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NPEANC/ITIOBUE NEPEBOAYUKA

CoBeTCKOMY 4UTaTeNO npeanaraeTca nepesos KHUMM W3BECTHOMO aMepuKaHCKOro
yueHoro Tomaca CaaTtu, Bblweawen B 1980 r. u nepensganHon B CLLUA B 1988 r. K coxa-
NeHU0, A0 NOCNeAHero BpeMeHU MEeTOoA aHanusa nepapxumim He 6bls1 B AOCTAaTOYHOM CTe-
MeHW M3BeCTeH y Hac B cTpaHe. [NTOMMMO pacCMOTPEHHLIX B AOMOMHEHUM K HacToAWeMy
n3gaHuio paboT, oTMEeTUM 34ecb nybnukauuiw ctatbu T. CaaTu, NOCBAWEHHOW MeTOo4yY, B
XypHane «TexHudeckas kKnbepHeTuka», N2 1, 1979 r., a Takxe pparMeHTapHOEe U3noxXe-
HMe MeToaa B KHure B. E. XXykoBuHa - «MHoOrokputepuanbHble MOAENU MPUHATUA pelle-
HWIA C HeonpeaeneHHocTblo» (Tébunucmn, 1983 r.), B cTathax H. U. Mapkozawsunn «O
npuMeHeHUn Metoankm CaaTu NpU peeHUn HEKOTOPLIX HAapPOAHOXO3ANCTBEHHbLIX 3ajday»
(Tébunucum, 1983 r.) n A. B. MockaeBa «PaHXxupoBaHue OrpaHUYEHUIN B anropuTMax Kop-
pekunMn HecobCTBEHHLIX 3ajad JIMHEWHOMO MPOrpamMMMpoOBaHUSA METOAOM aHanUTUYECKUX
nepapxmin» (KannHuH, 1987 r.).

B npepgnaraemoe nsgaHne Hapaay C OCHOBHbLIM MaTepuasioM KHUMM BOLWJIO YNOMAHYTOE
Bblle AOMOMHEHME, MO3BONAAKLWEE 03HAKOMUTLCA C pPa3BUTUEM UAEN U MPUTTOXKEHUA Me-
ToAa aHanusa nepapxumn.

XoTenocb 6bl OCTAHOBUTLCA Ha Ha3BaHWM MeToda. lMo-aHrMMINCKU OHO 3BYYUT Analytic
Hierarchy Process. B oTaenbHbix tubnuorpadumyecknx cCblsikaX Ha pPYCCKOM fA3bike 3TO
Ha3BaHWe NepeBOANTIOCH MO-Pa3HOMY: «MPOLECC aHaUTUYECKON nepapxmmu», «aHanuTtu-
YECKUI nepapxudeckmi metoa» U T. n. Belbop BbIHECEHHOrO B 3arnaBue KHUMM Ha3BaHWS
obycnoeneH TeM, 4YTO OHO Haubonee TOYHO OTpaxaeT cyTb pa3pabotaHHon T. CaaTu Me-
ToAonorMn. Tak ke Ha3BaH MeTo4 M B BblleAleM HedaBHO noj pegakumen U. A. Ywako-
Ba nepesoge KHurm T. Caatm n K. KepHca «AHanutuyeckoe nnaHuposaHue» (Mocksa,
Paavo n cBasb, 1991).

CnepyeT OTMETUTbL 3HTY3Ma3M M 60NbWY0 AENCTBEHHYIO nMoMowb npodeccopa Caatn B
npouecce rnepesoja KHUrKM n otbope MaTepuanos K AOMOHEHUIO.

P. BayHag3ze



NPEANC/NTOBUE K PYCCKOMY U3AAHUIO

A 6b1n1 04eHb 06paaoBaH, Y3HaB, UTO K MOEN TEOPUM NO MPUHATUID PELLEHU — MeToaAY
aHanunsa mepapxun, — NpoaABAAT UHTEPEC MHOIMME COBETCKME KOJIIErM BBUAY BO3MOXHO-
CTN ee LWNPOKOro NPpUMEHEHNA N NPUBAEKATENbHOCTN BbIABUHYTbIX B HEM TEOpPETUUYECKUX
naen. 4 6bin cHacTNUB y3HaTb, YTO MOM yBaXkaeMbln Apyr Pesas BauHaasze M3 AkageMuun
Hayk [py3un nepeBoauT MOK KHUMY Ha PYCCKUA A3bIK ANS COBETCKOro 4yutatens. 270
nepsas M3 NATKU KHWUI, KOTOPble 1 HAanuMcan Ha 3Ty TeMy. BTopas KHWUra B 3TOM cepun -
nonynspHasa, no4 HazBaHUeM «[pUHATUE pelleHNn ANa pYKOBOAUTENEN».

MeTo4 aHanmMsa wnepapxumin npeactaBnsaetTca 6onee 060CHOBaHHbIM NyTEM pelleHuUs
MHOFOKpUTEPUAnbHbIX 3a4a4y B C/O0XHOW 0B6CTaHOBKE C MepapXMYeCKUMKU CTpYKTypamu,
BK/OUYAKLWKMMMN KaK OCsi3aeMble, TakK N Heocsi3aeMble daKTopbl, YEM NOAX0A, OCHOBaHHbIN
Ha MHENHOWN noruke. MNpUMeHasa OeAYKTUBHYKO JIOTMKY, UccienoBaTenm nNpoxoaaT TpyAa-
HblA NYTb NOCTPOEHUS TWATENbHO OCMbICAEHHLIX AOMMYECKUX Uenen ToNbKo ANa Toro,
ytobbl B UTOre, Nofarasicb Ha OAHY ANWb UHTYUUMKD, 06beANHUTb pa3fiMyHble YMO3aKIo-
YeHUsA, NONYYEHHbIE U3 3TUX AEAYKTUBHLIX MOCLINOK. KpoMe Toro, noaxod, OCHOBaHHbLIN
Ha NIOrMYyecKux UensiX, MOXeT He MPUBECTU K HauydylweMy peELEeHntd, Tak Kak B JaHHOM
cnyyae MoXeT 6bITb NMoTepsiHa BO3MOXHOCTb MNPUHATUS KOMMPOMUCCOB Mexay dakTopa-
MU, NexawnMu B pasHbIX Lensax JOrMYecKoro MbllieHus.

MeTo4 aHanunsa nepapxmin aBASeTCA 3aMKHYTOM SIOMMYECKOM KOHCTpyKuuein, obecne-
YMBAKLLEN C MOMOLWbID NPOCTLIX NMPpaBua aHanns CA0XHbIX NpobieM BO BCEM NUX pa3HOO6-
pasvun 1 NpueoAsWEN K HannydweMmy oteeTy. K TOMY Xe, NpUMeHeHne MeToda No3BonsieT
BK/KOUYUTE B UEPAPXUIO BCE MMEKLEeCa Y Uccneaosatens No paccMaTpmeaeMon npobne-
Me 3HaHWe M BoobpaxeHne. 2To, C MOEN TOUYKM 3peHuns, aBnseTca banaHCUPOBaHHbIM Ny-
TEM pelwleHUsa TpyaAHOW NpobneMbl: OCTaBUTb MaTeMaTuUKy NPOCTON M NO3BOANUTL BoraTcTey
CTPYKTYpPbl HECTU BpeMsi CNOXHOCTU. HuKakas MaTeMaTMKa He MOXET 3aMeHUTb 4yenose-
YeCcKMiM YM M ONbIT UHTEpNpeTaunun peanbHOro Mupa. HesaBUCMMO OT TOrMO, HacCKOJbLKO
CNTOXXHOM MOXET BbITb MaTeMaTUKa, OHa BCE Xe He byaeT oTpa)aTb BCe Te d/1EMEHThI B
npobneMe, KOTOpblE ABHO CYLLECTBEHHbI AN Hac.

Haw MeToa TakXe NOo3BOAsET rpynne Aaen, B3auMOAENCTBOBATb MO UHTEPECYIOLWEN
nx npobneme, MoagndULUNPOBATL CBOU CYXAEHUA N B pe3ynbTaTe 06beANUHUTb rpynnoBbie
CY)XAEHUN B COOTBETCTBUN C OCHOBHLIM KpUTEPUEM: MPU NPOBEAEHUN MONApPHbLIX CpaBHe-
HUA OBBEKTOB MO OTHOLIEHMIKD K HEKOTOPON XapaKTepUCTUKE, UM XapaKTEPUCTUK MO OT-
HOLWEHUIO K BbICWEN Lenn, obpaTHble OTHOWEHUA obecnednBatdT KAY K 06begUHEHUKD
rpynnoBbIX CYXAEHUI paunoHanbHbIM 06pa3oM. HanpuMmep, ecnu rpynna AOSXXHa corna-
CUTbCS C MHEHWEM, BO CKOJIbKO pa3 OAMH KaMeHb NpeacTaBfseTcsa Taxenee, YeM BTOPOW,
M eCc/in pelleHo, YTo OOWH KaMeHb B 5 pa3s Taxenee, yeM BTOpPOW, TO Toraa BTOPOW A40A-
XeH 6bITb B 1/5 pa3s Taxenee, 4eM NepBbli KaMeHb. Tak Kak rpynna coCTOUT U3 HECKOSb-
KUX NNL, KaXX[0€e U3 KOTOPbIX MOXET MMETb OTAMYatlolWeecs OT APpYrnxX MHEHWE, BbIXOAUT,
YTO MMEETCH TOJIbKO OAMH NYTb 06bEeAMHUTbL 3TU MHeHUs. Kakoe-nnbo cyxaeHue rnpuMe-
HAETCHA TONbKO B TOM CNydae, ecnn BCA rpynna nocne AeTanbHoro obcyaeHunsa npmxoanTt
K OAHOMY MHeHMUD. YacTo OKa3blBasoCh, YTO NO UCTEYEHUU HEKOTOPOro BPEMEHU UYNEHLI
rpynnbl cornawannucb UMeTb obliee cyxaeHne OTHOCUTENbHO CpaBHMBaEMbIX 0ObEKTOB.

MeTo4 Takxe Mno3BOMAsET paccMaTpuBaTb NpobneMbl KOHMNWMKTOB B rpynne naen,
UMeLWMX obline uenun; Mexay KOHKYPUPYHWWMKU OpraHM3aumMaMm U ga)ke mexay pas-
HbIMW CTpaHaMn (C NpUBAEYEHNEM NocpeaHuKa).

B KOHDNUKTE Mexay ABYMS FpynnaMun KaXXaon rpynne cneayeTr UCnosb3oBaTh YeTbipe
nepapxmm Ans OUeHKU KakK AEUCTBUTENbHOW, TaK U BOCMNPUHUMAEMON 3PPEKTUBHOCTU U
CTOMMOCTU ANnga obenx cTopoH. MNocpeaHNKY cneayeT UCNoNb30BaTbh 3T BOCEMb UepapXUi
MAKC MOCTPOUTb YETbIpe COBCTBEHHbLIX, ANA TOro 4tobbl HaMTM KOMMOpoOMUCC, cbnmxkato-
wnin rpynnel. B kaxxaoMm cnydae s3dpHeKTUBHOCTb M CTOMMOCTb paccMaTpuBaroTCa COBMe-
CTHO M OTHOLWIEHME AOXOA0B U m3aepxek bepeTcsa Ans OUEHKM OTHOCUTENbHbIX NpenMy-
WeCcTB KaXaoum rpynnobl.



MeToa HepaBHO MNPUMEHANCHA NpU neperosopax o ceBobogHOW Toprosere Mexay KaHa-
aon n CoegnHeHHbIMK LLTaTaMm, a Takxke ANs paspelweHuUs KOHMPINKTOB Ha ore AQpuku
n B MNMeHaxabe.

Hapewcb, 4To NpegnaraeMas MeTo400MMA ONMEPUPOBAHUA CO CNOXHLIMU NpobneMamu
AAaCT BO3MOXHOCTb M3bICKaTb NYTU pelleHUs Hawwmx npobneM v nyTv NMOHUMaHUA nep-
CNeKTUB APYrux B HaweM ryctoHacenéHHoMm mmpe. C Te4eHUMeM BpeMeHU MeTo[ NOo3BOSUT
nony4yatb 6onee 060CHOBaHHLIE peELIEHNS U NPUBHECTU BONbLUYK FapMOHUID N COTPYAHU-
4eCcTBO NpPU NPUMEHEHUUN 3TUX PELUEeHUN. DTO N 6bISI0 OAHOM U3 FNaBHbLIX MOUX LENen npu
CO34aHNUN JAaHHOWN TEOPUMN.

T. Caatu
[InTTCOYprCeKkuit yHusepcuTeT



NPEANCITIOBUE

Mpn NpUHATUN yrpaBAeHYEeCKMX pelweHNn N NPOrHO3NUPOBaHNM BO3MOXHbIX pe3ynbTa-
TOB MU0, NpUHUMalOLWEe pelleHue, OBbIYHO CTanKMBaETCs CO COXHOM CUCTEMOW B3au-
MO3aBUCUMbIX KOMMOHEHT (pecypchl, Xenaemble NCXo4bl UAK Lenn, nuua uam rpynna amu
MU T.4.), KOTOPYK HYXHO npoaHanuiuposaTb. Mo-BMaANMMOMY, 4eM raybxe 4yenoBek BHUKaA-
€T B 3TY C/0XHOCTb, TeéM nydwe 6byayT €ro nporHosbl WKW NpUHUMaeMble peweHusa. B
3TOW KHUIe nU3naraeTcsa Teopus, NpMMeHeHNe KOTOPOM CBOAUT UCCnefoBaHMe daXxe O4YeHb
CNTOXHbIX CUCTEM K MOCAeA0BATENbHOCTM NMOoNapHbIX CpaBHEHNA COOTBETCTBYOWMM 0bpa-
30M onpeaesnieHHbIX KOMMOHEHT.

DTa Teopusa Hadana 3apoxaaTbcsa oceHb 1971 r., korga a pabotan Hag npobneMaMu
NJaHUpOBaHNA B HenpeaBuAeHHbIX 0bcToaTenbcTBax Ana MuHucTepcrtsa obopoHbl CLUA.
CTaHoBMeHMe Teopuu npoucxoauno B 1972 r. Bo BpeMs UcCAeaoBaHUA MO HOpMUpOBa-
HUK 2NEeKTPOIHEPIrUU ANs OTAENbHbLIX BUAOB MNPOMbIWAEHHOCTM B COOTBETCTBUU C WX
BKMaAoM B 61arocoCcTosiHME CTpaHbl, NPOBOAUMBIX A1 HauMoHanbHOro HaydHoro doHaa.
MosiBneHne WwKanbl AN YACAEHHON OUEHKU CYXAEHMIA OTHOCUTCH K COBbITUSAM neTa 1972
r. B Kaupe, roe s nposoaun aHanms BAUSHUSA COCTOSIHUA «HWU MUP, HU BOMHa» Ha SKOHO-
MUYECKNI, NOTUTUYECKUIA U BOEHHbIN cTaTyc ErnnTa.

3penocTb ANda NpakTUYEeCKoro NpUIoXKeHUs Teopus cTana npuobpeTtath € Uccnenosa-
HMA Mo4 MOUM PYKOBOACTBOM TpaHCMoOpTHOM cucteMbl CyaaHa B 1973 r. OcCobeHHO WH-
TEHCUBHO Teopwus passuBanacb B 1974-1978 rr., korga 661710 MHOro cambix pasHoobpas-
HbIX MNPUAOXEHUHA. B 4acTHOCTU, NpPOBOAMNINCLE aHanu3 TeppopusMa Ans AreHTcTBa Mo
KOHTPOJIKO HaZd BOOPYXEHUSIMN U pa30opyXeHNeM B BalWMHITOHE, B KOTOPOM s npopaboTan
ceMb net (onybnmMkoBaHO B KHUIe, M34aHHOW noj pedakuuen pgoktopa P. KynepMaHa),
nccneaoBaHue Apyrux KoHOAWKToB (Hanpumep, KoHMNUKT B CeBepHon WUpnaHauu), a
TakXe pelwasncs BOMPoC pa3MeleHUss pecypcoB B COOTBETCTBMM C MpPUOpPUTETAMKU AnNs
KpYMHbIX YaCTHbIX, NPaBUTENbCTBEHHbIX U MEXAYHAPOAHbLIX KOHLEPHOB.

Teopuss oTpa)aeT TOo, 4YTO MNpeacTaBAsEeTCA eCTeCTBEHHbLIM XOAO0OM 4esl0BeYeCcKoro
MblWneHnsa. CTankMBasCb € MHOXECTBOM KOHTPOUPYEMBIX UM HEKOHTPOAMPYEMbIX 3/1e-
MEHTOB, OTpaXalLWnX CNOXHYK CUTYauuo, pa3zyM obbeaUHSET UX B FPYMNNbl B COOTBETCT-
BMU C pacnpegeneHMeM HEKOTOPLIX CBONCTB MeXAy afieMeHTaMu. Hawa Mogenb no3sons-
€T NOBTOPATb AaHHbIA Npouecc TakMM 0b6pasoM, UTO rpynnbl, UM CKOpee onpeaensmne
nx obwme CBOMNCTBa, pacCMaTpUBAKOTCA B Ka4yeCTBE 3/1EMEHTOB C/eAYLWero ypoBHsa CUC-
TEMbl. DTN 2/IEMEHTLI, B CBOK o4depenb, MOryT 6bITb CrpynnunpoBaHbl B COOTBETCTBUU C
ApYyrMM HabopoM CBOWCTB, cOo34aBas 3/1EMEHTHI ewe o4HOro, 6onee BLICOKOro ypOBHSA, U
Tak 40 Tex nop, Noka He byaeT AOCTUTHYT €4AUMHCTBEHHLINA 3/IEMEHT — BepLMHA, KOTOPYH
3a4acTy0 MOXHO OTOXAECTBUTL C LUENbK Npouecca NPUHATUSA peLleHUi.

ToO, 4YTO Mbl TOMIbKO 4YTO OnUcann, o6bblYHO Ha3bIBAKT UepapXMUeEN, T. €. CUCTEMOMN Ha-
CllanBaeMbIX YPOBHEN, KaXAblil U3 KOTOPbIX COCTOUT M3 MHOMMX 3/1EMEHTOB, WU QaKTo-
poB. LleHTpanbHbIM BOMPOCOM Ha $3blKe MepapXun SABASETCS cneayrwnin: HacKoAbKo
CUMIbHO BNUAKT OTAENbHLIE (PAaKTOPbl CAMOM0 HU3KOIMO YPOBHS MepapXuM Ha BEPLUMHY -
obWwyto uenb? HepaBHOMEPHOCTb BAUAHUA NO BCEM dakTopaM NpMBOAUT K HeobxoanMo-
CTW onpeaeneHnss UHTEHCUMBHOCTU BAUSAHMUSA, WAW, KaK Mbl NpeanodnTaeM roBopuTb, Npu-
oputeToB HaKkToOpoB.

OnpeageneHne NpUopuUTETOB PaKTOPOB HU3LWEr0 YPOBHSA OTHOCUTENLHO UEeNU MOXET
6blTb CBEAEHO K MNOCNenoBaTENbHOCTUM 3adad onpeaeneHnss NpUuopuUTETOB AM8 KaXxAaoro
YPOBHS, a KaXxaasd Takasa 3ajada - K nocnefoBaTeNlbHOCTM NoONapHbIX cpaBHeHUn. Cpas-
HEHUA OCTaKTCA OCHOBHLIMU COCTABAAKWMMK HALLEN TEOPUU, [Laxe eCc/n UCXOoAHas 3a-
Jayda OCNOXHEHa YyCNoBMAMU 0B6paTHOM CBA3KM Mexay pas3fIMYHbIMU YPOBHAMU MU HaKTo-
paMu.

BepHeMCHa K MOSIOXEHUK O TOM, YTO Halla TeEoOpUS ABNAETCS MOALENbI eCTeCTBEHHOro
Xo4a 4YeNOBEYECKOro MbIWEHUS, CO34AlOWEro KOHUEMUUIO U CTPYKTYPY CAOXHOW MNpo-
6nembl. Ha co3gaHue Teopuu NOBAMANO cneayowee:



1. Mpwn HabnwaeHnn 3a NWAbMU, Y4acTBOBaBLWMMKW B NpoLecce NOCTPOEHUA U ycTa-
HOBJIEHUS MPUOPUTETOB MepapXuu, 0BHapy>XeHO, YTO OHW eCTEeCTBEHHO 3aHUMalTCA MNo-
cnefoBaTeNbHbIM rPYNANMpPOBaHUEM OTAENbLHLIX NPEAMETOB B npeaenax YpoBHEN U pasae-
NeHUeM YPOBHEWN MO CNOXHOCTMU.

2. Jlvua, 3HakoMble C ornpeaeneHHon npobreMon, MOryT MNOCTPOUTb €€ UepapXuio
pasHbIMK criocobaMn, O0AHAKO €CNU CYXAEHUA NIIDAEN CXOXU, TO UX pe3ynbTaTbl 6yayT
6113kn. Kpome Toro, 3TOT NpouUecc ManovyyBCTBUTENEH, T. €. pas3aMuma Npu getannsaymm
B Npeaenax vepapxumm Ha NpakTUKe He NpUBOAAT K CYLEeCTBEHHbIM U3MEHEHWsM B pe-
3ynbTaTax.

3. B npouecce pa3paboTknm Teopun HanaeH MaTeMaTudeckm 06OCHOBaHHbLIM cnocob
OonepupoBaHUA CYyXAEHUAMN,

Mo MHEHUIO YYaCTHUKOB, NMpeanaraemMbii NpoLecc OTpaXKaeT UX UHTYUTUBHOE NMOHMUMa-
HuMe npobnemsl. Bonee Toro, NCUXoNOrMYecKne orpaHUYeHnUsa okasasancb COBMECTUMbBIMU C
YCOBUSIMU MaTeEMaTUYECKON YCTONYMBOCTU pe3ynbTaToB.

B cBOel npekpacHON kKHUre «Yncno — f3blk Hayku» [laHuur oTMevaeT, YTo 4Yenose-
yecknin Mo3r obnagaeT CBOMCTBOM BOCMPUATUA UUCEN, KOTOPOE SABNAETCS MNEPBUYHLIM U
npeasapsietr pakTMyeckmM NnoacyYeT; a MMEHHO, CBOMCTBOM OCO3HaBaTb, UTO Manblii Habop
NpeaMeToB YBENUYUICA WIN YMEHbLIWACA Npu aobaBreHUn unu yaaneHUM HeKOTOpbIX
npeaMeToB. DTO - UHTYUTUBHasA CNOCOBHOCTb, KOTOpas He SBNSAETCA YMEHUEM cuuTaTb.
OH oTMevaeT, YTo Aaxe HEeKOoTOopble XUBOTHbIE 0b6nadaloT Takon CnocobHOCTbO. HakoHel,
JaHuur pasmbiwngeT 0 TOM, NopoXAaeT AM 3TY KOHUEeNUuM onbIT, M60 OnbIT NPOCTO
CNY>XUT BbIABNEHUIKD TOro, UYTO YXXE 3a/10XKEHO B MO3ry npupogon. Mo 3penom pasmbiwne-
HUW OKa3bIBAETCHA, YTO BEPHO Moc/fieHee; 0CO3HaHUe eCcTb Nnpouecc uaeHTudmuKaumm co-
6bITUR, BbIABNEHUA pasNYMA B UHTEHCUBHOCTU WUAU CTEMNEHU pasNyuin Mexay HUMU B
nbbix 06WKMX ANa HUX cBoOMUCTBaX. TaknuM obpas3oMm, To, YUTO HaM U3BECTHO KaK «KaudecT-
BEHHOE», ABNSETCA HEYETKUM cnocobOM OCO3HaHWA pasnuumin. Tak KakK BbDKUMBaHUE 4ye-
nosevyeckoro poga Tpebosano 6onb wen onpeaenéHHOCTU, NAN pa3BUIM CNOCOBHOCTb
OCO3HaBaTb u4ucna. Koraa vHamMeuayanbHbIA ONbIT BKAKOYaeT pa3Hoobpasue owyLleHUn
Wnu BUAOB AEATENBHOCTU N TpebyeTcsa HekoTopas obobuweHHas nHTepnpeTaums Unu gen-
CTBME, TO 3TU OLYLWEHNA UKW BUAbI LEATENLHOCTU AO/XKHbI BbITb KakKMM-TO 06pa3oM 06b-
eAuHeHbl. Cnocob nx obbeaMHEHUs 3aBUCUT OT LENN, KOTOPOW OHU MpeanonoXUTeslbHO
OyayT CAyXWTb; HalWwW Uenu AUKTYIOT, Ha 4YeM crnefyeT 3a0CTpUTb BHUMaHue. [1o3ToMy
HaMm 6yayT HYXXHbl MOHATUA NMPUOPUTETA N €r0 U3MEPEHMUS.

PaszpabaTbiBaeMasa MeTohoNnornsa Ao/mkHa ObiTb MOME3HOW AN MOAENUPOBaHWA Mpo-
6neM, BKAOYAKWNX 3HAHUU N CYXKAEHUS TaknM obpasoM, 4Tobbl B utore obcyxgaemole
CNOXHble NpeaMeTbl B6bIIM ACHO BbIpaXeHbl, OUEHEHbl W YCTaHOBMAEHLI UX MPUOPUTETHI.
Cy>XAeHNsa MOryT YTOYHATLCSA C NOMOLWbLK obpaTHOW CBA3U, 4TOo OyAeT B CBOK o4epedb
BECTU K JanbHENWEMY YTOUYHEHUIO CYXAEHWW. Mbl ncnonb3oBanu MeToh aHanusa mepap-
XWUA U ANSA MOJYYEHUA TPYMMOBbLIX CYXAEHUA MOCPeACTBOM AOCTUXEHUA KOHCEHcyca. B
pesynbTaTe nwboe NnonyyeHHOE HaMM peleHue npespawaeTca Ana nuua, NpuHMMaLWero
peLleHns, B COBEPLUEHHO OnpeaeneHHbi oTBeT. B kaky 6bl pOpMYy He BLISIMIOCH OKOH-
yaTesibHOE CyXAEeHUe, BCerga HangyTcsa fau, YbU CyXAeHUS oTamM4darTcs oT nwboro no-
IYYEHHOro ncxoga, oAHaKko npu popMUPOBaAHUKM CYXXAEHUN rpyrnnon cneayet CUHTE3UpOo-
BaTb MHTEPECHI KaXXA0ro YaeHa rpynneol.

Mbl NOKa)eM, 4YTo CTapUHHOE U3pedyeHue O TOM, YTO HeNb3A CpaBHMBaATbL A6N0KU M
anenbCUHbl — HeBepHO. A610KO M anesibCUH UMEKT MHOro obLWKnX XapakTepucTuK: pas-
Mep, opMy, BKYC, apoMaT, KOJIMYECTBO CEMSH, COYHOCTbL M T. 4. MOXXHO npegnoyuTaTb
anesibCUH No OAHWUM XapakKTepucTukam u A670ko — no ApyruM. K ToMy xe cTerneHb Hawe-
ro NMpearnoyTeHUs Mo 3TUM XapaKTepUCTUKAM MOXET MeHATLCA. Mbl MoXeM 6bITb 6e3pas-
NIUYHBI K pa3Mepy U UBETY, OAHAKO W CTerneHb Hawero npeanoyTeHus Mo BKYCY MOXET
MEHATbHCS B 3aBUCUMMOCTU OT BPEMEHU AHA. BblABMraeMbli HaMKW TE3UC O TOM, YTO C/OXK-
Hble CpaBHeHWs NoAO06HOro poja 4acTo BCTPeYarTCcsa B AEUCTBUTENLHOCTU, TpebyeT Bbi-

* G. Dantzig. Number the Language of Science. The Macmillan Company, New York, 3rd ed., 1939.
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paboTKM onpedeneHHoOro MareMaTuyeckoro nogaxoga. Meton 6yaper pasbusaTbcs U Ans
noaobHbIX cpaBHEHUIA B AMHaMuKe. lMpaKTUKa NPUHATUSA pelleHUn cBA3aHa C B3BeWWBa-
HUEM anbTepHaTUB, KaXAas U3 KOTOPbIX YAOBNETBOPSAET HEKOTOPOMY Habopy kenaeMbiX
uenen. 3ajada 3aknwdaeTcs B Bblbope TOM anbTepHaTWBbLI, KOTopas Hawnbonee NOMHO
YOOBNETBOPSAET Becb Habop uenen. Hac mMHTepecyeT NOJlyYEeHUE UYUCMOBLIX BECOB ANS
anbTepHaTUB OTHOCUTENbLHO MoAauenen M Ansa noguenen OTHOCUTENbHO uenein 6onee Bbl-
cokoro nopsigka. XXenatenbHo, 4Tobbl 2TM Beca MMENM CMbICA ANS 3ajadu pacnpegene-
HUS pecypcoB. Hanpumep, ecnmn Beca MNpenctaBnsioT coboi cyMMbl AeHer, pacCTosiHUSA,
UM Kaky 6bl TO HU BbIN0 nccnenyeMyto GU3NYeCcKyr BeUUYMHY, TO OHU AOJIKHbI NOAYy-
YNTbCHA TEMU XKe, NN BAN3KMMN K TEM, YTO SKOHOMUCT MU PU3NK MOXET NONYUUTb CBOU-
MU MeTodaMWn nsMepeHun. CnegosaTenbHO, B pe3ysbTaTe Hawero npouecca B3BeWWBaHNS
HY>XHO NONYYUTb BEca UM NPUOPUTETLI, KOTOpLIE SABAAKTCA OUEHKAMN B OCHOBHOMN WKa-
fle OTHOLWEHUNM. B TO e BpeMs, Koraa pasfindHblie BUAbl A€ATENBHOCTU PUIMYECKU B3au-
MO3aBUCUMbI U BUAAM A€ATENbHOCTU C HU3KUM MPUOPUTETOM, BAUMAKLWMUM Ha BUALI Aed-
TeNbHOCTU € 6onee BbLICOKMM MPUOPUTETOM, BbIAENSETCS Manoe KOIUYecTBO pecypcos,
3TO He AOJIKHO 3aHU3UTb KOAMYECTBO PEeCYypCoB ANa BUAOB AEATENbHOCTU ¢ 6oee BbICO-
KUMKW npuoputTeTamMn. BoT noyeMmy pacnpefeneHmne pecypcos AO/KHO ObITb NMpoM3BeaeHO
npu ycroBUM orpaHUYeHnin B3aMM0O3aBUCUMOCTM.

Jaxke Npn 0gHUX N TeX XKe YCNOBUAX CYLLECTBYIOT pa3Hble CTUAU MPUHATUS peLUeHUA.
OAOVH KXHO-KOPENCKUA 3KOHOMUCT — Cneunanuct no naaHUpoOBaHUIO, YEoBEK, KOTOPbIN
nonarasn, 4To ero cTpaHa Morna 6bl 60nee npeycnesaTtb, YeM ANOHMA, cKa3an:

B SrioHum npouecc npuHSATUS peLIEeHUS] NPEACTaBAseT co0boM pa3roBopbl, pa3roBOpbl U pasro-
BOpbI, 110Ka Bbl HE AOCTUIHETE KOHCEeHcyca. B Kopee n Kutae — 3T0 pas3roBopsi, pa3roBopbl, 04Ha-
KO 3aTeM KTO-TO CBEPXY MPUHUMAET peLieHue. Bbl BuanTe 3170 B 40ME CaMoro 6eAHOro KOpencKoro
KPECTbSIHUHA, rA€ OH SIB/ISIETCS XO3SIMHOM. Bbl BUANTE 3TO U KPUTUKYETE B Hallled nonutuke. Mbi
BUAWM 3TO B HaweM 60/bLiOM BU3HECE, A€ NMPOBOASITCS OT/IMYHbBIE UCCAEA0BAHUS, OAHAKO OKOH-
HaTeNbHOE PELIEHUE MPUHAANEXNT MPE3IUAEHTY. 3TO MOXET €034aTh rpobaemMsl, Koraa CTPYKTypa
Haluest rpoMbiLL/IEHHOCTH CTAHET 60si1ee C/A0XKHOM, XOTS 3TO Obl/10 OYEHb XOPOLIO HA PaHHEH CcTa-
AN POMbILLIIEHHOMO poCTa.

DTO XOpoLWo cornacyercd C KOMMEHTapuAMKW BbICOKOMOCTAB/IEHHOMO AMOHCKOro 4u-
HOBHWMKa O npouecce nNpuHATnA DEUJEHMVI B ANOHUK:

Jlioboe peweHne B SnoHNN NPpUHNMaeTCs MOCPEACTBOM KOHCEHCyca. B anoHCcKoM npasutersib-
cTBe 60/IbLMHCTBO PELUEHNI MepBOHaYasabHO MPEAIaraeTcs YnHOBHUKaMMU. 3aTtem ux rpeanoxe-
HUST MIPOXOAAT HYepe3 MHOXECTBO O0OCYyXAEHUI, N3 KOTOPbIX TO/ILKO MOCAEAHEE MTPONCXOANT B Ka-
buHeTe MUHNCTPOB. [flaxe B KabmHeTe 006CyXAEHNEe MOXET MpoAO/IKATbCS Yacamm, MpuUToOM HUKTO
HEe BbICKa3bIBAET 3aKOHYEHHOr0 MHEHusl. B KOHLe KOHLOB, MNpeMbep-MuHUCTD FOBOPUT: 3TO Hall
KOHCEHcyc. OH Takxe He o4YeHb ToqeH. OAHaKo AajbHenlmne 4eiCTBUS NPpou3BOASTCS B COOTBET-
CTBUM C 3TUM HETOYHBIM KOHCEHCYCOM, HO KaxXAblfi 4yBCTBYET, YTO BHEC OMPEAESIEHHYI /enTy B
TO0, 4TO 6yheT caenaHo. BcreacrBme 3T0ro B SNOHMM Kax[o0e pelieHue 3aypsaaHo, 04HaKo ero mc-
nosiHeHne — otnnydHoe. (The Economist, 7 May 1977, p. 46).

NHoraa peweHunsi, NpuHUMaeMble B 6OMbLUMX OpraHMsaumsax Uam npaBUTENbLCTBOM, MO-
BUAMMOMY, UFHOPUPYIOT YenoBedeckuin dakTtop. 2. Jasapno B O4HOIN U3 CTaTel roBopuT,
yTo!

Y3-3a HeonpeaeneHHOCTEeN MPUHATUS PELUEHWA B MOINTUKE 06LEeCcTBO He ABWXETCS B COOT-
BETCTBUN C €r0 TEXHUYECKUMU BO3IMOXHOCTAMU... [J0 Tex rmop, NoKa rpoLEcChl B MOJNTUKE HE
obecrneyaTt SCHOrO PaHXMPOBAHNS MPUOPUTETOB, BKAAA HAYKN U TEXHUKN B paspelieHne oTAeslb-
Hbix npobsiem 06LECTBEHHOrO 6,1aroCOCTOSIHMSI, BEPOSITHO, OCTAHETCS C/IYHYalHbIM M HECUCTEMATHU -
YecKuM... Jluya, NpuHUMaKLUne peLieHnss B MOJNTHUKE, Py MPUMEHEHUN HAay4YHOro rnoaxoga K
PAHXUPOBAHMNIO MPUOPUTETOB HE [OJ/IKHBI 3abbiBaTb O CBOEN OCHOBHOM (PYHKUMM — 3aLUNTE 4HE0-
BEYECKNX LEHHOCTEN. VICMO0/Ib3ys HAYYHbBINA M0AX0A4 A5 peleHns 60abwnx coynaabHbelix npobaem,
mya, rnpuHUMarnLUne pPeLIeHns, y4YaTCs KOMMYECTBEHHOMY BbIDAXEHWIO MHOIMMX DELUeHni, paHee
MPUHNAMaEBLUMXCS Ha OCHOBE WHTYWUTUBHBIX WM HOPMATUBHBLIX CyxXaeHwi («Ventures», XKypHan
Uernbckoi Beicies wKossl, BecHa 1971 r.).

BO3MOXHO, Halw KOANYECTBEHHbLIA NOAX0A4 MO3BOMAUT M3bexaTb OMACHOCTU AerymMmaHm-
3auuun, o KoTopbix rosopuTt dagapuvo.



DTa KHUra npegHasHadyeHa Ana yuTaTenem C pa3HbIM YPOBHEM MOArOTOBKWM U HaMe-
PEHHO BKHOYAET HeKoTopble noBTopeHus mnaen. OHa He HaueneHa WCKAKYUTENLHO Ha
yUYeHbLIX nccnegosatenen Uam cneumannucTos B obnactn nsMepeHun.

A 6narogapeH MouM Konneram, goktopy k. beHHeTy u gokTopy K. Yenay, ctTumMynm-
poBaBLWWM 06CyXAEHUE N BO3HUKHOBEHNE HEKOTOPLIX MAEN, U MOEMY APYry AoKTopy [X.
Manepy 3a npo4YTeHWE pYKOMUCU, NMpUBELEHME €e B NOpAAOK U nepepaboTKy HEKOTOPLIX
pa3fenos C Uenbl OKaTua U3NoXKeHUA. S Takxe Npu3HaTeneH 3a npueeieHne B NopsaaoK
W pedakTUpoBaHWE MNepBOHaAYasIbHOrO BapuaHTa KHUMM Moen ObiBWEN CTyAEeHTKe U COo-
TpyAHULUE, 3aHUMAKLWENCA MPUNOXEHUAMU, CBA3AHHLIMU C pa3peleHUeEM KOHOIUKTOB,
Aoktopy Ix. AnekcaHaep. S 6narogapeH Takxe 3a obuweHue v noMouwb B paboTe C KOM-
NbOTEPOM CEMU KHbBIM yMaM, MOMUM ObLIBWMM W HbIHEWHUM cTyaeHTam: [1. Bnepy,
I.-10. YxeHio, A. lecaun, 2. DpaeHep, ®. Ma, P. MapmuaHo un J1. Bapracy. HakoHeu, 4 rny-
60KO NMpu3HaTeneH MOEN cekpeTapuwe U noMowHuue Muccuc M. BpayH 3a BbICOKOKa4yecT-
BEHHYI 06paboTKy pykonucu.

T. Caatu
[leHCcnIbBaHCKMIA yHUBEpCUTET



YACTb I
METO AHAJIU3A UEPAPXUN

TemMma. [1ekoMNo3mumsa ¢ UCNOMb30BaHNUEM UEpPAPXNUA U CUHTE3 NMYTEM HAXOXAEHUSA OT-
HOLIEHUA Yepes cyxKaeHus.

Koraa skoHOMUYecKkne daKTopbl CBOAATCA K 4YMCNaM B AEHEXHOM U3MEepEeHUU, KONn-
4ecTBO 0BBEKTOB, MX BEC B TOHHaxX U BpeMs, HeobxoaMmMoe Ans UX NPOU3BOACTBA, Bbl-
YNCNEeHbl U NMpoU3BeaeHbl OLEHKWN BEPOSTHOCTEN, 3a4acTylo OKa3blBaeTCs, YTO 3P dpeKkTuBs-
HOCTb Mpouecca MOAENUPOBaHUA CHOXKHbIX 4denosBedyeckux npobneMm Jocturia CBOEro
npegena. Yenoseyeckme BO3IMOXHOCTWU B 3TOM MNpoLecce CUbHO 3aBUCAT OT TeX (haKkTo-
pOB, KOTOPbIE Mbl MOXEM U3MEPSTH.

Ecnu 3aTteM Mogenn nnoxo paboTakT, TO 3TO NPOUCXOANT U3-3a@ TOro, UTO Mbl OMYCTU-
JIN HEKOTOpPbIE CyWwecTBeHHble hakTopbl, NpUHUMas obnerdavowme gonyweHus. Mo Kpai-
Hel Mepe B couManbHbIX HayKaX BMHY 3a MOJYYEHHbIN pe3ynbTaT BOo3narakoT, Kak npasu-
/10, Ha NOMNTUKOB, Ha YenoBevyeckme Kanpusbl U apyrme hakTopbl, pacCMaTpuBaeMble Kak
AocafHble 3abnyXaAeHNs1, KOTOpble CO BpeMeHeEM UCYE3HYT. HO MMEHHO OHWN ABAAKOTCA Te-
MW KOHTPOAMPYIOLWMMN haKTopaMn, C KOTOPbIMWU Mbl AO/XHbI MMETb AE0 U KOTOpble
OO/MKHbI YMETb U3MepaTb, YTobbl MOAYYUTbL peannucTUdHbie pesynbTaTbl. HeobxognMo no
BO3MOXXHOCTWN OTKa3bIBAaTbCA OT NPUHATUA obnerdarwmx 4onyweHWin B HaWNX Mo4ensax U
MPUHUMaTb CNOXHble CUTYaUUN TaKUMU, KaKUMU OHWU ABAAKTCA. YUTobbl 6bITh peanncTnd-
HbIMW, HaWKW MOAENU AO/XKHbI BKAKYATL B cebs N NMNO3BONATb U3MEPATb BCE BaXHble OCA-
3aeMbleé N HeocCsi3aeMble, KOJIMYECTBEHHbIE N KadeCTBEeHHble daKTopbl. DTO KaK pas To,
yTo AeflaeTca B MeToAe aHanmsa uepapxuin (MAW), npu KOTOPOM Takxe AonycKkakwTcs
pa3fiMung BO MHEHUAX N KOHDMKTbI, Kak 3To 6biBaeT B peanbHOM MUpe. Mbl cobnpaeMmcs
pa3BuUTb 3TOT NOAXOA4 W NOKasaTb UMTaTEND, KaKUM 3P PEKTUBHLIM CPeACTBOM OH sIBNSET-
co.

Maea 1 aBnaetca obWMM BBeAEHWEM B NpeaMeT, 3a KOTOPbIM CAeaylT MpuMepsl
rn. 2. B rn. 3 AaHbl 06bACHEHUSA WKaN WU NOHATUSA COrNacoBaHHOCTK, a M. 4 KacaeTcs ne-
papXnyecKknx CTPYKTYP M MX COrNacoOBaHHOCTU.



rNMABA 1

UMEPAPXUU N NPUOPUTETDI:
NMPEABAPUTEJIbHOE OBCYXXAEHWUE

1.1. BBEAEHUE

B npouecce MbIWEHUA Mbl onpenenseM obbekTbl MW UOEUN U OTHOWEHUSA MEXAY HU-
Mu. Mpun onpeaeneHnn 4yero-nmbo yenoBek Npon3BOAUT AEKOMMNO3NLUIKD CIOXHOIo Cobbl-
TUSA, C KOTOPbIM CTasIKUBaEeTCsl, @ BbISIBUB OTHOLIEHMS, TEM CaMbIM OCYLLECTBASET CUHTES.
OyHOaMeHTanbHbIA Npouecc, nexawuin B 0OCHOBe NO3HaHWA, BKAKYaeT B cebs gekoMmno-
3UMUMKD N CUHTE3. 1A Hac WHTepec NpeAcCTaBnsaT pa3paboTka 3TOWM KoHUenuum N ee
npakTUyeckne NpuMMeHeHns.

XoTs NpoBOAMMbIE pa3HbIMU AKABMU AEKOMMNO3ULWKN MOTMYT OTNMYaTbLCA O4Ha OT ApYy-
ron, HeNoCpeaCTBEHHLIN ONbIT O6LWEHNS C peanbHOCTbIO MO3BOMIAET MNOAYYUTb AOCTAaTOYHO
61M3KMe OUEHKM Ha OnepaunmoHHOM ypoBHe, 0CcOB6EeHHO, KOrga 3TW OUEHKW noaTBepXxaa-
IOTCA YCMELWHbIM ONbITOM AOCTUXeHUA obwKnx ueneir. MNO3TOMY MOXHO MoAennposaTb
ALENCTBUTENbHOCTbL pasfiMyHbiM 06pa3oM, U BMeCTe € TeM NpuaaBaTb CYXAEHUSIM CMbICH,
KOTOpPbIA BKAOYaeT oblwee NoHMMaHWe. HeobXxoaMMO MUCMONbL30BaTh 3TO MPOSIBNIEHUE Cy-
XAEHUN N 3HAHUIA.

Hawa uenb — pa3paboTka Teopun U METOLONOMMN ANt MOAENUPOBAHUA HECTPYKTYPU-
pOBaHHbIX 3a4a4y B 9KOHOMUWKE, HayKe ynpaBaeHNs N CoLuMnanbHbIX HayKax.

MHorga Mbl 3abblBaeM, Kak MHOMO BpeMeHU noTpeboBanoch 4YenoBeyecTsy A5 pa3Bu-
TUA N3MEPUTENbHbLIX WKasna, KOTOPbIMWU NOAb3YTCA B MOBCEAHEBHOW XM3HWU. DBONKOLUS
MOHEeTapHbIX eauHuL noTpeboBana TbiCAYM NeT MEHOBOW TOProBnAM W 3aKoHoAATeNbHOM
AeATeNbHOCTN B Npouecce nocnienoBaTeNnbHOro NpubANMXKEHUa K co3gaHuio cpeacTea Ans
obMeHa, KOTopoe Mbl Ha3biBaeM geHbraMu. leHbrn TakxXe cayXxaT B KayecTBe OCHOBbl M3-
MepeHns BCeX BMAOB TOBApPOB M YCAYr. DTa 3BOIOUMA WKaAbl U3MEPEHUS, T. €. AEHer,
noMorna nocTpouUTb 3KOHOMUYECKME Teopuu, noajarolmnecss sMnmMpruyeckuM npoBepKam.
PazBuUTUe AeHer — MHTEPAKTUBHbIM NpoLEecc, YCOBEPLUEHCTBYOLWNA YenoBevyeckne cyxae-
HUS N ONbIT, C OAHOW CTOPOHLI, U CPEACTBA U3MEPEHUS — C APYrOon. DTOT NpoUecC Takxe
co3gan CTpYKTypy, obbeanHsawowyw ounocodunio U MaTeMaTUKY B S3KOHOMUYECKOW HayKe.
DKOHOMUYECKNE TEOPUN B HaACTosLLEE BPEMS O4YEHb TECHO CBfi3aHbl CO CBOMMU eanHMLA-
MU U3MEPEHUS, OAHAKO BO3HWUKAT NpobneMbl, cBA3aHHbLIE C MOAUTUYECKUMU U COUManb-
HbIMU BeIMYMHAMU, KOTOPbIE, HE UMEKT SKOHOMUYECKNX SKBUBANIEHTOB.

CoumnanbHble BEAMUYMHLI B HaWeM CNOXHOM obwecTBe TpebyT yaobHoro Metoaa
WKannpoBaHUd, KOTOpPbIM No3BoanMa 6bl Ha NpakTUYeCcKoW NoBCeAHEBHOW OCHOBE NOAy-
UNTb pa3yMHble COOTHOLWIEHMA MexXAYy AeHbraMu, KadyecTBOM OKpyXallwen cpenbl, 340-
pOBbEM, cHaCTbeM U NOAOOHBLIMK peanbHOCTAMU. Takon noaxon obnerunn 6bl B3anMoaen-
CTBME MeXAy CYXAEHUAMU KU couManbHbIMM PEHOMEHaMWU, K KOTOPbIM OHW MNpPUMEHEHLI.
HaM HyXeH TakoM noaxol UMEHHO M3-3a TOro, YTO He CyLlecTBYET LKan UM3MepeHUs co-
LManbHbIX BEIMUYMH, KOTOpble 3aBoeBann 6bl MONYNSIPHOCTL, XOTA U M3BECTHbI MOMbITKU
3a710XKNTb OCHOBY TEOPUU U3MEPEHUIN B COUMANbHbIX HayKaX.

MpOoBHbIM KaMHEM A5 HOBOIMO MHCTPYMEHTapUN SBASETCA TO, HACKO/IbKO OH ecTecTBe-
HEH M NPOCT B ynoTpebneHNNn M HaACKOMbKO FAPMOHUYHO OH COCTaBnseT e4MHoe Lesoe B
paMKax CYyLecTBYHLWEN Teopun, NPUHAT M OH TEMU, KTO €ro AOSIKEH UCMOoMAb30BaTb, U
KakK Xopowo OH paboTaeTr Npu pelweHnn BO3HUKaLWmMX npobnem.

Hawa Teopusa cosnaBanacb ANs peweHusa onpeieneHHon 3ajayvyn naaHUpoBaHUS Mpu
HenpeasuaeHHbIX obcToaTenbcTBax [122] M no3aHee Npu NOCTpoeHUn byaywmx anbtep-
HaTUB ANSA pa3BuBalLWeNcsa cTpaHol — CyaaHa [129]. B pesynbTaTte 6b1AM Nosy4veHbl npu-
OpUTETbl U MNaH KanuTasoBAOXEHUN AN NMPOEKTOB, OCYWECTBEHNE KOTOPbIX HAaMeyeHo
Ha KoHeu 80-x rogos. Naen nocteneHHo pa3BMBaINCb, Haxoas NpUMEHEHUE BO MHOMMX
APYrNMX NpUNoOXeHMAX, TakKNX, Kak pacnpegeneHne sHeprmm [137], KanuTanoBnOXeHUsa B
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passinyHble TEXHOAOMMU B YCNOBUAX HeonpepeneHHoctn, 6opbba ¢ TeppopusmoM [135],
nokynka asTomMobuns, soi6op paboTbl 1 BLIGOP WKONLI.

Ncnonb3ysa napHble CpaBHEHUSA Ha BXOAE, Mbl MOXEM CNpaBUTbCa C daKTopaMun, KOTO-
pble 06bIYHO B NPUIOXKEHUAX HEe noanarnTcsa 3PEeKTUBHON KONUYECTBEHHON oueHKe. Ec-
TECTBEHHO, Y HEKOTOpbIX J0AEN Bbl3blBa€T COMHEHWE HeonpeaeneHHOCTb, 3aK4var-
Wasacsa B TOM, YTO YMCa acCCOUMUPYIOTCA C CYXAEHUAMU; MHaA4Ye roBOps, MOXHO NonacTb
B KankaH NMoroBOpPKW: «MYyCOp Ha BXOAe — MycCOop Ha Bbixode». C Cy>XAEHUAMU TPyAHO pa-
6oTaTb, KpOMe TOro, OHM MEHSAKTCH B LUMPOKOM AuanasoHe. Ho MOXHO uccnenosatb CO-
rNacoBaHHOCTb CYXAEHWUA U TeM caMbiM 060CHOBaTbL UX.

PaznnyHbie NpUAoXKeEHUSA TEOPUW OCYLWECTBASNNCL NPU y4acTUMU KOPUCTOB, MHXXEHe-
poOB, Y4yeHbIX, paboTarowmx B 061aCTU NOANTUUYECKUX U COUMaNbHLIX HayK, (pU3MKOB, Ma-
TeMaTMKOB U paxe geten. Bce owywanum yaobcTtBa nerkoro nm ecrecteeHHoro cnocoba
npoBeAeHUs NapHbIX CpaBHEHWW B npejenax MHAWBUAYaSbLHOMO onbiTa U Nerko BoCnpu-
HUMann U3noXeHne MeToaa, KoTopoe 06bI4HO BeNoCh 6e3 TeXHUYEeCKUX noapobHoCTEN.

OaHako nNo4vyeMy BO3HMKA Takas HaBsA3uyMBas MAes C Ynciamm n mnsaMepeHusamm? Ka-
KUM 0bpa3oM OHa NOMOXeT HaM, N Kak oHa bygeT paboTaTb? HaM NOCTOAHHO npeanaratT
METOANKY, MO3BOMAKWY CApaBUTbLCA C MOOLIM PEeHOMEHOM, C KOTOPLIM Mbl CTaJIKuBaeM-
ca. OQHaAKO OHa He MOXEeT CrnpaBuUTbLCA C Bewamu, ANs KOTOPbIX He CyWecTBYeT Mep.
30ecb npegnaraeTcsa a3pMEKTUBHLIA CNOCO6 NOCTPOEHUS Mep AN Takux Bewen U UX Uc-
NONb30BaHUA ANA NPUHATUA peLeHUN.

Ana nydwen oueHKW npeanaraemMoro HamMmu noaxoda, AOCTaToOYHO oblwero Ana npume-
HEHUS KaK K U3BECTHbIM U3MEPEHUSM, TaK N K CYXAEHUSAM, NPpUBEAEM CMeayLWY unuTaTy
[23]:

...Kaxercs no4ytu o4yeBUAHBIM, YTO Mbl HE MOXEM peLiaTb COBPEMEHHbIE 3HAaYNTE/IbHbLIE TOJIN-
TUHEeCKne 1 opraHn3alyunoOHHbIE I7p06ﬂeMbl rpoOCTbIM repemMasibiBaHNeM psaa AOCTYINHbIX BXOAHbIX
JAaHHbIX C NMOMOLbO MareMaTuyecKkux MO,aeﬂel7l UM BbIYUCTINTETBHON TEXHUKMU. KpOMe TO0ro, Ham
Tpebyercs bosiee yCOBEPLIEHCTBOBAHHAS CXEMA Pa3MbIlLIEHUS] U CyxXaeHus. Korga Mbl HayHeM ro-
CTuratb rnpoLecc pa3sMbiliZIEHNS N CYyXAEHWS, Mbl CMOXEM ﬂpMI7ITM K yduiemy O6'beKTI/IBHOMy Me-
T04Y, T. €. K HEKOTOPOMY ONTHUMaabHOMY MyTn 064yMbiBaHUS B TOYHOU M JOCTOBEPHOU hopme.

O6bI4HO Npouecc NPUHATUA peleHnin BKAKYaeT B cebsa cnepywowme coctasnsowme:
ni1aHUpoBaHUE, reHepupoBaHue paja albTepHaTUB, YCTaHOBIEHUE NMPUOPUTETOB, BLIGOP
HaunyJwen JMHUU MOBEAEHUA MNOCAE HaXOXAEHUA psda anbTepHaTuB, pacnpeaeneHuve
pecypcoB, onpegeneHue noTpebHOCTeW, npeackasaHue MUCXO0A0B, MOCTPOEHUE CUCTEM,
n3MepeHune xapakTepuctuk, obecnedyeHume yCTOMYMBOCTU CUCTEMBI, ONTUMU3ALUA U pa3-
pelweHne KOHMPINKTOB.

OTBeTHLlI Ha 3a4a4yn NO MPUHATUIO PELIEHUA CTpadatoT OT U3BbITOYHOCTU TEXHUKK «na-
TEHTOBAHHOW MeAWUMHLI», UCKKYaLWen neyeHe B LesioM. PekoMeHAaumMmn K peleHuo
OAHOM 3aja4yn MOryT NPUBECTU BCKO CUCTeMY B 6osiee BO3MYLLEHHOE COCTOSIHUE YEM TO, B
KOTOPOM OHa 6blfla cHavana.

B nocnegHune pecatunetnsa B 3ajadax CouMasbHbIX WM MOBeAEHYECKUX HayK Hawen
CBOE€ MEeCTO <«CUCTEMHbLIA NoAxXoA4» Hapsay CO CTapbiMU peAyKUMOHWUCTCKUMU MeTohaMu,
KoTOpble, No-BuAMMOMY, bonee npueMmnemMsl ansa dusndeckmx Hayk. o cywecTsy, cucTe-
Ma anseTca abCTpakTHOW MOAENbID UMEKLWENCA B peanbHOCTU CTPYKTYpPbI, Kak, Hanpu-
Mep, HEPBHasa cCUCTeMa 4yesioBeKa, ynpasrieHue ropoaoM, TpaHCNOpTHas CeTb wWTata WUau
skocucTeMa 60NOTUCTLIX MecTHoCcTen B Hbko-[xepcu. MoBOpsS CUCTEMHLIM SA3bIKOM, Mbl
OUEeHMBaeM BO3AENCTBUE pPa3/iIMYHLIX KOMMOHEHT CUCTEMbl Ha BCK CUCTEMY W HaxoauM
NPUOPUTETHLI 3TUX KOMMOHEHT.

HekoTopble onpeaensoT CUCTEMY B TEPMUHAX B3auMoAencTBuin ee vacten. OpgHako
ropasgo 6osee 6oratoe onpeaeneHme CUCTEMbl MOXET 6bITb A4aHO B TEPMUHAaX ee CTPyK-
TYpbl, €& yHKUMI, Lesnei, 3aN0XeHHbIX B €e KOHCTPYKUMIO C TOUYKWU 3pEHUS rnepCcriekTy-
Bbl OTAENBLHOMO UHAUBMAYYMA UK rpynnbl (0OTCHOA@ U BO3MOXHOCTb KOH(NNKTA), U HaKo-
Hew okpyxxariyen cpeasl (bonblen okpyXarLen CUCTeMsbl), 418 KOTOPOW OHa npeacras-
naet cobon nogcmcTemy.

ANna npakTU4ecknx Lenem cMcTteMa 4acto paccMaTpuvBaeTCs B TEPMUHAX ee:
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CTPYKTYpbl B COOTBETCTBUM C U3NYECKON, BUONOrMYECKOW, CouManbHOM UNKN Jaxe
ncmMxonornyeckon knaccudukaumen ee 4yacTem U B COOTBETCTBMM C MOTOKOM MaTepuanos
WU N4EN, KOTOPble ONpenensaT OTHOWEHNS N AUHAMUKY CTPYKTYpPbI;

QYHKLUNH B COOTBETCTBUU C TEM, KaKOBbl OYHKUUU OAYLIEBNEHHbIX UM HeoayweB-
NNEHHbIX KOMMOHEHT CUCTEMbI; KakKne uUen OHW AOMXKHbI BbIMOAHATL, YacTaAMKU KaKux Le-
nen 6onee BbLICOKOro nopsaka sABAATCA 3TU uenu (Beaywme K obwen uennm cCUCTemsbl);
UbW LENN YAOBNETBOPAKTCA; Kakme KOHDANKTbI Mexay MHANBUAYYMaMn MOryT BbiTb pas-
peLlleHbl.

B AeNCTBUTENBHOCTU CTPYKTYpPa U OYHKUUU CUCTEMbI HE MOTYT 6bITh pasaeneHbl. OHU
npeactasnsaT cobo peanbHOCTb, KOTOPYK Mbl OCO3HAaEeM Ha OCHOBaHWMW onbiTa. Ham
cnegyeT paccMaTpuBaTbh MX OAHOBPEMEHHO. B TakoM nfaHe CTPYKTypa CAYXUT CpeacTBOM
ANns aHanusa PyHKUMn. OYHKUMOHNPOBAHNE N3MEHAET AUHAMUKY CTPYKTYpPbI.

Mepapxuns aBnseTca HEKOTOPON abCcTpakuMen CTPYKTYPbl CUCTEMbI, NpeaHa3HAYEHHON
ANs n3ydyeHus ¢dYHKUWNOHAMNbHbIX B3aMMOLENCTBUA €€ KOMMOHEHT U UX BO3AENCTBUIA Ha
CUCTEMY B LENOM. DTa abcTpakumsa MOXeET NpUHUMaTb pas3finyHble POACTBEHHbIE HOPMSI,
B KaXxZJOMN M3 KOTOPbIX, NO CYLECTBY, NPOM3BOAUTCA CMYyCK C BepwuHbl (obwen uenun)
BHMU3 K NoAuUensM, ganee K cuniaM, KOTopble BAUAKT Ha 3TWU Noguenu, K aasM, BAUSK-
WMM Ha 3TN CUNbI, K LensaM OTAEMbHbIX AKAEN, K MX NONUTUKaM, ele Aanblue K cTpaTe-
rMsMm, M, HaKOHeU, K ncxogaM, saBAsSWUMCA pe3ynbTaTaMn 3TUX cTpaTernin. CTouT oTMe-
TUTb, UYTO CYLLECTBYET HeKOoTopas cTeneHb WMHBApPWUAHTHOCTU 3TOW CTPYKTYPbl, BbICLIWE
YPOBHW KOTOPOM NpeAcCTaBAsloT OrpaHMUYEHMs U CUbl OKpPYXalLWeEN cpedbl, CnycKaw-
wmecss K YpOBHAM AEUCTBYIOWMX UL, UX Lenen, GYHKUNAM CUCTEMBI, U, HaKOHel, K ee
CTPYKTYpeE, KOTOpas MOXeET BbiTb MOANDUMUMPOBaHA WU yripaBaseMa.

Mpn NOCTPOEHUN UepapXNUYECKON CTPYKTYPbl CUCTEMbI BO3HUKAIKT ABa BOMpocCa:

Kak Mbl CTPOUM DYHKLMU CUCTEMbI NEPAPXUYECKU ?

Kak Mbl naMepsieM BO3AENCTBUS I060ro 3/1IEMEHTa B Uepapxum?

EcTb TakXe BaXkHble BOMPOCHLI MO ONTUMU3ALUN, KOTOPbIMKU CrleaoBano 6bl 3aHATbCS.
OHM NpnobBpeTyT CMbICA MOCAe TOro, Kak 6yayT nosaydyeHbl OTBEThbl HA NpUBEAEHHbIE Bblle
Bonpockl. Mo3xe Mbl 06CYAUM U CTPYKTYPY UepapXUi.

1.2. UBMEPEHNA N CYXAEHUA

PaccMOTpUM TpW pOACTBEHHLIE 3a4ayun, UMEKLWNEe UHTEpPECHbIEe NPUNOXeHUsa. llepras
KacaeTcss usMepeHun. MNpeanonoXnMm, YTO UMEEeTCs] HEKOTOPOE MHOXECTBO MNpeaMeToB,
KaXabll M3 KOTOPbIX AOCTAaTOYHO NErok M MOXET O6biTb MOAHAT PYyKOW. B oTcyTCcTBMU
B3BelWMBaKWero npubopa Mbl XOTUM OLEHUTb UX OTHOCUTENbHble Beca. OAMH cnocob
OLEHKM 3aK/4aeTca B TOM, 4TobObl yragaTb BeC Ka)Xnoro npeaMeTa, B3sIB 3a e€4UHULY
M3MEepEHNA CaMbli fIErkKnin, TakmMm obpasoM cpaBHUTb BCe NpeaMeThbl, a NOTOM pa3fennTb
BECa OTAebHbIX NpeAMETOB Ha CYMMapHbIA BEC BCEX NpeaAMETOB, UTOObl NOAYYUTL OTHO-
CUTENBbHLIM BeC Kaaoro. Apyroin MeTon, MCMONb3YHWWA Bonblee KOJNYECTBO UMEKD-
wencsa B akcnepnMeHTe UHGOpMaUmnK, npeacrtasnseT coboit nonapHoe cpaBHeHUe Npea-
METOB, 3aknwvawuweecsd B TOM, UYTO Mbl NogHMMaeM OAUH NpeaMeT, 3aTeM ApPYron, u
BHOBb BO3BpallaeMcs K NepPBOMY M 3aTEM K CleayleMy U T. 4., NOKa Y Hac He chopMun-
pyeTcs cyxaeHne 06 OTHOCUTENLHOM Bece (OTHOLWEHUU) KaXKaon napbl 06bekToB. 3aTeM
3ajava 3aKnyaeTca B NnoayvYeHun yaobHoM Wwkanbl ANns nonapHbiX cpaBHeHUA. MNMpenmy-
lwecTso BTOpOro cnocoba COCTOUT B TOM, YTO OAHOBPEMEHHO pacCMaTpMBaKTCHA TONbKO
ABa nNpegMeTa U BbISICHAETCHA, KaK OHU COOTHOCATCS Apyr ¢ ApyroM. OTMETUM Takxke, UTo
NMpM 3TOM MUCMOAb3YeTCA N3BbITOUHan MHMOPMaLKMA, TaK Kak Kaxabli npeaMeT MeTOANYHO
CpaBHUBAETCH CO BCEMU OCTaNbHbIMU.

B 3apadvax, roe HeT wWkKasbl, N0 KOTOPON DUKCUPYETCS KOMMYECTBEHHAs XapakKTepu-
CTUKa pe3ynbTaToB, NPoLEeCcC NOMapHbIX CPpaBHEHUN, KakK MOXHO Nnoka3saTb, obnagaeTt TeMm
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LEHHbIM Ka4eCTBOM, UTO HECMOTPS Ha BoMbluee YNCO 3TanoB, KaXablh U3 3Tanos npoule,
yeM nNpu NepBoM cnocobe B3BEWMBAHUSA.

OTMeTn, uto npn nNwbom cnocobe M3MEepeHUN MX COrNacoOBaHHOCTL — 3TO He HeyTo
caMo cobon pasyMewleecsd. BceM naMepeHnaM, BKAKOYAN M3MEPEHNS C UCNOMb30OBaHUEM
npmbopoB, NpUCYLLN KaK 3KCMepUMeEHTanbHble OWNHBKN, Tak U OWMNBKU U3MEPUTENBHOMo
npmbopa. Cepbe3HbIM CNeacTBUEM OWUDOKKN ABNAETCA TO, YTO OHa MOXET NPMUBECTU M Yac-
TO NPUBOAMT K HECornacoBaHHbLIM BbiBoAaM. NpOCTbIM NPUMEPOM CeacTBus owmnbok npu
B3BELWMBAaHUN NpeaAMETOB MOXET CAYXUTb cnegywouwas cutyauus: A Tsaxenee b, b Taxe-
Nnee B, ogHako B Tsxenee A. 2T0 MOXET NPOU3ONTU, B YAaCTHOCTU, B TOM Crydae, Koraa
Beca npeameToB A, b n B 6A13KK, a n3MepuUTenbHbIi Npnbop HeaOCTaTOYHO TodyeH. OT-
CYTCTBME COrNacoBaHHOCTU MOXET OblTb CYLUECTBEHHLIM AN O4HUX 3a4ay U He CTOMb CY-
WeCTBEHHbIM Ana Apyrux. HanpuMmep, ecnm npegMeTaMmn ABASKTCA ABa XMMUYECKUX Npe-
napaTta, NyTeM CMeWMBaAHUA KOTOPbIX B TOYHOW MPOMOpUMM MU3FOTOBAAIOT NEeKapcTBO, TO
HEecornacoBaHHOCTL B AaHHOM c/lydae MOXET O3HaudaTb, YTO HenponopunoHanbHO 605b-
wee KoOIM4ecTso 04HOMO NpenapaTa CMelWwmnBaeTcsa € MEHbLWNM KOSIMYECTBOM BTOPOro, UTo
MOXET NMPUBECTU K NarybHbIM pesynbTaTaM.

OAHaKo CoBepLUEHHON COrNacoBaHHOCTU B U3MEPEHUAX Ha NpakTUKe TpYAHO AOCTUr-
HYTb AaXke Npu NOMOLLM TOUYHENLWNX NPUBOPOB, MOITOMY HYXEH crnocob OueHKU cornaco-
BaHHOCTU ANS OTAENbLHON 3a4auN.

Moa cornacoBaHHOCTLID 34€Cb NoApa3yMeBaeTcs He NpoCTo TpaaWUWOHHoe TpeboBa-
HWEe TPaH3UTUBHOCTM NpeanodYTeHUN (ecnmn sa6n0okKKM npennoyTUTeslbHEE anesibCUHOB, a
anenbCUHbl NpeanodTuTenbHee 6aHaHOB, TO ABMOKWM AOMXKHbI ObITb NpeanoyYTUTENbHEE
6aHaHOB), a dakTN4Yeckasn cTeneHb NpPeanoYTEHUS, KOTOpas NMpoxXoaAuT Yepes BCK nocne-
AOBaTENbHOCTb CpaBHUBAEMbIX NpeaMeToB. Hanpumep, ecnn 610k B 2 pasa npeanod-
TUTENbHEE anenbCUHOB, a Te, B CBOK o4vepenb, B 3 pasa npeanodyTtutenbHee 6aHaHOB, TO
A610KM A40/KHBI 6bITe B 6 pa3 npeanodytutenbHee 6aHaHOB. UMEHHO 3TO Mbl Ha3biBaeM
yncnoBson (KapaAWHanbHOM) COrMacoBaAHHOCTBKD MO CTeneHU NpeanodTeHuin. Hecornaco-
BaAHHOCTbL O3HA4aeT OTCYTCTBME MPONOPLUOHANBLHOCTU, KOTOpOE MOXET Bbi3BaTb Hapylle-
HWe TPaH3UTUBHOCTU, @ MOXET U He BbI3BaTb €ro. Haw MeToh4 MUCCnefoBaHMA COrnacoBaH-
HOCTM He TONbKO MNOKa3blBaeT HECOrNacoOBaHHOCTb MPU OTAENbHbIX CpaBHEHUSX, HO N Aa-
€T YUNCNEHHYID OUEHKY TOro, Kak CUAbHO HapyweHa COornacoBaHHOCTb AMS BCEN paccMmaT-
pnBaeMon 3agaudn. TouyHoe onpefeneHne YMUCAEHHOro nNokasaTensa ANs CornacoBaHHOCTU
6yneT AaHO no3gHee.

OTMETUM, 4YTO 3aBUCUMOCTb MeXAY COracoBaHHOCTbKO M TeCTaMW, NOKasbiBakLWMMU
61M30CTb U3MEPEHUIA K BOCNPON3BOANMON peanbHOCTU, HeobazaTenbHa. Tak, Y MHAUBU-
AyyMa MOXeET bbITb OT/IMYHAS COrMacoBaAaHHOCTb B CYXXAEHUAX, OAHAKO OH MOXET Masno 4uTo
3HaTb O peanbHOM cUTyauun. XoTs 0ObIYHO, YEM fydle 4YesloBEK 3HAKOM C CUTyauunen,
TeM 6onee nocnenoBaTesibHbIM B CBOMX CYXAEHMAX OH A0/KeH 6bITb NpU €e BOCNpOU3Be-
AeHun. MMonapHble CpaBHEHUSA MO3BOASAKT MOBbICUTb COMNAaCcOBaHHOCTbL MYTEM UCMNOMb30-
BaHMA BCEN BO3MOXHOM MHDOpMaUNN.

Ons Toro 4to6bl M3MEpeHUs BOCMPOU3BOAUAN peanbHOCTb, AEMAKTCa cneaywolue
npeanonoXeHnsa:

1. dusmnyeckass «peanbHOCTb» COrnacoBaHHa M NPU KOHTPOSUPYEMBIX YCAOBUSAX OT
ONbITa K ONbITY MOXHO pacCYNTbIBATb Ha NOJy4YeHUe OAMHAKOBbIX pe3ynbTaToBs.

2. CyxkaeHUa [O0MXKHbl CTPEMUTBLCSA K COMAaCOBAHHOCTU, ABMASAKLWENCA XeNaeMon ue-
Nblo. HeobxoamMMo «CXBaTUTb» peanbHOCTb, HO 3TOr0 euwe He A0CTaTOYHO. Y UHAMBUAYY-
Ma MOryT 6blTb BECbMa COrnacoBaHHbIE MbICNIN, KOTOPbIE HE COOTBETCTBYIOT peasibHbIM CU-
Tyaunmsam B Mupe. COrnacoBaHHOCTb SABAAETCA UEHTpanbHOM NpobieMoi B KOHKPETHbIX
U3MEPEHUAX, B CY>KAEHUAX U B MbICTUTENBHOM MNpoLuecce.

3. Ana noay4vyeHns Aydwmx oLueHOK peasibHOCTU, NpU NPOBEeAEHUN CYXAEHUA cnenyeT
CUCTEMATUYECKN HaNpaBfsATb HawM BNe4yaTNeHUs, OWYLWEHN N MHeHUs. Hawen uenbto
ABMSETCA NOBbIWEHNE 0O6BEKTUBHOCTN U MOHUMXEHNE CNULWLKOM 60MbLWON CYOBLEKTUBHOCTU.

4. Anga nonyyeHUs XopoLKnx pesynbTaToB (COOTBETCTBYOLWMX peanbHOCTM) U3 HaLUKUX
owyLweHnn TpebyeTcsa: a) NpUMEHUTbL MaTeMaTUKy A4S MNOCTPOEHMA NpaBUNBHONM TeopUu,
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KOTOpaa NpeaoCcTaBUT YUC/IEHHbIE WKaibl CYXAEHWUA U APYrUX CpaBHUTENbHbLIX U3Mepe-
HWIA; 6) HaUTKU Wwkany, KoTopasa byaeT pasnyaTbh HaWM OWYLLEHUA TaK, YTObLI Mbl flerko
MOrnnu LOBEPATb COOTBETCTBUIO MeXAY KaydeCTBEHHbIMU CYXAEHUAMU W 4YUCTaMU STOW
WKanbl; B) UMeTb BO3MOXHOCTb BOCMAPOU3BOAUTL U3MEPEHUSA peanbHOCTU, KOTOpble yxe
HaM W3BECTHbl U3 (PU3NKU U 3KOHOMUKU; ) UMETb BO3MOXHOCTb OMpeaenuTb BETUYUHY
HalleN HecornacoBaHHOCTK.

Mexay npovmMm, OTMETUM, YTO U3MepUTENbHbIE NPUBOPLI HE TONBKO HE ABAAITCA U He
MOryT 6bITb CpeaACTBOM abCONOTHLIX U3MEPEHUIN, HO U CaMU CTasn 0O6BLEKTOM Hay4YHbIX UC-
cneaoBaHUn W aHanusa. Ecnu 3t npmnbopsbl B KakoM-1M60 CMbIcNe HeageKBaTHbI (@ MOX-
HO BCerga npuaymaTb 3KCMEepUMEHT, ANS KOTOPOro HeT YyAOBNETBOPUTENLHOMo M3MepU-
TenibHOro npubopa), TO HYXHO co34aTb HoBble npubopbl. HeTpyaHO npeactaBuTb cebe
KaKOM-HMBYAb BaXHbIA SKCNEPUMEHT, ANS KOTOPOro Hesb3si HAUTU AOCTAaTOYHO TOYHbLIX
npubopos, Bcerga AarwWwmMx HENpPOTUBOpPEUYMBLIE OTBETLI. B 3TOM criydyae 3ajadva B LESIOM
CMEeLLaeTCs B MJOCKOCTb U3YYEHUS COrNacoBaHHOCTU U OLEHKU CTEMEHU HEeCornacoBaHHO-
ctu. MNpepgnaraemMbln NOAX0A K OUEHKE WKan OTHOWEHWA, OCHOBAHHbLIA HA MakCUMManbHOM
COB6CTBEHHOM 3HA4YeHWW; MNO3BOSISET U3MEPUTb OTK/IOHEHWE OT cornacoBaHHoOCTWU. [pum
3TOM obecneynBaeTCs CpaBHEHUE CYXAEHWW, NONYYEHHbIX HAa OCHOBE MHMOPMUPOBAHHO-
CTU, C Pa306LWEHHBIMN UNN CAYYANHBLIMU CYXXAEHUAMU, YTO CIYXUT CPEACTBOM OLEHKU OT-
K/TOHEHUS OT OCHOBHOW WKanbl OTHOLWEHWUNA.

Mpu nsMepeHUsax dUanyeckux BennYnMH 06bIYHO MOXHO YCTAHOBUTL pPa3MepHOCTb UK
XapaKTepuUCTUKY, HanpuMmep Ana ANUHbI, KOTopas OCTaeTcs O4AHOM U TOW XKe BO BPEMEHU U
NpoOCTpaHCTBE, U co3daTb Npubopbl ANS U3MEpPEeHUs 3TOW XapaKTepucTuku. B pencreu-
Te/IbHOCTU ropasao TpyAHee co3aaTb Npubop, KOTOpPbIA nepen NpoBeAeHUEM U3MEpeHUs
npucnocabnueaeT CBOK WKany K MU3MeHsawWUMcsa obcToaTenocteam. K npuMmepy, pac-
CTOSIHME M MacCa MEHSAKTCA NpU CKOpPOCTSaX, BNN3KUX K CKOPOCTU CBETa, U NO3TOMY MNpu-
60p, KOTOPbIN HEMOCPEeACTBEHHO U3Mepsan 6bl 3T XapaKTeEPUCTUKU NpU CKOpOCTaX, 6aun3-
KMUX K CKOpPOCTU cBeTa, noTpebosan 6bl HEKYH pasHOBUAHOCTL NEpEMEHHON WKan.l.

Takaa npobrnemMa BO3HMKaeT U B 06LWEeCTBEHHbIX HayKax. Peub naer o xapakrepuctu-
Kax, KOTOpble U3MEHSAKTCA HEe TONbKO B MPOCTPAHCTBE WU BO BPEMEHWU, HO, 4TO ropasgo
BaXHee, MU3MEHAT TakXe CBOE 3HayeHWe B COYEeTaHuu C APYrMMU XapakTepucTUKamu.
Mbl He MOXeM U306pecTn yHMBepcasbHble WKanbl Ana coumanbHbiX cobbitun. Couuanb-
Hble ABNeHUSA CrIoXHee dU3NYEeCcKUX, NOCKONbKY UX TpyAHEe BOCMPOU3BECTU B A0OCTaToY-
HOM Konndyectse. KpoMme Toro, npu 3ToM Heo6X0AMMO OCYLUECTBNATb CTPOrMA KOHTPOSb,
caMm no cebe 4yacTo HapywarLwWwmin UMEHHO TO COUMasibHOE NOBEAEHNE, KOTOPOE U MbITaloT-
CA U3MepUTb. Hawmn cy>XaeHns AO/MKHbI 6bITb AOCTaTOYHO FMOKMMU U y4UTbiBaTbL CUTYa-
LMK, NPU KOTOPOW NPOUCXOAUT M3MEPEHUNE MHTEPECYIOLWEN HAC XapaKTEPUCTUKMU.

PaccMOTpuM 3apady M3MepeHus ycnexa m cyacTtba. Oba NOHATUSA MOXHO Ha3BaTb OT-
HOCUTENbHLIMU CBOMCTBaMM B TOM CMbICNE, YTO MOXHO MpUCnocobuTb eanHuULy usMepe-
HUA ONA CPpaBHEHUSA, CKaXeM, CTeneHW cyacTbs B OAHOW OBCTaHOBKE CO CTEMNEHbK cya-
CTbs B Apyroin obctaHoBke. Kak byaeT noka3aHO Aanee, 3TO MOXHO cAenaTb C NOMOLWbIO
TEXHUKU MOMNapHbIX CpaBHEHUN. MOLWHBIM NpUH6OPOM, MEHSAIOLWMM CBOIKO LWKany B COOTBET-
CTBUU C 0B6CTOATENLCTBAMMU, MOXET ObITb CaM 4YenoBe4YeCKUn yM, 0COBEeHHO eCnn OKa3bl-
BaeTCs, YTO U3MEepeHus, NpoBOANMbLIE MM, AOCTAaTOYHO COrfacoBaHbl, YTobbl yAOBNETBO-
pUTb TpeboBaHNAM OTAENLHOMN 3agadn. MHTEHCUMBHOCTb HalWMWX OWYLWEHWA CAYXWUT B Ka-
yecTBe YCTPOMCTBa, MOACTPaMBaKLWEro WwKany AN U3MepeHUs HEKOTOPLIX 06bekToB Mo
copa3MepHoOn ApyrnMm obbekTaM wkane. dakTUYeCcKU, C NOBbILWLEHNEM TOYHOCTU Mbllne-
HMEe CTaHOBUTCHA HEObXOAUMLIM CPenCcTBOM OTHOCUTESIbHbIX U3MEPEHUIN, TaK Kak HWU OAUH
npubop, 3a UCKIKYEHMUEM HAWEro yMa, He MOXET 6blTb CKOHCTPYMpPOBaH Tak, 4Tobbl Co-
OTBETCTBOBaTb HaweMy COBCTBEHHOMY OMbLITY M TOYKeE 3peHus. HekoTopasa rpynna AoK-
Ha CKOOPAWHWPOBATb TOYKM 3PEHUSA CBOUX YNEHOB ANA NOAYYEHUS NMPUEMNEMBIX A8 HUX
(B onpeaeneHHOM CMbICNE) pe3ynbLTaToBs.

O6paTumMcsa Tenepb K Hawewn BTOPOH 3apadve, KOTopas KacaeTcsa obecrneyeHus 60nb-
Wen YCTOMYMBOCTU U MHBAPUAHTHOCTU B COUManbHLIX M3MepeHuax. [onyckas, 4To pas-
MEPHOCTU UN XapaKTEPUCTUKU ABMAKTCA NMepeMeHHbLIMU, 3a4aAuMCs BOMPOCOM, KaK U3-
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MepSATb BO3AENCTBUSA 3TOM U3MEHUYMBOCTU Ha XapaKTeEpUCTUKKU apyroro, 6onee BLICOKOro
YPOBHS, U, B CBOK o4yepenb, Kak U3MePATb BO3AENCTBUA NOCNefHNX Ha ewe 6onee BLICO-
KWW ypoBeHb U T. 4. lNony4yaeTcs, 4To Ana odeHb 60/bWOro Knacca 3agad o6bIYHO MOXHO
onpeaennTb obliue XapakKTepUCTUKU (UNU OAHY XapaKTepUCTUKY), KOTOopble OCTakTCA
HEWU3MEHHbLIMWM AOCTaTOYHO AONro, T. €. HA BPEMSA 3KCNepuMMeHTa. Takon noaxos sedeT K
M3MEpPEHUID U aHanu3y BO3AENCTBUA B Uepapxunsax, obcyxaaBlLNXcs paHee. 3aTeM MOXHO
nccneaoBaTb MHBApPWMAHTHOCTbL MONYYEHHbIX pe3ynbTaToB npeobpas3oBaHMEM UepapXun
passnyHbiMKU criocobamun. PesynbTaTbl U3MEPEHUA MOryT 6bITb UCMNOMABL30BaHbLI ANa Npuaa-
HUA CUCTEME YCTOWYMBOCTU UAU ANSA NOCTPOEHUS CUCTEM, OPUEHTUPOBAHHBLIX Ha HOBbLIE
uenu, a Takxke (B KayecTBe NMpUOPUTETOB) ANA pacnpeneneHns pecypcoB. 34eCb BHOBb,
KakK U B MOHETaApHOM CUCTEME, ONUCAHHOW paHee, U3MEPEHUA MONY4aTCa U3 CYXAEHUN,
OCHOB@HHbIX Ha ONbITE U MOHUMaHUN, NMPUYEM TONBKO U3 OTHOCUTENLHLIX, @ He abcontoT-
HbIX CPaBHEHUMN.

Hawa 7peThs 3ajava 3aKkn4aeTca B YCTAHOB/IEHUM NpPaBUIIbHbIX YCIOBUIA, NPU KOTO-
pbIX K0AN onpeaennnu bl CTPYKTYpYy CBOMX 3adady u npeacrasunm 6ol HeobxoanMeble cy-
XAEHUA ANA OUEHKW nNpuopuTeToB. lNpeanonaraeTrcsa, YTO MornapHbie CpaBHEHUA nonyda-
IOTCS HEMOCPEACTBEHHLIM OMPOCOM fnL (UM OTAENLHOro nuua, ecnm 3ajada KacaeTcs
TO/IbKO €ro 04HOro), KoTopble MOryT 6biTb, @ MOrYT U He ObITb 3KCNEepTaMn, HO 3HAKOMbI C
npobnemon. LleHTpanbHbIM MOMEHTOM Halero noaxoAa SABAAETCHA TO, YTO CYXAEHUA KO-
AeN 4acTo He cornacoBaHbl, HO HECMOTPA Ha 3TO NPUOPUTETHLI AOXKHbI bbITb yCTaHOBNE-
Hbl.

MNpeanonaraeTcs TakXxe, 4YTO BCE anbTepHaTUBbLI onpeAeneHbl 3apaHee, U YTO He BCe
nepeMeHHbIE KOHTPOIMPYIOTCA KaXAOW U3 rpynn, BAUSAIOWENA Ha UCXOAbl anbTepHaTuB.
XKenaTtenbHO 3HaTb, ABMASAETCH /I NPUOPUTET asibTEPHaTUBLI pe3ysbTaToOM BAUAHUA 6onee
CWABLHOM BHewHen rpynnel. Uenbo 3aecb MoXeT 6biTb MMNpPOBU3aUMA MOUTUK U yCTa-
HOBJ/IEHWE CBSA3er ANa OKasaHusa BAUAHUA Ha 3Ty rpynny n nonydyeHus 6osee noaxonsi-
wero nmcxoda Ansa ydyactHukos. lNpeacrtaBnaeT MHTEpEC TakXe U YCTOMYMBOCTb pesynbTa-
TOB MO OTHOWEHUIO K U3MEHEHUAM OLEHOK CYXAEHUN.

MNpeanonaraeTcsi, YTO Bblpa)XeHHbIE NMPEANOYTEHUSA ABMAAKTCA AETEPMUHUCTUYECKUMH,
a He BEepOATHOCTHbLIMU. 03TOMY nNpeanoyYTeHUe OCTaeTCcsa NOCTOSAHHbLIM U HE3aBUCUMbIM OT
ApYrux (pakTopoB, HE BK/IKOYEHHbLIX B 3ajady.

Ecnn B npouecce y4dacTBYHOT HECKOJIbKO /ML, TO OHM MOryT noMoraTb ApYr ApYyry B
YTOYHEHUU CBOUX CYXAEHUW, a TakXe pasfenuTb 3ajady Tak, yTobbl Npom3BecTU cyxae-
HMA B Tex cdepax, rae oHU AOCTaTOYHO KOMMETEHTHbl, TaknuM obpa3oM AONONHASA ApYyr
apyra. OHM MOryT nonbiTaTbCs AOCTUMHYTb KOHCEHCYyca. B cnyyae Heyaauu npouecc 3a-
KNYeHUs caenku, oCobeHHO Ansa Cnopsawmx nuvy, no3BonseT Oo4AHOM rpynne yCcTynuTb,
€eC/In CpaBHMBaeMas napa He nMmeeT ocoboro 3HayeHuUs Ans Hee, U, B CBOK o4vepedb, Mno-
NPOCUTb O NMOAOOBHLIX YCTYNKax y NMpOTUBOMNOAOXKHOW rpynnel. Korga oueHKy npousBoauT
KaXAbll U3 HECKONIbKUX UL, OTAEsIbHble€ pe3yfnbTaTbl MOryT CpaBHMBAaTbLCHA C TOYKW 3pe-
HUA UX UMHAMBUAYANbHbIX MONE3HOCTEN ANA CMHTE3a, OCYLWECTBASEMOrO BHEWHEW rpyn-
nowu.

Ewe ogHMM cnocoboMm npuMeHeHns MeToda 6bis1o 66l NonyvyeHUe peleHus nocpeacT-
BOM WCMOSIb30BaHUA CBOUX CYXAEHWUN KaXAbIM YNE€HOM rpynnbl ¢ KOHMOIUKTYOWNUMN UH-
Tepecamu, 3anucb pesynbTaTa U CpaBHEHME ero (BO3MOXHO, C noMowb DBM) ¢ pesyb-
TaTtamu, NoayyYeHHbIMU ApYyrMMn. [JaHHbIn npouecc obHapyXuBaeT, Ha AOCTUXKEHUE KaKo-
ro Mcxofa OKasblBaeT AaBneHue Kaxgas rpynna. BaXKHbIM pe3ynbTaTOM 3TOro siBnseTcs
CTUMYNIMpPOBaHUE COTPYAHUYECTBaA.
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1.3. NEPAPXUU

O4eHb 4acTo NpU aHanuse MHTEPEeCYLWeNn Hac CTPYKTYPbl YUCNO SMIEMEHTOB U UX
B3aMMOCBS3eM HACTONbKO BENMKO, YTO MpeBblwaeT cnocobHOCTb Uccnegosartensa BOCNpuU-
HUMaTb UHDOPMaUUK B NOSHOM obbeMe. B Takux cnydasax cuctema AenuTcs Ha noacuc-
TEeMbI, NOYTK TaK Xe, Kak cxema IBM, cocTtosauwas n3 6/10KOB M UX B3aMMOCBA3EN, NPUUYEM

y Kaxaoro 6noka ecTb cObCTBEHHaa cxeMma.

HauwoHanoHbIE CEKTOPEI

. egepanbHoe NpaBUTENbCTBO

. HaceneHnune

. MpupogHLie pecypcsl

. bnarococTosiHue 1 counaneHoe obecneyeHune
. KommyHanbHbeIe ycnoBus

. TpaHcnopTHas ceTb

auUhs WM =

Moacucrtema wraTa

¥~ N\

fopoaa MecTHas
MPOMbILLNEHHOCTb

1. KoMMyHanbHble ycnyru

2. KynbTypHbIE LEHTPSI 1. Hann4yune paboyei
3. MecTHOE camoynpaeneHue CUNbI

4. Knumat 2. Hanoroeas cucrema
5. HaceneHue 3. NoppepxKa wWTaToMm
6. TpaHcnopTHasa cucTema MPOMbILEHHOCTH
7. ObpazoBaHue 4, JHepreTuka

8. CnocobHocTe NnpuBneYb

denepanbHble GoOHAbI

HaceneHue wraTa

1. Yyactne B MECTHOM
caMmoynpasneHuu
2. CMNbHOE nonuTU4ecKkoe
nuaepcTeo
. KnnuuwHelie ycnoeus
. besonacHocTb
. OTabIX

U AW

Y

CenbcKkoe X038MCTBO

. DepMepcKoe X03A1MCTBO
. ippurauwms

. DHepreTuka

. Pazamepebl pbiHKa

. BnnzocTb K pbiHkam

. MexaHuzauusa

s WM

Puc. 1.1
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BoopyXXeHHbIE CUNbI

I

: 1. YpoBeHb CNoXHOCTH
2. PasMepsbl
3. Jlo66u B

I

| MpaeuTenscree

_____ e

~N G Wn

[MpOMBILWNAEHHOCTb

1. Tun npaBuTenscTBa
2. CunbHoe pyKOBOACTBO

B 4YaCTHOM CexKTope

3. TpaHcnopT
4. BoeHHble pacxogbl

npaBuTenbCTBa

. Hanorwn Ha Kopnopavuuu

. DKCNOPTHbIKM NoTeHumnan

. MpupoaHLle pecypcsl
CTpaHbl

8. Pabouas cuna

MexayHapogHas
TOproens

1. Cobipbe

2. M3penua Taxenon
NPOMbILLAEHHOCTH

3. N3penuna nerkoun
NPOMbILUAEHHOCTH

4. NpoayKTbl NUTAHKUA



Ha puc. 1.1 BecbMa rpybo npeacrtaBneHbl pa3nnyHblie NOACUCTEMbI, KOTOPbl€ BMeEcTe C
B3aMMOCBSA3MU COCTaBNAT COBPEMEHHYK CUCTEMY NMPOU3BOACTBa B cTpaHe. MNoaobHbIMK
cucTeMaMu (UMerLWwnMK UKKNbl) Mbl 3aMMmeMca B rN. 8, a ceruac obpatumca K Haubonee
MPOCTOMY MepapXxmyecKoMmy npeacTaBleHnto 3agau.

Mepapxusi ecTb onpeaeneHHbli TUN CUCTEMbI, OCHOBAHHbIA Ha NMPeanooXeHUNU, 4YTO
3NEeMEHTbl CUCTEMbI MOTYT rPynnMpPOBaTbCsl B HECBA3aHHblE MHOXECTBa. DNEMEHTbl Kax-
AON Tpynnbl HaxoAsTCA NOA BAUSHUEM 3/1EMEHTOB HEKOTOPOW BMNOAHE OnpeaeneHHOoNn
rpynnsl U, B CBOK o4Yepenb, OKa3biBalOT BAUSHWE Ha 3/EMEHTbl Apyron rpynnbl (B OT-
AeNnbHOW rnase Mbl U3y4YUM B3aUMOAEUCTBUA WU MEXAY HEeCKONbKMMKU rpynnamun). Mbl cuun-
TaeM, YTO 3EMEeHTbl B KaXAoW rpynne uepapxuu (Ha3biBaeMOW YPOBHEM, KacCTEpOM,
CcTpaTon) He3aBuUCUMbI. Cnyyanl Hanuuma 3aBUCUMOCTM MeXAYy 3NeMeHTaMu paccMaTpuBa-
eTca B rn. 6.

Hwke paH 3neMeHTapHblA npuMmep uepapxun. bnarococtosHue nonncos (ropoaos-
rocyaapcTs) B cpeHeBekoBOW EBpone 3aBMceno B OCHOBHOM OT CU/bl U CNOCOBHOCTEN UX
npasutenen. Obwas CTpyKTypa nonuca MoxeT 6biTb BOCNPOM3BEAEHA B MepapXUyecKomn
dopmMe, NoKa3aHHOM Ha puc. 1.2.

YpoeeHb 1 [paBuTenb nosauca
YpoBeHb 2 [paxaaHckoe ApmMmusa
npasuTeNbCTBO Eitra
DyHKUMM
YpoBeHb 3 Cenbckoe Toproens YucneHHoOCTb Pemecna
X03ANCTBO HaceneHus
Puc. 1.2

Mkl crpynnupoBanu cenbckoe X035SMCTBO, TOProB/k, YNCNEHHOCTb HaceneHus wn pe-
Mecsa B 0O4HO MHOXEeCTBO, UM YPOBEHb, TaK Kak B 3TOWM MoAenn oHW obnajalT CBOWCT-
BaMu Haubonee pyHAaMeHTaNbHbIX (PAaKTOPOB 3KOHOMUYECKOW CU/bl noauca. 21 dakTo-
pbl onpeaensatT cnocobHOCTb MYHKLUOHUPOBAHUSA paXXAaHCKOro npasBuTeNnbCTBa U CUY
apMuUn, KOTOpble, B CBOK 04Yepelb, BUAIOT Ha BnarococtosHue nonuca.

MNpuBeaeM HekoTOpble 3aMevyaHus. Bo-nepBbix, O4EBUAHO, YTO MOAENb C/IULWKOM MNpo-
cTa. 3aecb MOXHO 6b1210 661 oNpeaenuTb HaMHOro 6onble 3neMeHToB U BoNblue YypoBHEN
B 3aBMCMMOCTM OT BOMPOCa, Ha KOTOPbIA Mbl NbiITaeMca O0TBETUTb. Moaenb 6bICTPO YCNOX-
HAETCA W CTAaHOBWUTCHA TPYAHO BOCMpUHMMaemon. lo3ToMy cneayeT TwaTenbHO CTPOUTH
nepapxuio C y4eToM COOTBETCTBUA AENCTBUTENIbHOCTU M Halero NoOHUMaHUs CUTyauuw.
OnbIT Nokasan, 4YTo Aaxe BecbMa rpybas Ha BuA uaeanusauma MOXET MO3BONUTL rnybxe
BHUKHYTb B CyTb Npo6nembl.

Bo-BTOpbIX, B MOAENb HE BK/OYEH TOT OYEBUAHbLIN (DaKT, YTO HE TONbKO TOProBns
BAMSIET Ha rpaxXAaHCKoe NpaBUTENbCTBO, HO U FPaXXAaHCKOE MpaBUTENbCTBO TakXe BO3-
AEeNCTBYET Ha TOpProen. ITO «peBepcuBHOE» BO3AeNcTeue, unm obpaTtHasa cBsa3b, byayuu
3a4acTyl BaXHbIM, BCe Xe He TaK CYLUeCTBEHHO, KaK 3TO MOXEeT nokKasaTbCa BHaudane.
AHanu3 HeckonbKWUX 3agad npoeBedeH cHayvana 6e3 yyeTa obpaTHOM CBA3WM, a 3aTeM C ee
yyeToM. lNepsble pe3ynbTaTbl 6blnn AOCTaTOYHO 61U3KKM, U 3TO NO3BONSET AONYCTUTb, YTO
npaBMAbHO MOCTPOEHHas uepapxusa byaeT B 60NbWWHCTBE Cny4vyaesB XOpolwer MoAenbto
peanbHOCTU, AaXe eC/M BO3MOXHble 06paTHbIe CBA3M UFHOPUPYHTCS. TEM HE MeHee, Kak
NoKa3blBaeT NepBbli NpUMEp 3TOro pasfena, HEKOTOpble cUuTyauuu MoryT BbiTb HacTOMb-
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KO CNOXHbIMU, YTO MUX NpeacTaBfeHne B BUAE MEPapPXUN OKaXeTCs YNpoLweHHbIM, BBOAS-
Wwum B 3abnyxaeHue.

Bo3MOXHO, cnegyrowuii npuMep caenaeTt NoHATUe uepapxum bonee scHeiM. Bonpoc,
KOTOpbI Hac WHTepecyeT, CBA3aH C KONMeaXeM; Mbl CTPEMUMCS onpenenuTb CueHapui,
COrnacHo KOTopoMy c Haubonbliei BepossTHOCTbI ByaeT obecnevyeHO NPOAOIKUTENbHOE
cyulectBoBaHue konneaxa. HazoseMm 6narococtosiHue konnegxa obuwen uenbto. Ha Hee
BAUAKOT cnegywuwme cunel: obyyeHune, obwectseHHas Xu3Hb, Ayx (atMocdepa), Hanmuue
obopyaAoBaHUS W BHELWKOSbHas AEATENbHOCTb. DTU CWUMbl ONPEAEensarnTCs cnegylowmmMm
akTopaMu (AEeNCTBYHLWMMKM NUUaMK): akKajeMUYECKON agMUHUCTpauMer, Heakapemuye-
CKOW aAMUHUCTpaumen, npodeccopcko-npenogaBaTenlbCKUM COCTaBOM, CTyAeHTamMu, no-
neymtenaMu. Mbel onyckaem o4YeBMAHYIO OOpaTHYK CBA3b MeXAy CUAaMu U akKTopaMmu.
PaznuuHblie akTopbl UMEKT onpeaeneHHble uenu: npodeccopcko-npenojaBatenbCckuin co-
CTaB MOXeT XOTeTb COXpaHUTb CBOKW paboTy, pacTu nNpodeccUoHanbHO, KayecTBEHHO
npoBOAUTbL 0bBydyeHue; CTYAEHTbl MOryT ObiTb 3aMHTEpEecoBaHbl B Mony4YeHuu paboTbl, B
XeHuTbbe, B nonydyeHun xopowero obpasoBaHma M T. 4. HakoHel, UMeeTCca HEeCKOSbKO
BO3MOXHbIX CLUEHapueB, TakKMX Kak: CTaTyC-KBO, aKUEHT Ha npodeccuoHanbHoe obyde-
HUe, AanbHelwee obpas3oBaHWe, UNW NpeBpalleHne B pPenurvosHyr wkony. CueHapuu
onpeaensioT BEPOATHOCTb AOCTMXEHUA Uenen, uenu BAUAKT Ha aKTOpPOB, aKToOpbl Ha-
npaBnsloT CUMbl, KOTOpPble, HaKOHeLl, BO3AENCTBYIOT Ha 6narococTtosiHMe konnepxa. Ta-
KuM obpa3oM, Mbl nonyvyaem nepapxuio (puc. 1.3).

06was uenb BnarococtoaHue Konneaxa
Cunbi ObyueHue ObuwecrBeHHasn Llyx Hannuue BHewWwHnAsA
KM3Hb obopynosaHua LeaTensLHOCTb

Akagemuyeckan Heakagemudeckas [lpodecc.-npenos.

AKTOpBI CtyneHTel [loneyuTenu
agMUHUCTpauma aoMUHUCTpauna cocTas / A
| |
CoxpaHeHue paboTbl Mony4eHune paboTbl
Uenu MpodeccmoHanbHbIM poCcT KeHuteba
KauecTtBeHHOe npoeegeHune MonyyeHwe xopowero
obyyeHuns obpa3oBaHusa
CueHapuu Cratyc-KBO AKLEHT Ha HancHenwee MpeBpawieHue B
npodeccnoHansHoe obyyeHne PENUTMO3HYIO WKONY
obydeHue
Puc. 1.3

PaccMOTpuMM 3TO NoHATUME nepapxun 6onee BHUMaTENLHO.

MHoOrve CKNOHHbI NnonaraTtb, YTO Uepapxumn 6binn U306peTeHbl B Kopnopauuax 1 npa-
BUTENbLCTBaX ANSA pelweHna cobcTBeHHbIX NpobneM. DTo He Tak. Mepapxum aBnsOTCs OcC-
HOBHbLIM CNOCOB0OM, C MOMOLLbK KOTOPOro YenoBek NMoapa3saensieT peanbHOCTb Ha Knacre-
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pbl U noaknactepbl. KpacHOpeYuBbLIM NOATBEPXKAEHUEM DTON TOUKWN 3PEHUNA CAYXUT Cre-
aywouwasda yutaTa:

OueBugHa OrpoMHas cepa rnpuaOXeHn nepapxmyeckKod Kraaccugpukaumn. 3710 Haunbosee
MOLYHBIVI METOA Kaaccuumkaymm, MCrosib3yeMplii HeI0BEKOM 4715 MPUBEAEHUs B MOPSAOK OrbiTa,
HabawaeHnii n nHpopmMaumn. XOTss HEAPOPUINOIOTNEN n NICUXOI0TNEN ONPEAENeHHO 3TO eLje He
YCTaHOBJ/IEHO, OAHAaKO Mepapxmyeckast Kaaccumpmkaymsi, BO3MOXHO, BOCMAPON3BOANT MEPBAYHHYHO
chopmy KoopanmHaunn nam opraHmsaummn. 1) KOPKOBbIX MPOLECCOB, 2) X MCUXNHECKNX COOTHOCU-
TeJ/IbHbBIX MOHATUNA M 3) MX BbIPAXEHNS B CUMBOJIAX M SA3bIKax. MICO/Ib30BaHNe nepapxm4eckoro
yrnopsiAo4YnBaHu1s, rno-BUANMOMY, TaK XE CTapo, KaK u HYeJ0BEYECKOEe MbILL/IEHNE, CO3HAaTEe/IbHOE U
6eccosHaTenpHoe... [179].

OCHOBHOI 3aja4yel B Uepapxmn ABNSETCS OUEHKA BbICWMX YPOBHEN UCXOAA U3 B3au-
MOAENCTBUSA pasNNYHbIX YPOBHEN MepapXnK, a HE U3 HENOCPEACTBEHHON 3aBUCUMOCTU OT
3/IEMEHTOB Ha 3TUX YPOBHAX. TOUYHbIE METOAbl NOCTPOEHUS CUCTEM B BUAE MepapXUit no-
CTENEeHHO MOSBASAKTCS B €CTECTBEHHbIX M OBLWECTBEHHbLIX HayKax, U 0COBbeHHO B 3ajadax
obLein Teopun CUCTEM, CBA3AHHbLIX C MAAHMPOBAHUEM M MNOCTPOEHMEM COUMANbHbIX CUC-
TeM. MyTeM mMepapxmyeckon KOMMNO3NLUMK, MO CYLLECTBY, YKIOHAKTCA OT HENOCPEACTBEH-
HOro conocTtaeneHuma 6onblworo 1 Manoro [149, 181]. KoHuenTyanbHo, Hanbonee npo-
CTas uepapxms — JNIMHENHasd, BOCXOoAsLWas OT OAHOMO YPOBHSA 3/1EMEHTOB K cCocefHeMY
YPOBHIO. HanpuMep, B npouecce npousBoacTBa MMEETCs YpOBEHb pabounx, AOMUHUpYe-
MbIil YPOBHEM MacTeEpOB, KOTOPbIA B CBOK odyepedb AOMUHUPYETCS YPOBHEM YyNpaBnsko-
wmMx U T. 4., 40 BULE-Npe3naeHTOB N Npe3ngeHTa. B HEeNMHENHON nepapXmun BepXHUI
YpOBEHb MOXeT 6biTb Kak B AOMUHUPYHOWEM MONOXEHUU MO OTHOWEHUID K HUMXHEMY
YPOBHIO, TaK N B AOMUHUPYEMOM (HanpuMmep, B ciydae NoToka MHpopMauumn). B maTema-
TUYECKOWN TEOPUN nepapxunin paspabaTbiBaeTca METOL OUEHKU BO3AENCTBUSA YPOBHS Ha CO-
celHWn BepXHUN YpPOBEHb MOCPEACTBOM KOMMO3MUMKM COOTBETCTBYKOLWErO BKAaga (npwu-
OPUTETOB) 3/IEMEHTOB HUXHEr0 YpPOBHSA MO OTHOLUEHUK K 3/IEMEHTY BEPXHEro YypoOBHA.
DTa KOMMO3MLUMSA MOXET pacnpoCTPaHATbLCA BBEPX MO NepapXUMN.

Kaxablh a1eMeHT unepapxun GYHKUMOHaNbHO MOXET NpuHaanexaTb K HEeCKOAbKUM
OPYIMM pasfiM4YHbIM nepapxuaM. HanpuMmep, noXKy MOXHO pacnosioXUTb BMecTe C Apyru-
MU NIOXKaMW pasfIMYHOro pasMepa B OAHOM MepapXuun, UM BMECTEe C HOXaMKU U BUIKaMU
B APYrOn UepapXunn. DNeMeHT MOXET SABAATLCA YrNpaBisaWeEN KOMMNOHEHTON Ha HEKOTO-
pOM YpPOBHE OAHOMN MWepapxXnm WUAN MOXET NpOCTO O6blTb 31EMEHTOM, pacKpblBakWMM
DYHKUMN HUXXHETO UAN BbICWIENO NopsaaKa B APYron nepapxuu.

MPEUMYLLLECTBA MEPAPXUIA

1. Uepapxnyeckoe npeacraBneHNE CUCTEMbl MOXHO MUCNOMb30BaTbh 4S8 ONMUCaHUsA TO-
ro, Kak BAUSAKOT M3MEHEHUA NPUOPUTETOB Ha BEPXHUX YPOBHAX Ha MPUOPUTETLI 3/1EMEH-
TOB HMXXHUX YPOBHEN.

2. Nepapxun npegoctasnaoT 6onee nogpobHyw MHDOpMaUMIO O CTPYKTYpe U PYHK-
LMN CUCTEMBbI Ha HMXXHUX YPOBHAX U obecneynBaloT pacCMOTPEHME aKTOPOB MU UX Lenen
Ha BbICWWMX YPOBHAX. [Na yAOBNETBOPEHUS OrpaHUUYEHU Ha 3/IEMEHTLI YPOBHSA UX Nydlle
BCEro BOCMPOM3BOAUTL Ha cneaywuweMm 6onee BLICOKOM YpOBHe. Hanpumep, npupoay
MOXHO paccMaTpMBaTb KakK akTop, UefNb KOTOPOro — MCMoab3oBaTh onpeaeneHHbIn MaTe-
puvan n KoTopbii NOAYNHSAETCS onpeneneHHbIM 3aKOHaM B KauyecTBe OorpaHUYeHun.

3. ECTECTBEHHbLIE CUCTEMbI, COCTaBAEHHbLIE NepapXxmuyecku, T. €. NocpeacTsoOM MOAY/b-
HOro MOCTpoeHUsn N 3aTeM cObopKU MoAyMeEN, CTPOATCSA HAMHOIMo apdeKTMBHEE, YEM CUC-
TeMbl, cO6paHHbIE B LESIOM.

4. NepapXnn yCTONYUBLI U TMBKU; OHN YCTONYUBLI B TOM CMbICNE, YTO Masible NU3MeHe-
HUS BbI3bIBAKOT Manblit addekT, a rmbkme B TOM CMbIcie, 4To fobaBneHUs K Xopowo
CTPYKTYPUPOBAHHON MepapxXnUn He pa3pyLlarT ee XapaKTepUCTUK.
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KAK MOCTPOUTb NEPAPXNIO

Ha npakTuke He cyuwecTBYeT YCTaHOBJEHHOW npoueaypbl FeHepupoBaHUA Uenein,
KpUTEPMEB U BUAOB AEATENbHOCTU AN BKAKYEHUN B MepapXUo Unu gaxe B 6onee 06-
WYy CUCTeMY. 2TO 3aBUCUT OT TeX Uenen, KoTopble Mbl BblbUpaeM Ans AeKOMMNO3UUUU
CNOXHOMN CUCTEMBI.

O6bI4HO 3Ta npoueaypa HaudMHAETCs C U3YYEHUA nuTepaTypbl 4ns oboraweHus Mbic-
NIAMU, U 4YacTO, 3HAKOMSCb C YYyXWUMWU paboTaMK, Mbl Kak Bbl NPOXoAUM 4epes CTaguo
MO3roBOro WTypMa A8 COCTaBNEeHUA NepedHs BCceX KOHUEenuWin, CyLLeCcTBEHHbLIX ANs 3a-
Ja4vn, HEe3aBMCMMO OT UX COOTHOLWEHUSA nnn nopsaka. CneayeT NMOMHUTb, YTO OCHOBHbIE
Luenn yctaHaBNMBAKTCA Ha BepWUHE uUepapxumu; UxX noguenm — HENocpeacCTBEHHO HMXe
BEPWMWHLI; CWU/bl, OrpaHNYMBalOLLME aKTOPOB, — ele HuXe. Cuibl AJOMUHUPYIOT Had YpoOB-
HEM CaMMUX aKTOpPOB, KOTOpble, B CBOK o4Yepenb, AOMUHUPYIOT Haj YPOBHEM CBOUX Lenen,
HUXE KOTOpPbIX ByaeT ypOBEHb UX BO3MOXHbLIX 4ENCTBUA, N B CAMOM HU3Y HaXoAUTCA ypo-
BEHb Pa3/INYHbIX BO3MOXHbIX Mcxonos (cueHapues) (cM. puc. 1.3). DTO ecTecTBeHHas
dopMa, KOTOpYK NPUHUMAKT MepapXun, CBA3aHHbIE C MaHUPOBaHUEM N KOHMDIMKTaMN.
B nepapxuun, npegHasHadyeHHOW ons pU3NYECKON CUCTEMbI, BO3MOXHblIE AENCTBUSA MOTYT
6bITb 3aMeHeHbl MeToAaMW KOHCTPYUPOBaHUA. 3a HUMU AO/KHbI CNefoBaTb HECKOAbKO
MPOMEXYTOUHbIX YpoBHeNl. lNpexae 4veM byaeT choOpMUpOBaAH XOpPOLWO onpeaeneHHbIn
naaH, MoryT noTpeboBaTbCa 3HAYUTENbHbIE KPUTUYECKNE 3aMedaHnsa U NepenpoBepKHU.

CyliecTByeT A0oCTaToO4YHOE CXOACTBO Mexay npobneMaMm, Tak UTO Mbl HE Bcerga crasn-
KMBaeMCsl € COBEPLIEHHO HOBOW 3a4ayveir nNpu NoCTPOEHNUN nepapxnun. 3agaden ansa onbiT-
HOro uccnegosatTend B HEKOTOPOM CMbIC/NIE CTaHOBUTCHA OTOXAECTBNEHUE pas/IMYHbIX
knaccoB nNpobneM, BO3HMKaAWWNX B peanbHbIX cucteMax. CylecTByeT Takoe pa3Hoobpa-
3Me 3TUX CUCTEM, UYTO UccnenosaTento HeObXoANMMO 3HaAHUE UAEN U KOHLEMNMUNUA, KOTOPbIMU
OnepuUpyrT cneunanucTel. 210 TpebyeT MHTennekTa, TepneHus M cnocobHOCTU B3aMMO-
AeNCcTBoBaTh € APYrMMU 0AbMU, YTODBLI M3BNEYb BbIrO4Y U3 UX ONblTa U 3HAHUNA.

Obas uyenb u APpyrue Kputepun unepapxmn B COLMOMNOIUTUHECKUX TMPUITOXEHNSIX MOryT He
6bITb €AMHCTBEHHbIMU. OHU 3aBUCSIT OT UCCEAYEMOro BONpoca. 370 HE SBJSIETCS CrleLnpmnyeckon
OCOBEHHOCTBIO MEPapXuu, a rMPUCyLLe XU3HEHHBIM CUTyauusM. Hanpumep, B 11axMaTax U3BECTHbI
MOCTOSIHHbIE (arpUOPHbLIE) BENYMHbBI, XapakTepusyrime Beca (Guryp B Hadane urpbl. VIMewTcs
TaKXe TeKylne (arnoCTepuopHbIe), Nu SMIUPUYECKNE BEJINYUHbI, XapaKTePU3yoLne Beca guryp
B 3@BUCUMOCTH OT COMOCTAB/IEHMUS 3aHSThIX UMW MO3NLINE B KOHLE NapTun. 3Ha4YeHuss BECOB 060mx
TUIMOB A5 urypbl MOryT ObiTb 10Y4EHbI B COOTBETCTBUM C ABYMS MOJIOXEHUSIMU: 1) B 3aBUCUMO-
CTH OT TOr0, CKOJ/IbKO KJIE€TOK OHU KOHTPOJIUPYIOT, PacrionarasiCb Ha KaXAoi KieTke; 2) B 3aBucu-
MOCTU OT BO3MOXHOCTH (urypbi 0O6bSIBUTb LIAX KOPOJIK MPOTUBHUKA TaK, 4TOObI CamMoi He ObIThb
youToua. VIMerTCcs craeayome OTHOCUTEIbHBIE BECa KOHS, C/I0Ha, naabn v epss [6]:

Cnyyan 1 Cnyyvan 2
KOHTpOIb KNNETOK Yrposa koposwo
lTocTostHHOe 3HaYeHune 3,5 8,13 12, 13, 24, 37
TeKkyljee 3HavyeHune
350, 360, 540, 1000 12, 13, 18, 33

(nonyyeHo amMaupu4ecku)

lpy 5TOM 3Ha4YeHust B cayyae 2 6/n3Kku, a B criydae 1 OHuM pasninyHbl. AHaInN3 npmnsBoanT K BO-
poCcy: «KakoBa B AEVCTBUTE/IBHOCTY OTHOCUTE/IbHAsS LEHHOCTb huryp B waxmatax?» Q4eBuaHo,
YTO €ANHCTBEHHOIO OTBETa 34€Ch HET. TeM HE MEHEE MOXET ObiTb NMprueMaeMsiM OTBET B TEPMUHAX
OTHOCUTE/IBHOIO YIoOPSAAOYNBAHNS 3HAYEHN.

Hawe 4yBCTBEHHOE BOCNpUATUE ILl,el\/'ICTBYET CI'IELI,VICIJVI‘-IECKVI, da MMEHHO, CNYXWUT MNo-
TDE6HOCTF|M BbKMBaHUA. T103TOMY, XOTHA Mbl U CTapaeMmcs 6bITb 06BEKTUBHLIMU npn MNH-
TEepnpeTaunn onbiTa, Halla CrnocobHOCTb NOHUMaTb U a6CTpaFVIpOBaTb — O4eHb CY6'beK-
TUBHa M 0BbIYHO CAYXNUT HaWuM Hyxaam! BobknBaHue, no-BMaANMOMY, SBASIETCA OCHOBOWM
Aansd Bblpa6OTKVI uenen. B oeMCTBUTENBHOCTU, TO, YTO Mbl noapasyMmesaeM noa 06BbEeKTUB-
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HOCTbID, €CTb pa3fenéHHass CybbekTUBHOCTb. M03TOMYy (OpMUpPYEMbIE HaMU HEpapXUU
06BEKTUBHbLI B COOTBETCTBMU C HaWMM COBCTBEHHbLIM OMpeAeneHNEM, Tak Kak OHW oTpa-
XalT KOMNEKTUBHbIA OMbIT.

BaXkHbIM 3aMeYaHWEM MpU MepapXMUYECKOM MOAXOAE K pELlEHUD 3ajay sSBNASIETCS TO,
4YTO (PYHKLMOHANbHOE BOCMPOM3BEAEHME CUCTEMbI MOXET BbITb PasfMYHbIM Yy pasHbIX NnL,
04HaKO NoAN 06bIYHO NPUXOAST K COrNacuio Mo HUXKHEMY YPOBHIO anbTePHATUBHbLIX Aei-
CTBU, KOTOpPbIE HY>XHO NMpeanpuHUMaTh, U NO CNEAYIOWEMY 3@ HUM YPOBHIO XapaKTepu-
CTUK 3TUX AEACTBUIA. Hanpumep, HUXHWUIA YPOBEHb MOXET COCTOSATb M3 pas3fIMYHbIX Map-
WPYTOB ABWXEHUS TPaHCMOpTa MexXay ABYMS MyHKTaMW, a YPOBEHb XapaKTeEPUCTUK MO-
XeT BKJ0UYaTb BPEMS CNef0OBaHUA, CYXeEHUS, BbIBOMHbI, 6e30nacHoCTb U T. 4. B Tabn. 1.1
nokasaHbl YPOBHW MepPapXMUin pasfiNYHbIX TUMOB, OAHAKO NMLO, OPMUPYIOLLEE MEPAPXUIID,
AOJIKHO 6bITb YBEPEHHBIM B TOM, YTO YPOBHW €CTECTBEHHO CBSI3aHbl APYr C ApyroM. Mpwu
HEO6X0AMMOCTN YPOBEHb MOXET 6bIThb pasbuT Ha ABa YPOBHS M 60/lee UM COBEPLUEHHO
yAaneH.

1.4. MPNOPUTETBI B MEPAPXNAX

Nepapxus, B TOM BUAE, B KaKOM OHa NpeacTaBfieHa B npeablaylleM pasaene, aBnseT-
cs 6onee UM MeHee 3acNyXMBaKWLWEN AOBEPUS MOAENbIO peaslbHOW cuTyaumu. OHa oT-
paXaeT NpoBefeHHbI HaMW aHann3 Hanbonee BaXHbIX 3NEMEHTOB U UX B3aMMOOTHoOLIE-
HMN, OAAHAaKO OHa — HE AO0CTAaTOYHO MOLLHOE CPEACTBO B NPOLECCe NPUHATUA PELUEHNIA NNKX
NniaHUpoBaHUA. HeobxoaMM MeToa onpeaeneHns CUnbl, C KOTOPOI pasnUYHbIe 3/1EMEHTHI
OAHOIro YPOBHSA B/UAKT Ha 3/M1IEMEHTbI NPEALECcTBYOLWEro YPoBHSA, UTO6bl MOXHO 6bIN0
BbIYMCNATb BENUYMHY BO3AENCTBUI 3N1EMEHTOB CaAMOIr0 HU3KOIO YPOBHSA Ha O6LLYIO LENb.

Ta6nuua 1.1. O6uwee NOCTpOoeHUE Nepapxmm U AeKoMNosuumus

O6uwasa nepapxua [OrpaHundeHusa u cunsbl|Mepcnektneal Lenn |Bo3MoxHble Vexogs! PesynbTUpytowmmn
CUCTEMbI OKpyXawlwen cpegbl | (akTopbl) |akTopoB| AencTBus uecxon
Nepapxusa ans Bo3MoxKHbIE Komnpomunce nnm
pap A OrpaHuyeHuns AKTOpbI Lenb o Mcxoabl up ,
KOHAMKTA AencTBus YCTOWYMBbIN MCXo4
Mpsimoe unn npoek- | Bo3MoxHble opraHu- —» —»| Uenn —» —> -
o Opyrue Bo3MoxKHbIE Noruueckoe 6yay-
TUpPyeMoe NAaHWpo- | 3aLMOHHbIE AENCTBUSA APYrnx > CueHapuu
aKTopbl AeicTBUsA wee ¢
BaHue B HacToslliee BpeMs aKToOpoB
Bo3MoxKHbIE

ObpaTHoe nnu Llenn o

OTBETHbIE BO3MOXHbIE Adpyrve AencTBuS XKenaTtencHoe
naeannsvpoBaHHoe -« «—OPYIUX | ¢ <« CueHapuu | ¢

OpraHu3auuoHHbIe aKTopbl ApYrux byaywee
naaHMpoBaHue < aKTOpOB

AencTBuSA aKToOpoB
AHann3 CTOMMOCTb — Bo3MoxKHbIE Nyuwnii BeIGOp

Kputepuu Moakputepun | Uenu o Bbi6opbl
3 PeKTUBHOCTL AencTBus Wan cMecb
Beibop kanuTano- OCHOBHble Kpute- | Cdepbl XapaKTepHble

P . YpoBeHb puUcKa P bep P P
BJIOXKEHWN cuibl puu 3agad npoeKThI
[MporHo3snpoBaHue YpoBeHb puUcKa OcroBHbIe Kpute- | Chepel KaTeropuu
cuibl puu 3agay

Ons 60NnblUEN ACHOCTM BO3BPATUMCS K MEpapXuMU Konneaxa w3 npeabiayllero pasge-
na. Kak y»e 6bl10 OTMEYEHO, HaC UHTEpecyeT «CLeHapwuii, No KOTOpPOMY C Hanbonbluei
BEPOATHOCTbI ByaeT obecrnedyeHo NPOAOSIKUTENBHOE CYLLECTBOBaHWE Konneaxa». Ons
onpeaeneHns 3Toro cUueHapusa cHavyana HaxoAuM BaXXHOCTb CU/T OTHOCUTESbHO obLiei ue-
NN, 3aTEM ANA KaXK[Aol CUNbl onpeaensieM CTeneHb BAUAHUS aKToOpoB Ha 3Ty cuny. OTclo-
[a HECNTOXHbIM BbIYUCNIEHMEM MONYYAEM CTEMNEHb BMSHMUSA aKTOPOB Ha 06LYH Uesb. 3a-
TEM OLEHMBAEM BaXHOCTb LeSer ANa KaXAoro akTopa W, HaKOHEL, onpeaensieM AencT-
BEHHOCTb Pa3/IMYHbIX CUEHapuUeB B oBecneyeHuUn AOCTUXEHUA Kaxaol uenu. MoBTopuB
HECKO/IbKO pa3 YNOMSAHYTbIE BbILLE BbIYMCIEHUS, MONYUYUM «HAUNYYLIUNIA» CLUEHapUNA.

OnpenennM «cTeneHb BAUAHUA», UM NMPUOPUTETbI, 3/IEMEHTOB OAHOIO YPOBHS OTHO-
CUTENBbHO MX BA)HOCTU ANA 3/1EMEHTa CNeAy LEero ypoBHSA. 34ech NpeacTaBUM TOMNbKO
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Hanbonee sneMeHTapHble acnekTbl Hawero Metoga. Mcuxonornyeckas MOTUMBaUMUSA U Ma-
TEMaTUYECKNE OCHOBbI MeToAa 6yayT U3NOXKEHbI MO3XE.

BBeneM HekoTopble MOHATUA. MaTpuya — 3TO MacCMB YMCEN B BUAE MPSIMOYrOSIbHOM
Tabnunubl, HanpuMep

1 0 29 6
335 7 1
21 2 0 11

Fopu3oHTanbHas nocneaoBaTeNbHOCTL YMCEN B MaTpuue Ha3sblBaeTCa CTPOKOM, a Bep-
TUKanbHasa - cTos164oM. MaTpuua, COCToAWan TOMbKO U3 OAHOW CTPOKU WUAW U3 OAHOro
cTonbua Ha3bIBAaeTCS BEKTOPOM, @ C OAMNHAKOBLIM YUCNOM CTPOK MU cTonbuoB — kBagpar-
Ho#. T1oNe3HO OTMETUTb, UYTO C KBaApaTHOM MaTpuuUen acCcoumupyroTcs ee cobCTBEHHble
BEKTOPbl U COOTBETCTBYKOLWME COBCTBEHHbIE 3Ha4YeHUs. MyCcTb YnTaTena He obecKypaxu-
BAKT 3TW MOHATUSA, MNOCKONbKY noapobHoe ux obbacHeHWe ByaeT AaHO B nMocneayrowmx
rnaBax.

Haw MeToa MOXHO onucaTb creayrwuMm obpasom. [JonyCTuUM, 3afaHbl 3/1EMEHTbI 04-
HOro, CKaxeMm, YeTBEPTOro YpoOBHA Mepapxunm n oanH aneMeHT I cnepywowero 6osee Bbl-
COKOro ypoBHSl. HYy>XHO CpaBHWUTb 3/M1EMEHTLlI YETBEPTOro YPOBHSA /10MapHO MO CUne ux
B/IMSIHUSA Ha e, NMOMEeCTUTb Yncna, oTpa)xarwme 4OCTUTHYTOE Npu CpaBHEHUN cornacue BoO
MHEHWSX, B MaTpuuy U HalTU COBCTBEHHLIN BEKTOP C HaMbONbWKNM COBCTBEHHLIM 3Haye-
HneM. CobcTBeHHLIN BekTOp obecneunBaeT ynopsagoyeHUe NpuopuTeToB, a cobCcTBEHHoe
3Ha4YeHne ABNSAETCA MEPON COrMacoBaHHOCTU CYXAEHUNA.

OnpepenuMm Wwkany nNpuopuTeToB ANg cnepywowero npumepa. lNycte A, B, C n D o60-
3Ha4aKT CTyNbsA, paccTaBseHHbIe MO NPAMOW IMHUKM, BeAyLWen OT UCTOYHMKa cBeTa. Co3-
AaAUM LWKany NpuUopuUTETOB OTHOCUTENBHOW OCBELWEHHOCTU ANa CTynbeB. CyXAeHUs npo-
M3BOAMT YEnoBeK, CTOAWMA OKOMO UCTOYHUKA CBeTa, Y KOTOpPOro, HanpuMmep, cnpawuea-
IOT: «HackonbKo cUNbHee OCBELWEeHHOCTbL CTyNna B no cpaBHeHU ¢ C?» OH oTBeYaeT oAa-
HUM U3 Yynucen ANs CpaBHEHUS, 3anNMUCaHHbIX B Tabnuue, N 3TO CyXXAEHUE 3aHOCUTCA B MNO-
3vuymio (B, C) maTtpuubl. Mo cornaweHWo cpaBHEHWE CU/bl BCcerga Npou3BoAUTCHA ANSA
AeNncTema nnu obbekTa, CTosAWero B NeBoM cTosbue, MO OTHOLWEHWUK K AENCTBUID UK
0bbekTy, CTOSAWEMY B BEPXHEN CTpoKe. Mbl MMeeM MaTpuuy MonapHbIX CpaBHEHWN ANs
yeTblpex CTPOK U YyeTbipex cTonbuos (MaTpuua 4x4).

OcBeweHHocTb |A B C D
A
B
C
D

YcnoBuMcsa, 4To 3TO cnegyrouwme ymcna. NycTb 3agaHbl aneMeHTsl A 1 B; ecnu:
e AN B oANHAKOBO Ba)XHbl, 3aHOCUM 1;
A HE3HaUNTENLHO BaXHee, YeM B, 3aHOCUM 3;
A 3HauunTenbLHO BaxHee B, 3aHOCUM 5;
A SIBHO Ba)xHee B, 3aHOCUM 7;
A No CBOEN 3HAYUTENBLHOCTU abCoNTHO NpeBOCXOANT B, 3aHOCUM 9 B MO3ULUIO
(A, B), roe nepecekalTcsa cTpoka A u ctonbeu B.

MNpu cpaBHEHUU 3N1EMEHTa C caMUM COBOMN MMEEM paBHYH 3HAUYUTENBHOCTb, TaK YTO Ha
nepecevyeHuUn cTpokum A co ctonbuom A B nosuumm (A, A) 3aHocum 1. Mo3TOMY rnasHas
AVaroHanb MaTpuubl 4O/KHA COCTOATb U3 eAMHUL. 3aHOCUM COOTBETCTBYHOWME obpaTHble
BeNMYKMHbI: 1, 1/3, ..., nam 1/9 Ha nepecevyeHnsx ctonbua A n CTpoku B, T. €. B NO3NLMNKD
(B, A) ona obpaTtHoro cpaBHeHUsa B ¢ A. Yucna 2, 4, 6, 8 n nx obpaTHblie BETMYUHBI UC-
NoNb3yTCA ANa obnerdyeHms KOMMPOMUCCOB MeXAYy cferka oT/IM4yatoWwmMMnUca OT OCHOB-
HbIX 4YKMcen cyxaeHnamun. Mcnonb3yeM TakXe paunoHanbHble 4yucna Ana noayvyeHua oT-
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HOLWEHUA U3 OMUCaAHHbLIX Bbllle 3HAYEHMIN LWKasbl, KOr4a XenaTenbHO YBENMYUTbL corna-
COBAHHOCTb BCE MaTpuLbl NPU ManoM Yyucne cyxaeHun (He meHee n—1).
B O6LLleM cjiy4dae, rno4 cor/iaCoBaHHOCTbIO ro4gpal3yMeBaeTcsd 170, YTO rpu Hasin4duit OCHOBHOIO

maccnBa HeobpaboTaHHbIX AAHHbBIX BCE APYrne AaHHbIe JIOMMYEeCcKU MOryT ObiTh MOyHeHbl U3 HUX.
s npoBeaeHnst napHbIX CPaBHEHMI N 0O6BbEKTOB MUy AEHCTBUIA NPy yC/A0BUN, HTO KaXAbii O6BEKT

wan AeVicTBMe rnpeacTaBiaeHbl B AaHHbIX M0 KpanHen mepe oanH pas, Tpebyercs (n— 1) CyXXAEHN
O MapHbIX CPABHEHUSX. VI3 HUX MOXHO MPOCTO BbIBECTH BCE OCTaJ/IbHbBIE CYXAEHNS, NCMOb3ys C/e-
Ayoujee OTHoweHne: eciy 06beKkT A; B 3 pasa ripeBocxoanT 06beKkT Az n B 6 pas rnpeBocxoanT As,
70 A;=3A> 1 A;=6A3. CnegoBatesnibHO, 3A>=6As, unn A>=2A3z u A3=1/2A,. ECiu 4ncieHHoe 3Have-
Hue cyxgeHus B nosmummn (2, 3) otanyaercs oT 2, 70 Marpuya byaeTr HecorsziacoBaHHOMA. 370 Ciy-
yaeTcs 4acTto u He saBaseTcs begcTBuemM. [axe rnpu ncrioab30BaHnn A5 CYXAEHNA BCeX AeACTBA-

TE/IbHbIX YUCES A0 TEX 0P, MOKa HE 6yAET CY)XAEHMI M0 OCHOBHbIM (n—l) 06beKTaM, MOAYYNUTH

COrnacoBaHHbIE YNCAa HEBO3MOXHO. [jo6aBuM, UTo A5 60/1bLIMHCTBA 334a4 O4YEHb TPYAHO orpe-
Ae/nTh (n— 1) CYXAEHMUI, CBS3bIBAIOLINX BCE OOBbEKTHI MU BUAbI AEACTBUSI, OAHO U3 KOTOPbLIX SIB-

s19€7Ccst abCo/IIOTHO BEPHLIM.
YI3BEeCTHO, 4TO COr/l@cOBaHHOCTb MOJIOXUTENBHON 06paTHO-CUMMETPUYHON MaTPpULbI SKBMUBA-
JIEHTHa TPeGOBaHWI0 PaBEeHCTBa €€ MakCUMasbHOro CO6CTBEHHOro 3Hayewuss A, ¢ n. MoxHo

TaKKe OLEHNTb OTK/IOHEHME OT COrNacOBaHHOCTM Pa3HOCTbIO A, —n, pasaenenHoi Ha (n—1).

3ameTnM, 4TO HEpaBeHCTBO A, >N Bceraa BepHO. HacKo/bKO Mioxa COriacoBaHHOCTL A8 Of-
peneneHHoi 3aAa4uu, MOXHO OLIEHUTb MyTeM CPaBHEHUS [OyHEHHOrO HaMu 3HaYeHMsl BeNYuHbI
(Aax —1) /(n—l) C ee 3HaYeHueM M3 CIy4aliHO BbIBPaHHbIX CYXAEHWI M COOTBETCTBYIOLMX 06-

max

pPaTHbIX BE/IMYMH MaTpulibl TOro Xe pa3smepa. Ha ctpaHuie gaHbl COOTBETCTBYIOLME LMPPbI 415
Takux 3/1eMeHTOB. bosiee noapo6HO COrnacoBaHHOCTb 0OCYXAAETCS B C/IEAYIOLNX [/1aBax.

BepHeMca Tenepb K HaweMy NpuUMepy OCBEWEHHOCTU CTynbeB. B MaTpuue ansa Hawmx
ymncen nMmeetca 16 nonen. YeToipe U3 HUX YXE ONpeaeneHbl, a8 UMEHHO Te, YTO HaxoaaTcs
Ha anaroHanu, (A, A), (B, B), (C, C), (D, D) v paBHbl eguHMLe, TaK Kak, HanpuMmep, CTyn
A UMeeT OAMHaKOBYK OCBELLEHHOCTb MO OTHOLWEHWK K caMoMmy cebe. [Ang ocTaBlwKMXCS
nocne 3arnosIHeHUA AvaroHanu 12 4yucen Hy>XHO NpOBECTU WeCTb CPpaBHEHUM, MOCKOAbKY
OCTanbHbIE WeCTb ABMAAKTCA 06paTHLIMWU CPpaBHEHUSAMU N UX OUEHKU AOJKHbI BbIThb 06-
paTHbIMW BENUYMHAMW K OUEHKaM MnepBbIX wecTtu. JonycTuM, 4YTO 4YenoBeK, UCNONb3ys
PEKOMEHAOBAHHYIO WKany, BHOCUT Yncio 4 B nosmuuo (B, C), Tak Kak nonaraeT, 4YTo UH-
TEHCUBHOCTb OCBELWEHHOCTU CTyNa B no cpaBHEHUIO co cTysioM C HaxoauTca Mexay cna-
6o n cunbHon. Toraa B no3uuyuio (C, B) aBToMaTU4ecKkn 3aHocuUTca obpaTHas Benu4uunHa,
T.e. 1/4, uto He oba3aTenbHO, HO B obweM cnydyae paumoHanbHo. lNMocne npoeeaeHus
OCTaBWMXCA MATU CYXAEHUN, a TaKXe 3aHeCceHUs nx obpaTHbIX BENUYKUH, AN BCEeX MaT-
pULUbl MONYYUM

OcBeweHHoOCTL | A B C D
Al 1l 5 6 |7
B|1/4| 1 4 |6
cli/6|1/4| 1 |4
D|1/7|1/6|1/4 |1

CneaywoLwmn Wwar cocTouT B BbIYUC/IEHWM BEKTOpPa NPUOPUTETOB MO AaHHOM MaTpuue.
B MaTeMaTU4yeCckuMx TEPMUHAX 3TO — BbIUMCIEHME FaBHOI0 CO6CTBEHHOrO BEKTOPA, KOTO-
Pbl MOCNe HOpManu3aunM CTaHOBUTCA BEKTOPOM NMpUOpUTETOB. B cneaywouwel rnase 6y-
AET NoKa3aHo, YTO OTHOCUTENbHAs OCBELLEHHOCTb CTY/IbEB, BblpaXeHHas 3TUM BEKTOPOM,
YAOBNETBOPSIET 3aKOHY 06paTHOro kBagpaTa B onTuMKe. B oTcyTcTBMe DBM, NO3BONSIOLWEN
TOYHO pEeWnTb 3Ty 3ada4dy, MOXHO NOSYUYUTb rpybble OLEHKN 3TOr0 BEKTOPA CNEAYOLWNMU
4yeTblpbMs criocobaMu, KOTOpble NMPeacTaBfieHbl HUXE B NOPSAKE YBENNUYEHUA TOYHOCTMU
OLEHOK.
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1. CyMMUpOBaTb 3/1€MEHTLI KaXXA0W CTPOKU WU HOPManu3oBaTb AeNEeHUEM KaXAO0W CyM-
Mbl Ha CYMMY BCEX 3/IEMEHTOB; CYMMa MOJIYYEHHbIX pe3ynbTaToB byaeT paBHa eguHuULUE.
MepBbI 3NeMeHT pe3ynbTUPYLWEro Bektopa byaeT NnpuopuTeToM nepsoro obvekTa, BTO-
pon — BTOpOro obbekTa N T. 4.

2. CyMMUpoOBaTb 3N1eMEHTbI Kaxaoro cronbua n nonydntb obpaTHble BENUYUHBI 3TUX
CYMM. HopManusoBaTb UX Tak, 4Tobbl X CyMMa paBHaNacb eAuHULUE, pasaennTb Kaxayr
06paTHYO BENUYMHY Ha CYMMY BCeX O06paTHLIX BESTMYUH.

3. PazpennTb aneMeHTbl Kaxaoro cronbua Ha CyMMy 3neMeHTOB 3Toro cronbua (T. e.
HOpManusoBaTb cTonbel), 3aTeM CNOXUTb 3/IEMEHTbLI KaXKA0W NONYYEHHOMN CTPOKW U pas-
OENUTb 3TY CYMMY Ha YUC/I0 3NIEMEHTOB CTPOKU. DTO — MNPOLECC yCpeaHEeHUs no HopManu-
30BaHHbLIM cToNbUaM.

4. YMHOXWTb N 3/1IEMEHTOB KaXXA0W CTPOKU U U3BNeYb KOpeHb N-n cTeneHun. Hopmanu-
30BaTb MOJIy4YEHHLIE YMCna.

Ana npocTon unnawcTpaumMm Toro, Yto Metogamm 1, 2 n 3 nony4vyaem npegnonaraemMole
OTBETbI, UCNOb3YETCA ypHa ¢ TpeMsa benbiMn (B), ABYMS YepHbIMU (H) U OAHUM KpacCHbIM
(K) wapamun. BeposaTtHocTb ussnedeHusa b, 4 nnu K wapa, cootseTcTtBeHHo: 1/2, 1/3, 1/6.
JNlerko y6eauTbcs, 4To NO6BIM U3 NMepBbIX TPeX METOA0B 3TU BEPOSATHOCTM NosayyaTcsa npwu
MCNOMb30BaHUU CNeaylLWen CornacoBaHHOM MaTpuubl NoONapHLIX cpaBHeHUW. Metop 4
JaeT TaKoM Xe pesynbTarT.

b Y K
Bl 1 3/2 3
412/3 1 2
K|1/3 1/2 1

OTMeTuM, uTO B obweM cnydae, Korga MaTpuvua He corfnacoBaHa, 3TUM MeToAbl AaloT
pa3fiM4yHble pe3ynbTaTbl. [IPUMEHNM pa3fiMUyHble METOAbl OLEHKWN peLleHns B NpuMmepe co
CTyNbsaAMU. MeToa 1 paeT CyMMy CTPOK 3TOM MaTpuubl B BUAE BeKTopa-CcTonbua, KOTOpbIA
ANs 3KOHOMUU MecTa HanuuweMm B Buae cTtpoku (19,00; 11,20; 5,42; 1,56). CyMmMa BceX
3/IEMEHTOB MaTpuubl NOAYYaeTcss NyTEM CNOXEHUSA KOMMOHEHT 3TOro BeKTopa M paBHa
37,18. Pazgenus Kaxayr KOMMOHEHTY BEKTOpa Ha 3TO 4YMCNO, NONYUYMM 3annCaHHbIA B
Bnge ctpokn (0,51; 0,30; 0,15; 0,04) BekTOop-cTON6EL MPUOPUTETOB OTHOCUTENBHON OC-
BeWEeHHOCTU cTynbeB A, B, C n D COOTBETCTBEHHO.

MeToa 2 paeT cyMMmy cTonbuoB 3TOM MaTpuubl B BUAE BekTopa-cTpoku (1,51; 6,43;
11,25; 18,00). O6paTHbIMKU BEAMUYMHaAMKN 3TUX cyMM aensawTcsa (0,66; 0,16; 0,09; 0,06),
a nocne HopMmanusauum ctaHoesaTca (0,68; 0,16; 0,09; 0,06).

MeTo4oM 3 HOpManuayeM Kaxablh ctonbey (CknagblBaeM KOMMOHEHTbl U AENUM KaX-
AYH0 KOMMOHEHTY Ha 3Ty CYMMY) U NOoSyyaeM MaTpuuy

(0,66 0,78 0,53 0,39]
0,13 0,16 0,36 0,33
0,11 0,04 0,09 0,22
0,09 0,03 0,02 0,06 |

CyMMa CTpOK sBNseTcs BekTopoM-ctonéuom (2,36; 0,98; 0,46; 0,20), KoTopbln nocne
AENEeHUN Ha pa3MEPHOCTb CTONBLOB 4 NO3BOMSET NONYYUTb BEKTOP-CTONBEL NPUOPUTETOB
(0,590, 0,245; 0,115; 0,050).

MeToa 4 paet (0,61; 0,24; 0,10; 0,04).

To4YHOE peweHne 3agadun, KOTOPOE M3INOXEHO Aanee, NnosydyaeTcs NyTeM BO3BEAEHUSN
MaTpuUbl B NPON3BOALHO 6ONblUME CTENEHMN U AENEHUS CYMMbl KaXXA0M CTPOKU Ha obwyto
CYMMY 311eMeHTOB MaTpuubl. C TOYHOCTbKO A0 OAHOW COTOW 3TO peweHue byaet (0,61;
0,24; 0,10; 0,05).

CpaBHMBas NoAyYeHHble pe3ynbTaTbl, OTMETUM, UTO TOYHOCTb MOBbIWAETCA OT 1 K 2 U
Aanee K 3, oAHaKO O4HOBPEMEHHO YCNOXHSATCA BbluncneHns. Ecnn Mmatpuua cornacosa-
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Ha, TO BO BCEX YETbIPEX CNy4dasiX BEKTOPbl NpUoOpUTETOoB byayT OAMHAKOBbLIMU. B cnydae
HECornacoBaHHOCTU O4UYeHb Xopolee NPUBANKEHNE MOXHO NOAYUUTb TOALKO € MOMOLLbIO
MeToaa 4.

Monaras, 4To 4yUTaTEND U3BECTEH CNOCO6 YMHOXEHUSA MAaTpULbl HA BEKTOP, NpUBELEM
MeTo4 Nnoay4vyeHuns rpyboi oueHKN CornacoBaHHOCTU.

YMHOXWB MaTpuuy CpaBHEHWMA CnpaBa Ha MOJIYYEHHYID OLEHKY BEKTOpa pelleHus,
Mosy4ynMM HOBBLIN BeKTOp. Paszgenms nepByrd KOMMNOHEHTY 3TOM0 BEKTOpPa Ha MepPBYK KOM-
MOHEHTY OLEHKW BEKTOpa peELleHUs, BTOPYKH KOMMOHEHTY HOBOIM0 BEKTOpa Ha BTOPYIO
KOMMNOHEHTY OUEHKW BEKTOpa peweHus U T. 4., onpeaennM ele oamH BekTop. Paspgenus
CYMMY KOMMOHEHT 3TOro BeKTOpa Ha YUCAO0 KOMMOHEHT, HahgeMm npubnnxeHwe K yucny

Apax  (HA3bIBAEMOMY MaKCMMasbHbIM UM TNaBHLIM COBCTBEHHbLIM 3HAY€HWEM), WCMOMb-
3yeMOMy ANA OLEHKU COrnacoBaHHOCTW, OTpaXatowen nponopunoHanbHOCTbL npeanoyre-
HWit. YeM 6amxe A, K n (4Mcny o6beKTOB MM BUAOB AEWCTBUSA B MaTpuue), TeM 6onee

cornacoBaH pesynbTar.
Kak 6yAeT ACHO U3 TEOpPeTUYECKOro 06CYXAEHUs B MOCNeAyLWUX rnaBax, OTKIOHe-

HWEe OT COrNacoBaHHOCTU MOXET 6bITb BblpaXeHO BENTUYMUHOWM (2max —n)/(n—l), KOTOpYIO

Ha3oBeM uHaeKkcoM cornacosaHHocty (UC).

NHAaekc cornacoBaHHOCTU CreHepUpPOBAaHHOW CrlydYanHbIM obpa3oM no wkane ot 1 o 9
06paTHO-CMMMETPUYHON MaTpuLbl C COOTBETCTBYHOLWUMU 0b6paTHbIMM BeNUYMHAMKU 3ne-
MEHTOB, Ha30BeM ciiyYyarHbiM nHgekcom (CWN). B HaumoHanbHon nabopaTtopun OKkpuaxa
konnerun (cMm. rn. 3) creHepuposanu cpegHue CU ana maTtpuy nopsaka ot 1 go 15 Ha 6a-
3e 100 cny4yaiHbix BbI6GOpoK. Kak n oxunganock, CN yBenmunBanucb ¢ yBeamyeHMeM no-
psaaka MaTtpuubl. Tak Kak BenmuymnHa Bblbopku 6bina Tonbko 100, Habnwaanuce cTaTUCTU-
yeckmne dyKTyauunm B MHAEKCE MpWU nepexone OT MaTpuubl OAHOro nopsiaka K Apyromy.
MosToMy BbluMcNeHNa 6binv NOBTOPEHLI B WKOJE YOPTOHa ANS BEINYUHbI CNYyYalHON Bbl-
6opkn 500 B MaTpuuax nopsaka 4o 11x11, a panee UCNONb3oBanUCbL Npeablaywune pe-
3yneTaTthl gnsa n=12, 13, 14, 15. HMxe npeactaBfieHbl NOpsaoK MaTpuubl (Nepeas CTpo-
ka) un cpegHue CU (BTOpas CTpoKa), onpeaeneHHble Tak, Kak ONMCaHo BbilWe:

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
0,00 0,00 0,58 0,90 1,12 1,24 1,32 1,41 1,45 1,49 1,51 1,48 1,56 1,57 1,59

OTHoweHue NC k cpegHeMy CU ong mMaTpuubl TOMo Xe nopsaka Ha3biBaeTCs OTHoLIe-
Huem cornacosaHHoctu (OC). 3HadveHue OC, MeHbWwee UM pasHoe 0,10, 6yaeMm cuntaTbh
NnpUeMieMbIM.

YTo6bl NpoONANKCTPUPOBaTbL Ha NpUMepe Hawun npubnanxeHHbole BbluncrieHmna UC, ans

HaxoXAeHus A . WUCMoNMb3yeM NpUBEAEHHYIO Bbile MaTpuuy W TPeTUi BeKTop-cTonbed,

Mosy4YyeHHbIn MeToAoM 3. locne YMHOXeHUs MaTpuubl cnpaBa Ha BEKTOp NMpPUOPUTETOB
(0,59; 0,25; 0,11; 0,05) umeeM BekTOp-cTONbeEy (2,85; 11,11; 0,47; 0,20). Pazpgenus
KOMMOHEHTLI 3TOM0 BEKTOpa Ha COOTBETCTBYKLLUME KOMMOHEHTHLI NEepBOro BekKTopa, Nony-
unm (4,83; 4,44; 4,28; 4,00), a B pe3synbraTte ycpegHeHUsa nocnegHux — 4,39. OTcropa
NC=(4,39—4)/3=0,13. OAnsa onpeneneHnsa Toro, HAaCKOJbKO XOpoLW 3TOT pe3ynbTaT, pas-
aAennm ero Ha COOTBETCTBYIOLW MM Cn=0,90. OTHOWeEeHne COrnacoBaHHOCTM
0,13/0,90=0,14, uTo, NoXanyn, He Tak yx 6nmsko k 0,10.

DTN CpaBHEHUS U BbIYUCNEHUNA YCTaHABAUBAKT MPUOPUTETbl INEMEHTOB HEKOTOPOro
YPOBHS Mepapxnun OTHOCUTENbHO OAHOro 3/eMeHTa creayruwero yposHsa. Ecnm yposHei
bonbWwe, YeM ABa, TO pa3fIMUYHblE BEKTOPblI NPUOPUTETOB MOryT 6bIThb 06beaAMHEHLI B MaT-
puvUbl MPUOPUTETOB, U3 KOTOPbLIX OonpeaenseTcsa oAWH OKOHYaTeNbHbIA BEKTOP NpUopuTe-
TOB 47151 HUXKHETO YPOBHS.

ax
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1.5. UHTYUTNBHOE OBOCHOBAHWNE METOAA

AdonycTuM, 4To n BUAOB AENCTBUSA UM O0OBEKTOB paccMaTpuUBaOTCA rPynnon sKkcnep-
ToB. [peanonoXxuM, 4To Uuenu rpynnel cnegywwme: 1) BbiCKasaTb CyXAeHUsA 06 OTHoOCU-
Te/IbHOW Ba>HOCTU 3TUX OOBLEKTOB; 2) rapaHTUpOBaTb TakoOM Npouecc NonydeHusa cyxae-
HWIA, KOTOPbIA MO3BOJSIUT KOJIMYECTBEHHO WHTEPNPETUPOBaTb CYXAEHWUS MO BCEM 06bek-
TaMm.

OueBMaHO, 4YTO ANS AOCTMXEHUA BTOpPoM uenn notpebyetca paspaboTka COOTBETCT-
BYHlOLLEro MeToAa.

Hawen uensio aBngeTca onMcaHue MeToda NoNyYeHUS U3 KOTUYECTBEHHbLIX CYXAEHUN
rpynnel (T. €. U3 OTHOCUTENIbHbIX BEIMYMH, acCoUMUpYyeMbIX C napamMy 06BLEKTOB) MHOXe-
CTBa BECOB, aCCOUMUPYEMIX C OTAe/IbHbIMUM 0bbeKTaMUu; B TOM CMbICNE, KOTOPbLIN onpeae-
NeH HWXe, 3TU Beca AO/MKHbI OTpaxaTb KOJIMYEeCTBEHHblIE CyXAeHusa rpynnbl. bnarogaps
TakoMy noaxody nonydeHHyw u3 (1) v (2) uHdopMauuo npmeoanM B yaobHY (opMy
6e3 MHDOPMaLUOHHBIX MOTEPb, CBOMCTBEHHbLIX Ka4eCTBEHHbIM CYXAEHUSM.

MycTb Cl,CZ,...,Cn — COBOKYMHOCTb 06bEKTOB (BO3MOXHbIX AeACTBUA). KonnyecT-
BEHHbIE CYXAEHUA 0 Napax ob6beKkToB (Cl-, Cj) NpeacTaBnalTCAa MaTpULen pasmMepa nXxn
A=(a;), (i,j=1,2,....n).

DNEMEHTbI d; onpeaenieHbl MO CreAYOWNM NpaBuiam:
lpasuno 1. Ecnn a;, =&, 10 a, =l/a, a+0.
Mpasuao 2. Ecnu cyxaeHus TakoBbl, yTo C, nMeeT 0AMHAKOBYIO C Cj OTHOCUTENBHYIO

BaXHocTb, To d; =1, a, =1; B yacTHocTn, a; =1 ans Bcex /. UTak, maTpuua A umeeT

BUA, i i
1 a, ... a,
e l/a,, 1 cee Qy,

a, 1l/a,, .. 1|

Mocne npeacTtaBneHNsa KOAMYECTBEHHbIX CY)KLI,EHVIVI O Napax (Cl-,Cj) B YWNCNTOBOM Bbl-

pa>XeHUn 4epes aijl 3afa4d4a CBOAUNTCA K TOMY, 4ytTobbl N BO3MOXHbIM ILl,el\/'ICTBl/IFlM
C.,C,,...,.C

n

MOCTaBUTb B COOTBETCTBME MHOXECTBO YMNCMNOBbLIX BECOB @, (D, ..., D),

., KO-
TOpble COOTBETCTBOBANMN Bbl 3aPUKCUPOBAHHBIM CYXAEHUSIM.

Ons 3TOoro, BO-MepBbiX, HEOBXOAUMO He4yeTKo CPOpMYUPOBaAHHOM 3ajade npuiaTb
CTPOryro MaTeMaTmueckyto popMy. DTOT CyWeCcTBEHHbIN (X0Ta U 6€306uaHbIN ¢ BUAY) war
aBnseTca Hanbonee BaxHbIM B NKOOOM 3a4adve, B KOTOpPON TpebyeTcs NpeactaBUTh XU3-
HEHHYID CUTyauulo B TEpMUHaX abCTpakTHON MaTeMaTUUYecKoW CTpYKTypbl. OcobeHHO Ba-
X€H OH B paccMaTpuBaeMoOi 3ajdade, NMOCKONbKY B HEWM npouecc MaTeMaTndeckom dhopmy-
JINPOBKU BK/KOUaeT B cebs pag He ABHO BMAWMLIX Nepexonos. MNo3ToMy B JaHHON 3ajadve
KenaTenbHO YeTKO onpedesinTb OCHOBHbIE 3Tanbl Npouecca ee popMynuUpoBaHUA U Kak
MOXHO nogpobHee onucaTbh KaxAbli 3Tan, 4Tobbl NOTEHUMaNbHbIM NONb30BaTENbL MOI CO-
CTaBUTb COBCTBEHHOE MHEHWNE O 3HaYUMOCTU N LHEHHOCTH 3TOr0 MeToha AN peleHns ero
KOHKpETHOWM 3a4aumn.

OCHOBHbIM SIBASIETCA BOMPOC, CBA3a@HHbIA CO CMbIC/IOM HEYeTKOo CPOpPMYINPOBAHHOIO
YCNOBUA B WU3MOXEHUU HALWIEN UEeNn: «...9TWU Beca AO/MKHbl OTpaXaTb KOJIMYECTBEHHbIE
CY)XAEHUa Fpynnbl». 2TO Bbi3blBaeT HEOOBXOAMMOCTb OMUCAHUA B TOYHbLIX, MaTeMaTude-

CKWUX TEPMMHaX, KakMMm oBpasoM 3aBUCAT Beca @; OT CYXAEHWA a;. [Jpyrumu cnosamu,
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3ada4da onpegeneHunsa YCﬂOBMVI, KOTOpbl€ HaKnaAblBalOTCA Ha MCKOMblE BE€Ca, pellaeTcCA
OTHOCUTENBHO NONYYEHHbLIX CY)KLI,EHVIVI. Heobxoammoe onnucaHue npoeoanNTCAa B TpW 3Tana,
Ha4dunHaA oT I'IpOCTer/'ILIJeFO YaCTHOrMo cny4yasa U KoH4aAd obLWmnM,

Stan 1. lMpeanonoXnM, UYTO <CYXAEHUSA» — MPOCTO pe3ynbTaT TOYHLIX CIJVIBVI‘-IECKVIX

nsMepeHuit. MycTb 3kcnepTaM AaHbl Heckonbko kaMewkos C), C,,...,C 1 TouyHble Bechl.
Ytobbl cpaBHute C; u C,, Ha Becbl knagyT C, M CUMTLIBAIOT MOKa3aHWUA, CKaXeM,

@, =305 r. 3atem B3ewwusatoT C, u nonyvawtT @, =305 r. JeneHve @, Ha @, paer
1,25. lNMocne 3Toro akcnepThl BbiCKa3bIiBalOT CyXAeHMeE:!

«C, B 1,25 pa3sa Taxenee C,» u 3anucbiBaloT 370 B BUAe 4a,, = 1,25 . Takum obpa3som,
B WAEANbHOM C/lydae TOUYHOrO U3MEPEHUSI OTHOLIEHUS MeXAYy BecaMu @, N CYyXAEHUsMU

al.j BblpaXakTCAa B BUAE

Z))—i:aij (ana i,j=12,...,n) (1.1)
"
oo, olo, .. o/
e o /o o/l .. 0lo,
o /o olo .. 0lo,)]

TeM He MeHee HepeasnbHbIM 6blN0 6bl TpeboBaHME BbLINOJAHEHUA 3TUX YCNOBUA B 06-
wem cnydae. B 60nbWIKMHCTBE NpakKTUYECKNX CrydyaeB 3TO caenano 6bl 3agadvy Haxoxae-

HUA @, (NpW 3a4aHHbIX a;) Hepaspewunmoin. Bo-nepsbix, Aaxe PUNYECKNE USMEHEHWS
HMKOrga He 6biBaldT TOYHLIMKM B MaTEMATUYECKOM CMbICNE, U, CNEAOBATENbHO, OTK/IOHe-
HUA OO/KHbI 6bITb MPUHATLI BO BHUMaHUE, BO-BTOPbIX, 3TU OTK/IOHEHMS AOCTAaTOUYHO Be-
NTMKWN N3-3a OWNBOK B YENOBEUYECKUX CYXKAEHUSAX.

dran 2. Y10o6bl NOHATHL, Kak YCTA@HOBUTb OOMNYCKW Ha OTK/OHEHUS, pacCMOTPUM j-t0
CTPOKY MaTpuubl A. 2neMeHTamMun aTOM CTPOKHU ABNAKOTCA

Ap1s iy enns Qi o ons A,
B naeanbHoM (TOYHOM) ciyyae 3T BEMYMHBI HE YTO MHOE, KaK OTHOLLEHUS

w, o, o, ,

_, _, s

w, o, ®, 1)
CnepfoBaTenbHO, B MAEaNbHOM Cllydae Npy YMHOXEHUWU NepBOro 3jeMeHTa 3TOW CTpo-

KW Ha @,, BTOPOro — Ha @, UT. 4. NONYHYUM

1— i 2— () ceey j_ () ceey n_ (A
, , o, ,
B utore umeeM CTpoKy WMAEHTUYHbLIX SNIEMEHTOB @, @, ..., ®,, TOFAA Kak B oblieM cny-

Yae Mbl nNoayyvymnu 6bl CTPOKY 3/1€MEHTOB, NpeactTaBadlWMX CTaTUCTUHECKOE pacCeEnBa-
HWe 3HaYeHni BOKpYr @;. MoaTomMy, BUOUMO, UMENO 6bl CMbICN TDE6OBaHVIe paBeHCTBa @;

CpefHeMy 3TUX 3HauyeHuit. CnenoBaTenbHO, BMECTO BblpaxeHusa (1.1) B naeanbHOM cny-
Yyae

o, = a;0, (z,]:1,2,...,n)

bonee peanncTuU4yHblie BblipaXeHusa Ana obwero cnydas NpuUHMMaloT BuA (ANA KaXAaoro
(UKCUPOBAHHOTO i)

W; = cpefHee N3 (a,®,d,0,,...,qd,

m

a,).
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MHaye 3To MOXHO 3anncaTb B BUuge
1< ..
a)l,:;Zal.ja)j (i,j=12,...,n). (1.2)
Jj=l

HecMOTpsi Ha TO, YTO YCNOBUA AN5 BblpaxeHus (1.2) SBnsSTCA MEHEE CTPOrMMU, YEM
ANs BblpaxeHus (1.1) Bce eWwé ocTaeTcs BONPOC: AOCTATOUHbI 1N 3TU YCIOBUSA ANSA Cylle-
CTBOBaHUS pELUEHUs; T. €. rapaHTUPYETCs NM pPeaeMoCTb 3agayu Mo OonpeaesieHuto

€ANHCTBEHHbIX BECOB @;, NPU 3a4aHHbIX al.j ?

dtan 3. Y106bl HAaTM OTBET Ha 3aJaHHbIM BblWe CYLWECTBEHHO MaTeMaTU4eckuin BO-
npoc, Heobxognmo 3anuncatb (1.2) B ewWwé oaHOM, 6onee 3HAKOMOM Buae. [Ana 3Toro He-
06X0AMMO NOABITOXUTL LENb pacCy)XAeHWN No AaHHOMY Bornpocy. [pu noucke ycnoBun,
OMUCbIBaKOLWKMX 3aBUCUMOCTbL BEKTOpPA BECOB @ OT KOJIMYECTBEHHbLIX CYXAEHWA, Mbl BHa-
yane paccMoTpenu unaeanbHbii (TOYHBIM) ciydan 3Tana 1 M nony4yunu seipaxeHue (1.1).
3aTeM, SICHO MOHWMas, YTO B peasnbHOM cny4yae notpebyeTcsa gonyckaTb OTK/IOHEHUSA, Mbl
npeaycMoTpenu Takue A4onyweHns Ha 3Tane 2 v npuwnan K ¢opmynuposke (1.2). Okasa-
N0Cb, YTO BCe 3TO elWe HeAoCTaTOYHO peasiIuCTUYHO, T. e. TO, 4YTO BbipaxeHue (1.2),
MMerLwee cuny B uUAeanbHOM cnydae, BCe elle C/IUWKOM CTpPoro ANs rapaHTUpoBaHuUSA
CYWEeCTBOBAHNS Takoro BEeKTOpa BECOB @, KOTOpblM yaosnetsopsan 6ol (1.2). OTMeTuUM,

YTO NMpUn XOpoLWNMX OUEeHKaX aij I'IpVI6J'IVI)KaETCFI K Cl)l-/a)j 1, cneaoBaTesibHO, ABNAETCHA Ma-

JIbIM BO3MYLWEHWEM 3TOrM0 OTHOWeEHMUSA. Tenepb BbIXOAUT, YTO MOCKONbKY a'j NM3MEHAETCH,

1

COOTBETCTBYIOWEE peweHne (1.2) nonyumm (T.e. @, U @; MOTYT U3MEHATbCA, YTOOLI
MpUCNocobuTbCS K OTK/IOHEHWIO d; OT WAEeanbHOro ciyvas), ecnm usaMeHntces n. O6o3Ha-

UMM 3TO 3HayeHune n vepes A, . CrepoBaTenbHo, 3aja4a

1 n
o, =—> a0, (i,j=1,2,....n), (1.3)
ﬂ‘max Jj=1

MMeeT peleHne, KOTopoe TakXe A0MKHO 6biTb e4AMHCTBEHHLIM. 2TO — XOPOLWO U3BECTHas
3ajadva 0 coO6CTBEHHOM 3HAYEHUU, KOTOPON Mbl 3aMMeEMCSH B AafibHENLLEM.

B obwemM c/lydae OTK/IOHeEHWA B d; MOTYT BbI3blBaTb 6onblune OTKNOHEHUS KaK B A

ij ‘max /
Tak u B @, i=1,...,n. OgHako B cnyyae 06paTHO-CMMMETPUYUHbIX MaTpul, YAOBNETBO-

paoWMX npasunam 1 n 2, sToro He HabnwaaeTcs, T. €. UMEETCS YCTOMUNBOE pelleHne.

HanoMHWM, 4TO Mbl NpeaACTaBUAM UHTYUTUBHOE 060CHOBaHWe Halwero noaxoda. Cyule-
CTBYET 3/€raHTHbI cnocob ero MateMaTuyeckoro popMynnmpoBaHusl, KOTOPbIM AeTanbHO
onucaH B nocneaylwWwmnx rnaeax. Manaras ero B MaTpuuHbIX 0603HaYEHUAX, HAYHEM C TO-
ro, YTO Ha30BEM MAeanbHbIM cnyyaeM Aw = nw , rae A — cornacoBaHHas mMaTpuua, W pac-
CMOTPUM 06paTHO-CUMMETPUYHYIO MaTpuuy A' (SBASIOLWYCS BO3MYLLEHWEM MaTpuubl A),
BbISIBIEHHYID W3 CYXAEHWM O MNapHbIX CPaBHEHWUsIX, a TaKXe pewnMm 3agady
A'w'= A, 0", roe A, - Hanbonbluee co6CTBEHHOE 3HaveHue A'.

WHoraa vHTEpec npeacTaBnsieT NpeBOCXOACTBO, 06paTHOE OTHOCUTENbHO AaHHOMN Xxa-
paKkTepUCTUKKN. Ha3oBeM ero peueccMBHOCTbIO OAHOrO BuAa AENCTBUS MPU CPaBHEHUMU C
APYTMM OTHOCUTENIbHO 3TOW XapaKTepuCTUKKU. B 3TOM cnydyae pelwaeTtcs 3agava Haxoxae-
HWS1 NeBOro cobCcTBeHHOro BekTopa U B VA=A, U. KOMMOHEHTb U U @ B Ob6WeM cny-

yae ABNATCSA B3aMMOOBpPaTHbIMU BENMYMHAMM TONbKO Toraa, Koraa A cornacoBaHHa. Ko-
raa HeT COrnacoBaHHOCTU, OHW B3aMMoobpaTHbl Ana n=2 u n=23. B obuweM, oxunaaTs,
4yTO Mexay HUMU 6yAeT cyllecTBoBaTb onpeAeneHHas B3aMMO3aBUCUMOCTb, He crneayert.
daKTUYECKM 3TU ABa BEKTOpa COOTBETCTBYIT ABYM CTOPOHaM nMka AHyca — CBETNON U
TEMHOMN.
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1.6. MPUMEP UEPAPXWUYECKON KOMMO3ULINN
NMPUOPUTETOB

3apaua o Bbibope wKonbl

Bbin nposeaeH aHanus Tpex wkon A, B u C Ha npeaMeT UX XenaTtenbHOCTU C TOYKMU
3peHus CblHa aBTopa KHUrM, [Ansa cpaBHeHWs Bblnn BbiBpaHbl WECTb HE3aBUCUMbIX Xapak-
TeEpUCTUK: ydyeba, Apy3bs, LWKONbHAA XW3Hb, npodeccnoHanbHoe obydyeHne, noaroToBka
K Konneaxy u obydyeHue My3bike (CM. puc. 1.4). lNonyyeHHble MaTpuubl NOMapHbIX cpaB-
HeHWI noka3aHbl B Tabn. 1.2 n 1.3.

YaoBneTteBopeHue WKONoH

WkoneHas Mpod. MoaroTtoeka ObyueHune
obydeHue K KOonnegxy My3bIKe

=7

Puc. 1.4. Mepapxuna yaoBNeTBOPEHUA LLKONON

BekTop npnopuTeToB NepBon MaTpuubl nony4vaetcsa pasHbiM (0,32; 0,14; 0,03; 0,13;
0,24; 0,14), n cooTBeTCcTBYIOLIEE eMy cobCcTBEHHOe 3HaveHne A . =7,49, yto poctaTou-

max
HO Janeko OT 3HayeHus B Cfyyae cornacoBaHHOCTW, paBHoro 6; WUC=0,30 wu
0C=0,30/1,24=0,24, 4TO TaKXe AOCTaTOYHO BE/UKO.

Y1obbl Nony4ynTb obliee paHXUpoBaHUE WKOA, YMHOXWUM MaTpuuy Tabn. 1.4 cnpasa
Ha TPaHCNOHWPOBAHHbIA BEKTOP-CTPOKY BECOB XapaKTEPUCTUK. DTO TO XE caMoe, 4To
B3BECUTb KaXAbl U3 MOSYYEHHbIX Bbille WecTU COBCTBEHHbLIX BEKTOPOB NPUOPUTETOM CO-
OTBETCTBYKLLEN XapaKTEPUCTUKK U 3aTeM CNoXUTb (4TO AOMYCTUMO MpPpU HE3aBUCUMOCTH
XapakTepucTuk). B pesynbTaTte MMeem

A=0,37; B=0,38; C=0,25.

CblH nocTynun B WKONY A, Tak Kak OHa nonyduna rnoyvTu Takyk e OUeHKY, 4YTo MU
wkona B v 6eina 6ecnnatHon, a wWkona B 6bina YacTHOW, 3a 0bydeHue B HEWN HYXXHO 6b1s10
nnaTtutb okono 1600 ponn. B rog. 2710 66110 NpobneMon KOHMAMKTa MeXAy CbIHOM U Xe-
HOI aBTOpa; NepBbii OTAAN nNpeanodYTeHue Wkone B, a BTopas — Wkone A, 04HAaKO OHMU
He nNpuHUManu BO BHUMaHMe Bonpoc aAeHer. Xota OC ans BTOpOro yposHA 6bino 60Mb-
WKM, OHM BblNN CKNOHHbI NPUHATL pelleHue, HeECMOTPA Ha NpOTecThbl aBTopa, Bbl3BaHHbIE
60nbLWIOK HECOrNacoBaHHOCTbLID UX CYXAEHUNA.

Ob6bacHeHue puc. 1.4. Kputepun Ha pucyHke obo3HaudeHbl yepes Y, 4, W, M, K n M.
Ecnun Beca kKputepueB M Beca WKOA OTHOCUTENbHO KaXAoro KpUTepusi TakoBbl, Kak 060-
3Ha4YeHO BAO/b KaXA0ro OTpesKa Ha pUCYHKe, TO

O6uwas oueHka wkonbl A =ay¥Y+a, Jl+a +a,[1+a K+a M.
O6was oueHka wkonsl B =b,¥+b, J+b ll+b,[1+b K+b M .
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Ta6nnua 1.2. CpaBHEHME XapaKTEPUCTUK OTHOCUTEJIbHO

obwero ynoBnerBopeHus WKOJION

I I s v
Yuéba 1 4 3 3 4
Opy3bs 1/4 1 7 1/5 1
LLIKOMbHasA XN3Hb 1/3 1/7 1 1/5 1/5 1/6
Mpod. obyueHne 1 1/3 5 1 1/3
MoAroToBKa K KOMIe4Xy 1/3 5 5 1 3
ObyueHne My3blke 1/4 1 6 1/3 1

A =7,49; HC=0,30; OC=0,24

Ta6bnuua 1.3. CpaBHEeHME LWKOJ/1 OTHOCUTEJ/IbHO LUECTU XapaKTEPUCTUK

Yuéba |A B C Opysbsa |A B C WkonbHaa xu3ue [ A B C
All 1/3 1/2 All 1 1 Al 1 5 1
B|3 1 3 B|1 1 1 B|1/5 1 1/5
cl2 1/3 1 c|1 1 1 cC| 1 5 1
Ao = 3,05 Ay = 3,00 Ao = 3,00
HC =0,025 HCc=0 HC=0
oC =0,04 OC =0 OC =0
Mpod. MoaroToBka Ob6yueHne
obyueHne | A B C K Konneaxy [ A B C MYy3bIKe A B C
Al 1l 9 7 Al 1l 1/2 1 A 1 6 4
B|1/9 1 1/5 B| 2 1 2 B|1/6 1 1/3
c|1/7 5 1 cl1 1/2 1 c|14 3 1
Ainax = 3,21 Ao = 3,00 A =305
HhC=0,105 HC=0 nc =0,025
0C=0,18 0C=0 0C =0,04
Ta6bnuua 1.4,
Yus6a [py3bs LkonbHaga Mpod. MoarotoBka O6yueHne
XU3Hb oby4yeHne K Konneagxy MYy3blKe
0,16 0,33 0,45 0,77 0,25 0,69
0,59 0,33 0,09 0,05 0,50 0,09
0,25 0,33 0,46 0,17 0,25 0,22
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O6uwas oueHka wkonbl C=c,V+c Ji+e, Ml+c,l+c, K+ey M,

Mpeabigywime BblHNCAEHUA MOTYT 6bITb npeacrabneHbl B Bnae cneayrwouwero MaTpnu4dHoO-
ro nponsseigeHuUA:

[0,32(V) |
0.16(ay) 0.33(ay) 0.45(ay) 0.77(ay) 0.25(ac) 0.69(ay)]| &1 4(4)
0,59(by) 0,33(by) 0,09(by) 0,05(b;) 0,50(b) 0,09(by,) %?—’;((11171))
0,25(cy) 0.33(cy) 0,46(cy) 0,17(cy) 0,25(c) 0,22(c,) 0:24(1{)
0,14(M) |

Ansa BbIABNEHUSI MePbl YAOBNETBOPEHUA KaHAMAATa LUKOMOM CHayana cneayeT nepe-
YNCIUTb BaXHENLWWE KPUTEPUM, XapaKTEPU3YKLME LWKOMbl, U BblYUCIUTb CPaBHUTENb-
HYI XenaTeNnbHOCTb 3TUX KPUTEPUEB ANS KaHAWAaTa. XXenaTtenbHOCTb 6yAeT MEHATLCS OT
04HOro KaHAnzaTa K agpyroMy. Hanpumep, ana ogHoro yyeHuka apysba 60nee npuBneka-
TeNbHbl, YeM MOArOTOBKa K KOMEAXY, B TO BPEMS, KaK APYroi y4eHUK MMEET NMpOoTUBO-
NONOXHOE MHEHME.

CneayoLwmM WaroM siBASIETCS BbIYMCIEHME OTHOCUTENIBHOIO paHra Ka)ZAoW LWKObl Mo
Ka)aAoOMy KpuTeputo. HanpuMep, B O4HON WKOJe nydle oby4datoT My3blke, B TO BPEMSA KakK
Apyrasi cnaBuTCs NpodeccnoHanbHbIM 06yUYeHNEM.

Ana nonydeHus obleil OUEHKWU KaXAOW LKOSbl, HYXHO, BO-NMEPBbIX, YMHOXWUTb BEC
OLEHKWN 3TOW LUKONbl MO HEKOTOPOMY KPUTEPUK Ha BEC 3TOro KpUTepusi. 3aTeM creayeT
CNOXWUTb 3HAUYEHMSs, MONYYEHHbIE ANA KaXAOW WKOMAbl N0 BCEM KpuTepusMm. Hanpumep,

Ana wkonbl A, ay €CTb OTHOCUTENbHbIN BeC y4yebbl B 3TOW LWKONE. Tak Kak OTHOCUTENb-
Hbli1 BeC yuyebbl ecTb Y , 061Kt BeC yuebbl Ana WKobl A 6yaeT a,Y . TakuM xe 06pasom

Bblumcnsiem ag/l, ap I, apIl, a K n ayM. CnegoBatensHo, obLias oueHka LWKOMbI A

6y,ﬂ,€T CYMMOVI 06LWKNX BECOB YNOMAHYTbIX BUOOB A€ATENBbHOCTU, T. €. obLlas oueHKa WKo-
nbl

A=a Vta [l+a ll+ta ll+a K+a M,

Tab6nuua 1.5. O6wee yaoBnersopeHmne LWLWKOJ0OU

vess  gpyn Weomwen Ioeb. - floweronee Obyienve
Yuéba 1 5 7 5 3 1
Opy3bs 1/5 1 3 1/5 1/6 1/6
LLUKoNbHasA XU3Hb 1/7 1/3 1 1/4 1/5 1/5
Mpod. obyueHne 1/5 5 4 1 1/5 1/6
MoAroToBKa K KOMIe4Xy 1/3 6 5 1 1
ObyueHne My3blke 1 6 5 6 1 1

A =6,68; UC=0,14; OC=0,14.
COOTBETCTBYIOLWUIA COBCTBEHHbIM BEKTOP — (0,33; 0,05; 0,03; 0,09; 0,23; 0,27).

YutaTenb, KOTOPOro WMHTEpecyeT YNpPsMCTBO B HOHOWECKUX CYXAEHUSAX, MOXET 3aXo-
TeTb Y3HaTb, KaK BbIrNaaenn npuopmuTeTbl TpU roga cnycta (tabn. 1.5). Monogon veno-
Bek (B 18 neTt) 6onblie He cYUTaeT, YTO APY3bSA UM npodeccuoHanbHoe obyyeHue Tak
BaXHbl. Ero MHTepec K Konneaxy n Mysblike npeactasnsercsa npeobnagatowmm. Konnegx
M My3blka CTanu ANA HEro HacylwHon noTpebHOCTbo, a HE OTAANEHHBIMU CTPEMNIEHUAMMU.
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CornacoBaHHOCTb TakXe o4YeHb NoBbiCUAach. NpUOPUTETLI WKOMA OTHOCUTENBHO XapaKTe-
PUCTUK MOAYYUNUCE TEMU Xe, UTO U paHblle, U CcerMyac HaMHOro sicHee, 4YTo Toraa 6bin
chenaH npasunbHbIA BbIGOP. MNMpUopUTETLI WKON cneaywowmne: A=0,40; B=0,36; C=0,25.

1.7. MPOUEAYPA ONPEAENEHNA NMPNOPUTETOB

MepBbiM TpeboBaHMEM NpU aHannse PyHKUNOHUPOBAHNA CUCTEMbI ABASETCHA NOCTpoe-
HUe uepapxum, Bocnpomssoasuwen @yHKUMOHANbHbIE OTHOLWEHMA. 3aMeTuM, 4YTOo ANns
Hanbonee MNpoOCTbIX CUCTEM HanpalMBaeTCa BUA UepapXmum Mo aHanormn ¢ PyHKUMAMU
CUCTEMbI. TEM HE MEHEE CUCTEMA MOXET BbITb OYEHb C/NOXHOW, U TOrAda HENerko BbIABUTb
nepapxmyecKkyro CTpYKTYpy, KOTopasi el COOTBETCTBYeT. Mcnonb3ysa npsaMon noaxon, Mbl
yacTto Npuberann K nNpoueccy MO3roBoro WTypMma, nepedncnsas BCe 3/eMeHTbl, OTHOCSA-
wmecs K uepapxun. 3ateMm Ux pacnonaranam no rpynnaMm B COOTBETCTBUU C BAUSSHUEM Me-
XAy rpynnamMu. DTU rpynnmpoBaHUsa CNYXWAWM YPOBHSMU Uepapxun. Ona npouecca rpyn-
nMpoBaHMsa MoXeT b6biTb MCMNOJSb30BaHa TexXHUYeckas npouenypa, onucbiBaeMas ganee.
Mone3Ho OTMETUTb, YTO ABE XapaKTepUCTUKU YPOBHS MepapxXun, nmewuwme MHoro obue-
ro, cnegyet crpynnuposaTh AN CpaBHEHUN B ogHY, 6onee obwyr XapakTepuctmnky. Ha-
npuMMep, KavyecTBo M pa3Mep 4YacTo COYETAKTCA U MOMyT 6blTb COEAMHEHLI B Tpynne roa-
HOCTWU UM NPUEMNEMOCTMN.

Ans noeblleHNa kadecTBa 060OCHOBaHHLIX CYXAEHWA Ha BXoA4e, He06X0AMMO, UTObLI
nepapxms BUOOB AENCTBUA, LENEN U BbICWKX, obwnx, uenei 6blna TwaTeNbHO NMocTpoe-
Ha. MoxeT noTpeboBaTbCa UccneaoBaHME AN UAEHTUDUKAUUU U XapaKTEPUCTUKK TeX
CBOWCTB Ha YpPOBHAX MepapXuun, KOTOpble BAUAKOT Ha CBOWCTBa 60nee BbICOKUX YPOBHEWN
WM Ha OCYLWEeCTBMEHME LeNnel Ha BbICWMX YPOBHAX.

Mocne pasgeneHuns MOHATUM Ha KaTeropum TwaTeNbHO M MeTOAMYHO A0BOAUTCH A0
KOHUa npouecc onpeneneHns uenen, pagn KOTOpbIX M3yyaeTcsa 3ajada U CTpOUTCHa ue-
papxus. Npn CTpYKTYPUPOBaHUK npouecca cywecTBeHHbIM MOMEHTOM SABASIETCH 3KCNepuU-
MeHTUpoBaHUe. CaMoe BaXKHoe, YTODObl 3HAHUSA U CYXAEHUS OTAENBHOIO AuMua Uan rpynnbl
UMESN XOPOLLYH BO3MOXHOCTb ObITb aA€KBAaTHO M TOYHO BblpaXXeHHbLIMU. 2TO — 3ajadva He
ANs HeTepnenmMsoro U BCMbIIbYUBOrO pykosoauTens. lNepBocTeneHHoe 3HayvyeHue 34ecChb
npmobpeTtaeT ANNJAOMAaTUYHOCTb U YMEHME NPUCAYLWATLCA K YY)KOMY MHeHMK. O4HaKo caM
nmpep A0MKEH BbITb YBEPEH, UTO pasnnumsa BO B3rnsgax He BbI3blBAKT yXyAWeHUs Npo-
uecca. BpeMsa oT BpeMeHM y4YacTHMKaM NOMoOraeT HanoMmMHaHMe O TOM, UTO KTO-TO A0/KeEH
3aHMMaTbCcsa NpobIeMON, U €CAM OHWM He B COCTOSIHUM NpuaaTbh onpeaeneHHyw dopMmy
CBOUM MbICAIAM, TO pe3ynbTaT MOXET NONYyUYNUTbCA 06paTHbIA TOMY, KOTOPbLIA OHU Xenanu
6bl MONYy4YnUTb NpKn 61aronpmMsSTHOM NpoTEKaHUK Npouecca.

Bo mnsbexaHue nocneaywwmx cCnopoB, Nepej TeM, Kak MPpUCTYNUTb K onpeaeneHunto
NPpUMOPUTETOB, HEOBXOAMMO MONbLITaTLCA 3anNMcaTb onpeaeneHns BBeAEHHbIX 3/1IEMEHTOB.

Takon xe noaxon MoxeT 6biTb UCMOAL30BaAH WU OAHUM ULOM, MPUHUMAKLWKUM pelle-
HUS, KOTOpOE BHUKAET B CTOSALWYK nepen HUM npobneMy U ycTaHaBAMBaeT NMPUOPUTETEI,
oTpa)karline ero ybexxaeHns n no3numn. B CNOXHOM cUTyauun Henb3sa HagesaTbCsa Ha To,
yto npobnembl MOryT 6bITb paspelleHbl MHTYUTUBHLIM, @ He 4eTKO CHOpMYNMPOBAHHLIM
MOHMMaHWEM BaXHenwux dakTopos. MNMocTosHHaa 3aboTa 0 TOM, UYTOBbl HEe YNYCTUTb BO
BpeMs npouecca HeKoTopble BaXHble HhaKTOpbl, MOXET OKa3aTbCsl HEMPOU3BOAUTENBHON.
Ecnn vHpgnBuayyMm AEeNCTBUTENBLHO MOHMMAET Mpouecc, TO OH AO/MKEH YMEeTb BblAENUTb
BaXHble daKTopbl U NPOAOCAXaTb NPOBEPSATE CBOWM B3rnaAbl OTHOCUTENbHO OCTaBLUMXCS
daKTOpOB, TaKXe BaXHbIX, HO elle He pacCMOTPEHHLIX. DTO ABAAETCA apryMeHToOM B
nonb3y TOro, YUTO CreayeT yaenuTb BpeMs Ha UaydeHune npobneMbl M He TOPONUTbLCS.

KayecTBO NONYUYEHHOro pe3ynbTaTa MOXHO OUEHUTb TEM, HAaCKOMbKO SIOFMYECKN YA0B-
neTBopuTenbHbl O0TBETbl. OHM AO0XKHbI, B HEKOTOPOM CMbICcne, BbiTb COrnacoBaHHbIMU C
HayanbHbIMWM AaHHbIMW. HanpuMmep, y 3BEHa, KOTOPOMY OKa3aHO npeanodTeHue nepeg
APYTMMU 3BEHbSAMKW B HaudanbHbIX MOMapHbIX CYXAEHUAX HAa HEKOTOPOM YPOBHE, AO/XEH
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nony4uTbcsa 6onee BbICOKUM paHr U T. 4. KOHEUHO, BaXKHEWLWEeN Lenbio MOAEeNN SaBSAETCS
nony4vyeHue cornacosaHHoro nopsaka. OTMeTuM, UTO OobLee ynopsaaoyYeHMe BHavane He
M3BECTHO, @ UMEKTCH TO/bKO MonapHble CpaBHEHWUS, KOTOpble pakTUdecku MoryT 6biTb
HecornacoBaHHbIMKU. Pe3ynbTaTbl AO/IKHbI COOTBETCTBOBaTb MHTYUTUBHLIM MpPeAanosioxe-
HUAM O pa3yMHOM ucxoge. B npoTuBHOM cniyyae 6bin0 661 NpoTMBOpeUMe Mexay BbiCKa-
3aHHbIMU CYXAEHUAMU U TEOPUEN.

BaXXHO OTMETUTb, YTO YMC/A, UCNOSIb3YEMbIE B WIKaNe, ABNAAKTCA abCoONTHLIMU BENU-
YMHAMK, @ He MPOCTO MOPSAAKOBbLIMU YUCIaMKU. DTO FOBOPUT O TOM, UYTO Hawa WKana He
NO3BOJISET NPOBOAUTL CPABHEHUSA, €CIM MHTEHCUMBHOCTL nNpesbiwaeT 9. Kak yxe ykasbl-
Basl0OCb, 3N1E€MEHTbl AO/MKHbI 6bITb CrpYNMUpOBaHbl B KAcTepbl, B nNpeaenax Kaxaoro ms3
KOTOPbIX OHW CpaBHUMbLI MO 3TOWM LUKane, a KfacTepbl, B CBOK o4yepenb, TakxXe AOSTXKHbI
CpaBHMBATbCA MO TOM Xe WKane. 3aMeTUM, YTO MOXET BO3HUKHYTb Heob6X0AMMOCTb CO3-
OAaHNA NPOMEXYTOUYHbIX KNacTepoB ANd NpoBeAeHUS OTHOCUTESIbHbLIX CpaBHEHUW, NAYLLMUX
OT Knactepa C HaMMeHbWMUMM MO BecaM (MnK crnaberwnMn) 3/1EMEHTAMN K KnacTepy C
HanbonbWMMM No BecaM (UKW CUNIbHENWNMWN) 3/IEMEHTAMUN. DTO €CTECTBEHHbIN MYyTb, a He
nszobpeteHue paan Teopun. Mbl HE MOXEM HEMoOCpPeACTBEHHO CpaBHMBaTbL BEC MNECUYUHKU C
BecoM CosiHUa. Hy>)XeH nocTeneHHbIM nepexoa.

OcobeHHO TwaTenbHO AOJ/IKHbI YCTaHaBAUBATbCA MPUOPUTETHLI BbICWKX YPOBHEN Me-
papxumun, Tak Kak ans Hux Hanbosnee Heob6X04MM KOHCEHCYC, BBUAY TOro, 4To 3TU NMpUopu-
TeTbl — Beagywue B nepapxmm. Ha kaxxaom ypoBHe Aos/hkHa 6biTb obecnevyeHa He3aBUCU-
MOCTb NpeacTaBnsieMbiX KpUTEPUEB, WKW, MO KpalHEW Mepe, KpUTepuu AOSKHbl AOCTa-
TOYHO pa3nmMyaTbCsA, U 3TU pasnnyng MoryT 6biTb 3aPUKCUPOBaHbl Kak He3aBUCUMbIE Xa-
pakTEPUCTUKN Ha ypoBHe. [na ycnewHoro UKCUpOBaAHUA HE3AaBUCUMOCTU MOXET OKa-
3aTbCA HeobXoAMMbBIM NepecMoTp 3reMeHToB. Kak 6yaeT nokasaHo B rn. 8, Haw noaxon
MOXXHO pacrnpoCcTpaHUTb M Ha B3aWMMOCBA3b KpUTEpPUEB, KOrga 3aBUCUMOCTb SBNSAETCS
BHYTPEHHUM CBOWCTBOM U €K Henb3s npeHebpeub. Mpu ABUXXEHUN BHU3 MO UEpPapPXUN
oxupaetca 6onblwee HEMNOCTOAHCTBO BO MHEHUAX Mexay B 06WeM-TO COBMECTUMbIMMU
AKAbMU NpU AOCTUXKEHUW OrnepaunoHHOro yposHsa. B obnactn, raoe nwogm cxoaatcs BO
B3rnagax Kak Ha CMbIC/, TaK U Ha BaXXHOCTb 3/1IEMEHTOB, CneAyeT pa3MmelwaTs 6onble pe-
CypcoB; B TOM Xe obnactm, B KOTOpPOW NOAU pacxoasaTcs BO B3rnsgax Ha CMbICT UK
BaXXHOCTb, UX CYXAEHUSA UMEKT TEeHAEHUNIO CBOAUTL Ha HET MHEHWs Apyr Apyra, v AaH-
Hasa obnacTb MOJYYUT MEHbLUYIO A0 AEUCTBUA [0 TeX Nop, Noka en He byaeT okasaHa
cunbHasg noanepxka. Ecnu obnactb BaXkHa AN Hac, HO B HEN MMEETCS pacxXoXAeHue BO
MHEHWUSX, TO cneayeT BO34epPXaTbCs OT AENCTBUIA A0 TeX Nop, Noka Jiaun nydle He pas-
bepyTcsa BO B3rnagax v He NpuAayT K COrNacoBaHHOMY AEUCTBUID. DTO SABNAETCH Nornde-
CKMM MUCXOAOM Mepapxuyeckoro noaxoga. TaM, rae ecTb pacxoxaeHue, noan byayT He-
YOOBNETBOPEHHLIMU, TaK KakK OHW He BCTpedarT MOHMMaHUA CBOUX cyxaeHun. C apyrom
CTOPOHbLI, €CNN B3rNsa4bl CXOA4ATCA, TO NOAU UCMBITLIBAKOT YAOBETBOPEHME.

Bonbwon rpynne nwaen pasHoM kKBanudukauumm noTpebyeTcs MHOro BpeMeHW AN
NOCTPOEHUS UepapxXnn U NpoBeAeHUs CYXAeHWA. B Takon rpynne MoxeT 6bICTpO HacTy-
NMMTb YTOMNEHWE, N 3@ BPEMS, BblAENEHHOE AN BCTpeyun, He byayT nonydyeHbl nnoao-
TBOpHblE pe3ynbTaThl. Hannydwmnin cnocob sBosneyb 6onblyo rpynny nwaen — nnbo Bbi-
6paTb Yy3KYyl uUenb Ana guckyccumm, nnbo, 4To nydwe, 3acTaBUTb NOAEN NOCTPOUTbL Ue-
papxuio (UM 3aroToBUTb AN HUX HEKOTOPYIO Mepapxuio ana obcyxxaeHusa), a 3aTeMm pas-
OenuUTb UX Ha OAHOPOAHbIE TpyMnnbl M AaTb BO3MOXHOCTb KaXAOW rpynne rnpoussBoauTb
CYXAEHMA MO TEM 4YacCTsaAM UepapxXun, KOTopble OTpaXkakT UX YacTHble MHTepeckl. JTinasam
cnefyeT CKasaTb, YTO HEKOTOPbIE M3 HUX MOrYT MOYYBCTBOBATb TWETHOCTb CBOUX YCUTUIA
BO BpEMS rnpouecca; MM MOXHO MOCOBETOBaTb MPOrynsATbCA UKW MPUHATH ydacTne B 06-
CYXAEHUN B OTAENLHOM KOMHaTe, B TO BpeMsa Kak apyrue 6yayTt npogonkaTtbe paboTy, a
3aTeM, KOrga OHW MOYYBCTBYKOT MPUINB CWU/, BEPHYTLCA. DTO MO3BONUT uU3bexaTb yxya-
LWeHUsa npouecca.

KoHeuyHO, ecTb MOMEHTbl, Korga MOryT AelCTBOBaTb MOAUTUYECKUE NpUCTpacTums,
CKpbITble «AOMalWHWe 3aroToBKU», packon U gpyrme MoTuebl. B 3ToM cnydyae B3auMmoaen-
CTBME U COTPYAHMYECTBO B rpynne 3aTpyAHSAKTCA. Mbl CcTankmMBanucb C TakuMmu npobne-
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MaMM Ha MpakTUKe NpU UCMOoIb30BaHUM MeToha aHanusa unepapxun (MAW). Hawe 3aknwo-
yeHMe TakoBo, UTO MAW aBnseTCca MOLUHbIM CPeACTBOM Af18 TeX, KTO XO4UEeT OUEHUTb Kak
CBOW CTpaTermm, Tak U cTpaTerum CBOUX OMMOHEHTOB. TeX, KTO He XefnaeT y4acTBoBaTh B
npouecce, Henb3s 3aCTaBUTb, O4HAKO UX MHOMAa MOXHO ybeanTb. Mpouecc asmxetcs 6bl-
CTpee, ecnn y4YacTHUKU uMetT obuwme uenn, 4onroBpeMeHHbIn 6Nn3KkMin KOHTakT, paboTy
B KIMMaTe counanbHOro oaobpeHma n oaMHakoBbl cTaTyc.

MocneaHUM 3aMedyaHUEM SBASIETCS TO, YTO B3aMMOLAEMCTBME He NoXoxe Ha 6bpak, o
KOTOPOM NI0AN CKAOHHbI MUMETb pOMaHTUYecKue NpeacTaBfieHus, OAHAKO Nocne BCTyne-
HUS B HEr0 OHM CTAJIKMBAKTCH C MHOXECTBOM TPEHUM, CCOp M pa3Horiacuin. TeM He Me-
Hee, B 06LWEM, XU3Hb NPOAOXKAETCA, U UMETCA dyHAAMEHTaNAbHbIE TOUKU cornacums u
obwme noTpebHOCTN, KOTOpble yAEepXUBAKT nwaen apyr ¢ gpyrom. lMos3ToMy BXOAUTL B
npouecc rpynnoBoro B3aMMoAenCcTBUS HUKTO He AOJSIKEH CO CAMWKOM 60MbWMMKN HageX-
AaMU N CUABHBLIM NMpeapacnoNioXeEHNEM K NPaBUILHOCTU U NOPSAKY.

Tenepb obpaTuM BHMUMaHWE Ha CnefyrwLwWMA 3Tan npouecca, KOTOpPbIA 3aKa4vaeTcs B
MOYYEHUU CYXAEHUN OT SKCNEPTOB.

3adaHbl 3/1IEMEHThLlI YPOBHSA MepapXun, U HYXHO COCTaBWUTb MaTpuuy NOMapHbIX cpaB-
HEHUI MeXAY 3TUMWU 31EMEHTaMW OTHOCUTENLHO KaXAoro sneMeHTa cneayiwouwero 6onee
BbICOKOI0 YPOBHS, KOTOPbIA CAYXWUT KPUTEPUEM WM CpaBHUBAEMbIM CBOMCTBOM. Jlnuy,
BbICKa3bIBaOLWEMY CYXAEHWS, 3a4al0T BOMPOCHl crefywwero tmna: «Kakon aneMeHT um3
npegnaraeMon napbl 3/7€MEHTOB MaTpulbl KaxeTcs BaM 6o5ee HadeNeHHbIM UN cnocob-
CTBYIOLMM AAHHOMY CBOWCTBY? HacKonbKO CUNbHO 3TO npeobnagaHue: pasHoe, cnaboe,
CUNbHOE, Oo4YeBUAHOE UM abCOMKTHOE, UM Xe 3TO KOMMPOMUCCHAs BeNUYMHA Mexay
CMEXHbIMN 3HAYEHUAMU?»

Bonpoc pomkeH 6biTb TwaTenbHO cHOPMYNMpPoBaH, UYTOObl BLIABUTL CYXAEHWUA WU
OWYLWeHNsa BOBMeYeHHbIX nuu. CneayeT coxpaHAaTb eanHoobpasne npu NocTaHOBKE BO-
npocos. BaXHO cocpeAoTOUMTb BHMMaHWE Ha CBOMCTBaX, TaK KakK AMa 4YenoBedeckoro
MbIWEHNA XapaKTEPHO CTpeMieHne K HeYeTKUM 0606w eHnnM.

3aMeuaHue. [na nonydyeHuns Habopa NpUOPUTETOB, KOTOPbIE OTpaxakT AOCTOUHCTBO
UM MONOXUTENbHOE BNUSHWE OOBEKTOB, Habop CBOMCTB, OTHOCUTENBHO KOTOPbIX OHU
CpaBHUBAIOTCA, A0/KeH 6bITb CPOPMYNUPOBaH TaknMM 0b6pasoM, 4YTobbl BbISBAATL Xena-
TeNbHble OTANYUTESNBbHbLIE 4YepThl 3/1€MEHTOB. HanpuMmep, CTOMMOCTb MOEe34KM B OTNYCK
nonyynt 6onee BbLICOKUA NpuopuTeT Ansa 6onee A0Opororo MecTa nposeneHUsa OoTnycka,
HO, B AENCTBUTENLHOCTU, 3TOMY MPUOPUTETY crneayeT 6biTb HU3KUM. B 3TOM cnydyae BO-
MpoOC, KOTOPbIA HYXHO 3adaTb, 6yaeT 3By4YaTb TaK: «B KakOM MecTe nposeneHus oTAbixa
Moay4YnM B6OMbLWYIO SKOHOMUID AeHer?» A He Tak: «Kakoi KypopT 06XoanTcsa opoxe?»

Ecnu B cyXAeHUAX UHOUBUAYYMOB €CTb pa3fiMyns, UM NO3BOSISIETCS PacCMOTPeETb Chy-
yan caMuM. Torga oHU NMbO AOCTUNHYT KOHCEHcyca (UYTO MHorda cnydvaeTtcs gaxe rnocne
XapKux crnopos), N0 MCNonb3yT Kakoe-HMbyab NpaBu/io, CylecTByllwee Ansg 40CTU-
KEHUA eOUHOI0 CYXAEHUS, HanpuMmep, NpaBuno 60bWKMHCTBA. N3BECTHO, YTO OTAENbHbIE
amua MEHSKT CBOK MOo3uuMo. B HEKOTOPLIX cay4yasax uenas rpynna MeHsana CBOK Mo3u-
LUK Mocne TOoro, Kak BbiC/ywnBana AOBOAbI, NpeacTaBleHHbIe OAHMM K3 ee 4YneHoB. B
psae cnyyaeB MOXET BblTb AOCTUIHYT KOMNPOMMUCC, KOrga AaAu NMPUHUMALOT CyxXAEeHUus,
BblCKa3aHHbIE APYrMMU B OTBET Ha COrfiacue ONMNOHEHTOB MPUHATL MX COBCTBEHHbIE CYX-
AeHna B bonee BaXXHOM Anga HUX cdepe.

Korga nioan HEOXOTHO NpeaoCcTaBNsOT CBOE CYXAEHWE, MOXHO cnefoBaTb npouenype
TUMa aykuMoHa, npeanaras pas/indHble 3HAYEHUs CYXAEHUH U cripawmBas AA4EN, KaK
OHU UX BOCMPUHMMaALOT. OTCYTCTBME 3aMETHOro pasinyusa ABYX 3/1EMEHTOB 4acTo O3Hada-
€T, UTO UX BJUSIHME Ha XapaKTepUCTUKY OAMHaKOBO. Korga HeT cornacums, KaXabli sKC-
nepT 3anncbiBaeT CBOU CYXAEHUS, U NOSydaeMble pelleHusa npoeepsanTcs ans 6onee sac-
HOro MOHUMaHWUA TOro, 4YTo MOXeT bbITb caenaHo (ecnn Boobue 4YTo-N1Mbo MOXeET bbITb
chenaHo). ECTb MOMEHTbI, Kor4a pa3fimuns Mexay AlAbMU NpenaTcTBYIOT LEACTBUIO.

Koraa Bce cyXAeHus NoJsydyeHbl, 3KCNepToB CnpalmnBatoT, HAaCKO/bKO BEPHO OHU OT-
paxatT NMoHMMaHue UMK NpobneMbl N BEPHO M OTpa)XeHbl UX CYXAEHUS. DTO NO3BONSET
n3bexaTb HEMNPUATHLIX OLUYLUEHMIA, MOABAAWUXCA Y AO4AEA OT TOM0, YTO UX MHEHMEM
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npeHebpernu. Ecnu BpeMsa orpaHuyeHo, To AebaTbl MOXHO COKpaTUTb, OAHaKO NAAM
cneayeT HanoOMHWUTL, YTO 3TO UX NpobnemMa n Ana NONyYeHUA XOPOLWUX pe3ybLTaToB Tpe-
byeTcsa onpeaeneHHoe BpeMs. Bcerga cneayeT CoBeToOBaTbCA € ydacTHMKaMu o6 ageksaT-
HOCTWU MepapxXMyecKoro rnpeacrtaBieHna UxX 3ajadu C npeactaBieHHbIMU UMU CYXAEHWUS-
MU. Ecnn ecTb BO3paXkeHUs, TO UX cneayeT TwaTenbHO U TEPNENMBO paccMoTpeTb. Ecnn
XenateneH nepecMoTp, TO €ro MOXHO MpOBEeCTU BbICTPO, Oonpeaenas Kak noasajady m
coobwan pesynbTaThl rpynne.

3a4acTyro MOXHO OTMETUTb ANa cebs obnactu HanbonbWUX pasHOrIacun B CYXXAEHU-
X M BHOBb NOAHATbL BOMPOC O NEPECMOTPE 3TUX CYXXAEHUN NO3XKe BO BpeMA 06CyxXAeHUS.

Mpoueaypa MOXET HayaTbCA C 3a0CTPEHUA BHUMaHWA Ha CTpoKax MaTpuubl B nopsake
npeobnagaHnsa COOTBETCTBYKOLUX 3NEMEHTOB, MO CYWEeCTBY, nMojpasyMeBas, 4YTO N0aMu,
BEPOATHO, 3apaHee yKaXyT nopaaok AOMUHUPOBaHUA 3neMeHToB. BHavane cpaBHMBaOT-
CA CUNbHENWUN U cnabelwmnin aneMeHTbl, YTobbl NONYYNTb OPUEHTUP ANS APYrUX Benu-
4MH. KOHEYHO, 3TO He BCerga BO3MOXHO. [lpyrMM cnocoboM aBnseTcs nonbiTKa NpoBecTU
Te CPaBHEHUS, B KOTOPbLIX 3KCMEPTLlI YYBCTBYIOT YBEPEHHOCTD.

YncneHHble 3Ha4YeHna U ux obpaTHble BENUYUHLI BBOAATCHA B MaTpuuy KaXAablA pas,
Korga nony4yarTcsa CY)XAEHUS, N BCKOpe NAM NPpUBbIKaT NpeacTaBnsaTb CBOU CYXXAEHUS
HenocpeaCTBEHHO B BMAE 4Yncesl. MOXHO UCMNONb30BaTb reOMeTpUUECKUE CpefHMne CcyxXae-
HWIA, €C/N YYACTHUKN He XOTAT AebaToB. DTO, BEPOATHO, MEHEE XenaTesibHasa asbTepHa-
TMBa. MHOrAga MOXHO MNOAY4YUTb MHAWMBUAYaSbHLIE BEKTOPLI MPUOPUTETOB U B KadecTee
OTBETa NPUHATbL UX FeoOMeTpUYecKoe cpefHee.

CnepyeTt OTMETUTb, YTO BpEMEHaMu Kputepumn ¢ bonee HU3KMMU NPUOPUTETAMU B KO-
HEUYHOM cyeTe onpeaenstoT BblIbop anbTepHaTUB. PacCMOTpPUM NOKYMNKY aBTOMOGUNA CEMb-
en U3 4yeTblpex 4yenosek. CaMbiM BaXHbIM KpUTEpUEM SABAAETCA UMEKLWUMACA B pacnops-
XeHun ceMbu 6roaxeTt (npuoputeT 0,52). Cneayrowmm asnseTcs LeHa asTomobunsa (npu-
oputeT 0,23). CpaBHUTENIbHO HU3KWUM MpUOPUTETOM obnagatoT Moaens U pasmepsl (Npu-
oputeT 0,16) 1, HakoHeLl, 3KOHOMUYHOCTbL ynpasneHusa (npuoputet 0,09). Mocne Toro,
KakK ceMbsi OoTbepeT HEeCKO/IbKO MalWH C OAHWMM YPOBHEM LEH, KOTOPbIA MO3BONAET ee
6r04XeT, OKOHYaTeNnbHbIN BbIGOp oAHOro asToMobuna byaet obycnoBneH MoAeNbd N 3KO-
HOMUYHOCTbI. Kputepun ¢ 6onee BLICOKMM MPUOPUTETOM MOMoOrarT B oTbope noaxoas-
Lero Knacca MalWuH, B TO BpeMA Kak Kputepumn ¢ 6osee HU3KUM NPpUOPUTETOM MOMOrarT
B Bblbope oTAaenbLHoro asToMobunsa cpeam pasHbiX Mapok.

B oTHOWweHWW npouecca CyXAEHUM WMHOrAa BO3HUKAKT BOMPOCHI YeTbipex TWUMOB:
1) nepBUYHLIN a(pdeKkT, T. €. HE MOXET NN OKa3aTb KOCBEHHONO BAMSAHUA Ha pe3ynbTaT
TO, UTO paccMaTpUBaETCA BHayvane npu npoBeaeHun cyxaeHun; 2) addeKkT HOBU3HbI, UK
BNnsaHWe 6onee nosgHen MHMOPMauUUM Ha paHee MNONYYEHHYI; 3) BbICTYMJIEHWE He B
CBOEW ponun, Korga yenobsek b6epeT Ha cebs posb APpYroro M BMECTO Hero npousBoauT Cy-
XAEHUA, HEAOCTAaTOYHO NOHMMas TOro, B Yber poSIM OH BLICTYMAET; 4) NMYHOE KOCBEHHOE
B/IMSIHUE NpPU Y4acTUW B TpynrnoBOM MNPUHATUN pelleHUA. BONbWUHCTBO 3TUX SABAEHUN
MOXET NpoUCXoauTb Npu 06bIMHOW FpynnoBoKr npoueaype. Nx BinsHue ocnabnsaetcs, ec-
M NOBTOPSAKWMMCA B3aUMOAENCTBUAM yaenseTcsa 6onblie BpeMeHn 1 Nan npeaynpex-
AEHbl 0 JIMYHOM BAUAHUU. pyrMMKN CoBaMu, NpU KOPPEKTUPOBKE 3ajdadyun NyTeM passind-
HbIX MOBTOPEHUI Ha3BaHHblE TPYAHOCTWU BbIABUralOTCA Ha NepeaHuUii nnaH, YTo NpueBoaUT
B UTOre K KOHEYHOMY OCYLLECTB/IEHUIO pELLEHNS, OnpeaensaemMoMy rpynnon kak Hanbonee
XapakTepHOMY ANs paccMaTpuBaeMoM 3ajauu.

Ans nuuya, npUHUMaOLLEro peweHus

Ecnn Bbl CTONKHYNCb C HEKOTOPbLIM KOMMYECTBOM AENCTBUIA, Cpean KOTOPbIX HYXHO
cAenaTtb BbIGOp M Y Bac €CTb COMHEHUA B KPUTEPUSX, MO KOTOPbIM Bbl MPOBOANTE OLEHKY,
CpaBHUTE NMOMNapHO KPUTEPUU OTHOCUTENBHO KPaTKO- N AOJIrOCPOYHbIX AEACTBUIA, prucKa v
npeuMyujecTs, a TakxXe nocTpomnTe MaTpuLy NonapHbiX CPpaBHEHWUIN OTHOCUTENLHO 3d dek-
TUBHOCTU M ycnexa. HakoHel, Ha CaMOM HUXXHEM YpPOBHE CpaBHUTE BblbMpaeMble AENCT-
BUSI OTHOCUTENIbHO KaXXAOro KpUTepusi, COCTaBbTE BECa MEpapXUYecKU U Bbibepute aemn-
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CTBME C BbICWWXM NpuoputeToM. Ecnun Bbl pasobpann [OCTaTOUHO CYXAEHUA U YBEpPEHbI B
TOM, YTO pacCMOTpEesIN BCE CYLLECTBEHHbIE (paKTOPbl U NpaBu/ibHble CyXAeHusa, 6pocbTe
Tep3aTbCs BawuM BbI6GOpOM. Bbl caenanu Bce, UTo 66110 B YENOBEUYECKUX cuniax Ans Toro,
4yTObbI cAaenaTh BbIGOP.

Ana 6bICTPbIX pelweHun B TeKyWwMx Aenax 3aBeauTe KapToTeKy BalMxX nepapxmi no
paboTe, CYyXAEHWA MO HUM U MNONYy4YeHHbLIX npuopuTeToB. OTMETbTe, KakKue CyXAEeHUSN
OOJ/MKHbI 6bITb 3aMeHeHbl AN NoNyYeHUs XenaTenbHoro pesynotaTta. HakoHey, agobaBbTe
3/1EMEHTbI BMECTe C COOTBETCTBYHLWMUMN CYXAEHUAMN, €C/IN HEOOBX0AUMO NMONYUUTb HOBbIE
NPUOPUTETHLI. DTO TakKXe MOXHO cAenaTb BO B3aUMOAeNCTBUKN ¢ DBM, B KOTOPON XpaHUTCSA
MHpopMaums.

Boibop nepedHa ueHHbIX 6yMar TpebyeT MOCTPOEHUs MepapxXum Kak AN CTOUMMOCTH,
Tak 1 ansa 3ap@PeKTUBHOCTU. OTHOWEHUA 3PPEKTUBHOCTU K CTOMMOCTU 3aTEM UCMOMb3YIOT-
CS ANA NMPUHATUA peLUeHUN.

1.8. PE3IOME

Moaxo4 K mMapHbIM CpaBHEHWAM, OCHOBAHHbIA Ha pelweHun 3agadnm 0 COBCTBEHHOM
3HavyeHunun, obecneumsaeT cnocob wWkanupoeaHnsa, ocobeHHO B Tex cdepax, rae He cyue-
CTBYET WU3MEPEHUN N KOJIMYECTBEHHLIX CpaBHEHUW. Mepa COriacoBaHHOCTM MO3BONSAET
BO3BPATUTLCA K CYXAEHUAM, MOAUDUUUPYS UX ANS yaydweHus obwen cornacoBaHHOCTMU.
YyacTne HeCKONbKUX 4YenoBeK MO3BONSAET NPUXOAUTbL K KOMMPOMUCCaAM MeXAY pas3/INYHbI-
MU 3/1EMEHTaMK, a TaKXe MOXET Bbi3BaTb AManor o TOM, KakuMm cneayet 6bITb AeNCTBU-
Te/IbHOMY OTHOLLUEHWUIO — KOMMPOMUCCY MeXAYy PasfIMYHbIMU CYXAEHUAMWU, NpencTaBns-
LWMMU pasHbIA ONbIT.

DTanbl Npouecca NpoxXoAsaT crefywmm obpa3om:

1. CcopmynupyinTe 3agauvy.

2. MNocTtaBbTe 3agadvy B obuweM nnaHe - BCTaBbTe ee (eC/M eCTb HeobxoAMMOCTb) B
6oNbWYIO CUCTEMY, BKKOYAOWYO Apyrne AencTBylowme nuua, Ux uenv n pesynbraThl.

3. MaeHTndnunpymnTe Kputepmm, BAMaOLWME Ha 3ajady.

4. [loCcTponTe nepapxmio obWMX KpUTepUEB, YacCTHLIX KpUTEPUEB, CBONCTB anbTepHa-
TUB N CaMUX anbTepHaTUB.

5. B 3agaye ¢ MHOMMMMN y4yacTHUKaAMU YPOBHU MOTYT OTHOCUTBLCS K OKpYyXalLlwen cpe-
Ae, aKkTopaM, UX uenaM, NoNAUTUKe U pesynbTaTaM, M3 KOTOpbIX nonydaeMm 0606w eHHbIR
pe3ynbTaT (CoCTosiHUe cdepbl 4encTBUA).

6. YTobbl YCTpaHUTb HEACHOCTb, TWAaTeNbHO OonpeaennTe KaXAbl 3N1eMeHT B nepap-
XUN.

7. YCTaHOBUTE NMPUOPUTETLI NEPBUYHLIX KPUTEPUEB OTHOCUTENLHO UX BO3AENCTBUA Ha
obWwyo uenb, Ha3biBaeMY (POKYCOM.

8. AcHo cdhopMynumpyinTe BONPOC ANA MapHbIX CpaBHEHUA B Kaxaon maTtpuue. Obpa-
TUTE BHMMaHWE Ha OpUEHTaUMK KaXAoro BOMpoOca, Hanpumep, CTOMMOCTbL AOJKHAa
yMeHbWwaTbcA, a 3O HEKTUBHOCTb YBENNUYNBATLCA.

9. YcTaHOBUTE NPUOPUTETLI YaCTHLIX KpUTEPUEB OTHOCUTENBHO CBOMX 06WKUX KpuTe-
pueB.

10. BBegunte Cy>XAeHUS 0 NONapHbIX CPaBHEHUAX U NX OBpaTHbIe BETUYUHEI.

11. Belumncnmte nNpuopuTeTsl NyTEM CYMMUPOBAHUA 3/1IEMEHTOB Kaxaoro cronébua u
AeneHusa Kaxaoro sfieMeHTa Ha obuwyto cymmy ctonbua. YcpeaHuUTe No CTpoOKaM pesyrib-
TUPYIOLWLYIO MaTpuuy, U Bbl Nony4duTe BekTOp npuoputetoB. Ana (12) - (15) cMm. nocne-
AywLwmne rnassol.

12. B cnyyae cueHapuesB Npokannbpynte nx nepeMeHHble COCTOSAHMA Mo WKane oT -8
A0 +8 B 3aBMCMMOCTU OT TOro, HACKO/bLKO OHW OT/IMYAKTCA OT cywecTsywwero Cocros-
HUs, 0603Ha4veHHoro 0.
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13. CocTaBbTe Beca B Mepapxuu Ans NonyyeHus obLMX NpUOPUTETOB, a TaKXe COo-
CTaBHbIX 3HAYEHWIN MEepPEMEHHbIX COCTOSIHWUS, KOTOpPbleé BMECTe ONpeaensiioT obwuin pe-
3ynbTar.

14. B cnyvae Bblbopa cpean anbTepHaTUB BblbepUTe anbTEPHATUBY C HanbONbLIKUM
NPUOPUTETOM.

15. B cnyyae pa3MeLleHns pecypcoB OLEHUTE CTOMMOCTb albTEPHATUBLI, BbIYNCIUTE
OTHOoWweHNe 3HEKTUBHOCTM K CTOMMOCTU W pacnpenennte pecypcbl COOTBETCTBYHOLLMM
06pa3oM: MM NOMHOCTLIO, UK NPOMNOpPUMOHanbHO. B 3agade onpeaeneHnst NpUoOpmUTETOB
CTOUMOCTM pacnpeaennTe pecypcbl NponopUnMOHanbHO NPUOPUTETaAM.

1.9. MEPAPXUU N CYXAEHWA,
NONYYAEMbIE C MOMOLWbBbIO AHKETUNPOBAHWA

Mepapxuio B paccMaTpuBaeMoin npobrneMme MOXHO BbISSBUTb MNOCPEeACTBOM aHKeTUpOBa-
HUS, CMHTE3NpOBaTb pPe3ynbTaT U NMPOLOIKUTL AEN0 C NMOMOLWbK aHKeTbl 4N4 BbISABAEHNS
CY>XOEHUNA.

Mbl npeanaraeM NpocTy WANKCTPaUMID TOro, Kak MOryT 6bITe NOAYUYEHbl CYyXAEHUS
ANs OAHOW MaTpuubl C UCMNOSb30BAaHNEM aHKeTbl. TOT e MeToh MOXeT 6blTb NpUMEHeH
ANns nepapxuun. PaccMOTpuUM npuMep ANs NOJyYeHUs CcyKAeHUN 06 OTHOCUTENbHOMN ocCBe-
WEHHOCTM cTyNbeB. O603HauUNM 3HaUYeHUa WKanbl, pacnonaras ux B pag oT 04HOro Kpan-
HEero 3Ha4eHMs K paBeHCTBY U 3aTEM BHOBb NOBLIWaa UX A0 BTOPOro KpamHEro 3HayeHus.
B nesoM cTonbue nepeyncsnMm Bce anbTepHaTUBbI, KOTOPbIE HYXXHO CPaBHUTL MO CTeneHu
NpPeBOCXOACTBa C APYIMMM anbTepHaTUBaMU U3 NpaBoro ctonbua. Bcero kaxablit ctonbel

COAEPXKHUT I:n(n—l)]/2 anbTepHaTUB. 3aTeM 3KCNePTbl A0/KHblI OTMETUTL CYXAEHUE, KO-

TOpPOE BblpaXxaeT MPEBOCXOACTBO 3/IEMEHTA U3 NEBOro ctonbua Haj COOTBETCTBYHOLLUM
3/1EMEHTOM M3 NpaBoro ctonbua, pacnonoXeHHOM B TOM Xe cTpoke. Ecnn Takoe npesoc-
XOACTBO B AEACTBUTENBHOCTU MMEET MECTO, TO 0A4Ha M3 MO3MLMIA NeBee paBeHCTBa 6yaeT
oTMe4deHa. B npoTuBHOM cnydae 6yaeT OTMEYEHO PaBEHCTBO, MW HEKOTOopas Mo3uuuns
crnpaea. To Xe NpoAenbiBaeM U ANa APYTrUX anbTepHaTuB (cM. Tabn. 1.6).

Ta6nuuya 1.6. OTHOCUTEeNIbHasA OCBELEHHOCTb

Cron- Ab6co- O4yeHb Cunb- PaBeH- Cunb- QOueHb  Ab6co- Cron-
Cnaboe Cnaboe
6eul nwOTHOE cUNbHOE  HOE CTBO Hoe cunbHoe nwTHoe ©beu II

a0 000N
|
|
|
|
|
|
|
|
|
oW e WMol
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FMABA 2
NMOYYUTEJIbHbIE NPUMEPDI

2.1. BBEAEHWNE

B sTOW rnaee, B OCHOBHOM C NOMOLWbI NPUMEPOB, Hall METO4 pa3BUBaETCs Aanblie.
BHauane obcyxkaaeTcsl IKCMEPUMEHT C OCBELWEHHOCTbIO CTY/IbEB M MOKa3bIBAaETCsA, UTO OT-
HOCUTENbHAaN APKOCTb CTY/bEB, onpenesieHHasa C NMoOMOLWbK CYBBbEKTUBHbLIX NapHbLIX cpaB-
HEHWM, o4eHb BM3Ka K APKOCTU, NpeacKa3biBaeMON 3aKOHOM obpaTHOro KeaapaTta OnTu-
kn. Ons ganbHenwen nnawcTpaunum Toro, YTo HawKuM MeToaoM bnnskas annpokcuMaums
nony4yaeTcs Npu U3BECTHbIX PaKTUYECKUX AaHHbIX, NpeacTaBfeHbl pe3ynbTaTbl 3/1E€MEH-
TAapHOro UCCNeAoBaHUS BAUSAHMA CTpaH B 3aBUCMMOCTU OT UX HaAUMOHanbHbIX 60raTcTs.
3aTeM cneayeT npuMep OUEHKW OTHOCUTENbHOMO PacCTosHUS WeCcTU roponos oT duna-
aenbdunn. Janee paccMaTpuBaeTCs pasnmune Mexay rnoaHON M HEMOSTHOW nepapxmusiMu.

3aKaHuyMBaeTcsa rnasa AsyMs npuMmepaMn. OHM BbiNKN BblBpaHbl € LUeNb NPOAEMOHCT-
pnpoBaTb onpegeneHue obLero NpuopuUTeTa 3/1EMEHTOB HUXHENO YPOBHS B MepapxXuun C
bonee 4eM ABYMSA YPOBHSMU. [epBbIA N3 3TUX NPUMEPOB NO3BOJSET NPOBECTN HEKOTOPLIE
HabnwaeHuns 6onee obwero xapakrepa.

2.2. TECTbl HA TOYHOCTb,
CPEAHEKBAAPATUYHOE OTKJIOHEHUE
N MEONAHHOE ABCOJIIOTHOE OTKJ/TOHEHUE

3HaUYNTENbHLIA MHTEpeC NpeacTaBaseT BONpocC 0 6AM30CTN BEKTOpa NMPUOPUTETOB, NO-
JIYYEHHOIO HaWMM METOAOM, K <AENCTBUTENbHOMY» BEKTOpY npuoputetos. O4HUM M3
crnocoboB yCTaHOBNEHUA 3TON BAU30CTU ABNAETCA NPUMEHEHME MeToda K CUTyauusM, B
KOTOPbIX BO3MOXHO onpegeneHne gaktuyeckmnx ducen. Onsa Takux ciydaeB npoBepumM,
HACKONbKO TOYEH BEKTOP NPUOPUTETOB.

Ans npoBepKM TOYHOCTU HEOBXOAMMO CPaBHUTb OLEHKW B 3KCMEPUMEHTaxX C AENCTBU-
TeNlbHbIMU OTBETaMU, KOTOpble U3BECTHbl. CpaBHEHME 4Yucen BKAKYaET UCMNONb30BaHUE
CTaTUCTUYECKMX Mep. ONns noaATBEPXAEHUS TeOpEeTUUYECKUX pe3ynbTaToB B CPaBHEHUU C
peanbHOCTbK MMeeTCsl HEMHOro Mep. [1Be U3 HUX — CcpedHeKBagpaTUYHOEe OTK/OHEHWe U
MeaMnaHHoe abCconTHOE OTKIOHEHNe OT MeanaHbl. OBbIYHO OHWM UCNOMB3YIOTCA ANA CpaB-
HeHUA — BbIBOpa cpedn HECKONbKUX BbIBOPOUHLIX OUEHOK Bamxanwen K 4eNCTBUTENbHO-
CTW OUEHKM, a He abcontoTHoM Mepbl. Obe oUueHKM ABNAKTCS CpeaAHUMU U3MEPEHUS pas-
6poca MHOXeCTBa U3MEPEHMUI OT M3BECTHOMO MHOXECTBA OCHOBHLIX BE/INYMH.

OTKMAOHEHNSa MeXAYy MasnblMKU YMCNaMKn, BEpPOATHO, byayT Manbl. YTo6bl NoKasaTb, Ha-
CKONIbKO OHW Masbl B abCOMKOTHLIX 3HAYEHUAX, UX HAA0 pa3fennTb Ha cpeaHee 3HayeHue
yucna, OT KOTOPOro OHW MonyyeHbl. B HaweM cnyyae 37o 6yaer 1/n, roe n - 4ucno
CpaBHMBaeMbIX 06bekToB. KcTaTn, O4HY M3 Mep OWMOBKWM MOXHO MNOAYUYUTb, €ClN B3STb
pa3HocTM (MNN abCcoNTHbIE Pa3HOCTU), B3BECUTbL UX NPUOPUTETaMMU, B3ATb UX CpeHee,
3aTeM pasgenutb Ha l/n, T. e.
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MeanaHa Habopa 7 4ducen nNony4yaeTcs pacrosioXXeHUeM 4Ymcen B BO3pacTalWeM no-
psake n BbIBOPOM UneHa, HaxoAsLWerocsa nocepeavHe, ecnm n — He4yeTHoe, U cpefHero
M3 ABYX CepeauHHbIX YNEeHOB, ecnin 1 — YyeTHoe. MeamaHHoe abCconoTHOE OTK/IOHEHNE OT

mMeanaHbl (MAO) Habopa vucen a4, ..., 4, ¥ bl, ey bn LAETCA BbIpa)XeHUeM:
Meouana {|(al. —b,)— meouana(a, - b, )|} :

B KayecTBe UANKCTpaLMM MOXET CAYXUTb NPUMEP MHTEHCUMBHOCTU OCBELLEHUSA B Cle-
AywuweM pasjene.

2.3. IHTEHCMBHOCTb OCBELUEHWA
N 3AKOH OBPATHOIO KBAAPATA

B rn. 1 npuBeneH npuUMep OCBELWEHHOCTU CTY/1bEB, BbIHECEHLI CYXAEHUA U NOSTYUYEHO
pelweHne Ans OTHOCUTENbHOW OCBELWEHHOCTU. YeTbipe MAEHTUYHLIX CTyna 6blin pacno-
NOXeHbl NO MPSMOM OT UCTOYHWKA CBETa Ha pacctosHum 9, 15, 21 n 28 appos. Lenbio
6b110: nonbITaTbCA CPaBHUTb MOMNAPHO OTHOCUTENBHYHK OCBELEHHOCTb CTYNbeB, e€Cc/u
CMOTPETb Ha HUX OT UCTOYHMKA CBETA, 3aMNOJSIHUTbL MaTpULy CYXAEHWA U NONYYUTb B3au-
MOOTHOLUEHWE MeXAY CTY/IbAMU U pacCTOAHWUEM A0 UCTOYHUKA CBETa. 2TOT 3KCMEepUMeHT
NOBTOPSAACA ABaXAbl C pa3fIMYHbIMK 3KCNEPTaMU, MaTpuuUbl CYXAEHUN KOTOPbIX MPUBO-
aatcsa. NepBasa U3 3TUX MaTpuL yxe bblia npueeaeHa B . 1.

OTHOCUTenbHas BU3yasbHafA OCBELW|eHHOCTb

(MepBoOe uUcnblTaHKE) (BTOpoe uncnbiTaHue)
C C, C, C, C C, C, C,
C 1 5 6 7 C 1 4 6 7
C, 1/5 1 4 6 C, | 1/4 1 3 4
C, 1/6 1/4 1 4 C, |1/6 1/3 1 2
C, |1/7 1/6 1/4 1 C, |1/7 174 1/2 1

oJKcneptamMm B nepBoM MaTpuue 6blM ManeHbkUe AeTu aBTopa — 5 u 7 neT, KoTOphLIe
NnpeacTaBnsasivn CBOM Ka4vyeCTBEHHbLIE CYXAEHUA. DKCNepTOM BO BTOpOVI MaTpuue 6blna xe-
Ha aBTOpa, HE NPpUCYTCTBOBaBLllasa Npn BbIHECEHNNU CY)K,LI,EHVIVI A€TbMW.

CoO6CTBEHHbIN BEKTOP OTHOCUTE/IbHON OCBELLEHHOCTU

(NepBoe ncnbiTaHKE) (BTopoe uncnbiTaHue)
0,61 0,62
0,24 0,22
0,10 0,10
0,05 0,06
A =4,39 A =41
nc=0,13 nc=0,03
0C=0,14 0C=0,03
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CpaBHuUM CO6CTBEHHbIE BEKTOPbLI ANA NeEpBOro M BTOPOro UCNblTaHUA C nocineaHuUM
cTonbuom Tabn. 2.1, BbIYMUCIEHHbIM U3 3aKOHa O6paTHOFO KBagpaTa onTukn. MHTepecHo u
BaXXHO OTMETUTb, YTO B AAHHOM Cly4dae CyXAeHUs OTpa3u/in 3akKoH npupoasl. MNpeacTtas-
NAETCA, YTO TO XK€ MOXET FIpOMBOVITVI M B OpPpYrmx ccbepax BOCNPUATUA N NO3HAHWUA, 4YTO
Mbl YBNOWUM MO3XeE.

Ta6bnunua 2.1. 3akoH o6paTHOro KBagparta ONTUKM

Pac- Hopmanuso- [Keagpat Hopmanu-|O6paTHasa BennduHa | HopmanusosaH- OKDVI-
BaHHOe pac- | 30BaHHOro pac- npeasbiayuero HblA cTonbeu 06- Py

CTOSIHME . nexHue

CTOSIHME CTOSHMSA ctonbua PaTHOWN BEMWNYUHDI

9 0,123 0,015129 66,098 0,6079 0,61

15 0,205 0,042025 23,79 0,2188 0,22
21 0,288 0,082944 12,05 0,1108 0,11
28 0,384 0,147456 6,78 0,0623 0,06

OTMEeTUM 4YyBCTBUTENBHOCTb pe3ynbTaTOB B TeX ciaydaax, Korga ob6bLekT Haxoauncs
o4yeHb 67M3KO K UCTOYHWUKY cBeTa. lNMpuynHa 3TOro B TOM, UTO 34€Cb Ha OTHOCUTESIbHbIE
nokasaTenm CUNbHO BAUAKT HETOYHOCTW ornpeaeneHus abConTHbIX BenudmH. Manas
ownbka B OUEHKE pacCTOAHUK A0 UCTOYHMKA CBETa AaeT 3HauyuTenbHy ownbky B pe-
3ynbTtaTtax. B 3TOM CEHCOPHOM 3KCNEpUMEHTEe AO0CTOMHA BHWUMaHWA rmnoresa O TOM, 4TO
HabnwaaeMas MHTEHCUBHOCTb OCBELWEHHOCTU MeHseTcs (NpubnusnTtensHo) obpaTHO npo-
nopuMoHanbLHO KBaapaTy pacCTOSHUA A0 UCTOYHMKaA. YeM TwaTenbHee CnIaHuUpoBaH 3KC-
NEePUMEHT, TEM Ny4Llle NoayYarTCa pe3ynbTaThl NPU BU3yanbHbIX HabNaeHNAX.

CpenHekBagpaTudHOe OTKMOHeHMe BekTopos (0,62; 0,22; 0,10; 0,06) n (0,61; 0,22;
0,11; 0,06) pasHo {1/4 [(0,01)* + 0 + (0,01)* + 0]}"? = 2,23x10. MeauaHHoe abco-
JIIOTHOE OTKNOHeHUe byaeT cneaywwmnM. Pa3sHOCTbL ABYX BeKTOpoB paBHa (0,01; 0; -0,01;
0). MeguaHa 3Tnx umcen pasHa (0 + 0)/2 = 0. OTknoHeHUsa oT MegmaHbl 6yayT (0,01; O;
-0,01; 0). MeanaHa mx abCoONOTHbLIX 3HauYeHuni 6yget (0+0,01)/2 = 5x107. 3HaunMocTb
kak CKO, Tak 1 MAO MoXeT 6bITb onpeaeneHa AefleHUEM UX BEJIMYUH Ha CPeaHIOK BeNu-
YMHY KOMMOHEHT BEKTOpaA, paBHyw 1/n, rae n - unucno KoMnoHeHT. Oba BekTOopa NoYTH
OAVHaKOBbI, ecnn XoTsa 6bl 0A4HO U3 OTHOLWEHWIA, HanpuMep, MeHblwe Yem O, 1.

2.4. HAUMOHAJIbHbBIE BOTATCTBA CTPAH
N X BIINAHNE B MUPE [136]

MHorne ydyeHble uccnegosann npobnemMy MU3MepeHUa BAUSHUA CTpaH B Mupe. Mol
KpaTKO paccMOTpenu 3Ty 3ajady B paMKax Halwewn moaenu, caenas NpeanofioXeHue, 4To
BNNSAHMWE aBnsaeTca dYHKUMEN HECKONbKUX (pakTopoB. BbiNo paccMOTpeHO NATb TakKux
daKkTopoB: NKACKUE pecypchbl, boraTtcTBo, TOProBas, TEXHOMOMMA U BOEHHasa Mouwb. Kynb-
Typa U UAEONOrns, a Takxke noTeHUuManbHble NPpUpPoOAHbIE pecypchl (Takne Kak HedTb), He
6bIN BKKOYEHDI.

Ana npoBeaeHns aHanmsa 6bino BbibpaHo ceMb cTpaH. 210 CLUA, CCCP, Kwutaim,
®paHuunsa, BenukobputaHusa, AnoHusa u OPl. Npeanonaranocsb, YToO 3Ta rpynna oxeaTbiBa-
€T OCHOBHOM KJ/acC BAUATENbHLIX CTpaH. TpeboBanocb CpaBHUTL UX Mexay cobon OTHO-
CUTENIbHO MX ObLero BAMAHUA Ha MeXAYyHapoAHble OTHOWEHUSA. ACHO, YTO npeasaraeMslii
aHanus sBMSETCa O4YeHb rpyboi OLEHKOW, CryXalleln B OCHOBHOM B KayeCTBE MHTEPECHO-
ro npyMmepa NpuUNoXeHUsa Hawero nogxoda K npuoputetaM. MNMponnnwCTpupyem MeTod OT-
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HOCUTENBbHO eAUHCTBEHHOro gaktopa — 6oraTtcrea. bonee obwas 3agava nccnegosanach
B [136].

B Tabn. 2.2 npeactasneHa MaTpuua napHbIX CpaBHEHUN CEMU CTPaH OTHOCUTENBLHO UX
HauWnoHanbHLIX 6oratcTe. HanpuMmep, 4Yncno 4 B NeEpBON CTPOKE NoKa3blBaeT NMpeBbILeHne
6oratcte CLWA Hag CCCP, oueHnBaeMOM MexAay cnabbiM U cUNbHbLIM. BenuumnHa obpaTHas
4 nosBNseTca B CUMMETPUYHOM MNO3MUMKM, YKa3biBas Ha obpaTHoe oTHoweHue boraTcTBa
CCCP no cpasHeHuwo ¢ CLUA.

Tabnuua 2.2. HauMoHanbHbIEe 60rarcrea

CWA CCCP  Kurail G’L‘l’ma:' 6Bp‘f4”T”aKHc;; AnoHus  OPT
CLIA 1 4 9 6 6 5 5
CCCP 0,25 1 7 5 5 3 4
Kutain 0,11 0,14 1 0,2 0,2 0,14 0,2
®paHuus 0,17 0,2 5 1 1 0,33 0,33
BenunkobputaHus 0,17 0,2 5 1 1 0,33 0,33
AnoHus 0,2 0,33 7 3 3 1 2
®Pr 0,2 0,25 5 3 3 0,5 1

Amax = 7,608 ; UC = 0,10; OC = 0,08.

MosicHeHus1 K Tabanye

B nepBoi CTpOKe NpuBenEHbl pe3ysbTaTbl NONAPHbLIX CPABHEHUA BAMSAHUA HauMoOHanbHbIX 60-
ratcte CLUA v apyrux ctpad. Hanpumep, npu cpasHeHmnn CLUA ¢ CLUA nony4daercs, eCTeCTBEHHO,
eanHuua, npesbiwerme CLWA Hag CCCP oueHumBaeTca Mexay cnabbiM M cunbHbIM (MO3TOMY BO BTO-
POA MO3MUMM MOCTaBNEHO 4), Npu cpasBHeHuM ¢ Kutaem BbisBAEHO abcontTHOE MpeBOCXOACTBO
(nosToMy B TpeTben nosuumm ctouT 9). HaumoHaneHomy 6oratctey CLUA oThaHO npeanodTeHme
MEeXAY CUIIbHBIM U ABHbIM MPU CpaBHEHUK ¢ OpaHumein n BennkobputaHuen (NMoaToMy B Crlenyto-
WMX ABYX MO3NUMAX CTOAT 4ucia 6) n CUIbHOE NpeanodYTeEHME NMpU cpaBHeHUn ¢ Anonmnen n OPr
(nosTomy ctoaT vmcna 5). Ymcna B nepeom ctonbue asnaTca obpaTHbIMM BEIMHMHAMKN YUCEN B
NEPBOWN CTPOKE; OCTasibHbIE 3/IEMEHTbLI MaTpMLbl 3aN0/IHAKTCS aHANOrMYHbIM NMyTEM.

Ta6nuua 2.3 HopManusoBaHHbIA CO6CTBEHHbIA BEKTOP HaLMOHaNAbHbIX 6orarcre

. dakTuyeckmne 3HadeHuna BHI
HopManunsosaHHbIN Jonu oT cymMmmMapHoro
COBCTBEHHbBIN BEKTOP (8 M7IpA. AonN.) BHM
(1972 r.)
CWA 0,427 1167 0,413
CCCP 0,230 635 0,225
Kutai 0,021 120 0,043
®paHuua 0,052 196 0,069
BennkobputaHus 0,052 154 0,055
AnoHus 0,123 294 0,104
OPIr 0,094 257 0,091
CyMMapHbIn 2823

lMpumeyaHus. CKO = 0,024; gaHHble no CCCP HETOYHGI.
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OTMEeTUM, 4YTO CpaBHeHUs He cornacosaHbl. Hanpumep, CLWA:CCCP = 4, CCCP:Kutai
= 7, ogHako CLWA: Kutain = 9 (a He 28). TeM He MeHee, npoBeas HeobXxoAnMblE BblYUC-
neHusn, nonydaem gna CLLUA n CCCP oTHocuTenbHble Beca 0,427 n 0,230, KoTOpble Haxo-
AATCS B Nopa3snTeslbHOM COOTBETCTBMU C BasiOBbIMU HauMoOHanbHbIMKM npoayktamun (BHI),
B3ATbIMWU B KaudecTBe Aonen oT obwein cymmbl BHIT (cMm. Tabn. 2.3). Takum obpa3oM, He-
CMOTPS Ha NMPOMU3BOJILHOCTbL WKasbl, HAPYWEHMA NUCUE3alT M YMCna NonajgarT B Xxopollee
COOTBETCTBME C HabnwgaeMbIMM AaHHbIMU. TakuM obpa3oM, BnusHUe, o0bycnoBneHHoe
boraTcTBamMum, NponopuUUOHANIbHO AENCTBUTENBbHLIM 6oraTcTBaM.

CpaBHuM cTonbeu HopManuU30BaHHOIO COHBCTBEHHOrO BeKTOpa, NOAYYEHHOro UCMOMb-
30BaHWEM MaTpuLUbl CY)XAeHU Tabn. 2.2 ¢ gonamm daktmyecknx BHI (nepBbii U TpeTumn
ctonbubl B Tabn. 2.3). Ux 3HavyeHUsa odeHb 6nun3ku. Mo pasHbIM oueHkaM daKTUYeCKUi
BHIM Kutasa coctasngeT oT 74 go 128 Mmnpa. gonnapos. lNo-snaMMmoMy, Manaa BenmynHa
BHIM He no3BonseT npuuncnmnte Kntam K 3ToW rpynne cTpaH.

2.5. OUEHKA PACCTOSHUI

Bbino BbibpaHo wecTb ropoaos: MoHpeanb, Yukaro, CaH-®OpaHuuncko, JloHaoH, Kaup
n Tokno. PaccTossHUS OT HUX Ao dunagensdun nonapHo CpaBHUBaN YENOBEK, UMEKLWUA
60NbLWON ONLIT BO3A4YLWHbLIX NyTEeWweCcTBUA, KOTOPLIN BCNOMUHAaN CKYKy B CaMofneTe, a He
AyMan o pakTUYeCKOM BpEMEHW MosieTa Uau 0 paccTosHuUKM. Ero cyxaeHusa gaHbl B npea-
CTaBMIEHHOW MaTpuLe CpaBHEHUS pacCTOSHUN.

CpaBHeHuMe Kanp Tokno Hwukaro G)paCHaLll,-lV;CKO JToHAOH MoHpeanb
Kaup 1 1/3 8 3 3 7
Tokwno 3 1 9 3 3 9
Ynkaro 1/8 1/9 1 1/6 1/5 2
CaH-®paHuncko 1/3 1/3 6 1 1/3 6
JloHAoH 1/3 1/3 5 3 1 6
MoHpeanb 1/7 1/9 1/2 1/6 1/6 1

Ao =6,45; UC = 0,09; OC = 0,07

Ta6nuua 2.4 HopMmanusoBaHHbIA CO6CTBEHHbIN BEKTOP PacCTOAHUMN

Fopoaa PaccTosiHue no HopmanusosaHHoe COBCTBEHHBIN BEKTOP
Ounagensdun B MUIAxX paccrosiHune
Kaup 5729 0,278 0,263
Tokuo 7449 0,361 0,397
Yukaro 660 0,032 0,033
CaH-®paHumncko 2732 0,132 0,116
JToHOOH 3658 0,177 0,164
MoHpeanb 400 0,019 0,027
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B Tabn. 2.4 npuBeaeHbl pakTU4eCcKMe pacCcTosHUA, UX HOpPMann3oBaHHble BEMUYUHBI
M COBCTBEHHbIN BEKTOP, NONYYEHHbIM U3 MaTpULbl CY>XAEHUNA.

2.6. TUMMNYHBIE MEPAPXNIA

nnnocTpaumaMmm AByX pasfiU4YHbIX nepapxuin anaTca puc. 2.1 n 2.2,

lMepBbl ypOBEHb Mepapxun Ha puc. 2.1 uMeeT OAHY uenb: obuwee 6narococTosiHue
CTpaHbl. 3Ha4yeHUe ee npuopuTeTa nonaraeTca paBHbIM eauHULEe. BTopol ypoBeHb ue-
papxun UMeeT TpU Uenn: cUibHaa 3KOHOMUKa, 34paBooXpaHeHWe U HauuoHasbHaa 060-
poHa. [MpuopuUTeTbl 3TUX Uenen Mosy4yarTcs U3 MaTpuulbl NapHbIX CPpaBHEHUN OTHOCU-
TENbHO LESN MepBOro ypoeHA. LlenaMu TpeTbero ypoBHS SBNAKOTCA OTpaciv MpOMbILL-
NeHHOCTU. 3ajada 3aKyaeTca B onpeaeneHnuu BAMSHUS oTpacien NpoMbILWIEeHHOCTU Ha
obuwee 61arocoCcTosiHME CTpaHbl Yepe3 MPOMEXYTOYHbIK BTOPOM YpOBEHb. MNMO3TOMY npu-
OpUTETLI OTpacnen NPOMbILWIEHHOCTU OTHOCUTENBHO KaXXAO0W Lenn BTOPOro YpoBHS Mony-
YalTCcA U3 MaTpuUu NonapHbiX CpaBHEHWA OTHOCUTESIbHO 3TOW Uenu, a MojiydeHHble Tpu
BEKTOpa NpUOpUTETOB 3aTEM B3BELUMBAKTCA BEKTOPOM NPUOPUTETOB BTOPOIro YPOBHSA, UTO
Mo3BOJIAET NONYYUTb MCKOMbIA COCTaBHOW BEKTOP MPUOPUTETOB OTpac/iel NMpOMbILIEHHO-
CcTH.

YpOBHW nepapxumu O6buwee 6narococTosiHMe cTpaHbl
MepBbiA
- WbHas HauunoHanbHas
BTopo# CunuHa 3apaBooxpaHeHue SLNONATERR
obopoHa
Tpetui

OTpacnu npoMbILWNEHHOCTH

Puc. 2.1. NMNonHaa nepapxua Ana NpUMoOpMUTETOB OTpPpac/sen NpPpoMbILLIEHHOCTH
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YpoBHU Mepapxuu O6Liee 6narococTosiHUe CTpaHbl

MNepsbii

Bropoii

TpeTtuia

Yeteéptoin (O O

Puc. 2.2. Mlepapxua gnfa NnpMopuTeToB NPOEKTOB Pa3BUTUA TPaHCNoOpPTa
B HALUWOHANbHOM MN/IaHUPOBAHUM

Ha puc. 2.2 nepapxusa coCTOUT U3 YeTbIpeX YPOBHEN: nepBbii asndetca obwuMm Gna-
rOCOCTOSSHWEM CTpaHbl, BTOPOW - HabopoM BO3MOXHbIX 6yaywmx cueHapuveB pa3BUTUSA
CTpaHbl, TPETUI BKNKOYAET PErMOHbI CTPaHbl U YETBEPTLIN — NPOEKTbl Ppa3BUTUA TpaHCnop-
Ta, KOTOopble A0MKHbI BbITb OCYLWeECTBAEHbI B perMoHax. OTMEeTUM, YTO He KaXAblh permoH
B/IUSIET Ha KaXAbl CUEHapuil, U He KaXAbll NPOEKT BAUSET Ha KaXAblii peruoH. Uepap-
XUA pUC. 2.2 He ABNAETCHA NOSIHOW. 3afadvyen ABNAeTCS onpegeneHue npuopuTeToB Npoek-
TOB OTHOCUTENbHO UX BO3AENCTBUA Ha O6LWYK uenb. 34eCb HYXHO B3BECUTb NPUOPUTETLI
KaXxaon cpaBHWBAEeMOW rpynnbl OTHOWEHMEM YUCNA SNEMEHTOB B 3TOW rpynne K obuwemy
YUCNY 3N1EMEHTOB YEeTBEPTOro ypoBHA. DTO U3peaka AenatoT, Korga mepapxusa He aBnserT-
CA NonHown. MHoraa HenonHyK Mepapxui MOXHO paccMaTpuMBaTb KakK MOMHYK, HO Mpwu
WUCMONb30BaHUKN HyNen Ans CyXAeHUNn U nx obpaTHbIX BENMYUH B COOTBETCTBYIOLEM Mec-
Te.

2.7. MCNXOTEPATNA

MeToa aHanusa nepapxuii MOXeT 6biTb MCNONb30BaH 4715 MPOHUKHOBEHUSA B CYLLHOCTb
ncuxonornyeckux npobnem cneayowmnm obpasom. Paccmotpum obwee Gnarononyyume mH-
AVBMAYYM@ B KayecTBe €AMHCTBEHHOro 3f1EMEHTa BbICWEro YpPOBHA uwepapxuu. [o-
BMAWMOMY, Ha 3TOT YPOBEHb B OCHOBHOM B/USAKT AETCKUE, HOHOLIECKME U B3pOC/ble Be-
yatneHus. @dakTopbl pa3BUTMA M 3penocTu, oTpaxawuwueca B 6Gnarononyuyvum, MoryT
BKNIOYATb KakK BAWAHME OTUA W MaTeEpPU B OTAENbLHOCTU, Tak U UX COBMECTHOE BIUAHUE
Kak poauTenen, cCouMo-3KOHOMUYECKN (DOH, OTHOLWEHNE C BpaTbaMn U cecTpamu, rpynny
POBECHMKOB, LWWKObHOE 06YyYeHUe, PENUrMo3HbIiN CTaTyCc U T. 4.

Ha nepeuyncneHHble Bbilwe HaKTOpbl, KOTOPble COCTaBMAKT BTOPOW YPOBEHb Mepap-
XUKN, BAUAIOT COOTBETCTBYOLWME KpUTEpUU. Hanpumep, BANAHME OTLA MOXET 6biTb pasbu-
TO Ha KaTeropuu, BKIKOYaKLWME ero TEMNEPaMEHT, CTPOrocTb, 3a60Ty U NPUBA3AHHOCTb.
OTHOWeEHUs C BpaTbsMM M CECTpPaMM MOXHO Aafiee XapakTepu3oBaTb WX KOJIMYECTBOM,
pasHuLUEN B BO3pacTe M MOJIOM; MOAENMPOBaHWE BO3LENCTBUA U PONM POBECHMKOB obec-
neymeaeT 6onee SCHYK KapTUHY BIUSHWUA APY3€ei, 06yUYeHUs B WUKOME U YYUTENENA.

B kauecTBe anbTepHaTMBHOM OCHOBblI OMWCAHWS ANA BTOPOro YPOBHSI MOXHO BKJIHO-
YUTb YYBCTBO COBCTBEHHOIO AOCTOMHCTBA, YBEPEHHOCTb B 6yAylleM, aaanTUpPyeMOCTb K
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HOBbLIM JIIOASM U HOBbLIM 06CTOATENBCTBAM WU T. 4., BAUSKOWUX UAN HaxXOAAWMXCA MOA4
B/IMSIHNEM PacnooXeHHbIX Bbille 3/1EMEHTOB.

Bonee nosHas oCHOBa MCUXOSIOTMYECKON MNPEeAbICTOPUM MOXET BKKOYaTb HECKOSIbKO
COTEH 3N1EMEHTOB Ha KaXAOM YpPOBHE, BblbpaHHbIX 3KCNEepTaMmn MU PacnoNOXEHHLIX TakuM
obpasoM, 4Tobbl NONYUYNTL MaKCMMalbHOE NOHUMaHWe paccMaTpMBaeMoro UHAUBUAYYMa.

30eCb paccMaTpMBAETCHa BeCbMa OorpaHMYeHHbIn Bua oblero cnydas, rae ucnbiTyeMbli
YYBCTBYET, UTO YBEPEHHOCTb €ro B cebe CUNbLHO NMogopBaHa M ero couuanbHas MpuUcno-
cobnaemocTb ocnabneHa 3anpetaMm B geTcTBe. EMy 3a4aloT BOMPOCHI TONLKO O AETCKUX
Brie4yaTNneHUsaX U NMpoCaT MOMapHO YCTAHOBUTL CBA3b MeXAy CnefywnuMn 371eMeHTaMn Ha
KaXxaoOM ypOBHe.

YposeHb 1. Ob6wee 6narononyuyue (OB).

YpoBeHb 2. YyBCTBO CO6CTBEHHONO AOCTOMHCTBaA ([); 4Y4yBCTBO YBEPEHHOCTM B byay-
weM (Y); cnocobHOCTb aganTupoBaThCsa K gpyrum (A).

YpoBeHb 3. ABHas MpUBA3AHHOCTb, MPOSB/IEHHAs MO OTHoOWeEHUK K cybbekty (M);
Maen CTporocTun, aTukn (3); AeNCTBUTENbHOE HaKa3laHue pebeHka (H); noayepkusaHue
Au4YHOM npucnocobnseMocTu K apyrum (J1).

YposeHb 4. BnnsaHue matepu (M); otua (O); obenx poautenen (P). OTBeTbl B MaTpuu-
HOM popMe BbIN CreayrLwnmMn:

Ob

il 1 6
y | /6 1
A | 174 173
Apmx =3,26; UC = 0,07; OC = 0,12

_ W NP

Ji| Yy A
n > H 7N n 2 H 7 n 2 H 7
M 1 6 6 M 1 6 6 M 1 1/5 1/3 1
2 11/6 1 4 3 2 |11/6 1 4 3 2 5 1 4 1/5
H [1/6 1/4 1 1/2 H |1/6 1/4 1 1/2 H 3 1/4 1 1/4
n (13 1/3 2 1 n |3 1/3 2 1 N 1 5 4 1
A =435 A =4,35; A =35,42;
ncC =0,12; nC =0,12; MC =0,47;
0oCc =10,13 0oCc =10,13 0oC =0,52
M 2
M O P M 0 P
M 1 9 4 M 1 1 1
O |1/9 1 8 0 1 1 1
P |1/4 1/8 1 P 1 1 1
A =4,00; UC = 0,33; OC = 0,57 A =3,00; UC = 0,0; OC = 0,0
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H N

M O P M O P
M1 9 &6 M|1 5 5
1/9 1 1/4 o |1/5 1 1/3
P |1/6 4 1 Pl1/5 3 1
A =3,11; UC = 0,06; OC = 0,10 A =3,14:1UC =0,07; OC = 0,12

Co6CTBEHHbI BEKTOP NEPBOI MaTpuULUbl @, Nony4daeTcs:

Ob
O 0,701
Yy 0,193
A 0,106
MaTtpuua b cob6CTBEHHLIX BEKTOPOB BTOPOW CTPOKW MaTpuu:
a Yy A

0,604 0,604 0,127
0,213 0,213 0,281
0,064 0,064 0,120

an 0,119 0,119 0,463
MaTpuua ¢ coO6CTBEHHbIX BEKTOPOB TPETbEN FPYNMbl MaTPULL:
M 2 H N

M 0,721 0,333 0,713 0,701
6 0,210 0,333 0,061 0,097
p 0,069 0,333 0,176 0,202

T w 3

3aKN4UUTENbHBIA COCTaBHON BEKTOP BAMSAHUSA Ha 6narononydue, nony4YeHHbIM Npoms-
BeAeHueM cba, byaeT:

MaTtb: 0,635; oteu: 0,208; poagutenu: 0,156.

Moxoxe, 4YTo Tepanuiw cneayeTr obycnoBnmBaTb Kak CYXAEHWUAMWU, TakK M Hecornaco-
BAHHOCTbKD B HUX. MHAMBMAYYMY nocoBeToBann 6Honbwe obwaTtbCa ¢ OTUOM C UEenbk
YPaBHOBELUNBAHUA BANAHUSA poaUTENEN.

2.8. PACTPEQENNEHNE SHEPTNA [137]

B 3TOM npumepe HalgeM Beca pacnpeaeneHna asHeprmm ana HECKOJIbKNX KPYMNHbIX Mo-
Tp66VlTe}1€l7l B COOTBETCTBUM C UX OBLWLMM BKIaAOM B pa3nn4yHble Uenn obwecTtBa. BeeageM
cnegyvouwme ycnoeus4.

MMeloTcss TpU KpynHbIx noTpebutens sHeprumn B CLWIA: C, - 6biToBOE noTpebreHue,

C, - TpaHcnopT 1 C; - NpoOMbIWAEHHOCTb. OHU COCTaBASAT TPETMI, UAU HUSLWKNIA Ypo-

BEHb Mepapxuu. LlenaMu, no OTHOLWEHWUK K KOTOPbIM OLEHMBAKOTCA NOTpebuTenu, sBns-
IOTCA: BKMa4 B pa3BUTME BKOHOMMKMU, BKMaL B Ka4yeCTBO OKpyXallen cpeabl U BKIag B
HauMOHanbHY 6e30MacHOCTb. Llenn coctaBnsoT BTOPOI ypoBeHb nepapxuu. MocTpoum
MaTpULy MapHbIX CPaBHEHWI TpexX Lenen B COOTBETCTBUM C UX BO3AENCTBMEM Ha 06LLYHO
uenb — 6naronpusTHOro COUMaNbHOro U MNOJIMTUYECKOrO NONOXEHMS. Mbl HaBsA3bIBAaeM CO-
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rnacoBaHHOCTb B 3TOM Cly4ae, Tpe6y9| YBEPEHHOCTN B CyXaeHuax. NosaToMy, 3anosHUB
nepeyrd CTpOKYy, OCTaBLWMUECA 3N€eMEHTbl NMNOAy4YMM MUCXOoAA U3 TDE6OBaHVIl7I, npeabspnsae-
MbIX onpeageneHneM cornaCcoBaHHOCTU.

BnaronpuaTtHoe coymnanbHoe Paszsutne Okpyxawouwas HauuoHanbHas

M NONNTUYHECKOE NOoNoXKeHNe 3KOHOMWKN cpena 6e3onacHoOCTL
Pa3BuTne 3KOHOMUKMU 1 5 3
Okpyxawwasn cpega 1/5 1 3/5
HaunoHanbHas 6e30nacHOCTb 1/3 5/3 1

A..=3,0; UC =0,0; OC = 0,0

Mpu cpaBHEHUN 3KOHOMUKKU C OKpYXaKLWeEN cpenor M 3aTeM C HauuoHanbHOW 6e30-
NacHOCTbK, CUYUTAETCHA, YTO B COOTBETCTBUMU C COLMUANLHO-MOMUTUYECKUM BIIUSAHUEM 3KO-
HOMUKa MMeEeT CUNIbHOE NPEeBOCXOACTBO B NeEPBOM cny4dae U cnaboe — Bo BTOPOM; cneno-
BaTeNbHO, B NepBON CTpoke 6yayT CcToATb YmMcna 5 n 3 cooTBeTCTBEHHO. HauMoHanbHOM
6e30nacHOCTM NMpUCBaMBaeTCa MEHbLUEEe MO CPABHEHMUIO C OKPYXAKLWeEN Cpeaon Ymcno 3,
NMOCKOJIbKY 3KOHOMUYECKU cnabopa3BuUTble CTpaHbl 06bLIYHO € 60/bWION OXOTOW 3aKynakT
OpYy>XUe, HO He MOryT 3Toro caenaTtb, He pacnonaras XoTs 6bl MMUHUManbHOW 3KOHOMUYe-
ckon 6aszon. Ymucna BO BTOPOW U TPeTbLEN CTpoKax nonydeHbl TpeboBaHueM cobnogeHus
COrNacoBaHHOCTW ANA 3TOro cry4yas.

CnepoBaTesibHO, COUMWANbHO-MNOJIMTUYECKOE BO3AENCTBUE OKpyXawwen cpeabl no
CpaBHEHWI C HauuoHanbHoW 6e3onacHoCTLIO nonydvaetca 3/5 U T. 4. (B oCTanbHLIX MaT-
puvuax 3TOro npuMmepa Mbl He TpebyeMm cornacoBaHHOCTW). BekTop npuopuTeToB, NONy-
YEHHLIA U3 3TOW MaTpuubl, NpeAcTaBUM B BUAE BeKTopa-cTonbua, KOTopbin U3 coobpaxe-
HMA 3KOHOMWUM MecCTa NULLIEM KaK BeKTop-CcTpoky: @ = (0,65; 0,13; 0,22). CneposaTesnib-
HO, B COOTBETCTBMM CO CPaBHEHMEM MO COLMANBLHO-MOUTUYECKOMY BIIMAHUIO, SKOHOMUKA
nonydyaet npuoputet 0,65, okpyxatwwasa cpeda - 0,13 1 HauMoHanbHasa 6e30MacHOCTb —
0,22. Tak Kak NpUOpPUTET NMEPBOro YpoBHSA Mepapxumn (obwasa coumanbHO-NonauTU4ecKas
ueno), Kak obbl4HO, paBeH 1, B3BELIEHHblE BEINYUHbBI 3TUX MPUOPUTETOB pPaBHbLI MONYy-
YEHHOMY BblILIE BEKTOPY, YMHOXEHHOMY Ha 1, UTO AaeT TOT XXe CaMbli BEKTOP.

Tenepb NuMUo, MPUHUMaKLLEE peleHue, Mocne TWaTe/bHOro M3ydyeHus nposoauT
OLUEHKY OTHOCUTENILHOM BaXHOCTU KaXAoro notpebutensa ¢ TOYKU 3peHUS SKOHOMUKU, OK-
py)atwen cpeabl M HauuMoHanbHOM 6e3o0nacHOCTU (BTOPOM YpPOBEHb Mepapxun). MaTtpu-
Ubl, NpeacTasnsowme 3T cyxxaeHuns, 6yayT COOTBETCTBEHHO:

SKOHO- OkpyxatLas Haumonans-
Ka cC, C C cpena ¢ C C Has 6eso- | C; C, C;
NacHOCTb
C, 1 3 5 C, 1 2 7 C 1 2 3
C, (13 1 2 C, 1/2 1 5 C, 12 1 2
C, |15 12 1 C, 1/7 1/5 1 C, 1/3 12 1
A.. =3,00; UC = 0,0; A..=3,01; UuC = 0,01; A..=3,01; uC = 0,01;
0oC=0,0 0OC = 0,02 0OC = 0,02

Kak u BblWwe, BEKTOPbI NPUOPUTETOB MOAYYaKTCA U3 KaXXaown MaTpuubl. OHU ABAAKTCS
COOTBETCTBEHHO TpEMA cTonbuamu cnep,yrou.l,eﬁ MaTpULbI:

0,65 0,59 0,54
0,23 0,33 0,30
0,12 0,08 0,16
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DTa MaTpuua YMHOXAETCs CnpaBa Ha BEKTOp @, YTobbl B3BECUTb BEKTOP NpuopuTe-
TOB, U3MEpPSIOLWNX KaxAoe BO3AENCTBUE, MPUOPUTETOM COOTBETCTBYHOLEN LENM. TakuM
06pa3oM, NONyYaeM MCKOMbIN 06K BEKTOP NMPUOPUTETOB TPETHLENO YPOBHS MeEpapXuu,

npeacTaensouwero notpeburenei sHeprum C,, C, n C;:
0,62
0,26
0,12

WUTtak, obwmii npuoputetr C, ectb 0,62, C, - 0,26, a C; - 0,12. 34eCb Mbl NPOBENU

PaHXWpPOBaHME OTAENbHbIX NOTpebuTenei sHeprum No LWKasae OTHOWEHWIA COrnacHo Mx
06LEMY BIUAHUIO. DTOT OTBET MOXET MOKa3aTbCsl NPOCTbIM, OAHAKO HYXHO NoKa3aTb, Kak
Mbl €ro rnoslydaeM, u NoATBEPANTb €ro 3HaYUMOCTb.

3amMeuaHue. NHoraa, Korga Beca U3BECTHbI U3 U3MEPEHMUI, HaNpUMep TOHHbI 3arpsas-
HAKLWNX BELLECTB WIU CTOMMOCTb aBTOMOGUNEN, NOABMSETCA XenaHwe HopMasn3oBaTb
BeCa M MCMNONb30BaTb UX BMECTO MOCTPOEHUA MATpULbl CYXAEHUN U BblYUCIEHUA COBCT-
BEHHOro BEKTOPA. DTOT NPOLECC MOXET NPUBECTU K oMbKe, 0COBEHHO KOrAa NoNe3HOCTb
OTHOCUTENbHbIX CYXAEHWIA 3KCMepTa He OTPaXKaeTcs B TEPMUHAX OTHOLIEHWUI WUCTUHHbIX
BecoB. Hanpumep, ans 6oraToro yesnoBeKa HET pa3HULbl Mexay OAHWUM M ABYMSA Aonna-
paMu, B TO BpeMS KakK UX OTHOLUEHWE MOKa3bIBAaET 60/bLUYH 3HAYMMOCTb.
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FNMABA 3
OCHOBbI

3.1. BBEAEHWNE

DTa rnasa 3HAaKOMUT C HEKOTOPbIMU AafibHENLWNMU METOL0/0MMYECKMMN HabnoaeHnsAa-
M. CHadana pa3bsaCHseTCs OCHOBHas MaTeMaTuyeckasl apryMeHTauus Metoda. Ecrect-
BEHHO, BO3HMKaeT BOMPOC, NodyeMy BbibpaHa wWkana oT 1 Ao 9, a He nwbas gpyras ms
BO3MOXHbIX WKan. [lokazaHo, UYTO AaHHas LWKana He XxXyxe nwboi Apyron wkanbl, HO
NPENMYLLECTBO €€ 3aKIK4vaeTcsa B NPOCTOTE, N NO3TOMY COBEPLUEHHO eCcTecTBeHHa. B no-
cnefHen 4acTu rnasbl UCCNeAYETCA NPOoLEcC nepecMoTpa CYXXAEHUR, NPoBOAATCA 4MC-
JNIEHHbIE pacyeTbl BCeX COBCTBEHHbLIX 3HAYEHUN N NEBbIX, U MpaBbiX COBCTBEHHbIX BEKTO-
poB AN NpUMepa HauMoHanbHbIX 6oraTcTB M 06CYyXAaeTCs COriacoBaHHOCTbL B MeToAe
Jenbdu. HakoHel, KpaTko obcyaarTca CpaBHEHUS TPOEK, YETBEPOK U T. 4.

3.2. MPUOPUTET KAK COBCTBEHHbIN BEKTOP:
CBA3b C COMMACOBAHHOCTbIO

PaccmoTpuM 3nemeHTbl C, ..., C HEKOTOporo ypoBHs Mepapxuu. Mbl XOTUM onpege-

nnTb BeECa @, ..., @, WNUX BINAHUA Ha HeKOTOprVI 3N1eMeHT cneaywouwero ypoBHs. Kak

OMUCaHo B . 1, OCHOBHbLIM MHCTPYMEHTOM ByaeT MaTpuua ducen, npencrtasisaiowmx cy-
KAEHUA O NapHbIX cpaBHeHUAX. NMokaxeM, novyeMy aAnsa npeacrtaBieHUs NPUOPUTETOB Bbl-
6paH co6CTBEHHLIN BEKTOP, COOTBETCTBYOLWMA HanbonblweMy COBCTBEHHOMY 3HAUEHUID.

0603HaumMM yepes aij 4YMncno, cooTBeTCTBYKOLWEE 3HAYMMOCTN 3/1EMEHTA q no cpas.-

HeHuto ¢ C;. MaTpuly, coCTosLLYIO U3 3TUX Yncen, 0603HaumM vepes 4, T. e.

A:(al.j).

Kak oTmeuanock paHee, a; =1/a,, 7. e. maTpuua A4 - o06paTHO-cumMMeTpuyHas . Ecin

it

Hale CyXAeHWe COBEPLIEHHO NPU BCeX CPAaBHEHWAX, TO d, =d;d, Ans Bcex i, j, k w

MaTpuuy A HasbIBAaeM COr/1acoBaHHOM.
O4yeBMAHbIM AN COrIacoOBaHHOM MaTpuLbl ABNSETCA Crydal, Koraa CpaBHEHUA OCHO-

BaHbl Ha TOYHbIX U3BMEPEHUNAX, T. €. B€Ca @, ..., @, U3IBECTHBbHI. Toraa

i

a;,=—, i,j=L2,...,n (3.1)
.
J
MU NO3TOMY
@, a)j @,
a,a; = = =4y
®; O, O
Takxe, KOHEYHO,
1
a.=m./o. = =1/a
Ji J i Cl)/(() y

* TepMWH 06paTHO-CMMMETPUYHAA MaTpuLa BBEAEH Kak Hanbonee afeKBaTHbIN NepeBos C aHrMIACKOro Tep-
MUHa reciprocal matrix. - MpuM. nepes.
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PaccMoTpuM noapobHee 3TOT cnydail. Kak nokasaHo B [MpunoxeHuu 1, MaTpudHoe
ypaBHeHUWe

A-x=y,

roe x = (xl, . xn) ny= (yl, eees yn) COOTBETCTBYET KpaTKOM 3anncn CUCTEMbI YpaB-
HEeHWM

Zal.jxl. =y,i=L2,...,n.
j=1
Tenepb 13 (3.1) nonyyaem

@

J ..
a,—=1,14,j=12,...,n,
a)i
N, CnefoBaTesbHO,
z 1
a,w,—=n, i=12,...,n,
.

nnn
n
Zal.ja)j =nw,, i=12,....n,
J=1

YTO 3KBUBANEHTHO BbIPa>EHUIO
Aw = now (3.2)
B Teopuun MaTpuL 3Ta popMyna OTPaxaeT To, UTO @ — COBCTBEHHbI BEKTOP MaTpuLbl

A ¢ cOBCTBEHHbIM 3HauyeHWeM 7. YpaBHeHWe (3.2), pacnncaHHOEe MO3/TIEMEHTHO, BbIr/A-
avT cneayowmm obpasom:

4 A, A |- - L
Al a)l a)l
w/lo olo, .. o/o,
4, @, @,
A= o,/ o,/ o o,/ ® =n
: 2 1 2 2 see 2 n : -
A w 0]
"o /o o o o /o |- " -
| "“'n 1 n 2 tt n n_|

O6paTVIMCF| K KOHKpPETHOMY Chny4dalo, B KOTOPOM az’j OCHOBaHbl HE Ha TO4YHbLIX U3Mepe-

HUAX, @ Ha CYObeKTUBHbIX CyXAeHuaX. B AaHHOM cnydvae a; OyAeT OTK/IOHATbCA OT
«naeanbHbIX» OTHOLWEHUN a)l./a)j, M No3TOMYy ypaBHeHue (3.2) 6onee He 6yaeT uMeTb
MecTa. [None3HbIMM MOryT oKasaTbhCs cneayruwme gsa dpakta U3 Teopunu MaTpul.
MepBbit hakT: ecnn 4, ..., A uuncna, yaoBneTsopsiolmMe YpaBHEHMIO
Ax = Ax,
T. €. ABNSIOTCS COBCTBEHHbIMU 3HaueHUaMU A, u ecnn a, =1 ana Bcex i, To

Zn:ﬂﬁ. =n,
i=1

MosToMy, ecnn nMeeT MecTo (3.2), TO BCe COBCTBEHHLIE 3HAUEHUS — HYMU, 3a UCKIIO-
YeHMEM OAHOro, paBHOMO 1. FACHO, YTO B Cfy4yae COrnacoBaHHOCTU 1 eCTb Haubonbwee
CO6CTBEHHOE 3HaueHue 4.

BTOpOVI Mone3HbIN CbaKT 3aKnw4aeTcd B TOM, YTO €C/11 3JIEMEHTDI az’j MONOXUTENbHOM

O6paTHO-CVIMMETpVI‘-IHOl7I MaTpULUbI A He3HauuTenbHo M3MEHUTb, TO COBCTBEHHLIE 3Hauve-
HNA TaKXXe UBMEHATCA HE3HAYNTENIbHO.
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O6beanHAa 3TU pe3ynbTaTbl, HAXOAUM, YTO €CM AMaroHanb MaTpuubl A COCTOUT U3
eanHny (a, =1) n A - cornacosaHHas MaTpuua, TO NPU ManbiX U3MEHEHUAX B d; Hau-

fonblee cob6CTBEHHOE 3HavyeHne A

max
3HAUYEHUS — BIN3KUMU K HYJIHO.
Mo3TOMY MOXHO COPMYIMPOBaTh CleaylLyo 3adadvy: ecnu 4 — MaTpuua 3HadeHui
NapHbIX CPaBHEHUI, TO ANA HAXOXAEHUS BEKTOpPa NMPUOPUTETOB HYXHO HalTW BEKTOp @,
KOTOPbIA YAOBNETBOPAET

ocTaeTca 6NU3KKUM K B, @ oCTanbHble COBCTBEHHbIE

Av=1_ 0.
Tak Kak xenaTefbHO UMETb HOpMannM3oBaHHOE pelleHne, cnerka U1sMeHMMm @ , nona-

n
ras 06:260,- n 3ameHsis @ Ha (1/@)w. ITo obecneunsaeT eANHCTBEHHOCTb, a TakxXe
i=1

n
To, uto Y@, =1,
i=1

3aMeTuM, 4YTO TaK KakK Mafible U3MEHEeHUs B a4 BbI3bIBAOT Manoe MaMeHeHue A

i ! max /
OTK/IOHEHWE nocnefHero oT # aBnseTcsa Mepol cornacosaHHocTU. OHO MNo3BONsgeT oue-
HUTb 6AMN30CTb I'IOJ'IY‘-IGHHOVI WKanbl K OCHOBHOW LWKane OTHOLIJGHVIVI, KOTOPYH Mbl XOTUM

OLEHUTb. MO3TOMY, Kak cKa3aHo B M. 1, MHAEKC COrnacoBaHHOCTY
(lmax — n)/(n — 1)

paccMaTpUBaAETCA KaK NMOoKa3aTesNlb «bnn3oCcTn K cornacoBaHHocTU». B obLieMm cnyvyae,
€Cnun 3To Yncno < 0,1 , Mbl MOXEM 6bITb YAOBNETBOPEHDbI Cy>XAEHNAMMN.

Mone3Ho NOBTOPUTL, YTO OMUCAHHLIE CYXAEHUS MOrYT HE TO/bKO HapyWUTb OTHOLWE-
HWe COrnacoBaHHOCTU, HO M 6bITb HETPAH3UTUBHbLIMU, T. €. €C/IN OTHOCUTE/IbHAA BaX-

Hoctb C| 6onbwe, yuem C, n oTHocuTenbHas BaxHocTb C, 6onbwe, yem C,, To oTHOCK-

TenbHas BaxHocTb C; MOXeT He 6biTb 6onble, yeM C, — 06blUHBIN cnyyal B Yenoseye-

CKUX CYXAEHUAX. NHTEPECHYI0 UANKCTPpaLnuK OTHOCUTENLHO HECOrTacOBaHHOCTU UMN OT-
CYTCTBUA TPaAH3UTUBHOCTU HDEAHOHTEHMVI npeacTaBAsiOT pasfndHble TypHUpbl. KoMaHaa

C, moxeT npowurpatb komaHge C,, koTopas npowurpana komaHae C,; oaHako C| moxeT

BbIUTpaTb Yy C3. MoaTOMY HecornacoBaHHOCTb B BbICTYM/IEHUAX KOMaHA — CbaKT, C KOTO-

PbIM HYXXHO cYMUTaTbCa. KOHEYHO, Hawerl Moaenu npucywe TpeboBaHue TpPaH3UTUBHOCTU,
O4HaKo npoueaypa «onNMcaHnsa» MOXET Bbi3BaTb 3aTpyAHEHUS.

B [101] uccneaoBaHO NpeanonoXeHne, YTo HETPaH3UTUBHOCTb NpeArnoYTEHUA MOXET
OblTb €CTeCTBEHHbIM SABJIEHUEM, @ He CNeACTBUEM OWKNOBKK B CYyXAEHUAX UK 3abnyxae-
HueMm. CaenaHo 3ak/l4veHne, YTo B psae CrydaeB HEeTPaH3UTUBHOCTb SABASETCS eCTecT-
BEHHON N ee Henb3a usbexaTb.

B npoBedeHHOM 3KCNepUMeHTe 62 CTyAeHTa Konneaxa Ao/KHbl 6blnn caenatb Bbi6op
OOHOro N3 TpPEX MMOTETUYECKNX BpadHbIX MAapTHEPOB X, V W Z. [10 UHTENNEKTY UX paH-
XUpoBaHWe BbINO XVZ, NO BHEWHOCTU — VIX, MO UMYLLECTBEHHOMY MONOXEHUKD — ZXV .
CTpyKTypa skcnepuMeHTa He obbsacHanacb. O6bekThbl CpaBHUBaANUCL HEOAHOBPEMEHHO U
nonapHo cnydyanHolM 06pa3oM. B KaxaoM c/ydae X OMUCbIBasCs Kak OYeHb YMHbIN, He-
KpacuBbIM U C XOPOLWMUM AOCTAaTKOM; V — KaK YMHbIA, C OYEHb NMPUATHON BHELWHOCTLIO U
6enHbIN; z — C NOCPEeACTBEHHbLIM UHTESINIEKTOM, NPUSATHON BHEWHOCTbIO U BoraTbii. Bee
noTeHUManbHble MapTHEPbl ONUCbLIBAaANCL HE CTOMb 6eAHbIMU, HEKpaACUBLIMU WUAW FAYynNbl-
MU, UTO6bI 6bITb aBTOMAaTUYECKN UCKTIKOYEHHBIMU U3 PpaCCMOTPEHMUS.

Mpn onpegeneHnn rpynnoBbiX NpeanodYTeHUn 60NbLWMHCTBOM ron0CoB 0603Ha4unCs
KpYyroBoW xapakTep, TaKk Kak X npesB3owesn ¥ C cooTHoweHueM 39 Kk 23; ¥V npes3owen

Z C COOTHoOweHMeM 57 K 5 n z npeB3owen X ¢ COOTHoweHneM 33 K 29.
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Bbibopbl 6binu: xyz—21; xyzx—-17; yzx—12; yxz-7; zyx—-4; xzy—1; zxy-0;
xzyx—0.

HeTpaH3UTMBHbLIA XapakTep Nerko o6bACHSETCS KakK pe3yfbTaT Bbi6opa anbTepHaTu-
Bbl, KOTOpas Bbille MO ABYM W3 TpPEX KpuUTeEpUeB. YMNopAAodeHUsa XyZ U  YzZX, no-

BMOAMNMOMY, NONYYUITNCb N3-3a NpnaaHUA bonbwero eBeca MHTENNEKTY U BHEWHOCTN COOT-
BETCTBEHHO. YeTBepoO CTYAEHTOB, KOTOpble caenanu I'IpOTVIBOI'IOJ'IO)KHbIVI Bbl60p no OTHO-

WEeHNK K UHTENNEKTY (ZyX), 6b1nun MY>X4YUMHbI 1, BO3BMOXHO, Bblpa3u/in CTENEHb MY)I(CKOVI
6083HU MHTEeNNEeKTYanbHbIX XeHWwWH. CeMepbiX CTYAEHTOB, KOTOpble caenann npoTusBo-
MOSIOXHbIN Bbl60p Mo OTHOWEHNK K 6OFaTCTBy (yxz), HE cneayeTt CHUTaTb N0 AbMU, bec-

CMbIC/TIEHHO FIDEHe6pera}OLLI,VIMVI AeHbramy. OHM MOrnnM oTAaTb 3HaAYUTENbHOE npeanovTe-
HMWe )Y nepejg X WU3-3a bonbwon HeCoOpa3MepPHOCTM BO BHELWHOCTU, X Nepea z WM3-3a

bonbwon HECOpPa3MEPHOCTU B UHTENNEKTeE U YV Nepel Z U3-3a COYeETaHUA BHELWHOCTU U

UHTennekTta. Koraa TDE6OBaﬂOCb CpaHXMNpoBaTb BCE TpW albTepHaTUBbLI, T€, YbU Bbl60pb|
HOCUNN HETpaH3VITVIBHbIl7I XapakKkTtep, Aann pa3pO3HEHHbIE OTBETHI, B 6onbWNHCTBE BbLIGO-

poB yZX(9) ] yXZ(4) CTyneHTbl, UMeBWNE TPAH3UTUBHLIE YNOPSA0YEHNA ANA 6VIHaprIX

BbI6OPOB, B BO/BLWUMHCTBE NPOU3BENN OUYEBUAHbIE YNOPSAA0UEHUS.

Bo BTOpOM 3KcnepuMeHTe, rae NeT4YMKoB NPoOCUNM caenaTb NonapHbii BbI6Op U3 OrH4,
packaneHHoro MeTtanna W nageHus, Hanbosiee pacrnpocTpaHeHHbLIMWM BbibopaMn 6binu:
OrFOHb NpeAnovYTUTENbHEE pacKaleHHOro MeTanna; packaseHHbI MeTanna npeanodTu-
TeslbHEee NageHuns; nageHne npeanodYTUTeNnbHee OrHs.

MNMepBble ABa BbIbOpa, BEPOATHO, MOXHO 06BACHUTL ybexxaeHneM, 4To NUNOT UCMbIThI-
BaeT y)Xac OT pacKaneHHbIX NpeaMeTOB; 3TOT CTpaX CU/IbHEE, YEM OT OrHsA, OAHaKO MUAIOT
NMPUBLIK K YCTOMYMBOMY COCTOSIHUIO M MO3TOMY eCTeCTBEHHA peaKkuusa Ha nageHue. TeM He
MeHee, 3TO He 0ObACHSAET TpeTUN BbIGOP, KOTOPbLINM HE KaXeTcs Hepa3yMHbIM.

Takne 3KCMepuMeHTbl He AO0Ka3biBalT, YTO BbIOOPbLI, KOTOpble AefaeT 4YesioBeK, He-
TPaH3UTUBHLI. OQHAKO OHM MOryT npeanaraTb CBOU MyTU A8 COCTaBAEHUSA MNAHOB TaKUX
3KCMNEPUMEHTOB, KOTOPble UCNOAb3YHT NM60 LUKAUYHOCTL, MO0 TONbKO TPaH3UTUBHOCTD.
B skcnepuMeHTax, B KOTOPbIX OLEHKU KOMMOHEHT NPOTUBOPEYMBLI, NpeanosnaraeTca BO3-
HUKHOBEHWE LUMKINYHOCTKU. Torga oCHOBHOW Bonpoc byaeT: MNMpun Kakux yCroBUAX TPaH3u-
TUBHOCTb He MMeeT MecTa? A He ABNAKTCA NM NpeanovYTEHUA TPaH3UTUBHBIMW? HeKoTOo-
pble uccrnepgosaTtenn nsberarT 3TON Npobnemsl, yTBEpXAas, UTO TPAH3UTUBHOCTb SABNAET-
CSl OAHOW N3 COCTaBNAKWMX onpeaeneHna paumMoHanbHOro NoBeaeHus.

M3BecTHasa TeopeMma K. 2ppoy O HEBO3MOXHOCTU YTBEPXAAET, UTO HeNb3s HaAUTKU Ta-
Kyt dyHKUMO oblecTBeHHOM MNONEe3HOCTU, KoTopas yaosnetsopsna 6bl MHTepecaM Kak
OTAENbHLIX MHAMBUAYYMOB, Tak U Bcero obwectsa B LENOM, U €4UHCTBEHHbLIM CNOCOH6OM
BblbOpa, npuemseMbiM MNpu Bcex OOCTOATENbLCTBaX, ABNSeTCA nepedadva npasa Bbibopa
«AvKTaTtopy». [encTBuTenbHO, TpyaHO BOOGpasuUTb, YTO AaXe OoTAenbHas JIMYHOCTb MO-
XeT UMeTb DYHKUUIO MOSIE3HOCTU, KOTopas yAOBMETBOPSET BCEM BO3MOXHLIM ee BbibopaM
npu BCceX 06CTOATENBCTBAX, C KOTOPbIMWU OHa MOXET CTONKHYThCs. B paboTe 2ppoy [5]
TPaH3UTUBHOCTb NpeanovYTeHU bepeTcs B KadecTBe AeTEPMUHUCTUYECKON (Aa, HeT) oc-
HOBbl COM1IACOBAHHOCTU N €€ HapyleHMWe paccMaTpuMBaeTCsa KaK JIorMyeckoe npoTmsope-
yume.

Jlioan NOCTOSAHHO MAYT Ha KOMMPOMUCCHI, KOTOPblE HapyLwWwarT TPaH3UTUBHOCTb, O4Ha-
KO B LENOM ABMSAKTCA MPUEMNEMbIMU peLleHUsAMU, TaK KaK B HUX YUYUTBLIBAETCA OTHOCU-
TesIbHas BaXHOCTb UMEKLWUXCA KpUTepUeB. SCHO, YTO CYLLECTBYOT MOMEHTbI, Korga WH-
OVBUAYYM HE MOXET MNPUHATH YETKOro pelleHMns M3-3a TOro, UTO KOMMAPOMUCCHLIN BblGOp
M3 HECKONbKUX JIMHWI MoBeAeHUA paBHO3HayveH. [eNCTBUTENbHO, eClin KpUTeEPUN BEPHO
onpepeneHbl U OUEHEHbI, Y MHAMBUAYYMa HET NpUYUH npeanoyvyects 6e3aencTeme 4encT-
BUIO.

XoTa aBTOp He ocobeHHO pasaenseTr naew o HeobxoaNMMOCTU paccMOTpeHUsa dYHKLUU
6narococTtosaHMA obecTBa, KaXeTcs, YTO OCHOBHbIE NPEeANOChISIKU, UCMO/Ib30BaHHbIE ANF
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floKasaTenbCTBa TeopeMbl 06 06LWECTBEHHOI HEBO3MOXHOCTW, TpebykT nepecMoTpa. B
TeopeMe 0 HEBO3MOXHOCTU (PYHKLUS 0BLLECTBEHHON MONE3HOCTM HE AOJIKHA TaK CUIbHO
oTnnYaTbCcsa OT YHKUUM NONE3HOCTU OTAENbHOro MHAMBMAYYMA. NHAMBMAYYM 4YyBCTBYET
cebsa cYaCTIMBbLIM UM HECUYACTHbIM B 3aBUCMMOCTM OT TOr0, HAaCKO/IbKO XOpOLIO OH ornpe-
AENSET NpuopuTeThl 4na cebs 1 HaxoaUT KOMMpPOMUCChl. OH MOXET U 4acTo MMeeT BHYT-
pPEHHME KOHMIUKTBI NMpU No6bIX BbibOopax, KOTOpble AenaeT Aa)Xe Npu CoBepLIeHHOoNW pa-
LWOHaNbHOCTM B BblpaXeHUM MHTEHCUBHOCTEN CBOUX NPeanouTEHUA.

3.3. CPABHEHWE LLUKAJI

HekoTopble NpobneMbl, N3N0XEHHLIE B NpeablayLWeM pa3aene, HE3aBUCUMbI OT LWKasbl
CpaBHEHWS, KOTOPYK Mbl MPUMEHSIEM, MOCKO/IbKY 3TO — WKasna oTHoweHui. (LWkanbl pas-
HOCTEN KpaTKO paccMaTpMBalOTCA BO BTOPOM 4YacTU KHUMKM.) OQHaAKO MMEKTCA BCE OCHO-
BaHWs NOCTaBUTb BOMPOC: No4veMy BbibUpaloTCcsa BeNNUYMHBI OT 1 A0 9? B 3TOM pasgene Mol
nonbITaeMcs NoKasaTb YMTaTeND, YTO 3Ta WKana AEeNCTBUTENBHO fy4dlle BCeX APYrunX.

HauHeM 6onee noapobHoe onucaHune Hawen wkanel (cM. Tabn. 3.1).

Ta6bnuua 3.1
CreneHb
OnpeneneHue ObbvsacHeHne
BaXXHOCTHU
[Ba nencTBMa BHOCAT OAMHAKOBbIN
1 OanHakoBasa 3Ha4YMMOCTb
BKNaA B AOCTUXEHME Lenun
HekoTopoe npeobnagaHne 3Ha4ymmo- | OnbIT 1 cyXXaeHne gawT nérkoe npea-
3 CTWU OAHOTO AENCTBUSA nMepes ApYyruMm novTeEHME OAHOMY AENCTBMIO Nnepes Apy-
(cnabas 3Ha4YMMOCTb) rMm
OnbIT 1 cyXXAeHne 4arT CUbHOE npea-
CywectBeHHas uam cuibHas 3Haudum- .
5 novTeEHME OAHOMY AENCTBMIO Nnepes Apy-
MOCTb
MM
MpeanovteHne OQHOrO LENCTBUNA NMepe
OueHb cunbHas Man o4eBMAHAN 3Ha- pea A - pea
7 APYrnM o4eHb cunbHO. Ero npesocxon-
YMMOCTb
CTBO MPaKTU4YECKU FABHO.
CBuaeTensCTBO B NOJb3Y NpeanoyTeHns
9 AbcontoTHaa 3Ha4YMMOCTb OZlHOro AEeNCTBUA APYTOMY B BbICLUEN
CTENEeHN NMPeanOYTUTESbHbI
2 46 8 MpoMeEXyTOUHbIE 3HAYEHUSA MEXAY Cutyaums, korga HeobxoamMmMo KOMMpo-
o CoCeIHUMU 3HAYEHUAMMN LIKASbI MUCCHOE pelleHune
Ecnn pencreuio i npwn cpaBHEHUN C
O6paTtHble A . pv cp
BENMYUHBI LENCTBMEM j MPUNNCHIBAETCA O4HO
NDUBEAEHHBIX 13 NpuBeAEHHbIX BbIWLE YNCen, TO O6ocHOBaHHOE NpeanonoXeHne
P AENCTBUIO J NPWU CPaBHEHWM C / Npu-
BblLE Ymncen
nMcbiBaeTca obpaTHOE 3HAYEHMNE
PaunoHans- Ecnn noctynupoBaTh COrnacoBaHHOCTb,
OTHOWeEHNA, BO3HMKAOLWNE B 3a4aH-
Hble 3Ha4ve- . TO 4719 NoAy4YeHunsa maTpuubl Tpebyetca n
HOW WKane %
HWe YMCAOBbIX 3HAYEHWN

Hanbonbwunin BkNag B nccnegoBaHue BOMpoca CTUMYOB U peakunin BHecnun D. Bebep
(1795-1878), I'. ®exHep (1801-1887) n C. CtmuBeHc (1906-1973).

B 1846 r. Bebep chopMmynmnpoBan 3aKoH, KacarwWUNCcsa CTUMyna U3MEPUMON BenYNn-
Hbl 5. OH OoBbHapyXun, HanpuMep, 4YTO NKAN, AEpXallMe B pyKe npeaMeTbl C pasudHbIM
BECOM, MOryT pasfinyaTtb npeameTbl BecoM 20 r oT 21 r, 04HaKO He MOryT Y/J10BUTb pa3HU-
uy, ecnu stopou npeamet secuT 20,5 r. C Apyron CTOpOHbI, B TO BPEMSA KakK OHU He MOryT
pasnuuntb npeameTsbl BecoM 40 r 1 41 r, pasHuua npeameTos BecoMm 40 r v 42 r Bocnpu-
HMMaETCs, U T. 4. ANs 66N1bLNX BECOB.
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Hy>HO YBENUYNTb § Ha MUHMUMANbHYIO BENUUUMHY AS, YTOBbl 4OCTUYb COCTOSIHUS, NMpU
KOTOPOM Halle BOCMPUATUE YXKe MOXET pasnunuutb § U S+ As; As Ha3biBaeTcs enBa 3a-
METHbIM pazanymem (e3p). OTHoweHMe ¥ =As/s He 3aBUCUT OT §. 3aKoH Bebepa yTBep-
KAQAET, UTO U3MEHEHWNE BOCMPUATUA OTMedaeTcsl Npu yBETUYEHUN CTUMYSa Ha NOCTOSH-
HYI A0S0 CaMOro CTUMyJsa. DTOT 3aKOH MMEET MecTo, Koraa As Mano no CpaBHEHUK C
$, U NpakKTU4eckn nepecTtaeT AENCTBOBaATb, Koraa § WM CAUWKOM Man, WM CAMUWKOM
BENNK. ArpermpoBaHue nmam AeKoMnosmuus CTUMYJ0B, YTO HEOBX0AMMO B KnacTepaX uau
YPOBHSAX nepapxmmn, asnaeTtca apPeKTUBHbIM CNOCOboM pacllMpeHns NpUMeHUMOCTU 3TO-
ro 3aKoHa.

B 1860 r. ®exHep uccnenoBan nocneaoBaTeNbHOCTb e€4Ba 3aMeTHbIX YBeAUYeHU
ctumynos. O603Ha4ynM NepBbIN CTUMYN Yepes s, .

Cneaywwmin cTMMyn € eaBa 3aMeTHbIM pasnnymem (cM. [7]) cornacHo 3akoHy Bebepa

As,
_ _ 0
S, =8, +Asy =5, +—2s, =5, (1+7).

AHanorn4Ho

s, =8, +As, :sl(lJrr):sO(lJrr)2 =5,
B obwemM cnyyae
s, =s,a=sa"(n=0,1,2,...).

n
TakuMm 06pa3oM, CTUMYJbl C 3aMETHbIMU pasNYMsIMU pacrnonaralTcs B reoMeTpuye-
CKOWM nporpeccun. B 1o xe BpeMa dexHep YyBCTBOBas, YTO COOTBETCTBYHLLME BOCMPU-
ATUA COCTaABNAT apUPMETUUYECKYH NPOrpeccud B AUCKPETHLIX ToUKax, rae HabnwaawT-
Cs eaBa 3aMeTHble pa3nuuunsa. MNocneaHMe MONYYakTCs, €CNM PEWNTb OTHOCUTENBHO 7

nosy4yeHHOEe ypaBHeHUe. MMeeM
n= (logsn —logso)/loga,

T. €. BOCNPUATUE — NMHENHaa dyHKUUS norapudma ctumyna. MosToMy ecnn o603Ha-
UUTb BOCMpUATME 4yepe3 M , a CTUMYN Yyepe3 s, TO NCUXObU3UYECKUIl 3akoH Bebepa-
dexHepa 3anuleTcs B BUAE

M =alogs+b, a+0.

MpeanonoXuM, YTO CTMMY/bl BO3HMKAOT MPU MPOBEAEHUU MapHbIX CPABHEHWUI OTHO-
CUTENbHO CPaBHUMbIX AEeNCTBUIA. Hac MHTepecylT peakuuu, YUNC/IEHHbIE 3HAYEHUS KOTO-
PbiX AaHbl B hopMe OTHoWweHWA. UTtak, b=0, n3 yero Mbl J4O/KHbI nonyuuTs logs, =0

mnn s, = 1, 4YTO BO3MOXHO, €C/1 nporpagaympoBaTtb e€ANHUNYHbIN CTUMY. HO 3TO npouncxo-

AWT NPU CpaBHEHUU HEKOTOPOro BUAA AENCTBUA C caMUM cOboiA.
Cneaywolwan 3aMeTHas peakumsi COOTBETCTBYET CTUMYNY

s =s,a=a,

KOTOpbIi Bbi3biBaeT peakunto loga/loga=1. Cnegyowmnin ctumyn 6yget
s, = 8,0,

KOTOpbI BbI30BET peakuuio - 2. TakuM o6pa3oM, MOAydyaeM MOCAeA0BaTENbHOCTb
1, 2, 3, ... Ans cornacoBaHHOCTU Mbl NMOMellaeM AENCTBUS B KNacTep, CTUMY/bl NapHbIX
CpaBHEHWIN KOTOPOro BbI3bIBAKOT peakuMn, UMEeKLMe BenMyMHbl OAHOro nopsaka. Ha
MNPaKTUKE KauYeCTBEHHbIE pa3nMuma B peakumnssx Ha CTUMYbl HEMHOFOYMUCIEHHbI. MpuUbnun-
3UTENbHO UX MNATb, KakK MEPeYUCNEeHo Bbille, C AOMOJHUTENbHbIMU, KOTOpble NpeacTaBns-
0T COBO KOMMPOMUCCHI MEXAY COCeAHMMM peakumsaMu, MoHATME KOMMpOMUCCa 0COBEHHO
[OCTONHO BHUMaHMA NpPU OCMbICIMBAHUM NpPoLEcca CY>XAEHUA B NPOTUBOMONOXHOCTb YyB-
cTBaM. DTO yBeNUYMBAET YMCIO pPasnuniA A0 AEBSATU, YTO COBMECTMMO CO CAENaHHbIM pa-
Hee NpeanosioXXeHUeM o nopaake BeNUYUHBI.
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3aMeuaHue. CTeneHHoM 3akoH CTUBEHCA pacnpOCTPaHAET UAeM CTUMYJIOB U peaKkuuii
Ha LWMPOKME AMana3oHbl (AenaeT kKak 6bl NOMEPEYHbI CPe3 pasfINYHbIX MepapXnUYecKmnx
YPOBHEN), OUEHMBaAs peakUW KaK CTENeHb CTUMYyJsa, MOSYYEHHOro MOAFOHKOM KPUBbIX
NoO CWbHO pacnpeneneHHbIM AaHHbIM. MOXET CIy4YnTbCsl, YTO CTEMEHHOW 3akoH 6yaeT
NpUBANKEHNEM K NUCXOAY, KOTOPbIA MONYyYeH B pe3ynbTaTe WepapXMueckoi AeKOMMO3u-
LK.

NMouemy o60cHOBaH BepxHuii npegen 9?

MMeeTCa HECKONLKO NMPUYMH ANA YCTAaHOBMEHUN BEPXHEro npejena wkanbl:

1. KayecTBeHHLIe pa3inumMsa 3Ha4YMMbl Ha NpakTuke U obnagatoT 3N1eMeHTOM TOYHOCTH,
Korga BennyMHa cpaBHMBaeMbIX NpeAMETOB OAHOMo nopsiaka uau npeameTbl 6JM3KKM OT-
HOCUTENbHO CBOWCTBA, UCMOJIb30BAHHOIO AN CPpaBHEHMUA.

2. OTMETUM, UTO CNOCOBHOCTb YenoBEKA NPOU3BOAUTL KayeCTBEHHbIE pa3rpaHUYeHuns
XOpOLWOo npeacTaBneHa NATb ONpeaeneHUs MU, PaBHbIU, C1abbiil, CUIbHbIA, OYEHb CU/Ib-
HbIA M abCoMOTHBIA. MOXHO NPUHATbL KOMMPOMUCCHbIE OMnpeneneHns Mexay CocegHUMU
onpeaeneHnsaMu, Korga HyxXHa 6onblwasa ToOYHOCTL. B uenoM TpebyeTcsa AeBATb 3HAYEHUN,
M OHW MOTyT BbITb XOPOWO COrnacoBaHLI; NoayvYaeMas B pesyfbTaTe WKana noaTsepxaa-
eTcs NpakTUKON.

3. lyTeM nogkpenneHus (2) NpakTUYECKU MeToh, YacTO UCMOb3YEMbIA AN OUEHKMU
OTAENbHLIX NPeaAMeTOB, 3aK4aeTcs B KhacCcndpumkauunm CTUMYNOB B TPUXOTOMUKD 3OH:
HenpuaTusa, 6espasnuuuns, NpuHATUA. Onga 6onee TOHKON KnaccudmMkKaumm B Kaxayw us
3TUX 30H 3asI0XKEH MPUHUUN TPUXOTOMUU — AENIEHME Ha HU3KYK, YMEPEHHYIO N BbLICOKYH
cteneHn. TakuMm obpa3oMm, nonydyaeTcs AeBATb OTTEHKOB 3Ha4YMMbIX ocobeHHocTen. Kon-
nera asTtopa W. YnHa ykasan, 4yTo UccnenoBaHUs MapKeTuHra, nposeaéHHble HawuM o06-
wmuMm konneron 1. FpMHOM, MOKa3bIBAKT, UTO HET HeobX0AMMOCTU UMETbL 60sblue CceMU
3Ha4YeHM WKanbl AN BblaeneHua cTumynos. MNo3ToMy Mbl U BepeM He 6onbwe 9 rpaga-
LMK,

4. MNcuxonornyeckuin npegen 7+ 2 npeaMeToB Npyu O4HOBPEMEHHOM CpaBHEHWMW NoAa-
TBEPXAAET, 4YTO €CnNM B3aTb 71 2 OTAENbHbLIX NPEeAMETOB, YAOBMETBOPSAKOWMUX onuca-
HUIO (1), U ecnn BCe OHU CNerka oTNMYyarTca Apyr OT Apyra, To noHaaobutcsa 9 Touek,
4yTO6bI pasznnunTb nx (cMm. [106]).

OTMeTUM, 4YTO WUCMOJSIb30BaHUE LWKasnbl MapHbIX CpaBHeEHUM B Anana3oHe oT O go o
MOXET oOKa3aTbCsl 6ecnonesHblM, Tak Kak npejnonaraeT, 4YTO 4esnioBevyeckoe CyXAaeHue
KaknM-To obpa3oM cnocobHO OUEHUTb OTHOCUTENbLHOE MPEeBOCXOACTBO NHO6LIX ABYX 06b-
€KTOB, YTO COBCEM He Tak. Kak Xopowo M3BECTHO U3 OnbITa, Hawa cnocobHOCTbL pasnu-
yaTb HaxXo4AUTCA B BE€CbMa OrpaHMYeHHOM AMarna3oHe U Korga UMMeeTcs 3HauduTenobHas He-
COpa3MepHOCTb Mexay CpaBHUBaeMbIMW OBbEKTaMW UM AEUCTBUSAMKU, HaWwW Npeanono-
XKEHUA TAroTeT K TOMY, UYT06bl BbITb NPON3BOSbHBLIMU, N 06LIYHO OKa3biBAKTCA AaNeKU-
MU OT AENCTBUTENbHOCTU. DTO MOATBEPXAAET MbIC/Ib 0 TOM, UYTO HalM WKanbl AOMXHbI
MMETb KOHEYHbI gnanasoH. AeincTBUTENbHO, nNpenesnbl A0/KHbl 6biTb AOBOSIBHO BAU3KK-
MU B AMana3OoHe, KOTOPbIM OTpaXaeT Hawy AeNCTBUTENbHYI BO3MOXHOCTb MPOU3BOAUTDL
OTHOCUTENbHbIE CpaBHeHUA. Tak Kak eguHuua sIBAsieTCs CTaHAapTOM M3MepeHUsl, Bepx-
HASA rpaHMua He Ao/MkHa 6blTb C/IUWKOM dasieka OT Hee, XOTd M A0CTaTO4YHO OThaneHa,
4yTO6bI NpeacTaBUTbL HaW AMana3oH CMOCOBHOCTU pa3nuyaTs.

Tenepb pacCMOTpUM psj WKasna, NMPUMEHSEMbIX B OTAEMbHbLIX 3adavax, Ans KOTOpbIX
MapHble CpaBHEHUSA N3BECTHbl KaQ4YeCTBEHHO: paBHbIA, cNabbli, CUNbHbIA, OYEHb CUMbHbIN
M abConTHbIA, BMECTE C MPOMEXYTOUYHbLIMU CYXAEHUSAMU MexXAay Kaxaon nocnegosa-
TesIbHOW napon 3TuUX 3HavyeHun. LLkansl npeacrasnedsl B Tabn. 3.2.
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Tabnuua 3.2

Ne Wkans | Pasencrso MpomexyTody- | Cnaboe npe- | NpomexyTod- | CunsHoe npe- | MNpomexyToy- | 3HauyuTensHoe | MNMpomexyTod- | ABconTHOE
i HOe 3HadeHWe | BOCXOACTBO | HOe 3Ha4yeHue | BOCXOACTBO | HOe 3HaYyeHWe |NPeBOCXOACTBO | HOe 3Ha4YeHWe |NpeBOCXOACTBO
1 1-3 1 2 2 2 2 3 3 3 3

2 1-5 1 2 2 3 3 4 4 5 5

3 1-7 1 2 2 3 4 5 6 6 7

4 1=9 1 2 3 4 5 6 7 8 9

5 1-11 1 3 4 5 7 8 9 10 11

6 1-13 1 3 4 6 7 9 10 12 13

7 1-15 1 3 5 7 8 9 11 13 15

8 1=-17 1 3 5 7 9 11 13 15 17

9 1-18 1 4 6 8 10 12 14 16 18

10 1-26 1 5 8 11 14 17 20 23 26

11 1-90 1 20 30 40 50 60 70 80 90

12 0,9x 1 0,9x

13 0,7x 1 0,7x

14 0,5x 1 0,5x

15 0,3x 1 0,3x

16 0,1x 1 0,1x

17 | 140,x 1 140, x

18 | 2+40,x 1 2+0,x

19 | 3+0,x 1 340, x ( x - cooTBETCTBYHLEE 3HAa4YeHMe B WwKane 1-9)

20 [(4+0,x 1 440, x

21 | x 1 Jx

22 x> 1 x>

23 X 1 X

24 x* 1 x*

25 x° 1 x°

26 PRE 20 =1 29 =1,414 2l -2 2% = 2,828 22 =4 2%% =5,657 2’ =8 2% =11,31 2°=16

Nﬁ C«x H C_...x Cm...x @»x CL...x @.A...x @a...x C.u...x @
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Oanee npuseaeHbl pe3ynbTaTbl BbIYUCAEHUW B 3TUX WKanax ANs NpMMEPOB OcCBelle-
HUA CTYNbeB, HauWOHanNbHbIX 60raTCTB W pacCTOAHUA BO3AYWHbIX nonertos. [Ana Bcex
npuMepoB BHa4vane WAET MaTpuvua C KayecTBeHHbIMM 3HadeHuamu (tabn. 3.3, 3.4, 3.5).
3aTtem (Tabn. 3.3a, 3.4a, 3.5a) cnegyet Tabnuua € NnepeyHeEM pelleHUMn 3adadn o cobeT-

Ta6nuua 3.3. Npumep oCBEWEHHOCTU CTyNbEB

C, C, C, C,
C, E B(w-S) | B(S-D) D
(@ - E w B(W -8)
G, — - E B(E-W)
C, — — — E

NMpumeuaHune. £ - paseHcTBo. W - cnaboe npeBocxoactBo, S — CUIbHOE NMpeBOC-

X0AcTBO, D — 3HauuUTenbHOE NPeBOCX0ACTBO. A - abCoNTHOE NPEBOCXOACTBO, B(.—.)

— NMPOMEXYTOYHbIE 3HAYEHUSI MEXAY YKa3aHHbIMU B CKOBKaX. B CUMMETPUYHBIX MO3ULMAX
NCNONb3YITCH 0b6paTHble BENUYUHBI (34€Cb HE 3aMnOJIHEHbI), Koraa CBOMCTBa NEepPeBOAAT-
CA B YNCNEHHYIO LIKany.

Ta6nuua 3.3a"

Co6CTBEHHbIN BEKTOP ANS KaXA0W WKanbl max CKO MAO
(1) 0.451 0.261 0.169 0.119 4.071 0.091 0.008
(2) 0.531 0.237 0.141 0.091 4.087 0.045 0.006
(3) 0.577 0.222 0.125 0.077 4.034 0.019 0.006
(4) 0.617 0.224 0.097 0.062 4.102 0.008 0.005
(5) 0.659 0.213 0.083 0.044 4.230 0.031 0.011
(6) 0.689 0.198 0.074 0.039 4.261 0.047 0.008
(7) 0.702 0.199 0.066 0.034 4.353 0.055 0.013
(8) 0.721 0.188 0.060 0.031 4.292 0.066 0.010
(9) 0.732 0.185 0.057 0.026 4.451 0.072 0.010
(10) 0.779 0.162 0.042 0.017 4.639 0.099 0.012
(11) 0.886 0.098 0.014 0.003 6.545 0.162 0.031
(12) 0.596 0.229 0.105 0.070 4.072 0.009 0.008
(13) 0.545 0.238 0.124 0.094 4.023 0.037 0.009
(14) 0.470 0.243 0.151 0.135 4.008 0.081 0.024
(15) 0.352 0.236 0.191 0.221 4.094 0.156 0.071
(16) 0.141 0.162 0.230 0.467 4.762 0.316 0.231
(17) 0.340 0.260 0.212 0.187 4.004 0.158 0.042
(18) 0.445 0.271 0.171 0.113 4.143 0.094 0.005
(19) 0.513 0.266 0.142 0.078 4.332 0.056 0.016
(20) 0.561 0.259 0.122 0.059 4.521 0.031 0.022
(21) 0.431 0.260 0.172 0.137 4.025 0.103 0.017
(22) 0.860 0.111 0.021 0.009 4.421 0.147 0.027
(23) 0.953 0.043 0.003 0.001 4.992 0.203 0.057
(24) 0.984 0.015 0.001 0.000 5.871 0.223 0.071
(25) 0.995 0.005 0.000 0.000 7.142 0.230 0.076
(26) 0.604 0.214 0.107 0.076 4.000 0.008 0.005
(27) 0.531 0.233 0.134 0.102 4.000 0.046 0.077

dakTUYeckKoe 3Ha4YeHue BekTopa (M3
DE0E 0,222 0.121 0.0e2 3akoHa obpaTHoro Keagpara OnNTWKK)

* 3neck v nanee B Tabn. 3.4a, 3.5a, 3.6, 3.7. 3.8 npuMeHsETCa aMepuKaHcKan 3anuck A4ecaTU4YHbIX apoben, ¢
TOYKOMN BMECTO 2anAToN, pasgensiowen uensie n gpobuele yactu. - fipum. nepes.
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BEHHOM BEKTOpE, COOTBETCTBYIOLMX KaXAOW WKane, K KOTOPOMY NpuMblKaeT cTonbew co-
OTBETCTBYHKLLMX COBCTBEHHbIX 3HayeHuin. B AByX nocneaywowmx ctonbuax AaHbl cpeaHe-
KBaZApaTUYHOE OTK/IOHEHWE N MeanaHHoe abCoNMTHOE OTKIOHEHWE OT MeanaHbl. OHUM Bbl-
YUCNEHbI ANA OTKMIOHEHWIN COOTBETCTBYIOLWLErO BEKTOPA-CTPOKU OT AEMCTBUTENBHOrO (M3-
BECTHOM0) BEKTOpa pelleHusi, NPUBEAEHHOro BHMU3Y Tabnuubl. M3 3TMX, @ Takxke U3 MHO-
MMX APYrux, MEHEE CUCTEMATM3UPOBAHHbLIX MPUMEPOB BMAHO, YTO WKana 1-9 Bblaenserca

Ta6bnuua 3.4. Mpumep HauMOHaNbHbIX 6orarcre

CLUA ccep Kutaii | ®pamuns | 2SO 1 gronng OPr
6puTaHus
CLUA E |B(W-5) A B(S-D) | B(S-D) S
cccep — E D S S W B(W -S)
KuTai o — E — — — —
dpaHumsa o o S E E — —
Benuko-
6putaHuns o o S £ £ o o
AnoHus — - D W W B(E — W)
OPr — — S w w — E
Tabnuua 3.4a
Co6CTBEHHbIN BEKTOP A/ KAXA0W LWKasnbl max CKO MAO
(1) | 0.273 | 0.201 | 0.059 | 0.088 | 0.088 | 0.165 | 0.127 7.191 0.062 | 0.018
(2) | 0.348 | 0.212 | 0.039 | 0.076 | 0.076 | 0.142 | 0.108 7.285 0.031 0.014
(3) | 0.388 | 0.220 | 0.027 | 0.067 | 0.067 | 0.132 | 0.098 7.305 0.017 | 0.014
(4) | 0.427 | 0.230 | 0.021 | 0.052 | 0.052 | 0.123 | 0.094 7.608 0.014 | 0.011
(5)] 0.473 | 0.234 | 0.015 | 0.040 | 0.040 | 0.116 | 0.081 8.103 0.029 0.019
(6) | 0.496 ( 0.230 | 0.013 | 0.037 | 0.037 | 0.111 | 0.076 8.097 0.037 | 0.016
(7) | 0.512 | 0.235 | 0.011 | 0.033 | 0.033 | 0.104 | 0.073 8.453 0.043 | 0.018
(8)| 0.531 | 0.231 | 0.010 | 0.030 | 0.030 | 0.099 | 0.069 8.436 0.050 0.017
(9) | 0.544 | 0.232 | 0.008 | 0.026 | 0.026 | 0.099 | 0.064 8.853 0.056 | 0.016
(10)| 0.597 | 0.224 | 0.005 | 0.019 | 0.019 | 0.085 | 0.052 9.616 0.077 | 0.014
(11)| 0.741 | 0.181 | 0.001 | 0.004 | 0.004 | 0.048 | 0.020 16.152 | 0.134 0.009
(12)| 0.408 | 0.228 | 0.024 | 0.058 | 0.058 | 0.126 | 0.099 7.485 0.012 | 0.007
(13)| 0.363 | 0.220 | 0.032 | 0.072 | 0.072 | 0.131 | 0.110 7.255 0.024 | 0.014
(14)| 0.302 | 0.204 | 0.047 | 0.093 | 0.093 | 0.136 | 0.125 7.079 0.049 0.014
(15)| 0.214 | 0.169 | 0.081 | 0.130 | 0.130 | 0.135 | 0.142 7.085 0.090 0.023
(16)| 0.078 | 0.085 | 0.197 | 0.196 | 0.196 | 0.100 | 0.149 8.275 0.167 | 0.083
(17)| 0.205 | 0.174 | 0.091 | 0.120 | 0.120 | 0.150 | 0.139 7.028 0.092 0.003
(18)| 0.283 | 0.211 | 0.055 | 0.084 | 0.084 | 0.158 | 0.125 7.398 0.057 0.019
(19)| 0.338 | 0.230 | 0.038 | 0.063 | 0.063 | 0.157 | 0.111 7.875 0.036 | 0.010
(20)| 0.379 | 0.240 | 0.028 | 0.050 | 0.050 | 0.153 | 0.100 8.359 0.025 0.014
(21)| 0.271 | 0.201 | 0.059 | 0.096 | 0.096 | 0.148 | 0.129 7.147 0.062 0.014
(22)| 0.700 | 0.191 | 0.002 | 0.011 | 0.011 | 0.053 | 0.033 9.729 0.118 | 0.010
(23)| 0.856 | 0.114 | 0.000 | 0.002 | 0.002 | 0.017 | 0.009 14.286 | 0.182 0.020
(24)| 0.932 | 0.061 | 0.000 | 0.000 | 0.000 | 0.005 | 0.002 23.125 | 0.215 0.026
(25)| 0.968 | 0.030 | 0.000 | 0.000 | 0.000 | 0.001 | 0.001 39.824 | 0.231 | 0.026
(26)| 0.470 | 0.200 | 0.019 | 0.053 | 0.053 | 0.115 | 0.091 7.147 0.001 | 0.026
(27)| 0.348 | 0.227 | 0.032 | 0.075 | 0.075 | 0.134 | 0.110 7.110 0.029 0.065
daKkTu4ecKkoe 3Ha4YeHne BeKTopa
0.413 | 0.225 | 0.043 | 0.069 | 0.055 | 0.104 | 0.091 (w3 3akoHa o BHI 3a 1972 r.)
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Ta6nunuya 3.5. NMpumMmep c paccTOAHUAMM

CaH-
Kanp Tokuno Yukaro DPAHLIACKO JloHAOH MoHpeanb
Kanp E B(D—A) W w D
Tokmno w E A w w A
Yukaro — — E — — B(E—W)
CaH-®paHLUMCKO — — B(S — D) E — B(S — D)
JloH0H — — S w E B(S—D)
MoHpeansb — — - — - E
Ta6bnuua 3.5a
CobcTBEHHbIN BEKTOP ANA KaXA0M LWKanbl Ao CKO MAO
(1) 0.234 | 0.296 | 0.083 | 0.150 | 0.175 | 0.062 6.258 0.043 0.039
(2) 0.247 | 0.320 | 0.058 | 0.150 | 0.180 | 0.045 6.224 0.027 0.015
(3) 0.253 | 0.334 | 0.045 | 0.151 | 0.183 | 0.035 6.190 0.019 0.008
(4) 0.262 | 0.397 | 0.033 | 0.116 | 0.164 | 0.027 6.454 0.019 0.010
(5) 0.265 | 0.437 | 0.027 | 0.088 | 0.154 | 0.019 6.870 0.036 0.011
(6) 0.267 | 0.443 | 0.024 | 0.099 | 0.152 | 0.016 6.848 0.038 0.011
(7) 0.265 | 0.483 | 0.020 | 0.080 | 0.138 | 0.014 7.074 0.057 0.017
(8) 0.266 | 0.482 | 0.017 | 0.082 | 0.140 | 0.012 7.106 0.056 0.015
(9) 0.264 | 0.506 | 0.016 | 0.073 | 0.131 | 0.010 7.494 0.067 0.019
(10) | 0.259 | 0.550 | 0.011 | 0.058 | 0.116 | 0.007 8.109 0.088 0.024
(11) 0.210 | 0.707 | 0.002 | 0.019 | 0.061 | 0.001 13.727 0.159 0.048
(12) 0.259 | 0.380 | 0.037 | 0.124 | 0.169 | 0.030 6.354 0.013 0.010
(13) 0.251 | 0.340 | 0.047 | 0.143 | 0.178 | 0.042 6.171 0.018 0.013
(14) 0.236 | 0.286 | 0.062 | 0.168 | 0.187 | 0.062 6.042 0.044 0.019
(15) 0.202 | 0.210 | 0.091 | 0.201 | 0.190 | 0.107 6.092 0.086 0.042
(16) | 0.113 | 0.084 | 0.156 | 0.227 | 0.154 | 0.266 7.261 0.178 0.144
(17) 0.203 | 0.227 | 0.117 | 0.165 | 0.178 | 0.110 6.022 0.082 0.070
(18) 0.233 | 0.321 | 0.085 | 0.131 | 0.172 | 0.065 6.349 0.039 0.044
(19) 0.247 | 0.371 | 0.066 | 0.110 | 0.163 | 0.045 6.779 0.024 0.024
(20) | 0.253 | 0.414 | 0.053 | 0.094 | 0.153 | 0.033 7.214 0.032 0.023
(21) 0.229 | 0.282 | 0.083 | 0.153 | 0.181 | 0.073 6.111 0.049 0.040
(22) | 0.254 | 0.591 | 0.004 | 0.048 | 0.101 | 0.003 7.993 0.106 0.030
(23) 0.198 | 0.736 | 0.000 | 0.015 [ 0.050 | 0.000 11.180 0.172 0.049
(24) 0.138 | 0.837 | 0.000 | 0.004 | 0.022 | 0.000 17.124 0.219 0.061
(25) 0.089 | 0.01 | 0.000 | 0.001 [ 0.009 | 0.000 27.862 0.250 0.075
(26) | 0.257 | 0.385 | 0.029 | 0.138 | 0.166 | 0.025 6.156 0.015 0.009
(27) 0.248 | 0.342 | 0.044 | 0.151 | 0.175 | 0.039 6.097 0.019 0.029
dakTuyeckoe 3Ha4YeHne BeKTopa
0.278 | 0.381 | 0.032 | 0.132 | 0.177 | 0.019 (baKTUuECKoe paccTosHue)

cama no cebe. DTO yKasblBaeT Ha CK/IOHHOCTb YenoBeKa NPUBOAUTL B COOTBETCTBUE OT-
TEHKW 4YyBCTB C uyuMcnamu 1-9. HekoTopble faxe npeanonaratT, YTO 3TO CBA3AHO CO
CBOWCTBaMU MO3ra, KOTOpO€ HEKOTOPbIM 06pasoM CBA3AHO C YMC/IOM NanbLeB, XOTS U He-
M3BECTHO, YTO SIBNAETCS Kay3alibHbiM dakTopoM. [pu yCcnoBuMKU, YTO MO3I MOXET OAHO-
BpeMeHHO 06paboTaTh 7+2 HaKTOPOB, MOXHO MPOBECTU MEpPapXMUECKY AEKOMMO3ULMUIO
6onbWMX MaTpuL B KnacTepbl Takoro pa3mepa, K KOTOpbiM wkana 1-9 ewe MoOXeT 6biTb
NpUMeHeHa. DTO yKas3bliBaeT Ha BO3MOXHYK B OOLWMX CUTyaUUsX €€ XM3HEeCNOCOBHOCTb,
KOTOPYIO Mbl NOATBEPAUIN TONbKO ANSA ManbiX KNacTepos.
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3aMmeuyaHue. lMocnegHasa wkana — (27) B Tabn. 3.2 BO3HUKAET M3 creaylowero coob-
paxeHusa. Mcnonb3yss reoOMeTpuyeckoe cpegHee BeNUYUHLI CYXAEHWUS, OLEHEHHONo He-
CKONbKUMKU nuuaMn (cM. nocnegHun absau 3Toro pasgena), MOXHO 3aMeTUTb, YTO reo-
MeTpUYecKoe cpegHee ABYX uucen: 2 n 8 ectb 4, 4UTo Ha oAWMH MHTepBan bnunxe K 2, yeMm
kK 8 (B OTNn4YmMe, HanpuMep, OT reoMeTpuyeckoro cpegHero 1/3 n 3, KOTOpoe HaxoamTcs
Ha pacCTOSAHUU ABYX WHTEPBaNOB OT KaXAOro). DTO CKAOHSAET Hac K BBEAEHMUIO LWKanbl

Aansd O6paTHO-CVIMMETpVI‘-IHbIX MaTpuu, COXpaHFHOLLl,eﬁ OTHOWEHNE BUAaA X/y:y/Z nnn

2
v =Xz, ns kotoporo nonyyaem logy—logx=1logz—logy. laHHoEe COOTHOLIEHNE MOX-
HO MOAY4YUTb, €CNU WKany C AEBATbIO 3HAYEHUSIMWU WU BOCEMbKD MHTEpPBanaMu pasfenutb

cnegyrowmm o6pa3zoM: HayaTb C €AMHULUBI, 3aTeM (HanpuMmep) 91/8, 9% Y. L., NIpuMeHas
Takxe M obpaTHble BEIMUYUHBI. DTUM MOXHO YAYUYLWMWTb COrlacoBaHHOCTb, HO, KaK Moka-
3bIBAOT HaWW NpUMepPbl, He 060CHOBAHHOCTb (HAAEXHOCTL).

BoT oauH cnocob NpoBepKN KayecTBa COrnacoOBaHHOCTU, MOSYYEHHOM NPpU NCMOAb30-
BaHWM pa3nnU4HbIX WKan. Ana MaTpuu Bcex pasmepos o 15 coszgagnm no 100 BbI6OpOK U
3ano/IHUM CAydYalHbIM 06pa3oM UX 3NeMeHTbl Ynciamu U3 wkan 1-5, 1-7, 1-9, 1-15, 1-
20 un 1-90. Tak, HanpuMep, AN WKanbl 1-5 sneMeHTbl FNaBHOW gunaroHann 6yayT, Kak
BCceraa, eanHuubl, a ansa noboro sneMeHTa Hag AnaroHanbk BblbUpaeM crydaiHo nwboe
M3 uenbix ymcen 1-5 unn ux obpaTHble BennMUMHLI. ObpaTHaa BeMYMHA 3TOro 3/E€MEHTa
byaeT CMMMETpUYHbIM 3NeMeHTOM. Ty Xe caMyr npoueaypy npoBeaeM U AN APYrux

WwKan. YcpeaHuM BenuyuHy (ﬁmax—n)/(n—l) ans 100 MaTpuL, COOTBETCTBYIOLMX KadX-

JOMY 3HAUEeHUI0 7 ANs KaXAoW WKanbl. BblUMCIUM TakxXe AUCTEPCUN.

B pe3synbTaTe nMeeM Tabn. 3.6, kKoTopasa nonesHa AN CpaBHEHUA 3HAYEHUS BblUMC-
NEHHOro OTK/IOHEHWS OT COrMacoOBaHHOCTU AN OTAENbHOM 3a4auun, CO CPeAHMM 3HAYEeHU-
€M, MOSYYEHHbIM ANS UCMOb30BaHHOM WKanbl. B HaweM cny4yae cywecTBeHHbIMU ABNS-
IOTCS 3HadeHusa Ansa wkanbl 1-9. MNMpu 3TOM CPaBHEHUU MOXHO TpeboBaTb, YTOBblI OTHO-
leHue 6b110 ManbiM, Hanpumep, nopsaka 0,1. Mbl OLEHUIM YACTOTHOE pacrnpeaeneHue

A OCHOBaHHOE elle Ha ofHOW Bbl6opke U3 500. Ans n =2 OHO nocTosHHo, A, =2;

max !

ans n=73 COBOKYMHOE  pacnpefeneHne ecTb  pacnpegeneHue  Beitbynna

l—exp[—(lmax/b)z] ,rne b=4,076 n ¢=1,937. Ana n>4 nMeeM yceyéHHOe HOpMasb-

Hoe pacnpefefieHne co CeayrLlWmMMmM CpeagHnuMn 1 gucnepcusamm Bolbopkn: n=4, (6,650;
3,370); n=5, (9,418, 4,424); n=6, (12,313; 4,413); n=7, (15,000, 4,123); n=8§,
(17,952; 3,627); n=9, (20,565; 3,327). Ha npakTuke UCMNONb3YKTCSA BEIUUYUHbI, NMPU-
BEAEHHbIE B 1. 1 Ans CpaBHEHWA CAYYalMHOW COrNacoBaHHOCTM WKanbl 1-9.

Ta6nuua 3.6. Mepa HecornacosaHHocTM [

CpeaHee 3Ha4YeHne N gucnepcmn ana wkan

Mopsaaok

MaTpuLbl 1-5 1-7 1-9 1-15 1-20 1-90

3x3 0.190 0.254 0.382 0.194 0.120 0.720
0.024 545 0.193 822 0.266 743 0.026 226 0.006 869 0.213 737

4x4 0.520 0.592 0.946 0.920 0.934 1.490
0.086 061 0.109 430 0.433 014 0.726 465 0.385 499 0.858 485

5x5 0.454 0.814 1.220 2.018 2.352 11.690
0.026 549 0.087 479 0.278 788 1.024 723 2.157 268 84.438 283

6%6 0.612 0.892 1.032 2.594 3.484 16.670
0.016 420 0.075 895 0.180 380 0.530 469 0.837 721 29.536 466

* 371a Tabnuua n6e3Ho npeaocrasneHa AOKTopoM P. Ynnynypu u3 HaumoHanbHolM nabopatopun r. Ok-Puaxa.
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7 %7 0.582 1.004 1.468 2.428 3.566 18.230
0.036 440 0.077 964 0.120 986 0.473 147 0.867 923 19.694 040
8x8 0.620 1.030 1.402 2.578 3.654 17.280
0.016 970 0.036 667 0.073 935 0.227 794 0.448 368 8.435 959
9x9 0.640 1.002 1.350 2.714 3.816 18.060
0.014 949 0.031 915 0.047 980 0.180 408 0.338 731 8.551 918
10X 10 0.668 1.090 1.464 2.822 3.970 19.670
0.010 279 0.019 697 0.028 590 0.138 905 0.254 848 5.172 827
11x11 0.688 1.082 1.576 2.830 3.822 19.670
0.010 360 0.022 703 0.046 691 0.100 505 0.209 208 4.425 352
12x12 0.704 1.096 1.476 2.785 3.948 19.730
0.007 257 0.029 075 0.317 410 0.097 923 0.187 572 2.724 343
13%13 0.712 1.136 1.564 2.852 4.038 19.790
0.009 552 0.022 933 0.030 610 0.070 400 0.104 904 2.955 453
14% 14 0.710 1.150 1.568 2.896 4.034 19.990
0.003 535 0.017 273 0.021 996 0.054 125 0.102 671 2.818 083
15%15 0.720 1.150 1.586 2.942 4.096 19.980
0.004 444 0.010 808 0.021 216 0.050 339 0.113 923 2.534 949

Mpumeuanue. BepxHaa undpa COOTBETCTBYET CPEeAHEMY 3HAUYEHUIO,

HUWUXXHAA - AUCNEepPCUN.

WCXOAS M3 3TOro pesynbTaTa, MOXHO CAeNaTb Apyroe MHTepecHoe 3amevaHue. Ws-
BECTHO, uTO ecnn A sBnseTca MobbiM COBCTBEHHLIM 3HAUEHMEM MaTpuubl, TO
‘1—61,-,-‘SZ|%| Ans HekoToporo i, i=1,...,n.

J#

Tak Kak ANs MOMOXWTENbHOW O6PaTHOCMMMETpWUHOW MaTpuubl A, >n w a, =1,

MOXHO MPOCTO 3anucaThb

n
A < max Zal.j
j=1

Mpn ncrnonb3oBaHWM WKanbl 1-9 MakcMManbHoe 3HadeHue nwboro a; 6yaet 9, no-

sToMy A, caMmoe 6onbwee pasHo 9(n—1). OTMeTUM Takxe, uTo (lmax—n)(n—l)sfﬁ 7

ax

NO3TOMY OrpaHUYeHo cBepXy. [JeiCTBUTENbHO, MOXHO NOKa3aTb, YTO LU = (ﬂ’max —n)(n—l)

yaosneteopset HepaBeHcTBy 0<1— 1/3<1, koTopoe 6n13KO K eAnHULE, KOraa UMeeTcs

BbICOKasn COrMacoBaHHOCTb — pe3ynbTaT, NOATBEPXKAEHHbBIA HaWMM CTaTUCTUUYECKUM MOA-
Xo40M. Ans Kaxaon wkanbl (BMECTOo, UCMOAb30BaHMA Pa3HOCTHbLIX METOAOB) Mbl ycpea-
HWUAW nocnegHue Tpu 3HadeHus, T. e. ana n=13, 14, 15 B Tabn. 3.6, N NCNONb30BaNN UX

B KaydecTBe annpokKCMMaunun npeaesibHoro aHa4d4yeHmA. 0O603HaumB 3TY BENUYUNHY HEPES LS

ANS WKanbl §, BbIYUCIUM HOBYIO Tabnuuy, MCNOb3ys CE(LS —,u)/LS AN KaXaoro n, u

M3MEPUM COMNacoOBaHHOCTb, BbIPAXXEHHYK KaK WMHAEKC, 3aK/YEHHbIA Mexay HyneMm U
eauMHULEN. DTO NPOUINKCTPUPOBAHO B Tabn. 3.7 U Ha COOTBETCTBYHLEM rpaduke (puc.
3.1).
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Ta6bnuua 3.7. (L, —u)/L

E3

LLkana 1-5 1-7 1-9 1-15 1-20 1-90
MNopsaok
3 0.733 9 0.778 2 0.757 1 0.9330 0.970 4 0.963 9
4 0.271 7 0.483 1 0.398 5 0.716 9 0.769 7 0.925 2
5 0.364 1 0.289 3 0.224 2 0.303 3 0.402 1 0.413 2
6 0.142 9 0.221 2 0.343 8 0.104 5 0.141 0 0.163 2
7 0.184 9 0.123 4 0.066 6 0.161 8 0.120 8 0.084 8
8 0:131 7 0.100 7 0.108 5 0.1100 0.099 1 01325
9 0.103 6 0.1251 0.141 6 0.063 1 0.059 2 0.093 4
10 0.064 4 0.048 3 0.069 1 0.025 8 0.021 2 0.012 6
3 0.036 4 0.055 3 -0.002 1 0.0230 0.057 7 0.0126
12 0.014 0 0.043 1 0.061 5 0.038 9 0.026 6 0.009 5
13 0.002 8 0.008 1 0.0055 0.015 4 0.004 4 0.006 5
14 0.005 6 -0.004 1 0.003 0 0.000 2 0.005 4 -0.003 5
15 -0.008 4 -0.004 1 -0.008 5 -0.0157 -0.009 9 -0.003 0
10 | I | | I I | | I I I I
[ ]
<
09 L © o190 |
0.8 B
§ e 1-20
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0.7 L 01-15 J
0.6 |- -
0.5 | % -
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0.2 i B
¢ O
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0.1 | o 3 ¢ 3 :
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RN
00 1 | | | 1 1 | X & < <
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n

Puc. 3.1. HopmnpoBaHHanA cOrnacoBaHHOCTb
C UCNONb30BaHUEM aCUMMNTOTUYECKUX 3HAYEHUN

Tenepb 3TO COrNacoBaHHOCTb, U3MepeHHas Ansa cny4vyalHbliM 0bpa3oM 3ano/IHEHHbIX
MaTtpuy. B obweM cnydae cyxpeHue 3HaKwLWero YyesioBeka BejeT K nyywen corfacoBaH-
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HOCTU. TeM He MeHee BCe AMarpaMMbl NOKa3bIBAKT, UTO €C/IN YNCAO CpaBHUBaAEMbIX 06b-
eKToB npesblwaeT 5, To BenndnHa C MeHble 10% M npMMepHO oAMHaKoBa ANS BCEX X .

2T0, NO-BUANMMOMY, FOBOPUT O TOM, 4YTO cpean 60NbLUIOr0 KONMYeCcTBa C/y4YaMHbIX He-
COrNacoBaHHOCTEN, KOTOpPblE BCTPEYAKTCA NPU YCTAHOBAEHUM CBSA3N Mexay # obbekTa-
MU, Mbl AO/DKHbI OBHApPYXXUTb MCKOMYK COrNacoBaHHYK CTPYKTypy. LLaHckl Ha ee obHa-
py>XeHne TeM MeHble, 4eM 6onblie YMCI0 06BbEKTOB, KOTOPblIE HYXHO CBs3aTb Normye-
CKOW CTPYKTYpoN. Hawu waHcbl 6yayT TeM 60nblue, YEM MeHbLUe 7, OAHAKO 7 AOJIKHO
6bITb AOCTATOYHO HoNbWMM, YTOBblI HE MMETbL aBTOMATUYECKOMN COrnacOBaHHOCTM, Hanpwu-
Mep ana n=2. OAna 60nbWMUX 3HAYEHUIA 7 HYXXHO MUCMOMb30BaTb HEKOTOPYI M36bITOYU-
HOCTb MHOPpMaUUM ANa yaydweHnsa 060CHOBAHHOCTMU, T. €. NPOBEPUTb, HACKObLKO XO-
poWO HawW pe3ynbTaTbl 6yayT oTpaxXaTb AENCTBUTENBHOCTD.

3aKOHYMM 3TOT pa3aen ABYyMs 3aMedyaHusaMu. Bo-nepBbiX, €CM HEOBX0AMMO NpOBECTU
O4YeHb TOHKME pasfinyuums npu MapHbIX CpaBHEHUAX, TO MOXHO noApa3aennTb wKany 1-9,
paccMaTpmMBas KaXAayl napy 3HaydyeHui, ckaxem 3 n 4, npu 4obaBneHUN K HUXHEMY 3Ha-
yeHuw 0,25 ansa cnaboit, 0,5 ansa ymepeHHoin un 0,75 ana cnneHon cteneHn. Og4HaKoO Hal
ONbIT HE NoKasas, uUTo 3To gaeT 6onbwyk 3P HEeKTUBHOCTb, KpOMe cnydas, Koraa CpaBHU-
BalTCHA TONbKO ABa obbekTa. B nocnegHeM cnydae ons nonydeHusa 6onee TOHKUX OTTEH-
KOB pasnmuuns ucnonb3yeTcs wkana ot 1 go 1,5.

Bo-BTOpbIX, €CN CYXXAEHNSA NMPOU3BOAAT HECKO/IbLKO YeNoBeK, TO NpeanovYTuTenbHee,
KakK yKas3aHoO B . 1, UMcnonb3oBaTb FeoMeTpunyeckoe, a He apudMeTHUdeckoe cpepHee.
DT0 0COBEHHO MOHATHO, KOr4a OAWH YenoBek NpucBanBaeT BEAMUYUMHY d, a ApYron — Be-

nuunny 1/a . CpegHee gomkHO 6biTb 1, @ He (a+1/a)/2. Mo3ToMy B o6LLEM cnydae Ans
N CYXAEHWUIA HYXXHO MEPEMHOXNUTb YNCNEHHbIE 3HAUYEHUS U NU3BMEYb 7 - KOPEHb

3.4. CPABHEHVNE METOAA COBCTBEHHOIO BEKTOPA
C APYTMMW METOOAMU

Ana cpaBHeHWs TOYHOCTWM MeToda COBCTBEHHONO BeKTOpa C APYrMMW MeTodaMWu Mpwu
OLEeHKE peanbHOM cUTyauuu 6bl10 NpoBeAEeHO HECKO/IbKO 3KCMEPUMEHTOB. B ABYX akcne-
pUMeHTax, nposeaeHHbIX B KOpHEN/IbCKOM YHUBepcUTeTe fieToM 1976 r., rpynne nigen
npeasnoXuan oOueHUTb BENMYMHbI HEMOCPEACTBEHHO, HAWTM HaUMEHbLWMA SNEMEHT U NpU-
[aTb €My 3Ha4veHue, paBHOE eAUMHMLUE, @ OCTasibHbIM 3/1eMEHTaM — KpaTHble 3Hau4eHus.
Apyron rpynne NpeanoXuM WUCNOoAb30oBaTb MeToh COBCTBEHHOrO 3Ha4YeHUs CO LWKanon
1-9, a ewe ogHa rpynna morna mMcnonb3oBaTb NOb6bIE Xenaemble 3Ha4YeHUs, U 3agada o
CO6CTBEHHOM 3HaYeHUN pellanack 4Ns 3TUX Yucen.

B oTaenbHOM 3KCnepuMeHTe Nan pewwann 3agadyy o0 cO6CTBEHHOM 3HaAYeHUU CO WKa-
non 1-9, n 3aTeM Te Xe Nan, YTo y4acTBOBaaAM B NOJIYYEHUM ONbITHLIX MNapHbLIX CpaBHe-
HWUA, NPOBENN NpsIMble IKCNEPUMEHTLI. BEpPOATHO, 3KCNEPT MOXET OLEHUTb CUTYaLUIO He-
MOCPEACTBEHHO WM HE MOXET MOAYYUTb NYYWMA pe3ynbTaT, UCNOoNb3ysa Noaxod, OCHOBaH-
HbIM Ha MeToAe COBCTBEHHOro 3HadeHMs €O WkKanoh 1-9. B coumanbHon obnactu, rae
0BbIYHO HE MMeeTCs OTBETOB B BUAE OTHOWEHWA, NOAX0A, OCHOBAHHLIMA Ha COBCTBEHHOM
3Ha4YeHun, npencTasnasieT cobon cy>kKaeHUa aKcnepTa NpM NapHbIX cpaBHEHUSAX, KOTOpble
nonesHo nMeTb. Kpome Toro, AaHHbIM noaxon obecneuvnBaeT U3MeEpPEHUe COorlacoBaHHO-
CTW, KOTOPOro HET B MNpsIMbIX MeTodax. Pe3ynbTaTbl CpaBHMBaAWUCb C AENCTBUTENbHbIM
3Ha4yeHneM U Bbluncnanmcb kak CKO, Tak n MAQO. 3aTeM 6blN0 BbIMUCAEHO cpefHee 3Ha-
yeHue ans obomnx MeETOLOB.

M3 3TUX 3KCNepUMEHTOB CnefoBasno, YTo ecsiv NK4N He 3HAKT, O YEM C HUMU roBOPAT,
TO He CYLLEeCTBYET WKasbl, KoTopas 3acTaBUT ux pasobpaTtbcsa B npobneme nydwe. OgHa-
KO ecnu nigav NOHMMaKT KOoe-4yTo M UM TpebyeTca HekoTopas Mepa, TO He CywecTBYeT
nydwero cnocoba OUEHKW CUTyauuu MO 3TUM CYXAEHUSAM, YEM CUCTeEMaTuyeckas npoue-
Aypa, KoTopas obnerdaeT cpaBHEHUs, FapMOHUPYET C UHTYMUMEN U YeNOBEYECKUMN YYB-
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CTBaMM, a Takxe CcBO60AHa OT MCKYCCTBEHHOCTU. ECnn yenoBek yxe 3HaeT OTBET, TO TO-
rAa y HEro HeET HyXZAbl B Kakoi-nnbo WKane, N Kak pa3 M3-3a TOro, YTO OH 3HAEeT OTBET,
OH HE MOXET UCXoAA U3 CBOMX 3HAHMN BbISIBUTb NMPEUMYLLECTBA METOAA, NMPUMEHEHHOIO,
yTO6bl MOMOYb HECBEAYLLMM SOAAM, KOTOPbIE HYXAAKTCA B CTUMYIMPOBAHUN MOCPEACT-
BOM OMpeAEeneHHOro noaxoaa Ans NpUBEAEHUA WX NpeACcTaB/EHUMA B Hagnexalwyt ¢op-
My. TEM He MEHEE €ro 3KCMepPTU3Y MOXHO WUCMONb30BaTb ANA TOro, 4Ytobbl yb6eauThcs B
TOM, OAENCTBUTENBHO NM METOA WKaJNpOBaHUA BOCMPOU3BOANT U3BECTHbIE pPE3YNbTaThl.
Haww skcnepMMeHTbl HE TONbKO CpaBHWBaNWU 3KCMEPTOB C HECBEAYLIMMU, HO TaKXe Jto-
AeN, KOTopble B6blNM O0TYACTU MHGMOPMUPOBAHLI U TWATENbHbI B NPUMEHEHUN MeToda, C
NOAbMWU, KOTOpPblE BbIIM 0TYACTU UHGPOPMUPOBAHbI, HO MEHEE MYHKTyanbHbl NPU Bblaaye
MHdopMauMn. Mbl MOXEM CKasaTb, YTO A/ XOPOLO OCBEAOMMEHHbIX NOAEN U ANs BCeEX
naen, NCnonb3yWwKnx 3apaBblii CMbiCA AN PU3MYECKUX CPaBHEHWIA, NOAXO0A, OCHOBaH-
Hblil Ha COB6CTBEHHOM 3HAYe€HWUU ANS WKaJANPOBaAHUA OTHOLIEHUIA, BbIMIPbLIBAET NMPU CpaBs-
HEHMW C APYrMMKM MeToAaMW, KOTOpble paccMaTpuBanucb. OH Takxe AaeT Aydwue pe-
3ynbTaTbl AN NOAENA, KOTOpPble YacTUYHO UHGOPMUPOBAHbLI M MbITAOTCS B3BECUTb CBOE
CYyXAEHWE, MONYUYEHHOE NIOMMYECKM U MPOCTO M3 OTHOLWIEHMW Mexay napamu. Hanpumep,
OHW MOTryT HayaTb C KnaccudburKaunm NpeaMeToB B NOPAAKOBOW LIKane, a 3aTeM BblbpaTb
ANS CpaBHEHUSI OTAENbHbIE MPEAMETbl, B OLUEHKE KOTOPbIX OHU yBepeHbl. Cpean 3TUX
NpeaMETOB OHW MOrMYT HayaTb C AOMUMHUPYHOLWEro NpeaMeTa, a 3aTeM NepenTU K Haume-
Hee BaXKHOMY, 4YTobGbl MONYy4YUTb Mpeaesnbl AManas3oHa CBOMX MHEHWIA. Tak, Mo KpalHel
Mepe, TbiCcsYa IAEN yYacTBOBala B peELIEHMM 3a4ad, BKAOYAs NPUNOXKEHUA ANA BRacTen
N ANS MPOMbIWIEHHOCTU. HEKOTOpblE MCNONbL30BaAN METOL ANS CBOMX JIMYHbIX NMpobnem.
Heckonbko NpUAOXeHUn BbIN0 N3 KNacca YNpaxXHEHUN.

3.5. MEPECMOTP CYXXOEHWN

[onycTuM, YTO MHAEKC COrlaCOBaHHOCTU AOCTAaTOUHO BENUK, UTO6bl CAY>XWTb OMNpas-
AaHWEM MepecMoTpa CyxaeHMn. Ha KakoM 3Tane 3To cneayeT caenaTth? HenocpeacTBeHHO
MOXHO MpeacTaBUTb ABa crnocoba. MNepBblii 3aknoyaeTcs B GOPMUPOBAHMM MaTpULbl OT-

HOLIEHWUA MPUOPWTETOB @;/®;, PacCMOTPEHUU MaTpuibl abBCOMIOTHLIX pa3HoCTei

[

CTpOK C HanbonbWNMU Pa3HOCTAMN.
B nNpOTMBONOMOXHOCTb 3TOMY bonee npmeneKaTesibHa MbIC/b CCIJOpMVIpOBaTb cpeaHe-

a; —(a)l./a)j)} M NONbITKE NepecMoTpa CcyXaeHusa ob sanemMeHTe (3n1eMeHTax) Uin CyMMbl

KBagpaTnyHOE€ OTHOWEHNE C UCNO/Tb30BaHUEM CTPOK al.j ] (a)l./a)j) M NEPECMOTPETb CYX-

AEHUS ANS1 CTPOKM C HanbonbWKWM 3HadYeHMeM. OnpaBaaHMEM 3TOMO CIYXUT TO, YTO B 06-
LWEM Cnyvyae 4YenoBeK WUMEET CKIOHHOCTb K HeOMNPeAeNeHHOCTU MPU OLEHKE OTHOLEHMS
O4HOro AENCTBUS KO BCEM APYIrMM AENCTBMSIM, @ HE MPOCTO K OAHOMY KOHKpeTHoMYy. Mpo-
ueaypa MOXET 3aTEM MOBTOPATLCA, UYTO6blI 6bI10 3aMETHO ynydweHune. Bbino 6bl xena-

TeNbHO MMETb CXOASLLYIOCA UTEPaTUBHYIO Mpoueaypy, Npu KOTOpoi @; npubauxanoch
6bl K @,/ ®;. MNpouesypa COCTONT U3 3aMeHbl BCEX d; B CTPOKE, O KOTOPOi UAET peyb,

COOTBETCTBYIOLWMMU @, /®; 1 NepecyeTa BekTOpa npuopuTeTa. [oBTOpEHMe 3TOoro npo-
uecca nNpuBOAMT K CXOAMMOCTW K COrnacoBaHHOMY cily4dar. Mbl pellany HECKOSIbKO Mpu-

al.j—(a)l./a)j)

n

MepoB, UCNONb3YyHA CTPOKY C maXZ
1

J=1

(He Hy>XHO 6ecnoKouTbLCA 0 TOM, 4YTO

a)l./a)j MOXeT 6bITb 6onblie 9).
MaTpuua npodeccruoHanbHOW NOoAroTOBKU B NMpuMepe Bbibopa LWKO/bl UMEET BUA:
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19 7
A=|1/9 1 1/5
/7 5 1

M ee BEKTOp NMPUOPUTETOB €CTb (a)l,a)g, a)j): (0,77; 0,06; 0,1?); A

max

=3,21 ¢ vHaek-
COM corfacoBaHHOCTM, paBHbIM 0,1. Obpa3yemM MaTpuuy OTHOLIEHWWA NMPUOPUTETOB, COOT-
BETCTBYHOLWUX a)j./a)j.. Hanbonbwasa abconoTHas pasHoCTb — Mexay d,, u @,/ o, . MNoato-

My, Ha o, /o, =14,15

(0,81; 0,94, 0,]5) c A..=3,09 u cornacoeaHHocTbio 0,02. OTMETUM MpoAoXaKLieecs
yNyuJlleHne cornacoBaHHOCTU. ECnM CHOBa 3aMeHUM MepByK CTPOKY, KOTOpas AaeT Hau-
6onblIMe pasHOCTU C a)l./a)j, TO NONYYUM BEKTOP (0,76; 0,04, 0,20) mA_ =3023 c co-
rnacoBaHHocTbio 0,01. 3aMeHUB NEPBYIO CTPOKY COOTBETCTBYHOLLMMWU OTHOLEHUSAMU, UME-
€M BeKTop (0,75; 0,04, 0,2]) ¢ 4. =3,003 n nHpekcom cornacosaHHoctn 0.00, ykasbl-

BawWMM Ha nocneaoBaTenbHOEe ynydleHue, cornacoBaHHOCTU. Kak BMAHO, MOXHO Mpwu-
HATbL U 6onee ANUTENbHYK nNpoueaypy, B KOTOPOW UCMONb3yeTcsa annpokcuMmauma MeTo-
AOM HaMMeHbLlUUX KBagpaToB C MOMOLbLK MaTpuubl €AUHUYHOIrO paHra U 3aTeM BblYUCNS-
eTcAa ee CobCTBEHHbIN BEKTOP.

Opyror 1 BO3MOXHO 6onee yMecTHbIM crnocob nepecMoTpa Cy>XAEHUM OTHOCUTCA K Bbl-
Bopy Haunbonblero M3 OTHOWEHUA a; K a)}./a)j n npopaboTke aTon uaen (cMm. rn. 7 ansa
[OBOAOB).

CnepyeT mnsberatb Ype3MepHOro yBlI€YEHMA 3TUM MNPOLLECCOM HaBA3bIBAHUA BEIMYMH

CYXAEHUN ANS YNyYWeEHUs cornacoBaHHOCTU. OH UCKaXaeT OTBET. YNY4YlWUTb CYXAEHUN
CKOpee cneayeT eCcTeCcTBeHHbIM 06pa3oM, NCX0As U3 ONbiTa.

3aMeHuB d, W nepecyuTaB MNPUOPUTETbI, MOAYYUM BEKTOP

max

3.6. BCE COBCTBEHHbIE 3HAYHEHWA N COBCTBEHHbBIE BEKTOPbI:
NMPUMEP HALUMOHANBHbLIX BOTATCTB U3 T/1. 2

B Ttabn. 3.8. ana Bcex coBCTBEHHbLIX 3HA4YeHW npeacTaBfeHbl Kak nesble (yaosne-
TBOpAWMe VA=AV ), Tak n npaeble (yaoBneTsopswLlme 611M3KoMy no dopMe Bblpaxe-
HUO Aw=A®) cobcTBEHHble BekTopbl. Ana A=A

nax JTEBBIA CODCTBEHHbLINM BeKTOp -
ODBOWNCTBEHHBIN (T. €. 0bpaTHbLIM) NpaBoMy COBCTBEHHOMY BEKTOPY, Kak U cnocob niMepe-
HUA NPOTMBOMONIOXHOCTU BSINSIHUA MO OTHOLIEHUIO K CBOMCTBY, KOTOPOE HaMW MUCNOb30-
BanoCb Npuv npoBeAeHUN cpaBHeHU. Koraa MMeeTcs COrnacoBaHHOCTb, 3TU ABa rNaBHble
(neBbl 1 NpaBbli) COBCTBEHHbIE BEKTOPbLI TOYHO B3auMoObBpaTHbl. 2TO OTHOLWEHWE UMeeT
MECTO MeXAy rNaBHbIMW NEeBbIM U NMpaBbiM COOCTBEHHLIMWM BEKTOpaMW BCceX 06paTHOCUM-

METPUYHbIX MaTpuL, pa3sMepa 2x2 un 3x3.

Ta6nuya 3.8. Npumep HauMOHaNbHbIX Borarcre

CobCcTBEeHHbIE 3HAYEeHUSA

7.7451[0.1157+2.2985/ | 0.1157-2.2985/ |-0.446440.5161i| -0.4464-0.5161i | -0.041940.3989/ | -0.0419-0.3989/
Mpasble cobCcTBEHHbIE BEKTOPSLI

0.422 0.775-0.525/ 0.775+0.525/ 1.382+0.387/ 1.382+0.387/ 1.494-0.011/ 1.494+0.011/
0.227 | 0.421+0.178i 0.421-0.178i | -0.266+0.757i | —-0.266+0.757i | —0.821-0.374/ | -0.821+0.374i
0.020 0.005-0.045/ 0.005+0.045/ | -0.070-0.032/ | -0.070-0.032/ | -0.095+0.038/ | -0.095-0.038i
0.051 | -0.069-0.011/ | -0.069+0.011F 0.058+0.151/ 0.058+0.151/ 0.597-0.232/ 0.597+0.232/
0.047 | -0.093-0.011/ | -0.093+0.011/ 0.068+0.070/ 0.068+40.070/ | -0.123+0.258/ | -0.123-0.258/
0.143 | 0.014+0.292/ 0.014-0.292j | -0.198-0.217/ | -0.198-0.217i 0.869+1.616/ 0.869-1.616/
0.090 | -0.042+0.123/ | -0.042-0.123/ 0.026-0.342j 0.026-0.342j | -0.920-1.295/ | -0.920+1.295/
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JleBble COBCTBEHHbIE BEKTOPbI

0.022 | -0.001-0.047i -0.001+0.047i -0.060-0.036/ -0.060+0.036/ -0.116-0.188/ -0.116+0.188/
0.039 | -0.070-0.036/ -0.070+0.036/ 0.026+0.125/ 0.026-0.125/ -0.092+0.932i -0.092-0.932/
0.450 0.847-0.509/ 0.847+0.509/ 1.364-0.222/ 1.364+0.222/ 0.468-0.680i 0.468+0.680/
0.155 0.145+0.128/ 0.145-0.128i 0.160+0.174/ 0.160-0.174/ 8.108-6.549/ 8.108+6.549i
0.186 0.235+0.304/ 0.235-0.304/ | -0.554+0.206/ -0.554-0.206/ -8.664+6.397/ -8.664-6.397/
0.061 | -0.095+0.056/ -0.099-0.056/ 0.076-0.096/ 0.076+0.096/ -1.115-1.808/ -1.115+1.808i
0.087 | -0.057+0.104/ -0.057-0.104/ -0.012-0.152/ -0.012+0.152/ 2.412+1.895/ 2.412-1.895/

3.7. KOHCEHCYC U METOA AE/IbO®A

Ba>XHOW 0COGEHHOCTbLI, OTHOCAWENCA K BbICKa3blBAHUIO CYXAEHWA HECKONbKUMWU NU-
uaMuy, ABNSAETCA TO, KakKMM 06pa3oM AO0CTUraeTcs KOHCEHCYC M3 UX cyXaeHuin. lMpouecc
AOCTMKEHUS KOHCEHCYCa MOXET BbITb MCNONb30BaH AN ybexaeHns Naen B TOM, YTO UX
MHTEepecbl NPUHUMAKTCA BO BHUMaHue. MNO3TOMY AN8 HaWwMX Lenen KOHCEHCYC O3Ha4aeT
yBENNYEeHNe YBEPEHHOCTU B 3HAYEHUAX MPUOPUTETOB MOCPEACTBOM MPUBNEYEHUSA He-
CKOMIbKUX 3KCMepToB ANA NpUBEAEHUA NMPUOPUTETOB B COOTBETCTBME C NpeanodYTeHUsAMKU
6onbLIMHCTBA.

EcTb HECKONbKO WMHTepecHbIX paboT, NPOBeAEeHHbIX Mo npobneMe AOCTUXEHUSA KOH-
ceHcyca: KemeHu v CHann [81], ubAa paboTta 6bina obobuweHa boraptom [14, 15], ucnone.-
30BanM akCMOMaTUYECKMA noaxod ANs pa3paboTkn MeTofaa AOCTUMXKEHUSI KOHCEHCyca B
cnydae cnaboro ynopsgodeHus (npeanodyTuTenbHo — 1, paBeHCTBO — 0, HenpeanoYTU-
TeNbHO — -1) MHOXeCTBa 06BEKTOB HECKONbKUMKU nuuamMmm. OHM AoKa3anu, 4YTo CyLLecTBy-
eT eAUHCTBEeHHas dYHKUWA pacCTosHUSA, YAOBMNeTBOpAOLWAas BCEM akCUMOMaM. OTa YHK-
LUMSa MCnoNb30oBaHa ANA NONYYEeHUs MaTpULbl KOHCEHCYCa MoCpeACTBOM MOUCKa ANA Kax-
AOro afieMeHTa BeNUYMHbI, KOTOpas MMHUMU3UPYET CYMMY KBaApaToOB pPacCTOAHWWA A0 Ka-
XAOro COOTBETCTBYHOLWIErO 3/1eMeHTa MaTpuL, CYXXAEHWA, NOCTPOEHHbIX HECKONbKUMU NKU-
uamu. PesaynbTaToM MOXET b6biTb HE LUEenoe YNC0; HEKOTOpPblE nccneaoBaTeny Ha npakTm-
Ke OKpyrnsT 4mcna Ao 6nwxkanwero uenoro. BennymHa, nonydyeHHass Takum obpasom,
Ha3blBaeTcsa cpeaHen. OYHKUMSA pacCTOSIHUA TaKXe UCMOoNb3yeTcs ANs NOyYeHUs MaTpu-
Ubl MeAWaHHbIX 3HadYeHuWn. Kaxabli 3n1eMeHT 3TOW MaTpuubl MUHUMU3UPYET CYMMY pac-
CTOSAHWUMA [0 COOTBETCTBYKLIMX 3NEMEHTOB MaTpuLU CY>XAEHWMA. XOTA KakK cpeaHee, Tak U
MeAMaHa npeacTaBAsATCA pa3yMHbIMKM cnocobaMm AOCTUMIKEHUS KOHCEHCyca, cpenHee
obecneumBaeT cnocob «npupaBHMUBaHUS 06BEKTOB», KOTOPblE CPaBHMBAKOTCHA, B TO BpeMS
Kak MeauaHa npeanaraeT cnocob «otbopa cpean 3KCNepToB», BbiCKa3biBaLWMUX CyXAae-
Hue. B HaweM cny4yae NpUMeEHsIeTCs reoMeTpmyeckoe cpegHee.

borapt o6obwunn noaxoa GyHKUUM pPacCTOSsHUSE Ha BCE YacCTUYHble YNopsAoYeHWUs
MHOXeCTBa, pacnpocTpaHUB nNpeablaylyo paboTy Ha NoAyynopsiaovyeHus U UMHTepBalb-
Hble YyNnopsaAoyYeHUs U Ja)e Ha HETPaH3UTUBHbIE ynopsajgodeHus. lNocne aokasaTenbcTsa
€MHCTBEHHOCTU (PYHKUMKM PacCTOAHUSA, YAOBNETBOPAKLLEN pa3zyMHOMY Habopy akCUOM,
cpeau Npo4Yuvx Belwer OH nokasan cneaymwoulee:

1. CpegHee Habopa ynopsao4YeHUMin B MHOXECTBE BCEX aHTUCMMMETPUYHbLIX YyNnopsiao-

YeHWN YAOBNETBOpPSET npaBuny peweHus (Ha3blBAa€MOMY MpaBUIOM CUNBHOIO
6ONbLIMHCTBA), COrNAacHO KOTOPOMY a npeanoyTuTenbHee b, ecnn yucno npeano-

UYUTAOLWMX DNEMEHT @ 3NeMEHTY b MUHYC YMcno npeanouuTarowmnx b snemeHTy a
6onblue NosIoBMHbI YACNA NKL, NPOU3BOAALMX CyxaeHue. MNpaBuno BedeT K eAnH-
CTBEHHOMY cpefHeMy Habopa.

2. YnopsigoveHve npaBuioM 6onblIMHCTBA (MPU KOTOPOM d npeanouvtutensHee b,
eCcnu 3TO yTBEpXAaeT 6OMbLWMHCTBO JIIOAEN, BbICKa3biBAKWMUX CyXAEHUE) Ans
MHOXECTBa aHTUCMMMETPUUHbLIX YMOPAAOYEHUN SIBNAETCA MeAMaHoM MHOXecTBa.
DTa MeanaHa eaAUHCTBEHHA, eC/M YUCNIO 3KCNEPTOB, NPeAnoYUTaWMX SIEMEHT d
3neMeHTy b, He paBHO YMCNY 3KCNEpPTOB, NPeANnoYUTaWNX b 3neMeHTy a.

B HacToswei paboTe KOHCEHCYC AOCTUraeTcs MO pasfIMYHbIM HanpasneHusaMm. Pe-

WaKLWUM ABNSETCA KONUYECTBO MHGOPMaLUmn, UMEKLWENcs ANa NPOUM3BEAEHUS CYXAEHWA.
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Mpn noncke KoHCeHCcyca npeanoyYTUTeNbHO B3auMOAENCTBUE 3KCMEPTOB. XOpOLWOo UHPOP-
MUPOBaAHHOE NNLO MOXET CYLECTBEHHO NOBMUATL HAa MHEHWe nuua, obnajgarowero MeHb-
wen unHdbopMmaumen. OAUCKyccma MOXeT NOMOoYb CONU3UTL CyxXAEHUA N obecnedynTb WH-
dopMaymnen caMmx 3KCNepToB AN NPpUMEHEHUA METOAA YCTAHOBIEHUS NMPUOPUTETOB.

CnepoBaTesibHO, Hal NOAX0A4 K KOHCEHCYCY 3aK/4yaeTcs B NMPUMEHEeHUN MeToha Ha-
XOXAEHUSA NMPUOPUTETOB A5 HECKOMbKUX fNL, BOBJIEKAEMbIX B COOTBETCTBUU C CcoAepxa-
HUeM nx cyxxageHusa. ®akTopamMin, BAUAKOWNMU Ha CYXAEHMNE, MOTYT BbITb: OTHOCUTENbHbIN
MHTennekT (04HaKO, U3MEPEHHbLIN), OMNbIT, MHPOPMUPOBAHHOCTL, rMybuHa 3HaHWI, OMbIT B
CMeXHbIX 06/1aCcTaX, NMYHBIA UHTEPEC B UCCIEAYEMOM BOMpoce U T. 4. Ecnn K cyxXaeHuto
3TUX NKAEN Mbl OTHOCUMCS € 6ONbWIKMM AOBEPUEM, TO NOSYUYEHHbLIA NPUOPUTET UCNONb3Y-
€TCs AN B3BELWMBaHUA OKOHYaTENbLHOMo pesysbTata, NONYUYEHHOro U3 CYXAEHUS KaXxao-
ro nmua, 1 3ateMm obWwmin B3BELWEHHbIN NpUOPUTET onpegensaeTca obbldHbIM NyTeM. C apy-
rOM CTOPOHbI, €C/IN CTENEHb A0OBEPUS K CYXAEHUSAM, NPOU3BEAEHHbLIM 3KCNepTaMm, HU3Ka,
TO CneayeT NpUMEHNATb reoMeTpuyeckoe cpegHee UX UHAMBUAYANbHbIX CYXAEHUNA B KaX-
OOW MaTpuue cpaBHEHUNA.

B NpOMeXyTOUYHbIX CUTYaUMAX MOXHO MPpUBErHyTe K KOMBUMHauuMM 3TUX ABYX npoue-
Ayp, o4Hako noapobHo 3Ty npobneMy Mbl He nsydanu. pyron obnacTtbio UccnenoBaHus
SABMSIETCA CpaBHEHNE pe3yNbTaToB, NOJYUYEHHbIX 3TUM NYTEM U B ApYyrux paboTax.

Kak npeacraBuTb rpynnoBoe CyXAeHWe YA0BNeTBOpUTENbHbLIM 06pa3oM, Korga onbIT U
CY)XAEHUA N4eEN pasnnyarTca? YbM MHEHUA AO/KHLI BbiTh 60/ee cepbe3HO NPUHATHLI BO
BHMMaHMe M No4YeMy? — BaXHble 3a4ayn CcouManbHbIX UCCNenoBaHWM W aHanu3a KOH-
bNNKTOB.

MNpeactaBnaeTcs, YTO MbIC/b, Pa3BUTYIO U OLEHEHHYIO OAHOW Fpynnon, cneayeTt nepe-
AaTb ApYron rpynne ans o6CyXaeHUs U U3MEHEHUS CyXAeHUS. HO KOHEeYHbIn pe3ynbTaT
MOXET BCE XE elle CUIbHO MeHATbCA. [103TOMY neperoBopbl M NPUX0A4 K COrnaweHuo
OOMKHbI 6bITb BHYTPEHHEN npouesypon rpynnoBoro cornacus. He cnepyeT BbIHOCUTDL
TPETENCKOro pelweHns no npuopuTeTaM, MUCMOAb3ya CYXAEHUS MPUBUIETMPOBAHHOM
rpynnbl Mo CpaBHEHWUK C OCTalbHbIMWU. ApYyrMMn cnosamu, BbissBNeHWE yao6HOW U npu-
rogHon ana paboTbl MaTeMaTUYECKOM CXeMbl AN 3afa4yn He pelaeT aBTOMaTU4Yecku ee
COUMAnbHbIX CNOXHOCTEN. TEeM He MeHee 3Ta CXeMa MOXeT YynpoCTUTb Mpouecc BbisBne-
HUS TOro, rae AOo/MKHbl 6bITb AOCTUrHYThI Hanbonee NACAOTBOPHbLIE KOMAPOMUCCHI N CO-
rnaweHusa. Ecnun coumnanbHas 3agada Tpebyet apbutpaxa, TO NOCpeAHUK AO/DKEH Twa-
TeNIbHO OUEHUTb NOTpebHOCTU M BAUSIHMA Tpynn nepea TEM, KakK yKasaTb, rae creayert
NOWTU Ha KOMMpoMUCChl. Bo3MOXHO, Hanbonee MHoroobewarwmmM BKNagoM nepapxuye-
CKOro aHasun3sa sBNsAeTCs UCNONb30BaHWE B CTPYKTYpPUPOBaHMU 3ajayu C CaMOro Havasna
B3aWMHO KOHMNUKTYKOWMX FPynn, a He NacCUBHLIX CBUAETENEN, a 3aTeM npuxon K Co-
rnaweHno Yepes YNCeHHble BXOAHblE AaHHbIE.

PaccMOTpuMM KpaTKo ele OAMH MeToA, KOTOPLIA CULHO 3aBUCUT OT KOHUENUUU KOH-
ceHcyca, — MeToa [Adenbdu. DTOT METoh SABMSETCS XOpPOLWO WM3BECTHbIM MPOLECcCOM, KOTO-
pblii MO3BONSIET aHaNU3MpoBaTb 3ajayl, OUEHMBATb BeUUYUHBLI U NPOrHO3UpPOBaTL Nep-
CNEeKTUBHYIO NONb3y OT ynpasBneHus. Hmxe npueeaeHo obuiee onmcaHue npoueaypbl Kak
4acCTb CpaBHEHUSA C UEPAPXUNUECKUM aHATU3OM.

OCHOBHbIEe pasnnuusa Mexay metoaoM [enbdun M nepapxuyeckmMm aHasansoM cneayro-
wme:

1. AHOHUMHOE M0 CpaBHEHUIO C ONUCaHHbIM rpyrnosoe obcyxaeHne. B metoae Aenb-
dU Kaxablh yYaCTHUK rpynnbl OTBEYaeT aHOHMMHOE Ha 3apaHee MOAroTOB/IEHHYIO
aHkeTy, uTobbl nM3bexaTb HEMNPONOPUMOHANBHOIO BAUSAHUS CUbHBIX NIMYHOCTEN. B
nepapxmyeckoM aHasn3e KpUTepuUn U CYXAEHUS yCTaHaBMBaKTCA B OCHOBHOM OT-
KpbITbIM FPYNMNOBbIM NPOLECCOM.

2. Koppektuposka rnipegcrassiseTr coboi nocienoBaresibHOCTb TYPOB M0 CPaBHEHUIO C
AnHamMmyeckum obcyxaeHneMm. B metoae Adenbdun gomkeH 6biTb gaH 0630p pesyib-
TaTOB aHKETUPOBAaHUSA, a KOPPEKTUPOBKY TpebyeTcs NpoOBECTU BHOBb Ha aHOHUM-
HOW OCHOBe. B nepapxmyeckoM aHanuse rnpu NOCTPOEHUUN nepapxmm U npouseese-
HUU CYXAEHUIN NCNONb3yeTCca AMHaMMUYeckoe obcyxaeHne nocpeacTtsoOM B3aMMHOMO
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cornaweHma 1 nepecMoTpa B3rA40B. YUacTHUKU NbITAKOTCA NpeacTtaBuTb CBOU ap-
rYMEHTbl OTKPbITO.

3. AHKeTa B Ka4yecTBe OCHOBbI AJ151 CYXKAEHUN 110 CPaBHEHUIO C MeEPapXNYecKon CTpyK-
Typoi#. B meTonde Adenbdu BUA aHKETbl NpegnonaraeT BbI6Op nepeMeHHbIX, BKK-
YEHHbLIX MLUOM, CO3J4aloWMM aHKeTy. B nepapxmax rpynna pelaeT, Kakue nepe-
MeHHble NPOU3BOAAT BO34eNCTBUE Ha Tpebyemoe cyxaeHue. BHavyane Bce npeano-
XXEHHbIe repeMeHHble MpUuHUMaloTcsa. [lo3xe B npoueaype HEKOTOPbIMU U3 HUX
MOXXHO npeHebpeub U3-3a HU3KOro NpuopuTeTa, NPUNUCAHHOIO UM FPynMnown.

4. CTaTUCTUYECKUI U KOJINYECTBEHHbIN aHasn3 rno CPaBHEHUIO C KayeCTBEHHbIM aHa-
m3oM. Meton Adenbdu TpebyeT UYMCNEHHbIX OTBETOB, KOTOpPblE A0/MKHbI 6bITb NoA-
BEPrHYTbLlI CTAaTUCTUYECKOMY aHanu3y B KayecTBe OCHOBbI Af1A cieayruwero Typa.
Ana nepapxu B Cy>XAeHUS BKAKOYEHLI abConMoTHbIE Yncna oT 1 Ao 9, oTpaxarwwume
KayeCTBEHHbIE CYXAEHMUA O NApHOM CPaBHEHUU U UCMNOJIb3YEMblE KaK 4acTb MNony-
YEHMUA TOYHOW OUEHKU AN OCHOBHOWM WKasnbl OTHoweHWn. CornacoBaHHOCTb Kak
Heobxoanmoe ycnoesue, 0H60CHOBLIBaKLWEE WKaNMpoOBaHWE peanbHOCTU, ABAAETCH
Ba>XHbIM KpUTEpUEM.

B obounx cnydasx npouecc aHanusa 3ajayu ynydlaeT KayecTBO CYXAEHWW, O4HaKo
METO4 MeEpPapXUYECKOro aHanm3sa pacuneHseT Cy)XAeHNe Ha 3/1eMeHTapHble KOMMOHEHTLI U
NO3TOMY Nydwe MnoAXoAWT K NO3HaBaTeNbHOW MaHepe 4venoseka. [lpyrMm BaXXHbIM UTOIMOM
ABNSAETCA onpeaeneHne rpynrnol MHOXECTBa BaXHbIX MepeMeHHbIX, 4YTO npuiaeTr en
60NbLWYIO YBEPEHHOCTb B pesIeBaAHTHOCTU CBOUX CYXAEHWW. DTa npoueaypa nonesHa Ans
YMEHbLWEHNA paccornacoBaHWM OTKPLITbIM AMHaMU4YeckuMm obpasoMm. MHorme uccneposa-
Tenn, NONb3YKLWMECA el Ha NpakTUKe, PeKOMeHAOoBanu ee WUCMosb30BaHuUe Npu NaaHu-
pPOBaHUN N MPOrHO3NMPOBAHUN KaK KpaTKYK U NPOCTYIO Npoueaypy, oTpaXkarwwy MHEHUSN
YYaCTHUKOB C BeCbMa 3P PEKTUBHbBIM Pe3yNbTaToM.

3.8. HEKOTOPbIE OBOBLLUEHNA

YacToe npuMeHeHMe NapHbIX CpaBHEHWN BeAeT K 3aUHTepecOoBaHHOCTU MNpU CpaBHe-
HUAX TpOeK, YeTBepok 1 T. 4. NpUMepoM cpaBHEHWUA TPOEK ABNFAETCH MbIC/b O HaxoxXae-
HUM Mexay. Hanpumep, B Mmexay A n C TpebyeT npeacTaBNeHUs BCEX TPEX 3/1IEMEHTOB: A,
B n C. Ecnn Hac vHTepecyeT pa3paboTka wWKanbl 4719 MHOXECTBA 3/1EMEHTOB U3 TPOWHbIX
CpaBHEHWN UK cpaBHeHWe HBonee BbICOKOro Nopsaka, To HeobxoAMM MeToh NpeacTasne-
HUA CpaBHEHUW AnA nosydeHuma wkanel. lMpocTeiM cnocoboM npeacTaBneHUs Takoro
7 -apHOro OTHOWEHWA 4BMAEeTCA WUCMNOoAb30BaHWE BEKTOpa, YNCEeHHble BXOAbl KOTOPOro
yKa3blBalOT Ha B3aWMMHOE NOJIOXKEHUE 7 3/IEMEHTOB B CPaBHEHWUM.

N3BECTHO, YTO C BEKTOPaMn nap MOXHO accounmmpoBaTb Yuca creayowmm obpas3om.

JlocTaToO4YHO MoKasaTb, YTO CyLLeCTBYeT B3aMMHO OAHO3HAa4yHOE COOTBETCTBME MeXAy

1 < 2
MHOXeCTBOM £ AeicTBUTENbHbIX Yncen x, Takux, yto 0<x <1, n mHoxecTBOM E° TO-
2
YeKk Ha MJ0CKOCTU, onpedensieMoM kak E° = {(x,y)|(0< x<)m(0<y< 1)} Tenepb

o 1
Kaxablt 3nemMeHT x B E MoxeT 6biTb npeactaeneH B cdopme 0,x,X,,...,Xx,,.... DTOT

Maccme MoOXeT b6biTh pasaeneH Ha «6noku». TakuM obpasoM, ymncno 0,740653001... nme-
€T nocnepoBaTenbHble 610kM 7, 3aTteM 4, 3aTeM 06, 3aTeM 5, 3aTeM 3, 3atem 001 mn 1. 4.
Kaxabin 6510k MMeeT pa3psj, OT/IMYHbIM OT Hyns, WU 3TO nocneaHuin paspsg 6noka. Mol

MMEEM YMOPSAOYEHHYK napy (O, xll,xi,...,O,xf,xzz,...) c x =7, xl2 =4, x,=0,6,
xz2 =35, xé =3, x32 =001 v . 4., uto paet (0,7063; 0,45001), B KOTOPOM 6/IOKK MPUMHK-

2 o
CaHbl MOMNEPEMEHHO K ABYM KOOpAWHaTaM Touku B E°. DTOT obpaTuMbI npouecc npea-
CTaBNISIET B3aUMHO OAHO3Ha4YHble COOTBETCTBUSA MEXAY 3/1EMEHTAMU B €ANHUYHOM WUHTEp-
Basie U TOUKaMM B eAMHUYHOM KBaapaTe ¢ Hynem (0,0).
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AcHo, 4TO npouecc (XOTA U HEOAHO3HAUHbIN) MOXET 6biTb pacnpocTpaHeH Ha

o < 1
3-KOMMNOHEHTHLIN BEKTOpP, €C/An B3sTb NepBLIM BXO4 BMeCTe C YNC/IOM B E , KOTOpO€E acC-
couMmnMpoBaHO C BEKTOPOM cneaywuwmnx apyx exogoe, n 3aTteM, aCccoumnmpysa HOBoOE HYMUCO B

E' ¢ MoslY4YEHHOM Napoi U T. 4., MOXHO pacnpoCcTpaHUTb NpoLecc AN A -KOMMNOHEHTHbIX
BEKTOPOB. TakmMM 06pa3oM (XOTA U HE €QUHCTBEHHLIM) MOXHO KOHUENTyaslbHO accoumm-
poBaTb 4YMcna BekTopamun. Ansa onpedeneHHoN 3agayn HeobxoamM Xopowunin cnocob, no-
3BOMIAWUIA caenaTb BbIGOP.

MOXHO TakXxe pacnpocTpaHUTb NOAX04, OCHOBaHHbIA Ha COBCTBEHHLIX 3HAYEHUAX AN
MapHbIX CpaBHEHWN, Ha UCMNOMb30BaHUE KOMMMAEKCHbLIX Yncen. lMNMpouecc 6yaeT COOTBETCT-
BOBaTb CpaBHEHUID OBBHLEKTOB OTHOCUTENBHO ABYX HE3aBUCUMbIX NMPU3HAKOB OAHOBPEMEH-

Ho. Mpu cornacoBaHHOM cnydyae ocTaeTca Aw =nw® ¢ n, ABNAWNMCSA HaNBObLWUM COb-
CTBEHHbIM 3HayeHMeM A, 1 OTHOWEHME COrnacoBaHHOCTU d :al.k/al.j TaKXe OCTaeTcs B
cune. Manble BO3MYLWEHWS B KO3 PUUMEHTAX MOryT Tenepb MpPouM3BeCcTM Manoe KOM-
NJeKCHOe BO3MyLUEHME B 71, B pe3yfibTaTe Yero nonyymMm A, — KOMMAEKCHoe YKCho, U,
KOHEeYHO, pelueHue B obuweM cnydae 6yaeT KOMMNMAEKCHbIM. HopManu3auus K eanHuue
NpsIMbIM C/IOXEHWEM bofblle He MMEeEeT cMbica. MoxeT cTaTb HeobXoAMMbIM NPUMEHEHWe
€BK/INAOBON HOPMbI (al,az):a1 +1ia,, koTopasa 6yaeT (af,az2 )1/2. ObobleHne MoxeT
6bITb NPOBEAEHO Ha KBATEPHWOHDI, T. €. Yncna Bmaa
a, +ia, + ja, +ka,,

M Ha OKTaBbl UM OKTOHMOHLI, BK/AKYaKLWNE BOCEMb MHUMbIX apryMeHToB. U3BECTHO, 4TO
Janblle 3TUX Yncen BblIMTU HEBO3MOXHO, TaK KaK ToXAecTBa Bmaa

(af+...+a§)(bf+...+b82):cf+...+c§

BO3MOXHbI TO/IbLKO An18 cyMMm 1, 2, 4 n 8 kBagpatos [167].
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rMABA 4
MEPAPXWUN U NMPUOPUTETbI: ®OPMAJIbHbIA noaxon

4.1. BBEAEHUWE

HecMOTpa Ha oT4acTWM abCTpaKkTHOE coAepXaHWe AaHHOWM rnaBbl, OHa BKJ/OYEHa B
NepByK 4acTb KHUIMMU, NMOCKOAbLKY MMEET pellarlee 3HadeHne anga npunoxeHnn. Unnw-
CTpaTUBHbIE MPUMepPLI, NpeacTaBfeHHble paHee, B AOCTAaTOYHOM CTEMEHU NPOAEMOHCTPU-
poBanan MAEK O KOMNO3ULWNKN BECOB B nepapxmn. Yntatenb-HecneumanmcT MOXeET nponyc-
TUTb HayanbHble MaTeEMaTUUYECKME pacCyXAEeHUA raBbl U NepenTn K oCTaBWKMMCA pa3je-
naMm, B KOTopbIX AaHO 6onee rnybokoe 060CHOBaHME BaXXHOM PoON, KOTOPYK UrpaloT ne-
papXuu B YeNoBEYECKOM MbIWAEHUMN.

HaunHaeTca rnasa ¢ U3M0XeHUa HopManbHOro onpeneneHns nepapxmm m CTpykTypsbl
NnpUMOpUTETOB. 3aTeM cneayeTt obcyxaeHne rpynnnupoBaHns U ero apPeKTUBHOCTU, CTaH-
JapTu3aununu U3MEepeHUs U COrnacoBaHHOCTU Uepapxun. KpoMme Toro, npeacraBrieHa WH-
TepnpeTauus KoHUenuuu NpUOPUTETOB, OCHOBaHHasa Ha Teopun rpados. YuTaTent,
MMEKLWEMY MOBEPXHOCTHbIE 3HaAHWS NO TEOpUM MaTpul W Teopun rpadoB, COBETYEM
criepBa 03HAaKOMUTLCH C ABYMSA MPUIOKEHUSMU MO 3TUM NpeaMeTaM.

4.2. MEPAPXN U NMPUOPUTETDbI

Kak noaTBepxaatoT NpUMepbl U rpadunyeckne NpeacTaBeHUa Mepapxuil, KoTopble
6bl1M AaHbl B Hayane KHUMM, MEpapXMi0 MOXHO paccMaTpuBaTb KakK cheuuanbHblid TUn
ynopsiA0UYEHHbIX MHOXECTB WM YacTHbIM cnydait rpada. MNepBas nHTepnpeTauns Bbibpa-
Ha B Ka4YeCTBE OCHOBbI Halwero ¢opMasbHOro onpeaesieHns, a BTopas — B KayecTBe U-
NCTpaunmn. bes COMHEHUS, pONY MOFYT NOMEHATLCA MECTaMMU.

OnpeaneneHue 4.1. YnopaaodeHHbIM MHOXECTBOM Ha3blBaloT Nto6oe MHoxecTBo S ¢
6UMHapHbIM OTHOWEHWEM <, KOTOpPOE YAOB/ETBOPSET 3aKOHaM pedNeKCUBHOCTU, aHTU-
CUMMETPUYHOCTU U TPAH3UTUBHOCTMU:

PechnekcMBHOCTb: ANs BCEX X, X < X

AHTUCUMMETPUYHOCTb: €CIM X<y U Y<X,To X =),

TpaH3UTUBHOCTb: ecnM X<y M y<z,T0 X<z,

Ons noboro oTHoweHMsa x <y (4YMTaeTcs: X NPeALeCcTBYET V) Takoro Turna MOXHO
onpeaennTb X<y, YTo O3HayaeT X<V U X # V. [OBOPAT, UTO ¥ MNOKPbIBaET (AOMUHU-
pYeT) X, ecnm x<y necnm x<t<y HEBO3MOXHO HW ANSA Kakoro f .

YNopAfOYEHHbIE MHOXECTBA C KOHEYHbIM YWUC/IOM 3/1EMEHTOB MOryT 6bITb YAO6HO
npeacTaBfeHbl HanpaBfeHHbIM rpadoM. Kaxablih 31EMEHT CUCTEMbI NPEACTaBNEH BepLUU-
HOI Tak, 4YTo Ayra HanpasneHa oT a kK b, ecnm b<a.

OnpeaeneHue 4.2. MpoCcTO UM BNOJSIHE YNOPSAOYEHHOE MHOXECTBO (TaKXe Ha3bl-
BaeMO€ LIENbI) eCTb YNOPAAOYEHHOE MHOXECTBO CO CNEAYHOLWMM AOMNONHUTENbHbLIM CBOW-

cTBOM: ecm X, V€S, Tounn x<y, uam y<x.

OnpepneneHue 4.3. MNoaMHOXecTBO £ ynopsaaoyeHHOro MHoxecTBa S HasblBaloT
OFpaHMYEHHbIM CBEpPXY, €CNM CYLWECTBYET 3N1eMeHT s €5 Takoi, yto x <5 ana nwboro
x € E. DneMeHT § HasblBalT BepxHek rpaHuiesi E . ToBopaT, uyTo £ WMeeT cynpemMyMm
MM HaMMEHbLIYK BEPXHIOKW rpaHuuy B S, ecnn E MMeeT BepXHME rpaHuLbl U Yy MHOXeE-

cTBa BepxHux rpaHuy U wuMeeTcst aneMeHT U, TakoW, 4to Y, <u ansa Bcex u el . dne-

MEHT U, — eANHCTBEHHbIW M Ha3biBaeTcst cynpemymMom £ B §.
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CuMmBoONn SUp wucnonbsyetcs Ans o6o3HayeHns cynpemyma. (AN KOHEUYHbIX MHOXECTB

HanbonbWmMe 31EMEHTHLI U BEPXHUE TpaHWMLUDbI OLI,VIHaKOBbI.)
AHanorn4yHble onpeneneHnsa MoryT 6bITb AaHbl 419 MHOXEeCTB, OrpaHM4YeHHbIX CHN3Y —

HVDKHAS rpaHuua u MHGuMyM. 34ecb UCNoNb3yT cumeon inf .
CylwecTByeT MHOro cnocob6oB onpeaeneHna nepapxuu. HawuM uensm Hambonee cooT-
BETCTBYET CNeAYOLWNIA:

Bocnonb3yemcss o6osHaueHueM X = {y | x moKpBIBaeT y} n x" = {y | v mokprIBaeT x}

Ansa noboro sfieMeHTa X B YNOpsAAOYEHHOM MHOXECTBE.

OnpegeneHue 4.4. MNyctb H - KOHEYHOE YaCTUYHO YNOPALOYEHHOE MHOXECTBO C
HanbonbLWMUM 31eMeHTOM b .

H ecTb nepapxus, ecnn BbINONHAKTCA CNeaywme ycnosus.

1. CywecTtsyeT pas3bueHne H Ha noamHoxectsa L., k=1,....,h,roe L = {b}
2. U3 xeL, cnegyet,uto x <L, , k=1,...;h—1.

3.U3 xeL, cneayer,uto x' L, k=2,....,h.

Ana kaxagoro xeH CyWeCTBYET TaKasa BeCOBasd CIJYHKLI,VIH (CYLLI,HOCTb €ee 3aBUCUT OT
ABNEeHNA, Angd KOToporo CtpomnTcsa Mepavam):

a)x:x_—>[0,1], 4yTo wa(;\’)zl.

yex
MHoxecTBa L, SIBNSOTCA ypOBHSAMU WNEpapXun, a GYHKUUSA @, ecTb YHKUUA rpu-
opuTeETa 3N1EMEHTA OAHOIO YPOBHS OTHOCUTENBHO LUENM X . 3aMeTUM, 4YTO Jaxe ec/u
X &L, (ans HekoToporo ypoBHs L, ), To @, MoXeT 6biTb onpeaeneHa ans Bcex L, ,

€C/nin NpUpPpaBHATb €€ K HYJ1KO ANnA BCEX 3/IEMEHTOB B Lk+1 , HE NMpUHagneXawmx X .

Mbl cYMTaeM, 4YTO BecoBas (pyHKULMSI BHOCUT BaXHblA BkNaj B NPUMEHEHME MeToAa
aHann3a nepapxuu.

OnpepeneHue 4.5. lepapxus HasbiBaeTca NOJSIHOM, ecnu Ans Bcex x € L, MHoXecT-

.
BOo X =L, ,,npu k=2,...,h.

Mo>HO cchopMynnpoBaTh rMaBHbIi BOMPOC:

OcHoBHas 3apaua. Kak onpeaenuTtb ANna Noboro 3afaHHOro snemeHta Xe€L,, u

noamHoxectea S C L, (a<ﬂ) byHKUMIO @, ¢ :S—)[O,l], yTo6bl OHa OTpaxana CBOW-
cTBa (DYHKUMI MpUOPUTETOB @, Ha ypoBHsx L,, k=«,..., f—1. B 4acTHOCTM, 4TO 3TO 3a
dyHKkuma @, ; 1L, > [0,1]?

Mcnonb3ya MeHee cbopMaanyro TEPMUHONOINKO, 3ad4a4y MOXHO I'IepquOpMy}'lleOBaTb
caiegyowunMm o6pa30M.
PaccMOTpUM coumManbHYHO (VI}'IVI 3KOHOMVI‘-I€CKy}O) CNCTEMy C rMaBHOM Uenbo b v MHo-

KE€CTBOM OCHOBHbIX BUAOB AENCTBUNA Lh' MyCTb 3TY CUCTEMY MOXHO NpeacTaBUTb Kak ue-
papXuw C MakKCUMallbHbIM 3/71€MEHTOM b v HWKHUM YPOBHEM Lh' KakoBbl NpUoOpUTETLI

3/1€MEHTOB YPOBHA L, no oTHoweHuto K b ?

C TOYKWN 3peHMS ONTUMM3AUUKN AN pacnpeneseHns pecypcoB MexXay 3N1eMeHTaMu He-
06X04MMO YUUTbIBaTb TakXe BCE B3aMMOCBA3U MeXAy HUMW. AHaNUTUUYECKM B3aMMOCBS3b
MOXET MPUHSATb BMA OTHOLIEHUIA TUMNa BXO4-BbIX0A, HaNpMMep, UMEKLWNX MECTO NpU B3a-
MMHOM OBMEeHe MpoayKUMeN Mexay OTpacisaMu MpoMbIWIeHHOCTU. OTpacnb ¢ 6onee Bbl-
COKMM MPUOPUTETOM MOXET 3aBMUCETb OT MOTOKa MNPOAYKLUWM, BbIMYCKAEMOI OTpaCibl C
6onee HU3KMM MNPUOPUTETOM. B paMkax ONTUMM3AUMKN MPUOPUTET 3/1EMEHTOB MO3BOJSET
onpeaennTb LeneByk GYHKUWID, KOTOPYH 3aTeM creayeT MakCMMWU3UPOBaTb, a Apyrue
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nepapxmm no3BonaAa0T NOAYyYUTb VIHCIJOpMaLI,VHO, KaCakLlyrcs CcBA3EN, HanpuMmep oTHouwe-
HUA TUNa BXO4-BbIXOA.
Tenepb W3N0XMM Haw MeTo4d peleHus OCHOBHOW 3ajauun. MpeanonoxuMm, 4To

Y:{yl,...,ymk}ch 7 X:{xl,...,x

YyaHMeM, cnefywolWwMM 3a onpeaeneHveM 4.4, MOXHO Npeanonoxuts, uto Y =1L, ,

}CLk+1. (3aMeTUM, 4YTO B COOTBETCTBMWU C 3aMe-

Mei

X =1L, .) NycTb Takxe CyLecTBYeT 3/eMeHT Z €L, , TakoWl, uTo ¥ €z . PaccMOTpuM
Tenepb PYyHKUMN NPUOPUTETOB
a)x:Y—>[O,1] n a)j:X—>[O,1], j=1...,n.

O603HauMB 4epe3s @, a):X—>[O,1] «YHKUMIO NpuopuTeTa aneMeHToB U3 X OTHO-
CUTENbHO Z>», 3343aAMM ee CneayrLwmnmM ob6pasoMm:

g
w(xi)zz;wyj(xi)a)z(yj), i=l...,n,.
=

OueBMAHO, 4YTO 3TO HE 4YTO MHOE, KaK NpPOLECC B3BeWWMBaAHWA NoKasaTensd BAUAHUSA
2N11eMeHTa }); Ha NPUOPUTET 3/1eMeEHTa X;, NYTEM YMHOXEHMA 3TOM0 NOKa3aTeNnd Ha BaX-

HOCTb 3QIEeMEHTa ), OTHOCUTENIbHO Z.

CooTBETCTBYOLWME ANrOPUTMbI YNIPOCTATCA, €CNN U3 @, (xl.) obpasoBaTb MaTpuuy B,

nonoxwus b, =a)yj(xl.). Ecnu o603HaunTh ganee W, :a)(xl.) n Wj :a)z(yj), TO npuBe-

AeHHasn Bblwe dopMyna NpUMET BUA
n
W= bW, =1,
=l

NTak, MOXHO rOBOpPUTb O BEKTOPE MPUOPUTETOB (@ W O MaTpuue npuoputetos B
(k+ 1) -ro YpoBHSi. B pe3synbTate MMeeM OKOHYaTeNbHY HOpMYy

W =BW .

Mpeablaywas KOMNO3UUWUS NPUOPUTETOB BKAKYAET B3BEWMBAHME U CYMMUpPOBAHMUE.
210 TpebyeT HEe3aBUCUMOCTU KpUTEPUEB Ha KaXAOM YypOBHe, B NPOTUBHOM cClydae OAMH
3/IEMEHT MOXET NONYUYUTb HEKOTOPbLIA MPUOPUTET OTHOCUTENBLHO HEKOTOPOro Npu3Haka U
AOMONHUTENBHLIA MNPUOPUTET, BbI3BaHHbIA NepeKkpblBaHMEM 3TOMO0 NpU3Haka C ApYyruMm
MPU3HAKOM, 4YTO BbI3OBET ABOMHOW y4yeT. B MpoCTbiX TEPMUHAX MHOXECTBO MPU3HAKOB
UIn KpUTepuesB HasbiBalT HE3aBUCUMbIM, €CNM BO3MOXHa B3aMMO3aMeHAeMOCTb b0
napbl 6€30THOCUTENLHO BAUSAHUSA ApYrMX. VNHbIMW CNOBaMu, KpUTEPUN HE3aBUCUMbI, €CIU
MeXay HUMW HeT B3amMoLeNncTBUA. CywecTBYOT opManbHble onpeaeneHnss He3aBUCK-
MOCTU U TWaTeNbHO pa3paboTaHHble METOALI €€ TeCTUPOBAHUSA, NCMONb3YIOWNE CYXAEHNS
yyacTHUKoB (cM., HanpuMep, [79]). NoMnMOo HedopManbHbIX 06CYXAEHNA HE3ABUCUMOCTH
CYLLECTBYIOT CTporme n Tpebyruwmne 60nblIKMX 3aTpaT BpEMEHN METOAbI NMPOBEPKN HE3ABU-
CUMOCTU. Ha npakTuke NaAM NpeanodymTaloT nosaraTbCsl Ha MHTYUTUBHYHK WHTepnpeTa-
LUK OTCYTCTBUS B3aMMOAENCTBUSA, YEM MPOU3BOAUTbL ceputo TecToB. lpu npoBegeHUU
TecTa C KaXA4biM NMPU3HAaKOM acCOUMUPYETCH MHOXECTBO «YPOBHEW», Hanpumep, rnpu oby-
YeHUM nmetoTcst yposHU oueHok A, B, C, D u T. A4. NpoBepsaeTca npeanoyTeHne B cy-
KAEHUAX MexXAy HUMU AN onpeneneHHoro MHAnBMAyyMa, KoTopoe MOXET 6biTb nopsj-
KOBbIM UMM KOUYECTBEHHbIM. ECNn KpoMe obydeHUs MMeTCa Apyrne npusHaku, TO He-
06X04MMO 3adPUKCUPOBATb KaXAablh Ha HEKOTOPOM 6a30BOM YpOBHE, Npexae 4YeM NpoBo-
OUTb cpaBHeHue npeanouteHuns A, B, C, D . 3ateM cneayeTr U3MeHUTb YPOBEHb O4HOMO
U3 APYruUx rMpuU3HaKoB M NPOBECTU CpaBHEHWE NpeanoUTeEHUs Mexay pa3HbIMU YPOBHAMU
obyuyeHna A, B, C, D . MNpoaonxaTb 3TO HY>XXHO, MEHSAS BCE YPOBHU BTOPOro Npu3Haka.

Ecnn npeanouteHue mexay A, B, C, D ocrtaetca TeM Xe, TO roBopsAT, UTo obydeHue
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YCNOBHO HE3aBUCMMO OT BTOPOro NpM3Haka. YC/IOBHO OHO MOTOMY, UYTO ApPYrue npusHaku
3adUKCUPOBaHbl Ha onpeaeneHHOM ypoBHe. Ecnn MMeeTcss HeckonbKo MNPU3HaKoB, TO
npouecc npoaonxaercsa. Ans aaaUTUBHOCTU ABa BUAa AeATENbHOCTU AOMKHbI 6bITh He3a-
BUCUMbIMU U YAOBNETBOPSATL YC/IOBUKO COKpaLLAaeMoCcTU. ANa Tpex Kaxaas napa Ao/KHa
6blTb HE3ABMCKMMA, @ TakKXe AOJ/IKHbl 6biTb YAOBNETBOPEHbI ApPYyrue ycrnoBus, U T. 4. Te-
nepb MOBTOPUM OCHOBHYK MAEK MPOCTO B paMKax TEOPUU MHOXECTB U MU3NOXWUM MPUH-
umn.

MpuHUMN MepapxuquKoﬁ KOMNO3ULUUN:. aAANTUBHOCTb B3BeLLIUBaAHUA

3a4aHO ABa KOHeYHbIX MHoxectBa S w 1. Myctb S - MHOXECTBO He3aBUCUMbIX
CBOWCTB (NpUMepbl 3aBUCUMOCTU CM. B 1. 8) 1 T — MHOXECTBO 06BbEKTOB, KOTOPbIE B Ka-
yecTBe XapaKTepucTuk o6nagatoT 3TUMM CBOWCTBaMU. MpeamnonoXuMm, 4YTO UYUCNEHHbIN

BEC, NMPUOPUTET, WU UHAEKC OTHOCWTENbHOM BaxHocTH, @, >0, j=1,...,n, accounnpy-

n
eTCA C KaxAabIM €S, Tak uToO Za)j =1, Nyctb w; >0, i=1,...,m, ynosneTsopsaioLune
j=1

m
YCOBUIO Za),j =1, ectb Beca, accounmpyemble ¢ t, €T, i=1,...,m, oTHOCUTENbHO S
i=1

Toraa Bbinyknas koMbuHaumna @, , j=1,...,n,

n
Za)lja)jl izl,...,m
Jj=1

npeacrtasnsaeT €060 UYMCNEeHHbIN npuoputTeT UIN OTHOCUTENIbHYIO BaXHOCTb ti OTHOCH-

TenbHO S . 3aMeTUM, YTO MPUHLMMN PACNpPOCTPAHSETCA Ha Lemnb MHOXECTB. AKCMOMaTuM3a-
UMa NpuHUMNE Mepapxmyeckoimn KoMnosnumm boeisia 66l NoNe3HoN.

3aMeuyaHue. «llepapxumyeckoe U3MepeHue» ecTb MpouecC B3BEWMWBaHWUA <JIMHEN-
HbIX>» MepeMeHHbIX, acCOUMUPYOLWMIA KaXablil YPOBEHb C HETUHENHbLIMU KO3 PUUMEHTa-
MU, KOTOpble ABNAKTCA NPOU3BEAEHUSAMU U CYMMaMU NMepPEMEHHLIX, CBSA3aHHbIX C BEPXHU-
MU YPOBHAMU. 3aMETUM, YTO JIMHENHOCTb 34ECb NPOCTO O3HAYaAET NPAMOE YMHOXEHNE UM-
cen 6e3 Bo3BeAeHUSA UX B CTENEHU UK 0bpa3oBaHUA PYHKUMA OT HUX. B AelCTBUTENLHO-
CTU 3Ta BE/IMYUHA SABIAETCA CNOXHOW (HENMHENHOW) MEPOU NpuopuTeTa.

danee cneayeT NepBbin War K MnoATBEPXAEHUIO NPUBEAEHHOro BbilWe NpuHUMna, no-
Ka3bIBalOLWWN, YTO NMOPSALAKOBbIE NMPEeANOYTEHUSA COXPAHSAKTCS NPU KOMMO3ULUN.

OnpepnenexHue 4.6. [peanonoXxum, 4YTo ANS KaxAoMW noauenu wuin suaa AesaTenbHo-

cm e, B L, cywecrtsyeT nopsaakoBas wkana oO; Haj BuAaMU AEATENbHOCTM €,
(azl,...,n,m) B L, . ONpesennMM 4acTUYHbIA NOPAAOK Ha MHOXecTBe L,,, cneaylowmnMm
obpasomM: €, e, Torja u TonbKo Toraa, ecm ana j=1,....,m, 0, 20,

Jlerko fokasaTb CleAyloLyto TeopeMy:

Teopema 4.1. lycTb (a)lj,...,a) ) — BEKTOp NpuopuTeToB ans L,,, OTHOCUTENbHO

.y

€; W NPeanoioxunM, 4TO OH COXPaHseT mopsaok o, . Myctb W,...,W_ - (cocTaBHOW)

My
BEKTOPp NPUOPUTETOB ANA Lk+1 . Torp,a n3 ea > eﬂ cneayeT, dTo Wa > Wﬂ . TaKnm o6pa30M,

nepapxudeckasi KOMNo3uLUmUsa COXpaHSET NoOPALAKOBOE NpeanovYTeHMeE.
Jlerko gokasaTb C/leayrLy TEOPEMY.
Teopema 4.2. Nyctb H - nonHasa vepapxus ¢ HanbonblWMM 3neMeHToM b 1 h ypoB-

Hamu. MNycTb aanee B, - MaTpuua npuoputetoB K -ro ypoeHs, k=2,...,h. Ecnu wo-
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BEKTOpP MPUOPUTETOB P -ro ypoBHA OTHOCUTE/IbHO HEKOTOPOro sneMeHTa Z B (p—l)-M

YPOBHE, TO BEKTOp npuoputeToB W ¢ -ro ypoBHs (p <q) OTHOCUTENbHO Z ornpejenser-
CH Kak
W:Bqu_l...B w,
TaknMM 06pa3oM, BEKTOP MPUOPUTETOB CaMOro HU3KOIro YPOBHA OTHOCUTENbHO 3NEMEH-
Ta b

p+l

W=BB,, BW.
Ob6bl4HO Ll COCTOUT U3 €AUHCTBEHHOIO 31€MEHTAQ, w - NpoOCTO CKandp,; B NpoTUBHOM

cnyyae W - BekTop.

Cnepytouwee HabnwaeHMe KacaeTcss NOHOW MepapxXuMn, OAHAKO €ro nosie3HO UMETb B
BUAY U B 06WeM cnydae. MNpUoOpUTET aneMeHTa No60ro ypoBHA paBeH CYMME ero npuopu-
TETOB B KaXAOM MOAMHOXECTBE CPaBHEHMUS, KOTOPbIM OH MPUHALNEXWUT; WHOFAA KaXAbli
M3 NPUOPUTETOB B3BELIMBAETCA NULWb YaCTbl 3/IEMEHTOB YPOBHS, KOTOPbIE NMpUHaanexaT
AAHHOMY NOAMHOXECTBY, W MNPUOPUTETOM NOAMHOXecCTBa. [losnydyawlieecs MHOXECTBO
NPUOPUTETOB 3/IEMEHTOB 3TOMO YPOBHS 3aTEM HOPManMU3yeTcs NOCPEACTBOM AENEHUS Ha
CYMMY NPUOPUTETOB 3/1EMEHTOB. [PUOPUTET NOAMHOXKECTBA Ha YPOBHE paBeH MNPUOPUTETY
AOMUHUPYIOLLErO 3N1IEMEHTA Ha CleAYyLWEM YPOBHE.

3aMeTuM, YTO KOMMNO3ULMW BECOB B MeEpapxXuu MpeactaBnatoT co60M MOAUINHENRHbIE

Bblpa>XeHNsa BnAa
il i2 iP
Z XXy x)
0.t

rae i; obosHauaeT j-il ypoBeHb Mepapxun, a X; — NPUOPUTET 3/1IEMEHTA Ha 3TOM YpOB-

He. o-BMOAMMOMY, MMEEeTCA Xopowas BO3MOXHOCTb MCCAenoBaTb CBSA3b KOMMO3MUUKU C
KOBapMaHTHbIMWN TEH30paMUN U UX aﬂFE6paVI‘-IECKVIMVI CBOWCTBaMN.

bonee KOHKpETHO, NMeeM KOBapVIaHTHbIm TEH30pP

Npyyoon N,
Wt = o kel 2 1
i il Thiy T ol it 1
Dyseens o)

-~

ANA MpUOpUTETa [-ro 3NeMeHTa Ha /& -M ypoBHe mepapxuun. COCTaBHOM BeKTOp w'
ANs BCero /1 -ro ypoBHS NMpeacTaBfieH KOBapUaHTHbIM MMNEPTEH30POM (BEKTOPOM C TEH-
30pPHbIMW KOMMOHEHTaMM). AHaNOMrM4YHO NOAX04 K Mepapxmm, OCHOBAHHLIM Ha NeBOM cob-
CTBEHHOM BeKTOpe, 06ycnoBamMBaeT KOHTpaBapuaHTHbIN rMnepTeH3op.

Knaccnyeckan npobnema, oTHocCAWasa NPOCTPaAHCTBO (FreoOMeTpusa) N BpeMs K cybbek-
TUBHOMY MblWwneHUo (cM. [121]), MoxeT b6bITb nccnefoBaHa, eciv A0Ka3aHo, YTO (PyHK-
UMM MaTeMaTU4ecKoro aHanmsa (W, cnepnoBaTeNnbHO, TakXe U 3aKoHbl DU3NKKU) MOTyT
6bITb NONYYEHLlI KaK yCedyeHHble psaAbl NpUBEAEHHbLIX Bbille TEH30POB MOCPEACTBOM MO-
CTPOEHUA COOTBETCTBYKLEN Nepapxmm. DTO HaAaNOMMHAET TEOPEMY U3 aHasn3a pa3MepHo-
CTeNn, KoTopas yTeepxpaeT, yuTo nwbas dusndeckas nepeMeHHas MponopuMoHanbHa
Npoun3BefeHU0 CTeENEHEN UCXOAHbBIX NepeMeHHbIX.

4.3. AEKOMNO31MUnA N ArPErmMPOBAHNE
(NOCTPOEHUE KJTACTEPOB)

CyLecTBYOT ABa ¢yHAAMEHTaNbHbIX NOAX0AA, B KOTOPbIX MOXET 6bITb MCNOSb30BaHa
naea nepapxuu.
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MepBbI NOAXOA CENYAC YyXKe SACEH: peanbHbLIN MUP creayeT MoAennpoBaTbh Mepapxu-
YecKku.

BTopon noaxoa, BeposATHO, siBnaeTca bonee pyHAaMeHTaNbHLIM, YEM NEPBLINA, U CBU-
OETeNbCTBYET O peanbHOM cune mepapxun B npupoge. OH 3aKkI4vaeTcs B pacyieHeEHUN
paccMaTpuMBaeMbiX Bewer Ha 6onbwue rpynnbl UK KacTepbl, KOTOpble danee pacyne-
HAKTCH Ha MeHbluMe KnacTepbl U T. 4. Toraa uenbto 6yaeT nonydyeHne npuopmuTeEToB BCEX
3/IEMEHTOB MOCPEACTBOM rpynnupoBaHUsA. 2To HaMHoro 6onee addeKTUBHBIA npouecc,
yeM obpaboTKa BCceEX 3NEMEHTOB COBMECTHO. CnefoBaTeNlbHO, HECYLECTBEHHO, AYMaeM nu
Mbl, YTO MepapXuUn BHYTPEHHE MPUCYLLU MPUPOLE, KaK YTBEPXKAAKT HEKOTOPbLIE UCCen0-
BaTenn, nubo Mbl MPOCTO UCMOMb3YEM WX U3-3@ OrpaHMYeHHOW cnocobHocTn obpabaTbi-
BaTb MHpopMauuw. B nwboM cnyyae oHU NpeacTaBnsaoT cobor ovYeHb 3(PPEeKTUBHLIN
cnocob nccnefoBaHUsa CNOXHLIX Npobnem.

MonesHbIM cnocoboM uccnefoBaHUa 60MbWONO 4ucna 3/7€MEHTOB, NonajarwwWwmx Ha
OAVH M3 YPOBHEWN Nepapxumn, aBnsAeTCa rpynnmpoBaHMe UX B KnacTepbl B COOTBETCTBUMU C
MX OTHOCUTENbHOW BaXHOCTbK. TaknM ob6pa3oM, MOXHO MMETb KAacTep CaMbIX BaXHbIX
(caMbiX MOAO6HBLIX, MU BNU3KNUX) SNEMEHTOB, APYron KracTep 3/1EMEHTOB YMEpPEHHOW
BaXXHOCTU, U TPETUA — BNEMEHTOB C ManON BaXHOCTbK. 3aTeM CpaBHMBAKTCA MNOMapHO
OTHOCUTENbHOE BO3AENCTBUE KIACTEPOB Ha COOTBETCTBYWLWMUNA KPUTEPUN U3 pacrosio-
XXEHHOro BbllWe ypoBHA. pynnupoBaHUe B KNacTepbl MOXET passinvyaTbCs OT KpUTEPUS K
KpuTepuio. locne aHanmMsa KnacTepoB 3/IEMEHTbI B KaXAOM KnacTepe rnonapHO CpaBHU-
BAlOTCA MO UX OTHOCUTENBLHOM BaXHOCTU B 3TOM KnacTepe. EcnmM vX CAMWKOM MHOro, TO
OHW BHOBb MOryT 6bITb CrpynnMpoBaHbl B Knactepe. TakuMm obpasoM, KaXAblA 31eMeHT
NPUHAANEXNT HECKONBbKUM KnacTepaM M Nosy4YyaeT HECKOJIbKO BECOB M3 pa3fIMYHbLIX Kna-
cTepoB. He cywecTByeT anbTepHaTUBbI 3TOMY Mpoueccy rpynnupoBaHUsa U AEKOMMO3U-
UMM, ocobeHHOo, Korga HY>XHO COXPaHWTb BbICOKYK COrnacoBaHHOCTb. lNpUHMMasa 3To 3a
daKT, He cneayeT NyraTbCa pa3MepPHOCTU 3ajadn, NOCKOJIbKY YXe U3BECTHO, KaK MOXHO
CNpaBUTbLCSA € 3ToM nNpobnemMoi. Mbl BECbMa yCNeLWHO NMPUMEHSNN 3TOT NpoLecc BO MHOMMX
npuMmepax. Jlerko nokasaTb MaTeMaTUYECKWU, 4YTO FPYNMNUPOBKOM B KNacTepbl MOXHO MO-
YYUTb TE Xe caMmble pe3ynbTaThl, YTO U npu obwem noaxoae.

Nepapxusi oU€HKU pacCTOSTHUSA

Tenepb NOCTPOUM NEPAPXUYECKYIO CTPYKTYPY A8 NpUMEpPa OLEHKU paCCTOFlHMVI MeX-
4y ropogamun. Ecnn crpynnupoBaTh ropoja B KNacTepbl COMrMacHO KPUTEPUKD pacnosioxe-
HMNA Ha NMOYTU OAMHAKOBbLIX paCCTOAHUAX OT (DVI}'IaLI,e}'IbeVIVI, TO 6y,ﬂ,€M MMETb TPU KracCca,
KOTOpbl€ CpaBHMUBAKTCH B cnep,yrou.l,eﬁ MaTpuUuue.

dunazenbus Hukaro NonzoH Kawup CO6CTBEHHbIN
MoHpeanb CaH-®OpaHuucko Tokuno BEKTOP
Mo:;gaa;(z 1 1/7 1/9 0,056
CaH-q)paﬂa;ﬂci(H) U 1 1/4 0,26
Tomnt 9 4 1 0,68

A =3,15: UC = 0,08; OC = 0,14

max

Ecnun Tenepb CpaBHUTb ropoja B Ka)XXAOM KjlacTepe OTAENLHO B COOTBETCTBUM C UX OT-
HOCUTENbHbLIM PacCTOAHUEM OT (DVI}'IaLI,e}'IbeVIVI, TO NMpn NCNONb30BaHUKU Ana cnydasd 2x2
wkanbl 1+¢& noNayyYmnMm:
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Ounagensdus Yukaro MoHpeanb CobcTBEHHBIMBEKTOP
Yukaro 1 2 0,67
MoHpeanb 1/2 1 0,33
lmax:2; MC=0;,0C=20

Ounagensdus Kaunp Tokuno CobcTBEHHBIMBEKTOP
Kaup 1 1/1,5 0,4
Tokno 1,5 1 0,6
lmax:2; MC=0;,0C=20

Ounagensdus CaH-OpaHuuncko NoHpoH CobcTBEHHBIMBEKTOP
CaH-OpaHumcko 1 1/1,3 0,43
JSloHAoH 1,3 1 0,57

Ao =23 UC = 0; OC = 0

Tenepb, 4TOBbl NOAYUYUTbL OBWKNIA BEKTOP OTHOCUTENBLHO PACCTOSHWMIA, YMHOXWM nep-
Bblil COBCTBEHHLIN BeKTOp Ha 0,056, sBTopoi — Ha 0,26 1 TpeTnin — Ha 0,68. B pesynbTaTe

nMeeM:
K Tokmo Yukaro Can- JloHAOoH MoHpeanb
anp ®paHuncko A P
0,27 0,41 0,037 0,11 0,15 0,019
0,278 0,381 0,032 0,132 0,177 0,019
3 (cM.

Beca BO BTOpOM CTpPOKE COOTBETCTBYKT MONYYEHHBLIM B MNpUMeEpe B .

Tabn. 3.5, a)
MpuMep HauMOHaNbHbIX 60raTCTB Kak Knacrepa

CpaBHeHuMe 6oraTcTB WecTu cTpaH 6b1710 NpoBeAeHO NOCPEenCTBOM CBEAEHUS UX B TPU
rpynnbl: A =CWA, B = CCCP n C = (BenukobputaHusa, ®paHuusa, AnoHunsa, ®Pr). BHa-

Yyane CpaBHUBaANUCb KnacTtepbl, N 6blna nonydyeHa Matpumua

4 B C CO6;:;’E$CI)-||;|bIVI
A 1 2 1 0,4
B 1/2 1 1/2 0,2
C 1 2 1 0,4

Ay =33 UC = 0,0; OC = 0,0

DneMeHTbl C cpaBHMBaNUCbL Mexay coboil B cneaywuein matpuue
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Bennkobpn- PpaHLms AnoHus OPr CobcTBEHHBIN
TaHWNA BEKTOD
BennkobputaHus 1 1 1/3 1/2 0,14
®paHuus 1 1 1/3 1/2 0,14
AnoHus 3 3 1 2 0,45
OPI 2 2 1/2 1 0,26

Ay =4,01; UC = 0,003; OC = 0,01

OueHka OTHOCUTENbHbIX HauMOHanbHbIX 60raTCTB, nonyvyeHHasd TakmuM o6pa30M, 6bl-
na.

CLUA CCCP Bennkobpu-
TaHus

0,4 0,2 0,056 0,056 0,18 0,10

®paHuuns AnoHnsa OPI

MpeanonoXmM, 4TO UMEETCA MHOXEeCTBO U3 M 3/1eMeHTOoB. ECNM Mbl XOTMM nonapHo
CpaBHUTb 371€MEHTbl ANnA noaydeHma OoUu€eHOK B LWWKase OTHOLWEHW, TO HEOBXOAMMO npo-

2 <
BECTU (n _n)/2 cyxaeHumu, yTobHhI pewnTb 3aga4y O COBCTBEHHOM 3HAYEHUMN. donyctnm

Tenepb, YTOo 7 — MakcuMalbHOE YUCNO 3NEMEHTOB, KOTOPble MOrYyT 6biTb CpaBHEHbI C Ka-
KOM-NMBO AOCTAaTOUYHO PasyMHOM (MCUXOOrMYECKM) YBEPEHHOCTbIO B COMAacOBaHHOCTY.
Toraa n AO/MKHO 6biTb, BO-NEPBbIX, Pa3AeNeHO Ha 3KBUBAJIEHTHbIE KNACChl, KaXAbli U3
KOTOPbIX COAEPXUT He Bonee YeM CeMb KIacTepoB UMM NMOAMHOXECTB. B cBOW ouepeab,
KaXAblh U3 HUX AO/MKEH BbITb pa3aeneH Ha CEMb HOBbIX KNacTepos u T. 4., 06pa3oBbIiBas
YPOBHM MepapxXun A0 TeX Mop, NokKa He MOMyYUTCS OKOHYaTeNbHas AEKOMMNO3MLUMUA, Mpu
KOTOPOW Kax4oe U3 MHOXECTB 6yAeT UMeTb He 6onee, YeM ceMb 06pas3yoLLNX 3/IEMEHTOB.

MycTb {X} 0603HaYaeT HaMMeHbLWee uenoe 4Yncno, bonblee nan paBHOE X .

TeopeMma 4.3. MakCcMManbHOE 4UCIO CpaBHEHMVI nocne AeKomMnosnunmnm MHOXXeCTBa
n>1 snemeHTOB B nepapxmio Knactepos (I'Ipl/l ycnoemn, 4To O 4AHOBPEMEHHO CpaBHMNBAET-

o logn/log7
cst He bonee ceMu 31EMEHTOB) OrPaHMYEHO BEIMUYNHOM (7/2)(7{ }—1), W 3TO TOYHas

rpaHuua.
Ooka3aTtenbcTBO. /1711 MakCUManbHOrO YMC/Ia CPABHEHMI Ha KaXXAOM YpPOBHE Mbl
JO/KHbI UMETb Ha A -M UNM NOCNEeAHEM YPOBHE MO KpalHelh Mepe CeMb 3/IEMEHTOB B Ka-
XAOM KnacTepe
1 0,

2 (7-7)/2,
3 7x(7-7)/2

no 77x(7-7)/2
rae 7" x7=n, h= {10gn/10g7}+1, h>?2 . CyMMa 3TUX OTHOLLEHWUI
207 =1)/(7T-1)=7/2x (7{1‘)%"“0%7} - 1).

YTo6bl NOKasaTb, YTO 3TO — TOYHAs rpaHnUa, 40CTaTO4YHO NONOXUNTb A1 = 7".
3C|3CIJ€KTVIBHOCTb nepapxmm MoXeT 6bITb onpeaeneHa Kak OTHOWEHNE 4Yunucna npsaMbixX
napHbIX CpaBHEHMVI, TDE6YEMbIX Ans BCero MHoOXecteBa 7 3Q1IEMEHTOB, BXOo4AWUX B Ue-
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pPapxuo, K YMCNy MapHbIX CpaBHEHWIA, KOTOpPble HEO6XOAMMO MPOBECTU MOC/E FPYynnNMpo-
BaHWA B KnacTepsbl.

Teopema 4.4. DPDeKTUBHOCTb Mepapxumn nMmeet nopaaok n/7.

[okasaTenbcTBo. [/15 [oKasaTeNnbCTBa TEOPEMbl HYXHO CPaBHWUTb (nz—n)/2 c
7/ % (7{logn/log7} _ 1)

Myctb n=7"", 0<g<1. Toraa SiCHO, YTO UMeeM
TR I (T =) 2 T T =0l T

CneposaTtenbHo, 1/ 7 paBHO 3PP EKTUBHOCTH.

EcTecTBEHHO, MOXET BO3HWKHYTb BOMPOC, MOYEMY HE UCMOMb30BaTb 2 BMECTO 7 ANA
bonbwen 3pHEKTUBHOCTU. 3aMETUM, UTO, NMPUMEHSAS UEPapXUID, ,Mbl CTPEMUMCA KaK K CO-
rNacoBaHHOCTU, Tak U K 60nbWEMY COOTBETCTBUIO peasibHOCTU. YeM MeHblue pa3Mmepsbl
KaXxaown MaTpuubl, TeM 60/iblie COrNacoBaHHOCTU, B TO Xe BpPeMs COOTBETCTBUE peasibHO-
CTU TeM 6onblwe, yeM Honble pa3Mepbl MaTpuUubl, TaK KakK UCMONb3YEeTCA AOMOSHUTENb-
Has nHdopMaumsa. MNMo3TOMY 34eCb HYXEH KOMMpoMuUcc. JenCTBUTENbHO, UCMONb3YS WH-
AEKC COrnacoBaHHOCTU, Mbl MoKasasnu, 4YTO 4YUCO 7 ABNSETCA XOpower npakTU4eCKOW
rpaHuuen ana n, NoCKONbKY MO3BOMISET YYECTb COrnacoBaHHOCTb.

AonycTuM, MMeeTca MHOXeCTBO M3 98 sn1eMeHTOB, KOTOPbIM Mbl XOTUM MNpunucaTb
npuopuTteTsl. [poBeaeM AeKOMMNO3MUUIO 3aJa4YN Ha CEMb MHOXECTB, KaXXA0€ U3 KOTOpbIX
COCTOUT B cpeaHeM u3 14 3n1eMeHToB. Mbl HE MOXEM cpaBHWUTbL 14 3/1eMEeHTOB, NO3TOMY
KaXgoe M3 3TUX MHOXECTB pa3fesiM Ha ABa, B KaXAOM U3 KOTOpbIX He bonee cemMu sne-
MEHTOB. 3aTeM Mbl CpaBHMUBAaEM 3/1EMEHTLI APYr C APYrOM.

Mpu 6onee BHUMaATENBLHOM pacCMOTPEHUN 3PPEKTUBHOCTU 3TOMO NpoLecca MOXHO 3a-
METUTb, 4YTO AN cpaBHeHua 98 snemMeHTOB Apyr ¢ ApyroM notpeboBanocb 6ol

2
[(98) —98}/224753 cpaBHeHusi. C Apyroi CTOPOHbI, €CM pasaennTb UX Ha CeMb Kna-

CTepoB ¢ 14 3neMeHTaMu ANS KaXx/oro, a 3aTeM MPOBECTU MapHble CPaBHEHUSI CeMU Kna-
2 o
cTepoB, TO noHagobutca (7 —7)/2221 cpaBHeHWe. Kaxablh Knactep Ternepb MOXET

6bITb pa3geneH Ha ABa KiacTepa, B KaXAO0M M3 KOTOpbix B6yaeT ceMb 3n1eMeHToB. Cyxae-
HMEe O ABYX KnacTepax, KaAbli U3 KOTOpbIX NMonadaeT B 14-3/71eMeHTHbI KnacTep, Tpe-
6yeT 04HOro CpaBHEHUSA, HO TaKUX Map CEMb, M MO3TOMY Ha 3TOM YpOBHe TpebyloTcsl CeMb
cpaBHeHU; 3aTeM HyxHo 14x21=294 cpaBHeHWs Ha caMOM HWXHeM ypoBHe. Obuiee

YUCNO CpaBHEHWUIA 3TOM Mepapxuyeckoi aekomnosmumn 6yaet 21+7+294 =322 npoTtus
4753 cpaBHeHUWN B ciyyae, Korga rpynnumpoBaHns B KnacTepsl HeT. [encTBUTeNnbLHO, Teo-
peMa y[oBfeTBopseTcs, Tak kak 322 <« 4753/7.

MpupoaHne uepapxuyeckorm GopMbl CNOXHOW 3ajadvye NOCpeacTBOM pynrnuMpoBKU B
Knactepbl UMeeT ABa NpenMyLLecTBa:

1. bonbwasa 3PEeKTUBHOCTL NPU NPOBEAEHNU NAPHbLIX CPABHEHUN.

2. bonbwasa cornacoBaHHOCTbL MNPU YCNOBUU OrpaHUYEHHON CNocobHOCTU MO3ra cpas-
HMBaTb 6onble, yeM 7Lt 2 3NeMEHTOB OAHOBPEMEHHO.

2ddeKTUBHOCTL Mepapxun npounnwctpuposan . CanMoH [149] Ha npuMmepe AByX
nwogen, cobmparowmx vacel. O4UH U3 HUX CO3[aeT MOAY/IM WU COCTaBHblE YacTU U3 ane-
MEHTapHbLIX YacTeN, UCNONb3YeT UX ANa co3aaHusa 6onee C0XKHbIX YacTen U T. 4.; BTOPOW
cobupaeT 4Yacbl OT Ha4yana A0 KOHUa noAaeTtanbHO. Ecnm nepsbi Yenoeek npepseT pabo-
Ty, TO OH BO306HOBUT COOpPKY, TOLKO HaudMHas C HEKOTOPOro MoAyns, B TO BpeMsa Kak
BTOPOMY NpUAETCH BCe HayuHaTb 3aHoBO. Ecnu vackl coctoaT m3 1000 KOMNOHEHTOB, a
KOMMOHEHTbI Ha KaXAoM ypoBHe cocTasnsaT 10 yacTel, TO NepBblA YENOBEK, KOHEYHO,
AOo/MKeH byaeT caenaTtb KOMMNOHEHTHl M 3aTeEM U3 HUX cobpaTb y3/bl Bcero 3a 111 onepa-
umin. Ecnn p — BEpOATHOCTb NMpepbiBaHUA paboTbl B MOMEHT, Korga 4yactb gobasnsercsa K

HEMOJIHOMY Y37y, TO BEPOATHOCTb TOro, 4TO I'IepBbIVI 4yen0BEK 3aBeplnNT Usaenme 6es
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10 1000
npepbiBaHUSA, paBHa (l—p) , ONs BTOPOro e BEPOSATHOCTb paBHa (l—p) . Ansa nep-

BOM0O UesioBeKa npepbiBaHME OTHUMET BpeMs, Heobxoanmoe Anga cbopku NaTn Jyacten. Ans
BTOpPOro YenoBeka, B cpefHeM, 3To byaeT BpeMs, HeobxoanuMoe ans cbopku 1/ p vacten,
YTO MNPUMEPHO pPaBHO OXWMAAEMOMY 4MUCAY 4dacTen npu paboTte 6e3 npepbiBaHUA. Ecnu
p=0,01 (oanH waHc n3 cTa, 4YtTo YenoBek npepsBeT paboTy Npu Ao6aBneHUM Kakon-nnb6o
yacTu), noTeps BpeMeHU ANga nepBoro Jyenoseka byaeT pasBHa 5, a ans sToporo — 100.
MepBbih Yenoesek cobepeT 111 KOMMNOHEHTOB, B TO BPEMS KaK BTOPOM U3rOTOBWUT TONbKO

-10
OAWH. TeM He MeHee MepBblit YenoBeK 3aBepLnT c60pKy 3a (1—0,01) =10/9 nonbiTok,

B TO BPeMs KaK BTOpOI YefloBeK 3aBepliunT cOOpKy 3a eXp10=(1—0,01 +1/44%10°

nonbITok. Mo3ToMy 3dHEKTUBHOCTL PaboThbl NEPBOro YenoBeEKa NO OTHOLIEHUK KO BTOPO-
MYy MOSy4YaeTcsl paBHOM

)—1000

100/0,99'°
111{[(1/0,9910)—1]5+ 10}

B cucTemMax, cospaBaeMblX YENOBEKOM, 3aZayvya YNpaBAeHUs CAOXHbLIM NpeanpuaTUeM
B O6WEM cflydyae 3HaAUYMTENbHO YNPOLWAETCs, €CM OHa pa3buTa Ha MNOACUCTEMbI WU
YPOBHW, KOTOPbIE B OTAENLHOCTU Nerde noggatotcs obpaboTke, T. €. y MeHeaXxepa orpa-
HMUYeHa cdepa ynpaBieHMs. ITanbl peweHns 3agavyn 60nblWOK pasMeEpPHOCTM yrnpoLwatoT-
cs U 3DEKTUBHO BbINOMHAKTCS, KOr4Aa OHU MOAYNMPOBAHbI, HAaNnpuUMep, NpeanoyYTUTENb-
Hee onepupoBaTb N MHOXECTBaMW M MNEPEMEHHbIX, YEM OAHOBPEMEHHO MmN MEPEMEH-
HbIMW.

=2000

4.4. CTAHOAPTU3AUMNA NSMEPEHNA SJTEMEHTOB
N3 BOJIbLIOIO KNACCA

DNeMeHTbl CHayana ynopsaoymMBaloTCA COMlAaCHO UX OTHOCUTENbHOW CPaBHUMOCTU U
rpyNnUpYyoTCs B KNaccbl. B kaxaoM knacce BeMYMHaA Mepbl 3N1EMEHTOB — OAHOr0 nopsj-
ka. Ecnu aBa knacca pasnuuatrTca 6onee, YeM Ha OAMH NOPSAAOK, TO AeNnaeTcs NonbITKa
pacyfeHeHUs UAN AEKOMMNO3ULMKN 31IEMEHTOB Knacca, nonyuymsllero 6osiee BbICOKOE M3-
MepeHune, Ha 6onee nerkne 3neMeHTbl. B NpoTUBHOM crlydyae 3N1eMeHTbl MeHbLUEro Knacca
arpervpyrTcsa, obpasysa oAMH 60NblUOK 3neMeHT U3 6onee BbICOKOro knacca. Ecnu Hu
OZlHa M3 3TUX anbTepHaTUB HEBO3MOXHa AN nepexona U3 OAHOro Knacca B ApPYyron, To B
NnpoLecce CpaBHEHUNA BBOASATCS MPOMEXYTOYHbIE MeXAY ABYMS KiaccaMW AOMONHUTENb-
Hbl€ 3/IEMEHTbI.

Ons cTaHAapTU3auuKM U3MEPEHUS MexXAy KnaccaMU UCMNOoNb3yeTca HaubonblMn sne-
MEHT B KJlacCe 3M1EMEHTOB C MEHbLWWM BECOM W HAaUMEHbLIWMIA 3NEMEHT B c/eayloLleM
6onbleM knacce. 19 NOBbILWEHMUS TOYHOCTU MOXHO TaKX€e B35iTb HAUMEHbLUWNIA 3NEMEHT
CNeAylLWero Knacca B KayecTBe HanboNbLEro 3/IEMEHTA B K/1aCCE 3/1IEMEHTOB C MEHbLUM-
MW BecaMu. TakuMm o06pa3oM, BEC afieMeHTa B 060Mx Knaccax MoXeT 6biTb NMPUMEHEH ANs
CTaHAapTM3auMm BecoB o6oux knaccoB. Mpu 3ToM obpasyeTca o4MH Knacc CO BCEMMU CO-
OTBETCTBYHOLLMM 06pa3oM B3BeLUEHHbIMM 3neMeHTaMu. Mpoueaypa 3aTeM NMPoBOAUTCSA MO
BCEM KNaccaM, U TaknuM obpa3oM Mbl NonyvyaeM Mepy, onpelaeneHHy Ha 60nbWoM Yucne
3/1IEMEHTOB B MHOXECTBE.
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4.5. COFNACOBAHHOCTb NEPAPXNNA

0606wWwum M3MepeHMne CornacoBaHHOCTU Ha BCK Mepapxuio. lpouecc 3aknyaeTca B
TOM, 4YTO MHAEKC COrMacoBaHHOCTHU, HOﬂyquHbIVI M3 MaTpumubl NapHbIX CpaBHeHMVI, YMHO-
XaeTca Ha MNpUoOpUTET CBOWCTBA, OTHOCUTENLHO KOTOpOro nposeaeHo cCpaBHEHUE, U K
3TOMY 4HuUcny 406aBnATCA aHaNorn4YHble pe3ynbTaTbl 4nA BCEN nepapxmn. 3aTeM faHHas
BEMNYMNHA CpaBHMBaAETCA C COOTBETCTBYHWOUWMM MHAEKCOM, KOTOprVI nonyyeH Kak CyMMa
CﬂyanIHO CCIJOpMVIpOBaHHbIX MHOEKCOB, B3BE€LWEHHbLIX MnocpeacTBOM COOTBETCTBYHLNX
npunoputeToB. OTHOWeEHME AO/MKHO HaxoauTbca B okpecTtHocTtm 0,10, yTobbl He MosiBU-

JI0OCb COMHEHUN B ycoBEpPLWEHCTBOBAHUN CbaKTVI‘-IECKOFO CIJYHKLI,VIOHVIDOBaHVIFl M B CyXxae-
HNAX.

Ana vnnctpaunn npuBoaATCa ABa NpUMepa.
NMpuMeHaa nHaekcol 4ns npuMepa Bbl60pa WKONbl, UMEEM !

BekTop npuopuTeTa NEPBOro YPOBHS: (0,32; 0,14; 0,03; 0,13; 0,23; 0,14).
MHaekc cornacoBaHHOCTU nepsoro yposHs: HC = (7,49—6)/5 =0,298
BekTop UC BTOpPOro ypoBHs: (0,025; 0; 0;0,105; 0; 0,025).
CnepoBaTenbsHo, ) .
0,025
0,0
0,0
M = 0,298+(0,32; 0,14; 0,03; 0,13; 0,23; 0,14) 0.105 =0,323
0,0
0,025
W, UCMONb3yA COOTBETCTBYIOLLUE ClyYaiiHble nHaekcol (CH), V_I_MEEM__
0,58
0,58
0,58
0,58
0,58
10,58 ]
MO3TOMY OTHOLLEHWE COrNacoBaHHOCTU uepapxuu (OCU) 6yaer M /M =0,18, uto He

OYEHb XOPOLO, TaK Kak 34eCb OTpaXaeTcs 60sblas HECOracoBaHHOCTb, MOSBAAOLLANACS
s A, =749 ana n==6.

M =1,24+(0,32; 0,14; 0,03; 0,13; 0,23; 0,14) = 1,82

Ans apyroro npuMmepa UMeeM cneayrwime yucna:
BekTop npuopuTeTa nepsoro yposH4a: (0,16; 0,19; 0,19; 0,05; 0,12; 0,30).
NC nepsoro yposHga: 0,07.

BekTtop UC BTOpOro ypoBHS ANA (3><3)-ManVILI,: (0,01; 0,01; 0,28; 0,025; 0; 0,105).
CnepoaTenbHo,
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0,01 |
0,01
0,28

M =0,07+(0,16; 0,19; 0,19; 0,05; 0,12; 0,30) 0,025 =0,159
0,0

0,105 |

n M=124+0,58=182.

OTHOLLEHME COrNacoBaHHOCTU uepapxum 6yaetr M /M =0,09, u 6onee npuemnemo,
4yeM B NMpeablayLleM npuMepe.

4.6. UHTEPMNPETALUNA NMPUOPUTETOB
C NMOMOLWbBbKO TEOPUN TPADOB

Cneaywolwasa MHTepnpeTauna Ucnonb3yeT Teoputo rpados, NnpuaaBas reoMeTpuUYeckuii
CMbICNT pa3HOO6pas3HbIM OTHOLIEHMAM MeXAy BUAaMU AEeATENbHOCTU WU LensMU YpOBHS
nepapxumn (CM. AOMOSIHEHUE 2 AN KPaTKOro BBeAEHMS B Teoputo rpacdos).

Ha uyeM OCHOBbIBAeTCA Halla YBEPEHHOCTb B TOM, UTo «60siee MpeanoyYTUTENbHbIN»
BUA AEATENbHOCTU B MaTPULE MapHbIX CPaBHEHUI MOAYyYUT GOSbliee 3HaUYeHUe Npuopu-
TeTa? XOTA Mbl M3y4yaeM 3TOT MpPOLECC B anrebpavyeckoM acrnekTe, B HEM TaKXe MOXHO
pa3o6paTbCsi C NOMOLbLI TEOPUM MpadoB.

OnpeaneneHue 4.7. 0603Ha4YMM y3nbl HanpaeneHHoro rpada G uvepes 1,2,....,n. C

Ka)kAoW Hanpas/ieHHON Ayroi X, OT y3na i A0 y3na j Mbl acCOUMMpyeM HeoTpuuaTesb-

Hoe uucno, 0<g, <1, HasbiBaeMoe uHTEeHCHBHOCTHIO Ayrn. (MeTAn 1 KpaTHble Ayru pas-

peLleHsbl.)

OnpepeneHue 4.8. MaplwpyT B HanpaBAeHHOM rpade eCcTb Yepegyrouwancs nocneno-
BaTE/NbLHOCTb Y3/10B U AYr, NMPU KOTOPOM KaXAbli y3en sABNseTcs KOHUOM Ayrun, Haxoas-
LWencsa B nocnenoBaTeNlbHOCTU HEMOCPEACTBEHHO Mepes HWUM, U UCTOYHUKOM Nocnenyr-
wen 3a HUM ayrn. Obe KOHUEBbIE TOUKM KaXA0MN AYTM HAaXOAATCSA B NOCen0BaTENbHOCTH.

nvHa MaplipyTa ecTb YUCcno Ayr B MOCNeAoBaTeNnbHOCTU. MapwpyT ANMHbI K Ha30BeM
« k -MapwpyToM>».,

OnpeneneHue 4.9. /IHTEHCMBHOCTb MapuipyTa ANVHbI kK OT y3na i A0 y3na j ecTb
nponseeaeHne MHTEHCUBHOCTEN Ayr B MaplipyTe.

OnpepaeneHue 4.10. O6iyasd MHTEHCMBHOCTbL BCEX Kk -MaplipyToB OT y3na [ A0 y3na
J ecTb CyMMa MHTEHCUBHOCTEN MapLUpYTOB.

3ameyaHue. OTMETUM, 4YTO ANd 0bWEN MHTEHCUBHOCTM 1-MapuwpyToB 6epeTca cymma
MHTEHCUBHOCTEN BCeX 1-MapwpyToB OT I A0 /. DTO NPOCTO AYTU, COEAUHAKOWMNE T U .
Bce WHTEHCMBHOCTM BAONb AYTW I, ] CYUTAKOTCS paBHbIMU. [M03TOMY 06LWaan UMHTEHCUB-

HOCTb OT { AO j MONy4YaeTcs paBHON I, = p;q;, TAe p; — YACNO AYr oT i Ao j, a q; -

MHTEHCMBHOCTb Ka)Xaon Ayru.
OnpegeneHue 4.11. [1ns 3agaHHOro HanpasfeHHoro rpada D maTtpuya MHTEHCUB-

HOCTU-UHUNAEHTHOCTU U:(U) onpeaensaeTca Kak Matpuua, saneMeHTaMu KOTOpOVI AB-

i

naTCa U, =1, AnaBeex i m j.
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ONnsi nosicHeHUs1 NpUBeAEHHbIX Bbile MOHATUW NpeacTaBneH cnepgywwuin npumep. Ha
puc. 4.1 4yucno psaoM C KaXaoh Ayron nokasblBaeT ee MHTEHCUBHOCTD.

Puc. 4.1

MaTpuua MHTEHCUBHOCTU-UHUKMAeHTHOCcTH U , accounmpyemas ¢ 3TuM rpacdom, byaer

1 3/2 2
U=(2/3 1 3
3 2 1

Obuwas UHTEHCUBHOCTb 1-MapwpyToB OT [ A0 j npeacTaBneHa (i,j)-M 3/1EMEHTOM

3TOW MaTpuubl. Hanpumep, oblwaa MHTEHCUBHOCTb MapLlpyTa ANWHbLI 2 OT y3na 1 po y3na
3 paBHa CyMMe Ccrefyruwmx TpexX BesIMYMH BMecTe C COOTBETCTBYHLWMM MapLlpyTOM, U30-
bpaxéHHbIM cnpasBa. (OTMETUM, 4YTO Kaxapas gyra Mexay nepebiMMU ABYMS y3namu bepet-
CA N0 OAHOMY pasy C KaXAoM AYyron Mexay ABYMS y3naMu.)

3[(1/2x1)+(1/2x1)+(1/2x1)]:1, x,,2, x,,3
Xippls Fygyd

X595 Kygyd

2]
CyMMa 3TUX BENUYUH paBHa 17/2. 2710 ecTb anemeHT (1,3) mMaTtpuubl U~ . Takum o06-
pa3oM MOXHO MOKasaTb, YTO ANS Bcex [ U j oblan MHTEHCMBHOCTb 2-MapLUpPyTOB OT Y3-

na i poysna j 6yner (i,j)—M 3/1EMEHTOM MaTpuUbl
8 7 17/2
U*=|31/3 8 22/3

2213 12 13

2TOT pe3ynbTaT MoXeT b6biTb 0606LWEH cornacHo cnenyrwen nerko AoKa3biBaeMoW
TeopeMme.
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. . o k o
Teopema 4.5. ulj(k) - (l,])—l/l aneMeHT MaTtpuubl U" aBnaetca obuwei MHTEHCUBHO-

CTblo k -MaplpyToB OT y3na [ A0 y3na .

~

. . .. k
Cnepncteue. Ecnu g, =1 ans scex i u j, 7o (i,)-i anement B8 U aBnsetca uuc-

noMm k -MapLipyToB OT i Ao J.
MoHATME NpeBOCX0OACTBAa OTHOCUTE/IbHO CBOMCTBA: o6paTHas 3agaua.

B npeablayweMm o6CYXAEHUU ANA U3YYEHUA uaen 06 WMHTEHCMBHOCTU K -MapLlupyToB
Mbl MepeLWnn oT rpada K COOTBETCTBYHOLWEN MaTpuue. [ns paccMaTpuBaeMoit NpobrieMbl
Ba)kHa obpaTHas 3ajada WHTeprnpeTaunm CTeENeEHen MaTpuubl ANs NoacYeTa MHTEHCUBHO-
CTW MapLpyTOB.

ByaeM accounmmpoBaTb C KaXAbiM U3 # BUAOB AEATENBHOCTU Hallel npoueaypbl nap-
HbIX CpaBHEHWIA y3en HanpaeneHHoro rpada [ . B 3ToM cnydyae MaTpuua WMHTEHCUBHO-
CTU-UHUMAEHTHOCTM U ecTb He UYTO WMHOEe, Kak MaTpuua CYXAEHWI, O KOTOPOW roBOpU-

nocb B rn. 1. Yucnuteno p; (i,j)—ro 3N1eMeHTa TakoW MaTpuubl (nonarasi, YTO OH AaH B
CpaBHUTENbHO NPOCTON APOBHON dhopMe) NpeacTaBaseT cobon YMCno Ayr, HanpaBAeHHbIX
OT BEPLUMHbI I K BeplwuHe J . WHTEHCMBHOCTb KaXaoh Ayrn oT i A0 J OAHA U Ta Xe u

paBHa 06paTHON BeNMUYMHE ¢; 3HAMeHaTens 3neMeHTa. JTO ecTeCTBeHHbIN cnocob onpe-
AeneHns CoOTBETCTBYIoLWero rpada, Tak kak ans ¢; =1 oH ceoanTCca k 06bIYHOM MaTpULe
BEpPLWH, k-9 cTeneHb KOTOPOW AAeT YNCIO MapLUIPYTOB ANMHbI K .

NHTepnpeTupoBaTh (i,j)—17| 3/IEMEHT MaTpuubl A MOXHO Kak npsiMoe NMpeBOCXOACTBO,
WNU UHTEHCUBHOCTb BAXXHOCTWM BUAA AEATENbHOCTWU [ OTHOCUTENBHO BUAA AESATENBHOCTU
J . OH BblpaxaeT OTHOCUTENbHbIM BKNaA, KOTOPbIM BUA AEATENBHOCTU I BHOCUT B AOCTU-
XEHWe onpefeneHHO Uenu no CpaBHEHUK C BKMAAOM, BHOCMMbIM BMAOM AEATENBHOCTU
J . HopManusoBaHHble CyMMbl CTPOK MaTpuubl A npeacTaBnsaT coboil ypoBeHb BKiaga
COOTBETCTBYHOLWNX BUAOB AEATENBHOCTU OTHOCUTENBHO BCEX APYIUX BUAOB AEATENBHOCTHU,

a Matpuubl A’ - WHAEKC OTHOCWTENbHOM BMaXHOCTU MPEBOCXOACTBA C YYETOM BCEX
2-MaplwpyToB. MocneaHuii obecnedunBaeT KOCBEHHOE CpaBHEHWE Map 4Yepe3 oA4HYy MnpoMe-
XYTOYHYIO BepwurHy. CneaoBaTesibHO, YPOBEHb BaXXHOCTU BUAA AEATENbHOCTU MOBbILWA-
€TCsA UMW CHUXAETCS B COOTBETCTBMM C €ro B3aMMOCBS3bO C APYTMMU BUAAMU AesATeNbHO-
cTu. B obweM cnyyae 3dhdekT npeBocxoAcTBa Mexay BuAaMu AeATeNbHOCTU MOXHO Mo-

NYYUTb, BbIYUCASS NpeaenbHoe 3HaueHue cyMMbl cTpok A° maTpuubl A k-it cTeneHw.
Kaxpaoe 4Mcno, HOpMann3oBaHHOE MOCPEACTBOM CYMMbl 3TUX BENWUYMH, CAYXWUT 06LWKUM
MHAEKCOM OTHOCUTENIBHOIO MPEBOCXOACTBA, MW NPUOPUTETOM, Cpeau BUAOB AESATENbHO-
CTW.

®dopManbHO MOHATME OTHOCUTENBHOIO MPEBOCXOACTBA BUAA AEATENbHOCTU [ Hag BU-

AOM AEATENbHOCTM j 3a K -aroB MOXHO ceiyac pasbsACHWUTb B TEPMUHAX O6LEN UHTEH-
CUBHOCTM BCex k -MaplpyToB OT y3na i A0 y3na j . OTHOCMTENbHOE NPEBOCXOACTBO BUAA
AEATENbHOCTM I Had APYrUM BUAOM AEATeNbHOCTUM J MpsSIMO U KOCBEHHO, Yepe3 npome-

XYTO4YHbIE BUAbI OE€ATENBHOCTN, 3a k -waros npeacraBneH (l,]) -M 31€MEHTOM MaTpULbl

k < <
A" . N3-3a HanuumMa neTnm Ha Ka>4on BeplMHE NonydaeTcs, YTO Ka>X4AblK BXO4 MaTpULUbI

A" ABnsieTCs CYMMON BCEX MapLipyTOB AMWHbI, MEHbLUEN UMM paBHON k. CKOMbKO pas
BK/OUYEH KaXkAbl MaplpyT 3aBUCUT OT €ro ANIMHbI U OT YMUCia NePECTAaHOBOK ero neTesnb
NpyM NOMYYEHUU MCKOMOW ANMHLI MapuwpyTa. MeTtna cama no cebe nNpuaaeT eANHUYHYHIO
MHTEHCUBHOCTb MapwpyTy. CnenoBaTenibHO, 06Was MHTEHCUBHOCTb MapllpyTa He MeHs-
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€TCs NMPU NPOXOXAEHUM BAOSb METIM HECKONbKO pa3. BaXHO OTMETUTb, UTO NpenesnbHbI
pe3ynbTaT COBMaAaeT C Pe3ybTaToM, KOTOPbIA 6blN NONYYEH paHee.

Teopema 4.6. lycTb AZ(al-j) - nXn-Mmatpuua CpaBHEHWN; al.j(k) - (i,j)—17| ane-

k <
MEHT MaTpuubl A npeacrasnsdaeT cobon oTHocuTEsIbHOE npeBocxo4creo (I/I.ﬂl/l Ba)KHOCTb)
Buaa AesdTes/ibHOCTU l Haa BUAOM AedTe/IbHOCTHU ] 3a k -waros.

Adoka3zaTenbCTBO C/efyeT HenocpeaCcTBEHHO U3 NPUBEAEHHOrO Bbille COOTBETCTBUA
W nocnegHemn TEOpPEMbI.

OnpepneneHue 4.12. NHaekC NpeBOCXOACTBA a)l.(k) BUAa AEATENbHOCTM [ Haj BCe-
MW APYrUMU BUAAMU AeSTENbHOCTU 3a K -llaros onpeaenseTcs Kak
n no
o, (k)= a;(k)/ XD a,(k).
j=1 i=l j=1
TakuMM o6pasom, a)l.(k) ~ cyMMa i-il cTpokn A*, penéuHas Ha cymMMy cTpoK.
OnpepeneHue 4.13. O6wmnii MHAEKC MPEBOCXOACTBA O, BUAa AEATENbHOCTW I Hapj
BCEMW APYTMMW BUAAMWU AEATENBHOCTU ONpeAeNseTca Kak

Z}:‘ay(k)

n - n .
ZZ% (%)
i=1 j=1
Onpenenenue 4.14. NHaekc npuopuTeTa, acCoUMUPYEMbIN C BUAOM AEATENbHOCTU
I, ABNseTca obWMM MHAEKCOM ero NpeBoCX0ACTBa @, .

o, =limo,(k)=1im

P ko k-
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YACTDb 11
NMPUNTOXXEHUSA

MapruHanbHble NpuopuTeTbl — [lMHaMUUYeckue npuoputetbl — BzauMozaBu-
CMMOCTb Bxoa-Bbixoa — PasmeweHune pecypcoB — MnaHupoBaHue: ob6uiecTBeH-
HbliA U YaCTHbIA ceKkTopbl — Pa3zpewieHMe KOH(PIMKTOB — DHepreTuka.

Hawa uenb — A0BECTU A0 CBEAEHWUS NUL, MPUHUMAKOLWNX peELleHNs, BO-NepBbIX, ONuU-
caHue MAM, 3aTeM nokasaTb ero obWwMUpHbIE MPUNOXKEHUA U, HaKOHeL, MpeaoCTaBUTb
yYeHbLIM N MaTeMaTUKaM HeKOTopble OCHOBLI Teopun. B gaHHOM 4acTm uHorga 6yayT no-
BTOPbI, UANKCTpUpyowmne chepbl NMPUMEHEHUS, HECMOTPSA Ha TO, YTO METO[ OCTaeTCsa TeM
Xe. TeM He MeHee NpUNOXEHUSA B OCHOBHOM npeAaHa3HaudeHbl 418 pacKpbiTUS BO3MOXHO-
cTen ucnonb3oBaHmsa MAU Kak NpoCTOro M HaAeXHOro MeToAa, CBSA3aHHOrO C peleHneM
peanbHbiX npobnem, Hapsay C HEKOTOPbIMU CYWECTBYKWUMMU MeTodaMU WU 3adacTyio
BMECTO HuUX. TeMa, K KOTOpOW cnepyeT BO3BPATUTbCA: €CNM AEKOMMNO3UUUA U CUHTE3 -
dyHAaMeHTanbHbIE MPOUECCHl, XapaKTepHbIe ANA MO3ra, KOTopble MMEKT MeCTO B CMbIC-
ne, pacKkpbiBaeMOM B AAHHOW KHUre, TO MOryT BO3HWKHYTb HEKOTOpPLIE COUMasnbHblE, Ha-
YUHbIE U JaXe MaTeMaTUYecKue 3ajadyun, KOTopble NOMOryT NOHATbL UX dopMannsaumio.

B Hawwux npunoxeHuax BbipabaTbiBalOTCA NpUoOpUTETbl AN BUAOB AEATENbHOCTH,
CNyXawmnx Ana yAOBMEeTBOPEHUS oOrnpefeneHHbIX Uenen, KoTopble, B CBOK o4vepenb,
OOJ/DKHbI MOAUYUNHATLCA APYTUM OrpaHUYeHUusM, Kak 6onee BbICOKUM LEeNsaMm nepapxmum. Mol
3aHUManuUCb CpaBHUTENbHON OpMON onTUMKM3auMK (6e3 UCNONb30BaHUA MEeTPUKKU). DTOT
TUN nccneaoBaHWn npogosxaetca. B rn. 5 paccMaTpuatoTcs popManbHO NpeacTaBiieH-
Hble MPUIOXEHUA, B TO BpPeMSA Kak B 1. 6 NpUNIOXEHUA OXBaTbIBaKT psAg CUTyauuin um3
peanbHOM XXU3HW, a TakXe npeactasneHa gopMasibHas OCHOBA ABYXTOYEYHOMO rpaHnYyHoO-
ro npouecca nJaHMpoBaHUA U paspeLlleHns KOHMINKTOB.
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rMABA 5

NPOrHo3, AMHAMUYECKME NPUOPUTETDI,
BSAMMO3ABUCUMOCTDb BXOA-BbIXOA4
U PASMELWLEHUNE PECYPCOB

5.1. BBEAEHUE

Kak 370 6biBaeT ¢ nwwbon HOBOMN MAeen, Haw MeTod M nexawas B ero OCHOBE Teopus
MMEKT MHOro OTBETB/EHUW, KOTOpPble ele He MOMHOCTb pas3BuTbl. B gaHHou rnase
npeacTaBneHbl HECKONBbKO APYrMX acnekToB MeToda cOOBCTBEHHOro BekTopa (BCero nsTh),
KOTOpble UMEKT MPaKTUYECKYID U TEOpPEeTUYECKYK LUEHHOCTb, XOTA MHOroe B HUX eule
OO/MKHO BbITb nccneaoBaHo.

MepBO U3 3TUX Chep ABNAETCHA BblYUCNEHNE OXUAAEMbIX BEUUYNH B 3ajade NporHo-
3UpoBaHUA. BTopoi acnekT — UCNoNb30BaHME MapruHanbHbIX NPUOPUTETOB; TPETUN — AU-
HaMU4yecKne NpuopuTeThbl, A€ CaMn CYXXAEHUA — PYHKUUU BpeMEHU, a COBCTBEHHbIN BEK-
TOp BMMOTb A0 cnyvyaa 4x4 BbluMCNAeTCA B SBHOM BuAe 4depe3 kKoadduumeHTbl. Habpo-
COK AoKa3aTeNbCTBa TOro, YTo B ciydae 3 X3 neBblt COBCTBEHHbIN BEKTOP SIBNAETCA 06-
paTHbIM K NpaBoOMYy COBCTBEHHOMY BEKTOpPY NPUBOAUTCH K M. 7. 3aTeM MAEU UANCTpU-
pYOTCA. DTa npoueaypa MoxeT b6biTb 0606LEeHa Ha UepapXul, pasaesieHHYI Ha KnacTe-
pbl M 3/IEMEHTHI, YUC0 KOTOPbLIX Ha KaXXAOM YpPOBHE He npeBbilWaeT YyeTbipex. TeopeTuye-
CKOW TpYAHOCTM B NOAOGHOM AEeKOMMOo3UUMKM uUepapxum HeT. YeTsBepTasd Tema, KoTopas
obcyxgaeTcs, - BblUUCNEHNE KO3DPUUMEHTOB MaTpuubl MNpPAMbIX 3aTpaT B MOAENMU
«BXOA4-BbIX04» Ha ypoBHe cTpaHbl. [Mo3ToMy byaeT npounncTpuposaH cnocob nonyde-
HUA NMPUOPUTETOB, KOrga Mexay BuaaMn AeNCTBUS CYLLeCTBYET B3aMMOCBA3b. [n19 cpas-
HeHUs npeacTtasneHa Tabnuua, nNonNydYeHHas >3KcnepTaMu B pe3yfbTaTe MpPUMEHEHUSN
CNOXHOW 3KOHOMETPUYECKON TeXHWUKWU. BbyaeT nokasaHo, 4UTO pe3ynbTaTbl 6NM3KU M Hal
noaxon MoxeT ObiTb MCNONb30BaH ANSA MNPOBEAEHUA MEPBOM OUEHKUM Tabnuu «BXoAd-
BbIxog». llocneaHee NonesHoe NpUIoXeHUe OTHOCUTCH K pa3MeLlLeHU0 pecypcoB, B KO-
TOPOM UCMNOSb3YeTCca uepapxusa 3hPEKTUBHOCTU U MEpapXUA CTOMMOCTU, a TakXe AaHbl
aApyrvue npumepsl, nnnwctpupyrwwme addektusHocte MAM B 3TOW BaxxHOM obnactu npu-
noXxeHun. HakoHey, NONyTHO YNOMUHAKTCA HEKOTOpPblE pe3ynbTaTbl UCCneaoBaHUn, npo-
BEAEHHbIX MO BEPOATHOCTHLIM CYXAEHUAM, U UX UHTEpPMpeTaumMn. DTO MOXET OKa3aTbCH
NMONEe3HbIM MpU NPOBEAEHUU CTAaTUCTUYECKOro aHanusa CYXAEHWNA, NOAYYEeHHbIX OT MHO-
rmx nuu,.

5.2. OKWOAEMBbBIE BEJIMHWHDbI,
NONYHAEMbIE METOAOM AHAJTN3A NEPAPXUA: NMPOIMHO3

MpuBEeAEHHBIN HUXXE MPUMEP UCMOJL3YETCA B KadecTBe WAMKCTpauuu, a He ybeau-
Te/IbHOro AokKasaTenbCTBa TOro, YTO CYyXAEHUS naen NpuBoAAT K pesynbTaTaM, Haxo-
AAWKMMCA B TECHOM COrflacMmM € Hay4YHbIMU MPOrHO3aMM 3KCMepToB, KOTOPble ONMUparTCs
Ha MHOXeCTBO paKTOpOB.

B vepapxuueckoM noaxode K OUEHKe pa3Mepa CEMbW ydacTBOBanM ABe rpynnbl JK0-
aen. (OgHa rpynna mM3ydana BOMpPOC 3a Nepuoj coO BTOPOM MUPOBOW BOWHLI A0 Hadana
ceMmgecsTblX, a Apyras — oxBaTuna M BoCcbMuaecaTole rogbl.) lNepeasa rpynna paspabo-
Tana cneayrLluy nepapxuio yposHen n dakTopoB Ha KaXX40M YPOBHE.

YpoBeHb 1. CpeaHAs YNCNEHHOCTL AETEN B aMEPUKAHCKOW CeMbE.

YposeHb 2. Obpa3soBaHue, 40X04, pa3Mep CYLLECTBYKOLWEN CEMbU, PENIUTUA U UHTEH-
CUBHOCTb paboTbl MaTepu.

YpoBeHb 3. BbICOKUI, CpeaHNIn U HU3KUIA AN KaXA0ro aktopa Ha ypoBHe 2.
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YposeHb 4. Oxungaemasa 4yncneHHocTb geten (oT 1 Ao 5) B cembe.

B pesynbTate 6blIM MOMydYeHbl NATb PaKTOpPOB, AOMUHUPYIOLWKUX B COOTBETCTBUU C
npuopuTeTaMn MUX BKAaga B pa3Mep CEMbW MexAy BTOPOMA MUPOBOM BOWMHOM MU Ha4asioM
ceMmgecsaTbiX. 2TO 6bIU: Manoe KONMYeCTBO NET, CBA3aHHbIX C 0bpa3oBaHWEM; HU3KWUIA
A0X0A4; BbICOKMW A0X0A4; CpeAHee KONMYeCTBO NeT Ha obpa3oBaHMe U CTENEHb pPennuruos-
HOCTU. X NMpnopuUTeTLI 3aTEM HOPMaaM30BaauCh.

3aMeTuM Tenepb, YTO PaKTop C BLICOKMM NMPUOPUTETOM, BAUSAIOWMIA Ha pa3Mep CEMbMU,
TaKOW KaK BbICOKUI A0X0[4, HE MOXET BCTPedYaTbCHA Yy HaceneHus C TakOW Xe 4acToTow,
KaK CpeaHW A0X04 WU CUMbHas penurno3HocTb. MNO3TOMY Mbl AO/KHbI OLEHUTb OTHOCU-
Te/IbHYI 4acToTy NosiB/eHUA 3TUX HaKTOpPOB Y HaceneHus, UCNofb3ya napHble cpaBHe-
HUA, MNOAYYUTb COBCTBEHHLIN BEKTOP U YMHOXWTb COOTBETCTBYHOLME KOMMOHEHTHLI ABYX
COBCTBEHHbIX BEKTOPOB — MEPBOHAYaNLHOMO M OPUEHTUPOBAHHOINO Ha O6LWYK 4YUCNEeH-
HOCTb HaceneHus, 3aTeM HOpManu3oBaTb MO (aKTOpaM HOBbLIA BEKTOp ANSA MOJyyYeHus
YUCTOrO OTHOCUTENLHOrO MpUopUTETa ANA KaXaoro gaktopa C BbICOKUM MPUOPUTETOM B
COOTBETCTBUU C €ro pacnpegeseHneMm cpeamn HaceneHms. HakoHel, cob6CTBEHHbIE BEKTOPSI
npeobnagaHnsa YNCNEHHOCTN AETel B COOTBETCTBMU C KaXAbIM U3 NATU HakToOpoB 6bin
B3BELWEHbl Ka)XXA40W COOTBETCTBYIOLWEN KOMMOHEHTOM NOBTOPHO HOPMasIM30BAHHOIO BEKTO-
pa. bbin nonydyeH cneaywowmn pesynbTaT:

YncneHHoOCTb AeTen 1 2 3 4 5
MpuopuTteTt 0,087 0,191 0,282 0,292 0,150

OxngaeMmas YNCEHHOCTb AeTen byaeTt

0,087x1+0,181x2+0,282x3+0,292x4+0,150x5=3,23

No3aHee 6bIN0 yCTAaHOBAEHO, YTO NPOrHO3 AeMorpadoB O CpeAHEeN poOXAaeMOCTU Ae-
TeN >XeHWwuHaMu, poauswmMmmca B nepuod 1923-27 rr., 6bin 3,10, a poAUBWMMUCA B
1928-32 rr. - 3,14; XeHwWHbl 06enx rpynn poxanu AeTen B nepuog nocne BTopon Mu-
pOBOW BOWMHBbI.

BTopas rpynna niogen ucnonb3oBana cneaywuwme pakTopbl: HanMdme KOHTPONS Haj
poXxaaeMocTbio U aboptamun; paboTa MaTepu; no3gHee MaTepuHCTBO; obpa3oBaHue MaTe-
puU; CTOMMOCTb BOCMUTaHUA AeTen N BAnsaHMe obwectBa. COBCTBEHHbIE BEKTOPbl 3TUX
dakTopoB He noTpeboBann pemorpadmMyeckoro criaxXuBaHusa; WX COYIU PaABHOMEPHO
pacnpegeneHHsIMU. He 6bInv pacCMOTpPEHbl TakXe BbICOKUE, CpefHUNE N HU3KUE 3HAYeHUSN
dakTopoB. Cneaywwmin cobcTBeHHLIN BekTOp 6Ll MoOslyd4eH B KayecTBe MNpUOPUTETOB
YUCNEHHOCTU AEeTEN OTHOCUTENBLHO 3TUX NATU HaKTOPOB:

YncneHHoOCTb AeTen 1 2 3 4 5
MpuopuTteTt 0,028 0,174 0,495 0,239 0,064

OTcioga oXxuaaeMmass YNCIEHHOCTb AeTel nonydaetcs 2,14, 4To CpaBHUMO C BENUYK-
Holt 2,11, kOoTopas nony4deHa gemorpadamm 4ns BOCbMUAECATbIX FOA4O0B.

MpM NpUMEHEHUM MeTOAa ANSt OLEHKW pPOCTa TOBapoobopoTa HECMOTPS Ha BO3AENCT-
BME MHDNSAUMM, cnaja W MOBbILWEHUS CTOMMOCTU 3HEPrUU, BO-MNEPBbLIX, 6blIM MONYYEHDI
NPUOPUTETLI TPEX KpPUTEPUEB. 3aTEM pOCT ToBapoobopoTa 6bin pa3buT Ha AManasoHbl

(0-5)%, (6-10)%, (11-15)% wn (15-20)%. 3T ueTbipe AvanasoHa WCMO/b30Ba-

NNCb KaK CpaBHMBaeEMbl€ 371EMEHTbLI B OTAENbHbLIX MaTpuUuaxX B COOTBETCTBUN C BEPOATHO-
CTbIO UX peann3aumm No KaxaoMy m3 Tpex Kputepues. CpeaHsada cTeneHb pocTa 6blna Bbl-
YMC/eHa TaK Xe, KakK U B Cc/iydae C pa3MepoM ceMbu. CpegHee 3Ha4YeHne MOXeET 6bITb MC-
nosb30BaHO A4 BblMUCAEHNA ANUCTIEPCUNA.
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5.3. MAPTUHAJIbHbBIE MPUOPUTETHI

o cux nop B uUccrefoBaHUM MO YCTAHOBNEHUKD MPUOPUTETOB CPaBHUBAIWUCL BUAbI
OENCTBUI OTHOCUTENBLHO KpUTEPUEB, B NPeAnONIOXKEHUN, UTO KPUTEPUIA MBIC/TUTCS B HEKO-
TOPOM ycpeaHeHHOM Buae. Hanpumep, Npu cpaBHEHUU LUKOST B COOTBETCTBUU C HaUUYMEM
ApYy3el He y4duTbiBanacb BO3MOXHOCTb TOro, YTO YMUCNO Apy3en MoxXeT 6biTb MasbIM UK
60NbWNM, N3-3a Yero XenaTesbHOCTb WKOJT MOXET OKa3aTbCs pPa3fIMYHON.

EcTb ABa cnocoba paspeweHusa 3Ton npobnemeol. NepBbIM 3akn4yaeTcsa B NapaMeTpu-
3aUMM KoNU4YecTBa ApY3€eN OTHOCUTENIbHO HEKOTOPLIX NpeaesioB, KOTOpble Kak pa3 ykasa-
Hbl, HanpuMep, HeT Apy3en, HeMHoro Apysen, 6onblwe, 4YeM HeMHoOro, MHoro n 7. 4. Oa-
Hako C 3TUM NOAXOAOM CBfi3aHa onpeAefneHHass He4yeTKOCTb, TaK KakK KOJIM4YecTBo, Mo-
BUAMMOMY, HE UMEET NMpPsMOro OTHOLWEHUSA, HanpuMep, K CTEMEHU ApYyXenbus, n K Tomy,
KakKoe KOJIMYEeCTBO 3TOro CBOWCTBA MoXeT 6biTb WwkannposaHo. OAWH UHAUBUAYYM MOXET
obnagatb 6onbEn MM MeHbLEN CNOCOBHOCTLIO BbIThL APYroM, YeM ApYrou.

Bonee npuUrogHbIM NOAX0A0M MOXET CTaTb CpaBHEHUE LWIKOM B COOTBETCTBUU C UX XKe-
NaTENbHOCTLK MNPU YBENUYEHUN UAU YMEHbLIEHUN KOAMYECTBa ApYy3el Ha ewe oAHOro
(eavHuua ') gpyra. MapruHanbHbIi aHann3 Takoro TMna NpoBOAUTCA B HECKO/IbKO UTepa-
umin. PesynbtaTtoM 6yAeT MHOXECTBO COBCTBEHHbLIX BEKTOPOB, KOTOpble MO3BONAT MOAYy-
UUTb 3aKOH ANS U3MEHEHUS XeNnaTesIbHOCTU KaXAOM LWKOSbl OTHOCUTENIbHO KONM4YecTBa
ApYy3en, UM OTHOCUTENbHO CTeneHU ApyxXentobusa, KOTOPYH TakXe MOXHO MNonbiTaTbCs
onpeaenntb. Ana MHormx npobnem 3170 6o0nee TOYHO npeacTaBnsgeT AWHaAMUKY 3ajadu,
MOCKOJIbKY B 3aBUCUMOCTU OT YPOBHSA HacbIWEHUA MaprmHasabHOE yBeNNYeHNne B CBONCTBE
MOXET pasun4yHbIM 06pa3oM BAUATL Ha KpuTepum (aHanorv4yHo NpousBOAHOM YHKLMMU,
BE/IMYMHA KOTOPOM, B obueM, pasniMyHa OT TOUKW K Touke). MNoaxon MoxXeT 6biTb 0606-
LWEH Ha BCKO MepapXUI0, 0AHAKO BblYUCeHUsa ByayT AONTUMU U YTOMUTENBHbBIMUA,

MeToa co6CTBEHHOMO 3HA4YeHUA MOXET bbITb UCNOAbL30BaH ANA onpeAeneHus Bennuun-
Hbl COBCTBEHHOIMO BEKTOpPa MpPU MapruHanbHbIX U3MEHEHUAX B pacCMaTpuUBaeMbIX CBOWUCT-
Bax. OH, KOHEYHO, He A0/KEH coBnagaTb C COBCTBEHHLIM BEKTOPOM, KOTOPbLIN npeacTaB-
naeT BAUSAHWE CBOMCTB. Cneaywwmnin NpuMep MOXHO B3ATb B KayecTBe WIKOCTpauuu, a
He TOYHOro npeacrtaBneHms npobnemol. Bo-nepsBbix, npoeaeM 06bIYHLIA aHanu3 MaTpu-
LUbl MpeBoOCXoAcTBa C COBCTBEHHLIM BEKTOPOM, a 3aTeM 3alMeMcs MaTpuuen MapruHasnb-
HOro aHasusa Co CBOUM COBCTBEHHbLIM BEKTOPOM.

B kauecTBe npuMepa MMeeM CTPOUTENS LWOCCEMHLIX A0pPOr, KoTopbln 6bin 6e3paboT-
HbIM U TONIBKO 4YTO Hawen paboTy. Ero npeanoyvyTeHnsa MANCTpUpPYOTCa CleayrwmumMm xa-
pakTepucTukamm: A - aeHbru; B - yyacTve B COBMECTHoOI 6puragHoii pabote; C - xo-
powune ycnoBus Tpyaa; [ — yKopoueHHbl pabounii geHb; £ - pasHoobpasue 3ajaHui;
F - aBTOHOMMS.

A B C D E F
A 1 6 5 3 7 9
B 0,17 1 0,25 0,2 4 3
C 0,2 4 1 0,33 3 4
D 0,33 5 3 1 6 7
E 0,14 0,25 0,33 0,17 1 0,2
F 0,11 0,33 0,25 0,14 5 1

A, =6,79; UC = 0,16; OC = 0,13

Hanbonbwee cobcTBeHHOE 3HaYeHWe 3TOW MaTpuubl paBHO 6,79. COBCTBEHHbIN BeEK-
Top 6yaet (0,448; 0,076, 0,135; 0,257; 0,031; 0,052). 2To yKka3blBaeT Ha TO, YTO AEHb-
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M ABNAKTCSA XapaKTeEPUCTUKON paboTbl, HAMHOIO NPEBOCXOASLLEN ApYyrMe, 3aTeM cleay-
0T YKOPOYEHHbI pabounii AeHb, XOpoLLMe yCoBUS Tpyda U T. 4.

DNEMEHTbI CreayllWein MapruHaabHON MaTpuubl CPaBHEHWIA OLEHMBAKOTCA OTBETAMMU
Ha Bonpoc: «Hackonbko 6o0sblue YenoBek MNpeanoYnTaeT Masioe U3MEHEHWE OAHOI Xa-
PaKTEPUCTUKN NO CPaBHEHUIO C ManbiM M3MEHEHUEM APYroi NpU NOSyYeHUN paboTbI?»

A B C D E F
A 1 0,15 0,2 0,333 3 6
B 7 1 3 3 5 7
C 5 0,333 1 3 3 3
D 3 0,333 0,333 1 5 5
E 0,333 0,2 0,333 0,2 1 4
F 0,17 0,14 0,333 0,2 0,2 1

A =6,87; UC = 0,7; OC = 0,14

Hanbonbwee cobcTBeHHOE 3HayeHWe 3TOW MaTpuubl paBHO 6,87. CObBCTBEHHbIN BEK-
Top - (0,093; 0,409; 0,236: 0,166; 0,062; 0,034). B aTOM cny4dae npegnoyteHne oTha-
€TCS MapruHanbHOMY YJyYLlWEHUIO YCNOBUM AN COBMECTHOM bpuragHon paboTbl, 3a KOTO-
pbIM CnefyeT Xopowue yCnoBusa Tpyaa, 3aTeM YKOPOUYEHHbIN pabounin aeHb U T. 4.

AHanus nofobHoOro poga No3BoNseT B3rNMAHYTb Ha paboTy C TOUKU 3peHUs He TONbKO
€e HayasnbHbIX AOCTOUHCTB, HO M MOTEHUMWANbHbIX BO3MOXHOCTEN YynpaBneHus, 4Tobbl
NMpoOBECTU TOT TUM MapruHanbHbIX YCOBEPLUEHCTBOBaHWN, KOTOPbIM oueHuBaeTcsa Haubo-
nee BbICOKO.

5.4. ANHAMNYECKUWE CYXOEHNA N YPABHEHWE:
A1) = A (1) (1)

B oTHOWeEHUM NCNOMbL30BaHUA MeToda aHanwusa MepapXMVl 4aCTO BO3HWMKaET BOMPOC:
«YTO cneayeT AenaTtb, €C/N CYXAEHUS MEHAKTCA?» EcTecTBEHHbIN OTBET Ha 3TOT BOMpocC
MOXET BbiTb TaKUM: «CnepyeT pewunTb HOBYK 3ajdadvy». Ho 3ToO He To, 4To 06bIYHO Noamn
UMeKT B BUAY. BO3MOXHO TO, UTO UM XQUETCHA, ecTb NapaMeTpM3oBaHHOE pelleHue 3aja-
4yn 0 cobCcTBEHHOM BEKTOpEe Kak CIJYHKLI,VIVI BpeMeHUN AnA obecnevyeHUss COBMECTUMOCTUN He
TOJIbKO TOro, 4YTO AyMakOT noan cenyac, HO U TOro, YTo OHMH, BEpOATHEE BCErO, 6y,LI,YT Ay-
MaTb nosaHee. O3TOMY XenaTeNbHO aHaInTU4YecKoe pelleHue 3ajadn o cobCcTBEHHOM

sHavennn A(t)o(t)= 1, (t)o(r).

MOXHO CKa3aTb, YTO MO CBOEW MPUPOAE CYXAEHUS MEHSIOTCS B COOTBETCTBUM C pas-
NIMYHBIMW CUTYyauUsiMU. ECM OHW CNEAYIOT U3BECTHOM TEHAEHLMW, COOTBETCTBYIOLLEN ON-
peAeneHHOMY NnapaMeTpy, TO MOXHO 6bl710 6bl YCTPOUTb Tak, UTO6bl CYyXAEHUS CnefoBanu
M3MEHEHWUAM MapaMeTpa. HanpuMmep, y BOEHHOr0 IeTYMKa MOXET 6biTb HEKOTOPOE KO-
UECTBO CTpaTerui Ans Bbibopa B 3aBMCUMOCTU OT CKOPOCTU €ro caMosieTa, pacCToAHUS 40
BPaXXeCKOro camosieTa WM OT KOJMYecTBa Tornsmea B H6akax. BaXHOCTb o4HOI cTpaTterum
Mo CpaBHEHWIO C Apyroi 6yAeT (yHKUWEH CKOPOCTU, WM PacCTOAHUS, WK 3anaca Tor-
nvBa. OAHWMM M3 Cnoco6oB peLleHust 3Tol 3aaaun 6yAeT HeoAHOKpaTHas hukcauus Benu-
UMH BPEMEHHOrO MapaMeTpa W 3aTeM LWKajWpoBaHWe MOATOHKW KPUBLIX ANS PasiMyHbIX
BEIMYMH, NMOMYYEHHbIX 4151 KaXA0W KOMMOHEHTbI COBCTBEHHOIO BEKTOPA.

DneraHTHbIM NOAXOAOM MOTI0 6bl CTaTb Pa3NOXEHWE MepapXuW Ha KiacTepbl, YWUCIO

KOTOpPbIX HE€ MnpeBblWaeT 4YeTbIpeX B Kactepax CpaBHEHMVI, nonydyeHmne onmcaHus ﬁmax
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KakK PyHKUUN KOIDDPULMEHTOB NMyTEM peELIEHUS NMPpU HEOBXOAMMOCTU KBaapaTHOro, Kybu-
YECKOro yYpaBHEHUSA, NN YETBEPTON CTENEeHU, U Janee peleHne 3agayn o cobCTBEHHOM

3Ha4YeHWUN B ABHOM BUAE HYEPES KOBCIJCDVILI,VIEHTbI, d TaKXe 4yepes ﬂ‘ma . 3aTeM MOXHO Mnpu-

MEHWUTb NpUHUNN MepapxmquKon KOMNoO3nunnm and nonyyvyeHus obLWmMX BECOB Kak CIJYHK-
UM BpEMEHMN.
CornacHo Teopuu lanya HanbonbLWNin nopAaaokK Matpuubl, Ansd KOTOpOVI C NoOMOLWbHIO

NpoOCTOM KBaApaTypbl MOXHO MOAY4YUTb A B siBHOM dopMe, paBeH 4YeTbipéM. Kak 6b110

OTMEYEeHO paHee, NpU HeOBbX0AMMOCTM MCNONb30BaHUA MaTpuubl 60nee BbICOKOro nopsa-
Ka cneayeT BHECTU CTaTUYeCKne YNCEHHbIe CYXXAEHUS, NONYUYEHHble A1a pa3fIMYHbIX ne-
pNoAOB BPEMEHU, N PELLINTb COOTBETCTBYOLWYHO 3a4advy.

ANns cy>XAeHWN 0 NapHbIX CPpaBHEHUAX MOXHO MNOMbITAaTbCA NOAOMHATb OAHY U3 (PYHK-
UMA, npeacTaBfeHHbiX B Tabn. 5.1, K U3MEHAKWMUMCA CYXAEHUAM. DTN DYHKUMKU Npea-
CTaBneHbl B NapaMeTpuyeckoM Buae TakK, UTO NapaMeTp MOXHO YCTaHOBUTb ANs onpeje-
JIEHHOIO CpaBHEHMA B HadeXae Ha CcoOXpaHeHue rpaHuy WKanbl 1-9, KOTOPYK Mbl NpuUMe-
HAeM B AUCKPETHOM Cllydyae B KayecTBe npejena AuvanasoHa 3HadeHuin (unmn nwbon apy-
ron yoobHon wWwkanbl, UCNOMb3YEMON B OUCKPETHOM cry4dae). 2TU PYHKUMKU OTpaxarkT
HawWW MHTYUTUBHbIE 4YyBCTBa 06 M3MEHEHWUW B TpeHAe: MOCTOSIHHOM, JIMHEHHOM, nora-
pUOMUYECKOM M DKCNOHEHUMANbHOM, BO3pacTalLWeM 40 MakCMMyMa U ybbiBaloweM, nau

X

Ta6bnuua 5.1. AlMHaMnuYeckKmne CyxaeHusa

UHTEHCNBHOCTL
BaXXHOCTU
L Onucanne ObbvsacHeHne
3aBUCMMON OT
BpPEMEHN
124 MoCTOAHHOE ANS BCEX [ LEN0E 4uncno, OTHOCUTENBHBIA BEC HE U3Me-
1<a <9 HAeTCS
al(t)+a2 JIMHeiHoe oTHoweHWe no ¢, yBenuumsaw- |[ocTosiHHOE yBENMYeHne of-
Leecs uaM yMeHbllaluweecs A0 HeKoTopon [HOro BMAa A€ATENLHOCTA MO
TOo4Ykn. OTMETUM, 4TO obpaTHasa BennynmHa — |(CPABHEHUIO C APYTUM
rmnepbona
b 10g(t+1)+b Norapndmmyecknin poct 4o onpenenénHon |boicTpoe yBenmueHue (yMeHb-
1 2
TOYKK, A 3aTEM NOCTOAHCTBO lWeHWe), 3a KOTOPbIM criepyeTt
MeaNeHHOE yBenveHne
(yMeHbLUeHne)
ce +o¢ IKCNoHeHuManbHbl poct (Mnu yboiBanne, MenneHHoe yBenuyeHue
1 3

€cnuM ¢, - oTpuuaTenbHO) A0 OnpeAenéHHOoN (yMeHbLUEHNE), 38 KOTOPbIM

cnepnyet 6bICTPoOE yBENUYEHME
TOYKN N 3aTEM MOCTOSAHCTBO (OTMETUM, UYTO

(ymeHbleHNE)
obpaTHaa BenuynHa B cny4vae, ecim ¢, OT-
puuatenbHO — noructnyeckasa S-obpasHas
KpuBas)
d112 +dzt+d3 Mapabona ¢ MAaKCMMyMOM UM MUHMMYMOM B |YBenndeHmne (yMeHbleHne) 40
3aBNCUMOCTU OT TOr0, OTPULATENBHO NN MakcMMyma (MMHMMYMA) W 3a-
NONOXWUTENbHO d, W 3aTEM MOCTOSIHCTBO TeM)YMeHbUJeHVle (yBennue-
Hue

(MoxeT 6bITb MOAMdMUMPOBaHa AN acum-

METPUYHOCTM BMPaBO WIN BJIEBO)

elt” sin(t + 82)+ e, KonebaHus Ko;1e6aHme C yBenmquaro-
wemnca (yMeHbllawwencsa) am-

NANTYAON B 3aBUCUMMOCTU OT

n>0 (n<0)

KaTtactpodel YKasblBakTCH paspbiBbl YpesBblHalHO CUSIbHbIE N3Me-
HEHWUS B MHTEHCUBHOCTH
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onyckallweMcss 40 MMHMMYMa U BO3pacTaklleM, konebaTenbHOM U, HaKOHeL, AonycKalo-
eM KaTacTpoduruyeckoe UsMeHeHue.

Matpuua 2x2

Ons storo cnyyas A, (f)=2 u Hawa 3aBMcMMan OT BpeMeHW 3afaua O COBCTBEHHOM

max

a0 0)

o (t)+a(t)o,(t) = 20,(t),
w (1) a(t)+o,(t)=2w,(1).
113 NepBOro ypaBHeHUs NoayyaeM
o (1)=al)ou (),

YTo TakKxXe MoXeT 6bITb MoJSIy4eHO M3 BTOPOro ypaBHEHWUA. DTU ABa YpPaBHEHUSA HE MO-

OTKyda nMeeM

ryT 6blITb HE3A@BMCUMbIMWU, B MPOTUBHOM C/ly4Yyae AeTepMUHaT A(t) He 6bln 6bl paBeH HYNo
M Mbl HE UMeNK Bbl HEHYNEBOMO peleHus. Mo3ToMy MOXHO 3adUKCMpOBaTb a)z(t) npouns-
BOJIbHbIM 06pa3oM, HampuUMep MONOXUTb a)z(t)zl, oTClo4a NOMyYuM a)l(t):a(t). Hop-

ManmM3oBaHHbLIA NpaBbll COBCTBEHHLINA BEKTOP UMEET BUA {a(t)/[a(t)Jrl],1/[a(t)+l]}.

HopManu3oBaHHbIN NeBbln CO6CTBEHHLIN BeKTOp 6yaeT obpaTHbIM 3N1IEMEHTOM, T. €.

{Va(t) a(t)+1], 1/[a(t)+1]}
MaTtpuuya 3xX3

Moppuc [109], pewas kybuyeckoe ypaBHeHMe, AOCTaTOYHO MNPOCTO Nokasan, uto A,

ansa cnydas 3x3 npwu a, = l/aﬂ npeacraBnseTcs B BUAe

Amax = (a13 /a,a,; )1/3 + (a12a23 /ay; )1/3 +1

3ameTum, uto A, Bceraa =3 (Mbl fOKa3anu, 4To B obuieM cnyvyae A . 7).

CucteMa ypaBHEHMUIM, COOTBETCTBYKOLWAN 3TOMY Cny4ato, NpeacTaBnseTcs cneayowmm
obpa3om:

o, (t) +a,0, (t) + a0, (t) = Ao (t)a)l (t) '
@, (1) a, + @, (1) + ayw,(t) = A, () 0, (1),
o (1) ay +, (1) ay + o, (1) = 4, (t)os(t) .
Monoxum @, =1. NepBoe ypaBHeHne 6yaeT
a,, 0, (t) + a0, (t) = _(1 - /1) /
a BTOpoOe -
(1-2)o, +ayw,=—1/a,.

PelWM nx Tenepb OTHOCUTENBHO @, N @; . [Tony4YnM
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(/1_1)%3 +(a13/a12)
A I
—1+(1-AY
0)3: +( ) l;
A

rae A=a,a,+a,(A-1).

w, =

Y1066l HOpManM3oBaTb KOMMOHEHTLI, 06pasyem

0+, o = a,a,, Jrcll3(/1—1)cl23 JrA(aB/alz)—lJr(l—/I)2 E%.
CnepoaTenbHo,
w =A/D,
B (A-1Da,; +(ay/a,)
0)2 - 1
D
1+(1-a)
o - _H0-A)
D

Ons neesoro cobCTBEHHOro BEKTOpPa, KOTOprVI ABNAETCA MNO3NEMEHTHO O6paTHbIM,
MMEEM:

~1+(1-4)’
b =———
a, (A-1)+(ay,/a5;)
UZ_ E ’
v, =A/E,

rae
E=-1+(1-2) +a,(A-1)+(a/ay )+ apar, +a (A1),

MaTtpuua 4%x4
PaccMOTpUM 06paTHOCMMMETPUYHYIO MaTpuuy 4x4 ¢ snemMeHTaMu, ABNAOWMMUCS
DYHKUMAMU BpEMEHN

1 a b c
1/a 1 d e
/b 1/d 1 f|

/e le 1/ f 1]

OTMEeTUM, UTo BCe KO3 D UUNEHTbl MOTryT 6biTh GYHKUUAMKU NapaMeTpa ! . XapakTepu-
CTUYECKOE YpaBHEHME 3TON MaTpULbl

A' =42 —(B-8)A+(B+C-5)=0

B:(£+ij+(%+ij+(ﬂ+ij+(z+ij
e df c ae b ad c bf)’

C:3_(%4_Lj_(ﬁ+zj—(ﬁj—(ﬁ+ﬁj.
¢ adf bf ae ae be cd

PaccMOTpUM peayKLUUO YpaBHEHUS YETBEPTOM CTENEHU CeayoWnM o06pa3omM:

roe
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(A2 -22)=(B-8)A—(B+C-5)+44"
HNobaenan
(/12 —2/1)r+lr2
4
(r - napaMeTp) K 06enM yacTaM ypaBHeHUs, NoNy4vYaeMm
2
(/12—2/1+%rj ~(r+4) 2 (B8 224 (B4 C ),

MpaBasa 4YacTb ABAAETCA MOAHbLIM KBagpaToM JINHENHOW CIJYHKLI,VIVI no A B TOM U TOMb-
KO B TOM Cny4ae, eCnn ee A€ETEPMNHAHT paBEH HYNHO, T. €.

A=[(B-8)-2] _4Br2 —(B+C—5)}(r+4):

:—r3+4(c+3)r+(—16+B2 +16C):0,

N HasblBaeTCca KybUUECKOWM pe30/IbBEHTON ypaBHEHUSI YETBEPTON cTeneHun. Ecnn r - Kko-
peHb 3Toro ypasHeHusa, To A =0. Nmeem

2 2
(/12 —2/1+lrj (r+4){ﬁ+w} (r+4){/11+
2 2(r+4)
OTKyAda npn nMcnonb3oBaHNU Hanbonbwero 3HayYeHWsa r nonayymm
_ 24+r+4 +\/8—r ,_B
max 2 N

Tenepb NOCMOTPUM, KaK peluaeTcs Ky6mquKoe YpaBHEHUE.
KY6VI‘-IeCKy}O pe30NbBEHTY MOXHO NMpeicTtaBUTb B BUAE

B 2
79

o+ pr+q=0,
rne p=-4(C+3), ¢g=16—B>-16C.
Mcnonb3ys npeobpasoBaHue

N
3z
3anuileM pe3osibBEHTY B BUAE
3
3
z - +g=0
272
nnu
p3
g -==0,
27

3
a 3TO — KBajpaTHOEe ypaBHEHWE NO Z .
Taknm obpas3oM, peweHuns byayTt

roe R =(p/3)3 +(c]/2)2 . MycTb

TN

Kybuyeckme KOpHU U3 eAnHULbI ByayT
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I 1 I 1
PRI ;R L N
2 2 2 2
Mony4yaem crnepyowme WecCTb pelleHni
T, o'T, o'T,, T,, &'T,, @T,

ypaBHEHUS
3

r_
27

N3BECTHO, UTO KOPHU MPUBEAEHHOTO KYyBUUYECKOro ypaeHeHus © + pr+q=0 npea-
CTaBnsATCA B BUAE

21 qz’ —

n=1+1;,
1 2
n=0T+0l,,

) 1
=0T +oT,.

2 3 2 2
q::(—8+€;+8Cj+ [—%{C+3J +(8—€;—8Cj +

B 4 : B ’
+|| —8+—+8C |- [——(C+3)} +|8——-8C
2 3 2 ’
11 11
62(——+—\/§ijTl+(————\/§ijT2:
22 2 2
1 3

=L+ L)+ -1)i,
I 1 . I 1 =
=g Jne (32
1 V3

n=—o T+ )= -T,)i.

MoaTomy

Ecm T,=T7,, R=0 u kopHu K = =(—q1/2)1/3 . BENCTBUTENbHbI; F = 2(—q/2)1/3.
KpoMe TOro, nockKofibKy KOPHU KOMMNAEKCHO-CONPSXXEHHbIE, ¥ BCerga sABNseTcsa AENCTBU-
TeNbHbIM KOpPHEM KyBW4yeckol pe3osibBEHTbl. DTO creayeT U3 Toro cdakta, uyto p=0
YTobbl NOHATb 3T0, oTMeTUM, yTo C uMeeT Tpu uneHa Buaa x+1/x. MUHMManbHoe 3Ha-
YeHWe Takoro uneHa pasHo 2, T.e. C<-3 n p=-4(C+3)2>0. NosTomy r=1; BCeraa
pencreuteneH. K tomy xe 720, Tak kak ¢ £0. 270 cneagyet 13

B*+16C 216,
B*216(1-C).
Munmumym 16(1—C) ectb 64.
AHaNOrMYHO MUHMManbHoe 3HaueHue B> ecTb 64. Moatomy ¢ <0. WUTak, nepsbii

YneH M3 BblpaXeHWAa onda 7 NONOXWUTENEH U, KPOMe TOro, BCcerga npeBocxognT BTOpOVI.
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Mostomy 7=17 20 gaBnseTcs KOPHEM, KOTOPbIA MCMONb3YETCA Bbile B BbIPaXXeHWUU ANS

A

max *
PeweHwe cucteMbl Aw = A, @, KOTOpOE B pa3BepHYTO opMe UMeeT BUA
(1- 1) o, +aw, + bo, +cw, =0,

1
—w,+(1- 1), +do, +ew, =0,
a

1 1
Za)l‘f‘ga)z“r(l—/l)a%‘f‘fah :0,
1 1 1

—o +—0,+—ao,+(1- 1), =0,
c e

nocne HopManusauun 6yaer:
0 0 0 0
w=0/0,0,=0,/0, 0,=0,/0, o,=0,/0,
roe

O=(A-1) +(c+f+e)(A-1) + (ae—3)+(b+d)f+(é+%jc+g (A-1)+

be bf\ cd+aec—b
adf —a—e—f)+| —+— |+ —
(adf /) (d baj b ad |’

! :c(/i—l)2 +(ae+bf)(/1—1)+(adf+%—cj,

@ =e(A-1) +(df+£j(/1—l)+(z+%—ej,
a

a
0 _ N LR I Lo ae
w;, = f(A-1) +(d+bj(/1 1)+(ad+b fj,

o :(1_1)2_3(1_1)_(ﬂ+ij_
b ad

3aMeyaHue. /3 NoNyYEHHOro peweHnsa BUAHO, 4To ecnn nbon KosadhdpUUMNEHT yBe-
nmyneaeTca (YMeHbLIAEeTCa) B 4AaHHOW CTPOKE MaTpuLbl NapHbIX CpaBHEHUW, TO BEMYNHA
KOMMNOHEHTbI COBCTBEHHOro BeKTOpa, COOTBETCTBYKLWEN 3TOM CTPOKE, YBENUUYMBAETCSH
(yMeHbLaeTcsa) OTHOCUTENLHO OCTasIbHLIX KOMMOHEHT. DTO CBOWCTBO nMpucyle U oblemy
cnydaro ana o6paTHOCUMMMETPUYHOM MaTpuULubl.

B 3aBepweHnn 3TOro pasgena paccMOTpUM MPOCTON Ciy4vyal ceMbU, COCTOSAWEN U3 OT-
ua (0), matepn (M) n pebenka (P). OueBuaHO, UYTO BpeMs, KOTOpoe pebeHOK NMpoBoAUT
AOMa, 3aBUCb I OT ero Bo3pacTa. PebeHok byaeT HaxoAUTbCA AOMa TO Xe BpPeEMs, UTO U
MaTb, @ 3aTeM, B3pocnes, OH byaeT NpoBOAUTL AOMaA BCEe MEHbLUE BPEMEHU MO CPABHEHUIO
C TEM BpeMeHeM, KOTOpoe NpoBoAUT AoMa MaTb. lpeanonaraetcsd, 4To MaTb He XOAMUT Ha
paboTy.

Ecnn cpaBHUTbL BpeMms, NpoBoAMMOE AOMa MaTepbk U pebeHKOM, U COCTaBuUTb Auna-
rpaMMy 3TOrM0 OTHOLWEHUS KakK PYHKUMUIO BPEMEHU, TO MONYUUM KPUBYIO, MOKA3aHHYIO Ha
puc. 5.1.

KpuBasi HauMHaeTca C 0OAMHAKOBOrO0 BpeMEHM, KOTOpoe NMpoBOAUT AOMa MaTb U pebe-
HOK, 3aTeM OTHOLWEHMWE BpPEMEHU MaTepu K BpeMeHu pebeHka pacTeT, NoOKa KpuBas He
CTaHeT ropuU30OHTaNbHOM. DTO MPOMU3ONAET KO BpeMeHun, koraa pebeHok gocturno 15-16
nerT.
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CpaBHeHWe BpeMeHW, NpoBOAMMOro AoMa OTUOM U peﬁeHKOM, AdeT OTHOWeHWne, KOTO-
poe ABnseTCs 3epKanbHbIM OTpa)XeHWeM BepXHeW KPWUBOW. DTO OTHOWEHWe nokKasaHo Ha
puc. 5.2. OTHocuUTeNnbHas BenM4YMHa BpeMeHu, NpoBoauMMasn foMa OTUOM WM MaTepbl, He
byaer MeHATbCA CAMWKOM CU/IbHO M MOXHO NpeanonoXuTb, UTO OHa bonee uvnm MeHee
NMOCTOAHHA.

Bpemsa maTtepu
Bpems pebéHka

1 -
Bpems
Puc. 5.1
Bpemsi pebéHka
Bpems oTua
1 - -
Bpems
Puc. 5.2

Ecnu TpebyeTcs npoBecTU napHble CPaBHEHWA pa3/iIMYHbIX MNPOMEXYTKOB BPEMEHM,
NpoBOAMMBIX AOMa pa3fIUYHbIMKU YNlE€HaMU CEMbW, TO HYXHO MNOMYYUTb MocneposaTesnb-
HOCTb MaTpuL CpaBHEHUS, KaxXAaas U3 KOTOPbIX COOTBETCTBOBana 6kl onpeaeneHHOMYy ne-
puoay BpeMeHu.

PaccMoTpuM nepuoa BpeMEHU, COOTBETCTBYIOLWIMIA BO3pacTy pebéHKa A0 YeTbipeX nerT.
Ecnu ncknouuTb, ckaXxeM, BOCEMb YacoB HOYbIO, TO MOXHO 0XWUAaTb, YTO MaTb U pebEHOK
npoBOAAT NpUMepHO B 2-3 pa3a 6osbluie BpeMeHW goMa, YeM oTel. KoHeyHo, MaTb U pe-
6EHOK NpOBOAAT AOMa OAHO U TO Xe BPeEMS.

37O AaeT CcneayloLyo MaTpuuy:

(O M P
ol 1 1/2,5 1/2,5
M|25 1 1
P25 1 1]

Amax =3,0; UC = 0,0; OC = 0,0
OTctoaa nonyvyaeMm creayrwmini Co6CTBEHHbIN BEKTOP AN UX OTHOCUTENBLHOro BpeMe-
HW NpebbiBaHUA A0oMa
0:0,167, M :0,417;, P:0,417,

KOTOprI:"! pPa3yMHO OTpaXaeT COOTBETCTBYHOWME Nponopunn BpeMeHn.
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MpuMepHO B 4YeTbipe roaa pebeHOoK HauyMHaeT XOAWUTb B AETCKUI cah, Tak YTo mpomc-
XOAWUT pa3HOe WM3MEHEHME B OTHOCUTENbHbLIX MPOMNOPUMAX BpPEMEHW, MPOBOAMMOM AOMa
MaTepbl C pe6EHKOM U OTLOM C peBEHKOM.

M3MeHsoWwMeca nponopumMm B OAHOI MaTpuLe MOXHO 3anucaTb, WUCMOMb3ys 3aBUCA-
Lee OT BPEMEHW BbipaXkeHue ANs 3TUX NMponopuuni

0 M P

0 I 1/2 1/(3-1nt/2)
M| 2 I 0,4+ 1nt/2
P|3-1nt/2 1/(0,4+1nt/2) 1 |

roe [ — BO3pacTHOW nepwuog oT 4 Ao 16 neT.

3Ta MaTpuua, Hapsay c npeabiaywen, NnpuBoanT K KpUBbIM Ha puc. 5.3-5.5, KoTopsble
n3obpaxalT COOTBETCTBYHOLWME NMapHble CpaBHEHUSA NPU U3MEHEHUW BO3pacTa OT HyNns 40
16 ner.

3 1 I 1 I
2 - -
Bpemsa matepum
Bpems pebéHka
1 —
1 | 1 |
2 6 10 14 18
Bpems
Puc. 5.3. Matb n pe6énok: Bospacrt ot 0 go 16 ner
3 T T | T
|
2 - e e e e e e e s -
Bpems matepu
Bpems oTua
1 1 1 1
2 6 10 14 18
Bpems

Puc. 5.4. Orey n marb: Bozpacrt ot 0 go 16 ner
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2 — -
Bpems pebéHka
Bpems oTua

1_ -

] I 1 1

2 6 10 14 18
Bpems

Puc. 5.5. Orey un pebéHok: Bozpacr ot 0 go 16 ner

PelweHne 3agaun 0 MakCMManbHOM COBCTBEHHOM 3HAYE€HUU, COOTBETCTBYIOLLEM ITUM
KPWBbLIM NapHbIX CpaBHEHWI1 ana (4St£l6), 6yaner

2 ]3 +{(3— Int/2)(0,4+ mz/ﬂ}” l

A=
[(31ntﬁ2)(0,4+1nr/2) 2

CoOTBETCTBYHLUNIN COBCTBEHHbI BEKTOP Nosy4yaeTtcs B Buae A/ D,

2
A-1)(0,4+1nt/2)+——|/D
|:( )( ot )+ 3—1}11‘/2} ’

—1+(1-4) |/,

roe
A-1

A=0,5(0,4+1nt/2)+ ————,
3—1nt/2

2

A+1
D=(A-05)10,4+1nt/2)+ —————1+(1- 4

Mo OKOHYaHUWM LWKONbLI peBeHOK MPOBOAMT AOMA MEHbLIE BpeMeHu, yem oteu. lpo-
NoOpUMKM eLle pa3 CTaHOBATCHA AOBONILHO MOCTOSHHLIMW W OTpa)kalTcs B Crneayollein co-
rNacoBaHHOW MaTpuLeE NapHbIX CPaBHEHWIA:

(O M P ]
ol 1 05 1,25
M| 2 1 25
P08 0,4 1 |
A =3,0; UC=0,0; OC=0,0

max

CobcTBEHHbIM BekTOp byaeT
0:0,263; M :0,526; P:0,211.
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] | ] 1 |
MaTtb

0.5} -
0.4 -
0.3 Otey
0.2 PebéHok
0.1F -

1 1 1 1 1

4 8 12 16 20

Bpems
Puc. 5.6. CpaBHuTenbHoe BpeMs, NpoBOAMMOE A0OMa

MocTpoeHue pesynbTupyrowmnx avarpamm ans 0<t1<4, 4<¢t<16 n 16 <t peanuctu-
YeCKM BOCMPOU3BOAUT CPaBHUTENbHOE BpeMs, MO OTHOWEHUID KO BCEM OCTallbHbIM uYne-
HaM CEMbMW, KOTOpPOE KaXXAabll YneH ceMbu npoBoanT aoMa (puc. 5.6).

5.5. UBMEPEHWUE B3AUMOCBSA3EN
MEXAY NMPON3BOACTBEHHBIMU CIMTOCOBAMMW:
BXOA-BblXO4; MPUJTOXEHWE K CYAAHY
Mpn M3yyeHUM B3aMMOCBA3EN 0coBoe BHUMaHWe yAesvM OTHOLWEHWSIM TUNAa «BXO4-

BbIXO4». MaTpuubl MOAENU «BXOA4-BbIX04» B 3KOHOMMKE nony4yawTca B obwem Buge cne-
AyHLWwuM obpasom.

Myctb paHbl N cekTopoB akoHoMuku A, A4,,..., A, v matpuua S ; aneMeHT MaTpuubl
§; 0603HayvaeT BbIXOA CeKTOopa i, KOTOPbI CTAHOBMTCSA BXOAOM cekTopa / (3To npome-
XYTOYHaa NpoayKuMa cekTopa . Heobxoaumas cekTopy /). Bbixon u3 cekTtopa I K no-
TpebuTtento (KoHe4YHas npoaykuus) obosHauyum yepes Y,. UMeem
N &
zg _§ _ ofwas npoMmexyToyHas NpOAYKUMUs cekTopa i (BHYTPeHHWe no-
= v ! TpebHOCTU ApYruX CEKTOPOB)
S, +Y =0, - obuwasa (Banosas) npoaykuusa cektopa i
KoathduuneHTbl NpsMbIX 3aTpaT NonyvarTcs Cneayowmnm o6pasom:

SU'

_a)”_
S, +7, '

(BkNnaa cekTopa i B NPOW3BOACTBO €AUHMUbI 06Lel npoaykumm J

* HazbIBalOTCA TaKKe TEXHONOrMUECKUMU Ko3tdULMEHTaMu. — [IpuM. nepes.
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Sy s; S, U
S1+Yl _Sl'l' S1+Yl _Sl'Ol'

Ons nonydyeHUs MaTpuubl NPAMbIX 3aTpaT NnocpeacTBOM MAU HYXHO OLEHUTb Sl-j/Sl- n

S./0;. MocMOTpUM, UTO OHU MpPeacTaBnAlT U3 cebs. Sl./(Sl. +Yl.) - aonsa obuen npoayk-

UMK CceKkTopa [, pacnpeaensieMon aAns cobCTBeHHOro notpebnerHus. Obwan npoMexyToy-
Has NpoAaykuusa oueHuBaetca ana i=1,2,..., N nocpeacrtsoMm MAW nocne oTBeTa Ha cne-

ﬂ,y}OU.lMVI BOMpOC:. HACKOJIbKO OANH CEKTOP Ba>Hee Nno CpaBHEHUIKO C APYTrMM MNpU pacrnpe-
AeneHNN BbIXOAHOM npoaykummn Ha cob6CTBEHHbIE HY>XAabl? ECM Ha 3TOT BOMPOC HeNb3s
OTBETUTb NpPAMO, TO BHYTPEHHNE I'IOTpe6HOCTVI MOTYyT 6bITb nepapxmyeckn pasgesieHbl Ha
npon3BoaCTBO, CnpocC, NwaCKMe pecypcbl, KannUtan M CTOMMOCTb, U CEKTOPbLI MOAYyHakoT
NMPUOPUTETLI OTAENBHO OTHOCUTENBHO KaXaoro Kputepusa. llocne onpeaeneHns npuopu-
TETOB 3TUX KpUTEpUMEB MO OTHOWEHUK K KUX BIUAHUNKO Ha MpOU3BOACTBO UCMNONb3YETCA
KOMMNO3nUna And nonyyvYeHus obLwen Mepbl BaXHOCTN AN CEKTOPOB. 0603HauYMM OUEHKU

S,/0; yepes x, .
BHOBb sl.j/Sl. npeactasnaeT cobon Aono obwen NpoMexyToyHOW NMpoayKUMKM ceKTopa

i . pacnpeneneHHy B cektope j . UMeem

N
ZSU/SI. =1
j=1

MocTponM MaTpuLy NapHbIX CPAaBHEHUA MEeXAY CEKTOpPaMM Mo OTHOLWEHUK K CEKTOPY
1. OTBETUM Ha CneayrLWUii BONPOC: HACKOMbKO CU/IbHa 3aBUCMMOCTb OAHOIO CEKTOpa Mo
CpaBHEHUIO C APYrMM ANa MNONy4YeHUs BbIXOAHOW NpoAyKUUM U3 cekTopa [ ? B pesynbTaTe
MMeeM MaTpuuy napHbIX CpaBHEHUH, M3 KOTOPOMN nNnofsydaeM CcOBCTBEHHbIA BEKTOp-
ctonbeu BecoB. Koraa 3To npoAenaHo ANA Ka)XAoro cektopa, nonydaem matpuuy W,
cTonbuamm KoTopon 6yayT COBCTBEHHbIE BEKTOPI.

HakoHel, Aons nonydeHus oueHok KoaddUUMEHTOB NpsMbIX 3aTpaT, T. €. MaTpuubl
«BXOA—BbIX0A», MO3MEMEHTHO YMHOXWM KaxAablh cTonbeu ™Matpuubl W Ha BekTOp-

cTonbey, x:(xl,xz,...,xN).

CaMbIM BaXHbIM (aKTOpPOM, KOTOpPbIA cneayeT MpUHATL BO BHUMaHUE MpU OUEHKe
MaTpuUbl MPSAMbIX 3aTpaT, UCNONb3Ya UEPAPXUYECKUIA MOAXO0A, SABNAETCA A0SA MPOMeEXY-
TOYHOW MPOAYKUWNUN B KaXAOM CEKTOpe OTHOCUTENbHO BCEW npoAykuuu. OueHka 3TOW [o-
v 6bla npoBeAeHa B npeanaraeMoM npuMepe nocne TWwaTenbHOro MU3ydeHusa cywecT-
BYIOLWEN nuTepaTtypbl No s3koHOMUKe CyaaHa [139]. PaccmaTpmBanuch cnepyrowme wecTb
CEeKTOpOB:

. Cenbckoe xo3ancteo (CX).

. KoMmMmyHanbHoe xo3ancteo (KX).

. MpoMbIwneHHocTb U Aobbiva nosesHbiX nckonaemolx (MA4).
. TpaHcnopT n goctaeka Tosapos (TA).

. Ctpoutenscteo (CT).

. Cepsuc (CE).

CyhaH paccMaTpuBaeTcs B OCHOBHOM KakK arpapHas ctpaHa. K TOMy BpeMeHM, Korpa
paspabaTbiBasiiUCb 3KOHOMeTpuyeckne mogenu (1972 r.) v NpoBOAMACA aHanuU3 <«BXOA4-
BbIX04», UCMOMb30BanANCh AaHHble 3a 1961 r. OcHoBHOM nNpobneMon B CynaHe 6bl10 OT-
CYTCTBME AOCTAaTOYHO 3D DEKTUBHOM TPAHCANOPTHOMN CUCTEMBI. NS NonyvYeHUs oAMHaKoBO-
ro nopsaka Be/UYMH OLEHOK CEKTOPOB, CPaBHUBAEMbLIX C CEMTbCKUM XO3SMCTBOM U TpaHC-
nopToM (APYrMM KpynHbLIM BUAOM AEATENIbHOCTU), OCTallbHble CEKTOpPLI bblNKM Crpynnupo-
BaHblI B O4HO Uesioe — arperaT. TakuMm obpa3oM, UMeeM:

aouhwNnRE
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KoMMYyHanbHoOe X0351NCTBO
MpOMbIWNEHHOCTE M A06bl4a NOAE3HbIX UCKONaeMbIX
CTpouTenbcTBo
Cepsuc

Ons obpa3zoBaHUs MaTpuy MapHbIX CpaBHEHU HYXHO 3adaTb CAeAyLWMiA BONpPOC:
KakKoll M3 ABYX CEKTOpoB I M j pacnpegenseTr 60MblWy 4YacTb CBOEW MPOAYKUWUW ANS

YOOBNETBOPEHUS BHYTPEHHUX NoTpebHocTeln (06LWyK NPOMEXYTOUYHYH NpOoAYKUMKD)?
CHa4dana cpaBHWUM 3/1eéMEHTLI arperaTta, 3aTeM OTAENbHO — arperaT C Ce/IbCKUM XO3AMUCT-
BOM WM TPaAHCMNOPTOM M UCMNONb3YEM UTOMOBLIN BeC arperata AN COCTaBf€HUS COOTBETCT-
BYIOLMX BECOB YEThbIPEX CEKTOPOB CaMOro arperata. 19 3KOHOMUKW MecCTa He BbINMUCaHbI
060CHOBaHUA CY>XXAEHUN, KOTOPble NMEKTCS B KOHKPETHOM UCCNefoBaHUN.

Arperat (AN

Y0OBNETBOPEHMNE BHYTPEHHNX .
notpesHocTel KX na CT CE Co6CTBEHHbI BEKTOP
Al KX 1 1/2 1/2 1/3 0,1272
na 2 1 1 1 0,2804
CT 2 1 1 1 0,2804
CE 3 1 1 1 0,3120
A.. =4,02; UC = 0,007; OC = 0,007
YOOBNETBOPEHMUE BHYTPEHHUX .
noTpe6HocTeit CX Ta Al Cob6CcTBEHHbIN BEKTOP
CX 1 1/2 2 0,3108
TA 2 1 2 0,4934
Al 1/2 1/2 1 0,1948

A, =3,05; UC = 0,025; OC = 0,04

ONst OTHOCUTENBHOMN BaXXHOCTU CEKTOPOB NnojsyyaeM.

OKoOH4YaTeNbHLIE BECca OueHkun
CekTopsl Sl-/(Sl-JFYl-) Yl-/(Sl-—i-Yl-)

1 0,3108 0,6892
2 0,0248 0,9752
3 0,0546 0,9454
4 0,4934 0,5066
5 0,0546 0,9454
6 0,0608 0,9392

Tenepb onpenennM B3aMMOOTHOLWEHUA Mexay cekTopaMu. OHM npeacTaBfeHbl CTpo-
kamun Tabn. 5.2.

Ons 3agaHHOro onpeaeneHHoOro cekTopa [ Mbl CApalMBaeM: B KakOM U3 ABYX CEKTO-
poB, h n k, pacnpenensietca 6onblle NpoaykuMn cektopa i ? MNpuBeLeHHble HUXKE MaT-
puvubl 4aloT OTBET Ha 3TOT BOMPOC AN KaXAoro cekropa.
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Ta6bnuua 5.2

Bxoa-Bbixoa CX KX na Ta CT CE
CX X X X X
KX X X X X
na X X X X
TA X X X X X
CT X
CE X X X X X

CenbcKoe XO3fIACTBO

OCHOBHOM CenNbCKOXO3SIMCTBEHHOM KynbTypon B CyadaHe sBASETCA XNOMOK. XNOMnok
3KCMOPTUPYETCH, a TakKxXe noTpebnsercss NpOMbIWAEHHOCTbI. M03TOMY CenbCKOe XO035i-
CTBO, TPAHCMOPT U CTPOUTENBLCTBO HE NOAYyYarT 60NbLION0 KOANYECcTBa NpoAYyKUUN Cefb-
cKkoro xossictea. ObpasyeM HOBbIA arperaT. (3aMeTUM, YTO TO/bKO YEeTbIpe CceKTopa pac-
CMaTpUBaKTCA B CBA3U C CENTbCKMM X035IMCTBOM.)

KoMMYyHanbHoOe X0351NCTBO

MpOMbIWNEHHOCTE M A06bl4a NOAE3HbIX UCKONaeMbIX
TpaHcnopT 1 AoCTaBKa TOBapoB

CTpouTenbcTBo

Kak y)xe oTMedanocb, ocHoBHasa npobneMa CydaHa — HexBaTKa TpaHcnopTa. Mbl 06b-
eANHUNKN ABa CEKTOpa, KOTopble He NoTpebnsatoT CyLWeCTBEHHOr0 KONMYecTBa CeMbCKOXO0-
3NCTBEHHOW NpPOAYKUUU, CaMO CebCKOe X038MCTBO, TPaHCNOPT U AOCTaBKy TOBapoB, U3-
3a TOro, YTo XOTS BTOPOM OCHOBHOW KYNbTYPOW NOCAe XA0MNKa ABASAETCA nuweHuua, cefb-
CKOXO35MCTBEHHbI ceKTop pa3MelaeT 60nblUYK 4YacTb CBOEW NpoAayKuun (HanpuMmep,
AepeB0o) B CTpoUTENbCTBE. TpaHCMNOpPT pa3BMBAETCa NOCPEACTBOM 3alMOB, NMoay4YaeMblX OT
apabckux cTpaH, nMerwmnx HedTb, U BceMnpHoro 6aHka. 2T0 ewe oaHa NpuyUMHa obbe-
ANHEHNS CEeNbCKOro X038MCcTBa M TpaHcNopTa B O4WH nojarperar.

Arperat (AN

Bxoa ns3 censckoro CX TA Cob6CTBEHHbLIN BEKTOP
X034MUCTBA
MoaarperaT CX 1 9 0,9000
(MAr) T 1/9 1 0,1000

Ay =2,0; UC = 0,0; OC = 0,0

Bxoa u3 (ieJ'IbCKOFO NAIr CT Cob6CcTBEHHbIN BEKTOP
X0381CTBa
Arperat NAr 1 1/9 0,1000
(AT) cT 9 1 0,9000

Ay =2,0; UC = 0,0; OC = 0,0
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on,q)(g:ﬂcl;lec?:caxoro Al MO | CobcTBeHHbIN BEKTOP
Al 1 1/3 0,25
na 3 1 0,75
A...=2,0: UC = 0,0; OC = 0,0
CekTopbl 1 2 3 4 5 6
OKOHqBaeTCeaanble 0,0225 0,0000 0,7500 0,0025 0,2250 0,0000

3ameyaHue. Beca CX n T[] nonydyeHsl cneayowmm obpasom:
CX{O,9 0,0225}

T 0,1}(0’1))((0’25):{0,0025

Bec cTpouTenbcTBa NofydeH B pe3synbTaTe yMHOXxeHus (0,9) Ha (0,25) mn paseH
0,225.

KoMMyHanbHoOe X031MCTBO

Bxoa nx KX CX na TA CE CobcTBEHHbIN BEKTOP
CX 1 1/9 1/7 1/5 0,0410
na 9 1 2 5 0,5242
TA 7 1/2 1 3 0,3030
CE 5 1/5 1/3 1 0,1318

Ay =4,12; UC = 0,04; OC = 0,04

MpoOMbIWAEHHOCTb U AO06bIUa NOJsIe3HbIX UCKOMAEMbIX

Bxon ux MNA CX A CT CE Cob6CTBEHHbLIN BEKTOP
CX 1 1/2 1/9 1 0,0758
Ta 2 1 1/5 3 0,1628
CcT 9 5 1 9 0,6941
CE 1 1/3 1/9 1 0,0681

A =4,03; UC = 0,01; OC = 0,01
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TpaHcCnopT 1 AoCTaBka TOBapoOB

Bxon nx T1I X KX 1A cT CE C“;;Efg‘g”"”
CX 1 13 1/2 1/2 7 0,1400
KX 3 1 1 2 9 0,3434
na 2 1 1 1 7 0,2596
cT 2 1/2 1 1 7 0,2260
CE 1/7 1/9  1/7 1/7 1 0,0310

A =511;C =0,03; OC = 0,03

CtpouTenbCcTBO

CTpOUTENLCTBO NPenoCTaBNAsSIET CBOK MPOAYKLMIO TONbKO B cepBuc. M03TOMYy acco-
LUMMUPYEM C CEPBUCOM BENUYUNHY 1.

CepBuc B CyaaHe HaxoAUTCS Ha OYeHb HU3KOM YpPOBHE. Mbl cUMTaeM, YTo pacnpege-
NEHWE BbIXOAHOM MPOAYKLWM 3TOFO CEKTOpPA Ha CEPBUC U CTPOUTENBLCTBO HACTONbKO He-
3HAYNTENBHO, YTO €ro MOXHO arperMpoBaTtb. MiMeeMm:

Arperar {CTpOI/ITeHBCTBO

(AI') | Cepsuc
Bxoa n3 CE CT CE Co6CTBEHHbI BEKTOP
nAr 1 9 0,9000
Al:
CT 1/9 1 0,1000

A.. =2,0:UC=0,0;0C=0,0

CepBuc
Bxon nx cepsuca KX na TA Al Cob6CTBEHHbLIN BEKTOP
KX 1 1/2 1/2 3 0,1930
na 2 1 1 5 0,3680
Ta 2 1 1 5 0,3680
Al 1/3 1/5 1/5 1 0,0704

Apax = 4,004 ; UC = 0,001; OC = 0,001

Beca ans cTpouTenbCTBa U CepBUCa MOAYYHAKTCa B pe3ynbTaTe YMHOXEHUA Beca arpe-
rata - 0,0704 Ha 0,9 n 0,1 cooTBETCTBEHHO

CekTopbl 1 2 3 4 5 6
OKO“”BaeTCea”b”"'e 0,0000 | 0,1930 | 0,3680 | 0,3680 | 0,0634 | 0,0070
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MaTpuua, CTPpOKaMU KOTOPOMN SABNAKTCSA MOJSYYEHHbIE Bblle COBCTBEHHbIE BEKTOPSI,
AaeT pacnpefeneHme obwell NPpoMexXyTodHOM NpoayKUunK cekTopoB. OHa npeacTaBieHa B

Tabn. 5.3.

HanoMHWM, 4TO BHa4yane Mbl ONpPeAENUIN, KakoBa AONA NMPOMEXYTOUYHOW NpoayKuMn B
obLel NpoayKUMnN Kaxaoro cektopa. Bektop BecoB 6bin TakoB:

Cx [0,3108]
KX | 0,0248
117| 0,0546
T/ | 0,4934
CT|0,0534
CE | 0,0608 |

YMHOXWB KaxAabli cTonbel, MaTpuubl M3 Tabn. 5.3 Ha 3ToT BekTop (MOKOMMOHEHTHOE
YMHOXEHWE), HanpuMmep, 415 nNepBoro cronbébua nony4ymm

[0,0225%0,3108] [0,0070 |
0,0410x0,0248 0,0009
0,0750x0,0546 0,0041
0,1400x0,4934 | | 0,0691
0x0,0546 0
| 0x0,0608 | | 0
Ta6bnuua 5.3
Mponsso-
AATENN CX KX na TA cT CE
2
Aons obuwnx CX [ 0,0225 0 0,7500 0,0025 0,2250 0 ]
NMPOMEXYTOu-
HBIX B bIXOZO0B KX 0,0410 0 0,5242 0,3030 0 0,1318
= na 0,0750 0 0 0,1628 0,6841 0,0681
TA 0,1400 0,3434 0,2596 0 0,2260 0,0310
CT 0 0 0 0 0 1
CE 0 0,1930 0,3683 0,3683 0,0634 0,0070 |
Ta6bnunuya 5.4
CX KX na TA CT CE
cx [ 00070 o0 0,2331  0,0008 0,0699 0 ]
KX 0,0000 0 0,0130 0,0075 0 0,0033
na 0,0041 0 0 0,0089  0,0379  0,0037
TA 0,0691 0,1694 0,1281 0 0,1115  0,0153
CT 0 0 0 0 0 0,0546
CE | O 0,0117  0,0224  0,0224  0,0039  0,0004 |
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Ta6bnuua 5.5

CX KX na TA CT CE
cx [ 0,00737 0 0,21953 0,00042 0,06721 O ]
KX 0,00024 O 0,01159 0,00618 O 0,00283
na 0,00393 O 0 0,00857 0,04216 0,00322
TA 0,06993 0,14536 0,12574 O 0,09879 0,00641
cT 0 0 0 0 0 0,05402
CE | O 0,01030 0,02549 0,02422 0,00520 0,00021 |

B3pelweHHasa MaTpuua npeactasfeHa B Tabn. 5.4. Ecnu cpaBHUTb MaTpuuy Taén. 5.4 ¢
MaTpuuen NpsaMblX 3aTpaT, KoTopas NnoaydeHa TpaguuMoHHbIMWM MeTodaMn (Tabn. 5.5), 1o
MOXHO Y6eanUTbCs, UTO OHU HE3HAUYMUTENbHO OTIMYAKTCA APYr OT Apyra.

®aKTopbl, BKJAKYEHHbIE B 3Ty NpobreMy, bblIM YNCTO S3KOHOMUYECKMMN. DTO HaBOAUT
Ha MbICNb O pacnpoCcTpaHEHUN aHanusa NoLo6HOro TMnNa Ha M3y4deHue couMnanbHbIX CUC-
TEM U, B YAaCTHOCTU, Ha BBeAEHME couManbHbiX HaKTOpOB B 3ajJady pacnpeneneHuns pe-
cypcoB (3adady, KpaTko YNOMSAHYTYK B. JlIeOHTbeBbIM, OCHOBOMOMIOXHWMKOM aHanusa
«BX04—-BbIX04»), KOrga BuAbl AeSATENbHOCTU B3aMMOCBA3aHbl. YTO KacaeTcs Hac, To pa3s-
pabaTbiBaeTCsl NPOEKT NPOBEAEHUS TAKOr0 UCCNEeA0BaHNA B couManbHOM cdepe.

Ons BBedeHUs MOHATUA NpuopuTeTa NpU B3aMMO3aBUCUMOCTU B BUAE HEKOTOPOro
ymncna, BO-NepPBbIX, OTMETUM, UYTO BUAblI AEATENBHOCTU MOryT 6bLITb B3aMMO3aBUCUMbIMU
TOMILKO B CMbIC/E€ 4YacTW XapaKTepuUCTUK, MpeacTaBNeHHbIX B Mepapxuun. Hanpumep, B
NMPOU3BOACTBE BUAbl AEATENBHOCTU MOMyT 3aBUCETb APYr OT Apyra 4depe3 notok dusmde-
CKUX MaTepManos Mexay HUMU, HO HE OT «UYMUCTOro» BKAada KaXAoro U3 HMUX B SKOHOMWU-
Ky, 060pOoHY Mnn 6narococtosiHue. Yncno NpuopuUTETOB NpPU B3aMMO3aBUCUMOCTU BblYNUC-
nawTca cneaywwmm obpasoM. Kaxgass cTpoka MaTpuubl «BXO4-BbIX04» BHOBb B3BELUU-
BaeTCd MoO3/1eMEeHTHO NOCpeacCTBOM BECOB HE3aBUCMMOCTU COOTBETCTBYIOLWEro BUAa Aesd-
TENBLHOCTU — peunnueHTa. lNpUdMHa 3TOro COCTOUT B TOM, UYTO ecnn 6bl Mbl CYMMUPOBANU
KaXXayl CTPOKY AM5 NOJYyUYEeHUs BEMUYUHbI MaTepuanbHbIX NOTOKOB OT OAHOMO BUAa Aes-
TENILHOCTM KO BCEM APYrMM B KaudecTBe nokasaTens MX 3aBUCUMOCTU OT HEero, TO Mbl
AO/MKHbI 66111 6bl B3BECUTb MOAYYEHHOE KONNYECTBO, UCMOMb3YS NPUOPUTET peumnnueHTa.
B npoTMBHOM cny4dae BUAL AeATENbHOCTU C HU3KUM MNPUOPUTETOM, NOCTaBAAWMA 60Mb-
woe KOAMYecTBO NpoayKuun ApYyroMy BuAy AeATENbHOCTU C HU3KWUM NPUOPUTETOM, NOY-
ynn 6bl BbICOKNIA NpuopuTeT. KOHEYHO, nosydaTesb MOXET, B CBOK ovepenb, MocTaBnaTb
NpoAYKUMIO pEeUUNUEHTY C BbICOKUM MPUOPUTETOM. YTOBbI NPUHATE BO BHUMaHMWE BCe Ta-
Kne B3aMMOLAENCTBUA BTOPOro n 6onee BbICOKUMX NOPAAKOB, HEO6X0AUMMO BO3BOAUTL pe-
3YALTUPYIOLWYO MaTpULy BO BCe HBoslee BbICOKME CTENeHU U AN BblUUCAEHUA NpUopuUTe-
TOB HY)XHa HOpManmMaoBaHHasd CyMMa CTpPOK npenenbHon MaTpuubl. OAHaKo Mbl 3HaeEM,
YTO 3TOT pe3y/bTaT MOXHO NONYUYUTb MPU peLleHNN 3afadun Hanbonbwero cob6CTBEHHOMo
3HayeHus, npenycMoTpeB BO3MOXHOCTb paboTbl NpM HeO0bXOAMMOCTU HENPUBOAMMbBIMU
MPUMUTUBHBLIMKU NMoAMaTpMUaAMU NCXOAHON MaTpuULbI.

MpnMeHaa BbIWEYNOMAHYTOE K MaTpuue «BXo4-Bbixoad» CyAaHa, NO3NEMEHTHO YMHO-
Kasi ee CTPOKWN Ha NMPUOPUTETbI HE3AaBUCUMOE N BbIYUCASANA FNaBHbIN COBCTBEHHLIN BEKTOP,
nonyuum (0,14; 0,10; 0,11; 0,33; 0,06; 0,26) ana npmopuTeTa B3aMMO3aBUCUMOCTUN CEK-
TOPOB, C /IbBMHOMN Aofei TpaHcnopTa (NOCKONbKY BCE CEKTOPbl 3aBUCAT OT HEro) n cne-
Aylouwero 3a HMM No 3HAa4YMMOCTU cepBuca. CenbCKoe XO3SNCTBO M TPaHCNOPT SABAAKTCS
KOHEYHbIMN NoTpebutensMm cepsuca. BekTop B3aMMO3aBUCUMOCTU cnenyeT CpaBHUTL C
He3aBUCMMbIM BeKTOpoM npuoputetos (0,31; 0,03; 0,06; 0,49; 0,05; 0,06), KoTOpbLIN
3HAYUTENBHO OT HEro oTnn4yaeTcs. 2T ABa BEKTOpa UMEKT pPasiuUYdHbIi CMbICA Ans nNpu-
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HATUA peweHUn. MOXHO 66110 6bl B3sITb HOPMUPOBAHHbIE CYMMbl CTPOK B3BELWEHHOW MaT-
pUUbl «BXOA4-BbIXO4» B KayecTBE OLUEHOK MPUOPUTETOB B3aMMO3aBUCUMOCTU. DTO Npea-
CTaBneHo BekTopom (0,16; 0,07; 0,05; 0,50; 0,11; 0,12), KOTOpbIA HEeNb3s cUUTaTb
YOOBNETBOPUTENBLHON OLLEHKOMN.

5.6. PABMEWEHWE PECYPCOB

B 06WMX Bblpa)KeHUAX, pasMeELLEHME PECYPCOB — 3TO TpaHchopMaumst CUCTEMbI U3 O4-
HOro COCTOSIHMA B apyroe. Hanpumep, NocTpoeHMe MocTa nNpeobpasyeT COCTOSSHUE TpaHC-
NOPTHbIX NePEBO30K. Pecypc MOXET NPUHATL OPMY MaTePUanoB, SHEPTUU, BPEMEHU, Ue-
NOBEYECKUX YCUIUI, UNU UX KOMBUHauMA. [eHbrM 06bIYHO WUCMONb3YKTCA AN OLEHKM
Pa3fIMYHbIX BEMNUYMH, XapaKTEPU3YIOLWMX KaXAabli U3 3TUX BMAOB pecypcoB. o 3akoHaM
(h13UKKN Mbl HE MOXEM MOJSYYUTb YTO-HUBYAb U3 HUYErOo, T. €. A/ U3MEHEHUA COCTOSHUSA
CUCTEMbI HEOBXOAMMO MPUNOXKUTL YCUINE. Pecypc AONXKEH 6biTb HANAEH.

YT06bl pa3MecTUTb PECYPCbl, HYXXHO BHMMaTENbHEE PaAcCMOTPETb NOTPEBHOCTU U TO,
Kak 3TW pecypcbl cneayeT pacnpegenutb. MpocTbiM cnydaeM 6yaeT pacnpeneneHue pe-
CYpPCOB MO HECKONbKWM anbTepHaTMBaM. [Ns OCyLECTBIEHUA 3TOr0 Heo6XoAMMO onpeae-
NUTb NPUOPUTETbI anbTEPHATUB COFMAcHO WX 3GEHEKTUBHOCTM W CTOUMOCTU. [03TOMY
HY>XHO pacCMOTPETb ajlbTEPHATUBbI B OTHOLEHUWN LieNei, peannsaunm KoOTopbiX OHU CMO-
CcOB6CTBYIOT, @ TaK)Ke OLEHWUTb, BO YTO 060MAETCA UX NPUHATUE. MOXET OKa3aTbCs, YTO Y
ABYX anbTepHaTMB BMeCTe okaXeTcsi 6onbliee OTHOWEHME 3DPEKTUBHOCTU K CTOMMOCTMH,
YeM Yy OAHOM anbTepHaTUBSI.

Ansa BbluMCNeHUA 3DEKTUBHOCTM anbTePHATUB HEOBXOAMMO PacCMOTPETbL MEPapPXMUIO
Luenein n xapakTepucTUMK anbTepHaTMB, a TakXe CaMW anbTepPHATUBLI, YTO6bl UMETb CYX-
AEHME O TOM, HACKOMbKO BENWK BKah KaxAoW anbTepHaTWMBbl B AOCTUXEHWE LENEN.
O6bIYHO MMEETCs HEOMNPEAENEHHOCTb B OLUEHKE BO3AENCTBUS anbTepHaTMB. MM0O3TOMY He-
06X04MM YPOBEHb B MEPaPXMU, BOCMPOU3BOASALLNIA HEONPEAENEHHOCTb. 3@ 3TUM YPOBHEM
AOJIKHO CneaoBaTh NpeacTaB/iEHME U3BECTHBLIX MU HEU3BECTHbLIX TEXHOMOrMYecknx dakTo-
poB. TakMM 06pasoM MOXHO MOAYYUTb OLEHKY NMPUOPUTETOB anbTEPHATUB NpPU Heonpeae-
NEHHOCTMW.

CneaywowmM 3TanoM SBASIETCA PacCMOTPEHUE MeEpapXUM ANS UBAEPXKEK peannsauunm
anbTepHaTMB. 34€Cb BOMPOC, KOTOPbLIA AO/MKEH ObiTh 3a4aH, TAaKOB: KaKyl 3ajady Bepo-
ATHEE BCEro NoCTaBUT Kaxxaas anbTEpPHATMBA W UYTO HYXHO CAenaTb ANA PELLEHUN TaKoW
3agayn? OueHka 3ajadu M TOoro, UYTo TpebyeTca ANA €e peleHus, 4acTo HaxoaAuTCs B
LapcTBe HeonpeaeneHHocTU. MHoraa HeobxoaMMo npeaBapuUTENbLHOE UCCNenoBaHNE OCy-
LWECTBUMOCTM ANS1 ONpPeAeneHns Kak usaepxek, Tak n appeKTUBHOCTU peLLleHnst 3adaun
[0 MOCTPOEHUS NEPapPXUN.

NMeeTca HECKO/IbKO BMAOB 3a4ay pa3MeLleHNs, KOTOPbIM CeayrT Ha npakTuke. Mep-
Bbl BMA 3ajaudu: cneayeT AW pacnpenenatb pecypcbl ANs AAHHOIMO NMpoekTa WM HeT?
34€ecbk anbTepHaTMBbLI, MO KOTOPbIM CO34AETCS MMM HE CO34AETCA MPOEKT, CpaBHMBAKTCA
Ha CaMbIX HWXXHUX YPOBHSIX MepapxXuii CTOMMOCTU N 3pdeKTUBHOCTU. CpaBHEHUE OTHO-
LWEeHNIM 3 PEKTUBHOCTM K CTOMMOCTU ONPEAENUT INHUIO NOBEAEHUS.

Ecnn ecTb COMHeHMA B LEeNecoobpasHOCTU peanm3aunn npoekTa, TO CTOUT UCCNeno-
BaTb pecypcbl. PaccMaTpuBaeMbIiMWU anbTeEpHaTUBaAMN B MepapxXmax CTOUMOCTU U addek-
TUBHOCTU ByAyT: MPOEKT Kak OfAHa aNnbTepHaTWUBa, NPOM3BOACTBO M COXPaHEHWE pecypca
ANs 6yayWnxX HY>XA Kak agpyras anbTepHaTvBa. MoryT 6biTb HECKOMIbKO aflbTEPHATUB, AN1S
KOTOPbIX AOSKHbI 6bITb YCTAHOB/EHbLI MPUOPUTETLI, N 3adada MOXET 3aKw4daTbCa B pac-
npeaeneHnn He 0cobeHHO 6ONbLIOTO KOMMYEeCTBa pecypca NpornopuMoHanbHO 3d g ekTus-
HOCTM anbTepHaTMB. ITO O6bIUYHbLIA Cy4dail B MCCNeAoBaTeNbCKUX MPOEKTax, KOTopble
TpebyloT HEMPEPLIBHOIO NOTOKa PECYPCOB B TEYEHMWE ANUTENLHOro nepuoga. Bonpoc o6
nepapxmmn nofobHOro TMNa TakoB: Kakas 0bnacTb UccnenoBaHUs Hanbonee BEPOSTHO By-
AET CBsi3aHa C CEpPbe3HbIMU TPYAHOCTSIMU peanusalin OCHOBHbIX «AOCTOMHCTB», Mpea-
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CTaBNeHHLIX B Uepapxun (B YCNOBUAX HeonpeneneHHOCTU)? B aApyrne MOMeHThbl byaeTt
KenaTenbHO pacnpefennTb pecypchbl cpean MPoeKToB Tak, YTobbl MakCMMU3UPOBaTb OT-
HOWEeHUA 3P EPEKTUBHOCTU K CTOMMOCTU. MoryT 6bITb TakXke ciay4yau, Korga npuopuTeThl
CNyXaT MHAMKaToOpaMM TOro, Ha KakoW U3 NpOeKTOoB creayeT BblAeNnUTb KanuTan, a Ha
Kakon He cneayeT. B 60MbWKNHCTBE CNydaes, rae TakMe pecypchl, Kak AeHbrm, HeaocTa-
TOYHbI, DdNHAHCOBAA CTOMMOCTb aNbTepPHATUBbI UCMONb3YETCA ANA NpeacTaBfeHuns npu-
opuTeTa usgepxek. MNpUnoxeHne Takoro poga MCNonb30BanoCb B UCCAeA0BaHUN CyaaH-
CKOro TpaHcnopTa. Ewe 6onee cnoXxHbli TUN pacnpeaeneHns BKAKYaeT B3aMMO3aBUCK-
MOCTb MexXxay BuAaaMu AeATENbHOCTWU, NO3TOMY pacnpefeneHne AO/KHO ObiTb NpoBeAEeHO
npM orpaHNYMBalOWMX YCIOBUAX B3aMMO3aBUCUMOCTU. TpM TakoM TUMe pacnpeneneHus
CTapaloTCa He CTaBUTb B HEBbLIFOAHOE MOSOXEHMNE BUA AEATENBbHOCTU C BbICOKUM MPUOPU-
TETOM M3-32 BO3MOXHOM Heaodaun pecypcoB BUAY AEATENbHOCTU C HU3KUM NMPUOPUTETOM,
OT KOTOPOro, 04HaKo, 3aBUCUT Nocneaywmnn, 6onee BaxHbli BUL AEATENBHOCTHU.

NMeloTcs Tpy TMNa 3a4a4d pasMelleHuss pecypcoB obLWmnM Konmyectsom X .

1. [losiHoe BAoXXeHue Kanutasaa. Ecnn HauMHaloT HOBblE MPOEKThl, KOTOPblE AOMXHbI
6bITb 3aBepLUEHbl 3@ NMeEpUOA pa3MeleHns, TO HY>XHO NpOU3BECTM pacdeT 3hPeKTUBHOCTH

b, v ctoumocTn ¢;, nmepeHyMepoBaTb MPOEKTbI Tak, YTO6bl MAEHTUHULMPOBATL UX CO-
FNacHO OTHOLUEHUIO
blc,z2b/c,2...2b,/c,

1M pacnpengenntb pecypcCbl B nopsaagke Y6bIBaHVIF| 3TUX COOTHOWEHWNI, NMOKa OHU He ncyep-
naroTCA.

2. YactnyHoe BroxeHume kanutasaa. B cnydae, Koraa TDE6YETCF| Ha4yaTb N CNeanTb 3a
BbIMNOJTHEHNUEM HECKOJ/IbKUX MPOEKTOB, a pacrnpeageneHmne pecypcos npom3sognTcsa B Teve-
HMNe oTAENbHbIX NeEpMnogoB BpeEMEHN, peELWLaETCA 3ada4ya

n

Z(bl./cl.)xl. = max

i=1
npu ycnoBusx

=

x,=X,0<x,<R/X,

i=1
rae R, - TpebyeMoe KOMMYECTBO pecypca Buaa AesATeNbHOCTM I. [03TOMy He noa-

AEPXNMBaAETCA MPOEKT, B pe3ynbTaTte peaain3daunnm KOTOporo MOXHO MNOnyyYmTb MEHbLIE,
4yeM CpaBHUTEIbHOE 3Ha4YE€HNE CTOMMOCTU NO OTHOLWEHNIO K O6LL|,€My Ha1M4YHOMY pecypcy.
3. 1na NpOEKTOB, KOTOPbLIE YXXe BbINO/HAKTCS, MOXHO NPOBOAUTL pacnpeneneHne co-
rnacHoO OTHOWEHWNK OCTaBLUENroCA (MapFVIHa}'IbHOFO) NMPUOPpUTETaA K U3AEPXKKAM.
3aMeuyaHume. ACHO, YTO B HEKOTOPbIX C/y4Yasax OTHOLWEHUe 3C|3CI3€KTVIBHOCTVI K CTOMMO-
CT1U HE TO, KOTOpOE XOTe/10Cb 6bl UMeTb, TakK Kak HEKOTOpPbIE MaﬂOBCbeeKTVIBHbIe BELLU
peann3yrTCcd C OYeHb HU3KUMU magepKkaMu. No3ToMy A0 NpOBEAEHUS aHanM3a <CToU-
MOCTb—3Cbe€KTVIBHOCTb>> AOMKHbI 6bITb onpeneneHobl TDE6OBaHVIFI K anbTepHaTUBaM.

Mpumep 5.1. 3PPeKTUBHOCTb U CTOUMOCTb NepenpaBbl Yepes peKy
MpaBUTENbCTBEHHOE areHTCTBO (Hanpumep, YnpasneHue nopTta Hbio-Wopka), obna-
jawouiee nosHOMOYUAMU Ha CTPOUTENLCTBO MOCTOB, TYHHENEM U T. 4. B OMNpefesieHHOM

paiioHe, AONXHO pPEeLNTb, CTPOUTb WU HE CTPOUTb TYHHENb WU/WUIN MOCT Yepes peky, Ko-
TOPYH B HacTosAlWee BpeMs 06CNY>XUBAET YaCTHbIA MapoM.
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A
Bbiroabl nepenpasbl Yepe3 peky

B, B, B3
DKOHOMMYECKKe CounanbHble OkpyxatoLlen cpeasbl

Cs Ce

B C, Pa6oTta no Be3sonacHocTb Cs Cio
P CTPOUTENLCTBY W HaA&XHOCTb Z%puﬁsli? NocTyn-
G, (Bgone) C Co ROSTR Ci
HAoxoa Cq 7 KoMopT ScTeTuka
Toproens Cesan
(B oKpecTHOCTAX)
D, D, D3
MocT TyHHEND CywecTByOWMA Napom
puc. 5.7

®daKTopbl, BAMAKOLWME Ha 3PPEKTUBHOCTb U CTOMMOCTb NMepenpaBbl Yepes peky, npea-
CTaBneHbl ABYMS MepapxuaMu Ha puc. 5.7 n 5.8. OHM OTHOCATCH K TpeM KaTeropusm:
3KOHOMUYECKON, couManbHON U OKpyXawLlwen cpedbl. PelwleHne npUHUMaeTcs B 3aBUCU-
MOCTU OT OTHOLWEHNA 3PDHEKTUBHOCTU K CTOUMOCTMU.

A
U34epXXKu nepeceyeHns peku

_m

B, B, B
DKOHOMMYECcKHe CoumnanbHble OkpyXatowen cpeasbl

Karmgéno— = C S C

Cs PaCK50ﬂ MoebiWweHne 9
B/IOXEHUS MpekpalueHue ! 33ra30BaHHOCTU PaspyweHune

C; NapoMHOro E4 A Es oT aBToMobunein 3KONOrnmn
-raeK:nnﬁ:Ta;l:gH: 6usHeca N3MeHeHne Mepeaucnokauus ES
YLK P CTUNSA XU3HU niogen 3arpsazHeHue
BOAbI U3-3a2 MOCTa
D, D, D3
MocT TyHHEnNb CylecTByowWmii napom
puc. 5.8

AddekTUBHOCTL (BbIr0oAbl). DKOHOMUUYECKUE (aKTOpbl, KOTOpble BAUAKT Ha Bbl-
6op, onpeaensTcs BbIFOA0W, NONYy4YaeMOM B pe3ysbTaTe 3KOHOMUW BPEMEHU OT MOJSb30-
BaHMUA HOBbIM MOCTOM WNU TYHHENEM MO CPaBHEHUIKD C NapoOMOM. YBenu4yeHue nputoka
TpaHCcrnopTa M3-3a NpeaenoB parioHa MOXET NpeaocTaBUTb BO3MOXHOCTb BBECTM MOLWAU-
HYy, KoTopas pobaeBngaerca K obuemMy Aoxody MeCTHbIX Bnacten. OXUBMEeHWe TOProsu,
BbI3BaHHOE yBeMYeHUEM UHTEHCUBHOCTM TPaHCMNopTa, TakXe Bbiro4HO 06 KMHE B LENOM.
K ToMy e aBwXeHue TpaHcnopTa 6yaeT cnocobcTBoBaTb COMYTCTBYHLWeEN Toprosne (Ha-
npuMep, 6eH3o03anpaBOYvHble CTaHUWU, pecTopaHbl U T. 4.). UMeeTca TakXe 3KOHOMUYe-
CKas Bbiroda OT CTpPOUTENbHbIX paboT. Ecnun 6bl Haao 6bI10 YYUTbIBATh TONLKO 3TU dak-
TOpbl, TO BOALWMUHCTBO U3 HUX MOXHO 6bIS1I0 6bI OUEHUBATbL KONU4YecTBeHHO. COOTBETCT-
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BYIOLWNE UBAEPKKM TaKXKeE MOXHO paccuuTaTb, W ANS NPUHATUA pPELLEHUS Mbl MOTKN 6bl
NCMofib30BaTb OTHOLWEHME 3(PDEKTUBHOCTU K CTOUMMOCTU. OAHAKO HYXHO MPUHATL BO
BHMMaHWe coumanbHble dhakTopbl U HaKTOpbl OKPYXakLel cpelbl, KOTOpble HE NepeBo-
ASTCA KaKUM-NM60 pasyMHbIM CNocoboM B gonnapsl.

CoumManbHble BbIFrOAbl MPOEKTa paccMaTpMBalTCA Kak Takue, Kakue 06LecTBO B Le-
NIOM MOJIYYUT OT HanNMums MocTa WM TyHHensi. OHKW BkAYalT obecrneyeHne 6oNbLIEN
6€30MacHOCTU W HaZEXHOCTU, 4YeM napoM. MOCT WMAW TYHHENb MNO3BOASIKOT COBepLaTh
6onblUee YNC/IO MOE3A0K UYEpPE3 peKY ANA MOCELEHNS POACTBEHHMKOB, APY3€i, My3eeB U
T. 4. HakoHeW, OHWM MOryT cTaTb NPeAMETOM rOpAOCTM OBLWMHLI, KOTOpasi He AOCTUraeT
TOW K€ CTENEHN NPU UCMONb30BaHUM NapoMma.

dakTopbl OKpYXalLWeEN cpeabl paccMaTpMBalOTCA C TOUKM 3PEHUS UX BKada B Nepco-
HanbHble BbIroAbl. MepcoHanbHble BbIFOAbl OTIMYAKOTCA OT Bbiro4 O6LWECTBa B LLENOM TEM,
YTO OHUM MeHee abCTpakTHbl. dakTopaMM OKpyXalLlWen cpeabl, KOTOpble MpPeacTaBnAsoT
MHTEpeC ANS WHAMBUAYYMA, ABNAKTCA yAO6CTBO MOSb30BaHUA MOCTOM, TYHHENEM WU
NapoMOM, AOCTYMHOCTb OAHOrO MO CPABHEHUIO C APYIMM M 3CTETMKA, BAUSIOWIME HaA Bbl-
60p anbTepHaTMBbLI NEpeNpaBbl Yepes peKy.

N3aep>xkn. Tak Xe, KaK U BbIrodbl, U3LEPKKN OT NMepenpasbl YEpPE3 peKky BKAKYAKOT
(haKkTopbl 3KOHOMUYECKUNE, COUMANbHbIE U OKpYXKalwWen cpelbl. BblM NPUHATEI BO BHU-
MaHWe 3KOHOMMYECKME pacxoibl TPEX BUAOB: KanuTalbHbIE BNOXEHUS Ha anbTePHaTUBSI,
pacxoabl, CBA3aHHblE C 3KCNyaTaunein U TEKYLMM PEMOHTOM ANS BCEX TPEX MPOEKTOB, U
3KOHOMWYECKOE CNEeACTBUE 3aKPpbITUS NAapoOMHOro 6usHeca.

CoumnanbHble U3AEPXKU NpeacTaBnsaT coboil 3aTpaThl obuwecTsBa. BaxHol npeacras-
NSAETCA MbICAb O TOM, HACKOIbKO MU3MEHUTCS CTUAb XXM3HU B 3aBUCUMOCTU OT MPUHATOM
anbTepHaTuBbI. MeperpyXeHHOCTb ABMXEHUSA 3aBUCUT OT pa3yMHbIX cnocoboB nepenpassbl
N TakXe CYMTaAEeTCs BaXXHOW 4acTbk magepxek. locneaHeir KOMMOHEHTOM couManbHbIX
N3LEePXEK MOXET ObiTb BAMAHWE Ha OBLLECTBO NEpeEMeLleHns NKAEN B COOTBETCTBUU C
BbI6paHHOW anbTepHaTUBOMN.

N3aepXKn, NOPOXAEHHLIE OKpYXaloLWen cpefon, OT/IMYalTCA OT BbIro4 TEM, YTO OHU
NpeacTaBAsAT BO3MOXHbLIA Bpea, NPUUUHSAEMbIA SKOCUCTEME pas3fIMYHbIMKU anbTepHaTU-
BaMu. PasnuuHble cnocobbl nepenpasbl Yepe3 peKy MOryT yBE/IMYUTb 3arasoBaHHOCTb B
paioHe. KpoMe TOro, BHOCAT CBOW BKa4 B U3AEPXKKU, 0OYCNOB/IEHHbIE OKpYXakLlein
Cpenown, 3arpssHeHue BoAbl U obliee pa3pyLleHUe 3KO0Mru.

PesynbTathbl. [1py BbIYUCIEHUN BbLIFOA U U3AEPXKEK IKOHOMUYECKMe dhaKTopbl nepe-
BeCUNN apyrue. Boirogbl OT TOProsan BAOMb MOCTa, AOMNONHUTENbHaa 6e30NacHOCTb U Ha-
AEXHOCTb, a Takxe bbICTpOTa nepenpaBbl Yepe3 peKky — BCE 3TO NOJYYMNO BbICOKME NpU-
OpUTETSI.

Oblwme BbIFrOAbI U U3LEPXKKKU cneayowme:

MocT TyHHenNb Mapom
Boiroabl (b)) 0,57 0,36 0,07
Mspepxkn (¢,) 0,36 0,58 0,05

KpuTepuit, UCNONb30BaHHLIA B aHanm3e «CTOUMOCTb-3(MPEKTUBHOCTL», ClEeAYOLWUA:
HailTu maxb,/c;, T. e. BbIBpaTb NPOEKT C HaUMBGOMbLWMNM OTHOLEHUEM BbIroAbl K U3AepX-
1

KaM.
Ana aToro npuMmepa MMeeM:

MocT TyHHenb Mapom

b/c, =158 b/c,=0,62 b/c,=128
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KpVITepVIVI OTAAET MNpeanovYTeHNe CTPOUTENbCTBY MOCTa 4vepe3 peky. OTMeTuM, 4To
340eCb NMpUHATbBI BO BHUMaHME OCHOBHbIE TDE6OBaHVIF|. Mcnonb3ys MapFMHaﬂbeIVI dHann3

c usgepxkamm 0,05<0,36<0,58 u sddextusHoctammn 0,07; 0,57; 0,36, nonydaem
0,07/0,05; 0,5/0,3 1 BHOBb OKa3blBaeTCcs, YTO NpeanoYTUTENbHEE BCEro MOCT.

MaTtpuubl Cy>kaeHU ANA BbIrog

i B, B, B, C06E::eT:Teg|;bu7| B, c C C C C, CoG;:eTETe;;bm
B |1 3 &6 0,67 C 1 1/3 1/7 1/5 1/6 0,04
B, |13 1 2 0,22 C, 3 1 1/4 1/2 1/2 0,09
B, |1/6 1/2 1 0,11 G, 7 4 1 7 5 0,54
nc=0 C, 5 2 1/7 1 1/5 0,11
C; 6 2 1/5 5 1 0,23
nc=o,14
B, C, C, C CoG;:eT:Te(l;;blVl B, ¢, C, C, Co6E::eTlE<;Teg|;bu7|
G |1 6 9 0,76 G, 1 1/4 6 0,25
C, |16 1 4 0,18 C 4 1 8 0,69
C |19 1/4 1 0,06 C, 1/6 1/8 1 0,06
nc=0,05 nc=0,07
C D, D, D, CoG;:eT:Te(l;;blVl C, D, D, D, Co6E::eTlE<;Teg|;bu7|
D |1 2 7 0,58 D, 1 1/2 8 0,36
D, [1/2 1 6 0,35 D, 2 1 9 0,59
D, [1/7 176 1 0,07 D, 1/8 1/9 1 0,05
nc=0,02 nc=0,02
C, D, D, D, CoG;:eT:Te(l;;blVl C, D, D, D, Co6E::eTlE<;Teg|;bu7|
D |1 4 8 0,69 D, 1 1 6 0,46
D, [1/4 1 6 0,25 D, 1 1 6 0,46
D, |1/8 1/6 1 0,06 D, 1/6 1/6 1 0,08
nc=0,07 NC=0
C. |D, D, D, CoG;:eT:Te(l;;blVl C, D, D, D, Co6E::eT:Teg|;bu7|
D |1 14 9 0,28 D, 1 4 7 0,68
D, |4 1 9 0,66 D, 1/4 1 6 0,26
D, 11/9 1/9 1 0,05 D, 1/7 1/6 1 0,06
nc=o,11 nc=0,09



C7 D1 D2 D3 CoG;:eT:Te(l;;blVl C8 D1 D2 D3 Co6E::eTlE<;Teg|;bu7|
D, 1 1 5 0,46 D, 1 5 3 0,64
D, 1 1 5 0,46 D, 1/5 1 1/3 0,11
D, |1/5 1/5 1 0,09 D, 1/3 3 1 0,26
nc=o nc=o0,02
C9 D1 D2 D3 CoG;:eT:Te(l;;blVl ClO D1 D2 D3 Co6E::eTlE<;Teg|;bu7|
D |1 5 9 0,73 D, 1 3 7 0,64
D, [1/5 1 5 0,21 D, 1/3 1 6 0,29
D, |1/8 1/5 1 0,06 D, 1/7 1/6 1 0,07
nc=o0,07 nCc=0,05
C D D. D CobcTBEHHbIN
1 1 2 3 BEKTOP
D |1 6 1/5 0,27
D, |1/6 1 1/3 0,10
D, |5 3 1 0,63
nc=o,31

OTHOLWEHME COrNacoBaHHOCTU ANA BCEW MepapXuu Bbirog MeHble 0,1 (xopowwnii pe-
3ynbTaT). Cnabas cornacoBaHHOCTbL B MOCNeAHEN MaTpULE HE BAMUSIET HA OKOHYaTENbHbIN

pe3ynbTaT U3-3a HN3KOIro NpUopUTETa Cll'

4° Blo B;) BSO C06E::eT:Teg|;bu7|

B |1 5 7 0,74

B, |15 1 2 0,17

B, |17 172 1 0,09

NC=0,01
Blo C10 Czo C30 CoG;:eT:Te(l;;blVl B;) Cf C;) Cg Co6E::eTlE<;Teg|;bu7|
|1 7 9 0,77 C; 1 1/3 1/5 0,11
C) (1/7 1 5 0,17 C? 3 1 1/5 0,26
Cy |1/9 1/5 1 0,06 C? 5 5 1 0,64
nc=0,1 nc=0,02
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B3O C;) CSO C;) CobcTBeHHbIN C1O D10 DZO D30 CobcTBEHHbIN
BEKTOp BEKTOP
Cl |1 3 4 0,62 D! 1 1/3 8 0,30
C) (1/3 1 1/3 0,13 D) 31 9 0,65
C) |1/4 3 1 0,25 D! |18 1/9 1 0,05
nc=0,11 NC=0,05
c® | p® p° D° CobcTBeHHbIN o D’ p° p° CobcTBEHHbIN
2 1 2 3 BEKTOP 3 1 2 3 BEKTOP
D) |1 13 8 0,30 D! 1 1 9 0,47
D) |3 1 9 0,65 D) 1 1 9 0,47
D} |1/8 1/9 1 0,05 D! |19 1/9 1 0,05
nCc=0,05 Nc=0
Cf D10 DZO D30 CobcTBeHHbIN Cso D10 DZO D30 CobcTBEHHbIN
BEKTOp BEKTOP
D |1 4 9 0,69 D! 1 1 9 0,47
D) |14 1 8 0,26 D) 1 1 9 0,47
D} |1/9 1/8 1 0,05 D! |19 1/9 1 0,05
MC=0,09 Nc=0
c® | p° p° DO CobcTBeHHbIN C? D° p° DO CobcTBeHHbIN
6 1 2 3 BEKTOP 7 1 2 3 BEKTOP
D1 1 9 0,47 D} 1 3 8 0,69
D) |1 1 9 0,47 D) |13 1 6 0,29
D] |1/9 1/9 1 0,05 D} |1/8 1/6 1 0,05
Nc=0 NC=0,04
CSO DO DZO D30 CobcTBeHHbIN C90 DO DZO D30 CobcTBEHHbIN
1 BEKTOP ! BEKTOp
D1 3 7 0,65 D) 1 1/6 7 0,21
D) |13 1 5 0,28 D) 6 1 8 0,73
D} |1/7 1/5 1 0,07 D! |17 18 1 0,05
nc=0,03 NC=0,16

OTHOLWEHME COrNacoBaHHOCTM ANS BCE Mepapxum usgepxek MeHbwe 0,1 (xopowwui

pesynbTaT).
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Mpumep 5.2. Peannzaumna n oTtcpouyka npoekrta

AonycTuM, 4To C NOMOWbLIO NMpoueaypbl onpeaeneHns NpuopuTeToB AN rpynnbl Npo-
€KTOB MOJIy4YeH cneayruwmin BeKkTop npuoputeToB (BTopoi cTonbel), OCHOBaHHLIA Ha ue-
papxm4yeckoM aHanuie BO34ENCTBUMA, N YTO CTOMMOCTb peanunsaumu 3TUX NPOEKTOB COOT-
BETCTBYET AaHHbIM TpeTbero cronbua.

CTtonMoCTb B OTHoLWweHWe nNpuopu- MpuopuTeTsl
MpoeKkThbl MpuopuTteTsl
Aonnapax TeTa K CTOUMMOCTU peanusauuu
A 0,21 10000 0,21x10™ 3
B 0,07 100 7x107 1
C 0,42 70000 0,06 x 107 4
D 0,30 6000 0,50x10™ 2

B ueTBepTOM cTONb6UE AaHLI OTHOLWEHUS NPUOPUTETOB K MU3AEPXKKaM, a B NATOM yKa-
3aH npegnaraeMbii NOPSAAOK NMPpUOpPUTETA peanusaumm, COOTBETCTBYIOWMIM 3TOMY OTHOLWe-
HWKD B Chydae, Korga pecypcbl OrpaHuYeHbl U XenaTenbHO pa3BMBaTb MPOEKTbl NO-
HOBOMY. OTMETUM, UTO MPOEKT B C HU3LWWM NPUOPUTETOM WMMEET HaMBbLICWIMIA MoKasa-
Tenb, 0AHaKo NpoekT D €O CpaBHWUTENbHO BbICOKUM MPUOPUTETOM UMEET BTOPOM MO MNo-
paaKy nokasaTtenb. [na 3Toro pacnpeaeneHmns He HYXHO NpUHUMMaTb BO BHMMaHWe Hanwu-
yme OorpaHM4YeHun, ecnu 3TU OrpaHUYEeHUs MOXHO BKAKUYUTbL B MPOULECC YCTaHOBJ/IEHUS
npUoOpUTETOB 418 NpPoeKToB. ECcnmn pecypcbl orpaHuWYyeHbl, HanpuMmep senuumHon 72000
AONNapoB, M YacTUYHasa peannsaund npoekTa He ABNAETCH yCnewHbIM npeanpuaTtmeM, To
pacnpeneneHne pecypcoB MOXeET 6biTb KPUTUYHBIM. [1pU HEBO3MOXHOCTU 3aHATb AEHbMU
Ha npoekT C C BbICOKMM MPUOPUTETOM, OH MOXET BbiTb OTCPOYEH A0 TexX Mop, noka He
6yaeT nony4vyeHa COOTBETCTBYKOWaANA oTAaya OT APYrUX NPOEKTOB.

Mpumep 5.3. PazMmeuleHne npu orpaHUYEeHUAX

KakoBa pauunoHanbHas OCHOBa pacrnpeneneHus Tonauea ANs YAOBAETBOPEHUS Cripoca
Ha 3HEPru Npu ycinoBUU OrpaHUYEHHON nogadyun 3HeEpPrum? 2T0 3ajada, KOTOPOW Mbl CO-
bupaeMcs cendac 3aHATLCA.

ACHO, UTO ecnn AedpUUNT HEBENUK, COOTBETCTBYIOLEE Masioe COKpaleHMe NoCcTaBKuU
TOoNAMBa NoTpebutenaMm MoXeT bbiTb caenaHo, B obweM, 6e3 HebnaronpuUAaTHbIX nocnea-
cTBUN. CnepoBaTeNbHO, HE3HAUUTENbHbLIE COKpaLWEeHNS He BbI3OBYT 60MbLUINX TPYAHOCTEMN.

Tenepb NpeanonoXuMm, 4YTo AedUUMT AOCTAaTOUYHO BENMK, TakK UYTO COOTBETCTBYHLasN
HexBaTKa NpUYMHUT Bpeq noTpebutento. Hanpumep, onpeaeneHHsbIM BMgaM NponU3BoOACTBa
TpebylTCs NOpPOroBoe KOAUYECTBO SHEPrMu, HMXeEe KOTOPOro OHW He byayT paboTath. B
3TOM CNy4dae MPOMbIWAEHHOCTb AO/HKHA UNKU MEPECTPOUTLCA U CHU3UTb NPOU3BOACTBEH-
HYK aKTUBHOCTb, €C/M 3TO BO3MOXHO, WNW BbIHYXAEeHa npekpaTuTb paboTy. AnbTepHa-
TUBHbLIM MOXeT b6bITb pacnpeneneHne ToNaAMBa C YYE€TOM TOro, YTO HEKOTOpble BUAbI Aes-
TENLHOCTU CYWECTBEHHbl AN obwecTBa U UM CnenyeT BblAENUTE TpebyeMyto Ao Ton-
NMBa, B TO BpeMs Kak APYrMM NpuaeTcs npekpatuTb paboTy. CnegosaTenbHO, 3a4ava Co-
CTOUT B peLleHUM BOMNPOCOB Ha3Ha4Y€HUs NPUOPUTETOB U B3aMMO3aBUCUMOCTU. N3ydyeHune
NMPUMOPUTETOB HEOOXOANMO AN peELleHMa TOro, Kakue BUAbl AeATENbHOCTU AOSIXKHbI BbITb
nepsooyepeaHbIMU. YUET B3aUMO3aBMCUMOCTU HeobxoauM ans obecnedyeHus BUAOB Aes-
TENBLHOCTU C HaWBLICWMMKU NpUOpUTETaMMU TpebyeMbIM KOAMYECTBOM NPOAYKUMW HEKOTO-
pPblX BUAOB AEATENbHOCTU C HU3KUM MPUOPUTETOM, NOCKObKY, €Cfin nocneaHue He no-
CTaBAT HeobXoAMMYID NPOAYKUMUIO N3-3@ HEXBATKW TOMNJIMBA, TO 3TO HaHECET KOCBEHHbLIN
yhap BuaaM AesTeNbHOCTU C BbICOKMM NMPUOPUTETOM.
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Hawa 3agadva - onpeaenutb ueneByro GYHKUMIO, KO3DDUULUMEHTAMN KOTOPOM ABNAIOT-
CS NPUOPUTETLI paccMaTpmMBaeMbIX BUAOB AEATENBbHOCTU, a NepeMeHHbIMU — 06beMbl Ton-
nvBa, KOTOpble HYXHO pacrnpenenuTb Mo COOTBETCTBYLWUM BUAAM AeATENbHOCTU. 3aTeM
MaKCUMU3NPOBATb 3TY UeNneByr GYHKUMUIO MPU OrpaHUYeHUsaX TuUna «BXO4—BbIX0A4», KO-
TOpbIE MO3BOAAKT YUUTLIBATh B3aMMO3aBUCUMOCTb MeEXAY BUAAMUN AeATENBbHOCTH.

TaknMm obpaszoM, obwan mMogens pacnpegeneHnsa TpebyeT MakCMMMU3auUM NPOU3BOAU-
Te/IbHOCTU B COOTBETCTBUM C NMPUOPUTETOM (rae uenesas dyHKUUA nMeeT KO3 DUUUEHTDI
B BMAE NMPUOPUTETOB, a HE U3AEPXKEK) NMPU OrpaHUYEHHbIX pecypcax U orpaHUYeHnsax Tu-

Ma «BXOA4 — BbIXOA». DTa MOAESb UMEET BUA: HalTh Takune X, =0, yTobbl MaKCUMM3IMPO-
BaTb

n
Za)ixi !
i=1

M nNpn orpaHN4YEeHnNAX

DX <R, (5.1)
i=1
yx <R, (i=1,2,...,m), (5.2)
n
Zaljxj—"_ylsxll (i:1727"'7m)l (5'3)

j=1
rA€ BCE MepeMeHHble N KO3 dUUNEHTbI HeEOTpULaTeNbHbI; X, — obwas npoAyKuus Buaa
AEATENLHOCTM I (COOTBETCTBEHHO BbipaxkaeTcs B [eHbrax); ¥, — KOHe4YHasi npoayKuus
i-ro Buaa AesTenbHoCcTU (T. €. He noTpebnsieMas ApyrMMM oTpacnsiMn ANns AaSibHENLEro
NPOVU3BOACTBA); 4
TpebyeMas Ans Bbinycka eanHUUbI (B AEHEXHbIX U3MEPEHUSX) NPOAYKUNM BUAa AeATENb-
HOCTU j; @, — NMPUOPUTET i-ro BUaa aestenbHocTM, R — obliee KOMMYECTBO UMEKLMX-

- MPOMEXYTOo4YHaa npoaykuus (B Aonnapax) Buaa AEATENbHOCTU 1,

ca pecypcoB, R, - KonvMyecTBo pecypca, Heobxoaumoe ANA (-ro BuAa AesATeNbHOCTU

(ZRI. > R)m ¥; — KONM4YeCcTBO pecypca, HeobxoaMMmoe Ana eAUHULbI BbIXOAHOW NPOoAYKLUK

1-ro BUaa AesTenbHOCT!.

OTMeTuM, uTo orpaHudenusa (5.1) u (5.2) ceBg3aHbl ¢ pacnpeaeneHueMm pecypcos. [o-
NONHUTENbHbIE orpaHnvyeHus (5.3) Noka3sbiBalT CTPYKTYPHYHK B3aMMO3aBUCUMOCTbL BUAOB
AeaTtenbHoCcTU. Mcnonb3ys napaMeTpuyeckoe nporpamMMMpoBaHMe, MPOCTPaHCTBO MNpuU-

OPUTETOB @; CKNaAblBa€TCs B MO3aUKy BbIMYK/bIX AYEEK. C KaXxaon sa4enkon accounmnpy-

€TCA BeplMHa MHOIrorpaHHMUKa OrpaHMQEHMVI, COOTBETCTBYHOLAA peweHno 3agadn. NHTe-
peCHO OTMETUTb, 4YTO ABOMNCTBEHHAs 3ajadva BKAKYaeT MUHUMKU3AUUIO LeNeBOH CIJYHKLI,VIVI,

KO3 PpuUuMeHTaMn KOToOpon ABNATCA YV, (KoHedHas npoaykuwmsa). OTcioga cnegyet, 4To
N3MEHEHNA B @, , NO3BONAIOT UCCNEA0BaTb 3TO BO3AENCTBME Ha NpoAyKUUO noTpebrieHns

Y. B uacTtHOCTHK, onpeaenuTb bonee peanbHOE peleHne, CoOoTBeETCTBYOLLEE UBMEHEHNUAM

B npuoputeTax. No3ToMy NpUOpUTETLI HE HaAO CYUTaTb CaMKn COBOI pasyMerLWnMUCS.
MycTb Ana 3agavyn pacnpeneneHns sHepPrum NPUOPUTETbI TpEX OTpac/iiel NMPOMbIWIEH-

Hoctn C,, C,, C, B COOTBETCTBMM C UX BKIAAOM B 3KOHOMUKY, HaLUMOHabHYK 060POHY

M 3allMUTy OKpyxatowein cpeabl, pasHbl @, =0,55; w, =0,24; @, =0,21. Qonyctum, uto
3ajaHa cneaywollas runoTeTMyeckas MaTpuua B3auMo3aBUCMMOCTU:
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C G, o
C 1,09730 0,22680 0,19020
C, 0,07990 1,06570 0,06010
C, 0,03950 0,33210 1,20719

B 3TOM npuMepe HENocpeacTBEHHO HE WCMONb30BaHbl OrpaHUUYEHUST TUMA <«BXO4-—
BbIXx04». BMeCcTo 3TOro yMHOXMM KO3(pDUUMEHT B NO3ULUK (i,j) BEPXHEN MaTpuubl Ha

®, 1 @, (®, - npuopuTeT npoussoasuei otpacin C;, a ®, - npuopuTteT noTpednsaio-

weit otpacin C;) 1 nonyuynM HoByl MaTpuLy KO3GhGHULUEHTOB, KaXAbl U3 KOTOPbIX

B3BeEWEH B COOTBETCTBUMN C NMPUOPUTETAMUN NPpOU3BOAUTENA U I'IOTpE6VITe}'IF|. 3aTeM 6epéM
CYyMMY MO Ka)aomn CTpOKeE N, TaKNM o6pa30M, nony4vyaeM BEKTOP
0,38659

B=|0,07280 |
0,07523

[onycTuM, 4To UMeeTcs cneaylolas noTpebHoCTb B 3Heprun R, (B TpunamMoHax BTE™)
Tpex noTpebutenen:

Orpacns C, |_|0Tpe6HOC'I}'eb B 3HEpruu R /R
C 4616 0,30893
C, 7029 0,47042
C, 3297 0,22065

O6uwas R’ =14942

noTpebHOCTb

JdonycTnM Takxe, 4TO uMeeTCs LI,ECIJVILI,VIT 3HEprun,

obliee KOMYECTBO KOTOPOW

R =12000 BTE. MMeeM cneaytolyto 3agavy NMHENHOrO NPOrpaMMMpoBaHNA:

MaKCUMN3NPOBATb

z=0,38659z, +0,0728z, +0,07523z,

(30ecb KO3 PULMEHTbI — COOTBETCTBYIOLLME 3NEMEHTbI BeKTopa [ ), NPy OrpaHUYeHUsx

B KOTOpbIX BE€JINYUHDI

R /R(i=1,2,3). Kpome Toro,

0<z <0,38467,
0<z, <0,58575,
0<z,<0,27475,

npaBblX 4YacTax

Ztz,+tz; =1

OnTuManbHoe pacnpegeneHue 6yaet:

z, =0,38467,
z, =0,34058,
z, =0,27475,

HEepPaBEHCTB

COOTBETCTBEHHO  paBHbLI

* BTE- 6puTaHcKas Tennosas eaquHuua, pasHas 0,252 60/blLoi Kanopun.— [lpum. nepes.
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CnepoBaTenbHO, TOJ/ILKO CZ HE nonydaet MOSIHOM I'IOTpe6HOCTVI, TaK Kak

0,58575 > 0,34058.

Jlvuo, NnpyMHUMaloLwee peweHne, MOXET UCNOoAb30BaTb 3TO pacnpejeneHne TonbKo Kak
WHAWMKATOP, NOKa3blBaLWWUN, KaKy U3 OTpacnen HY>XHO HOPMUPOBaTb, U CPaBHUTbL €ro ¢
Apyron nHdopMaumnen, NCNonb3yeMon Ansa pacnpeneseHuns.

Naen sToro npuMepa 6bl/IM 3an0XeHbl B peasnbHY 3agady HOPMUPOBAHUA 3/1EKTPO-
3HEeprum, rnokasbiBawWyw AePUUUT 3N1EeKTPOIHEPTUN (YaCTUYHLIA UKW MONHLIN) AN He-
KOTOpbIX BUAOB AeaTensHocTn (cM. [137]).

5.7. BEPOATHOCTHbIE CY>XKAEHWNA

AHanus 3agadn HaxoXAaeHWss COBCTBEHHOrO BEKTOpPa MPOBEAEH MpPU AOMYyCKax B CYX-
AEHUAX BEPOATHOCTHbIX OUEHOK. llonydaeTcss, YTo raMMma-pacnpeneneHve - Yyao6HbI
crnoco6 BOCNPOU3BOACTBA 3TUX OLEHOK B CYXAEHUAX. Kak pe3ynbTaT NMpu peleHnn B co-
rMacoBaHHOM C/ly4Yae KOMMOHEHTbl CO6CTBEHHOrO BEKTOpa MpU OrpaHUYEHUAX HopMaun-
3auMn UMET pacnpeaeneHue Oupuxne. PacnpegeneHve ans obuwero cnydasa ob6paTHo-
CMMMETPUYHbIX MaTpuLl onpeaenuTb TpyaHo. O4HAKO UMeKTCa pe3ynbTaTbl 4718 MaTpuubl
TpeTbero nopsaaka.
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rNABA 6

NIAHUWPOBAHUE, PASPELLEHVNE KOH®JIMUKTOB
N APYIME NPUNOXEHUA

6.1. BBEAEHUNE

B aTol rnaBe npeacTaBfieHbl HEKOTOPLIE NPUNOXEHUA. HacTb 3TUX NPUNOXEHUIN B3dTa
M3 peanbHbIX CUTyauuin NO MPUHATUIO pelleHun. pyrne gadsl Ana UancTpaumum pasHo-
obpasng, B YacTHOCTU, YTOBbI MOKasaTb, KakK MOXHO MPUMEHUTb MeToh MpU CUMIBHO pac-
XoAaWmxcsa uensax. Bce npumepsl CMABLHO COKpalweHbl pagyu 3KOHOMUU MecTa U yBenude-
HUA nx yncna. NccnegosaHue Tonbko no Cyaany coctout n3 1700 cTpaHuy,.

B uensx sKOHOMWKM MecCTa 3/1EMEHTLI KaXAo0W nepapxum He onpeaenanucb noapobHo.
TeM He MeHee, NpuMMepbl AOCTAaTOYHO SACHbLI 418 TOro, 4YTObbl YMTaTenb MOHAN CYWHOCTb
3aZlayn U NONy4vYeHHoe mepapxumyeckoe npeactasneHme. Kpome TOro, BK/AKYEHA TOSIbKO
4yacTb MaTpuu ANS UWAKCTpaumu naen nnm obecrnedvyeHms BO3MOXHOCTU CpaBHEHUSA CBOUX
CYXAEHUN C HEKOTOPbLIMKU NpUMEpaMU U BKIKYEHUSA B npouecc.

Mpu aHanuse 60NbWMHCTBA 3TUX NPUNOXKEHUN MOTYT BO3HUKHYTb pasfiMdHbIe Henpea-
BUAEHHbLIE 06CTOATENBCTBA, KaXA0€e C HEKOTOPOW Aonen pucka. MNo3ToOMy Npu oUeHKe Be-
POSATHLIX NCXOAO0B MOSIE3HO Ha BTOPOM YPOBHE MepapXun COCTaBUTb NepeydeHb passindHbIX
HenpeaBUAEHHbLIX crydyaeB, 4YTobbl NoNy4yuTb cbanaHCUPOBAHHYK OUEHKY Hanbonee Be-
posATHoro 6yayuwero. na MHOrMX 3ajady MCNOSIb30BaHWE CUEHapueB MNaHMPOBaHUA Ha
BTOPOM YpOBHE SABAAETCA OAHUM U3 cnocoboB y4dyeTa HenpeaBUAEHHbLIX OB6CTOATENLCTB
npu NAaHUpOBaHUKU. TakK Mbl MOCTYNUAN B NPUIOXKEHUN, OCYLLECTBEHHOM MpKU NoCTpoe-
HUU TpaHcnopTHOM cucteMbl CyaaHa B 1985 .

NaBa HaunHaeTcsa C ABYX NpUNOXeHWN. [NepBoe CBA3aHO C onpeaeneHueMm npuopuTe-
TOB pecypcoB, BTOpPOE — C B/IMSIHUEM B MuUpe. 3aTeM 06CyXAatTcs niaHMpoBaHWe U pas-
pelweHne KOHMANKTOB, WITICTPUPYOLWUE cMCcTEMaTUYECcKoe ucnonb3osaHme MAU B aTux
chepax.

6.2. MHTETPUPOBAHHOE HAXOXAEHWE NMPUOPUTETOB PECYPCOB
ANna PA3BUBAIOLWENCA CTPAHDI

MeToa aHanusa nepapxun 6ol NpUMeHeH ANnsg obwen oueHKU NPUOPUTETOB KakK CEMMU
Hanbonee BaXKHbIX MOME3HbIX UCKOMAaeMbliX, OBHApPYXeHHbLIX B pa3BMBaKLWENCH CTpaHe,
TaK N WWEeCTU KpUTEPUEB, CBA3aHHLIX C HUMKU. DTO 6bIS1I0 NpoAenaHo ¢ TeM, 4Tobbl U cyule-
CTBYOLWMA 1 6yaywmin noTeHunansl MOram 6bITb NPUHATLI BO BHMMaHue npu ¢dopMupoBsa-
HUU cTpaTerun 4obbIun NMosie3HbIX UCKOMAEMBIX.

Nepapxnsa UMeeT CTPYKTYpy, uU3obpaxkeHHY Ha puc. 6.1. KpuTepun onpenensnTcs
cneaywwmnMm obpasoM. BennyuHa pecypca - 3TO MOTeHUUasbHble 3aTpaTtbl (B AEHEXHOM
BbIpaXeHWN) Ha pa3paboTKky B CTpaHe OTAE/IbHOro MoJe3HOro MCKOoMaeMmMoro, copasmep-
Hble C MPOEKTUPYEMbIMU ANA LENoro permoHa KOHTUHeHTa. B npepenax aTtoro permvoHa
CYWECTBYHT 30HbI, ANS KOTOPbIX BO3MOXHOCTb A406bI4M NONE3HLIX UCKOMaeMbIX NMoATBEp-
XAaeTcs AOKYMeHTasnbHO. BbluncrneHne noteHuuana B CTpaHe OCHOBAHO Ha 3TUX MaTe-
pnanax. BpemeHHoe 3anasgbiBaHne A06blUM 3anexen rno CpaBHEHUKO CO CBOAKaMU AaH-
HbIX 0BOCHOBbLIBAET TO, UTO OBHapyXeHHblIe pyabl U UX U3BNedYeHne MoryT 6biTb 60nbWK-
MU. CTOMMOCTb A06bIYM — 3TO OUEHOYHas CTOMMOCTb A06bIYM NONE3HbIX UCKOMAaeMbIX Ha-
3€MHbLIMU U NMOA3EMHbIMK CcnyxbaMn, Bknwdas 6ypeHue, nabopaTopHbIA aHann3 1 nobou-
Hble pacxoAbl. PMCK — 3TO Mepa NoTeHUManbHOro ycnexa obHapyXeHusa 3anexen nones-
HbIX WCKOMaeMbIX B npegnosaraeMoM Kosmn4yecTtse. PUCK Man npu NOBLIWEHWUW LEHbI W
cnpoca. Cripoc — Mepa npeanosaraeMoro crpoca v npeanoxeHus. LWnpoko nu notpebna-
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eTCsa None3Hoe UCKOMaeMoe nNpu HU3KOM CMpPOoCe WM OHO Mano pacrnpoCTPaHEHO U Ha He-
ro ecTtb crnpoc? CTparerndyeckue coobpaxeHus — BblboOp 3TOr0 KpUTEPUS OCHOBAH Ha ABYX

dakTopax.
O6wwuii BkNag B passutue

Xeneso Megb ®ocdathl ANIOMUHWIA 3onoTo YpaH AnmMasbl
BennuunHa CToMMOCTb Puck Cnpoc  Crpaternyeckas [JOCTYNHOCTb
pecypca Do6b1umn Ba>XHOCTb
Puc.6.1

1. Ponb, KOTOpYIO nonesHoe MCKoMaemMoe MOXEeT urpaTb, CrNocobCTBYA pasBUTUIO MU-
pPOBbIX 2HEPreTUYeCKnX pecypcoB, WK B KadecTBe cpeacTBa ANSA AOCTUMXKEHUS nonutuye-
CKUX uenen. XenesHaa pyda, Hanpumep, byayyu XWM3HEHHO HeOobXOAMMOW, cuyMTaeTcs
cTpaTern4yeckum pecypcoM. C Apyrov CTOpOHbl, YpaH, KOTOpbIK ewe He gobbiBaeTcs, cne-
AYEeT paccMaTpuMBaTb KakK CTpaTern4yeckuin pecypc ANns pervoHa B UeNoM, XOoTa U He obs-
3aTesibHO ANA CTPaHbl.

2. BO3MOXHOCTb TOro, YTO CTpaHa CTaHeT OAHWMM W3 MOCTaBLUMKOB MaTepuana, KoTo-
pbiii CoeauHeHHble LWUTaTbl nnu gpyrue pasBuTble CTpaHbl CYHUTAKOT CTpaTerMyeckum.

LocTynHocTe — AOCTYNHO TO MNONEe3HOEe MCKoMmaemMoe, UCTOYHMK KOTOPOro HaxoAuTcs
B6NM3KM TpaHCNOPTHOro NyTWU. HepoCTYNHbIM ABAAETCA MNONEe3HOe WCKonaeMoe, UCTOUYHUK
KOTOpPOro HaxoamTtcs B 6e31104HON MECTHOCTU U pa3paboTka KOTOPOro MOXeT 6biTb 3KO-
HOMUYECKN HEBbLIFOAHOM.

CraBuncsa cneayrowmin Bonpoc: Kak CMAbHO NPeBOCXOAUT OAHO MOSE3HOE UCKoMaeMmoe
Apyroe B njaHe NpoMbIWNEeHHO-3KOHOMUYECKOro pa3BUTUS, UCXOASA M3 OLUEHOK ero 3ana-
COB? 3aTeM LecCTb KpuTepueB CpaBHMBANUCb B COOTBETCTBMU C UX Ba)>XHOCTbK MO OTHO-
WEHNK K KaXX40MYy U3 CeMU Nofe3HbiX MCKOoMaeMblX. 34ecCb CTaBUACA BONpoC (ANd KaXxao-
ro NOsie3HOrc MCKonaeMoro): HackKoMbKO Bbille BaXXHOCTb OAHOM0 KpUTepusa Mo oTHOoLe-
HUIO K APYFOMY C TOYKW 3peHunsa pa3paboTKM NonesHoro nckonaemoro?

Bce npuopuTteThl gaHbl B Tabn. 6.1, 6.2, 6.3.

Ta6nuua 6.1. NMpuopureTbl NONE3HbIX UCKONAEMbIX

Xeneso Meab dochartel  YpaH AnOMUHUK  3010TO  AnMasbl
0,40 0,26 9,15 0,09 0,04 0,04 0,02

Ta6bnuua 6.2. NMpuopurersl KpuTEepues

Xeneso Memgs D0otPa YpaH ATIOMU= 5050 AnMasbl
Thl HUM
BenuunHa pecypca 0,44 0,41 0,44 0,34 0,33 0,18 0,13
CtouMoCTb Aob6bIum 0,05 0,15 0,08 0,03 0,11 0,21 0,15
Puck 0,05 0,03 0,07 0,05 0,34 0,26 0,50
Cnpoc 0,13 0,20 0,23 0,15 0,07 0,07 0,04
CrpaTternyeckas Ba)XHOCTb 0,26 0,16 0,11 0,29 0,04 0,03 0,04
HoctynHocTb 0,07 0,05 0,07 0,14 0,11 0,25 0,14
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Ta6bnuua 6.3. 0606 EHHbIE BECa ANA BCEeX KpUTepues

Keneso Menb g§:;| Vel :MHH'-?/I-I?I =ONETo A}::? _ (l)j.?esgfcz
BenuunHa pecypca 0,18 o,11 o0,07 0,03 0,01 0,007 0,002 0,40
CTomMmocTb A06bIuM 0,02 0,04 0,01 0,003 0,004 0,008 0,003 0,09
Puck 0,02 0,008 0,01 0,004 0,014 0,01 0,01 0,08
Cnpoc 0,95 0,05 0,034 0,014 0,003 0,003 0,001 0,16
CtpaTteruvyeckas BaxHocTs | 0,10 0,04 0,017 0,03 0,002 0,001 0,003 0,19
JocTtynHocTb 0,03 0,013 0,01 0,01 0,004 0,01 0,003 0,08

MoscHuM 3TK pe3ynbTaTbl. UMewmnecs OUeHKM MNOKa3bIiBaKlT, YTO Xeneso U Medb
BMECTEe COCTaBNAT ABe TpeTu (akTopoB MNpoeKkTupyemoro byayuiero Bo3AencTBUA Mo-
Ne3HbIX UCKOMaeMblX Ha 3KOHOMUKY. Ponb docdhaToB nosBbiWaeTca A0 3ac/yXMBaKLWero
BHUMaHUA ypoBHA 15%. BnusHue Kaxaoro oTAeNlbHO B3ATOrM0 M3 OCTaBLUMXCA MOSE3HbIX
MCKoMaeMblX NpeacTaBnseTcs He3HayuTeNbHbIM, OAHAKO BMeCTe B3STble OHWM OKa3blBalT
BAWSHWE Ha 3KOHOMUKY A0 20%.

Tenepb paccMoOTpuUM KpuTepuun. OTHOCUTENbHAs BEUMYMHA pecypca NepBbIX YeTbipex
nonesHbIX UCKonaembiX BbiWe, 4eM aAna nwboro apyroro kputepusa. Ana antOMUHUSA, 30-
noTta MU anMasoB UMeKLWKUNCca puck bonee 3HauYMMbIN, YEM BENWYUHA pecypca, YTo U cne-
A0Bano o0XuaaTb, TakK Kak elle caenaHo Mano nonbITOK M3y4YeHUs 3anacoB 3TUX MUHepa-
nos. HanpwuMmep, OUEHKW BeNWYWHbI pecypca ana anMasos 0,13 npuMmepHo B 4 pa3a
MeHblue 3HavyeHusa pucka — 0,50. BaobaBoK cnpoc Ha 3TW MUHEpPansbl, Kak 3TO npeacras-
naeTca B HacToswee BpeMs, MOXeET bbiTb HebonbwmM. NpoeKTUpyeMblit OTHOCUTENbHbIN
cnpoc Ha docdaTbl NpeacTaBnseTca HanbonblWKM cpean BCeX NMose3HbiX NCKOMaeMblX U3-
3a UX 3HA4YeHUsa ANs CeNbCKOro Xo3smMcTea — HaMbonee MHTEHCUBHOIO BUAA AESATENbHOCTU

B MuUpe.
Paa cocTaBHbIX BeCOB MokKa3blBaeT, YTO oblasa nonb3a OT pPecypcoB: UX 3Ha4vyeHue,
cTpatermyeckas BaXHOCTb U AOCTYMHOCTb, — HaMHOrO KOMMEHCUpYeT oTpuuaTefbHble

KpUTEPUU CTOMMOCTM A0BLIYM U puUcKa C KoadduumeHToM 67/17, unnu npubnmsnuTenbHO
4/1. MNpakKTU4YECKM 3TO FOBOPUT O TOM, YTO CTpaHa AO/HKHA AenaTb BCE BO3MOXHOE ANS
BbISIBIEHUSI CBOEro noTeHuWana pecypcoB M byayuwero cBoei 3KOHOMUKKU, OCHOBbIBasiCb
Ha NMPOEKTUPYEMbIX M3MEHEHUAX CNPOCa U LEeHbl HA NOME3HbIE NCKOMAeMbIE U UX Hanu4us
B APYrux pernoHax Mmmpa.

lMpoekTupyeMble pecypCbl B OCHOBHOM ONpeaensarTCcsa XenesoM, 3aTeM Meabk U ypa-
HOM. CTOMMOCTb A06bIYM HU3Ka ANSA BCEX MONE3HbIX UCKOMaeMblX NO CpaBHEHUK C BeNnu-
YMHOM UX pecypca W Bbllle BCEro Ans Meau, 3aTeMm ANg Xxenesa U docdaTta. YObITOK OT
pucka HanbonbWwuit ANs xenesa n HauMeHbWuin Ana Mean. NpoekTUpyeMblii CNpoCc NOYTU
paBeH Ansa kenesa n Meau, 3a HUMU cnepyloT docdaTbl. CTpaTernyeckass BaXXHOCTb Xe-
nesa Ans cTpaHbl HAMHOMO NPEBOCXOANT @aHANOMMYHbIM NOKasaTenb ApPYrux nosaesHbiX Uc-
KonaemblX, cpean KOTOpbIX BblaenseTcs Mmedb. [JOCTYNHOCTb Hauvbonblias y Xenesa, 3a
KOTOpbIM CneaywT Meab, YpaH 1 docdaTsbl.

B HacTosilee BpeMa HECOMHEHHO MOXHO npeHebpeyb fo6bIYEN APYrUX NONE3HbIX UC-
KonaeMmblX.
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6.3. MEPA BJIMAHNA B MUNPE

O6blvHO O cune ayMawT M nuwyT 6e3 cooTBeTCTBYKOLWeEro onpeaeneHusa. lNpuunHa
3TOr0 CTAHOBUTCSA ACHOW, ecnin NnocMoTpeTh B OKCPOpACKUIN CnoBapb aHMIUNUCKOro s3bika.
Cuna HacTonbko 6oraTtoe NOHATME, YTO AaXke Npu cneynanbHOM UCMONb30BAaHUM OHO He-
ceT B cebe 6onblee 3HavYeHMeE, YEM Mbl HAMepeBaeMcs B HeEro BnoXxutb. Cuna Henocpea-
CTBEHHO OTOXAECTBAAETCHA CO CNOCOBHOCTLI caenaTb YTo-HNbYAbL [10]. BAausaHue asnset-
CSl CBOMCTBOM CKJIOHUTb APYrUX MosydnTb 6naronpuaTHble UTOMM Npu peanusaumm (cob-
CTBEHHbLIX) uenen. BnnsHme cooTBETCTBEHHO 3HAUUTENBHO YBENNUYNBAETCSH B 3aBUCUMOCTHU
OT NOTEHUWANbLHOrO UCNONb30BaHMUA onpeaenieHHbIX (POpM CUbl NpU AOCTUXEHUN Lenen.

B [10] ykasaHO, 4TO TPYAHOCTb ONpeaeneHus CU/bl CBA3aHa C OTCYTCTBMEM cornacus
B MNO/IMTUKE O TOM, Y KOIr0 €CTb CMla U HacKO/IbKO OHa Benuka. K. KHopp npoBoauT CTpo-
rme pasnmumsa mexay npepnonaraeMon cunoin (cnocobHOCTbK co3aaBaTbk a3 PEeKTUBHLIE
yrposbl) U peann3oBaHHON CUNOW (AENCTBUTENbHO AOCTUINHYTbIM BAUSIHMEM). Oba nNoHsa-
TUSA OTpaXarT 4YacTb peanbHOCTU. NpuUMepbl U TOFO U APYroro MOXHO HaWTU B BOEHHOMN,
3KOHOMWYECKOWN, pacoBOW, NONUTUYECKON, LenebHOon cunax, NoKynaTesbHON cnocobHo-
ctu n T. 4. IN. CarimoH (cM. [10]) ycMaTpuBaeT B CBOEM onpeaeneHnm cuibsl acuMMeTpuye-
CKO€ OTHOLUEHUE MEeXAY TEM, KTO B/USET, U TEM, Ha KOro BAUSKOT, U BbIBOAUT NPUHUUNU-
anbHoe 3aKNYeHNne OTHOCUTENIbHO U3MEPEHUs CUAbl, 3aKyalrweecs B TOM, YTO KpoMe
KONUYECTBEHHbIX OLEHOK cnefyeT UCNosb30BaTb MHOMO APYrMX BUAOB U3MEPEHUMN.

P. Aanb [10] npMBOAUT MHTEpECHOE 3aMevyaHue, YTo «...0CHOBHas 3ajada He B onpe-
AeneHun CyLLecTBOBaHUA CU/bI, @ B NPOBEAEHUU CPaBHEHUI». DTO B TOYHOCTU COOTBET-
CTBYET TOMY, YEM Mbl 3aHMMaeMcsa B AaHHOMW paboTe. B HEKOTOPOM poae yYMeCTHO ANs Ha-
wero noaxopza W cneaywuwee HabnwaeHne: k. . Ctoe3snHrep [159] nuweT, 4TO
«...0bpas cuTyaummn B MMUpe, KOTOPbIA CO34anM BbICLUME BEPLIUTENN NOJUTUKU U MPUHATN
B KauvecTBe uenu B cobCTBeHHbIX yMax, 6onee BaxeH, yeM nwbon apyron obpas, BKAKO-
yas W npaBuNbHbIN». Hawa koHuenuua BnuaHUA [136] nMmeeT oblwee ¢ onpeneneHUeM
cunbl KHoppa. BinsHue BbLIBOAWMTCHA M3 MPOAEMOHCTPUPOBAHHLIX MPOW/bLIX AEUCTBUA WU
MPUNNCbIBAEMON CNOCOBHOCTM BHECTU 3 dEeKTUBHbIA BKAa4 B peweHue 3adaydn npu Ha-
an4umn 6naronpmusaTHOM BO3MOXHOCTU €€ peLleHus.

Hdanee paspabaTbiBaeTcsa obWwmMi NokasaTenb CUNbl ANA CeMU CTpaH, obobwarwmm oT-
AenbHble rnokasaTenu, OCHOBaHHbIE Ha NSATU CBOWCTBAX, OTHOCUTENLHO KOTOPbLIX CpaBHU-
BalOTCA cTpaHbl. CaMW CBOWCTBA CPaBHMBAaKTCSA OTHOCUTENBHO UX BOCAPUHMMAaEMOro BO3-
OENCTBUA B MUpE, pe3ynbTaT UCMOMb3YeTCcsa AN18 B3BEWMBAHUA KaXAoro n3 npeablgyuwmx
NSATU NOKa3aTenen 1 3aTeM nosiydaeTcs COCTaBHOW MHAEKC obwen cunol.

Mepa BNWSHWSA BbLIBOAUTCSA W3 CNeayowux akTopoB, OTHOCAWMXCH K KaXAon u3
CTpaH: 4enoBevyecKne pecypchbl, MOWHOCTb 3KOHOMUKKN (Ha3biBaeMas 61aroCoCTOSHUEM),
TEXHOSIOMNS, TOProBnas U BoeHHas Mowb. [pyrve dakTopbl, Takne Kak nonutuka, obue-
CTBEHHas CTabuNbHOCTb, KynbTypa M CBA3b He ObIM BKKUYEHbI, XOTS OHW MOryT 6bITb
AobaeneHbl 6e3 Tpyaa.

Moa BAWSIHMEM CTpaHbl NOCPEACTBOM €€ 4YefnloBeYeCKUX pecypcoB MMEKT B BMAY MNO-
TEHUMANbHYK CrMoCOBHOCTL CTpaHbl MOGUNM30BaTL HacesieHWe AN BbIMONHEHUA 3ajad,
3aTparMearLWmX OCTanbHOW MUpP, U600 NMPOU3BOAUTL HACYLLUHYIO MPOAYKUMIO, TaKyl Kak
NPOAYKTbl NMUTaHWA, MallWHbI, NEKapCTBEHHble cpeacTea, wnu, B 6onee obweM Buae,
BaXXKHble Uaen, Kotopble MOrsin 66l BHECTU BKag B peweHune 60/bWnX MUPOBLIX Npobnem.

DKOHOMUYeCcKoe BMSHME noAapa3yMmeBaeT obuee Npous3BOACTBO TOBaApoOB W YCIyr
CTPaHOM, B 4YaCTHOCTK, OTpa)karwlweecs Ha XXU3HEHHOM YpPOBHE, CMOCOBHOCTb NoaAepXu-
BaTb POCT, MOAAEPXKKY U pa3BUTUE HOBbLIX MAEN U TEXHOMOMMM, a TakXe CnocobHOCTb
OKa3blBaTb 3KOHOMUYECKYIO MOMOLWb APYIMM CTpaHaM.

TexHoNornsa sBnsAeTca YPOBHEM HAy4YHOro U TEXHWMYECKOro nporpecca, AOCTUTHYTOro
CTpaHoOWn, BKJKOYaa OpraHM3auMoOHHbIE U ynpaBrieH4Yeckme cnocobHOCTU, BMECTe CO Crno-
COBHOCTbIO NOAAEPXKUBATb 3HAUYUTENbHLIE TEMMbI TEXHO/IOMMYECKOr0 pa3BUTUS.
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Moa Toproenen NOHMMAETCs BENWYMHA, XapaKTep U CTPYKTypa 3KOHOMUYECKUX OTHO-
WEHWIA CTpaHbl C OCTasbHbIM MUPOM, BK/KYAs CHOXMBLUIMECA TOProBble€ OTHOLUEHUS C
APYTMMU CTpaHaMu.

BnusiHue B Mupe

KpuTepuu: I I I I
Moackne  bnarococtosHue TexHonormss  ToproBnsa BoeHHas MoLb
pecypchl

Y Y Y Y Y

CLUA CCCP Kutai dpaHuua BenunkobputaHus AnoHus oPr

Puc. 6.2

BoeHHast MoWwb eCcTb KOJIMYECTBO OpyXusa (0COBEeHHO AAepHOro) UM NMYHOro cocTtaBa,
cTeneHb MOBMNBHOCTU U CU@ BOEHHbIX COK30B, B KOTOPbIE BXOAUT CTpaHa.

CeMblo cTpaHaMu (nccnegoeaHue nposoamnock B 1973 r.) 6einn CLWUA, CCCP, Kutan,
®paHuusa, BenukobputaHusa, AnoHua v OPI. 3gecb Mbl MMeeM uepapxuio, Ha HU3LLEM
YPOBHE KOTOPOM pacrosioXXeHbl CEMb CTpaH. 2TOT YpPOBEHb AOMUHUPYETCH YPOBHEM, CO-
CTOALWMM U3 NATU NoKasaTenel, ONnMCaHHbIX Bbie, B CBOK o4Yepeab 3TOT YPOBEHb AOMMU-
HUpPYEeTCs YPOBHEM C OAHUM 31IEMEHTOM — «B/IMSAHWE B MUpe» (CM. puc. 6.2.).

MaTpuua napHbIX CpaBHEHUIA ANS OLEHKU BKIaga CEMU CTPaH BO BAUSIHWE B MUpe 4ye-
pe3 UX HauuoHanbHble 6oraTcTBa paccMmatpuBanacb B rn. 2. YeTobipe Apyrnx matpuubl U
MaTpuua KpuTepues 3aecb He byayT npeactasneHsl (cMm. [136]). UToroBble cOBCTBEHHbIE
BeKTOpbl 1 0606LEeHHbIe BECA NOKa3aHbl B Tabn. 6.4 n 6.5.

Ta6nuua 6.4. Hopmann3zoBaHHble COGCTBEHHbIE BEKTOPbLI,
COOTBETCTBYIOLLMNE NATU KPUTEPUAM

Yenoese- bnaro-
ToproB- TexHo- BoeHHas
yeckme CcocTos- MpuopuTeTbl KPUTEPUEB
ns norus MOLLb
pecypchbl Hue
CLWA 0,339 0,429 0,332 0,458 0,443 |4Yenos. pecypcol 0,043
CCCP 0,123 0,231 0,042 0,068 0,304 |bnarococroaHue 0,393
Kutan 0,057 0,021 0,020 0,018 0,070 |Toproens 0,228
dpaHuusa 0,134 0,053 0,089 0,109 0,072 |TexHonorus 0,136
BenukobputaHmua | 0,116 0,053 0,070 0,109 0,068 |BoeHHas mollb 0,199
AnoHunsa 0,116 0,119 0,239 0,119 0,021
oPr 0,155 0,095 0,209 0,119 0,021
A..=| 7,023 7,608 7,968 7,424 7,576 5,187
nc=| 0,003 0,101 0,161 0,071 0,096 0,047
OC=| 0,002 0,077 0,122 0,054 0,073 0,042

Ta6nuua 6.5. BageweHHbI pe3ynbTaT KaKk OTHOCUTENbHAA Mepa BAMAHUA B mupe (1973)

CLUA CCCP Kutam  O®paHuus BennkobputaHusa AnoHus OPIr
0,409 0,175 0,032 0,076 0,070 0,127 0,112
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Tenepb CpaBHWUM MOJIYYEHHbIE pe3ynbTaTbl C 3KCNEpPUMEHTanbHON paboTon no cune u
ee u3MepeHuun, npoeseaeHHon LnHHOM [148]. B npeanonoXeHnn, YTo BOCNPUATUA ABNA-
IOTCA HeobXxoaAuMMbIMU (hakTopaMu 4YenoBevyeckoro gencreusa, LUMHH ncnonb3oBan Moaenb
B Buae cteneHHoW dyHKumm (cMm. [153]) ana nonyyeHns eAUMHCTBEHHOrO nokasaTensa Ansa
namepeHus cunbl. OH NbITANCA OUEHUTb BOCMPUATME MOLWMWM CTpaHbl P, KoTopoe 6blno Yy
CTYAEHTOB Mocne cnywaHusa ABYX KYpCOB MO MeXAyHapoAHOM NONuUTUKe, 3ajaBasi BOMpO-
Cbl U Knaccuduumpys OTBETbl C UCMNONb30BaHWEM BeNUYMH oueHoK. OH Bblipa3ua MOLWb
OAHWM BblIpa>XeHWeM B 3aBUCMMOCTU OT YMCNEHHOCTU HacCeNeHUs CTpaHbl, YPOBHSA ee 3KO-
HOMMUYECKOro pa3BUTUSA, BblpaXxeHHoro B ee BHI1, n pecypcoB, BblA€NEHHbIX Ha BOEHHbIE
uenun. MM Bbina nonyyeHa opmyna

0,28

P= 0,37(Hace;zer,f.fr,aer)O'41 (BHH)O'62 (Boen.) .

LLIMHH OTMEeYaeT, YTO 3TO BblpaXkeHne AO0CTaTOYHO Xopowo obbscHAeT 6onee 96% Ha-
bniogaembix konebaHuin gaHHbIX (OT CcpegHUX, B3ATbIX NO BCeM cybbekTam), npeanona-
raga, 4to 3T KonebaHua Mexay MHAMBUAYYMaMW COOTBETCTBYIOT Cly4vYaMHbIM OWKWOKaM
N3MepPEHUN,

Tabnwuua 6.6
CrpaHa YucneHHOCTb BHI, Pacxoabl Ha HopMupoBsaHHbI A MHpekc cunibl No
HaceneHusa, |mnpa. gon 060pOHY, WHAEKC C NCNONb- HOPMWPOBAHHOMY
MMIH. Yyen. MNpA. A0N. |[30BaHwem popmynbl cobcTBEHHOMY
WuHHa BEKTOPY
CLUA 21 1167 85,2 0,435 0,426
CCCP 242 635 65,8 0,294 0,246
Kutai 800 120 4,5 0,081 0,039
®panyma 50 196 8,5 0,042 0,064
Benkodpu- 46 154 8,7 0,035 0,062
TaHus
AnoHusa 105 294 Shs 0,057 0,088
OPI 59 257 11,1 0,057 0,076

B Tabn. 6.6 gaHa nHdopMaumsa o HaceneHumu (B MAH. yen.), BHIM wn pacxogax Ha obo-
poHy (B MNpa. agonn.), kotopas 6bina eeegeHa B popmyny LnHHa. Nony4YeHHble pesyib-
TaTbl 6bI1M HOPManM3oBaHbl AN NONYYEHUA OTHOCUTENBHOMO NokKasaTens MOLWW, KOTOpbIK
CpaBHWBAETCHA C COOTBETCTBYHWMWM OTHOCUTENbHbIM NOKa3aTenem, rnoaydYeHHbIM MeToA0M
COB6CTBEHHOrO0 3Ha4yYeHus C UCNonb3oBaHUEM (HaKTOPOB YenoBevYeckux pecypcoB, Hauuo-
HanbHbIX 60raTCTB U BOEHHOM CUJbI.

CTouUT OTMEeTUTb, YTO XOoTA LUMHH npu BCex obCcToATEeNnbCTBaxX CUYMTaeT YMCIEHHOCTb
HaceneHusa LEeHHbIM Ka4yecTBOM, Mbl HE AyMaeM Tak. Hanpumep, O4YeHb BbICOKasaA YUCNEeH-
HOCTb HaceneHusa Kutasa aBNseTcs B HEKOTOPOW CTeneHu NoMexoM, Tak Kak B HacTosiwee
BpEMs €ro TpyAHO MPOKOPMUTb U 3PP EKTUBHO MOBUNM30BaATbL ANS1 BbINONHEHUA LeENen.
370 HabnwaeHue, Hapsay € TeM hakTOpOM, YTO pacxoAbl HA BOOPYXEHUE He YUUTbIBatoT
HecCooTBeTCTBME B MOWM Gnarogaps SAepHOMY OPYXWK, MOXeET OObACHUTL HeKoTopble
OTK/IOHEHUSA MexAay AByMA pe3ynbTaTtaMu. COMHUTENbHO, UTO AnoHna n OPI u aaxe AHr-
nna ¢ PpaHunein cTaBUNUCL CerogHA paHrom Huxe Kutaa no wkane mowu. B nwobom cny-
yae umdpsbl B 060MX WKanax He o4eHb oTAndarTcs. KOHEeYHO, OHUM MOryT ObiTb OAMHAKO-
BO HEBEPHbIMW, OAHAKO TO, YTO OHW OblIN MNONy4YeHbl HE3ABUCMMO, B pa3HOE BpeMsa U
pa3sHbIMW MeToAaMu, AenaeTt ux 6AM30CTb YAUBUTENBHO MHTEPECHOMN.
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6.4. NMPOLUECCHI C ABYXTOYEYHbLIM NrPAHNYHBIM 3HAYEHUWEM:
NJTAHNPOBAHWNE OT AOCTUTHYTOTIO
N MJTAHNPOBAHWME OT KOHEYHOIO PE3YJ/IBTATA

MNnaHupoBaHWe SABMSAETCA AMHAMUYECKOM U UeneHanpaBleHHON AeATe/IbHOCTbI, CBS-
3aHHOW C HanpasB/IEHUEM YCU/IMA Ha NMPUBEAEHUNE CUCTEM U3 BO3MOXHbLIX COCTOSHUNA B Xe-
natenoHoe. BO3MOXHBLIN UCXOA4 ABASETCA pe3ysbTaTOM peanum3auun cueHapumsa UM Cco-
CTOSIHUS CUCTEM, OnpenensieMbiM CYLEeCTBYOWMUM COCTOSHUEM U AENCTBYIOWUMKU CUTaMK,
KOTOpble npecneayT CBOW Uenu, NOAUTUKY U MHOMBUAYaNbHblE ncxoabl. OUueHKa Bepo-
ATHOro 6yayliero HasblBaeTCa M/IaHUPOBaHUEM OT AOCTUIHYTOro. 2TO NpoLecc OnucaHus
TOro, YTO MOXET CnyunTbca. XenaTesbHbiM UCX04 AOCTUraeTcs nMocpeacTBOM U3bpaHus
AVHWU NMOBEAEHUSA, BANAKOWEN Ha AENCTBYOLWMNE CUMbI C LENbIO yAaneHna noMex no nyTtm
K 3TOMY MCX0Ay. DTOT MPOoOUEeCcC Ha3blBAeTCHA M/IaHUPOBAHUEM OT KOHEYHOro pe3ysibTata.
2Ta HOpMaTUBHbLIN UNKN AeKnapaTUBHbLIM nNpouecc. 2HPEKTUBHOCTL U3MEHEHUSA LENEH UK
HOBbl€ JIMHUW NOBEAEHUSA NMPOBEPAITCA C NMOMOLWbK Npouecca NAaHUpPOBaHUA OT AOCTUr-
HYTOro, KOTOpPbIM NO3BONSET YBUAETb, HACKONBbKO pe3ynbTaThl B byayweM 6nn3ku K xe-
naeMsbIM. B npoTuBHOM cny4yae uenu, NOAUTUKa U Aaxe Xxenaemble B 6yaywem pesynbTa-
Tbl U3MEHATCA ANS AOCTUXeHUs bonbuwero ycnexa. [poBOAUTCA HECKONbKO UTepauui
NAAaHUPOBaAHUA OT AOCTUTHYTOro W NAaHUPOBaHUA OT KOHEYHOro pesynbTaTta C YYeToM
TpebyeMbiX BUAOU3IMEHEHUN. TaknuM obpa3oM, Npouecc ¢ ABYXTOUYEYHbIM FPaHUYHbLIM 3Ha-
YEHMEM NPUXOAUT K MCKOMOMY COHNMXKEHNEM BO3MOXHOMO U Xenaemoro byayuiero.

Ta xe camasa npoueaypa MOXeT 6bITb UCMOMb30BaHa U ANA MOJYYEHUS YCTOMYUBBIX
NCXOA0B B KOH(NWKTHOM cuTyauuun. PaspeweHue KOHMUKTOB CBA3AHO C YNYy4YWEHUEM
MONOXEHUA KaXAO0W U3 CTOPOH MpU Nepexone OT CYLWEeCTBYHLWEro COCTOSHUSA K Xena-
TenbHOMY. [1pU UTepaumnax HYXHO Y4YUTbLIBaTb UMEKLWMECsS NMHUW MNOBEAEHUS KaXAOW
CTOPOHbLI OAHOBPEMEHHO C OFPaHUYEHNSAMU, HaKNaabiBae€MbIMN Ha HUX.

XOoTa nNpu NNaHUPOBAHWKU, KOTOPOE SABJIAETCA KOHTPOJMUPYEMbIM MPOLECCOM, MOryT
6bITb MCMOMb30BaHbLI OMUCaHHbIE BbIWe UTepauumn, Apyrne acrnekTbl NJIaHUPOBaHUA MOryT
NPoOCTO BK/KUATbL UCCefoBaHMe NpaMoro uau obpatHoro npouecca. locne kKpaTtkoro 06-
CYXAEHUA CUeHapWeB Mbl MPOUIIOCTPUPYEM Ha NpuMepax nNpsaMoin, obpaTHbli U 06beamn-
HEéHHble Npouecchl.

CueHapui aBnsaeTca onucaHUeM onpeaesieHHOW naen nnu paccMmatTpmesaemMoro obbekTa
(HanpuMep, TPaAHCNOPTHOW CUCTEMbI) BMECTe C aJeKBaTHOM OLUEHKOW B3aUMOAENCTBUIN C
dhakTopaMmn OKpyXakwLen cpelbl, a TakXe coumanbHbIMU, NOAUTUYECKUMU, TEXHONOMNYe-
CKMMU N 3KOHOMUYecKnMU. OTCoda cnefyeT, YTO BHyWaLWWA A0OBEPUE aHann3 cueHapus
OOJ/DKEH AOCTAaTOUHO rNyboKo BbISABAATL BAUSHUE BCEX 3TUX (PAKTOPOB C Lenbl A0CTUXe-
HUA ybeanTenlbHOro ONMCcaHusa COCTOSHUSA OTAENbHOro obbekTa NMpu pasnUYHbIX BO3MOX-
HbIX nMpeanonoXxeHusax. Npy NOCTpoeHUM cueHapues cnepyet msberaTtb YpesMepHbIX MNo-
neTos BoobpaxeHuna N He BragaTb B NMPOrHO3MpoBaHuWe, cneaysa obpasuam HayydyHoW daH-
TaCTUKMU.

NmMetoTcsa aBa cueHapusa obwero tuna:

1. [Touckossiti cuyeHapui. pesa COCTOUT B UCCNeAOoBaHUW psiga CUueHapues, BbISB-
AAWNX TEHAEHUNN anbTepHaTUBHbIX BapuaHToB byayuwero. lNyTemM napaMeTpusaumm oc-
HOBHbIX KOMMOHEHT M3y4YaeMOM CUCTEMbI NPOUCXOAUT NpoBEpKa TOro, Kakue 13 cobbiTUin
ABNAOTCA NOrMYyecku HeobxoaAMMbIMN ANS AOCTUXKEHUSA BO3MOXHLIX BapnaHToB byayuero.
HaunHaeM ¢ ncxogHoro MoMeHTa BpeMmeHu. [locpeAcTBOM Bapumauuvu napamMeTpoBs, Twa-
Te/IbHOWM NPOBEPKWU TUMOTE3 pa3BUTUSA CTPOATCHA NpeaenbHble CUeHapum U CueHapuu, Ko-
TOopble BbIABAAKT TEHAEHUWWU, OrpaHUYMBalOWMe BapuaHTbl BO3MOXHoro b6yayuero. Mo-
WCKOBbIA CLUEHaApUN 4acTo NPUMEHSETCH B KayecTBe cpeacTBa (popMupoBaHUA Boobpaxe-
HUA, CTUMYNAUUN OBCYXAEHUSA N NPUBMIEYEHNA BHUMaHUA NUL, NPUHUMAKOLWKNX peELleHns,
K onpeneneHunto BO3MOXHbIX pe3ynbTaToB. CueHapuu, BbISBAAKOWME TEHAEHUUIO, HE NMpU-
MEHSIOT HU TEOPUU, HN METOAONOIMU. XOTH NMPaKTUKU HE OTHOCATCSA € 60NbWKMM AOBEPUEM
K Noay4YaeMbIM pesyfnbTaTaM, OHW NPU3HAKT, UTO 3TU pe3ysibTaTbl HE XYXXE pe3y/bTaTos,
NONYYEHHbIX APYrMMW MeToAaMU.
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2. lNpeaBapswoiwnit cyeHapui. 2TOT NOAXOA CBf3aH C KOHUenTyanusauunen [onycTu-
MbIX W XenaTenbHbIX BapuaHTOB byayuwero. B oTnMuyme oT NMOMCKOBOro CUeHapus, KOTO-
pbii onucbiBaeT cobbITUA OT HacToswero Kk byaywemy, npeasapsolWnin cueHapuin naet
obpaTHLIM NyTeM, HauynHasa ¢ byayuwero No HanpaB/eHUKD K.HacTosaweMy, 4yTobbl onpeae-
NUTb anbTepHaTMBLI U AENCTBUA (KOPPEKUWUN TpaeKTopui), HeobxoamMbele AN AOCTUXe-
HMA 3TOro 6yaywero. MMewTcsa npegBapsalowme cueHapum ABYX TUMOB: a) HOPMaTUBHbIHA
cueHapuyi, KOTOpbIM onpeaenseT B MJjaHe MHOXECTBO 3aJaHHbIX uUenen, noanexalumx
peanusauun, U 3aTeM NyTb UX peanunsaumu (0AUH U3 crnocobos — cHopMyMpoBaTb Len
N HaWTU TEXHUYECKU AONYCTUMbIE CpeacTBa UX peanusauumn); 6) KOHTPaCTHbIVN cUyeHapui
npubAn3NTENBLHO OMUCLIBAET XenaemMoe U AOCTMXUMOe byayuwee B npepenax, onpepe-
naeMbIxX npeasapsaowmM cueHapmeM. Kaxabli KOHTPacTHbIM CUeHapui odvepymBaeT gma-
NasoH NpeanosiIoXKEHUN, KOTOpble BCE BMeCTe COCTaBAAKT «BbIMYKAYKD 060104KYy>» BO3-
MOXHbIX 6yaylwnxX BapnaHToB. HoOpManbHble UM KOHTPACTHbIE CLUEHAPUN CUHTE3UPYIOTCS
B 0606LjeHHbIH cLeHapuii, KOTOPbIM COXpaHAeT CBOMCTBa KaXAoro CueHapusa ¢ 4ocTaTtod-
HO XOpOWEN CTerneHbl npubnmxeHmnsa. Tak kKak byaywee onpenensercsa B pesynbraTe
BO3AENCTBUA Pas/IMYHbIX CU UM UHTEPECOB, KaXAble U3 KOTOPbIX CTapakwTCa peanuso-
BaTb CBOW COBCTBEHHbIE LENU, NpU CUHTE3e pasfindHbIiX cueHapues B 0606WEHHbLIN cue-
Hapui AOSIKHbI 6bITb NPUHATLI BO BHUMaHUE: akTopbl, BAMawLWwmMe Ha byayuwee, nx uenm u
OTAeNbHbIE JIMHUU NOBeAEHNE KOTOPLIX OHW ByayT npuaepXuBaTbCs ANS OCYLLECTBEHUSA
B KaXXAOM cUeHapun cBoux uenen. TakuMm obpa3oM, HOpMaTUBHbLIA MpoLECC NOCTPOEHUSN
obobuweHHoro cueHapua AO/MHKEH OTpaXaTb MNPUOPUTET aKTOpOB B COOTBETCTBUU C UX
BaXXHOCTbIO, OCYLLECTBNAA C AOCTaTOYHOM MOJSIHOTOM 4YacTu, COCTaBAAKOLWME KaXAbln cue-
Hapun.

OCHOBHOM TexHU4Yeckon NpobneMoin npm NOCTPOEHUU CUEHapUsa SBMSETCA NOCTPOEHME
obobuweHHoro cueHapus M3 o6WMPHOro MHOXECTBa CUeHapueBs, ONpeaensaowmx «KOHYC»
byaywero.

Huxe nNpuBoAATCA HeEKoTOpble M3 Haubonee BaXHbIX KOMMOHEHT MOCTPOEHUS CueHa-
pus:

1. OnpegeneHve obwen CUCTEMbI, BHEWHWUX U BHYTPEHHUX OrpaHUYEHUin, a Takxke
nAeHTUPUKaLUA MOACUCTEM.

2. MocTpoeHue uepapxuyeckom CTPYKTypbl NOACUCTEM U MAEHTUDUKAUUA perynu-
PYIOLWNX KOMMOHEHT.

3. OnpeneneHne COCTOSAHU CUCTEMbI U MOAENNPOBaHNE NCTOPUN €e pa3BUTUSA.

4. PacCMOTpeHUe pa3BUTUA CUEHapuUsa BO BpeMeHU (MCTOpUYECKUN aHanus) Ans ocee-
LWEeHMA 3BOMKOULUN CUCTEMBI U BAIMAHUA Ha XapaKTEPUCTUKW OAHOBPEMEHHO C MUccnepoBa-
HWEM BHYTPEHHEWN ANHAMUKU MOAESNN.

. OnpepeneHue uenen cueHapusa ¢ ob6Cy>XAeHWEM UX 3HAYEHUNA.

. Boibop TMNOB MCNoNb3yeMbIX CUEHapUeEB.

. PazpaboTka OCHOBHbIX AaHHbIX MPOLWNOK, HacTosawen n byaywen nHpopmMaymnu.

. MaeHTndunkauma CTpyKTYpHbIX KOMMAOHEHT, akTopoB, obecneumBalowmMx paBHOBe-
cue N TeHAEHUWN pa3BUTUSA CUCTEMBI.

9. OnucaHue TpeHWn, NPUCYLWMX PYHKLUNOHANBbHBIM MEXaHU3MaM.

10. AHanU3 MexaHuU3MOB peryiMpoBaHuUsa B CUCTEME U UX CBA3EN.

11. KpuTuka » nepecMoTp npeabiaylero aHanusa, yCOBEPLWEHCTBOBaHUE cueHapus
nocpeacTBOM MPOBEPKU OrpaHWYEHUN, HEPABHOBECHOCTU, TPEHUIN, CUJ, NPOTUBOPEYUUN:
BMellaTeNnbCTBa MEXaHU3MOB pPErynMpoBaHus, a TakXe yCTaHOBJ/EHUE NPOTUBOAENCTBUM,
KOTOpble BAUAKOT Ha BEDKMBAHUE CUCTEMBI.

12. Co3naHne ycoBepLWeHCTBOBAHHOIO CUeHapus.

Bo3MOXHO, HauNy4YWwWmM OTBETOM Ha BOMpoc 06 060CHOBaHHOCTM NoAXo4a, CBA3aHHOIMo
C UCNONb30BaHWEM CUEHapusa SBNAAETCSA TO, YTO 3TO €AMHCTBEHHOE CpenCcTBO MpOorHosa
byaywero, pesynbTaTbl KOTOPOro MoryT 6biTb pa3yMHO MHTeprnpeTupoBaHsbl. [pn npume-
HEHUWN pe3ysbTaTOB, MONYYEHHbLIX CUEHapHbIM NoAX0AOM, crneAyeT pacnonaratb MUX Mo
KnaccaM B 3aBUCUMOCTU OT CTEMEHU BaXXHOCTU U BHaudane AobuBaTbCs BbIMOSHEHUA Hau-

0Ny
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bonee BaXkHbIX NnpoeKTOoB, a 3aTeM nepecMoTpeTb npouecc niaaHNpoBaHMA NIKU NPpOBECTU
HOBYHO UTEPALNIO.

6.5. BYAYLWEE BbICLLEMO OBPA30BAHNA B CLUA (1985-2000 rr.):
NJTAHNPOBAHWNE OT AOCTUTHYTOTIO

DTOT NpUMEpP OCHOBaH Ha 3KCNepUMEHTe, NMpoBeAEeHHOM No4 PYKOBOACTBOM aBTopa 28
npenojaBaTensaMn Konneaxen, cneymanusmpyrwmxca B obnactm MmateMatudeckmnx Hayk,
B deBpane 1976 r. B WKoOME N0 UCCNEL0BAHMIO ONepaunin n CUCTEMHOMY noaxoay. 3ana-
4ya cocTosfna B CO34aHMM CEMU B3BELWEHHLIX cueHapmeB U 0606WeHHOro cueHapus, KoTo-
pble Mornn 6bl onucaTb 6yayuwee Bbicwero obpasosaHua B CLUA Ha nepuwog 1985-
2000 rr. [138].

Ha puc. 6.3. npeacTaBfieHa nepapxuyeckas CTpyKTypa, cocTosiwas 13 pakTopos, ak-
TOPOB WU MOTUBUPYIOLWKMX LEeNen, KOTopble NpeacTaBnsasucCh rpynne Kak BO3MOXHO OKa3sbl-
BalLWMe BIMAHUE Ha CUCTeMY Bbicwero obpasosaHma B nepuog Mexay 1985 mn 2000 ro-
AamMun. Ctpororo ob6bACHEHUSA passiUYHbIX TEPMUHOB HE JaeTcs, XOTH BO BpeMs obcyxae-
HUSA, KOTOPOE 3aHAN0 OKOI0 AEBATU YacoB, U BblN BbISCHEH CMbICN KaX40ro U3 HUX.

lMpeanoxeHo ceMb CcUEeHapUeEB:

1. NMpoekuwns. MNMpoekuma HacTosawero (1976 r.) Ha 1985 r. ¢ y4eTOM He3Ha4YuTesbHbIX
N3MEHEHUN.

2. HaBbikn. OpuneHTaumns Ha npunobpeTeHmne npodeccnoHanbHbiX HaBbIKOB.

3. Bce. ObpazoBaHune ansa ecex (cybcuamposaHue obpasoBaHus).

4. Dnuta. ObpasoBaHue Ang U3bpaHHbIX (ANA TeEX, Y KOro €CTb AEHbMM UAWU UCKKYN-
TesibHble CNOCO6HOCTH).

5. Bnactu. OTcyTcTBME YacCTHbIX BY30B (BCE CyBCUANPYHOTCA BNACTAMMK).

6. TexHuka. OpueHTauma Ha NMpUMEHEHNE COBPEMEHHbLIX CpeacTB obydyeHnsa (3aHATUS
no TesieBMU30pYy, KOMMNBIOTEPY).

7. ObyueHune, B By3ax He BeAyTCA Hay4dHble UCCNEeAOBaHUA, aKUEHT TObKO Ha obyuye-
Hue.

MpaaymnpoBKa paccMaTpUBaEMbIX XapaKTepUCTUK B COOTBETCTBUWU C pas/IUYHbIMKU cue-
HapuaMn npueeaeHa B Tabn. 6.7. lWWkana rpagympoBaHa B uUefnblX yucnax oT -5 go 5
(rpaHuubl 3TOM WKanbl No3ke 6biM U3MeHeHbl Ha [-8,8] Ansa npuvBeAeHUs B COOTBETCT-
BUM CO LWKanol oTHOWeHW oT 1 Ao 9)". K 3TUM M3MepeHnsM NpULLAM MyTeM AOCTUXEHUS
KOHCeHcyca.

HoO/Mlb COOTBETCTBYET COXPAHEHUIO CYLWECTBYHOLWENO NOAOXKEHUSA (MO MHEHUIO TPYMMbI).
MonoXxuTtenoHble Uenble 4Yucna MoKa3blBalOT pas3fIMYHble CTEMEHU <«YBENUYEHUS» WK
«bonbwe, yeM Tenepb»; OTpULATENbHbIE — «YMEHbLUEHUE» WU «MEHblUEe, YeM Tenepb>.
Hanpumep, Ana BY30B XapaKTepUCTUKa «yrnpabB/ieHUs» B LIECTOM CUeHapuu NpUHUMaET
3HadyeHne 5. DTo 03HavaeT npeanonoXeHwe rpynnon, 4yto byaeT 3HadmTenbHo 6onblasn
cTeneHb aAMUHUCTPATUBHOINO KOHTPONS MO CPaBHEHUKD C TerMepelwHWM MONOXEHNEM B
cucTeMe Bbicwero obpasoBaHUs, OPUEHTUPOBAHHOIO Ha WUPOKOE NMPUMEHEHUE TEXHUYe-
Ckux cpeacts B 1985 r. n nocne. Ecnun xe, HanpuMmep, peanusyeTcsa TPeTUN CUueHapui
(obpazoBaHUe Ana BCeEX), TO 3HAYMMOCTb Hay4yHOW CTeneHn B cucteme obpasoBaHUs 3Ha-
YUTENBLHO YMEHbWUTCA (-2) NO CpaBHEHUK C CEroAHSAWHUM cocTosiHMeM. CTpoka «Beca
cueHapues» n ctonbeu «o0b60bLWEHHLIN BEC» 3aMNoNHAETCA B npouecce obcyxaeHus, n no-
3TOMY B Aa@HHbLIM MOMEHT He byaem obpawaTb Ha HUX BHUMaHUA.

*B 1989 r. T. Caatu NpeasioKni 3aMEHNTE WKaNy pasHOCTEN Ha LWKAany OTHOWEHMA (CM. [JONO/IHEHNE K KHU-
re T. Caatn n K. KepHca «AHanutnyeckoe ninaHuposaHume»/ lNep. ¢ anrn. nog pea. M. A. Ywakosa. - M.: Pa-
AVOo n cBAa3b, 1991). - [Ipum. nepes.
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YpoBHU

I ®okyc

Byaywee Bricwero obpaszosaHus B CLUA (1985-2000 rr.)

II MNepauuHuie GakTopl. JKOHOMUYECKHe Monutuueckme CoumanbHele TexHonornyeckue
Ha nepBu4HbIE
hakTopsl
BO3AENCTBYIOT
III AKTOpBI.
. MpoMbiLLeH-
AKTOpHI CTyneHThl lNMpenopaBartenu AAMUHUCTPaLMUSA Bnactu YacTHbIX ceKTop
MOTUBMPYIOTCS HOCTB
a lNMpogeccuo- KoHTponb
HanbHoe Pa6orta iecillg BnarococrosiHue couuranbHbIX flionciie
ey pree — = e o e,
Tpaavuui b ecypchbl
obyyeHue ot U3MEHEHUN pecyp
IV Uenwu.
Hyxpaa B
Ha uenu - MNMpodeccuo- ®uHaHcoBas
asd < - Camoobpaso e pad e — arcosa - NACKNX — 3HaHusA — TexHonorus
BO3AEUCTBYIOT BaHue HanbHbIA pocT obecnevyeHHOCTb pecypcax
CoumanbHbIn MoBblWEeHKE O6uwecTBEeHHbIN
- - o — —  KynbTypa = [pubbinb
craTyc 3HAHUNA nopsAoK YARTYP P
\
Cuna Whﬁmﬂn::m.m:vm::mn_ Kanutano- CrabunbHoCTb
e B/IOXKEHUSA W YBEPEHHOCTb
Has cuna
= TexHonorus
|| CosnparenbHas
obcraHoBKa
V' KoHTpacTHbie Mpoekuus HaBblku Bce dnuTa Bnactu TexHuka O6yueHve
cueHapuu I
O606LWEHHBIN cueHapuid _ Komnosuums _

Puc. 6.3. Mepapxusa BAUAHMIA Ha Bbiclwee 06pa3oBaHue
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Ta6bnuua 6.7. CeMb CLUEHApPVEB N FrPAAYMPOBKa UX XapaKTEPUCTUK No wkane -5...+5

0.096 0.259 0.191 0.174 0.122 0.068 0.081
Beca cuenapues 1 2 3 4 5 6 7 O606uéH-
XapakTepucTtukm [Mpoek- HaBblkn Bec Snuta Bnactm TexHu- Obyue- HbI BeC
ums Ka HUe
CryaeHTbl

YncneHHoCTb -2 +2 +4 -3 -1 +2 -2 0,42
Tun -1 -2 -3 +3 -1 -2 -1 1,00
OyHKLUMN +1 -1 0 +1 0 -2 +2 0,03
Pa6oTa +1 +4 -3 +4 +1 -2 +1 1,32

lMpernogaBartenu
HucneHHocTb -2 +2 +4 -3 -1 -5 -4 -0,22
Tun +1 0 -2 +3 +1 +2 -3 0,25
OyHKUMM -2 -3 -2 +1 -2 -5 -5 -2,12
O6ecneuveHHoCTL paboTon -2 +1 +2 -3 -1 -4 -4 -0,79
Akazemuyeckas csobosa 0 -2 0 +2 -1 -4 -5 -0,97

YyebHbie 3aBegeHns
Uucno -1 +2 +2 -3 -1 -4 -1 -0,19
Tun -1 -4 -3 +3 -1 -3 -3 -1,75
Ynpasnawuwasa cTpykTypa +2 +4 +1 -2 +2 +5 +5 2,06
3P eKTUBHOCTL +2 +3 -2 +4 -1 -1 0 1,09
JocTynHocTb 0 +2 +5 -3 +2 +4 +1 1,55
KynbTypa u nocyr 0 -2 +3 +3 +1 -3 -1 0,41
JeHexHble cpescTea -1 +2 +2 -2 0 -1 -3 0,64
O6paszoBaHue
YyebHasa nporpamma +1 -2 +2 +3 +1 0 -1 0,50

MpoAoNXNTENBHOCTL 0 _3 ) 0 1 +2 0 0,14
obyueHuns
LleHHOCTb YYEHOWN cTeneHn -1 0 -2 +4 -1 -2 -2 -0,20
CTtonmocTb 06ydeHus +3 +3 +3 +4 +2 -1 -1 2,43
WNccnepnoeanuns, nposoan- 1 1 1 +3 1 _3 _4 0,24
Mble MpenogaBaTesnisiMm

BHauyane 6blna nocTpoeHa MaTpuua napHbIX CpaBHEHUA OTHOCUTENBLHO BAUSAHUSA dak-
TOPOB Ha BbicWee obpaszoBaHne. CnegyrwWwmMM 3TanoM 6bIs10 HaxoXAeHNe BaXXHOCTU aKTo-
pOB OTHOCUTENLHO (PaKTOPOB, BAUSAKWMNX Ha Bbiclwee obpa3oBaHMe. DTO OCYLLECTBASETCS
nyTeM YMHOXEHUS cnpaBa MaTpUubl COBCTBEHHLIX BEKTOPOB aKTOPOB OTHOCUTENBHO KaX-
aoro dakTtopa yposHs III Ha cOBCTBEHHbIN BEKTOP, NONYYEHHbIN ans yposHs II.

Corvo ©) [ Okon. Ion. Coy. Texmon.| 0571 5 F0.051

. mya el | 004 004 010 002 ’ o 0 0s
Ageno aeamesiu (A) 0,02 0,04 0,07 0,10 011 H 0705
m;”“cmp a(”;’;l 0.06 0,03 004 003 || " CO”' | e

et 0.47 0,49 0,41 0,23 ’ R

Obwecmeo (O) 0,14

. o | 012 012 012 ote | 03
[ POMBIUITIEHHOCHb ] 0,29 0,27 O, 26 0,44 | Y, i E€XHOJ. | Y5 |

Tak kak Ha Bnactu (B) v npombiwneHHocTs (M) npuxoantca 80% (0,46+0,34) BO3-
OENCTBUA Ha JeTbipe OCHOBHLIX akTopa, BAMAKLWKUX Ha Bbicwee obpasoBaHue, 6bIno
pELEHO NCNOMb30BaTb TONbKO 3TU ABE AENCTBYHOWME CTOPOHbI AN NONYyYEHUSA BECOB —-—
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cueHapues. Ecnmn ncnonb3oBaTbh 60blle 4ENCTBYHOLWNX CTOPOH, TO BblUNCAUTENLHAsA Npo-
ueaypa éyaet ToM Xe, YTO U NoKasaHHas HUXE, TOMbKO BO3pacTeT 06beM BbIUUCIEHUA.

Tenepb HageM BaxHehwMe UenNn ABYX AENCTBYKOLUUX CTOPOH — MpaBUTENbCTBa WU
MPOMbIWAEHHOCTU. NS 3TOr0 YMHOXUM COBCTBEHHLIN BEKTOP LENEN Ha COOTBETCTBYIO-
WMin BEC AENCTBYIOLWMNX CTOPOH, KOTOPbIA B6b1S1 TOIBKO YTO BbIYUCIEH.

0,20 0,09 bmarococrosaue
0,52 0,24 OO1ecTBeHHBIN TOPSIAOK
0,09 0,04 JIroackue pecypcsl
Ans npasuTenbcTBa: 0,46 0,11 - 0,05 | OTHOCHUTENbHAS UHTEIIEKTYalbHAS CUIA
0,05 0,01 TexHomorus
10,03 ] |0,01] CosunarenbHasg 0OCTaHOBKA
[0,04] [0,01] Jlrozckue pecypes
0.34 0,08 _ 0,03 TexHomaorus
0,33 0,11 [Tpubsnn
10,55] 10,19 | CrabunbHOCTL M yBEPEHHOCTD

OTcrofa BUAHO, YTO Haubonee BAMATENbHLIMU LENAMU ANA NpaBUTENbCTBA SABASIOTCS
61arococTosiHne U OBLLECTBEHHbIM NOPAAOK W ANS MPOMbIWAEHHOCTU — NMpubbiNb BMecTe
CO CTabUNbHOCTBIO M YBEPEHHOCTbIO. MCMOMb3ysa 3TW YeTbipe Lenu U HopManusys uUx Be-
ca, noflyyaeM BEKTOP BECOB.

0,14 | bnarococrostHue
0,38 OO01ecTBEHHBIN TOPSATOK
0,17 [1pu6sLTHL

10,30 | CTabuibHOCTD U YBEPEHHOCTD

MpUMEHMM 3TOT BEKTOP ANA NMOosydyeHns Becos cueHapues. CueHapun 6b1/1M B3BELEHDI
OTHOCUTENbHO 4eTbipex uenen. Ansa nonyyvyeHUss BECOB CUEHAPUEB YMHOXMM MaTpuuy
CO6CTBEHHbIX BEKTOPOB CULEHapMWeB Ha BEKTOp BECOB uenen: 6narococtosiHMe, oblecT-
BEHHbIA NopsaoK, Npubbinb U CTabUNbHOCTL U YBEPEHHOCTb. DTO NpoOM3BEAEHUE Npea-
cTaBnseT cobon 0606LEHHLIE BECa CLEHaApUEB.

Cyenaputi  bnae. Obw.ll Ilpub6. Cuy

1 0,129 0,125 0,067 0,062 [0,14] [0,096]

0,329 0,180 0,309 0,306 0,259
0,275 0,369 0,028 0,026 | 0,38 0,191
0,041 0,033 0,331 0,330 .. |=10,174

0,149 0,177 0,048 0,085||0,17| |0,122
0,032 0,050 0,129 0,075|| ... | |0,068
7 10,045 0,065 0,089 0,115] 0,30 |0,081]

SN D kW

3aTeM UCMosib3yeM 3TW Beca, 3arojIHUB CTPOKY «Beca cueHapues» Tabn. 6.7 ansa no-
IY4eHUs 3Ha4YEeHUN NEpPEMEHHbIX, KOTopble 3anucbiBalTCa B nNpasbin cTonbeu tabn. 6.7,
Kak 1 6bIN10 yKa3aHo paHee.

Kak BnaHo, Hanbonbwunn sec — 0,259 nmeeT BTOpON cueHapuin. DTOT pe3ynbTaT MOX-
HO WUCTOSIKOBaTb cregywwuMm obpasoMm: rpynna otaana npeanoyvyTeHUe BTOPOMY CUEHa-
puto. OnucaHue 3Toro cueHapus byaeT cneayowmMm:
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«Bbiciiee obpasoBaHune B CLUA nocrie 1985 r. 6yaer opneHTUPOBAHO Ha rnpuobpereHune rnpo-
checcroHabHbIX HaBbIKOB. byaer 60o/blwe CTYAEHTOB C XYALWWMA NHTENEKTYalbHbIMU CIOCOOHO-
CTSIMU, HECKOJ/IBKO MEHEE aKTUBHbBIX B OOLUECTBEHHOM XU3HM y4ebHOro 3aBegeHns. O4HaKo y HUX
He byaeTr npobaem B rnosy4eHum paboTbl ocjie OKOHYaHMS By3a.

byper 6osbwie nperiogaBateneii mpuMePHO TaKOro Xe NHTEN/IEKTYalbHOr0 ypOBHS, KakK n cei-
4ac, 0AHaKo OHuW byayT urpath 3HaYNTE/IBHO MEHbLUYH POJIb B YIpaBiaeHuy By30M. Vx obecrieqeH-
HOCTb paboTosi byaeT HECKOIbKO JIyHlle, 4eM Ternepb, HO C MEHbLUEV CTENEHbIO aKaAeMuyecKou
cBoboasbi.

UTo KacaeTcs By30B, TO UX YUC/IO YBENYUTCS, HO OHY OyayT MEHEE OPUEHTUPOBAaHbLI HA Hay4-
Hyr paboty. AgMuHucTpaumns 6yaeT 3HaynTe/IbHO 3P heKTUBHEE KOHTPOIMPOBAaTL By3 (Npn MEHb-
LNX TPEHUSX CO CTyAEHTamu).

ObyyeHune byper 6onee [AOCTYrHbIM, O4AHAKO pPOJib BY30B B KyJ/bTYPHOU XWU3HU U AOCYyre He-
CKOJIbKO MOHU3NTCS. BO3MOXHOCTE MO/IyHEHNST AEHEXHbBIX CPEACTB M APYTNX PECYPCOB By3amu Oy-
AET HECKO/IbKO 60/bLLEN, HeM cedac.

HakoHewl, y4yebHbie nporpamMmbl 6yayT 60/1b€ OPUEHTUPOBAHbBI Ha NpnobpeTeHne CcTyaeHTaMm
NPaKTNYECKNX HABBIKOB, XOTS, BO3MOXHO, A/ PA3BATHUS IMYHOCTH 661710 6b1 riosie3Hee nHoe. Bpe-
Ms1, TpebyeMoe Ha rnosiyHeHne Anrnaoma m CrerneHn, 6yger HaMHOr0 MEHbLUMM, HO 3Ha4YuMOCTb MX
U3MEHMNTCS HE OYEHb CYyLECTBEHHO. CTOMMOCTb 06y4YEHMS O4HOIMO CTyAEHTa BO3pacTeT. Viccnenosa-
TesIbCKasi paboTa He OCOBEHHO U3MEHUTCS».

Tenepb nonyydmm o606LWEHHBIN CUEHapUN — CLUEHapUi, NOSIYYEHHbIW B pe3ynbTate Ha-
XOXAEHUSA 3HAUEHUI KaXKAOMN XapaKTepuUCTUkM no o606eHHON WKane M3MepeHun. ITa
wKana noaydnuTcs nyTeM CYMMUpOBaHUSA NMpomM3BedeHUA BECOB CUEeHapueB Ha COOTBETCT-
BYHOLLME 3HAUEHUA XapaKTEPUCTUK. Hanpumep, onga yncna cTyaeHTOB MMeeM

(-2)(0,096)+(2)(0,259)+(4)(0,191)+(-3)(0,174)+(-1)(0,122)+(2)(0,068)+
+(-2)(0,081)=0,420

DTOT pe3ynbTaT 3aHeceH B KpallHUW cnpasa ctonbey Tabn. 6.7. AHanorM4yHo nonyya-
€M OCTaslbHble 3/1E€MEHTHLI 3TOro cronbua.

MOXHO nNpeanoXuTb cneayrwwyrw WHTepnpetauno o0606lWeHHOro cueHapusa depes
3HaYeHUsa XapakKTepUcTUk:

«Yucno nwaen, nMerLnx oTHoweHne (CTyAEeHTbl, rnpenojgaBatesn U T. 4.) K Bbicluemy obpa-
30BaHno B CLUA, B nepnog, HauynHas ¢ 1985 r. u ganee, rnpakrnvyecku He yBennuntcs. Ecam oye-
HUBaTb BO3MOXHbIN ypPOBEHb CTYAEHTOB B 6yAyLieM HbIHELWHUMU CTaHhapTamu, TO oH 6yaeTr He-
CKOJIbKO HuXe. Ponb CTyAeHTOB B (POPMUPOBAHUN y4YEOHbIX MPOrpaMM HE M3MEHUTCS. VIX LaHChb!
noayyYnTs paboTy nNocne OKoOH4YaHus 06yyeHns 6yayT HECKOIbKO 60bLLnMA.

Xapakrepucrtuku rnpernogaBarteneii 6yayT npuMepHO TEMU Xe, UTO U Ccenyac. 370 KacaeTcsi ux
yucna, 4oaun rnpernoaaBartesieii co CTerneHbio n obecriedyeHHOCTH paboToi. TeM He MeHee AJis1 3ToM
rpynmnbl YMEHbLUIAETCs pPOJib B CTYAEHYECKOU XN3HU n akagemudyeckass ceoboga, XOTs MocaeqHss
M3MEHUNTCSI MEHbILLE.

Yucno By30B npakTuHecku He nameHuTcsl. OHu onpeaeseHHo 6yayT MEHEE OPUEHTUPOBAHbLI Ha
Hay4Hyo paboTy, C aaMUHUCTpaunesd, nposBasouwer 60blnid KOHTPOIb. SHgeKkTuBHOCTL He-
CKOJIbKO YyBEnnyYnTcs (C He3HauYnTeIbHbIMU TPEHUSMU CO CTyadeHTamu). LocTyrnHoCTp By30B byaer
60/1bLLIAs1, OAHAKO UX POJib B KY/bTYPHbIX MEPOMPUSITUSIX M [TPOBEAEHUN fgocyra 6yaeT npuMepHo
TOH XKe, YTO u cenyac. lpakTnyecky He BO3pacTyT AEHEXHbIE Cybcuanim.

He npetepnut 60abLNX NU3MEHEHNI Ka4YeCcTBO y4ebHbIX NMpOorpamMm, rnpoao/IXnTEeIsHOCTs 06y-
YeHUS, 3Ha4YNMOCTb Anraoma 1 crerneHu. CTouMoCcTb y4ebbl 3HaYUTEIbHO BO3pacTeT. KoimyecTBo
HayYHbIX MCCAEA0BAHMI B 3HAYNTENbHOM CTEMNEHN YMEHbLUINTCSI».

B npouecce uccnegosaHusa 66110 BbICKa3zaHO NpearnonoXeHne 0 TOM, UTO pe3ynbTaThl
MOINN 6bl NU3MEHUTBLCA, ecnin Bbl Bkl UCKNKYEH YpoBeHb HGaKTOPOB U aKTOPbLl B3BeWMBa-
JINCb OTHOCUTENbHO MX HENOCPEACTBEHHOrMO BO3AEUCTBUA Ha BbicWee obpasoBaHue. 2TO
npMBOANT K cneayrLeMy cobCTBEHHOMY BEKTOPY:

aKTophbl: C M A B 0 n

Beca: 0,0 0,04 0,05 044 0,09 0,28
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DTn Beca AOCTaToOYHO 6NM3KK K BecaM, NONYYEHHBLIM MPU HaTUYUN YPOBHA (PaKTOPOB.
MblTassice m3bickaTb cnocobbl npuaaHma 6onbwern 3HavYMMOCTU npenojaBaTensaM, 6bi1o
NpeanoXeHo BKAKYUTL elle OAWH NepBUYHbIM hakKTop — WMAEONOrMK — BO BTOPOM ypo-
BeHb. OAHAKO 3TO HE U3MEHW/I0 3HAYUTENLHO pe3ynbTaToB, NO3TOMY MUAeos0rMa He 6bina
BK/IHOUEHA B YNC/IO paccMaTpuBaeMbIX PaKTOpPOB.

Tenepb BCTaeT BOMNPOC O TOM, KOMY cnefyeT paHXWpoBaTb akKToOpoB (rpynnbl) B 3aBU-
CUMOCTM OT CTENEHU UX BAUSAHUSA, U HACKOSIbKO MOXHO CUMUTaTb 0O6bEKTUBHbLIMU 3TU OLLEH-
ku. Ecnv camu npeacraBuTenu 3TUX AEUCTBYIOLWNX CUN YYaCTBYIOT B OUEHKe, TO Kaxjas
M3 HUX 3axXo4eT NpuaaTb CBOEW rpynre BbICOKUK NpUopuUTeT. Mbl HageeMcsa, 4YTo 3Ta npo-
6nema MoXeT 6bITb CMArYeHa WK peleHa Nocse BKAKYEHUS B MEPAPXUIO YPOBHSA Mexay
HanbonbWMMM cunaMmmn n o6LLMMU LEeNSIMU. DTOT YPOBEHbL AO/HKEH COCTOATb U3 KPUTEPUEB,
OTpaxarwLWnx passiuvyHble acnekTbl KOHMINKTa TakuM obpa3oM, 4yTobbl HU OAWH akTop, He
MOIr Yyepecuyyp siBHO MpeTeHAoBaTb Ha NPEBOCXOACTBO Hah BCEMU OCTasbHbIMKW 6e3 TBep-
OOWN yBEpeHHOCTN U obocHoBaHHOCTU. Ecnn aTo caenatb KayecTBeHHO, TO obnervaeTcs
paHXXMpOBaHWE aKTOPOB B COOTBETCTBUM C UX BAUSHMEM U TakuM obpas3oM pa3speluaeTcs
KOHNKT.

6.6. NCCJIEAJOBAHUE TPAHCI:IOPTHOVI CNCTEMbI CYOAHA:
OBPATHbIN MPOLECC

CydaH ¢ 18-MUMNMOHHBIM HacesleHWEM SABNSAETCH KpyNHenwen CTpaHOW B CBOEM pe-
rmoHe Adpukn (Naowasb OKONO MUANIMOHA KBaApaTHbIX MUMb). 3aHMMaeMas UM TeEPPUTO-
pus, bnarogaps opoweHuto benbiM 1 MNonybeiM HUIOM M 3HaYMTENbHBIM OCadkaM K Kry oT
CTONUUbI CTpaHbl XapTyMa, rae obe peku CoeaguHSATCA, SABMSETCA OAHOWM U3 caMbiX 06-
WUWPHLIX NA0A0POAHLIX TeppuTopuin B Mupe. Mo oueHkaM CyaaH ¢ okono 120 MAH. akpoB
ANga BbipawMBaHUA NPOAYKTOB NUTaHUA 1 80 MAH. akpoB ANA HYXA XUBOTHOBOACTBA MO-
xeT obecneuynTb NpPoAYKTaMM MUTaHUSA HECKOSIbKO COTeH MWUNIMOHOB 4venosek. [Mo3Tomy
MHOrmMe cybcuampyrowme opraHmsauun, Takue kKak BceMupHbil 6aHK, a TakXe CTpaHbl,
boraTtole HedTbO, YAENAKT BHUMaHWE ero pasutuio. OAHaKO 3KCMOpPT CETIbCKOXO3AMUCT-
BEHHOW MPOAYKUWUU npeanonaraet Hainyue passuUToMn TPaHCNOPTHOW CeTK no cTpaHe. Ko-
HEYHO, 3Ta CEeTb He HY)XXHa MNOJSIHOCTbIK cervac xe. PasnnyHble ee 4yacTu AOMXKHLI pa3Bu-
BaTbCA B pa3/iMyHbIE MEpUOAbl BpEMEHU.

ABTOp AaHHOW KHUMM 6bIN pykoBoAUTENEM uccneaoBaHusa [129] no NpoekTy pa3BuUTuUSA
TpaHcnopTHoM ceTn CyaaHa Ha KOHeL BOCbMWAECATbIX rogoB. 2TO UCCNefOoBaHWE BKIKO-
YaeT OUEHKM MNaHOB POCTa 3KOHOMWKK, NpoBeAeHHOE 3KOHOMETPUCTaMKn, U cocTaBneHue
KapTbl U3BECTHbLIX NPUPOAHbLIX pecypcoB. [na OUeHOK NyTen ABUXEHUSA OT NMPOBUHLMUANb-
HbIX PErMoOHOB K raBHOMY 3KCMNOPTHOMY NYHKTY B KpacHoM mope MopT-CyaaHy 6b1iv no-
CTPOEHbLI U UCMO/Ib30BaHbLI MOAENN NPOU3BOACTBA WU NOTpebneHus NpoayKTOB NUTAHUA U
TOBapOB NpU pasfIMYHbLIX NPeanONIOXEHMUAX O TEMMax pocTa 3KOHOMUKKU. 3aTeM bbinn on-
pefeneHsl NpUOPUTETHLI MPOEKTUPYEMOW CETU AOPOr B COOTBETCTBUU C UX BKIAAOM B pas-
BUTWE PErnoHOB, 4Yepe3 KOTOopble OHW A0/MKHbI NMpoxoanTb. OHU paccMaTpuBanucb OT-
OenbHO ANA KaXAoro pernoHa M 3aTeM Mx npuoputeTbl obobwannce. B cBow ovepenb,
661 NONy4YeHbl NPUOPUTETLI PETMOHOB B COOTBETCTBUU C UX BAIMAHUEM Ha MOTEHUMaNb-
Hble (OCyLWecTBUMbIE U XenaTesnbHble) byaywune cueHapum passutusa CyaaHa. 2TU cueHa-
pyn NpeacTaBnAT BapuaHTbl pa3sutnga CyaaHa, yudmuTbiBaloWwmMe pasnnyHble akTopbl: CTa-
TYC-KBO, NMpoeumpyoLllee TernepewHee cocToaHMe aen Ha byayuiee; 3KCMopT CesibCKOXO-
3MCTBEHHOMN NpPOAYKUMM, BO3BpallalOWMI Kanutan Ana pasBUTUA U MOBBLIWEHUSA XU3-
HEHHOrO YPOBHSA CTpaHbl, B HacToslWee BpeMa o4HOW U3 begHenwnx B Mupe; cbanaHcu-
POBaHHbLIA pernoHanbHLIA poOCT, NMPU KOTOPOM MO MONUTUYECKUM U COUMasibHbIM MOTUBaM
pernoHbl passusarwTcsa cbanaHcuMpoBaHO (B OT/IMUME OT YCKOPEHHOr0 CENbCKOXO3SAMUCT-
BEHHOI0 pa3BUTUSA OAHUX PErMOHOB, XOTSA U MOBLIWAKLWEro UX XWU3HEHHbIM YPOBEHb, 0OA4-
HaKo MpUBOAALLEro K CU/IbHOMY OTCTaBaHWIO APYrMX PErMoHOB, YTO MOXET ObITb MpUYn-
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HOMN BHYTpPEHHEN HeCTabuIbLHOCTWN); cueHapuin apabo-adpuKaHCKUX CBA3EN, NO KOTOPOMY
CydaH CNy>XuUT CBA3bIBAKLWMM 3BEHOM Mexay apabCckuMmu pecypcamMu U BIUSSHMEM U ad-
PUKAHCKUMU CTpaHaMu, TakuMm obpas3om nonydas BbIrogy oT 3TOro.

2T cueHapuu 6binn paspaboTaHbl AOCTaTOUHO rNyboKO B uUccnefoBaHWU, KOTOpoe
NpoBOANIOCL B TEeUEHME HECKONbKUX MecsueB. CyaaH nocne yxoAda aHravdaH rnepexun
TSXKENYI FpaXXAaHCKy BOMHY Mexay CesepoM v lOrom. UTorom ston 16-eTHEN BOWHGI
6bINN 3HaUYUTENbHbIE pa3pyweHns Ha lOre n rubens nonyMunnmnoHa nwaen. tOr He urpaert
rMaBHYIO POJib B CENbCKOXO3ANCTBEHHOM pPa3BUTUK, OLHAKO ABAAETCHA Ba>XHOW NOnuUTU4Ye-
CKOM eamnHuuen ¢ 6onee yeMm 3 MIH. XUTeNeKn, a TakxkKe KOHTponupyeT benbin Hun, koTo-
pPbIil UMEET UCTOKKN B YraHae. [Mo3TOMYy pa3BUTUE TOJIbKO MO YUCTO SKOHOMUYECKUM CO06-
pa>xeHuaM 6blN10 NPU3HAHO HECOOTBETCTBYOLWUM oblwen byayuwen ctabnnbHocTn CyaaHa.
B npoekTax yuymTbiBanacb ponb cea3n Cesepa ¢ Orom n ¢ gpyrumMn permoHamm aTton o6-
LWMPHOWN CTpaHbl AN COXpPaHEHUsS ee UeNoCTHOCTU. MHTEeHCMBHOE 3KOHOMMUYECKOE pa3BU-
Tne CeBepa Morno Bbi3BaTb 06uAabl Ha KOre no nosoAy pacnpeneneHus pecypcos.

CnepoBaTtenibHO, Haubonee NepcnekTUBHLIM ABAAETCH 0606LEeHHbIM NCxXoh 3TUX ye-
Tbipex cueHapues. Jlnua, ydyacTBoBaBlME B OnpeaeneHun npuopuTeTos, 6biIM BbICOKO-
NOCTaB/IEHHbIMN CYAAHCKUMU YMHOBHMKaMM, MONOAbIMMU cheynanmcTtaMm M sKcnepTamu,
NpoOBOAUBLUMMU UCCNEAOBAaHUA MO CYAAHCKOMY TpaHcnopTy. [MoAHOCTBIO MccneaoBaHwe
OTpaxeHo B oTyeTe Ha 1700 pyKonUCHLIX CTpaHuuax. 34ecb YnTaTento npegnaraercs cy-
LeCTBEHHO COKpalléHHaa BEpCUSA Npouecca onpeaeneHusa npuoputeTos. PesynbtaTbl UC-
cnefoBaHUsA cbirpanm 60/blWYKO poNnb B pa3MelleHun pecypcos. Moyt 6 mnpa. gon. 6ei1o
acCUrHoBaHoO Ha passutume CyfaHa M 6onblias 4acTb 3TUX BIOXEHUIM Molwa Ha TpaHc-
NoOpT, YTO U 6bISI0O CTUMYNNPOBAHO HaWKUM UccneaoBaHMEM. TOT (paKT, YTO NPOEKTbl paH-
XWPOBANCbL MO MpUOpPUTETaM, a He Mo CTOMMOCTWU, MO3BOAUA CNnefoBaTb HalKWM peko-
MeHAaunsaM JaXkKe BO BpeMs CUIbHOWM MHDNAUMKM B MUpe, Korda undgpsl B gonnapax 6bicT-
PO CTAHOBUNNCH HECCMBLICIIEHHBIMU.

MNapHoe cpaBHeHWe 4eTbipex CLUEeHapueB B COOTBETCTBUU C UX OCYLLECTBUMOCTHIO W
xenatenbHOCTbo K 1985 r. (nepecMOTpOM nsiaHa MOXHO 6bI/10 pa3genuTb 3TU ABa KpuUTe-
pusa) NpMBOAUT K MaTpuue, npeacraBneHHon B Tabn. 6.8.

Ta6bnunua 6.8. Mpnoputetbl CUEHapues

CueHapuu I II ITI v
CraTyc-KBO I 1 1/7 1/5 1/3
CenbCKOX03ANCTBEHHbIA TpaHCnopT II 7 1 5
CbanaHCcMpoOBaHHbLIN perMoHanbHbIN poCcT IT1 5 1/5 1
Apabo-adpMKaHCKMe CBSA3MU v 3 1/5 1/5

A =439;1C =0,13; OC = 0,14

MpUoOpUTETLI CLLEHApPMEB B NopsaaKe rnepedyncneHus 6yayr
(0,05; 0,61;0,25; 0,09) :

Yncna nokasblBakdT OCO3HAHHYIKO BaXXHOCTb KaXAoro CUueHapusa OTHOCUTENbHO ApPYrux,
TaK Xe KakK M KOHeYHble pe3ynbTaTbl onpeaeneHus npuoputeTos. Kak BUAHO, cueHapui
IT AOMUHUPYET, 3a HUM MO BaXHOCTU creayeT cueHapuin III. Tak Kak byaywee Hanbonee
BEPOATHO He 6yaeT B TOYHOCTU BOCMPOU3BOAUTbL OAMH UMW APYION cueHapuin, a byaeT ux
KOMMO3MUMEN C CUION BblpaXXeHUsl, 0603HAaYEHHON NpUopuUTETAaMU, BCA 3Ta MHOpMaLnNs
6blna ncnonb3oBaHa Ana nocrpoeHmsa obobuweHHoro cueHapusa no CyaaHy ana 1985 r.

Ba)XHOCTb TpaHCnopTa B NepcnekTuBe pa3BUTUA npegnonaraeT 6onblmMe MHBECTULUN
B cpeACTBa NPOM3BOACTBA AN XENEe3HOAOPOXXHOMN CUCTEMbI, TakKMe KakK MOABUXHOMN CO-
CTaB M cpeacTBa CBA3W. bonbWwasn YacTb FNaBHOW XENe3HOA0POXHON NNHUKN A0KHaA 6bITb
ABYXKONENHON N HY>XHO NOCTPOUTb HOBblE NOoAbE3AHbIE NYTU 3anagHoro obpasua.
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CneayeT X0opowo pa3BuUTb CUCTEMY AOPOr, WNPOKME M NPUrogHble B AKOYHD norogy
MarucTpanun AO/MKHblI COeauHATb 6onbline ropoda. Ao/KHblI 6bITh 3a4€UCTBOBAHbLI aBToO-
CTpadbl No HanpaeneHuw K MopT-CyaaHy. B cenbCKOX03NCTBEHHLIX 30HaX cneayeT no-
CTPOUTb MHOIO0 MECTHbIX AOPOr, BeAYLUX K XKefe3HOALOPOXHbIM nyTaM. lpun paccMoTpe-
HAN CUCTEMbI aBTOMODBUBbHLIX A0OPOr B OOLLEM Cydyae MOXHO CYUTaTb BO3MOXHbIM MpU-
MEeHeHWe TpaHCnopTHOM uenun cueHapues II m III1.

BoaHbIi nyTe No HUny cnepayeT yaydwuTb M NYCTUTbL MO HEMY COBPEMEHHLIE cyaa.
OaHoBpeMeHHO A0MXHbl 6bITb 0becnedveHbl KayecTBEHHbIe 3KcnayaTauna n obcnyxunea-
HWe cpencTB WBapTOBKMU. CUCTEeMe BO3AYLWHLIX COOBLWEHNA CO CNyx60M NepeBO3KU 3KC-
MOPTHLIX FPY30B BO3AYLIHbIM MyTEM cneayeT nNpucnocobutbca Kk cueHapuw II. bonbwas
YyacTb BO3AYLIHOMO ABUMXEHWUS U BCE MeXAYHapoAHble nepeBo3ku byayT MCNONb30BaTb
XapTyMckuin aspornopT. CneayeT OTKPbITb U CBA3aTb C CUCTEMOW XeNne3HblX M aBTOMO-
6UNBHbLIX AOPOr BTOPOCTENEHHbIA NOPT B . CyakKuH.

MpuoputTeTbl PEruoOHOB U NPOEKTOB

CyhaH cocTtounT 13 12 permoHoB (3KOHOMMYECKME N reorpadmnyeckne pasnnynsa KoTo-
pbiX B 60NblIEN UNN MEHbLWEN CTENEHW MOATBEPXKAAKT UX MNOAUTUYECKOE pa3jefieHue).
PernvoHbl nonapHoO cpaBHUBANNCL B pasfIMYHbIX MaTpuuax B COOTBETCTBUU C UX BO3LENCT-
BMEM Ha KaXAblih M3 cueHapues. OHW COCTaAaBUAM TPETUN YpOBeEHb UepapxXuun. MNonydeH-
Hble COBCTBEHHbIE BEKTOPblI MCNOMb30BaNNCEL B Ka4yecTBe CTONOLUOB MaTpuLbl, YMHOXEHUE
KOTOPOM Ha COBCTBEHHbIN BEKTOP BECOB WU NPUOPUTETOB CUEHapWeB AaBaso B3BeELleH-
HOe cpefHee BAUSHUE pernoHa. 3aTeM NpoekTbl (YETBEPTLIA YPOBEHL MepapXnM) nonap-
HO CpaBHMBaNMUCb B 12 MaTpuuax B COOTBETCTBUM C UX BO3LENCTBMEM Ha PEruvoHbl, K KO-
TOPbIM OHU aKTUUYECKM OTHOCUAUCH. MpoeKT MOXEeT NpuHaanexaTb HECKOSIbKUM perno-
HaM, M 3TO AO/KHO O6bITb yuTeHO. PesynbTuUpylowas MaTpuua COBCTBEHHLIX BEKTOPOB
BHOBb B3BelUMBaNacb NOCPEACTBOM BEKTOpPA BECOB pernoHa Afasa noaydeHust mepbl obue-
ro BO34eNCTBMA KaX[0ro NpoekTa Ha byayllee.

MpnopuTeTbl NPOEKTOB AOJSIXKHbI ONpeaensaTbCs OTAENbHO B COOTBETCTBMU C UX BKOHO-
MUYECKMMU, COUMANBHLIMW N NONTUYECKMMN BO3A4ENCTBUSAMKU. OAHAKO NpU NpoBeaeHUu
CY)XAEHUI 3TW MOKasaTenn paccMaTpuBanncb BMecTe. HeEKOTOpble yCOBEpPLIEHCTBOBAHMS
noaxo4a B 3TUX HanpabfeHMAX BO3MOXHbI NpK Byaylwmx nepecMoTpax niaaHa.

PesynbTaTbl onpeaeneHns NpUOpUTETOB MNOKa3ann He TOAbKO OTHOCUTENLHYK BaX-
HOCTb PEervoHOB A/ BO3MOXHbIX MHBECTULWNA, HO N OTHOCUTENBHO KakKMUX MPOEKTOB MO-
KeT 6bITb NMPUMEHeHa O4Ha U3 cnegywuwmx Tpex ¢as3: nepsas — yaaleHUe Y3KUX MecCT;
BTOpas — pacKpbiTUe HOBbIX BO3MOXHOCTEN CENbCKOXO3AMCTBEHHbIX 30H U BbIBO3 TOBApPOB
BO BHELWHWA MUP; TpeTbsa — nognepxka cbanaHCUPOBAHHOMO pocTa PErmMoHOB M TpaHC-
nopta Mexay TEMW pernoHaMmu, BKNah KOTOPbIX B 060OWEHHbIA CUEHapUn He KaXeTcs
SIBHO BbIPa)X€HHbIM N0 CpaBHEHUIO C APYrMMKU permoHamMmm, U3 4Yero cnenyet BO3MOXHOCTb
Moy4YeHUs MMU MEHbLUNX 0BLWNX UHBECTULNIA.

Peannsaunio nNpoeKkToB cneayeT Npou3BoAUTL, COCPefoToYMBas BHMUMaHUE Ha Npoek-
TaX € HauWBbLICWKMMWM paHramy, npu orpaHUUYMBaKWMX YCAoBUMAX oblero Konumyectsa
UMEKLWMXCA A48 MHBECTULMN pecypCcoB.

OTMeTUM, UTo NBOM NPOoeKT (CKaxeM, AOPOrn) MOXeET bbiTb OCYLLECTBNEH C pa3finy-
HOMN CTeneHbl CAOXHOCTU. CTOMMOCTb Kaxaoro sBapuaHTa 6blna oueHeHa. Tenepb 6b1N10
nerye yBuaeTb, YTO HYXHO 6bIN0 OCYLWECTBUTb U YTO MOM0 BbITh MPOCTO YCOBEPLUEHCT-
BOBaHO WAWN UCMpaBieHO, N Kakue bpeln A0MKHbl BblaM 6biTh 3anosiHEHLI HOBLIMU MPO-
eKTaMMu.

O6Hapy»XnnocCb, YTO NPU CKOPOCTU NpupocTta B 7,3%, KOTOpasa BHayane npegnonara-
nacb Hambonee 3pPEKTUBHON, BCE Ka3anoCb HYXHbIM: NpeBpalleHne MHOMMX XenesHo-
AOPOXHbIX AMHUA B ABYXKONIENHbIE C COOTBETCTBYOLWMM 6annacTHLIM CNoeM; Npokiaaka
aopor Bciogy n T. 4. CTOMMOCTb OKa3anacbk HACTONbKO BbICOKOM, 4TO CyaaHy MpULLIOCH
6bl 6bITb 0bpeMeHeHHbLIM gonraMn B TedyeHue 100 neTt, paxe ecnm 6bl BHadane UMennchb
CpeacTBa, KOTOpPbIX Ha caMOM gene He 6b10.
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Mbl BepHYNUCb K 4,3% (HbIHEWHEN CKOPOCTU NpupocTa) 1 obHapyxunun, 4yto 6onb-
WKWHCTBO MMewerocs obopyaoBaHMsa Npu CyLecTBYOLWEM YpoBHE addeKTUBHOCTU byaeT
MCNonb30BaHO A0 npeaena.

OueBngHO, cnegoBaso NPUATU K KOMMAPOMUCCY rAe-To Mexay 3TUMKU ABYMS KpanHO-
CTAMW C paunOHanbHLIM MOATBEPXAEHMEM TeMnoB npupocTa. Koraa Mbl MpoBEPUUN CKO-
pocTb pocTa BHI 6%, KOTOpYH 3KOHOMETpUUYECKUI aHann3 Hawesn npueMsaeMon, 3To
obecneunno oTAM4YHLIE NEPCNEKTUBLI AN TeX MPOEKTOB, KOTOPblE CYUTANIUCh HYXHbIMU
npu 4,3% pocTa 1 ocTaBannCb MHBApUaHTHbIMKU C 6onbLWUM NpuopuTeToM nNpu 7,3% npu-
pocTa. DTU NPOEKTLl B OCHOBHOM U 6LV peKOMeHAOBaHb! 418 peanusaymu.

6.7. KOMBMHUPOBAHHbIN MPOLIECC

dHeprocucrtema

B npuBeaeHHOM HUxe obcyxaeHnn obpalleHo BHMMaHMe Ha nnaHupoBaHue byaywero
3HeprocucTeMsbl. Mcnonb3yeTcss KOMBUMHUPOBaHHLIA Npouecc NJaHUpoOBaHUA AN pacCMOT-
pPEHNA B3aUMOAENCTBUIA MeXAY pas/IMYHbIMM akTopaMu, KOTopble BAUAKT Ha byayuwee
3HeprocucTeMbl. PaccMaTpuBaloTCa LeNn KaXAaoro akrtopa, BO3MOXHble byaywuve cueHa-
puu, NpobnemMbl, CBA3aHHbIE C AOCTUXEHMUEM XenaTenbHbIX CUeHapueB UM JIMHUA noBe-
OEHUSA, KOHTPOAUPYOLWUX SHEPrOCUCTEMY.

MpsaMmon npouecc. OH obecneynBaeT onNMcaHUe cpeabl, B KOTOPOW Ao/MKHa paboTaTb
3HeprocucTeMa. IToO WIIOCTpUpyeTcsa puc. 6.4 BMeCTe C OCHOBHLIMWM (HECOCTaBHbLIMMK)
npuoputeTamMn hakTopoB, NpeacTaB/eHHbIX B UepapxXun.

OTMeTUM, UTO LUEeNsAMN PYKOBOACTBa SBAAIOTCHA BbICOKUIM A0X0[4, BbicoKas 6a3oBas Ha-
rpyska, rapaHtupyroLwas HagéxXHoCTb CUCTEMbl U HEBONLWOW U3NULWEK MOLWHOCTU, UTOOLI
ns3bexaTb BbICOKMX aMOpPTU3AaLMOHHBLIX pacxofoB Ha Heucnonbdyemoe obopyaoBaHue.
Llenn apyrux akTopoB TakKXe MOXHO pa3yMHO 06bsACHUTL. B paMkax Hawero obcyxaeHus
Mbl He byaeM yrny6bsieHHO onuckiBaTb Apyrue uenu.

YeTBepTbi YPOBEHb UepapxXun MpSAMOro rpouecca COCTOUT U3 BO3MOXHbIX 6yayLmnx
cueHapues AN sHeprocuctembl. epBbld cUueHapUi — OBblYHBIA BU3HEC, O3HauvatloWwuni,
4yTO Npu paboTe cUCTEMbl ByaeT COXPaHATLCA HACTOosLWEE MOSIOXKEHNE, NPUMEHAETCS Mo-
UTUKA KpaTKOCPOUYHOro NAaHUpOBaHUA U He npegycMaTpuBaeTcs A0NrOCPOYHOE MaHu-
poBaHue agnBepcUdUKaunun Man HageXXHOCTU cucTeMbl. BTOpon cueHapuin — coxXpaHeHue m
NnJaHUpPOBaHUE YMEPEHHOro pocTta oTpacau npu aumeepcndukaumm C TEM Xe YPOBHEM
npubbinn. B TpeTbeM cueHapuM OTCTamBaeTCsd MUHUMMU3AUUA pocTa OTpacnn C o4HOBpe-
MEHHbIM NpoBEeAEHNEM aKTUBHOMN AUBEPCUPUKALMOHHON NOAUTUKKN. YeTBEPTLIA CLEHAPUN
3aKaK4yaeTca B NAaHUPOBAHUM W OCYLLECTBIEHUU 3HAYUTENIbHOIO yBESMYeHUs nnaTbl 3a
3MEKTPO3HEPINI0, BeayWero K ee 3KOHOMUWM, 4YTO CUNbLHO B/IMSAET Ha WCNOSb30BaHWe
3M1eKTpUYECTBa B KayeCTBE UCTOYHUKA SHEPTUN.

OTMeTUM, 4TO BTOPON W TPETUN CUEHApPUM UMEKT NoYTU OAMHAKOBbLIA BbICOKUM MpU-
OpPUTET MO CPaBHEHUKD C NEPBbIM U YEeTBEPTLIM. DTO O3Ha4daeT, YTo Hambonee BEpPOATHLIM
ncxoaom 6yaeT B paBHOWM Mepe BTOPOWM UMK TPeTUM cueHapun.

O6paTtHbIA npouecc. [pM uMewLweMcss ONuUcaHMKM cpeabl M TOro, 4YTO MNPOsICHSAET
npsiMOM Npouecc, NpuMeHseM obpaTHbLIM NpPoLEecC B KayecTBe AeK/apaTUBHOMO MexXaHU3-
Ma AN18 onpeaeneHnus TexX JIMHUK MoBeAEeHUs, KOTOPbIM AO/XKHa cnefoBaTbh cUcTeMa Ans
OOCTMIKEHUS «XKenaemoro» ucxoga cueHapus. Ha puc. 6.5 nokasaHa nepapxus, CoOOTBET-
cTBYyOWan obpaTHOMy npoueccy.

34ecb NepBbin YpoOBEHbL — Xenaemoe byayuiee sHeprocucTeMsl. BTopon ypoBeHb CO-
OEPXUT Xenaemble CUeHapuu pa3BUTUSA SHEPrOCUCTEMBI, KOTOpPbIe CyYanHo (4YTO He Bce-
raoa Tak) oKasanucb ABYMs rnpejnonaraeMbiMM MUCXO4aMW MNpsSMOro npouecca. TpeTtui
YPOBEHb COAEPXUT Npobnembl, CBsA3aHHbIE C AOCTUXEHUEM KaXAOro U3 XefaeMblxX cue-
HapueB. YTO4HeHMe 3TuX npobneM HaxoaAuTcsA 3a npegenaMmu JaHHOro obcyxaeHws.

134



YpoeeHb [: ®okyc

YpoeeHsb II: AKTOpbI

Mpoeuupyemoe Gyayliee SHEProCUCTEMbI

Komuccus AreHTCTBO
BiGIAnS AR NpeANpPUSTU N0 oxpaHe PernoHanbHble Notpeurent MocTaBLmKK Pykosoactso
NMPOMBILIEHHBIE TONAWBa U SHEprocucTeMbl
(0,22) OGUIECTBEHHOMD OKPYXaIOLLE/ komnaHuu (0,04) (0,03) coipbs (0,02) (0,35)
nons3osaHus (0,21) cpeabl (0,14) ! f §
J
Ypoeensb III: Llenu
YcToumneas ApekBaTHas YucTeli MoebiweHune Hu3kwe PocT npogax BblcoKuWiA
< npubbinb » M HagexHas - BO34yX — WMCnonb30BaHUA — ueHbl (0,70) B (0,70) —H Aaoxop (0,73)
(0,60) nocraeka (0,65) (0,63) yrnsa (0,30)
" Hanex- Hdonro- Bbicokas
1 Zm:_m_ﬂ__%xnx | Huakas uewa (0,23) | r_xn._,.umm_%ohm | ApexkBaTHasn | Hocrs yenyr || cpoutble | GasoBast
(0,40) (0,28) IOCTREKA (0,30) KOHTPaKTbI Harpyska
3Heprum (0,55) (0,30) (0,19)
®uHaHcoBas HebonbLwon
| cTabunbHOCTL il BruAnue Ha 1 sz:m_._ﬂwzwumm..sx 1 U3nULEK
3HEProcUCTEMbI TexHaNomIe P P MOLLHOCTH
(0,21) (0,09) (0,12) (0,08)
3Konoruyeckme
— coobpaxeHus
(0,03)
. O6bIYHbIl MoaaepXKa yMEpeHHoro MUHUMM3aLUMS DKOHOMMA
YposeHb IV: 6usHec pocTa 3HeprobusHeca pocTa 3HeprobusHeca 3NEKTPO3HEprum
CueHapuu (0,076) npv ausepcuduKaLmum NpW aKTUBHOM (0,207)
C COXpPaHEeHWEM YPOBHS npubbinm AnBepcUdUKaLMOHHOW NONUTUKE
(0,367) (0,369)

Puc. 6.4. Mepapxusa npouecca
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BONbLWKWHCTBO U3 HUX He HyxXaaeTca B 06bsACHEHUU. YeTBepThliil YPOBEHb COAEPXKUT Hau-
6onee BnuaTenbHble CUJbl C TOYKN 3peHUsa UX cnocobHOCTM BO3AENCTBOBaTbL Ha byayliee
3HeprocucteMbl. OHN BbiNKM M36paHbl, OCHOBLIBAACL Ha B3BELUMBAHWKW, MONYYEHHOM MpwU
npsaMoM npouecce. B 3ToM cnydyae Bce aKTopbl ¢ BecoM MeHblwe 0,10 He 6bIK yuTeHbl.
MoaToMy paccMaTpuBaloTCHA TONbKO YrpaB/ieHWEe CUCTEMOWN, rocydapcTBeHHasi KOMUccUs
npeanpuaTnii obwecTteeHHoro nonb3osaHus (KMOM), Bknag4mMkm M areHTCTBO MO OXpaHe
okpyxatouen cpeabl (AOOC). MATbIN YPOBEHb SBAAETCA OCHOBHOM MPWUYMHOWN nposeae-
HMA obpaTHOro npouecca. 2TOT YPOBEHb COAEPXUT NepeMeHHble pelleHus, AU KOHTPO-
nMpyemble NOAUTUKU CUCTEMbI, KyAa BXOAAT: ycTonumBas npubbiib BKNAAYMKOB, rapaH-
TUSA HaAEeXHOCTU NOCTaBKU 3HEPrun noTpebuTtensamM, NOroHsa 3a BbICOKOW HOPMOW Npubbinn
Ha WHBECTUPYEMBbIN KanuTan, rapaHTUa Manoro pycka rnpum MHBECTUUMAX U aKTUBHasa KaM-
MaHWs No 3KOHOMUU SHEPIUM.

YposeHb I: ®okyc Xenaemoe 6yayliee 3HEpProcMCTeMbI

YposeHsb II: XKenaemsie

cueHapuu
) ’ Mopnepxka Aunsepcudunkaumns
sHeprobusHeca B CTOPOHY ApYrux

(0,25) BMAaoB 6usHeca

(0,75)

YpoeeHsb III: Mpobnemel

OrpaHnyeHus O;:gz:::ee Mpo6nemsl ¢ MocTaBku n 2Konoruyeckme
pPerynupyowmx OfpaHH'-IEHMH BKIaAYMKAMM HafeXHoCTb OorpaHuyeHms
areHtcts (0,28) (0,15) ycnyr (0,08) (0,03)

r

PYKOBOACTBO Komuccus AreHTCTBO
3HEeprocUCcTeMbl npeanpuaTUiA BK"ST;_"K“ no oxpaHe
(0,44) 061LeCTBEHHOrO (0,15) OKpYXaloLLeit
! nonb3osanus (0,36) cpeabl (0,05)

Ycroiumean H:gg;:?;rb Bbicokasa HopMa I:g:':”ﬂ SKoHOMMSA
npubbinb noTpesuTensM npubbinn Ha I-‘IHpBECTHL?HﬂX 3NeKTPO3Heprum
BKknaguumkos (0,16) (0,24) kanutan (0,26) (0,10) (0,24)

Puc. 6.5. Mepapxua obpaTtHoro npouecca

CneayooWwmM WaroMm AOMXKHO CTaTb NpuMeHeHne MAU K 3TOW nepapxum Tak Xe, Kak u
npu npsiMoM npouecce. Lenbo sasnsietca nony4vyeHre obobLeHHOro BeKTopa NpuopmuTeToB
Ansi NOAUTUK Ha NATOM YpOBHE. 2TW BeCa NOKa3blBalT, Kakue NonmuTUKKU creayeTt npoBo-
AUTb ANs cucTeMbl Haubonee 3HEpruyHo, ANs Toro, 4YTobbl AOCTUIrHYTbL CUEHapusa C Hau-
6onee xenatenbHbliM UcxonoM. PesynbTaT npumeHeHna MAW npeactasneH Ha puc. 6.5.

B 3TOM cny4yae TpeTuUM cueHapui, B KOTOPOM HacTOM4YMBO MPOBOAWTCA MNOMUTUKa AuU-
Bepcupukaumm, bbin BoibpaH B KadyecTBe Haubonee xenatenbHoro ucxoaa. Ob6obLeHHble
Be€Ca /IMHMIA MOBEAEHUS, KOTOpble AO/MKHbI 6biTb NpoBeaeHbl, ByayT: ycTonduBas npu-
6binb Bknaguukos — 0,16; HagexHaa noctaska — 0,24; Bbicokas HopMa npubbinu — 0,26;
Manbli pUck nHeectuunit — 0,10; akoHoOMKUA 3Heprum — 0,24.
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3acnyxuBaeT uHTepeca WHTepnpeTauus o606l eHHOro BeKTopa NATOro yposHs. Ans
[OCTUMIKEHMSA XKeNnaTenbHOro CLeHapua B 3HEProcUCTEME AOJIKHA NMPOBOAUTLCA MOSIUTUKA,
obecneymBatoLlas HaAEXHYK MOCTaBKY 3HEPrvu, BbICOKYKD HOPMY NpubbIIM Ha BKIaAbl-
BaeMblii KanuTan U 3KOHOMUIO 3NEKTPO3Heprnn. Beca Kaxaoro M3 3Tux TpeboBaHuin Noy-

TN pPaBHbI. Beca ocTanbHbIX ABYX MNONMUTUK HECKOJIbKO HKWXe, No3TOMY UM YAenAeTcsA
MEHblLUEE BHUMaHWE.

®okyc Mpoeuunpyemoe 6yayilee S3HeprocMcTeMbl
AKTOpBbI
Komuceuna AreHTCcTBO
KOBOACTBO =
2y (0 5‘1) npeanpuaTun rno oxpaHe Brnaaumku (0,29)
d oblecTBeHHOro OKpYXaloLen
nons3osanua (0,13) cpeabl (0,04)
Lenwn
Bbicokuii ApekeaTHasn Yucrblit MosbilleHne
oxon (0.24 nocraeka aHeprum BO3ayX — CTOMMOCTH -
i (0,10) (0,03) kanuTana (0,17)
Crixerne Bbicokas npubbinib
sOpoca Huskas uewa (0,02) H | Hvcras BoAa || Ha uHBecTULM  H
(koHcepBaLus) (0,01) 12
HaaexHOCTb ®uHaHcoBas BnuaHue Ha
u cTabunbHOCTL || TexHonoruo |
(0,13)
f (0,01) (0,00)
Heb6onbLwon
g N3NMEK
MOLLHOCTH
(0,04)

CueHapuy Cratyc- Mopaepxka MUHUMMU3aLUS JKOHOMUA
KBO 3HeprobusHeca pocTa 3HeprobusHeca SNEKTPO3HEPTrUK
(0,07) npu ameepcuduKanmm npu aKTUBHOM (0,15)
C coxpaHeHueM npubbinu | | avBepcndUKaLMoOHHUK
(0,28) (0,50)

Puc. 6.6. Bropon npamMmoi npouyecc
Ha BTOopon uTepauuu npsamoro npouecca (puc. 6.6) 6bIn yaaneHsl akTopbl, Npuopu-

TeTbl KOTOPbIX Ha NepBOM UTepauun npsMmoro npouecca 6binn HUXxe, yem 0,05. OTHoCU-
TeNbHaa Ba)XHOCTb KaXAOro akTopa TakXe MEeHSeTCs, Tak Kak cuTyauus Tenepb Takosa,
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YTO B pPa3BUTUN SHEPIroCUCTEMbl CTaBUTCA UEbKO aKTUBHaA ILl,l/lBepCl/ICII)l/lKaLl,l/IFI. Huxe B
Tabnuue nokasaHo 3TO U3MEHEHMUE:

YnpasneHue KMnon AOOC Bknaguuku
MepBbln NpsiMOR nNpouecc 0,38 0,26 0,15 0,23
BTopoi npsaMoi npouecc 0,54 0,13 0,04 0,24

Habnwgaetca casur B npuoputetax oT KMNOIM n AOOC k ynpaBneHuto cuctemoi. Llenm
yrnpaeneHnd — nydwe oTpasnTb CTPEMNIEHNE K XenaTeNlbHOMY CUeHapuio — onpeaensarTcs
obpaTHbIM npoueccoM. Lenu KMOIMN nokasbiBaldT U3MEHEHME yrnpasB/ieHUs CUCTEMOW Ans
OOCTUXEHUA XenaTenbHoro cueHapua. Llenu BkNaguynkoB TakXKe MEHAKTCH Mo TEM Xe COo-
obpaxeHuam. lNepecyeT NpUOPUTETOB AN aKTOPOB M UX Lenen BO BTOPOM NpPSAMOM MNpo-
uecce nokasaH Ha puc. 6.6.

BbiBoAbl. [[pyMeHeHWe cTpaTerun, npeaocTaBreHHon obpaTHbIM NMpoueccoM, AaeT co-
rnacoBaHHbIE C UeNAMKM ynpaBfeHua pesynbTaThl NpyU NpoBEpPKe BO BTOPOM NPAMOM Mpo-
uecce. Pasnnumsa nosBnalTCA B OCHOBHOM MexAay ABYMSA Haubonee npeanouTUTENbHLIMU
CUEeHapUaMK C aKLUEHTOM Ha SKOHOMUIO 3/1EKTPO3HEPTIUN.

MpuMep cnocobCTBYEeT NOHMMAHWUIO YNpasBreHUsa KakK cpeacTBa AOCTUXEHUS KOMMpO-
MUCCOB, HEOBXOAMMBIX ANSA AOCTUMXKEHUA XenaeMmblxX uenen. Onsg yToOUYHEeHWs cTpaTeruu,
KOTOPOW HYXXHO cnefoBaTb, MPOLECC HYXXHO NMPOAO/IKNUTD.

MnaHnpoBaHMe B KOpnopayusax

Llenblo 3TOro uccneaoBaHus, NpoBeAeHHOro 4ANga KpynHOM Kopnopaunu € y4acTUeM ee
NAaHUpYOLWeEro nepcoHana, 6blN0 BbisSBAeHME chep noTeHUuManbHbIX NpobneM. MpeaMme-
TOM 0bcyxaeHuns 6binn cdepbl M BHELWHNE aKTOPbl, Ha KOTOpble Morna 6bl BO34ENCTBO-
BaTb NONMNTUKA KOpNopauun Ans AOCTUXeEHUs 6onee xenaTenbHoro byayuwero rno cpas-
HEHUIO C TeM, ecnn Bbl He BbIIN NPUNOXKEHDbI CelManbHO HanpaBieHHbIE YCUUA.

MnaHnpoBaHWe UCCNeaoBanochb C TOYKU 3peHUS:

1. MMpoeyupyemoro 6yayiujero. Kakoso byaer byaywee kopriopauuuv, ecnu noamTuka
NJaHUPOBaAHNSA OCTAHETCSA TaKOW Xe, KakK U celnvac, a Apyrne, B OCHOBHOM BHELLUHWE, ak-
TOpbl HE BYAYT M3MEHATLCA?

2. XKenaemoro 6yayiujero. KakMe N3MeHeHUs1 HYXHO MPOBECTU B NMOAUTUKE AN A0CTU-
KEHMUSA XKenaeMoro, a He NpPOrHO3UPYEMOro B HacTosiLee BpeMs byayero?

Ans nepapxun npoeumnpyemMoro 6yayujero nepedyncinmMm ypoBHM B ybbiBatoweM nopsa-
Ke Ba>XHOCTHU:

a) aKTopbl, KOTOpble ByAyT BAUATL Ha byaylee Kopnopaumm: oueHKa UX OTHOCUTENb-
HOM BaXHOCTU;

6) NONNTUKK/LENN KaXKA0r0 BAaXHOM0 akTopa, KoTopble 6yayT BAMATL Ha MiaHUpoBa-
HUEe: OUEHKA UX OTHOCUTENbHOM Ba>XHOCTU AN COOTBETCTBYIOLWErO akTopa;

B) aNbTepHaTMBHLIE cUueHapun byayuwero Kopnopaunum OTHOCUTENBLHO NONNTUKM aKTO-
pOB: OLEHKa OTHOCUTENLHON BEPOSATHOCTU OCYLLECTBIEHUS KaX40ro cueHapus.

Ans nepapxuun xesnaemoro 6yayuiero 6binm onpeaeneHbl cnegyrowme ypoBHU:

a) cueHapumn, xenaemble 418 PyKOBOACTBA: OUEHKa MX OTHOCUTESILHOW XenaTenNbHo-
cTH;

6) npobneMbl N NPenaTCTBMA, KOTOPble AOMKHbLI 6bITh NpeononeHbl ANa peannsaunm
oAHoOro nnu 6onee cueHapmeB: OLEHKA OTHOCUTENbHOMN Ba>XHOCTU KaXa4oMn npobnemsl;

B) aKTOPbl, KOHTPOAUPYHOLWMNE pelleHUe Kaxaon npobnembl: oUueHKa OTHOCUTENLHOW
3HaYUMOCTM 3TUX CUN;

r NONNTUKKU/LENN KaXAOro akTopa, BO34ENCTBYKOWME Ha CTpaTernty noseieHus no
OTHOLWLEHMIO K NpobneMaM: oLeHKa OTHOCUTENBLHOW BaXXHOCTU KaXA0W NONUTUKU/LENN;
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4) peakuun koprnopauuu npu nogbope noaxoaswmx cnocobos BO3AENCTBUS Ha nose-
OEeHWe aKTopoB MNpU peweHun npobneM, CBA3aHHbIX C peanusaumnen XKeraeMblX BapuaH-
TOB OyAyllero: oueHKa OTHOCUTEsSIbHOM BaXXHOCTU KaXAOW MpOTUBOAENCTBYOLWEN MNOAU-
TUKMU.

Utorn. CTpykTypa npoeuupoBaHua byayuwero unawctpupyetca puc. 6.7. Kaxabin
CUEHapuin CTpOUTCHA MOCPEACTBOM WAEHTUPUKALUUKW FPynnbl CYLWECTBEHHLIX (PaKTOpoOB M
NMPUMUCBLIBaHUSA 3HAYEHUN KaXAoMy U3 HUX. Bec kaxaoro cueHapus noay4vyeH Ha OCHOBe
COBMECTMMOCTU C NOJIUTUKOW akTopoB. OKOH4YaTesbHbIM BEC Ka)XAoro cueHapusa cneayto-
wnin: 6yMm - 0,41; coxpaHeHne - 0,31; ameepcudurkaunusa Ha MeXAYHAPOAHOM pblHKE —
0,23; kpax - 0,05.

CTpykTypa >kenaemoro 6yaywero nponnalocTpupoBaHa Ha puc. 6.8. OCHOBHble NoOAU-
TUKU U UX OKOH4YaTesSIbHble HOPMasiM30BaHHble Beca byayT: HebonbWOWN pUCK ANSA BKAa4-
ymkoB — 0,24; NONUTUYECKUA KOHTPOMb npaBuTensctea — 0,20; ycnewHas 6opbba ¢ KOH-
KypeHTamn - 0,15; ycnex kopnopauun - 0,13; Bbicokas npubeiib — 0,12; noBbIWeHWe
Kypca akuun - 0,09; nnuyHbln ycnex pykosoactea — 0,07.

MNpoeunpyeMmoe byayuwee npeanaraeT MNocrefoBaTeNbHYO KOHUEHTpaUUK BHUMaHUSA
Kopropauun Ha pa3BuUTWE AenoBOW cdepbl, KoTopasa 6bina ycnewHon B npowsoM. byayT
NpeanpuHATbl HEKOTOPbLIE MNOMNbITKU ANA AUBEPCUPUKALMN Ha MeXAYHapOAHOM pbIHKE,
OoAHaKo 3To 6yaeT B OCHOBHOM BbI3BaHO yXyALleHWEM MONOXEHUSA HAa BHYTPEHHEM pPbIHKE,
a He NpuBNeKaTeNbHOCTBIO MeXAYHapoAHOro poiHka. MNpoeunpyeMoe byayluee ykasblBaeT
Ha BO3MOXHOCTb TOro, YTO BHYTPEHHUN PLIHOK He obecneyuT NpuMeMneMyrd CKopoCcTb poc-
Ta B OCHOBHOM W3-3a AENCTBUI NOCTaBLWWKOB UK NMpaBuUTenbCTBa.

Hanbonee 3HauyuTeNbHBIMU ANS npoeunpyeMoro byayuwero Kopropauum aktopamm sB-
AAKTCA No NMOpAAKY BaXXHOCTU BULE-Npe3NAEHTbl KOMNaHWMU, OCHOBHbIE BKIaA4YMKN KOM-
naHun, NpaBuUTENbLCTBO U NOCTaBWMKK Cbipbsa. Ponb notpebnseMon NpoayKuuUM He cymTa-
€TCcs OCOBEHHO 3HauyMTenbHOM B NpoeuMpyemMoMm byaylieM, noapasyMeBaeTCcs, 4YTo Npu-
BblyKa AenaTb MOKYMNKW He U3MEHUTCS, €CNM KOMMaHWsa caMa He npeanpuMeT KaKuUx-TO
HOBbIX AeNCTBUIM. MonuTUKa M UenM pyKoBOASALWEro nepcoHasna Koprnopauuum, 3aHUMar-
Wero Kaw4veBble No3vumnu, OpUeHTUpoBaHa, BO-NepBbIX, Ha ycnex KOMMaHWM, a TakXe Ha
JUYHBINA ycrex, O3HavalWwnin, 4To paclMpeHne CyLLEeCTBYWMX DYHKUMOHaNbHLIX chep
Kak Beayliee K ycrnexy KOMMnaHuu B LEeSIOM UMeeT BbLICOKUIA nNpuoputeT. lNpeactasnseTcs,
4YTO BKNaA4YMKN PYKOBOACTBYKTCA B OCHOBHOM MUHUMYMOM pUCKa U yXe NOTOM MaKCUMMU-
3aumen npuboinen. Ana npaBUTENbCTBA BAaXHENLWUM SABMAETCHA NOJUTUYECKUIA KOHTPOSb,
3aTeM pas3BUTME WU U3BIeYEHME A0XO0A0B B BuAe Hanorose. lNMpeanonaraercs, 4To NOCTaB-
WKMKOB 3ab60TUT A0OXOA4 U OHU He OCOBEHHO NoANbHLI MO OTHOWEHMK K MOKynaTensaMm ux
npoayKuumn; cneaosaTenbHO, CYLWeCTBYeT PUCK HEeAOMOCTaBKU.

MexayHapoAHas 3KCNaHCUsa paccMaTpuBaeTcsl Kak HaMHoro 6onee >xenaemoe 6yay-
wee. OcHoOBHbIe nMpobrieMbl, CyweCcTBEHHbIE NpU peannsauuu xenaemoro byayuwero, cne-
AyLWne: KOHKYPEHLUUSA Ha BHYTPEHHEM U MeXAYHapOAHbIX pbIHKaX; PUCK, CONYTCTBYHO-
WWUA MHBECTULMAM B HOBYIO MPOAYKUUIO N PbIHKW; MOAUTUYECKUE N couManbHble npobne-
Mbl. [ng xenaemoro 6yayuwero nocraBka Cbipbs U OpraHM3auMOHHOE pa3BUTUE CUUTANIUCD
MeHee 3Ha4yMMbIMKU, YeM apyrme npobneMsl. Hanbonee 3HauYMTENbLHBIMWU akTOpaMu, KOTO-
pble 6yayT BAMATb Ha UCXO4 Xenaemoro éyayuero, B nopsaake ybblBaHUA BaXXHOCTU CUU-
TalTCA: NPaBUTENbLCTBO, BKAAAUMKU, KOHKYPEHTbl U PYKOBOACTBO KOMMaHWK. BaxHo, 4To
NMpaBuUTENbCTBO OKa3anocCb KMKUYEBbLIM aKTOPOM MpW CO34aHUK XKenaemoro UsMeHeHud. B
TO XX& BpeMS PyKOBOACTBO KOMMaHUU, KOTOpoe 6blN0 caMOr BAUATENIbHOWM CUION B Mps-
MOM rpouecce, 34eCb UMeeT ropa3fo MeHbLUYK BaXXHOCTb.

N3-3a orpaHMYeHnin BO BpEMEHU MPOTUBOAENCTBYIOWME MONbLITKU yNpasieHUsa KOpno-
paumen obcyxganucb B 06WKX YepTax. TeM He MeHee 0BHapyXunocb, YTO MMEETCH Ha-
cTosATeNnbHaa HeEOBX0AMMOCTb AaNlbHENLWEr0 U3YyUYEHUS, aHanm3a U NoHMMaHUA NoBeAeHUs
OCHOBHbIX BHEWHWUX aKTOpPOB; MeToAa OLEHKU pUCKa U AOXOAO0B MO asibTEPHATUBHbLIM HO-
BbIM CTpaTermaM pocTa; pa3paboTkm MeToAOB ANS OKa3aHWs 6o/ibliero BO3AENCTBUSA Ha
BHewHUe dakTopbl, BAUSAKOWME B OCHOBHOM Ha TOT O6yAyLWMMA KypC, KOTOPbIA KOMMNaHUSA
MOXeT rnoXenaTb NPOoBeCTH.
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YpoeeHb I: Qokyc

YpoBeHb II: AKTOpbI

Mpoeuupyemoe
6yayluee Kopnopauuu

OuctpubyTopsl RYKORGAGTRG MoTtpebutenn Brnagymkm KOHKYpeHTbI [1pamm Crynaue MocTaBLKnKK Obwecrtso

(0,06) Koprnopauuu (0,03) (0,23) (0,05) TENnbCTBO Kopnopauum (0,13) (0,01)

! (0,31) ' ' ' (0,14) (0,05) ' !

YposeHb III: MNonnuTUKK

Ycnex JINYHbBINA MHBecTUUUK Bblcokas npubbinb MonuTUUYECKUi CaBsur B CTOPOHY

Koprnopauuu ycnex C ManbiM PUCKOM Ha UHBECTULIMK KOHTpOnNb BblMyCKa HOBOW

(0,24) (0,15) (0,26) (0,13) (0,11) npogykumm (0,11)

YposeHb IV: CueHapuu
CoxpaHeHue Kpax Bym ocHOBHOro MexgayHapoaHas
(0,31) (0,05) 6usHeca 3KCnaHcua
! ! (0,41) (0,23)

_ _

0606LeHHbIk
cueHapui

6.7. NMNpoeunpyemoe 6yayuwiee Kopnopayum
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YpoBeHb I: ®okyc

Xenaemoe

Gyayee
Kopnopavuu

YposeHs II:
Xenaembie cueHapuv WHTepHauuo- Nusepcudukaums ByM OCHOBHOrO BepTukansHas
Hanusauus B Npeaenax cTpaHbl 6usHeca WHTErpaums
(0,55) (0,28) (0,10) (0,07)
YposeHsb III:
Mpo6nembl =
T —_— MHBECTULIMOHHBI Monutuyeckune MocTtaBka OpraHvsauunoHHoe
A%Wmu: pUCK W couuanbHble Cblpbs pasBuTue
! (0,27) npo6nems! (0,18) (0,12) (0,08)
YposeHb 1V:
AKTOpBbI
lMocTaBLunKmn lMpaBuTenbCTBO MoTtpebutenu Brnagumnku KOHKYpPeHThbI ObwecTeo ﬂﬂﬂﬂﬂﬂﬂmﬂwm
(0,05) (0,25) (0,10) (0,20) (0,18) (0,06) (0,16)
r
YpoBeHb V:
MonuTukm MonuTUYECKUA MHBecTULMM BonbLuoi MpoTUBOAEIACT- MosbllLeHue Ycnex JIMYHBINA
KOHTPONb C HU3KUM Aoxog BUE KOHKYPEH- AONU Ha PbIHKE KOMMNaHum ycnex
(0,20) puckomM (0,24) (0,12) ToB (0,16) (0,09) (0,13) (0,07)

6.8. XXenarenbHoe 6yaywiee kopnopauum
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6.8. AHAJIU3 KOH®JINKTOB

YnpaBjsieHne MeQUUUHCKUM OGCHY)KVIBaHVIEM

MpuHaTasa popMa AENCTBUI B CUCTEMAX 34paBOOXpPaHEHUs NMpuBena K CTpPeMUTENbHO-
MY pPOCTY CTOMMOCTM MeAUUMHCKOro obcnyxmpaHus. CucteMa 34paBOOXpPaHEHUS 3Hauun-
TEeNIbHO OTNMYAEeTCs OT MNPOMBbIWIEHHBIX CUCTEM. B MPOMbIWAIEHHOCTU OpraHu3aunoHHas
CTPYKTYpa CTPOUTCH Tak, 4ToObl ynpaB/ieHNne MOXHO Obl10 OCYLEeCTBAATL 4Yepe3 A0CTU-
KEHME KOHKPETHbIX Uuenen, peannsaunio NOJIHOMOYNA, HE3ABUCUMbIX KOHKPETHbLIX 3ajad
M nokaszaTenen GYHKUMOHUPOBaHUA. B cucTeMax MeguUMHCKOro obcnyxmesaHua uenu
yawe Bcero abCcTpakTHbl, MOJIHOMOYMNS pa3MbITbl, B3aUMO3aBUCUMOCTb HU3KaAsA, a CUCTEMA
oLeHOK bedHa M OHKM nNpoTMBopeYnBbl. Kopode rosopsi, opraHnsaumnoHHble Npobnembl npu
yrnpaBaeHUn MegUUUNHCKUM 06CNyXUBaHUEM BbISIMBAKOTCA B CUALHO KOHDAUKTYHOWME 3a-
Aaun pasnUYHbIX CWU, BAUAKOWKMX Ha paboTy 60nbHUULI. Llenn 4acTo HEeCOBMECTUMbI, a
3ajaydn coBeplweHHO pasnunyarTcsa. CnegosaTesibHO, CyWwecTBYeT HeobXoAUMOCTb B UH-
TErpUpPYOLWLEM MeXaHM3Me Ans ocnabneHms kKoHdnunkrta. OAHMM HOBbLIM NpPeanoXXeHUeM,
3acnyXuneawwmmMm ocoboro BHMMaHUSA, ABASETCA KOHUENUUA KOMaHAbl, B KOTOPOW AenaeT-
€A nonbiTKa WHTerpupoBaTb GYHKUMW 60MAbHUULI. BMecTo OTAENbHbLIX MU, pellatowmx
3apaHee onpejeneHHble 3agayun, obcnyXMBaHWe NauneHTa byaeT pe3ynbTaToM B3auMO-
3aBUCUMbIX AENCTBUN.

B Hawen mepapxuun oTpaxkeHa cTeneHb KOHMAUKTa WMHTEpEeCcoB Mexay BpadyaMu, aj-
MUHUCTpaUMen 6ONbHULLI, COBETOM None4ynTenen, ob6CcnyXmMearwwmM rnepcoHanom n npea-
nonaraeMbiMM nNaumeHTaMu. PaccMaTpuBalTCsa ABE anbTepHaTUBbl COBPEMEHHON CUCTEMBI
MeANUMHCKOr0 0BCNyXMBaHMA: KOHUENUMS KOMaHAbl M CTaTyC-KBO € aAMUHUCTpaATUBHLIM
KOHTpOMeM. DTM ABa cueHapus 6yayT oueHMBaTbCA AAa onpeaeneHnsa OTHOCUTENbHbIX
npeanoyYTeHUN akToOpoB U, CNefoBaTenNbHO, UX COBMECTHOMO BNSAHUSA Ha AOCTUXEHME NO-
JNTUKN caepXNBaHUS poCcTa CTOMMOCTU 0bcnyXumBaHUA. 3aecb, ocnabnas BHYTPEHHUNA
KOHMANKT B YaCTHOM nevyebHOM 3aBeeHNN, nepapxmiyecKMin aHaam3 no3BonsieT OUEHUTDb:
CPaBHUTENbHYK CTeneHb BJIMSHUS aKTOpPOB B BOMbHUUE, CBA3aHHbIX CO CAEpPXUBaHUEM
pocTa CTOMMOCTU 0B6CNYXXMBaHUS; 3PPEKTUBHOCTL BO3AENCTBUA ABYX CLEHapUeB Ha uenu
aKTOpOB; MNMpUpoAY W cTeneHb KOHMAMKTOB MexXay UensaMu Kaxaon rpynnbl; Hanbonee
BEPOATHYI anbTepHATUBY, a TakKxe noaydyeHune pns 6onbHUL 06LWKMX pekoMeHZauunin o
dbopMe pelleHuit, KoTopble HEOBX0AMMO NPUHATD.

C uenbl 3KOHOMUM MecTa He byaeM onuckbiBaTb B AeTanaX s1eMeHTbl nepapxmn. OHuK
BMeCTe C COOTBETCTBYHWNMM NpUOPUTETAMMN NOKa3aHbl Ha puc. 6.9. TeM He MeHee, BO3-
MOXHO, 6yaeT none3HbiIM 6onee NoApobHO OCTAHOBUTLCA Ha HUMXKHEM, UMW YETBEPTOM,
yposHe. OH BOCNPOU3BOAUT ABE OpraHM3auUOHHbIe cTpaTternn. NMonuTnka nogaepKaHus
CTaTyC-KBO He bygeT BKkAYaTb PyHAAMEHTANbHbIX U3MEHEHWIA B HbIHELWHWUX OpraHunia-
LMOHHbIX MeponpuUaTUaAX. MexaHW3Mbl cAepPXMBaHUSA pocTa CTOMMOCTU YUCTO aAMWHUCT-
paTMBHbl MO CYWECTBY, B HMX BO3MOXHbl M3MEHEHUSA TO/bKO B OrpaHMYEHUAX Ha CKO-
pocTb pocTa n broaxeTa. BTopas nonmntuka npeactaBnsieT U3MeHeHMe opraHu3aunoOHHbIX
npuHUMnoBs B 6onbHUUe. KoHUENUNSA KOMaHAbl SIBASAETCA HOBOW MOJIMTUKOW B ynpasBre-
HUWN, BKAKOYAKOLWEN KaK 3KOHOMUYECKME, TaK U KIUHUYECKNE BEMUUYNHBLI NpU YNpaBieHUU
fle4eHmneM naumeHToB. Bpaun u obcnyxumearwmnin nepcoHan éyayTt 6onee TeCHO CBA3aHbI
C agMUHUCTpaunen 60NbHULLI B NMpoLecce peleHns ynpabreH4Yeckux npobneMm. BHUMa-
HWe byaeT aKUEHTUPOBAHO Ha NOATBEPXKAEHUN AMATHOCTUYECKUX U Nle4yebHbIX MeToa0N0-
MW C TOYKW 3pPEHUS aHanmsa «CTOMMOCTb-3PPEKTUBHOCTb». Jlydlle YUYUTbIBAETCA BO3-
MOXHbIA KOHTUHIFEHT 60/bHbLIX WU AEHEeXHble cpeacTBa. AAMUHUCTpaUMKM noHaaobuTcs
bonbwee MOHMMaHME 3KOHOMUYECKUX MOCAeACTBMA pelleHUn. DTU pelleHnus He byayT
YNCTO KAUHUYECKUMU UAN YUCTO aAMUHUCTPATUBHLIMU, @ ByayT COBMECTHbIMU peLleHUs -
MU, MPUHATLIMU KOMaHAOW, 3aHNUMAOLWENCAa MEAULMHCKUM OBCNYXNBAHUEM.
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YpoBeHb I: Pokyc

YpoBeHb II: AKTOpbI

Crnoco6HoOCTL caepXXuBaHUs pocTa
CTOMMOCTHU cogepxaHus B 6onbHuLe

YpoBens III:

Lienu

YpoBeHb IV: CueHapuu

nCc=0,05

CraTyc-kBO
(0,49)

MNpeanona- AOMWHK- Coset O6cnyxun-
raemble cTpaums noneyun- Bpaum BaloLWKUi
NauueHTsl 60nbHULbI Tenein (0,52) nepcoHan
(0,07) (0,14) (0,04) (0,23)

Kavectso Bcecro-
ABTOpUTET
W pasHo- duHaHcoBoOE pOHHMKE
6onbHUUBI 3apnnarta
obpasue NONOXEHUE ycnyru
Yy HaceneHus (0,07)
ycnyr (0,09) (0,004) nauuMeHTam
(0,02) ' (0,05)
KoHTponb 3a HenpepbiBHOE MNoBbilweHne
Keanudu- =
KAUMS BbINOAHEHWUM JTnuHbIA ynyyleHue OTBETCTBEH-
nepcoHana NMPUHUMAEMBIX| craTtyc kBanuu- HOCTH
FU 04) peLleHui (0,002) Kauum W ynydlweHve
! (0,03) (0.14) cratyca (0,11)
CroumMmocTb duHaHcoBOE 3apnnarta Pabouas
3apnnarta
neyeHus nonoxeHue (0,02) W NONOXKEHUe cpeaa
(0,01) (0,09) ! (0,30) (0,02)
®uHaHcoBOE Pa6ouas Ynom/er:
BOpPEHME
NoNoXeHue cpeaa NALMEHTOB
(0,02) (0,03) (0,04)

KoHuenuus
KOMaHAbl
(0,51)

nc=0,07

Puc. 6.9. Uepapxua n 0606L1EeHHbIe COGCTBEHHDbIE BEKTOPbDI
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Cnoco6HOCTEL cAepXUBaHUA pocTa
CTOMMOCTH cogepxaHusa B 6onbHULE

AOMUHU- Coeer MNpepnona- 06cnyxu-
Bpaun cTpauwvs none4yu- raembie BalOLWMA
(0,52) 6onbHULbI Teneu nMaumeHTsl nepcoHan
(0,14) (0,04) (0,07) (0,23)
£ A I ’ ) £ ) ' A '
(1) 0.135 | 0.018 0.010 0.042 0.036
I
|
(2) 0.333 [ HY HY HY HY
|
I
(3) 0.055 : 0.008 HY 0.005 0.013
[
I
(4) HY | 0.039 0.029 HY HY
|
[
(5) HY : 0.074 HY HY 0.099
|
|
(6) HY | HY HY 0.016 0.057
I
|
(7) HY : HY HY 0.006 0.026
CraTyc-KBo KoHuenuwus
0.56 KOMaHAbl
( r ) (0'44)

Puc. 6.10. Mepapxua BTOpPOro npaMoro npouecca

Pe3ynbTaThl NepBOHAYanbLHOrO MPAMOro Mpouecca MoKasbiBalT, YTO KOHUenuus Ko-
MaHAbl HE MMEET SABHOro NpeuMMyLlecTBa Haj CTaTyc-KBO Kak 6onee npeanodTUTEsNbHbIN
noaAxoA ANs CAEPXMUBaHWA pPOCTa CTOUMMOCTUM MeAULUHCKOro obCnyXuBaHus. OTo — cnea-
CTBME KOHMNUKTYOWMX Uenei AByX AeNCTBYKOLWMNX rPynn: Bpavyel M oCTanbHbIX YETbIPEX
aKTOpOB, B PaBHOI CTENeHW BO3AENCTBYHOLMX Ha 3TW ABa ucxoda. Bpaun npeanountaoT
haKTU4YeCcKM KOHTPONMPOBaTb BONbHULY, COXPaHAA CYLIECTBYIOLEE MOMOXEHUE, B TO
BpeMs Kak Apyrve rpynnbl NOAAEPXKMBAKT U3MEHEHUA Yepe3 KOHUEenuui KoMaHAbl ANns
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nonyyeHusn 6onbllero KOHTpoNnsa Haa 60nbHULER N, cnenoBaTenbHO, 6onee 3dHEeKTUBHOMO
CAepXUBAHUA poCcTa CTOUMOCTMW.

OAHaKo BaXKHO OTMETUTb, YTO MPUOPUTETHI Uenen — 3apnnaTbl (a TakXxe cTaTyca B
OAHHOM cryyae Bpaden), nonydumslwne okono 37% oT obuwero Beca, BblAETUAUCH MO
CPpaBHEHUIO C UENbl CAEPXUBAHUA pocTa CTOMMOCTM obcnyxuBaHua. Mos3ToMy 3apnnaTa
COTPYAHWKOB CUCTEMbl MEAMUMHCKOrOo 06CNYyXUBaHUA HE WU3MEHWUTCA B 3aBUCUMMOCTU OT
BblbOpa OpraHM3auuMOHHOW CTPYKTYpbl W, CnefoBaTesIbHO, HE MOXET cyuTaTbCs (dakTo-
pOM, UMEKLWMM pellatoLlee 3Ha4YeHME.

ANna 3a0CTpeHUs BHUMaHUA Ha KOHMAMKTYOLWUX rpyrnnax U nonbiTKW nonydvyeHus 6o-
nee ybeauTenbHOro pesynbTaTta, T. €. nony4vyeHus 6onbwen 3HaYMMOCTU ANS OAHOro U3
ABYX MUCXO0A0B, XOTA BTOPOM UCXOA NMpU KOHUeNUMW KoMaHAbl 6bin 66l 6onee xenaTteneH
Ansa scex, 6oinmM npoBeAeHbl MOAUDUKALUKM B CTPYKTYpE Nepapxuu.

Bbin npuMeHeH obpaTHLINM NMpouecc, cHadana UCKIKYaanucb Uenm, UMeBllne He3Hauu-
TesnbHbIM BeC (HWxe 3HadeHusa 0,01) v uenn, nHaedepeHTHbie K OpraHM3auMoHHLIM ne-
peMeHaM, HanpuMmep 3apnnaTta. 3aTteM 6bina nposeAeHa BTopas uTepaums NpaMoro npo-
uecca Ang BblaBneHUs sdpdekTa OT BHECEHHbBIX U3MEHEHUN.

CnepctBus NepBOro NpsiMoOro npouecca Bbipasvancb B NOBbIWLEHHOM BHUMaHUU K CEMU
OCHOBHbLIM UeNsaM, 4YacTU4yHO obWwKuM aAnsa Bcex akTopoB. OHM CMAr4yawT npoTvBopevune
Mexay ABYMSI OCHOBHbIMU MPOTUBOCTOALWMMU rpynnamMu. Tpu u3 3TUX UeNei, Bbi3biBaB-
WKUX Hanbonbwee BHUMaHWE Bpayven, TakxKe paccMaTpuMBalnCb OTHOCUTENIbHO BCEX aKTO-
poB. OCKOMbKY Bpay 3aHMMaeT K/4eBble NO3UUUM B COBPEMEHHOW CTPYKType 601bHU-
Ubl, BCE& aKTOpbl CYMTAKT BaXKHbIM YAOBNETBOPUTL Bpavyenl U NauMeHTOB YPOBHEM reve-
HMa. OCTaBlIMECS YeTblpe Uenm OTHOCATCA He K BpadebHoMy 6noky. OnpasgaHueM ans
MX FpYNMUPOBKU B OBLMIA BNOK CAYXUT CXOXECTb UX OCHOBHLIX MHTepecoB B H6onbHULUE.
Ana Kaxaoro M3 3TUX akTOpPOB KOHUENUMa KoMaHAbl npeacTtasnseT cobon npegnodvutae-
MbIA MOAXOA K AOCTWXKEHWUIO Uenen, nMerwmx ana HUX Hanbonbwue seca. N0O3TOMY OHM
CKOHLEHTPUPOBAAN MHTEpeChl AN AOCTUMXKEHUS CBOUX Lenen B 3TUX 4YeTblipex cdepax;
Bpaun TeM He MeHee He cUMTalT KOMaHAHbIN noaxod Boobuwe CcyweCcTBEHHbIM AN onpe-
AeneHus X ponn B MEAULUHCKOM YUYpexaeHUn 1, cneaoBaTesibHO, HE MHTEPECYHTCA M-
601 13 uenen, NpeacTtaBneHHbIX He BpadebHbIM 6/10KOM.

Nepapxusa BToporo npsMoro npouecca (puc. 6.10) BkAw4vaeT cneaywuwme cemb ue-
nen: 1) spauun: yaosnetBopeHue o6CyXuMBaHMEM; 2) Bpauu: npodeccmoHanbHoe Mac-
TepcTBo; 3) Bpaun: pabodas cpepa; 4) Apyrme akTopbl: (UHAHCOBOE TMOAOXEHUE;
5) apyrve akTopbl: BbINOSHEHME MPUHUMAaEMbIX peELIeHWUn; 6) Apyrue akTopbl: yAoBe-
TBOpeHUe obcnyxXuBaHneM; 7) Apyrne aktopbl: pabouas cpega. Ana 3Tux uenen 6ol
onpeaeneHbl NPUOPUTETHLI KaXXaon u3 agencreywowmx cun. Yepes HY (HeyuuTbiBaeMble)
0603HaYaTCa COOTBETCTBYHOLWMUE HeyUYuTbiBaeMble KO3 DUUMEHTLI COBCTBEHHOIO BEKTO-
pa. [NogaBnsawWmMN BEC Bpayen U UX OTHOCUTENbLHOE COMPOTUBNEHNE NepeMeHaM NpuBenu
B pe3y/sibTaTe K CMEeLEeHUD NPUOPUTETOB B CTOPOHY Bonblen npeanoduTUTENBHOCTU CO-
XpaHeHMsa CTaTyCc-KBO Ha BTOPOM UTepaunn npsMoro npouecca. Bpaunm He CKNOHAKTCA K
M3MEHEHUIKD CBOUX LEeNen 1, cneaoBaTenbHO, HE MOXO0XE, UTO MOryT BO3HUKHYTbL YC/I0BUS
ONA peanus3aunm KOHUENUUM KoMaHAbl, XOTH OHW W CO34al0T Ny4ywume BO3MOXHOCTU ANA
cAepXUBaHUA pocTa CTOMMOCTU obcnyxumBaHusa. CyllecTBywmne TeHAeHUMM 6yayT pas-
BMBaATbCA A0 TeEX Nop, noka He byaeT npeojosieHa TynukoBas CcUTyauus rnocpeacTBOM U3-
MEHEHUSA OCHOBHOW CTPYKTYPbl MEANUMHCKOIO yupexXAaeHus. DTO NOB/USET Kak Ha OTHO-
CUTEsIbHbIN BEC Bpayen, Tak U Ha OpraHmM3auunio ynpasaeHuUsa 34paBoOOXpPaHEHNEM,

KoHdpnukr B CeBepHoit UpnaHaun

MeTog aHanusa Mepapxuu NpUMeHancs kK KoHONMKTY B CeBepHon MpnaHanu ans no-
NYYEHNA YCTOMYMBOrO peLLleHna B ¢opMe cTaTyca AOMUMHUOHA. YPOBHU U COOTBETCTBYHO-
LMe Beca Mepapxmn NpsiMOro npouecca nokasaHbl B Tabn. 6.9. Llenn B3BelwMBanmcb oT-
HOCUTENbHO AENCTBYHOLWMX CcUM. BblAM NONydYeHbl COCTaBHble Beca. [Ans NocneayoLlero
B3BELUMBAHMS BblNM OCTaB/IEHbl TObKO LENWU C BbICOKMM MPUOPUTETOM, 0603HAUYEHHbLIE B
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Tabnuue 3B€3404YKOMN. MUpnanackas pecny6nvn<a B KayecCcTB€ aKTopa 6blna UCKYUeHa, Tak
KaK ee Lenn He UMEKT BbICOKOro npuoputeTa. BansHue octaBwmxcs rpynn 6b110o HOpMa-
JIN30BaHO M NUCNOMb30BaHO AN1a B3BELWMBaHUA WeCTU ocTaBwmnxca uenen. CocTaBHble Be-
ca 3aHoBO 6bInn HOpPpMasn3oBaHbl, KaK MNMOKa3aHO B ckobkax. AnbTepHaTUBHbIE NOUTNYE-
CKne CTpyKTypbl CpaBHUBaAMUCb OTHOCUTENIbHO uenen ¢ BbICOKMMU npuoputetamun. MNony-
4YnMnocCb, YTO CTaTyC 4OMUHUNOHA Hanbonee npueMneM.

Ta6bnunua 6.9
Ypo- YposeHb 2| Beca YpoBeHb 3 O606wEN- YpoBeHb 4 O606wER-
BeHb 1 Hble Beca Hble Beca
Molb Llenn akTopos Monntnyeckme
- ES
aKTo AKTOPpbI 0,45 Cepa BansHMS 0,32*(0,36) | cTPYKTYpbI 4Yepes
poB aKTOophbl
AHrnna Xopolwune B3anMOOTHOLLEH NS 0,09*(0,11)
PazzeneHue BnacTw 0,04 ObveanHénHas Vp- 0,15
naHams
OTtcyTtcTBMe cBasmn ¢ Jy6nmHOM 0,20*(0,25) MHTErpUpOBaHHbIN 0,15
napnameHT
OTAenbHOE rocyaapcreo 0,02
Bepro- OTCcyTCTBME MPNAHACKMX HALUMO- Accambnes 6es cose-
- *x -
noaaaH 0,31 HANMCTOB B NPABMTENLCTBE 0,06*(0,07) | Ta c Ay6nnHom (yua 0,13
Hble CTWE MEHBLUMHCTBA)
CB4a3b ¢ AHrven 0,02
SDKOHOMMYECKOe NpoLBeTaHne 0,02
Accambnes
PasfeneHue Bnactu 0,05%(0,07) | © COBETOM € Hy6nm-
HOM (y4yacTue MeHb-
LWNHCTBA)
::(zpeH— 0,07 |WHTepeckl Mpnanaum 0,01
SDKOHOMMYECKOe NpoLBeTaHne 0,01 0,16
Coto3 OnbcTep - VipnaHaumsa 0,02
Npnana-
ckasi pec- 0,14 | N3rHaHne aHrnmyaH 0,12*(0,15) g,%?%iﬁ?—nHo:eB CBA3M 0,25
ny6nm-
KaHcKas CrabuneHocTb 0,01
apmus Coto3 OnbcTep - VipnaHaumsa 0,002
JOMUHNOH CO CBA3bIO
Oy6nuH 0,03 |NepeBbI6OpPEI 0,01 ¢ [ly6AvHOM 0,16
BpuTaHcKue pblHKK 0,01

Ana npuMeHeHUsa obpaTHOro npouecca npexae Bcero HeobxoAnMMo onpeaennTb Xena-
Tes/IbHbl€ UCXOAbl AN KaXA0W U3 KOHMIUKTYOWMUX rPYyrnnmMpoBOK U OLUEHUTb UX peakuuio
Ha Bce ncxoasl. lNMpouecc aHanusa A0BOSIbHO AJIUHHLIA U NoApobHO onucaH B [2, 3].
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6.9. NMPUMEPbBI N3 SHEPIETUKU

OnTUManbHbIA BbIGOP SHEProyCcTaHOBKMU, UCMOJb3YyOLLEA Yronb

MNpobnemy onTtuManbHoro Bblbopa TunNa paboTakwer Ha Yyrie 3HEeproycTaHOBKWU
(2PY), obcnyxueawowen paimoH (06WKMHY), MOXHO pacCMOTPETbL B BUAE MEpPapXuKU C TpeMA
rnaBHbiMK Kputepusmu. OgnH U3 KpuTepmes cBsizaH C 3PHEKTUBHOCTbIO UCMNONb30BaHUA
NUCTOYHUKa 3Heprum (UN3), apyron — C BO3AENCTBMEM Ha OKPYXalLyK cpeay, a TpeTuu
— C 3KOHOMUKOM. Kaxabl U3 3TUX KPUTEPUEB BKKOYAET HECKONbKO (haKTOpPOB, NMOKa3aH-
HbIX Ha puc. 6.11-6.13. AHanM3 3KOHOMMWYECKOr0 KpUTEpUa 34eCcb He NpUBOAUTCS.

0O606WEHHbIV KpUTEepwii
XenarenbsHocTu Bbibopa

5 Bozpencrteue Ha
q)q:e:Tl:lgHOCTb OKPYKaloLLy10 DKOHOMMKA
cpeay
Puc. 6.11

Hanpumep, addekTnBHOCTL MND BKAKOYAET YeTbipe YpPOBHSA: NepBbl CBA3aH C Bpe-
MeHeM roga, Tonorpaduen, reorpaduen n T. 4.; BTOPOU — C pasnnyHbIMK noTpebHoCTAMU
O6LWMHbI B 3/1EKTPO3HEPIrUU, TaKUMU KaK OTOMNEHNE U OXNaXAEHWE, OCBELlEHMe U T. 4.;
TPEeTUN — C METOAOM MoAayun 3HEpruuv, a 4YeTBepTblii — C TUMOM YCTaHOBKW, reHepupyto-
e saHepruto.

CxeMa BO3AENCTBUIA Ha OKPYXatoLyl cpeay B MOSCHEHUU He HYXAaeTcs.

CUcTeMbl aKKYMYJIMPOBaHUSA 3HEPruun

[NpoBefeHa oueHKa YeTblpexX COBPEMEHHbLIX CUCTEM aKKYMY/NMPOBaHUA 3HEprum Ha oc-
HOBE LWWEeCTU KpuUTepueB OCYLWecTBUMMOCTU. DTO cneayruwme CUCTEMbI: Sl — HaKonneHue

oOKaToro Bo3aAyxa; S, — NoA3eMHas rMApoakkymynauus; S, - 3nekTpuyeckve 6aTapew;

S4 — HaKonneHuwe saHepriun sogopoaa.

LecTblo KpUTEPUAMKU OCYLLECTBMMOCTMN ABAAKOTCS: I — akonornyeckuin; II — aKoOHOMU-
Jeckuin; III — couuansvHbli; IV — BbIBOp MecTa; V — BpeMs, Tpebyemoe Ansi NOCTPOUKM;
VI - COBMECTUMOCTb C 3HEepProcUCTEMON.

MaTpuua CcpaBHEHWI LWECTU KpUTEPUEB U ee COBCTBEHHbLIN BEKTOP ByayT TaKUMK:

I II III A% Vv VI CobCTBEHHbIN BEKTOP
I 1 1/5 2 1/3 1/2 2 0,09
II 5 1 7 2 3 7 0,42
ITI 1/2 117 1 1/5 1/2 1 0,05
v 3 1/2 5 1 2 5 0,25
V 2 1/3 2 1/2 1 3 0,14
VI 1/2 1/7 1 1/5 1/3 1 0,05

A..=6,05; uc =0,01; oc = 0,01

max
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3ddekTnBHOCTE N3

Tonorpacdus MnoTHOCTb

Bpems roga

MpeanpuaTua
obwecreeHHOro
nonb3oBaHUA

lopsivuaa soga
M NPUroToB-
NneHve nuwm

OTonneHue u
oxnaxaneHuwe

TpaHcnopT-
Hble HYXAbl

OunweHwne rasa CropaHue B las Mas ) PacnnaeneHve PacTtesopeHue
06bI4HBIM pa3»uXeHHOM | | € HU3KOiA | | C BbICOKOIA yrns OYMLLEHHOro
6oiinepomM COCTOSHWUK BTE BTE yrns

Puc. 6.12

BnunsiHne Ha 3KONoruio
CpaBHuBaeMbiX pakTopoB

Hcnonb-
30BaHue
3eMnun

TeepAabie
oTX0AbI

OuunueHue rasa CropaHue B ras las PacnnaBneHuwe PactBopeHue
06bIYHbIM pasMmKeHHOM C HU3KON C BbICOKOWN yrns OYMLLEHHOro
6oiinepom COCTOSHUN BTE BTE yrns

Puc. 6.13. Mepapxuueckne B3aMMoOOTHOWIEHNA AnA (paKTOpPOB OKpYyKalwen cpegbl

S,=0,26;
S,=0,14; §,=0,36; S, =0,24. 310 noaTBEpXAAET, UTO S; — aKKyMynupyloLWas cucre-
Ma Ha 3nekTpobaTapee — Haulyullas U3 BCEX YEThbIpeX CUCTEM.

MonyyeHo creaywlee paHXUPOBaAHME aKKYMYNUPYKOWUX CUCTEM:
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OueHKa rogoBoro norpeébneHust sHeprum 6bITOBbIMU dN1€KTponpubopamm

B 3TOM npumepe, ncnonb3sysa wkany 1-9, cTyAeHT nonbITanca OUueHUTb OTHOCUTENb-
HYIO BEJIMUYUHY 3/1eKTPO3HEPrun, notpebnaeMon KaxabiM U3 cneayrwmx 6bITOBbIX 3neK-
Tponpubopos, NyTEM CpaBHEHUSA UX APYr C APYroM. 3aTe€M OH CPaBHW/ MONYYEHHbIN pe-
3ynbTaT C UX HOPMann30BaHHbLIMU (PaKTUYECKUMU 3HAUYEHUAMU, B3ATbIMU U3 CNPaBOYHUKA
no notpebneHno 3nekTposHeprum (cM. Tabn. 6.10).

Ta6nuuya 6.10. MaTpuuya napHbIX CpPaBHEHUW OL€HKM FOAOBOIro noTpebneHuns aHeprum

KyxoH- | Xono- User- Mocy- Hepro- Paauo- Cy-
HOU . 6enbin I, wWnnKa
Hasa AWnb- AOMOW- YTior npuém-
TEene- TEene- ans
nanTa HUK Ka HUK
BU30p BU30p BOJIOC
KyxoHHasa nauta 1 3 6 3 7 7 9 9
XonoannbHUK 1/3 1 4 5 5 5 7 9
LiBeTHOW TeneBmnsop 1/6 1/4 1 1/2 4 4 8
Mocyaomoiika 1/3 1/5 1 1 2 3 9 9
Y&pHo-6enbiit TeneBusop 1/7 1/5 2 1/2 1 3 3 7
YTior 1/7 1/5 1/4 1/3 1/3 1 4 9
PaanonpuémMmHmnk 1/9 1/7 1/4 1/9 1/3 1/4 1 7
Cywunka ans Bonoc 1/9 1/9 1/8 1/9 1/7 1/9 1/7 1
lmax =9,256;: UC = 0,18; 0C = 0,13
B utore nony4yeHbl cnegyrwowmne pesynbtaTbl.
Beca ¢ ncnons3sosa- HopManunsosaHHbIe
BoiToBble npubopel PasHocTb
HMeMm wkansl 1-9 dakTnyeckne seca
KyxoHHaa nnuta 0,362 0,348 0,014
XonoannbHNK 0,252 0,215 0,037
LiseTHOW Tenesnsop 0,088 0,148 -0,060
Mocynomonka 0,118 0,107 0,011
YépHo-6enbin Tenesn3op 0,083 0,101 -0,018
YTior 0,053 0,042 0,011
PagnonpnémHmk 0,030 0,025 0,005
Cywwunka gnsa sonoc 0,014 0,003 0,011
CKO=0,027 MAO=0,0045

6.10. 3AAAYA O TAPE AJ14 HANMNTKOB

BbIN10 OUEHEHO CeMb TUMOB CTEKASAHHOM Tapbl, BUMeTaNINYECKUX U antOMUHNEBLIX HBa-
HOK, UCNONb3yEMbIX B NPOU3BOACTBE HANUTKOB. OUEHKWM OCHOBbLIBANCh HA YETbIpEX KpPKU-
Tepuax: NOTpebneHnn saHeprun, CTOMMOCTU, 0TXo4aX U yaobcTBax noTpebaeHus.

TunaMmu Tapbl 6bIIM: MOBTOPHO UCNOMb3yeMasn CTEKNSAHHaA Tapa 6e3 peunkna (UCBP);
MOBTOPHO MUCNONb3yeMasn CTEKNsAHHaA Tapa ¢ peuuknoMm (UCP); pa3oBas CTeknssHHas Tapa
6e3 peuunkna (PBP); pa3oBas cTeknsgHHas Tapa ¢ peuuknom (PP); 6umeTannmueckasa 6aH-
ka 6e3 peuunkna (bBBP); antoMmnHueBas 6aHka 6e3 peunkna (ABBP); antoMnHMeBas 6aHka
¢ peuuknom (ABP).

MaTpuua Cy>XXAeHNN 0 NapHbIX CPpaBHEHUAX YeTbIpex Kputepues bblna:
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DHeprus CtoumocTb OTxoAabl YaobcTteo
DHeprus 1 5 3 9
CToMMOCTb 1/5 1 1/4 8
OTxoAabl 1/3 4 1 9
Yaobcteo 1/9 1/8 1/9 1

Ay =4,38; UC = 0,13; OC = 0,14

Tapa cpaBHMBanacb OTHOCUTENBHO KaXxaoro kputepus. OB606LWEHHLIN BEKTOP BECOB
cneayroLwmin:

NCBP nCcp PBP PP BEBBP ABBP ABP
0,31831 0,31831 0,09529 0,10303 0,10683 0,02737 0,03086

NHTEpPECHO OTMETUTb, UYTO MOJIyUYEHHble pe3ysbTaTbl COFNAcylTCs € ONy6NMKOBaHHbI-
MW B NnTepaType AaHHbIMW O pacxoAe 3HEPrun, CTOUMOCTU K oTxodax. MaTpuua 4na JYeT-
BEPTOro KpuTepusi — yaobcTBa noTpebuTtena n MaTpuua B3BELIMBAHUA KPUTEPUEB CTPOU-
NNCb TakK Xe, Kak U B NpeablayLeM cryyae.

D70 Aaflo cneayrLwme nNpuopuTeThI:

NCBP nCcp PBP PP BEBBP ABBP ABP
0,32 0,30229 0,09335 0,09318 0,08394 0,05224 0,0550

BekTop NpnopuTeTOB 6/IM30K K NPeablayLWeMy BEKTOPY.

CneayeT 06paTuTb BHMMAHME Ha TO, YTO A/ KOJIMYECTBEHHbIX (aKTOPOB MNPUBOAU-
INCb MWHWUMalbHbIE W MaKCMMallbHble 3HAYEHWUs, KOTOpble Hapagy € CoobpaxeHUs MU
TEXHOMOTMYHOCTU UCMONb30BaNMUCh ANS NOSYYEHUA AManasoHa 3HaJYeHui no wkane 1-9.
B ntoboM cnydae npu aHanmse CTekNsAHHas Tapa NpeanoyYTUTENbHEE, YTO HaxoauUTCA B
COOTBETCTBUN C POCTOM €€ MUCMNOSb30BaHUA Ha NpaKTUKeE.

6.11. MPUMEHEHWNE METOZA K BblbOPY KAHAWUAATA
OT AEMOKPATUYECKOW MAPTUN

YenoBek, CTONKHYBLWMNACA € NpobneMoin BbIHECEHUS CYXAEHUSA O NPUrOAHOCTU MOMU-
TUYECKOro KaHanaaTta, 4acTo BHYTPEHHE UCMbITbiIBAET COMHEHNS OTHOCUTENBHO MoKasaTe-
e, N0 KOTOPbIM AO/IKHa NMPOU3BOAUTLCS OUeHKa. TOT, Ha Koro rnyboko nogencreosan
YoTeprenTckmin ckaHgan, rnpesbile BCEro LeHUT MopanbHbIA 06K M YeCcTHOCTb. bespa-
60THLIN, BEPOATHO, NpUAAacT 60MbLWNA BEC BHYTPEHHEN SKOHOMUYECKOW MOIUTUKE KaHON-
haTa. Ecnn yenoeeka 3aboTUT 6€30MacHOCTb N B1aroCoCTosiHME YrHETEHHbIX HAapOAOB 3a
py6exoM; To 60nbWNA NPUOPUTET MOAYUUT B €ro OUeHKax KOMMETEHTHOCTb B MeXAyHa-
POAHbIX OTHOWEHNAX. Ho Kak nocTynaTb, €C/iv OH BOCMPUNUMUYNB B HEKOTOPOWN CTEMEHU KO
BCEM 3TUM CcoobpaxeHMaM? OQUeBUOHO, OH AO/IKEH pewunTb, Kak cbanaHcmpoBaTb 3TU U
ApYyrne Kputepumn.

MepBbIM AenoM sBNSETCS BbIGOP BOMNPOCOB, CYLWECTBEHHbIX AMA KaHAnaaTypbl. [1o3u-
UMS KaHAM4aToB Mo 3TUM BOMNpocaM (GOopMUPYET KPUTEPUN, KOTOpble cneayeT OUeHUTb.
MHO>eCTBO BOMNPOCOB MOXET 6biTb NPON3BOJbHbIM, OAHAKO HEKOTOPLIE M3 HUX HECOMHEH-
HO paccMaTpUBaloTCA Yale, YeM gpyrue.

Ans onuncaHuMa peannucTUYecKoro MHoxXecTBa o0b6cyaaeMblX BOMPOCOB WUCMO/b30Ba-
JINCb CYXXAEHUS KOHrpecCMeHa-AeMoKpaTa, AO0CTaTOYHO UYYTKOro K KpUTEpUSAM CBOUX M3-
bupatenenn. Kak nokasaHo B Tabn. 6.11, BbIABUNOCbL BOCEMb BONPOCOB.
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Ta6nuua 6.11. Kputepumn Bbibopa kaHgugarTa oT A€MOKPaTU4YECKOU NapTumn

Ob6asaHune

NMmunax

OnbIT

DKOHOMUYECKaAn NoNnTMKa
KoMneTeHTHOCTb B MeXay-
HapOAHbIX OTHOWEHWNSAX

MopanbHbIin 06nMK

Mpownsle gencrens

YecTHOCTb

MNepcoHanbHble CBOMCTBa NMAEpa, Bbi3blBalOWME 3HTY3MA3M
N NOAAEPKKY

LWapM, NnuYyHaa npuBnekaTenbHOCTb; accouuaums ¢ Apyrumu
npuBneKaTenbHbIMU NOAbMMA

Mpeabiaylwimne nNocTbl, UMEKLME OTHOLIEHWE K MPE3UAEHTY;
FOTOBHOCTb K TOMY, Y4TO6bl CTaTb Npe3naeHToM

MocnepoBaTenbHOCTb U ACHOCTb B 3KOHOMUYECKOW NONNTUKE
CTpaHbl

MocnepoBaTeNbHOCTb U SCHOCTb BO BHELIHEN NONUTUKE NKOC
YMEHWE HaxoauTb 06Nl a3bik C 3apybexHbIMU nngepamu
Bbicokre MopanbHble NPUHLUMUMbI, BEPHOCTb CBOEMY CNOBY

KauyecTBo UCNONMHEHWUA pOoNM B NpPOLLNIOM, HE3aBUCUMO OT po-
NV Ha npeablaywmx oblwecTBeHHbIX noctax; oblecTBeHHas
XapakKTepUuCcTuKa

3aKOHHOCTb B OOLECTBEHHOW >XW3HU, MPUBEPXKEHHOCTb 3a-
KOoHaM

3TW BOMPOCHlI CpaBHMBaNUCL NMOMNApHO B COOTBETCTBUM C UX OTHOCUTENbHLIM BKNaAoOM

B obWwKMin ycnex KaHanaaTa B npe3uaeHTbl. Hanbonee BaXHbIM (paKTOpPOM OKa3asica Mo-
panbHbIM 061MK, 3@ HUM MAYT C MNOYTU OAMHAKOBbLIM BECOM YeTbipe XapaKTepPUCTUKWU:
onbIT, Npownble AEUCTBUSA, IKOHOMMUYECcKas MosIMTUKa WM MecTHocTb. ObasHue, kKomne-
TEHTHOCTb B M@XAYHapoAHbIX OTHOWEHUAX U 0COBEHHO UMUAXK MONYUYMNIUCL CPaBHUTENb-
HO He3HauyuTenbHbIMU. Cy)XAEeHUA KOHrpeccMeHa 6biM XOpOoLLO cornacoBaHHbIMKU (MHAEKC

cornacosaHHoctm 0,07, KOoTOpbI Man Ang MmaTpuubl Takoro nopsaka) [134].
Mo 3TuM KpuTepuamM 6bin10 0TOOpaHO M CPaBHEHO HECKONbKO KaHAMAATOB ANA nonyde-
HUS OTHOCUTENIbHOIO BEca UX NMPUOPUTETOB.

6.12. ATTECTALMS NMPENOAABATENEN B BbICLLEN LLUKONE

Kakabl rog no Bcel cTpaHe aTTecTauMOHHble KOMUCCUK Weapo ojapuBaloT MaHaaTa-
MU KaHAMOaTOB Ha NpoaBUXeHWe no cnyxbe n npebbiBaHUA B AOKHOCTH.

AtTectauus
WccnepoBatenbckas |
MpenogasaHue
pa6ota penoA
Kavyecteo | Konuyecrteo Ba)HocTb Adoxoa- | Tpe6osatenb- | Cnoco6HOCTb
Hay4HbIX paboTbl YUBOCTb HOCTB B/IUATb Ha
TpyAos MHEHUA
PasHoo6pasue UHpekcel  Ctumynupyowme MNMocneposa- Passutune MpaeanBoCTL
pocTta naeu TenbHOCTb KPUTUYECKUX
MHEHWIA
Puc. 6.14
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Ha puc. 6.14 npuBeaeHa uepapxusi, KOTOpass WUCMONb30BasaCb Ha MNpakTuUKe ANS
obecneyeHnss OCHOBbI AN CYXAEHWIN. XOTS UCMONb3YEMbIE KPUTEPUM MOTYT BbiTb OAHUMM
N TEMU XKe AN aCCUCTEHTOB, AOLEHTOB W NPOGECCOPOB, CYXAEHNSA CTAHOBATCS bonee Xxe-
CTKMMW MO TakUM MNokKasaTensiM, Kak 3HaYMMOCTb WU KadecTBO HaydyHoOW paboTbl Ans npo-
¢heccopoB. BHayane KOMUCCUA yCTaHaBNMBAET CTaHAapTbl NO KPUTEPMSM. 3aTeM nosyda-
0T 0bLWMne NPUOPUTETLI AN KPUTEPUEB, KOTOPblE TaKXe OLEHMBAKTCS KOMUCCUEN. Te-
nepb BCE KaHAMAATbl OLEHMBAKTCA MO OAHUM W TEM XKE KPUTEPUAM, U UTOroBbIN CO6CT-
BEHHbIA BEKTOP KaHAMAaTa CpaBHMBAETCA C COBCTBEHHbLIM BEKTOPOM CTaHAapTa, KOTOPbIN
BblYMCNEH paHee. CpegHekBaApaTUYHOE OTK/IOHEHME U MeaMaHHOoe abConTHOE OTKI0-
HEHME MOryT 6bITb MCNONb30BaHbl ANA PELIEHMUS BONpPOCa O TOM, HACKO/bKO 3HaYUTENbHA
pa3HoOCTb.

6.13. ONTUMAJIbHOE UCMNOJIb3OBAHWNE TEPPUTOPUN

B nNpunoXeHuUn K UCNoAb30BaHUID TEPPUTOPUM 6b1nun NMpUMEHEHbI cneayrwumne Kpnute-
pun ona nonydeHma npunopuUTETOB pa3iMyHbIX 3€MENIbHbIX YyYaCTKOB: XWBaA npupoda,
MECTa O0TAblXa, pa3pa60TKa Nnone3HblX UCKOMaeMbIX, 3KOHOMNYECKOE pa3BUTUE, Hann4dmne
neca. Tepputopus 6blna cHavana pa3geneHa Ha Knactepbl ¢ HECKOJIbKMUMKN yHYaCTKaMU B
Ka>X4aoM, a 3aTeM 3TN KnacTtepbl 6b1nun pa3aeneHdbl Ha YaCcTtTn N CpaBHEHDI.
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YACTDb III
TEOPUA

O6paTHOCMMMeTpUUYHble MaTpulbl — CucTeMbl ¢ o6paTHOM cBA3bIO — KpaTkoe
cpaBHeHUue c ApyruMmu pabotamm.

Tenepb BHOBb 3aliMeMcsi hopManbHOW CTOPOHOM MpeaMeTa, OonpeaesMB U oXapakTe-
PU30BaB MepPapXMN U HeNWHENHble ceTu. MNpu 3TOM UCCeayeM CBOCTBa 06paTHOCUMMET-
PUYHOW MaTpMUbl NapHbIX CPAaBHEHWIA U YCTOMUYMBOCTb €€ MakKCUMasbHOrO CO6CTBEHHOMO
3HAYEHMSI U COOTBETCTBYKOLWEro CO6CTBEHHOrO BekTopa. [NnaBa 7 MOCBSILLEHA TEOpUM
MeppoHa-d®pobeHnyca U CBOMCTBaAM COrnacoBaHHbIX U 06paTHO-CUMMETPUYHbBIX MaTpul. B
rn. 8 usnaraetcs MeTohd Bapdwunbaa CTpyKTYpUpPOBaHMA CUCTEM, @ TaKXXe Halla Teopus
NpuopuUTETOB, 0606 EHHAn Ha cUcTeMbl. B rn. 9 kpaTko o6CyxaarTcs WKanMpoBaHMe U
Teopusi NONE3HOCTU, BKAKOYas paboTy TepcTeHa M npoueaypy HauMMeHbLIMX KBaapaToB.
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JTABA 7

NOJTOXXUTEJ/IbHbIE OBPATHOCUMMETPUYHDbIE
MATPULbI N X COBCTBEHHbBIE SHAYEHUASA

7.1. BBEOAEHUE

B rn. 4 onpeaeneHbl PpyHKUWS NPUOPUTETOB U BEKTOP MPUOPUTETOB @ B UEpPapPXUU
H . Kak n3BecTHO ynTaTento, cnocob HaxoXAeHUs NMPUOPUTETOB HanboNee BaXeH B Ha-
weM Metoge. Ans MaTpuubl A OENCTBUTENbHbIX YMCEN, MPEACTaBAALWMUX MNomnapHble

CpaBHEHMSI BaXXHOCTU 3/IEMEHTOB Ha O4HOM ypoBHE H MO OTHOLWEHWKD K O4HOMY 3/IEMEH-
TY PacnosiOXXEHHOro BblWE YPOBHSA, ONpeaenatnTcs Haumbosnbluee cCOBCTBEHHOE 3HauyeHUe

A W pelleHne ypaBHeHNs

max

Av=1_ o.

MoaTOMY HaWKM MHTEpecChl HanpasfeHbl Ha U3y4YeHMe KBaapaTHbIX MaTpul A:(%),

AN KOTOPbIX
a,>0,i,j=1,....,n,

a, zl/al.j,l,]zl,...,n,
T. €. MOMOXUTENbHBIX, 06PaTHOCUMMETPUUHBIX. KBaAPaTHbIX MaTpul. OCobylo BaXHOCTb

npmo6peTa+0T MaTpULbl, HE TO/bKO obnagawouwmne npuneeaeHHbLIMAU BblWLE CBOMNCTBAMN, HO U
Apndrwowmnecs cornacobaHHbIMM, 4TO O3HAYae€T HaNNHYNE TAKOro Ba>XHOMMO COOTHOLWEHNA .

a, :al.jajk,l,],kzl,...,n.

B sTo rnaeBe paccMaTpuBaeTcsa Ta 4acTb TeOpuMM MaTpuu, KoTopas Heobxoauma Ans
060CHOBaHNA MaTeMaTUYECKUX CBOWCTB Hawero Metoga (cM. onpegeneHus B [Npunoxe-
HUn 1).

HauyHeM cucTeMaTUyecKkoe MU3N0XKEHUE C BBEAEHUA NMOHATUA HENPUBOAMMON MaTpuubl.
Becb HY)XHbIW MaTepuan NO HENMPMBOAMMBLIM MaTpuuaMm, UCMONb3YEMbIA B KHUre, npuee-
AeH B cheaywweM pasgene. 3aTeM U3NOXUM dyHAaMeHTanbHyl TeopeMy [leppoHa-
®pobeHnyca Ang HeoTpuUuUaTenbHbLIX HENPUBOAUMLIX MaTpul, KoTopas obecrnedmBaeT cy-
LecTBOBaHMe €AMHCTBEHHOIO peleHns 3agadm o cobCTBEHHOM 3HavyeHUU. Tak Kak pac-
cMaTpuBaeMble 06paTHOCUMMETPUYHLIE MaTpULbl MOMOXUTENbHbLI, CKOHUEHTPUPYEM BHU-
MaHuUe Ha NOJIOXKUTENbHbIX MaTpuuax, Teopeme [leppoHa W ee gokasaTenbctBe. [danee
AOKa3bIBaeTCsA, YTO UCKOMbIN COBCTBEHHLIN BEKTOP MOXET 6bITb MONYyYEH Kak npeaenbHas

cymma ctpok A*, roe A - npumuTMBHas MaTpuua. 3aTeM KpaTKO OMUCHIBAETCs CMoco6
BbIYNCIIEHNA COBCTBEHHOIO BEKTOPA Ha NpakKTUKE, MNOC/E Yero obcyXaatTca cornacoBaH-
HOCTb 06PaTHOCMMMETPUYHON MaTpuUbl, OTKIOHEHWE €€ [NTaBHOro0 COH6CTBEHHOro 3Haue-
HWUA OT 7, HEYYBCTBUTENBHOCTb 3TOr0 CO6GCTBEHHOIO 3HAYEHMS MO OTHOLWEHWUIO K MasbIM

BO3MYyLLEHMAM B A, @ TakXKe M3y4aloTcs CBOMCTBA COrMacoBaHHbIX MaTpuL,.

Hanee paccMaTpuBalOTCSH XapaKTEPUCTUKN 06pPaTHOCUMMETPUYHbBIX MaTpuL M MX npa-
BbIX W NEBbIX COBCTBEHHbLIX BEKTOPOB, @ TakKXe BOMPOC O TOM, YTO Masible BO3MYLLEHUS
3/1EMEHTOB 06pPaTHOCMMMETPUYHON MaTpuLUbl BbI3bIBAOT Masjibleé BO3MYLUEHUS KOMMOHEHT
ee rnaBHoro cob6CTBeHHOro BekTopa. B TOM xe pasgene npusogutcs dopMmyna, nNpuHaa-
nexauwan Bapracy, 4nsi BeNMYNHbI BO3MYLLEHUS, KOTOPOE MOSyYaeT Kaxaash KOMMOHEHTa
CcOB6CTBEHHOMO BEKTOPa KakK PyHKLMS BO3MYLLEHMUS UCXOAHOW MaTpULbl.
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7.2. HEMPUBOANMBIE MATPULbI

O6paTHOCUMMETPUYHbIE MaTpULbl MOMNApPHOro CpaBHEHMS HE coaepyaT Hynen, cneno-
BaTe€NbHO, OHW BCErga HenpuBOoAUMbLI. [MOHATME HENPMBOAMMOCTU MOHaZobUTCS Npu pac-
CMOTpPEHUM 0BLLEM CUCTEMBLI B 1. 8, rae npuaeTcsa UMeTb AEN0 MMEHHO C HENPUBOAUMBI-
MW, @ HE MNPOCTO MOJIOXUTENbHLIMKU MaTpULAMMU.

OnpeaeneHue 7.1. KBagpaTHasa MaTpuua — HenpuBoanmasi (N0 OTHOLIEHUIO K nepe-

A 0

1
AZ AS

KBaApaTHble MaTpuubl, 0 — HyneBas MaTpuua. B NpoTMBHOM cnydyae MaTpuuy HasbiBaloT
npusoaumoti. Cneaywouas Matpuua — npMBoanMa:

CTaHOBKaM), €C/lM OHa He MOXET b6bITb NnpeacTaBneHa B BUAE ,rae A n 4, -

-2 0 1
A=1 3 4
3 0 2

Mpad, COOTBETCTBYIOLWMIA 3TOM MaTpULe, UMEET AYry U3 NEPBON B MNEPBYH U TPETLID
BEPLUMHbI M @aHANOTMYHO U3 TPETbEN B MEPBYI U TPETbK BEPLUNHBLI, HO NMeEpPEXos BO BTO-
PYI0 BEPLUMHY HEBO3MOXEH. CO BTOPOI BEPLUMHbLI MOXHO MNEPENTU BO BCE TPU BEPLUUNHBI.

TakuMm o6pa3oM, nepBas M TPETbS BEPLINHbI 06pa3yrOT HEMNPUBOAUMYK KOMMOHEHTY, a
BTOpas cBaA3aHa C HUMWU. OUYEBUAHO, MEHSIS MECTaMM BTOPOM W TPeTUI cTonbubl, a Takxe
BTOPYI W TPETbK CTPOKKU, pacCMaTpUBAEMYO MaTpULy MOXHO MPUBECTU K BUAY

2 0 1] [4 0
A=|1 3 4|=
30 2| |4, 4

rae A v A, - kBagpaTHble, 4 - HenpuBoaMMasa MaTpuLbl.

Cneapywlwan TeoOpeMa KacaeTcsl 3KBMBA/IEHTHOCTU CBOWCTBA HEMPUBOAMMOCTM MaTpu-
Lbl U CUTbHOW CBSA3HOCTU HamnpaB/eHHoro rpada MaTpuLbl.

Teopema 7.1. KoMmnnekcHasa MaTpyua A HenpuBoAMMa B TOM M TONMbKO B TOM CHy-

yae, eC/M ee HanpaBfeHHbIN rpad D(A) — CWUJbHO CBS3HbIN.

Joka3aTenbCTBO 3TOW TeopeMbl AOBOMLHO o4veBuAHO. Jliwbas cTeneHb NPUBOAMMOWN
MaTpuubl A Takke NpuUBoAUMaA W, ClefloBaTeNbHO, UMeeT 610K HY/IEM B NPaBOM BEPXHEM
yrny. Mo3ToMy He CywecTByeT NyTU MeXAYy BEpLIMHAMMK, COOTBETCTBYHOWMMU A, 1 Bep-

wunHamn, cootsetcteytowmMn A, n A,. HaobopoT, ecnu rpad He CUbHO CBA3HLIA, TO

cywecTtsyeT 670K BEPLWMUH, KOTOPble HE MOryT 6biTb AOCTUMHYTbI, N NOAXOAALWNMN nepe-
CTaHOBKaMW COOTBETCTBYKOLWAA MaTpuua MoxeT 6biTb npmBeAeHa K yKa3aHHOW Bbllwe
dopme.

TeopemMma 7.2. KagpaTHas MaTpuua WM HeENpMBOAMMA, UM MOXET bbiTb NpUBEAEHa
nyTeM NepecTaHOBOK MHAEKCOB K BUAY:

4 0 ]
0 4,

o 0 .. A 0 .. 0
Ak+1,1 Ak+1,2 tt Ak+1,k Ak+1 tt O
Am,l Am,Z Am,k Am,k+1 tt Am
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codepxaleMmy 610Kk - AMaroHasbHyl MaTpuuy C HENpMBOAWMMBLIMKM  MaTpuUaMmu
A (izl,..., k) Ha gumaroHanu. Mpu 3ToM, N0 KpaWHEe Mepe, oAHa M3 MaTpUL C ABOMHbIM

MHAEKCOM B KaXAOW CTPOKE, B KOTOPOM OHU NOABAAKTCA — HeHynesas (cM. [52, 53]).
[lokazaTenbCTBO TEOpEeMbl NMPOBOAUTCSA B MPEeArnosioXeHUn, YTo ecnu MaTpuua npuso-
AvMa u MoxeT b6bITb NpeacTaBneHa B Buae, AaHHOM B onpeaeneHuu npusoguMon MaTpu-
Uubl, WKW Xe ee AnaroHasibHble 610KW NPUBOAUMBI, TO OHA BHOBb MOXET ObITb npeacTaB-
NeHa B Takon dopmMme. B cBol ouepelb, €CcAM Kakon-nnbo n3 ee amaroHasnbHbIX 6/10K0B
npMBOAUM, OH BHOBb NpeACTaBNsAETCS B COOTBETCTBMM CO CTaHAapTHOW (pOpPMOW MpuBO-
AUMOWN MaTpuubl. B pe3ynbTaTte nocne COOTBETCTBYHOLWEN NepecTaHOBKU MHAEKCOB, NONy-
YUM MaTpuULy, BCE 3M1EMEHTbl KOTOPOW Hajh AMaroHanbHbiMKM 610KaMW paBHLI HYMO; BCe
AuvaroHanbHble 610KN HenpuBoAMMbl. KpoMe TOro, COOTBETCTBYHOLWEN NepecTaHOBKOMN UH-
OEKCOB BCE CTPOKW, AMaroHanbHble 6/I0KU KOTOPbIX TOMILKO HEHYNEBble MaTpuubl, MOTyT
6bITb pacnonoXeHsl Tak, YTobbl pacnacTbCsa Ha YacTu, Kak yxe 6b110 NoKa3aHo BbILLeE.

OTMETUM, UTO KaxXAblil; U3 «MU30NIMPOBaAHHbIX» B6NOKOB A, ..., A, AOCTUXUM B rpado-

TEOpPETUHECKOM CMbICNE, U3 y3/710B, COOTBETCTBYWOLWHUX CTpPOKaM C ABYMA UHAEKCAMKU, HO
HE HaO60pOT. 3aMeTUM TaKXXe, 4YTo BCe MaTpuubl C ABYMSA MHAEKCAMU B Ka)XAOM cTonbue

MOryT 6bITb MPOCTO 3anucaHbl B BUAE CTPOKK 60koB R, R,,..., R, , O, roe O, KOHeYHo,

yXe He aBnseTcs HenpueoaunMbIM. MNMpueeaeHHasn Bbiwe popMa ABAAETCA eAUMHCTBEHHOM C
TOYHOCTbIO 40 NepecTaHOBOK BMOUYHbIX MHOEKCOB.
MOXHO 6b1710 6bl 3aKOHUYUTbL WM TPaHCNOHUPOBaAHHOM GOPMON, B KOTOpON 6510KK

R,R,,...,R,, O obpa3yloT nocneaHunin ctonbew Hawein MaTpuubl. JeicTBUTENBHO, 3TO Ta

¢dopma, koTopas 6yAeT MCNONb30BaTbCs MO3XE, MPU PacCMOTPEHUU <CTOXACTUUECKUX»
MaTpuL NPUOPUTETOB.

Mpouecc NOCTPOEHNA HOPMasbHOW OpMbl MaTpULbl NPUOPUTETOB — NpsIMON. HauuHa-
€M C NbOoro aneMeHTa U 3amnosIHAEM B €ro cTonbue HeEHyIEBblE MPUOPUTETLI BO3LENCTBUN
KakK KOMMOHEHTbl COBCTBEHHOIrO BEKTOpPA BCEX TEX BNIEMEHTOB, KOTOPbIE MMEKT BO3AENCT-
BME Ha Hero. Kaxabli M3 3TUX 3/IEMEHTOB, B CBOK O4Yepelb, BXOAUT B MpUMbIKalLme
cTonbubl CO BXOASWMMN HEHYNEBLIMU NMPUOPUTETAMN BO3AENCTBUIA BCEX APYINX DNEMEH-
TOB Ha HUWX. Mpouecc npoao/mHkaeTca A0 TEX NMOpP, NOKa ele eCTb HOBble 3N1EMEHTLI, KOTO-
pble BAUSIIOT Ha 3TO MHOXecTBO. CneayeT yAOCTOBEPUTLCS B TOM, YTO HOBbIX 3/IEMEHTOB
6onble HeT. Tak nojydaeMm 610K ANA HENPUMBOAMMOro MHoXecTBa. HauuHas c apyroro
3/1eMeHTa, NpoLEecc NOBTOpPSETCA AN cneaytowero 6noka u T. 4.

7.3. CYWECTBOBAHME U EAMHCTBEHHOCTb
MMABHbBIX COBCTBEHHbBIX BEKTOPOB

Kak yka3biBanocb paHee, cHadyana 6yaeTt npeacrtasneHa obuwas TeopeMa CyLlecTBOBa-
HUA U €AUHCTBEHHOCTW NpU peweHuU 3agadm 0 COBCTBEHHOM 3Ha4YeHWWU ANA HeoTpuua-
Te/lbHOW HernpuBoaMMON MaTpuubl (bonee obwen, yeM nonoxutenbHasa obpaTHOCMMMET-
pUYHasa MaTpuua). 2To haKTUYEeCKU U eCTb TeopeMa, AoKa3aHHasa OpobeHnycoM, KOTOpPbIN
obobwmnn pesynbTaT NeppoHa ANg NONOXUTENBLHOW MaTpuubl. 3aTeM criegyeT obcyxaeHue
W pokasaTenbCTBO Teopembl [leppoHa. [okasaTenbcTBo TeopeMbl ®pobeHuyca MOXeT
6bITb HanaeHo B [53].

Teopema 7.3. (MeppoH-®pobeHnyc). Nyctb A >0 - HenpuBoauMasa MaTpuua. To-
roa:

1. A wMeeT AelCTBUTENBHOE MOMOXUTENbHOE NpocToe (T. €. He KpaTHOe) Cob6CTBEH-

Hoe 3HauyeHne A KOTOpOEe MO MOAY/ HE MeHblle Nboro Apyroro cCoO6CTBEHHOrO 3Ha-

max !

YeHNA MaTpUubl A (HEKOTOpre M3 KOTOpPbIX MOIyT 6bITb KOMMAEKCHbIMU l-Il/IC}'IaMl/I).
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2. CobcTBEHHbIN BekTOp A, COOTBETCTBYIOWMIA COBCTBEHHOMY 3HauYeHuwo A uMmeeTr

max !
MNONOXUTENIbHbIE KOMMOHEHTbLI U, MO CYLWECTBY (C TOYHOCTbKO A0 MNOCTOAHHOIO MHOXUTE-
}'IFl), €eONHCTBEHEH.

3.Yucno A, (MHoraa HasbiBaemoe kopHeM lMeppoHa MaTpuubl 4 ) yaosnetsopseT

YyCNoBUIO
(),

i i

_ . (Ax)
ﬂ‘max = max min = min max
x>0 l<ism x x20  1<i<n X.
i i

; x>0 - npounsBonbHO.

Cneacteue. NMyctb A2>0 HenpuBoanMma M nyctb x >0 npousBonbHO. Toraa KopeHb
MeppoHa yAOBNETBOPSIET YCIOBUKO
(4x),

_ (Ax).
min—-—< A4 <max
1<i<n X. 1<i<n X.
1 1

Teopema 7.4. ([MeppoH). B 3TON TeopeMe yTBepXAaeTCa TO Xe&, YTO U B npeasiay-

e, ¢ Tol pasHuueit, uyto matpuua 4 >0 (M, cnegoBaTenbHO, HEMPUBOAUMA) U MOAY/b
A... CTPOro NPEBOCXOAUT MOAY/N BCEX APYIMX COBCTBEHHbIX 3HAUYEHMIA.

KpaTkoe AoKasaTenbCTBO TeopeMbl [eppoHa MOXET b6biTb MONYUYEHO KaK pe3ynbTaT
[OKa3aTeNnbCTBa  CAeAylLWMX  MONE3HbIX (aKTOB O  MOJOXUTENbHbIX (nxn)—

MaTpuuax [25]. MocnefoBaTeNbHOCTb 3TUX (DaKTOB TakoBa: NycTb A — MONOXUTENbHas
(nxn) -maTpuua, 4, - ee Haubonbluee cOBCTBEHHOE 3HAYEHME.

1. 4

max

OrpaHM4€HoO CBEPXY N CHU3Y COOTBETCTBEHHO MaKCMManbHON N MUHUMASTLHOWN

CTPOYHbIMM CYMMaMu MaTpuubl A .
CnepoBaTtenbHo, ecnn A - cToXacTMyeckasi MaTpuua, T. €. eC/IM €€ CTPOYHbIE CYMMb

paBHblI eaQUMHULE, TO 1max =1,
2. Ansa ctoxacTnyeckon Matpuubl A

limA4* =ev,
k—o
rae U — NONOXUTENbHBIN BekTop-cTpoka, L = (v, 0;,..., 0, ),

So =1y e=(LL....1).
i=1

3. Ana nonoXuTensHON MaTpUUbI A CylwecTByeT NMOJOXKUTETbHOE YHNCNO ﬂv, HEeHyne-

Bas BEKTOP-CTpPOKa U U HEHYHEBOVI BEKTO|3-CTOJ'I6ELI| @, Takne, 4YTO
k

lim—k =wv
k—o0 ﬁ
4. A ecTb Hambonblee cobcTBEHHOE 3HavyeHne A W Ha3bIBaeTCH r/71IaBHbLIM COBCTBEH-
HbIM 3HAa4YeHUEeM, a @ W U — [/71aBHble COBCTBEHHbIE BEKTOPbI, €AVHCTBEHHblE C TOYHO-

CTbHO 40 NOCTOAHHOIO MHOXUTENA.
5. @w opToroHaneH BCeM He rMaBHbLIM CO6CTBEHHbIM BEKTOpaM-CTOﬂ6LI,aM, a L - BCeEM

He rnaBHbIM COBCTBEHHbLIM BEKTOPAaM-CTPOKaM.
6. Ecnu A, - Haubonbwee cobcTBEHHOE 3HaueHuve A, npuuem ll.;tlj, T

i,j=1...,n,necnun @, — npasbli COBCTBEHHbIN BEKTOP, COOTBETCTBYIOLWMNA ﬁl., TO
k
) e
lim———=ca,.
DTy BaXHyK TeopeMy, chOpMYIUPOBAHHYD B TaKOM BUAE, OUYEHb flerko AokasaTbk. Ho
€e MOXHO 1 0606WUTb.
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7. TeopeMa BepHa 1 B cnyvae, koraa A>0, A” >0 ana Hekotoporo p =0 npu Tex
Xe MpoYUX YCNOBUAX.

Teopema 7.5.
n n
mana <A. <maxZay ;
J i=1 J i=1
1. "

j=1
HepaBeHCTBO MMeeT MecTo, KorAa CyMMbl He OIMHaKOBbI.
Uk
: k
2. A zhm[tr(A )] _

k—ow

n n
2 At 2. A,
.=l . i—1
3. A, =max min<——=min max =—
>0 i Uu. u>0 i u.
1 1
n n
2. A, 2. A,
4, A, =max min-=——=min max =——
u>0 J u. u>0 J u

J J
LokazatenbcTBo. KOMMNOHEeHTbl BekTopa Ae npeacTtaBnsitoT co60ii CyMMbl CTPOK MaT-
puubl A. MycTb Haubonbliasa CyMMa CTpPoK ecTb M , a HauMeHbwas - m. Toraa
me < Ae < Me , a paBeHCTBO UMeeT MeCcTo ToNbKo npu m = M .
M3 BblpaxeHus

VA=A_ U
nMeem
vAe=A_, ve,
vme < A ve<vMe.
Ecnu Tenepb pasfennMM HEpaBEHCTBO Ha MOMOXMUTENbHOE YMCA0 Ve, TO MNOAyYUM
m< A <M, npuuém paBeHCTBO BHOBb 6yAeT MMETb MeCTo, ecnn m =M . AHanormyHo

ANns CyMM cTon6Luo0B.
JokazaTenbctBo (2) nony4daerca nMbo M3 BblpaXeHUs

tim[or1/24 4] =1=1/4 lim[or 47",

k—o k—o

6o ms A" +...+ AF =tr A¥ . Nyctb BO BTOPOM Cnyuae 4, =4,

A1+ (n) + (2 2) =l 4T,

k
npu k— o ’ ﬂ’l — tr A" . OcTtanbHas 4YacTb AoKa3aTe/bCTBa 34€Cb HE NMPUBOAUTCA.

TOrAa

Teopema 7.6. Ecnn A - nonoxuTenbHas (nxn)—Manmua, Yy KOTOpOW CyMMa 3ne-
MEHTOB KaXAO0W CTPOKW paBHa eAuvHUUE, TO CYLLECTBYET MOSIOXKUTENbHas BEKTOpP-CTpOKa

v, Zl)l. :l,TaKaFI, yTo lim A" =ev, rge e:(l,l,...,l)T.

i=1 H—>00
Jokasarenscro. [yctb Y, - mobon n-MepHbln BekTOp-cTONbey. Onpeaenum
v, =A"y, nnyctb a, v b, - MakcuManbHas U MUHMMasbHAs KOMMOHEHTbI ¥, COOTBET-

CTBEHHO. MyCcTb & - MUHUMAanbHbIA 31eMeHT MaTpuubl A . Tak kak y,., = Ay, , nwobas
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KOMMOHEHTa BeKTopa V, ., NOMy4aeTcs YMHOXEHUEM CTpokn A Ha y, , W, cnepoBaTenb-
HO, UMEEM creayoLlWmne rpaHnLbl 418 NPOU3BONLHON KOMMNOHEHTLI ¢ BEKTOpa V, . :
(I-a)b,+aa, <c<ab,+(l1-a)a,.

2TO HepaBEHCTBO OCTaeTcsa B cune Ansd Hanbonblwen N HanMeHblUen KOMMOHEHT V, .., OT-
Kyaa

a,,<ab +(l-a)a,
(cnepoBaTtenbHO, @, MOHOTOHHO BO3pacTaeT) U

(1-a)b, +aa, <b,,,
(cneposaTenbHo, b, MOHOTOHHO y6biBaET), UK

-b . < —(l—a)bm -aa,

m+l —

-b

m+1

a <(1-2a)(a, —b,).

m+1

OTcloAa No MHAYKUMKW noslyyaeMm
a —b, S(l—20{)m (a,—b,).

Tak kak npaBasi 4aCTb 3TOr0 HepaBeHCTBa CTPEMUTCA K Hymo, To a, u b, cxoasTcs k

obleMy npeaeny, U. cnefoBaTeNlbHO, BCE KOMMOHEHTbI Y, NPUBANXKAIOTCA K HEMY Xe,

T.e. llmy, =Ce npn b, <C<a, (paBeHCTBO UMeeT MecTo Tonbko npu d, =b,). MNycTb

m—>0

~

yO:<yé,y§,...,yg), rae vo=1, y/=0, j#i. Torna ¥, ecTb i-it cTon6el MaTpuLibl

T T
A", n, KaK yxe ycTaHOBNIEHO, V,, —)(cl.,...,cl.) =v , npuiyem b, =0, ¢, >b,=0. Cne-
A0BaTENbHO,
lim A" =ev.

m—>0

OTMETVIM, YTO MOCKOJIbKY KaXjasa CTpo4YHasda CyMMa Am paBHa eanHuue, 1O
n
Su-t.
i=1

Teopema 7.7. Ecnn A - nonoxutenbHas (nxn) -MaTpuua, To

roe A - nonoxutenbHas NOCTOAHHaA, U — HeHyNneEBasa BEKTOP-CTPOKa, a @ — HEHY-

neBow BekTOp-cTONbGEL.
Kpatkoe goka3aTtesibcTBo. MNyCcTb

S = x|x:(x1,...,xn)T, x, >0, i=1,...,n, Zn:xl.zl, m.e fi=1; roe f=(L1....1).
i=1

PaccMOTpUM oTo6paxeHue

1
Ix=|—1|A4x, xe 8§ .
fAx
ITO OTOBpPaXeHUe MOMOXUTENLHO: Tak Kak fx=1, To X MMeeT HeHYNEBYID KOMMOHEHTY,

n, cneposatensHo, Ax>0 n fAx>0. Oanee
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1
JTx=|—| fAx =1,

fAx

n noatomy I otobpaxaer S B S. Tak kak A HenpepbiBHa, No TeopeMe Bpayepa o He-
NOABMXXHOM ToUuKe HaNJeTcs ToUKa @, UTo

1
fAw

MockonbKy nesas YacTb NONOXWTeNnbHa, @ - nonoxutenbHa u A= fAw>0. Cneposa-

Aw = .

TensHo, Aw=Aw, 1 >0, ®>0. HakoHeu, nyctb D - anaroHanbHas maTpuua ¢ d, = @,
. . -1

n dl.j =0, i#j. Tak kak @ >0, D wumeer o06paTHy MaTpuuy D, TakXe AnaroHasb-

HYI, C ANaroHanbHbIMK 3/1EMEHTaAMU l/a)l. ,T.e. w=De u

[D‘1 (l/l)AD}e = [D‘l (l/l)A}a) =D"'w=e,.

OTcloga cneayer, 4To CyMMbl CTPOK MaTpuLbl [D_l(l/ﬁ)AD] paBHbl eauHuLe, T. €.
3Ta MaTpuula - CTOoXacTndeckas, Mn Ucxogsa M3 TEOpeEMbI 7.6 HanpéTca Takou BEKTOP-
cTpoka U, uTo

e’ =lim[ D™ (1/2)4D]| =1imD™ (1/2)4°D,

k—o k—o0

(T. €. CTPOKHU npep,eanoM MaTpuLUbl BCE OLI,VIHaKOBbI), OTKyAda HenocpeaCTBEHHO noay4da-
€M

lim(l//Ik)A" =Dev’'D"' =wv D =wv .

k>
Teopema 7.8. U U @ - COBCTBEHHbIE BEKTOPbI MaTpuLbl A, COOTBETCTBYIOLINE CO6-
CTBEHHOMY 3HauveHunio A .
Jloka3aTesibCTBO.
_ . ke q- k41 kel
(1/2) Awv =(1/2) A lim (1/A) 4" = lim(1/2) 4™ = w0,

oTkyna uMeeM Awv=Awv w Awve=A®ve, N Tak KaK Le MNOCTosiHHasA, To Aw = A®.
AHanornyHo vA=Av.
CneacTtBue. BekTopbl U U @ NONOXUTENbHbI.

Aokazatenscrso. U3 paseHctBa Aw=Aw umeem (1/A)Aw=w. Tak kak 1,4 - no-

NOXXUTeNbHbI, a @ — HeoTpuuaTeneH (C HEKOTOPbIMN HEHYNEBbLIMU KOMI'IOHEHTaMVI), BCe
KOMMOHEHTLI NeBOi 4YacTu paBeHCTBa MONOXUTENbHbLI, U, cneaoBaTe/IbHO, @ — MONOXWU-
TeneH,; aHanorMyHo Anga v .

Teopema 7.9. Bce CO6CTBEHHbIE BEKTOPbl, COOTBETCTBYHOLWLNE CO6CTB€HHOMy 3Haude-
HUIKO ﬂv, ABNAKTCA NOCTOAHHLIMK MHOXUTENAMU W N V.

k
Jfokazatenbctso. Ecnn Au=Au, o Au=21"u, a (1/1) A'u=u pns scex k. Mpu

k — o uMeeM @UU =u . AHAaNOMMYHO AN BEKTOPOB-CTPOK.
Teopema 7.10. Moaynb nwboro Apyroro cob6CTBEHHOro 3HauyeHuss /7 MaTpuubl A

YOAOBNETBOPSIET HEPABEHCTBY ‘h‘ < ‘/1‘ :

[lokazatenbctso. Ecnu Au=hu, 1o A'u=h*u, a (1/2)k Ay = (h/ﬁ)k u . Nepexoas K
npeaeny npu k —» o0 umeem
wou=lim[h/2] u,

k—ow

160



M npeaen B NpaBoOil CTOPOHE AOMXKEH CYLLECTBOBATb, YTO BO3MOXHO TOMbKO npu A= A4
nnu ‘h‘<‘/1

Co6CTBEHHOE 3HauveHMe A ecTb rnaBHOe COBCTBEHHOE 3HauveHue MaTpuubl A, KOTo-
poe obo3HavaeTca A

max /

, Npn4eM B nocneaHeM cnydae npegen paBeH HyLO.

a U W @ - rnaBHble CO6CTBEHHbIE BEKTOPLI MaTpuubl A .
CneacrBue. NaBHbIM COBCTBEHHbLIN BeKTOp-CTpoKa (cTtonbey) — U(a)) opTOoroHasneH

KO BCEM He rNMaBHbIM COBCTBEHHbIM BEKTOpaM-cTonbuam (cTpokaM) Matpuubl A .

Jokazatenbctso. PaccMoTpuM paseHcTBo wvu =0 M3 gokasaTenbcTBa npeablayLlen
TeopeMbl. Tak kKak @ >0, umeem vu =0, n, cnegoBaTenbHO, U OPTOroHaseH BeKTopYy-
cTonbuy u . AHaANOrMYHbIN apryMeHT MOXHO MCMONb30BaTb, YTO6bl NOKa3aTb OPTOroHasb-
HOCTb (@ KO BCEM He IMaBHbIM CO6CTBEHHbIM BEKTOpPaM-CTpoOKaM MaTpuubl A .

CneactBue. vw=1.

Jokaszatensctso. B ycnoBusix TeopeMbl NycTb U =@, Torda h=4A n ovw=w. Tak
Kak L@ — 4ncno, nonyyaem vw =1,

3ameyaHue. L@ ecTb cnen MaTpulbl @U, U, CNefoBaTeNbHO, 3TOT cnej BCEraa paBeH
eanHuLe.

n
3ameyaHue. Cuctema Za,-jxj =b , i=1,...,n.
Jj=1

rae a; 2 0, dl.j > (), UMeeT HeoTpuLaTeNbHOE pelleHne X; 2 0, j=1,...,n, ecnu

a, dp dp
a, ap

a,, >0, >0, |la, a, a,[>0,...,

A|>0,
ay Ay
a; 4y ds;
Teopema 7.11 [182]. Echu A - HeoTpuuaTenbHas HenpueoAMMasa MaTpuua, TO 3Ha-

YeHue A, BO3pacTaeT C yBeNMyeHMeM Nboro sneMeHTa d; .

x

Hokazatenbcteo. NycTb A — HeoTpuuaTenbHas MaTpuua, ONpeaenvuMm B(p):pI—A,
roe O - AeicTBUTENbHbIM napameTp [110]. NMycte M - MHOXEeCTBO BCEX L, ANS KOTO-
pbiX CYLeCTBYeT U He oTpuuaTenbHa obpaTHas MmaTpuua (,OI—A)_l. MHoxecTBO M He-
nycto ana x>0 © ocTaeTcs TakuUM ANA CpaBHUTENbHO 6onblioro p©, px> Ax, T.e.
px—Ax >0, n a10 ycnoeue obecrneunBaeT CyLWEeCTBOBaHME HEOTPULATENLHOIO pelleHus

W SKBUBANEHTHO BbILIEOMNWCAaHHOMY YC/IOBMIO Ha rNaBHble MUHOPbLI. Tak kak M 3aBucuT
oT A, o6ozHaunm ero M (A).

Mycte A'2A"20. Toraa M(A)cM(A"). B caMom pene, 3aMeTuM, uTo ecnu
peM(A'), TO (,OI—A')x>0 ans Hekotoporo x>0 u Tak kak pl—-A">pl-A,
(pI—A")x>0 ans Toro xe caMoro x, W, cneaosatensHo, L€ M (A"). Tenepb makcu-

ManbHoe cob6cTBeHHoe 3HauveHne A maTpuubl 4A>0 ects Infp, ana kotoporo
peM(A)

-1
(pI—A) CYLECTBYET, T. €. 3TO NepBOEe 3Ha4YeHue, ANA KOTOpPOro |,01—A|=0, néo Bce

Apyrve coOBCTBEHHbIE 3HAaUYeHUs He npeBocxoasT A . . Mo3ToMy
A (A'): infp>inf p =4 (A”)_

‘max = Mnax
peM(4')  peM(4")
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CnepoBaTenbHo, A, — MOHOTOHHas dyHKuus A .
Huke nokasaH BaXXHbl pe3ynbTaT, KOTOPbIA 3aK/Al4YaeTca B TOM, YTO COBCTBEHHbIN
BEKTOP, COOTBETCTBYOWMNIA A ., NpeacTaBnseT coboii HOpMann3oBaHHbIE CyMMbl 3/1IEMEH-

o o k
TOB CTPOK MpefenbHoM MaTpuubl B TOYHOCTU Kk -it cTeneHn A" -matpuubl A (@ He CyMMbl
BCEX cTeneHei A ).
Teopema 7.12.

i Are

m——=co
rae A>0, @ - rnaBHbI CO6CTBEHHbI BEKTOP, COOTBETCTBYIOLWMNIA MakCUManbHOMY CO6-
CTBEHHOMY 3HaueHuwo A4, 4, ;tlj ANS BCEX [ WU j, @ - npaBblii COBCTBEHHbI BEKTOP,

COOTBETCTBYLOWMA A, @ ¢ — NnocTosiHHas.

Jokazatenbcrtso. e=aw +...+a,mw ,roe 4, i=1,...,n — NOCTOAHHbIE.

dte=ajto . raiio, =2 a0 ra(L/1) 0+ va,(2,/2) @],

o= bb, (A f4) v, (/1) ]; b=ac'e,.

Tak kak @, >0, b#0, uto u TpeboBanocb AoKa3aTb.

Tenepb 0606WKMM 3Ty TeopeMy.
OnpepeneHue 7.2. HeoTpuuaTenbHas HenpueoauMas mMatpuua A NpUMUTUBHA To-

raa WM TONbKO TOrAa, Koraa cywecrsyeT uenoe m>1. takoe, uto 4" >0. B npoTUBHOM
cnyyae MaTpuuy HasblBalOT UMIPUMUTUBHOM. Tpad NPpUMUTUBHONM MaTpuubl UMeET ANNHY
nyTn Mexay nobbiMKU ABYMA BEPLWIWMHAMKN = m .

N3 pabot [50, 114, 182] U3BECTHO, UYTO HeoTpULaTeNbHaa HenpueoauMasa Matpuua A
NPUMUTMBHA TOr4a W TONbKO Toraa, koraa A WMeEeT eAMHCTBEHHbIN XapaKTepUCTUUYECKui
KOpEeHb C MakCUMasibHbIM MOAYNEM, N 3TOT KOPEHb MMEET KPaTHOCTb, PaBHY eauHULE.

Teopema 7.13. 115 NpMMUTUBHOM MaTpuubl A

. Ae
Iim——=cw
2

14

Ak” =e' Ae

rae ¢ - NOCTOsiHHas, @ @ - COBCTBEHHbIN BEKTOP, COOTBETCTBYOWMIA A, =4, .

HokazatensbcTteo. JonyctuMm A >0 . PaccMOTpUM XOpAaHOBY KaHOHWYecKkylo ¢opMmy B
MaTpuubl A . Toraa Ans HEKOTOPOW HEBbLIPOXAEHHOW MaTpuubl N

_ﬂq 01
-1 BZ
NAN™ = =B
L O BV_
rae B, i=2,...,r ecTb m,Xm, xopAaHoBa 6104Has GpopMa, KoTopas MMeeT BMA
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4
1
A
0
1
4
B =
1
0 2
1
L ﬂ“l'_
rae ﬂ?’""ﬂ’r — pa3fsinyHblE COBCTBEHHbIE 3HAYeHUA C KpaTHOCTAMKW mM,,..., M COOT-

.

BETCTBEHHO, a 1+Zm,-=n - pa3MepHoCcTb MaTpuubl A . BblbupaeM cooTBETCTBYHWOLME
i=2

6a3nCHbIe BEKTOPbI AN Ka)A0ro NoAnpoCTPaHCTBa XXOpAaHOBOW hOpPMbI

v,
Vie Vir eeor Vi
Vie Vs oos Vi

1M nMeem

Al/l'mi = il/l'mi
OTMeTUM, 4UTO
B, =Al+u,
roe ) )
0
1 0O 0
1
u =
0 10 |
7
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k k
Bl.k:ll.kIJr T ﬁf_lqu T =2 ru®

1 14

k
rae u° — Hynesas Matpuua, ecn k>n, a ecnn k>n - AvaroHanb e€4uHUU B U,
CABUHYTaA BHMU3 Ha KaXAaylo AOMONHUTENbHYO cTeneHb U . Hanpumep,

00 ... 00O
0 0 0 0 0
w'=[1 0 0 0 0
0 1 0 0 0
0 0 1 0 0]

Tenepb NycCTb

e=aVl, +a21V21+a22V22+...+a2m2V +a,V, +...+a.  V

2my my " rm, !
k k SR k k-l
Ae:alﬂqu—i-ZZ a;| . ] ﬂ‘i Vij,
i=2 j=1 i=0 J—

Y k k-1 k
”A ||_Clﬂ’1 +p2,kﬂz +p2,k—1ﬂ“2 +---+p2,1ﬂz +ot pud, +"'+pr,1ﬂ’r + ¢,
rge plj — NOJIMHOMBbI OT k, a Cll CZ — MNOCTOAHHbIE, HE 3aBUCNMbIE OT k . Bblpa)KEHVle

Ak
e
”7, byneTr MeTb YneH

k
aA W
X X 1 ,
oAy + pz,kﬁvz + pz,k—lﬁ“z +...t+¢

npegen KoToporo npu k — o« 6byaer (al/cl)Vl, Tak Kak 21 - eAMHCTBEHHOE HaWu-
bonbllee cobCTBEHHOE 3HAYEHME.
TUMNMYHbBIN YfeH (i22)

k
al'l . ﬂ'l'k_ll/l'j
j—1

k k
A +...+p A+t

ByAeT CTPEMUTLCS K HY/0 rMpu kK — © (Tak Kak A, npesocxoaut Bce apyrve A ). Mona-
ras e:(al/cl) n ¥V, =w, nonyyaem Teopemy ans 4>0.
3ameqaHme. OTMeTUM, yTo ¢, =0 B TOM ¥ Tonbko B TOM cnyvae, ecnm g, = 0. MoxHo

nokasaTb, 4to @ #0, ncxoas u3 Toro, yto BCE @; B pasnoxeHun e u sce V; peicTeu-

1

TeNbHbl U MOMIOXUTENbHLI. Manoe Bo3MyleHWe e octasnsieT a, 70, a pesynbtart npu
3TOM OCT@HETCS TEM XE CaMbIM.
Tenepb ANA AoKa3aTenbCTBa TeopeMmbl Npu 4 >0 oTmeTum, yTo u3-3a a; >0 cywect-

BYET TaKO€ MOJNOXNTENTbHOE Uenoe m , 4YTo A" >0 (T. €. Npn ABUXeHUN No nNeTnam B KO-
HEYHOM CYETE BO3IMOXHO MOoAy4dYeHUe nyTu Mobon xenaeMon ANWHGLI Mexay npounusBosib-
HOM nap017| BEPLWNH COOTBETCTBYHLLUETO rpacba). NMpuBeneHHOE BblWe A0Ka3aTesnbCTBO

npumeHnMo kK A" u ero Hanbonbwemy co6CTBEHHOMY BEKTOPY w(A’”) AencTBUTENbLHO,

Tak Kak A - orpaHUWYeHHbI NTMHEHbIA onepaTop (M NO3TOMY HEMpPEPbLIBHLIN), UMEEM
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mk+i

ll(i_rg”AW:ca)<Am), 0<i<m,

Jlerko ybeauTtbCs, 4TO a)(Am) €CTb UCKOMbIA HeoTpuuaTenbHbIN COBCTBEHHbLIN BeK-
TOp.
DTo 3aBepllaeT A40Ka3aTenbCTBo.

3ameyaHue. Cnegyrowas HeoTpuuaTenbHasa MaTpuua HenpusogmMma (ee rpad - cuUnb-
HO CBA3HLIN, TaK KaK y Noboi napbl BEPWMH UMEETCH MYTb, CBA3bIBAIOLWMA UX):

0 2 0
A=|0 0 4
1 0 0

DJTa MaTpuua He YyAOBAETBOPSET YC/OBUAM TEOpPEeMbl, MOCKO/bKY OHa WMMMPUMUTUBHA,
MMesa 2 KakK eAWHCTBEHHoe CcOBCTBEHHOE 3HaudeHue KpaTHoCTM 3. 1A NOACHEeHUs 3TOoro

oTMeTUM creaywolee: Ae = (2, 4, I)T; HOpManusauuelit nonyyaem X, = (2/7, 4/17, 1/7)T;
Ax, :(8/7,4/7,2/7)T; HOpManusaumen nonyvyaem X, :(4/7,2/7,1/7)T;
Ax, :(4/7,4/7,4/7)T; HOpManusaumen nofyvyaem X, :(1/3,1/3,1/3)T;

Ax;=(2/3,4/3, 1/3)T M HopManusauuein nonyuaem x, =(2/7,4/7, 1/7)T, 4TO TO Xe ca-

MO€, YTO U X; C 3aUuMKIMBaHMEM BMECTO CXOANMOCTMH.

7.4. BbIHNCNEHWE COBCTBEHHOIO BEKTOPA

BbiuncneHne rnaBHOro COBCTBEHHOrO BEKTOpa OCHOBAHO Ha MCMOAb30BaHUKM Teope-
Mbl 7.13. OHa yTBep>XAaeT, YTO HOPMasMU30BaHHblE CTPOYHbIE CYMMbl CTENEHeEN NpUMKU-
TUBHOW MaTpuubl (1, cnegoBaTesibHO, MOMOXUTENBHOW MaTpuubl) B Npeaene AakT UCKO-
MbIl COBCTBEHHLIN BeKTOpP. MO3TOMY KpaTKMN BbIYUCAUTENbHbIA CNocob NonydyeHus paH-
HOro BEKTOPa — BO3BOAMTb MaTpULy B CTEMEHU, Kaxadas U3 KOTOpbIX npeacrasnseTr cobon
KBagpaT npeabligywen. CTpOUYHble CYMMbl BbIYUCASAKTCA U HOPManU3ylTcsa. BbluMcneHns
npekpawarwTcd, Korga pasHoCTb Mexay 3TUMKW CyMMaMKW B ABYX nocneaoBaTenbHbIX Bbl-
YNCMEHMNAX MEHbLUE 3apaHee 3a4aHHON BEMUYMHEI.

7.5. COMMACOBAHHOCTb

O6paTHOCVIMMeTpVI‘-IHbIe HeoTpuuaTenbHble MaTpnUbl MOTYT MMETb KOMMNNEKCHbIE cob6-
CTBEHHbIe 3HadeHusa. CnefoBaTeslbHO, OHM He AOMYCKAKT MNpoCcTo obwen XapaKTepunctu-
Kn. OQHaAKO MOCKO/bKY MaKCMManbHoOe CO6CTBEHHOE 3HaYeHUne NexuT Mexay Hanbonb-
Wen U HauMeHbllen m3 CTPOYHbIX CYMM, cCOrfnacoBaHHasda MaTpuua UMEET cobcTBEHHOE
3Ha4€HNE, paBHOE CyMME nwboro n3 ee cronbuos. Kak 6Yﬂ,€T NOKa3aHO, Majio€ BO3MY-
LWEeHMEe HE CUIbHO MEHSAET MaKCMManbHoe COBCTBEHHOE 3HaYeHMEe N OCTanbHble COBCTBEH-
Hbl€ 3Ha4Ye€HNA HaXoaAaTCA B OKPECTHOCTU HyNnA, Npny4eM mx cymma - AEeNCTBUTENbHOE YMNC-
no.

Bbl60p BO3MYyLLIEHNA, Haubonee COOTBETCTBYHOWLEIO OMMCaHWUKO BINAHMNA HeECOornaco-
BAQHHOCTU Ha BbIYMCNAEMbIA COBCTBEHHbLIN BEKTOP, 3aBUCUT OT NCUXONOrM4eCcKoro npo-
uecca, mMewwero Mecto npu 3anosIHEHUMM MaTpUUbl MOoMNapHbIX CpaBHEHMVI MCXOAHbIX
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DaHHbIX. [TpeanonoXuMm, 4To BCE BO3MYLUEHUSA, 3acCyXXUBaOLWME BHUMaHUA, MOIyT ( 6bITb

ceedeHbl K obwemy Buay 4 :(a)l./a)j)é‘l.j. CornacosaHHOCTb MMeeT MecTo, ecnn &; =1.

Hanpumep,
(a)l./a)j)Jral.j = (a)l./a)j) [1+(a)j/a)l.)al.j].

Tenepb NOMYYUM HEKOTOPbIE 3/IEMEHTapHbIE, OAHAKO CYLLECTBEHHbIe pe3ynbTaTthl 4Ns
COrnacoBaHHbLIX MaTpuu. HauyHeM C BblpaXXeHus

A = Z;al.j (a)j/a)l.),
=

KOTOpoe siBfisieTcsa -1 KoMnoHeHTon Aw=A_ @, n onpesenvm
1 n
p=>4,.
(1) 2
Toraa u3 Zﬁ,- =N cnepyeT, uTo U= (2max —n)/(n—l); Ao =4, W TaK Kak

i=1
Ao —1=D 4 (a)j/a)l.),

J#i

Mo == Y [a,(0,/0)+a,(ao,)],

HaxXo4AuM, 4TO

noSTOMY 1<i< j<n
Ao~ 1 1
o n_ln B n—l_ n}il ! n(n—l) K;gn[aij (wj/wi)+aji<wi/wj)] .
MoacTasnss  a; :(a)l./a)j)gl.j, &, >0, npuxoaaM K ypasHeHMIo
1
S n(n—l) 13%':91[8” +<1/8’7)j| :

3aMeTuM, 4TO npu 6'1-1- —)1, T. €. Npn AO0CTUXEHUN COrNaCoBaHHOCTHU, ,U—)O Kpome

TOro, A BblNyKna no 81-1-,

M CyMMa BbINyKbIX MYHKUWIA BbiNykna. Mo3ToMy 4 Mano WUnu BEAWKO B 3aBUCMMOCTU OT

NOCKOMbKY & +(1/8l.j) BbINYKNO (M MMeeT MUHUMYM npu &; =1)

TOoro, 6nmn3ka UM ganeka BennUYMHA 6'1-1- oT €4HNULUblI COOTBETCTBEHHO (T. e. 6An3KM Unu

Aaneku Mbl OT COTNAacoBaHHOCTK). HakoHel, ecnu HanuweMm &, =1+3J,, To npu o, > -1
nMeeM
2
— 1 52 51']
) 7140
n(n_ ) 1<i< j<n +0,;

Teopema 7.14. 1 2n.
JlokasaTtesibcTBO.

A =801 5:'/2'
n—1 B n(n—l)g;s;al"‘é‘y ,

uyto >0, Tak Kak ayZ(a)i/a)j)(1+@j), npu o; >—1.
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Teopema 7.15. lNonoxuntencHas obpaTHOCMMMETPUYHAS MaTpuua coriacoBaHa Toraa
W TONbKO TOraa, korga A, =7 .

Aokazatenbctso. Ecnn A cornacoeaHHa, To 0, =0 n A4, =#n. HaobopoT, ncnonb3ys

MOSIyYEHHbIN Bbille pe3yfbTaT, oTMedaeM, uto A =#1, 51.]. =0 npu nwb6om BbIGOpE I U

j , cneposaTenbHo, MaTpuua A - cornacoBaHHa.
TakuMm o6pa3oM, ANA AOCTUXKEHUA COrNacoBaHHOCTWU >KenaTenbHo, 4YTo6bl 4 6bINo

6NM3KO K HY/I0, UK, YTO TO Xe camoe, A . 6bino 61M3KO K CBOEN HUXHEN rpaHuue 7.

NHTEpPECHO OTMETUTb, YTO (2 —n)/(n—l) MOXHO MHTEpPNpeTUpoBaTb B TEPMUHAX CTa-

max

TUCTUYECKON cpeaHeKkBagpaTUYHOW owunbkn. [encTBuTenbHO, AOMNYCTUM, 4YTO |51.j|<1 (n,

2
cnepoBaTeNnLHO, / 1+5 ) Mano NoO CpaBHEHWIO C 51-]- ). DTO pa3yMHoe aonylweHune ans
«HECMELLEHHOro» CYXXAEHUSA, KOTOPOE OrPaHUYEHO «ECTECTBEHHOW» HanbonblUen HUXKHEN
rpaHuvuen — 1 ans 51.]. (Tak Kak a; [OMKHO BbITb Gonblie HynA) U OyAeT CTPEMUTLCA K

CMMMETPUYHON OLEHKE OKONO HYNA B MHTepBane (—1,1). Tenepb 1 —> 0 npu 51.]. —0.

YMHOXeHMe Ha 2 faéT gucnepcuio 51.].. MoaToMy 2/ U eCTb 3Ta AUCNEpPCUS.

Manble BO3MYLUEHUSA 3/1EMEHTOB MONOXUTENbHOM O6paTHOCVIMMETpVI‘-IHOl7I MaTpUUbI
BbI3bIBAOT Masjibl€ BO3MYLUEHUA B COBCTBEHHbLIX 3HAYEHUSIX OT UX UCXOAHOW BEUYMHBI.
Boobuwe roBopsi, 3TO HEBEPHO ANS NOMOXWUTENbHbIX MaTpuu. [JoKaxeM 3ToT CbaKT Aansd

A

max *
i

A —n<— Z

1<i<j<n

Teopema 7.16. MNycTb 0 = maX5 Toraa

Jloka3aTtesibcTBO OMEBUAHO.
TakuM obpa3oM, ecnm Bo3MylleHMe (MU oWwKnbKa B CYXAEHUU) Mano, U YUCAO CpaBs-

HMBAEMbIX 3/1IEMEHTOB TaKXe Mano (HanpuMep, MeHee AECsATU), TO OTKIOHeHne A, oT 7
Takxe Mano. OTMETUM BHOBb, YTO A1 TOro, 4Tobbl OCTaTbCA BO6AM3M COrNacoOBaHHOCTY,
HY>XHO, YTO6bl # 6bino Mano. Hanpumep, 0 =0,1, n=7 paer 4, —n<0,04,a 6=0,9,

n=7 paet A, —n<2,43.

gt
3amevaHume. HeoTpuuaTenbHas MaTpuua A:(al.j) c d4,;,=1na,=0 - ana octans-
HbIX I, j MMeeT BCe COBCTBEHHbLIE 3HAYEHUSI PaBHbIMM HYJIHO, HO Ta Xe caMas MaTpuua C

a 3aMeHeHHbIM Ha &, rae >0 Mano, UMeeT MaKcMManbHoe COB6CTBEHHOE 3HayeHue

nlr

1
A :8/", KOTOpOE CTPEMUTCS K eAMHULE Mpu yBenuueHun 7. MoaTtoMy, xots A 13-

ma:
MEHAETCHA HenpepbiBHO C KO3 ODUUMEHTOM &, €€ Be/IMYMHa CTaHOoBUTCA 60nbLWON gaxe
Ana maneix & (3T1oT dakT coobwmn MHe A. Jlayb n3 MaccayyceTckoro TeXHOM0rm4eckoro
MHCTUTYTA).

B [168] oTMeueHo, 4TO, NCNONb3YS CBOWNCTBO 06paTHOM CUMMMETPUYHOCTHU a; = l/a . N3

paBeHCTBa d;d, =d,, MeeM d,d,d, =1. CneposaTenbHo, cornacoBaHHOCTb Ans obpat-

HOCVIMMETpVI‘-IHOVI MaTpuubl 3HA4YUT, YTO BCE€ KOHTYPblI ATNHbLI TpU MMEKT €AUNHNYHYKO UH-
TEHCUBHOCTD.

Mpeanonaras |51]| <1 n paccmaTpuBas TpeyronbHble KOHTYpPbl, HAXOAUM
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a,a ,a, = (1+5 )(1+5jk)(1—5l.k)zl+5l.j+§jk—é‘l.k,

g
M1, NOCKONbKY ﬁ Zc‘?,j , UMeeM Z a.a,d, =n %mx.
i, j, k
. . . . o 2
ansa i# j, ]ik, i#k 3Ta cyMMa CTaHOBMWTCA paBHOW (1max—n)+n(n—1)(n—2),

-1 2
TaK KaK, noactaBnss ap 1 aqp, nMeeMm n +27l(7l—1) 4yneHoB, BeJIMHYHMNHA KOTO-

pbIX paBHa eAuHULE. prEﬂ,HFIFI Mo konuuecTsy uneHos, T. e. n(n—1)(n—2) s pesynsTa-
Te nosy4aem [n/(n—2)](lmax —n)[(n—1)+1, uto cnpaseanvso npu n>3. B no6om cay-

Yyae npeaMeToM Halero BsHMMaHumA aBnAaeTcsa pa3HOCTb ﬁmax —n.

Tenepb NPOBEPUM TUMNOTE3Y O COMAaCcOBAaHHOCTM. [MoNHasA COrnacoBaHHOCTb MOXET
6bITb ChOpMYNUpPOBaHa B BUAE HYNEBOW MMNOTE3bI:

H,:u=0,
M Mbl NPOBEPSEM €€ N0 OTHOLWEHWN K O4HOCTOPOHHEN anbTepHaTuBe

H :u>0,

CooTBeTCTBYOWan TecToBas cTaTUCTUKa byaeTt

A —n

m — max ,
n—1

roe A, — MakcuMMmanbHoe HabnogaeMoe CO6CTBEHHOE 3HAYEHMEe MaTpULbl, 3/1IEMEHTbI

KOTODOVI az’j coaepxart CﬂyanIHy}O OLIJVI6Ky. YCcTaHOBNEHNE CTaTUCTUYECKON Mepbl Aangd co-

rnacoBaHHOCTHU Tpe6yeT HaXOXAeHUsa pacrnpeneneHnus CTaTUCTUKKM m . HecMoTpa Ha To,
uto eé CI'IELI,VICIJVI‘-IeCKaFl cbopMa BbIXOAWUT 3a paMKKW MaTepuala 3TOM rnasbl, 3aMeTUM, 4YTO
m COOTBETCTBYET HEOTpUMUATEIbHOMY BEPOATHOCTHOMY pacnpeaenceHmio, ancnepcna Ko-
TOpOro €Ctb YABOEHHOE CpeaHee )_C, M npeacrasnsaeTcsa copeplleHHO aHalOormMyHbIM pac-

2
npeaeneHuo X~ , ecnu NpeanonioXuTb, UTO BCe 51], ecTb N(O 6) Ha WHTepBane (—1, 1).

Ana Hawel uenn npu HEM3BECTHOM pacnpeaeneHnm UCNosib3yeM 06 EeNPUHATOE OTHOLWE-
Hue ()T—,uo)/\/2x npu t, =0, T. e. ucnonbayem \/x/2 B Ka4YeCTBEHHOM TecTe ANns noa-

TBEPXAEHMA HYNEeBOW rMnoTesbl, Koraa TecToBas cTaTucTuka, gonyctuMm, <1. Mo3Tomy
npy X > 2. MOXHO M3MepPsITb HECOIrNacCOBaHHOCTb.

Bonee noaxoaawmnin MeTond NpPOBEPKM CTAaTUCTUKWU M 3aKNKYaeTCa B MUCMNOb3YEMOM
HaMKn cpasHeHun UNC c CH.

3aMeyaHue. 3aMeTUM, UTo ANa MaTpul A= ( y) :(a)i/a)j) nMeem

(A=W)o=(Apy—1)o,

OTKyAda BUAHO, 4YTO annpoKCMMauuns (ay) nocpeactsom (a)l./a)j) TEM nyduie, 4em bnmxe

A K H.

max

Bo3Bpawanack K npeactaBneHuo

al.j:a)l./a)jJr( /a))y,
5, =[a,(0),)-1]

HaxXo4AuM, 4TO
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TakuM 06pasoM, 3aMeHUB a; Ha a)l./a)j , NOAYUMM O, CBEAS TEM CaMbIM K HYJI0 BENUYU-

HY 2(ﬁmax—n)/(n—l). U

CnepoBaTenbHO, BCAKUA pa3, Koraa |51.j|<1, annpokcuMaums nboro a; BeMYMHOW

a)l./a)j I'IpVI6J'IVI)KaeT HaC K COrnacoBaHHOCTU (CM. TaKXe O6CY)K£I,eHl/Ie METO4a HAUMEHb-

WnX KBaapaToB, KOTopoe byaeT NpoBeLeHO NO3Xe).

Teopema 7.17. Ecnuv nonoxutenbHaa mMaTpuua A cornacoBaHHa, TO Ka)Jas CTpokKa
ABMSETCHA MNONOXNTENbHbIM KpaTHbLIM K601 3a4aHHON CTPOKM.

LokazatenbcTBo. be3 orpaHuUyeHnsa obwHoCTKM byaeM cuyuTaTb, UTO KaXpas CcTpoka

ABAETCS MONOXKUTENbHBIM MHOXUTENEM [ -/ CTPOKKU. U3 OTHOWeEHUA a lk/alj cnepy-
eT, uTo, 3adukcuposas j v nonoxus k=1,2,...,n, j-a cTpoka 6yaeT paBHa i-i CTpo-

Ke, YMHO)I(eHHOVI Ha NONOXUTENbHYIO MOCTOAHHYO (1/6111)

3ameyaHue. O4YeBNAHO, UTO ObpaTHOe yTBepXAEHWEe 3TOW TeopeMbl HeBepHO. MaTpu-
ua eqMHUYHOro paHra MOXeT U He 6bITb cornacosaHHon. Hanpumep, B Mmatpuue

I 2
2 4
3NeMeHT d,, He paBeH d,,/d,, .

TakuM o6pasoM, cornacoBaHHas MaTpuua npu a, =1 nuMeeT cneayrowmnin o6wuin BuA:

I a; /ail a;, /ail e 4y /ail ]
a; /aiz a; /aiz v Ay, /aiz
ail /ain aiZ /al’n tt al’n /al’n a

Tak Kak MaTpuua A :(a)i/a)j) nMMeeT Bna TpaHCHOHMpOBaHHOVI no OTHOWEHUIO K NpuU-

BEAEHHOW MaTpuue, OHa cornacoBaHHa.

Teopema 7.18. Ecnin 4 - nonoxuTenbHas U cornacoBaHHas matpuua, To d, =1 u

a; = l/aﬂ .

HokazaTtenscTso. N3 onpeaeneHuns cneayet, 4To a; =d,d, W, cneaosaTenbHo, d, =1

Ans Bcex i.Takxe W3 4, =d,d, cneayeT,, uTo 4, = al.l./aﬂ = l/aﬂ :

Teopema 7.19. lMonoxutenbHas Matpuyua A cornacoBaHHa B TOM W TOMbKO B TOM
cnyyae, €CfiM OHa eAMHUYHOrO paHra U 31eMeHTbl €€ rnaBHoOM guaroHanu pasHbl e4UHN-

ue.
Jokazatenbctso. Ecnn A cornacoBaHHa, To a; =1. Takxe

a, = alj/all. = (l/al.l)a1
M -7 CTpoka ecTb nmepsas cTpoka, yMHoxenHas Ha (1/a, ), u, cneposaTensHo, panr 4

paBeH eauHuUe. HaobopoT, ecnun paHr A paBeH eauHuue UM a, =1 ana Bcex i, TO Kax-
[asa CTpoKa ABNAETCS KpaTHOM NepBOM CTpoOKe, T. €.

a, =¢a;, dy =Cay, Ay =G4y, d; =C;d,;,

ik Vi

aya, =cc,a,a, =cca(a,/c)=ca,a,=a,a,=a,,
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n Matpuua A cornacoBaHHa.
Mepenaem K UNAKCTpaLUM NMOHATUA COrNacoBaHHOCTU Ha A3bike Teopun rpados.
OnpepneneHune 7.3. VHTEHCUBHOCTb CY>XXAEHWUIN, OTHOCALWIMXCA K NyNb U3 i B J (Ha-

3blBaeMas WMHTEHCUMBHOCTbKO NYTW), paBHa Npou3BeAeHUID WHTEHCUBHOCTEW, COOTBETCT-
BYIOWWX AyraM 3TOro nyTu.

Cnepyrowas teopeMa BHOCUT SICHOCTb OTHOCUTENBHO CBSI3U, CYLLECTBYKOLWEN MeXAy
WHTEHCUBHOCTSMU NyTEM N COrnacoBaHHOCTbK. HanoMHMM, 4TO nNepekpbiBalolLlee AEPEBO
c n BepwuHaMu nMeetr n—1 pebep. OHO ABNSAETCS CBA3HbLIM rpadoM, BKAKYAKOWNUM BCE
BEPLWUHbI U HE UMEIOLLMM KOHTYPOB. M03TOMY UMEEeTCs eAUHCTBEHHbIA MYyTb MexAay Nnboi
napon BepLUuH.

Teopema 7.20. HeobxoaMMbIM WU AOCTAaTOYHbLIM YCNOBUEM CYLWECTBOBaHUS €AUHCT-
BEHHOWM MONOXWUTENbHOW COrnacoBaHHOW MaTpuubl ABNSETCA TO, 4YTO 06beKkThl (Kak Bep-
WKHbI) N coeguHALWME X CyxaeHns (Kak ayrun) ¢dopMUpYIOT NepekpbiBarLllee AepeBo.

LokazarenbcrtBo. Heobxoaumocts. Ecnn obbeKkTbl GOPMUPYIOT KOHTYP, TO MMEETCA He
€AWHCTBEHHbIN NYyTb MEXAY ABYMS BeEpLUMHAMU B KOHTYPE, YTO AaeT ABa pa3fIMYHbIX 3Ha-
YyeHus AN OAHOro W TOro e 3aneMeHta. Bce 06bekTbl A0/MKHbI 06pa3oBbiBaTb AEPEBO,
MHa4ye CyXAeHUs ANsa CBA3blBaHUS U30NNPOBaHHbIX 06bekTOB 6binM 6bl NPOU3BOIbHLIMU,
4TO Hapywmno 6bl eAUHCTBEHHOCTb MAaTpULbI.

docraroyHocTh. OQNA Kax[on Ayru nepekpbiBalouwero gepeea Mbl UCMNOMb3yeM UHTEH-
CUBHOCTb BAONb €AWUHCTBEHHOrO NYyTU ANS NOMYy4YeHUA MHTEHCUBHOCTeW Mexay obbekTaMu

i u j.2To onpeaenseTt Matpuuy A= ( ,I)
[Ona nokasaTenbCTBa COrlacoBaHHOCTU MaTpuubl A paccMOTpuM o6y CTPOKY, Ha-
npumep i-t0. Ans no6oi napbl BEPWUH j U k HYXHO nokasaTb, YTO @, , onpejeneHHas

npounseegeHeM Ayr Ha nNyTH jl\ AaHa Benu4YnHOMn am/a roe da, W GU- — COOTBETCT-

U r
BYlOWME NPOM3BEAEHWUIA UHTEHCUBHOCTEN AYr Ha NyTsSX, COeAVHAWMX I ¢ Kk u i c j.
PaccmoTpuM geBa cnydas:

1. i nexuT Ha Nyt Mexay j 1 k. B 3ToMm cnyvae a; ik }A/ay ;

2. [ He nexwuT Mexay j u k, Torpa:

a) i, J u k o6pasyloT nyTb; B 3TOM Cry4yae NyTb, ONpeaensioumi a, , BaeTtca senun-
YMHOW am/a,}., ecnv j HaxoauTcs mexay I v k u obpaTHol BENUUUHOM a{.f./a“_ , T. e,
a,.ﬁ_/ag. , ecnn k HaxoauTcs Mexay § M j, Tak Kak nyTb AOJIKEH MPOXoAWUTb OT j K Kk, a
HeoT k K J;

6) i, j n k obpasyoT BuAKy B m (cMm. puc. 7.1). Toraa

ay =4a,d _,H' n{ :R/ar;'

Jjk im mk

S o
i "N

Puc. 7.1

= ajmam:'ahnamﬁ

k k-1
Teopema 7.21. Echn A - cornacoBaHHas MaTpuua, 70 4 =n" A,
LlokazarenbcTBo. N3 Teopembl CunbBecTpa MMeeM

[1(4-21)

(OO e

j?‘{
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DTa ¢dopMyna chnpaBeanuea U ana cnydas f(A):Ak (ana KpaTHbIX COBCTBEHHbIX
3HAUYEHUiM), Koraa KpaTHoe COBCTBEHHOE 3HaueHMe paBHO Hyw. lNoacTaBnaa cHadvana
f(A) = A, a 3aTeMm f(A) = A", B 06oux cnyvasx npu 4, =7, A;=0, j#1, nonyyaem

An—l _ nn—ZA, Ak _ nk—n—lAn—l
cooTBeTcTBeHHO. MoactaHoBka A" U3 nepsoro pesynbTtata Bo BTOpOit aaet A =n""'4.

Teopema 7.22. Jliobon ctonbeu maTpuubl A:(a)l./a)j) ABNSAETCA peLeHneM 3ajaduu

0 CO6CTBEHHOM 3HaYeHUn Aw =nw, a):(a)l,...,a)n).
Loka3zaresibCcTBo. Tak Kak nobon ctonbey MaTpuubl nmeer BUA
T
[a)l/a)j,a)z/a)j,...,a)n/a)j} , TO OH fBMS€TCA NpPOCTO KpaTHbIM @ W, CrepoBaTesibHO,

peweHneM 3agadu.
M3 nocnegHem TEOPEMbI NOoNy4aeTcsqa npegblayan TeopeMa, TakK KakK €C/un 0603HauYnNTb

ctonbubl A uepes (al,az,...,an),To A-A:(al,az,...,a ):(nal,naz,...,nan):nA.

TeopeMma 7.23. Jliwbasa cTpoka MaTpuubl A:(a)l./a)j) €CTb peleHWe 3ajadu

vA=nv.

ZoKka3aTesibCTBO 04EBULHO.

Cneacreue. KOMMOHEHTLI NPaBoro U nNeBoro cO6CTBEHHbIX BEKTOPOB, @ U U, ABAA-
TCA 06paTHLIMMU BEMYMHAMM C TOYHOCTLK A0 MOCTOSAHHOrO MHOXUTens. (byaem Ha3sbl-
BaTb UX ABOUCTBEHHbLIMY BEKTOPAMMU.)

T o
OnpeaenuM HopMy MaTpuubl A Kak HAH:e Ae (T.e. oHa sBNSIETCA CYMMON BcCex

aneMeHToB A).

Kak M3BECTHO, AN NPUMUTUBHON MaTpuubl A
k

. e
kl_)rglo HAkH =CWpy
roe ¢ — MNoCTOsiHHasA, @, — HOPMalM30BaHHbLIM FNaBHbIM COBCTBEHHbIN BekTop A .

Cnepywuwan TeopeMa ABMAAETCA YNPOLWEHHOW BEpCUE ITOM TeopeMbl 4S8 COrnacoBaHHbIX
MaTpuL,.

Teopema 7.24. Ecin A nonoxuTenbHasi cornacoBaHHas (an)-Manmua, TO

Ae=Cw, roe C >0 nocTosiHHaa U @ yAOBNETBOPSAET PaBEHCTBY Aw =nw.

JokazaTtenbcTeo. Bektop Ae saBnsetTca cyMMol cTpok A W, o4eBUAHO, MOCTOSHHbIM
MHOXUTeneMm nwboro cronbua. Mo3TOMy OH ABMSETCA pelleHMeM 3aAayn 0 CO6CTBEHHOM
3HAYEHUN.

Zlpyroii BapuaHT A0Ka3aTesibCTBa. Jlerko nokasaTtb, UTo A WMeeT eAUHUYHbIN paHr
T
TorAa W TONbKO TOTAa, KOrda CyLeCcTBYHOT BEKTOPbl X UV, Takue, uto A=Xxy . OTclo4a
Aa):(y,a))x:na), (y,a)):yla)1+...+yna)n,
W, cnefoBaTenbHo,

Aa):(y,e)x:(y,e)ﬁECa)_

Cneactsue 1. Ecnu A :(a)l./a)j), 10 Co, = o, Zn:a)l. _
i=1

Cneacreue 2.
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k k-1
A'e n Ae Ae C( ) €0
= = =Clw,...,0 >
T 4k k-1.T T 1° b .
e Ae n"e de e Ae nrt
Crneaytolias TeopeMa MokasbIBaeT, YTO B CAyYae COrnacoBaHHbIX MaTpuUL, KOMMNOHEHTbI
COBCTBEHHOMO BEKTOPA U3MEHSIOTCS MOHOTOHHO C U3MEHEHUSMU OTAENbHBIX 3/EMEHTOB.

Teopema 7.25. (TeopeMa O MOHOTOHHOCTHU.) [lycCTb A:(%) — MONoXUTeNbHas

cornacoeaHHasa MaTpuula C rmaBHbIM CO6CTBEHHbLIM BEKTOPOM 0):(0)1, vees a)n). 3aMeHunM

OAWH 3N1eMeHT 4. Ha ad +&>0 1, UCNONb3yAa CTPOKY X, MOCTPOMM HOBYIK COlrlacoBaH-
xy Xy

n

* * * * *
Hyto MaTpuuy A4 :<al.j). Mycte @ :<a)1, veny D ) — rNaBHbIN COBCTBEHHLIN BEKTOP MaT-
* *
puubl 4 . Torga @, > o, .

* o ~r
HokazatenbctBo. Tak kak U A n A cornacoBaHHbl, 1060 HOPManM30BaHHbLIN CTON-
b6ey gaeT rnaeBHbI COBCTBEHHBLIN BekTop. PaccMoTpuMm ctonbeu, coaepxalini l/axy B

- - *
MaTpuue A, U COOTBETCTBYIOLWMUN cTonbel, coaepxallmii 1/(axy +6‘) B MaTpuue A . [Ba
cTonbua MAEHTUYHbI 338 UCK/IIDYEHUEM 3TOr0 eAUHCTBEHHOrO 31eMeHTa. CyMMa 3/1EMEHTOB

X
cTon6ua B A MeHblue, YeM CyMMa 3/IEMEHTOB cToNb6ua B A . N03TOMY, HOpManusya AaH-
HbI cTon6el, nonydaeMm 60nblLIEE OTHOLWEHNE ANA BCEX TEX I/IEMEHTOB, KOTOpPblE HE Me-

* *

HAKTCA B 06enx MaTtpuuax. B yacTHOCTK, 3TO BEPHO ANg ., NO3TOMY @, > @, .

B nanbHenweM o606WKMM 3Ty TeopeMy Ha o06paTHOCMMMETpPUYHbIE MaTpULUbl Nopsaaka
2,3 n4.

Teopema 7.26. Ecnin A - nonoxutenbHas cornacosaHHas MaTpuua u A’ nonyyeHa
3 A BblUEpKMBaHWEM - CTPOKWU WU i -ro cTonbua, To A — cornacosaHHa U ee cOOTBET-

CTBYHOLWMI COBCTBEHHbIVM BeKTOp nonydaetca us A4, ecnu nonoxuts @, =0 n HopManuso-

BaTb KOMMOHEHTHI.
HokazatenbcTBo. Onsa nmoboli 3ajaHHON CTpokM A, Hanpumep ANA NepBoi, UMEEM

a, :all./alj M i-a ctpoka A 3aBUCUT OT 37eMeHTa i-ro ctonbua B ero nepeoi CTPOKe.
AHanornyHoe cnefyet us a, :alk/alj. Mo3ToMy HM OAWH 3nemeHT B A He 3aBUCUT OT

i-1 cTpoku unu i-ro ctonbua A u, cneposatenbHo, A’ Takxe cornacosaHHa. Tak Kak
NX 3/IEMEHTbI COBMNAAaloT 3@ UCKIOYEHMEM [ - CTPOKKU U i-ro cTtonbua A M pewleHue 3a-
Aaunu O COBCTBEHHOM 3HAYEHMW MpPWU COrTacoBaHHOM MaTpuue nonydyaetrca w3 nwboro
HOpPManM30BaHHOro ctonbua, NonyYyaeM yTBEPXAEHUE TEOPEMBI.

3ameyaHue. B obweM cnydae, ecnu AZ(al.j) - MaTpuua napHbIX CpaBHEHWW, a

A'Z(dl;.) npu a;=a,, i,j=1...,n, i#zk, j#zk v a;=0, i=k wwm j=k, n ecnu
~ !/ !/ !

HOPMasin30BaHHble COBCTBEHHbIE BeKTOpbl ypaBHeHun Ao =4 o n Ao’ =4 o - co-

oTBeTCTBEHHO @ U @', To @; =0, opHako @, /@, # @, [w, ans Bcex a w f. Apyrmu

CNnoBaMn, UCKKDYEHMNE OAHOM CTPOKHN N3 MaTpuLbl NapHbIX CpaBHeHVIVI HE€ Bbl3blBa€T MNMpo-
nOopUMOHAaNbHOIO nepepacnpeaeneHna secos cpean Apyrux CTpok.

Cneaytouias TeopeMa nokasblBaeT, YTO OTHOLLIEHWS NopsiAika Mexay OTAENbHbIMU d; U
a)l./a)j ZOBOJIbHO C/IOXHbIM 06pa30M 3aBUCAT OT BCeEM MaTpuubl 4 1 ee cTeneHe.
Teopema 7.27. Ans NpMMUTUBHON MaTpuubl 4 MMEEM, 4TO a; 2 d,,, Toraa U ToNbkKo

Toraa, Koraa a)l./a)j > @, [o,, npn ycnosuu, uto
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Zal.p (A'”e) Zakq (A'”e)
lim £ > lim £

ST )

p q

J
(( . )p — 03HaYaeT P -0 KOMMOHEHTY BeKTopa).

[oka3aTenbcTBo. N3 paBeHCTBa

n
Zal.ja)j = Ao,
=1
nMeem
a, =200, ~(/0,)> a,0,
p*J
"

ay = ﬁ“a)k/a)z _<1/wl)zakqwq .

q#l

MoaToMy @, 2 a;, TONbKO Npw

ﬂ> ﬁ“a)k

= +<1/a)j)zaipwp _<1/a)l)zakqwq .
a)j 2 p*j g#l
C}'IELI.OBaTe}'IbHO, TEeopEeMa BEepHa, €C/iM UMeeT MeCTO cneayrlulee HepaBEeHCTBO:
(l/wj)zaipwp 2 (1/‘01)2%‘%
p*J q#l

Mcnonb3ysa TeopeMy o Npeaene 4ns NnpuMUTUBHOM MaTpuubl, 3aMEHUM Kaxablii @, Ha

i ).

YTO 3aBepLUAET AOKa3aTENbCTBO.
Tenepb 06paTMMca K BaXXHOMy 0606LeHUNI0 Npeablaywmx pesynbTaTtoB. byaem cuu-

TaTb, YTO HalW pa3yM paboTaeT pakTUYECKU C NOMAPHbIMK CPAaBHEHWUAMUW, OAHaKO d; SB-
NAKTCA He oueHKaMu a)l./a)j , @ HEKOTOpPON yHKUMEN — al.j(a)l./a)j). Hanpumep, no Ha-

bniogeHnam CtmueeHca (cM. [22]) a;, OCO3HaBaeMbI AN NPOTETUYECKUX ABNEHUK (Npo-

l'jl
a
LeccoB Aob6aBneHUa BO3OYXKAEHMA K BO3OYXAEHUIO), MPUHUMAET BUA (a)l/a)j) , rae a

nexwuT rae-to mexay 0,3 (B cny4vyae OUEHKW rPpOMKOCTU) U 4 (B CNy4vae OUEHKW 3N1eKTpU-
yeckoro yaapa). ApyrumMu cnydyaammn aensaoTcsa: apkocte — ot 0,33 pgo 0,50, gnvHa - 1,1,
NMPOAO/IKUTENBHOCT BO BpeMeHM - 1,15, yncneHHoctb — 1,34, TaxecTtb — 1,45 1 CKoO-
poctb — 1,77. Anga MeTaTeTUYECKUX SABJIEHUA (NPOLECCOB 3aMelleHUs BO3byXAeHUS BO3-
by>xxaeHnem), no MHeHun CTUBEHCA, CTEMEHHOM 3aKOH HEMPUMEHUM, T. €. AN NpoLeccoB
MbllWNeHua a=1.

2T HabnwgeHus O6YC}'IOB}'IVIBa}OT MHTEPEC K U3YYEHUIO obwero peweHns gl.(a)l.),

i=1,...,n; 3ag0aum o cobCTBEHHOM 3HA4YeHUN, rae npeanonaraeTcs ycnoBme cornacoBaH-
HOCTW BUAaA

fay) f(an)=flaw),
ONS KOTOPOro MaTpuua TakXe MMeeT eAMHWUYHbLIA paHr. Haw OCHOBHOI pe3ynbTaT — cne-
OYOLWNA.
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Teopema 7.28. (CteneHHOW 3aKOH CO6CTBEHHOro 3HaudeHus.) Ecnu maTpuua
A:[aij (a)l/a)j)] nopsgka n yaosneTsopseT 0606WEHHOMY YCNOBUIO COrlacoBaHHOCTH,

TO 3aga4va 0 cO6CTBEHHOM 3HAYEHUNU

n
Zal.j(a)l./a)j)qj(a)j):nql.(a)l.), i=1,...,n,
j=l1
MMEeT pelleHue B BUAE COBCTBEHHOMO BEKTOPA
a a _
(a)l ,...,a)n):[ql(a)l),...,qn(a)n)].
[okasaTtenbcTBo. BbipaxeHve a (a)l./a)j) =g0,[g,0, “MeeT MecTo Npu peleHUn

gl.(a)l.), i=1,...,n, 3apa41 0 cobBCTBEHHOM 3HaudyeHun. Ecnv noacTaBuUM ero B ycnosue
COrflacoBaHHOCTU, TO MOJYUUM

f[gi(a)l.)/gj(a)j)]f[gj(a)j)/gk (a)k)]:f{[gi(a)l.)/gk(a)k)] [gj(a)j)/gk(a)k)]},
Unn, ecnn  MONoOXuM x:gl.(a)l.)/gj(a)j), y:gj(a)j)/gk(a)k), TO  MONYYUM
f(x)f(y):f(xy). 2T0 QYHKUMOHaNbHOE YpaBHEHWE uWMeeT ofblee peleHue
f(x)=x",

Takum obpa3oM, ob6obLias ycrnoBue cornacoBaHHocTu ana A, HaxoauM, yTo oboblie-
HWE COOTBETCTBYIOLLEN 33J4a4yum O COBCTBEHHOM 3HayeHuu (¢ A, =1 ) BO3MOXHO, ecnu

3aME€HUM aij Ha MNOCTOAHHYID CTeneHb a ero apryMmeHta. OAgHakKO Mbl 3HaeM, 4TO

a
a, = a)l./a)j npn a =1, nosToMy, Boo6uie roeops, a; :<a)l./a)j) , U3 Yero cneayeT, uto

a
gl.(a)i)/gJ.(a)j):(a)l./a)j) L j=1...,n,
Te glo)=0'=g(®), i=1..n.

DTa TeopeMa NoKasblBaeT, YTO pelleHMe 3ad4ays O COBCTBEHHOM 3HaYeHUM, yaoBre-
TBOpAIOLLEN YCNOBUIO COTNacoBaHHOCTM, AaeT OLEHKM B CTENeHHO Wkane. B Tex npuno-
KEHWAX, rae ANS MONYYEHWUs AaHHBIX UCMOMb3yeTCs 3HaHMe, a He HaluW OLLyLIEHUs, cre-
AyeT 0XuAaTb paBeHCTBA CTeNeHW eAMHULE, M, CreoBaTenbHO, 34ech Mbl BydeM WMeTb
OLEHKY B OCHOBHOM LWkane. To HabNAEHME MOXET GbiTb MOME3HbIM B COLMANLHBIX NpU-
NOXEHMSX.

3ameyanme. OTMETUM, UYTO pa3fMuHbie MaTPWLbI MOMapHbIX CPaBHEHWIT MOTYT AaBaThb
OAMH U TOT e COBCTBEHHbI BEKTOP. DTO AOBOMLHO yAauyHOEe OBCTOATENLCTBO, Tak Kak
NO3BONSET 3aMEHATL NPU3HAKM M BCE Xe MOyYaTb TOT Xe CaMblil COBCTBEHHDII BEKTOP B
kayecTse OTBeTa. [03TOMY MOXHO MOMYYMTb OAMH M TOT Xe pesynbTaT C pasfnyHbIX To-
YeK 3peHus U BbIBpaTb Te MaTpULbl, KOTOPbIE Mbl NpeanounTaeM. C ApYroi CTOPOHbI, MUP
MO3HaHWUS MOXET 6biTh CBEAEH K MarioMy MHOXECTBY MPU3HAKOB C UKCUPOBAHHLIMU 3Ha-
YEHUSIMU OTHOCUTENBHOI WKasbl. OTHOLWEHNS N UX MHTEHCUBHOCTb GYAYT AETEPMUHUCTM-
YECKMMW, U UHAMBUAYyaNbHOE NPeAnoyTeHWe He ByAeT CylecTBeHHbIM. KOHEUYHO, 3TO He
npuBeAeT Kk KOHMAMKTY. OAHaKO pasHoobpasne C KOH(AMKTOM Goraye AETEepMUHU3MA.

34eCb BO3HWKAET TeXHUYECKWIA BOMPOC: NPU 3aaHHOM COBCTBEHHOM BEKTOpe W BCeX
MaTpuLax, U3 KOTOPbIX OH MOfyUYeH, MOXHO N1 NepeiTh OT OfHOW U3 HUX Ha Mbyio Apy-
ryto, MPOMU3BOAA Mafble BO3MYLLEHWA B 3MeMeHTax? B YaCTHOCTM, BO3MOXEH fM Mepexos
M3 MaTpULbl OTHOLWEHMI K N06GOI APYroi MaTpuLLe ManbiMW BO3MYLLEHNAMN?

[lpyruM BOMPOCOM GyAeT: MpU pacCMOTPEHWM ABYX COBCTBEHHBLIX BEKTOPOB, ABMSIO-
LUMXCS ManbiMU BO3MYLLEHUSMU KaX/Aoro, CYLIECTBYIOT /M Mafble BO3MYLIEHNs, KOTOpbIE
NepeBoAsT OANH KNacC COOTBETCTBYIOWMX MaTpULL B ApYroii?
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7.6. OBPATHOCNMMETPUYHbBIE MATPULbI

Tenepb uccnenyeM HEKOTOpPble CBOMCTBa MNONOXUTENbHbLIX, 06paTHOCUMMETPUYHBIX
mMaTpuy,.

TeopeMa 7.29. Cob6CTBEHHble 3Ha4YeHUs MNONOXUTENbHOW 06paTHO-CUMMMETPUYHON
MaTpuUbl YA0BNETBOPAKT CNeayoLwWeMy YpaBHEHUIO:

D A4 =0,
Iy
J*k
[fokazatenbcTBo. Mbl 3HaeM, uto A +...+ 4 = tr(A) =1 WA+ A= tr(Az) =n’,

2 2
Tak kak A, - co6CTBEHHOE 3HaueHune A~ . Mo3ToMy

n
2 2 2
n=(A+..+4,) =D A +D A,
i=1 Jik
Jj7k
U3 Hero cneayeT, 4To BTOpoe ClaraeMoe cripasa paBHO HYJIHO.

Teopema 7.30. lNycTb A:(al.j) ecTb (nxn) -MaTpuLua NONOXUTENbHbLIX 3/IEMEHTOB C

-1
a,=a; . A cornacosaHHa Tora v ToNbKO TorAa, koraa A, =7.

LokazatenbcTBo. I3 ypaBHEHUS

n
_ -1
A= E a,m,,
j=1

nony4vyaem

n
. -1 -1 -1
nA—n= E a,0,.0; = E (al.ja)ja)l. + 0,0, /al.j)_

i,j=l 1€i<j<n
=y

OueBMAHO, YTO U3 paBeHCTBa a; = a)l./a)j , nonyuum A =n, a Takxke A, =n, Tak KaK
CyMMa cO6CTBEHHbIX 3HAUEHUI paBHa #, cneay MaTpuubl A .
YT0ob6bl AOKa3aTb o6paTHOE yTBEPXAEHME, 3aMETUM, UTO MpeablayLee BbIpaXeHUE CO-

-1 -1
AEPXKUT TONbKO ABa 4/ieHa, BKAKYarwnWwmx a da MUMEHHO, al.ja)ja)l. n a)l.a)j /al.j . Ux CyMMa

l'j !
NMeET BUA y+(1/y). YTobbl Y6€AMTbCS B TOM, YTO X - MUHUMaNbHOE 3HayeHue A,
AOCTUraeMoe eANHCTBEHHbLIM 06pa3oM Npu a; = a)l./a)j , OTMETUM, UYTO ANA BCEX 3TUX Yfle-
HOB y+(1/y)22. PaBeHCTBO AO0CTMraeTca TOMbKO B npeanofoxeHun y=1, T.e.

a, = a)l./a)j . MoaTomy, korga A, =71, uMeeM

n
nz—n222:n2—n

i,j=1
ij

oTKyAa cneayert, uto a; =, /@, .
Ecnn A HecornacoBaHHa, TO MOXHO OXMWAATb, YTO B HEKOTOPLIX C/lyYasX U3 HepaBeH-
CTBa a; = a; He cnepyet a)l./a)j Za)k/a), . OfHako, nockonbky @,, i=1,...,n, onpeaens-

IOTCS 3HAYEHMAMU CTPOKK MaTpuubl 4, cneayeT oXuaaTb, YTO ClpaBeAnnBa cneayouas
TeopemMa.
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Teopema 7.31. (CoxpaHeHue NOpsAAKOBOM COracoBaHHOCTU.) Ecnu (01,...,0n)

- nopsiakoBasi wkana obvekto i=C,...,C

n

, TA€ W3 0,20, CnepyeTt, yto a, =4,
j=1...,n,T0 M3 0, 20, cneayeT, yTo W, = W, .

JokazatenbcTso. encTButensHo, us Aw =4, @ vMeeM, 4yto
n n
A O = Zal.ja)j > Zakja)j = A0,
j=1 j=1

M No3TOMYy @, 2 @, .
Teopema 7.32. Jliwbasa nonoxutenbHas obpaTHOCMMMETpUYHaa MaTpuua nopsaka

2x?2 cornacoBaHHa.
LoKka3aTesibCcTBO OUEBUAHO.
Teopema 7.33. KOMMOHEHTbI HOPMasIM30BAHHOIO JIEBOro COBCTBEHHOro BekTOpa 06-

paTHOCMMMETquHOVI MONOXUTENbHOM MaTpUUbl nNopsaaKa 3x3 aBnswTCcs O6paTHbIMVI BE-
IMN4YNHaMM1 KOMMNOHEHT NpaBoro COB6CTBEHHOIO BEKTOPpa.
Joka3zaTenbcTeo Tpe6yeT MCNONb30BaHUA CneayrLwero paBeHCTBa B BblpaXeHUAX OnA

@ n UL, NpyuBeadeHHbIX B 1. 5 Ana AMHaMUYECKUX NMPUOPUTETOB NpU 71 :3:
3 az +a2 az
—(1-2) =—2—2213(1-1),
a,,a,3a;;

HOpMaﬂVI3OBaHHoe o6paTHoe OTHOWEHNE MeXay KOMMOHEeHTaMKU neBoro U npasoro
coBCcTBEHHBIX BEKTOPOB HE€ BbINOJAHAETCA AN n:4, KakK BUOHO U3 CneayrLwero KOHTp-
npuMepa
1 1/2 1/100 2]

2 1 1/3 10
100 3 1 6 |’
/2 1/10 1/6 1|
Awar =5.73; @=(0,031;0,142;0,793;0,034) ; v =(0,506;0,075;0,020;0,399). 06-
paTHbIM BEKTOP K HOpManu3oBaHHOMY @ 6yaeTt
(0,461;0,102; 0,108; 0,419)

CnenoBaTenbHo, n =4 ecTb NepBbli CNy4Yai, rae pelweHne 3aBUCUT OT COrNlacoBaHHO-
CTM HabnwaeHUn U UX 0B60CHOBAHHOCTM, @ HE OT CTPYKTYpbl MaTpuubl NapHbIX CpaBHe-
HUI. (MMetoTcss KoHTpnpuMepbl ans n=>5,6,7.)

Bo3HMKAET UCKYLUEHWE NPEeAnosioXMTb, YTO CBOMCTBO 06paTHOM CUMMETPUYHOCTU Me-
XY KOMMOHEHTaMW FMaBHOMO IEBOIO W MPaBoOro COBCTBEHHbIX BEKTOPOB ANns 7 =>4 umeer
MECTO Torga M TONbKO TorAaa, Korga MaTpuua CorjlacoBaHHa.

Ha6nrwpeHune A>xoHcoHa—-BaHra-beunHa

J>XOHCOH, BaHr v benH B [71] 3aMeTUN, YTO TaK KaK fieBbl N NpaBbli COBCTBEHHbIE
BEKTOPbl He SABNSAKTCA 06paTHbIMM BenuuuHamun ana n=>4, ana peweHus psaga 3ajad
MOXHO BOCMO/b30BaTbCA KaK feBbIM, Tak M NpaBblM COBCTBEHHbIM BEKTOPOM. DTO Habnwo-
AeHWe npeacTaBnsaeT nHTepec n ¢ GUNoCoPCKON N ¢ MaTeMaTUUYECKON Todek 3peHus. lMo-
BMAWMOMY, ONS HaWero CO3HaHWS He CcylwecTByeT €AMHCTBEHHOro NyTW CUHTe3a cobCT-
BEHHbIX Mep AOMUHUPOBaAHUSA N AHTUAOMUHUPOBAHWUA, UM PELECCUBHOCTM ANA noayde-
HUS €AVHOW MHTepnpeTaunm peanbHOCTU. XOTS U BO3MOXHO CO34aHME UTEPATUBHbBIX CXEM
Ans obbeanHeHUa U NeBOro M NpaBoro CO6CTBEHHLIX BEKTOPOB B OAHY Mepy, Takasa Mmepa
HY>XX4aeTCs B NPOCTON €CTECTBEHHOW MHTepnpeTaumn.
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B pamMkax MAW ana BKAKYEHMS ABYX MPOTUBOMOJSIOXHbBIX KOHLUEMNUWIA WUCNONb30BaH
aHann3 «3dPeKTUBHOCTb — CTOMMOCTL>». ITO NpeacTaBnseTcs 3 dPeKTUBHbIM NyTEM pac-
CMOTPEHUNA ABYX CTOPOH YEN0OBEUYECKOro OnbITa.

7.7. HYBCTBUTEJIbHOCTb COBCTBEHHOIO BEKTOPA

YacTo BO3HMKAET BOMPOC, HACKONbKO YYBCTBUTENbHbI MPUOPUTETLI, 3alaBaEMble KOM-
NOHEHTaMn COBCTBEHHOrO BEKTOpa, K HEBGONbLIMM U3MEHEHUAM B BEMYMHAX CYXAEHUN.
XenatenbHo, YTO6bl NPUOPUTETHLI HE KONebanuch B LUMPOKMUX Npeaenax npu Manbix usMe-
HEHUAX B CcyXAeHuU. CyLLecTBYT TpuM crnocoba nNpoBepKU 3TON UYYBCTBUTEbHOCTMW:
1) HaxoxAeHne MaTeMaTUYECKON OUEeHKM konebaHusa, 2) nonyyeHue OTBETOB, OCHOBaH-
HbIX Ha 6O0JIbLIOM YUCNE KOMMbIOTEPHbLIX BbIYUCIEHUN, NMOCTPOEHHbLIX COOTBETCTBYHOLLUM
06pas3oM ANA NPoBEPKU YYBCTBUTENBHOCTU, 3) KOMBUHaUUS Npeablaywmx ABYX Crnoco6oB,
0COBEHHO MpPU HEBO3MOXHOCTU NPOBEAEHUSA MOSIHOW apryMeHTaumMmn aHanuMTUUYECKN.,

Kak yxe ykasaHo, B C/lyyae cornacosaHue A, paBHO cfiely MaTpuubl, KOTOPbIN

npeactaBnsieT cobon CyMMy eAWMHWYHbIX 3NeMeHTOB. Mpu 3TOM cneayeT oxuaaTb, 4TO
COB6CTBEHHbIN BEKTOP, COOTBETCTBYOLWMNIA BO3MYLLEHHON MaTpULE, U3SMEHUTCS Ha BETUUK-
HYy, 06paTHO-NPONOPLUMOHaNbHYO pasMepy MaTpuLbl.

Co6CTBEHHbIE 3HAUYEHUS MaTpULUbl nexaT Mexay ee HanbonbWWMU U HaUMEHbLUMMUK
CTPOYHBLIMM CYMMaMW 3/1eMeHTOB. MI3MeHeHMe BENMYUNHbLI 3N1IEMEHTA B MaTpULE BUAET Ha

COOTBETCTBYIOLLYIK CTPOUYHYH CYMMY U OBYCMOBAMBAET TEHAEHUMIO U3MeHeHua A,  Ha

Takyr Xe BenndnmHy. O4HaKo MNOCKOJSIbKY Ha M3MeHeHue cobcTBEHHOIO BEKTOPa TaKXe
BAUAET N pa3Mep MaTpuulbl, MOXHO OXMAaTb, YTO 4eEM 6onble MaTpulua, TEM MEHbLLIMM
6Yﬂ.€T M3MEHEHNE KaXXA0WN KOMMOHEHTHI.

HauyHeM aHanu3 3Toi npobnembl, paccMOTpeB MaTpuuy A C XapakKTepUCTUYECKUM
ypaBHeHuneMm (cM. [185])

det(A—AI)=2"+a A" +...+a,=0.

MNyctb Tenepb A+&B - MaTpuua, NonyyeHHas BBEAEHWMEM Masioro BO3MyLlEHUs B A .
COOTBETCTBYHOLLEE XapaKTEPUCTUUYECKOE YPaBHEHWE UMEET BUJ

det(A+eB—Al)=A"+a (e)A"" +...+a,(e)=0

7
rae a, (6‘) — NMOJIMHOM CTEMNEHMU (n—k) 0T &, TakoW, 4To ak(a)—>ak npn ¢ =>0.

Myctb A, - MakcuMManbHoe npocTtoe coBCTBEHHOE 3HauyeHue, COOTBETCTBYlOLEe Xa-

paKTEPUCTUYECKOMY YypaBHeHUI A . YUNKMHCOH B [185] Aokasan, uTto AnA Manoro &

nMeeTca cobCTBEHHOE 3HaudeHue MaTpuubl A+ B, KOTOpoe MOXET 6biTh BbIpaXXeHo Kak
CYMMa CXoAsLLEerocs CTeneHHoro psaaa, T. €.

Ale)=A+ke+hke +...
MycTb @, - COBCTBEHHbIN BEKTOp A, COOTBETCTBYLOWMIA A U 0)1(6‘) cob6CTBEHHbIN
BekTOp A+ &B, COOTBETCTBYOLWNIA /11(8) 2neMeHThl 0)1(6‘) - MNOJINHOMbI OT /1(8) ne,

M Tak kak cTeneHHoi psa Ans A (&) cxopntcs npu ManoM &, kaxablit anemeHT @, (&)
MOXeT 6bITb NPeACTaB/EH Kak CXOAALLMIACS CTEMEHHON psa oT € . MOXHO HanucaTb
(&)= +ez,+z,+...
Ecnu maTpuua A MMeeT NMHelHbIE 3feMeHTapHble AeNUTENN, TO CYLLECTBYIOT MoJIHble
MHOXECTBa MpaBbIX U NIEBbIX COBCTBEHHBIX BEKTOPOB @), @yy ..., @, N U}, s, ..., U, , TaKUX,

yto VW, =0, i+ J.
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3aMeTUM, 4To @; WU D, ABAAKTCA J-MW COBCTBEHHbIMW BeKTOpamui (NpaBbiM U ne-
BbIM), @ HE J -MW KOMIOHEHTaMM BEKTOPOB.

BekTopbl Z,, MOryT 6bITb NpEeACTaBEHbl YEPE3 @, CEAYOLWNM 06pa3oM:

n
Z = Zsl.ja)j /
=

4YTO NOC/Ne NOACTAHOBKMU B GOpMYyNy Ans @, (6‘) AaeT
n n
_ J
£)=0+ 31,0,
i=2 j=1

rae f; nonydeHol AeNeHUEM S; Ha KO3 PUUMEHT @, .

BOo3MyLLEeHUst COBCTBEHHbIX 3HAYeHWil NepBoro nopsaka AaHbl Ko3hdUUMEHTOM Kk
BbIpaxeHus ans A (8) :

Tenepb BbiBeAEM BbipaXeHWe A5 BO3MYLLEHWI NEPBOro nopsiaika COOTBETCTBYOLUMX
CO6CTBEHHbIX BEKTOPOB. HOopManusys BekTopbl @; W U; U UCMOMb3ys €BKIMAOBY MeTpu-
Ky, HaxoAuMm

o[, | =1.
Mbl 3HaeM, 4To
(A+eB)a,(e)=4(e)o(¢).
Mpy NOACTaHOBKE BblpaXeHU Ans 21(8) " 0)1(6‘) MOSlyY€EHHbIX Bbllle, U UCMOSb30-
BaHUK paBeHcTBa Aw, = 4,0, umeem
n
> (4 —ﬂi)tﬂa)j +Bw, = ko,
j=2
T
YMHOXMB 06€e 4acTh Ha U; , nocne ynpoLleHns noayymm

klzulTBa)l/UlTa)uﬂ”ﬂ J=1

:(UjTBa)l/</1l —/Ij)ufa)j), ans j#1,
rae, Kak yxe oTMeuyeHo, k, — BO3MylleHWe A, nepBoro nopsaka, u
|k1|:(ulTBa)l/ulTa)l)S[B]/ulTa)1 )
roe [B] - CyMMa 3N1eMeHTOB 5.
UTak, ANs AOCTaTOYHO Masoro & YyBCTBUTENbHOCTb A, 3aBUCUT B OCHOBHOM OT BENU-
UWHBI U] @, , KOTOpas MOXET BbITb MPOU3BOSILHO Manoii.
BO3MyLLEHWEe NepBOro Nopsiika @, ONpeAensieTcs BblpaXeHUeM
;
Aw, —gztﬂa) —gz(u Ba)/ A - /1 v, ) Z(Uf(AA)a)l/(ﬂl—/Ij) Ufa)j)a)j,
j=2
roe AA= gB .
CO6CTBEHHbIN BeKTOp @, ByAeT BecbMa YyBCTBUTENEH K BO3MYLUeHUsM B A, ecnn A,

6nmM3Kko K }'HO6OMy n3 Apyrux cob6CTBEHHbIX 3HauyeHUn. Korga ﬂq 3Ha4YUTENDbHO OTAANEHO
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o T <
OT ApYrux COH6CTBEHHbIX 3HAYEHUA U HXU OAHO U3 U, @, HE Mano, COB6CTBEHHbIN BEKTOp @,

COOTBETCTBYIOLWMNA COBCTBEHHOMY 3HaueHUto A, 6yaeT CpaBHUTENbHO HEUYYBCTBUTENEH K
BO3MyLleHMAM B A. DTO WMeeT MeCTO, HanpuMep, A1 KOCOCMMMETPUYUHbIX MaTpuL
(a;=-a;).

Ul.Ta)l. B HEKOTOPOM OTHOLWIEHUW B3aWMO3aBUCUMbI, YTO NpeaoTBpaLaeT BO3MOXHOCTb

T .
TOro, 4To6bl TONBKO OAHO l/l)l. w , i=1,...,n, 6bin0 6onbwuM. MO3TOMY, €C/N OfHa M3

HUX MNPOU3BOJIbBHO BEMKa, OHW BCE MNPOM3BOJSILHO BenWkU. OAQHaKO XenaTenbHo, yTobHI
OHU 6blAM Manebl, T. €. 6An3kn egnHuue. MNMonoxmnm

®,=2,c0, nv, =) do,,
j j
rae |@|=|v,|=1, i=1,...,n. Nocne noactaHoBKM nerko y6eanTbCS, UTO

T T T T
cl.j—a)ja)l./uja)j " dl.j—ujul./uja)j.

T . T . T T T
v, @ = Zdl.ja)j ch.juj = Z(a)j a)l.)<ujul.)/uj o, ,
J J

J

Torpa

. . T T
ansi=j o o =v0 =1

-1 -1
T _ T T T T
U, a)l.—(ul. a)l.) +Z(a)ja)l.)(ujul.)(uja)j) }

J#i

T _ T _
Tak Kak @, @, =cost, n LU, =CoSQ, , NMeeM
-1 -1 -1 -1
T T T T
(U a)l.)i (Ul. a)l.) + E (Uja)j) ‘£1+ E (Uja)l.)
j=i j=i

. T
YTO AO/KHO 6bITh BEpHbLIM Ana Bcex i =1,2,...,n. DTo AoKa3bIBAET, UTO BCE U; O, OAOMXK-
Hbl BbITb OAHOrO NopsaKa.

<

14

-1
T
Tenepb NMokKaxXemM, 4YTO ANA COrnacoBaHHbIX MaTpuy (Ul 0)1> He MoOXeT 6bITb npons-

BONbHO 6onbWwuM. B cny4dae cornacoBaHHoOCTM MMeEEM

o =(Ya,,....1w,) 21/0)1,- )
i=1

o =(@,....0,).

> ln

MoaTomy

-1 -1
(UlTa)l)_lz (l/a)“,...,l/a)ln)(a)“,...,a)h.)T dVa, | =|n/>Veo,| >n,
pan i1

Tak Kak
n n
n Zl/a)h. < Za)ll./n _
i=1 i=1
T -1
Tenepb (U1 0)1) NPUHUMaET MUHUManbHOE 3HauyeHue, Koraa BCe @, PaBHbl, Tak Kak

n
Z% =1.
i=1
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-1
T
npaKTVI‘-IECKVI, Ansa yaepXuBaHUA (Ul 0)1> BOMM3NU MMHUMYMa HYXHO OonepupoBaTb C

OTHOCUTENbHO CpaBHUMbIMKW O6BLEKTaMW, TakMMU, 4TOBbl HU OAHa M3 U3 @,; He Oblna
CTMWKOM Malow.
Ans ynydweHnsa cornacoBaHHOCTM YUCAO B HE AOMKHO 6bIThb CAUMWKOM 6onbwnM. C

ILI,DYFOI\/II CTOpPOHbI, €CNN Mbl CO6VIpaEMCFI MOJTHOCTbKO UCMNONb30BaTb MUMEKLYHOCA VIHCIJOpMa-
LMK N NONYYHUTb NPaKTUYECKN 060CHOBaHHbIE pe3ynbTaTbl, N1 HE Ccneayer 6paTb cnnu-

T
KOM ManbiM. Hanpumep, ecnmn otépocutb BenmunHbl U, o, < 0,1, To HyxHO nmMeTb 1 <9,
Mpy AONYLWEHWUN Manoro YmMcna cpaBHUBAEMbIX O6bEKTOB U UX OTHOCUTENbLHOM CpaBs-
HUMOCTM MOXHO MOKasaTb, YTO HW OAHA W3 KOMMOHEHT BEKTOPOB @, U U; He ByaeT npo-

M3BOJILHO Manon W, cneaoBaTesnbHo, CKansapHoe npomspegeHmne aApyx HOpMainU30BaHHbIX
BEKTOPOB HE MOXET 6bITb NMPpOUN3BOJIbHO ManbIM.

Mpun 60nbWON HECOrNacoBaHHOCTU HUKTO He MOXeT rapaHTupoBaTb, 4TO HM OAHa U3
KOMMNOHEHT @, He 6y,ﬂ,€T npon3BOJZIbHO Manon. MoaTomy 61130CTb K COrNacoBaHHOCTU AB-
nAaAeTca AoCTtaTo4HbIM yCnoBUEM YCTOVIHMBOCTM. OTMETUM TaKXe, 4YTO creayeT OorpaHudun-
BaTbCA CpaBHWUTENbHO MaJZibiIM HNCNOM 31E€EMEHTOB, TaKUM, yTobbl BEMNUYMHBI BCEX w,; 6bl-

1 04HOro nopsiaka.

MpuBeaeHHblEe BbilWe cO0bpaxeHns CBMAETENLCTBYOT O TOM, 4YTO 06paTHOCMMMETpPUY-
Hble MaTpuUbl ABAAKTCA apXUTUNUYHBLIMKM MaTpuuamu, CO34allWKMMM B Ciydae cornaco-
BAHHOCTM YCTOMUYUBbIE COBCTBEHHbIE BEKTOPbLI NPU MasblX BO3MYLLEHUSAX. DTO NO3BONSET
caenaTb BaXHbiYi BbIBOA: ANS rapaHTUPOBaHUS YCTOMYMBOCTM OLEHKM B OCHOBHOM LUKane
OTHOWEHWI, MONYYEHHOW M3 MapHbIX CpaBHEHMIA, pa3yMHO COMOCTaBNATb Hebonbwoe
YMCNO OTHOCUTENbHO CPaBHUMBbIX 3/IEMEHTOB. B couManbHbIX HayKax K 3TOMY BbIBOAY YXe
OABHO MNPULLIN 3KCNEPUMEHTANIbHO. YUYEHblEe 3aMeTUNMU, UYTO YUCO DIEMEHTOB LOSIKHO
6biTb 72, 04HAKO COOTBETCTBYIOLWMM 0BpPa3oM He 0CO3Hanu HeobxoAMMOCTb TpeboBa-
HUS OTHOCUTENBLHOW CpaBHUMOCTU [106].

ApyrMm nonesHbIM BbIBOAOM SABASIETCS CNeAYyKOLWEee: ec/m cYMTaTbh «06bekTaMm O4HOWN
BaXXHOCTU» 0OBLEKTbI, HE OTAMYAKOWMECS APYr OT Apyra No BaXXHoCTW 6onbuwe, yem B 10
pa3, TO WKana, MCNoNb3yeMas Npu NapHbIX CpaBHEHMAX CONOCTAaBUMbIX OOBEKTOB, AONK-
Ha UMEeTb AENEHUS, Nexalime rae-To Mexay eaunHuuen n AecsaTbl, B NMPOTUBHOM Cnydae
6yayT cpaBHMBATbCS OObEKTbI, KOTOPblE B BOMbLUOMA CTENEHN HECOMOCTAaBUMbI MO BaXHO-

CTW. 2TO NpUBELET K CPAaBHUTENLHO MasibiM 3HAYEHUAM A1 HEKOTOPLIX U3 @;; N COOTBET-

CTBEHHO K HapyweHW CcTabunbHOCTU WKanbl, T. €. U3MEHeHMe COBCTBEHHOro BeKTopa
6yneT HenpenckasyeMmbiM gaxe rnMpu Nerknx U3MeHeHUsIX BEeNUUYUH CYXAEHUIA B MaTpuue
CpaBHEHUNA.

dopmyna Bapraca

Onpepenss Be/IMYMHY BO3MYLLEHUA COBCTBEHHOINO BEKTOpPa NpPM HEKOTOPOM 3HaYeHUU
BO3MYLLUEHUA UCXOAHOW MaTpuubl, MO ydyeHuK J1. Baprac nokasan B CBOEN AuccepTauunm
[169], uTo ecnn 06paTHOCUMMETPUYHY MaTpuuy A BO3MYTUTb O06PaTHOCUMMETPUYHONM
mMatpuuen P ¢ uncnonb3oBaHMEM MNo3NeMeHTHoro (Aaamapa) npousBeneHus (KOTopoe
obo3HauvaeTca Ao P), To pe3synbTupylowaa Matpuua 6yaet o6paTHOCMMMETPUYHOM, a Be-
NMYMHA BO3MYLLEHMS A@ rnaBHOro CoB6CTBEHHOro BeKTopa @ MaTpuubl A paeTca Bbl-
paxeHuem

-1
Aa):<<y,a)> y—l)oa),
rae <,> - CKansipHoe Npou3BEeAEHUE ABYX BEKTOPOB, @ V©o® — BEKTOP MO3JEMEHT-
HOrO MPOU3BEAEHUST V Ha @ ; BEKTOP V — T[NaBHbIA COBCTBEHHbI BEKTOP MaTpuubl
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*
E =EoP,rae E nonyyeHa NosneMeHTHbIM AeNeHWEM 3neMeHToB A Ha COOTBETCTBYHO-
e anemeHTbl W = (a)l./a)j) :

Mpumep 7.1.
Mpu n3noxeHnn npuMepa ob OCBELWEHHOCTU CTY/NbEB B M. 2, COMMAacHO 3aKOHY 06-
paTHOro KkBajpaTa B ONTUKe AN CPaBHUTENLHOM OCBELWEHHOCTU CTYNbeB WMENMU

(0,6079; 0,2188;0,1108; 0,0623). MpuBeaeHHas HUxXe MaTpuua A cocTaBneHa U3 OTHO-

LWEHMI 3TUX BENMUKMH, a MaTpuua P aBnsetca nepsoii MaTpuuei us rn. 2, asnawweics
BO3MyLleHMeM A :

1 2,7 54 976] 1 5 6 7]

- 0,36 1 1,97 3,51 p_ 0,2 1 4 6
0,18 0,51 1 1,78 |’ 0,17 0,25 1 4
10,10 0,28 0,56 1 10,14 0,17 0,25 1]

Cob6CcTBEHHbIN BekTOop A 6yaeT a):(0,6079; 0,2178;0,1108; 0,0623) m A, =4.Cob-
CTBEHHbI BekTOp P 6yaet Ao @ :(0,6187; 0,2353; 0,1009; 0,04507) n A, =4391.

MaTpuua Bo3MylleHUs E nonydeHa nosneMeHTHbIM AeneHvem A Ha P
1 1,80 1,09 0,71

0,56 1 2,03 1,71
0,91 0,49 1 2,25
1,39 0,58 0,44 1 |

CobCcTBEHHbI BekTOop £ ecTb y:(0,2730; 0,2885; 0,2444; 0,1941), a A, =4,391 -
Takoe Xe, yto ana P . HakoHel, Aa):(0,0lO76; 0,01651;—0,00985;—0,01722). Jlerko

A=

*
NpOBEPUTL, UTO W+ AW =w .
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rNMABA 8
NMPUOPUTETbI B CUCTEMAX C OBPATHOMN CBA3bIO

8.1. BBEAEHUE

o cux nop Mbl MOAENMpPOBaAAM HalKM 3ajayn nepapxuyecku, OT BEPXHUX YPOBHEN K
HWXHUM UNK B oBbpaTHOM nNopsake, U pa3BUBanM TEOPUKD AN U3IMEPEHUST NPUOPUTETOB
3/IEMEHTOB Ha pPa3fIMYHbIX YPOBHAX MepapXUKN MO OTHOLEHMK K dN1eMeHTaM bonee BbICO-
KUX YPOBHEN N K 06LIEN Lenn nepapxuu.

Tenepb obpaTnMcsa K 3ajadaM B CUCTEMaX, B KOTOPbIX YPOBHU B6onee He MOryTt 6bITb
Ha3BaHbl BEPXHUMUN UAN HUXKHUMMW. DTO NPOUCXOANT MOTOMY, UTO YPOBEHb MOXET KakK A0-
MUHUPOBaTb, Tak N 6bITb LOMUHNUPYEMBIM, MPSMO UIN KOCBEHHO, APYTMMU YPOBHAMU. Ta-
KMe CUCTEMbl M3BECTHbI KaK CUCTEMbI € 06paTHOM CBS3bH0. OHN MOryT BbIThb NpeAcTaBAeHbl
B BUAE CETWU, rAe Y3Nbl COOTBETCTBYT YPOBHSAM WAN KOMMOHEHTaM. D/eMeHThbl B y3/e
(WM ypoBHE) MOryT BAMUATbL Ha HEKOTOpble WM BCE dNeMeHThbl Nnwboro gpyroro ysna.
Hawen 3agadvyein aBnsieTca naydyeHme NpuopuTeToB B TakuUx cucteMax. OCHOBHOE BHUMa-
HWe byaeT yaeneHo cucTeMaM, B KOTOPbIX BCE 3/IEMEHThLI B Y3/1€ BOCANPUHUMAKOTCA COBMe-
CTHO NO OTHOWEHWIKD K KaXXAOMY 3/IEMEHTY B APYroM y3fne — aHanor rnoaHoOW mepapxuu
MeXay YPOBHSMU.

MoHadany HEMOHATHO, 3a4eM paccMaTpuBaTb BoMee CNOXHbIE peannn, YeM nepapxuu,
TakK Kak rnocnegHue rno3sonstoT NONYUYNUTb OCMbICTIEHHOE NpeacTaBieHne 0 GyHKUMAX CUC-
TeMbl. MOXHO ferko BoobpasnTb CUTyaUUIO, CAUWKOM CAOXHYK AMS MepapXUdeckoro
npeactaBneHns; NpocToTa, NpeanaraeMas nepapxmein, MoxeT bbiTb 06MaHUnMBON. MHorne
3ajayM B couManbHbIX HayKkax nonagatoT B 3Ty KaTeropuw. HanpuMmep, nocnegHune Tpyasl
no Teopun opraHmMsauunin nNpegnaratoT TakuMe GpopMbl OpraHM3aunin, yxe peannsoBaHHbIe
Ha NMpaKkTUKe, KOTOPpble He ABAAKTCA nepapxnyeckuMu. Henosek MOXeET BbINOAHUTb MHOIMO
UM BCE 3aJaHUS B Pa3fIMYHbIX KOMMOHEHTaxX NPOU3BOACTBEHHOM CUCTEMbI [63].

HekoTopble KOHDAUKTHbIE 3a4a4Yn aHANU3NPOBAIMCh KaK NOCPEACTBOM UepapxXun, Tak
M B BUAE NPOCTON CeTU B HopMe NeTnu. Takasa NpocTasn CeTb Ha3blBaeTCa xos1apxues. Pe-
3yfAbTaTbl 66N YAUBUTENBHO BAM3KKM. DTO O3Ha4aeT, UTo oba MeToda MOryT BeCTU K O4-
HUM U TEM Xe pe3yfbTaTaM, No KpalHel Mepe, B NPOCThLIX Cydasax.

B cnegywouwem pasgene nayyaeTcs OCHOBaHHLIM Ha KOHUeNUKUax Teopmn rpados MeToq
CTPYKTYPUPOBAHUA MHOXECTBA 3/IEMEHTOB, COBpaHHbIX NOCAe MO3roBOro WTypMa Uan no-
JIYYEHHbIX HEKOTOPbIM ApyruM o6pa3oM, B BUAE CUCTEMbI C YPOBHAMU. CYLLECTBYOT ApY-
rme, He obcyxxgaeMble 34eCb MeTOAbl FPYNMUPOBKN 3/1EMEHTOB B OAWH U TOT Xe KnacTtep
WM YpPOBEHb B 3aBUCUMOCTU OT BAM30CTU OLEHOK MX U3MepeHusa [73]. OgHako Ans Ha-
WnX Lenen aTo paBHOCUNbLHO TOMY, UTO NOCTaBUTL Tenery nepeg nowaably, Tak Kak HaM
HY>XHO onpeaennTb U rpynnupoBaTh 3/1EMEHTbI 40 NPOBEAEHNSA U3MEPEHUS.

B paszp. 8.3 uccneayeTtcs NOHATUE U3MEPEHUS MPUOPUTETa B CUCTEMax € obpaTHOWM
CBsA3blO, @ 3aTeM B pasj. 8.4 BBOAUTCSA cynepMmaTpuua 4N49 NpoBeAeHUs Takoro usmepe-
HUs. ToKa3blBaeTCs, YTO MepapxXMyeckoe NMNOCTPOEHME eCTb YacTHbIM cnydal 3Toro noa-
Xxoda. B pa3zan. 8.5 onpenenaTcsa abCconOTHbIE MU OTHOCUTENbHbIE NPUOPUTETLI U UX Mpe-
AenbHble 3Ha4YeHUs, ONUCLIBAKOTCA YCIOBUSA CYLLECTBOBAHUA MPUOPUTETOB N MeToAbl UX
nonyyeHus 4Nns pasauydHbiX TUMOB cUcTeM. B pa3a. 8.6 ¢ NOMOLWbLK ABYX NpUMEpPOB Mpo-
UNNKCTPUPOBaHbl HEKOTOPLIE U3 3TUX UOEN.
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8.2. MATPUUA AOCTNXNMOCTU NMPU CTPYKTYPUPOBAHNN CNCTEM

JonycTuM, nMeeTCa MHOXECTBO 3/1EMEHTOB, KOTOPbIE pacCMaTPUBaKOTCA B KOHTEKCTY-
anbHOM OTHOWEHUM. MHOXECTBO 3/IEMEHTOB, KOTOpPbl€ HYXHO CMOAENUPOBaTb, MOXET
6bITb 06pa3zoBaHO NOCPeACTBOM AeAYKTUBHOW NOMMKKM, KaysanbHbIX HabnwaeHwn, sMnu-
pUYecKmnx AaHHbIX, MO3roBOro wtypMa mnu nwbon KoMbuHaumnen sTux npuemos. Hanbo-
nee BaxHasa ponb B 3TOM MeToAe OTBeAeHa TOMY, YTO OAHO U3 onpeaesieHUA UCXOAHOro
MHOXECTBa 3/IEMEHTOB SBJISETCH €CTECTBEHHOM UM BaXHOW 4acTbi npouecca. YacTuuHoe
UM NOSIHOE ONMCaHNE CUCTEMbl MOXET MPUHATb O4HY M3 ABYX pa3/M4YHbIX, O4HaKO CBS-
3aHHbIX popM: BUHaApHOM MaTpuubl; HanpaBneHHoro rpada (UNM ceTn) Ana reoMeTpude-
CKOro npeacTtaBfeHus oTHoWweHunn [97, 171, 172].

ByaeM cunTaTb, UTO MHOXECTBO BepwMH H onpeaeneHo. C noMoWb 6MHaApHOro oT-
HOLUEHNA «3aBUCUT OT» MOXHO 3anoNHUTb MaTpuuy B . OTBeT «aa» CBA3bIBAKOT C €4UHU-
uel, a OTBET «HET» — C HyneM. OTBET «4a» WUNN «HET» 3aBUCUT OT UMEKLUMXCA AaHHbIX,

CY>XAEHWUN UK OT Toro U Apyroro. Takum obpasoM, 6uHapHas MaTpuua B = {b,j} onpepe-

nseTca cneayrwmm obpasom:
1, ecru i 3asucum om j,

" |0, 6 npomusnom cyuae.

Mocne Toro Kak MaTpuua 3anosfiHeHa, CeAyeT NPOUM3BECTU NMPOBEPKY TPAH3UTUBHOCTU
AN BbIABNEHMSA HapYyLUEHUA 3TOro ycnosusa. Ecnu obHapy»XeHo HapylleHne TPaH3UTUBHO-
CTW, TO BEPLIWHbI, NPMBOAALLME K 3TOMY HapYLIEHUIO, AONXKHbI 6biTb NPOBEPEHbI ANA €ro
YyCTpPaHeHUs.

MonyymB onucaHue MaTpuubl B, dopMupyeM BUHApHYK MaTpuuy (I+B), roe I -

eJVNHMYHaa MaTpuua. MOXXHO NoKasaTb, YTO CYLLECTBYET HaMMEHbLUEE Uenoe k, npn Ko-

TOPOM
k+1

14

(1+B)" <(1+B) =(1+B)

k-1
T. €. KaXAbl 3N1eMeHT MaTpuULbl (1+B) MEHbLIE COOTBETCTBYHOLUENO 3N€MEHTA MaTpUn-

k k k+1
bl (I+B) WM paBeH eMy, @ COOTBETCTBYIOLLME 3/1EMEHTbI MaTpUL (I+B) n (I+B) v

paBHbI.
MaTpuua B NpaBOM YaCTW BblpaXeHUs Ha3blBAETCA MaTpULER AOCTUXMNMOCTH.
OnpeaeneHue 8.1. MaTpuua AOCTUXUMOCTW HamnpaBfieHHOro rpada onpeaensieTcs
Kak 6MHapHas MaTpuua, B KOTOPOM 3NEMEHTaMN ABASKOTCS eANHULbI, €CNWU BEPLUMHA rpa-
tha gocTmxKnMa U3 Apyroit KakMM-n1Mbo NyTeM, B NPOTUBHOM C/lyYae 3/IEMEHTbI €€ — HYJN.
Ncnonb3oBaHMe MaTpuubl AOCTUXMMOCTW MO3BONSET pa3aennTs H Ha MHOXeCTBO
YPOBHEN, @ TakKXe pa3fAefnTb KaXAbl YPOBEHb Ha MOAMHOXECTBa, He 06a3aTeNbHO He-
CBA3aHHbIE.

OnpepeneHune 8.2. BepwuHy hj Ha3bIBAOT AOCTUXMMON M3 BepwuHbl /., ecnu B
OPVEHTUPOBAHHOM rpade CylecTByeT NyTb U3 A, K hj.

OnpepeneHune 8.3. BepuuHy hj Ha3blBaT MpeawecTBYWEN BEPLWUHE hl., ecnu
BO3MOXHO AOCTUXEHUEe /i, 13 hj.

N3 H MoxHO BblA€NNTb ABa BNAA MHOXECTB. MHOXECTBO AOCTUXUMOCTU U MHOXECTBO
npeauectsyrumnx BepllnH, KOTOpOE Ha3blBa€TCA npejwuectByrolllMM MHOXECTBOM. 060-

3Hauum ux yepes R(/4) w A(h,) cootseTcTBeHHa
R(h;) - MHOXECTBO LOCTWXWMMOCTW BeplWHbl A, € H , cocTosluee M3 BCex BepLIMH

H , nexkalwmx Ha nyTax, KoTopble 6epyT Havano B /.. Takum o6pasom,
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R(h)= {hl. € H | anemenm (i, j) (I+B)k ecmbo 1} :
A(h;) - npeawectsyiowee MHOXeCTBO BepluuHbl /i, € H , cocTosiee 13 BCex BepLIMH

H , nexawux Ha nyTax, KOTopble BKAOYaT /1, HO He 6epyT Hauyano B /,. Takum obpa-
30M, A(hl.) = {hj € H | anemenm (j, i) 8 (I+B)k ecmo 1} :

MHOXECTBO TeX BepWUWH /,, AN KOTOPbIX BbINOJHAETCS A(hl.):A(hl.)mR(hl.), He

AOCTMXXMMO M3 Noboit M3 ocTaBWKUXCS BepwuH H W, cnepoBaTenbHO, MOXET 6biTb 060-
3HAYEHO KaK YpOBEHb Nepapxuu.

Ana nocTpoeHuna BcexX YpoBHEW HeOO6XOAMMO MPUMEHUTb CAEAYHWY UTEPaUUOHHYIO
npoueaypy:

1. ChopMuposaTs Tabnuuy ¢ snementamu: i, R(h), A(h) v A(h)NR(h).

2. Hatu saneMeHThl B Tabnvue, yaoBNeTBOpAOLWMNE YCIOBUIO

A(h)=R(h)A(h)

DTN 371eMeHTbl 06pas3yloT NepPBLIA YPOBEHD.

3. BbluepKHYTb 3TO MHOXECTBO U3 Tabnuubl U NPpUMEHUTL BTOPOW Wwar, n T. 4.

DTOT npouecc, nonesHbln caMm No cebe, ANA BCeX KOHTEKCTYaslbHbIX OTHOLUEHWUM
06bIYHO He NMpMBOAUT K TOMY BUAY UepapXun, KOTopblin onpeaeneH. OgHako OH NpuBoAUT
K TaKOW CeTWU, B KOTOPON:

— MepBbIA YPOBEHb MOXET COCTOATb HE TO/IbKO U3 OAHOIO 3/IEMEHTA;

- BCE 3/IEMEHTbl NEpPBOro YpoBHS He ob6saA3aTenbHO CBA3aHbLlI TOMLKO C 3NeMeHTamMu
BTOPOro YpOBHS;

— MPOMEXYTOYHLIE YPOBHU MOTYT COCTOSATb TO/IbKO U3 OAHOr0 3/71eMeHTa.

Mpumep 8.1.

[0 00 0 1 0 O]

1 110 0 0 O

1 01 0 0 0 O
B={1 0 0 1 0 0 O
0O 1 1 1 1 0 0

0O 1 1 1 01 O
01 1 1 0 0 1]

Cdhopmupyem (I+B), M MaTpuua AOCTUXMMOCTU ByaeT Takomn

(11 1 11 0 0]

I 111100

I 111100
(I+B)Y=[1 11110 0
I 111100

I 111110
111110 1]

h, R(k), A(h) n A(h)NR(h)
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h R(h,) A(h,) A(h)NR(h,)
i=1:2.3.4.5 i=1,2,34,5 i=1,2,3,4,5,6,7 i=1,2,3,4,5
h() 1; 2: 3: 4: 5: 6: 7 6 6
h, 1,2,3,4,5,6,7 7 7

Tak kak A(h) n A(h) cosnagator c A(hﬁ)r\R(h(,) 7z A(h7)r“\R(h7), COOTBETCT-

BEHHO MEpPBbIA YpPOBEHb COCTaBAsieTcss U3 BepwwH A, u h,, T.e. nepeblil ypoBEHb:
(hmh7)-

Uckniouns A w h, us Tabnauubl, nonyunm ans stoporo yposHs: (M, hy, by, by, hs),
Tabnuuy ANs KOTOPOro nerko copMmuposaTb. TakuM 06pa3oM, MOXHO HanucaTb
H={1,2,3,4,56,7}=1{6,7:1,2,3,4,5} .
(CM. puc. 8.1 n 8.2 ansa ceten A0 M rnocne nNpUMeHeHus MeToaa).
MpUMeHss ONUCaHHYI Bbille NPoLeaypy, NOMyYaeM To, YTO Apyrue HasbiBaloT nepap-
XMeil, OAHAKO Mbl HasbiBaeM ceTbio ¢ asyMs yposHamu: (1) {6,7} wn (2) {1,2,3,4,5}.
ITo Takxe MnokasaHo Ha puc. 8.2.

Mpumep 8.2. Cneaywouwas ceTb Ha puc. 8.3 — pesynbTaT NpUMEHEHUAa MeToda K MaT-

puue B : ) )
e e & e e &
e/0 0 1 0 0 O
0 0 1 0 0 0
B=e¢|0 0 0 O 1 O
e,/]O 0 0 0 0 O
es/O 0 0 1 0 1
¢!0 0 0 0 0 O]
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MepBbiii
YPOBEHb

BTopoi
YPOBEHb

YT1ob6bl YOEAUTBCA B 3TOM, UMEEM

(1+B) =

3To - MaTpuua AOCTUXMMOCTU, TaK Kak (1+ B)S = (f+ B) .
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e, R(el) A(el.) A(el)mR(el)
1 1,3,4,5,6 1 1
2 2,3,4,5 6 2 2
3 3,4,56 1,2, 3 3
4 4 1,2,3,4,5 4
5 4,5, 6 1,2,3,5 5
6 6 1,2,3,5,6 6

TaknM obpa3oM, nepBbli YpOBEHbL MNOAYy4YaeTcs {el,ez}, Tak A(el.):A(el.)mR(el.),
i=12.

e, R(el) A(el.) A(el.)mR(el.)
3 3,4,56 3 3
4 3,4 3,4,5 4
5 4,5, 6 3,5 5
6 6 3,56 6

Ha BTOpoM ypoBHe 6yaeM UMETL {63} , Ha TpeTbeM - {65} N Ha YETBEPTOM — {64, 66}.

8.3. UBMEPEHME MPUOPUTETOB B CUCTEMAX C OBPATHOIN CBA3bIO

Tenepb 0606W MM METOL aHanNM3a nepapxmn onst CUCTEM ¢ 0b6paTHOMN CBA3bK, KOTOpblE
MOryT 6bITb NpeacTaBfeHbl HarnpaB/IeEHHOW CETbIO.

Ana onucaHus Buaa ceTW, KoTopas HaM NoHagobuTcs, CTOUT BCMOMHUTL, KakK npouc-
X0AUT U3MEepeHWe NPUOPUTETOB 3/IEMEHTOB OAHOIM0 YPOBHS MEpapXuUW MO OTHOLIEHUK K
3/1eMEeHTaM NocneayLwero YpoBHs B Harnpas/eHHOM ABYAONbHOM rpade. Mepapxusa, Bce
ABYAONbHbIE rpadbl KOTOPOM MNOMHbI, Ha3bIBAaeTCA NONHOWN MepapxXnen. DTO YacTHbIM cny-
yan obLwen HENONHOW nepapxmn, KOTOPOW Mbl TOXE 3aHMManucb. AByAONbHbLIN rpad onu-
CblBaeT CBA3U MeXAy BCEMU 3/1eMeHTaMu O4HOro (HUXXHEro UM TeKyLwero) ypoBHs No OT-
HOWEHUIO K 3NneMeHTaM npeabiaywero (BbiCWeEro, Ui AOMUHAHTHOMO) ypoBHA. Ecnu Mol
NMPOCTO XOTUM 0603HaUYUTb, KaKOW U3 YpPOBHEN HaA4 KakKUM AOMUHUPYET, AOCTATOYHO Mpo-
BECTU (Hanpas/IeHHYK) AYTY OT HMXHEro K AOMMHaHTHOMY YpPOBHIO. TakuM obpa3som, ne-
papxuma MoXeT 6bITb NpeacTaBfieHa LENb WM, TOYHEe, NMYyTEM, TaK Kak y Ayr UMeKTCs
HanpaBneHus.

Tenepb B3anMOAENCTBME MeXAY ABYMS KOMMOHEHTAMWU CUCTEMbI, TaK Xe Kak U B Ccny-
yae C YPOBHSIMU MepapxXmu, MOXHO OXapakTepu3oBaTb ABYAOJSbHbIM rpadoM, KOTOpbIn
MOXeT 6bITb UM He 6bITb NOoMHbIM. [ANA NpOCTOThbl UCMONAbL3YyeTCA HanpasfeHHaa Ayra,
yTOo6bl MNOKaszaTb MOPSAAOK AOMUHUPOBAHUA MeXAy KOMMOHEHTaMu. MOXHO HayepTUTb
NMPOTUBOMOJIOXKHO HanpaBfieHHbIE AYrM Mexay ABYMS KOMMOHEHTaMu M jaxe, B cnydae
B3aWMO3aBUCUMOCTHU, NETAO A/ KOMMOHEHTbI. 2TO BO3MOXHO U ANnA nepapxumu. B nwobom
CNydae pe3ysbTaTOM TakKoro yrnpoweHHOro npeactaBieHUs KOMMOHEHT CUCTEMbl A4S on-
pefeneHusa npuoputeToB byaeT HanpaeneHHas ceTb. MnnwcTpaunsa nogobHon ceTu npu-
BeAeHa Ha puc. 8.4. Takoe npeacrTasneHne TpebyeTca AN8 NOCTPOEHUA CynepMaTpuubl,
BO3BEAEHME KOTOPOW B CTEMeHW MO3BONSAET MNOAYYUTb MPUOPUTETLI NO NMYTSM NpeanucaH-
HOW ANMHbI B 3TOM NpeACTaBleHUN.
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Puc. 8.4

Mbl BBOAMM cynepMaTpuuy, KoTopasa 6ydeT CAYXWUTb eauHOM OCHOBOW ANA M3YYeHUSA
NMPUOPUTETOB B Mepapxmax U B cuctemax ¢ obpaTtHoM cBA3bK. PaszpaboTaH obwWuin NpuH-
UM KOMNO3UUMKW AN NPUOPUTETOB B CUCTEMaxX WM MOKasaHO, YTO W3NOXEHHLIM paHee
NPUHLMN NepapxmyecKkomn KoOMMNo3nuun siBAsSIEeTCs YacTHbIM CNy4Yaem.

Ons cucteMbl ¢ 06paTHON CBA3bLID MOHATUE KOMMO3ULUWUKU NMPUOPUTETOB MEXAY KOMMO-
HeHTaMu TpebyeT ocoboro BHMMaHusA. B 3ToM cnydyae 06bIMHO HET BHELWHEro ypoBHs Kak
Kapkaca, Ha KOTOpblA OnNWpaeTcs nNpoBeAeHWe KOMMo3nuuu nocnefoBaTefibHO OT YPOBHSA
K YpoBHIO. KOMMNOHEHTLI CUCTEMbl MOTYT B3anMOAEeNCTBOBaTL No Bbonee yeM OAHOMY MYyTW.
Ana Toro 4tobbl U3MEpeHue NpUOPUTETOB MMENO CMbICN, HYXHO eaunHoobpasue npu pac-
CMOTpeHUn Bcex nyten. MNMpuoputeTbl NOH60IM KOMAOHEHTbI CUCTEMbI MO OTHOLWEHUID K Mto-
6ol Apyron KOMMOHEHTe MOryT 6biTb U3MepeHbl HEOAHO3HAa4YHO MO MNYTSAM W KOHTypaM,
cBA3bIBAOWMM UX. Hanpumep, BAONb KOHTYpa NpUOpUTETBI MOryT ObiTb U3MepeHbl Mo-
CpeAcCTBOM MpoxoAa No KOHTYpPY TOMbKO OAUH, ABa unn 6onee pas. Ana cucTeMbl NONE3HO
3HaTb MHOXECTBO MNEePBUYHLIX, T. €. NpefesnbHbliX, NPUOPUTETOB BEPLUWH, Kak eaquHoe Le-
noe. Heo6xoaMMOCTb B NOCNefHEM BO3HUMKAET, Korga BeplinHbl YeTKO He FpynrnupyrTca B
KOMMOHEHTbI. pyn 3TOM Mbl UMeeM KU3MepeHUEe OTHOCUTENIbHbIX NPUOPUTETOB BCEX Bep-
WKWH B CUCTEME NO OTHOLWEHUIK K KaXXA0ih BEpLWWHE CUCTEMbI, @ B UTOre nosy4YaeMm croxac-
TUYecKy MaTtpuuy (MaTpuuy, CyMMa 31eMeHTOoB CToNOUO0B KOTOPOW paBHa eanHuLe U BCce
3NeMeHTbl HeoTpuuaTesnbHbl). CTonbubl ABNAKOTCS COBCTBEHHbLIMM BEKTOpaMW MaTpuLl
napHbIX CpaBHEHW BEPLUWH NO OTHOWEHUIKO K KaXXa0M BeplUMHE CUCTEMBI.

K aToMy cnydal npuMMeHMM MeToh cynepMaTpuubl, 04HAKO NS ACHOCTU UccnenyeTcs
cnyydyan, B KOTOpPOM cUCTEMa aABASeTCS pasfnoxXuMmon. CucTeMa pasnoxuMma, ecnuv ee ane-
MEHTbl MOryT 6bITb arperMpoBaHbl B He3aBUCUMble KOMMOHEHTbI, B3auMO4enCcTBUE KOTO-
pbIX MNpeacTaBNeHo AyramMu HanpasneHHon cetu [39]. MNpu 3TOM NpUOpUTETHI MexXxAay
CMEXHbIMU KOMMOHEHTaMU BbIBOAATCSH, KakK B WepapxXuu, OTAENbHO, MO UX BaXHOCTU B
cucTeMe, nonyvarTcs NpUoOpUTETbl ANS CaMUX KOMMOHEHT, KOTOpbleé UCMNONb3YHTCA AN
B3BelWMBaHUA COOGCTBEHHbLIX BEKTOPOB, COOTBETCTBYKLWMUX KaXAOW KOMMOHEHTEe, TakuM
ob6pa3oM BHOBb Nony4vyaeTcs cTtoxacTmyeckas no cronbuam martpuua.

Hawe uccnenoBaHue CUCTEM C npuopuTeTaMu yrnogobnaeTca MapkoBCKUM UenaMm. Ta-
KO€ COOTBETCTBME MPUHATO, YTOObI NPUMEHUTbL pe3ynbTaTbl N0 uensm MapkoBa Ans cuc-
TeM ¢ obpaTHOM cBA3bK. [N 3KOHOMUU MecTa UsnoxeHwe byaet ovyeHb kKpaTkuMm. C no-
Mowbio 2BM cpaBHUTENbHO NEerko NoayvYmMTb OUEHKW npepenbHbiX NpUopUTETOB, BO3BOAS
cynepmatpuuy B 6onblwue cteneHM. OgHaKO 3TO AaeT MpaBWUiIbHbIA OTBET TOIbLKO MNpwU
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BbINOJTHEHUWN ONpe€ENEHHbIX YCﬂOBMVI. B obweM cnydyae Teopmna MapKOBCKUX uernen
npeanaraeT 3NeraHTHbIN TEODETMHECKMVI dannapart.

TepMUHOIONrMYECKOE COOTBEeTCTBUE

CucteMbl € npuopuTeTamMm MapkoBckue uenu

Cucrema Cuctema

KoMnoHeHTa (C ogHUM mnnun 6onee CoctosiHMe

3/1eMeHTaMm)

BnuaHue B MOMeHT & MNepexon B MOMeHT k
MpuopwuTeTt BepoAaTHOCTL

BinaHUe KOMNOHEHTHI Mepexod B COCTOAHUE
OTHoOCuTenbHbIM npuoputeT (OT YcnoBHas BepOATHOCTb nepe-
I-M K J - KOMMNOHEHTE) xoAa

O6wnin npuopuTeT ABCONKTHAs BEPOATHOCTb

8.4. CYNEPMATPUUA - OBLLAA KOMMO3NUMA MPNOPUTETOB

PaccMOTpUM cucTeMy, KoTopass pas3buta Ha N  KNacTepoB WM  KOMMOHEHT
C.,C,,...,C, . 0603HaunM aneMeHTbl komnoHeHTbl C, yepes €, €,,, coes €, , TAE N — WX

yucno. NMpoeseaeHHOe paHee 06CYyXAEHME BAUSHUA COCEAHUX YPOBHEN MepapXun Mo3Bo-
NSAET NOCTPOUTb CNeAYWMA TUN MaTpULbl YCNOBHbLIX M3MEPEHUN MeXAY BepLUMHAMMK CO-
OTBETCTBYHKOLMX KOMMOHEHT. MpeanonoxmMm, uto nwbas napa KOMMNOHEHT B3aMMOAENCT-
ByeT. Ecnu aT0 NnpeanonoxeHune rae-nMbo He MMeeT MecTa, TO COOTBETCTBYHLWMUA SN1EMEHT
byaeT paBeH HynH.

CynepMaTpuua urpaeT dyHAaMeHTasbHYK posb B AaslbHEWWEM PpasBUTUN Teopun
NpUoOpUTETOB AN CUCTEM. HO CHayana nokaxeM, Kak MOXeT 6bITb NonydYeHa nepapxumye-
CKaa KOMNO3uLUMA NOCpeacTBOM BO3BEAEHUS CynepMaTpuLbl B CTEMNEHMN.

Kak yka3blBanoCb paHee, MOXHO MOCTPOUTb MaTpuubl NONAPHbIX CPpaBHEHWN ANSA U3-
MEpPEHUA NPUOPUTETOB BCEX BEPLUNH B CUCTEME MO OTHOLWIEHUIO APYr K APYry TakK, Kak ec-
nn 6bl OTCYTCTBOBAMO rPynnUpoBaHMe BEPLIWMH B KOMMOHEHTbl. HanpuMep, MOXHO 6bI10
6bl CpaBHMBaTb OTPaCAM MPOMbIWIEHHOCTU U WX BKMaj B N6y Apyry oTpacib nNpo-
MbllWeHHOCTU. OgHaKo NpeanoyYTeHMe oTAaeTCcss NoAXoAy, OCHOBaAaHHOMY Ha rpynnuposa-
HUM KOMMOHEHT MO COOBpaXKeHMsAM COrnacoBaHHOCTM, TaK Kak jslerdye npoBoAUTb CyxAae-
HMSA O NapHbLIX CPpaBHEHUSAX Ha MasiOM MHOXECTBE 3/1eMeHTOB. TakuM obpasoM, npeanona-
raeTcsl, UTO UMeKTCA COBCTBEHHbLIE BEKTOPbLI NMPUOPUTETOB 3/1EMEHTOB B KOMMOHEHTE MO
OTHOLUEHMIO K 31eMEHTaM B ApPYroi KOMMoHeHTe (KoTopble caMuU MOryT OblTb KOMMOHEH-
Tamu). Korga 3TO CpaBHEHWE He MMEET CMbICaa, UCMONb3YKTCA HYAW Ans co6CTBEHHOro
BeKTOpa.

CynepMaTpuua, COOTBETCTBYOLWAsa B3aMMOAENCTBUIO MeXAYy KOMMOHEHTaMU CUCTEMBbI,
nMeeT crneaywmii Bua:
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Kaxablh U3 CTONBLOB KOTOPOro eCTb COBCTBEHHbLIN BEKTOP, MPEACTaBASAKWNA BANSA-
HME BCEX 3/IEMEHTOB B I -1 KOMMOHEHTE Ha KaXAblA U3 3N1IEMEHTOB J -1 KOMMOHEHTbI.

CynepmaTtpuua W He byaeT CTOXacTMYecKOM (XOTA KaxAabll U3 ee 610KOB sIBNAETCSH
TaKOBbIM), €C/IN HEe NPEeANnONIOXUTb, UTO €€ KOMMOHEHThLl TakXe 6blM B3BELWEeHbl B COOT-

BETCTBMM C BAXXHOCTbK UX BKNaga B cucteMy. Kak 3TO AenaeTcs, NoKa3aHo B NpuMepax B
KOHUe rnasbl. Pe3ynbTupylowme npuopuTETbl KOMMNOHEHT MOXHO 3aTeM MCNoMb30BaThb ANS

B3BeWMNBaHNUA COOTBETCTBYWOLWNX UM 3TEMEHTOB B W, 4yTO npeBpaTtnT W B cToxacTuye-

CKYK MaTpuuy. B panbHeWweM, BCAKWUIA pas, koraa Mbl 6yaeMm umetb geno ¢ W, npeano-
naraeTcsl, UTO OHa NpuBeAEHa B3BELWMWBAHUEM K CTOXaCTUYECKOW MaTpuue.

MonesHo ynoMsaHYTb criegyrowmue gakThbl.

Teopema 8.1 [53]. HeoTpuuaTenbHaa Matpuua A - cToxacTudeckas Torgaa W ToNbKO

Toraa, Koraa BeKTop (1, 1,...,1) ABnseTcs peweHneM xA =X, rae eauHWUa - rnaBHoe
cobCcTBEHHOE 3HaveHue A .
Teopema 8.2. (nxn)—Manmua A HenpueoguMa Torga M TONbKO TorAa, Koraa ee

HanpaBfieHHbI rpad CUNLHO CBA3aH.
Teopema 8.3. CBA3HbIN rpad CUNbLHO CBS3aH Tor4a W TONbKO TorAda, Koraa Kaxaas
Ayra NpuHagnexuT No KpanHel Mepe o4HOMY MyTH.
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Teopema 8.4. MaTpuua A npuBoaMMa Toraa M TObKO TOrda, Korga no KpainHein Mme-
pe OAWH U3 rMaBHbIX MMHOPOB Mopsiaka 7—1 MaTpuubl (ﬂmxl—A) paBeH HYJ0.

Teopema 8.5. Ecnin A4 - HeoTpuuaTenbHas HernpueoaMMas MaTpuua nopsaka 7, To
(I+ A)"_1 >0,

(2TO roBopUT O TOM, YTO €C/IN rpad — CUILHO CBA3HBLIN U A06aBUTL NETAMN K KaXAOW
BEpPWMUHE, TO pe3ynbTupyrowan matpuua byaeTt npuMUTUBHONW, T. e. niobas sepwmHa 6y-
AEeT AOCTMXMMaA 13 Nboi Apyron BepwmHbl NOCPEACTBOM MYTU PUKCUPOBAHHOW ANUHGLI.)

TeopeMa 8.6. CUNbHO CBSA3HbLIN rpad (c £ >2 BepwuHaMW) ¢ MaTpuuein BepwmnH A
NPUMUTMBEH TOr4a W ToNbKO Torga, korga Hanbonbwu o6WKUA aenvutens OJUH BCEX MPO-
CTbIX KOHTYpPOB €CTb eAnHunLa.

Teopema 8.7. NpuMUTMBHaA cToxacTudeckaa (no crtonbuam) matpuyua A obnapaer

o - k o o
ceotcTBoM: lim A” mnMeeT oAMHaKoBble CTONGUbI (€AWMHCTBEHHbIN BEKTOP PaBHOBECHOA
BEPOATHOCTU) U, CNefoBaTeNbHO, @ = A® WMEET e4UHCTBEHHOE pELIeHMEe; KpOMEe TOoro,

0 0 0 k 0
Ans noboro HayanbHOMO BEKTOpPA BEPOATHOCTU o' )(a)l-( ) > 0, Za)l( ) Zl), A 5w,

DTo K/KUEBAsA TEOPEMA A5 BbIUMCNEHUS NPUOPUTETOB, KOraa MaTpuua NpUMUTUBHA.
CynepMaTpuua nepapxmm UMeET cneayrLyo ¢opmy:

0 o 0 ... 0 0
w, 0 0 .. .. 0 0
o W, 0 .. .. 0 0
W=
VVn—l,n—Z
o 0 0 .. . W, I
JTa ManVlL_l,a nMmeeT YCTOquMBYI‘O CbOpMy
0 0 0 0 0]
0 0 0 0 0
wk=
0 0 0 0 0
_VVn,n—ll/Vn—l,n—Z tt VVSZVVH VVn,n—ll/Vn—l,n—Z tt VVSZ tt VVn,n—ll/Vn—l,n—Z VVn,n—l I i

ans scex k>n—1. Kaxablii Ko3ddUUNEHT B NOCNEAHEN CTPOKE SIBMSETCS O6LWMUM npu-
OpUTETOM BAUSAHUSA NOCNEAHEN KOMMOHEHTbl Ha Ka)XXAYH M3 OCTaBLUMXCHA KOMMOHEHT. 3a-

METNM, 4YTO NPpUHLUUN MepapxmquKoﬁl KOMNO3UUNKN NpoABAAE€TCA B NO3UUNU (n,l) KaK

BANSIHUE 71 -1 KOMMNOHEHTbI Ha nepByto,; 71-14 KOMMNOHEHTa — BeAYyLWaa B UepapxXmnm U ABnq-
€TCA aHa/oroMm nornowarwwero CoCtoaHnA B MapKOBCKOVI uenn. 2TO KOMMNOHEHTa 3/IEMEH-
TOB, KOTOpbI€ paccpeioTo4YMBalOTCa U ABAATCA UCTOYHUKOM BANAHUA. CYLWHOCTb Bblle-
CKa3aHHOIo nNoAablTOXUBAETCA NPpUHLUUTTOM MepapxmquKon KoMriosuuuu.

O606LWeHHbI BEKTOP # -YPOBHEBOW MEpPApXUW €CTb 3/1EMEHT (n, 1) MaTpuubl Wk_l,
k>2n-1.
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Tenepb KpaTKO pPaccMOTPUM, 4YTO NMPOUCXOAUT C KOHTYpaMu. 34ecCb NOBTOpsSrOWMeEcs
cTeneHn o6bLIYHOMO MHOXEeCTBa KOMMOHEHT MNoKa3blBakT OTCyTCTBUE YCTOVIHMBOCTM. Ha-
npmnMep, And TpEXKOMNOHEHTHOIO KOHTYpa MMEEM

0 W, 0 0 0 Wl
w=0 0 W,|. W=\ww, 0 0 |
w, 0 0 o ww, 0
W, 0 0
w? = 0 Wz3W31le 0 ;
0 0 W,
(W, ) 0 0
W = 0 (W, )k 0 ;
0 0 (W, ,,)'
0 (W, ) W, 0
= 0 0 (W, 1,,) Wiy
(W, 55 ) W, 0 0
0 0 (W 0,57, ) W
W | (W Wy Wy ) W, 0 0
0 (Wo W) WY, 0

Tak Kak MpoOU3BEAEHME CTOXACTUYECKMX MaTpUL €CTb cToxXacTudyeckas MaTpuua, a
npeaen CTeneHen CToOXacTUYECKON MaTpuubl, 3NEMEHTbl KOTOPON MONOXMUTENbHbI, €CTb
MaTpuua C OAMHAKOBbIMU CTON6LAMU, YMHOXEHME 3TOM NpeAesibHOM MaTpuubl CipaBa Ha
N6y CTOXaCTUUYECKY MaTpuuy OCTaBNsSIET €€ HEM3MEHHOW. B pe3synbTaTe ANs KOHTypa
Nony4YnM, 4YTO B Mpedesnie No pasfIMUHbIM MOCNeA0BaTENbHOCTAM cTeneHeir W BnusHue
Ka)AON KOMMOHEHTbl Ha KaXAYyH APYrYyH KOMMOHEHTY (BKAYas caMy 3Ty KOMMOHEHTY)
OMUCBLIBAETCA OAHUM N TEM XE BblIpaXXEHWEM, T. €. €€ NnpeaefibHbIM NPUOPUTETOM MO OT-
HOLUEHUIO K COCEAHEN KOMMOHEHTE.

~

HaunHas ¢ i-"M KOMMNOHEHTbl KOHTYpa, Mbl MHAEKCUPYEM COCEAHUE KOMMOHEHTbI Mo-
cnenoBaTenbHo I, 4,6k, ...,1 1. CneayoWwmn BbIBOA COrNacyeTca ¢ HaWWUMU UHTYUTUBHbI-
MU OXUAQAHUAMMU.

B NpoCTOM KOHTYpe KOMMOHEHT MNpenAesbHblii OTHOCUTENbHbIA NPUOPUTET I - KOMMO-
HEHTbl AAeTca COBCTBEHHbIM BEKTOPOM, KOTOPbIA MONYYAETCA KakK pelleHue 3ajauu
Wl.l.lx:x. YT0o6bl NOKa3aTb 3TO, HYXHO YYECTb Npeablayllee 3aMmedyaHue, cAenaHHoe Mnpwu

oueHKe BNnMAaHnA I - KOMMOHEHTHI (He npUHMMaa BO BHMMaHME CTOXaCTUHECKHNE MaTpULbI
CnpaBa, Tak KakK OHU HE BJINAKOT Ha pe3yanaT),
k

lim (W, W,, ... W,,) =limWwy we Wk =lmwy.
Fooo 1 iy Tyi hooo fip 11 hooo

2TO — cTOoXacTuyeckas MaTpmnua € OAMHAKOBbIMU cTonbuamu. Cﬂe,ﬂ,OBaTeanO, B npe-
aAene npuopnTeT KOMMNOHEHTLI B KOHTYpPE AaeTCsA COBCTBEHHbIM BEKTOPOM, KOTOprVI COOT-
BETCTBYET HaVI60ﬂbLIJEMy CO6CTB€HHOMy 3Ha4YeHWnK (paBHOMy eanHunue ana CctoxXactuye-
CKOWM MaTpuLUbl) €ro MaTpuLbl BAUSHUSA.
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8.5. OTHOCUTENIbHBIE N ABCOJIFOTHBIE MPUNOPUTETHI

Hac nHTepecylT NpUOPUTETLI ABYX TMMOB: MOKa3blBalWMeE BAUSHUE WU BO3AENCT-
BWE OAHOr0 3/1EMEHTa Ha 160N APYroi 3N1EMEHT B CUCTEME, U3BECTHbIE KaK OTHOCUTENb-
Hble MPUOPUTETLI, @ TakXe abCoNTHbIA NPUOPUTET N6Oro 31eMeHTa 6€30THOCUTENBHO
TOro, Ha Kakue 3/1EMEHTbI OH BNMSET. B obweM cnydae Mbl ULWEM NpeaenbHble 3HaYeHUS
3TUX NPUOPUTETOB. BbluMCneHNE NPUOPUTETOB MOKa3blBAaeT, K YEMY MOryT MPMUBECTU CYy-
LWECTBYOLWNE TEHAEHUNU, €CIN HET U3MEHEHUI B MPEANOUYTEHUNAX, KOTOPbIE BAMSIOT Ha
NPUOPUTETLI. DKCNEPUMEHTUPYA C MPOLLECCOM MoaMbUKaAUMM NMPUOPUTETOB M Habnwaas
3@ UX NpeaenbHbIMU TEHAEHUUSMU, MOXHO HanpaBisiTb CUCTEMY K BONee XenaeMoMy pe-
3ynbTaTy.

Tenepb 3anMMeMcs HOPMasnbHLIMKU ONpeAeneHnaMn. Ecnn @; — OTHOCWUTENbHbINA Mpu-

OpUTET 1 -ro 3/1eMeHTa Haj J -M 3/IEMEHTOM B cucTeMe, Toraa [38, 70, 120]

1 _
=,

ij
Cl)(z) = Za) )
i im-mj o1

m

(k+1) _ (k)

Wy —Za),-ma)mj /
m

w;h+k) _ Za)l(:;) — a)’(’;‘) .

CyMMa OTHOCUTENbHLIX MPUOPUTETOB MO BCEM BO3MOXHLIM MYTSAM OT AAHHOIMO 3/1EMEH-
Ta LaeT NpUOpUTET 3/1EMEHTa. DTO PAaBHOCWU/ILHO BO3BEAEHWIO MaTpuubl W B cTeneHwn.

h+k h k
(MocnenHee BbipaXeHWe sKBUBANEHTHO cregytowemy W' =W " )
. 0
MNpW 3agaHHOM Ha4dalbHOM MPUOPUTETE I -ro 3/IEMEHTa, PaBHOM a)l.( ), NMEEM crepyto-
WM abCONMOTHbLIA NPUOPUTET j -ro 3n1eMeHTa No NyTaM AnuHel kK #0:

wﬁk) _ Z a)i(o) w;k) _

3apada 3aKN4YaeTca B HAXOXAEHUN MaTpULbl NpeaesibHOro OTHOCUTENTbHOro NpUopu-
Teta (MOM) W™ un BekTopa npeaenbHoro abconoTHoro npuoputeta (MAM) @™ npwu
k — . (YTo KacaeTcs NpUOPUTETOB CUCTEMbI, HAaC TakXe MOXEeT MHTepecoBaTb onpeae-

neHne npunopmnTeToB 419 KOHEYHbIX 3HaveHnn k. ITo He BblABUIa€T 3ada4n CyLlecTBOBa-
HUS, BO3HWKAOLWWEN B npeaesibHOM cnyqae.) Ocobbin MHTEPEC BbI3bIBAET onpeaeneHne

< 0
ycnosun, koraa MAIT He 3aBUCUT OT HavasbHbIX NPUOPUTETOB Cl)l-( ) Takas HE3aBUCUMOCTb

Ha3bIBAETCHA 3ProgNYHOCTEH CUCTEMBI.

Janee cnepyeT knaccudunkauma anNeMeHToB, nosaesHas 4N XapakKTepucTukm CUCTEMBI.
YntaTenb Npu XenaHUM MOXET NPOLAOIXUTE 06CYyXAEeHUE CYLLECTBOBAHUS U MOCTPOEHUSA
MOon v MAIM peweHWi.

SneMeHT ] MoXeT 6bITb AOCTUrHYT W3 3neMeHTa [, ecnu ana Hekotoporo k2>1,

k
Cl)lg.k) >O, rae Wk :(Cl)s )) 3necb Wk — k—npe,aen AOCTUXXKUMOCTH KaXOoro sneMeHTa.

MoAMHOXECTBO 3/1EMEHTOB C cucTemsbl 3aMKHYTO (B MPOTUBOMNONOXHOCTb onpeaeneHno B

(k

MapKOBCKUX LUENsix), ecnn @ ) =0, rneb6olHn 6b10 i B C 1 j He B C. OTcona cneay-

€T, YTO HKN OANH 3N1EMEHT B C He MOXeT 6bITb AOCTUTHYT N3 nboro sanemMeHTa, He Haxo-

AALWerocd B C. MogMHOXeECTBO C MUHUMANbHO, €C/ZIM OHO HE COAEPXUT COOTBETCTBYIO-
WNX 3aMKHYTbIX MOAMHOXECTB 3/1EMEHTOB. MHOXECTBO 3/1IEMEHTOB, KOTOpLIE o6pa3y+0T
MUHUMAJIbHOE 3aMKHYTOE€ MOAMHOXECTBO, COOTBETCTBYET HeanBOﬂ,MMOVI MaTpuue. Ecnn
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MaTpuua BCeN CUCTEMbl UKW MOACUCTEMbI HENPUBOAMMA, TO CUCTEMA UKW NMOACUCTEMA Ca-
Ma Ha3blBaeTca HenpuBoAMMON. CUCTEMA Ha3bIBAETCA Pa3noXUMOM, eCnv OHa COCTOMUT U3
ABYX Unun 6onee 3aMKHYTbIX MHOXECTB.
Ecnun Mbl BHayasie CTapTyeM C j -ro 3/IeMeHTa AN HEKOTOPOro UKCUPOBAHHOMO j M
o k
0603HauMM ero nepsoe BO3AelCTBME Ha caMoro cebsl Mo NyTW AnuHbl kK >1 uepes f;, To

mnMmeeMm
PO Z ) F0 2 g0 W 9 g0 e el 0

J JJ
— — (k)

nokasblBaeT COBOKYMHOE BO34eNCTBME | Ha cebs. CpegHee Bo3geiicteue (/ Ha cebs)
nosiyyaem B Buae:

U, = Zkfj(k) :
k=0

B COOTBETCTBUN C NPUOPUTETOM BIIUSHUA UMEEM (HOBbIe TEPMUHBLI, BBOAUMbIE HUXE,
CyWweCTBEHHbLI, TaK KaK Mbl HE 3aHUMaeMCA BpEMEHHbLIMA nepexop,aMM):

1. Ecnum fj =1, To j HasbIBaAOT yCcTONYMBLIM (PEKYPPEHTHBLIM) 3/1IEMEHTOM. TakuM 06-

pa3oM, 3M1eMEHT Ha3blBaeTCA YCTOMYUBBIM, €C/IM CYMMa €ro OTHOCUTENbHLIX NPUOPUTETOB
Ha cebs 3a oauH war (netnsa), Asa wara (N0 KOHTYPY, BKAKYaLWeEMYy OAUH APYron 3ne-
MEHT), TpW Wwara (BKNYawLWMMN ABa APYrUX 3/IEMEHTA) U T. 4., PaBHa eANHULE.

2. Ecnun fj <1, To j HasbIBaKOT HeycToNYMBLIM (NPEXOAALNM). DIEMEHT j, KOTOPbIN
ABNSAETCA WM YCTOMYMBLIM, WU HEYCTOMUYMBLIM, Ha3bIBAETCA UMKIMYeckuM (nepuoanye-
CKMM) C LMKSIMYHOCTbIO (NEPUOAOM) C, €CNIN U; UMEET BENNYUHBI C, 2c, 3c, .., roe ¢ -

o k
Haubonblwee uenoe, 6osnbllee eanHULbl, C 3TUM CBONCTBOM (a)lg. ) =0, roe k& He penuTcs

6e3 ocTaTka Ha ¢ ). YCTOMUMBLIA 3/1EMEHT j, ANSI KOTOPOro u; BecKOoHeYHo, HasblBatloT
ucyesarimm (HynesbiM). YCTOMUMBBLIA 3M1EMEHT j, KOTOPbIA He SIBASIETCA HU UWKIUYe-

CKMM, HWN ucyesaownm (T. e. u; <0 ), HasbIiBaOT 1044E€PXKNBAIOLUUM (3PrOANYECKUM).

o . k .
N aAns HeycToMuMBOro, M ANs UCUYEe3alLlWero safieMeHTa J a)lg. N Ansa scex i. Ecnu

OAUWH 3N1EMEHT B HeanBOﬂ,MMOVI noaACUCTEME — UMKINYECKUN C nepmnoagoMm ¢, TO BCe 3ane-
MEHTbl B 3TON NOoACUCTEME — UUKINYECKUNE C nepmoaoMm ¢ . N3BeCTHO, 4YTO €Cnun ] — noa-

- k . -
AEepXMNBawOLW MK 3N1E€EMEHT, TO MNMPU k—)OO, Cl)jj) —)l/uj; J — ncyezavwmnn saneMeHT, ecnu

3TO UYMCNO HOMb, N MOALEPXKMNBAKOLLUMA S1EMEHT, €C/IM OHO MONOXUTENbHO. Bce aneMeHTh
HENMPUBOAMMON MOACUCTEMBI ABAAKTCA MO0 HEYCTOMUYNBBLIMU, NNBO YCTOMYMBLIMKU, U CO-
OTBETCTBEHHO CMCTEMA Ha3blBAeTCsl HEYCTOMUYMBON UNN YCTOMUNBON.

1, ecru i 3a6ucum om j,

Y10, 6 npomusnom cayuae.

3ameyaHue. Cneapywllee BblipaXKeHMe Bceraa UMEeT MecTo, HeE3aBMCMMO OT TOro, Npu-
BOAMMA cMCTEMa WK HET. B ciiyyae HENpMBOAMMOCTU €€ 3HAYEHUSI U3BECTHbI:

" S l, ecru i u j neycmotiuugni,
im Z W, = o 5
m—so0 =Y l/uj , €CU 1 U J YCMOUYUBHI.

Bce KOHe4YHble CUCTEMbI 31EMEHTOB AO/KHbI UMETb, MO KpaVIHEVI Mepe, oaAnH noaaep-
KUBAKLWMIA SNEMEHT, KOTOprVI o6pa3yeT 3aMKHYTOE€ HenpMeoaAMMOE NOAMHOXXECTBO 3N1€-
MEeHTOB. TaK KaK Bce YCTOVIHMBbIe 3/IEMEHTbl KOHEYHOMN CUCTEMBbI SBASAKTCS noaaepxu-
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BalOWMMK, obpa3oBaHHbIN TakuM o6pa3oM 610K (KOMMOHEHTa) Ha3bIBakT MNoAAep>XU-
BaKOLWNM,

Ecnu j - UMKIUYECKWit aneMeHT ¢ nepuogoM ¢ >1, To

ecnn k He sBNAETCA MHOXUTENEM C U
m
wﬁ'j "> cfu; ,

npy m —>©; k=mc, m — NONOXUTENbHO U C — Haubonbliee Lenoe, AN KOTOPOro
k=mc.

PaHee oTMevanocb, 4YTO NPUMBOAUMOCTbL U MPUMUTUBHOCTb UrPaKOT BAXHYK posb MNpwu
AoKa3aTenbcTBe cywectsosaHua MNOIM n MATM. Tenepb NnpeacTaBUM HECKONbKO OCHOBHLIX,
OTHOCAWMXCA K 3TUM MNOHATUAM (haKTOB, KOTopble 6yayT NonesHbl Npu gasbHenwem o06-
CYXXAEHUMN.

HeoTpuuaTtenoHas HenpuBoAMMas MaTpuua NpUMUTUBHA, €CU UMEEeT eAUWHCTBEHHOE
rnaBHoe cobcTBeHHoOe 3HadveHne. Ecnn MaTpuua nMeeT apyroe cobCTBEHHOE 3HauveHue C
TEM Xe MOAY/eM, UYTO W rnaBHoe cOBCTBEHHOE 3HayeHue, TO ee Ha3blBakT MMMNpU-
MUTUBHOMN.

Ecnn rnasHoe cob6CTBEHHOEe 3HayeHUe MMeeT KpaTHOCTb bonbuwe eanHUubl (paBHYO
eAVHULE), HO He MMeeTCa ApYruX COBCTBEHHLIX 3HAaYEeHUN C TakuUM XXe MoAyneM, Kak y
rNaBHOro CO6CTBEHHOMO 3HAa4YEHUS, TO MAaTPULY Ha3blBaKOT NpaBUALHON (perynsapHon).

MpuMUTMBHas MaTpuua BCerga perynspHa v, cnefosatenbHO, npaBuibHa, ogHako 06-
paTHOE yTBEpPXAEHWE HEBEPHO, HaNpuUMep, YTo eauHUYHas MaTpuua UMeeT COBCTBEHHbIM
3HayYeHneM eauHunuy. KpaTHOCTb COBCTBEHHOINo 3Ha4YeHUs paBHa nopsaky MaTpuubl. MaT-
puvua npasuibHa Torda W TOJbKO TOrga, Koraa B HOpManbHOMW ¢dopMe W30AMpOBaHHLIE
610KN NPUMUTUBHLI. [ONa perynapHon Mmatpuubl YNCAO M30AUPOBaHHbIX 6N0KOB paBHO
eavHuue.

3aMeTuUM, YTO €C/N BCe 3NeMeHTbl W' NoNoXUTenbHbl, TO Mbl UMEEM MPUMUTUBHYIO
MaTpuuy U cnpaseanueBa TeopeMa 0O CTOXacTUYeCKUX MPUMUTUBHBLIX MaTpuuax, cywecT-
BytoT 1 MOM wn MAM. OHM coBnagakwT U MOAYy4YalTCa B pe3ysbTaTe peweHus 3agadn o

cobCcTBEHHOM 3HaveHun Ww =@ . B geictBuTensHoCcTM @ - nwoboi ctonbel, limW* . Ta-
KOW ke pe3ynbTaT cnpaBeanue, ecnn W — npuMMTUBHaA MaTpuua.

B obweM cnydyae HeoTpuuaTenbHas MaTpuua W MOXET UMETb HyJ/ieBble 3/1EMEHTHI.
Toraa MaTpuua Wan HenpuBoAMMas, UM npueoguMasn. Ecnu oHa HenpuBoaMMasi, TO OHa
NPUMUTMBHASA, U B 3TOM Cllydae MPUMEHUMbl NpUBEAEHHbIE Bblwe coobpaxeHus, nmbo
OHa MMNpUMUTMBHaA. B nocnegHeM cny4dyae MaTpuua UMEET § HEe paBHbIX egquHULE cobCT-
BEHHbIX 3HA4YeHUN (S Ha3blBaeTCsa MHAEKCOM UMMOPUMUTUBHOCTU), MOAY/IN KOTOPbIX paB-
Hbl egUHULE. DTO YMUCIO UrPpaeT BaXHyK ponb AN NONYYEHUS peweHnsa B obwem cnydae,
N3 KOTOPOro CneayeT peleHue B AaHHOM cnydae. 34eCb A0CTaTOYHO 3aMEeTUTb, 4TO BCe

2 -1
W,W ,...,WS HE ABNAKOTCA NpaBUbHbIMKM MaTpuuaMHU, U UX CTENEHN UMEKT TEHAEH-

UMK K NepnognyecknMm nosTopeHnsam. CucteMa UUKAUYHa C NEPUOAOM S .

3ameyaHue. CUCTeEMa auMKIUYHA, UMKIWYHa, HenpueoamMMma, NpMeoauMa B 3aBUCUMO-
CTW OT TOro, ABMSIETCS N COOTBETCTBYOWan Matpmua W NpUMUTUBHON, UMNPUMUTUBHOM,
HENpMBOAMMON UNN NPUBOANMON.

Ecnn W HeoTpuuaTenbHa M NpMBOoAMMA, TO OHa MPUBOAUTCS K HOpManbHOW dopmMe.
Ecnn nsonuposBaHHble 610KN NPUMUTUBHLI (FOBOPAT, UTO OHW COOTBETCTBYIOT CYLWECTBEH-
HbIM KOMMOHEHTaM, a oCTaBllMeca MaTpULbl COOTBETCTBYIOT HECYLWEeCTBEHHbIM KOMMNOHEH-
TaM), TO CUCTeMa Mo onpeaeneHunto HasbiBaeTca NnpuMuTusHon u MOMM wm MAT cywecTsyoT
(cM. [53], cTp. 112).

BaxHoe 3ameyaHme. Korga ctoxactumyeckasa no cronbuaMm MaTpuua npusoauMma, ee
CyLWecTBeHHbIE KOMMNOHEHTbLI onpeaensalT CUCTEMY, TaK KaK OHUW ABNAKTCA «UCTOYHMWKa-
MU», WAW BO3LENUCTBYHWMMU Ha NpPUOPUTET KOMMOHEHTaMM, B MNPOTUBOMOSIOXHOCTb
«CTOYHbIM KofoAuaM», UK NEPEXoAHbIM — MOrAoWanwWmMM COCTOSHUAM MapKOBCKOW ue-
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nn. B nobon gnarpamMmme, 3a UCKAKYEHMUEM NETENb, CTPENKN HAYMHAKTCA B 3TUX KOMMO-
HeHTax U He 3aKaH4YMBalTCA B HUX.
PeweHune ana MNMOI onpegenaeTca BblpaXXaHWeM

T Ul ML)
=TT

roe ‘P(l) — MUHUManbHbIA nonuvHoM W, a ‘I"(i) - ero nepsasi npoussoaHas no A .

Kaxxablh ctonbey W™ apnseTcs xapakTepUCTUMHECKUMM BEKTOPOM W, COOTBETCTBYHOLLMM
Awwe =1. Ecnn A, =1 - npoctoe, T. e. W perynspHa, To ¥ (1) MoxHO 3aMeHWTL Ha

A(l) - XapaKTepUCTUUYECKMN NonuHom W .
PeweHwne ana MAIM nonydaetcs
o =" ,
ecnn W - npaBunbHaa MaTpuua, U Kak CO6CTBEHHbIN BEKTOP
Wo” =w”,
ecnn W perynsapHa.

3amMeyaHue. MOXHO nokasaTb, YTO MaTpuubl WOO, cooTBETCTBYWOUWME CYLWLECTBEHHbBIM
KOMMNOHEHTaM, MNONOXUTE/IbHbI, 4YTO KaCaeTCdaA MaTpuy BO34ENCTBUI Ha NMpUOPpUTETbI OT
CyWweCTBEHHbLIX K HeCyweCcTB€HHbIM KOMMOHEHTaM, TO OHW TaKXe MNONOXUTENbHbI (OHVI

-1 T
nonyyawTcs B pesynbTate npoussenerHuns (I -Q) (R, R,,....,R HOpManbHOW (OpPMbI;
1 2 k

CM. rn. 7). TonbKO MaTpuubl BO3AENCTBUSA OT HECYLLECTBEHHLIX K HECYLWECTBEHHbIM UMK
OT HECYLWECTBEHHbIX K CYLEeCTBEHHbIM KOMMOHEHTaM paBHbl HYNIO.

HakoHeu, ecnm He BCe U30NUpPOBaHHble 6/10KU NPUMUTUBHBI, TO, Kak BbIJ1I0 OTMEeYeHo,
KaXAbl MMeeT UHAEKC UMMPUMUTUBHOCTU. PaccMOTpUM UX HaMMeHblee obliee KpaTHoe,
KOTOpoe npeacTaBnsieT coboil UMKAMYHOCTE € CcUCTeMbl. Mcnonb3ys ctenenn W, NON
nosyyaem B smnae

~_l c-1 cm:l e _ -1 c\*
W—C<I+W+...+W )W) C(l weya-w) (we),
a MNAIl - B Bnae

d=Wa"
W nasbiBaloT cpeaHum NOM, @ - cpeaHum MNAT.

Ecnn nmeetca eanMHCTBEHHBIA U30/IMPOBaHHbIN 610K, To cpeaHun MMATl aBnseTca He-
3aBUCUMbIM OT HadalnbHbLIX MPUOPUTETOB U onNpepenseTcsas efuHCTBEHHbLIM 06pa3oM Kak
peweHne

Ww=o.
2TO B TOYHOCTU COOTBETCTBYET C/y4Yar HENPUBOAMMON UMMPUMUTUBHON CUCTEMBI.

8.6. MPNMEPbBI

[Ba NpuBeAEHHbIX HUXE NMpUMepa AaHbl N0 ABYM COO6paxeHMsIM: NMepBblil NoKa3blBa-
€T, Kak AeNCTBYET cynepMaTpuua, a BTOPON — Kak MOXET 6bITb NMPUMEHEH METOA B COLM-
anbHbl Haykax. KOHe4yHO, ¢OpMynMpoBKa BOMPOCOB ANS CyXAeHUA TpebyeT 60MbLIOH
KBannduumMpoBaHHON NOAFOTOBKM 3KCMEPTOB B AaHHOW 06nacTu AesTeNbHOCTU ANs npea-
CTaB/IEHUA CYLLECTBEHHbIX (AKTOPOB WU YBEPEHHOCTM B TOM, UTO HET CMELLEHMS UM Ne-
PEKPLITUA CPaBHUTENbHbLIX MOHATUIA. Kak 6yaeT nokasaHo Aanee, MHTeEpNpeTaunsa pacTy-
WMX cTeneHein W uMeeT NpaKTUYECKYH BaXXHOCTb.
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B obounx cnydasx 3ajada onpenensercs o4YeHb KpaTKOo, BMeCTe C AMarpaMMon, npea-
CTaBAALWEN CUCTEMY MU €€ CBA3U. 34eCb He nNpmBoaaTca 68 MaTpuy NapHbIX CpaBHEHWA
ANs 2N1EMEHTOB U O4Ha ANs1 KOMMNOHEHT B NepBOM npuMepe, U 33 — AN 3N1eMeHToB N 4 -
ANs1 KOMMOHEHT BO BTOPOM NpUMepe, 3a UCKKYEHUEM NOCNefHNX YETbIPEX MaTpuL,.

CynepMmaTtpuua cdhopMmpoBaHa B ABa 3Tana. Ha nepBoM 3anonHaTcs 6/10Kn cobeT-
BEHHbIX BEKTOPOB. llocne NosyyvyeHus nNpuUopuUTETOB AN KOMMNOHEHT M UCNOMb30BaHUA UX
BECOB B MaTpuUe NOSy4daeTCs 3aKlUUTeNbHaa cToxacTudeckas no cronbuam cynepmart-
pvua. BaXHO OTMETUTb, UYTO CyMMbl NO cTonbuam AO/MKHbI 6biTb paBHbLIMWU eAWHUUE, B
MPOTUBHOM Crly4yae MOXET bbITb pacxoxieHne K 6€CKOHEYHOCTN NN CXOAUMOCTb K HYJIIO.
BaXXHbIM AIBNSIETCS BOMNPOC O TOM, KaK B3BelwKWBaTb KOMMNOHEHThbl. Kaxablh 610K B CTONG-
Le, KOTOpPblIiA COOTBETCTBYET KOMMOHEHTE cynepMaTpuubl, B3BELWMBAETCSA COOTBETCTBYIO-
WM KO3 PULUNEHTOM COBCTBEHHOIO BEKTOPaA, NOJYUYEHHbIM M3 MaTpulbl NapHbIX CpaBHe-
HUWA, BKAKOYaKWeEN Te KOMMOHEHTblI (C HEHYNeBbIMMU 37eMeHTaMMn 6noka B TOM cTonbue
6110KOB), KOTOpblEe BO3AENCTBYIOT Ha AaHHYK KOMMNOHEHTY ctonbua. (Ha anarpamMMmax 3aTu
KOMMOHEHTbI MUMET CTPENKM, HanpasfeHHbIE OT HUX K 3aJaHHOM KOMMNOHeHTe cTonbua.)

B oboux npuMmepax MHTepec npeactasndaeT annpokcuMaumsa MOIM, nonyyatowascs npu
BO3BeAeHMN W B 6onbluMe CTENEHU. B Halw Bek KOMMNbIOTEPOB MOU yyeHUKkKU (H. BamaHu,
koTopblit paboTan Haad nepsBbiM npuMepoM, U A. YencoH u C. MNMapkep, paboTaswune Haa
BTOpPbIM) Npeanoysan Bo3BOAUTb MaTpuLy B 6onblUME CTENEHU, HE UCNONb3ysa dopMyn ANns

W™, npuseneHHbIX B pa3g. 8.5.
B nepBoM npuMmepe gaHa HeB3BelWweHHaa cynepmaTpuua. OHa COOTBETCTBYET MNOSIHOMY
rpady KOMMNOHEHT cucteMbl. CnegoBaTenbLHO, OHa NoONoXUTenbHa 1 6onee Toro — NpUMU-

™mBHa. Ansa MOMN Bce cronbubl W™ oauHakosbl U BekTop MAIM MOXET 6biTb MO6bLIM U3

100
3TUX cToNbUOB. JJocTaToUHO BblAaTb annpokcuMauuto MAMN ¢ W . Ana ynobcTBa uMTaTe-

N BEKTOP 3TOro peweHnda noMeweH pagoMm € HadalbHbIMKW onpeideneHnsaMum CbaKTOpOB 7
KOMMOHEHT.

Bo BTOpOM npuMepe npeacTaBfieHbl 6nokun cynepMaTpuubl 40 B3BeWMBaHWA. 3aTeM
cneayr T MaTpuubl NapHbIX CpaBHEHMVI KOMMNOHEHT, a 3aTeM cynepMmaTpumua W, KOTOpas
nony4vyaeTca B pe3ysibTaTe B3BEWNBaAHUA Ka>XAoro 6noka cornacHo npuneeaeHHOMY BbllleE

onmcaHuw. HakoHel, W npeAcTaBnseTca B KayecTse annpokcuMaumm W™,

OTMeTuM, 4YTO B Halweln coBMecTHOW paboTe ¢ [x. BeHeTToM no Teppopusmy [135] no-
Ka3aHo, UTO NMpaBUNIbHO MOCTPOEHHAs Mepapxusa MoXeT AaTb pe3ynbTaThbl, 61M3KNe K pe-
3ynbTaTaM, NonydaembiM 4718 CUCTEMbI C 06paTHOW CBA3LIO.

Mpumep o BocnutaHnu pebeHka

Haw nepsBbli NpuMep KacaeTcs BocnUTaHus pebeHka. PebeHOK B paHHME roabl Haxo-
ONTCA noad BAVMAHMEM HEKOTOPbLIX cui. XKenaTenbHO YCTaHOBUTb MPUOPUTETLI 3TUX BAUS-
HUA. Tak Kak Npu B3aUMOAEUCTBUU ITUX CUN MMeeTcs obpaTHas CBs3b, 3ajada MOXeT
6bITb NpeacTasneHa ceTblo. OCHOBHbIE pynnbl UCTOYHUKOB BAUSHUS U UX CYLLECTBEHHLIE
XapaKTepPUCTUKKU daHbl B Tabn. 8.1.

Ta6bnuua 8.1
KOMNOHEHTbI dakTopbl nAHpaMnonp;Jsgmb:wnglfMM)
C, - OTey W - Pabota 0,024
R, - OTabIx 0,022
REf - Penurus 0,019
ED - O6paszoBaHue 0,044
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RWC - OTHOWweHue € XeHOW U AeTbMU 0,020
C, - Matb H - [om 0,024
R, - OTabix 0,026
PE, - Penurus 0,027
PI - MNpodeccnoHanbHble MHTEPECHI 0,025
TC - 3aboTta o geTax 0,028
RHC - OTHOWEHMWE C MYXeM U AETbMU 0,021
C; - Oetw RP - OTHOweHMe c poanTensamMu 0,013
S - Wkona 0,020
PL - Urpbl 0,012
PE - O6pasoBaHue poauTenen 0,026
C, - BHewhune S, - Wkona 0,120
cUnbl
PR - PoBecHuku 0,074
ME - CpepctBa MaccoBoi MHdopMa- 0,090
uu1mn
C - KynbTypa 0,360
PaboTta dom
OTabIX OTAbIX
Penurus Penurus
O6pa3oBaHue MNMpodeccrnoHanbHbI
OTHOWEeHKe C KEeHOW o J— WHTEpEeCHI
U AeTbMU 3aboTta o geTax
OTHOLWEeHKe C
MY>XEM U AETbMU
OTHOLwEeHKE C
poauTensmMm —_— Lkona
LLikona PoBecHUKH .
Urpsl CpeacrBa MaccoBoW
O6paszoBaHue MHdopMaumm
poavTtenen KynbTypa
Puc. 8.5

Cy)aeHus Ans MmaTpul NapHbIX cpaBHEHWW BbiNK NpeacTaBfieHbl rpynnon CTYAEHTOB,
KOTOpbIX 0COBEHHO UHTepecoBana 3Ta TeMa. 3acny>XuBaeT BHUMaHUA, YTO 3TU CTYAEHTHI
ObIM MHOCTPaHLUAMU U UX CYXXAEHUS MOMyT OTIMYATbLCA OT CYXAEHWW, KOTOpble MOrnu
6bITb Vv rpynnbl aMmepukaHueB. OcTaHaBAMBaTbCA Ha WMHTepnpeTauun pes3ynbTaToB, MO-
BMAUMOMY, HE UMEET CMbIC/a 3a UCK/IYEHMEM TOro, YTo nNpeobnagatowme pakTopbl, KO-
TOpble BKNOYAKT KYNbTYPY U WKOAY, HAXOAATCH BO «BHELWHEN» KOMMOHEHTE.

CeTb B3aUMOAENCTBUI NOKa3aHa Ha puc. 8.5.



NMpumMep CO cTanenuTeiHoOW NPOMbILLZIEHHOCTbIO

B aToM npuMmepe paccMaTpuBarTCA KOMMOHEHTbl U (akKTopbl CUCTEMbl TOProBAn cTa-
Nblo ANS HAXOXAEHUS U3MEHEHWI B TeKywux npuoputetax. ®akTopbl U KOMNOHEHTbI NO-
KasaHbl Ha puc. 8.6.

OhPEeKTUBHOCTL U3MEPAETCA TEM, KaK MPOM3BOAUTCA NPOAYKLUUA, N TECHO CBA3aHa C
COBPEMEHHOW TEXHONOMMEN.

BHyTpeHHu cnpoc (D)

A 4
[Aons Ha pbiHKe (M):

Md — BHYTPEHHEM

Mf — BHELWWHEM
A

BHeTpeHHWe noTpebutens- HauuoHanbHas crane- 3apy6exHas cranenvren-
ckue ueHsbl (P): NUTENHaa NPOMbILLNEH- Has npombiwneHHocTb (F):
HocTb (S):
P _— Cbipbe (>xenesHas F e n3bbITOYHasA npoayk-
pyna) . SU— HEeWNCcnonb30BaH- s
P — aHeprus Hbl€ MOLLHOCTH F — acbcekTuBHOCTD
€ S — ahheKTUBHOCTb ¢
P .~ TRYA e F .~ 13nepxku

Sp— LeHa

P — kanutan F 'S LeHa

\ 4
Mpasutenbcteo CLUA (U):

Ua — OTHOLUEHWE

U - ToproBasi
nonuTuka

Puc. 8.6

N3bbiTOYHas npoAaykuus: SAnNoHUs npowvssena ctasb B 60/bWOM KONUYECTBE, MPEBbI-
lWwaBLweM notpebneHune, n, cnenoBaTenbHO, MOXET AEWEeBO ee NpojaBaTh.

Heucnonb3oBaHHbIE MOLHOCTW MOABAAKTCA B pe3ynbTaTe yMeHblleHusa cnpoca. Ans
TOoro 4tobbl He gonycTuTb 6e3paboTvuy M NOAABUTb KOHKYPEHUMIO, TOBap MOXET ObiTb
npoAaH no ueHe Huxe cebecTonMocTu.

Mo3ununa npaBUTENbLCTBa HanpasfeHa NpPoTUB UMHMNAUMKU, KOTOpas NosBAsieTca W3-3a
MoBbILWEHUA LEeHblI Ha CTanb.

ToproBas NonuTMKa NpaBUTENbLCTBA BbipaXkaeT HEXenaHWe 3aWmuaTh OTEYECTBEHHYIO
NMPOMbILUNEHHOCTb.

LleHa kanuTana: HU3KWE MPOLEHTHbIE CTaBKU B CTanenMTenHOW MPOMbILLIEHHOCTU B
3apybexHbIiX CTpaHaxX W BbICOKMUE MpoLeHTHble cTaBku B CLUA, KOCBEHHO Bbi3biBatlowue
pOCT ApYyrux UeH. HeB3BeleHHas cynepMmaTpuua npeacrtasneHa B tabn. 8.3. Ons B3se-
WwKrBaHUA cynepMmaTpuubl (NpeBpaleHns ee B CToOXacTU4yeckyr no cronbuam) B3sellnBa-
FOTCA KOMMOHEHTbI B COOTBETCTBUU C UX BO3AENCTBMEM Ha KaXAabl ctonbeu 610KOB.
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Ta6bnuua 8.2. HeB3BeweHHan cynepmMmarTpuuya ansa

npumMepa o0 BOCNIUTaHMU pebéHka

Q_ ﬁ.m ﬁ.m ﬁ.h_

w R RE ED  RWC H R RE PI @ RHC RP AY 21 PE SO PR ME C
w 0.222 0.209 0.212 0.208 0.257|0.224 0.224 0.150 0.228 0.198 0.213|0.198 0.170 0.123 0.372]0.246 0.149 0.157 0.143
R 0.095 0.125 0.140 0.170 0.220|0.151 0.224 0.150 0.170 0.232 0.111]0.111 0.144 0.324 0.148 | 0.150 0.186 0.142 0.178
ﬁ._ RE |0.100 0.145 0.147 0.100 0.110|0.172 0.149 0.344 0.172 0.174 0.122)0.110 0.127 0.132 0.089|0.126 0.130 0.142 0.161
ED |0.462 0.396 0.374 0.382 0.194|0.229 0.254 0.161 0.260 0.198 0.245|0.260 0.401 0.303 0.297 (0.353 0.375 0.423 0.357
RWC (0.121 0.125 0.127 0.140 0.219|0.224 0.149 0.105 0.170 0.198 0.309|0.314 0.158 0.118 0.094|0.125 0.160 0.136 0.161
H 0.216 0.185 0.144 0.142 0.145|0.195 0.195 0.220 0.168 0.283 0.200|0.257 0.249 0.148 0.116|0.203 0.131 0.164 0.110
R 0.105 0.190 0.144 0.162 0.111|0.130 0.137 0.122 0.102 0.122 0.113]0.115 0.124 0.174 0.219]0.132 0.207 0.213 0.198
C RE |0.122 0.148 0.260 0.129 0.127|0.155 0.088 0.122 0.113 0.103 0.113)|0.103 0.124 0.111 0.109|0.129 0.145 0.147 0.282
2 PI 0.278 0.170 0.144 0.283 0.163|0.135 0.143 0.189 0.178 0.140 0.161|0.139 0.142 0.156 0.268|0.210 0.168 0.147 0.124
IC 10.140 0.146 0.143 0.142 0.226 (0.215 0.239 0.192 0.246 0.221 0.253 (0.244 0.249 0.300 0.178 |0.165 0.188 0.164 0.176
RHC (0.139 0.161 0.165 0.142 0.225|0.170 0.198 0.155 0.193 0.131 0.160|0.142 0.112 0.111 0.110|0.161 0.162 0.165 0.110
RP |0.132 0.141 0.250 0.087 0.204|0.278 0.167 0.250 0.183 0.247 0.333|0.236 0.140 0.143 0.166 (0.177 0.167 0.147 0.160
C S 0.151 0.140 0.250 0.246 0.246|0.163 0.167 0.250 0.282 0.209 0.167 | 0.200 0.103 0.270 0.410]0.195 0.333 0.390 0.354
2 PL 10.132 0.263 0.250 0.133 0.204 (0.163 0.333 0.250 0.164 0.198 0.167|0.095 0.117 0.162 0.103|0.195 0.167 0.159 0.131
PE |0.585 0.456 0.250 0.534 0.346 |0.396 0.333 0.250 0.371 0.346 0.333|0.469 0.340 0.425 0.321|0.433 0.333 0.304 0.355
SO 10.290 0.151 0.135 0.209 0.186 (0.220 0.165 0.140 0.343 0.162 0.200|0.186 0.225 0.140 0.262 |0.341 0.220 0.177 0.161
C PR 10.108 0.240 0.129 0.095 0.166|0.121 0.200 0.131 0.150 0.162 0.200)0.156 0.124 0.263 0.140|0.109 0.121 0.114 0.080
4 ME |0.101 0.085 0.129 0.103 0.156 [0.121 0.140 0.140 0.110 0.151 0.200 [0.166 0.135 0.140 0.140 |0.118 0.121 0.188 0.143
C 0.501 0.424 0.607 0.593 0.492|0.538 0.495 0.589 0.397 0.525 0.400|0.492 0.516 0.457 0.458|0.532 0.538 0.521 0.616
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Ta6nuua 8.3. HeB3BewWweHHaA cynepMmaTpuua ANA NPpUMepa CO CTaNIeIMTEMHON NPOMBILLJIEHHOCTBIO

M 5 U D

M, M, S, S. S, U, U, I F, E, E, I F, B F D
M, 0.5 0.5
M, | 0.5 05 ° 0 °
S, 0.09 0.09 | 043 0.64 0.08 | 0.58 0.73
S, 0.09 0.09 | 0.43 0.10 0.23 | 0.11 0.10 0
S, | 082 082014 0.26 0.69 | 031 0.17
U, 0.9 0.17 | 0.1 0.1 0.1 0.1
U, 0 0 0.1 0.83 | 0.9 0.9 0.9 0.9 0
I 0.28 0.28 0.21 0.31 [ 0.06 0.39 0.26 0.32
F, | 0.06 0.06 0 043 0.08 | 0.18 0.07 0.56 0.13 0
F. | 0.06 0.06 0.05 0.08 | 0.20 0.39 0.07 0.50
F, 1060 0.60 0.21 0.53 | 0.56 0.15 0.11 0.05
P, 0.05 0.05 0.06 0.12 0.12 0.04 0.04
F, 0 0.57 0.31 0.56 0 0.06 0.06 0.16 0.16 0
A 0.28 0.11 0.26 0.26 0.26 0.57 0.23
P, 0.10 0.53 0.12 0.56 0.56 0.23 0.57
D 1 1 0 0 1
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Ta6nuua 8.4. BzBeweHHana cynepMmarTpumua

S U K D

0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M 0.03 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.05 0.05 0.11 0.16 0.02 0.05 0.06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ay 0.05 0.05 0.11 0.03 0.06 0.01 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.47 0.47 0.04 0.06 0.17 0.03 0.01 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

U 0.00 0.00 0.00 0.00 0.00 0.66 0.12 0.08 0.08 0.08 0.08 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.07 0.61 0.72 0.72 0.72 0.72 0.00 0.00 0.00 0.00 0.00

0.08 0.08 0.00 0.00 0.00 0.04 0.06 0.01 0.08 0.05 0.06 0.00 0.00 0.00 0.00 0.00

) 0.02 0.02 0.00 0.00 0.00 0.10 0.02 0.04 0.01 0.11 0.03 0.00 0.00 0.00 0.00 0.00

F 0.02 0.02 0.00 0.00 0.00 0.01 0.02 0.04 0.08 0.01 0.10 0.00 0.00 0.00 0.00 0.00
0.17 0.17 0.00 0.00 0.00 0.04 0.10 0.11 0.03 0.02 0.01 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.04 0.04 0.05 0.00 0.00 0.00 0.00 0.00 0.00 0.12 0.12 0.04 0.04 0.00

. 0.00 0.00 0.43 0.23 0.42 0.00 0.00 0.00 0.00 0.00 0.00 0.06 0.06 0.16 0.16 0.00
0.00 0.00 0.21 0.08 0.20 0.00 0.00 0.00 0.00 0.00 0.00 0.26 0.26 0.57 0.23 0.00

0.00 0.00 0.08 0.40 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.56 0.56 0.23 0.57 0.00

D 0.09 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
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Tabnuua 8.5. 89-a cTeneHb B3BEWWEHHOW CynepMaTpu1ibl

S U K D

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

M 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Ay 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

v 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

) 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

0.05 0.05 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.06 0.00

0.14 0.13 0.14 0.14 0.14 0.16 0.16 0.16 0.16 0.16 0.16 0.14 0.14 0.14 0.14 0.00

d 0.34 0.34 0.37 0.36 0.36 0.41 0.41 0.41 0.41 0.41 0.41 0.36 0.36 0.36 0.36 0.00
0.43 0.43 0.46 0.45 0.45 0.51 0.51 0.51 0.51 0.51 0.51 0.45 0.45 0.45 0.45 0.00

D 0.10 0.09 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1.00
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TaknM obpa3oM, CTpPOYHLIE KOMMOHEHTblI C HEHYNEBbIMU 3neMeHTaMu Ans 6n10KoB B
6104YHbIX cTonbuax CpaBHMBAaKTCA B COOTBETCTBUM C UX BO3AENCTBUEM HA KOMMOHEHTY
3TUX 61104YHbIX CTON6UOB. 3aTeM Kaxabin 610K B3BEWNBAETCA NOCPEACTBOM KO3 PULUMEH-
Ta CoOBCTBEHHOro BeKTOpa, COOTBETCTBYHOLLEN0O KOMMOHEHTE B 3TOW CTpPOKEe. DTOT Nnpouecc
NpUBOAUT K CNeAyrLWmM YeTbipeM MaTpuLuaM NapHbIX CpaBHEHWUNA.

M S F D Cob6CTBEHHbIN
BEKTOP
BnouHbIN M 1 0,125 0,167 0,333 0,047
‘;‘}0”6‘3” S 8 1 3 6 0,568
F 6 0,333 1 5 0,293
D 3 0,167 0,200 1 0,092
S P Cob6CTBEHHbI BEKTOP
Broubin - g 1 0,333 0,250
cTonbeul
S P 3 1 0,750
S U F Co6CTBEHHbIN BEKTOP
BnouHbIit S 1 0,143 0,333 0,081
‘50”6‘3” U 7 1 5 0,731
F 3 0,20 1 0,188
U F Co6CTBEHHbLIN BEKTOP
Bno4HbIM U 1 4 0.8
ctonbel, !
F F 0,25 1 0,2

B3pelwunBan cynepMaTpuLy M UCNONb3YSa NOJSYUYEHHbIE Bbile Beca, NosydyaeM crneayro-
Wyl CcToxacTudyeckyrw no crtonbuam matpuuy (cMm. Tabn. 8.4) u eé€ 89-10 cTeneHb
(cMm. Tabn. 8.5).

Bo3seageHue MaTpuubl B CTEMNEHU NpeacTaBAseT LONTOCPOYHbIE OTHOCUTENbHbIE BNS-
HUS 2NEMEHTOB ApYyr Ha Apyra. Mbl MOXeM, BO-MeEpPBbIX, CKa3aTb, YTO LEHa U CNpoC sB-
naKTCca BeaywmMu daktopamMu B CTanenNMTEeNHON MPOMbIWAEHHOCTU. OTMETUM, 4YTO No
Mepe BO3BeAeHUs MaTpuubl B 6onbluMe CTENEHW, BaXKHOCTb UEHbl KanuTana Ha aMepu-
KaHCKOM pblHKe akuWin pacTeT (4TO BMAHO M3 MATpuL, He nMpuBedeHHbIX 34eck) oT O 4o
0,43, No3TOMY yAOpOXaHMEe BKNAAOB B OTEUECTBEHHYI CTaneUTENHY NMPOMbIWAEHHOCTb
O3HayaeT yrpo3y ee janbHelweMy pacCllUMpPEHUd U Aaxe BbDKMBaAHWUD. BaXHOCTb Heuc-
MONb30BaHHbIX MOLWHOCTEN CHUXKAETCA A0 HYAs, KaK N BCEX HEYCTOMYUBLIX 3/IEMEHTOB B
cucTeMme.

Apyrum 6onee o4eBUAHLIM 3aKAKOUYEHUEM SBASETCA TO, YTO BAMAHWE Crpoca B cTane-
JINTEAHON NPOMLIWAEHHOCTU HE MEHSETCA B TedYeHne ANnTenbHoro nepunopa. LleHa kanu-
Tana okasblBaeT Hanbonbluee oblee BAUSHUE Ha Modenb. Kak U 0Xnaanocb, NpUopUTET
LeHbl Ha KanuTan 6yaeT NoBblWaThCs MO CPAaBHEHUID C APYTMMU UCXOAHBLIMU LeHaMK, Tak
KaK LeHa Ha KanuTan oKa3blBaeT Ha HUX Bbonblloe BNUAHME., B AeCTBUTENBHOCTM 3TO TO,
YTo MPOUCXOAUT B TeUYeHUe ANUTENbHOr0 BPEMEHWU, HO 3a KOPOTKWUA nNepuoi BpPEMEHU
ApYyrne aneMeHThbl OKa3biBaloT 60MbWOE BANSHNE Ha OTHOCUTENbHLIE MPUOPUTETHI.

3ameyaHue. MOXeT oKa3aTbCsl MOME3HbIM 3aKOHUYUTb 3Ty rMaBy yYKa3aHWMEM Ha TO, 4YTO
3aBUCUMOCTb MeXAay 31eMeHTaMWn 3a4aHHOM KOMMOHEHTbl CUCTEMbl MOXET 6bITb BblYUCNE-
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Ha, KaK rnokasaHo B rn. 5. Pe3ynbTaT 3aTeM B3BEWWBAETCSA C MOMOLWbK HE3aBUCUMbIX
NMPNOPUTETOB, BbIYHNCIEHHbLIX B 3TON rnase.
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rNABA 9

LWKAJIMPOBAHMUE
N MHOITOKPUTEPUANIbHBIE METO/bI

9.1. BBEAEHUE

Haw noaxof K yCTaHOBNEHMIO MPUOPUTETOB N MEpPaApPXUSM COMPUKACAETCs C MeToAaMu
LWKanMpoBaHMs, TEOPUEN NONE3HOCTU U MHOMOKPUTEPUANbHbIMM METOAaMW. 34€Ch NMPOBO-
ANTCS TaKXe aHanm3 rnaBHbIX KOMMNOHEHT, 06CyXAarTcs MeTo4 forapudMmMUeckmux Hau-
MEHbLUMX KBagpaTOB M METOA HaMMeHbLUIMX KBagpaToB. lNocne HecKoNbknx NepepaboTok
rnaBy NMPULWJIOCE COKPaTUTb NOYTU A0 pa3MepoB Habpocka. Ans AONOJHUTENBHOMO YTEHUS
ynTaTento cneayet 06paTUTbCA K LUTUPYEMOM nuTepaType.

9.2. WKAJIbl N NBMEPEHWNE

TeopeTnyeckmn maMepeHue — 3TO MNOCTPOEHME WKan nocpeacTtsoM M3OMOpPEHHOro OTo-
BpaXkeHUsa 3MIUpUYECKON CUCTEMbI C OTHOWEHUAMWU B YUC/IEHHYHO CUCTEMY C OTHOLWEHUSA-
Mu. MNMpousBoAHOE U3MEPEHNE BbIBOAUT HOBYKO LWIKaNy U3 APYruX U3BECTHbIX wWkKan. Xopo-
WKUM NPUMEPOM MPOU3BOAHON LWKasbl MOXeET ObITb WKana nAoTHOCTU, MOJIyd4eHHas U3 oc-
HOBHbIX WKan Ansg Maccel n obvema.

Mo-BuaMMoMy, WKana Hanny4dwum obpasoM npeacTtaBnsaeTcs B TEPMUHaX Knacca npe-
obpasoBaHuii, KOTOpPblE OCTABNASAT €e UHBApWaHTHOW, T. €. TakMxX npeobpa3oBaHUn, KO-
TOpbIE COXPaHSAIT COAEPXALLYICA B HEN MHDOPMaUUIO.

CyuwecTByowMe WwKansl NpUBOAATCA HUXKE B NMOpsaKe yBenmdeHns spPeKTUBHOCTH:

1. ll/kana HamMeHOBaHMi, eAVUHCTBEHHasa C TOYHOCTbIO A0 N60ro B3anMHOOAHO3HaY-
Horo npeobpa3oBaHWs, KOTOpas COCTOWUT, MO CYLECTBY, U3 NpuUcBamMBaeMbiX Ob6bLEKTaM
HanMeHoBaHWN.

2. Ukana nopsakos, KoTopas ynopsgodmsaeT 06bEKTLI MO paHram U MHBapuaHTHa no
OTHOWEHMIO K MOHOTOHHO BO3pacTarwmM npeobpa3oBaHUsM.

3. l/kana MHTEPBanoB, eAVNHCTBEHHAA C TOYHOCTbLIO A0 MOMOXMTENbHOMO IMHENHOro"

npeobpasoBaHua euaa y=ax+b, a>0.

4. l/kana pa3HoOCTe/, WHBapMaHTHas MO OTHOWEHUK K rnpeobpa3zoBaHU BULa
y=x+b.

5. WWkana oTHouweHns (WKana, ucnonblyemMas Ang onpeaeneHus NpuopuTeToB), WH-
BapMaHTHas MO OTHOLWEHMK K MOJ0XKUTENbHLIM JAMHENHLIM Npeobpa3oBaHU BULa
v=ax, a>0.

CywecTBEeHHOMN pasHMUEN MexXAy LKaNoW OTHOWEHUM N WKanon UHTEPBANOB ABMSAET-
CA TO, YTO B NEpPBON 3a TOUKY OoTcyeTa bepeTca Havyano KOoOpAUMHAT, B TO BpeMs KakK BTO-
pol 3Toro He TpebyeTcs. LLkana OTHOWEHNA UCTOPUYECKU BO3HUKA B U3MEPEHUaX Yac-
TOT NPU BbIYNCEHNN BEPOATHOCTEN.

®dopManbHO LWKana — 3TO TPOKa, COCTOSLLAA M3 MHOXECTBa 3/1eMeHToB S, 6MHapHOM
onepaummn «QO » Ha 3neMeHTax S M npeobpasoBaHus F 3MEMEHTOB B AENCTBUTENbHbIE
ynucna. B HaweM cnyyae S — MHOXECTBO BMAOB AEATENLHOCTU MMM 06bEKTOB S,..., O .
BuHapHbIil onepaTop « O » — BUHapHOE, UM MonapHoe, CpaBHEHWE 3NEMEHTOB ANA Bbl-
ABMIEHUA NPEBOCXOACTBA O4HOMO M3 HUX MO OTHOLWEHWUIO K 3aJaHHOMYy CBOWCTBY. Hanpwu-
Mep, Mbl NMULLIEM SI.OSJ., yKasblBas 3TUM Ha TO, YTO S;, CpaBHMBAETCS C Sj, ANnsa BbiABNE-

* O6bIYHO Takoe Npeobpas3oBaHNe Ha3bIBaAIOT aUHHBLIM. — [IpUM. nepes.
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HUA CPaBHUTENbLHOIrO NMPeBOCXOACTBA, HanpuMep, OTHOCUTENbHO BECa, ecNu 3NeMeHTbl S
- KaMHuU. Onsa onpeaeneHusa npeobpasoBaHusa F nepeBoAMM MapHble cpaBHeHUs B dop-
MY UYMCAEHHbIX 3HAaYeHW, NpeacTaBNAWNX NapHble CPABHEHUA, U COCTaBISIEM U3 HUX
MaTpuuy A, 3aTeM pellaeM 3agady HaxoXAeHUs COBCTBEHHOro 3HaueHus, 4Tobbl onpe-
AeNnTb TOYHOE COOTBETCTBME MexXay 0bbekTaMn N AENCTBUTENBbHLIMU YMCNaMun. Becb aTOT
npouecc onpegenseTt npeobpasoBaHue.

MoueMy nony4daeTcs WKana OTHOLWEHWH, korga ncnonbayetca MAU? Hy>XHO nokasaTb,
YTO nNapHble CpaBHEHWs, onpedesieHHble NocpeacTsoM buHapHOW onepaunn, oTobpaxa-
ITCA B LWKany OTHOWEHUN AeNCTBUTENbHbIX 4YuCesn, COOTBETCTBYHLWMUX CpaBHMBAEMbIM
aneMeHTaM. Hanpumep, ecnu

A" 5o, 4" >, 404" >0 /o,.

B obweM cnydyae 6biBaeT TpyAHO MoKasaTb, KakKOW BUA LWKanbl UCNONb3YETCs, 0CO-
6eHHO korga npeobpasoBaHMe CNOXHOE W BKAKYaeT duanyeckue onepaumm, Hanpumep
Takme, Kak NoadbLeM U ONyCKaHWe pTyTU NMpu U3MEHEHUM TemnepaTypbl. n4a 3agadumn, cBs-
3aHHON C PU3NYECKON CUCTEMOW, BUL UCNONb3YEMONM WKanbl YCTaHaBAMBaKT aMOMpUYe-
CKU. TeM He MeHee, Korga UMerT Aeno ¢ abCTpakKTHOM CUCTEMOM, HYXEH TeopeTUYeCKUin
MeToL4 onpefeneHnsa Buaa WkKasnbl. Tenepb Mbl 3HAaEM, UYTO pPELUEHUE 3a4a4YN HaXOXLEHUNS
rNaBHOro CO6CTBEHHOrO 3HaYeHUa ANSA MOAOXUTENbHbIX MaTpuUL €4UHCTBEHHO C TOYHO-
CTbKO A0 MOOXWUTENbHOr0 MOCTOSHHOrO MHOXUTenda. [losToMy npeobpasoBaHue faet

MHOXECTBO AENCTBUTENBLHbLIX 4uncen aam, ..., aw no OAHOMY A4OnAa KaX>XAoro 3neMeHTa

nr
Sl,...,S roe a — Npou3BOJZIbHOE MONOXUTENBHOE YMCNO, YTO TOYHO COOTBETCTBYET ON-

peneneHuio WKkanbl oTHoWeHNn. CneayeT OTMETUTbL, UTO WKasa OTHOWEHWA, Nofy4YeHHas
M3 MaTpULUbl CYXAEHUN, SABASETCA HaWeW OUEHKON MPUHSTON OCHOBHOM LWKanibl OTHOLe-
HWIA, KOTOpasa nony4dunace 6bl, ecnm MaTpuua cy>xaeHun boina 6bl cornacoBaHHOM.
Janbwe cneayrT Nose3Hble BbIBOAbI MO LWKanaM OTHOWEHUW. MOXHO CNOXWUTb napy
3/IEMEHTOB OAHOW M TOW Xe WKanbl OTHOWEHWUA N NOAYYUTE TPETUN SNIEMEHT, NpuHagne-

KALWKMMA TOW e CaMOW LWKane oTHoweHun. CnepoBaTeNnbHO, €Ciu Y =dadx W y:ax', TO

nir

y+y':a(x+x') N MHOXMWTESNb OCTAETCA MO-NMPEXHEMY paBHbIM a . OgHaKo HU Npou3Be-

AEHWE, HM YaCTHOE ABYX TaKWUX 3/IEMEHTOB HE MPUHAANEXUT TOW XKe LKane OTHOLIEHWNA.
2

CneposaTenbHo, ecnn VY =a xx' u y/y':x/x', M HN OAWH U3 3TUX ABYX 3NIEMEHTOB HeE

NMpUNHaONEXNT WKane OTHOLUEHUI Y =ax, TaKk KaK MHOXWUTEeNb d #1 OTCYTCTBYET Y obounx.

Mone3Ho OTMEeTUTb, YTO CYMMa ABYX 3/IEMEHTOB U3 ABYX pa3/IMYHbIX LWKan OTHOLUEHMUI
HE NMPpUHaANEXUT LWWKane OTHOWEHNN. TeM He MeHee npomseegeHne N 4YaCtHoe€ npuUHaa-
NIEXUT WKane OTHOWEHWH, OTAMYaoWeNCca 0T MCXOAHbLIX LWKan OTHOWEHWA, ecnn a unu

b He paBHbl eauHMLe. YTO6bI Y6eanTbCA B 3TOM, HanuweM y=ax un y =bx', nonyunm
y+y =ax+bx" n yy':(ab)xx', y/y':(a/b)x/x'. UTak, paboTas c ABYMSA pa3NYHbIMU

WKasaMnU OTHOLWEHUM M Xenasd NonydnTb 3HaUYMMble YMCa B HOBOWM LUKane OTHOLUEHWUH,
cnenyeT YMHOXaTb U AeNnTb, HO HUKaK He cKknaabiBaTb WM BbldMTaTb. BOT noyemy bec-
CMbICIEHHO CKNaablBaTb TakuMe BEeNWUYMHLI, KaK BpeEMS U pPacCTOSAHME, HO MOXHO WU3BJieYb
CMbICA U3 geneHnsa ANIHbl Ha BpeMs, nosaydast CKOpoCTb.

Teopusi U3MepeHUn cBsizaHa € HEKOTOPbIMU 06/1acTsAMM TEOPUM NpeacTaBfeHns, Teo-
pUN eAUHCTBEHHOCTU, NpoueanypaMn MU3MEPEHMA U aHanu3a owmnbok. Teopust NpeacTtas-
NleHNs1 BKOYaeT npeacraBieHne TpebyeMblX OTHOLWEHW NMOCpeacTBOM WKanbl, €4UHCT-
BEHHOCTbL CBfi3aHa C AONYCTUMbIMWU FOMOMOPMU3IMaMN, KOTOPbIE COXPaHAKT OTHOLWEHUSA;
npoueaypbl U3MepeHUin onepupyrdT ¢ NOCTPOEHUEM TOMOMOPPU3IMOB M aHanau3 oWwnbok
CBsAi3aH co cnocoboM NoAroHkKM ownbokK.

B cBoein aucceptaumn J1. Baprac nokasan, uyto MAWM aBnsieTcss METOAOM U3MeEpEHMUs.
Bo-nepBbIX, OH chopMynnpoBan Habop akCMOM, KOTOpblE XapaKTEPU3YIOT CYyLLeCcTBOBaHUe
roMoMopdunsMa Mexagy MHOXECTBOM afbTEePHATUB U MHOXECTBOM MOSOXUTENbHbIX AENCT-
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BUTENbHbIX 4Yncen (TeopeMa npeactaBrieHusa). Bo-BTOpbIX, NoKasas, 4TO roMOMOpdU3M
€AVWHCTBEHEH C TOYHOCTLK A0 npeobpasoBaHua noaobua (TeopeMa €AUHCTBEHHOCTH),
T. €. MHOXECTBO AONYCTUMbLIX Npeobpa3oBaHWM roOMOMOpdU3Ma SBAAETCS MHOXECTBOM
npeobpasoBaHunini nogobusa. Takmm obpa3oM, TpoMKa, COCToALLAsA U3 MHOXeCTBa anbTep-
HaTUB, MHOXECTBa MONOXUTENbHbLIX AENCTBUTENbHbIX Yncen (UM ero HeC4YETHOro noa-
MHOXeCTBa) U roMoMopdu3Ma, ABNAETCHA WKaANOW OTHOWEHUS. TeM He MeHee 3Ta LKana
OTHOLUEHMI ABNSETCS WKaNoM OTHOWEHUA TONbKO B Y3KOM CMbICNe, T. €. €€ 3/1eMEHTLI He
MEHSAKTCA Npu NpeobpasoBaHUN.

OH noAvYepKHYN TakXe, YTO Mepapxmyeckoe U3MepeHWe BKJYaeT OCHOBHOE M Npo-
M3BOAHOE U3MEPEHUA N YTO B pe3ysibTaTe NMoNy4vYaeTcsa WKana OTHOWEHUA, eaUHCTBEHHAas
C TOYHOCTbIO A0 TOro e camoro npeobpasoBaHna nogobusa, 4To U BTOPON YPOBEHbL Me-
papxuu.

9.3. TEOPUA NMNOJIESHOCTA

NpeaMeToM Teopun MOSIE3HOCTU ABNAETCHA NpeacTaBieHue B AENCTBUTENbHLIX Ynciax
OTHOCUTENbHLIX NpeanoYTEHUU OTAENBLHOMO Auua npu BLIbope N3 HEKOTOPOrO MHOXECTBa
3N1eMeHTa.

MopsakoBas PYHKUUS MOME3HOCTU NEepPeUYnCseT 3/IEMEHTbI, pacrnosioXeHHbIe N0 paH-
ry. KapavHanbHas none3HoCcTb BKAKYaeT MHpopMauuo o cune npeanodyteHun. (CywecT-
BYIOT TakXe ynopsaAovYeHHOe MEeTpUYEeCcKOoe paHXWpOBaHWE U MHOrMOMepHas Teopus no-
NEe3HOCTH.)

Kak cpaBHUTb MOME3HOCTU anbTEPHATUBHLIX peleHui, Korga rnpu oueHKe nones3HoCcTm
KaXxAoW anbTepHaTUBbI AO/KEH 6bITb YUTEH BKNa4 MHOMMX CYLECTBEHHbIX (PaKToOpoB?

Teopuu agaNTUBHOW NONE3HOCTU NpeasaratoT BO3MOXHbIM Noaxo4 K 3ToM npobneme B
npeanonioXeHun, 4to, rpybo rosops, MOSE3HOCTb LENOro paBHa CyMMe MMOJIE3HOCTEN,
NPUMUCLIBAEMbIX €ro 4YacTaM.

Mpouenypa, paspaboTaHHasa B [77] U NpuMeHEHHasa ANns peweHus npobnembl aspo-
nopta ropoga Mexmko, oCHOBaHa, Mo CyLWeCTBY, Ha UCMO/Ib30BaHUN MHOMOMEpPHON YHK-
UMM NONE3HOCTMW.

XKenatenbHO OUEHUTbL MHOXECTBO anbTEPHATUB C LeNbl BbibOpa Hannydwen B 3aBU-
CMMOCTM OT UX BO3AENCTBUA Ha 7 acrnekToB. Bo3gencrTeusa onucbIBalOTCA BEKTOPOM yucen

(xl,xz,...,xn). B MOMEHT NpUHATUSA PELUEHNSA HE MOXET 6bITb YBEPEHHOCTN B nocneacT-

Buax. MNMostomy BBOAUTCS CIJYHKLI,VIH NNAOTHOCTUN BEPOATHOCTU p(xl,...,xn), onncbiBarLan
I'IpaBLI,OI'IOLI,O6HOCTb Kaxgoro mrtora. Mcnonb3sys aTy CIJYHKLI,VHO NAOTHOCTUN, MOXHO <«Oornpe-
AENNTb>» CIJYHKLI,VHO NnoNne3HOoCTHU U(X) 3aTeM MOXHO BbIMUCIUTb OXUAAEMYK MNOSIE3HOCTb

Ka)aAoW anbTepHaTUBbLI. BbibupaeTcs anbTepHaTMBa C HanbosbLIEN OXNAAEMOI MONE3HO-
CTbHO.

Onpefensitb NONE3HOCTb C O4HOBPEMEHHbLIM YYeTOM 6oee YEM ABYX aCNeKTOB 4Ypes-
Bbl4aiHO TPYAHO, B pe3yfbTaTe AenakTcs ynpolwarlwmne 4oNyLWeHMs ANa NoNydYeHus Ta-

KoM yHKUMKU [, uTO
u(x):f[ul(xl),...,un (xn)],

rae ul.(xl.) - CII)YHKLI,VIH Noe3HOCTM OTHOCUTENbHO acrnekTa i .
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9.4. KPATKOE CPABHEHME METOAA COBCTBEHHOIO
3HAYEHNA C APYTUMWN METOAAMU, MCNOJb3YIOWNMA
LHKAS1IBI OTHOLWEHWN

B cBoeil kpaTkoi cTaTbe Wenapa [146] yka3sblBaeT, UTO MCCAeA0BaHMS N0 MaTpuuaM
NpeBOCXOACTBA U COOTBETCTBYOLWWUM U3MEPEHUAM HE BblIM TaKMMKU OBLWMPHBIMU, KaKUMMU
6bInn nccneaoBaHUA No TpeM ApYruM Tunam: 6/1M30CTU, CEYEHUIO U COBMECTUMOCTU. Mbl,
no cywectey, UHTepecoBasnCb MaTpuuaMu NpPeBOCXOACTBA WM UX MCNONb30BaHWEM ANgd
NONyYeHUSA LWKasa OTHOWEHUA U fanee AN U3MEpeHUs nepapxuyeckux BO3AENCTBUMN.
CpaBHUM 3TOT MeTOA C APYrMMU MccnenoBaHUAMU. Mbl HageeMcd, YTO Hac MpoCTAT 3a He
Takoe MNONIHOEe CpaBHEHUE, KaK XOTesnocb 6bl HEKOTOPLIM yuTaTensaMm. B aencTBUTENbHO-
CTU, CYTb naen bblna CbIMNPOBU3NPOBaHa U pasBuiacb NOMHOCTbIO U3 MPUIOXEHUN. 3a-
TEM €l HYXXHO 6bIJ10 NpMaaTh 3aKOHYEHHbIM BU4 B OCHOBHOM MOTOKE NeyvaTHbIX TpyAOB.

B Modenn cpaBHUTENbHbIX CyXAeHUA TepcToHa [162] TpebyroTcsa napHbie CpaBHEHUS
06bEeKTOB TONBKO B TOM CMbICNe, 4YTO oAMH 6onee npeanodTuTeneH, yem gpyron. OH co-
bupaeT MHpopMauU O CTUMYax B NpeanosioXeHUU HOPMaNbHOCTU NMpouecca CYyXXAeHUN.
Mpn pononHUTENbHLIX TpeboBaHMAX K NapaMeTpaMm, HanpuMep Mpu paBHLIX AUCMEpCUax
WU HYNEBbLIX KoBapuaumsax, OH cCObUpaeT pas/IUYyHYK <«MeTpUYEeCKYr» WHdopMauu o
CTUMYyax.

Ecnu k skcnepToB cpaBHMBAKT 7 06LEKTOB U eCnu fl.j - 3MNMpUYecKkas YacToTa, Co-
OTBETCTBYHOLLASA UYMC/Yy MpeanoyYTeHUn 3kcnepTaMmn obbekTa I Hald 06beKToM j, To Aons

Dj;, C KOTOpPOW i npeanoyTuTenbHee J,

Py = fy [k

TepcToH B [162] NnocTynupoBan, uTo pacnpelesneHne BCexX pasnuyarwmxcsa npouec-
COB, KOTOpble ONPEAENATCA CTUMY/IOM [, HOPMa/llbHO OTHOCUTENLHO MOAANbHOrO pasnu-

o o 0
yatolero npouecca (Mnu cpegHero). CpeAHWM pasnuyYaloWMn Npouecc s; , accounmnpye-
MblA CO CTUMY/IOM [, Ha3blBAETCH 3HAYEHWEM B LUKane CTUMyna, a AUCNepcus pasndaio-
wero npouecca o6o3HavaeTcs yepes O;. B npeanonoxeHun o HOPManbHOCTU P, MOXeT

6bITb BbIpa>X€HO KaK CTaHAapTHOE HOpMallbHOE OTKJIOHEHUE Zij:Si_Sj' MosToMy

0 0
Dy = 0,5, koraa z, =0, n 310 UMeeT MecTO B cnyyae s, =s;. Ecnm z; > 0, To cuutaeTcs,

p,
YTO pasnuuatolWnii npouecc j Bblile, YeM i. NMeeM

-
1 Y
2
Py == J. exp(—x /2)dx _
2
—o0
PacnpeaeneHue pasHOCTe §; —S; HOPMabHO CO CTaHAAPTHbLIM OTK/IOHEHWEM
5 5 1/2
o, = (Gl. +0; —27;.jal.aj) ,
rae 7,
NMeeM 3aKOH CPaBHUTENbHbIX CyXAEHNI
S, =8, =2,0,_;.

— KOppensaums mMexay s, u s,.

Kaxxaas napa 6yaet obnagatb TakuM pasnoxeHueM. [Ana 4yeTblpéX 06beKTOB MMeeTcA
WeCTb TakKUX ypaBHEHUNA C 14 HEMU3BECTHbIMU: 4 UCKOMbIX 3HAYeHWs WKanbl, 4 cTaHpapT-

HbIX OTK/IOHEHUS U 6 B3aUMHbIX KOppGﬂFILI,VIVI. M3BECTHbI TONLKO Zij' Mo3TOMY HEBO3MOX-
HO MOAYYNTb €AMHCTBEHHOE pelleHue cuctembl. B KadyecTBe nepBoro I'IpVI6J'IVI)K€HVIFI MOX-

2
HO MPEeAnoioXUTb, YTO BCE CTaHAAPTHbIE OTKIOHEHUSA paBHbl O, a BCE B3aWMHble KOp-
pensiunu paBHbl 7. B pesynbTate nonyyum
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0 —S? =z, [262 (l—r)]l/2 .

1

BennunHa B ckobkax — NOCTOSIHHAs M MOXeT CNyXUTb KakK obwasn egnHuua pasaene-
HNA WKan pa3nnyHblX nap CTUMynoB:. €€ MOXXHO YCTaHOBUTb paBHOVI eanHumue.

Ecnn 0603HauunThb
S =)t =)z,
i=1 i=1

0
To, nonarasa s; =0, MOXHO NokasaTtb, YTO

0_ 0 0 _0
©=s0+(2-2).

C noaxonoM TepcToHa CBA3bIBAKT psan orpaHudeHunin. Hanpumep, Tmndopg [59] pe-
KOMeHAYeT orpaHuUunuTb AMana3oH BEPOATHOCTEN.

ToprepcoH [163] cucteMaTU3npoBan U pacnpocTpaHuia MeTol TepCTOHa Ha WKanupo-
BaHMe, B YaCTHOCTW Ha cny4yain, Korga KoBapuauUMOHHbIE YfeHbl NOCTOSAHHbI, KOppensauum
paBHbI, @ pacnpeaeneHnsa roMockegacTUYHBbI.

JNlbloc npeanoxun 1o, 4to Kymbc [26] Ha3biBaeT Moaenod bpsanu-Tappu-Jlbtoca
(BTJ1), ncnonb3ysa NOrMCTUYECKYO KPUBYIO, KOTOpasa saBnsgeTca norapndMmyeckum npeob-
pasoBaHMEM pacnpegeneHus BEpPOSATHOCTEN. XOTHA 3TO OTMYaeTca OT NpeanonoXeHus
HOPManbHOCTU, NPaKTUYECKW TPYAHO MPOBECTU pasnuune mexay mogenoto BTJ1 n cnyva-
eM n3 paboTbl TepcToHa, rae oH npeanosiaraeT HOPMasibHOCTb pacrnpeieneHuin n paBeH-
cTBO Aucnepcuin. Mogenb BTJ1 6onee cTporo ocHoBaHa Ha Teopuu Bblbopa noBeaeHUs.
KyMmbc paccMaTpuBaeT CyLWLECTBEHHOE passinyve Mexay AByMsS MoAensaMu.

MOXHO COMOCTaBUTb HaWW AOMNYLWEHUA C NCUXOMEeTpUYeCcKUMU TpagnumaMmm. Mol He
Ha4YMHAEM C rMnNoTE3bl O TOM, YTO CYXAEHUA B BUAE OTHOLWEHUIN ABMAKTCA HE3aBUCUMBIMMU
BEPOATHOCTHbIMU MnpoueccamMu. BMecTo 3Toro nocneacTemsa U3MEHEHUN B CYXAEHUAX UC-
CNneayTCca Yepes BO3MYLLEHUSA BO BCEM MHOXECTBE CyXAeHui. lNMoaxoa Takoro Tuna npu-
BOAUT K KPUTEPUIO COrnacoBaHHOCTU. [103TOMY Nony4vyeHue peleHrUn HawmM MeTOAOM He
ABNSETCA CTaTUCTUYECKOW Npoueaypoun.

Kopoue roBopsi, MHOrMe ncUxXoMeTpuyeckme MeToabl Npou3BOAAT BbIpaboTKy cyxae-
HWIA, NPUrOAHbLIX AN peLeHns B TOW UK MHon wkane. NpegnonaraeTcs, 4TO eCnu Bbipa-
baTbIBalOTCA CYXAEHUS, TO 3TO NPOUCXOANT A0 OLEHKU B BUAE OTHOLIEHUSA MeXAy ABYMS
cTumynamu. lMNoaToMy Hawa npoueaypa HGOpMUPOBaAHUA pELLEHUA He CBA3aHa C npeano-
NOXEHUSAMU O pacnpeseneHun CcyXXaeHuin. TeM He MeHee, eC/lM Mbl XOTUM CPaBHUTL No-
60e peweHMne ¢ KpUTEPUEM COrTacOBaHHOCTU, cneayeT obpaTUTbCa K CTaTUCTUYECKUM A0-
BOAAM M BO3MYLLUEHUAM BCEN MaTpULbl CYXXOAEHUN.

Ncnonb3oBaHMe METpUYECKOM MHpOPpMauMmn B MaTpuue CyXAeHUn cybbeKkToB co3gaeT
aHanormm C aHanusoM rNaBHbIX KOMMOHEHT, 3a WCKNKYEHWEM TOro, 4YTO AaHHble AakoT
MHpOpMauno 0 NPEBOCXOACTBE, a He 0 nofobun unun kosapuaumax. (JdanbHenwue pac-
CYXAEHUA CM. B KOHUE 3Toro pasgena.) lNpu aHanuse rnaBHbIX KOMMOHEHT BblAenseTcs

A OAHAKO pelweHNnEe Nony4varT TakKXe N And BCeX OCTalibHbIX A. TeM He MeHee pe-

max /
3ynbTaTbl AO/KHBI 6bITb MHTEPNpPEeTUpOBaHLI No-apyromy (cMm. [67]).

B npoBoaMMOM aHanuse npupoja CTUMYJ/IOB U 3ajada, KoTopas CTaBuUTcA nepes cybb-
eKTaMu, TakxKe NoA06HblI «NCUXOPU3NYECKOMY» WKAaNMPOBaHUIKD, Kak OHO MbicnuTtca CTu-
BEHCOM U [anaHTepoM [156]. B nocneaHee BpeMs OHO WKMPOKO MUCMOMAb3YETCA BO MHOMMX
MonbLITKax MNOCTPOUTb COCTaBHLlIE Mepbl MOAUTUUYECKUX MNEPEMEHHbLIX, BKJ/OYaA <«CUNY
CTpaHbl». TexHWka CTUBEHCa HaBA3blBAeT COrMaCcoBaHHOCTb TEM, UTO 3KCMNEPTOB MPOCAT
CpaBHUTb OAHOBPEMEHHO KaXAbll CTUMYN CO BCEMW APYrUMU, POPMUPYSA TOLKO OAHY
CTPOKY MaTpuUbl. DTO O3Ha4yaeT, YTo rmnoTesa O4HOMEPHOCTU He MoXeT 6bITb NMpoBepeHa
HenocpeacTBeHHo. Ecnn ucnonb3ayetca meton CTuUBeHca, TO cneayeT obpaTuUTb BHUMaHue
Ha TO, 4Tobbl CyXAeHUs O cTuMynax 6bIInM cornacoBaHHbLIMU MM BAU3KUMKW K COornaco-
BaHHbIM. BaobaBok He cyuwecTByeT cnocoba OTHECTU OAHY WKany K ApYyron, Kak 3To nMme-
eT MeCTO B nepapxuu.
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KpaHTy [86] akcMoMaTU3MpoBan anbTepHaTUBHbIE NpoLUECcChl, CBA3blBaKOWME CTUMYIbI
C CY)XXOAEHUSIMWU, WU MOAYUYUN TeopeMbl CYLEeCcTBOBaHUA ANSA WKana OoTHoweHW. MNopobHas
akcuoMaTusauns He 6blna pacnpocTpaHeHa Ha UepapXmMn LWKan OTHOLWEHWA.

HekoTopble nccnegosatenm nogownm Kk npobneMe WKannMpoBaHUS Tak, Kak ecnu 6ol
no3HaBaTeNbHOE MPOCTPAHCTBO CTUMYNOB 6bI10 6bl MO CYLLECTBY MHOMOMEpPHLIM, O4HAKO
BMECTO 3TOr0 Mbl BbIbUpaeM UepapXUYeCKy 4EKOMMNO3ULNID 3TON MHOMOMEPHOW CTPYKTY-
pbl, UTOObI YCTAaHOBUTb KOMNMYECTBEHHbIE, @ TaKXe KadeCTBEHHbIE OTHOLIEHUS Mexay Be-
nynHamn. OTaenbHble BEANUYNHBLI B peLleHUsX MHOMOMEPHOro WwKanmpoBaHUs GyHKUMO-
Ha/lbHO HAaNOMWHAKT OTAESbHble COBCTBEHHbIE BEKTOPbLI Ha KaXAOM ypOBHe Hallen ue-
papxuu.

dopManbHO 3agaya NOCTPOEHUs LWKanbl B BUAE HOPMAnM30BaHHOIO COBCTBEHHOrO
BeKTopa @ B ypaBHeHuUM Aw = Aw (ans makcumanbHoro A ) nogobHa BblAENEHUIO rep-
BOW rNaBHOM KOMMNOHEHTbl. Koraa akcnepToB MNPOCAT 3an0fHUTb KETKWU TOMbKO OAHOM
CTPOKU UM ogHOro ctonbua, a gpyrne KAeTKkU BbIYUCAAKTCA Mo HUM (ans obecnedyeHus
«COBEPLEHHON COrnacoBaHHOCTU»), nepBoe CoBCTBEHHOE 3HayYeHWe # BOCNPOU3BOAMT,
100% un3MeHeHUs MaTpuubl. ECiM «coBeplleHHada COriacoBaHHOCTL» HaKNaAdbiBaeTCcsa Ha
AaHHble 3@ UCKKYEHUEM TOro, YTO K KaXAOM KfeTKe MaTpuubl 4obaBnsaeTcs HOpManbHO
pacnpejeneHHas cnydanHas KOMMOHEHTa, TO TEOPUSA NPUBOAUT K aHaNM3y rnaBHbIX dak-
TOPOB, N NONYUYUTCS «OAHOpaKTopHoe» pelweHne. CneaoBaTeNlbHO, €CnNn coBeplleHHas
COrNacoBaHHOCTb HaBA3bLIBAETCA 3KCMNEPUMEHTATOPOM, TO NONYYaAETCs HEUHTEPECHLIN pe-
3yfbTaT TOYHOrO WKannupoBaHUA, KOTopoe 6blN0 rapaHTUpPOBaAHO, KOrga >3KCNEepUMEHT
npeactasnsanca B suae o4HOro0 CpaBHEHUs. B AeNCTBUTENBHOCTU MOXHO ybeauTbCs, 4UTO
ecnmn cybbeKT 3anonHAeT TONMbKO O4HY CTPOKY UM ctonbel MaTpuubl U ecnm 3ajadven
cybbeKkTa sBMAAETCA reHepauus OTHOLWEHMIA Mexay napaMu CTUMYNOB, TO npoueaypa
dopManbHO 3KBMBANEHTHa TOMY, Kak ecnun bbl cybbeKkTbl pacnonaranu KaXXabll CTUMYN
BAO/b NONYMNPSAMON € HYNEM Ha OAHOM KOHLUE: 3TO U €CTb MeTo[ «HernocpeacTBEHHOW MH-
TEHCUBHOCTU» NCUXODUINYECKOTO LWKANTNPOBaHUS.

He cylwecTBYyeT nMpoCToro B3aMMOOTHOLIEHUA MeXAay pelleHWEM, MOJSIYYEHHLIM C Mo-
MOLWbK COBCTBEHHOrO 3HaA4Ye€HWUs, U peleHUsIMMU, MNONYYEHHbIMWU MEeTOAOM HaWMeEHbLUUX
KBa4paToOB, XO0TA MMEKTCA cTaTbM (Hanpumep, [31, 72, 80]), B KOTOpbIX paccMaTpuBaeTcs
annpokcuMauma MaTpuubl gaHHbIX MaTpuuen 6onee HU3KOro paHra, MUHUMUIUPYOLLEN
CYMMY KBaApaToB pa3HocTeil. B obweM cnydae oba peweHUss OAMHAKOBbI NpU Hann4uu
cornacoBaHHOCTU. OBLLENPUHATOrO KpUTEPUSA CpaBHEHUN He cyllecTByeT. CneposaTtenb-
HO, HESICHO, KakoW M3 MeTo40B Nnyuwe. NoBTOPHbIE NMPUMEHEHUS NpoUeaYypbl HAaX0XAEHNS
CO6CTBEHHOMO 3Ha4YeHMs NOMOrakT AOCTUYbL COMNacoBaHHOCTMU, KOoTopas aensieTcss Hanbo-
Nee npeanoYTUTENbHbIM ANS HAaC KPUTEPUEM.

B [164] npeanaraetca MeTo4 «onpeaeneHnsa napaMeTpoB pyHKUNOHANAbHOMO OTHOLWe-
HUS NocpeacTBOM HaKTOPHOro aHanmsa». OQHaKo yTBepXAaeTcs, UTO «3ajada BpalleHuns
ocel oCTaeTcsl HEPELWEHHON...», T. €. PaKTOPHbIN aHann3 onpeaensieT napaMeTpbl TOMbLKO
B npeaenax nuHenHoro npeobpasosaHusa. B [24] obcyxapaloTca MeToAbl onpeaeneHus Ta-
knx npeobpa3oBaHWin, rae anpuopHbLIA TEOPETUUYECKMIA aHanns unm HabnwjaeMole Benum-
UMHbI MO3BONSAKT CHOPMYAUPOBATb KPUTEPUIA, MO OTHOLWEHUID K KOTOPOMY MPOUCXOAUT
BpalleHME peLleHNs OTHOCUTENbHO NMPOM3BOSIBHOIO dakTopa.

Mepapxnyeckas KOMMo3nLUA sBAAETCA MHAYKTUBHbLIM 0606WeHNEM cneayowen naeu.
3ajaHbl Beca HEe3aBUCUMbIX 3/1EMEHTOB OAHOMo YpoBHSA. 10 OTHOWEHUIO K KaX4oMy 3e-
MEHTY 3a4aHHOro ypoBHsS popMUpyeTCa MaTpuua cObBCTBEHHbIX BEKTOPOB-CTON6LOB 3/e-
MEHTOB YPOBHS, HaXxo4sLWerocss HeNOCpPeaACTBEHHO HUXE 3a4aHHOro. 3aTeM BEKTOpP BECOB
3/IEMEHTOB 3TOM0 YPOBHS MCMOMb3YETCHa A5 B3BELMBAHUSA COOTBETCTBYIOLWMX COBCTBEH-
HbIX BEKTOPOB-CTOMB6LOB. YMHOXaa MaTpuuy cOBCTBEHHbIX BEKTOPOB Ha BeKTOp-CcTonbeL
BECOB, NMO/y4aeM COCTaBHOM BEKTOP BECOB 3/IEMEHTOB HUXHENO YPOBHA.

Tak Kak MaTtpuua cob6CTBEHHbIX BEKTOPOB HE SABJSIETCA OPTOroHas AbHbLIM npeobpas3oBa-
HWeM, B obLleM cnydae pesynbTaT He MOXeT 6biTb MHTEPNpPETUPOBaH Kak BpalweHue. B
AENCTBUTENbHOCTHN, BEKTOP B €AMHWYHOM F -MEPHOM CUMMJIEKCE YMHOXaeTCcsl Ha cToxXac-
TUYeCKy Matpuuy. B pesynbTaTe nonydyaeMm Apyron BEKTOP B €4AUWHUYHOM CUMIJIEKCE.
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AnrebpancTbl YacTo yKasbIBalOT Ha OTNMYME 3ajad, B KOTOpbIX anrebpa UMeeT CTPYKTyp-
HYIO FeoMeTpUUEeCKY UHTEpPrNpeTauuto, oT 3a4a4, B KOTOPbIX OHa CAYXUT YAOOHbIM METO-
AOM npoBeAeHusa BbluucieHun. CTaTucTnyeckue MeTodbl UMeT yAO0bHYK reoMmeTpudye-
CKYK WMHTepnpeTauumio B OTAM4YME OT MEeTOAO0B BO3MYLLEHUW, KOTOpble YacTo € He obna-
AatoT.

B pabote [61] nposiBNeH UHTEpeC K MOBEAEHUID SKCNEPTOB B CUTyauUsaX, BKAKYAK-
WKUX KaK JIMHENHblE, TaK U HEeNMHENHble OTHOWEHUA MeXAy CTUMY/aMu, Nnocse 4yero ge-
naeTcs 3aknYyeHne, UYTo npouecc UHAYKTUBHOIMO BbiBOAA@ B OCHOBHOM JIMHEWHBLIA. B Ha-
Wwen Moaenn peakumst 3KCNEPTOB Ha NMHENHbIE U HENIMHEWHLIE CUMHaNbl KaXeTcs ajek-
BaAaTHO OTPaXeHHOMW B OMWCAHHOM B 3TOW KHUre MeToAe MapHOro WKanupoBaHUA C Mpu-
B/leYEHMEM NOAXOAA UepapXMYeckon AEKOMMNO3UUUKN AN arpernpoBaHUSa 3/1EMEHTOB, MO-
najgarvwmnx B CpaBHMUMble KjacCbl B COOTBETCTBMM C BO3MOXHbLIM AMana3oHOM LWKanbl
CpaBHEHUNA.

OTMEeTUM, YTO Mbl NOAXOAMM K peweHuo npobnemsl MHTErpauun MHpopMaumm, KoTo-
pasa obcyxaanace B [4], nyTeM ¢(OpMynnUpoBaHUA 3adadnm O COBCTBEHHOM 3HAYEHUU,
MMerLWen NMHENHYIO CTPYKTYpY. OQHako caMa wkKana, onpegensemMasn Cob6CTBEHHbLIM BEK-
TOPOM, SAABNSIETCH B 3HAUUTENLHOWN CTENEHU HENMHENHOW dDYHKUMEN AaHHbIX. [Mpouecc no-
CTPOEHUA COBCTBEHHOrO BEKTOpa BKJ/IOYAET CNOXHLIE onepauumn, CoCTosAWME U3 CroXe-
HUA, YMHOXEHUSA N yCcpeaHeHUs. YTobbl OWYTUTb 3TY C/IOXHOCTb, MOXHO MPOBEPUTL CMO-
cob nony4vyeHus cobBCTBEHHOrO BEKTOpa KakK MpeAenbHOro peleHuss HOpMasn30BaHHbIX
CTPOYHbLIX CYMM CTEeNeHEeN MaTpuubl.

B [4] TakXe aKueHTUpPYeTCS BHUMAHWE Ha TOM, YTO NMPUHATAS LWWIKasa peakunmn AoK-
Ha YAOBNETBOPSATbL KPUTEPUKD, KOTOPbIM HanaraeT anrebpandyeckas MoAenb CYXAEHUN.
TakuM KpUTepMEM B HalleM CNyvyae BHOBb OKa3blBaeTCs COrnacoBaHHOCTb.

HakoHey, MoXxeT ObiTb MNOMIE3HbIM KpaTKoe paccMOTpeHue rpado-TeopeTUyYecKoro
noaxoha K coriacoBaHHOCTW. HanpasneHHbIW rpad ¢ # BeplwUHaMK, KOTOpbIM Npeanona-
raeTca nonHbIM (Tak kak nwbas napa ero BeEpWUH COeAUMHAETCA Hanpas/iEHHOW AYyron),
HasblBaeTcsd TYpHUpoM. Ero MOXHO WCMosb3oBaTb ANSA NpeacTaBieHUus AOMUHAHTHLIX
NapHLIX CpaBHEHUN Mexay 7 obbekTaMu, Toraa KOHTYpbl 6yayT NpeacTaBnaTb HETPaH3U-
TUBHOCTbL. Hanpumep, Kaxable TpU BepPLUNHLI ONpeaenstoT TPEYrosibHUK, HO He BCe Tpe-
YFONIbHUKKU 06pasyoT 3-KOHTYpbl. YNCNO KOHTYPOB 3afaHHOW ANWHbI UCNOMb3yeTca Ans
onpepeneHns UHAEKCa HETPAH3UTUBHOCTU AAaHHOIMO Nopsaka, HarnpuMmep TPOUKU UK YeT-
BEpkU. HecornacosaHHOCTb onpegensetca (cM. [100]) B 3aBUCMMOCTM OT OTHOLWIEHMUS
yucna Tpex, YeTblpex Unm bosiee KOHTYpPOB B 3a4aHHOM rpade K MakCUManabHOMY 4uCny

3
KOHTYpOB AaHHOro nopsaaka. [na 3-KOHTYpPOB MakcuMManbHoe 4ucno byaer (n —n)/24
ONS HEYETHOro 7 MU <n3—4n)/24 - ONS YeTHOro n; AN 4-KOHTYpOB OHO 6yaeT

(nS—n)(n—3)/48 ANA HEYETHOro 7 U <n3—4n)(n—3)/48 ANA YEeTHOro 7. DTN pe3ynb-

TaTbl He 6blIM 0606LLEHbI HA K -KOHTYpbl. TEM HE MEHee cpefHee YNACNO K -KOHTYPOB ANs
" k

CnyYaiiHO opueHTauuu Ayr nofHoro rpada —(k—l)!<k)(1/2) . [lo cux nop He HaliAeHa

3aBUCUMOCTb MexXxAay 3TUM onpeaeneHneM HecornacoBaHHOCTU UM HaWWM, OTHOCALWMUMCA K
CO6CTBEHHOMY 3Ha4yeHU. Henoxoxe, 4TO 3aBUCUMOCTb b6yneT HanaeHa. lNpuBeaéHHLIN
Bbille pe3ynbTaT ANs 3-KOHTYPOB BMeCTe C ero CTaTUCTUYECKUMU cneacTBUaAMKM NpuHaa-
nexunt Kenganny. OH noapobHo obcyxaaeTcs B OBbIYHOM CTAaTUCTUYECKOW CNpaBOYHOWN
nutepaTtype (cM., HanpuMmep, [108]).

BbiWwe Mbl CCblNaAUCh Ha aHanu3 raaBHbIX KOMNOHEHT. O6cyamM KpaTKo 3Ty npoueay-
py.

PaccMOTpuUM cnydyainHblih BekTop X C p KOMMOHEHTaMM, BEKTOP C HYJ/1IE€BbIM CPEAHUM

N koBapuauunoHHoi MaTpuuern C. PacnpeseneHve X HeussecTHo. MNyctb b ecTtb p -
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KOMMOHEHTHbINM BekTop-cTon6ew, b'b=1; Toraa E(Z)TX)Z = E<bTXXTb)=bTCb 0603Ha-
YyaeT onepaLuio MaTeMaTUUYECKOrO OXUAaHMA.

HopManusoBaHHble nWHEHble KOoMBUHauMn b’ X ¢ MakcuManbHON Aucnepcueit npw
ycnosun b'b =1 nonyuatorcs n3 dbyHKLMM JlarpaHika, onpeseneHHoi B BUAe

b'Ch=A(b'b-1),

roe A - MHoxuTenb JlarpaHxa.

MpUpaBHUBasa NMPOU3BOAHYIO N0 b HyNo, NoNyYyaeM ypaBHeHUe

(C-Al)b=0,

HETPUBMANbHbLIM pelleHneM KoToporo 6yaet A - cobcTtBeHHoe 3HadeHue C.

ECAM YMHOXWUTb 3TV BbipaxkeHus Ha b’ U UCMOnb30BaTb YCNOBME OrpaHUYEHUs, TO
nonyuum b'Chb=Ab"b=A. 3To nokasbiBaeT, 4To A SBASETCS AUCNEpCUel BenUUMHDI
b"X . NosToMy B kauecTBe MakCMManbHOM AWCMEPCUM HaM chedyeT WCMonb3oBaTb A .

Ecnmn HopManu3oBaTb COOTBETCTBYHOLWEE peleHne bl, pa3gennme €ro Ha CyMMy KBaapaToB

KO3pPULUMNEHTOB, TO NOAYYUM blTX B KayecTBe HOPMasiM30BaHHOW JIMHENHOM KOMOUHa-
UM C MaKCUManbHOM AUCNepcUen. 3aTeM NOSyYaeM HOBYKO HOPManuM3OBaHHYK KOMBUHa-
([7] ] b" X ¢ makcuManbHOM ancnepcnen scex NUMHENHbIX KOMBUHaUWi, HeEKOppennupoBaH-
Hoix ¢ b X, T. e.

0=E(b'Xb X )= E(b" XX b )=b"Ch = 4,,b"b,.

T T
OgHako Cb,, =4, b wn, cnegosatensHo, b" X optoroHansHo k b,, X . Ucnonb3ys

max

T
b b, =0 B kauecTBe HOBOro orpaHuyeHusi, obpasyeM HOBYI yHKUMIO JlarpaHxa.
T T T
b'Chb=a(b'b-1)-25(b"Ch)
c MHOXMTensMu NarpaHxa @ wu f. [eicTBys TakuMm o6pa3oM, MOXHO MokasaTb, 4TO

P =0 n a 6yner BTOpbIM HanboNbWKUM COBCTBEHHbLIM 3HaYeHneM C . (OTMETUM, YTO no-

ckonbky C Kak KOBapuaUMOHHaa MaTpuua CMMMeTpUYHa, BCce eé COBCTBEHHbIE 3HAYEHUSA
AENCTBUTENbHbI). [eiCcTBYs Kak M Npexae, Tenepb NOSy4YMM COOTBETCTBYHOLMA CO6CT-

o T
BEHHbIA BEKTOP MNpu ycnosun, uto b X unMeeT MakCUManbHble AUCNEPCUN U3 BCEX HOp-
o o T T
Mann30BaHHbIX IMHENHbIX KOMBMHAUMIA, He kKoppenupoBaHHbix ¢ b, X n by X wu . A.

Koraa co6CTBEHHblE BEKTOPbLI MOSIYUYEHbI TaKMM 06pa3oM, OTHOLWEHWE Ka)Aoro cobCT-
BEHHOI0 3HAUYEHWUS KO BCEM CYMMe COBCTBEHHbLIX 3HAUYEHUI NpeacTaBAseT LONK BCEN
ANCMNEPCUN, OTPAXEHHYK B COOTBETCTBYIOLMX KOMMOHEeHTax. Mo3ToMy nepBbiM (M npak-
TUYECKU BaXKHbIM) NPUBANKEHNEM CUUTAKOT FNABHYK KOMMOHEHTY M WULWYT WU3MEHEHUS B

T
ycnoemax, eeayunx K UaMeHeHnMsaM B Bblpa>eHNU bl X.

B [115] caenaHa nonbiTKa onpenennTb BAUSHUE OTAEJIbHbLIX XYPHasioB, MpoBepss
YUCNO UMUTUPOBAHUIN. YCTaHaBIMBAETCA MaTpuua UMTUPOBAHUA YuCia CTaTEN U3 Kaxaoro
XypHana, ynoMsHyTOro B KaXAoM WUCTOYHUKe. CTonbubl 3aTeM HOpManuilyrTcs, 4Tobbl
NMPUHSATbL BO BHUMaHWE pasfiMdyHble pa3Mmepbl XXypHanos. [anee cneayeT BblYUCNEHME Be-
COB B/IUSIHWE B COOTBETCTBMU C pa3paboTaHHOW UMUK Npoueaypor HaxoXAeHUs cobCcTBeH-
HOro BektTopa obuwen MaTpuubl (KOTOpast HE OPUEHTUPOBAaHAa Ha LKAy OTHOLWEHWRA).
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9.5. MOAX04, OCHOBAHHbI/A HA BO3MYLLEHUAX:
METOA NOTAPUNOMUYECKUX HAMMEHBLUWX KBAAPATOB

B cnyyae HecornacoBaHHOCTU 3aZlady MOXHO MOCTaBUTb CneaywmMm obpasom:
onpefennTb Takne @, @,,..., @, , YTobbI

- - a)
a; —j‘lJ.(a)l.,a)j,al.,aj,...,a)l.,a)j):w—gl.j (),

rae Ans napameTpoB BO3MYLLEHUS UMEEM
limg, () =1.
3AeCb aprymMeHT B g () BKJIIOYAET Te€ XE CaMble MepeMeHHble W MapaMeTpbl, YTO U

J;; - OTMeTUM, Hanpumep, YTO MyNbTUNNMKATUBHbIFA NapaMeTp credyeT yCTPeMUTb K ean-

HUUe, a af4aUuTUBHbLIN napamMeTp — K Hyaw. ApyrMMn cnoBaMu, ecsiM €CTb Hadexaa BoC-
CTaHOBUTb Xopowune OoueHKN a)l./a)j n3 aijl TO BO3MYLWEHNA OOMXKHbI 6bITb Manbl. OTMe-
TUM, HanpumMmep, 4T1o

am+o, o a l+o /oo,
a, =—"="—""—"—>"—" (9.1)
i .

a0 +0, o alvo/oo,
MoxHo 3aBucaTtb (9.1) B BUAe
al.ja)j/a)l. =g,. (9.2)
.. 2 o 2
DTO OCHOBHas, HepoonpeaenéHHas cuctemMa n° ypaBHEHUW C 1~ +7n MepeMeHHbIMU
®; n g;, TpebyeTcs n LONONHUTENbHbIX YPAaBHEHWUA OTHOCUTENbHO g, YTOBbI cucTeMa

CTana pas3pewnmon. Bbelbop 3TUX OTHOLWEHU MOXeT 6biTb CBOBOAHLIM. TeM He MeHee
OKa3blBaeTCs, YTO 3TN X OTHOLIEHMIA MOTyT 6biTb MNOSIYYEHbI, €CNIN OCHOBLIBATLCA Ha Bbl-
X0o4€, CBA3aHHOM C BO3MYLLEHMEM PACCMOTPEHHOMO BbllLe MaeanbHOro cnydasa. Mcexonsa ms
coobpaxeHUn 0 reHepaTtope 6eCKOHeYHO ManbiX BenuumnH Tpebyem, 4utobbl cnegyrwas
CUCTEMA COOTHOLWEHWNI BCEra BbINOMHAMNACK:

n
Zglj :ﬂ‘maXI i:1,...,n,
j=1

M MHOXECTBO 3TUX YCﬂOBMVI 3aBUcUT oT A= (ay)

3apava 1: Hatn o,, i=1,..., n, KoTOpble YAOBNETBOPSIOT

n
Zal'ja)j:amaxa)il i=L..,n. (9.3)
j=1
CncteMbl COOTHOWeEHUM (9.2), a Takxe (9.3), 4acTo UCNONb3YITCA B KadecTBe Heob-
XOAUMbIX YCNOBUIA, BO3HUKAKLWMX NpU peELIEHNN 3abadyn onTUMM3aumm. Hanpumep, (9.2)
MOXHO 3anucaTb B BUAe logal.j(a)j/a)l.):loggl.j; BO3BOASA B KBaapaT o6e CTOPOHbI 3TOro
paBEHCTBa M CYMMUPYA MO I U J, MNOAYYMM 3a4avyy MUHUMU3ALNM OLWMOKN OTHOCUTENBHO
w,i=1..,n.

3ajava 2 3aK/K4YaeTcd B HaxXoXaeHUn @, , KOTOpblE MUHUMU3UPYIOT

n

> [1oga, ~tog(w, /o) = 3 10z, ).

i,j=1 i,j=1
JTo — 3ajava }'IOFapVICbMVIl-IECKVIX HanMeHbWMX KBagpaToB. OQHaKO OHa UMeeT TOUHO
TaKoe Xe peueHne
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1/n 1/n 1/n
n n n
o, = Hal.j ij = Haij , ecnu a, zl/al.j ,
j:l j=1 j=1
KOTOpOe MOoSyYyaeTcs Npu pacCMOTPEHUMU MPOU3BEAEHUS MO j B obenx YacTax (9.2) npu

n
ycnosum Zg,-j =1 - cuctembl 1 ycnoswuii, He 3aBUCUMBIX OT Az(al.j). 2TO pelweHne Mo-
j=1
XeT 6bITb MHTEPNPETUPOBAHO KaK pelleHune, nopoxaawwee 6Amxanyo CornacoBaHHYo
MaTpuULUy K 3aflaHHOM MaTpuLeE B CMbIC/e NorapudMnYecKnx HamnMeHbLIMX KBa4paTOB.

B cTaTucTuke aHanu3 rnaBHbIX KOMMOHEHT UCMOAbL3YET cucTeMy (9.3) B KayecTse He-
06X0ANMbIX YCNOBUA AN 3ajadn onNTMMU3auuKM cnegywowero tmna. MUHMMU3MPOBATL
KBagpaTuyeckyw dopmy

n
fao,....0,)= Zal.ja)l.a)j, a,=a;,
i,j=1
npu ycnosum

g(a)l,...,a)n):Z:a)l.2 =1,
NarpaH>xnaH 3ToM 3agayn byaert
L(a)l,..., a)n;l)zf—ﬁ(g—l).

MapaMeTp A nosiBNAeTcs B 3ajaye Kak MHOXUTENb JlarpaHxa (KOTOopblii Takxe saBna-
€TCs NnapaMeTpoM BO3MYLWLEHMA B 3ajade ONTMMM3auuMn), a He Kak co6CTBEHHO napaMmeTp,
kak B (9.3). [encTBuTenbHO, MOXHO NMOCTPOUTL WKMPOKUIM Kacc 3agady onTuMmM3aunm, nc-
nonb3ys (9.2) nnu (9.3) B KayecTBe CUCTEMbl HEOBXOANUMbIX YCIOBUIA.

MonesHo B3ATb ypaBHEHUSA BO3MYLLEHUN (9.2) U co3paTb Tabnuuy ycrnoBuin, Hanarae-
MbIX Ha pas3fM4yHble MEeToAbl BMecTe C COOTBETCTBYWLWWMMU peweHUAaMU. Ha3oBEM neBbIn
COBCTBEHHbI BEKTOP, KOTOPLIA SABMAETCS pelweHneM 3agadyn, chopMyMpoBaHHOW B Tep-
MUHaX rapMOHWYECKOro CpefHero, BeKTOpPOM aHTunpuoputeToB. OH npeacTaBnseT Mepy
TOro, HacKoNbKO 3/1EMEHT AOMUHUPYETCA APYrMMU 3N€MeHTaMu TOoro xe ypoBHsA. CooT-
BETCTBYIOLWMUIN BEKTOP, NOSYYEHHbLIN NOCPEACTBOM MEpapXMUUECKON KOMMNO3ULUN, U3MepseT
BO34ENCTBUE NEpapXNN Ha KaXAblh 3N1eMeHT ypoBHS (cM. Tabn. 9.1).

3aMeyaHue. PeweHna 3agadyun forapudMUUYECcKUX HauMMeEHbWMUX KBaApaTOB, CBA3aH-
HOW C ABYMSA MaTpuuUaMW ONTUYECKOro npumepa ms ra. 2, éyayt (0,61; 0,24; 0,10; 0,05)
n (0,61; 0,23; 0,10; 0,06).

Ecnn cBasaTb apudMeTUyeckme, reOMeTpmMyecKkme N rapMoHMYeckme cpegHue B Halewn
3ajave WwKanmposaHusa, To Tabn. 9.1 nerko obbsAcHsaeTCA.
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o,

Tabnauua 9.1. YeTbipe MeToAaa BO3MywWweHun npun 4, — = &
.
1
MpennonoxeHus
MpennonoxeHus
B C/ydae corna- 3apava Pewenne 3apava PeweHue
B obiem cnyvae
COBaHHOCTH
" o — a; HopmanusosaH-
-1 @ A n n HbIi NpaBbIi CO6-
A & , a,—=n, o, 2 B .
pudme- ) “ ‘ MS\ M%Q = A, Ay —= A, CTBEHHbIN BEKTOP;
Tnyeckoe . J ol =) =1 O WNHAEKC cornaco-
cpegHee MW =n t1=1,....n . BAHHOCTU
P = i s e Ity n \HHV..JS \ASHNBEW%
= w, =1 A — -1
Ao =nw i P n
i=1
n
w;
a,——=p
9,
CpeaHe- g. =1 n 8 O6bl4HO 3aMeHseTCcs Ha KPUTEPUIA  |To ke, YTO U B
reoMeT- v ! a.. L HH Un n :Oﬁm_u_\_nvz_\_r_mn_c\_x CpeaHNX KBaa- cniyyae cornaco-
1 7 —
puyeckoe d 4 / ) , H?QQV 8; = H paToB: BaHHOCTU; HE
no crpo- _ _ 8 =1 1 j=1 ., 2 UMeeTca Mepbl
j=1 1=1....n . .
Kam BEM Homawl_om (- COrNacoBaHHOCTH
i,j=1 w;
. 2
min log” i
n HopmanusosaH-
g. = 1 , n 1 MS\ ., HblA NeBbIA cobCT-
1 v
rapMOHu- J M|Hs = M: B | BEHHbI BEKTOP;
yeckoe -1 e :\\S i q. &= M = A uA=A . u NHOEKC COrnaco-
cpeaHee M =n i i=l =1 8y BaHHOCTM
j=1 8 uAd = nu (obpaTHOE NnepBoMy AN sV\A= C
Cny4ar HaBepxy) max
CpegHe-
reoMeT- To e, UYTO M ANS CPeAHEreoMeTPUUYECKOro no CTpoykam
puyeckoe
no Ta6-
namuam
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9.6. METOl HAUMEHbBLLIWNX KBALAPATOB
ANna AnnPOKCUMAUNMN MATPULUBI MATPULUEWN MEHBLLUETO PAHTA

MaTpuua W:(a)l./a)j) paHra oAWH MoJjly4yaeTcs NoCne peleHus 3ajadn o CoOb6CTBEH-

HOM 3Ha4veHun. OHa aBnaeTcs I'IpVI6J'IVI)K€HVIeM K MaTpuue A:(ay) Mbl UCMOAbL3YEM TOT

dakT, yto nwbaa MaTpmua MOXET 6bITb annNpoOKCMMUpPOBaHa APYron MaTpuULEN MeEHbLIEro
paHra. 2To AgenaeTcsa cneaywwmMm obpasoM. Bo-nepBbiX, OTMETUM, YTO

tr(44") = Sa,
i,j=1

n

ir(A-W)A4-w) =Y [a,- 00,
i,j=1
mintr(A—W)(A—W)T :minzn:al. ,
i=1
rae o, — cobCcTBEHHbIE 3HAaYEHNA MaTPULbI (A—W)(A—W)T.
Tenepb ana nwbon matpuubl X MaTpuua xx* CUMMETPUYHA, U BCe ee COBCTBEHHbIE

3HaYeHUs AeicTBUTENbHbLI. KpoMe Toro, X m X" nonoxutenbHbi. MosTomy XX" nono-
XUTeNbHa U UMeeT eAUHCTBEHHOE AENCTBUTENIbHOE MNOSIOXUTENbHOE Hanbosnblwee cobCT-
BEHHOE 3Ha4eHune.

CornacHo O>OHCoHY [72]

AA" = PAP",
A" =0QA0"
rge A — AnaroHanbHaa MaTpuua, sn1eMeHTaMU KOTOpOVl ABNAKTCA CO6CTB€HHbIe 3Ha-

T
yeHus A B nopsaake Y6bIBaHVIF| BENMNYUNHBI; COBCTBEHHbIE BEKTOPblI MaTpUUbl AA" asna-
IOTCA COOTBETCTBYHOWMMUA cTonbuamu MaTpULUbI P, a COBCTBEHHbIE BEKTOpPblI MaTpULbI

T T
A A - COOTBETCTBYOWNUMHN CTPOKaMN MaTpuULbl Q . HakoHeLn, oTMeTuM, UTO Haunydwee

I'IpVI6J'IVI)K€HVIe METOAOM HaMMEHbLUNX KBaapaToB MaTpULbI A ManVILI,er/'I paHra r MOXET
6bITb 3a4aHo BblpaXeHnem

2 T
PA'Q]
T T
rae P v O —yactm P n O, COOTBETCTBEHHO CBA3aHHbIE C NepBbIMKU 7 cTonbuamMm A .
<« T <«
Myctb ¥ =1, Toraa £, — cobcTBEHHbIN BekTOp MaTpuubl 44" , accounmnpyemblit ¢ Mak-

o T
CUManbHbIM COBCTBEHHLIM 3HAYEHUEM; Ql — COB6CTBEHHbIN BEKTOPp MaTpUUbI A A, acco-

LMUPYEMbBIA C MakCUMalbHbIM COBCTBEHHbIM 3HayeHuMeM. Ecnu, Kak B COrnacoBaHHOM
cnyJae,

1 1 1
0O = , yerns ,
P P Py

roe

B :<p11a P> pln)l

TO Hauwe peweHne B cornacoBaHHOM Cny4dae 6y,ﬂ,€T Hanny4duwum I'IpVI6J'IVI)K€HVI€M METO-
OOM HAaMMEHbWMWX KBa4paToOB. DTO MOXET ObITb HE TaK B HECOrNIaCcOBaHHOM cnydae.
MponnnCcTpupyeMm naeww Hauaydlero I'IpVI6J'IVI)K€HVIF| METOAOM HaMMEHbLWNX KBadpa-

o T T
TOB Ha oAHOW M3 MaTpuu A npuMepa U3 onTukK, chopmupoBas A4, A A v nonyuyum
X COBCTBEHHbIE 3HAUEHUSA U COBCTBEHHbIE BEKTOPbI. COBCTBEHHbIE 3HAUEHMS, OAMHAKO-
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Bble ANA o6eux MaTpul, SIBMSKOTCSA AMaroHalbHbIMW 31eMeHTaMu MaTpuubl A, pacnono-
T
XEHHbIMK B ropsiake ybbiBaHMsi. COBCTBEeHHble BeKTopbl MaTpuubl AA° coBnagaloT C co-
T T
OTBETCTBYIOLWMMU cTON6BUAMM MaTpuubl P, a Mmatpuubl A A - co cTpokamu MaTpuubl QO .

NMMeeM ) )
1 4 6 7
S /74 1 3 4 |
1/6 1/3 1 2|
1/7 1/4 1/2 1]
[132,9000 0 ]
A 1,4710
0 0,1283 '
i 0,0007
(11,528 0 ]
RE 1,213
0 0,358 '
i 0,027
(0,875 0,475 0,087 —0,041]
p_ 0,436 0,690 —0,568 0,109
0,188 0,512 0,669 0,505 |’
10,097 0,192 0,471 0,855
0,080 0,349 0,589 0,723 ]
. | 0,158 0,819 0,146 -0,533
Q= ~0,347 -0,341 0,767 —-0,418 |’
| 0,920 -0,303 0,207 -0,136 |
(0,796 3,034 5,879 7,586]
nor 10,655 2,508 2,931 3,279
PA'?Q" =

0,221 1,178 1,554 1,136

10,099 0,516 0,827 0,611

Mcnonb3ya noaxon, NpuM KOTOPOM HaxXoAUTCS MaKCUMMalibHOEe cobcTBEHHOE 3HauyeHue,
nony4dyaeMm BEKTOp B KadeCTBE OUEHKU OCHOBHOWM WKanbl OTHoWeHWM. OCHOBbLIBAsACbL Ha

1/2
MeToAEe HaMMeHbLWWX KBaApPaTOB, MOXHO MofayumTb Matpuuy PA “Q. NOHWXKEHHOro paH-

ra (B HaleM cnyyae eAMHUYHOro), KoTopas SABASAETCA HauNyyluM MpUBINXEHUEM B

CMbIC/le HaUMeHbLIMX KBaApaToOB K 3afJlaHHOM MaTpuue cyxaeHus. EcTecTBeHHO, 4To 3Ta

MaTpuua SBASETCS JIYYWUM NPUBNINXKEHMEM B CMbIC/IE HAaMMEHbLINX KBaApaToOB, YeM MaT-
2 T

puua W:(a)l./a)j), T. e. ecnv onpegenuts F=A—-PA "0, u G=A-W v npocyMmu-

poBaTb KBaApaTbl MX 3/IEMEHTOB, TO MOXHO JIerko rMokasaTb, YTO MepBas CyMMa paBHa

tr(FF'):trA roe A, - onaroHanbHas MaTpuua COBCTBEHHbIX 3HAUEHMI, HE BKOUYEH-

s

T
Hbix B A, (B HawemMm cnyyae A, - Haunbonblee cobCcTBEHHOE 3HavYeHMe MaTpuubl A" A 1
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trA - CYMMa OCTallbHblX COBCTBEHHbIX 3Ha4yeHuit). MOXHO TokKasaTb, U4TO

tr[(A—W)T(A—W)} Ztr(FF') , KaK 1 AO/KHO BbITb Ha caMoM gene. OgHako 3ajava 3a-

KNtoYaeTcss B MOSYYEHMM BEKTOpa LWKasbl U3 anmnpoKCMMUPOBAHHON METOAOM HaMMEHb-
/2T
wux kBagpatos MaTpuubl PA, 0

. Ecnn npeanonoXuTb, 4To 3Ta MaTpuua noyTu corna-
COBaHHa, TO MOXHO Ucnonb3oBaTb NKWH60N U3 ee cTonbUOB (HOPMANMU30BaHHbLIX) Kak npu-
6AuxeHMe K OCHOBHOW wkane. Ho Tenepb BO3HWKAET BOMPOC, HACKO/LKO XOpoW 3TOT
BEKTOP MO CPaBHEHUKD C MaKCUMasnbHbIM COBCTBEHHLIM BEKTOPOM. B HaweM npumepe umuc-
NoNb30BasioCh CpeaHEeKBaApPaTUYHOE OTKIOHEHME OT M3BECTHbIX OCHOBHbLIX LWIKan B 3aja-
yax, rae xenaTtenbHO 6bIN10 NMpoBecTU cpaBHeHWe. Kak 6yaeT nokasaHo B NpuBeAeHHOM
HUXe npuMepe, MakCUMasbHbI COBCTBEHHbIM BEKTOP SIBHO MPEBOCXOAUT BEKTOP, MONYy-
YEHHLIA MEeTOAOM HauMMEeHbWUX KBaAapaToB (KakK Mbl €ro WHTepnpeTupoBanu), ecnm ero

paccMaTpmnBaTb Kak I'IpVI6J'IVI)K€HVIe K pealbHOCTN.
Ecnmn O6pa3OBaTb A nonarad, 4to BCe€ AUAaroHasbHblIE 3/1EMEHTbLI, KpOME MNepBoOro,

HanbonbLIEro N3 HUX, paBHbl HY/O B_A, To 6yaeM umMeTb _
0,90 3,52 5,94 7,29

0,45 0,76 2,97 3,64
0,19 0,76 1,28 1,57
10,10 0,39 0,66 0,81 ]

12T
Ecnu cdhopmupoBate £ =A—-PA°Q. n npocyMMUpoBaTb KBagpaTbl €€ 3/IEMEHTOB,

PAI/ZQT _

nonyyaetcss 1,6, HO CyMMa OCTallbHbIX COBCTBEHHLIX 3HauyeHuit A Takxe paBHa 1,6.
Monaras chOpMUPOBAHHYK BbiWe MaTpULy COrlacoBaHHOW, AN MOAYYEHUS BeKTopa
LWKanbl HOPManM3yeM MepBbliA cToN6el, U Nony4dyaem S:(0,548; 0,274;0,118; 0,061). NH-

TEPECHO OTMETUTb, YTO BCE Apyrume cTonbubl 4alOT OAUH M TOT Xe pe3ynbTaT, TaK Kak
MaTpnua €eAMHNYHOIO paHra.

XOoTa 3TOT BEKTOp He dBASEeTCA TakMM XOpOoWWM I'IpVI6ﬂVI)KeHVIEM, Kak CcOb6CTBEHHbIN
BEKTOP, HaxXo4MUM, 4YTO €ro cpeagHeKkesagpatnyHoe OTK/OHEHUE OT CbaKTVI‘-IECKOFO BEKTOPpa

(0,61; 0,22;0,11; 0,06) paBHo 0,00155, no cpaBHeHuo ¢ 0,00005 Ana MakcMManbHOro

CO6CTBEHHOrO BEKTOpa a):(O,62; 0,22;0,10; 0,06), cooteetcTByowero A =4,1. 1o

NMoKa3blBaA€T, YTO ANA JaHHOro npmMepa peweHmne, noayd4yeHHoe ¢ NnoMoLWbKO CobCTBEHHOIO
BEKTOPpa, nyduwe peweHnda MetoaoMm HanMeHbLWNX KBaapaToB.
Tenepb MCNONb3yeM 3f1EMEHTLI @ W § ANA CIJOpMVIpOBaHVIFl MaTpUUbl OTHOLIEHNI

W:(a)l./a)j) n S:(Sl./sj). 3aTteM Bbluncnum A—W u, npocyMMUpoBaB KBaapaTbl ee

3/1eMeHToB, nonyumMm 13,42. Mpoaenas To Xe camoe ana A—S, nonyyum 11,45, yToO
61M3KO K NepBOMY pe3ynbTaTy, O4HAKO HECKOMbKO ydwe. DTO 03Ha4aeT, YTo annpoKCcu-
Mauuss MeToAOM HaWMeHbLUMX KBagpaToB nydwe gnsd MUHUMMU3aLMM CYMMbl KBajpaToB
pa3HocTen. [na 3Toro NnpMMepa MOXHO cAaenaTh BbIBOA: TakK Kak Hac MHTepecyeT WKana,
a He MaTpuua OTHOWEHWW, OTBET, MOJIYYEHHLIA C MOMOLULK COBCTBEHHOro BEKTopa -
Nydlle; M 3TO HECMOTPSA Ha TO, YTO OH HEe YAOBAETBOPSET KPUTEPUKD MUHMUMYMa KBagpa-
TOB.
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9.7. MHOTOKPUTEPUANIBHBIE METOAbI

CyLLeCTBYIOT pa3Hoo6pasHble MeToAbl ANS aHanM3a peleHnid NpyM MHOrux uensax. He-
KOTOpble U3 HUX pa3paboTaHbl ANA NPOrHO3UPOBaHUA AENCTBMIA U BbIBOPOB B CUTyauuMsax
NPUHATUA peleHnid. pyrne paspaboTaHbl 415 NOMOLWM NMLY, NPUHUMAKOLWEMY pELUEHUS,
B BMAE MPaAKTUYECKON TEXHUKKN, KOTOpasi MOXET 6bITb MCNONb30BaHa ANA YCOBEPLUEHCT-
BOBaHMUS Npoueaypbl NPUHATUSA pELUEHWIA.

MeToabl B3BelWWUBaHUA

B [152] paccMoTpeHbl paHHUe 0630pbl NO cleayrwwmM MeTodaM OLEHKW BEeCOB, Mpu-
BeAeHHbIM B [151, 13];

1. B3BewuBaHWe 4acCTHbIX KpUTEPMUEB Ha OCHOBE WX MNpeAcKasyeMocTu (C MCcnosnb3o-
BaHMEM KaHOHWYECKOW Koppensauun).

2. B3pewmnBaHWe 4YacTHbIX KpUTEpUEB MPOMNOPUMOHANLHO UX CpefHen Koppensumu c
APYTMMU YaCTHBLIMU KPUTEPUSMN.

3. B3pewmnBaHWe 4acCTHbIX KpPUTEPUEB C LENb MaKCUMMMU3aLUUKW pa3HOCTU CTUMYNOB B
BEUYUMHE obLlero KputTepus.

4. B3pelwMBaHMe YacCTHbIX KpUTEPUEB C LENb MakCUMMMU3auun 0b6bACHEHHOW aucnep-
cuK (C NMOMOLWbK PaKTOPHOro aHanusa).

5. B3ewnBaHWe YacCTHbIX KpUTEPUEB MPOMOPLUOHANBHO UX HAAEXHOCTH.

6. PaBHOBECHOEe B3BELWMBAHNE YAaCTHbIX KPpUTEPUEB.

7. B3BelWwnBaHUe YacCTHbIX KPUTEPUEB C LENbK YpaBHOBEWNBaHNA «3(HPEKTUBHBIX Be-
coB» (T. e. gonen gucnepcuun obwero KpuUtepus).

8. B3BelwwnBaHMe Ha OCHOBE AEHEXHOro Kputepus.

9. B3BelwMBaHMeE YaCTHbIX KPpUTEPUEB MO CYXXAEHUAM 3KCNEPTOB.

10. B3BewnBaHUe 4YacCTHbIX KpUTEPUEB MOCPEACTBOM MHOXECTBEHHOW perpeccum no
NOCTPOEHHOMY B LUKasie UHTepBasioB rnobanbHOMY KpUTEPUIO.

DTN MeToAbl UCCNEeAYTCa UK KPUTUKYIOTCA C TOYKW 3pEeHUs TpeX OCHOBHbLIX KpuTe-
puveB: peneBaHTHOCTU, MHOFOMEPHOCTU U U3MEPUMOCTU. MeToabl 1-7 UMEKT HeaocTaTou-
HYI peneBaHTHOCTb. OHa WUrHOPUPYETCSA, UCMOMb3YITCSA MPOU3BOJSIbHLIE CTaTUCTUYECKNE
uenm, Unm penieBaHTHOCTb YUYUTbIBAETCHA HENPSAMbIM U HecoBepleHHbIM obpa3oM Jepes
Apyrue 4yacTHble KpuTepun, a He 4depes rnobanbHbll KpuTepun. Metoabl 5-9 copepxkaT
CMELLUEHHYI OLUEHKY, TaK KaK BbIHOCUTCS CyXAEHUE OTHOCUTESIbHO OAHOro 4acTHOro Kpwu-
Tepusa, a 3aTeM He3aBUCMMO OTHOCUTENbHO Apyroro. [Mo3ToMy pe3ynbTUPYHOWUA MHOMO-
MEPHbIA BEKTOP WMEET CMeWeHue MexXAy KOMMOHEHTaMu, Bbipa)akwuweecsa nogyac B
OABOMHOM MoACYETE BaXXHOCTU 4acTHOro kputepusa. Metoabl 8-10 cTpagaloT CNOXHOCTbIO
NnoNy4YeHUs Mep, KOTOpble UMEKT CMbICA MpU B3BEWMBAHUMU OTHOCUTENBLHO rnobanbHOro

KpuTepusa. Huxe npeactaBneHbl NpUMeEpLI METOA0B B3BEWMBaHUA.

ConocTtaBfieHUe UCXOAOB C uensaMu. [JonyctuM, umetoTtcs ucxoasl O, 0,,...,0, .
DTanel npoueaypsl cnegywwue [1, 54]:

1 PaHxmnpoBaTb uenun rno nopsaky 3HavYeHun.

2. MNpuceontb 3HavyeHue 1,00 nepBON LENN N NPUCBOUTL NMPUEMNEMbIE 3HAYEHUA APY-

MM LensMm:
uens O, 0, ...0,

3HadyeHne v, =1,000, ...0,,.

3. CpaBHUTb Hanbosnee BaXHYIO Lieflb C COBOKYMHOCTbIO OCTasbHbIX Lenei. Kopoue,
cpaBuute O, ¢ O, +...+0, . Ecnm 120, +...+v, , To cpaBHuts O, ¢ O, +...+0, . Ecnu
U, 20;+...+v, , To cpaBHuTb O, ¢ O, +...+0,. N T. 4., NOKa He 3aBEPLUNTCA CpaBHEHWE

0,,cO, +0,.

m
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4. Ecom  l<o,+...+v,, TO cpaBiute O, ¢ O,+...+0, . Ecam ycnosue
l<v,+...+v,_, Bce euwe BbiNnonHseTcs, To cpaBHut O, ¢ O, +...+0, , 1 T. 4., B0 Tex
nop, noka O, He CTaHET NpeanoYTUTENIbHEE OCTasbHbIX MW MOKa He 3aBepLIMTCA Cpas-

Henune O, ¢ O, +0O,, Torga cneayet Bo3BpaTUTLCA K 3Tany 3.

m
5. Nocne Toro kak BENWYMHBI U; HallAeHbl, HOPMann3oBaTb UX, Pa3AenuB Ha ZU,- .
i=1
MpeanonoXeHus, nexalmMe B OCHOBE 3TOM Npoueaypbl, cneayowme:
C KaXAabIM UCXOAOM Mbl COMOCTABASEM AENCTBUTENBHYI HEOTPULATENBHY BENUYNHY.

Ecin O, npeanoytutensHee O,, To U, >V, .
Ecnn O, n O, paBHO3HauHbl, TO U, =), .
Ecnn ncxogam O, n O; cooTBETCTBYIOT 3HaueHns U, un U,, To ncxoay O,+0; cooT-

BETCTBYET 3Ha4veHne U, +Uj' DTO nNpennosioXXeHne HecnpaBeasiuBo, ecnu 01- ] Oj B3aNM-

HO MCKJOYaLWmne Apyr apyra ucxoabl.
Korga mMMeeTcs 60MbLIOE YNCIO UCXOAOB, 3Ta nMpoueaypa O4YeHb TpyaoeMka. K ToMy
Xe OHa He OPMUPYET €AUMHCTBEHHYIO WKany M C €€ NOMOLbK HENb3s CNPaBUTLCA C 3a-
AavyaMn nepapxudeckoro tTuna. B [82] ncnonb3oBaH MeTon HEMOCPEACTBEHHOMO CpaBHe-
HUA n 06bekToB. Bo-nepBbix, 06beKTbl pacnonarawTca B psa Mo Nopsaky oT Haubonee
NpeanoYTUTENBHOrO K HauMMeHee npeanodTuTenbHOMY. CpaBHMBaKTCS Haubonee npea-
NOYTUTENbHbIA O06BEKT CO BTOPbIM MO MPEANOYTUTENBHOCTU, BTOPOMA C TPETbUM U T. 4.,
Npu 3TOM KaXZAbl pa3 3TOMY OTHOLUEHUK MPUMNUCBLIBAKOTCS YMUC/IEHHbIE 3HaYeHus. Mo 3a-
BEPLUEHUM MpoLecca YNcAo 1 NPUNUCBIBAETCA HaMMEHEE MPEANOYTUTENBHOMY M3 1 06b-

€KTOB 1 Ansa nonyyvYeHusa BecCa (n—l)-FO obbekTa 1 YMHOXaeTCAqA Ha OTHOWeHuWe, nony-

YeHHOe B pe3y/ibTaTe CpaBHEHMUS (n—l)—ro C n-M 06bEKTOM, U T. 4., NPOABUraschb B 06-

paTHOM Hanpas/ieHUN MU NoNy4Yas OTHOCUTESIbHYIO LWKany OUeHOK Ansa n obbekToB. B aToM
MeToAe OTCYTCTBYET CNoCcob OUEHKU COr/TacoOBaHHOCTMW.

ConocrtaBneHne McxonoB ¢ (pyHKUMaAMU Uenein. B [40, 43] npeanaraetcs nog-
X04, OCHOBaHHbIA Ha WCMOMb30BaHUM TeOpUM aZAUTUBHOM MOSIE3HOCTWU, YTO O3HadaeT
BbINO/THEHWE YCNOBUA: MOJIE3HOCTb LENOro paBHa CyMMe MOJSIE3HOCTEN, MPUMNUCbIBAEMbIX

ero yactaMm. Ecnu Bce uenu Oj COOTBETCTBYIOWMM 06pa3oM onpeaeneHbl U AN KaXaoro

nlnaHa U3MEPEH €ro BKJjag B peanndaunio KaXXaon uenu, 1o pe3ynbTaTbl MOryT 6bITb 3a-
nMnMcaHbl B cneagywuweMm MaTpu4HOM BUAE:

Lenn
MnaH ... et
a 0, 0, 0, o
u, X1 X2 Xy Xin
U, X1 Xy Xy Xon
ul xl'l le xl'j xln
um xml me xmj xmn
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KaxaoMy nnaHy o, MPUNUCLIBAETCS BEKTOP Lenei (xl.l,xl.z,...,xm). HyXHO B3BECUTb
nnaHbl 4nga onpeaeneHnsa Toro, KOTOprVI cnenyer Ucnonb3oBaTb. CornacHo TEOPNUN NO-
nesHocTv obwan Mepa Bkiaga U, (KOTOpyw 0603HauuUM V(ul.)) nony4vyaercs Kak dyHK-
uMs 71 -MepHoro BekTopa (X, X, ..., %, ), T. e. V() =V (x,, x,,..., X, ). Ucnonbays yc-
nosmne aganNTUBHOCTU

Vi) =v,+v,+... 40, +...+0,,
MOXXHO MONY4YUTb, YTO 3HAYEHUWE Uenn Ansa Ka>Xgoro nnaHa onpeaendeTcda Kak npounsese-

AeHWe OTHOCUTENbHOM BaXXHOCTU Uenu U(Oj) Ha MOJIE3HOCTb YNCNIEHHOWN Mepbl X, ob6o-

i1

3Ha4YeHHOW Yyepes U(xl.j). B Hawwux ob6o3HavyeHunax

Uy = u(Oj)u(xl.j).

OueHka U(le) I'IepBoM MONbITKOM OUEHKMU U(xij) MO>XHO CYMUTaTb UCMNOJIb3OBaHUE

NMHENHBIX MYHKLWIA NONE3HOCTU, KOTOPbIE HOPMasIM30BaHbl Tak, YTO MOy4YaloT 3HaYeHUE
oT 0 ao 1. Ana ueneit, Mepbl KOTOPbIX MPSIMO MPONOPLUNOHANbHbLI YPOBHSM MOIE3HOCTH
(HanpuMep, BKAa4 B HaUWMOHasbHbIN A0X04), MOXHO CUMTaTb

m
U(xz'j) =Xy inj ,
j=1

a Ana Tex uenemn, kotopble 06paTHO NPONOPLMOHaNbHbI YPOBHSAM MOME3HOCTU (HanpuMep,
BK/JaA B 3arpsi3HEHWE OKpyXatoLwen cpeabl)

1 m \]l—-x,
)
Z ;xy

OueHka U(Oj). 1. MeToab! paHXuUpoBaHus. U(Oj) PaHXMPYITCS, OT HAUMEHbLUErO K

()7

HanbonblWeMy Tak, YTo U(Ol), U(Oz), cees U(On) , TAe HoMepa uesieil COOTBETCTBYIOT paH-

ram. MHorga skcnepTa NpoOcCAT NepeHyMepoBaTb Lenu B nopsaake Y6bIBaHVIF| npeanoyTu-
TenbHoCcTU. CywecTBYOT U Apyrne MeToAbl ynopsagovmnBaHUa — pasHOBMAHOCTM 3TOro Me-
TOAAQ.

2. MeToq HernocpeACTBEHHOro oleHnBaHus. Llensam moryT 6bITb npuUNMcaHo beckoHeu-
HO€ NN KOHEYHOE YNCNO0 ANCKPETHbLIX 3Ha4YeHUn, HanpuMep dmcna ot 0 go 10. Ana kax-

Aoro U(Oj) 3KCNeEpTa NpoCAT OUEHUTb Ba>HOCTb AaHHON uenu. DJKCNepTy MOXeET 6bITb

A03BONEHO BbIGUpaTb TOYKU C YUETOM AECATbIX AONeN, Hanpumep 2,7, U OH MOXET Npwu-
nMcaTb OAHO U TO Xe& 3HadeHue U3 WwkKanbol 6bonee yeM ogHOM LeNw.
3. MeTtog conocraBrieHnss nCxoAoB ¢ yessmu (ONUCaH Bbliwe).

4. MonycyMmbl. OMyCTUM, UYTO O<U(Ol)<...<u(0n). OcHOBHas vaes nogxoaa 3a-
KnoyaeTcs B 06pasoBaHMM LENoUYKM MOMNOBUHHLIX 3HAUEHWU cneaylolmnM obpasoM. Hau-

HeM ¢ k, 6AM3KOro K 7, U OLEHWM Takoe J, 4To U(Oj)+U(0j+2)=U(0k) N MOMOXMUM

U(Oj+1):(1/2)l)(0k). MoBTOpUM NpoLEecc, 3aMeHuB U(Ok) Ha U(Oj+1), N MPOAOIXKMM

¢opMnpoBaHME LIENOYKM MOSIOBMHHbLIX 3HAYEHUIA 4O TEX MOpP, NOKa 370 BYAET BO3MOXHO.
CrnaxxeHHas KpuBas, Npoxoaalas no LenoYkKe NMOSIOBUHHbLIX 3HAaYeHU, MOXET bbiTb UC-
NoNb30BaHa B KAYeCTBE OLEHKU MCKOMOM (YHKUWM NONE3HOCTU. Hanpumep, AonycTuM,
4yTO TpUALaTb Lenen 6bln paHXUpoBaHbl cneayrowmMm o6pasom:
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Jdonyctnm
U(Ozz)+U(024) = 0(030), 0(017)+U(019) = 0(023), U(Og)+u(011) = U(Olg) ,
U(Oz)+U(O4):U(01 )
Mcnonb3ya Uenb MOMOBMHHBLIX 3HAYeHWUI [U(OSO),0(023),0(018),0(010),U(OS)] 7
nonaras 0(03) =1, MOXHO NoNyunUTb rpacdnYeckyro OLEHKY DYHKLMU NONE3HOCTMH.

5. Metoabl ynopsgoyeHHosi metTpuku. Jonyctum, 0 < U(Ol) < U(Oz) <...< U(On) , TO-

rga paHXumposaHMe Mo YHODHAOHEHHOVI METPUKE B 6VIHapHOM cnydae 6y,ﬂ,€T paHXWUpoBa-
HNEM CMEeXHbIX pa3HOCTel7|

v(0,)-0, v(0,)-v(0,), v(0;)-v(0,), .., v(0,)-v(0,.).

B o4HOM cnyyae 0 pasHoOCTAX U(O.) MOXHO CYAWTb HEMNOCPEACTBEHHO; B APYrOM, Ha-

MpUMEpP, MOXHO CPaBHUTb U(Oz)—U(Ol) 7 0(04)—0(03), CcpaBHUBas U(Ol)+U(O4) C
0(03)+U(02). CpaBHEHWE NPOU3BOAMTCS HEMOCPEACTBEHHO, KOr4a OAHO U TO Xe U(Ol.)

NpUCYTCTBYET B 06eMX pasHOCTSAX, HanpuMep npu CpaBHEHUMU 0(03)—0(02) C

U(Oz)—U(Ol) :

6. MeToa KpuBbix 6e3pa3nuyusi. Bo MHOrMX 3ajadvax XenaTefbHO onpefennTb GyHK-
LMIO NONIE3HOCTU UMM LLEHHOCTU pacnpeAeneHunsi pecypcoB Ha pasnuyHble BUAbl AesiTeNb-
HOCTW U MaKCUMMU3UPOBATb €€ NMPU OrpaHUYMBaOLLUX YCOBUAX, KOTOPbIE MOTYT BbITb Ha-
NOXEHbI Ha UMEILLMECS BETMUMHbI B CBS3U C UX LEHOW U AeHEeXHbIMU doHAaMu. OAHaKo
06bIYHO TaKyl (YHKLUIO NOCTPOUTL TPYAHO M BMECTO HEe OMpeAensiioT Kpusble 6e3pas-
Anuuns ANs nap BUAOB AESTENbHOCTU B 06X04 YMCIEHHOro noaxoda. YTobbl MOCTPOUTb
TaKylo KpUBYI, 3KCNepTaMm 3aAaloT BOMPOChbl AN ONpEeAeNeHUst KOMMPOMUCCOB MeXAy
ABYMSi CpaBHMBaeMbIMUW NokasaTensaMu. Ha Kpusoi 6e3pasnuumns 3HauyeHus o6oux noka-
3aTeniel UMEKT OANHAKOBYIO LLEHHOCTb. 3AeCh MOSy4YalTCcs ABYMEpHble KpUBbIE, C MOMO-
Wbl KOTOPbIX AOSKHA BbITb MosyYeHa HeKoTopasi MHOFOMepHasi MOBEPXHOCTb U Ha Heil
HadeH MakCMMyM. HeaocTaTKOM MeToAa SIBASIETCA MOTepsi KOMUYECTBEHHON WHQOpMa-
L1,

MeToabl nocneaoBaTenbHOIN0 UCKJIIOYEHUSA

Jlekcukorpaduueckmii NOpAAOK. TEPMUH «NIEKCUKOrpadUUECKUn» OTpakaeT aHa-
NOrMK0 Mexay 3TUM METOAOM M METOAOM YNopaaoYMBaHUS CoB B cnoBape. MNpu nekcuko-
rpacdnyeckoM noaxoae TpebyeTcsi paHXMpPOBaHME MoOKasaTeslei Mo BaXHOCTU, a 3Haye-
HMUA MoKa3aTesieil pacnonararTCs Ha WkKane nopsaka. Mocne Toro Kak BaXXHENWNIA Noka-
3aTenb BblibpaH, MOXeT 6bITb OnNpefeneHa anbTepHaTMBa, UMeKLWan HauBbiCcLlee 3Haue-
HWe No 3TOMYy nokasaTtent. Ecnun Takas anbTepHaTMBa oAHa, TO €€ BbIBUpaT U Npoueay-
pa 3akaH4ymBaeTcsa. Ecnn no onpeaeneHHoOMy NokasaTesn MMEETCs HECKObKO anbTepHa-
TUB C OAHWM U TEM X€& HauMBbICLUMM 3HAYEHWEM, TO OHW CPaBHMBAKTCS NO BTOPOMY MO
BaXXHOCTM NokasaTtent. Mpouecc npofomkaeTca TaknuM o6pa3oM 40 TeX MOp, NoKa He by-
AET BbIIB/IEHa €ANHCTBEHHAs anbTepHaTUBa, UM Noka He 6yAyT NpoBepEHbl BCe Mokasa-
Tenu.

HepocTtaTkoM nekcukorpaduyeckoro nopsiika siBASIETCA TO, YTO BECKOHEYHO Manoe
npupaLlleHne O4HON M3 KOMMOHEHT He NepeBeWNBaET 6ONbLWNX NpUpaLLEHUn apyruX. bo-
nee cnabblM KPUTEPUEM ABNAETCH MPUHLMM ONTHUMAbHOCTH no [MapeTo. OaHa anbTepHa-
TMBa NPEBOCXOANT BTOPYH, €C/IN OHA MPEBOCXOAMUT €€, NO KpalHel Mepe, N0 O4HON KOM-
MOHEHTE U He XYyXe BTOpPOW no nbon aApyroi KoMNoHeHTe. Ecnn anbTepHaTuUBa yAoBe-
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TBOPSIET 3TOMY CBOWCTBY OTHOCUTENLHO BCEX APYIrUX anbTepHATUB, TO €e Ha3blBalT na-
peTo-onNTUManbHON.

MeTtoabl MaTEeMaTUYECKOro NporpaMMMpoBaHus

Fnob6banbHas pyHKUMA Lenn. 34echb rnaBHas 3ajgadya — CBECTU BMECTe MHOrue uenu
AN8 ONTUMU3aUNK pesynbTaTa NMpu orpaHUYeHmnax

B paMKaxX NIMHEMHOro nNporpaMMupoBaHusa. Maesa 3akn4vaeTcsa B TOM, UTOObI MCMOMb-
30BaTb BbINYKAYID KOMOUHaUWMKO 3TUX DYHKUMIA LEeNN NpU pasfiMYHbIX napaMeTpax u pe-
WUTb B UTOre 3agady napaMeTpumuyeckoro nporpaMMuUpoBaHus. Mbl nosiydaeM KOHe4dHoe
CEMENCTBO peweHuit, COOTBETCTBYOLWMX MO3auKe U3 siYeeK NpOoCTpaHCTBa MapaMeTposB.
Ona Bblbopa pelweHWs, KOTopoe npeactaBnserca Hambonee npuemMnembiM, UCNONb3YIOT
CYyXAEHUA.

Llenn B orpaHMuyeHuax; uenesoe nporpaMmmupoBaHue. Bce rnobanbHble onTu-
MYMbl BASKOTCA B 6onee WMPOKOM KOHTEKCTE /IOKanbHbIMU ONTUMyMaMu. Mkl 3HaeM, 4To
peLeHns ONTUMasibHbl TOILKO B OrpaHNYeHHOM KOHTeKkcTe. OnTuManbHoe peweHue — 3T0
He Ta cTpaTerms, KOTOPOW HYXHO cneaoBaTb, 3TO AOMOJHUTENbHas MHMOpMauusa, KOTO-
PYI CnefyeT yyecTb B KOHTeKkcTe 60nblWwor CUCTEMBI, AN KOTOPOW AaHHas 3ajada aBns-
€TCs KOMMNOHEeHTON. B 60nbWMHCTBE CNyYyaeB Hawa uenb — MakCuMusauma npnbsinn BCero
NpoM3BOACTBa. DTO CO34aeT BNeyaT/ieHMe, YTO Y Hac TOJIbKO OAHa uenb — npmbbinb. Ho
NpeanosioXnM, UYTo NpuHATa 6onee WMpokasa ToUKa 3peHUs, BKAKYaKWas HECKObLKO OT-
AenbHbIX Uenen, Kotopble Henb3s f1erko 06bLeauHNTb B O4HY ONTUMUBUPYEMYIO (PYHKLUMUIO.
Hanpumep, MOXHO pacCMOTPETb YPOBHU MPOU3BOACTBA ANA ABYX pa3HbIX U3genvi, Ans
KOTOPbIX MOSy4YeHbl Hanbonbwue ymctaa m obwasa npmbobisib, a TakXe COCTOSAHUE AeHeX-
HbIX CPEACTB MPU HEKOTOPbLIX OFrpaHUYEHUAX Ha pecypchl.

Be3ycnoBHO, BpA4 NU peweHune, KOTOpPOE MaKCUMU3UPYET YUCTYI npubbinb, byaeT
TaknuM Xe, 4YTO MakcMMu3npyeT u ABe Apyrue uenun. Ytobbl paspelwnTb HeonpeaeneH-
HOCTb 6bonbliel uenu, cneayeTr 3aHOBO onpenennTb, ABMASETCS M Booblwe MakcMMU3aums
HalwWemn uenbto.

B aenctBuTenbHOCTU Mbl go6MBaeMCca HE MaKCUMMU3aUUKU UM MUHUMU3ALUKM NMPU NpU-
HATUW pELLEHNN MO JIMHUU NMOBEAEHUSA, a CKOpee «yaoBMeTBOpeHuns». lNocnegHee o3Hava-
eT onpeaenieHne uUenem M NOUCK Takoro pacrnpeaeneHus, KoTopoe npegnaraeT Hauyu-
WY NepcneKkTuBy AOCTUXEHUA 3TUX LUeSel. DTO BblIpaXaeT CMbICA LeneBoro nporpaMMu-
pOBaHUA.

PaccMoTpuM cneayowmim npumep:

uens 1: 60x, +50x, =1500 (uenb - uncran npubbinb);

uenb 2: 2x, +4x, <80;

uensb 3: 3x,+2x, <60, x,x,20;

X, U X, — KONUYEeCTBO eanHUL nsgennit 1 n 2 cootsetctBeHHo; 80 n 60 — cooTBeTCT-

BEHHO BpeMs paboTbl MawmMH A n B, KOTopoe He MOXET 6bITb MPEBbILEHO. DTN TPU Le-
N HecoBMeCTUMbI. Ans peweHusa npobaeMbl HECOBMECTUMOCTU NPUHUMAEM BbICWMIA NpU-
opuUTET uenu 1, cneayrwwmnin no seamynHe npuopuUTeT byaeT vy uenun 2, a 3ateMm y uenn 3.
MpunuweM cnepyrlime ToOUYHblE 3HAYEHUS NMPUOPUTETAM:

uenb 1 cneayet yAOBAETBOPUTb KaK MOXHO fydlle, KakoBbl 6bl HUM 6biNn pe3ynbTaThl
NpUBANXKEHNA K LensMm 2 n 3;

KaK TOMbKO uenb 1 AO0CTUrHyTa, cnepyet yAOBAETBOPUTb Uenb 2 KakK MOXHO nydwe
npuv ycrnoBUKM, YTO 3TO HE NMOCTaBMT NOA Yrpo3y peanmsauunio uenn 1;

KaK TO/bKO Ueflb 2 AOCTUrHyTa, cnepyeTt yAOBAETBOPUTb Uenb 3 KakK MOXHO nydwe
npu ycnoBuUKM, YTO 3TO HE NMOCTaBUT NOA4 Yrpo3y peanusauuio uenm 2.

NTak, 3ajayva cTaBUTCA cnegyrowmMm obpasomMm:

MUHUMU3NPOBAaTb
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R(d; +d )+ Pd; + Pd;,
Npu yCnoBusx
60x, +50x, +d~ —d* =1500,
2x,+4x,+d; —d; =80,
3x,+2x,+d; —d; =60,

M HEOTPULIATENBHOCTM BCEX MepeMeHHbIX. 3aeck d; u d; - nepeMeHHble HEXBaTKN 1 13-
NNLWKa COOTBETCTBEHHO.
Ecnu B, P, v P, paccmatpuBaloTca kak KO3(phOULNEHTbI MEPEMEHHbIX, TO Mbl ByaeM

MMETb AEN0 C HECOM3MEPUMbIMM BelaMm, Tak Kak d, un d, 13MepaloTcs B AeHbrax, a oc-
TaNbHble NMEpPEMEHHbIE — B Yacax. YTobbl YCTpaHUTb 3Ty TPYAHOCTb, 6yAeM cuuTaTb, UYTO
B, P, v B - apnbiku, onpegensitowme nopsaok NpuopuTeTa COOTBETCTBYOLWNX Lenel, a

He Ko3dUUMEHTbI. WNTaK, BbIUUCAUTL Pl<d1 +d1+) O3HAYa€eT: BO-NMepBbIX, caenaTb

d; +d] BO3MOXHO ManbiM NPV €AMHCTBEHHOM YCMOBMM — HEOTPULATENbHOCTU BCEX ne-
peMeHHbIX. Boluncnuts Pd, o3HauaeT: caenaTb d, BO3MOXHO ManbiM, He yrpoxas pea-
NM3aunmn Nepeoit uenu, u Tak aanee ana Bd; . CuntaeTcs, YTO COOTHOLIEHWUS NpuopuTe-
ToB , P, u B, TakoBo, yto £, HamHoro 6onblwe F,, KOTOpoe, B CBOK o4Yepeab, HAMHOMO

6onbwe P .

CBsA3b Mexay ueneBbIM NporpaMMMUpoOBaHUEM U MepapxXuUsaMmM NpOXOoAUT vYepes3 KoHuen-
LMK COrnacoBaHHLIX CUEeHapueB B NAaHUpoBaHuKn. B CITOXKHOM CNTYaunn niaaHMpoBaHUA
NMpNMEHEHNE NepapxXxmn4ecKoro noaxoga no3sonsaeT nonyvymTb 0606LWEHHLIN CLlEHapMVI, KO-
TOprP’I yCcTpauBaeT BCEX AuU, NMPpUHUMaKWKUX peweHne. OgHaKo 3TOT CLLEHapMVI A0JIXKEH
6bITb peasncTM4eckMMm M COBMECTMMbIM CO BCEMWU pPa3MepHOCTAMM 3ajadun. Hanpumep,
peaﬂMCTMHECKMVI O3Ha4aeT, 4YTO0O Mbl HE MOXEeM UCMNOSIb30BAaTb pecypcoB 6onblwe, 4eMm
nMeeM. COBMECTUMbIA O3HAYaET, YTO LEeNM He AO0JIKHbl 6bITb KOHCII)}'IVIKTy}OLLI,VIMVI. Ecnn

onpeaennTb CLEHapU NOCPEACTBOM BEKTOPA COCTOSIHUSA NepeMeHHbIX — X , @ MHOXEeCTBO
NepPeEMEHHbIX peleHns 0603HaunTb depe3 Y, To cueHapuii (X, Y) ABNAETCSA COrnaco-

BaHHbIM, ecnn X = g(Y), rae g — MoAdenb npouecca GOpMUPOBAHUS CUCTEMBLI, T. €. dHU-

3MYecknx NOTOKOB B cUcTeMe. MeToq COBCTBEHHOro 3Ha4YeHUsa U ApUHUUN MepapxmquKon
KOMMNO3UUMNUN MOIYyT 6bITb MCNONbL30BaHbLI 4N4 NMNOoCTpOEHUA obobuweHHoro cueHapua, nepe-
ME€HHblIE COCTOAHNA KOTOPOro NpMHUMarOT 3HaAYEHNUE R . Ecnu R He MOXET 6bITb nonyde-

* *
HO B BUAE (PYHKLMWN OT MEPEMEHHbLIX PELUEHMUS, T. €. B HopMe g(Y ), roe Y — KOHKpeT-
HO€e MOAMHOXECTBO PELIEHUI 3a4a4M, TO R He cornacoBaHHO, M TOFAa UCMNOb3YETCA LUe-
NEBOE NporpaMMMUpoOBaHME AN1s1 NepecMoTpa Uenen nlaHMpoBaHus, NpeacTaBnsiemMblx R .

B yacTHOCTM, Npeanonoxum, uto 4 - MaTpuua NpaAMbIX 3aTpaT 3a4aHHO 3KOHOMMYe-
ckol cuctemsbl. Myctb X - Banoas npoaykuusi, a ¥ - KOHEYHbIA cnpoc. U3BECTHO, UTO

-1 . *
X:(I—A) Y . NpeanonoxuMm, uTo 3HauyeHWe nepeMeHHol coctoaHmMa X obecneumnsa-

€T HEKOTOPblIi YpOBEHb MOTPebreHnss onpefeneHHOro pecypca, CTOMMOCTb, 3aBUCSLLYIO
OT TEXHONOIMK, @ TaKXe 3MUCCUID NOIOTAHTOB NpPU 3TOW TexHonorun. Obwue kKoadpbuum-

€HTbl BO34EeNCTBUA N MOAEeNb «BXOA-BbIX0o4» D BOoCnpounseoaAaAT npouecc CIJYHKLI,VIOHVIDO-

% -1
BaHMA cucteMbl. UMeem X = DX npnu X:(I—A) Y . Yt06bI BENUMUUHBI R 0606LeH-
HOro CcuUeHapus O6bIMKM  COrNacoBaHHbI, AO/MKHO cobnaaThcs creaylollee YycroBue:
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X" =R. Ecnv oHO He COBMIAAETCs, TO OCHOBY ANl MOMYYEHUS PeanncTUUecKuX W Co-
BMECTMMbIX R npeactasnseT cnegyrollas 3ajgadya onTUMmU3aLmu.

MUHUMU3UpPOBATL

z=pd +pd’
nNpU YCIOBUSAX
BU+Id"+1d" =R, Uz=0,

roe
(1-4)

D

PeweHne U 3Toi 3agaum obecneumBaeT cywecrsoBaHMUE COrnacoBaHHOro cueHapwus,
noaxoasiwero Ans8 KOHKPETHOMN peanbHOW CUTyauun.

JlokanbHbIE LEeNNn: UHTEepaKTUBHOE NMporpaMmMupoBaHue. PaccMaTprBaeMylo 3a-
Aadvyy CO MHOrMMU KPpUTEPUAMU MOXHO 3annCaTb B BUAE!

maXU{f(x)} ,

xeX

B=

rae f - V—MeprIVI BEKTOP BeLlEeCTBEHHDbIX CIJYHKLI,VIVI, X - I/l-MeprIVI BEKTOP BeLLEeCT-

BEHHbIX NepeMeHHbix, X — gonyctumas obnactb B R", cBsizaHHas ¢ x, n U - dyHKuMA
MONE3HOCTU NMUa, NPUHUMAIOLWLEro peleHue, ofpeaesieHHas Ha 061acTu 3HadveHun f .
MosHo npeanonoxuTs, yto U - Bo3pacTatowas no kaxgomy f, dyHkuma u uto X -
BbiNyknass u komnaktHas; U no kaxaoh KoMnoHeHTe [ - BOrHyTas W HENpPepbIBHO
anddepeHumpyemas.

HopMbI NpeaensHOro 3aMeweHusa nuua, NMpMHUMalLWero peweHne, Mexay Kputepus-
MU ANA OTAENbHOW TOYKU MOryT 6bITb MCMOMBb30BaHLI 4719 OLEHKW HanpaBieHUsa rpagueH-
Ta ero dyHKUMM NONE3HOCTU B 3TOM TOUKe. DTa MHGOopMaumMa MOXET b6bITb MCMOMb30BaHa

B KOHTEKCTE CYyWeCcTBYHLWNX aJroputMoB HEeTMHEMNHOr0 MaTeMaTUYecKoro nporpaMmMnpo-
BaHWUA ONA Nony4vYeHnsa oNnTuMaibHOMoO peleHuna 3aga4dit.

MeToAbl NPOCTPAaHCTBEHHO 6/1M30CTHU

CoBMecTHblIe naMmepeHus. OHU CBA3aHbl C 06begMHEHNEM MHOXECTBa HE3aBUCUMbIX
nepeMeHHbIX B HEKOTOpY (GYHKUWOHanbHyw dopMy (B obweM cnydyae nosiMHOM) Ans
npeackasaHus 3HayeHWn 3aBUCUMOMN nepeMeHHon. KosdpduumeHTbl unm napaMmeTpsbl
dyHKUMM 06bIYHO oUEeHUBaKTCA MeTodaMu perpeccmn. CylecTBYOT HECKONbKO anropur-
MOB UM NOAXOA0B NOAYYEHUS 3TOW OLUEHKU MYTEM B3BELWMBAHUA BAaXXHOCTU NMepeMeHHbIX
3amHTepecoBaHHbIMKU nuamMun (cMm. [58]). B [58] Takke MOXHO O3HAKOMWUTLCA C pasfnnd-
HbIMU acnekTaMu NPUNOXKEHUA, 8 UMEHHO, MO NMPOU3BOACTBY U MapKeETUHTY.

MHoroMepHoe wkKanupoBaHue. [NaBHas Ue/lb MHOMOMEPHOro LWKanupoBaHUa -
BOCCTAHOB/IEHWE OCHOBHOW MPOCTPAHCTBEHHOM CTPYKTYpbl Mpouecca BOCNpUATUA MO
KOHpUrypauum, B KOTOPOW KaXAblh CTUMYN (anbTepHaTuBa) NpeacTaBfeH TOYKOW TakKuM
obpasoM, 4To ABa CTUMyna, Cy6bLEKTUBHO pacCMaTpUBaEMble KakK CXOXWe, pacnonoXeHsbl
6nvxe opyr K apyry, 4eM CTUMYIbl, KOTOpblE€ CYUNTAKTCA MEHEE MOXOXWUMWU APYr Ha Apy-
ra. lpouecc pa3BmMBaeTCs Tak:

1. CTpouTcsa MaTpuua HeCxXoACTBa 51.]., Ha rnaBHOW AMaroHanu KOTOPOW CTOAT HY/U.
MaTpuua CMMMeTpUYHa OTHOCUTENLHO MMaBHOM AMaroHanu.

2. 3 maTtpuubl 51.]. nony4vyaeTcsa MaTpuua pacCTOAHUA Mexay CTUMYyaMu dl.j.

3. TpebyeTca yaoBNeTBOPEHME YCITOBUA MOHOTOHHOCTH

0. <0, . =>d . <d

in b2 in j "
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4. Onpeaensetcs HanpshkeHne S =./S°/T", rae S = Zdl.j —d;

i<j
* e
oY

(dlj — PpacCToAHUE MEeXAY TOYKaMU Ha4YyanbHOW KOchVIrypaLI,VIVI).

0
3ajava 3aKa4yaeTrca B MUHUMM3aUUK S no BceM dijl YAOBNETBOPAKOLWINMM TUNOTE3E

MOHOTOHHOCTM.

B noaxoge no uUsy4dyeHUO MapkKeTUHra, npeanoxeHHoM B [58], nccnegytoTca naTb no-
KasaTenenm npoekTa, BKAYAKWMUX HaUMEHOBaHue, UueHy, opopMieHUe yrnakoBKU U ra-
paHTuio. B gaHHoM cneuuduryeckon 3agade cyuwectsyeT 108 koMbuHauum 3TuX NATU No-
kazaTtenen. M3 Bcex anbTepHaTuB 6bino BblbpaHo 18 M npopaHXunpoBaHo. C NOMOLWbIO
2BM npoBoaMNnCa NMOUCK 3HaYEHUM B WKane ANng KaXxAoro nokasatensd. 3HaydeHusa B LWKa-
ne BblbpaHbl TakmM o6pa3oM, 4YTO MNpU UX CYMMUPOBaHMU ob6LLas MONE3HOCTb KaXAomn
KOMBUMHaUMWN COOTBETCTBYET paHraMm. Mepbl TOro, HaCKONbKO fydlle KaxXaas anbTepHaTu-
Ba, He NpUBOAUTCA.

B [20] npepgnaraeTca MeToA B NMOMOLWb cCreuuasncTtam no naaHUpoBaHUKO npu hopmy-
UPOBKE CTpaTervn M MpPOrHO3MpPOBaHUMU UCXOLO0B MPWU NOCefOBaTENIbHOM MPUMEHEHUN
3TUX cTpaTernin. GopMMUpyeTCcsa MaTpuLa NepeKpecTHbIX BO3AENCTBUN YCNOBHLIX BEPOSAT-
HocTeln. [lanee BbIYUCIAKTCA Mepbl HECXOACTBa nMap cCobbITUN U onpeaenaeTcs eBKIUA0BO
paccTosiHWUe Mexay CTpoKaMu MaTpuubl NepekpecTHbIX BO3AENCTBUNA (MPUYKMH), a 3aTeM -
€BKNNA0BO pacCTossHWE Mexay ctonbuamu (adpdektammn).

B [183] onpeaenserca MaTpuua HecxoacTBa (paccTtosaHusa). B kauyecTBe 3aronoBKOB
CTPOK M CcTONBLOB MCNONbL3YIOTCH 3/1IEMEHTHLI U3 MHOXECTBa NOHATUN, rae Kaxaoe onpeje-
NAeT OTHOLWEHME MOHATUA KO BCEM ApYrnM. [laHHble cobupaloTca B nocnenoBaTenbHOCTb
NPAMbIX NapHLIX CPaBHEHMI U 3aTEM TPaKTYKTCA KakK TOYKMU B NPOCTPAHCTBEHHOM MHOIMO-
obpasum (HeeBknMaoBoM N -MepHOM npocTpaHcTBe). OnpeaensieTca MecTONoNoXeHUe
3TUX TOYEK U 3aTEM MUHUMUIUPYIOTCA KBagpaTbl pacCTOAHUSA MeXAy HUMMN.

B [165] uccnepyetca MaTeMaTuyeckas CTpyKTypa MOJIMHOMWanNbHOW Teopuu U3Mepe-
HWIA (MPUMEHUMON K CTPYKTYpe AaHHbIX B TOM U TOJIbKO B TOM C/ly4yae, ecnv Ansa Hee Bbl-
nosHeEHa akcuoma uppedIeKCUBHOCTU), U YyCTaHaBNMBAaETCA B3aWMMOCBSA3b Pa3fIMYHbLIX
MoAenen usMepeHnin B o6LWMX KOHUENTYanbHbIX paMKaxX, NpUBOAALLNX K MaTEMaTUYECKUM
3ajlayaM, peuweHue KOTOPbIX CHUTaAETCHA MOJsie3HbIM. Y TEOPUM HET NPOCThbIX 3MMUPUYECKHU
npoBepsieMbIX YCOBUIA. DTOT NoAXo4A npeaycMaTpuBaEeT aHanm3 AaHHbLIX C MOMOWbK MHO-
rOMEpHOro WKanmMpoBaHMa M (aKTOPHbIX MeTOAOB. YNOpsAAOYeHME pacCTOSHUIA Mexay
napaMu 3agaeT onpefeneHHbIn NopsaaoK Mexay HUMU, KOTOPbIM MOXET 6biTb BbipaXKeH B
BUAE MNOJIMHOMUANBLHON PYHKUMM KOOpAWHAT. Teopusa OMUCLIBAET MNOrpy>XeHue 3Toro no-
MHOMa B AENCTBUTENLHOE 71 -MEPHOE NPOCTPaHCTBO C GUKCUPOBAHHOM pa3MepHOCTbIO.

B [118] npoBeaeHO mnccnegoBaHue no «Bbl6OPY «HaWAYYLWKUX» NUMHUA NOBEAEHUS U3
psaAa anbTepHaTUBHbIX BO3MOXHOCTENW, rae Kaxaas NUHUA MOBEAEHUS OUEHMBAETCA B
TEPMUHaX CTENeHU AOCTUXEHUSA MHOXecCcTBa uenen». lNpeasoXeHHbI MeTo[ OCHOBaH Ha
TeEXHUKE MHOMOMEPHOro WKanmpoBaHWs, pa3suton KeHaannoM ANs BblYepUYMBaHWUSA KapT
Ha OCHOBe (pparMeHTapHoOM UHdOpMaUUN.

JKcnepuMeHTanbHas npoeepka MeToda aHanusa uepapxum 6bina nposeseHa B [142],
rae OH CpaBHMBaeTCsa C MoAxXo4aMW MHOXeCTBeHHoOW perpeccumn (MP), MHOroacnekTHOW
nonesHoctn (MAM) [79] n npocTo HenocpeaCTBEHHOW oueHkon (HO). 2TU yeTbipe MeTo-
Aa OTNM4YalTCa CneayrwmM: OHU TpebylT CYXAEHUW pas3fsiIMdHOro Tuna, OHW TpebyioT
pa3fiM4yHbIX GpOopM OTKANKA (OT NOPALKOBOrO A0 OTHOLWEHW) U, HAKOHEL, Ka)ablh U3 HUX
nMeeT 06/1acTb NPUNOXKEHUIN C OFrpaHUYEHHLIM NPUMEHEHUEM APYINX METOAOB.

B AaHHOM 3KcnepuMeHTe 3KcnepTaM NpeanoXunm OueHUTb T’MNOTETUYECKUX KaHauaa-
TOB, NOCTYNawLWKMUX B KOJEOXK, C MOMOLWbK MapHbIX CpaBHEHWA TOMLKO MO YEeTbIpeM Xa-
pakTEPUCTUKAM: KOMNYECTBEHHOMY TECTYy Ha CnoCobHOCTU, YCTHOMY TeCcTy Ha CrnocobHo-
CTU, CpeAHeMy WKONbHOMY 6anny M nokasaTenk BHELWKO/bHOW AeaTenbHocTu. [locne
3TUX HaudasnbHbLIX CYXAEHUN 3KCNEepTOB MPOCUAN O AafIbHENWWNX CYXAEHUaX, Heobxoau-
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MbIX O718 MOCTPOEHUS NMHENHbIX aaAUTUBHLIX NpeacTaBfleHNn Ha OCHOBE Ha3BaHHbIX Bbl-
e 4YyeTblpex MEeTOAOB. DKCMEPUMEHT OCYLLECTBMANCA B paMKaxX (paKTOPHOro aHanusa.
TpnauaTn TpeM sKcnepTaM NpeanoXunum BbiCKasaTb NpeaBapuTesibHble cyxaeHus o 20
napax anbTepHaTusB. TpeboBanocb ykasbiBaTb KaK HarnpaB/ieHWe, TakK U CTerneHb npea-
MOYTEHNS ANA KaxXAoW napbl. AN AWMHENHLIX aAAUTUBHLIX MoAenen, MCNoNb30BaBLUNX
MAW, MP, MAIl n HO, 6bIN0 Noay4eHO COOTBETCTBEHHO 84, 57, 86 n 84% npaBUAbHbIX
npeackasaHuin nNo 3TUM MNMpeaBapuTenbHbIM CyXaeHUaM. NMUpPCOHOBCKNE Koppensauuu rnpo-
n3BeAEeHUN MOMEHTOB MeXxAy npenckasaHHbIMU U HabnwAeHHLIMU CTENEHAMN NpeanoyTe-
HUA 6blnn 0,72; 0,19; 0,75 n 0,77 COOTBETCTBEHHO.

2TUMK MeToAaMU aBTOPbl NPOBEPSANN TONLKO TO, YTO KaXAbl U3 MEeTOAOB A0JKEH 6bin
npeaocTaBuUTb NO agAUTUBHOMY, NIMHEMHOMY MNpencTaB/EHUIO MHOMOACMNeKTHbIX npeanoy-
TeHUN. lpuopuTeTLl NokKasaTenem UM Kputepues, onpeaeneHHole nocpeactsom MAWU,
6bIIM NCMOMIb30BaHLI Kak Beca NMHENHON DYHKUUU MOSE3HOCTU, UYTO MO3BOMNO aBTopaM
CPpaBHUTb UX.

X0oTa MeToAbl U pa3fiNyHbI, KaXAblh U3 HUX UMEET onpeaeneHHoe npenMyLecTso ne-
pea apyrumu. Ana MAU He TpebyeTcs AONyweHMa O COrnacoBaHHOCTU B NpeanoyvYTeHusX,
B TO BpeMs KaK MNOCTPOEeHWe (PYHKUMW MNOAE3HOCTU MpU UCNOoNb30BaHUKM noaxoda MAI
TpebyeT TPaH3UTUBHOCTU OTHOLWEHUA nNpeanovTeHnin. KpoMe TOro, npu napHbIX CpaBHe-
HMax B MAUN nHdopmauusa 6onee getannsanmpoBaHa U NpuUMeHUMa B cdepax, rae cywecrt-
BYIOT HEM3MEPUMbIE MOKa3aTesnu.

Moaxon MAI obnagaeT HEKOTOPLIMKU MpenMyLlecTBaMn, a UMEHHO: XOpPOLWO pa3BUTOWN
MEeTOAONOrMeN ANs TPaKTOBKWM CUTYaLUWN C PUCKOM, a TakXe HelUHEeNHbIMKU YHKUMAMU
nonesHocTn, (T. €. aAAUTUBHO NTMHENHLIMU MO KaXA0W nepeMeHHON, MynbTUNANKaTUBHbI-
MU N MYNbTUIUHENHBLIMW).

B [79] obcyxpaeTcsa MeToanKa oueHKW dyHKUMKM nonesHocTu. MNpouecc MAI npuso-
ANT K OQHOMY U3 HEMHOIMMX YCTAHOB/IEHHbIX TUNOB YHKUMIA. MeToh aHanunsa mnepapxui
reHepupyeT (YHKUMOHaNbHbIE 3Ha4YeHUs YHKUUKU MOME3HOCTU, a He caMy YHKUMIO.
ANs noBTOPSAKWNXCA CUTYaUUi NMpu NPpUHATUN peleHNn BblirogHee UMETb DYHKUUKD MOo-
nesHoctu. OgHaAKO Ha npakTuke (PYHKUWS MOSE3HOCTU BbICTPO MEHSETCA BO BPEMEHU W,
cnefoBaTesibHO, €e Hajo 3aHOBO oueHwBaTb. [lo3TOMY B onepauynoHHOM cMbicrie MATI
OENCTBYeT He nydwe, yem MAU, n, kpome TOro, TpebyeT C/INWKOM MHOIO BPEMEHU U YCU-
U, a Takxe He obnagaeT nNpeMMmyllecTBaMM rpynnoBoro npouecca, npucywmmu MAN.
Mcnonbsys MAWM, MOXHO BO3MYLLaTb CYXAEHUS B nNpedenax mepapxum ana nonydeHus
HoBOro Habopa npuopuUTeTOB. BMecTe ¢ npoueaypoi nposeseHns MAWN 3To MeHee 3a-
TPYAHUTENBLHO, YEM NOCTPOEHMNE DYHKLMU NONE3HOCTU ANA KaX[0ro nepruoga BpeMeHu.

OTHocuTenbHO MeToda MP oTMeuvaeTcs, 4TO «uUCnosb3oBaHMe MAW npeanodtTuTeNb-
Hee, yeM MeToda MP B 060N HEMOBTOPAKWENCA CUTYaUUN MO MPUHATUIO PELUEHUN, Ta-
KON, KaK cTpaTerMyeckoe naaHupoBaHUE UM TEXHONOMMYECKUA MPOrHO3, MOCKOJIbKY 3TH
CUTYyauMnU He MO3BONSAKT /IErKO BbIBECTU U3MepUMble cBoWCcTBa». OaHako B MAWM BO3HU-
KaeT of4Ha onepauuoHHas npobnema - ANg MonNydeHusa cyxXaeHuin oH TpebyeTr 6onbuwe
BpeMeHu, 4yeM HeobxoAMMO ANA OAHOro 3acedaHus, U A0/HKeH O6biTb pacTaAHYT Ha He-
CKO/bKO 3acefaHuni. DTO HeyAobCTBO He KaXeTCA O4YeHb BaXKHbLIM MO CPaBHEHUKD C TeM,
yto npu MATI BbIBOAUTCA DYHKLUSA NONE3HOCTU, NpoLecc, NpM KOTOPOM AN MOTYT 4YyB-
cTBOBaTb ceba He o4veHb yA0b6HO. VX NpeanovYTeHMA MOryT OKa3aTbCA HECOrnacoBaHHbIMU
¢ dyHKLMER NONe3HOCTH .

* Pazbop HekoTOpbIx paboT NnocneaHmx neT, B KOTopbix MAW cpaBHMBaeTCa € APYTMMW METOAAMM, NMPUBEAEH B
aononHeHun. — [lpumM. nepes.
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9.8. APYI'ME CPABHEHUWA

Xupw [66] npoBén TwWaTeNbHbIX aHaNIN3 aKCUMOMATUYECKUX METOAO0B, WCMO/b3YyeMbIX
ANA N3YYEeHUs KaK MopsiikOBOro, Tak U KOJIMYECTBEHHOIO paHXupoBaHusa. CUHTE3NpPOBaB
NHMOPMaLUIO, COAEPXALLYHCA B akCMOMaX, OH cMor cchOpMynMpoBaTb MUHUMANbHbIA Ha-
60p aKCUOM, U3 KOTOPbIX Aanee BbIBES OKOJIO COPOKA aHaMUTUYECKUX YCNOBUIN ANS CyX-
AEHUI 0 NPUrogHOCTU MHOroKpuUTepManbHbIX METOAOB. BepoaTHO, YeM 6onblueMy KOIu-
4yecTBY YCNOBMIN YAOBNETBOPSET METOA, TEM Bosiee OH NpeanoYTUTENEH.

OnpenenvMm TpyU OCHOBHbIE FPYMMnbl MHOFOKpUTEPMaANbHbIX METOAOB CleAYyHLWMUM obpa-
30B. ABTOMaTUYECKMNE METOAbI, B KOTOPbIX OKOHYATE/bHOE paHXWPOBAHWE 3NIEMEHTOB MNO-
Ny4YaeTcsl M3 HadasbHbIX AaHHbIX, 06WMUX NPEeAnONIOXEHUI U YCNOBUIN, a TakXe U3 onpe-
AEeNeHHOro anroputMa, OCHOBAHHOrO Ha AOMNOJHWUTENbHOM MHOXECTBE akCcWMoM. HeT Hu
B3aumozaeicTemsa ¢ JIMP, HX npouecca o6bpaTHO CBA3WU. [10/1yaBTOMaTUYECKUE METOAbI, B
kKoTopbix JIMNP coBepliaeT BbIBOP TONbKO Ha ONpeAeneHHbIX 3Tanax MeTola U B COOTBET-
CTBUM C HEKOTOpbIMM npaBunamMn. CyLecTBYHOT npoueccbl o6paTHOM CBS3U, KOTOpble
NPUBHOCAT r’MBKOCTb U aAanTUPYEMOCTb K peanbHON CUTyauun. HeaBToMaTU4yeCcKmne METo-
Abl, B KOTOpbIX JINP MOXET NpMHMMaTb PELIEHUs B NOBON MOMEHT U A03BOJSIEHbI U3MEHE-
HMS B aKCUMOMaX U NpeanonoxeHusx.

ONs CpaBHEHUS U OLEHKMU MHOroKpuTepuasnbHbIX METOAOB XUpLW AaeT UX OCHOBHblE
CTPYKTYpPHble XapakTepucTukn. Kaxaas xapakTepucTuka AoMXHa 6biTb onpeaeneHa no
LIKane XapakKTepUCTUK, TakK 4YTo N060MN MHOrOKpUTEpUanbHbliA MeToA WMAEHTUDULMPYETCSH
MHO>ECTBOM €ro XapaKTePUCTUYECKMUX YPOBHEWN, M3MEPEHHbIX MO KaXAoWh LKane xapak-
TepucTuk. CHadana onpeaenaTcs WKanbl U3MEPEHUN: KONMYECTBEHHO abCONOTHY, KO-
NNYECTBEHHO OTHOCUTENbHYI, KOJIMYECTBEHHO WUHTEPBAbHYI, YNOPSAOUYEHHON METPUKM,
NOpsSiAKOBY M HOMUHaNbHY. Haa WKanaMmm M3MepeHunii onpeaenatoTca NaTb XxapakTepu-
CTUYECKUX WKan, a uMeHHo: 1, O, G, D n W . I -xapakTepuctmdeckas LiKana oTpa-
XAET cTeneHb OnpeaesieHHOCTU, HeobXoAMMYK B LIKanax M3MEpeHUn ANA HEeCKOSbKUX
KputepueB (cTeneHb KonuyectBeHHocTu); O -xapakTepucTvyeckas LWKana — KayecTBO
NONYYEHHOro paHXupoBaHusa, W -xapakTepucTuyeckas WKana - HeKoTopykw WHdopMa-
U100 06 OTHOCUTENBbHOI BaXXHOCTU KpUTepnes. MepaMn OTHOCUTENBHOM BaXXHOCTU KpuUTe-
pUeB SABNAOTCA OAHOMEpPHble nokasaTtenn. OHU MOryT 6bITb MOPSAKOBbLIMU UKW KONUYECT-
BEHHbIMWU. OAHAKO NOPSAKOBbLIE MEPbl OTHOCUTENbHOW Ba)HOCTU HEAOCTATOYUHbI, TaK Kak
He MOoryT 6biTb WCMOJSIb30BaHbl ANA MNOJyYeHUa rnobanbHOro paHXmpoBaHusA. MO3TOMY
XUpW BBOAWUT €LLE ABE WKalbl, OCHOBAHHbIE HAa CPAaBHEHUAX MEXLIKaslbHbIX PAaCCTOAHWUIA:
G v D -xapaktepuctndeckune wWwkanbl. OCHOBbIBAsCb Ha 3TUX LWKanax, onpeaensoTcs
HEKOTOpble O06bEKTMBHbIE MepPbl OLEHKN MHOrOKpUTEPWANbHbIX METOAOB: palWOHasbHble
yCnoBus.

Cpean uccnenoBaHHbIX XUPLIEM METOAOB — Lie/IEBOE NPorpaMMmMpoBaHuMe, MHOrouesne-
BOE JIMHENHOE MporpaMMUpOBaHME U HEKOTOpble ApYyrve, MOSIBUBLLMECS B NociegHee
BpeMsa. OH paccMOTpen «rnpeaHanuTUYeckue» ycroBUS: HENTPanbHOCTWU/HE3ABUCUMOCTH,
ynopaAoYEeHHOCTN, YCTOMUYMBOCTU, OTK/IMKAEMOCTU, MNAPETO-ONTUMANIbHOCTU, CTEMNEHMU
CTPYKTYPbl, aHOHMMHOCTN U FTOMOr€HHOCTH.

MeTo4 COBCTBEHHOM0 3HauYeHWs, He TPebyWwMA CTPOron He3aBUCUMOCTU, YNOpsao-
YEeHHOCTN, aHOHMMHOCTU UMM FOMOIrEHHOCTM, TEM He MeHee obnajaeT YCTOMUMBOCTbI, OT-
KJIMKAeMOCTb, NapeTo-onTUMalbHOCTbIO U HEKOTOPbIMU CTPYKTYPHbLIMU cBoMcTBaMU. OH
TakXe MMeeT HOPMaNMn30BaHHYK wWkany. OaHako noaxon Xupla He Mo3BONSET CYAWUTb,
HaCKO/bKO OAWH METOA Nydlle APYroro U B KakKol CUCTEME LLEHHOCTEN.

3ameyaHue. XOTS Cepbe3HOl MOMbITKM akCUMoMaTMU3auMM Halwero noaxona, Aonyc-
KaloLWero HETPaH3UTUBHOCTb, He Aenanocb, MU3NI0XWM KpaTKO WAEWU, KOTOpble cneayet
NPUHATb BO BHUMaHWE MpW NONbITKE Takoi akcMoMaTusaummn., O6bIYHO akKCMOMbl UCMOMb-
3YIOT AN NONYYEHUS HEKOHCTPYKTUBHbLIX AO0Ka3aTeNbCTB CYLWECTBOBaHUA (yHKUUI no-
Nne3HocTU. Ana Toi e Uenu Mbl UCMOoNb30Banu CYLLECTBYHOLLY MaTeMaTU4YecKyl Teo-
puto. OAHaKO NMpu 3TOM 6bINK NMPUHATLI ONpeaeneHHble A0MNYLWEHMS, @ UMEHHO:
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cucTteMa MoXeT ObITb pacuysieHeHa Ha Kaccbl (KOMMNOHEHTbI) CPaBHUMOCTU B paMKax
HanpaBfEHHOWN CeTu;

3/1EMEHTbI B KaXXA0W KOMMOHEHTE MOryT CpaBHMBATLCA OTHOCUTENLHO HEKOTOPbLIX WU
BCEX 3/1IEMEHTOB CMEXHOW KOMMOHEHTbLI (Ha4YanbHOW BEPLUUHLI AYTU);

MOXHO MPOBOAUTL CpaBHEHUA B abCONTHOM YUCNEHHOW WKane ansg opMUpOBaHUSA
OTHOLUEHWI;

NPy NapHbLIX CPpaBHEHUAX MPUMEHAITCA 0BpaTHOCUMMETPUYHLIE MaTpuubl (Heobsasa-
TesIbHO);

AONyCKaeTCa HETPAaH3UTUBHOCTb U UCCEeAYETCS ee BO3AENCTBME Ha COrnacoBaHHOCTb
pe3ynbTaToB;

npuopuTeT Mnn obobLEHHbIM NMoKasaTesb 3/1eMeHTa nosiydaeTcs C NOMOLWbO KOMMO-
3ULUMN NN B3BELWMBAHUSA;

nobon 31eMeHT, NPUCYTCTBYIOWMUIA B UepapxXnn, CUUTAETCS peneBaHTHbIM, XOTA €ero
npuopuTeT MoXeT 6bITb U HU3KUM. He MMeeT cMbicna BBOAUTbL B MepapXuio «HecyLecT-
BEHHbIE anbTepHaTUBbLI» U NPOBEPATb HE3ABMCUMOCTb OT HUX .

* AKcnomaTmueckme ocHoBbl MAM 13 paboTbl T. CaaTtn (Axiomatic Foundation of the Analytic Hierarchy Proc-
ess, Management Science v 32, N? 7, 1986, npuBeaeHbl B 4ONOAHEHUN. — [IpuM. nepes.
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NMPUJTIOXXEHME 1
MATPULbI N COBCTBEHHbBIE SHAYEHUA

B 3TOM NpuUNoXeHUN NPUBOAUTCSA KpaTKoe BBeAeHWe B anrebpy maTtpuu M 3agayun o
COBCTBEHHOM 3HAYEHUM.

MaTtpuubl n JINHEUHble CUCTEMBbI ypaBHEHMﬁ

Matpuua A - 3To NpaAMoOyrofbHaa Tabnuua, BKAKYaKLWaa MacCMB U3 M XN 4dUCEn,
PacrnoOXeHHbIX B M CTPOK U 1 CTON6UOB. YMC/IO UM 3neMeHT MaTpuubl A B i-ii CTpo-

Ke U j -M ctonbue o6o3HavaeTcs Yyepes a; . Takum obpasomM, nmMeem (mxn)—Manmuy A:

a a, ... a4,
e a-ﬂ a-zz a?n
_aml a., ... amn_

O6bIyHO MaTpuuy A 0603HauYalT Yepes (%) N onpeaensioT YNCNO ee CTPOK U CToNnG-

uoB. MHAOeKcCbI I ] OTHOCSATCA K TOM CTpoOKE U CTO}'I6LI,y COOTBETCTBEHHO, B KOTOPbIX
pacnonoXeH aneMeHT. MaTpuua Ha3bliBaeTCs KBaﬂ,paTHOVI nopaaka n, eCnm m=n.

CTpokun n cTonbubl MaTpuubl A HasbiBalOT BekTopaMu. MaTpuua A MOXET COCToATb
N3 €OMHCTBEHHOIO0 BEKTOPa-CTPOKM WM BekTopa-cTonbua. B 3ToM cnyyae AOCTaTOUHO

npunucatb K €e 3/1eMeHTaM OAWH MWHAeKc. Hanpumep, Az(al,...,an) eCcTb BEKTOp-
cTpoka. [naroHasibHble 3MeMeHTbl KBaapaTHOW MaTpuubl A nopsaka n 6yayt 4,
i=1,...,n. AnaroHansHas matpuua A obnapaet ceoiicteoM i, =0 ana scex i n j npu
i # j. HekoTopble M3 AMaroHasbHbIX 3/1EMEHTOB — HeHyneBble. Ecnun Takxke Bce a, =0

ANs Bcex [, To A Ha3blBalT Hys€Bok MaTpuuen n obosHavarT O . EAMHMYHAS MaTpuua
I - 3To amaroHanbHas Matpuua ¢ 4, =1 ana Bcex i. TpeyronbHas MaTpuua 4 - 37O

KBaApaTHas MaTpuua C d, =0 gna i>j, nm a, =0 ana i< j. TpaHcrnoHupoBaHHas
T o
MaTpuua K MaTpuue A:(al.j) obosHavaeTcs A :(aﬂ) N OnNpepenseTca 3aMeHoW 3ne-

.. .. T
MEHTa A B MONOXEHUW I, ] 3NEMEHTOM B NONOXEHUN [J,1, T. €. ANA NonyyeHnd A HY>X-

HO NOMEHATb MeCTaMWN CTPOKUN U cTonbubl A , NoOBOpa4vnBasd .MaTpUULy OTHOCUTENIbHO ras-
HOM AmaroHanun. Tak Kak Aase MaTpULUbl paBHbl, €Cl1 paBHbl UX COOTBETCTBYHOLLUE 3N1€-

T
MEHTbI, MOXHO OMNpeAenUTb CUMMETPpUYECKYIo MaTpuly A=A ; T.e. a; =a, . Ana koco-

o T o
cummeTpuyeckoi matpuusl A=-A4", 1. e. a; =—a, npu a, =0. na 3pMuToBOI MaTpM-

LUbl aﬂ. :al.j (BHEMEHT aij ABNAETCA KOMMAEKCHO-COMNMpAXeHHbIM C 371EMEHTOM al.j). Onpe-

AENUM TaKxe 06paTHOCUMMETPUYHYIO MaTpULy, AN KOTOPOR a, = l/al.j npu a, =1. Mat-
puua A:(%) nonoxutensHa, ecnn a; >0 ana scex i U j, U HeOTpuUaTeNbHA, €CNU

a, > (. Kpome Toro, A= B, ecnu a, Zbl.j aAns Bcex i n j.

CyLLecTBYIOT NpaBuia CMOXEHUS, BbIUMTAHUA, YMHOXEHNA U «aeneHna» matpuy A u
B . 2T onepauumn coctaBnaloT anrebpy MaTtpul, B HEKOTOPOM poje noaobHyw anrebpe
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06bI4YHbLIX YMcen, ogHako cneayeT 6bITb OCTOPOXHbLIM, TaK Kak He BCe NpaBWna, npuroj-
Hble AN O06bIYHbIX YMCEN, MPUMEHMUMbI K MaTpuuaM, cocTaBnsowmnM 6onee obwyro anreb-
py. B To xe BpeMs MaTpuua nopaika 1xl - 3To nMpocTo 4Mcno, KOTOpoe Ha3biBaeTcs
CKanspoM, U BCe NpaBuia, NpUMEHUMbIE ANs MaTpuu BoobLle, MOryT NPUMEHATLCH K 3TO-
MYy cneumanbHOMY BUAY MaTpul, T. €. K 0BbIYHBbIM YKNCaM.

NcTopuyeckn MaTpuubl NOSABUANCL KakK CTeHorpadmnyecknin metoq 3annucm koadbdbdunun-
€HTOB CUCTEeMbl ypaBHeHu. B obweM cnydae cucteMa M3 m ypaBHEHUN C N HEU3BECT-
HbIMK 0b6bIYHO BbIBAET 3ajaHa B BUAeE

a X, +a,x, +...+a,x, =y,

Ay X, tapX, +...+74d,, X, =V,,

a . x +a x,+...+a, x =y .
3anucbiBaTb TaKyl CUCTEMY nerye, ecnum kosaddUUMEHTbI, T. €. MaccuB (al.j), oTae-

NUTb OT NepeMeHHbIX xj' Torpa X,, KOTOprVI NMOBTOPAETCA B KaXxaomn CTpOKeE, MOXHO 3a-

H

nMcaTb TONMbKO O4ANH pa3 TdKUM o6pa30M:

a, dy a, || & Y
ay Ay Qon || X2 | | W2
R S S | S B

Ecnu 3anucatb Xj B BuAae crtonbua, TO npasuno Anda BoCCTaHOBIEHUSA MCXOOHOWN cUC-
TEMbl TakoBO: KaXAbl aij CBA3aH C COOTBETCTBYHLUUM xj, HanpuMmep da,, W X, Aa€eT

d;,X, . TakuM 06pa3oM, ABMrasacb BAOSb CTPOK KOI(DPUUMEHTOB U OAHOBPEMEHHO BHU3 MO

cTonbuy X, MOXHO MOJIyYMTb COOTBETCTBYHKLLEE COEAMHEHME. DTa NpocTaa onepauus -
OCHOBa ANs 06LWero npaBuia YMHOXEHUA MaTpuUL.

MOXHO 0603HauUUTb X, X,,..., X, Kak BEKTOp X, a ¥, V,,..., Y, — Kak Bektop V. OT-
METUM, YTO B OBLLEM Clydae UYMUCNO 3/IEMEHTOB X HE paBHO UYMC/Y 3/1eMeHTOB ) . Mpous-

BeAEHME (an)—Manmubl Ha (pxq) -MaTpULy BO3MOXHO TONbKO B C/lyYyae p =n, B pe-

3ynbTaTe MNoflyyaeTcss MaTpuua pasmepHoctM mXxq. MoaTtoMmy, ecnn g =1, T. e. BTOpas

MaTpuua CyTb BEKTOP, TO NPOM3BEAEHME TakXe b6yaeT BeKTopoM. YTobbl M3bexaTb nyTa-

HWUbI, CNeAYeT MOMHUTb, YTO BGYKBbl C MHAEKCAMWU 0603HaAYalOT 3NEMEHTbI MaTpUL MU

BEKTOPOB, a 6ykBaMn 6e3 MHAEKCOB 0603HauYeHbl BCA MaTpuua unu BekTop. CRoXeHne U

YMHOXEHWE MaTpUL, MOXXHO COOTHECTM C OMepauMsaMn Hal CUCTEMaMU ypaBHEHUN.
PaccMOTpWM BHOBb CUCTEMY YpPaBHEHUN:

Yy =apXx, +anx,,
Yy =y X T apX,
1M NpeanonoXmMm, 4YTo €CTtb Apyrad CUCTEMa ypaBHeHVIl7|:
z,=byx +b,x,,
z, =byx, +byyx,
nOCKOﬂbe 31eéMeHTbl X HABAOAKTCA O6L|J,V|MV| and obeunx CUcTtem™m, an4d O6beﬂ,V|HeHV|F|
3TUX ABYX CUCTEM CneayeT CIOXUTb NepBoE ypaBHEHUE I'IepBOl7| CNCTeMbl C NeEpPBLIM ypaB-

HEHNEM BTOpOVI CNCTEMDbI, CrpynnmMpoBaTb noaobHble YneHsbl, nepeVlTM KO BTOPbIM ypaBHe-
HNAM, NpoaenaB TO XXe€& CaMoe U T. 4..
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Wtz :(au +b11)x1 +(a12 +b12)x2a
Y, T4, :(am +b21)x1 +(a22 +b22)x2.

DTO AAET TOT X€ pe3ynbTaT, YTO U NPUMEHEHNE ANA MaTpul kKo3dhdUUMEHTOB NpaBMna

cnoxeHus. fJonyctum, 4 - Matpuua Ko3hdDULMEHTOB NEPBOM CUCTEMbl, a B - MaTpuua
KO3(pHUUNEHTOB BTOPOIN CUCTEMLI. Toraa AN UX CMOXEHUS OMUCaHHbLIM Bbille 06pa3oM
A v B ponxHbl 6biTb 04HOMO M TOrO Xe nopsaka. MpaBuno Takoe:

‘4+B:(@J+(%):(@f+%);
COOTBETCTBYOWNE 3ZTIEMEHTbLI B MaTpuMuax CYMMUPYIOTCA.

NMMeeM
a, a4, 4 b, b, b, B a,+b, a,+b, a;+b;
ay, Ay dy by b, by ay +by  ay+b, ay+by
KoHkpeTHee

12 3700 3 3] [140 243 3+(=3)] [1 1 o0

+ =
0 2 4] |0 2 -8] [0+0 2+2 —4+(-8)| [0 4 -12
MpaBnNo CNoXeHna MoXeT BbITb pacnpocTpaHeHO Ha nwboe Yncio MaTpul O4HOro U
TOro e nopsaka: A+B+...+Z:(al.j +bl.j+...+zl.j).

AnouTuBHas obpaTHas MaTtpuubl A Z(al-j) ecTb MaTpuua —A4A= (—al-j) Takas, 4To
A+(-4)=0.
Mo OTHOWEHUD K ddaAUTUBHOCTUN CYLLECTBYET aCCOUMNAaTUBHOCTDb
(A+B)+C=A+(B+C)
M KOMMYTaTUBHOCTb

A+B=B+A4.
AonyCcTUM, HYXXHO YMHOXWUTb yYpaBHEHWS Ha HEKOTOPYK KOHCTaHTy (Mnu ckansp) o
(ewe oauH cnocob, nNpuMeHseMbln B 3neMeHTapHoOM anrebpe AN peweHus CUCTEMBbI
ypaBHeHWin). Ecnun aTo npoaenaTtb cnegyrowmMm obpasom:

ay =aa, x +aa,x, +...+aa, x

1n""n>

ay, =0a,x, +0a,x, +...+aa, x,,

ay, =aa,x +oa,,x,+...+aa,,x

mn~'n?

TO OKAZOC(CIU-):(O[CIU), T. €. CyWeCTBYET MpaBuno:. Onsa YMHOXEHWA MaTpUlbl A Ha

cKanap o cnepyeTt KaXAbli ee 31IEMEHT YMHOXUTb Ha « .
Hanpumep,

-2 0 4 6 0 —-12

3 6 1/2 -9 -18 -3/2

CoyeTaHMEM YMHOXEHUA Ha cKansap M CNOXEHUS MOXHO BbIpasuTb NpaBuio Ans JIMHEN-
HON KOMBUHaUUU MaTpuL,

aA+ﬂB+”A%Z:(M%+ﬂ%ﬁn”+&ﬁ,
roe o, f,...,k - ckanspbl.

PaccMoTpuM criegyrowimi Habop ypaBHEHUM, BblpaXkakowmx yj,jzl, 2,3 yepes
x,i=1,23,4:
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v, =2x, +4x, —x;, +x,,
v, =X, —3x, + 2x;, — 2x,,
Yy =2x, +x; —X,.
PaccMOTpMM Takxe BTOPOI Habop ypaBHeHUi, Bbipaxawowmnx z,, k=1,2 uvepes Y
2 =3+, + 2y,
LEV Y, T
Boipasum z, uepes x;, i=1,2,3,4. 310 peanusyetcs noactaHoskoit y,, j=1,2,3 un3
nepBoW cUCTEMbI BO BTOpYyK. Monyuvaem z,, k=1,2 B 3aBucumoctn ot x;, i=1,2,3,4:
zZ, :3(2x+4x2 — X, er4)+(x1 —3x, +2x, —2)64)+2(2x2 + X, —x4) =
2, =(3x2+1x1+2x0)x, +[3x4+1x(=3)+2x2 |x, +[3x(=1)+1x2+2x1]x, +
+[3x1+1x(=2)+2x(=1) |x, = 7x, +13x, + X, - x,.
34eCb KO3(@UUMEHT NMpU X, NONy4YeH B pelyfbTaTe CYMMUPOBaHUSA MPOU3BEAEHWNA.
DTO NpousBeAeHNss KOIPPUUNEHTOB NpU V,, ¥, U V; COOTBETCTBEHHO B BbIPaXXEHUM 4NN
Z, Ha COOTBETCTBYWOWUN KO3IDDUUMEHT NpU X, U3 TPEX ypaBHEHUN Ana y,, V, N V.
AHanorMyHo nony4yarnTcs KO3PUUNEHTbI NPU X,, X; U X,. Ana Z, nonydyaem:
z, =x, +17x, +2x, —2x, .
Bcé 37O MOXHO npozenatb, YMHOXaa MaTpuuy koaddUUMEHTOB NePBOI CUCTEMbI Ha

MaTpuuy Ko3pPULNEHTOB BTOPOM CUCTEMBI.
Ana aTux MaTpuu 3anuMwem

XX, X3 X,

Yo Y, ¥ o4 1 1 X Xy Xy Xy
3 1 2 L 3 2 9l_ 7 13 1 -1
|1l -1 5 0 2 1 -1 1 17 2 2

Z, yepes y,, ¥, yepes X,, I, yepes X,.

YMHOXeHMe NpoU3BOAUTCA ANA MNONYyYEHUA KO3 EDULMEHTOB B CKOBKax, CBA3bIBalO-
Wnx X, X,, X3 U X, C Z, U Z,. Tak, 3NE€MEHT B No3uuun 1,1 pe3ynbTUpyHOLLEA MaTPpULbI
NnonyyaeTcss YMHOXEHUEM 3/1eMEHTOB MEPBON CTPOKU UCXOAHOW MaTpuLbl, PacrnonoXeH-
HOI cneBa, Ha COOTBETCTBYHLIME 3NEMEHTbI NMepBoOro cronbua UCXOAHOW MaTpulbl, pac-
NMONOXEHHOWM crnpaBa, U CYMMUpPOBaHMEM, T. e.

Ix2+1x14+2x0=7

DNeMeHT 2 B no3uuuu 2,3 rnonydaerca B pe3ynbTaTe YMHOXEHUS 3N1IEMEHTOB BTOPOM
CTPOKWM UCXOAHOM MaTpuLbl, pacrofloXXeHHOW cneBa, Ha 3/IEMEHTbI TpeTbero cronbua muc-
XOZHOM MaTpuLbl, pacnonoXeHHoi cnpasa. MMeeM

Ix(=1)+(=1)x2+5x1=2,
B obwem cnyyae, npu YMHOXEHUU MaTpuy A:(al.j) 7 Bz(bl.j) ANA nonyJveHus

C=c,, 1.e. AB=C, nmeem ansa sneMeHTa B nosuumm i, j matpuubl C

n
¢y =2 by,
k=1

l_']"
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T.e. 1-a ctpoka A u j-ii cton6ey B yMHOXalTCsA Ha KO3(pDULMEHTbI B COOTBETCTBYIO-

WMX NO3ULMAX, YKA3aHHbIX MHAEKCOM Kk, U 3aTeM CYMMUPYIOTCS. SICHO, YTO YMHOXEHUe
MMEeeT CMbICN TOMbKO B TOM cfnydyae, ecnu A - MaTpuua pa3sMepHocTM mxn, a B - maT-
puUa pa3MepHOCTN 1 Xq .

[na npuBefeHHbIX HMxe A n B maTtpuua C 6yaeT cneayouei:

a a a It c c
11 12 13 11 12
Ll a a } b by _L C ]
21 22 23 21 22
b31 b32

roe
¢y = ay by +apby +agby,

¢, =ay,by, +ayby, +ashs,,

Cy1 = Ay by, + ayby, + ayby,

Cpp = Ay by + ayyby; + aybs,.
npOVl3Be,ﬂ,EHV|F| MaTpUL YOOBNETBOPAKOT:

3akoHy accoumatusHoctn C(BA)=(CB)A;
3aKOHY  AUCTPUBYTUBHOCTHU OTHOCUTENBHO  C/TOXEHUS C(A + B) =CA+CB,
(C+B)A=CA+BA;

acCOUMATUBHOCTM OTHOCUTENIbHO YMHOXEHWUA Ha CKanap: (kA)(k'B):kk'AB . Tak, ec-
mm k wn k' pasHbl 1 unn -1, umMeem
(—A)B=A(-B)=—A4B, (—4)(-B)= 4B .

B o6weM cnydae npousBeAeHME MaTpUL, HEKOMMYTaTUBHO. Hanpumep, ecnu

1 4 10 18 28
2 20

A:{ ) ]B: ~1 4| 10 AB=0, no BA=| 10 -18 -28
-3 / 1 4 10 18 28

DTo o03HavaeT, uto AB=0 npu A+#0, B#0. Takke usz AB=AC wnmeem
A(B—C)zO. Ho oTcloaa Henb3s 3aknuunTb, Yyto nMbo A=0, nn6o B=C.

TeM He MeHee CNoXeHue MaTpul YAOBNETBOPSET BCEM CBOWCTBAM C/IOXKEHUSI 4Yucen.
Hanpumep, ns A+ B=A+C cneayet, uto B=C.

YMHOXeHWe Nboi MaTpuubl Ha CKanApHY MaTpuuy (AMaroHanbHYK MaTpuuy, Bce
AVaroHasbHble 3/1E€MEHTbl KOTOPOI paBHbl) €CTb HE UYTO MHOE, KaK YMHOXEeHWe MaTpuubl
Ha KOHCTaHTy. Tak, HanpuMep,

kOabc_ka kb  kc
0 k|la, b ¢ | |ka kb ke |

OtmeTtuM, uto Al =14 = A. O6paTHas MaTpuua A, ecnn OHa CyLECTBYEeT, NpeacTaB-
o -1
nsaet coboit MaTpuuy, KoTopass obo3Hauvaetcas A A "' U YyAOBNETBOPSIET COOTHOLUEHUIO

AA =T . Nmeem (AB)_1 =B'4™" n (AB)T =B"A" . Oge Matpuubl A n B HasbiBaloTCA

opToroHanbHbiMU, ecin AB =0. Matpuubl AA" u A" A cummeTpuyHbI.
lpumevarmne. 3aMeTnM, 4To B npoussedeHun matpuy AB=C ¢, dopMupyeTca npu

y4yacTuK i-ro BeKTopa-cTpoku A u j-ro sBektopa-ctonbua B . B obweM ciyyae npous-
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) 7 W:(Wl,...,W) Ha3blBA€TCA CKaJIAPpHbIM WUIU

n

BeAEeHUE [OBYX BEKTOPOB V:(Vl,...,V

n
TOYEeYHbIM NPOU3BEAEHNEM N 0603HavaeTcs (v,w):vllervzwz+...+vnwn. OHo nonyva-
eTCsl B pe3ysibTaTe YMHOXEHUSI COOTBETCTBYOLMX KOMMOHEHT U C/IOXEHUS.

AnvHa BekToOpa v:(vl, oo vn) ob6o3HavaeTcH | V | n onpegensetcs  Kak

1/2
2 2 o < <
|V |:<V1 +...+Vn) , YTO SBNSIeTCA eBKANAOBOMN ANMHOW. U3 aHanuUTU4ecKon reoMeTpun
M3BECTHO, 4YTO Yyron 0 Mexay 0bbIMU ABYMA MpAMbIMK, HaNpaBAAKLWKWME KOTOPbLIX CYTb

(vl,...,vn) 7 (wl,...,w ), YAOBNETBOPSIET BbIPAXEHWUIO COSH:(vlwl+...+vnwn)/|v||w|.

n

MoaToMy (v,w):|v||w cos@ 3ametum, uto asa sektopa (1,3,2) u (4,0,—2) - opToro-
HanbHbI.

C MaTpuuein A nopagka n accoUMMpyeTcss YUCIo, KOTOpoe HasblBaeTcs ee onpeje-
nuteneMm (AETEPMUHAHTOM) U 0603Ha4YaeTcA ‘A‘ nnu det(A). OnpegenuTtens — 3TO an-

rebpanyeckan CyMMa BCEX BO3MOXHbIX MPOU3BEAEHWUI 1N 31EMEHTOB, B KaXAOM M3 KOTO-
PbIX UMEETCA OAMH 3NEMEHT U3 KaXAOoM CTPOKM U Kaxzoro ctonébua 4. MoxHo pacnono-
XWUTb 3/IEMEHTbI KaXAoro 4YfieHa 3TOM CyMMbl B MOpPsSiAKE, COOTBETCTBYILEM MOPSAKY
cTtonéuos A . MonyyMM 1 BapuvaHTOB ANA 3/EMEHTOB nepsoro ctonbua, 3ateM n—1 Ba-
PUaAHTOB ANA 3/7EMEHTOB W3 BTOpoOro cronbua, ABa BapWaHTa ANS 31eMEHTOB Npeano-
cnegHero ctonbua M OAMH ANA  3NEMEHTOB nocnegHero crtonbua. 270  paeT

N:n(n—l)Z BapMaHTOB. (I'Ipomssep,eHme nepebixX 7 NONOXUTENbHbLIX UenbiX 4uncen

Ha3blBaeTca 7 -dakTopuan U obosHavaetca n!.) KaaoMy BapuaHTy COOTBETCTBYET OT-

AenbHoe cnaraemoe. CnefoBaTesnibHO, onpeAenvTen nopsaaka n coctouT u3 n! cnarae-
MbIX.

B anrebpanyeckoil cyMMe KaxaoMy cnaraeMoMy NpuAaeTcsl MNOMOXUTENbHbIA UK OT-
puuaTenbHblil 3HaK B COOTBETCTBMW CO CHEAYHOLWNM NpaBuIoM. PacnonoXmM 31EMEHTHI
Ka)Aoro craraeMoro B COOTBETCTBMMW C MOPAAKOM CTON6LOB MaTpuubl U pacCMOTPUM MNO-
CNefoBaTENbHOCTb MHAEKCOB COOTBETCTBYKOLWMX CTPOK. DTY MOCNEA0BATENbHOCTb MOXHO
NOCTPOUTbL MEpPECTAaHOBKaAMM Map 3NEMEHTOB B NOCEA0BATENbHOCTM HaTypasbHbIX YMUCEN

1,2,...,n. ECnn 4Mcno nepectaHoBOK 4YeTHoe (HeyeTHoe), 3HaK cnaraeMoro 6yaeTt nono-
s
XUTenbHbIM (oTpUUaTenbHbIM). CneaoBaTeNbHO, 3HaK byaeT (—1) , Tae s - uucno nepe-

CTaHOBOK. Hanpumep, cnaraemoe d,,d,,d,; B OnNpeaenvrtene Matpuubl A pasMepHOCTM

3x3 npMBOAUT K NMocneaoBaTeNbHOCTU CTPOUHbIX MHAeKcoB 2, 3, 1. YTo6bl NpMBECTU 3TY
nocnenoBaTenbHOCTE K popMe 1, 2, 3, cneayeT NpoBecTU ABE MNMepecTaHOBKU: rnepecTa-
BUTb 1 1N 2, a 3aTeM nepecTtasnsaTtb 2 U 3. [1Be nepecTaHOBKU NMPUBOAAT K MONOXUTENbHO-

My 3HaKy cnaraemoro. CnaraemMoMy d,,d;,d,; CO CTPOYHbIMU UHAekcaMu 1, 3, 2 TpebyeTca

O4Ha nepecTaHOBKa 2N1eMeHTOB 3 U 2 AN4 npuBeaeHuns K dopme 1, 2, 3. CnegoBaTenbHO,
cnaraeMoe nofydaeT oTpuuaTenbHbln 3HaK. NpUMeHas 3TO NpaBuio, Nerko yBuaeTb, de-
MYy paBeH onpeaennTenb MaTpuubl

2 1 4

30 5[=2)(0)(=1)+(=D)=5) 1)+ (H)3)(=1)-(4)(0)(1) - (1) (B3)(-1)-

-1 -1 -1
—(2)(-5)(-1)=-24.

N3 MHOMMX W3BECTHbIX CBOWCTB onpeaenuTenen oTMeTUM cleayllue: ‘AB‘:‘AHB

.
4

eCcnun CTpoKa mnu cTonbey YMHOXa€eTCcAaA Ha «& , TO onpeaenuTenb A YMHOXa€eTCAa Ha « ;
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A

, |4]=]4"

0AHaKo ‘aA‘:a" ; NEepecTaHoOBKa CTPOKW COOTBETCTBYHLWM CTONBLOM He

U3MEHAET ‘A ;, NepectaHOBKa ABYX CTPOK UMW OBYX cToN6UOB B MaTpuue A un3meHsieT

, onpeagennTtenb paBeH HYNKWO, €Cln ABa cTonbua unn ase CTPpOKMU MaTpuubl A

3HaK|A
MAEHTUYHbI UTN XXE OAMH U3 HUX MONYUYAETCA YMHOXEHMEM APYroro Ha MOCTOSIHHYIO, ecnu

ctonbeu A, HanpuMmep nepeblit, umeeT BuUa a,, +b,,a, +b,,...,a,, +b , TO ‘A‘ - cyMMa

n
ABYX onpeaenuTenen; nepsbiit ctonbew nepsoro onpeaenutena ébyaer a,,,d,,...,4,, a

BToporo — b, b,,..., b, , ocTanbHble CTONBUbLI OCTAOTCA HEM3MEHHbIMU Kak y A . OTcloaa

cneayeT, d4To onpenennutesib He MEHAETCA, €ChluU 406aBUTb K }'HO6OMy CTO}'I6LI,y ILI,DYFOI\/II

ctonbel, YMHOXEHHbI Ha MOCTOsHHYK; ecam A - TpeyronbHas MaTpuua, TO
|A|:all,a22,...,a

nn "

PaHr matpuubl A ecTb nopsaaok Hanbonblero KBaaApaTHOro MacCumBa (I'IOLI,ManVILI,bI),
LEeTEepMUHAHT KOTOPOro He paBeH Hynw. KBagpaTHas MaTpuua — HEBBLIPOXAEHHAas, eCcnun

€€ paHr paBeH ee nopsaky, T. €. |A|¢ 0. Ecnm |A|:O, To MaTpuua A 6yaeT BbIpOXAEH-

Ho#. HanpuMep, MaTpuua, Kaxgas CTpoka KOTOPOW MOXET 6bITb MoslydyeHa YMHOXEHUEM
OAHOMN CTPOKW Ha HEKOTOPYK MOCTOSIHHYK, HE TO/IbKO BbIPOXAEHHAas, HO U UMeeT eaun-
HUYHbLIAN paHr.

MopsaoK pasnoxeHuns (paCKprTVIFl) onpeaennTensd Takoe: MUHOP Dy , DJNIEMEeHTa al.j -

3TO onpeaenuTens MaTpuubl, MOSYYEHHOW BblYEPKMBAHWEM I-W CTPOKM U J -ro cTonbua.

i+j
CoMHOXUTENb Al.j sneMeHTa a; 6yaet (—1) Dl.j.

Ana pasnoxeHus det(A) no i-i CTpoke MMeeM
|A|:al.1Aﬂ+...+amAm, i=1..,n.
AHanorM4yHo NpoBOANTCA pa3sioXKeHWE No cTonbuy.
MaTpuuy adj(A) Ha3bIBalOT NPUCOEAUHEHHOM K MaTpuue A, ecnu ee i, j -M 3NE€MeH-
TOM SIBNSIETCA Ay- N3 npuBEeAEHHOrO Bblle YpPaBHEHWS BUAHO, 4TO A-adj(A):‘A‘-I.

CnefnoBaTenbHo, MaTpvua A obpaTuMa (T. €. UMeeT o6paTHY MaTpuuy) Toraa U TONbKO
Torga, Kkorpga |A|¢0 (T.e. Matpyua A - HEBbLIPOXAEHHas), U B 3TOM Clydvae

A" =adj(4)/|4].

PaccMOTpUM NTMHENHYIO CUCTEMY YpPaBHEHUI

n
Zayxj =b,i=1,....n.
j=1

B ManMqHOVI 3anucm s3Tta CMcteMa MMeeT BUA

Ax=b,
roe A — maTpuua Ko3dhPULMEHTOB:
all alZ aln
A= a 6?22 a,,
I
a, 4, ... a, |

a x nb - BekTopbl-cTonbUbI:
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] 'R
xX= sz b= éz
X, | _bn |

Koraa b#0 , T. €. HEKOTOpPbIE N3 3/TEMEHTOB bi HEHYyNeBble, CUCTEMaA Ha3blBa€TCA HE-
O,HHO,DO,HHOI;I; B NMPpOTUBHOM Cllydae€ CUCTEMY Ha3blBakOT O,ﬂHO,DO,HHOVI.
-1
Ecnn maTtpuua A - HEBbLIPOXAEHHAaA, TO Y HEE €CTb o6paTHa;| MaTpULa A™ 1 MOXHO

o -1
3anmncatb €AUHCTBEHHOE pelleHne HeoaHopoAHoW cucTeMbl X = A~ b. MNpasuno Kpamepa
obecneumBaeT yA0OHLIN cnocob peleHnss HEOA4HOPOAHOMN CUCTEMbl, SKBUBANEHTHbLIA Bbl-
wenpueeageHHoMy cnocoby, HO OHO BKJ/KOYaAeT UCMONb30BaHUE onpeaenuTenen, a He 06-

palleHve MaTpuy. KOMNOHeHTa X; BeKTopa X — 3To Apobb, YNCAUTENL KOTOpOI — onpe-
AenuTenb MaTpuubl, NOAy4YeHHo U3 A 3aMeHoit i-ro ctonbua A BekTop-cTON6GUOM b, a
3HaMeHaTenb - onpegenutens A. OTMETUM, 4TO MpU peLeHUU OAHOPOAHOWM CUCTEMBI
yncnuTenb X, BCErAa paBeH HY/K W, Cef0BaTeNbHO, HE CYLUECTBYET MHOMO pELUEHUS,

KpoMe TPUBMaNbHOIro x:(O, 0,..., 0), 3@ UCKOYEHMEM cnyydast, korga MaTtpuua A — Bbl-

poOXAEHHAA WU €e onpeaennTenb paBeH HyAw. Ecnu onpepenutens |A| TaKXXe paBEH HY-

N0, TO HYXEH YAO06HbIA CNocob NONy4YeHUs HEHYIEBOrO peELLEHUN, TaK Kak npaBuno Kpa-
Mepa MpUBOAUT K HEOMpeAesIEHHOMY BbIPaXeHUK (Hysb, A€NEeHHbIA Ha Hynb) AN X, .

NMelTcs pasfiMuHble MYTU NONYYEHUA pELEHUS B 3TOM cnydae. Hanbonee M3BECTHbI Me-
TOAbl UCK/TIOYEHMUS, B KOTOPbIX OAHO YpaBHEHME pPeELLAETCs OTHOCUTENbHO HEM3BECTHOIMO U
ero 3HayeHue NOACTaBNAETCA B Apyrue ypaBHeHWs. Ecnn nepemeHHbIX 6Gonble, 4yem
YpaBHEHUA, TO W36bLITOYHbIM WM HE3ABUCUMbIM MEPEMEHHLIM MPUCBaAMBaOTCA MNPOU3-
BOJIbHbIE 3HAUYEHMS ANS ONPEAENEHMS OCTaBLUMXCS (3aBUCUMbIX) NEPEMEHHbIX.
YcnoBuMcs BCE BEKTOPbI CUMTaTb BeKTOp-cToNn6UaMu 1 6yaeM NPUMEHSATb TPAHCMOHM-
poBaHMe Ana 0603HaUYEHUA COOTBETCTBYIOLWMX BEKTOPOB-CTPOK. YTOBbI 3TO HE NMPUBENO K
nyTaHuue, wHorda 6yaeM MpUMeHsTb cuMBOn 6e3 3Haka TpaHCNOHMpoBaHWs. CucTeMa

BEKTOPOB V,,..., V, OBYAET /IMHENHO He3aBucuMou, ecnn Ana nwbbix ducen a,,d,,...,d
N3 paBeHCTBa

n

ay +ay, +...av, =0
(roe npaBas 4acTb ABMAETCA HYNEBbIM 7 -KOMMOHEHTHbIM BEKTOPOM) ClefyeT, u4To
a=a,=...=a, =0,
Mo3TOMY HW OAMH N3 BEKTOPOB JIMHENHO HE3ABUCUMOM CUCTEMbI HE MOXET BbITb NONY-

UeH B pe3ysbTaTe YMHOXEHUSA APYIrnX Ha MOCTOAHHYK U CIOXeHUsA. B npoTUBHOM cniy4yae
BEKTOPbI 6y,LI,YT JIMHENHO 3aBUCUMbIMU, T. €. npuBeaeHHOE BblllE YCNOBUE BbINOJIHAETCA

He Ans Bcex a,, i=1,...,7, He paBHbIX HYJO.

n
- 3TO CyMMa BMAa Za,-v,-, rae a, -
i=1

JinHeriHasi KoMbuHaUns BEKTOPOB V,,V,, ...,V

n

Npou3BO/bHbIe Yncna. JInHenHaa KOMOBUHauUMA Ha3blBAETCA BbIYKION KOMOUHaLuen v;,

n
i=l,...,n, ecan a;20 u Za,- =1. FoBOPAT, UTO MHOXECTBO BEKTOPOB V|, Vy,...,V
i=1
bopMuUpyeT 6a31C NPOCTPAHCTBA 71 ~-KOMMNOHEHTHbIX BEKTOPOB ( 77 -BEKTOPOB), €C/u:
OHW NTMHEHO HE3AaBUCUMBI;

n
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060N BEKTOP ABNAETCA UX TMHENHON KOMBUHauMen (TO e caMoe, UTO cKa3saTb, UTo
OHW AONOJHAKT NPOCTPAHCTBO).
B npocTpaHCcTBE 7 -BEKTOPOB 6a3nNC AO/HKEH COCTOSATb 7 BEKTOPOB. B 4aCTHOCTH, cUC-

TEMa BEKTOPOB V,, i=1,..., 7, 3NeMeHTbl KOTOPOW paBHbl HYM, KPOME i-ro, paBHOMoO
efnHuue, popMupyeT 6a3nc NpoCTpaHCTBa 71 -BEKTOPOB.

OTMETMM, HamnpuMep, 4YTo Vv, = (1, 0, O) , V= (O, 1, O) n v, = (O, 0, 1) - NINHENHO Hesa-
BMCUMbIE, TaK Kak

ay, +a,v, +a,v, = (al, 0, O)+(O, a,, O)+(O, 0, a3) = (al, a,, a3) :

Ans Toro 4Tobbl 3TOT BEKTOP 6bl1 HYNIEBbIM BEKTOPOM (0, 0, O), HY>Ho umeTb a, =0,
a,=0, a;=0. BekTopbl Vv, = (1, O), v, :(O, 1), v, :(1,1) - JIMHENHO 3aBUCUMbIE, TaK KakK
TpeboBaHue TOro, uyTtobBLI AV t+a,v,+a;v,= (a1 +a,,a, +a3) 6b1n10 (0, O) , HDaért
a,+a,=0, a,+a, =0, yto BbINONHAETCA NpU a, =—a,, A, =—a,, KOTOPble MOTYT BbITb U
He HyNaMu. [Ina HaxoXAeHUa KO3 DULMEHTOB B V=aV, +...d,V, HYXHO PELIUTb CUCTEMY
NNHENHBbIX ypaBHeHWn. HanpuMmep, (2,3):al(1,7)+a2(4,2) NPUBOAUT K ABYM ypaBHe-

HuaMm 2=a,+4a, n 3="7a,+2a,.

MHOXEeCTBO BCEX BEKTOPOB, KOTOpble ABAAKTCHA JIMHEWHBIMU KOMOUHaUWMAMU 1 NU-
HENHO HE3aBUCUMbIX BEKTOPOB (€AMHUYHLIX BEKTOPOB), Ha3blBAaeTCA 7/ -CUMIMJIEKCOM
(EAVHUYHBIM 711 -CUMNJIEKCOM).

Tak Kak CTpPOKM W cToN6bubl MaTpuubl ABAAKTCA BEKTOPaMK, MOAYYaeTCsa, 4YTO paHr
MaTpuubl — 3TO MakCUManbHOE 4YNCI0 NIMHEMHO HE3aBUCUMbIX CTPOK, @ 3TO TO Xe caMoe,
YTO U MaKCUMalbHOE 4YUCN0 IMHEWNHO He3aBUCUMbIX cTonbuos. B mMaTpuue eaAnMHUYHOrO
paHra nwbas cTpoka (ctonbeu) — 3TO NPOU3BONbHbLIA MOCTOSAHHbLIA MHOXWUTENL €4AWMHCT-
BEHHOM CTpOKK (Mnu ctonbua).

NBa BekTOpa Vv, U v, (Kak W ABe MaTpuubl) OpTOroHanbHbl, ecnn v\v, =0, roe v, 3a-

nucaH Kak BEKTOP-CTPOKa, a vV, — Kak BekTop-cTonbel. CylwecTByeT cTaHAapTHaa npoue-

Aypa npeobpa3oBaHUA MHOXECTBA N JIMHEMHO HE3aBUCUMbIX BEKTOPOB B MHOXECTBO MNO-
NapHO OPTOroHaNbHbIX BEKTOPOB. Ecnun mncxoaHoe MHOXecTBO dhopMupyeT 6asvc, HoBoe
MHO>ECTBO Takxe hopMupyeT 6a3nUC, N OH Ha3bIBAaE€TCA OPTOroHabHbIM 6a3nUCOM.

XapakTepuctuueckoe ypaBHeHHUe:!
CO6CTBEHHbIE 3HAUYEHUA U COOCTBEHHbIe BEKTOpPbI

Co6CTBEHHbIN BEKTOp (XapaKTepuUcTUYecKunii BekTop) MaTpuubl A — 3TO TaKOW HEHy-
neBsoW BekTop W, uto Aw=Aw, nnu (1/2)/1 npeobpasyer w B w, T. €. OCTaBnseT w

WHBapPWaHTHbIM. BennumHbl A, COOTBETCTBYIOLIME TAKOMY W, Ha3bIBAKOTCA COBCTBEHHbIMU
3HAYEHUSAMU (XapaKTEPUCTUUECKUMU 3HauYeHUsMU) MaTpuubl A . CnefoBaTenbHo, w 6y-
AET COBCTBEHHbLIM BEKTOPOM, €C/IN OH ABSIETCS HETPMBUANbHbLIM (T. €. HEHYNEBbLIM) pe-

LUEHNEM YpaBHEHUS (A—ll)w:O ANs HekoToporo uucna A . KOMNOHEeHTbl W cocCTaB-

NAT MHOXECTBO pELUEHMI OAHOPOAHON NUHENHON cucteMbl ¢ MaTpuuen A—Al. Takas
cucTteMa  akTHUYeckM  UMeeT  TpMBMUAJIbHOE  pelleHue w=...=w, =0, rae

w:(wl,...,wn). Ho ana nonyyeHus HeTpuBManbHOro peweHus matpuua A— Al pomkHa
6bITb BbIPOXAEHHOM, T. €. ee onpeaenuTenb ‘A—il‘ [ONXKEH 6bITb paBeH HYM. JTOT on-

peaennutenb nNpeacraBnsaeT coboil nonvMHoM n-i creneHn ot A. OH uMeeT BU1A
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1 n
A" —a " +...+(—1) det(A) N Ha3blBaeTCs XapaKTePUCTUUYECKMM MOJIMHOMOM MaTpuLbl

A . YcnoBue paBeHCTBa ONpEeAENUTENS HYO BEAET K YPaBHEHUIO 71 - CTEMEHU, KOTOpoe
Ha3bIBAETCA XapaKTEPUCTUUECKUM YypaBHEHMEeM MaTpuubl A . DTO ypaBHEHME COornacHo
TeopeMe MaMUNbTOHa-K31M TOXAECTBEHHO PaBHO Hy, eciv A 3aMeHUTb Ha A, (T. e.

nosyyass MaTpuuHoe YypaBHeHue). Kopuu A, n,-, i=1,...,n, XapakTepucTuyeckoro
ypaBHEHMUS ‘A—ll‘zO ABNAKTCA WCKOMbIMU COBCTBEHHbLIMM 3HauyeHUsIMU. OCHOBHas

TEOPpEMa anre6pb| YTBEPXAAET CylWecTBOBaHNE I’l-KOpHeVI Ansa nNoanHOMMalAbHOIoO ypas-
HeHUs cTeneHUn n . CobCTBEHHbIE BEKTOPbLI NMNONYYHAKOTCA B pe3ysibTaTe peleHUnsa COOTBET-

cTByIOLWEN cUCTeMbl ypaBHeHuit Av, = Av,. CneayeT obpaTuTb BHUMAHME Ha MOJyYeHUe
BCEX COBCTBEHHbLIX BEKTOPOB, KOrAa UMEKTCS KpaTHbIE KOPHW.

OTMeTUM, 4TO
n
a, = Zaﬁ = tr(A) ,
i=1

N KOPHU XapaKTEPUCTUHECKOIo ypaBHEHWNA, ABIAAACD KOPHAMU YpaBHEHUA n-N CTeneHu,
YAOBNETBOPAKOT

S 4, =a, = 1r(A)
i=1

[14=14.

DTO MOXHO YBMAETh, pa3naraa dhakTopusaumio (2—11)(2—12)...(1—2,7) XapakTtepu-

cTndeckoro nonnHoMa. OTMETUMM, 4YTO XapaKTeEPUCTUYECKOE YpaBHEHME MOXET MWMETb
KpaTHbl€E KOPHU, N, cnefooBaTenbHO, oblwee yncno pa3nn4yHbIX KOpHEVI MOXeT 6biTb MEHb-

we, 4yeM 1. OYEBMAHO, YTO KPaTHbIA KopeHb A, KpaTHOCTM & MosiBUTCS B dhaKTopU3aumm
B BUAE (l—ll.)k. Ans npocTtoro kopHa k=1.
Tak kak A - noctosHHas, uz3 Aw=Aw n AA=AA vmeem
APw=A(Aw)=A(Aw)=24w=A(Aw)=Aw.
CnegoBaTtenbHo, A’ — cob6cTBEHHOE 3HaueHne A° u aHanoruuHo A* - cobcTBeHHoe 3Ha-

venue A", 1. e. rd" = A+ + A",
MpumMmep. PaccMOTpUM MaTpuLy

1 2 10 A 0 -2 2
A= = , Al = , A=Al = ,
3 4 0 1 0 A 3 4-1
|[4—A1|=(1-4)(4-2)-6=2-51-2=0.

Tak Kak B AaHHOM C/y4dae XapaKTepUCTUYECKOE YpaBHEHME KBaapaTHOE, PELWNM €ero,
MCNOoNb3yAa XOpOoWo U3BECTHYHO KBadpaTUYHYIO cbopMyny ANnsA HaXoxXaeHU4A KOpHer/'I TakKoro
ypaBHeHud. Ans COBCTBEHHbLIX 3HAYEHUN UMeeM

5+J_ 5-33
A= ==

M YTOBbl MONYUYUTb COBCTBEHHbLIA BEKTOP, COOTBETCTBYOWMNIA A, 3anuweM Aw=Aw,
T.e.
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1 2w w,
3 4|lw | M w |
nnm
w 2w, = Aw,,
oTKyAa

3w, +4w, = Aw, .
Tak kak Matpuua A— A1 - BbIpoXAeHHas, CYLECTBYET 3aBUCUMOCTb MEXAY €€ CTpo-

KaMW, N NnOs3TOMY BTOpPOE€ YypaBHEHWE HE COAEPXKUT HOBOM VIHCIJOpMaLI,VIVI. CobCTBEHHbIN
BEKTOP W NONy4ae€TCAa B pe3ynbTate NpucBanBaHMA NPOU3BOJIbHOIO 3Ha4€HUA W, U Bbl-

YUCNEHUA W, COrnacHO MNOSIlYYEHHOMY Bbille COOTHOoWweHu. lNMpucsonM w, 3HadveHue 1.
Torpa nmeem
2
, 1
-1
MO>XHO HOpManu3oBaTb W, NpUpaBHMBaAA CYMMY KO3 DUUMEHTOB eanHunue. Pasgennm

w =

KaxAblh KO3hDPUUMEHT Ha CcyMMy W, +W,, KOTOpas paBHa (ﬂ1 +1)(ﬂq—1). Monyyum pe-
3yNbTUPYIOLWUMA HOPManMU30BaHHLIA BEKTOP
2 A, -1
A +17 A +1

[MOCKONbKY YMHOXEHME Ha NOCTOSIHHYKO HE B/IMSAET Ha pelleHune ypaBHEHUA AW:lW,
6Yﬂ.€M paccMaTpuMBaTb CO6CTBEHHbIE BEKTOpPblI W BCerga B HOpManM30BaHHOM Buae. AHa-

NOrMM4YHO MOXHO MNONYYUTb COBCTBEHHDIN BEKTOpP, COOTBGTCTBYFOLLI,VIVI ﬂdz- Cob6cTBEHHbIE

3HAYEHUS KaK KOPHU Nto60ro NoMHOMUANbHOMO YPaBHEHMS MOXHO MOSYUYUTb, UCNOMb3YS
pa3fiMYHble CTaHAapTHblE YNC/EHHbIE MeToAbl. B HacTosilee BpeMsa CYLECTBYKOT MNaKeThbl
KOMMNbIOTEPHbLIX MNPOrpamMM ANA HaxXOXAEHUS 3TUX KOpPHEW. Ana ypaBHEHUS, ABNAKOLWENOCS
XapaKTEPUCTUYECKUM YpaBHEHWEM MaTpULbl, CYLECTBYOT KOMMbKTEPHbIE MPOrpaMMbl,
KOTOpble ANS1 AaHHOM MaTpULbl HAaXoAAT COBCTBEHHbIE BEKTOPSI.

Co6CTBEHHbIE 3HAYeHUA MaTpuubl, ByAy4Yn KOPHSIMU €€ XapaKTEPUCTUYECKOrO ypaBs-
HEHMS, MOTYT B6bITb KOMMJIEKCHBIMW YUCNAMW WU, CNefoBaTeNbHO, MOMApPHO KOMMIEKCHO-

CONPSKEHHbIMU. HanmOMHUM, YTO KOMMNEKCHOE YUCNO UMeeT Bua a+ib, rae i=+-1, a
n b - peicteuTenbHble yncna. MoAaynb Takoro yucna obo3HavaeTcs ‘a+ib‘ N paBeH

1/2
2 2 <
(d +b ) . Ecnn aneMeHTLl MaTpuubl — AeNCTBUTENbHLIE N OHAa CMMMETPU4YHas, BCeE ee

Co6CTBEHHbIE 3HaYeHUa aencTBuUTeNbHbl. COBCTBEHHbIE peKTOopbl, COOTBETCTBYKOLUNE pPa3-
JINYHBIM COBCTBEHHLIM 3HAYEHUSM, OpPTOroHanbHbLI. DTUM Xe CBOMNCTBOM obnapaert 3pMN-

T
ToBa MaTpuua. Matpuubl 4 U A" WMEKT OAHU U Te Xe COBCTBEHHbIE 3HAUEHMUS, HO B
obweM cnyyae He O4HU U Te e COBCTBEHHbIE BEKTOPHLI.
Cnepywuwas TeopeMa (cM. [48]) MOXeT b6bITb NpUMEHeHa K

Wi
a. =——¢&..
i ir
w;
ecnun MCcnonb3oBaTb HENPEPbIBHOE np606pa3OBaHV|e, HarnpuMmep ﬂOFaleCbMVlLIECKYI‘O
CIJYHKLI,VH‘O. TeopeMa YTBEPXAAET, YTO COBCTBEHHbIE 3HA4YeHUs MaTpunubl HEMNPEPbLIBHO 3a-
BUCAT OT €€ KO3¢)¢)V|L|,V|€HTOB (3TO TO XK€, YTO HenpepbliBHadaA 3aBUCUMOCTb KopHel7| nonn-

HOMa OT ero Ko3ULNEHTOB).
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TeopeMma. EciM npousBosibHass MmaTtpuua A:(%) MMeeT COBCTBEHHbIE 3Ha4YeHus

S
A5 Ays-ees Ay, THE KpaTHOCTL A, ecTb m; ¢ ij =7, TO NpW 3aAaHHOM, AOCTaTOYHO Ma-
j=l1

noMm &>0 cywecTtsyer 5:5(8)>0, Takoe, 4TO npM ‘al.j.+8l.j.—al.j.:‘8l.j‘£5 Ans

i,j=1,...,n mMaTpuua BZ(a,-jJrz?,-j MMEEeT POBHO M, COBCTBEHHLIX 3HAYEHUI B OKPY-
HOCTU ‘,u—lj‘<8 Ans kaxgoro j=1,...,8, f,..., 1, SIBNAOTCA COBCTBEHHLIMU 3Hauye-
HUaMU B .

HokazatenbcTBo. Onpeaenvm f(,u, B) = det(,ul —B).
NycTb 6O:%min|2l.—lj|1£i<j£s n &<&,. OKPYyXHOCTU Cj:|,u—/1j|:8, j=L...,s -

Henepecekatwmecs. TycTb ijmin|f(,u,A)| ans u  Ha C,. 3ameTum, uToO

min|f(,u,A)| onpeaeneH, Tak Kak f - HenpepbiBHas GyHKUMA 4. Takxe v >0, no-
CKOJIbKY KOPHMU f(,u, A) =0 aBNAOTCA LEHTPAMM OKPYXHOCTEN.

Onpeaenutens f(,u,B) - HenpepbiBHaa GyHKUNUS 1+ n? MepeMeHHbIX U a;té&;,
i,j=1,...,n, n, cneposaTenbHo, Ansa Hekotopbix 0 >0, f(,u,B);tO, ans 4 Ha noboi
Cj, j=1...,5, ecnu ‘80-‘35, i,j=1,...,n. N3 Teopun YHKUMIN KOMMNEKCHON nepe-
MEHHON W3BECTHO, YTO YMCMO /M, KOPHEN [/ ypaBHEHWs f(,u,B):O, nexatlwmnx BHyTpH
OKPY>XHOCTHU Cj, onpepensaeTca GopMynion

'
() | LU 2)
2mi . f(u, B)

o o 2
KOTOpasa M3-3a f(,u,B);tO ABNAETCS HenpepbiBHOW dyHKuMel 1+n" nepeMeHHbIX B

du, j=1,...,s,

‘,u—lj‘zg , 81.1.‘ <d,1i,j=1,...,n. B 4acTHOCTM, 3TO HeNpepbIBHaa PyHKLNA a; +&; npm
‘80.‘35.
Tenepb Ans B=A no npeanonoXxeHU MMeeM nj(A):mj, j=1...,5. Tak Kak vH-

Terpas HenpepbiBeH, He MOXeT bbITb cKauka C 7, (A) Ha 7, (B), OHM AOJXHbI 6bITh paB-

Hbl M WMeTb obliee 3HadyeHne m,, j=1L...,s nna Bcex B c ‘a,-jJré‘,-j—al-j <J,
Lj=1...,n.
CyWwecTBYIOT pasnmyHbie cnocobbl oueHkU A . , 34eCb NpeacTaBfieH OAWH M3 XOPOLIO
N3BECTHbIX:
. g\ 2k
A zhm(trA ) _

max
k—o

Hanpumep, ans o6paTHOCMMMETPUYHOM MaTpuULbl pa3sMepHocTn 3x3

da,.,a 4a
rA* =319+ —22 4 1
a a,dy,
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AHanorn4yHoe BblUUC/EHNE AN 06paTHOCMMMETPUUYHOW MaTpuubl pasMepHocTu 4x4
AaeT

4a .,a 4a 4a.a 4a 4a.a 4a
At = 4| 34+ 212723 13, TaTo4 14 TT3T34 14

as a,dy ayy a;dy, ayy ap3asy

a.a a..a a.a a.a a,a,.a a
+1224+1334+1324+1324+122334+ 14

A3ty Aoy diyly dydy ay A, dy303y

OTMETUM, UYTO CnaraeMble KOMMNEHCUPYIOT APYr ApPYra, Tak Kak KO3 dUUNEHT B YNC/IN-
Tene O4HOMo 4YfeHa TakXe MNOsIBNSIETCS B 3HaMeHaTene cneaywouwero. MoaToMy Bo3pacTa-
HWe 3Toro koadduuMeHTa yBENUYMBAET OANH YNEH WU YMeHbLUAET APYyron. B obwem cny-
Yyae 3TO HEBEPHO ANA HEOBPaTHOCMMMETPUYUYHBIX MaTpUL.

YacTo BcTpevatoTcs pyHKUUKM MaTpuubl A, TakuMe, Kak CTEMEHU M 3KCMOHEHTbl. MMeeT
CMbIC/T paccMOTpeTb Takmne pyHKumnm. CywecTBYeT cregyrlas TeopemMa U3 3Ton obnacru,
npuHagnexawas Cunosectpy (cM. [49]):

(A= A1)

Ay S o) z(),

i=l m=0

34ecb kK - KONMYECTBO pasiMYHbIX XapaKTEPUCTUUECKUX 3HAYEHUI MaTpuubl A ; m,
— KpaTHOCTb i-To KopHA A, ; f ( ) - (cbopmanbHas) npoussoaHas f m -ro nopaaka,

BblMUCNEHHaA MpU ﬁi; Z(ﬁl) — NOJIHbl€ OpPTOroHanbHble MAEMNOTEHTHbLIE MaTpUUbl MaT-

puubl A, T. e. oHM 061a4alT CBOMNCTBaMMU

iz(zl.):l; Z(A)Z(4,)=0, i=j; 22(4)=2(4,),

1

rae I nO - eaAnHN4YHaA N Hynesasa MaTpuulbl COOTBETCTBEHHO.
Mpn pasnmMuHbIX XapaKTePUCTUYECKNX 3HAUYEeHUAaX ANs MaTpuubl A nopaaka n UMeeMm

[64]
-3 r)2(4),

H(ﬁil _A)
Z(4)="%

l H(ﬁi_ﬁj) .

J#i

roe

Ana unnocTpaumMm Toro, Kak 3To nofydaetcsa koraa f sSBNAETCA MOAMHOMOM MaTpulbl
A, OTMETUM, YTO U3 MONIMHOMA 7 -WN CTENEHU MI—A‘:O maTpuua A" MoxeT 6bITb Bbl-

paXeHa 4epe3 HU3Wne cteneHu A 1, cneaoBaTesibHO, f BCceraa MoxeT 6bITb CBeeHa K
NOJIMHOMY CTeneHn, He HDEBbIUJa}OU.leVI n—1. Ecnu HanucaTb

n
:Z“iH<A_41)
i=l =l
J#i
M YMHOXUTb BblpaXeHue cnpasa nocnefosaTenbHo Ha V., i=1,...,n - xapakTepu-

cTMyeckuin  BekTtop A Cc  ydetoM Toro, uto Av,=Av,, W, cnenoBaTesnbHo,

1

f(A)vl. = f(ﬁl.)vl., TO MONY4YUM
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J#I
4TO W AaeT UCKOMbII pe3ynbTarT.
Mpwu f(A):eXp(At) W pasnU4YHbIX XapakKTEPUCTUYECKUX 3HaYeHnsxX A uMeeM criek-

TpasibHOE pasnoXeHue f(A) , 3alaHHOE BbIpa>KeHneM

1(4)=Texo(40)2(4),

CﬂyanI KpaTHbIX XapaKTEPUCTUHECKNX KOpHer/'I BbIBOAUTCA U3 MHOIO BapuMaHTa Teope-
Mbl CunbBecTpa. Ecnn HanuweM ans KpaTKoOCTU

F(4)=X7(4),

roe k - konunyecTso pa3nn4yHbIX KOpHEVI, TOraa

T<ﬂ“l'):f<ﬂ“l')Zmi—1(ﬁ“i)—i_f’(ﬂ“i)zmi—z (ﬁ“l')—i_ Z! Zmi_3 (ﬂ“l')—i_
34ecb M, OTHOCUTCS K KpaTHOCTM KOpHsA A, a
2, ()= L d" F(2) \
, m1dA" A, (A)L%'

roe
Fr(2)=m\(-1)""" (A1 - 4)""" T (AL - 4)
J#
eCTb npousBoaHas F nopsaka m, a
A, ()=TT(2-2).
J#I
3aMeTuUM, HanpuMep, 4To

2 (1) 4 F(2) _ARA)F(2)-F(2)A'(4)
WO har

PaccMoTpuM cuctemy

f=xty, =x-y,

. X I 1
X:AX,X:{ },A:{ }.
y 1 -1

Ncxoas u3 dopMynbl Cunbsectpa npu A, = \/5 , A = —\/5, uMmeem

exp(r) = PN (4o py SR
_1‘2 1‘2 _
1M NpnMMEHNM €€ And noayyeHmna peweHnsa CUCTEMbI.

AHanorMyHoO MOXHO nokasaTb, YTO ecnu
2 1
B = ,
1 2
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310 .1 3100 _4
2 2
3100 _ 1 3100 g
2 2

100
B =

NMPUJTOXXEHMUE 2
HEKOTOPbDIE NMNOHATUA TEOPUU TPA®OB

Onpenenexnun

Mpacd — 3TO MHOXECTBO ToueK V', BepiuinH VAW Y3108, N MHOXECTBO MPOCTbIX KPUBbIX

E , rpaHes vnn pebep, cBA3b KOTOPbLIX C BEPLINHAMKU, Ha3bIBAEMbLIMU €ro KOHLEBbLIMU TOY-
KaMW, ONuUCbiBaeTcs onpeaeneHHbIM npasuioM. [OBOPAT, 4YTO BEPLMHbI WMHUMAEHTHbI
pebpy. OTkpbiTOE pebp0 MHUMAEHTHO B TOYHOCTM ABYM pa3fINYHbIM BepWUHaM. 3aMKHY-
T0€e pebpo (Ha3blBaeMoe nNeTnen) MHUMAEHTHO B TOYHOCTWM OAHOW BepliMHE U, cnenoBa-
TeNbHO, ero KoHUeBble TOUYKM coBnagatT. Pebpa He MMeT obLWKMX TOYEK, 3a UCKITIYEHU-
€M BepLUUH.

Ha puc. .1 v, n v, — npuMepbl BEPLWUH; € - NETNA, KOHUeBasa ToYKa KOTOpPOW — Vs ;

€, — OTKpbITOe pebpo C KOHUEBbIMU TOUKAMU V, U V;.

Puc. IN.1

Puc. .2
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4
Puc. .3

Ba pebpa c obuwein BEpPWNHON, NN ABE BEPLWHbI, ABASKOWMECH KOHUEBbLIMU TOYKa-
MU pebpa, Ha3blBAT CMEXHbLIMKU. BeplwmnHa ABNAETCA U30/MPOBaHHOM, €CNN OHa He WH-

LUMAEHTHa HUKakoMy pebpy. O603HauuM rpad cneayowmm obpasom: G :(V, E)
Moarpag rpacda G - 3To noAMHOXecTBO V| MHOxecTBa BepwuH V' 1M NOAMHOXECTBO

E, MHOoxecTBa pebep E C TeMM e CBA3SIMU MeXAy BepluHamu u peébpamu, uton 8 G .

Mpad HasbIBaAKOT M1POCTbIM, €CU OH HE UMEET HW MeTeNnb, HW napannenbHbix pebep,
T. €. KpaTHbIX pebep Mexay napamu BepwuH. B ocHOBHOM 6yaem paccmaTpuBaTb Mpo-
CTble rpadbl, HO NMOCKONbKY B onpeaeneHne rpados BBeAEHbl NETAW W nNapannenbHble
pebpa, Nnpu paccMOTpPeHUU HenpocTbiX rpacdos byaeM BHOCUTb SSICHOCTb.

C KaxabiM pebpoM MOXHO accounMupoBaTb HarnpaBieHWUS UKW OPUEHTauuUK, YKasaH-
Hyto cTpenkoi. Toraa rpad HasbIBaKT HanpasBieHHbIM (OpUEHTUPOBAHHbLIM) rpacdoM U ero
pebpa HasbiBalT ayramu (cM. puc. M.2). HanpaBneHHblh rpad ob6o3HavawT Tak:

D=(V,A4).

Yucno pebep MHUMAEHTHbIX BEpPWMHE VE) HasbiBalOT CTENeHbK BepwuHbl U 060-
3Ha4vakT d(x). O603HaumM d_(V) UMCNO AYr, HanpaB/feHHbIX K V, a d+(v) - yucno
OYr, HanpasneHHbIX oT v. lNpu onpegeneHun cTteneHn MHUMAeHTHas BeplnHe neTnsa cyu-

TaeTca ABaxAabl. [Ns U30/1MPOBAHHON BEpPLIUHbI UMeeM d(v) =0,

O603Ha4YnMM 4YMCNo BEPLIUH M 4Yucio pebep rpada G:(V, E) yepes [V| " |E| CoOT-

BETCTBEHHO, V| Ha3blBaloT cTeneHbto rpada. Mpad Ha puc. M.3 umeer |V|:? " |E|:lO.

Mpacd Ha3biBaeTCA KOHEYHbIM, €CNU U ‘V‘ n ‘E| KOHEYHbI, B MPOTUBHOM cflydae — rpad

beckoHeYHbIn. PaccMaTpuBaTb ByAeM TONbKO KOHeYHble rpadbl. CteneHb Vv, rpaga Ha

puc. .3 paBHa 5: v, — U301MpOBaHHas BepPLUMHA.
Jlerko nokasaTtb, 4TO B NOH6OM rpade 4YMcno BeplwUH HEYEeTHOW cTeneHu 4YeTHo. Ans
storo otmetum, uyto ».d(v)=2|E|, tak kak kaxaoe pebpo cumtaetcs msaxabi. Ecnu

vel”
0603Ha4YnTb yepes VD 4] Ve MHOXeCTBO BeEpWWMH, UMELWKX HEe4YETHble N YETHble CTeneHwn
COOTBETCTBEHHO, TO MONYYUM 3TOT pe3ynbTaT, Y4MUTbIBAA, YTO
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Zd(v)%—Zd(v):Zdv:ﬂEL

vely, vel) vel
cneaoBaTenbHO, Z d(V) — YeTHOe 4YuCI0. DTO MOXET bbiTb TOSIbKO B TOM Cny4dyae, ec/iin B
vel,
CyMMY BXOAUT YETHOE YNCNO YNEeHOB.
MocnegoBaTenbHOCTb 1 pebep €,...,e, B rpade G HasbiBaeTcs MapLipyToOM, ecnu

n

CYLWeCTBYET COOTBETCTBYHOWaA nocneaoBaTenNbHOCTb n+l (He obsA3aTenbHO pasfU4HbIX)

BEPLWUH Vy, V,,...,V,, TAKUX, YTO €, MHUMAEHTHO V,, W V., i=1,...,n. MapwpyT 3amMKHyT

nt

(Unknudeckunit), ecnn v, =V

nir

B MPOTUBHOM cCnyvae pasoMKHyT. Ecnu €, # €, ans Bcex i
W Jj, I# ], MapwpyT HasblBalT Lenbr. 3aMKHyTas Uenb Ha3lblBaeTcs UUKIOM (KOHTY-
poM). Ecnu Bce BepLUHbI pa3fiMyHbl, MaplpyT Ha3blBaeTCa MPOCTON LEnbio, B TO BPeEMS
Kak mpu v, =V, W pasNIM4HbIX BCEX OCTaNIbHbIX BEPLIMHAX UMEEM MPOCTOM LMK NPU yC-

nosun n =3 . NMpuMep NpoCcToi Lenu AaH NocneaoBaTenbHOCTbIO pebep

{ess €45 €75 ez} = {(Vm Vl)a (Vn Vs)a (Vsa Vz)s (Vza V3)}

Ha puc. MN.1. 3aecb kaxaoe pebpo B NOCNEA0BATENBHOCTU 3aMEHEHO Mapoi BepLlunH, KO-
TOpble SIBNSOTCS €ro KOHUEBbIMU TOYKaMK, Tak Kak CrneayloT ApYyr 3a APYyroM B MapLipyTe

Vgs Vis Vs» Vo, V5. AHANOrnMyHble onpeaeneHns MoryT 6biTb AaHbl AN HanpasfeHHbIX rpa-

¢doB, ecnm y4yuTbiBaTb HanpaBneHue KaXAouW AYyrn. 34ecb pedb UMAET O HarnpasseHHbIX
(opueHTUPOBaHHbIX) MapLUpyTax, MyTsX W KOHTYpax, a TakXe O rpoCThiX MNyTax W fpo-
CTbIX KOHTYypax.

pad Ha3bIBaWOT CBS3HLIM (CUNBLHO CBA3HbLIM) B HeHanpasieHHOM (HanpaBfeHHOM)
CMbICNe, ecnu cylwecTByeT npocrtas uenb (nNyTb) Mexay nwboit napoin sepuwuH. pad ¢
n+1 BepwunHamMn aBNaeTca 1 -CBA3HbLIM, ECAU nocne yaaneHua n—1 nnn mMeHee BepLluvH
OH OCTaeTcs CBA3HbLIM. [1Be uenu Ha3biBalT napannenbHbiMU, €CNN Y HUX HET obmx Bep-
WWH, 3@ UCKTKOYEHNEM X KOHLEBbIX TOYEK.

KomnoHeHTa C rpada G - MakcuManbHbI CBA3HLINA noarpad (T. e. Kaxaan Bepln-
Ha, KoTopasa cMexHa BeplunHe B C, Takxe npuHaanexut C, n Bce pebpa G MHUMAEHT-
Hble BepwuHam C, Takke npuHagnexat C).

lMoaaepeBo — 3TO CBA3HbLIN noarpad, HE UMEeLWNiA UMKNOB. [lepeKkpbiBarLlee AepeBo
- 3T0 (MakcuManbHoOe) NoAAepeBO, KOTOpOe COAEPXKUT BCE BepLMUHbI rpada. Pebpo rpa-
da, He npuHaanexaulee aepesy, Ha3blBaKwT xopgosk. Pebpo rpada, npuHagnexallee ge-
peBy, Ha3blBalOT BeTBLI0. Korga xopaa aobaBnseTca K nepekpbiBaloweMy AepeBy, B pe-
3ynbTarte noaydyaeTca UMUK, KOTOpbIM Ha3blBaeTCca QyHAaMeHTaslbHbIM UukaoM. Ha
puc. N.4 npuBoAUTCA NepeKkpbliBawllee AepeBO ANSA HanpasneHHoro rpada. KopeHb ae-

peBa HaxoAWUTCA B BEpPLWMWHE V,, U3 KOTOPOW HauYMHAKTCS BCE MyTWU, CYLWECTBYKOLWME Ha
hepese.

Puc. .4
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CneumnanbHbIM TUN UMKNa B rpade, BaXKHbIA ANA NpakTUYECKUX NpUMEeHeHUn, Ha3BaH
B 4YeCTb M3BECTHOr0 MpNaHACKOro martematuka Yunbsima MamunbtoHa (1805-1865). Mel
Ha3blBaeM UMUK, KOTOPbIN NMPOXOAUT Yepe3 KaxAyl BepliMnHy rpada TONbKO OAHaXAbl,
raMuibTOHOBLIM UMK/IOM. B TO e BpeMs OTMETMM, YTO UMSA LWBEel LapcKoro MateMaTuka
N. Dinepa (1707—1783) accounupyeTcs C 3/41epoBbiM rpagoM, B KOTOpoM pebpa dop-
MUPYIOT UeNb C KaXAblM pebpoM rpada, BKIHOYEHHbIM B Lenb TONbKO OAHaxAbl. Llenb
MOXET 6bITb pa30oMKHYTa WX MOXeT obpa3oBaTb LMKII.

OBa rpada G:(V, E) " G':(V’, E') M30MOpPGHbLI APYr APYrYy, €Cnu CyliecTsyeT
B3aUMHO OAHO3HauyHoe cooTseTcTeBune Mexay V un V' un mexay E a E', coxpaHswouiee
MHUUAEHTHOCTbL. HanpuMmep, ABa rpada, nokasaHHble Ha puc. 1.5, usoMopdHbI.

Mpoctoit rpap G=(V,E), y kotoporo |[V|=n u nio6as napa sepwuH coeaunHeHa
pebpoM, Ha3blBaeTcsa MoJIHbIM rpagoM ANa n-epwuH. Jlerko ybeauTbCs, UYTO MOSMHbIA
rpad mMmeer n(n—l)/Z pebep. Tak Kak nwbble ABa NOMHbIX rpada, uMerLlme oanHaKo-

BO€ YMC/O BEPLIUH, U3OMOPdHbI, FOBOPAT O NOJIHOM rpade ANs 7 -BepLUUH.

lpacd Ha3biBaeTcs ABYAO/bHbIM, €CNN ero BeplWHbl MOryT bbiTb Tak pa3feneHbl Ha
ABa HenepecekawLWmxca MHOXeCTBa, YTo pebpa rpada 6yayT TONIbKO COEAUHATb BEpPLUK-
Hbl OAHOIMO MHOXEeCTBa C BepwuHaMu gpyroro (cM. puc. M.6).

O6c¢cyxaeHune

BaxXHbIM 371EMEHTapHbIM MOHATUEM, CBA3aHHbIM ¢ rpadboMm G Ha n BeplIMHaXx, ABNA-
€TCH CBSA3HOCTb. Mo cyTn, 6onbliasn 4acTb anropuTMMYECcKon Teopuu rpados MMeeT OTHO-
LEeHWe K CBA3HOCTU, ee M3BbITOYHOCTU W AaXe ee OTCYTCTBUIO B rpade.

Mpad He cBfA3aH (MM HECBA3HbIM), KOrAa MHOXECTBO BepWwWH V' MoxeT BbITb pasae-

NeHo Ha ABa MHoxectBa V, u V, Tak, uTo HeT pebpa, coeaAnHsOWEro BepwmnHy B V|, ¢

BEpLWUHON B V,, B MPOTUBHOM Crlyyae roBOpPsT, YTO rpad CBA3HbIA. XOTA ABE BepLUUHbI

MOryT He 6bITb NPSAMO CBA3aHHbIMKM pebpoM, OKa3biBAETCA BO3MOXHO AOCTUXEHWUE OAHOM
M3 3TUX BEPLUMH U3 APYroi nMpocToi uenbko. Ecnmn Takasa uenb, coeanHawwasn nwobyrw na-
py BEPLUUH, UMEETCH, TO roBOPAT, UTO rpad CBA3HbINA. VIHOrAa npeanoYuTaroT nNpuMeHe-
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HWEe NepBOro onpeaeneHns, HO Yalle MUCNOoJb3yeTCa dKBUBANEHTHOE €My BTOpOE onpeae-
NeHne. B 4eNCTBUTENBLHOCTU BTOpPOE onpeaeneHme HaMHOro 6oradve, Tak Kak oxBaTblBaeT
uenyto obnactbe NnpobneMm goctuxmmMmocTy rpada unn noarpados storo rpada. Hanpumep,
MOXHO Ha4yaTb TpeboBaTb 60sbWwero. MoOXXHO M HadaTb C BEPLUMHbLI U NMPONTN No pebpaM
rpada nocnegoBaTesibHO 6€3 NOBTOPEHUA? MOXHO M NpodenaTth 3TO U 3aKOHUYUTb Nepe-
MelleHNne Ha HadyanbHOW BeplKuHe? MOXHO AU, CTapTysa € BEpPLWUWHbI, NPONUTU NpPOCTYH
Lenb 4Yepes BCE BEpPLWMHbI C BO3BpalLleHNEM UK 6e3 BO3BpaLLEHMA K HadalbHOW BepLmn-
He? MOXHO N1 NpoAenaTb 3TO, €C/IM pacCcMaTpMBaTh TONbKO noarpadbl 7 —1 BeplwnH?

Apyroin BONpoOC KacaeTcs TOro, HacKONbKO BefuKa CBA3HOCTb rpada. NMelTcs aBsa
nyTn nccnenoBaHma aTon npobnemMel: yepes pebpa rpada M 4yepes ero BepluHbl. pad
MOXHO cAenaTb HeCBsI3HbIM, YybpaB 0O4HOBPEMEHHO HECKObKO pebep.

MUHUManbHbIN Habop N3 Takux pebep M3BECTEeH KakK pa3pe3, a HauMeHbllee 4Yncnio
pebep B pa3pe3e Ha3bIBAETCH CTerneHbi CBSA3HOCTHM rpada. CTeneHb CBA3HOCTU AepeBsa
paBHa eauMHULEe. ACHO, UTO AepeBo — 3T0 Haubonee cnabbiit TN cBaA3Horo rpada. C apy-
roM CTOpPOHbI, ecnn ybpaTb U3 UMKNa pebpo, TO OCTaHeTCs CBA3HbINM rpad (dakTuyecku
OepEeBO).

B TepMUHax pebepHO CBA3HOCTU BEAUUYNHY CBA3HOCTU rpada MOXHO U3MEPUTb Yepes
MUHUMANIbHOE 4YUCAO Uenen, CBA3biBarWMX AKOYK napy BeplUWH, UKW 4yepe3 cyuwecT-
BYKOLME NPOCTble LUKMbI pa3fIMdHbIX pa3Mepos. Llenn n unknbl, ¢ 0AHOW CTOPOHbI, U pas-
pe3bl — C APYrON, ABAAKTCA ABYMS AOMOJHUTENbHLIMU MYTAMU U3YUEHUA CBSA3HOCTU U €e
oTCyTCTBMSA. Jaxe BONpOChl naaHapHocTy (NOoCTpoeHne rpada Ha nNaockocTn 6e3 nepece-
YyeHUn pebep B TOUKAX, HE ABNSAKOWMNXCS BEPLWIMHAMWU) U HerM1aHapHOCTH rpadoB OTHOCAT-
CA K CBA3HOCTU. YMeHbWasn 4ncno pebep HennaHapHoro rpada, ero MoXHo caenaTtb nna-
HapHbIM.

CywecTBYylOT ABa Noaxoda K U3YUEHUID TOro, Kak BepwuHbl pasgensaioT rpad. MNepsbii
accouMmnpyeTca ¢ NMOHATUEM CTereHy BepLUWMHbl. HanpuMep, ecnm B AepeBe C BEPLMNHOWN
CTeneHu ABa WCKAKYUTb ee BMeCTe € MHUMAEHTHbIMN el pebpaMun, To ocTaswuica rpad
6yneT HecBA3HbLIM. C ApYyron CTOPOHbI, €Cnn rpad ABASETCA NPOCTbIM LUKAOM WU, Clefo-
BaTenbHO, Nbas BeplwMHaA MMeeT CTeneHb ABa, MCKAKYEeHWEe BepLWHbl He npeBpaTUT
rpad B HecBsA3HbIA. lMpeacTaBnsaeTcs LOMNYCTUMbIM TOT akT, YTO YEM BbilWe CTeneHu
BEPLUMH, TEM CUSbLHee byaeT CBA3HOCTb. O4HAKO BbIpa)KeHMe Takoro Tuna CAMWKOM 06-
wee U HYXXAaeTCs B YTOUHEHUN B KOHTEKCTE KOHKPETHOM NpobreMebl.

BepwnHa rpada Ha3sblBAETCA TOYKOU apTUKYISaUMU, WAW pasaesisioluieil BEPLINHOH,
ecsin ee UCKKUYeHNe genaeT rpad HeCBA3HbIM. KpaTHOCTE pa3faensaowen BeplnHbl — 3TO
YNCO KOMMOHEHT, Ha KOTOpble pacnancsa rpad nocne ee yaaneHusi. MoxXeT CyLlecTBo-
BaTb 6osiee 4eM o4Ha BepWUHA, ABMAAKLWANACA TOYKON apTUKynsaunmn. Hanpumep, Ha puc.

M1 v, u vy — TOYKM apTUKYNAaUUN, V, HE ABNSETCA TakoBor. Habop Touek apTuUKynaunm
obpasyeT MHOXEeCTBO BEpPLWUH apTUKYNSAUUU, KOTOPble B KOHTEKCTE KOMMYHUKaLWOHHBIX
ceTel MOXHO CcUuUTaTb «Yy3KUM MecToM» rpada. KoHeuyHO, rpad MOXET He UMETb TOUKMU
apTukynaumm (Takon rpad HasbIBalOT HecenapabenbHbiM), O4HaKO yAaneHue oAHOBpe-
MEHHO Kk BEpLWWH AeNaeT ero HeCBA3HbIM. Takoe MHOXECTBO M3BECTHO KakK MHOXECTBO
apTukynaumm crenenmn k.

Mpad k-ceszHbin, 0<k <n, ecnn yoaneHve k—1 nnu MeHee BEPLWMUH He AenaeT ero
HecBA3HbIM. Jllobas napa BeplMH Takoro rpada MoxeT 6bITb coeauHeHa k napannenb-
HbIMU LensaMU (M3 KOTOPbIX HUKaKUE ABE HEe MMelT obwmnx BepwuH). Npad, HE NMELWWA
MHOXECTBa apTUKYNALMN CTENEHU Kk, Ha3bIBaeTCca K -HECBOAMMbLIM. B MPOTUBHOM cryyae
FOBOPAT, 4YTO rpad K -cBOAUMBINA.

o cux nop peuyb wna o6 obuwem HeHanpaBneHHOM rpade. Bonpocbl CBA3HOCTU He-
CKOMbKO YCAOXHAKTCA, ecnu pebpaM rpada NpuUnUCLIBaKOTCA HanpaBneHusa. 34ecb rpad
MOXET 6bITb CBA3HbLIM B HEHAMNpPaB/IEHHOM CMbICNIE U MOXET 6bITb, HO TONBKO €/1860 CBS3-
HbIM, B HarpaB/IeHHOM cMbicne. CnepoBaTesibHO, BO3MOXEH MyTb U3 O4HOW BEpLWHLI B
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APYTYH0, HO He HaobopoT, T. e. rpad — He CU/IbHO CBSA3HbIA. ACHO, YTO UMKIblI UrpatoT
BAXHY po/ib B CUNTbHO CBA3HbIX rpadax.
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AOMNOJIHEHUE T. CAATHA

3AMEHA MI-!'TEPBAanOI‘fl LWKANbI HA LUKANY
OTHOLUEHWUW B NPUMEPE PA3BUTUSA BbICLUEIO
OBPA30BAHMUSA B CLUA?

B pa3g. 6.7 ans onucaHusa pa3BuTua Bbicwero obpasosaHua B CLLUA Ha nepuoa 1985-
2000 rr. ncnonb3oBaHbl CEMb B3BEWEHHbLIX cueHapueB U 0600LWEHHbIM CUEHapUi, B3aTble
n3 ctatbu T. Caatu v . Poaxxepca [124]. B aton paboTe BBeAEHbLI TPM OCHOBHbIX 3Tana.

Bo-nepebiX, pa3paboTka nepapxmyeckon CTpykTypbl pakTOpoB, akTOPOB U UX uenei,
BAUAIOWMX Ha CEMb BO3MOXHbIX CUeHapueB. 3aTeM nosydyeHue c nomouwbio MAWN Becos
cueHapuesB.

Bo-BTOpbIX, rpagyvMpoBKa pacCMaTpyUBaeMbliX XapaKTepUCTUK (NepeMeHHbIX COoCTos-
HUA) B LenblX yncnax mexay -5 m +5 (B pasa. 6.7 rpagyyvpoBKa npouvsBeaeHa B guana-
30He -8... +8). lNonoXuTenbHble Lenble Yncna UCnonb3yrTcs ANS BOCNPOU3BEAEHUSA pas-
NIMYHbIX CTENEeHEeNn «BO3pacTaHusa» uUnu «bonblle, YeM B HacTosilee BpeMs», a oTpuua-
TenbHble — ANS BOCNPOU3BEAEHUS Pa3/IMYHbIX CTEMNEHEH «YMEHbLUEHUS» WAN «MEHbLUE,
4yeM B HacTosllee BpeMs».

B-TpeTbux, obobuweHne 3Ha4YeHUN XapaKTepPUCTUK C UCNONb30BaAaHWEM «BECOB CLEHa-
pueB» ANS nony4vyeHus secoB 0606LWEHHOro cueHapusa, € NOMOWbK KOTOPLIX ONMUCbIBAETCA
6yayuwee Bbicwero obpaszosaHusa B CLLUA (cm. Tabn. 4.1).

NonbiTaeMca 3aMEHUTb Ha BTOPOM 3Tane MHTeEpBanbHYK WkKany ot -5 go +5 Ha MAMN.
MoTuBauUMeEN 34eCb CNYXWUT HE TONbKO MoKa3 BO3MOXHOCTU UCnonb3oBaHus MAWU BMecTo
WHTEepBasibHOW LWKanbl, HO U AEMOHCTpauusa Toro, 4To MAU coBnagaer ¢ NoBefeHYeCKnM
o6pa3oM MbilWNEHUS YenoBeka Npu NPUHATUN peLUEeHUA.

B naHHOM cny4yae nepBbl U TPETUK 3Tanbl HE MEHAKTCA. Ha BTOpOM 3Tane npuMeHs-
eMm MAW cneayrowinM obpa3om:

1. Bo3bMeM ceMb CUueHapueB B KadecTBe «afbTepHaTUB» WU KaXAyr XapaKTepucTUKy
KaK «KpuUTepuin» u 3ateM chHopMUpYyeM MepapxXuio ANS KaX4on XapaKTepuctuku. Hanpu-
Mep, ANS «4ucna CTYLEHTOB» MMEEM CMeAYHLWY nepapxuto.

Yucno
CTYAEHTOB
1 2 3 4 5 6 74
Mpoekums| | HaBbiku Bce Snuta Bnactu TexHuka | | ObyueHue

! 3peck, B oOTAMUME OT TekcTa pa3fa. 6.6 aBTOp NPUYMEHNET TEPMUH «MHTEpPBanbHas WKana», UMes B BUAY CO-
LEPXAaTeNbHY CTOPOHY XapaKTepucTukn, JencrBuTenbHo, Npu 4onycTMMom npeobpaszoBaHnmM MHTEpPBanbHOMW
wKans! GUKCUMpYETCa Kak Hy/eBaa TOYKA WKanel (WKana pasHocTen), Tak U eanHuua U3MepeHun. — Mpum.
nepes.
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Ta6nuua 4.1

Beca cueHapues 0,096 0,259 0,191 0,174 0,122 0,068 0,081 | O606WEH-
1 2 3 4 5 6 7 Hble Beca

?:caih;?:l:ble n?&i’(_ HaBbiku  Bce SnanTa  Bnactm TexHuka Oiy:;e—
CtyneHThbl
Yucno -2 +2 +4 -3 -1 +2 -2 0,42
Tun -1 -2 -2 +3 -1 -2 -1 -1,00
OyHKLUM +1 -1 -1 +1 0 -1 +2 0,03
PaboTa +1 +4 +4 +4 +1 -2 +1 1,32
MpenogaBatenu
Yucno -2 +2 +4 -3 -1 -5 -4 -0,22
Tun +1 0 -2 +3 +1 +2 -3 0,25
OyHKLUM -2 -3 =2 +1 -2 -5 -5 -2,12
ObecneyeHHOCTL paboToi -2 +1 +2 -3 -1 -4 -4 -0,79
Akagemmnyeckasn csoboga 0 -2 0 +2 -1 -4 -5 -0,97
YyebHble 3aBeaeHun4d
Yucno -1 +2 +2 -3 -1 -4 -1 -0,19
Tun -1 -4 -3 +3 -1 -3 -3 -1,75
Ynpaensiowas cTpykTypa +2 +4 +1 -2 +2 +5 +5 2,05
D PeKTUBHOCTD +2 +3 -2 +4 -1 -1 0 1,09
JlocTynHoCTb 0 +2 +5 -3 +2 +4 +1 1,55
KynbTypa u gocyr 0 -2 +3 +3 +1 -3 -1 0,41
ﬁi”pey"r(:‘;'igfyelfccfa -1 +2 +2 ) 0 -1 -3 0,64
O6pa3zoBaHue
YuebHas nporpaMma +1 -2 +2 +3 +1 0 -1 0,50
MpoAoNKNTENBHOCTL 06yUeHuns 0 -3 +2 0 +1 +2 0 -0,14
3HauYnMOCTb y4ebHOW cTeneHn -1 0 -2 +4 -1 -2 -2 -0,20
CTOMMOCTb 0by4YeHus +3 +3 +3 +4 +2 -1 -1 2,43
s el e S S S R S B I B

3aTeM 4Nns KaXaon napbl cueHapues (anbTepHaTWB) 3adaeM Bonpoc: MNpuM KakoM K3
cueHapues byget 6onblie CTyAeHTOB B 6yAyLlWEM M HACKONbKO? BblUMCNNB COBCTBEHHbIE
BEKTOPbl MaTpuy MonapHbIX CpaBHEHWA, NOJAYYMM Beca 3TUX CEMU CUEHapuUesB Mo OTHO-
WEHNID K KaXXA0MN XapaKTepucTuke. 2T pe3ynbTaTkl AaHbl B Tabn. [.2.

2. Ana ncnonb3oBaHWa faHHbIX Tabn. .1 npousseneMm cneayrwuwee npeobpasoBaHue
C Uenbk Nosy4YeHMsa napHbIX CpaBHEHW B WKane 1-9.

MycTb S, — 3agaHHOE 3HaYeHne i -ro cueHapus no nboi U3 xapakrepuctuk. Toraa

‘Sl.—Sj‘ 0 1 2 3 4 5 6 7 8 9 10
3Ha4yeHus

napHbIX S >S5 1 2 3 4 4 5 6 6 7 8 9
CpaBHEHWNIA

S./S. Sl.<Sj 1 1/2 1/3 14 1/4 1/5 1/6 1/6 1/7 1/8 1/9
if =y
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Ta6bnuua 4.2

O606WEH-
O606WEH-| Hble Be-
Beca cuenapwes| 0,096 0,259 0,191 0,174 0,122 0,068 0,081 Hble Beca ca/Beca
CTaTyCc-KBO

MNepeMeHHbIe Mpoek- Hasbl- Bce SnvTa Bhact TexHu- Ob6yude-
COCTOAHNA umnsa KN Ka HUue
CTyneHTbl
Yueno 0,052 0,198 0,378 0,035 0,079 0,198 0,052 | 0,164 1,312
Tvn 0,130 0,073 0,045 0,420 0,130 0,073 0,130 | 0,144 0,619
DYHKLMN 0,181 0,065 0,109 0,188 0,109 0,047 0,301 | 0,129 1,180
Pa6oTa 0,102 0,312 0,032 0,312 0,102 0,039 0,103 | 0,174 1,851
NMpenogaBaTenu
Yncno 0,084 0,255 0,420 0,057 0,118 0,029 0,038 | 0,184 0,803
Tvn 0,133 0,093 0,048 0,333 0,140 0,218 0,035 | 0,139 1,490
DYHKLUMM 0,142 0,089 0,142 0,408 0,142 0,039 0,039 | 0,158 0,431
O6ecreuenHocTb paboToii | 0,090 0,259 0,359 0,062 0,150 0,040 0,040 | 0,179 0,796
AkazemMuueckas ceoboaa | 0,175 0,077 0,175 0,364 0,135 0,045 0,032 | 0,155 0,888
YyebHble 3aBejeHn4
Yncno 0,100 0,311 0,311 0,046 0,100 0,032 0,100 | 0,180 0,873
Tun 0,164 0,041 0,064 0,440 0,164 0,064 0,064 | 0,145 0,575
Ynpasnsiowas cTpykTypa | 0,083 0,190 0,061 0,029 0,083 0,277 0,277 | 0,125 2,232
S heKTMBHOCTD 0,177 0,244 0,038 0,338 0,056 0,059 0,088 | 0,164 2,028
[lOCTYNHOCTb 0,059 0,119 0,345 0,027 0,119 0,252 0,078 | 0,145 2,458
KynbTypa u 4ocyr 0,103 0,047 0,290 0,301 0,151 0,033 0,075| 0,157 1,520
FAleHexHble cpeacTsa 0,086 0,292 0,292 0,051 0,139 0,099 0,040 | 0,175 1,262
W Apyrue pecypcol
O6paszoBaHue
Yue6Has nporpaMma 0,138 0,040 0,218 0,327 0,138 0,084 0,058 | 0,149 0,777
Eg:f:“’“me“b”““ °6Y-1 5,095 0,035 0,261 0,095 0,158 0,261 0,095| 0,129 0,989
3HauNMOCTL y4eGHOM 0,103 0,171 0,058 0,451 0,103 0,058 0,058 | 0,165 0,964
crenedHum
CToMMOCTb 0ByueHus 0,171 0,171 0,171 0,291 0,112 0,042 0,042 | 0,164 3,216
iccneposanmst, NPOBOAM- | 1a0 090 0,090 0,366 0,188 0,044 0,032 | 0,150 0,732
MblE NpenogaBaTenaMmu

3. Jennm o606l eHHble BeCa KaXAoW U3 XapaKTepUCTUK Ha COOTBETCTBYHOLME Beca
CTaTyC-KBO KaXAOWN XapaKTeEpPUCTWKKU, B pe3ysibTaTe 4yero nonyduMm nocnegHuin crtonbeu
Tabn. [1.2. 3aecb CTaTyCc-KBO BOCMPOU3BOAUT HEU3MEHHOCTb B byaywem. NMeeMm aBa cny-
yas. B nepBoM cny4yae Beca CTaTyC-KBO YXe UMEKTCH ANS HEKOTOPLIX CTPOK (COOTBETCT-
BYIOT HynsaMm B Tabn. A.1). Bo BTOpPOM C/lyyae HW OAMH U3 CLUEHApUEB He OCTaeTcsd B MNo-
NOXEHNWN CTaTyC-KBO. 34eChb HYXHO annpoKCMMUpOBaTh Beca CTaTyc-kBo. Hanpumep, ans
CTpOKU «Yucno cryaeHtos» Tabn. .1 cueHapum 1 M 2 CUMMETPUYHbI MO OTHOLWEHUID K
cTaTyc-kBo. [No3TOMY HepeTcsa cpefiHee UX BECOB B KayeCTBE OLEHKW BeCa CTaTyC-KBO.

4. N3 Tabn. .2 MOXHO cAenaTb BblBOAbI, aHaNOrMYHble MOJIy4eHHbLIM paHee B [124].
KpanHui cnpasa ctonbeu tabnuusbl npeacrtasnset cobon yacTHoe oT 0606 EeHHBIX BECOB
CUEeHapWeB U BECOB CTaTyC-KBO COOTBETCTBYHOLWEN XapakKTepucTukn Takmum obpasom, npu-
XOANUM K 3aK/l4YeHUIo, 4To ntobble sneMeHTol cTtonbua, bonbwune egnHUUbI, O3Ha4aloT
yBennyeHve B byayuwem, B TO BpeMsa KaK 4uucna, MeHblWMe eauHWUbI, BOCMPOU3BOAAT
yMeHbWweHne B byayuweM. Kpome Toro, BesiMUYMHa 3TUX 3HaAYEHUW onpepensieT CTeneHb
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yBENYEHUA UNUN yYMeHbleHusa. CpaBHuBasa nocnegHue ctonbubl tabn. 4.1 v .2, ybex-
AaeMcs B NMpaBOMOYHOCTM NMpoOBEeAEHHON 3aMeHbl.
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AOMNONMHEHME P. I'. BAMHA[3E

PA3BUTUE METOA AHAJIN3A MEPAPXUN

A.1. BBEAEHUE

B npeanaraemMoM AOMOSTHEHWUM MPOBOAUTCA KpaTKUM UCTOPUYECKUN 3KCKYpC, u3nara-
I0TCS Hambonee 3HauynTesIbHbIE NOSIYYEHHbIE 3a NOCNegHUe rofbl TeOpeTUYECKUe pesyrb-
TaTbl, NpunoxeHns MAU B pasnuuHbIX chepax, LJaeTcs XapaKTePUCTUKA HEKOTOPbIX Mpo-
rpaMMHbIX cpeacTs. NccneayeTcs BONPOC 0 MecTe MeToda aHanusa uepapxui B psagy Me-
TOAOB MPUHATUA pelleHnin. B 3aknoueHne NpuBoanTCAa nepedvyeHb BO3MOXHbIX TeM Adalb-
Henwnx nccnenosaHnm no MAU.

Naes ncnonb3oBaHMA COBCTBEHHOroO BEKTOpPa A1 peWeHUsa TaKk Ha3blBaeMoOM 3ajauun o
nvuaepe nipectHa m3 pabotol K. bepxa [A1], npeanoxuswero ee B 1958 r. ana obpaboT-
KU MPOCTbIX CTPYKTYp (CM. onpegeneHus s [A2]). B 1972 r. He3aBUCUMO ApYr OT Apyra B
CCCP (b. bpyk u B. bypkos [A3]) n B CLLUA (T. CaaTtu [A4]) MeToa CcOBCTBEHHOrO BEKTOpa
6611 NpUMeHeH Ana 06paTHOCUMMMETPUUHLIX MaTpuy (MaTpul CO CTeneHHOW KanubpoBKoOK
no knaccndunkaumm [A2]). PaboTta [A3], no-BMAMMOMY, HE Hawna fafbHeENWero passu-
TWUA, B TO BpeMsa Kak Tpygamu T. CaaTn n ero nocnegosaTtenen naea Mcnonb3oBaHUsa cob-
CTBEHHOIMO BEKTOpPa B KayecTBe BEKTOpPa NPUOPUTETOB BbIPOC/a B AOBOSIbHO MOLHYK Me-
TOAONOMUID CUCTEMHOIO aHasn3a nepapxmdeckmnx CTpykTyp.

3a pecatunetne, npowepwee ¢ MoMeHTa nybnukauum nepsBon KHuru T. Caatu
(1980 r.), MeToA aHanu3a Mepapxmin NoNydYun WMPOKOoe pacnpocTpaHeHWe BO MHOMMX
ctpaHax. T. CaaTu u ero nocnegosaTtensamu npogenaHa 6onbwan paboTta nNo TeopeTuye-
CkoMy 060CHOBaHUIO MeToAa, YrinybneHuo nccrefoBaHmUa pasfiMYHbIX €ro acnekToB, MHO-
FOUNCNEHHbLIM MPUIOXKEHUAM METOAa B PasfM4YHLIX cdepax M CO3[4aHUKD COOTBETCTBYIO-
WMX MpOorpaMMHbIX CpeacTs. 2T paboTbl HawAM OTpa)KeHMe BO MHOMMxX nybnukaumsax,
YNCNO KOTOPLIX K gaHHoMy BpeMmeHun gocturno 500. B CLUA, AnoHnun, Kntae npoesoasaTcs
CUMNO3UYMbl U KOHdEpeHUUNM B HaUMOHanbHOM MacwTabe. B 1988 r. u r. TaHbL3UHE
(KHP) 6bin npoBeaeH nepBbIn MexAyHapoAHbl cumnosmyM no MAU, B paboTe koToporo
yuyacTteoBasio okono 200 yyeHbix n3 CWA, AnoHun, Kutaa, ®nunaHamn, UpaHa, KaHaabl m
CCCP. TSHBbU3MHLCKMM YHUBEPCUTETOM WM3A4aHbl AOKNagbl, NpeacTaBfeHHble Ha CUMNOo-
3uyme |A5]. MeToay aHanmMsa mMepapxui NOCBAWEHbI CNeunanbHble BbIMYCKU XYPHanoB:
Socio-Economic Planning Sciences, Vol. 20, No 6, 1986 u International Journal on
Mathematical Modelling, Vol. 9, N® 3-5, 1987. B 1986 r. sblwnun gea o63opa :|46, 47], B
KOTOPbIX MPUBOAATCSA AaHHble N0 6ONbWMHCTBY U3 paboT, onybnnKoBaHHbLIX K TOMY Bpe-
MeHu no MAN.

A.2. TEOPETUYHECKHWE PE3YJIbTATHI

AxcMoMaTuuecKkue OCHOBbI

B 1986 r. T. Caatn onybnukosan paboty [[18], B KOTOpOoM bblNa caenaHa nonbITKa ak-
cMoMaTudeckoro obocHoBaHMS MeToda aHanusa uepapxumin. Akcnombl T. CaaTu oxBaTbl-
BalT OCHOBHblE CBOWCTBaA MeTo4a:

1. O6bpaTHas CMMMETPUYHOCTb — OCHOBHAas XapaKTepuUCTUKa NapHbIX cpaBHeHUK. Ons

MaTpunuUbl NapHbIX CpaBHeHMVI A:(%) MHTEHCMBHOCTb NpeanoYvYTeHUNA d;, Hang aj, 06-

paTHa MHTEHCUBHOCTU NpeANOYTEHUSA aj Had 4, .

2. TOMOreHHOCTb (OAHOPOAHOCTL), XapaKTepusylwass CBOWCTBO JIIOAEN CPaBHMBATb
06BbEKTbI, KOTOPbIE HE CAUWKOM CUIbHO OT/IMYAKTCS APYr OT Apyra, CleAoBaTeNbHO, He-

265



06xX0AMMOCTb ynopsaaouMBaHMa OOBEKTOB B COXPaHAKLWMUX NOpSAOK mepapxuax. omo-
FeHHOCTb CylecTBeHHa ANs CpaBHeHUSA O06bEKTOB OAHOr0 nopspka, Tak Kak 4venoBede-
CKUW pasyM CKNOHEH K gonyuweHuo 6onbwmnx ownboK npu cpaBHEHUN HECOMOCTABUMbIX
snemMeHToB. Korga sta HecomnocTaBMMOCTb Gonbluas, 3neMeHThbl pacrnosiaraloT B OTAesNb-
Hble KnacTepbl CpaBHMUMbIX pa3MepoB, YTO BbiABUMaeT naer 06 ypoBHAX N UX AEKOMMNO3U-
umu.

3. 3aBUCUMOCTb HWXXHEro ypOBHS OT HEMOCPeACTBEHHO MPUMbIKAKLWEro K HEMY BbIC-
Lero ypoBHSH.

4. Pe3ynbTaT aHanM3a MOXET OTpaxaTb OXUAAaHWS SKCNEPTOB TONbKO B TOM Criydae,
€C/IN 3TN OXUAAaHUA NPaBUIbHO BOCMPOU3BEAEHbLI B UepapXun, T. €. BCE anbTepHaTUBHI,
TaK Xe KakK N BCE KPUTEpUU, BOCMNPOU3BEAEHbI B MeEpapXUU. DTO He npeanonaraeT HU pa-
LMOHaNbLHOCTM Npouecca, HWM TOro, YTo NMpouecc MoXeT npucrnocabnmeaTbCsa TONBKO K pa-
LMOHaNbHOW TOYKE 3peHns. MHorme oXXuaaHmsa niaen uppaunuoHasnibHbl.

AKCMOMBI MO3BOAAKT MNOAYYUTb pad obWUX TeopeM, onpeaensawmx ornepaunoHHbIe
BO3MOXHOCTM MAW 1 nokasbiBawWKUX yaAob6CTBa MapHbIX CpaBHEHUA U MeToda COBCTBEH-
HOro BEKTOpa Npu OLEHKE OTHOLWEHUN, a TakXe nccnefoBaTbh YCTOMUMBOCTb COBCTBEHHO-
ro BEKTOpa K MasjbiM BO3MYLLUEHUAM B AaHHbIX (nogpobHee 06 aToM B [[A8]).

A6GCONIOTHbIE U OTHOCUTENIbHbDbIE U3IMepeHus: nepecCctaHOBKa pPpaHros

B noseuBlwUKXca B nocnegHee BpeMsa pabotax T. Caatu v gpyrux astopos [A9, 410,
A11] 3HauynTenLHoe BHUMaHWe yAeneHO BOMPOCY COXpPaHEHUSA W MepecTaHOBKU pPaHros,
CBSA3AaHHOro € abCoONTHLIMU U OTHOCUTENbHBLIMU U3MEPEHUSAMMU.

N3BECTHO, UTO paHXWpOBaHWE anbTepHATUB MOXET ObITb NOSIYYEHO B, pe3ysibTaTe Kak
OTHOCUTENbHbLIX M3MEPEHUN (OCHOBAHHLIX Ha MapHbIX CPaBHEHUAX, AAKOWUX OTHOCUTENb-
Hble 3HayeHusa), Tak U abCoNTHLIX U3MepeHUn (OCHOBaHHbLIX Ha CPpaBHEHUSAX C MU3BECT-
HbIM CTaHAapToM). TUM U3MEPEHUN 3aBUCUT OT paccMaTpuBaeMon cutyaumu. MNpu cosep-
LWEHHO HOBOW 3ajayve NPUHATUSA peWEHN, UK B CTapbiX 3ajadax, ANs KOTOPbIX He ycTa-
HOBJIEHbl Ob6LWeENpUHATBLIE CTaHAapThl, chneayeT MNPUMEHATb OTHOCUTENbHbIE U3MEpeHus,
CpaBHMBas anbTepHaTUBLI NONapHO ANA BbIABNEHUA UX NpeanodTuTenbHocTUu. Ecnn ke
CTaHAapTbl UMEKTCH, TO crieayeT NpUMEHATb abContoTHbIE cyXxaeHusa. MeToa aHanusa ue-
papxmin MoOXeT bbITb UCNOoAb30BaH Npun obomnx TMnax msMepeHnin. OgHako ¢ TUNOM U3Me-
peEHUI CBsA3aHa oAHa BaxHas 0C0beHHOCTb, 0bycnoBneHHass NepecTaHOBKOW paHros B
cnydae gobasneHus AOMOSIHUTENbHLIX anbTepHaTuB (KpUTEpUEB) UMW yAaNeHUS HEKOTO-
pbiX U3 paccMaTpmMBaBLMXCA anbTepHaTuB (kputepues). Kak nokasaHo B [A10, A11], npwu
abCcoMTHBIX U3MEeHEeHUAX aobaBreHMe MU yaaneHue anbTepHaTUBbLI HE MEHSEeT B3auM-
HOro pacnosnoXXeHUs paHroB HayvasbHbIX afibTEPHATMUB ANA MaTpuubl. DTOT pe3ynbTaT Be-
peH U Ansa scen nepapxuu [A12, A13].

MpU OTHOCUTENBLHLIX U3MEPEHUAX, KOrAa UMEETCHA TOIbKO OAUH KPUTEPUN N CYXKAEHUS
cornacosaHHbl, gobaBneHue nan yaaneHue anbTepHaTUBbI HE BIUSAET Ha paHroBLIA Nops-
AOK HayanbHbIX anbTepHaTme. B cnyyae MHOMMX Kputepues, NpU COrTacoBaHHOCTU B Cy-
XAEHUAX PaHroBbin MOPSAAOK NO6bIX ABYX anbTepHaTUB He MeHseTcsa (B pesynbTaTe
CTPYKTYPHbIX U3MEHEHUIN), KOrga oAHa anbTepHaTuBa npeanodTuTensHee Apyrom B MaT-
puyuax CpaBHEHUS AN BCEX KPUTEPUEB. TeM He MeHee Aaxe AN CoriacoBaHHbLIX MaTpuu,
Korga oAgHa anbTepHaTMBa AOMUHUPYET Hah APYron He rno BCEM KPUTEPUAM, CTPYKTYPHble
M3MEHEHMNA MOryT Bbi3BaTb NepecTaHOBKY paHros anbTepHaTtue. B [[11] npuBoaaTca ma-
TeMaTU4YeCKME YC/T0BUA COXPaHEHUA PaHroBoro rnopsaka mepapxudyeckmx CTpykTyp B 06-
weM cnydyae. 2DTa npobreMaTtuka cBA3aHa C TEOPUEN MHOMOKpUTEpUanbHbIX 3agad U MO-
XeT 6bITb paccMOTpeHa B ee paMmkax (cMm. [[14]).
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HenonHblie cpaBHeHUNA

Kak yXe WM3BECTHO, ANA MOJiyd4eHUs MaTpuubl CpaBHEHUs nopsagka 7 HeobxoaAnmo
nMpouU3BecTH n(n—l)/2 cyxaeHun. B [[115] noaxon, pacnpocTpaHeH Ha CUTyauun, B KO-

TopbiX JIMP no3BONEHO OTBEYATb «HE 3HAK» WUIN «HE YBEPEH» Ha HEKOTOPblE M3 BOMPO-
coB. Moaxon Xapkepa OCHOBaH Ha onpeaeneHnn KBa3mob6paTHOCUMMETPUYHbLIX MaTpuUL.

HeoTpuuaTtenbHaa nxn-matpuua A KBa3MobpaTHOCUMMETPUYHA, €cn al.jZO u u3
a; >0 cneayer, uto a; zl/aﬂ., iL,j=12,...,n.

Myctb JIMP paccMOTPEHO MHOXECTBO # aNlbTEPHATUB M MPOBEAEHO HEKOTOpoe Nnoa-
MHOXEeCTBO n(n—l)/2 MapHbIX CpaBHEHWN, KOTOpPble MNO3BOAMAM MOAYUYUTb MaTpuuy

C:(Cy) C 3MIeMeHTaMUu ¢ >0, n us c; >0 cneayet, uTO ¢y zl/cﬂ. MycTb B:(bl.j)

nXxXn-Matpumua, nonydeHHas M3 4YacTUYHO 3ano/IHEHHON MaTpULUbI C caiegywounMm o6pa—
30M:

C

o €CIU >0,

7|0, ecnu ¢; =0,

b, =m,, T. e. anaroHanbHble 37EMEHTbI MaTpuubl B paBHbl YMCY HEAOMONYUYEHHbIX
CYXAEHWNIA B CTPOKE I .
MaTpuua A=17+B - NpMMUTUBHA, T. €. CYLIeCTBYeT Takas MocTosiHHaa k >1, uto

MaTpuua A" nonoxutenbHa. CnepoBaTenbHO, peweHue 3agadm o CoO6CTBEHHOM 3HaAYEHUNU
AN MaTpuubl A MOXHO paccMaTpuBaTb KakK MPUOPUTETbI anbTepHATMB MpPU HEMOJHbIX
cpaBHeHusax. B [[15] Aoka3aHO TakXxe, 4YTo KOpeHb [leppoHa HeoTpuuaTenbHOW, Henpu-
BOAWMOI, KBa3MoBpPaTHOCMMMETPUYHOW MaTpuubl A 6onblle UK paBeH #n (paHry mart-
puubl 4 ) 1 paBeH n TONbKO B TOM C/ly4yae, ecnv MaTtpuua 4 - cornacoBaHHa.

AHanoOrnM4yHbIM NOAX0A K BbIABNEHUIO NPUOPUTETOB ANA HEMOJHOWM ObpaTHOCUMMET-
PUYHOW MaTpuubl NpeanoxeH v B [A16].

HeonpeaeneHHOCTb B CY>XAEHUAX

HeonpeneneHHOCTb MOXET 6bITh BblpaXkeHa B CeAyrLWeM Buae:

1) To4eUHble OUEHKU ¢ DYHKUMAMU pacnpedeneHns BEPOSATHOCTEN,

2) nHTepBasnbHble oueHKM 6e3 BEPOSTHOCTHOIMO pacnpeneneHus,

3) HeyeTKMe OUEHKU B BUAE HEUYETKUX Yucen (onpeneneHue nocnegHux, cM., Hanpu-
mep, B [A17, A18]).

B paboTte Bapraca [A19] unccnenosaHbl MaTpuubl € 31EMEHTaAMU B BUAE CNydalHbIX
nepeMeHHbIX. NMokKasaHo, 4YTO MPpU YCAOBUAX MOJHOM COrNacoBaHHOCTU, €CAUN CyXAeHUs
NoAYMHEHbI raMMa-pacnpeneneHuo, rinaBHbIA MpaBblii COBCTBEHHLIA BEKTOP pe3ynbTu-
pylowen MaTpuubl NMapHbIX CpaBHEHWA NOAUMHAETCA pacnpeaeneHuo no Aupuxne. YT-
BEPXAAETCA, YTO OTOT pe3y/bTaT BEPEH U ANA HECOrNacoBaHHOCTN MeHee 10%.

Caatn n Bapram B [OA20| uccnenoBanm WHTEpBasibHble OLUEHKWU MOAENMPOBAHUEM B
npeanonoXeHNM, YTo BCe TOUKM MHTEPBasa pacnpeneneHsl paBHOMEPHO. Mcnonb3ysa TecT
KonMmoroposa—-CMUpPHOBa, OHWM NoOKasanM, YTO KOMMOHEHThbl COBCTBEHHOro BEKTOpa yAOB-
NeTBOpPAIT YyCEYEHHOMY HOpMasbHOMY pacnpegeneHuio. bbina noaTBepXxXaeHa BO3MOX-
HOCTb pacnpoCTpaHeHMa UeHTpasibHON NpelesibHOM TeopeMbl Ha pacnpeneneHne KoMno-
HEHT COBCTBEHHOr0 BEKTOpPa KaK npedenbHblX CpeAHUX 3HAaYEHUN AOMUHUPOBAHUSA KaX-
AOW anbTepHaTUBLI Ha4 APYrMMUW anbTepHaTUBaAMKM MO NyTsaM BCcexX ANWH. BblNo nokasaHo,
KakuMm o6pa3oM BbIBUpalOTCsa anbTepHaTUBbLI B COOTBETCTBUMU C NPOU3BEAEHNEM UX MNpU-
OpUTETOB N BEPOATHOCTBLID TOr0, UTO HE NPOU30ONAET NepecTaHOBKM paHros. JaHHbIA cno-
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cob npeononeHus HeonpedeNeHHOCTU B cyxaeHuax JIMP no3sonsieT UsMepsaTb O4HOBpe-
MEHHO KaK Ba>XHOCTb, TaK U BEpPOSITHOCTb COXpaHEHWe paHros.

MpnMeHeHne MAWN npun HeonpeaeneHHOCTU, CBA3AHHOM C CYXAEHUSMUN BUAE HEUYETKUX
ymncen, paccMoTpeHo B [A21, O22].

A.3. NPUTOXEHUA

Kak 6b1n0 oTMe4eHo, 3a nocnegHue rogbl MAM WNMPOKO UCMONB30BANCSa Npu peleHumn
passnyHbIX 3ada4y. Ho npeTeHAys 34eCb Ha MOMHOTY, OTOLWEM YUTaTeENa K paHee ynoms-
HyTbIM 0630pHbIM paboTtam [A6, A17], a Takke K cbOpHUKY Aoknanos lepBoro MexayHa-
pogHoro cumnosmyma no MAU [A5] v soiweawen B 1989 r. B kHure [A23|, n B AaHHOM
0630pe OCTaHOBUMCSH Ha HECKOJIbKUX, Hanbonee MHTEpPECHLIX NPUNIOXEHUAX.

C nomouwbio MAWN 661N HangeHbl KO3DDUUMEHTLI LeneBon PyHKUUKM AN 3a4ayun ue-
N1eBOro nporpamMMmmpoBaHusa 6onbLoON pasMepHocTn (9060 ypasHeHuin, 28730 nepeMeH-
HbIX N 6950 ueneBbix orpaHudeHun) [[124]. B paboTe npeacTaBneHO UMHTEPECHOE COMoC-
TaBreHMe MHOrOMEpHOM Teopuu nonesHoctn ¢ MAU npun peweHnn MHOroKpuTepuanbHbIX
3agad. NokazaHo, YToO TPYAHOCTU, BO3HUKAKLWNE Y aHANIMTUKOB MPU HENOCPEACTBEHHOM
onpeaeneHnn TpebyembiX YHKUUK MOME3HOCTU, CUIBHO CHWXAT MpUBAEKaTebHOCTb
noaxofa, OCHOBaHHOro Ha Teopuun nonesHoctu. B 1o xe epeMa MAU nosesonaeT aHanuUTuU-
Ky CTPYKTYypupoOBaTb 3neMeHTbl npobneMbl A0BOBHO 6bICTpO U obneryaeTt nposeaeHwue
aHanusa. CywecTBeHHble orpaHnyeHns MAW, cBaA3aHHbIe C NpoBedeHWEM MHOMoUUCIEH-
HbIX MapHbIX CpaBHEHUN, NpeoAoNeBAKOTCA NPU UCMONb30BaHUM nNpeanoxeHHon B [[15]
npoueaypbl, 3HAYUTENIbHO CHUXAKLWEN KONMYECTBO HEOBXOAUMBIX MapHbIX CpaBHEHUNA.

2. ®opMeH (0AMH U3 aBTOPOB NporpaMMHon cucteMol Expert Choice) npegnoxun o06b-
eanHnTe MAU ¢ TpaAULUMOHHBIMW METOAONOMMAMN NUCCnenoBaHna onepaunin [A25]. B pa-
6oTe ob6oCHOBbIBAaeTCA CUCTEMA MOAAEPXKKN MPUHATUSA pELleHUN, KOTopas MOHATHa U pe-
nesaHTHa ana JIMP B peanbHOW xuU3HU. NokasaHo, kak JIMP MoryT paspabaTbiBaTb, NOHU-
MaTb U MPUMEHATb .MOAenn AN NPUHATUS yNpaBleHYeCcKUX peleHUn, YTo Ha npakTuke
OHU peako genatT. PaccMaTpuBaeTcsa obbeanHeHne MAWM ¢ nuHelHbIM NporpaMMupoBa-
HWEM, aHannW30M o4yepener, MeToAOM KPUTUYECKOro nyTu, MPOrHO3MpOBaHMEM U LENo-
YUCNEHHLIM NIMHEWHBIM MPOrpaMMUpPoOBaHUEM ANA peELEHUs paja MNpakTUYecKux 3ajad
(Av3aiH HOBbLIX BUAOB MPOAYKUWK, pacnpeaeneHne pecypcoB BO BPEMEHU, MO AeHbram,
TpyAy M MaTepuanam C Lesblo CBOEBPEMEHHOMO BbINOSIHEHUSA MPOeEKTa).

HoBbIN MoAXxo4 K OUEHKe pucka ANs MeXAYHapoAHbIX WHBECTUUMIA, OCHOBAHHbLIM Ha
MAW, 6bin npegnoxeHd B [A26]. MNoaxoa no3sonser nccnefoBatb PakTopbl Kak KOUYeCT-
BEHHO, TaK U KayecTBeHHO, obecneynBas OCHOBY AN obcyxaeHusa n obMeHa uaesamm me-
xay JIMP npu aHanunse pucka. B paboTe nccneqyroTcs CTPYKTYpbl, B npeaenax KoTopbIX
dvpMa MOXET aHann3upoBaTb BCe BaXHeWwwue dakTopbl, BAUAKOWME Ha ee BuU3HecC 3a
py6exxoM, 1 6bICTPO NpUHUMATL IOFMYECKNE peLLleHNns.

MeToa aHanusa uepapxuin ycnewHo NpuMeHsscs npu oueHke 3pPeKTUBHOCTN nekap-
CTBEHHbIX cpeacts [A27, A28, N29]. MeToanka 06paboTkn gaHHbIX MOPHONOrMYecKoro
aHanusa no3sosiMna OUeHMBaTb Kak AENCTBUE OTAENLHOro npenapaTta, Tak U CpaBHUBaTL
3(PPEKTUBHOCTb OTAENbHbLIX (apMaKoNOrMYecknx CpeacTs MNpu JIeYEHUU ULWEMNYECKON
bonesHn cepaua. lNonydyeHHsle pe3ynbTaTbl XOPOWO COrNacyrTCsa C BbIBOAAMU KAUHUYE-
CKUX uccnenoBaHuin.

3acny>XUBaeT MHTepeca BO3MOXHOCTb nNpunoxeHma MAU B pasnuyHbLIX BUAax cnoprta,
CBsAI3aHHasa C onpejeneHueM coctaBa acTadpeTHon KoMaHabl [[27]. U3 3agaHHOro MHOXe-
CTBa KaHAMAATOB, OTHOCUTENILHO KOTOPbIX Mbl pacrosiaraeM AOCTaTOYHO MOSHOMW UHMOp-
Mauuen, cnegyet otobpatb HeobxoAMMOE YMCIO WU pacCTaBUTbL UX MO 3TarnaMm acTadeTs
(6er 4x100 M). B paHHOM BUAe CnNopTa OUEHKa MOArOTOBKM CNOPTCMEHa NPOU3BOAUTCS
COrNacHo cneuuanbHbIM MeToAMKaM, BbIAENSAWMUM LWeCTb cheumanbHbIX MoKasaTenen.
YacTb 3Tux nokasaTtenen obbekTuBHa (Nony4yaeTcs B pesynbTaTe abConTHbIX M3Mepe-
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HWIA) N U3MepPSETCa BO BpeMeHU. ECTb 1 Takne nokasaTenu, KOTopble Nony4yarTcsa B pe-
3ysbTaTe OTHOCUTENbHbIX U3MEepeHUin (HanpuMep, rncuxonoruyeckas noarotoska). Kpome
TOr0, BaXXHOCTb Pa3/IMYHbLIX 3TarnoB TakKXe OUEHUBAETCH B pe3yfnbTaTe OTHOCUTENbHbLIX
CpaBHEHWN, NpOBOAUMBIX 3KcnepTaMu (TpeHepamun). CneayeT OTMETUTb BO3MOXHOCTb MO-
yyYyeHns HeoxunaaHHblx ansa JIMNP (TpeHepa) peweHW, B AaHHOW 3ajade. AHanus, KOTO-
pbin MOXeT 6bITb NpoBeAeH ANg 3TOro NpUMepa, HarfAsa4HO UANMKCTPUPYET TeopeTudeckmne
pe3ynbTaTbl, nonyyeHHble B [[11] ANa ycnoBUN COXpPaHEHWUS U NepecTaHOBKW paHros B
cnydae abConOTHBIX U OTHOCUTESNbHbBIX U3MEPEHUN.

MeTo4 aHanusa uepapxuin ctasna rMpUMEHSaTLCA U MPU NOCTPOEHUN SKCMEPTHLIX CUCTEM.
Ana 3agady NpuUHATUE peleHnin knaccnpukaumoHHoro tuna B [A30] onncaHa ocHoBaHHas
Ha ¢perMax skcnepTHasa cuctema ¢ aneMmeHtamnm MAW. Cuctema npoBOAUT AMArHOCTUKY
TEKYLEro COCTOAHMA 3aTBOpa MNOTUHbLI U NpeAcKasbiBaeT ero Cpok cnyxbbl, OCHOBbIBa-
ACb KaK Ha CTPYKTYPHbIX, TaK U Ha 3MNUPUYECKUX TOUKaxX 3peHusa. MeToa Takxe npume-
HSeTCA B KayecTBe CpeAcTBa AN CHMXKEHUS HeonpeaeneHHOCTU MHpopMaumnu B MHTEMpU-
pPOBaHHOM CUCTEME NOAAEPXKKK npuobpeTeHusa 3HaHmii [[A31].

A.4. MPOrPAMMHBIE PEAJTM3ALNN

B HacToflwee BpeMda MMEETCHd HECKOJIbKO MPpOrpaMMHbIX CUCTEM ANA MUHU- U MUKPO-
KOMMbLIOTEPOB, KOTOpLle peanusyioT MAN.

Hanbonee wu3BecTHasa 3apybexHasa cuctema Expert Choice cosgaHa T. Caatu u
2. ®opmeHom [[132, A33] DT0 - cuUCTeMa NOAAEPXKKWU MPUHATUA PELLEHUN, NpefHa3Ha-
YyeHHaa ANng UCNONb30BaHWA Ha MepcoHanbHbiX KoMnboTepax IBM PC tuna XT, AT U ux
knoHax. OHa TpebyeT 256K namMaTtM M oauH ABYXCTOpPOHHUWN HIM[. CTOMMOCTbL CUCTEMBI
okono 500 gonnapos. Cuctema Expert Choice nossonser:

- CTPYKTYpUpOBaTb C/I0XHYI npobrieMy B BUAE MepapXuUU B AMANOrOBOM pexume ¢
pefakTUpOBaHWEM;

- BOCMPUHUMaTb KaK KonuyecTBeHHble (abCcontTHbIEe), TaKk U KadecTBeHHble (OTHOCKU-
Tes/IbHbI€) CYXAEHUA MPU OLEHKaX; COOTBETCTBEHHO MMEETCS BO3MOXHOCTb MNepekuve-
HMA ¢ BepbanbHOM WKanbl Ha YNCNIEHHYIO U 06paTHO;

— U3MEHHATb CYXAEHUA C Uenbl AOCTUXEHWA Nydllero MHAeKca CorfacoBaHHOCTU Ansg
MaTpuL, NapHbLIX CpaBHEHUN, BbIABNATb Hanbosiee HeCOrnacoBaHHLIE CYXXAEHUSN;

— CUHTE3NPOBaTb NMPUOPUTETLI HUXHErO YPOBHSA;

— aHanusnpoBaTb YYBCTBUTENLHOCTb NMPUOPUTETOB;

- WCNONb30BaTb NOAXOA PaHroBOW WKanbl BMECTO MPOBEAEHUSA MNapHbIX CpaBHEHUN
npu 6onbwoM vmncne anbtepHatTue (Ao 100);

- npepBaTb paboTy M NPOAOIXKUTL €€ C NpepBaHHOro MecTa.

OTMeTUM, UTO CUCTeMa Halwa AOBONBHO LWPOKOE pacnpocTpaHeHue B pasnnyHbIX
NMpaBUTENbCTBEHHbLIX U YacTHbIX opraHmsaumax CLUA.

B 1988 r. X. lNonam-Hesaa n3 Mypxeackoro rocyAapCTBEHHONo yHuBepcuTeTa (wTaT
MuHHecoTa, CLUA) npeanoXun HOBYK peanu3aunto nporpaMMHON CUCTEMbI, BOCMPOU3BO-
aswein MAWM, noa HasesaHueM Decide. 2To - cucteMa nogaepX KM MNPpUHATUS peELUEHUN,
Takxe npeaHasHadeHHaa Ana UCNOoAb30BaHWA Ha nepcoHanbHbiX KoMnboTepax IBM PC
TMna XT, AT n ux ceMencteax. OCHOBHOM 0COBEHHOCTLID CUCTEMBI SBASETCA TO, UTO B HeM
NPUMEHAETCHA HernpepbIBHasA WKana rnpu BbiCKasbiBaHUN CYXXAEHWUI, NPUYEM OHa MeEHSEeTCSH
B AWaras3oHe OT Hyn4d A0 NATU.

B AnoHunn koMnaHuma Sumitomo Computing Service, Inc. moauduumnposana cuctemy
Expert Choice ans sanoHckuUx nepcoHanbHbiX komnbtoTepos NEC PC-9801 w IBM
JAPAN-5550. UMeeTcs Takxe SAMNOHCKas OpUrMHasbHas BepcuUs NpPOrpaMMHOM CUCTEMBI,
peanusywowein MAU, koTopas paspaboTaHa koMnaHuen .JUSF. Inc. noa pykoBoACTBOM
K. ToHe ang nepcoHanbHbIX KoMnbloTepos cepun NEC PC-9801.
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MNporpaMMHble peanusaumm MAW ana nepcoHanbHbIX KOMMbLKTEPOB pa3paboTaHbl
Takxke U B Kutae (cM., HanpuMep, [A34], roe nMeTcsa COOTBETCTBYIOLWME CChINIKKU).

B CoetckoM Coro3e ocHoBaHHas Ha MAU cucteMa noaAepXKW MPUHATUA peLleHui,
npegHasHadyeHHas 4ns nucnonb3oBaHuMa MUHU-2BM CM-4, paspabotaHa B 1985 r. [A35,
[036]. Cuctema noa HaszeaHmeM «CADMA», co3gaHHan Ha s3bike ®OPTPAH IV, nossonsier
COXpPaHATb HECKOIbKO MOAEenen uepapxuin, npuvyeM peasn3oBaHa naposibHas cucTeMa
AocTyna kK mogaenu. lMpeaycMOTpeHbl cpeacTBa pefakTUPOBaHMA COOTBETCTBYHOLWEN Me-
papxmun v npepsiBaHnsa paboTbl C HEM C BO3MOXHOCTLIO €e BO30OHOB/IEHUS BO BpeMsa Apy-
r’Mx ceaHcos paboTbl ¢ DBM, a TakXke BO3MOXHOCTb aHanM3a nepapxmin 60nbLIOro pasMme-
pa.

B Hactoswee BpemMsa (1990 r.) B MWHCTUTYTE BbLIYUCIIUTENBHOWN MaTeMaTUKWK
uM. H. . Mycxenmweunun AH pysuHckon CCP paspaboTaHa cucteMa noaAep>XKW NpUHS-
TS peleHnin, npegHasHadvyeHHas ANng rnosab30BaHUA Ha MepcoHanbHbIX KoMnbloTepax IBM
PC tnna XT, AT n ux ceMenctesax. Cuctema noa HassaHueM «[MPAUC» .(nogaepxka pe-
WEHUA aHanM30OM UepapxXuUueckmnx CTPYKTYyp) MOCTpPOEeHa B BUAE OTKPLITOM CUCTEMbI W
BkOUaeT B cebsa pag MeToaoB, KOTOpble MOryT 6biThb B Aa/lbHENWEM AOMNOMHEHDI.

CucteMa No3BONSAET pewnTb Npobnemy, AN KOTOPOW MoXeT 6bITb MOCTpOEeHa mepap-
XUa B cMbicrie MAW ¢ UCNoONb30BaHUEM pas/iMYyHbIX NOAXOA0B B 3aBUCHMMOCTM OT BO3MOX-
HocTen akcneptoB unu JIMP. B cny4yae, Korga nepapxmsa n COOTBETCTBYHOLLME OLEHKN BBO-
OATCS B pexXuMe guasnora C KOMMNbKTEPOM, UCNONb3YETCS HEKOTOPLIA aHanor CUCTEMBbI
CADMA. Ho npeaycMOTpeH Takon ciydan, Korga 4actb MHdopMaunmn o6 nepapxmm MMeeT-
CA B HEKOTOpPOM Habope paHHbIX (NoArOTOBMEHHOM 3apaHee WM NOAY4YEeHHOM U3 KaKomn-
6o MHdbopMauuoHHoW 6asbl). ApyrMMn cnoBamm, AN HEKOTOPOWM WUCXOAHOW Mepapxumu
yacTb UHdOpMauum cywecTeyeT B obpaboTaHHOM Buae. lNMonb3oBaTenb GopMUpYeET «AUY-
HYIO» MEpapXUID B BUAE HEKOTOPOro noaaepesa UCXoAHOW. lNpu 3TOM OH MOXET pacliu-
PATb UCXOAHYI Mepapxui nyteMm aobaBrieHUs BEPWMUH Ha OTAENbHbLIX YPOBHAX. TakuMm
obpasoM, Auanor Kaxabli pas «MoACTpauBaEeTCsa» Ha MNosjyyvyeHue HepocTarowen UHdbop-
Mauuu. B cucteme npegycMoTpeHa BO3MOXHOCTb paboTbl MpU HEMOSHbLIX CpaBHeHUAX. B
Cnydae, Korga 3KCMepTbl HE MOAHOCTLK 3arnoJsIHAKT MaTpuubl NapHLIX CpaBHEHWUW MO
wkane 1-9, ncnonesyetca moandukauns MAW cornacHo [A15, 416].

B cucteme MPANC npepnycMoTpeHa TakxXe rpynnosag aKcnepTHaa npoueaypa MAU c
NMPUMEHEHNEM 3/1EMEHTOB K/acTepHOro aHanusa. N, HakoHeu, B caydyae, Korga aKcrnepThbl
WCNbITbIBAKOT 3aTPYAHEHUS B OUEHKaxX Mo wKane OTHOWEHUN, oueHnBas obbekTbl N0 Au-
XO0TOMUYECKON WwkKane (6onblwe-MeHblle, nydwe-xyxXe n T. 4.), u bosee Toro, B HEKOTO-
pbIX cAy4yasax 3aTpyaHATCs Boobwe BbiCKasaTb Kakoe-nbo MHeHWe Npu napHbIX cpaB-
HeHunsax, B cucteme MNMPANC ansa aHanmMsa mepapxumil UCNONb3YeTCs MoAX0A, OCHOBAHHLIN
Ha rpynnoBon akCcnepTHOM nNpoueaype [A37].

Ana peweHna 3agadn cTpaTerMyeckoro nNaaHWpoBaHWA, OnMMcaHHoOM B . 6 (noapob-
HOe onucaHue MeTogonornn gaHo B [[A38]), paspaboTaH nakeT NpuKNagHbIX Nporpamm
CTPATEI. Cuctema npegycMaTpuBaeT ABa pexuma paboTbl: 1) HENnocpeaCTBEHHO OMNuU-
CaHHbIM B [A38] 1 2) Tak Ha3blBaeMblil MHOIOMNOMb30BaTENLCKUN, KOTOPbLIN npeaycMaTpu-
BaeT 3anofIHEeHME MaTpuy MNoMNapHLIX CPaBHEHUN UepapXMU M OUEHKY MepeMeHHbIX CO-
CTOSIHUA ANa MepBOM UTepauum NpsMOro npouecca Kak COrlacoBaHHOrO0 MHEHWUS BCEWN
rpynnbl 3KCNepToB, a B JasibHenweM - paboTy Kaxaoro nosnb3oBaTens (3kcreprta) oOT-
AenbHO Ha uTepauunsax nepsoro obpaTHoOro U nocneayrwmx NpamMelix U obpaTHbIX npouec-
COB. 3aTeM MHdOpMauUda, NMOJyd4eHHas OT KaXAoro akcnepTa, pelwarwuwero 3ajgady cTpa-
TerMyeckoro rnnaHuposaHus, obobwaetca. CucteMa nNpoOBOAUT aHanuU3 OTK/IOHEHUA B
MHEHUSAX, a TakXe UX NPUUYMHBI KaK OS89 KaXAO0W MaTpuubl NonapHbIX CpaBHEHWNW, Tak U
Mo CTPYKType uvepapxun, cosgaBaeMblX KaxabIM 3KCNepToM. Takad opraHusauuu npouec-
ca NO3BOJISET MUCCneaoBaTesnisM B MOJIHOM Mepe Yy4UuUTbiBaTb MHEHUSA pas3iUYHbIX CTOPOH,
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npu 3TOM nakeT npuknagHeix nporpamMm CTPATEI npuobpeTaeT yepTbl 3KCNEPTHOW CUC-
*
TEMBI.

A.5. HEKOTOPbIE OBLWIME OLUEHKW

MonbiTaeMca AaTb HekoTopyk obuwyk oueHky MAU kak MeToAa MPUHATUA peLuEHUR.
MpuHATME peleHUn cknaabiBaeTcss B MHOroAMCUMMAMHApHYK o6/1acTb UccnefoBaHuin, B
KoTopon paboTalT NCUXOoNoru, MaTeMaTUKM, 3KOHOMUCTbI, WHXEHepbl, NPOrpaMMUCTEI.
MoNHOCTbIO NpUcoeanHsanacb K MHeHUKO C. B. EMenbsiHoBa 1 O. WN. Jlapudesa [[39], oTMe-
TUM, 4YTO 3Ta MHOMOAMUCUUMNIMHAPHOCTL ABASETCA Kak 6bl NepexoAHbIM 3TanoM K nossne-
HUIKO MOBOW AWCUMUNAMHBI, B paMKax KOTOpOW cneunanuctsl 6yayT obnagatb Heobxoau-
MbIMWU Hay4HbLIMWU 3HAHWUAMWU U3 NPUBEAEHHbLIX BbiWe AUCUUMNAWH, @ TakXe HOBbIMW 3Ha-
HMAMK No npobneMam, paHee He paccMaTpuUBaBLUUMCS.

PaccMoTpuM, Hackonbko yaosnetsopseT MAU paay TpeboBaHMIM K HAy4YHOMY OBOCHO-
BaHUIO METOAOB MPUHATUSA pELUEHUIA, KOTOpble BbIABUraKTCA B pe3ysibTaTe HaKOoMJeHus
onbIT A pa3paboTKn 3TUX METOAOB.

1. B MAM cnocobbl nonydeHus uMHGoOpMaumu OT 3KcnepTa COOTBETCTBYHOT AaHHbLIM
NCUXONOMMYECKNUX UCCNEef0BaHUM O BO3MOXHOCTAX 4denoBeka rnepepabotaTb WMHpOpMa-
umio. encTBuTenbHO, akCMoMa roMOreHHOCTU U MPUHLKUN UepapxXmuyeckon AeKOMMNO3nLUN
NpUBOAAT B COOTBETCTBME Npobnemy nosiyyeHUs OUEHOK C MCUXOMETPUYECKUMU BO3MOXK-
HOCTAMM UYenoseka.

2. B MAN uMeeTCcs BO3MOXHOCTb MPOBEPKU IKCNEPTHON MHPOPMaUUM Ha HENPOTUBO-
peuynmBOCTb NMNOCPEACTBOM WMHAEKCA W OTHOWEHWHA COrlacoBaHHOCTU KakK ANd OTAEeNbHbIX
MaTpul, Tak U ANna BCEN nepapxmn. B HEKOTOpPbIX NpoOrpaMMHbIX CpeAcTBax, peanusyro-
wux MAUN (Expert Choice, NMPANC), kak 6bIn0 yXXe 0TMedyeHo, Takxe nNpegycMoTpeHa BO3-
MOXXHOCTb MPOBEPKWN 3KCNEPTHON UHDOPMaUMKM NYTEM NPOBEPKU NOPAAKOBON TpaH3UTUB-
HOCTW, a TakXe BblABNEHNA Hanbonee HecornacoBaHHbLIX CYXAEHUN.

3. Jliobble COOTHOLWEHNS Mexay BapuaHTaMu peweHuin B MAUN 06bACHUMbI Ha OCHOBE
MHdOpMaunm, NONYYEeHHOW OT 3KCnepToB (4eTBepTas akcmoma MAU [A8]). Tak, aHanus
NMPUOPUTETOB 3/IEMEHTOB peLlleHMA N0 HUCXOAAWMM YPOBHAM UepapxXun NO3BOAdeT no-
MATb, KakK Moay4YeHo To WU MHOE 3HayYeHUe BapnaHTOB peLlleHus.

4. MaTeMaTM4yeckas NpaBOMOYHOCTb pewarwuwero npasuna s MAI npo3padvyHa n 6asun-
pyeTcs Ha MeToAe COOCTBEHHOrO 3Ha4YeHUs U MpUHUMNa UepapXnMueckon KOMMO3ULUMU,
nMerwmx 4éTkoe MaTeMaTnyeckoe obocHoOBaHMe.

TaknMm obpasoMm, MAWU yaosnetBopseT 4eTbipéM OCHOBHbLIM KpuUTepusaMm, obecnedwu-
BawWMM cornacHo [A39] BCECTOPOHHKOK Hay4dHYd OOBOCHOBaHHOCTb MeToda MNpPUHATUSA
peLleHni.

Hapsay ¢ Hay4dHbiM 06OCHOBaHWEM KOpPpPeKTHOCTM MAW oTaeneHHbIn UHTepec npea-
CTaBNAT rpaHuubl (Npeaensl) NpUMEHUMOCTM MeToda. BoigensawTca npeaenslt Tpex Tw-
noe:

1. [0 BO3MOXHOCTSAIM 3KCNEPTOB AaBaTb HEMPOTUBOPEUYUBYHD MHGOPMauUK Npu yBe-
nuyeHun napaMeTpos npobnemeol. B MAW onepupyeM roMOreHHbIMU 371eMeHTaMn B npeae-
nax O4HOro ypoBHSA. Mepapxuyeckaa AeKOMMNO3UUKMA, npucyLlana MeTogy, No3BonseT one-
pUpoOBaTb CO 3HAYUTENbHbLIM YMUC/IOM B OBLLEM CNyYae HEFOMOreHHbIX 3/1EMEHTOB.

2. 1o TpyaoeMKoCTM Ang skcneptos B MAWM 3TOT nokasaTenb HanpsaMyk 3aBUCUT OT
yncna ypoBHEN UepapxXuu, YUcsa 3NEeMEHTOB Ha KaXAOM W3 YPOBHEW MU OT MNOSHOTHI ue-
papxuu. MNMoacyeT TpyAOEMKOCTU ANA aKcnepTa npu npuMeHeHnn MAW nerko MoxeT no-

* Cuctembl MPANC n CTPATEN paspaboTtanel P. I'. BauHaase, H. . Mapkosavnwsunm, M. O. Kapuasa n
E. H. bnarngze B NBM AH pys. CCP.
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3BOJ/INTb OLUEHUTb B KaXXAOM KOHKPETHOM cfiyyae uenecoobpasHoCTb NMPUMEHEHNA MeToaa
Ana paccMaTpuBaeMon npobnemel.

3. M0 BbIYUCANTENBHOMN CAOXHOCTU anroputMos MAWM BbIrOAHO OT/IMYAETCSH OT MHOMMUX
MEeTOAOB MPUHATUA peLlEeHUN NPOCTOTON BbIYMCAEHUA N HANMUYNMEM HAAEXHbLIX MporpaMmm-
HbIX CpeacTBs.

[.6. TEMATUKA OANbHENLLINX UCCNEQOBAHUN

Huxe nepeuncneHsl Hambonee WHTepecHble TeMbl danbHenwWwux wuccneaoBaHUM Mo
MAWN (HekoToOpble N3 3TUX TeM npeanoxeHsl B [A40, A6]):

1. YrnybneHue nccneaoBaHU Mo HEMpPEepbIBHbLIM CYXAEHUAM (B OTNWYME OT AUCKpeT-
HOW WwKanbl 1-9). B 3TOM HanpaBneHNN U3BECTHa NUWb OA4Ha cTaTbsa [A41].

2. DKCNepTHbIE CYXXAEHWUS B BUAE WHTepBasbHbIX 4yucen. lNpeactaBnseTca nepcnek-
TUBHbIM NPUMEHEHUe MEeTOAO0B WHTepBalbHOro aHanusa [[A42] ansa pa3paboTKn CoOTBET-
CTBYIOLWWMX BbIYUCUTENBHBIX npoueayp MAW. B 3TOM HanpaBNeHWU HEKOTOPbLIA NyTb Ha-
MeJaeT npeanoxeHHasa B [[43] npoueaypa, OCHOBaHHasa Ha TEXHUKE Teopun ownbok.

3. OueHka MeToaa co6CTBEHHOrO BEKTOpa B psAay METOAOB MOCTPOEHMA MO 3a4aHHOW
MaTpuue napHbIX CpaBHEHUN OOBLEKTOB ONTUMAaNbHOro B TOM WM MHOM CMbIC/E UX NU-
HENHOro ynopsaovyeHus. DTa OLEHKA MOXET OKa3aTbCs MOSIE3HOW NMpu onpeaeneHuun rpa-
HUL NMPUMEHMMOCTUN Kak caMoro Metoga cobCcTBeHHOro BekTopa, Tak 1 MAU B uenom.

4. [poBepKa pas3NMYHbIX FpynrnoBbiIX METOAOB 3KCMEPTHOro OUEHUBaAHUSA Ha OAHUX U
Tex Xe 3ajadvax U nouck obwmx saneMeHToB. 34eCb MMEETCS HEKOTOpPbIM 3ajden B Buae
TeopeTnyeckon paboThl

[d44], a Takxe [A45]. 3acnyxuBaeT BHUMaHUA MPUMEHEHME METOAO0B K/IAaCTEPHOro
aHanusa A4n4 BbISIB/IEHUS B rpynne 3KCcnepToB OAHOPOAHLIX (MK BNN3KKX) OLEHOK.

5. PaszpaboTka TeopeTUYeCKNUX OCHOB MOAENUPOBaHMUSA NpobnemM npuHATUA peweHun B
BUAE MepapxXunin, KOTOPbIX MOKa He CYWECTBYET, HECMOTPSA Ha LWWMPOKOE pacnpocTpaHeHue
nepapxmyeckux CTpykTyp. Bo3MOxHO, pasBuTume aToro noaxogda byaer ucxoauTb M3 06-
nacTen, B KOTOPbIX MPUMEHSAKTCA Mepapxmyeckue CTpyKTypbl, HanpuMep MoaenmpoBaHue
AaHHbLIX B 6a3ax AaHHbIX.

6. O6oblweHne TeopeTUUYEeCKUX pe3ybTaToB, MOAYYEHHbIX AN UepapXuin U CeTeBbIX
cucTeMm, Ha MHoroobpasusa [[40].

7. JanbHeNwee uccnenoBaHWe CBA3UM MMaBHOMO CO6CTBEHHONO BEKTOpPA CO CTEMEHHLIM
3aKOHOM Bebepa-®exHepa. [NpMMEHeHne NCUX0N0rMYecKknx UccienoBaHUii B YacTu agek-
BaATHOrO NpeAacTaBieHUs YenoBeYyeckuX OWyLWeHUN B YNCIOBLIX WKanax.

8. WccnepoBaHne 4YyBCTBUTENLHOCTU MPUOPUTETOB OT 4MucCna KputepueB U B bonee
obwem cnydyae oT pa3MepoB U BUAa Uepapxun.

9. NccneaoBaHWe CTPYKTYpP peweHus AN 3aBUCUMbIX OT BPEMEHU U AUMHAMUYECKUX
CTPYKTYp. HecMOTps Ha BaXHOCTb 3TOro acrnekTa ANs CJOXHbIX peanbHbIX CUCTEM,
nMerwmecsa pesynbTaTtbl (CM., Hanpumep, [A46]) Bce ewe He AalOT NpakTUYECKU NMPUEM-
neMbIX METOAOB.

10. MeToa aHanu3a uvepapxui U aHanM3 puUCKa: pasBUTUE TEOpPUU MUCNONb30BAHUSA
cueHapues Npu aHannse pucka.

11. Paszsutne npunoxeHnn MAM Ha Teoputo Urp, B YacTHOCTU, AN pa3peleHns KOH-
bNNKTOB. 34eCb TakKXKe UMeeTCsa Heckonbko paboT (cM., HanpuMmep, [A47]), KoTopble Mor-
v 6bl cTaTb OTNPaBHOM TOYKOM B UCCNeA0BaHUAX.

12. NccnepoBaHune cBaA3n MAU ¢ onTUMKU3aUMen. B 4aCTHOCTKU, MOXHO N C NOMOLbIO
MAWN pewnTb obwyto 3agadvy ontummsaunn [J40].

13. CBa3b MAU C UCKYCCTBEHHLIM UHTEN/IEKTOM U 3KCNEepPTHbIMKM cucteMamu. Odvesna-
HO, 3Ta TeMa NpenoCTaBUT LUMPOKOE Nosie AeATeNbHOCTU AN uccnenosaTtenen.
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