJy 3KCIOHeHIMaJbHBIM H IyaCCOHOBCKHM
pacupepeneEusiMu. CMBIC] €ro 3aKJI0YaeTcs B TOM, YTO €C/1H MOMEHTE
NOSABACHUS COOBITHA Ha HEKOTOPOM BpEMEHHOM HHTepBaje HMET
JKCIIOHEHIHAMbHOE pAcIpeje/eHre, TO HHCIO MOSBJIEHHH COOBITHI,
MpuXoAfileecss Ha KaIblf HHTepBaJ, OyHeT pacunpelieseHo I0 3aKOBY
[Tyaccona. Takum 06pasoM, OJAUH U3 METOLOB BHIYHCJECHHT NEpEMEH-
HBIX, TOLUHHAUIMXCA 3aKoHy [lyaccona, sakaiouaeTcs B TOM, 4TO Ie-
HepPUPYIOTCS 9KCIOHEHIHAJbHO pacHpeleseHHble MOMEHTBl HacTyIlle-
HUsL COGBITHH ¢ MaTeMaTHUeCKUM OXKHJIaHHeM, PaBHBIM 1, KOTOpBIE IIO-
TOM CYMMHUDYIOTCH O Tex MHOp, II0KA HTOr He IPEeBBICHT BeaHYHHY A.
Touep [26] mpennoxua Meron, paborammuil GpicTpee, B OCHOBE KO-
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TOPOFO JIEHKHT FeHEDHDPOBAHHE C/YYaHHBIX 3HAaYEHHH NepeMeHHoil r;,
PABHOMEpHO pacnpelieieliHblX B uHTepsade or 0 1o 1, 1o Tex nop, noka
HE CTaHeT CIPaBeAJNHBBIM CJelVIOliee COOTHOUIEHHE: -

x+1

X
l—lrz>“f—7":>nri.

i=0 i=0

SUBROUTINE POISSN (LAMBDA,X)

X =00

A = EXP(- LAMBDA)

s$=1.0

CALL RANDUM(IX,IY,RN) . L .
S = S#RN .

IF(8-A)9.7,7
X=X+10
GOTO4
RETURN -
END

1

R R T T

Puc. ILB.5. IIporpamma reunepatopa cayuaiiubtx BeaHuHH, pacnpejeneHHtLIX N0 3aKOHY
ITyaccona ¢ maremaTuueckum oxujannem LAMBDA.
i
[Toanporpamma na ®oprpane, peasnHsyloLias 3TOT METO1, MpHBE-
Aena Ha puc. ILE.5. BbI30B mojmporpaMmpl ocymecTBasercs onepa-
TOPOM o o

CALL POISSN (LAMBDA,X)

Bennunna marteMmariueckoro oxugamus (LAMBDA) sazaerca sa
BXOJe. - : - o

JKCnoHesKaJAbHOE paclpegeeHue

Kofia BepOSTHOCT HACTYIIEHHS COGBLITHT B MasioM HHTEepBaJe
BpEMeHy Af oYeHb Masa M He 3aBHCHT OT BACTYILIEHUS IPYTHX cOOBI-
THH, ‘1}0 HHTEPBANE BpeMeHH MeH Oy MOC/eLOBATENDHHIMH COGHTHAMH

A

x
Puc. I1B.6. Sxcnonennnarbioe pacnpegencune.

TlnoTiOCTS BeposiTHOCTedt f(x)=Ae ~%%, zMa‘]r/e}n;a’rHHecxoe oxumanne p=1/A! gucnepcus
oo prin: .
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pacrpenensioTcs 110 KCIOHEHIHaJlbHOMY 3akoHy (puc. I1.B.6). Tak,
HalpHMep, ecAW B KaKOM-JMGO CHTyaluH C O4epelsiMH INOAB/IeHHe
KJIHEHTOB HMEeT IIyacCOHOBCKOE paclipefielelHe ¢ MaTeMaTHYeCKHM
OXHAAHHEM, PaBHEIM A, TO HHTEDBAJB BDEMEHH MeXIy HX NOsBie-
HUSIMH HMEIOT 3KCIOHEHIHaJbHOe pachpeleNeHHe C MaTeMaTHYECKHM
OXHIaHHeM, paBHbIM 0, rie 8=7"/». DTOMy 3aKOHy pacHpeieleHHs
TOXUMHSAIOTCA MHOTHe SIBJEHHS, HANpDHMeD NJHTeJbBOCTb Tese(OHHBIX
PasroBOpoB, cpoK cJyXKOGbl MHOTHX 3JEKTPOHHBHIX AeTasei, BpeMs IO-
CTYI/IeHHA 3aKa30B Ha NpeNpHATHE, BpeMa NpHOEITHA caMonera B
a3poNopT ¥ T. A. BO3MOXKHOCTb FeHBepHPOBATh SKCIOHEHUHAJbHO pac-

UBROUTINE UNIFRM(A,B X)

S

1 CALL RANDUM (IX,IY,RN)
2 X = A + (B-A)+RN

3 RETURN

4 END

Puc. I1.B.7. [TporpamMma redepatopa caydyaliipiX BeJHYHH, pacnpepeseHHbX Mo 3KCmo-
HeHILHAJILHOMY 3aKOWY ¢ MaTeMaTHueckuM oxuxasuem THETA.

npefeseHHbe cayyaiiBble Bel HYHHEb I09TOMY HMeeT GoJblloe 3HaueHHe.

Jlas uMHTanUH 3KCIOHEHIHAJbHOIO pacnpejefeHHs Ha30BeM. Ma-
TeMaTaueckoe oxunanue: uMeseM THETA(8) ® BocmoabsyeMes 06-
paTHBIM Nnpeob6pasoBaHieM §yHKIHH TIOTHOCTH: :

X=—6InRN.

OxHa ©3 BO3MOXKHHX INOANPOrpaMM HMHTAIMH [OKa3aHa Ha
puc. [1.5.7. Beakuit pas, xoria HaM HeoOXOIHMa 3KCIIOHEHIHAJbHO
pacnpejlesqeHHasi BeJMYHHA, [/ BHI30BA 3TOH MOAMPOrPaMMBL HCIOJb-
3yercs OnepaTop Co

CALL EXPONT (THETA,X) .

BeauunHa mareMatnyeckoro oxunanus; (THETA) sagaerca Ha BXoge.

Jns BHYHCAEHHS HATypaJbHEIX jlorapupMaB Ha LHGPPOBHX BBHIYHC-
JIHTeJbHBIX MallHHAX HEOGXOZHMO HCIOJb30BaTh KaKHe-THOO MeTOXH
aNNpOKCHMAIluK, HalpHMep pasjoxeHHe B cremenHo#i paa. Ilostomy,
HECMOTpPA Ha JIerKOCTh IIPOrpaMMHpPOBAHUsA, MeTOI o6paTHoro npeobpa-
30BaHHA Bce e paboTaer MexneHHo. Bosee GeicTposeficTByomu# Me-
Toj (XOTA H GoJlee CJOXKHBf A/ NPOrpaMMHDOBAHHA) Npejnaraercs
B pabore Maksnapena, Mapcanby u Bpes [12].

HopmaabHoe pacnpepenenue

Hopmanbuoe, uau ryaccoBo, pacnpepenente. (puc. I1.B.8) — 3o,
HeCOMHEHHO, OJHH H3 Haunbosee BaXKHHIX H 4aCTO HCIOJb3YEeMBIX BH-
OB . HENPEPLIBHEIX pacnpelesenuii. OHO CHMMETPHYHO OTHOCHTE/LHO
MAaTeMATHYECKOTO OXHAAHHS H XapaKTepU3yercs efo BeNHYHHON p H
26*
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CpefHeKBaAPaTHUECKHM OTKIOHEHHeM ¢. B JuTepartype omucmBaics
UeJIBIA pAN WHPOKO HCIOJB3YeMBIX METOAOB FeHEPHPOBAHHA HOPMaJlb-
MO pacrpefle/ieHHHX MCEBAOCTYyYyafHEIX YHCea. BCe OHM OCHOBaHHI Ha
npeoGpasosannu Z=(X—p)/o, Tak 4YTO reHepupyeMas cayuajiHas
BeJHYHHA pacrnpelelieHa HODMaJbHO C MaTeMaTHYeCKHM OXHIAaHHEM,
paBHEM 0, n cpelHekBaJpaTHyeCKUM oTkJIonenHeM 1. Tlepexon k Tpe-

GyeMOMy HOPMAJbHOMY pacupeleleHHI0 OCYIIECTBAAETCH ¢ HCNOMb-
30BaHueM cootHomwennss X=u+ (RNN)o.

Puc. I1.B.8. Hopmanbuoe pacnpesenenne.
FaotHocTs BeposTHOCTeH f(2) = (1/27)e=2%/2.

Tounnt obpatnuil Meronx Bokca u Masanepa [1] naer Xopomme
Pe3yJbTaTH, JeTKO NPOrpaMMUPYeTCa H AOCTATOYHO OHICTPO paboTraer.
Tlo 5TOMy MeTORYy reHepHpyeTCst Napa HOPMHDOBAHHEIX HOPMaJbHBIX
uncen (p=0, o=1) M3 ABYX CTaHAAapTHHX CAy4YafHBIX uucead (r, u
ry Ha uHTepBaje ot 0 ;o 1) ¢ mMOMOWIBIO CAEAYIOMNX ypaBHEHHI]:

Xy=—2Inr;cos (2nr,),
Xy=—2Inr;sin(2ar,).

B cratee Mapcanbn u Bpes [14] npusesena momudukamus storo
. MeTOAa, CTOJIb e JeTKas Jisg NPOrpaMMUDOBAHHS M AAlOAs TOUHHIE
PesyJabTaThl, HO Aalolasi HX Grictpee. ITo 3TOMY MeTOLY reHepHpylOTCA
ABa CHyYaliHBIX 4HclAa 7y H ry. [anee, nosaras Vi=—I1+2r H
Va=—1-+2ry, Buuncasior S=Vi+V3. Ipu S>1 nauunaor UuKI

cHoBa. [lpu S<1
’ —2InS
X, =V, ]/_gn__

—2m3
x2=v2V+.

Mopuoukauus Mapcanbn — Bpest 103Bo/sieT HCKAIOUHTH HeoBXO-
AHMOCTb BBIYHC/IEHHS CHHYCOB W KOCHHYCOB, XOTS /s KBaXpaTHHIX
KOpHell M HaTypaJbHHX JorapH(MOB TaKass HeoGXONHMOCTb COXpa-
Haercst, Jlas renepuposadus 100 map HopMmasabHO pachpemeseHHHX
CIy4afHBIX uucen MoHamoGHTCs 127 map cayuaftHmIX unces: (r; M r2)
[13, .ctp.. 154]. ®oprpaH-nporpamMMa, B OCHOBe KOTOPOM JEXKHT HIes
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\SUBROUTINE NORMAL (EX,STD,X1,X2)

CALL RANDUM (IX,IY,RN)

V1 = 2xRN-1

CALL RANDUM (IX,IY,RN)

V2 = 2%RN-1

S = V1xV1+V2xV2
IF(S.GE.1)GO TO 1

RNN1 = V1xSQRT((-2 In S)/S)
RNN2 = V2xSQRT((-2In S)/S)
X1 = EX + RNN1xSTD

10 X2 = EX + RNN2«STD

11 RETURN

12 END

© 0TS WN

Puc. I1.B.9. Ilporpamma remepaTopa HOpPMaJbHO pacHpeleN€HHBIX CJAYYafHBIX BeJH-
YHH.

Mapcanpu — Bpes, npusenena xa puc. [1.5.9. Ilporpamma Bhi3mBaer-
¢Sl C IOMOILIbIO oNepatopa

CALL NORMAL(EX,STD,XI,X2)

Bemuunusr Matemaruueckoro oxunaaifs (EX) u cpenuexsampatuue-
ckoro otkaoHenns (STD) sgech ABAAITCH YaCThIO HCXORHBIX XAHHBIX
uHKaa. B KoHLe KaxXJA0ro WHKNA MBI OyAeM NOJyuaTh ABa HOPMaAbHO
pacnpefenenubx cayyafiupx yucaa X1 u X2 u3 MHOXKeCTBa HOpMaJb-
HO pacrpele/ieHHBIX YHCeN ¢ MaTeMaTHYeCKHM oOxuxaHueM EX u
CpelneKBaApaTHYeCKUM oTkJoHeHHem STD.

B ZpyroM u3BeCTHOM reHepaTOpe HOPMAJbHO PacHpeldeseHHBIX CIIy-
YalHpIX BEJHUYMH HCIOJNb3yeTCs LEHTPaJbHas IpejesbHAs TeOpeMa.
Ecnup3ate BHGOPKY 00BEMOB B 7 3HaueHHH H3 HEKOTOPOH COBOKYIHO-
CTH, pacnpe/ie/leHHOR ¢ mapaMeTpaMH p H ¢?, CyMMa 3THX 1 3HaYeHUH
GyRer acHMNTOTHYECKH CTPEMHTBCH K HOPMAJBHOMY pachpeleleHHIO C
MaTeMaTHYeCKHM OXHAAHHeM Ap H AHCHepcHeli no? (IpH AOCTaTOYHO
Gonpmom n). Ecin B3ATb Te e n 3HAYeHWH U3 COBOKYIHOCTH, pas-
HOMepHo pacnpefesenHoli Ha unrtepBaje (0,1), To p=!/; u 02=1/}y, u
H3 CyMMbl HAllUX N BEJMYHH MBI MOXeM IOJNYY4Tb BeanuuHy X, pac-
Tpefle/IeHHYI0 HOPMAJbHO ¢ MaTeMaTHYeCKMM OXHIaHueM n/2 W Ruc-
nepcuefi n/12. Takum o6pasoM, eciu B3ATh n=12, To NOAYYHM
nucriepcHio X paBHoil 1. Eciu Rallee BhiuecTb M3 CYMMBI ynciao 6, Ma:
TeMaTHYeCkoe OXHIaHHe OKaxercs paBHueIM 0. [TosToMmy ecau r; ecTb
HOpMaJIbHO pacupelelienHble CAydyaliHble uucaa Ha uHTepBaje (0,1),
TO MB MOXKEeM BHIYHC/HTb 3HAYEHHe CTyyaliHOH IepeMeHHOH, pacipe-
JlesleHnO# HOpMabKO ¢ p=0 n o?=1, o dopmyae

12 ,
X=3r,—6.

i=i
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Ha puc. I1.B.10 npencrasaena PoprpaH-iporpaMma, peaausynolasn
3TOT aJropdTM. Tako# reHepaTop, ofHakKo, uMeer PSAJ HeJOCTATKOB.
Bo-nepBbIX, 118 BBIYHCJAEHHS KaXIOH HOPMAaJbHON BeJHUHHLI eMy
HyXHO 12 paBHOMepHO paclpefeJeHHHX cayyaiinbix ynces. Torxa IpH
HeOOXOAHMOCTH MNOJYYeHHs GOJBIIOr0 KOJNHYEETBA CayuaMHEBIX nepe-
MEHHBIX HMEIOIUXCT B BalleM PaclopSKEeHWH paBHOMepHO pacrnpefe-
JIEHHBIX CHIyuafiHBIX WYHCEJ MOXKET H He XBaTHTb. BO-BTOpHX, NpH
TeHeDHDOBAHHH «XBOCTOB» HOPMAJLHOTO paclpeieseHHs 3TOT MeToJ
paboraer mioxo. Henuras stor. Meton, Succon [8] u Mannep [16]

SUBROUTINE NORMAL (EX,STD,X)

A =00

DO4I = 1,12

CALL RANDUM (IX,IY,RN)
A=A+ RN

X £ EX + (A—6.0)+STD
RETURN

END

- O W N

Puc. T1.B.10. TlporpamMma renepaTopa HOpManbHO PacClPEeAeNEHHBIX CAYYARHbLIX BEJH-
YHH, OCHOBAHHOrO HAa HCNO/Ib30BAHHH WENTPANbHON MPEAENbHOR TEOopeMbl.

OGHApYXHAM, YTO 3a NpefenaMu p=2¢ HMeeT MecTO CHJIbHOE pac-

XOMleHHe XAPAKTCPHCTHK 3TOrO TeHepaIopa ¢ KenaeMbMH. THIpoy

[24] pacniupun npénennt 1o +30, npEANOKHB MOAH(HIHPOBATE 3TOT

METOX Tiefyiomum o6pasoM. Buuncasercs : ’
O4 cIeAyiomn) : e

e din—s6

Héﬁéé:ﬁépémﬁ o . S
: X=([CiR* -+ Cy) R* + C3) R*+ COR* - Cy) R, o

rae

‘ . €,=0,029899776, = C,=0,008355968,

" . C,=0,076542912, ., 'C,=0,252408784, .
S H C;=3,949846138. . .

l‘ammra-p»acnpeuenem(le ’

" OpniaM w3 HanbGosiee NOJESHHIX BHAOB HENPEDPHIBHHX paclpegede-
HHH, KOTOPHM. MOXET - BOCIOJIb30BATHCA AHANHTHK B HMHTALHGHHOM
MCcClieloBaHHH, fABJseTCS raMMa-pacupesenenne (puc. I1.B.11). Ecaw.
BeMYMHBEI, XapaKTepH3ylolWe Kakoe-1HGO cayyafiHoe sBJeHHe, He
MOTyT NPHHHMATh OTPHUATENbHHIX 3HAYEHHH H, BOOOILE roBOpSH, HMEIOT
ORHOMOJAJIbHOe paclpe/ieJieHde, TO CKOpee BCEro TaKoe siBJeHHE Ha-
HGONee yRAaUHO MOKeT HMHTHDOBATBCS C NOMOIIbI0O FaMMa-paclpe-

O AR
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1edeHus. DTo pacnpele’cHHe OMHCHIBAETCSl ABVYMS NapaMeTpaMmH, a
i B, rae « XapakTepuayer ¢opMmy, a f-—macuirald pacrpeneseHns.
[pit wWameHeHHH ITHX TapaMeTPOB ILIOTHOCTh ramMa-pacnpenc/eHus
MOKET TPHHHMATb caMVIO PA3.IHYHYIO HOpMY, ¥TO JesiaeT ero OAHHM
13 Haubo.1ce VHHBepCa 1bHbIX BHIOB pACMpCACTEHHH A5l NMOCTPOEHHS
PA3JIHUHBIX HMITALHOHHBIX MOJe1el.

a) a-const

)] J-const

Puc. ILB.11. Tamma-pacnpeenenne.
Maotnoets seposithoetedt f(x) =pX @ Ve =P (a—1)1, re a> O,Zﬁ >0, x=0;
- MaTeMaTHIeCKoe oXuaaune p=a/B; Aucnepens o?=a/p2.

Q:Holt #3 TpyAHOCTEl, OrpaHHYNBABIUAX TPHMEHEHHe 3TOr0 BHAA pac-
npefleenysi, GHIO OTCYTCTBHE XOPOLIEro reHepaTopa B Cayuae, ecau
a, e ABIACTCS HEJNBIM YHEIOM. Jns ycTpaHeHHsl 3TOH TPYAHOCTH (PHII"—
auncoM [18] Obli mpemtoxen oueHp yAoGHHIE 1ByXnapametprueckuil
raMma-reHepatop. Ha puc. I1.5.12 mokasana mporpaMma’ Takoro re-

HepaTopa. 3jlech  CIEAYeT - HANOMHHUTS . 0 CyU1eCTBOBAHHH MAaLIMHHOf
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nporpaMMel ®uaaunca, 8 KOTOpoH Gepercsi HEKOTOPbIN HaBoOp 3IMIIH-
PHYECKHX NAHHHX, BHIUHC/IAIOTCS 3HAYeHHS o H P, HaHGoJee GAH3KHE
raMMa-pacnpefieIeEHio, W CTATHCTHYECKH NPOBepAeTcs 3Ta OJMB0CTb.

SUBROUTINE GAMMA(ALPHA,BETA,START,X)
IF(START.GT.1.5) GO TO 60
X3 = 1.0
IF (ALPHA.LE.1.5) GO TO 1
IF(ALPHA.LE.19.0) GO TO 2
GOTO3
1 B = 0.24797+(1.34735740«ALPHA)~(1.00004 204+ ALPHA+%2)+(0.53203176+ ALP
1HA#3)~(0.13671536xALPHAx4)+(0.01320864 + ALPHA#5)
GO TO 4
2 B = 0.64350+(0.45839602«ALPHA}-(0.02952801+ALPHA ++2)+(0.00172718% ALP
1HAx#3)~(0.00005810+ ALPHA %4 )+(0.00000082+ ALPHA #%5)
GOTO4
3 B = 1.33408+(0.22499991xALPHA)- (0.00230695+ ALPHA#+2)+(0.00001623+ALP
1HA##3)—(0.00000006 x ALPHA4)
4 Y = 1.0+(1.0/B)
START = 5.0
12 IF(Y-1.0)110,50,15
15 Y= Y-10
X; = X3*Y -
GO TO 12
110 GY = 1.0+Y#(-0.5771017+Y+(0.985854+ Y +(-0.8764218+ Y(0.8328212+
1Y#(-0.5684729+ Y+(0.2548205+ Y+(- 0.05149930)))))))

X3 = X3xGY/Y

50 A = (X3/(ALPHA+BETA))**B
B = 1.0/B
A = 1.0/A

60 CALL RANDUM(IX,IY,RN)
X = (- A*ALOG(RN))**B
RETURN
END

Puc. I1.B.12. lporpamma resepatopa ®uanunca [18) aas cayuaiiubix BenuuHH, NOA-

YMHSIOWHXCS raMma-pacnpenesnennio ¢ napamerpamn ALPHA n BETA. [puMeuanue:

ALPHA-qa, BETA-B, START — mo6oe lenoe 4HCIO, NepBOHA4ANbHO Meublnee yeM 15,
1 X — cnyyajinas BeJuyHHA, MMEIOWIAS TaMMa-paclpefeNenne,

Ins onpeneseHHs 3HaYeHHH NapaMeTpPOB FaMMa-pacnpelesieHus MoX-
HO TaKKe BOCIOJIb30BATbhCHA CHEAYIOINHMH YDaBHEHHSIMH:
___(Mar. oxupanne)? pe Mar, oxupaune

a== Jucnepeus > ~ Ilucnepcns

Moanporpamma, npubesensas va puc. I1.5.12, Bu3biBaeTcs caeny-
folell KOMaHKOR: .

CALL GAMMA (ALPHA, BETA, START,X)

- -
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3nauesnss ALPHA, BETA u nauanbnoe snauenne START (n11060e
uenoe ymAcao MeHee 1,5) JOJ/KHBI SBAATBCST  MCXOAHBIMHM TAHHDIMH
uHKIa.

Ecau @ —nenoe unci0, TO MOXKHO BOCIIOB30BATHCS FeHEPATOPOM.
NpeloKeHHEM B paGore Heitnopa u ap. [17]. dror reuepatop mpor-
paMMmupyercsi mpoue. B pesysbrarte CpPaBHHTENBHBIX HCCIeXOBAHHH,
BolNONBeHEbx Duannncom [18], 6mI0 yerawoBaeno, uro mpu q<3
nporpaMma Helinopa mo3Bosisier nosyynTh Pe3yJbTaThi HECKOJIbKO Obi-
crpee. Oanako npH GOMBWIHX a aldropHTM QHJMHICA OKa3biBacTCs 6o-
siee s(ppexTHBHEM (B ciysae a==10 on paGoraer moutu B 3,5 pasa
Grictpee anroputMa Heiiopa).

[aMMa-pacrnpesie/ieHHe HHTEPECHO H TeM, YTO OHO TECHO CBSI3AHO
C LeNBIM DAAOM IPYLHX MONE3HHX pacnpexnenenuii. Hanpumep, ecan
a=1 u B— KOHCTAHTA, TO reHepHPYeTCs SKCMOHEHUHAJbHAS (YHKUHA
IJIOTHOCTH ¢ MaTeMaTHYECKHM OxHAaHHeM, paBHEIM 6. Ecin o nmeer
uenoyHciennoe sHayesne K, To raMMa-pacnpeneseHue OGBIYHO Ha3bi-
BaloT pacnpenesesneM Ipaanra-K. Ilanee, ecan B=1, 10 ¢ pocroM
a raMMa-paciupesnenesde NpHOJHXKaeTcss K HOpMaibHoMy. [losioxuB
a=v/2 u B=2 (rZe v — uHCJO cTeneHefi cBOGOXBI), MBI OMYHUM pac-
npefenente xu-kpaApart. ['eHepaTop Puiauinca MoxeT ObTh HCIOJb-
30Ban TaKKe AN BBIYHC/EHHS 3HaueHHfi B-pacupefiesienus, F-pacmpe-
nellenus u f-pacnpefenenus CroiofeHTa [185).

Lpyrue THNbI reHepaTOPOB CAYYARHBIX BEJHUHH

Onucassble B mpeibAyIHX pa3fesax remepaTopel CAy4aifHBIX Be-
JIHYHH, BoOO1e roBOps, MPHrOAHE B GOBUIHECTBE HMHTALHOBHEBIX MO-
leneit. B xumre Heiinopa u ap. [17] npuBoastcs onucarus Poprpan-
pOrpaMm reHepaToOpoB BCEX 3THX pacnpeflesieHHi, a TaKke HEKOTO-
PBIX ADYTHX: r€OMeTPHYEeCKOro, GHHOMHAJBHOTO, [HIIePreOMeTPHYECKO-
TO ¥ reHeparopa aBTOKOPPEJHPOBAHHBIX, HOPMaJbHO paclpeleseHHbIX
seauuuH. Iloabxe m np. [20] onmuceiBaioT anroputM remepupoBaHHs
BPEMEHHEIX DAMOB ¢ JIOGOH 3KenaeMOil CTeNeHbIO aBTOKOPpEJSUUH
JUISt IPOU3BOJILHOTO BHJA pacHpeleNeHHsl BepOSITHOCTEN.
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M.B.1. CNYYAHHbBIE YUCNA M.B.2. HOPMANbLHO PACMPERENEHHDIE

CNYYAWHDIE YACTA (=0, c=1])

3513 2883 5675 8101 7526 2251 5765 4334 4112 5664
6976 882 2501 7066 9890 5741 5434 928 6666 1641
9847 4311 7238 4632 2642 4166 1213 9783 7778 8621
1722 2741 945 998 7480 5897 8665 5313 9289 7013
3874 2020 7257 5356 6822 2726 4055 5105 6567 2650

1.38 1.73 0.33 0.24 -0.29 193 -1.40 0.51 0.71
-0.77 -0.69 132 -093 -1.14 -0.06 -0.35 1.04 0.10

. -0.48 0.06 0.43 -0.24 2.63 0.65 -0.38 1.28 0.43
-0.92 0.53 0.51 0.65 -0.40 0.68 0.05 -0.45 -0.00

-0.89 -0.04 -0 ) - -
6703 6004 283 9564 4834 2927 4052 7966 1325 6253 o 004 -001 164 146 -014 036 043 -0.08

5587 7242 3170 3843 4524 2555 4612 4678 6555 7228
4368 1167 7628 5352 3463 2608 4477 3327 25 9661
7740 9490 7272 8223 3880 9328 962 1810 2252 7136
2544 1043 3355 742 4256 8859 4846 9342 2434 526

-1.02 064 -0.13 0.22 -094 -064 -0.00 -0.31 0.45
1.61 0.42 119 -1.98 1.04 -069 -0.83 -0.78 -113
040 -0.38 -092 -111 -0.01 110 -1.83 -0.57 0.93
074 -1.36 -160 -0.35 -1.78 117 -0.73 -0.87 0.80

-196 -093 091 -072 0.08 -0.61 -0.8¢ -
1247 2749 5269 667 3781 884 1270 9660 6531 2243 L 0.08 -061 -0.89 1.04 -333

4679 7881 5173 108 4089 3558 4543 5234 515 5086
~ 1275 3774 1169 3049 7172 9190 5186 8405 3757 6896
7556 3275 1644 384 7509 1596 1993 7590 7600 7283
5297 6238 97417 2344 6337 6919 4481 4618 7370 2662

1.39 -061 -0.98 0.76 -1.22 099 -129 -0.12 -115
1.70 -0.83 -0.91 043 -1.11 0.04 -196 -0.06 0.47
-0.51 0.93 -0.67 092 -0.72 -0.47 0.15 0.30 0.71
-1.85 -052 -0.79 0.66 1.70 -1.02 1.82 -0.42 -0.38

013 -013 -0.55 -007 -208 -035 - -
0636 3854 6403 3730 4748 4918 6778 6404 7413 6846 0.55 -007 -208 -035 -017 020 -051

4353 4503 7840 6510 8497 2388 7867 5648 3172 8196

627 9998 4341 6063 7311 9291 9951 6083 69356 6861
8749 743 5716 7602 4171 6603 2080 3047 9563 9952
3644 2297 979 5202 2397 7564 3808 4767 4330 3075

-199 -1.14 -042 0.46 -0.61 -0.78 0.77 0.33 0.76
0.15 6.02 0.10 -0.52 018 0.38 0.23 0.56
-0.38 0.32 011 -0.65 0.30 -0.36 0.54 0.33 -1.26
0.62 0.32 -1.42 1.01 0.10 -0.20 0.71 -1.25 -0.52
-1.09 -0.09 0117 175 -0.86 093 -0.98 0.41 -0.48

9475 9175 9776 6077 8476 6164 698 8712 5988 7513
1186 9497 6306 2359 7398 3158 2361 5744 3214 7581
6565 1153 7834 6623 9231 5779 1589 7522, 829 7277
6196 1679 4311 753 5720 7541 3767 4733 4491 4348

1.08 0.64 -0.42 0.66 0.24 -0.08 -1.10 0.74 1.83
-0.70 0.59 -1.50 -013 0.81 0.43 0.21 -0.09 -0.98
1.76 -0.25 1.08 0.06 -0.50 -0.46 0.06 0.64 0.10

5667 4871 8221 5485 8918 4139 4576 199 7 8252 ~1.45 0.10 204 -1.40 0.34 002 -1.94 -041 -0.99
0448 2418 9474 5075 5187 5440 5955 6771 7026 1217 3 082 011 178 023 -047 013 -078 124 0.5
4063 3423 3971 3013 2337 6903 382 162 7529 3713 ~0.36 -0.14 -0.16 133 -0.28 -1.01 -0.63 -0.52 2.00
4518 3687 1460 5569 276 1533 6711 6466 8391 2152 e 0.01 -0.23 -1.82 069 -0.12 051 -0.82 -0.44 0.85
7392 4977 3333 5294 1228 537 2158 8113 9247 2466 5 -1.36 -0.20 092 -1.10 -0.23 1.90 -032 -0.21 1.08
1571 7234 9261 463 9424 2381 9463 5352 6938 3461 vé -0.06 -0.73 1.03 -0.72 -010 -2.27 0.41 0.69 1.34
2 -2.39 -0.74 -084 -0.60 0.07 0.50 1.10 -1.25 -0.19
8226 8799 7860 7972 7086 769 838 8101 1064 3469 k]

1237 6197 6048 517 8665 7335 6021 107 6454 7756 o -1.40 -0.49 -0.35 091 157 -1.08 -0.09 -027 -198
8451 900 9334 7905 3425 9400 5373 8834 2847 7572 ‘ 0.45 1.90 013 090 -023 -144 0.24 -0.48 -0.89
9810 711 5972 9432 2847 2191 7518 5384 4643 9398 0.38 -0.43 0.57 0.27 1.44 -0.79 1.10 0.60 1.34
4602 3030 6765 3260 8760 3224 495 3958 9288 103 ~1.22 1.50 1.03 -1.71 050 -0.26 -196 -0.97 -0.88
' 2.36 -0.32 086 -0.02 -256 055 -0.33 -0.03 -0.35

7028 1236 4165 3860 5677 9317 4807 4992 6684 5176
896 8789 4673 8931 1532 8808 9060 5086 8975 8075 0.82 0.89 0.53 -0.81 2.23 -0.48 -0.32 2.86 1.08
7677 3382 1204 6779 9839 8019 9561 5185 5121 3969 0.12 1.00 -1.01 0.22 0.81 0.62 1.48 -093 -271
7719 594 4086 9168 8233 6885 7211 1301 2909 5744 0.26 -1.18 0.62 -0.20 0.17 0.01 -0.59 -0.85 0.18
8276 7959 3268 7978 8449 8894 7320 3868 7327 9145 -0.33 0.56 -0.28 1.31 -1.06 -1.28 -0.57 -0.36 0.55
3.14 -0.20 1.54 -1.24 -239 1.11  -0.52 -0.57 0.50

8928 1254 7176 1763 5995 98 6630 8902 3733 2282
92 15 9250 5397 9883 5916 3751 9260 1797 7443 1.31 -090 -0.04 -0.29 0.25 -141 1.32 -0.26 0.47
8484 3912 7116 7486 873 7862 9314 5122 6901 5307 0.73 -096 -1.38 -0.73 -1.17 -0.79 -1.02 1.53 -0.21
9730 611 6098 1085 1627 0 5353 2116 4353 8086 ~-1.52 0.97 0.69 0.07 0.08 0.34 -1.26 -1.34 -0.22

7810 4083 4207 8492 3085 2082 4723 9596 5065 4023 0.38 -0.76 117 -2.07 0.94 -0.07 1.71 2.44 1.45
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ITpunosenue B

n.B.6a. F—PACMPERENEHME
(3HAYEHMSA Foy)*

Cmenewu 00000051 Yicaumers

1 2 3 4 5 6 7 8 9

1 4,052 5,000 5403 5,625 5764 5859 5928 5,982 6,023

2 98.5 99.0 99.2 99.2 99.3 99.4 99.4 99.4 99.4

3 34.1 30.8 29.5 28.7 28.2 27.9 27.7 27.5 27.3

4 21.2 18.0 16.7 16.0 15.5 15:2 15.0 14.8 14.7

5 163, 13.3 12.1 11.4 11.0 10.7 10.5 10.3 10.2

6 13.7 10.9 9.78 9.15 8.75 8.47 8.26 8.10 7.98

7 12.2 9.55 8.45 7.85 7.46 7.19 6.99 6.84 6.72

8 113 8.65 7.59 7.01 6.63 6.37 6.18 6.03 5.91

9 10.6 8.02 6.99 6.42 6.06 5.80 5.61 5.47 5.35

10 100 7.56 6.55 5.99 5.64 5.39 5.20 5.06 4.94

E 11  9.65 7.21 6.22 5.67 5:32 5.07 4.89 4.74 4.63

§ 12 933 6.93 5.95 5.41 5.06 4.82 4.64 4.50 4.39

{ 13 907 6.70 5.74 5.21 4.86 4.62 4.44 4.30 4.19

§ 14 886 6.51 5.56 5.04 4.70 4.46 4.28 4.14 4.03

:’ 15 8.68 6.36 5.42 4.89 4.56 4.32 414 4.00 3.89
S

S 16 8.53 6.23 5.29 4.77 4.44 4.20 4,03 3.89 3.78

% 17 8.40 6.11 5.19 4.67 4.34 410 3.93 3.79 3.68

§ 18 829 6.01 5.09 4.58 4.25 4.01 3.84 3.71 3.60

S 19 819 5.93 5.01 4.50 417 3.94 3.77 3.63 3.52

§ 20 8.10 5.85 4.94 4.43 4.10 3.87 3.70 3.56 3.46

21 8.02 5.78 4.87 4.37 4.04 3.81 3.64 3.51 3.40

22 17.95 5.72 4.82 4.31 3.99 3.76 3.59 3.45 3.35

23 7.88 5.66 4.76 4.26 3.94 3.71 3.54 3.41 3.30

24 7.82 5.61 4.72 4.22 3.90 3.67 3.50 3.36 3.26

25 7.77 5.57 4.68 4.18 3.86 3.63 3.46 3.32 3.22

30 17.56 5.39 4.51 -4.02 3.70 3.47 3.30 3.17 3.07

40 7.31 5.18 4.31 3.83 3.51 3.29 3.12 2.99 2.89

60 7.08 4.98 4.13 3.65 3.34 3.12 2,95 282 2.72

120 6.85 4.79 3.95 3.48 3.17 2.96 2.79 2.66 2.56

oo  6.63 4.61 3.78 3.32 3.02 2.80 2.64 2.51 2.41

®amu madmua 63ama us padoms Merrington u Thompson ,, Tubles of
Percentage Points of the Inverted Beta (F) Distritution
oxypwan Biometrika, mom 33, 1943, ¢ paspeutenus usdamened Hypuaz
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10

12

15

20

24

30

Hpodoanenue I1.B.6a

40 60 120 hed
6,056 6,106 6,157 6,209 6,235 6,261 6,287 6,313 6,339 6,366
99.4 99.4 99.4 99.4 99.5 99.5 99.5 99.5 99.5 99.5
27.2 27.1 26.9 26.7 26.6 26.5 26.4 26.3 26.2 26.1
14.5 14.4 14.2 14.0 13.9 13.9 13.7 13.7 13.6 13.5
10.1 9.89 9.72 9.55 9.47 9.38 9.29 9.20 9.11 9.02
7.87 7.72 7.56 7.40 7.31 7.23 7.14 7.06 6.97 6.88
6.62 6.47 6.31 6.16 6.07 5.99 5.91 5.82 5.74 5.65
5.81 5.67 5.52 5.36 5.28 5.20 5.12 5.03 4.95 4.86
5.26 5.11 4.96 4.81 4.73 4.65 4.57 4.48 4.40 4.31
‘4,85 4.71 4.56 4.41 4.33 4.25 417 4.08 4.00 3.91
4.54 4.40 4.25 4.10 4.02 3.94 3.86 3.78 3.69 3.60
4.30 4.16 4.01 3.86 3.78 3.70 3.62 3.54 3.45 3.36
4.10 3.96 3.82 3.66 3.59 3.51 3.43 3.34 3.25 3.17
3.94 3.80 3.66 3.51 3.43 3.35 3.27 3.18 3.09 3.00
3.80 3.67 3.52 3.37 3.29 3.21 3.13 3.05 2.96 2.87
3.69 3.55 3.41 3.26 3.18 3.10 3.02 2.93 2.84 2.75
3.59 3.46 3.31 3.16 3.08 3.00 2.92 2.83 2.75 2.65
3.51 3.37 3.23 3.08 3.00 2.92 2.84 2,75 2.66 2.57
3.43 3.30 3.15 - 3.00 2.92 2.84 2.76 2.67 2.58 2.49
3.37 3.23 3.09 2.94 2.86 2,78 2.69 2.61 2.52 2,42
3.31 3.17 3.08 2.88 2.80 2.72 2.64 2,55 2.46 2.36
3.26 3.12 2,98 2.83 2.75 2.67 2.58 2,50 2.40 2.31
3.21 3.07 2.93 2.78 2.70 2.62 2.54 2.45 2.35 2.26
3.17 3.03 2.89 2.74 2,66 2.58 2.49 2.40 2.31 2.21
8.13 2.99 2.85 2.70 2.62 2.53 2.45 2.36 2.27 2.17
. 2.98 2.84 2.70 2.55 2.47 2.39 2.30 2.21 2.11 2.01
.2.80 2.66 2.52 2.37 2.29 2,20 2.11 2.02 1.92 1.80
263 2.50 2.35 2.20 2.12 2.03 1.94 1.84 1.73 1.60
. 2.47 2.34 2.19 2.03 1.95 1.86 1.76 1.66 1.53 1.38
2.32 2.18 2.04 1.88 1.79 1.70 1.59 1.47 1.32 1.00




Crarucruseckue rabauyst
408 . Mpunowcenue B L i 409
k 11podoancenue 11.B.66
Nn.B.66. F —PACNPEAENEHUE 10 ) ;
12 15 20 24 30 40 60 . 130 oo
HMSA F T —_—
(3HAYE 0,05 242 244 24 248 249 250 25| 252 268 254
Cmenesi cBodods) swcumens » 194194 194 194 195 195 195 195 105 o8
1 2 3 4 5 6 7 8 9. . 2-;2 8.64 870  8.66  8.64 8.62 859 857 855 853
= i 501 586 580 577 5 : §
1 161 200 216 225 230 234 237 239 241 1 174 168 462 156 4 53 4'23 3’12 Z'Eg -
2 185 190 192 19.2 193 193 194 194 194 : : . . 440 4.37
3 101 9.55 928 912 9.01 894 889 885 831 4.06 400 394 387 38
4 771 694 659 639 626 616 609 604  6.00 ‘ 864 35T 351 341 541 aus  aor 30 aay  oar
5 661 579 541 519 505 495 488 4,82 4.7 1 335 328 322 315 312 308 3.04 3.01 233 g;;

3.14 3.07 3.01 2.94 2.90 2.86 2.83 2.79 2,75 2.71

6 599 514 476 453 439 428 421 415 410 208 201 285 oy :

7 559 474 435 412 397 387 379 373  3.68 g : AT 274 270 266 262 258 254

8 532 446 407 384 3.69 358 350 344 3.39 285 279 272 265 .

9 512 426 386 363 348 337 329 323 318 275 269 262 284 oo 241 ode 235 5ay a0
10 4.96 410 371 348 333 322 314 307 3.2 267 260 253 ode  sus  amy L 1 ggg 230

g 2.60 253 246 2 2
11 484 398 359 3.36 320 309 301 295 290 254 2485 240 283 sy ooy i 222 218 213

9
12 475 389 349 326 311 300 291 285 280 33 229 225 220 216 211 207
13 467 381 341 318 303 292 283 277 271 249 242 235
14 460 374 334 311 296 285 276 270 265 945 218 o 228 224 219 215 211 206 201

231 29
15 454 368 329 306 290 279 271 264 259 241 2si 201 sas o 21 2oe 203 Tor Tos

2.38 2.31 2,23 2,16 2.11 2.07 2.03 1.98 1.93 1.88

CLmenewat c00503s1 SHamMeHamers
-
D

449 336 324 301 285 274 266 259 264 235 208
17 445 359 320 296 281 270 261 255 249 282200 212 208 204 199 195 190 184
18 441 355 316 293 277 2.66 258 251 246 232 995 o
h - . 2.1
19 4.38 352 313 290 274 2.63 2.54 248 242 230 225 218 2'5(7) 205 12'3; Vor 1 1E o
20 435 349 310 287 271 260 251 245 239 227 220 213 205 201 Loe :gi }.gz 1.84 178
iy : 205 2 . : . 181 1.76
21 432 347  3.07 284 268 257 249 242 237 22 218 211 203 198 194 18 184 179 173
- - - : - - - - - 224 216 209 201 196 192 18 :
22 430 344 305 282 266 255 246 240 2.34 : : : 87 182 177 111
23 4.28 342 3.03 280 264 253 244 237 2.32 216 o
} : 09 2, 7
24 426 340 301 278 262 251 242 236  2.30 208 200 192  Las 179 1me 165 tes o 1e |
25 424 339 299 276 260 249 240 234 228 199 192 184 175 170 165 159 153 140 139
30 417 332 292 269 253 242 233 227 221 pal 183 175 166 161 155 150 143 135 . 125
. ' X . . . . X 183 175 167 157 152 146 2 |

40 408 323 284 261 245 234 225 218 212 : : : 139 132 122 100
60 4.00 315 276 2.53 237 225 217 210 2.04

120 392 307 268 245 229 218 209 202 196
% 384 3.00 260 237 221 210 201 194 188

*Ime. madmuga B3ama us padoms: Merrington u 7/lomp.5'ﬂﬂ,, Tables of

Percentage Points of the Inverted Beta (F) Distribution

nypras Biometrika, mom 33, 1943, ¢ paspewenus usdamened Mypnana
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Nn.B.7. KPUTUUECKMUE YUCTIA
KONMOIoOPOBA — CMHMPHOBA

Limenens codoide  [pobepna eduntamod Boibopru™

Lpabuene dbyx Bedopon™*

(N) Do.1to Do.os Do.or Do.os Do.o1
1 0950 0.975 0.995
2 0.776 0.842 0.929
\ 3 0.642 0.708 0.828 N
\ 4 0.564 0.624 0.733 1.000 1.000
! 5 0.510 0.565 0.669 1.000 1.000
6 0.470 0,521 0.618 0.833 1.000
' 7 0.438 0.486 0.577 0.857 0.857
8 0.411 0.457 0.543 0.750 0.875
9 0.388 0.432 0.514 0.667 0.778
10 0.368 0.410 0.490 0.700 0.800
11 0.352 0.391 0.468 0.636 0.727
) 12 0.338 0.375 0.450 0.583 0.667
13 0.325 0.361 0.433 0.538 0.692
14 0.314 0.349 0.418 0.571 0.643
15 0.304 0.338 0.404 0.533 0.600
16 0.295 0.328 0.392 0.500 0.625
17 0.286 0.318 0.381 0.471 0.58¢
18 0.278 0.309 0.371 0.500 0.556
19 0.272 0.301 0.363 0.474 0.526
20 0.264 0.294 0.356 0.450 0.550
25 0.24 0.27 0.32 0.40 0.48
30 0.22 0.24 0.29 0.37 0.43
35 0.21 0.23 0.27 0.34 0.39
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LleneBoe nasnaueuue 54

llentpanbuas mpemenbHas Teopema 214
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127
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HU3IOATEJIBCTBO «MUP»

B 1978 TOAY BbIITYCKAET CJIEAYIOUIUE
KHHT H:

ABTOMATH3AUHS NPOEKTHPOBAHHA BbIYHCAMTENbHbIX CHCTEM. SI3BIKH,
MoaeaHposawne u 6a3m AaHHbiX. [lepesox ¢ aHramiicKoro, 29 .., uesa
2p 45k

B kHHre paccMaTpHBalOTCs MOJE/NHPOBAHME BHIUHCIHTEIBLHBIX CH-
C€TeM Ha yKPYNHeHHOM (YHKUHOHAABLHOM YPOBHE, CHHTE3 JOTHUeCKHX
CTPYKTYp Ha OCHOBe (OPMaNbHOTO OMHCAHHS C NOMOLLBIO ONlepaTopoB
A3bKa PErHCTPOBHIX Iepefad H aBTOMATH3auHH MHKDONPOrPaMMHpPOBA-
HHSl. 3HAuUTeNbHOE BHHMAHHE yle/leHO OpraHM3AlHH ABTOMATH3HPOBAH-
HBIX CHCTeM TNpoekTHpoBahHd IBM ¢ apxuBHBIM XpaHeHHeM H 3aulMTOMH
HaGOPOB JaHHBIX B XOJ€ Pa3BHTHs NPOEKTA. '

KHHra paccunTalia Ha CTyIeHTOB BY30B, H3Y4aiOUIHX MeTOXH MPOEK-
THpoBaHus IBM, H MOXeT GHTh MO/le3na CIELHAIHCTAM, 3aHATHM pa3
PABOTKOA CTPYKTYP H TEeXHHUeCKHX CPEACTB BBIYHCJIHTEBIBIX MALIHH




