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NPEJJHCJ/IOBHE

B neka6pe 1966 r. cocrosiach HayuHasi KOH(epeHUHUs B
r. Jly6ue, mocBsienHas 40-1eTHIO CO BpeMeHH BO3HHKHOBE-
HHSI KBAHTOBOH MeXaHHKH. B ee paboTe mpuHAIM yyacTue
MHOTHe COTPYAHHKH OOTBeNMHEHHOrO MHCTHTYTa SAEPHBIX
uccaenosanuit, Wucruryra oduinocopun AH CCCP, pan
Hay4HbIX PaGOTHHKOB HCCJAELOBATENbCKUX YYPekKIeHUd H
npernomaparteneil By3oB Mockssl, Jlenunrpaga, Hosocu-
6upcka, Kuesa, XapbkoBa ¥ JAPYrUX TOPOXOB CTPaHHL
B nmoknamax u cooGluieHUsX, NPeACTaBICHHbIX YYaCTHHKAMH
KOH(epeHIHH, OCBEIaJHCh BONPOCH HCTOPHYECKHUX MyTeH
BO3HMKHOBEHHMSI W CTAHOBJIEHHS KBAaHTOBOM MeXaHHMKH, a
TakKe OOGIIHe METOMOJIOTHUecKHe H (uiocodcKue npob.ae-
Mbl JajbHefllero pa3BUTHSA KBAHTOBOH (U3UKH.

JlaHHast KHMra BKJouaeT B ce6Gst o6paboTaHHbIe aBTOpa-
MH TeKCThl OCHOBHBIX JOK/JAJNOB M BBICTYIJIEHHH Ha KoH(e-
penuuu. Cpeau pasHoo6pasusi BHICKA3aHHBIX TOYEK 3DEHHS
10 MHOTHM BompocaM (u3Hyeckoil TeOPHH, KOTOpble HallJIH
OTpa)KeHHe B CTaTbsX HACTOSALLEr0 COOPHHKA, HEKOTOPHIE
3aBeJIOMO HOCST MHCKYCCHOHHBIH XapakTep. C KOHEUHBIMH
BBIBOJIaMH OTIEJNbHBIX PabOT penaKUHOHHAsT KOJJIErus Co-
rJ1acHUTbCS He MOXKeT. B KauecTBe nmpuMepa MOXHO HasBaThb
crateio M. C. AunekceeBa «IIpocTpaHCTBO M KBaHTNBasl
MeXaHHKa», B KOTODOH OH, aHaJH3UpPys] CPABHHTEJBHO 4acT-
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HYI0 CnelH(HKy CBOHCTB KBAHTOBBIX OOBLEKTOB, NMPHXOIHT
K OTPUIIaHHIO TPOCTPAHCTBEHHOH (HOPMBI UX CYLUECTROBAHHSI.

OznHako NpH BCell CMNOPHOCTH OTHE/NbHBIX IIOJOXKEeHHH
PEIKOJIJIETHsT CUMTAET MOJIE3HBIM ONMyOJHKOBaHHE BCeX pa-
60T, OTBEYAIOLIUX ONTHMAJbHbHIM TpeOOBAaHHUSIM Hay4yHOH
ny6/1MKaluH, BhIpaXKast TeEM CaMbIM HaJeXay, YTO «Iapano-
KCaJibHasI» NOCTAHOBKA HEKOTOPHIX BOMPOCOB MOMOXKeT 060-
Jlee YeTKOMY BBISIBJEHHIO TeX Npo6seM, KOTOphle AMKTYHOT-
csl JIOTHKO#H caMO# NPHPOABl HcCIeflyeMblX OODBEeKTOB.

ITo npocebe caMux aBTOPOB B KHHI'Y He OBbLJIH BKJIIOYEHBI
noknan uiena-koppecnongenra AH CCCP [I. M. Baoxun-
ueBa «O CyLIHOCTH PEAYKLUHH BOJHOBBIX MaKETOB» H CO-
o6wenue npod. B. M. CBugepckoro o 3HaUYeHHH NPOCTPaH-
CTBEHHO-BPEMEHHBIX NMpeJCTaBJeHHi AJs AaJbHedllero pas-
BHUTHSI COBPEMEeHHON (DU3UKH, TaK Kak 3TH paboTel BOLIJIH B
Apyrue u3faHus. B yactHOCTH, ¢ cO0OpaKeHHUsIMH, H3JI0XKEH-
HbIMH B HOKnaje bioxuHueBa, untaTenb MOKET MO3HAKO-
MUTBbCSt B ero KHure «[IpHHUHMNUANbHBIE BOMPOCH KBAHTOBOI
MexaHukH» (M., 1966).



Pa3denr nepsuo

HCTOPHSA.
OBIIEMETOZOJIOTHYECKHE ITPOBJIEMbB]
KBAHTOBOX MEXAHHKH

A. T Joppmar
PO)XIEHHE KBAHTOBOH MEXAHHKH

1

BosHuKkHOBeHHe KBaHTOBOH MeXaHHKH 3HaMeHYyeT co00i0
BEJUKHA HCTOPUYECKHH NepeBOpPOT He TOJNbKO B (H3MKE,
HO M BO BCEM COBPEMEHHOM eCTECTBO3HAHHH.

Ha nporsi>KeHHH MHOrMX BEKOB B HAaY4HOM MHIIIJIEHHH
rOCMOXCTBOBAJ TMPHHUHKI 3KCTPANOJSILHH OT MHPa MaKpo-
NpPOLECCOB, BOCHPHHHMAaeMblX HAIIHMH OPraHaMH UYyBCTB,
B MHD CKPBITHIX OT HAC, HeBUAMMBIX BHYTPEHHHX MHKDOIPO-
UEeCCOB; U3 06JaCTH TeJ, IOCTYIHbBIX HALIUM HeNoCpPeACTBEeH-
HEIM BOCIDUSTHSAM, B 00/1aCTh HEOUIYTHMBIX CYOMHKPOCKO-
MHYECKHX YACTHUEK. YCIexH KJacCHUeCKONH MEeXaHWKH Ipeln-
CTABJSJINCh HAIJISIAHBIM IOJATBEPXKAEHHEM CIPaBeIJHUBOCTH
CXeMBl 3KCTPAMONSIUHU OT MeXaHUKH MaTepHaJbHbIX Tea K
MexaHHKe MaTepuasbHOH Toukd. Yuenble XVII u XVIII BB.
HEpeNKO amnpoKCHMHPOBAJIH BOOOpa)Kaemblii aTrom Mare-
pHAaJIbHON TOUYKOI, a TOPOIO Ja)Ke OTOXKECTBJSIIH UX. IIpuH-
IHMIIOM 3KCTPAMOJISIUHK PYKOBOACTBOBAJHCh M TBOPUBI KJjac-
CHUECKOH MOJIEKYJspHO-KHHeTHueckoll Teopuu XIX B., mox-
YYHSST ATOMBl U MOJIEKYJIBI 3aKOHAM KJIaCCHUECKON MexaHH-
KH. A xorga B Hayajse XX B. ObIJIO BCKPBITO CJIOXKHOE
CTPOEHHe aTOMOB, TO 3KCTPAMNOJSIIHS MO CYIIECTBY OMYCTH-
Jach Ha Cy6aTOMHBIH ypOBeHb, HO CaMblii NIPUHIHN 3KCTpa-
MOJISIIMM TPOAOJIKAJ NPH3HABATHCS €CTECTBEHHBIM M HE3bIO-
JIEMbIM.

Bo3HMKHOBEHHE KBAHTOBOH MEXaHHKH SIBHJIOCH pe3yJib-
TaTOM BBIHYKI€HHOTO NMPH3HAHHS HEPHMEHHMOCTH Makpo-
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MeXaHUKHM TeJl K aTOMHBIM M cyO0aTOMHBIM uactunaM. OHo
3HaMeHOBaJIo cOo60I0 KpylleHue OOLIeNpH3HAHHOrO MPHHIHK-
na SKCTpamnoJsiiMd H norpe6oBaso OT (HHU3UKOB IMOJHOH
MepecTpofikl HX HAYYHOTO MBILIJIEHHS.

OTOT NMEPEeBOPOT NPOUCXOAUJ HA TJa3ax JIOAeH MOero
noxoJsienust. EMy mnocssiteHo Hemasno 0630poB U y Hac, # 3a
py6exom [1—8]. Manaras KpaTKo HCTOPHIO CO3JAHHUSI KBaH-
TOBOH MeXaHHKH, 5 BBICTYNAIO NOTOMY He TOJHKO KaK HC-
Topuorpad, HO M Kak ouyeruiell. IlepeuntbiBas OpUrHHaMNb-
Hble pabOTHl TOrO BPeMeHH, sl HEBOJbHO BCIIOMHHAIO HEKOTO-
pble BreuaTJieHHsl, KOTOpPble OHH BBI3BIBAIH y HAC TOTAA,
a TakXkKe M HeKOTopble Hawu auckyccud. M s nossoaio cebe
3/eCb TONENHTBCS OTIENbHBIMH BOCIOMHMHAHHSIMH.

2

3HaKOMSCh C HOBEHIIHMH 0630paMH HCTOPUH 3apoOXKjie-
HHSI KBAHTOBOH MEXaHHMKH, 1 OblT OCOGEHHO YAHBJIEH CTaTh-
eil u3BecTHOTO HeMmeukoro teopetuka ®. Xyuna {8]. B otau-
yHe OT IPYrux aBTOPOB lOGuUjeiHbIX crarel, ®. Xyun mocra-
BHJ cebe UeNbl0 BBISICHUTb, B KAKOH CTEMEHH IYTh HCTOpHUYe-
CKOTO pPAa3BUTHA KBAHTOBOH MeXaHHKH Obla 0OyCIOBJEH
«JIOTHYECKOHN TMOC/Ie0BATEAbHOCTbIO», a B KAKOH CTeleHH,
KaK OH BbIPaXaeTcs, «CJAYy4yaHHOCTbIO». ABTOp MOTHBHpPYET
TIOCTAHOBKY 3TOTO RONPOCA CJAUIIKOM JOJTHM, IO €ro MHe-
HUIO, CPOKOM, MPOTEKIIHM C MOMEHTAa OTKpPBLITHS KBAHTOB
(1900 r.) mo odopmiaenuss kBautoBoit mexauuku (1925 r.).
Ho rakas nocraHoBKa BompocCa TpencraBasieTcs MHe (op-
MaJbHOM M AaHTHUCTOpPHYeCKOH. XyHJ TpennoJaraer, uTo
IYyTb MOC/AEI0BAaTEAbHOr0, CTPOTO JIOTHUECKOTO0 Pa3BepPThIBA-
HHSI TEODHH HOJXKeH Obla Obl COBMAmaTh C HCTOPHUECKHM.
dto 6bIO Obl, N0 MHeHHIO XYHAAa, 3aKOHOMEPHBIM, a BCe
NPOUCXOJAUBIUINE B JEHCTBHTEJNbHOCTH 3Ur3arooGpasHbie HC-
KaHUsl U OayxKnauus B o6sacTH GHU3MYECKHX HIel — 3TO,
C ero TOYKH 3PEHHs, TOJbKO ClydyalHble DJIYKTyaluH, TOJb-
KO HeCuacTHble c/aydyad. BelBOj OKOHYATENBHOrO ypaBHEHHS
OCYIIECTBJAJCS (110 er0 MHEHHIO) CTOJIb MeZJEeHHO JIHUIb MO-
TOMY, 4YTO KTO-TO CAY4aHHO YEro-to He JOAYMaJi, KTO-TO CJy-
4yailHO Yero-To HeJOCMOTpPeaT U T. A. U T. 1.

Ho @. Xynn He 3aMeuaeT HEKOTODPHIX CyLIECTBEHHO BaK-
HbIX o6crosTenbcTB. On cMmemuBaer GOpMaJbHYIO JIOTHKY
MaTeMaTHUecKoro BbIBOJAA (POPMYJ C JIOTMKOH HAaYYHOro OT-
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KpbiTusi. Mcropus OTKPHITHH TOKa3blBaeT, 4ro CHCTEM2
NPUHLUUNHAJIBHO HOBBIX KOHLEMUHU# Bcerma ObIBAeT OT/ese-
Ha OT CHCTEMbl CTapbiX KOHUEMUHUH TPyHHO MPEOIOJHMBIM
JOTHYECKUM <«MOTeHUHaNbHbBIM OapbepoM». CaMo OTKpHITHE
HOBOH CHCTeMbl KOHIENIHH cOBepliaeTcss OOLIYHO OTAENbHbI-
MH YYEHBIMH C TOMOIIbIO UHTYUTUBHOTO Npolecca, T. €. MO-
CpPeACTBOM CBOeOOPa3HOTO TYHHEJNBHOTO Iepexojia» CKBO3b
3T10T Gaprep Oe3 MOCJEN0BaTeNbHOTO MPEOJONEeHUsT ero Bep-
mwuHbl. Mcropus mo60oro Hay4HOro OTKPBITHS 3aKJ/IOYaeT B
cebe, Takum o6pa3oMm, ¢ ONHOIl CTOPOHBI, HCTOPHIO OLHOIO
UM HECKOJbKHX HHTYUTHUBHBIX 3TallOB OTKPHITHS, OCylle-
CTBJ/ISIEMBIX JIHIIb OTAEJbHBIMH HCCEN0BATENSIMY, & C JPYrofi
CTODOHBI, HCTOPHIO 3TaNOB MOCJEAYIOLIETO MOJATSATHBAHUSA
BCel HayKu B LIeJIOM Yepe3 KPYTOH «IepeBa’» JOruueckoro
Gapbepa. BeposiTHOCTh MOSIBJIEHHS] MHTYHUTHBHBIX OTKDPBITHH
JI0J2KHa OBITh B NEpPBOM MNpUOJMHKEHHUH INPONOPLHOHANbHA
YHMCJY YYeHBbIX, 3aHHMAIOLIUXCS AaHHOH 00/1acTbi0 NpobJeM.
Ho Bemp B amoxy 20-x romoB Haulero Beka YHMCJI0 (HH3HKOB-
TCOPETHKOB B MHpe OBbLIO B COTHM pa3 MeHbllle, YeM B Ha-
crosiee Bpems. [ToaToMy Torpamuss MeLJHTEJNbHOCTb pas-
BEPThIBAHHMS KBAHTOBOH TeOpHH, MO CPaBHEHUIO C TEMIIaMH
pa3BuTHs TeopeTuyecKoil ¢usuku 60-x romo XX croserus,
SIBJISIETCSl aJIeKO He CJYy4YaiHOM, a, HANPOTHUB, BIOJHE 33aKO-
HOMEpPHOI NIJs CBOeH 3moxu. PasBe MOMXKHO CUHTaTh CIay-
Ya{HOCThIO, HaNlpUMep, TOT UCTOPHYECKUH (aKT, YTO OT OT-
KPbITHSI MEPBOrO 3MIHUPUUYECKOrO 3aKOHa 0OpalleHHs MN/aHeT
H. Kenaepom (okoso 1609 r.) mo ¢opmyauposxu Hbioro-
HOM OCHOBHOro Aud@epeHuuaJbHOrO0 ypaBHEHHS KJacCHUe-
ckoil MexaHuku (oxoJo 1687 r.) mpouto npumepHo 80 set?
Her, s10 nasnexo He ciydyallHOCTb — 3TO pe3yJbTaT KpaiiHel
MaJIOYMCAEHHOCTH HAYYHBIX KaJpOB, OTCYTCTBUS HayuYHBIX
KOJIJIEKTHBOB, 3TO CJEICTBHe Bcell OOCTAHOBKH B HayKe H
xu3nu XVII Beka.

3

Jlyis MoHMMaHHS Mpolecca pPa3BUTHA HAEH KBaHTOBON
MeXaHUKHM Heo6XOJHMO HMeTb B BHAY, UTO Korga B 1913 r.
nosiBMJIach Mojesnb BogopoaHoro aroma H. Bopa [9, ctp. 1],
TO GOJMBIIMHCTBO (DU3UKOB NPHHSANU €€ KaK HOBOE MOJATBEPIK-
lleHue BBIIIEYMOMSHYTOI'O MPHHUKNA SKCTPAINOJSUNH KJac-
CHYECKON MEeXaHHKH K aTOMHBIM cucreMaM. OHH J[paxe He
6Ll yepecuyp «IIOKHPOBAHBI» MapajOKCaJbHEIMU KBaHTO-
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BbiMM ycaoBusiMU Bopa, paccmatpuBast HX AHLIb KAK HEKOE
YyTOUHEHHe 3JEKTPOJAHHAMHKH 3jeK1poHa B atome, [Ipexne
BCEr0 3ayapoBblBaja yIHBHUTE.1bLHAS aHANOTHS MeEXIY aTo-
MOM M coaleyHol cucremoii. Hepapom momen, Bopa — Pe-
3epdoplla MHOTHMH Ha3blBajach «I'JlaHerapHOH».

Bnpouem, H. Bop ¢ camoro Hawana noiuepkuBas, YTO
9Ta aHaAOrus ToJbKO Kaxyliascs. «[lomaras B ocHosy 3a-
KOH hv=E’ — E”/,— nucaa oH,— Mbl 3aKNI0UaeM, 4Tr) CIEKT-
pbl He LAlOT HaM KapTHHBI [BHKEHHS uacTull B8 atome» [9,
cTp. 476].

Ha nporsxenun nocienyoLuX FeCKOJAbLHX JeT 3Ta Mo-
Ieab noayuunaa OJecTsilliee NOATBEPXKAEHHe Omaromaps pa-
6oram A. 3ommepodennaa, I1. C. dnwreiiva u apyrux. Tem
He MeHee B 1918 r. B ¢cBoelt KanuTa bHoH pabore «KBanroBas
Teopud JuHeiluatbix cnektpoB» H. Bop nucan: «Hecmortps
Ha 60JblION Mporpece, AOCTUTHYTHIA B 9THX HCC/IeOBAHUSAX,
MHOTHC TPYAHOCTH (PYHAAMEHTa/ bHOTO XapakTepa OCTajuch
Hepa3pelleHHbIMK He TOJbKO B OTHOLUEHUM OrpaHUYEHHOCTH
NIpPYMEHEHHUS] METOJ OB, HCIOJL3OBAHHBIX IJI51 pacyera 4yacroT
CleKTpa NAaHHOH CHCTEeMbl, HO OCOGEHHO B OTHOLIEHUH BO-
npoca O NOJSPU3AUUH H WHTCHCMBHOCTH HCHYCKaeMbIX JIH-
HUll crnekTpa. DTH TPYAHOCTH TECHO CBSI3aHBl C paAuKalb-
HBIM OTCTYIIJIEHHEM OT OOblYHbIX MeH MeXaHHMKH U 3JeKTpO-
JUHAMMKH, 3aKJIOYEHHbIM B OCHOBHBLIX NMPHHLHMAX KBaHTO-
BOH TeOpHH... Mbl JO/KHBI TPUHSNTH, UTO OObIUHbIE 3aKOHBI
JeKTPOAMHAMUKH M MEXaHHKU HENpHJOXKHMBI K 3THM CO-
cTosiHusiM (aToma) 6e3 pajauKaabHbLIX H3MeHeHuil» [10]. Ta-
KHM o6pas3om, Bop HacToiuHBO noauepKUBa Te 0COGEHHOCTH
BHYTPHATOMHOH (PH3HKH, KOTOpPble OTJIHYA/IN €e OT Makpo-
CKOMUYECKOH (U3HMKH. JIMIIb MOCTO/IbKY, MOCKOJBKY 3J€K-
TPOAMHAMHUYECKHE CHJIBI, CBSI3aHHble C HUCHYCKAHHEM HB3JY-
YeHHMsl, B KaXKIbl JaHHbIH MOMeHT KpailHe MaJibl CpaBHH-
TeJbHO C KYJOHOBCKMMH CH/aMM, Bop nonyckaa Bo3aMoOX-
HOCTb BBIYMCJ/IEHHS] NBHXKEHHS 3JEKTPOHOB k CTALHOHAPHBIX
COCTOSIHHMSIX «KaK NBHXKEHHUS MaTepuaJ/ibHbIX TOYEK COTJIACHO
00blyHO! MexaHuKe». M OH momyTHO nmoguepkHy.a, uTo yXKe
TEOPHUs TEIJIOBOro UsnydeHus IlnaHka Juulena BHYTpeHHeH
NoCJ/Ie10BaTeSbHOCTH,

CyuiectseHHblil BKAan BHec B 1917 r. A. dinwrein [11],
BIEPBHIE NI0KA3aBLIMH, YTO KBAHTOBBIe MocTyJaathl bopa npu-
BOAAT K IJAHKOBOH QopMyJie H3JyueHHs, €Cad HPeAnoJo-
JKMTb, UTO BEPOSITHOCTb MCHYCKAHHS M IIOTVIOLLEHHS H3Jyye-
HUS COOTBETCTBYIOILlEH 4acCTOThHl (IpU Nepexolie KBAaHTOBOH
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CHCTEMBl M3 OJHOrO CTALHOHAPIO'O COCTOAHUS B LPYTOe)
onpenesasiercss M0 aHAJOTHH C KNACCHuECKOH 2/€KTPOAHHA-
MHKOH CHCTEMBI YaCTHI, COBEpLIAIOIIHK rapMOHHYECKKe KO-
neGaius ¢ TOW XKe 4acTOTOl. B 3TOW Ke reopun DHHIITEHH,
KaK M3BECTHO, BIePBble paccMOTpes He TOJIbKO CNOHTaHHbIE,
HO U HHAYIHPOBaHHble nepexonpl. B npouecce ee pazapaGoTku
O#HIWTeAH Obl BBIHYXK/EH BBECTH NIOCTOAHHbIE KO UUHEH"
Thl, XapakKTepu3ylolllie alpUOPHYIO BEPOSTHOCTb OTHENbHbLIX
COCTOSTHUH, He Jesas HHUKaKHX MpPeAnoJoXKeHuét ob vcno-
BHSIX, ONpeleJdAOllHX MNOABJEHHEe 3TUX BeposiTHocTel. Ta-
KUM 06pasom, B TeopHu DNHLITEHHA MOSABUJCSA CTAaTUCTHYeE-
CKHM acrmeKT TPUHIMNHAJBLHO MHOIO XapakTepa, 4YeMm 3TO
3HaJla KJaccHueckasi craTucrtuyeckas Gusuka. Mcnoawiya
najee GOJbUMAHOBO COOTHOLIEHHE MeXAY 3HTPONHueH W Re-
POATHOCTBIO, a TaKXKe 3aKOH cMelleHUA Buna, A. Dfinuwitefn
NONYYHJT AJNS U3JNTYueHHA OPMYJy, IPAKTHUECKH COBMANAM)
wyio ¢ popmyaoir [lnanka. Bop yBullen B 3ToM pesy/brare
BeCKOe MOATBepKAeHHe CBOeH TOUKH 3DeHHsl, NMpuRelllefi
ero K NPUHLHIY COOTBETCTBUS.

Bropo#t cyulecTBenHbiii BKaan BHec B 1914--1917 rr.
I1. C. dpendecr [12], nokasaBmuil, YTO pacuer ABHKEHHUS
YaCTHI| B aTOMe MOXeT ObITb NPUOIHIKEHHO BBINOJIHEH € NN-
MOLIBIO KJIACCHYECKOH MeXaHUKH He TOJNbKO B CJHydae HEHs3-
MEHHBIX BHEIIHHUX YCJOBHil, HO U B ClyYae HX MeJJeHHOro
«anuab6aTHIeCKOr0» HU3MeHeHHs. DTOT IPHHIMAN, Ha3BaHHbLIN
Bopom npuHIHMMOM «MeXaHHYeckoil TpaHCHOPMHUPYEMOCTHY
(mechanical transformabilily), nossonsn mexaHuueckn
cBSI3aTb MeX1y co00I0 ABa CTallHOHAPHBIX COCTOSIHHSA, XOTS
caMbll mepexon MeXAY HHMH HMeeT CYILeCTBEHHO KBAaHTO-
BbIH xapakTep. dpeHdecT MoKasaJs, 4TO BeJHYUHBI alpHOp-
HBIX BepOSITHOCTEH# J[OJIKHBl OCTABaThCs HEH3MEHHBIMH B
npolecce nepexona.

Onwupasicb Ha Bce 3TH cooGpaxenusi, bop man B 1918 r.
pPasBePHYTYIO TEOPHIO NPHHIHNA COOTBETCTBUS, XOTS OH HH-
KaK He YNYyCKaJ U3 BHAY OTPaHUYEHHOCTH ITOTO NMPHUHLHIMA.
XapakTepHo, 4TO B 3TOi Teopuu Bop He nosab3oBajcsi Mo-
JeJIbHBIM NpejacTaBjeHieM 00 3JeKTPOHHBIX OopOHTax, a, Ha-
NPOTHUB, paccMaTpHUBaJ JIO6YI0 aATOMHYIO CHCTEMY JHIIb K2k
«HEKOTOPO€ YHCJIO 3apSIXKeHHBIX YacTHLU, ABHXYIIHXCA B CH-
JIOBOM TOJie, UMelollleM B NaHHOM NMPHGAHKEHHH NOTeHUHAJ,
3aBHCALINI TOMBKO OT MOJOXKeHHsT 3THX Yactuiy» [10].
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B reuenue nocaenymouiux jger pa3paborka 3THX BONPOCOB
BeJlach B [ByX HalpaBJIeHUSX.

C omxo#t croponsl, Bopom, Kpamepcom u ap. mocaeno-
BaTeJbHO YI1Y6JA1ach TEOPUS JEKTPOHHBIX OPOUT B aTOMe
BOJAOPONA M pa3BHBa/JaChb TEODPHS MABMXKEHHS BaJIEHTHOTO
3JIEKTPOHA B aTOMaXx, 0OHAPYKUBAIOILHUX BOMOPONONOL0OHBIH
cnektp. B 1923 r. Bop Hameuaer Teopuio 3JeKTPOHHOrO
CTPOEHMS BCEX 3JE€MEHTOB MEPUOLHYECKON CHCTEMBI, HCXOIS
M3 MOJEeJNH MOCJeq0BAaTeJbHOTO 3aXBaTa 3JEKTPOHOB MOJEM
sapa [13]. Onupasicb Ha aHa/lu3 ONTHYECKHX H DEHTIEHOB-
CKHX CIIeKTPOB, OH CTPOUT O00O0JIOYEYHYIO MOJeJNb aToMma,
BIpOYeM, CHOBa M CHOBA OTrOBapHUBasi ee YCJIOBHOCTb.

B to xe Bpems Kpawmepc u I'elizen6epr, ocHOBbIBasACh Ha
NPHHUMNE COOTBETCTBUA DBopa ¥ Ha TeOpUH CMOHTAHHOTO M
MHIYIHPOBAHHOTO H31yyeHHsl DiHIUTeHHA, MpeANpPHHUMAIOT
NONBITKY pa3paboTKu Teopuu naucnepcuu. Hesamoaro no
storo Kpamepc [14] BBes HOBOe mpeiacTaB/eHHE O TaK Ha-
3bIBaeMbIX «BHPTyaJbHBIX BHOpaTopax». B mnpexamectsylo-
LHX TeOpeTHYeCKUX paboTax no AMCIepCHH BCerga paccmar-
PHBAJIUCh TOJHKO YaCTOThI MOTJIOLIEHHS, BO3MOXKHbIE AJd OC-
HOBHOTO COCTOSIHMSI aToMa. Kpamepc BrnepBble BKJIOYMI B
HCCJe0BaHNE aToOMa JI00ble BO30YyXKIeHHbIe ero COCTOSTHHUS.
Hcxons u3 npuHUMNA COOTBETCTBHSA, OH NPU 3TOM 0GOCHOBAJ
NpeiCTaBIeHHE, COMJIACHO KOTOpoMy B ¢opMyJse LHCIepCHH
IDOJIKHBI GBITH MPUHSTE BO BHIMAaHUE BCe BO3MOZKHbIE «BHP-
TyaJibHbIE» YaCTOThl HCOYCKaHHUS, T. €. BCE PAa3HOCTH SHEPTHIl
Ey—E;, nas xortophix E;<E}.

Teiisen6epr u Kpamepc [15] npexanpuHsaaun satem wc-
cjeJOBaHHe BO3MYLIEHHS ATOMHBIX CHCTEM, BHI3BIBAEMOTO
noneM uanyuenusi. Kak ykaseiBan Bnocaencrsuu Bop, aBro-
Pbl «CMYTHO HAZEAJHCh, YTO, COeAUHSAS 3hDEKTH AUCEPCHH
¢ a¢ddekTaMy BO3MYLUEHHS, OHH CyMeEIOT MOCTENeHHO HpHi-
TH K TaKOH IepecTpoiike TEOpPHH, MPH KOTOPOH IIar 3a IIa-
rOM MOXHO OyIeT HMCKJIIOYHTb HENpPHeMJeMoe MpHMeHEeHHe
KJIaCCUYeCKUX MpeiacraBaeHuils [4]. ducnepcuonnasi Teopus
[eftsentepra u Kpamepca [15], mwupoko ucnonb3oBas mpen-
CTaBJeHHe O BHPTYaJbHBIX BHOpaTopax, AeHCTBUTEJLHO
BIJIOTHYIO MOJOIITA K OTKPKITHIO KBAHTOBOH MeXaHHKH.
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B To BpeMs Kak, ¢ 0AHOH CTOPOHbBI, IPOAOJIKAJIA YCIIeLl-
HO Pa3BUBATbCA TEOPUSA JHHEHYATHIX CIHEKTPOB, a C JAPYIOH,
Bblpacrajia HOBas TeOpPUA AUCIEPCHH, NPOU3OLII0 COOLITHE,
3acraBuBlIee (PU3UKOB 0OpaTUTh 0C060e BHUMaHHe Ha Ipo-
6aemy, noguaTyio eule B 1905 r. DiHIITEHHOM,— npoGJIeMY
KOPIYCKYJISIpHOH NpPHPOAbl (OTOHOB. S roBOpIO 006 OTKpHI-
Tt B 1923 r. apdekra Komnrona [16]. D10 coOriTHE BHI3Ba-
JIO pa3Hoo6pasHble OTKJAUKH.

B tom xke 1923 r. B Jlonponckom Koposesckom o061ecT-
Be BblcTynua ¢ pokJaagom I'. A. Jlopenu {17], B xoTopoM OH
Ipex/Je BCero HAaNOMHHUJ O NepelJieTeHHH KOPMYyCKYJsSPHbIX
M BOJIHOBBIX NpEACTaBJEHHH O IpHUPOAe CBeTa B Tpyjlax
Huviorona. Jlanee JlopeHu ykaszaj Ha TO, YTO IIpUMeHeHHe
pPeNATUBUCTCKON MEXaHHMKH K JBHKEHHIO KOPNYCKYJ B coye-
T4HUH C BOJHOBBIMH I PeJCTaBJEHUAMH MOTJIO Obi pa3pelluThb
IPOTHBOpEYHUS, KOTOpble HEOJHOKPATHO BCTPeYaJ/IuCh Ha IIy-
TAX pas3BUTHS TeOpUH cBeTa. Bnpouewm, JlopeHu noayepkHy.
IpH 3TOM, YTO HEKOTOpble IPOTHBOPEYHsl BCe K€ OCTAITCA
HepaspelleHHBIMH. B uHc/e 3THX NpPOTHBOpPeuHi OH 0CO00
BLIle/INJI BONpPOC 06 HHTep(depeHUrH cBeTa IpH OOJbLINX
pPa3HOCTAX X044, AOCTUTAIOIUX MHJJIHOHOB AJHUH BOJH, T. €.
~50 cm. T'. A, JlopeH1 ykasaJ, YTo B 3TOM CJydae JIMHeM-
Hble pa3Mephl (OTOHA JOJIKHBI HMETh TOT XK€ NMOPSJOK BeJH-
YHHBl M, 3HAYHT, TAKOH (POTOH-TMIAaHT He MOXKET Jaxe IIpo-
HUKHYTb B Iy1a3. MexJAy TeM OH JOJIKeH ObIThb JOCTaTOYHO
MaJIblM, YTOOBI IMOTJIOILATbCSA eAMHHYLBIM 3J1eKTpoHOM. U Jlo-
peHI| chenan cjelyloluil BuiBoA: «Hesnb3s mymath, 4To pe-
uieHde OyJer HalJeHO B HEKOTOPOH cyacT/IMBOH KOMOHUHA-
LMH NPOTSKEHHBIX BOJH M KOHLUEHTPHPOBAHHbIX KBaHTOB,
npuyeM BOJHBL OYyLYyT OTBETCTBEHHBl 3a HHTep(depeHLHIo,
a KBaHTHl —3a (OTO3JIeKTpUUecTBO». JIOpeHL NpPUXOLWI
STUM IIyTeM K 3aKJIOUeHHIO, 4YTO MeXaHHYeCKOe COYeTaHue
BOJIH U KOPNYCKYJ JJs OObsICHERHs IPUPOABI CBeTa INpPHH-
[[UNIHAJbHO HENPUTOMHO.

$I npunoMuHalo, Kak B 1924 r. B jenuurpamgckom Pusu-
Ko-TexHHYeckoM uHcTuTyTe A. @. Hodde u H. M. dobpo-
HPaBOB OCYLIECTBHJ/IH 3aMeyaTejbHbIH 3KCIePUMEHT, CMBICI
koToporo omucaH A, ®. Hodde B caexyoumux cjaosax:
«ITycTh KaKoH-HHGYIb HCTOUHHK HCIyCKaeT HEKOTOpOe Bpe-
Msl SHEPTHI0 B BHIE BOJH, Ka)KIbli pas liepeaaBasi MM
sHepruio U; BOJIHBI 3TH PacXOAsITCS OT HMCTOYHHKA BO Bce
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cropoHsl, Eciin Mbl 6yaemM Ha6uio[aTh Ha HEKOTOpPOM pac-
CTOAHHH NpPOXOAAILHe MHMO HAcC BOJIHBI, TO MOXKeM OGHapy-
XKUTh Ty 4acTb BOJIHBl, KOTOpasg INPOXOAUT yepe3 MaHHBI
y4acToK, I/le HaXOAUTCA H3Mepsiolluil Npubop (HanpuMep,
BbIOpachiBaeMblil CBeTOM 3J1eKTpOH). M3 sHeprun U opHo-
BPEMEHHO DAaCXOAAILUXCA [0 BCEM HalPaBJEHHUAM BOJH MbI
OXHAAJH OBl MOJYYHTh B JAaHHOM HalPaBJEHHH TOJbKO He-
6oJiblyI0 YyacTb. OcTajibHast YaCTb SHEPTHH M JOJXKHA Oblaa
Obl pa30HTHCh IO BCEM JAPYTHM HaNpaBJEHHUSM OT HCTOYHH-
Kay [18]. Onmir aroT, Gaectsue 3agymanHeiil A. ©. Hopode
1 BuUpTyo3Ho ocyuectBaeHHbi H. M. [Lo6ponpaBoBhIM,
He MOJATBEPAU/] CTOJb YNPOLIEHHOTO NpPEACTAaBJIEHHA O MpH-
poxe ceera. Ho npoGseMa 3Ta BOJHOBaJa B Te TOJAb KaX-
A0ro ¢ushka, u mobad NONbITKA €€ pelIeHHs OCTOPOKHO
paccmaTpHBasnacb M IpOBepsaach.

[TonbiTKy pelleHMA MaHHOH mNpoGJEeMBl chesan TOrAa,
Hanpumep, aMmepukanckuit ¢usuxk [iosu [19], mpeamoso-
JKHBIUKHA, YTO CBET COCTOMT H3 (POTOHOB, KOTOPHIE, OJHAKO,
MOTYT mepenaBaTbh AHQPaAKIHOHHON pelleTKe JHUIb UMIYJIb-
CBl, OnpefeJdeMble KBAHTOBOH TeOpHel, BCAEACTBHE Yero 3a-
KOH paccesHHs KBaHTOB COBNAajaeT C 3aKOHOM [Iu(paKIHH
BosH. HecmoTpa Ha cBOIO KpaiiHIOI OrpaHHYEHHOCTb, TeO-
pusA 3Ta Obl1a TIlaTenbHO NpoaHamusuposana II. C. dpen-
¢ecrom u I1. C. Dmmreiinom {20] U npusHana AOMYCTHMOM
N0 KpailHedl Mepe AJA cayyas KOHEYHOH pelleTku. Teopus
HiosHa no3Bosdna TakxKe OXKHAaThb AW(PaAKUUM MHKpOYac-
ta. Ho ona He comepxana B cebe HHKAKUX HOBBIX MyTeil
IJIsl MCTOJIKOBAHHM#A CBOHCTB aTOMHBIX cucTeM. W mortomy
OHa, ecTeCTBEHHO, KaHnyna B Jlety.

6

[TepBaa monbiTKa CHHTe3a KOPIYCKYJAPHOH M BOJHOBOM
Teopu# cBeTa Oblia npeanpuHsita B 1923—1924 rr. Jlyu
ae bpo#nem. HoBoim B pabore e Bpo#aa 6bi10 Hcmosb3o-
BaHHe ONTHKO-MEXaHH4YEeCKOH aHanoruu I'amuiabrona. OH 1mo-
Kasaj, 4To npuHuun [amuabroHa — MonepTion H NpHH-
uun depma comanaioT, Korga $hasoBasi CKOPOCTb paclpo-
CTPaHEeHHs1 BOJIHBI BLOJNb Jyuya U MU CKOPOCTb [BHKEHHUs
YacTUIBl U CBSI3aHBl COOTHOLIeHHeM u-v=c2 [le Bpoiub
BBIBUHYJ HJEI0 O HEOGXOAHMMOCTH CO3[aHHS HOBOH KBaHTO-
BO NMHAaMHKH MaTepHaJbHOH TOUKH, GOPMYJIUPYd 3Ty HAEI0
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caenyouuM o6pasoM: «HoBasi numamuka cBoGonHol Ma-
TepHaNbHON TOUKH eCTb N0 OTHOILUEHHIO K TMpeXxXHeH AUHAMMU-
Ke (BKJIOYas AMHAMUKY DHHIITEHHAa) TO Ke, 4TO BOJHOBas
ONTHKA [0 OTHOLIEHHWIO K reoMeTpuyeckoi» [21].

Hecmotpsi Ha TO, uTo jne Bpolab npaBuibHo cHopMy.au-
poBaJl OCHOBHYIO MJ€l0 BOJIHOBOH MeXaHHKH, NPHBECTH €e B
CTPOHHYIO (DU3HUECKYI0 TEeopuio eMy He ypaJgocek. Jleso B
TOM, YTO NPAaBHJIbHO COMOCTaBUB YaCTHLAM BOJIHBI MaTepHH,
nc¢ Bpoittb Bce XKe mpojgosiKan MBICAHTL B paMKax MeXaHH-
YeCKHX Mojesned. B cBoefl TeopuH OH TUIETHO CcTapaJcs
KaKMM-TO 00pa3om HaHTu MECTO 4acTHIlbl B BOJHE M HCKal
MO CYyIleCTBY ypaBHeHHe JBHXKEHHS YaCTHLH.

BMmecre ¢ TeM MHTEpeCHO OTMETHTb, UTO OJIecTsllle HalH-
caHHasi paGora jne bpofins 6bli1a B TO BpeMsi C HUHTEPeCOM
npoynTaHa GOJbIIMUHCTBOM M3 Hac, HO MHOIMM Il0OKa3aJjacb
(danrtacTuueckoil. JIio6onbITHO, 4TO XOTs ne Bpoiab yxe B
sToil pabGore 1924 r. mpeackasan sBjeHHe AH(DPAKLHH
3JIEKTPOHOB, 3TO KaK-TO MPOLLIO He3aMeuyeHHbIM. B 1925 r.
ABJeHHe Audpakiuy OblI0O BHOBb HE3aBUCHMO IIpe]cKasa-
Ho DiHITelHOM Anas atoMoB M MousekyJa [22]. Ho u ato3a-
MeuaHHe He NPHUBJEKJI0 K cefe 0cO60ro BHHMAHHS.

B nekabpe 1925 r. MHe J0Besioch MOOLIBAaTH COBMECTHO
c A. ©. Hobde B 1abopatopuu aBuccona u [xkepmepa B
CIIA. Onu mokasbiBaju HaM CBOIO OYeHb M3AUIHYIO JKCIle-
PUMEHTaJbHYIO YCTAaHOBKY H elle HeOIyOJMKOBaHHbie YIH-
BHTEJIbHbIE PE3YJbTaThl ONBITOB IO PAaCCesHHIO 3JeKTPOHOB
OT MOBEPXHOCTH MeTaJunyeckoro kpucramia. Onu 3anaBa-
JIU HeJlOYMEHHHI# BOIpPOC: KaK OOBSICHUTb 3TH CTPaHHbIE
rpapuku? Ho HM UM caMUM, HM HaM, HH KOMY-JIM0O H3 IPH-
CYTCTBOBABIIMX TYT XK€ aMepPHKaHCKMX (DH3HKOB He IPHXO-
JUJ0 TOTAa B TOJIOBY, YTO OTKPLITO siBjieHHe AHPPaKLUHH
snekTpoHoB. M tonbko B 1927 r. IsBuccon u JlxkepMmep
CMOTJIM [aTb NMPaBUJIbHOE HCTOJKOBAHHE 3TUM HOBBIM OIbIT-
HbIM (akTaM, OTKPHITHIM UMH eule B 1925 r., H, ycoBepiueH-
CTBOBaB YCTAHOBKY, NOATBEPAMJIH IpeJCKa3aHHs TEOPHH B
nonHoit mepe [23].

Bo Bcex kHHrax OObIYHO yTBepxKAaeTcs, UTO [I3BHCCOH u
J2kepMep NPEeANpPHHANM CBOe SKCNEPHMEHTaJbHOe HCCIeo-
BaHue M5l NPOBEPKH Teopuu ne Bpoias. HebesbiHTepecuo
MONYTHO BCIHOMHHTb 00 OJHOHM OecnpeueieHTHOH HayyHOH
«naHaMe», paspirpaBIUIedCcss B Te TOJbl. YXKe HauuHas C
1926 r. B du3nyecKUX KYpHAJaX CTaJdH INOYTH eXkeMeCsuHO
NOSBAATbCS BCE HOBble W HOBblE 3IKCMEPHUMeEHTaJbHbIE
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paGoThl Hemenkoro ¢usuka A. Pynna, usymusisiine cBoei
BHPTYO3HOCTbIO, B KOTOPhIX 6JecTsiie MOJATBEpPKAANUCh BCe
TeOpeTHYeCKHe NPEABHICHUS O BOJHOBBIX CBOIICTBAX MHKPO-
yacTHll. BbicTpoTa M KauecTBO BHIMOJIHEHHS CTOAb TPYAHBIX
SKCMepHMEHTAJbHbIX HCC/Ie0BaHHil BCKOpe CTaJH BbI3bI-
BaTb U y Hac, 1 y 3apy0exKHLIX yUeHBIX CMYTHble IOM0-
speHus L.

B cepennne 30-x rogos Pynn 6bu1 paso6aauen B. I'epaa-
XOM Kak MolleHHHK. B «Zeitschrift fiir Physiks 6b10 0nyo-
JIMKOBAHO MOKasiHHOE MHCbMO camoro Pymmna, B KOTOpOM OH
coo6laJj, 4To MOYTH Bce 3TH pabOTHl UM BOOOILE HHMKOr/Ja
He CTaBHJIMCh, HO YTO OH O HUX COOO6LIaJ B COCTOSIHHH... IICH-
XOCTeHHH. JII0GOMBITHO, YTO BCe €r0 CeHCallHOHHble «HcCIIe-
NOBaHHS» HCXOAHIM M3 OepJMHCKON NpOMBIIIIEHHOH J1a60-
patopun «Allgemeine Elektrizitdtsgesellschaft», koropas
NOCIeNInIa OTMEeXeBaThcsi OT pabor CBOero COTPYAHHKA.
K coxaneHuto, 374 MHuMBle paboTbl Pynma nopoio LHMTH-
PYIOTC B COBpeMEHHBIX MOHOTrpadusx.

7

B To BpeMs Kak H3AIIHBIA M HarJasgHbIH NYyTb, KOTO-
pbiM nomiesn ne Bpoiab, He onpaBiaJs BosjaraBHIMXCS Ha
HEero HajexXJ, 3HAUUTEJbHBIX YCIeXOB YAAJ0Ch JOCTHTHYThb
B. Tefizen6epry, nomnsiTaBlleMycsi NPOABHHYTHCS BIepel C
MOMOLLBIO NPHUHIIMIIA COOTBETCTBHUS.

B 1925 r. nosBuaace u3BecTHassi pabora [I'eiizenGepra
«O KBaHTOBO-TEOpEeTHYECKOM INPe0OPa30BAHUHM KHHeTHYe-
CKHX M MeXaHHYeCKHX COOTHOLIEHHi». ABTOp mMoguepkHuBa-
€T, YTO <«TPYJAHOCTH, BCTpeTHBIIMeCS HAa NYTH pa3BHTHA
KBAHTOBOH TEODHH, 3auacTyl0 HeNpaBUJIbHO Ha3bIBAIOT
OTKJIOHEHHAMH OT KJACCHYeCKOH MeXaHHKH... HacToTHoe
ycnoue Bopa — Diinmreiina (W =~hAv), —rosopur Iefizen-
6epr, — npejacrajaseT co60l0 ¢ TOUKHU 3peHUs] KJaacCHUeCKOH
MeXaHUKH, BEpHee, C TOYKH 3peHHS BOJHOBOH TEOPHH, Ta-
KOH OTKa3 OT KHHeMAaTHKH, JieXalllel B ee OCHOBe, UTO JaxKe
B CaMBbIX IPOCTBIX KBAaHTOBO-TEOPETHYECKHX 3ajadyax HeJb-
37 U AyMaTb O CIpaBeJJHUBOCTH KJIacCHYeCKOH MeXaHHKH.
ITosaToMy Hajgo ¢ caMoOro Hayazsa HOJHOCTHIO OTKA3aTbCs OT
Hazex/abl Ha HabJiofeHHe HeHa6J/l0laeMblX BeJHMUHMH U IO-

B 1929 r. B. I'epnax Miic JIHYHO TOBODHJ, YTO ON TBepAO yGexcJen, 4To paGoTbi
Pynna siBASIIOTCS NONPOCTY HaAyBaTEILCTBOM.

14



Jlarath, UTO COrJlacHe C- ONBITOM pacyeToB, OCHOBAHHBIX Ha
KBAHTOBBIX MpaBHUJaX, SBJASIETCA MOMPOCTY CAYYaHHBIM...
Henb3s mpunucath 3/7eKTPOHY TOYKY B INPOCTPAHCTBE B
(OYHKIMH BpeMeHH TMOCPeNCTBOM HaGJIOgaeMblXx BeJH-
YHH»,— pelluTeJbHO 3asiBUN [TeiizenOepr [24]. MuwiMu cio-
BaMH, ['efiseHGepr mOMBITAJICS MOCTPOUTh (HhEHOMEHOJOTHYE-
CKYIO TEOpHIO, UCKJIOUUB H3 PaCCMOTPEHHS] KaK «HENocpel-
CTBEHHO HeHalbJjil0jlaeMble» BCE Te BEJHUYHHBE, KOTOpble Xa-
PaKTepU3yIOT KHHEMATHKY 3JeKTpoHa B atoMe. OH B3si1 3a
HCXOAHble BEJIMYUHBI TOJIHKO YACTOTHl CIEKTPaJbHBIX JHHHI,
UCIYCKAaeMbIX 3JIEKTPOHOM INpH Nepexojax MexXAy CTalHo-
HapHBIMH 3HEPreTHYeCKHUMH YPOBHSIMH. DTH 4acCTOThI Npej-
CTaBJSIIOT ABYXMepHOe CYETHOe MHOroo6pashe, KOTOpOe
[efizenGepr 3anmucana B BHAe MaTpulbl. Tak 6bIIO 3a/0XKeHO
OCHOBAHHE «MaTpPHYHOH MeXaHHKH».

Pasymeercsi, kaXXnomy, KTO YMTaj] BHIIIENpPHBEIEHHbIE
cioBa ['efizenGepra, M0MXKHO ObLIO GPOCHTHCS B TJla3a, UTO
HeMOCpPeICTBEHHO HeHAOJI0aeMOi» BEJUUYUHOH SBJSIJIOCH
He TOJMbKO MeCTOIOJIOXKEHHE W TPAeKTOPHsl 3JeKTPOHA BHYT-
pu aToMa, HO U BooOllle cam atoM. [losToMy paccyXkneHue o
HabaogaeMblx M HeHaGJIOfaeMbIX BeJHUHHAX, Mpeanoc-
JIaHHOE H3JI0XKEeHHIO «MaTpHUYHOH MeXaHMKH», He MOTIJIO CJy-
XKHTb CKOJbKO-HUOYNb yOelUTENbHOIl apryMmeHTalue - qJs
MHTYUTHBHO OTKpBITOro IefizeHGeprom HOBOro ¢GopMajibHO-
ro MeTona paciera. B stom Meroje «HaGJI0faeMble» BeJH-
YHHEBI, XapaKTepHU3yIOlllie CTallMOHApHble COCTOSIHUST U Nepe-
XOIBl MeXJy CTAUOHAPHBIMU COCTOSIHHSIMM, CBSISBIBAIOTCS
C BeJMYMHAMH, XapakKTepH3yIOUIMMH H3JIyuyeHHe, NOCpen-
CTBOM alnapara NPHHIHUIA COOTBETCTBHUS.

Camomy lefisenbepry He ynanoch cpasy IOCTPOUTH GoOp-
MaJbHbIF annapaTt MaTpPHYHOM MeXaHWUKH, OH TOJbKO HaMe-
Tua ero. PakTHYecKH 3TO OBLIO OCyllecTBieHO DopHoM u
Hopnanom [25] coBmectHO ¢ [efizenGeprom [26].

HHTepecHO OTMETUTb, YTO 3TOT MaTeMaTHUECKWil amma-
pat Obl1 B TO BpeMsl HACTOJNBKO UYXKJ M MaJoHU3BeCcTeH (pH-
3ukaMm, 4To bBopny u MWopnany npumioce mnpenmociaarthb
cBoelt crathe [25] KpaTKoe M3JI0’KEeHMe TEOPUH MATpPHIL.

Brnocnencteun H. Bop B onHo#f 13 cBoux crareit [4]
BCIIOMHMHAJ COKpYIIeHHble cloBa IOHoro [efisenGepra, cka-
3aHHble UM BO BpeMsl pa3pabOTKH OCHOB MaTPHYHOH Mexa-
HUKH: «Y4YeHble TeTTUHIeHCKHe MaTeMaTHKU TOBOPSIT TakK
MHOrO 00 3DMHTOBBIX MaTpHlLiaX, a s Ja)Ke He 3HAIO, UTO
Takoe — mMaTtpHuual».

15



Pacderel oTAe/bHBIX KOHKPETHBIX 3a1a4, OCYLIeCTBJIeH-
Hbole BopHom u Hopnanom c¢ noMmolubl0o BHOBb CO3JaHHOH
MaTpHuHO# MexaHHKH [efiseHbepra, oka3anucb B IpeBOC-
XOQHOM COTJIACHH C 3KCIepHMEHTaJbHBIMH NaHHBIMH, HaMe-
THB TeM CAaMBIM OrpPOMHBIE NepPCIeKTHBbHI HOBOH TEOpHH.

8

B 1926 r. 3. llpenudrep ony6JuKoBaa pe3yJbTaThl CBO-
ero HCCJIel0BaHUs {%7], K KOTODBIM OH IIpHILEJ, WASl TyTeM,
CYLLECTBEHHO OTJHMYHBIM OT myTH [eli3eHGepra. dta pabora
cpasy e NpukoBaja K cebe BceoOlllee BHUMaHHMe. Kak
orMeuaeT caMm lllpenuHrep, TOJYKOM K ero HCCJeNOBaHHIO
NocJayXHuaa BoJHOBass MexaHuka ne Bpoiasa. Ho B otauume
OT TOCJeAHero, OH IONBITAJCH DPELIMTh 3ahauy ABHKEHHS
YacTHIbl, pacCMaTpHBas ee Kak BOJHOBOH maker. [logo6GHo
ne Bpoinio lpenuurep onupasncs Ha ONTHKO-MeXaHHUUYECKYIO
aHasoruto. Ho ecan Ha nepBom atame u camomy llpenun-
repy, ¥ ero 4urares]siM KasaJoch, YTO peub HJAET B HEKOTO-
po¥ cTemeHM O HarJsAHOM KapTHHe JBHXKEHMSI YacCTUL H
BOJIHOBBIX MaKeTOB, TO B MpOLlecce AafbHekIleldl pa3paboTKu
TEOPHM M IOSBJEHHS B NeyaTd NOCIeNYIOLIMX YacTeHd 3TOH
paboTHl CTAJIO SICHO, YTO TEOPHS TPAKTYET O BOJHAX B KOH-
(burypauMoHHOM NPOCTPAHCTBe M, CJeLOBATeJbHO, BO3BpaT
K CTapblM HarJsiIHBIM TNpEeACTABJEHUSM He HMEEeT HHYEero
obllero ¢ aToi Teopuer.

CyluecTBEHHBIM U BaXXHBIM OBIJIO TO, YTO KBa3MBOJHO-
Basi teopusi lllpenunrepa u matpuuHas teopusi [elizenGep-
ra NMpUBOAMJM INpPHM pacyeTax K HAEHTHYHBIM De3YJbTaTaM.
Bckope 6bl10 mokasaHo, YTo o6e TeOpuH MpPeAcTaBJSIOT CO-
6010 JUIIb ABa acleKra OAHOM M TOH Xe KBAHTOBOH MeXa-
HUKH.

Ho rtenepb, Korma MaTeMaTH4eCKuil amnmapaT KBaHTO-
BOH MeXaHWKH Obl1 yXe MOCTpoeH, MpuoGpeTans akTyalb-
HOe 3HaueHHe BONPOC O ee (PU3MYECKOH HHTEPNpETALMH H,
B YaCTHOCTH, O (PH3HYECKOM CMBIC/IC I[UPEIUHrepOBCKOM
P-PYHKIIUH.

Bopa B 1927 r. nosoXua1 Hayano CTaTHCTHYECKOMY
HCTOJTKOBAHHIO KBaHTOBOH MexaHUKH [28]. OH mokasaJ, uTo
€CIM paccMaTpUBATL MHKPOYACTHUBI C  KOPNYCKYJSIPHOIi
TOUKH 3peHus, TO KBajapary P-QyHKUHM HALO MNpPHUIHCATh
CMBIC/I TIIOTHOCTH BepOSITHOCTH.
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DTa TPaKTOBKa KBAHTOBOH MeXaHWKH NoJjyduaa B 1927r.
JHauuTeJNbHOe nojkpenseHue B paborte ['efizenGepra [29], B
KOTOpOH GBIJIO BbIBEIEHO U OGOCHOBAHO M3BECTHOE «COOTHO-
lIeHHE HETOUHOCTeH», HA3RaHHOE BIOCJCACTBUH <IPUHLIH-
noM HeomnpeaeseHHOCTH». PaKTHUECKH H3 COOTHOLIEHHS He-
TOUHOCTEN cJe[yeT, YTO MHUKPOYACTHLLI HE SIBJSIIOTCS HU
JMCKPETHBIMHM KODPNYyCKyJaMH, HU BOJHAMH, HHU KOMOUHA-
UMed TOro M OPYyroro, HO MPeACTaBJAAT co00I0 MaTepu-
ajapHble 00beKTbl ocoboro pona, He nMmeouine cebe aHano-
rop B MakpoMmupe. KX nBHXKeHMe MOXKHO aNMpOKCHMHPO-
BaTb NepeMelleHHeM KOPIYCKYJ JIHIIb NMPH YCJIOBHUH OTKasa
OT TPUMEHEHHS K HHUM JalJacOBCKOro JeTepMHHH3MA.

B enimeynomsayToit paGore 1927 r., onyGanKOBaHHOM
nox 3araaBuem «O HarJsIHOM COLepKaHHH KBAHTOBO-TEO-
peTHYecKON KHHeMaTHKM M MeXaHHkH», ['efizenbepr mucau:
«MBbl TOIBKO TOTJA TOJIaraeM, YTO HarJjsiAHO MOHSAH (PU3H-
UECKYIO TEOpHUI0, KOrZa Mbl MOXKeM BO BCeX MPOCTbIX CJaY-
4asaX KayeCTBEHHO NMPOAYMAaTb 3KCIepUMEHTAJIbHbIE CHAENCT-
BHsl, BbITeKaloUlue U3 JaHHON TEOPUH; HO Mbl JOJXKHbBI MpH-
TOM OJHOBPEMEHHO YCTaHOBHTb, YTO MpPHUMEHeHHe 3TOM Teo-
pPHH HMIe He COIEpIKHMT INpoTuBOpeunity. CTaTHCTHYecKas
TPAaKTOBKA KBAHTOBOH MEeXaHHKH SBHJIAChb OJHHUM M3 MeTO-
OB ee HarJsJHOro moHuMaHus. Ho mpunuceiBass MHKpO-
yacruuam aTpHOyThl KOPNYCKYJ, 3Ta TPAKTOBKA BBIHYXKIEHA
Obl1a coesaTh UX UTPYIIKOH HEYMOJMMOTO pOKa.

B te roabl cpenu (U3MKOB LM JHCKYCCHH O TOM, KaKoH
acnekT — BOJIHOBOH HJIHM KOPHYCKYJSIPHBIA — clelyeT MHpel-
1104eCTb, KOTOPBII M3 HUX Jydllle COOTBETCTBYEeT HCTHHHOM
npupole MHKpouyactul. JlMCKyccHH IIJIM O TOM, KakK <«Ha-
rasiaHo» cebe mpeicTaBUTh 0ObequHeHHe O0GOHMX aCleKTOB.

B cBs3u ¢ 3THMH OOCYXIEHUSIMH 51 HEOJHOKPATHO MNpH-
BOAMJ pacckKas, yC/bILIAHHBII MHOIO OZHAMX/Jbl OT YeJOBEKA,
NonaBUlero B AaBHHe BpeMeHa B 2amnoJasipbe. MecTHble XKu-
TeJqd 3HAJIU TOT[AA H3 OBOIIEH ONHY KapTOIUKY, a U3 frox—
OJIHy JUIIb KJIOKBY. M BOT OHM OGpaTHINCh K MNpHe3xKe-
My c npocbOo#f pacckasaTb UM, 4To CO60I0 NpeacTaBJsieT
16/10K0. «56/M10KO MOJ06HO KJIOKBE, HO BEJHMYMHOH OHO C
KapTOLIKY»,— OTBETUJ OH UM. M oHU Oblu BMOJIHE yIOBJET-
BOpeHbl 3THUM OTBETOM, BOOGpasuB, UTO TeNepb OHM MOTYT
cebe «HArJsHO» NMpeJCTaBUTh s16J10KO.
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Hrak, nombitaeMcsi Teneph chopMysupoBaTb OTBeT Ha
BONPOC, HA YTO 2Ke YIWIM ABajALATHIETHHE HUCKAHHA (HU3H-
KOB, IIOCTENIEHHO IIpHBeAlUHe HX OT TMOJY3IMIHPHUUECKHX
KBAaHTOBbIX NOCTYJIATOB K POKAEHHUIO KBAHTOBOH MEXaHHKH.

CyTb 3THX HCKaHMH 3aKJjiouajach, BO-IIEPBbIX, B IOCTe-
NEeHHOM TMpHUCNOCcOoOJeHWH MBILIJIEHHST K HOBBIM Mapajo-
KCaJbHBIM OMNBITHBIM (haKTaM; BO-BTOPBIX, OHa 3akKJya-
Jacb B IIOMCKaxX NyTel, BeAYILUX CKBO3b «IIOTEHUHAJbHBIK
f6apbep», OTHENSIBIIMI CTAPYI0 KJAaCCHUECKYI0 CHCTeMY KOH-
LenUUi OT HOBOHM KBAHTOBOM CHUCTeMbl KOHIENIHH, H,
B-TPETbHUX, OHa COCTOsiia B pa3paboTKe afeKBaTHOTO MaTe-
MaTHYyecKoTo almnapara TeOpHH.

W nump Torga, Korja BCe 3TH 3ajaud ObUIM pellieHbl
YCHJIHSIMH MaJleHbKOH TOpPCTOYKHM YueHbiX, (usuka XX cro-
JIETHs] B UEJIOM IIpeojlosiesla KPYTOH «lepeBaj» W IpHILIa
K FPaHAMO3HBIM yclexaM HalUlUX AHEH, yBJieKasi 3a co0olo
BCe OTPAC/JH €CTeCTBO3HaHMS.

Ecnu cpaBHUMTB 3TOT nmyTh, TaK CKasaTb, YTPOOHOTO pas-.
BUTHSI KBAHTOBOH MEXaHHKH C MHYTeM, NPOJAEJaHHBIM KOr-
Ha-To KJ1aCCCHYeCKOH MeXaHHKOH OT 3MIIHPHYECKHX MOCTY-
natoB Kennepa no ¢opmynnpoBku nucdepeHuHalbHOTO
ypaBHeHUus HbioTOHA, TO Mbl MOXeEM C M3BECTHHIM Y OBJIET-
BOpeHHeM KOHCTAaTHpPOBATh, YTO KBAHTOBAsl MeXaHHKa MPOLU-
Jla aHaJIOTHYHYIO CTaAMIO 3BOJIOLMHM IIOYTH B YeThipe pasa
ObiCTpee KJIacCHYeCKON MeXaHHKH.

JHTEPATYPA

1. JI. A. I'ze608. VI3 HCTOPHH cO3JaHHS KBaHTOBOH M2xamukud.— «Tpy-

aet UUET», 1. 28, 1959.

1;.1 Kponue. Tlepenomueie rofb.— «Teopernueckas ¢usnka 20-ro Beka».
. 1962.

B. Tetizen6epe. BocnoMuHanusi 06 3100Xe PasBUTHA KBaHTOBON MeXa-

HUKH.— TaM xe.

N. Bohr. Die Entstehung der Quantenmechanik.— «Werner Heisen-

berg und die Physik unserer Zeit». Braunschweig, 1961.

. E. Hund. Géttingen, Kopenhagen, Leipzig und Ruckblick.— Tam xe.

JI. de Bpoise. Pepomonusa B puskke (HoBasi (pH3uKa M KBaHTH). M.,

1965.

M. Jammer. The conceptual development of quantum mechanics.

N. Y., 1966.

. F. Hund.— «Physics Today», 19, 23, 1966.

. N. Bohr.— «Phil. Mag.», 26, 1913.

18

©E N om s w N



10 N. Bohr. Det Kgl. Danske Vidensk. Selsk. Skrifter. Nat. Math.
Afd. 8, Rackke 1V, 1, 2, 1918.

11. A. Einstein.— «Phys: Zs.», XVIII, 121, 1917.

12. P. Ehrenfest.— «Proc. Acad. Amsterdam», XVI, 591, 1914; «Phys.
Zs.», XV, 657, 1914; «Ann. d. Phys.», LI, 327, 1916; «Phil. Mag.»,
XXXII, 509, 1917.

13. N. Bohr.— «Zs. . Phys.», 18, 117, 1923.

14. H. A. Kramers.—«Zs. 1. Phys.», 3, 199, 1920.

15. W Heisenberg, H. A. Kramers.— «Zs. f. Phys.», 31, 681, 1925.

16. A. H. Compton, A. Simon.— «Phys. Rev.», 25, 306, 1905.

17. H. A. Lorentz.— «Collected Papers», 8, 1923.

18. A. @. Hogpgpe. OcHOBHBIE TpPENCTaBNECHHA COBPEMEHHOH (UIMKH.
M.—JI., 1949.

19. W. Duane.— «Proc. Nat. Acad.», 9, 158, 1923.

20. P. Ehrenfest, P. Epstein.— «Proc. Nat. Acad.», 10, 133, 1924.

21. L. de Broglie.— «Ann. de Phys.», 3, 22, 1925.

22. A. Einstein.— «Sitzungsber. Preuss. Akad. Wiss.», 23, 334, 1925.

23. C. Davisson, L. H. Germer.— «Phys. Rev.», 30, 705, 1927.

24. W. Heisenberg.— «Zs. 1. Phys.», 33, 879, 1925.

25. M. Born, P. Jordan.— «Zs. . Phys.», 34, 858, 1925.

26. M. Born; W. Heisenberg, P. Jordan.— «Zs. {. Phys.», 35, 557, 1926,

27. 115 Schroedinger.— «Ann. d. Phys.», 79, 361, 489, 734; 80, 437; 81,

09, 1926.
28. M. Born.—«Zs. 1. Phys.», 37, 863; 38, 803; 1926.
29. W. Heisenberg.— «Zs. f. Phys.», 43, 172, 1927.

M. 3. Omenvanoscruii

HIOEH NHAJIEKTHKH B KBAHTOBOM ®H3HKE*

B KBaHTOBLIX BO33peHHsX Haubosee TIY6OKO. BHIPAXKa-
I0TCS XapakTepHble YepThl COBpeMeHHOH (QH3UKH, U AYX OHua-
JIEKTHKH B KBAHTOBOH TE€OPHH IpOsiBJseT cebs M0-0c060MYy
pKO. YKe B KBaHTOBO# runorese IlnaHka u ¢orToHax DiH-
IITeffHa 3aKJI04aJcs 3apOoAbIIl 1HaJeKTHYeCKHX MpPOTHBOpe-
yyil, pa3BUTHE KOTOPBHIX NPHUBEJO K KBAHTOBOH MeXaHHKe H
KBAaHTOBOI TEOpUH TOJIsT HAlIUX nHel. Hacto yTBepxaaercs,
yto [lnaHk, nmbiTasich NOHATb KBAHTOBble CBOHCTBA H3Jyye-
HUSI, HE OCTABJAJ MOYBBl KJACCHUYECKON (PU3HMKH, HO ropasio
pexe oOpaulaioT BHHMAaHHe HA €ro MBICJAU O KOPNYCKYJsp-
HOH W BOJIHOBOI THIIOTe3aX CBETa, KOTOpble CTOUT 3/1€Ch Ha-

* Muorue IOJOXeHHs] HACTOSIEro AOKJAajna GblnM YyTOYHEHb M Pa3BHTH B paGorax
aBropa 1968—1969 rr. (cM. ero craTbH B KHUrax: «MaTeplajnCTHYECKAsi JHaJEK-~
TIKA M MeTOAbl eCTeCTBeHHbIX Hayk». M., 1968; «JIeHnn u coBpeMeHlIOe eCTeCTBO-
snanne». M., 1969, u ap.).
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noMHuTh. Ilo caoBam IlnaHka, 3TH rUnOTE3bl «MPOTHBOCTOAT
Ipyr ApYry, KaKk nBa paBHBIX 1o cuje 6opua.. Kaxkop Oyaer
ucxon 3toil 60pbObl, Mpenckasarb TpyAHO. Ho BeposTHeil
BCEro, 4TO HH OIHA M3 3THUX JBYX T'MNOTe3 He OAEPXKHUT OKOH-
yaTeJbHOM Nobenpl; ¢ KaKoU-TO Gosiee BHICOKOH TOYKH 3peHHS
OyayT yKasaHbl KakK DOCTOMHCTBA, TAK H OJHOCTOPOHHOCTb
Kaxxno# runoressi» [1, ctp. 54—55].

O6 JiHwiTeliHe TaKxkKe XOPOIUO HM3BECTHO, UTO OH pac-
CMaTpHBaJ MHKPOYACTHLBI B acrnekTax npeacTaBjeHnit Kiaac-
"HYECKOH (HU3MKH M OTKJOHSJ B3r/sabl bopa Ha KBaHTOBYIO
MexaHUKy. Bmecre ¢ TeM — 3TO cyluecTBeHHO — DHHIITEHH
Bcerza OTMeuas (GyHIaMeHTaJ/bHBIH XapakTep Aas (QU3HKH
06LelMHeHHs] KOPNYCKYJ/ISIPHBIX U BOJHOBBIX HJei.

KBanroBas runoresa [1naHka U GOoTOHB DiiHIITElHA, MO-
nenb atroma Bopa, «BosHel Matepuu» JI. me Bpoiansa, mart-
pHYHAsA M BOJHOBAs MeXaHHKAa, KOHUENIHS HOTOJHHTENbHO-
CTH, HE€H KBAHTOBOH TEOPHH MOJEeH — BCe 3TO BeXH (¢H3H-
YeCKOTO IIOHMMAaHHUs ABMXKYLIelicsl MaTepHH, Kak obJjanpaio-
Uledl OOHOBPeMeHHO KOpNYCKYJSPHBIMH (IHCKPEeTHBIMH) H
BOJTHOBBIMH (HenpepbIBHBIMH) CBOMCTBaMHU.

O nuanexkTHKe U ee HeOOXONMMOCTH B (H3HKe MO-CBOE-
MYy — IIpSIMO HJIM B HeIBHOH (hOpMe — BbICKA3bIBaJHCh BHI-
Jamouyecss yyeHble Hallero BpeMeHH, KPHTHYECKH OTHOCSH-
muecss K NpPeTeH3UsIM INO3HTHBH3MA OBbITb eIHHCTBEHHOH
¢dusocodbueii Hayku. bop, muckyrupys c DEHWTEHHOM O
npobseMax TeOpHH NO3HAHUS B aTOMHOH (H3MKe, NMUCAJT O
«r1yOOKHX HCTHHAX», [IPEACTABJAIOIIMX «TaKue yTBepxkKie-
HHSI, YTO TIPOTHBOIOJOXKHBlE HM YTBEDXKIEHHS CONEepKar
tTakxe ray6okyio uctuny» {2, ctp. 93]. ITomoGHBIX Mbicaed
HemaJso B paborax JDHHuteliHa, [efizenbepra, [Taysau, Bop-
Ha. [TokasaTejbHa B 3TOM IJIJaHE CTHXHHMHAsi MaTepHaJHCTH-
yecKasl W JHajleKTHYeCKas MO3HLKS aMepHKaHCKOro y4eHOro
P ®eiitnmana B ero «Jleknusx no ¢usnKe»; oHa THIHYHA
0/ GOJbUIMHCTBA COBPeMEHHBIX YueHBIX B OypiKya3HbIX
CTPaHaX C X KPHTHYECKHM OTHOLLIEHHEM K NTO3UTHBH3MY.

Xopowo u3BeCTHO, KaKyio 60Jbliyio paGoTy BeayT yue-
Hele Coserckoro Coio3a M JpYTuX COLHAJHCTHYECKHX CTPaH
M0 MCCIe0BaHUI0 PHIOCOPCKUX MpPOBJIeM COBPEMEHHOH (H-
3MKH. J10CTaTOUHO 31€Ch HAMOMHHUTD, UTO C MO3ULHH JHaeK-
THYECKOrO MaTepHaju3Ma JaHO MCTOJKOBaHHe TEOPHH OTHO-
CHTEJbHOCTH H KBaHTOBOH MeXaHHKH, NMpPOAHAIH3UPOBAHbLI
CVIIEeCTBEHHble BOMPOCH,, OTHOCAIIMECS K JIOTMKe Hayd-
HOTO NMO3HAHHUS, PACKPBITHI HECOCTOSITEIBHOCTb MO3UTHBHCT-
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CKOH M APYTHX MA€AJNHCTHYSCKHX HHTEPIpeTalHtil NPHHIMIOB
COBPEMEHHbIX (PU3HYECKHX TEOPHH.

XoTesnochb Obl MOAYEPKHYTb, UTO 3Ta paboTa, €ClH MOKHO
TaK BbIPA3UThCSA,— He TOPKECTBEHHOE 1LEeCTBHE N0 MpOCIeK-
TaM IIO3HaHHsA, a KeCToKas M ynopHas 6opbba ¢ HaIIMMH
H/l€0JIOTHYECKHMH NPOTHBHHKAMM.

Cefiuac 0cOGEHHO YCHJIM/IHCh aTaKH HeJPYrOB MapKCH3-
Ma-JeHMHH3Ma Ha JHuajeKTHUeCKHiH MaTepHalusM H ero
NpUMEHeHHe B eCTeCTBO3HAHMH. Bce wKOALI cospeMeHHOIl
peakinHOHHOH ¢unocodpun o6beAUHSAIOT CBOH YCHJIHS NMPOTHUB
MaTepuasn3Ma M JAHaJeKTHKH B €CTEeCTBO3HAHHH.

CooTtBercTBYOIHX (PAKTOB B 3TOM OTHOIUEHHH GOJbIle
yeM J0CTaTOYHO, HO 51 He COOMPAlOCh HA HUX OCTaHABJIHBATH-
Csl; XO4y TOJIbKO O6GpaTHTb BHHMAaHHE Ha TO, YTO BCe OHH Ha
CBOH J1aj, CBHAETEJbCTBYIOT O Gosiee M Gosiee KpemHyle
CBI3M COBPEMEHHOIO eCTeCTBO3HAHHS M MaTepHasHMCTHYe-
CKOH AUa/eKTHKH.

O6paTtumcsa K HEKOTOpbIM MpobieMaM Halleill TeMbI.,

1. Jlonoanuresbrocts 1 OuasexTuka

OTkpbiTHA B ABJIEHMAX ATOMHOrO Macuwitaba KOPMycKy-
JISIPHBIX CBOMCTB CBe€TAa M BOJIHOBBIX CBOMCTB BEIECTBA IMO-
CTaBW/IM 3afauyy OObeIVHeHHs KOPMYCKYJSAPHBIX H BOJHO-
BHIX NpeACTaBJeHHH O BellleCTBe U MoJie NPHMEHHTENbHO K
aTOMHBIM npoueccaM. Pelllenne 3Toi 3amaun 3aTpyaHAIOCh,
O[lHaKO, MOTOMY, YTO C TOYKH 3PEHMS KJIACCHYeCKON (DHU3UKH
OOBCKT B JJaHHOM IpOLleCCe He MOT BECTH CYLIECTBOBAaHHE B
BH/le UACTHIbl ¥ OJJHOBPEMEHHO BOJIHbI; B «JIy4llIeM» CJyuyae
B JI000OM [aHHOM NpolLleCcCe BOJHA W YacTHL@ MOIJIH, TaK
CKas3aTb, COCYWECT808ATH, TPENCTaBJAASCH B BHIE He-
KOTOPOH KJIaCCHUECKOH Mopaenu. IDTo 3aTpy/HeHHe, Kasa-
JI0Cb, JOJKHa OblJla MPeoLoJIeTb KOMeHrareHcKasi HHTepIpe-
Talusi KBAHTOBOH MEXaHHKM.

[Tocneanuit Tepmun npunagnexur Ieitsenbepry. o ero
cl0oBaM, KOIEHTareHcKas HHTeprnpeTalusi KBAaHTOBOH Mexa-
HUKM HauMHaercs C Napajokca: NPHHUMAETCH, YTO KaXK bl
3KCMepUMEHT, 0e3pasjIiyHO, OTHOCHTCSl JIK OH K SIBJIEHUSIM
NOBCEHEBHOH XH3HHM WJIM K aTOMHBIM SIBIEHHAM, HOJIXKEH
OMHKCBHIBATLCA B IOHATHAX KJacCHuecKoH (H3HMKH, U BMecCTe
C TeéM NMpHU3HAeTCH, YTO NPUMEHUMOCTb UX OrpaHHUEHa COOT-
HolleHHeM HeompepgesneHHoctell [3, crp. 27]. Kopnyckyasp-
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Hasi ¥ BOJIHOBAasi XapaKTePUCTUKH aTOMHBIX OOBEKTOB, Pa3b-
Acusier [efizen6epr gaJjee Hael0 NONOJHHUTENBHOCTH bopa,
B3aHMOHCKJIIOYAIOT OfHA APYyrylo, HOO olpeleseHHAss Bellb
He MOXeT OBITb OZHOBPEMEHHO yacTHLleH (T. e. cyGcTaHIM-
ell, OTpaHHYEHHOH OyeHb MaJjbiM 00DHEMOM) M BOJIHOH (T. €.
NoJIeM, PACIPOCTPAHAIOIIMMCA B IPOCTPAHCTBe OOJBLIOIO
pasmepa. Ho o6Ge xapakTepHCTHKH AONOJHAIT APYT Apyra.

Takum o6Gpasom, KomeHrareHCKOH HWHTepHpeTalyuH, [0
CYILECTBY, HEOOXOAUMO OblJIO OCMBICJAUTL AHAJEKTHKY aTOM-
HBIX IPOLLECCOB, KOTOpas Halllla BbipaKeHHe B OTKPHITHH
NPOTHBONOJIOKHBIX KOPNYCKY/ISAPHBIX M BOJIHOBBIX CBOHCTB
4TOMHBIX O0'bEKTOB.

OTMeTHM fBa acliekTa KONEHTareHCKOH HHTCPIpeTalHH.
[TepBui#i M3 HHX, pa3BuBaeMblil ['eli3eHOeproM, cBOOHTCS K
caenymomeMy. B knaccuueckoit pusnke B NIpUHIKIE BO3MOXK-
HO OCBOOOAMTbLCS OT BJMAHHMA INpolecca H3MepeHHs Ha
00beKT; B KBAHTOBOH MeXaHHKe TaKoe OCBOOOXKIeHHE B
NPHHIHUILE HEBO3MOXHO, TaK KaK B HEH HMEETCs COOTHOLIeH e
HeonpeaeseHHOCTeH, KOTopoe 06YCJ/0BJIUBAeT HETOYHOCTH B
M3MepeHusix oObeKkTa (MAes <«IPUHLHIHAJIBHON HEKOHTpPO-
JMPYEMOCTHY ).

Btopoi#i acnekt, paspabotaHHblii Bopom, MoxKHO Hu3J0-
XHTb TakMM 06pa3oM. MHKDPOOOBLEKTH He MOTYT paccMar-
pHBaTbCS HHM KaK YacCTHIbI, HU KaK BOJIHBI B CMBICJE KJjac-
cHyeckol (M3MKH. B ogHMX 3KCnepHMEHTa/bHBIX YCJOBUSIX
HauboJlee eCTeCTBEHHbIM SIBJISIeTCS1 ONHCaHHE MHUKPOOOBEK-
TOB, HCXOAA M3 KOPNYCKYJSAPHBIX NpeNcTaBJeHHH, B ApY-
TUX — MCXOAs U3 BOJHOBBIX Npeacrasienuii. O6a oHu Haxo-
JAATCSA B JOMNOJIHUTEAbHOM COOTHOLIEHUH IPYT K APYTY, U 3TO
COOTHOIIEHHE 00ecneynBaeT HeNPOTHBOPEUHBOE NPUMEHEHHE
KJIaCCHYECKHX IOHATHA B 00JIaCTH MHUKDPOSIBJIEHHH,

OO6blyHO MOJIAraloT, YTO 3TH AacleKThl 3SKBHBAJEHTHHL.
I'efisenGepr, HanpuMep, OXOTHO NpPUBJIEKALT ML AONOJHH-
TEJIbHOCTH B CBOMX PacCyXEHMAX; TakKxKe U Bop mpusiekad
UJIEI0 «HEKOHTPOJHPYEMOrO B3aHUMOAEHCTBUA MeXKAY OObeK-
TOM H NPUOOPOM (CM. ero cTartbio «O MOHATHAX NPUYUHHO-
CTH ¥ JONOJIHUTENbHOCTH» [4]). Bce e sTH acnekTh He coB-
najarwT, YTO NOCTATOYHO YeTKO BLIABJSETCS B IOCJEIHUX
paGorax Bopa, ocobenHo B ero cratbe «KBanTOBas (pusuka
1 pusocodus» (1959) [5].

[Ipexxne Bcero B acmekTe KOMNEHrareHCKOH HHTepIpera-
1uy, paspaboranHom [efizeHGeprom, HoAguepkUBaercs He
CTOJIBKO Ta MDICJIb, UTO MHKDPOOOBEKTAaM HeJb3si NPHUIHUCHL-
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BaTb CBOHCTBA W MOBEIEHHE MAaKPOOGBEKTOB, CKOJBLKO TOBO-
PHUTCH O «HETOUHOCTSIX», CBSI3AHHBIX C MPHMEHEHHEM K MHK-
poo6GbEeKTaM KJIaCCHYECKHUX MOHATHI. ITHM «HETOUHOCTIMY» H
COOTBETCTBEHHO HCTOJKOBAaHHOMY COOTHOLIEHHIO Heompele-
JIEHHOCTEe! MPHUNHUCHIBAETCS HECBOHCTBEHHOe UM (yHAaMed-
TaJlbHOE 3HAUEHHE B KBAHTOBOH MexaHuKe. B ayxe takoro
TOJKOBaHHS M npepsaraet ['efizeHOepr pellleHHe Mapamokca,
¢ KoToporo— o006 3TOM IIja peyb BbIIIE — HAUMHAETCS KO-
NeHrareHckast Hutepnperanus L.

[Touemy kiaccuueckue MOHSTHs, MOCPEACTBOM KOTOPHIX
ONMCHIBAIOTCA 3KCHEPUMEHTHl C aTOMHBIMH 00beKTaMH, He
TOYHO COOTBETCTBYIOT 3THM oGbektaM? OtBer, mo I'eiizen-
6epry, COCTOUT B TOM, UTO «HAGJIIOJeHHEe HTPALT PelIAIIYIO
poJIb B aTOMHOM COGBITHH U PeaJIbHOCTb pas3JiHyaeTcss B 3a-
BHCHMOCTH OT TOT0, Ha6J/II01aeM JIM MBI ee HJH HeT» [3, cTp. 29].

Takum o6pasom, I'eiizeH6Gepr HaXOAUT OCHOBaHHE (MpPHH-
[UMHAJbHO) OrpPaHHYEHHOrO0 INPUMEHEHHS KJaCCHYECKUX
NOHATHH K MHKPOOOGBeKTaM, CTaHOBACh Ha NYTb OTpHIAHHUSA
NOHATHS OOBEKTUBHOH peasbHOCTH. C 3TOH TOYKU 3peHUS
(ecau ee TMOCJTELOBATENbHO NPHAEPKHUBATHCA) HMIYJIBC HIA
3Heprus, HalpuMep, HE CTOJbKO CBOHCTBEHHBI OO'BEKTY,
CKOJIbKO BO3HHMKAIOT B aKTe ero HabJIONeHHsl; MaTeMaTHye-
CKMH ammapaT KBaHTOBOM ME€XaHHKH HMeeT He 00beKTUBHBIH,
a CHUMBOJIHUECKHI XapaKTep (HYXHBIH JIHIIb /51 COTJIACOBa-
HHUs1 TOKa3aHuil NpHOOPOB); COOTHOLIEHHEe HeOoNpeeseHHO-
cTell CTaHOBUTCSA abCOJIIOTHOI IpPaHHULel yeJ0Be4ecKOro I03-
HaHUA 4 T. A.

O6paTtuMcs Tenepb K KOHUENUUU TONOJHUTENbHOCTH, KO-
TOPYIO MBI H3JIOXKHM Ha OCHOBe mociefgneil paborel Bopa
«KBanToBas ¢usuka u ¢uiaocopusa». B stoi pabore oTcyT-
CTBYET TOHSITHE «HEKOHTPOJHUPYeEMOe B3auMoelcTBUe». Tep-
MHH «JOTOJIHUTEJNbHOCTb», COXpaHeHHbI#I Bopom, o603Haua-
eT cB0e0Gpa3HOe COOTHOIIEHHE PA3/IMYHBIX ONBITHBIX JaHHBIX
06 aTOMHBIX OObeKTaX, MOJYUYeHHBbIX HPH NOMOILIU Pa3HBIX
9KCMEePHUMEHTANbHBIX YCTAaHOBOK. DTH [AaHHBlE, YKa3bIBaeT
Bop, xoTsl KaxyTcs NpOTHBOpeYaIlMMH APYT APYTY HpPH IO-
MBITKE CBECTH HX B eHHYIO KaPTHHY, HA CaMOM [AeJle Hcuep-
NBIBAIOT BCE, UTO MBI MOXKeM y3HaTb o npeamete [8, crp. 40].

OnucaHde aTOMHBIX SIBJEHHH, momuepkKuBaeT Bop, umeer
«COBEpIIEHHO OGBEKTHBHBIN XapaKTep B TOM CMBICJ/E, YTO OHO

KpuTHdeckHit pasGop TPaKTOBKH COOTHOLIeH  lieomnpepesnenHocTelt
«HEeKOHTPOJHPYEMOCTH» cM. [6—7].
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o6xomutcst 6e3 SIBHOH CCbIJIKH Ha KAKOro-J1100 HHIUBUAYAJb-
Horo Ha6moxatens» [8, ctp. 39]. OH yTBepKaaer Takke, 4To
B KBAHTOBOH MeXaHHKe Mbl HMeeM [eJI0 «He C OTPaHUYeHHUs-
MH TOYHOCTH H3MEpPEeHHH, a C OrpaHUYEHHOH MPUMEHHUMOCTbIO
MPOCTPAHCTBEHHO-BPEMEHHbIX MOHATHN U AMHAMHYECKHUX 3a-
KOHOB COXDaHEeHMSI»,

B xBaHTOBOH MexaHuke, nuuer Bop, «cjoBO «uaMepe-
H{e» JOJIXKHO... YIOTPe6JATbCSA B CBOEM NPSIMOM CMbICJE KO-
JINYECTBEHHOTO CpaBHeHMsI (CpaBHEHHMS C 3TajsoHOM)». OH
BbICKa3blBaeTCs NMPOTUB NMPHMEHEHHS TaKUX BblDaXKeHUH, Kak
«HabJII0/leHNe BO3MYILlaeT ABJEHHe» WM «H3MepeHHe co3/a-
eT ¢usuueckue aTpubyThl 06LeKTOB» [8, cTp. 41].

IToxBoast utor, bop NPUXOAUT K 3aKJ/IOUEHHIO: <... BoJjee
IIMPOKHE PaMKM [ONOJHUTENbHOCTH OTHIOAb HE O03HAyaioT
NIPOM3BOJILHOTO OTKa3a OT MJeasja NpUYMHHOCTH. [loHsiTHe
JOTOJIHUTEJbHOCTH HEMOCPeNCTBEHHO BbIpaXkaeT Halle MoJIo-
J)KeHre B Bonpoce 06 oToO6pakeHHMM (yHIaMEHTalbHbIX
CBOHCTB MaTepHM, KOTOPble CUUTAJNUCh TMOANEKAUIUMH KJac-
CHYECKOMY (H3HYECKOMY OMHUCAHMIO, HO 0KasaJ/ich BHE mpe-
[eJI0B ero NpUMeHUMOCTU» (8, crp. 42].

Taxum o6pasom, B HasBaHHON paGoTe Bopa siIBCTBEHHO
BbIpaxkeHa MaTepHa/JMCTHYecKassi B CBOEH OCHOBe M JIHaJleK-
THueckas nosuuusa. bop, cBsA3biBass MaTeMaTHueCKuii dopma-
JIN3M KBAaHTOBOM MEeXaHHMKHM C Har/IsiAHbIMHM NpeACTaBJEHHUS-
MH U KJaCCHUECKMMHU MOHSATHUSMH, PACKPbLI, KaK CKa3as Gbl
¢unocod, aHTHTETHKY KOPMYCKYJSPHBIX U BOJIHOBBIX Mpej-
CcTaBleHUH.

ConocraB/jieHne 3rdX MNpeACTaBJieHHil B HEKOTOPOil
aHTUHOMHH BCeTra HWrpajo pellalollylo poJb B KOHIEN-
UMH JOTOJNIHUTENbHOCTH Bopa; HO B mpexXHUX ero paGotax
yKa3aHHasi aHTUTETHKa OblJla 3aTeMHEHa MIeell «HEKOHTpPO-
JIMPYEMOro B3aUMONENCTBUsI», B paboTe ke «KBaHTOBast pu-
3UKa ¥ PUI0CODHUA» 3TOT HELOCTATOK MPEOOJIEH.

Cepbesnoe ¢umnocodpckoe 3HaueHHe HIAeHM HOMOJHHTE/b-
HOCTH Ui ()U3MYECKOH TEeOPHH 3aKJ/uaercsi B TOM, UTO
COTJIACHO el He TOJIbKO MOXKHO, HO IIPH ONpeeJeHHbIX YCJI0-
BUAX Jla)ke HEOOXOAMMO MNpPHUMEHSITb MPOTHBONOJIOKHbIE
NOHATHUA K OLHOMY M TOMy Xe npeaMmetry. Takoe mpuMeHe-
HHe, KaK MokasaJ Bop (oco6eHHO B cBOMX MMCKYCCHSX C
OHHIUTCHHOM), HE BeleT HH K KaKUM (OpPMaJbHONIOTHYECKUM
MDOTHBOPEYHAM B (PHU3HUCCKON TCOPUM H TO3BOJISIET HCTOJI-
KOBaTb MaTeMaTHUCCKHIl anmapaT KBaHTOBOHl MEXaHUKHU B
COOTBETCTBUM C 3KCMEPHMEHTAJbHBIMU JaHHBIMH.
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B kouuemuiuu [0NOJHUTENBHOCTH [IpOTHBOpEUYHE Mexnay
KOPTYCKYJIIPHBIMH U BOJIHOBBIMH MOHSITUSIMH, OJIHAKO, He
CTOJIBKO pa3peliaeTcsi, CKOJbKO Kak Obl 3acThiBaeT B BHE
MPOTHBOMOJIOXHOCTH IBYX B3aUMHO HCKJIOUAIOLHX IKCTICPHU-
MEHTaJIbHBIX YCTAHOBOK, C KOTOPBIMH CBSI3aHBl «JIOTOJIHHU-
TeJIbHble» fiBJeHUA. XoTa bop (B pabore «KBaH10Bas ¢u-
3MKa U Qusocodusa») roBOPUT O TOM, UTO ONIUCAHHE ATOMHBIX
SIBJEHUH UMeeT COBEpLIEHHO OOLEKTUBHBIN XapaKTep, OH Bce
JKe He paccMaTpuBaeT CaMH aToMvible OObEKTBl CO CTOPOHBI
NPUCYIIUX UM OLHOBPEMEHHO KOPNYCKYJSPHBIX H BOJIHOBBIX
cBofictB. M3 3T0it 0CHOBHO#H €/1a60OCTH KOHLENUHUH JONOJNHH-
TeJbHOCTH BBITEKAeT U TOT ee MHUHYC, UTO B Hell H3JI0OXKeHHe
COOTBETCTBYIOIIUX BOMPOCOB KOHUEHTPUPYETCS Ha HCTOJKO-
BaHUHM OTPAHUYEHHOCTH CTapblX OCHOBHBIX KJIaCCHYeCKHX IO-
HSITUI, 2 HE HA HOBBIX OCHOBHBIX MOHATHUAX (K KOTOPBIM NpHU-
HaJJIeXaT OTHOCUTENbHOCTb K CpeNCcTBaM HaOJIOoeHHs, pas-
JMuy¥e MeXJy MOTeHUHAJbHO BO3MOXHBIM M OCYILECTBHUB-
LIMMCsl, TOHSTHE BEpPOSTHOCTH KaK Mepbl MOTEHIHaJbHO
BO3MOZKHOT0).

Konenrarenckass uHTepnperauuss KBaHTOBOH TEOpPHH He
SBJISIeTCA MO3UTHBUCTCKONH. DTO ABCTBYET U3 €e COILepKaHus,
U 06 3TOM UMelOTcsl BblcKa3biBaHus ['efisen6epra u M. Bop-
Ha — BblJaoLuxcsa ee npeacraBureneil. OHY Xe yTBepiKaa-
I0T TaKXe, YTO KONeHrareHckasi UHTeplperaluus He siBJISET-
¢Sl HM MaTepUaJUCTHUeCKOH W HU HAeaJUCTHYECKOH, XOTs
cunocockuit A3bIK 3TOM MHTEpNperauuu, mo cjaosam [efi-
3eHOepra, «BKJOYaeT B cebGs 3JeMeHThl BCeX TpeX CHUCTEM
mbiuenuss [9, crp. 16).

Henb3si cornacutbes ¢ 'eitzen6eprom u BopHoM, 6yato
KONeHrareHcKasl MHTeprnpetauusi o6pasyer CBOero poxa Ho-
Byl0 (¥a0COMHI0, CTOSLLYI0 SIKOOBI Hag MaTepUaJU3MOM H
upeannsMmoM, 6e3 HUX «OZHOCTOPOHHOCTH» W T. M. Pas6op
3TOrO BO.IpOCa JajieKo BBIXOAUT 3a paMKH JOKJana; 31ech
OTMeTHM AMWb chaenywollee. [loHATHE MOMOJHHTENBHOCTH
B MpPUMEHeHHH K GMOJIOTHH, HAMpUMep, HUUETO CYLIECTBEHHO
HOBOTO He nposacHuT0. Takoe NpUMeHeHHe HalpaBJIeHO Mpo-
THUB CBOIUMOCTH OHOJIOTHYECKHX SIBJIEHHH K SIBIEeHHAM HU3U-
YECKHUM W XMMHUYECKHM, a TaKXe MPOTHUB HAEH «XKHU3HEHHON
cugbl». Pasymeercsl, Takasi HalpaBJeHHOCTL KOHUENLUU JO-
MOJIHUTEJBHOCTH HMeeT MOJIOXKHUTe bHOe ¢unocodckoe 3Ha-
yeHHe, HO COOTBETCTBYIOLIME NpODJeMbl QaBHO pa3pabarthi-
BaloTcA Ha 60Jiee ryy0OKOH OCHOBe JlMAJIEKTHUeCKHM Mare-
puanuamoM. To e emte B OGoJblleli Mepe HeO6XOLHMO
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CKa3aTb M O NpPHMEHEHMH IOHATHS HOMOJHUTENbHOCTH K
aHaJIM3y COLMAJIbHBIX SIBJEHHH.

Wpesa [OMOMHUTEAbHOCTH He CO3LaeT B CBOEM pa3BUTHU
HUKaKoHi 0co60i uau HoBo# ¢usocobuu. OHa umeer ¢uio-
copcKoe 3HayeHHe B IIJlaHe aTOMHOH ¢H3UKH, U 00 3TOM
11J1a peyb BHIIIIE,

2. Hles eduHcTea KOPRYCKYAAPHOLX
U B0AHOBLIX CBOUCTE MaTepul

B ocHoBe ugeit Bopa sexur mo cytu pena IpU3HaHUe
JIBYeJHHOH KOPITyCKYJIsIpHO-BOJIHOBOK IPHPOABI MUKPOOOBEK-
ToB. MbIC/Ib 0 (GyHIAMEHTAJbHOM 3HAYeHWUM [/ (U3UKH
o0beJUHEHHs] KOPNYCKYJSADHBIX Y BOJIHOBBIX HJeH YTOUHS-
Jachb M paspuBasacb MHOrMMHU ucciegoBatensimu [10]. Cy-
LIECTBYIOT elle ApYyrue MHTeplpeTaludd KBAHTOBOH MeXaHH-
KM; Kax/Jasl U3 HUX II0-CBOEMY CBMIETEJNbCTBYET O TOM, UTO
HauboJjiee cyllecTBeHHOe B Gui0copCKOM IJlaHe AJs KBaH-
TOBOH TEOPHH 3aKJ/IOYaeTcs B TOM, KaK COYeTaThb KOPMYCKY-
JISIPHYIO ¥ BOJIHOBYIO KapTHHBI NOBEIEHUsS MHUKPOOOBEKTOB
(3TM uWHTepnpeTanyu MBI OCTaBUM B CTOPOHe). JluaJjekTu-
YeCKyl0 MO3HLHMIO B 3TOM BOIIPOCE OTYETJIHBO CHOPMYJIHPO-
Baa C. M. Basusios {l11]. Marepus, T. e. BeeCTBO U TNOJe,
COTJIaCHO 3TOH MO3MLMHU,— HE eCTb COBOKYMNHOCTb YaCTHI]
WJIM COBOKYIIHOCTb BOJIH B CMBICJIE KJIaCCHUECKOH (DHU3UKH,
He eCTb OHa TakxXe 00’befMHEeHHe KOPIYCKYJSPHbIX U BOJHO-
BbIX CBOMCTB B HEKOTOPOH KJaccuueckoil mMomenu. Kopmy-
CKyJIsIpHble M BOJIHOBLIE CBOMCTBA.MaTePUU B CBOEH MPOTHBO-
MOJIOXKHOCTH €UHBbl, T. €. MaTePUH MPHUCYLUIH OJHOBPEMEHHO
CBOMICTBA W YaCTHL, ¥ BOJIH.

B cBete 3TOro MOHMMaHUA Marepud GUIOCOPCKH I10-HO-
BOMY OCMBIC/IMBAIOTCA YTBEPKAEHUS O TOM, YTO B KBaHTO-
BOH (u3nKe QyHAAMEHTAJbHO U3MEHSIETCS HE TOJBKO INOHS-
THE YaCTHLbl KJ1AaCCUYECKOH MeXaHWKH, HO W MOHSITHE BOJIHDI
KJlacCHYECKOH TeopuM mnoJs. OrpaHHueHue, KOTOPOMY MOJI-
Bepraercsi B KBAHTOBOH MeXaHHKe KJacCHYECKOe IIOHSITHE
YacTUIBl (OHO BBIPAXKAETCSH B COOTHOLIEHHH HEONpPeAeeHHO-
cTeit), He eCTb OrPaHUYEHHe MO3HAHWS MaTepuH, a ecTb 6o-
Jlee TOUHOe MO3HAaHUE ee KOPNYCKYJAPHBIX CBONCTB C yUETOM
TaKXe ee BOJHOBOH NMPUPOILL. B yTBepKAEHUH, UTO B KBAHTO-
BOIl TEODHM CHCTeMa YacCTHLL MaTeMaTHUYeCKH OMHChIBAETCA
BOJIHAMH B MHOTOMePHOM KOH(HFYpallHOHHOM NpPOCTPaHCT-
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Be, BbIpaxaeTcs He UJeaJHCTHYECKHH Te3UC O PACTBOPEHHH
HabJI0gaeMoro MUpa B MaTeMaTHKe, a BbIpaxaeTcs Ta HC-
THHA, YTO COBOKYIHOCTb YaCTHLl eCTh OJHOBpPeMEeHHO ToJie
(a moJie ecTb B TO Xe BpeMs COBOKYIHOCTb 4acCTHLL).

B KBaHTOBOH MeXaHHKe pasJ/iHude MeXIy uyacTHlUell U
BOJIHOH CTAHOBUTCSI OTHOCHUTEJbHBIM; 3TH MOHSATHS B KBaH-
TOBOH MeXaHHKe TepsIIOT CBOIO aGCTPAaKTHYIO MPOTHBOIO-
JIOKHOCTb, U, COOTBETCTBEHHO, NOHATHE YACTHIBI H3MEHsIeTCs
M TIOJyyaeT HOBOe OlpejeseHHe, MOCKOJbKY B KBaHTOBOM
MeXaHHKe TOHSATHS YaCTHIBI H BOJHBI HMEIOT CMBICJ TOJIBKO
B CBOEM B3aHMOOTHOUICHHH. DTO OTBeuaeT TOMy (akTy, uTo
HY B OIHOM OIBITE CBOMCTBA MHKPOOGBEKTOB HE MPOSBJIS-
I0TCS1 B TOYHOCTH KaK CBOMCTBA UAaCTHUBI HJIH KaK CBOHCTBA
BOJIHBI U TOJIbKO B MpelesbHbIX CAydasiX B OMHHUX YCJIOBHSX
HabJIIONeHuss MHUKpPOOOBeKTHl BeLyT cebGst MOJOoOHO YacTH-
maMm, a B Ipyrux — nojpo6Ho BoJHaM. Takum o6pasoM, Tnpu
ONHUCAHUH SIBJIEHHUI aTOMHOro Macuraba Hesb3si OTBJeKaTh-
csi or ycaoBuil (OHH (DHKCHPYIOTCS 3KCIEpPHMEHTaJbHBIMH
CPeACTBAMH), B KOTOPBIX 3TH #ABJEHHS HaGJI0LaI0TCS.
B 3T0il OTHOCHTE/NBbHOCTH K 3KCIIEPHUMEHTAJbHBIM CPeNCTBaM
UM CpelcTBaM HaOJIIOIeHHs, COCTABJSAIOIIEH OTJIHUHTENb-
HYIO 4epTy ONHCAaHHS B KBAHTOBO! MeXaHHKe, BEIPaXKaeTcs
HCTHHA O eJIHHCTBE NPOTHBONOJOMKHBIX KOPINYCKYJSIPHBIX H
BOJIHOBBIX CBOHMCTB MHKPOOO'BEKTOB.

B €OOTBeTCTBHH € 3THM BeJIUHHB, TpPHMEHseMble B
KBaHTOBOH MeXaHHKe B TaK Ha3biBaeMHIX COOTHOLIEHHAX
HeonpeaesieHHOCTeH, OTJIHYAlOTC KOPEeHHBIM 006pasoM OT
CBOMX KJlaCCHYeCKHX aHasoroB. OHM NpHOGpeTaoT Xapak-
Tep OTHOCHTEJbHOCTH K CPCACTBAM HaGJIOJeHHs, 4TO Kaye-
CTBEHHO OTJIHUaeT HX OT KJIACCHUECKHX BEJHYHH, KOTOpBIE
6e30THOCUTENbHBI K CPeAcTBaM HabJMIONeHus.

Cxa3aHHOe TMO3BOJISIeT PAaspellinTh Mapamoke, O KOTO-
pom rosopusa [efizenGepr. B kBaHTOBO# MexaHuKe N0 CY-
mecTBy fela HUAeT peYyb He O KJAaCCHUeCKHX KOOpIHHA-
Te M HMIYJbCe, KOTOPHIE, COTJIaCHO NOKBaHTOBOH (hH3HKe,
HMeIOT CMbIC/J 6e30THOCHTEeJbHO K CPEeNCTBAM HaOJIOMeHHs.
B cooTHOIIeHHH HeONpene/eHHOCTeH pacKpbIBaeTCsi CIElH-
(ryeckoe B NOHMMAHHU KBAHTOBOT'O COCTOSIHMS; 3TO MOC/eN-
Hee (B OT/IMUHME OT MOHSITHS COCTOSIHHSI B KJIACCHUECKOH Me-
XaHHKe) TaKOBO, UTO B HEM He CYILEeCTBYeT OTHOBPEeMEHHO
OTNpeJeJeHHOr0 3HAUeHHsI UMIMyJbca W KoopauliaTel (HJIH

h
CHMBOJIMYECKH AX+ApZ=>—— rge AXx— HeoNpeneJeHHoCTh B
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KOOpIMHaTe, a Ap — HeolpepeNeHHOCTb B umnyabce). [lo-
HSTHSI KOOPAMHATHI, UMIYJIbCA, COCTOSIHUS YACTHIBl B KBaH-
TOBOH MeXaHHKe He HMelT CMbicla Oe30THOCHTENbHO K
cpenctBaM HaOJIOLEHMs, MOJOOHO TOMY KaK 3THU NOHATHSA
B KJAaCCHYeCKON MeXaHWKe He HMMEIOT CMbIcja 0e30THOCH-
TeJIbHO K CHCTEeMe OTCYera.

CorlacHO COOTHOIIEHHIO HEONpelesNeHHOCTel, YeM 6OJIb-
1€ HeOolpeleNeHHOCTh B KOOpIHHATe, TeM MeHbllle Heollpe-
JeJIEHHOCTb B MMNYyJibce (MpefenbHbIH Cciaydall — 3JIeKTPOH
HaXOMHUTCH B COCTOSIHMU TJIOCKO# BoJIHBI ne Bpoilas), u 06-
paTHO: yeM MeHbIlle HeoNpeleJeHHOCTb B KOOpAHHATE, TeM
60JIbllle HEOMpeNeJeHHOCTh B MMIYyJbce (NpelebHbIA Cay-
yall — 3JeKTPOH HaXOLUTCS B COCTOSHHH Y3KOIO BOJIHOBOTO
nakera). MIMeHHO NMOTOMY, YTO, CKaxKeM, 3JIeKTPOHY NPHCYILH
HepasnejbHble KOPMYCKYJspHO-BOJTHOBblE CBOHCTBA, €ro KO-
OpIMHATa U MMMYJbC He UMEIOT OJHOBPEMEHHO ONpejeseH-
HOTO 3HayeHusi. [pyruMu cJoBaMH, cama IpHpoLa MHKDO-
00beKTa CAYKHUT OCHOBAHHEM TOrO, YTO €ro ONMHUCAHHE HEMBIC-
JUMO BHE MpUMEHeHHs NOHATHH BEPOSITHOCTH M IOTeH-
IMaJbHOH BO3MOXKHOCTH. [ToHsATHE BEPOATHOCTH B KBAHTOBOMH
Me€XaHHKe, TAKMM 06pa3oM, OT/IHuUaeTCs B NpHHLUNE OT MO-
HSITUS BEpPOSITHOCTH B KJaccuuecKoi (U3MKe, MOCKOJNbKY Be-
POSITHOCTH BXOLSIT HENOCPEJNCTBEHHO B (yHIaMeHTa/bHbIE
KBAHTOBbIE MOJIOKEHMS.

Hrak, kjgaccuyecKye MOHATHS BBICTYNAIOT NPUOGJIUKEHHO
B KBAHTOBON MeXaHMKe; COOTHOLUEHHE HeoNpeleseHHOCTeH
OTM€YaeT IpaHHULbl MPUMEHHMOCTH KJacCHueCcKoro crnocoba
OTMCAHUS U OTKPBIBAeT NMepCreKTHBy 6oJjiee MOMHOMY U TOY-
HOMY OMMCaHHIO (pU3UUYeCKUX sIBJIeHUH. B 3TOoM BHIpa)kaercs
B KBAHTOBOI TeOpHM [OHUAJEKTHKA MO3HAHUS ABHKYLIeHCS
MaTtepuu U ee ¢popM, U60 ITO MO3HAHUE HE CBOAUTCSA K KaKo-
My-1160 OJHOMY YHHBEpCA/JbHOMY CNOCOGY OMHCAHUSI MpPH-
POIBI, a MpeacTaB/sieT co6oi mpoiece, B KOTOPOM CO3LAIOT-
ca Bce 6ojiee LIMPOKHe U I1yGokue aGCTpakIUM, NMOHATHSA,
MPUHLUHIBL ¥ T. A., OXBATbIBAIOIIME MaTepUaJbHBIH MHUP.

3. Heckoavko 3amedanuii 0 803MOMHbLX NOUCKOBLLX nyrax
COBPEMEHHO20 pA3BUTUA KBAHTOBOL Teopuu noas

3aganuMcst BOPOCOM: MOYECMY Hiesi O e[MHCTBE KOpmyc-
KyJSDHBIX H BOJIHOBBIX CBOMCTB MAaTepHH CHYXKHUT JHIIb
NPUMEHUTENbHO K TO3HAHWIO SBJEHUH MHUKpomMpa, TOraa
KaK TpuM  HCCAe0BAHHH IMPOLECCOB MaKpoOMUpa He/b3d
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OGOHTH JKeCTKOH aHTUTe3bl: Bel[ecTBO (YacTHLA) W MoJie
(BonHa)? YHMBepca/sbHas KOHCTaHTa h, CBsi3blBalomias
BOEJIMHO KODPNYCKYJ/IpDHble ¥ BOJHOBble BEJHYUHBl U HMEIO-
i1asi pa3MepHOCTb AEHCTBHS, OYeHb MaJjla B CPaBHEHUH C Be-
JMYHHAMH Pa3MEpPHOCTU [IeHCTBHSl, XapaKTePHBIMU JJIs $IB-
JeHuit makpomupa. I1pu uccnenoBaHuu 3THX SIBIEHHH MOXK-
HO CYHMTaTb BEJMYHHY /i NMpaKTHYeCKH OECKOHEYHO MaJIoi,
T. €. paccMaTpuBaTh KOPMYCKYJAPHBIE U BOJHOBble CBOMHCT-
Ba MaTepHH BHe MX €IHMHCTBA; B 3TOM CJyyae 3aKOHbI KBaH-
TOBOH MeXaHMKH NepeXomsiT B 3aKOHBI KJaCCHYECKOH MeXa-
HukY. [loueMy /1 ©MeeT WMEHHO TaKoe-TO YMCJEHHOE 3Haue-
HHE — BOINPOC, KOTOPbIA CTOUT BHE COBPEMEHHOH KBaHTOBOMH
TEOPHH; B 3TOIl Teopuu A sABJAseTcs (PyHAaMEHTa/JbHOI Be-
JUUYMHON M ee 3HaYeHHe TMPHHUMAeTCsl SMIUPUYECKH HaH-
HbIM. PellleHne 3TOro Bompoca OTHOCHUTCS K KOMIETEHUUH
6osee rnyOOKOH TeOpHM, HEXKeJd COBpPeMeHHasi KBaHTOBasl
(u3ukKa.

B JsuTepaType paccMOTpeHHBIH BONPOC YacCTO NMOAMEHSsi-
€TCA COBEepPIIeHHO APYTHUM: B yeM CYyIIHOCTb €IHHCTBA KOp-
MYCKYJNAPHbIX M BOJHOBBIX CBOHCTB MHKPOOOBEKTOB, WJIH,
KaK MHUIYT, B YeM CYLHOCTb KOPIYCKYJsipPHO-BOJIHOBOrO 1ya-
au3ma? CuMTaeTcs, YTO KBAaHTOBasi TEOPHs He pacKpBbIBAET
ITON CYLIHOCTH, a Kakas-to OyLyllas TeOpPUsl 3TO CAeNaer.

Bomnpoc sTtor He uMeeT cMbic]a, MOAOGHO TOMY Kak MAJsi
aTOMMCTa He MMeeT CMbICJa BOMPOC O CYLUIHOCTH U OCHOBA-
HHHM aTOMa: BeIb aTOM €CTb CYLIHOCTb H OCHOBaHHE BCEro
CYLIEro M IMOTOMY CaM He HMMeeT OCHOBAHHUS M CYILIHOCTH.
EJMHCTBO KOPMYyCKYJISIPHBIX M BOJIHOBBIX CBOWCTB MaTepuH
eCTb NMPHUHUMI, PACKPHIBAIOIIMH CYLUIHOCTb SIBJIEHHH MUKpO-
MHpPa Y JEXAalLlWi B OCHOBAaHUH KBaHTOBO! Teopuu. MiMeHHO
MO3TOMY C TOYKH 3DEHHs KBAHTOBOH TeOpUH, OTpaxKalolieH
MHKPOMHp, He HMEeT CMBbICJa BOMPOC O CYLU[HOCTH 3TOr0
€IMHCTBa, XOTA H HEOOXOAMMO pasbsiCHEHWE ero MposiBJje-
HUS Ha OCHOBEe aHAJU3a YCJIOBUH HAOJIOHEHHUS.

Hpyroe neno, uto coBpeMeHHas (u3MKa He sBJAAETCH
JIOTHYECKH LeJbHOM cucTeMol Teopuil. OfHM U3 HUX (HampH-
Mep, KBaHTOBAass MeXaHHKa) SIBJIAIOTCH JIOTHYECKH 3aMKHY-
TOH CHCTEMOH MOHATHH, ApyTHE (HANpUMep, TEOPUSA SJIEeMeH-
TApHBIX YACTHI) TOJNBKO CTPOSTCS, OTBICKHBAIOTCS JIOTH-
YECKHC MOCTHKH MEXAY TaKHMH TEOpHSMH, KaK TeopHsd
OTHOCHTEJIbHOCTH M KBaHTOBas MexaHuka, W T. A. OmHaxo
TEHJEHIUH COBPEMEHHON (QU3HKH K JIOTMUECKH llesIbHOl CH-
CTeMe TeOPHH HeCOMHEHHBI, U K TAKOH CHCTeMe — €CJIH pe'ib
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uper o ¢uaocockodl CTOpOHe Aesa — IPHUBEIET He <«pac-
KpPHITHE CYUIHOCTH KOPIYCKYJ/SPHO-BOJIHOBOIO Ayanu3Ma», d
HEYyTo COBEPLIEHHO ApPYroe.

B nanHom cinyyae HeOGXOAHMO HMETh B BHIY, UTO «eIHH-
CTBO KODPIYCKYJIAPHHIX ¥ BOJIHOBBIX CBOMCTB MaTepHH» €CThb
aJlleKBaTHOE BBHIPAaKeHHe B COBPeMEHHOH (hH3UKe MPHHLHIA
€JMHCTBA NMPEPHIBHOCTH M HENpepHIBHOCTH MaTepuH. B bu-
JIOCOQHH AHAJEKTHYECKOTO MaTepHaNu3Ma 3TOT MOCAeNHHI
OPHHIMI BHYTPeHHe CBS3aH B OJIHY JIOTHYECKYIO IeNb C
NPHHUMIOM €eIHHCTBA NPOCTPAHCTBA M BpPEMEHH, a TakKxkKe
NPHHUMIIOM €IMHCTBA MHpa M MPHHLMIOM pa3BuUTHA. B coB-
pemMeHHOll ¢u3uKe 00 aNeKBAaTHOTO BBIpAXKEHHs BCEH 3TOH
MHTerpajJbHOH CBA3M emie jpajeko. Hampumep, B KBaHTOBOH
MeXaHHKe CHHTe3 KOPNYCKYJSPHBIX W BOJHOBEIX NPEeACTaB-
JIEHHJ O MaTepUH He OTHOCHTCH K IOJSAM; B KBAHTOBOH TeO-
pHH MOJIS 3TOT CHHTe3 CTAHOBHUTCH Gosiee TIyGOKHUM, coyeTas
B HEUTO e€JHHOe MOHSATHE [0/ H MOHsATHe BemecrBa. Onuako
B COBPEeMEHHOH (pU3HKe HeT ellle OPraHUYECKOro cOeIUHEHHUs
KBAHTOBOH TEOPHUM M YAaCTHOH TEOPHH OTHOCHTEJBbHOCTH
(B KOTOpPO# MPUHIMI eIHHCTBA NMPOCTPAHCTBA ¥ BPEMEHH Ha-
ures1 6oJjiee MOJIHOe BHIpaXKeHHE, HEXKENH B KJaCCHYeCKOoH
¢du3nKe); HavaJo 3TOMY CHHTE3y, HO TOJIbKO HadaJo, MOJO-
JKEHO PeNIITUBHCTCKON Teopuel ajekrpoHa upaka. Uro ka-
caercss o6mell TEOPHH OTHOCHUTEJBHOCTH, CBSI3aBIIeH B He-
YTO €MHOE MPOCTPAHCTBEHHO-BPEMEHHOH KOHTHHYYM H I0Jie
TATOTEHHS, TO OHa IOKa 4YTO CTOUT B CTOPOHE OT KBAHTOBOMH
(M3MKH, €CJH He CYMTAThb TeX WJHM APYTHX HIAeH u KOHIer-
LUHUHA OTIe/bHbIX aBTOPOB.

Takum o6Gpasom, coBpeMeHHas (HU3MKa BCTajla Tmepen
TyGOKHM CHHTE€30M CBOHX BeNYLIMX Teopuil. dtomy O6yny-
uieMy CHHTe3y COOTBETCTBYeT CoelHHeH:ie (HI0codhCcKux
OPHUHIUIIOB, YKa3aHHBIX Bbllle, [IpHHIMOB 3TH B HX HHTE-
TPaJibHON CBA3H OTKPHIBAIOT (UIOCODCKYIO TepCIeKTHBY
COBPEMEHHONH (H3KKe B PEIIEHWH TEOPETHYECKHX 3ajay, Mo-
CTaBJEHHbIX €e pa3BHUTHEM.

B muiane aTHX coo6paeHHil pacCMOTpPHM MPOGIeMy MPH-
YMHHOCTH B HEJIOKAJbHOH KBaHTOBOH Teopuu mogs. Hac 6y-
JleT MHTepeCoBaTh, pasyMeercsi, He CTOJNbKO (pU3ndeckas CyThb
Jlen1a, CKOJIbKO (hMJIOCO(CKHE ec achekT.

[IpuuuHHAA CBA3b — 3TO OGBEKTHBHO peajibHAs TeHETH-
yeckast CBsI3b JBYX (70 MeHbLIeil Mepe) COGBITHH, COBep-
UIAIOIIMXCST B Pa3HbIX MECTax; €c/lM ONpeneseHo, UTO B Ta-
KHX-TO YCJIOBHAX cOObITHE A ecTh NMpHUYMHA, a COGBITHe B —
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neficTBHe, TO 3HAYUT COOBITHe B mpPOMCXOLHT NMO3Ke COOGBI-
st A. Knaccuueckasi MexaHHKa MpHAePXKUBAeTCs B3rasa,
UTO H3MEHEeHHS CHCTeMBI, TIOPOXKIeHHbIEe (KpaTKOBpeMeH-
HbIM) BHELIHHM BO31eHCTBHEM, 00PA3YIOT MPUUMHHYIO LEllb.
Ecau yuyecTb, uTo mpuuHMHHAs <CBA3b—3TO HeoOXOJHMaA
CBSI3b BO BPEMEHH, TO BBICKa3aHHOE IOJIOZKEHHe O NPUYUH-
HOCTH TIDUHUMAeT CJIelyIOUIYI0 H3BECTHYI0 GOpMY: CHIHAJ
MOXKHO MepesaTh He B MPOLLIOoe, a ToNbKO B 6ymyiiee. OxHa-
KO 3aKOHBI KjlacCHUECKON MeXaHHKH, IOCKOJbKY B HUX Haxo-
IAT CBOe BhipaxkeHHe oOpaTHMble MeXaHHUYeCKHe IpoLlecChl,
He 'COJepPXKAaT NPHYHHHOTO MOJOKEHHUS, OTHOCSINET0CsA K CHT-
Hany. OHoO siBasieTcsi ;06aBOYHBIM TPeGOBAaHHEM K 3aKOHaM
MeXaHUKH, 1 caMHd 1o cebe 3TH NOC/HeJHHe He ONpeIesior
HaTlpaBJleHHe BPeMeHH.

[IpumepHo Takas Ke KapTHHA B TEOPHH OTHOCHTEJHHOC-
TH H B KBAHTOBOH MeXaHHKe, KOTOpPble TaKkKe MpeICTaBJSA-
10T co00#l NMPUYMHHBIE TEODHH B yKa3aHHOM Bbillie cMBbICJIE,
C TeM, NpaBfa, CYIeCTBEHHBIM MNOTOJIHEHHEM [JIsi TEOPHH
OTHOCHTEJIbHOCTH, YTO B HeHl CKOpPOCTb CBeTa B BaKyyMe SiB-
JAeTcsl npeJesbHON CKOpPOCTblo curHasa. MHTepecHo B 3700
CBS3M 3aMeuaHHe ODJHITeffHA O COOGBITHAX, CBS3aHHBIX
cBepxcBeToBbIM curHanom (W>c¢, rme W — ckopocts pac-
TPOCTPAHEHHS] HEKOTOPOTO AelCTBYS, a C — CKOPOCTb CBeTa),
1 o0 Bpemenu T, Heo6X0nMUMOM [/l epeHoca curuazia ot A B
B. Mbl uynraem: «CkopocTp v (T. €. CKOPOCTb HaGJogaTe-
aa.— M. 0.) MoXeT npHHUMATDL JMI000e 3HAUEHHE, MEHbIIee
c. Ecou mpu stoMm W>c¢, xak MBI IIpeanosioxusy, To v Bceria
MOXKHO BbI6paTh Tak, uto I'<<0. DTOT pesysbTarT MOKAa3bl-
BAeT, UTO Mbl BBIHYKJIEHbl CUHTATb BO3MOKHBIM MeXaHu3M
nepenayd curHajia, NPH HCHOJb30BAHUH KOTOPOrLO MOCTH-
raeMoe JeHCTBHE NpejlllecTByeT NpUUUHe. XOTH 3TOT PE3Yilh-
TaT C YUCTO JOTHUECKOH TOUKHM 3DEHHS M He COMEPIKHUT, 1O-
MoeMy, B ce6e HUKaKHX NPOTHBODEUHUil, OH Bee XKe HAaCTOJIbKO
IPOTHBOPEUYUT XapaKTepy BCero Hallero ONbITA, YTO HEBO3-
MOXKHOCTb IpennoJoxeHusi W>>c mpejcrasiasiercs B J0cTa-
TOUHOM cTemeHu JoKasaHHO#U» [12, cTp. 76].

Y10 Kacaercs BONPOCA O NMPUUMHHOCTH B KBAHTOBOH Teo-
pUU TIOJISL, TO OH, AyMaeTcsl, JOJKeH paccMaTpHBAaTbCs B
HECKOJIbKO IPYroH MJIOCKOCTH, HeXKeJIU B JOKBAHTOBOH (GH3H-
Ke M (HEpeJsITHBUCTCKOM) KBAHTOBOH MeXaHHUKe.

KBanToBasi JiokajbHasi TeOPUSl MOJS, IPU TaK HashiBae-
MOM aKCHOMAaTHUY€CKOM TMOAXOLe K ee MOCTPOeHHI0, OIIHpaeTcst
Ha TPHHLUUNBL DPeJISTUBUCTCKON HHBApHAHTHOCTH, YHHTap-
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HOCTH M JIOKaJbHOCTH (HeKoTopwle APYrue BaxkKublie Tpefo-
BaHUS Mbl OCTaBHUM B CTOpoHe). KBaHTOBbIE MMOJsT aCCOLHUHU-
PYIOTCSl C 3JleMeHTapHBIMH YacTHUAMH, a Mpollecc B3aHMO-
IeHcTBHS JeMEHTapHBIX YacTHL, (OUeHb BBICOKHX IHEpPruil)
ONKCBIBaeTCs NOCPEeLCTBOM TaK Ha3blBaeMOH MaTpHLbl pac-
cesiHusl, WM S-MaTpHLBl, KOTOpas NpejcTaBaseT coboi ole-
patop, MepeBONSLIMH BOJHOBYIO (YHKIIHIO (COCTOsIHHE)
YyacTHIl 0 peakuuu (paccesHHs) B COCTOSIHHe IOCHe peak-
LU H.

Ilpu onHcaHuu mMOCpeJCTBOM MaTpHIBI paccesiHUs OYeHb
B2JKHO —— B 3TOM MCTOK HOBOTO MOJXo0Ja K npobyieMe MPUUHH-
HOCTH B KBAHTOBON TEODHUH IOJs MO CpaBHEHHIO C KJjaccu-
yecko — MMeTb B BUAY, UTO JeJI0 3aKJI0UaeTCsT He B BhisicHe-
HHHY JeTasiell MOBEIEHUs YaCTHIl IPH HX OUYEHb MaJblx COJIH-
XKEeHHSAX, a B BONPOCe O KOHEUYHBIX NOcJe peakUHu COCTOS-
HHUSIX U BePOSITHOCTSIX UX BO3HMKHOBeHHs. C 3TOi TOUKH 3pe-
HMS B TEOPHUHM B3aHMOIEHCTBHSI YaCTHL[ BBICOKHX 3HepTrHi
(oHa nmomxkHa OBITH ellle co3laKa) NOHATHE JeTaljed IoBele-
HHUSl YaCTHI IPH MaJblX COJHKEHUSX He HMeeT CMbicaa
(mpuHIHMIHANbHO HeHAOJMI0faeMO0), a eCId TO NPU3HATh, TO
OTCIOla IIPOUCTEKAIOT BaXKHble B IPHHUUIHAJIBHOM ILIAHE
3aKJI0UeHHS.

To o6GcrosiTeNbCTBO, YTO MIOHSITHe JeTajell INOBeLeHHS
YaCTH1l BbICOKHX 3HePTHH NPH uX CONHXKEHHH He UMeeT CMbl-
c/Ja, OTKpbiBaeT HOBBHIE IepCIeKTHBBl CyIEeCTBEHHOTO Xa-
pakTepa HeJlOKaJbHOH KBaHTOBOH Teopuu noJsis. Kak ussecr-
HO, 3Ta Teopus (B cBoeit HayaabHOl GopMe) mossBUIACH He3a-
MeJJIMTeNIbHO Toc/e TOr0, KaK B (PH3HKe BO3HHKJ/IM Iapamok-
Cbl C paCXOLUMOCTSIMH, IPUCYLIUMH COBPEMEHHOH KBaHTOBNY
TEOPHH C ee IOCTYJIAaTOM JIOKAJbHOCTH B3aMMOJeHCTBUS IIO-
Jdeil. B KBaHTOBOH TeOpHH <«OOBIYHOrO THIA» I[OCTYyJAT
0 JIOKaJIbHOCTH, HJH TOYEYHOCTH, B3aUMOJMeHCTBHH, COO-
CTBEHHO, 3aHMCTBYeTCSl M3 KJIAacCHUECKOH TEOpHH TOuYed-
HbIX YacTHl. OH Tpebyer, uT0o6bl B3aUMOJeHCTBHS MOJel OT-
HOCHJIHCh K OJIHO! M TOH e TOYKe IPOCTPAHCTBA — BpeMe-
HH. D10 TpeGOBaHHe OTBeYaeT TEODHH OTHOCHTEJBbHOCTH,
OTpHUAIOLLEH Pa3Mepbl U «KeCTKylo» CTPYKTYDY 3JeMeHTap-
HbIX 4YaCTHU, TaK KakK HHaue NPUXOJUTCS NPHUHHMATb, UTO
CHUTHaJl MOXET DacCHpOCTPaHSATBCA CO CKOPOCTbIO, GOJbILIEN
CKODOCTH CBeTa, H, CJleJ0BaTeJbHO, KaK OblJIO OTMeuyeHo
Bbille, COOBITHe-IeHCTBHE MOJXKHO COBEpPUIATHCH Pamblice
COOBITHSA-NIPHUHUHBIL.

Takum o6paszom, mnocTysaT JOKaJbHOCTH HMMAaHCHTHO
CBSI3aH C YTBEPXKIEHHEeM IPHUYMHHOCTH, UTO COGLITHE-TIPHUM-
Ha He MoXeT GbITb N03XKe CO6b}THH-LLeflCTBHﬂ.



Henoka/ftbHasi KBaHTOBASI TEOPUSI MO0 CBOEMY 3aMbicay
LOJ)KHA OCBOOOXKZATb OT TPYAHOCTEH C PAaCXOAUMOCTSIMU
COBPEMEHHYIO KBaHTOBYIO du3uky. [Ipecnenys sty Lesb, oHa
OTKa3blBAETCS1 OT MOCTYJaTa JOKAJbHOCTH B3aUMOAeHCTBHSA
noJiefl U mbITaeTcs 3TO CAeNaTb Pa3MHYHBIMH TYTAMH; COOT-
BETCTBEHHO Da3BHBAlOTCA He ofHa (OpMa U He OOHH Bapu-
aET HeJoKasabHOH Teopuu. He OyneM ocraHaBanBatbes Ha
3THX (popMax ¥ papHaHTax, KaK M Ha TPYAHOCTSIX HENOKAJb-
HOM Teopuu (BBISICHSIETCS, KCTATH, YTO 3TH TPYAHOCTH He TakK
yXK ¢yunamentanbin) [13]. Hac uHTepecyer npunuunuasnb-
Hasi CyTb HeJIO0KaJbHOH TeOpHU: AelCTBUTENbHO JIH OHa Tle-
pevyepKkuBaeT IPHHLHMI NPHUYMHHOCTH M BEAET K OTKasy OT
NpPOCTPAHCTBEHHbIX M BPEMEHHbIX NpEJCTaBJeHUH B NpPUMe-
HeHHH UX K MHDY 3JieMeHTapHbIX 4YaCTHL — KaK yTBepxKja-
10T OTZesibHble aBTOpbI? Man miupe: Kak 06GCTOMT €0 C
NPUYMHHOCTBIO U C NMPOCTPAHCTBOM U BpeMeHeM Ha TO# CTy-
MeHW MaTepHH, KOTOpas HasblBaeTcsl 3JeMEHTapHbIMH ua-
CTHULLAMHU?

HamomuuM, uTo /s MarepuasucTHUECKOH AUAJEKTHKH
NPHYMHHOCTD €CTb JIMIIb MaJsasi YacTHuKa oOBbEKTHBHO pe-
aJIbHOM BCeMHDHOH CBS3H, JIULIb OLHO U3 ONpelesieHHH MOC-
JenHeft. Meradusuk runeprpodpupyer, Bo3Boaut Ha Onumn
JOrMaTH3Ma INPHYUHHOCTb, KOTOpasi, mo cJgoBaMm JleHuHa,
JIMIIb OZHOCTOPOHHE, OTPbIBOYHO U HEMOJHO BHIPAXKaeT Bce-
CTOPOHHOCTh M BCEOODBeMJIIOIIHI XapakTep MHDPOBOH CBSI3H
[14, ctp. 143]. MMeHHO ¢ 3TO# TIO3HUUU PACCMOTPUM MOCTAB-
JIEHHble BONPOCHI OTHOCHTEJNbHO HEJOKaJbHOH TeOpHH.

[Tpexxne Bcero sra TeOpus HOMXKHA CHOpaBUTbCs, Kak
rCBOPAT, € NMpo6aeMoil MaKpPONPHUUHHHOCTH, T. €. HeJOKaJjb-
Hasl TeOpUsl He NOJKHA NPUBOJHTb K BO3MOMHBIM 3KCIepH-
MeHTaJbHbIM CJAEJCTBHAM, PACXOASIUMCH C YTBEPKIAEHHEM
O NMPUYHHHOCTH B MAKPOCKOMHUECKHX (BK/IOUAss 4 aTOMHBIE)
macwitabax nmpocTpaHcTBa M BpeMeHH. [lo cymiectBy 31O
03HayaeT, 4TO HeJIOKaJbHas Teopus, 6yayuyu o6o6iieHa NpH-
MEHHUTeJbHO K 6GOJbUIMM MaciutTabaM MpPOCTPAHCTBA WU Bpe-
MeHH, MepexXOoAUT B JIOKaJbHYI0 KBAHTOBYIO TeOpHi0 (NpHH-
LTI COOTBETCTBHUS).

B HenokanbHO# Teopuu QUTypHpyeT HOBasi MHPOBast I0-
CTOSIHHasl Pa3MepPHOCTH [JIMHbBI, WJH 3JeMeHTapHasl IJIHHa,
KoTopas Kak Gbl «OTielisieT» 06JlacTh YJbTPaMaJibix Mac-
mra6os oT 06J1aCTH NPOCTPAHCTBA — BPEMEHH, e neHCTBY-
IOT NPUHUUI NPUYMHHOCTH M 3aKOHBI IIPUBBIYHOKH» IeOMeT-
pun. Takum 06pa3oM, K MUPOBBIM NIOCTOSTHHBIM A U ¢, Ha KO-
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TOPBIX MOKOUTCS KBAHTOBAs TeOpHS MO0Js, NMPHCOeAHHSIETCA
KOHCTaHTa, clenuduyHas a5 (PU3UKH BBICOKHX 3HepTHH,
KoTopasi CBsi3biBaeT OJM3KOJelicTBHE M JAa/lbHOMLEHCTBHe B
HeuTo elHHOe.

BBenenne sieMeHTapHOH HNJAMHBI IPH OMNpeJeseHHbIX
NpeANoJOXKeHUAX CTaBUT Ha MOYBY (PU3UKH BOINPOC O Iepe-
CMOTp€ «IPUBBIYHON» (POPMbI TeOMETPUH: MeTpHuecKoe IMpo-
CTPaHCTBO — BpeMsi INlepecTaerT CylleCTBOBaTb, IIOHATHA
«OJIUKe» M «Lajbliles, «paHblies H <«NO3XKe», «IAJTHHBI»,
«NPOJOJKHUTENbHOCTHY TEPSIOT MAaKPOCKOTIHUYECKHH CMBICI
B yJabTpaMaJjom. EcrecTBeHHO, 4TO AOJXKIO TaKxKe OTIACTb
pasjesieHue siBJEHUI HA COGBITHS-NPHYHHBI U COOBITHS-AEH-
CTBUSl, © MaTeMaTHueCKHHl anmapar TeOpHH AOJXKEH OTpa-
KaTb 3Ty MOCTEeIHIO CHTyaLHIo.

OsHayaeT JH BCe: 3TO, UTO HeJoKajbHas KBAaHTOBAasi TeO-
pHsl TOJIs MpeAnosaraeT HeKyw HAeaJUCTHUECKYI0 M TEHC-
THYECKYIO JIMHHIO B BONpOce O NpHYHHHOCTH? I3 ckasaH-
HOrO BBbIle O TOM, KaK MaTepHa/JHCTHUecKas AuaJjieKTHKa
NoHUMaeT MPHYMHHYIO CBfI3b, OTBET Ha I[OCTaBJEHHBEIH BO-
[POC SICeH.

@opMbl CBsi3H M B3aMMO3aBHCHMOCTH He MCUePIbIBAIOTCSA
NPHYUHHON CBA3bI0. PasBUTHe KBAHTOBOH (HU3MKU OTKpBIBA-
€T HOBbie (DOPMBI CBSI3M SIBJEHHH HEXMBO# NPUPOABI, KOTO-
pble He YyKJaAbIBAlOTCS B CXeMbl CYIIeCTBYIOIIHMX (hH3HUe-
CKHMX Teopuil. B aToM, B yaCTHOCTH, 3aK/I0YaeTCs1 HOBOE IOX-
TBepXKJeHUe OOBEKTHBHOI'O XapaKTepa MHUPOBOH CBsi3u, ee
HeUcuepnaeMOCTH, Nepexofa oAHUX ee (GopM B apyTrHe, 60-
Jee ray6okue u obuiue. [IpuuuHHOCTL B OGHIYUHOM ee MOHH-
MaHHH He HMeET CMbIcja B 00JacTH yJbTpamaloro; 3Jech
Ha nepefHMH NJaH BHICTYNaeT Takas 6oJjlee ri1yGokas u 00-
mas ¢dopma cBsi3H, Kak B3aumopelictBue. [locnennee mpen-
CTaeT, OfHAaKO, He KakK IIOCTOSTHHas CMeHa NMPUYHHBI M Ael-
CTBHf, a KaK MX OCHOBaHHe, KaK OXBaThbiBalolllee H NMPHUHHY
U IeHCTBUE Iesoe,

KoneuHo, He 3ampelllaeTcsi B3auMOMefCTBHe TOJKOBAThb
KakK MPUYKHY, HO TOTAA [epel HaMH He NMPHYHHA B OOBIYHOM
NMOHMMaHUHK. DTa MOCJAeLHSsT €CTb OTHAeJbHAass NMPHUUMHA, KO-
TOpasi JedCTBYeT B OTAeJbHbIH MOMEHT BPeMEHH H B OT/JeJb-
HOM MecCTe, T. €. TaKas (opma CBs3H, KOTOpasi B cTapux ¢u-
JocOPCKHX CHCTeMaXx HasbiBaercs causa efficiens (neficTBy-
10llas NpuuyMHa). BsammondelicTBHe ke KaK NMpUYHHA — 3TO
He causa efficiens, a ckopee — ecau Mmosb30BaTbCS CTaphl-
MH (uaocopCcKUMH NMOHATHAMHM — causa finalis (KoHcuHas
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NPHYHHA); B H3BECTHOM BbiCKasbiBaHHH CnHHO3M: «substan-
tia est causa sui», cOGCTBEHHO, peub HAET O «KOHEUHOH MpH-
YHHEY.

Her, onnako, Hukakoii Heo6XOIHMOCTH BMIIO COBPeMeEH-
1ol HayKH BJAHBaTb B crapble ¢uaocodckhe MeXH. YKe Y
Teresd, Kak oTMeTHa elle DHresabc, CHSATA IPOTHBOIMOJONXK-
HOCTb MexAy causa efficiens u causa finalis B xarero-
puu B3auMogmeiictus [15, crp. 558).

B Mupe Gosbiioro (BKJ0OYasi aTOMHble MacliTaGbl) mpa-
BOMepHa a6CTDaKiUsi OTHENbHbIX SBJEHHH, BbIDBAHHBIX H3
HX BceoOlle#l cBfi3aW M paccMaTpHUBaeMbIX, CJeL0BaTeNbHO,
pasfieleHHO (B NpPOCTPAHCTBEHHOM H BPEMEeHHOM OTHOUIE-
HMH); MPUHIHMI, HIH YTBEPK/AeHHE, NPUUUHHOCTH H MPERMNO-
Jlaraet — KakK §IBCTBYeT M3 CKa3aHHOTO Bblllle — IpaBOMED-
HOCTb 3TOH a6cTpakuud. B yabTpamanom e Mupe, HJIH B
MHDe B3aHMOAEHCTBYIOIIHNX, NpeBpalalomuxcs APyr B ADY-
ra 3JeMeHTapHbIX YaCTHIl BbICOKHX 3HEpruil, TaKas abcrpak-
IUSl yTpauMBaeT KPeNUT, a BMecTe C Hell TepseT KpemHT
M yTBepXIeHHe npHuMHHOCTH. Heo6xommmel, Takum obpa-
30M, B NpHHIHNE HOBbIe ugeH B (GH3HKe, U HeJOoKajabHaf
KBaHTOBas TeOPHS M0Jf, COGCTBEHHO, U BEIET K 3THM HOBLIM
OCHOBHBIM MOHAITUAM H IIOJOXKEHHSM.

PasymeeTcs, OKOHUaTeJbHOe CJOBO B BLISICHEHHH 3THX
CylIeCTBEHHEHIIUX [HJs (HU3HKH BONPOCOB IPUHAILJIEKHUT
ONBITY, HO BMECTE C T€M HECOMHEHHO, YTO AJS HX DeLIeHUs
BaXKHejillee 3HaueHue HMeeT (IpUMeHeHHAss OGBEKTHBHO)
BCECTOPOHHSAS, YHHBepca/jbHas THGKOCTb NOHATHH (0 AHa-
JIEKTHYECKOM TpeGOoBaHMH THOGKOCTH MOHATHH [cm. 14,
crp. 99]). OnbiT B mocjenHeM cuete W YAOCTOBEPSIET, U4TO
rHOKOCTb MOHSITHH Oblia NMpHUMeHeHa 0GHeKTHBHO.

4. A6cTpakTHoe mobluiaenue u npedcrasiexue
8 Qusuueckom nosnanuu npupodol

B kBaHTOBO# TeopHuu B oueHb peibedHOH opme pelaer-
Cs1 Ha TouBe PH3UKH BONPOC 0 B3aHMOOTHOLIEHHH abCTpaKT-
HOrO MBILIJIEHUST H TpPEeACTaBJEHHs B IO3HAHUH HCTHHBI
Ilpo6aema sTa B ‘pH3HKE—eC]H NPHMEHATb TEPMHUHOJOTHIO
COBpPEMEHHBIX aBTOPOB—BbICTYNaeT B GopMe B3aHMOOTHOLIE-
HHs1 aGCTPaAKTHO-JOTHUECKOTO (MaTeMaTHUECKOTO) H HaIJIS-
HOrO, WJK MaTeMaTHueckoro amnmapara ((popmaaHusma) Teo-
pHH U HabJaI0faeMblX B OMbITEe AaHHBIX (ONMHCHIBAEMBIX INOC-
peacTBOM Hallero OOLIYHOIO SIRHIKA).
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VXKe B KJacCHYeCKOM €CTEeCTBO3HAHHH CYIllecTBoBaJja
Ha3BaHHas INpo6JeMa. HblOTOH, KOTOPBII MBICAHI (DH3HUe-
CKYI0O TeOpHIO NOCTPOEHHOH To 06pa3y W moxoOHI0 reoMer-
pHH DBKIHIA, YTBEPXKAad BMecTe C TeM: «..['eoMeTpusi oc-
HOBBIBAETCS HAa MeXaHHYeCKoll NPaKkTHKe U eCTb He UTO HHOE,
KaK Ta 4yacTb oOlleli MeXaHHKH, B KOTOPOH H3/jaraercsi H
JI0Ka3bIBAa€TCsl MCKYCCTBO TOYHOro H3MepeHHs» [16, cTp. 2]

PasBuTHe reomerpHH — KaK CBHIETEJNbCTBYeT ee HCTO-
pHsl M IIpexJe Bcero nepejoMHble TOAbl 3TOH HCTOPHH, KOT-
Ja BONpoc 06 OTHOLIEHHH reOMeTPHUECKOH TEOPHH K 00bek-
THBHOH peasibHOCTH InpHoOperan cyrybyio OCTpoTy,— He
3aMbIKa/I0Ch HCK/IIOUHTENbHO B cepe abcTpakTHO-moruyec-
koro. U ecau Tayccy He ynanock MoJTBEPAHTh H3MepeHHS-
MH HJeH He3BKJHIO0BOI reOMeTPHH, TO 3TO c/lesiafa Mo-CBoe-
My H Ha GoJiee BHICOKOM YpOBHE Da3BHTHSI MaTeMAaTHKH H
(u3MKM Teopus DiHIITEHHA.

Camomy JfiniuTefiHy B acnekTe paccMaTpHBaeMoii npob-
JieMbl 0 B3aMMOOTHOLIeHHH abGCTPAaKTHOTO M HATJISIIHOTO B
NMO3HAHMH OOTLEKTHBHOM peabHOCTH NPHHANMERKHT HIEf,
uMelollas ans (QH3HKH cyliecTBeHHo ¢HIocopCcKoe 3HAUe-
Hue. OHa 3aK./1104a€TCsi B TOM, YTO CaMo 1o ce6e aGCTPAKTHO-
JIOTHYeCKO€ HHYEero ellle He roBOPHT 06 OOBEKTHBHO pealjib-
HOM; abCTpaKTHO-JIOTHYeCKoe (MaTeMaTHuyecKoe) JHLIbL B
CBSI3H C HATJALHBIM, T. €. €eJUHCTBO JIOTHUYeCKOro (MaremMarH-
YeCKOro) H HarJasiiHoro (a He KaxJnoe M3 HHUX, B3ATOE TIPO-
M3BOJIbHO MOPO3Hb), OTPAakKaeT 0ObEKTHBHO peasbHOe H sB-
JigeTcs npeiMeToM TNpoBepkKH Ha ombite [17, crp. 86]. Dra
ray6oKo nHaneKTHuecKasi uiaesi OTKJIOHSIeT ¢ caMoro Hadasa
KOHBEHIHOHAJIMCTCKYI0O M TO3UTHBHUCTCKYIO CXEMY pelleHHs
niocraBjeHHoN mpoGJseMbl. OHa nosyunna ganbHefiee 0606-
Ienne B paborax GHU3HKOB MO0 KBAHTOBOH MexaHHuke [18].

Boo6ue roeops, ¢uaHuecKkas TeopHs B CBOEil JIOTHYeCKH
pPa3BUTOH, HJAH 3aMKHYTOH, (hOpMe OXBaThIBAeT CBOH OOBEKT
Kak OBl Cpa3y B IBYX IJIaHAX: NMPeNCTaBNeHUA W MbIIIJIEHHS.
DKcrmepHMeHTa/lbHble CPeNCTBA — 3TH CBOEro poxa MPOHOJ-
KEHHsl YesJIOB€YeCKHX OPTraHoB YYBCTB — MAIOT UYYBCTBEHHO
BOCIIDHHMMaeMble JaHHble 00 HCCAeNyeMbIX SIBJIEHHSIX, a C
NMOMOIIbI0 MaTeMaTHYeCKOro anmnapaTta TEOPHH 3TH JaHHbIe
MOAHHUMAIOTC Ha YPOBEeHb TeOpeTHYeCKHX 0000IIeHuH, Ko-
TOpble OTPaXKaloOT CBSI3W M 3aKOHBI HCCJELYyeMBIX SIBJEHHIL.
C 3TOM TOUKH 3peHHst PH3UUECKHC MONSITHSI NMPEJCTAIOT KakK
pe3yJbTaThl CHHTE3a YYBCTBEHHOTO W abCTPakTHOro mnosHa-
Hust. Hu ofna ¢usuueckasi TeopHs, KoTopas oTpakaet (Mau
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NOJXKHA OTPakaTb) OOBEKTHBHYIO peanbHOCTb, He MOxKel
00XOIHTb HEOGXOMMMOCTD -HAX0XKAEHUST CBA3H ee MaTeMaTH-
YeCKOro amnmnapara ¢ MNOKa3aHUSIMH 3KCNepHMEeHTaJbHBIX
CpelCTB: BHe 3ToH CBSI3U, T. . 6e3 pacKpBITHS (PpHU3HUECKOro
CMbICla MaTeMaTHuecKHX abcTpaKuuil, He cyliecTByer ¢H-
31ueckoit Teopu. Punocodckoe 060cHOBaHHE 3TOTO 3AKJIO-
yaeTcss B TOM, UTO HNPHPOAA, C KOTOPO#H HMeeT Jeso ecTe-
CTBO3HaHHe, eCTb ABHXKYLAscs MaTepHs, a No3HaHHe MaTe-
PHII HEBO3MOXKHO, eClli OHAa He BO3AEHCTBYeT (NpsSIMO HJH
KOCREEHHO, depe3 3KCNepUMeHTasbHble CpeACTBa) Ha ueso-
BeYeCKHe opraHbl 4yBCTB. [IpyruMu cioBaMH, He CyLIeCTBY-
CT «00BeKTHBHOrO MHpa (opMya» Ge3 OTHOLIEHHS K «Ha-
ITISITHOCTH»; B pU3HuecKoil Teopud ee aGeTpakTHas (MareMa-
THYECKAs) 4acTb U ee, TaK CKa3aTb, HarJsAHasl 4yacTb HeoO-
XONHMO CBfi3aHbl OfiHa ¢ Apyroii. BopH, yrBepxaas, uro, o
MHEHHIO MaTePHaJlUCTOB, JONYCTUM «OOHLEKTHBHBI MHpP (op-
MyJ 6e3 OTHOINEHHS K HarasgHocTH» [19, crp. 444], uana-
raet HeBepHO MO3UIUIO MaTEPHAJHCTOB.

B knacchueckoit MexaHuKe QuaHuecKue TMOHATHS OGBIU-
HO NPEeACTaBJAOT HelocpelNcTBeHHble 06OOIIeHHS NOHATHH,
BO3HHKUIMX B NOBCeXHEeBHOM ombiTe (aGCTpakiyH, Tak CKa-
34Th, neporo ypoBHs). OHH 06pasyioTcsi TAKUM NyTeM, KOT-
fa (OU3MK NepexoNHT OT TOoKa3aHHH 3KcIepHMeHTaNbHbIX
CPeACTB K MaTeMaTHYeCKHM MOHSITHUSIM, CBS3bIBas 3TH IOKAa-
3aHHs U [IOHATHSI MeX 1y co60# Mo OnpefeNeHHbIM NPABHIAM.

BoaMoxeH W MPOTHBOMOJOXKHEIHA TYTh 06pa3oBaHUsA bu-
3UUECKHX TIOHATHH, Xorga (U3UK OT MaTeMaTHYeCKHX
aOCTpaKUH# B ypaBHEHHAX TEOPHH MEPEXOAMT K BOCHPHHH-
MaeMbLIM TOKa3aHHSIM 39KCNepHMeHTaNbHbIX cpeacTs. OH
BCTPEUaeTCs B KJIACCHUECKHX TEOPHSX, KOTHa HCCIeLyeMbie
OOBEKTHI HJIH SIBJEHHS HeNoCcPeACTBEHHO HE BOCHPUHHMAIOT-
¢l opraHaMH 4YyBCTB; NPHMEPOM MOXKET CIAYXHTb NOHSTHE
Hanpsi>KeHHOCTH MoJiss B TeODHH 3JIeKTpOMarHeTH3sMa Maxkc-
peasa. Ho THNHYHBIM 3TOT MyTh ABJASIETCS 175 HeKJacCHYe-
ckux Teopufi. Tak, B KBaHTOBOi MexaHHKe CHauada GBLIO
chopMynpOBaHO BOJHOBOE ypaBHeHHE C BOJHOBOH (YyHK-
IHeH, a 1oToM yXKe Obll HallgeH (GU3HYECKHH CMBICJ MO-
cjenHel.

B xax10# 3aMKHYTOH (H3HUeCcKOH TeOpHHM (KJIaccHdYe-
CKOll MeXaHHKe, KJaCCHYECKOH TeOpHH 3JeKTPOMAarHeTH3Ma,
TCOPHH OTHOCHTEJbHOCTH, HAaNpHUMep) CyIIecTByeT CBOH Ma-
TeMaTHUECKHH annapar, WiH ¢opMainsM (B K1aCCHYECKOM
¢opmanuzMe GHUIYVPHUPYIOT YHCJAA U BeKTOPHl, B (popMamius-
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Me TEOPHH OTHOCHTEJBHOCTH — YeTbipeXMepHble BEKTOPHl U
TeH30Dbl, B KBaHTOBOM (opmaJii3aMe — OIlepaTophl Ollpele-
JleHHoro kJjaacca). Kaxxomy dopmanusmy (Kaxxaoil TeopHH)
oTBeyaloT CBOM cneuudHyecKHe NpaBHJIa CBSI3H ero Mate-
MAaTHYeCKUX MOHATHH C MOKa3aHMSIMH 3KCIIepHMEHTaJbHBIX
cpencTs. OTH MpaBHJa JOJKHBEI BXOIHTb B CHCTE@MY NPHHIH-
noB onpefesieHHol Teopud. Bo Bcex 3THX pasjnyusax (Mare-
MaTHYeCKHX aNmaparoB TeOpPHH W COOTBETCTBYIOIUHX HM
IpaBHJ CBSI3H) BbIpa)kaloTcs KaueCTBEHHble Pa3JIMuHs 3aKO-
HOB (00J1acTh MeIJJeHHbIX ABHKeHHH, 06J1acTb GBICTPBIX IBH-
JKEHMH M 5JIeKTPOMATHUTHBIX SIBJIEHHH, MHD SIBJEHUH aTOM-
HOro maciiraba u T. 1.).

[1pu nmepexoae oT maTeMaTHUYeCKUX TIOHSITHH B ypaBHeHH-
X KJlaoCHYeCcKoHl MeXaHUKH K Ha6JioJaeMblM JaHHbBIM He
BO3HHKaeT M He MOXET BO3HHKHYTb HHKaKHX MapajgoKCoB
(npu yClIOBHH, eclM ypaBHEHHsI pacCMaTpUBAlOTCA B IIpe-
AesNax MX NPUMEHHMOCTH). DTO OlpenessieTcss TeM, uTO Ha-
6/i01aeMble  faHHble ONHUCHIBAIOTCS MOCPEICTBOM KJjac-
CHYeCKHX MOHATHH, a ypaBHEHMs KJaCCHYECKOH MeXaHUKH
OBl1M Hali[eHbl Moc/e YCTAHOBJEHHs CBSI3H MaTeMaTHYyeCKHX
MOHATHH ¢ MOKA3aHHUSIMH SKOMEPHUMEHTAaJbHBIX CPelCTB.

ITpu nepexose oT MaTeMaTHUYECKUX MOHSITHH B yPaBHEHH-
X KBaHTOBOH MeXaHHKH K HaGJiofaeMblM AaHHBIM HeM3-
6€XHO MOSBJAIOTCH NapafoKchl. MICTOUHUKOM HX SIBJAAIOTCA
onpenesieHHble 06CTOsITENbCTBA. BO-TMepBHIX, KBAHTOBAasA Me-
XaHHKa, Kak QH3uyecKass TeOpHs, HE MOXKeT OGOHTH KJjac-
CHYeCKHe TMOHATHSA, HOO TOJBKO INOCPENCTBOM HX ONHCHIBA-
10TCSl HabJlo1aeMble B ONBITE AaHHbBE (C KOTOPHIMH JOJIKHHI
CBAI3bIBATbCS MOHATHS KBAaHTOBOTO GopmasusMma).

Bo-BTOpBIX, KBaHTOBHIH (OPMaNU3M [OJIKEH OTPasuTh
CBOIICTBA U INOBeJe€HHe MHKPOOOBLEKTOB, KOTOPHlE Mo CBOell
IDHPOJE OTJHYAIOTCH OT «KJACCHYECKHX» YaCTHI[ H <«KJjac-
CHYECKHX» BOJIH, HO 3TO OH MOXeT clejaThb TOJbKO yepe3
hJ1aCCHYECKHe TMOHATHS, BbHIpaOOTaHHble Ha IOYBe HCC/AENO0-
BaHHsl MAaKpOCKOIIHYECKOTO MHpa.

PasBuTie KBaHTOBOM MeXaHWUKH, KaK (H3UYeCKOH Teo-
pHH, MO3BOJIMJIO Da3pelINTb 3TH Mapanokcel. JIornka Tako-
ro pElleHHs MpeACTaBJsieT C TOYKH 3peHUs AHaJeKTHKH
6onbluolt MHTepec. Pa36op OTHOCAWIMXCA Clola BOIPOCOB
CBOJHUTCS K aHaJu3y npobseMsl: KaKHM 00pa3oM BO3MOXKHO
BBIpa3uTh (DU3HUECKHH CMBIC/ MOHATHH KBAaHTOBOTO (hopMa-
au3Ma, obpamiafcb K NaHHBIM (MJIH pe3ysabTatam) Hab.io-
IeHHs, KNTOPbIe ONHCHIBAIOTCH TIOCPENCTBOM KJaCCHUYECKHX
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nouaTui? 3gech dusuueckué mNOHATHS NOZHUMAlOTcs Ha
BLICIIMH YpOBeHb abOCTPaKUHK MO CPAaBHEHHIO C MOHATHSIMH
K.J1aCccU4eCKoH (U3UKHU.

5. IIpobaema 9NCMEHTAPHOCTI 4aCTUY

A1y npobiemMy KOPOTKO PacCMOTPUM B HACTOSILEM MO-
cregHem naparpade [20]. B nokBanTOBO# dusuke npobiemMa
3JIeMeHTapHOCTH YaCTHI[ pelllajach, KaK HU3BeCTHO, Clelyl0-
wyuM ob6pasoM: B GyHraMeHTe MaTePUH HaxoasTcs crabuib-
Hble, HefeuMble, obaagalmye COCO6GHOCTbIO CKOJb YTOAHO
TOYUHOM JIOKAJU3alUH B MPOCTPaHCTBE M BpeMeHH YaCTHIHI,
KOTOpble 06pa3yloT CTPYKTYpy OoJsiee CIOXKHBIX (hopMm Marte-
puH. B xumuu B Kako#i-To Mepe ocyllleCTBHJAach 3Ta Hled; B
Hell TaK uJau HHaye Oblja peajii3oBaHa runoresa llpoyra:
XUMHYeCKHe 3JEeMeHThl COCTOAT M3 BOAOPOAA,— TOJIBKO POJIb
NoC/IeJHer0 UIpaeT 3apsi aTOMHOTO SiApa, ONpejaessioNIHil
UHCJIO 3JeKTPOHOB B 000JI0UKE aTOMa H MecTo 3JeMeHTa 3
nepuoguyeckoit cucreMe MeHneseeBa.

B cBfI3M ¢ OTKpbITHEM COBpPeMeHHON (U3UKOH OOCHIUS
3JIeMeHTapHbIX YACTHIC UX PAa3JIHYHOTO THUIA B3aHMOIEHCT-
BHUSIMHM M LleJBIM HabopoM pa3HoOOpa3HblX KBAHTOBBIX CBOM-
CTB BHOBb BO3HHKJa mnpoOjeMa 3JeMeHTapHocTH. Moxer
Jiu oHa OBITh pellleHa TaK, KakK NPUHATO ObLIO pelIaTh 3TY
npo6JjeMy 10 OTKDBITHS 3JeMeHTapHbIX YacTHI, WJIH XKe
anec, HeoOXOMUMBI HOBble moaxoabl? Ilasi yscHeHus cuTya-
UM CJAeAyeT yuecTb, YTO Hesb3s, HallpEMep, paccMaTPUBATh
ctabunabHble, 6€3 BHELIHET0 BO3IeHCTBHSI He pacnajatoliue-
¢ yacTUUbl (K HHUM OTHOCATCS IIPOTOH, 3JeKTPoH, HOTOH H
HeHTPUHO) B KayeCTBe HCTHHHO 3JeMeHTapHbIX, a BCe OC-
TaJbHBlE 3JleMeHTapHble 4acTHIbl (MeTacTabuJbHblE U pe30-
HaHCbl), NpeTeplneBalolllle CaMONPOU3BOJbHblE pacmajihl,
CUHTATb CJHO0XKHBIMH. Tak, HeITPOH He COCTOUT M3 NPOTOHA,
3JIEKTPOHA ¥ aHTHHEHTPHHO, XOTHA, 6YAYyUH B cBOGOJHOM COC-
TOSIHUH, HEHTPOH pacnajaercs Ha 5TH TPU YaCTHIHL.

[IpencraBisieTcss pasyMHBIM NpoGJeMy 3JeMeHTapPHOCTH
CBECTH K HaJHYMIO HEKOTODOH I10C/eL0BaTEeNbHOCTH YPOBHEMH
MaTepHuH, B KOTOPOH KaxKJblil U3 HUX SABJSETCS «3JIeMeHTap-
HON» CTYNeHbIO [JIf MOCJHeAYIOILEro BBICIIETO YPOBHS -H
«CJI0OXKHOH» CTYNeHbIO IJsSI MpeAlIeCTBYIOLUIEro rIyGOKOro
ypoBHA. Takoro poia ujess uepapxuu 3JeMEHTaAPHOCTH Halll-
Jla OJHO M3 CBOMX BOIUIOLIEHHH B HBIOTOHOBOH KOHLEMIMH
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Marepud Kak cuUcTeMbl YacTHIl i(10CJefOBaTejfibHO YBEJHUU-
BaOLIefiCsl CTENMEeHH CJIOXKHOCTH M HAXOAHT B ONpejesieHHOH
Mepe BbIpaXKeHHEe TaKXe B COBPeMEHHOM IIOHHMAHHMH CTPO-
€HHs MaTepuu.

JleficTBUTENbHO /M HJ€es HePapXHUeCKOi CHCTEMBI CTPO-
eHHsI MAaTePHH CJAYXKHT KIIOUYOM K npob/eMe 3/7eMeHTapHO-
CIH B COBPeMeHHOoIl du3nuke?

[Tyctb nocnenoBaTenbHOCTH YpPOBHE HMeeT Hauyajo ¢
«3JI€eMeHTapHO» CTOpoHbl. Toraa matepuss 6yner npeacras-
JIITBCST KaK YMopsifoueHHass COBOKYIMHOCTb 3JeMeHTapHbIX
YacTHI[ M cHcTeM (4acTHL) Pas3JMUHOM CTeMeHH CJI0XKHOCTH,
COCTOSILIMX B MOCJAEIHEM CYeTe M3 TeX »Ke 3jeMeHTapHbIX
yactuu. [lepen namu, TakuMm o6pa3oM, BapHauHus K/aaccHue-
CKOM aTOMHCTHKH. B COBpeMeHHbIX KOHLENUHAX 3JeMeHTap-
HBIX 4YaCTHI CBOeOGPa3HbIM BbIpaKeHHeM 3TOH BapHalUH
MOXeT CIYXKHTb cXeMa snoHckoro ¢usnka Caxara Tpex
GbyHaaMeHTaJlbHbIX YaCTHIL — IIPOTOHA, HeliTpoHa W A-rume-
poHa (X HHM IPHCOEIHHSIIOTCS ellle X AaHTHYaCTHIbI), W3
KOTOpBIX CTPOSATCS BCE CHJbHO B3aHMOJENCTBYIOIIHe dac-
THubl. CaenyeT, O1HAaKO, UMeTh B BHAY, 4TO B cXeMe Cakara
MO CyLIeCTBY peyb HAET He CTOJNBKO O TpeX YacTHHAX-KHP-
NHYHKaX, CKOJIBKO O Tpex 3aKOHaX COXpPaHEHHs 3JjieKTpHue-
CKOro 3apsifia, 6apHOHHOr0 4YHMc/ja H CTPAHHOCTH, HMEIOL[HX
MeCTO B Ipoueccax CHIbHOrO B3aHMOLEHCTBHS.

He rak paBno I'enni-Maun u LlBelir BepHysHCh BHOBb K
NpeaCcTaBJIeHUI0 O Tpex (yHZaMeHTaJbHbIX YacTHUAX, H3-
MeHHB M YTOYHHB cxemy Cakarta. BrIicCHHJIOCH, YTO KBaHTO-
Bbl€ YHC/IA 3THX 4YacCTHI (OHH OblLIM Ha3BaHBI «KBapKaMH»)
NOJKHBL GbiTh ApOGHBIMH. TTOHSITHO, UTO TONBKO 3KCIepH-
MEHT MOXET DelIHTb BONPOC O CYLIeCTBOBAHHH KBapKOB.

[TycTs Temepp mocie10BaTeNbHOCTb YPOBHeil MaTepHH
GeckoHeuHa (T. e. HE HMeeT Hayala) C «3/JeMeHTapHOH» CTO-
POHBI, MpHYeM 3Ta GECKOHEUHOCThb MPELCTABJASET NOCTOAHHO
BO3BpAlAIOUIHACS NTepeXoj OT CJOXKHOrO K 3JeMeHTapHOMY
1 o6partHo. CorsacHo 3TOMY JONyIIEHHIO, «3/1eMeHTapHOCTbY
00BEKTOB €CTb HEYTO TOJbKO OTHOCHTEJIbHOE, OGBHEKTH Ke
caMu mo ceGe MpPeACTaB/SIOTCS YEM-TO CJAOXKHBIM. Mbl TIpH-
XOIHM K MBICTH, YTO He CyILeCTBYeT «3JeMeHTapHBIX» 00b-
€KTOB KaK TAKOBBIX, T. €. UTO MaTepHs He COCTOMUT U3 3JIeMeH-
TapHBIX YaCTHIL

MHorne coBpeMeHHble (GH3MKH INPUAEPKUBAIOTCS TakK
WM HHave 3TOro B3rasga Ha Marepuio. Tak, P. Xodumraz-
Tep, OTKPBIBIIN{ CTPYKTYpPY HYKJ/IOHA, [OJAraer, 4To «MOKC-
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KA BCC MeHbIUHX H GoJiee GyHAAMeHTAJbHbIX yacTul OyayT
MpOJAOJXKATbCA A0 TeX NOP, NMOKa YeJOBEK COXPAHUT KAK-
1y 3Hauus» {21, crp. 206).

BbickasaHHble Bbillle 3aMedyaHHss 06 3JeMEHTAapHOM H
CJI0XKHOM TOXO0XKH MO CBOeH JIOTHYEOKOH CYTH Ha BTOPYIO aH-
THHOMHIO KaHTa: cyllecTByeT TOJIbKO TIPOCTOE HJIH TO, YTO
CJIOXKEHO U3 NpocToro (Tesuc); BooOGIle B MHpPE HET HHYETO
npocroro (anturesuc) [22, crp. 410—411]. Kant u3 csoux
paccyXIeHuH clenaj arHOCTHYeCKHe BLIBOABL. [IuanexkTuue-
ckas kputuka ([eresb, mapkcHcTckasi dumocodusi) ucnpa-
BUJIa paccyxjeHuss Kantra u npuBefa K paspelieHHI0 ero
autuioMuil. Ham nymaercst, 4To NpUHUUIB JHAJEKTHKH MO-
3BOJISIIOT HaMeTHTb NOJAXOJ K WpodseMe 3/eMEHTapHOCTH,
KOTOPbIA He AONyCKaeT MOHATHS YHCTO OTHOCHTEJNbHOH 3Je-
MCHTApHOCTH M TaKXXe HMOKJIYaeT TOYKY 3pEHHs Kjaccuye-
CKOTO aTOMH3Ma. JTOT NOAXOJ NMOJTHOCTbIO OTBEYaeT TeHMEH-
UM Pa3BUTHS (PU3MKH 3/1€MEHTapHbIX 4aCTHIL.

Beckoneunasi mnocse0BaTe/IbHOCTb YPOBHEH MartepuH
npeacTaBaser coGoH, KaK yKasas ellle DHresabc, pa3iHuHbie
V3JIOBbIE ITYHKTbI, 06yC/l0BIHBAIOIIHE PA3/HYHbie KaueCTBeH-
ble GopMbl cyulecTBOBaHHsi BceoGuieil martepud. C 3ToM
TOUKH 3DEHHS MaTepHs He eCcTb TOJbKO 3JeMeHTapHble yac-
THLBI I HX COCAMHEHHH, a TaKXe He eCTb TOJbKO CyGCTaH-
UM, HE COCTOsLlAsi M3 3/JEMEHTapHbIX YACTHI[; MaTepHs B
uesoM ob6JsafaeT OJAHOBPeMEHHO CBOHCTBAMU K 3JIEMEHTap-
HOTO, U CJIOXKHOTO.

B ksaccnueckoit Gu3nKe UMEIOTCS OCHOBaHUSI OTBJIEKATh-
Cfl OT eJMHCTBA 3J1eMEHTAapHOTO W CJOXKHOTO W pacCMaTpHu-
BaTb MX 000COGJIEHHO APYT OT Apyra (MU Takoe IMOHHMaHHe
noaTBepKAaeTcs ombitom). B KBaHTOBO# (Hu3HMKe cuTyauus
B NpUHLHKNE MeHseTcs. KopeHHTCS 3TO B TOM OGCTOSITENbCT-
Be, UTO ueM JaJjblie NMpoHHKaeT (HU3HKa B I1yOb MaTepHH,
TCM CHJbHee NOJIKHO CKa3aTbCsi B €€ TEOPUH OTKPHITHE B3a-
HMONpeBpaILaeMOCTH BCeX 3JeMeHTapHbIX yacTuu. B cos-
peMeHHOll aTOMHCTHKE BBICTyIaeT HA MepeiHee MEeCTO IOHS-
THC «OpeBpalleHHsi OAHOTO B APYroe», B IJIaHe KOTOPOTO
npo6seMa 3JeMeHTaPHOCTH H C/10XKHOCTH CTaBHTCSI U paspe-
LraeTcsl COBEPILEHHO HHAue, HeXKeJIH B KJaCCHUeCKOH aTOMH-
cTHKe (B KOTOpOIl mnpeBpallleHHe TIOHHMAaeTcs B KOHEUHOM
lITOre Kak «CoeqHHEHHe H padbeJHHEHHe HEeKOTODbIX Heus-
MCHHBIX YaCTHI»).

[ToHATHSI 37EMEHTapHOrO H CJI0XKHOTO B NPHUMEHEHHH K
97I€MEHTAPHBIM YaCTHLIAM TEPSIOT CBOI0 a6CTPAKTHYIO TMPO-
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THBOMOJIOXKHOCTb APYr APYTY H TeM caMblM CBOH GyKBaJb-
HBIH CMBICT. DJIeMEHTAapHBle YacTHIBl He 3JieMeHTapHbl B
KJTaCCHYECKOM CMBIC/T®; OHi NMOXOXKH Ha KJlacCHYecKHe CJIO-
JKHble CHCTeMBI, HO OHH He SABJISIIOTCA 3THMH CHCTeMaMH.
B sjemeHTapHHX yacTHHax COYeTalOTCs B €IMHOM IPOTHBO-
TIGJIOXKHBIE CBOHCTBA 3JIeMEHTapHOTO M CJOXHOIO, T. €. 3Je-
MEeHTapHasi 4yacTHUA OJHOBPEMEHHO ¥ 3JeMeHTapHas Cyll-
HOCTb H ‘cucTeMa,

CoOTBETCTBEHHO NMPHUMEHHTENbHO K 3JI€MEHTapHbBIM dac-
THLAM H3MEHSIeT CBOH CMBICJ W TNOHSITHE «COCTOSITb». YKe B
sAfnepHOH (HU3MKe IMOHSITHE «COCTOSITb® HCHBITHIBAET HEKOTO-
pyio meramopdoasy.

OcoGeHHO GpocaeTcsi B rylaza U3MeHeHHe MOHSITHS «COC-
TOATb» B NMPHMMEHEHHH K YacTHuaM-pe3oHaHcaM. Hanpumep,
yacruuna A (1520) moxer pacmanatbes 6o Ha 3 U, JAUOO
Ha N u %, U, HaKoHel, HA A ¥ IBa 7, HO 3TO COBCEM He 03-
Hauvaer, yTo yacrtuua A (1520) «cocTont» B GyKBaJbHOM
CMbIC/IE H3 TeX YACTHL, Ha KOTOpble OHAa «PacmalaeTcsi».

"DTUM npUMepOM NOMYePKUBACTCS, UTO «3/1eMEHTaPHOCTbY
H «CJI0OXKHOCTb» NMPHCYIIH B3aMMOJEHCTBYIOLIUM 3JieMeHTap-
HBIM 4aCTHLAM He CaMMM 1o ce6e, 6E30THOCUTENBHO K yC/IO-
BHAIM, B KOTOPBIX COBEDINAIOTCS HX NMPEBpallleHHs, a B opra-
HHYECKOH CBSI3H C 3THMH YCJOBHSIMH.

UYro6bl yyacTBylollasi BO B3aUMOAEHCTBUH YaCTHLA MOT-
Jla pacnajgartbcsi, HeoOXOAMMO BBINIOJIHEHUE ONpeeeHHbIX
3aKOHOB COXpaHeHHsl, KOTOpble B JaHHOM CJydae BBICTY-
NaloT B KayecTBe YCJAOBUH BO3MOXKHOCTH pacmaja. B Ccuib-
HbIX B3aHMONEHCTBHAIX, HAaNpHUMep, MOTYT OCYILECTBUTbCS
TOJIbKO Te pacma/ibl, B KOTOPBIX HCXOJHasi ¥ 0Gpa3oBaB-
masici COBOKYMHOCTH YacTHL o6GlagaloT OJHHAKOBBIMH 3Ha-
YEeHUSIMH BCEX COXPAHSIOIIMXCS KBAHTOBHIX 4YHcesa. Jlas
(aKTHYeCKOro OCYLIECTBJEHHS BO3MOXKHOCTH pacnaja
MCXO/iHasl YacTHIa MOJKHA HMeTb MOJHYIO 3HepTHIo (3Hep-
THSI TIOKOSA + KHHeTHYeCKasi SHePTHsi), o KpaliHeil mepe pas-
HYI0O CyMMe MNOJIHBIX SHEPTHil YacTUILl, Ha KOTOPbie OHAa JOJIXK-
Ha pacrnacTbCsi, T. €. JOJ’)KeH BBINOJHSTHCS 3aKOH COXpaHe-
HUSL SHEepTHH.

Taxum o6Gpa3om, B3aUMOAEHCTBYIOIIYI0 YACTHIY HeJb3s
CUMTaTb 3JEMEHTApHOi H/IM CIOXKHOH 0e3 OTCHUIKM K MOJ-
HBIM 3HEPrdsiM BCeX YYaCTBYIOLIMX B peaKIHH YaCTHIL
B sroM cMbic/ie NOHATHSI «3JEMEHTAapHOE» U «CJOXKHOEe»
B TPUMEHEHUH K 3JeMeHTapHBIM YacTHIIaM MpeJCTaBJIsioT
c0GOi OTHOCHTE/bHBIE IIOHATHS.
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910 NOHMMaHHe 3JeMEHTADHOCTH He HMeeT HHuero 06-
1ero ¢ NOHHMAaHHEM 3JIEeMEHTApPHOCTH B CMBICJIE YHCTOH
OTHOCHTENbHOCTH. «YUHCTO OTHOCHTEJbHAsI 3J1€MEeHTapHOCTbY
HeMBbICIMMa 0e3 [OMNOJHHUTEIbHOTO YTBEPXKACHHUS: OOBEKT
cam no cete cioxeH. C TOUKH 3peHHs, KOTopas 31ecb pas-
BHUBaeTcs, 1eJ0 OGCTOUT, KAK Mbl BHJEJH, COBCEM IIO-LPYro-
My. OTHOCHTE/NIBHOCTb «3JIEMEHTAPHOCTH® H «CJOMXKHOCTHU®
3JIeMEHTAPHBIX YaCTHIl aHAJOTHYHA OTHOCHTEJBHOCTH pas-
MepOB TeJia U JJIUTEeJbHOCTH Npolecca B TeOpHH DiHIITeRHA
HJIH OTHOCHTEJbHOCTH KODPMYCKYJISIPHBIX U BOJHOBBIX Xapak-
TEPHUCTHK B KBAHTOBOIl MexaHHKe, HECMOTDSl Ha pasJHYHOE
colnepxaHHe 3THX «OTHOCHTeJbHOCcTell». Bes oTHocHTe/lbHO-
CTH B 3TOM CMbICJIe Hesb3si Obl10 Obl MIPUMEHSITh C HEOGXO0IH-
MBIMHM YTOUHEHHSIMH KJacCHYecKHe IMOHSTHUS IJs ONMHCAHHSA
TeX sIBJEeHHH NMPHUPOIbI, KOTOpble HE YKJIaAbIBAIOTCH H KOTO-
pble BooOlle HeJb3si YJOKHTb B KjJacCHUeCKHE TeOpHH.

B 3aksueHHe OCTAaHOBHUMCS Ha MNOHSITHH CTPYKTYpH B
¢u3uKe 371eMeHTapHbIX YacTHIL.

[ToHsiTHe CTPYKTYpPbl HEOTPBIBHO OT NMOHATHH MHOXKECTBa
4 3JIeMeHTa, T. e. OT MOHATHS NpepbiBHOCTH. Ho, Kak moka-
33HO MaTepHaJIHCTHYECKON [HAJEKTUKOH, MOHSATHE MpephIB-
HOCTH €IMHO CO CBOMM INPOTHUBONOJIOXKHBIM NOHSITHEM — He-
NpepbiBHOCTHIO, T. €. IPOTUBONOJIOXKHOCTD 3THX IOHSTHA He
abCoJII0THA, KaK JoNycKaeTcs MeTaduanueckoi ¢puimocoduei.
KBaHTOBas Teopus mouwia B 3TOM NPHHIUMIHAJIBHOM BOMPO-
ce Mo NyTH JDHaJIEeKTHKH: B KBAaHTOBOH MeXaHHMKe KOPIYCKY-
JsipHble (OTHOCSILIMeCST K MNpPepbIBHOCTH) W BOJIHOBBIE (OT-
HOCSILLMeCsT K HeNpepbIBHOCTH) IOHSITHS paccMaTpHBaOTCS
B HX BHYTpeHHe#l cBA3H.

Jyx enuHcTBa KOPNYCKYJSIPHBIX U BOJIHOBBIX HpPEJNCTaB-
JIeHHH, TaK CKa3aTb, COILEJ M Ha NOHSITHE CTPYKTYPHl B KBaH-
ToBo#l ¢usnke. Cneuncdnyeckn KBaHTOBbIe MOHSTHS BHPTY-
aJIbHOTO Mpollecca, BUPTYaJbHOTO COCTOSIHHS,, BUPTYaJbHOM
YaCTULBl UMEIOT HellOCPeACTBEHHOE QTHOLIeHHe K mpobJeme
CTPYKTYpPbl 3J1eMEHTaPHBIX YaCTHILL.

B sTolt niocKoCTH NpencTaB/AOT 00JbILOH HHTEpecC 3a-
Mmeuanusi B. B. Bepecrenkoro o KOMNO3HLUH CHJIBHO B3aH-
MojeiicTByOIUX yacThl. OH pas3iu4yaer MOHATHE «COCTOHT»
H TOHsSITHE «cocTaBUMO». Ecsu, Hanmpumep, yTBepXKaaercs:
«SIIPO COCTOHT M3 HYKJIOHOB», TO MNOApasyMeBaeTcs, YToO,
BO-NEPBHIX, SIAPO C KBAHTOBBIMU unuciaMiH A U Z MOXHO 06-
pasoBath U3 Z mpoTOHOB U (A — Z) HeHTpPOHOB M, BO-BTO-
pbIX, nedeKT Macce sapa maj. Ho ectb cucTeMbl, 445 KOTO-
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PHIX BbimosHsfeTcst fiepBoe IOJOXKEHHe, a BTOPOe — He Bhi-
noausiercsi. B atom ciayuaé, ykaswiBaer B. B. Bepecreukni,
BMECTO «COCTOMT» 6yJeM TOBOPHTb «MOXKeT ObITb COCTaBJle-
HO», MJIH «COCTaBHMO»; HanpHMep, HeCTpaHHbIe ME3OHHbl CO-
CTaBUMbL U3 HYKJIOHOB H aHTHHYKJOHOB {23, crp. 396].

B sroil cxeme Te yacTulbl, H3 KOTOPBIX COCTaBHMa CHC-
TeMa, BJISIOTCS BUPTYa/JbHBIMH 4yacTuuamu. as HHUX, Kak
FOBODST, 3aKOH COXpaHeHHS 3HEPTMM He HMeeT MecTa, HJH,
HpaBuUJbHEe, BONPOC O MPUMEHHUMOCTH K HUM INOHATHS coXpa-
HeHHsI SHepruu JuiieH cmbicaa. C 3TOH TOYKHM 3peHUs 3Je-
MeHTapHble YacTHIBI BXOJSIT B JIpyrHe 3JeMeHTapHble ua-
CTHLBl He B peaJbHOM BHJE, a B BHPTYa/JbHOM COCTOSIIIH,
JPYTHMH CJOBaMH, 3JeMeHTapHble YaCTHIbI HMEIT BHPTY-
aJIbHYI0 CTPYKTYDY.

[loHsiTHe BHPTYasbHOH CTPYKTYpbl 4YacTHIBI JOBOJIbHO
IlaBHO BbIpaboTaHO B KBaHTOBO# Teopuu. Hauano ero nexur
B HJee, 4TO B3aHMOAeHCTBYylOllasi yacTHUa C€CTb HMCTOYHUK
noJisl, KBaHThl KOTOPOro INepeHocsiT B3aumoneiicreve. Ilpu
B3aHMOAENCTBHH YacCTHLl OOMEHHBAIOTCS BHPTYaJbHBIMH
KBaHTaMH MOJS; HYKJOH, Hanpumep, obsnanasgs 6GapHOHHBIM
3apsAnoM, NOPOXKJAaeT H IOrJOoLlaeT BHUPTyaJbHBIE TT-Me30-
Hbl — KBAHTHI 1I€PHOTO MOJIS.

MoxXHO noxa3aTp, 4TO B CHJIbHOM .B3aMMOJEHCTBHH BEpO-
ATHOCTb IOPOXKIEHHMA cpa3y ABYX H O6oJbllie IT-Me30HOB
JOCTaTOYHO BeJIMKa. B pesysnbTaTe HYKJOH B CPefHEM IO
BpeMeHH OKa3sblBaercsi B aTMocdepe U3 BHPTYAJbHBIX Tt-Me-
30HOB. Jra aTMocdepa BHPTya/JbHBIX Me30HOB (OHa HMeeT
onpeseNeHHble pa3Mepbl) M HYKJIOH HEOTHENHMbl IPYyr OT
IPyTa, U C 3TOH TOUKH 3peHHS CJefyeT CKa3aTb, UTO HYKJIOH
HMeeT f-Me30HHYIO CTPYKTYpY.

Hyknon siBisieTcs MCTOYHHKOM, KPOME f-ME€30HOB, TakK-
xe K-me30H0B. COOTBETCTBYIOIIHE PaCCyKAeHHS PUBOIAT K
BBIBOJY, UTO HYKJIOH nopoxnaer K-me3oHbl ¢ 06pasoBaHueM
runepoHoB. IToMumo m-Me30HOB 1 K-Me30HOB AJ1S1 HYKJIOHA
BO3MOXHO TaKe NOPOXKJeHHe BHPTYa/JIbHBIX HYK/IOH-aHTH-
HYKJIOHHBIX nap. OHM TakKXkKe BHOCAT CBOH BKJaajg B OOGILYIO
BUPTYaJIbHYIO CTPYKTYPY HYKJIOHA.

Hrak, Hyk/0H 06nafaer BUPTyaJbHOH CTPYKTYpO#H BCIea-
CTBHE €ro B3aHMOJEHCTBHS C APYTHMH 3JeMeHTapHbIMH ua-
CTHIaMH. B HYK/IOHe coBeplualOTCs BUPTyaJbHbIE NPOLECCHI:
HYKJIOH 4acTb BPeMeHH npebblBaeT B COCTOSTHMH HYKJIOHA C
f-M@30HaMH{, YacTb BPEMEHH — B COCTOSIHHH THIIEpOHa C
K-Me3onamu, yacTb BpeMeHH — B COCTOSIHMH HYKJIOHA C mna-
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paMH HyKJIOH-aHTHHYKJIOH. Cyneprno3uuus pasinyHoro poia
MHOXECTB BHUPTYaJsbHbIX YacTHI (pa3/HYHBIX BHPTYaJbHBIX
CTPYKTYpP) W naeT oOLIYI0 CTPYKTYPY HYKJIOHOB, KOTOPYIO
BO3MOKHO HabJi0/aTh B OMNBITE.

CrtpykTypa HyKJOHa HabJgiojajach BHepBbie B ONBITAX
XoduwTaarepa no paccessHHio ObICTPHIX JEKTPOHOB Ha Mpo-
tToHaX. CTpyKTypa HYKJOHA H3 BHPTYa/JbHOil CTaHOBHTCH
peasibHOH 6sarojapsi nepefaye SHeprUH HYKJIOHY NBHXKYLIH-
MHCs1 3JIEKTpOHaMH. B onuiTax p0Ka3aHo, YyTO NPOTOH pac-
ceMBaeT 3JeKTPOHBl TakHM 00pa3oM, Kak eciu Obl ero 3a-
psA pacrnpepnessics B IPOCTPAHCTBe, a He TakK, KaK ecaH Obl
IPOTOH OblJ 3apsizKeHHOIl TOYeUHOIl yacTHLeH.

B cBeTe 3THX HHIell 0 CTPyKType 3JIeMeHTapHBIX YaCTHIL
60sbILOM (HIOCODCKHI HHTepecC BbI3biBAaeT TaK Ha3biBaeMasl
runoresa «3alHypoBku» (bootstrap), Beickazanuas Uy u
®payyu. [To 3Toit rumorese Ka)k1asi CHJIbHO B3aHMOMAENHCT-
ByIOLLAST YaCTHLA [IOMOraer cO3[aBaTh JPYyrue YacTHIbI, KO-
TOpHIE B CBOIO oucpejab o6pasylorT ee camoe. Takum obpa-
30M, COBPCMEHHbIi aTOMH3M MeHblle Bcero Tpe6Gyer, 4ToObI
MHOroo6pasue M3BECTHBIX 4acCTHL Obl10 CBeJ€HO K HEMHO-
THM 3JieMeHTapHbIM CYIL[HOCTSIM HJIH, Hao6opoT, uTOGHl 3Je-
MeHTapHble CYIIHOCTH BooOule ObIH M3THAHBI ‘U3 HAYYHOTO
ob6uxona. DJeMeHTapHble YacTHIbl, 00pasys ray6Goualiuuni
H3BECTHbIH HblHE YDOBeHb MaTepHH, COYETAIOT BOEIMHO
CBOHCTBO MpPEPLIBHOTO (4acTHL) H HenpephiBHOTO (moJeft).
Bunbl s/jeMeHTapHBIX YacTHL OTJIHYAIOTCS OPYr OT APYra,
M BMecTe C TeM OHH — OJHO; 3Ta OCOOEHHOCTb ypPOBHS 3Je-
MEHTapHbIX YaCTHIL JleJlaeT ero HeNoXOXKHM Ha GoJsiee BHICO-
KHe YPOBHH MaTepHH, MPH PacCMOTPeHHH KOTOPBIX NpH On-
penesieHHBIX YCJIOBHSIX MOXHO OTBJIEKaTbCsl OT OpraHHue-
CKOI'0 eJIMHCTBA NPEPLIBHOTO H HEIpepbIBHOTO.

[TonBoast uror, Heo6GXOQMMO elle pa3 MONYEPKHYTb, UTO
COBpeMeHHast KBAHTOBAs] TeOPHsl HACHIILlEHA TPYAHOCTSIMH H
napanokcaMmi; GHU3HKHU ellle He HAIUJIH KOHKPETHBIX Hay4yHBIX
NOAXO0J0B, KOTOPble MPHBeNH Gbl K yCleXy, XOTS 3TH MOHCKH
YCHJIMBAIOTCS] H CTAHOBSATCS Bce Gosiee pasHOOGPA3HBIMH MO
uaesM u meronaM. HyXHbl HOBble yHIaMeHTa/bHble HIEH
H TUDHHLHMNBI, KOTOPble B HMX CBSI3H C SMIHDHYECKHM Mare-
pHuajioM no3BosiuIH Obl OTOOPA3UTh MHUDP 3JeMeHTAPHBIX Ya-
CTHIL.

HencuepnaemocTb 3/eMeHTapHBIX YacTHL, HX B3aHMO-
NpeBpauiaeMocTb, THKOBHHHOCTb MX CBOHCTB CJyXaT oOIlo-
pO# nMaJieKTHYecKOro MaTepHasn3Ma, KOTOPhiH, B CBOIO oue-

45



pénb, jact coBpeMeHHON (HU3UKe U eCTeCTBO3HaHHIO B LiedoM
Heo6xoanuMyto (PHIOCODCKYID OCHOBY /1S NMPaBHJIBHOTO MO-
HMMaHHS M paspellleHdss BO3HHKAIOLHUX TPyJHOCTell U mapa-
JOKCOB.
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I1. C. Noeuunesslii

3BOJIIOLHA TOHATHSA «PH3HYECKASI PEAJIBHOCTb»
B COBPEMEHHOH ®H3HKE

B naieit suteparype dunocopamMu H Ppu3HKaMH 06CTO-
ATeJbHO 06CyXpaaJncs psig ¢uI0cOMDCKHX NpobieM, BO3HHK-
HIMX TIOCJle CO3JAHHS ChelHaJbHOH TeOPHH OTHOCHTEJIbHO-
ctu (CTO), obmeit Teopun otHocurenbHoctH (OTO), a 3a-
TeM KBaHTOBOH MeXaHHKH: POJib W 3HaueHHe 3THX TeOpHi
B 3BOJIIOIIMH COBpeMeHHOH (pu3HyeckKol KapTHHH MHpa, CIe-
uupHYeCKHe MEeTOAbl INOCTPOEHHSI M HCTOJNKOBAaHHUS HOBHIX
TeOpHH, B YACTHOCTH POJIb MaTeMaTHUYeCKOH THIOTE3Hl, CO-
NepXKaHHe BaxKHeHUINX NOHATHH (H3HUYECKOH HayKH H HX
9BOJIIOIMS M Ipyrue,— a TakxKe Oblla faHa obcTosiTe/bHAs
KDHTHKA HAealHCTHYeCKHX, B 0COGEHHOCTH HEONO3HTHBHCT-
cknx, usBpamenuit CTO, OTO m KBaHTOBOH MEeXaHHKH
(A. A. Anekcaumpos, /1. 1. DBaoxunues, C. Y. Bapuios,
A. ®. Uodde, U. B. Kysuneuos, M. A. Mapxkos, I'. Y. Haas,
M. 3. Omenbsinosckuit, H. ®. Osunnuuxos, 0. B. Caukos,
B. U. Csumepckui, I'. A. Cseunuxos, C. I'. Cysopos,
B. A. ®oxk u ap.). OnHako, 0 MHEHHIO aBTOpa, HAMIHMH
HCCTefloBaTeNsIMH B o06sacTH PHIOCOPCKHX BONpPOCOB u-
3HKH BCE ellle He yJessieTcsl NOJXKHOTO BHHUMAaHHUS aHaJHU3y
TaKOro CylleCTBeHHOro (PpHI0cOPCKOro acmekra ConepKaHusA
¢usukn XX B.,, KaK ee TeOPETUKO-nO3HABATEAbHbLE NPQO-
6aemot.

Kak u3BecrHo, camu cosjpaTenu (QH3HYECKHX TeOpHH
XX B.— A. dinmrreitn, H. Bop, Jlyu ne Bpoi#sns, B. Teii-
3eHbepr, M. Bopy, 1. dupak, B. INayan, 3. Ulpenuurep u
Ipyrve B .CBOMX BBICKa3blBAHHAX MO (pHI0COGCKHM BOIPO-
caM CoBpeMeHHOH (M3HKH MM B NyO6JHMKalHsAX 1O HCTOPHMH
co3laHusl HOBOH (PH3HMKH CBOe IJ1aBHOe BHHMaHHe aKLeHTH-
DYIOT HMEHHO Ha aHaJju3e NpobJieM THOCEOJOTHYECKOTO IO-
psilka, OTMeuasi, YTO HMEeHHO HX GOpMyJHpPOBKAa H paspeille-
HHe TpeJCTaBJSJIH HAHOOJbIIHe 3aTPyAHEHHS B Mpoliecce
CO3[1aHHUSl U HCTOJIKOBAHHSl HOBBIX (PH3HUECKHX HIell H NpPHH-
nunoB. M3 wucciaenoBaHH# HAIIMX y4YeHHIX, CNELHAJbHO IIO-
CBsIIIIeHHbIX aHAJH3y Y3JO0BbIX TeOPeTHKO-TI03HaBaTelbHHIX
npo6seM (MJIH TeX HJIH HHBIX HX aCNeKTOB) (HHU3UKH MHKPO-
MHpa, HeOGXOAMMO BBAEIUTh pabGorni ML A. Mapxkosa (1],
B. A. doka [2] 1 M. 3. OmenbsHoBckoro [3]. MHTepecHble
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pa3paboTKU yKas3aHHBIX NpobJieM NpOBOLSTCS B IOCJeJHee
BpeMsi Takxke TakumMu ¢umocodpamu, kak M. C. Asekcees,
H. A. Axuypun, B. I1. Bpauckuit, B. I1. Xiorr, ®. M. Ka-
Hak, H. M. Poxenko, A. P. [Ilosnep, B. C. Jlykesnei
U np. PaccMoTpeHHe rHoceosiortueckod cutyauuu B GH3H-
ke XX B. B I1eJIOM, aHAJIM3 CONEPKAHUS ee BaKHeHIUHX HC-
XONHBIX TEOPETHKO-NO3HABATEJbHBIX IOJOXEeHHH — TaKo-
Ba, MO-BHAHMOMY, IleHTpa/bHasi 3a/4aya, [0CTaBJEHHAs Ie-
pen ¢uiocobamu B Xofe HempepbiBHOM 3BOJIONHMH (H3UYe-
CKOTO 3HaHHA,

B Hacrosimeft cratbe paccMaTpHBAaeTCs CMbICHA M 3Haye-
HHe TNOHATHS «(du3uueckass peaJbHOCTb» B €ro HCTOpHYe-
CKOM Pa3BHUTHH OT KJIaCCHUECKOH (H3HMKH K PesITTHBHCTCKOH,
a 3aTeM — K KBaHTOBOH MeXaHHKe, KOTOpOe SIBJISIETCS HaH-
6onee BaXKHOH XapaKTepHUCTHKOH HOBOHM THOCEONIOTHYeCKoi
cutyauus B ¢usnke XX Beka. [Ipo6iema peanbHOCTH B u-
3HKe BO3HHKAeT B CaMblX pPa3Hoo6pasHbIX Gopmax: peasbHbl
JIX peISITHBHCTCKHE 3(h(EKThl, peasibHbl JIH CHJIbI MHEPLHH,
peasibHbl JIM BOJIHBI MaTePHH, KaKOil (hU3UYECKUH CMBIC] TeX
WM HMHBIX a6CTPaKTHO-MaTeMaTHYECKHUX BbIpaXKeHHH, BBO-
IHUMBIX METOJOM MaTeMaTHYeCKOH THMOTe3bl, KaK yCTaHO-
BHTb 00beKTHBHbIE 3HAYEHHS] TEDMHHOB H YTBEPKIEHUN (H-
3MYEeCKOH TeOPHH U T. M. OcoOeHHO SIBCTBEHHO 3Ta mpobJe-
Ma BO3HHKJIa B (dusuke nocne chopmynuposanus K. Maxc-
BE/JIOM TEOPHH 3JIEKTPOMAaTHMTHBIX IIPOLIECCOB, KOTHa
(GHU3HKH MOJMYYHIH MaTeMaTHYECKHE YPABHEHHS, HO HE MOTJIH
CKasaTb, KakHe (HU3HueCKHe OGBEKThl HUMH OMNHUCHIBAIOTCS
(BcIOMHMM U3BecTHbIl adopuaM: «Teopust Makcsessa —
9T0 ypaBHeHHsi MaxcBenna»). Eme Gosee octpo’ npo6iema
peaJbHOCTH CTaBHUTCS NepeX (HU3UKAMH MOCJHe CO3JNaHHS
CTO, a 3atem u OTO. IlpuBbiuHas cxema HU3UKOB — HITH
OT 3KCNePUMeHTa H (HU3HYECKUX BOHATHH K MATeMAaTHUECKHM
3HaKaM M BbIDaXKeHHsAM paspyuiaercss A. DiHIITEHHOM B
OTO, xoraa co3gatesb HOBOI TEOPUH HAET OT MaTeMaTHue-
CKUX alGCTpakuuil (pMMaHOBa reoMeTpusi) K HCTOJKOBaHUIO
¢u3nYeCcKOro 3KcrepUMeHTa, Hajgessii (H3HYECKHM CMBIC-
JIOM 3TH MaTteMaTHyeckHe abcrpakiuu. duUsHyecKHe siBJe-
HUsl (TPaBHTAlMSA) M ONEPalM¥ HAaji HAMH BBHICTYNAKOT B Ka-
4ecTBe HWHTEpPNpeTalMH ONpeeJeHHOH MaTeMaTHYyecKOMH
cxembl, UMeHyeMo#l reomerpueli Pumana [4] (BMecTO npu-
BBIYHBIX (H3HUECKHX TEPMHHOB — «CHJIA TSXKECTH», «TPaBHU-
TALHOHHBIHA NOTEHNHAA» U T. 1. B (PU3HKe HAUYHHAIOT QUrypH-
pOBaTb TEPMHUHbBI. «KpUBH3HA [IPOCTPAHCTBAa», «KOMIIOHEHTH]
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METPUYECKOTO TeH3opa» u T. A.). HeoGbluHOCTL CHTyauuy,
BO3HUKAIOILEH NIPH 3TOM, COCTOHT B TOM, UTO He BCSIKOE Ma-
TeMaTHYecKoe Bbipa)KeHHe MOXKHO HHTepINpeTHPOBAaTh C II0-
MOLIbIO ACHCTBUTEJBHBIX MJH MBICAEHHBIX (DH3MYECKHX IKC-
NEPHMEHTOB, T. €. 0Ka3blBaeTCsl, YTO He BCKOe YTBepKAeHHE
NpHHAMaeMOi MaTeMaTHUYeCKOH CXeMbl HMeeT (GH3HYECKHI
CMbIC/ (HampuMep, PUMaHOBA IeOMETPHS ONEPHPYeT n-Mep-
HBIM NPOCTPAHCTBOM, B TO BpeMsi Kak (Pu3HK oOpabaTbiBaeT
pe3yJbTaThl 3KCNepUMeHTa, ONMHpasAch JHIIb HAa 4YeTblpex-
MepHbIl «MHP MUHKOBCKOTO»;, HEKOTOpble KOMIOHEHTH MeT-
PHYECKOrO TEeH30pa He MOTYT ObITb HAEHTH(HUHUDPOBAHH C
TPaBUTAUUMOHHBIM MOTEHLHaJOM M T. A.). Tak BO3HMKaeT
npo6jieMa YCTaHOBJEHHS peasibHOro (GH3MYECKOTO CMbic/a
reoMeTpHYeCKUX cooTHoueHui, ussectHas B OTO nox Has-
BaHHeM «NpoGJieMbl 10JIi — NPOCTPaHCTBA — BPEMEHH» (Co-
OTHOLIeHHe MeTPHKH M rpaBuTauuu) [5]. BosunkHoBeHHe
npo6JieMbl pealbHOCTH B KBaHTOBOH MeXaHHKe SBJIseTCS
JIOTHYecKUM npoaonkeHueM nocrasjiednodl CTO u OTO 3a-
laud HHTeprnpeTauH¥ MaTeMaTHYeCKOH cxeMbl Ha (u3zHue-
CKOM MaTepHalJe,

OxonuaTesbHOE pellieHHe BONpoca 0 QU3HYECKOH NpUpO-
Je peaJibHOCTH, BO3HHKAIOLIETO B TOH WJIM HHOI dopMe, BO3-
MOXHO TOJIBKO C MOMOILBIO 3KCIepPUMEHTa, NpPaKTHKH; Of-
HaKO 3TO pellleHHe HEeBO3MOXKHo 0e3 INpelBapHTENLHOTO
06CyXeHHs TNpoGJieMbl peaNibHOCTH B THOCEOJOTHYECKOM
nyaHe, 6e3 yCTAHOBJIEHHS TeX TEOPEeTHYeCKHUX MPeANOCHIIOK,
OpH KOTOPHIX 3Ta MnpobjeMa BooOue HMeeT (HIHYECKHI
cMbica. K yHc/ly Takux npeiBapHTeNbHbIX OGCY:KIEHHH OT-
HOCHTCAl M BbIICHEHHe CcOJepXKaHHS NpHMeHAeMbX (yHma-
MeHTaJ/JbHbIX TOHATHH, W aHa/u3 JIOTHUECKUX CPEACTB Olle-
PHPOBAHHST 5TUMHU NMOHATUSMHU. DTH O0OCYKAEHHS, HECOMHEH-
HO, IPOBOAATCA (HE3aBHCHMO OT TOrO, OCO3HAETCS 3TO HJIH
HCT) HCCHeNOBaTeIIMH ¢ TNpHBJeyeHHeM duiocodckux
CpPeACTB W MeTONOB.

[TpucTynas x paccMOTpPeHHIO colaepiKaHusi Takoro (yH-
laMeHTaJIbHOro MNOHATHA (usukn XX B., Kak «duaHyeckas
peanbHOCTbY, CJIelyeT Cles1aTb HECKONbKO Npe/BapHTeTbHbIX
3aMeyaHHuH, npex/je Bcero o (U3MYECKOH TeOpPHH BOOOGLIE
H O KOHKpeTHBIX (yHJaMeHTaJbHBIX TEOPHSX B YACTHOCTH.
[Ton ¢wu3nueckoit TeopHell MOHMMaercs He TOJBKO CHCTeMa
3HaHUH 006 omnpejeseHHON COBOKYMHOCTH (PH3NUECKHUX OOB-
eKTOB (MX OOG'bsICHEHHE), HO TaK¥Ke W JIOTHUECKHE CpPeJCTBa
(onucaHye ¢noco60OB) NMOJYYEHHST 3THX 3HAHHMH M ONMHCAHHE
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MEeTOJOB YCTAHOBJIEHHS HCTHHHOCTH YTBEPXAEHHH TeOpHH.
CoOTBeTCTBEHHO, TEPMHHBI «ClelHaIbHAS TeOPHsS OTHOCH-
tenpHocTH» (CTO), «o6mast TeopUsi OTHOCHTEJIbHOCTH»
(OTO) u «kxBaHTOBasi MeXaHHKa» yMoOTPeG/sIOTCS 31eCh B
TOM CMbICJ/e, KaKOH Oblj MPHAAH HM CaMUMH CO3JaTeJsIMH
3THX (GyHIaMeHTaJbHbIX TEOPUil U MPUHAT cefiuac B ¢U3H-
ke. CTO paccmarpuBaer ¢u3HuecKue siBJeHUs B HHEPILHAJIb-
HBHIX cucreMax otcueta; OTO — 3T0 TeopHst rpaBHTaLHOH-
HbIX TIOJIeH, TOCTPOeHHAsT HAa OCHOBe Mell (h)H3HYECKOro pe-
JaatuBu3Ma. KBaHToBass MeXaHHKa — 3TO (pH3HUecKasi Teo-
pHs, co3laHHAasi KOMeHrareHCKOH IIKOJOH (H3HKOB BO
rJiaBe C reHuasabHbiM AaTckMM ¢usukom Husnbcom Bopow;
3TO — TeopHsl (U3HUeCKUX sIBJeHHMH aToMHoro wmacuraba,
SIBHO YUHTBIBAIOLIASl CylleCTBeHHOEe (M HEOTAeNHMOe) BJHS-
HHe CpelCTB HCCJeLOBaHHSI HA H3yuaeMble (H3HUeCKHe SIB-
JIEHHS.

KBaHTOBasi MexaHuKa oGbsiCHSIeT [daHHble HaG/IOMEHHI
MHKDOSIBJIEHHH C NOMOILBI0O MaKponpHGOpPOB, OMHCHIBAEMBIX
K/J1accuueckKod ¢H3HKOH, M TNpeicKa3biBaeT HOBble (hU3HUe-
cKue 3¢ dexThl, ONMHPAsCh HA KOHIENIHIO AOMOJHUTENbHOCTH,
KOTOPYIO TNpPHMEHHTEJbHO K COOTHOLIEHHI0 KBAHTOBOMeEXa-
HHYEeCKHX MpeacTaBieHnit 1 06paboTKH NaHHBIX YKCIEPHMEH-
ta H. Bop xapakrepusyer cienyoimum obpasom: «Kak 66t
danexo Hu 8bIX00UAU ABAEHUS 30 PAMKU KAACCUYeCKO20 (u-
3u4ecKo20 00BACHEHUS, 8Ce ONbITHLIE OaHHble OOANCHbL OnU-
CbLBATLCA NpU nOMOUWU Kaaccudeckux nouatuil» {6, crp. 60].
Hnorpa naxke roBopsiT, UTO KBAHTOBAasi MeXaHHKa «C HEKO-
TOPOH TOUKH 3peHHs NpeAcTaBJisieT co00H TeopHI0 0coGOro
KJlacca MAKPOCKONU4eCKUX SIBI€HHH, CBSI3aHHbIX C MUKPOMH-
poM B3aumopeilcTBueM» [7, ctp. 170]. Bo3moxHbl, padyme-
eTcsl, U Jpyrue TeopeTHYeCKHe MpeJCTaB/IeHHs], TOCTPOEHHUS
M HMHTeplpeTaluH fIBJIeHHH MHKDOMHpA, KpOMe YKa3aHHOM
Bblllle «KOMEHTrareHCKOH HHTepnpeTalHHy, OJAHAKO HX BO3-
MOXHOCTb H 11€1eC000pa3HOCTb 3[leCh He pacCMaTPUBAETCS.
®dopmynarpoBaHHe KBAHTOBOI MeXaHUKH ONHpPAETCS Ha KOH-
LeTNuHI0 J0NOJHUTebHOCTH Bopa, siBASIIONyIOCs BhIpaXKeHH-
€M JIOTHKO-THOCEOJIOTHYeCKOH CrelHpUKH pa3BUTHSI COBpe-
MeHHOro (H3HYeCKOro 3HAaHHA. IJTa KOHUEMUHUS SIBJjseTcs
OIHOH M3 BaKHeHLIHX NpeANnOChl/IOK KBAHTOBOMEX aHHUECKOTO
(LOTIONIHUTEJIBHOTO) cioco6a onucaHusi  GU3UUECKUuX siBJe-
uufl. Kak H3BeCTHO, MOHSTHS «HCXOAHble NpUHUUNL (Tpen-
MOCBIJIKH) ONHCAHHSA» H «CcnocoObl omucaHus» (KJaaccuue-
CKHH, peJATHBUCTCKHI, KBaHTOBOMeXaHHYecKHil)  Oblin
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pBefeisr B Meronojioruto ¢usuku Huabcom Bopom [6].
¢dyHIaMeHTaJNbHbIH aHaJU3 3THX MOHATHH, AaJjbHeHllee pas-
sutHe ugeid H. Bopa comepxxatcs B Tpymax Bbigarouierocs
coBerckoro ¢usuka B. A. ®oka [8]. KBaHToBasi MexaHHKa,
chopMysupoBaHHAs KOMEHTareHCKOH Trpynnoil (uU3HKOB,
ABJISETCS, KaK H3BEeCTHO, MOC/JeA0BaTeJbHOH H «3aMKHYTOH»
c JIOTHYECKOH TOYKH 3peHUs TeopHell W MOATBepKIeHa He-
0603pUMOH Maccoll 3KCIepHUMeHTaNbHbIX HaHHBIX; CJefoBa-
TeJbHO, ee HeOOXOAHMO PacCMAaTPUBATL B TEOPETHKO-MO3Ha-
BaTeJIbHOM IIaHe KaK HOPMaJbHO (PYHKLHOHHUPYIOLLYIO
(U3NUECKYIO TEOPHIO, HE3aBUCHUMO OT MpPENNoJOXKEHHH O
BO3MOXHOCTSIX CO3JaHHfl KaKHX-JUOO ApPYTrHX TeopHil
MUKPOMHDpA,

Hanee. [To cyuiecTBy comepKaHHe MOHSATHS «pu3nyecKas
peajibHOCTb» MOXKeT pacCMaTPHUBATbCS MCK/IIOYHTENBHO B
n/naHe ero (YHKUHOHHPOBaHHS B (H3HUECKOM TO3HAHUH,
T. €. HeT HUKAKHX OCHOBaHHil onepupoBaTh UM BHE aHAJIH3a
TeOpPeTHKO-TNI03HAaBaTeJbHOr0 npoliecca B (hH3HKe, KakK, Ha-
npHMep, 6eCCMbICJIEHHO ONEPHPOBATb MOHATHEM «CHCTEMBI
oTcyeTa» BHe aHaJHM3a B3aMMOCBsi3ell MO3HAaLIEro cy6Gbek-
tTa (HccaemoBartens) ¢ GpU3HUECKUMH OGBEKTaMH.

TepMuH «peasibHOCTb» M3[JaBHA HCHOJb3YyeTCd B (HIOCO-
¢uM U UMeeT MHOro 3HauyeHHH; NOJ «pPeaNbHOCTHIO» MOHH-
MaeTcd H HeUTO CYIIeCTBYIOllee BHe M He3aBHCHMO OT CO3-
HaHHA yesloBeKa (M yeslOBeYeCTBa); H HEYTO CYILIECTBYIOllee
He3aBHUCHMO OT CyGbeKTa; M HeYTO CYyILeCcTBeHHOe, HeoOXO-
JHMOe B BelllaXx U MpolLeccax 1o CpaBHEHHIO C BTOPOCTEIEeH-
HBbIM, HeCcyILleCTBEHHbIM, Cy4aliHbIM; H AelicTBHTe/bHbIE dop-
Mbl OBITHSI 1O CpPaBHEHHIO C BO3MOXHBIMH, BepOSTHBIMH
dopmamu; u a0boe siBIeHHE, KOTOPOE MOXKeET IOJYYHTh Ma-
TepHaJbHYyI0 ¢opmy, U T. a. Tak, HanpuMmep, ToBopsAT 06
«00beKTHBHOH peaJIbHOCTH», O «peasibHbIX B3aHMOMAEHCTBH-
AX», 0 «peasbHBIX BelllaX», O «peajJbHOM MHpe» H T. IL; 3a-
TeM TOBOPAT O «peaJbHOM CMBIC/JEe» YTBEPKAEHHH TeOpuH,
0 «peaJibHbIX 3JleMeHTax» (H3HIeCKOH KapTHHBI MHPa, O «pe-
ajJbHOM HCTOJIKOBAHHH» HJeasJbHbIX OGBEKTOB 3HaHHSA
U T. I.; TOBOPSAT H O «peaJbHOCTH HAIUWX OL(YLIEHHH U MbIC-
Jefi», 0 peasJibHOCTH TOKa3aHHH NPHOOPOB W T. I.; TOBOPST
0 «HeMoCpeACTBEHHOH (5MMHPHYECKON) peasibHOCTH», C KO-
TOpOH HMeeT [1eJO Ta HJH HHas Hayka (Hanpumep, IJs
¢dopMaJbHOH JIOTHKH A3bIK SIBJsIETCA «peajbHOCTbIO®) U T. M.
dTa MHOTONJIAHOBOCTb TEPMHHA «PeaJIbHOCTb» MOXeET Ciy-
JKUTb HCTOYHMKOM HeJOpa3yMeHHUHl M [axe OLIHGOK TMpH
OueHKe MPHHIMIHAJIBHOTO CONepKaHHUsI PU3NUECKHX TeOpHil,
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Koueuno, siyuiie Bcero He ynorpe6ssiTh TAKHe TepMHHBI, 3Ha-
YeHHe KOTOPbIX HEONHO3HAayHO; HO B HayKe B Mpolecce
CTAHOBJIEHHSI HOBOI'O COJNEPXKAHUS OHO 3ayacTyio BTHCKHBa-
eTcsl B HMeEIOLIHeCcs «TOJ PYKOH», yKe YyCTaHOBHBILIHECS Tep-
MHHBI; TOJIbKO BpeMsi OT BpeMeHH CTapaloTcsi HalOMHHAaTh
(Bo n3bexxaHue Hegopa3yMeHHil), UTO NMOJ CTaphiM TepMH-
HOM CKpBIBaercs BTOJIHE OIpeneseHHOe HOBOe COjpepIKaHHe,
Tepmun «dusnyeckasi peatbHOCTb» BPSIA JH MOXHO TpH-
3HaTh ymayHbIM (y4YUTbIBAS MHOTO3HAYHOCTh «peaJibHO-
CTH»), OHAKO ocTaercsd (akTOM, YTO UM ONEPUPYIOT B CO-
BpemMeHHo#l ¢usuke. [losToMy He ocracTcs HHYero Apyro-
ro, KaK COBepIIeHHO OMNpeiejJeHHO YCTAHOBHTb, KaKOBO
cojepKaHHe TepMHHa «(H3HUecKasi peasbHOCTb» B COBpe-
MeHHOH (u3HKe M AJS PeLIeHHs KaKHX 3ajay 3TOT TePMHH
MOXeT OBbITh HCIO0/1b30BAH H (AKTHUECKH HCMOMb3YETCH.

YuuTbiBasi MHOTO3HAUHOCTb TEPMHHA «Pe&JbHOCTbY», He-
06X0JHMO OTJIHYaThb €ro OT COAepPXKAaHHS BaxKHeHiued KaTe-
FOPHH AHAJICKTHKO-MaTepHaJauCTHUeCKOH duaocopun — Ma-
TepUH (MaTepHa/bHOrO MHpa), WIH «OOBEKTHBHOH peaJib-
HOCTH», CYLIeCTBYIOLLEH HE3aBHCHMO OT YeJOBEYeCKOro COo-
3HaHusl ¥ oToOpaxaemoit um [9, crp. 276]. B nanHom ciyuae
TePDMHH <«He3aBHCHMO» IIOHUMaeTcsi, KOHEYHO, He B TOM
CMBICJIE, YTO He CYLIeCTBYeT B3aHMOCBSI3H MeXAy NO3Halo-
IIHM CyOHEKTOM H OOBEKTHBHOH peasibHOCTbIO, MaTepHeH B
No3HaBaTeNIbHOM Mpollecce (Beib MaTepHaJH3M HE TOJBKO
HCXOIHT M3 CYyIIecTBOBAaHHMA MaTepHH, HO M HacTauBaeT Ha
ee NMO3HABaeMOCTH, OTBeprasi Heno3HaBaeMyI KaHTOBCKYIO
«Belllb B ce6Gey; mpollecc xkKe NO3HAHHS HEMBICJIHM BHe pas-
HOOOGpa3HbIX (GOPM B3aUMONENCTBHS Cy6BeKTa C O6LEKTHB-
HOH peaJIbHOCTBIO), @ B TOM CMBbIC/Ie, UTO MO3HAIOLHMH CYy6b-
eKT BO3HHKaeT HCTOPHYECKH JHIIb Ha ONpeneJeHHOM 3Tarme
pa3BUTHA IBHXKYLIEHCH MaTepHH, YTO CaMO CO3HaHHE ecTb
OTpa)KeHHe B MO3Ty yesJoBeKa 3TOH ABHXKYyLlellcsi MaTepHH
(B yc/l10BHSIX CyIeCTBOBAHHSI uyesJOoBeYyeCKOro oO6IiecTsa).
3ajauya MeTOJOJOTHYECKOTO aHa/lh3a 3aKJI4Yaercs, B 4acT-
HOCTH, H B TOM, 4TOObl yKa3aTb Ha OTJIMYHE MOHATHA «H-
3M4eCcKasd peasbHOCTb» OT KAaTeropHH MaTepuH, HaH 00b-
€KTHBHOH peaJsibHOCTH.

Hrak, nockospKy 3agaua 3ak/04yaercs He B TOM, YTOGH
NpH3HATh NpPaBOMEPHOCTb TepMHHA «(dH3HuecKass peaJsib-
HOCTb» HJIH, HA0OOPOT, OTBEPTHYTh €ro, a B TOM, UTOOHI BbIsiC-
HUTb CMBICJ W 3HAayeHHe NOHATHSA, HAKTHUECKH yxe (YHK-
LHOHHpYIOIero B (H3H4eCKOH HayKe, oGpaTHMCH Mpexie
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BCET0 K MHEHHSIM CaMHX (H3HKOB O COjepXAHHH HaHHOFO
noHATHsI. Bor MHeHue A. Ditwrefina: «Korma dusukn
NpeANOYHTAIOT NYTH, MpoJoxKeHHble HblOTOHOM,— nHcan
OH,— TO JOMHHHDYET cJelyiollee NpeJcTaBiaeHue o ¢pH3HYe-
CKOH peasibHOCTH: peaslbHOCTb — 3TO MaTepHsi; MaTepHS
HCMBITHIBAeT TOJIbKO TaKHe H3MeHeHHs, KOTOpPbie Mbl BOCIIPH-
HHMaeM KakK [BHXeHHe B mpocrpaHcrBe. [IBHKeHue, mpo-
CTPaHCTBO, BpeMs — 3TO peasbHbie dopMbl» [10, cTp. 255].
CorsiacHo cucreme HbloTona (T. e. kJaccHuecKoi ¢H3MKe),
nojayepKuBa/a B Apyroii padore A. DilHwTelH, «pU3HUecKas
peaJsibHOCTb» WJIH «BHELIHHiI MHpP» («Bepa B CyllecTBOBaHHe
KOTOPOTO HEe3aBHCHMO OT BOCNpHHIMMAaloulero cybbekra Je-
>KHT B OCHOBE BCero ecTeCTBO3HAHHf») «XapaKTepH3yercsl
MOHATHAMH NPOCTPAHCTBA, BPEMEHH, MaTepHA/JbHOH TOYKH,
cusbl (MM SKBHUBAJEeHTHbIM el B3aUMOMeHCTBHEeM MarTe-
pHaJbHBIX TOueK)» [l11, crp. 7]. [lonBoxsi HTOrM pas3BHUTHSA
TEOPHH OTHOCHTEJBHOCTH M CBSI3biBasi 3aBeplieHHe ee C
CO3/aHHeM «COHHON TECOPHH MOJsi», A, DiHWTEHH NHCA:
«[TpocTpancTBo, BbIBeJCHIIOC Ha CBET NPH NMOMOILH TeJec-
HOro o0beKkTa, NOJAHATOe HA YpPOBeHb HayUHOi PeaJbHOCTH
HbloTOHOM, MOIJIOTHIO B MOCJefHHe AecATHAeTHH 3QHp H
TOTOBHUTCS MOTJIOTHTb MOJIe W Tesa, TaK YTO OHO OCTaHeTCs
eJMHCTBEHHBIM TeOpeTHUeCKHM IpelCTaBHTeJNeM peasb-
noctu» [12, crp. 211

Hrak, A. DAHIUTENH MOqYePKHBAET «HIEHTHYHOCTb» MO-
HAATHH «U3HUecKass peaJlbHOCTb» H «BHEUIHHA MUD»; «dHU3HU-
yecKas peaJbHOCTb» MOXKET HCNBITHIBATb TOJBKO TakKHe H3-
MeHeHHsl, KOTOpbleé BOCIPHHHMAIOTC KakK [BHXeHHe B IpO-
CTpaHCTBe.

Onupasice Ha 3Ty KOHUeNuHioo, A. DiHWTeAH yKa3biBaeT
CpelCTBa YCTAHOBJEHHSI CYyL[eCTBOBaHHSl  «(pH3HUeCKOH
peasbHOCTH» (BHeLIHero MHpa) B (GH3HYeCcKoll HayKe, oOlle-
HHBaeT KBAHTOBYIO MeXaHHKY H BbiCKa3biBaeT IPOTHO3bl O
OynyuieM pasBuTHUH GU3UKU. B usBecrHoi nonemuke ¢ H. Bo-
pOM O TeOpeTHKO-NO3HABaTeJNbHbIX NPENNOChJKaX KBaHTO-
Boii MexaHMkH, A. DiHmreiin (1935 r.) noauepkuBasm:
«...Ecan Mbl MO2KeM Ge3 KaKoro 6bl TO HH 6bl10 BO3MYLIEHHS
CHCTEMbl MpelCKa3aTb C JOCTOBEPHOCTbIO (T. €. BepOATHO-
CTbIO, PaBHOH eJMHHLle) 3HAYeHHe HeKOTOPOH (H3HUECKOH
BeJIHUHHBI, TO CYLIECTBYeT 3JeMeHT (pPU3HUeCKOl peasbHOCTH,
COOTBETCTBYIOLIMI 3TOH .Besnuude» [13, crp. 440—441].
1 nosxe (1949 r.) A. DitHwreitn otmeuasa: «MHe JOJXKHO
Ka3aTbCsl OLIMOOYHBIM MNpeANOoJOXKeHHe, YTO TeOpeTHYecKoe
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onucaHye ciaeayer CTaBUTb B NPAMYI0 3aBUCHMOCTb OT 4KTOB
SMIUPHYECKOro HabJII0eHHs, YTO, KAK MHe KaxKeTcs, Helpe-
MEHHO MMeeT MeCTO B IpHHIMME NONOJHHUTeJbHOCTH Bopa»
[14, crp. 233]). CoorBercTBeHHO A. DHHIUTEHH CyHTaJ, YTO
KBaHTOBas MeXaHHKa fIBJfeTC BaXKHOW, HO Bce-TaKH JIHIIb
NpOMEXKYTOYHOM CTYMEeHbI0O HA NYTH CO3JaHusi ¢yHIaMeH-
Ta/lbHOH TeOpUH siBJeHHH MHKpoMupa. «Hexoropeie ¢usu-
KH, B TOM YHCJIe H 51 caM, He MOTYT NOBepHTb, YTO MBI pas u
HaBceraa J0JKHbl OTKa3aThCsl OT HAeH NMpsiMoro usobpaxe-
HHSl PpH3UYECKOl peaslbHOCTH B IPOCTPAHCTBE H BpeMEHH HJIH
YTO MBI JOJKHBI COTVIACHTbCA C MHeHHeM, OYATO SIBIEHUS B
npupoae nogoGHbl urpe cayuasi» [10, crp. 76]. Ksanrosas
MeXaHHKa B cyllecTByWolleli ¢OopMe JaeT «HeNoJHOe U He-
NpsiMOe OMNMCaHHe peasbHOCTH, KOTOpPOe MNo3xe Oyaer 3aMe-
HEHO ONSAThb MOJHBIM W NpPSIMBIM»,— He yCTaBaJ MOBTOPSTHb
A. Diiawreits [156, cp. 128].

JI1060nbITHO, 0OHAKO, 06paTHTh BHUMAHHE Ha TO, KaK caM
A. DiiHTeliH OTpa)Ka/a aTaku TeX KPUTHKOB CO3JaHHOH MM
OTO, KoTopble CYHTAJH, YTO, COTIACHO 3TOH TEOPUH, TPaBH-
TAallHOHHOE MOJIe — He4YTO YHCTO (PUKTHBHOE, NMOCKOJbKY 3a-
BHCHT OT BblOGopa HabJojaTeseM cHCTEMBbl OTcyera (MpH-
BOJMMble HHXKe paccyxXJeHuss A. DfHiTefiHa SIBAAIOTCA
NpeKpacHol HJJIIOCTpaliHefi TOro, HacKoJbKO BeCKHe OCHOBa-
uus umen H. Bop, xorza B nosemuxe npotus A, DiiHiuTel-
Ha ccpitadcs Ha... CTO u OTO): «... Mbl yeTko pa3/inyaeM
BeJIMYHMHBI, NpPUHAAJIexKalne HHU3NYeCKON cucTeMe (He3aBu-
CHMO OT Bbl6Opa KOOPAMHATHOH CHCTEMbl), H BEJIHYHHBI,
KOTOpble 3aBHUCAT OT KOOPJAHHATHOH cHcreMbl (A. DilHIIeHH
B OTO He pasiuyaeT cHCTeMYy KOOpJAHHAT M CHCTeMy OT-
cuera.— I1. JI.). lanee, cienoBajo 6b notrpeGoBaTh, 4TOGHI
¢Hu3nKa BBOAWJIA B CBOM 3aKOHbI JIHIIb BeJHYHHB MEPBOTO
pona. Ha nene e BbISICHHJIOCH, YTO 3TOT MyTh MPaKTHYECKH
HepeaJleH, KaK SICHO [OKa3aJo pas3BHTHE KJAacCHYecKoH Mme-
XaHHKH... O6oiiTHCh 6e3 KOOPAUHATHON CHCTeMbl 0Ka3aJjoch
HEBO3MOXHO, H Heo6X0AHMO ObIIO HCNOAb30BaTh 3HaueHHS
KOOPJAHHAT, KOTOpble He cBOOOAHBI OT ONpeje/eHUs] uaMepe-
nusi» [10, crp. 242]. Takum 06pasom, TeopHs OTHOCHTENbHO-
CTH, ONHPAsICh HAa CHCTEMY OTCYETA, HCHOJb3yeT Kak ¢u3uye-
CKHEe BeJMYMHbI, MPUHAJIexKalHe HCCaenyeMoil pHu3nuecKon
CHCTEME He3aBHCHMO OT CHCTeMbl OTCUeTa, TaK H Te BeJHYH-
Hbl, KOTOpble 3aBHCAT OT CHCTeMbl oTcuera. B OTO «uyerh-
pe KOOpIHHAThl MPOCTPAHCTBEHHO-BPEMEHHOrO KOHTHHyyMa
SIBJISIIOTCS COBEpPIlleHHO NPOU3BOJILHO BHIODAHHBIMH NapaMer-
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paMH, KaxIblil H3 KOTOPBIX HMEET CaMOCTOSITeJbHbIH (H3H-
yecKHH cMbIc/. HacTHYHO 3TOT NPOU3BOJ NMEPeHOCHTCS H Ha
Te BEJIHYHHB! (KOMIOHEHTHI N0JIf), C NOMOIIbIO KOTOPIX OMH-
coiBaeTcst (u3Myeckast peaJbHOCTb. TOJNBKO HEKOTOpble, B
0611leM MOBOJIbHO CJOXKHBIE BbIpaXKeHHs, o6pa3oBaHHbIE H3
KOMIIOHEHT TOJSl H KOOPAHHAT, COOTBETCTBYIOT BeJHYMHAM,
H3MepsieMbIM He3aBHCHMO OT KOOPAHHATHOH cucTeMbl (T. €.
peaJbHbIM BeqMuHHaM). Tak, HanpHMep, KOMIIOHEHTaM Trpa-
BHTAaLlHOHHOTO N0J/1S1 B HEKOTOPOH NPOCTPAaHCTBEHHO-BPEMEH-
HOH TOYKe BOBCE He COOTBETCTBYeT BeJHYHHA, HE 3aBHCSIIAA
oT Bbl6Opa KoopauHaT. Takum o6pa3om, «dH3HYecKad
peaJibHOCTb» COOTBETCTBYET BOBCE He TI'PaBUTAlHOHHOMY
n0J110, 834ATOMY camomy no cebe, HO TOJBKO 3TOMY K€ IMOJIO
BMECTe C JAPYyrHMHM JHaHHbIMH. Ilo3ToMy HeJb3s cCKa-
3aTh HH TOTO, YTO I'PaBHTALHOHHOE MOJIe caMo 1o ceGe ecThb
HE4TO «peaJsibHOE», HH TOTO, UYTO OHO «YHCTO PUKTHBHO» (10,
ctp. 242]. Takum 06pasoM, N0 MHEHHIO CaMOro e DHHIITeN-
Ha, B OTO peub uuer He 0 «du3HUECKO peasbHOCTH» rpa-
BUTALIIOHHOTO MOJIs, 3 0 «(hDHU3HYECKOH peasIbHOCTH» TpaBH-
TAallHOHHOTO TMOJSI BMECTe C ONpefeneHHBIMH BeJTHYHHAMH,
3aBHCSAIIHMH OT CHCTEMbl OTCYETA.

A BoT MHeHHe O «(pH3HUECKOH peasbHOCTH» KOMEHrareH-
cxoft wKogbl ¢u3ukoB. CoraacHo H. Bopy, onucanue siBne-
HHH TPHUPOIB! IO KBAHTOBOH MEXaHHKH «TMOKOMTCHA B KOHEY-
HOM CyeTe Ha NpeAnochliKe, YTO caMo HabJIoOAeHHe JaHHOTO
SIBJIeHHs] Ha TOCJIe[Hee CYLIeCTBEHHO He BJHdeT... [1o KBaH-
TOBOMY TNOCTYJIaTy, OAHAKO, BCsKOoe HabJ/I0JeHHe aTOMHbBIX
SIBJE€HUH CBSI3aHO C TaKUM B3aUMOJAEHCTBHEM INOCTEIHHX CO
cpeacTBaMH HaOJMIONEHHS, KOTOPLIM Hesb3s npeHebpeub, H
MO3TOMY HEBO3MOXHO MPHNHCATb CAMOCTOSITEIbHYIO (DH3H-
YeCKylo peajibHOCTb B OOBIYHOM CMBICJIE KaK (eHOMEHY, Tak
H cpeAcTBy HaGuawoienus» [16, crp. 307]. U ewe: «[lonstue
JOMOJIHUTEJbHOCTH HH B KOEM cJjyuyae He Npeanosaraer oT-
Ka3a OT Halllero NOJOXeHHs He3aBHCHMBIX HabJjopatesneil
TIPHPOMBI; 3TO MOHSITHE HYXXHO paccMaTpPHBaThb KaK JIOTHye-
CKOe BbIpa)KeHHe Hallell CHTyallUH MO OTHOWIEHHIO K O06b-
€KTHBHOMY OINHCAHHIO B 3TOH O6JAaCTH ONBITHOTO 3HAHHS.
BsaumopeiicrBie MeX1y H3MepPUTENbHbBIMH MPUOOPAMH U UC-
caelyeMbIMH (GU3HYECKHMH SIBJEHHUS MU COCTABJISIET HEOTHEM-
JIeMyl0 4acTb KBaHTOBBIX siBjeHHil. IIpusHaHue storo ¢ak-
Ta.. 3aCTaBMJ/IO HaC, NMPH YNOpsAAOYeHHH ombiTa, obpamiathb
IOJIXKHOe BHHMaHHe Ha ycJoBHA HabuomeHus» [17, cTp. 457].
B, T'eiizeH6epr numer o TOM, uTO <«HaGJIONEHHEe Hrpaer
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pelaplyo poJb B aTOMHOM COOBITHH H UTO PeaJlbHOCTb pas-
JMyaetrcss B 3aBHCHMOCTH OT Toro, Hab/aiofaeM JH Mbl ee
uau Het» {18, crp. 31—32]. IlpencraB/ieHne o peasbHOCTH B
(H3HYeCKOM MHUpe HA NPOTSKEHHUH NOC/TEJHETO CTONETHS «CTa-
JIO HECKOJbKO MNpoGieMaTHYHbIM...— 3aMedaer M. Bopn.—
HauBHblli noxxom x mpo6jeMe peasbHOCTH, KOTOPBIH ObLI
CTOJIb YCHEIIHbIM B KJacCHYeCKHH, HJIH HBIOTOHOBCKHH, Te-
‘pPHOJ, OKa3aJicsi HeyqOBJeTBOPHTeNbHBIM. COBpeMeHHbIe Teo-
pun TpebyioT HoBol (opMyJHPOBKH». [leso B ToM, pa3BH-
BaeT 3Ty MbICIb ganblie M. BopH, uto «HabJiomneHHe HJIH
U3MepeHHe OTHOCHTCSl He K SIBJICHHIO NPHUPOJBl KaK TaKOBO-
MYy, 4 TOJbKO K aCleKTy, NoJ KOTOPLIM OHO paccMaTpHBa-
eTcsl B CHCTEME OTCUeTa, HAM K TNPOEKIHsIM Ha CUCTeMy OT-
cyera, Kotopasi, caMo coboit pasymeercs, co3laeTcsl Bceil
npuMeHsieMoil o6CTaHoBKOi». IMeHHO Haess HWHBApHAHTOB
(MHBapHaHTHl KaK HHIUKATOPbl OOBEKTHBHOH peaNbHOCTH B
Kaxkioil pHU3HUCCKON TeopuH) «ABJASIETCH KJAIOUOM K palHo-
HaJIbHOMY TOHSITHIO PeajibHOCTH, U He TONbKo B (H3HKe»[19,
cTp. 267, 269, 279, 276].

Kak ormeuaer M. A. MapkoB, «dusnueckasi peajbHOCTb»
SIBJISIETCS «HOBBIM (PH3HUECKHM NOHSITHEM KBAHTOBOH TEOPHH.
[Ton ¢dusnueckoit peanvHoCThIO MOHHMAaercs Ta (opma pe-
aJIbHOCTH, B KOTOPOH peajibHOCTh NPOSBJSETCS B MaKPONpPH-
Gope» [7, ctp. 163]. «OcHOBHOII 3/1€eMeHT», COCTABJAIOUINIT
npeiMeT KBAHTOBOM MeXaHHKH,— 3TO «pe3yJbTaT B3aHMO-
JeHCTBHSl aTOMHOTO OGBEKTa C KJACCHYeCKH ONHCHIBAeMbIM
npH6OpoOM»; «3a OCHOBY OMHCAHHSA SIBJIEHHI» B KBAHTOBOM
MeXaHHKe TMPHHUMAETCsl «aKT B3aUMOMNEHCTBUS 0O6BEeKTa C
npubopom», nonuepkusaer B. A. Pok {20, crp. 11, 13].

Kakue xe npenBapHTe/bHble BBIBOABI MOXKHO CHE/1aTh U3
NpHBeJeHHbIX Bblllle BLICKA3LIBAHWI? Bo-mepBbIX, NMOHATHE
«(pu3nyeckas peasjbHOCTb» (TepMHHBI BapbhHpyloTcsa — «du-
3HYCCKas PeaNbHOCTb», «PealbHOCTb», «Pe3yJbTaT B3aUMO-
JeficTBHA o6beKTa C MPHOOPOM>» U T. 11, ) BEICTYNAeT OJHHM U3
OCHOBHBIX NoHATHH ¢u3uku XX B. ['oBops TOuHee, 3TO NOHA-
THe OPraHMYeCKH CBSI3aHO C TAKUM BaXKHeillIHM 3JeMeHTOM
¢bu3nyecKoro 3HaHMs, KaK Teopus (a He, NONyCTHM, KapTu-
Ho#t MHpa). Bo-BTopblX, B KBaHTOBOH MeXxaHuKe (No cpaBHe-
HHIO C MpeflleCTBYIOIMMH (U3HUECKHMH TEOPHUSIMH) Cylie-
CTBEHHBIM 00pa30M MeHsIeTCsl cojiepKaHtue NOHATUA «pH3HYe-
CKas peaJjibHOCTBb» (mpuueM, nanpumep, A. DiHIITeHH
CUHTAET 3TO sIBJIeHHe BpeMeHHbIM, npexonsium). HakoHen,
COlepKaHHe TepMHHA «(dH3HUECKas DPeasbHOCTb» CBA3AHO,
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¢ ONHONM CTOPOHBI, C KaTeropued mMaTepuaabHOro MHpa, WA
00beKTHBHOH peaJlbHOCTH, H, C APYroifl CTOPOHbI, C KaTero-
pHsIMH 00beKTa H cyObeKTa MO3HaHHS (C XapaKTepHCTHKa-
MH HCXOJHOTO MO3HaBaTeJbHOro mnpouecca). OcCTaHOBUMCS
Ha MNocJefHeM 3ameyaHuH OoJiee mnoapobHo. Paccmorpum
CcHaya/ja MepBYI YacTb YKa3aHHOrO 3ameyaHusi (60 BTO-
pasi 4acTb — IpeaiMeT BCero MNOC/AedyIOLUero H3J0XKeHHUS).

BBenenue nousaTus «du3Hyeckasi peaJbHOCTb» BOBCE HE
CBfI3aHO OJIHO3HAYHBIM 00Pa30OM HH C OTPHLAHHEM cyluecT-
BOBAHHA BHelIHero (GH3HYecKOoro MHUpa He3aBHCHMO OT CO3-
HaHHUA HCCJACOBATeNs], HU C TMOMbITKAMH «/10Ka3aTeJbCTBaY»
6ecconepkKaTeJbHOCTH [OHATHSI BHeHIHero (H3HYecKoro
mHupa. VHBIMH cioBamH, BBeleHHe TOHATHS «GhHU3HYecKas
peaJbHOCTb» HHCKOJbKO He H3MeHsleT BaxKHeilleH npenmno-
CBIJIKM ()H3HYEeCKOrO 3HAHMS — NPH3HAHHSl CYLIECTBOBAHHS
BHelIHero (U3HYEeCKOro MHpa He3aBHCHMO OT CO3HAHMS HC-
caepoBatesis !; GoJiblie TOro, caMo OmpejpeseHHe 3TOro I0-
HATHS ONMHpaeTcsl Ha 3Ty NpeanocblikKy. ¥ DfiHmiTefiHa 3TO
caeflyeT Kak HeyTo caMo cofoii pasymerolleecs. «Dusuka
ecTb CTpeMJeHHe OCO3HAaTb Ccylllee KakK UTO-TO TaKoe, YTO
MDBIC/JTHTCSl He3aBHCHMBIM OT BOCHPUATHA. B 3TOM cmbicie,—
nNHueT OH,— roBOpAAT O «(dHu3HYecKH peadbHOM» [10,
crp. 161—162]. ¥ ¢u3HKOB Ke KONeHrareHCKOH IIKOJBI MO-
HSITHe «(dH3HYecKasl peasbHOCTb» YKe OTHeJeHO OT HCXO.-
HOW TpeAnochlKH HU3HYeCcKoro 3HaHUS (MOC/AEeHssA, eCTecT-
BEHHO, IIMpe, HeXXelH NOHATHe «(dH3HUecKas peasibHOCTb»).
Muenue H. Bopa o ToM, u4TOo KBaHTOBas MeXaHHKAa «HH B
KoeM C/yyae He NpejrioJiaraeT OTKa3a OT Halllero mnoJjoxe-
HHS He3aBHCHMBIX HabJio1aTeseil», Bblllle yKe TPHUBOAHIIOCD.
B npyrom mectre H. Bop o6paiiaer BHUMaHHe Ha TO, YTO HU
B TEOPHH OTHOCHTEJNbHOCTH, HH B KBAHTOBOH MeXaHHKe «pac-
LIMpeHHe pAMOK HAUIMX MOHATHH He TpeanmosiaraeT KakKoii-
JINOO CCBLIIKH Ha HabJaoganouHui cy6bekT (3Ta cchliKa Gbliaa
6bl OpensTCTBHEM [/ OJHO3HAYHON Iepemxauyd OMBbITHBIX
dakropos» [6, cTtp. 147].

Ananornynble MbICJH BbickassiBaioT B. TeiisenGepr,
M. Bopx u npyrue. B. Ieiizen0epr HeOXHOKPAaTHO OTMeuaer,

B panbHeiilleM peyb HAET HCKJIOYUTEJNLHO O COOTHOLIEHMH HMCXOAHON MpeAnochl-
KM Jio6oro ¢H3NyecKOro 3HaHHA (NMpU3HANHe CYULEeCTBOBAHHS BHeEIIHEro ¢U3H-
YeCKOro MHpa He3aBHCHMO OT CO3HaHHMA Ha6aofaTens) H TNOHATHS (HU3UYecKoH
peanbHOCTH B HOBbIX (u3Hyeckux Teopusix XX B. Bompoc o dumocobckux H 06-
LIECTBEHHO-NIOJNMUTHYECKHX B3rJsfaX ynoMuHaeMnlXx (GH3MKOB 3Aechb He paccMarT-
puBaeTcs.
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40 «pu3MK KOIKeH HOCTy/HpoBaTh B CBOeH HayKe, uto OH
u3yyaer MHD, KOTOPbIfi He OH H3TOTOBMJ M KOTOPBLII Cyuie-
cTBOBaJ Obl 6e3 3HAYHTeJNbHBIX lepeMeH, ecau Gbl 3TOro ¢u-
3uKa BooOlle He GblI0» [21, cTp. 89]; «6e3yc/s0BHO, KBAaHTO-
Bas TEODHA He CONEPXKHT AeHCTBHTEJbHO HHKaKHX CyObek-
THBHBIX 4YepT, M OHa BOBCe He paccMaTpuBaeT CO3HaHHe
(Hu3HKa KaK YacTb aTOMHOTrO COOBLITHSI»; «Halledl 3ajgayeit
He MOXKeT sIBJISITbCS BhICKa3biBaHHe MOXeJaHHH OTHOCHTE/Nb-
HO TOro, KaKHMH MOJIKHBI GbITb, COOCTBEHHO I'OBOpS, aTOM-
Hble aBJjeHusi. Haiueil samayeit mMoxkeT ObITb TOJbKO MOHH-
MaHHe uX». M nanee: «B skcrmepHMeHTaX ¢ aTOMHBIMH INpO-
lleccaMd Mbl HMeeM [eJO C BelllaMH H (aKTaMH, KOTOpbie
CTOJIb Ke peaJibHbl, CKOJIb peaJibHbl JIOOble SBJEHHS IOB-
cenHeBHOH xku3Hu» [18, crp. 34, 103, 158]. «Pemaromum
(akTopoM» pa3BHTHS BCEro eCTeCTBEHHOHAYYHOTrO 3HaHMS,
B TOM yHcJe H (u3uyeckoro, kak yreepxpaaer M. Bopw, siB-
JsgerTcsd «HeoOXOJUMOCTb INPHU3HAHHS YeJOBEKOM BHEIHero
peaJbHOro MHpa, YCTOHYHMBOrO M CYUIECTBYIOLIEr0 He3aBH-
CHMO OT YeJIOBeKa, H ero crnocoGHOCTb HATH Bpaspes co
CBOMMH OLIYIIEHHSIMH TaM, TAe 3TO HYXHO JJIsI COXPaHeHHs
JAaHHOrO yOeXAeHHs»; eCTeCTBOHCILITATElb «AOJKEH ObITb
peaJiMCTOM, OH [OJI)KeH BHIEeTb B CBOMX YYBCTBEHHBIX BIIe-
yaT/eHHsAX HeyTo OoJblllee, yeM TrajJOIHHAIMH, 4 HMEHHO
HHpOpMALHIO, HAYIIYI0 OT peasbHOr0 BHEIIHErO MHpa»;
«BCe BeJIHKHe OTKDBITHS B 3KCIepHMeHTaJbHON (u3nKe 00s-
3aHbl HHTYHLHH Ji0Jell, OTKPOBEHHO HCMOJb30BaBIIHX MoOJe-
Jid, KOTOphle 1/ HHUX OblIH He NpoAyKTOM UX (aHTasuH, a
npeAcTaBUTENsIMH peaJsibHbIX Belleil» {19, cTp. 33—34, 207].

Hrak, u A. DitHlITeilH, 1 KONEHrareHcKas WKosa GU3rKOB
CXONATCS B TOM, YTO NPHMEHSIIOT TepMUH «(dusuyeckas pe-
4JIbHOCTb», OJHAKO PAaCXONSATCS B OTHOLIEHHH MOHHMaHHS
3TOr0 TepMHHA. DTO pacXoXJeHHe He 0O0yC/OBJEHO pasJH-
yHeM B pelIeHHH OCHOBHOTO Bollpoca ¢ujocopuu (Ipume-
HHUTEJbHO K Gu3uke), u60 u A. DiHLITellH, H KOTIeHr areHcKast
iwKosa (U3HKOB CXONATCS B MaTepHAJUCTHYECKOM OTBeTe
H4 yKasaHHbIi Bompoc (B paMkax ¢usuku). BooOliie roso-
ps, 3/eCb YMeCTHO NpPHBECTH C/a0Ba (paHLy3CKOH yuyeHOH
M. A. Tounena o ToM, yTo cefiuac «0ObeKTHBHOCTh BHeIl-
Hero MHpa, He3aBHCHMO OT Halllero CO3HaHHs, SIBJsIETCS MO-
CTyJaTOM, MPHHHMAaeMbIM KaxiabiM ¢u3MKOM. Pasymeercs,
TakKoe NOHMMaHHe He JOJKHO 00si3aTe/IbHO CBS3bIBATbCSA C
peaJICTHYECKOH OHTOJIOTHEH, OHO 3HAYHT, uTo ¢GH3HKa, IO
ompefieJieHHIO, €CTb HaykKa O BHeLIHeM MHDe, NOCTHXHMOM
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Hamu» 2 [22, ctp. 195]. ITocKoNbKY HCXOMHOMN MpeaNnOChIIKOM
(mocrynatoM) ¢u3nuecKoro 3HaHHsS SBJiSIeTCS MaTepHalu-
CTHUYEeCKOe pelleHHe OCHOBHOTO Bompoca ¢uaocodhuu, TO,
cJIel0BaTe/bHO, U CMBICJ OJHOTrO M3 3J1eMeHTOB (pU3HUEeCKOro
3HaHHs — NOHATHS «(hHU3HYecKass peasbHOCTb» NpejroJara-
eT CyIleCTROBaHHe (H3UYECKOrO MHpPa He3aBHCHMO OT CO3-
HaHUsl Habmopatens. DTUM, pasyMmeeTcs, JUlIb yCTaHABJIH-
BaeTcs B o0LleM COOTHOLIEHHe MeXAy NOCTYJaToM O Cy-
IleCTBOBAHHH BHEIUHEr0 MHPa W TEPMHHOM «dH3HuecKas
peasibHOCTb», HO ellle He pacKphiBaeTcs COAEPKAHHE 3TOrO
TepMHHa.

Onupasicb Ha BEICKa3biBaHHs CO3naTelieil COBPeMEHHBIX
(GHu3MYECKHX TeOpHil M NpPHHUMMHAJbHBIE Pe3yJbTaThl 3THX
TEODHH, NpoBeJeM MEeTOJO0JIOTHYECKHH aHaJH3 CONep:KAaHUs
NOHATHS «(H3HYecKasi peasbHOCTb» B CBETE JHaJeKTHKO-Ma-
TePHANUCTHYECKOH THOCEOJIOTHH, B NEPBYIO OYepenb CKBO3
npu3My KaTeropHii o6beKkra M cyGbekra Mo3HaHus. Takoml
aHau3 (3[1eChb H3JIATAIOTCS ero KOHeYyHHE pe3yabTarsl) NpH-
BOAHT K BBIBOAY, YTO MOHATHE «dH3HYECKass peasbHOCTh»
BBICTYNaeT B COBPeMeHHO! (H3HKe B KauecTBe XapaKTepHCTH-
KU IO3HABATEJNbHOrO npouecca (MO3TOMY HEJONMyCTHMO CMe-
IIWBATh TaKHe MOHATHA, KaK «MaTepHus», «DU3UUeCKHN MHDP»
H «pu3HyeCKass PealbHOCTb») M YTO B OCHOBE PaCXOXKJACHHH
MexXny A. DHHITeNHOM H KONEHrareHCKo# WIKOJ0# GH3HKOB
JieXXaT NPHHUHUNHAJbHBIE DPa3/iHuMsi B OUEHKe THOCEOJOTH-
yecko#l cuTyauuu B ¢usnke XX B.

[IpumennTenbHO K Gu3HYECKOMY 3HAHHIO MOXKHO chop-
MYJHPOBATh CJAEAYIOILYI0 MCXOAHYI0O MOJENb TMO3HABATEJNb-
HOTO mpouecca: B3aUMOCBSA3b 00beKTOB (H3HYEeCKOH HayKH,
yCIOBHH NO3HaHUSA U uccaeposatens [24]. ITox o6bekramu
Gusnyeckoll HayKH TOApas3yMeBalOTCsl Kakue-nu6o ¢par-
MeHTH MaTepHaJbHOrO (PU3HUYecKoro MHUpaA M HX CBSISH MJIH
e HMX HleasbHble 00pa3bl, Ha KOTOpHE HamnpasjeHa JH60
MarepHaJbHO-NpakTHYyeckasi, TU60 TeopeTHuyecKass mesTelb-
HocTb HccaenoBatens. OO6bexThl (H3MYECKON HAyKH pac-
CMaTPHBAIOTC HAa ypPOBHE 3KCIIePUMEHTa  (HCXOIHOE
THOCEOJIOTHYECKOE OTHOLIEeHHe) M Ha ypPOBHe TEODHH, Teope-
THYECKOTO 3HaHHSl (TPOHM3BOAHOE THOCEOJOTHYECKOe OTHO-
wenue). Bynem pasnuuaTh Takke SMNHPHYECKHE W Teope-
THYeCKHe OOBeKTbl  MPOU3BOJHOTO  THOCEOJIOTHYECKOro

JIl06oNbITHO 3aMeyaHHe OJHOTO H3 yuyacTHHKOB )KeHeBcKof KoHdepeHuun no ¢u-
3uKe BBICOKHX SHepruit (Plocra): «KaxAniA (H3HK, eCTECTBEHHO, 3HaeT O Cylle-
CTBOBaHHMH YacTHL, 3a9YeM STO HYXHO AOKa3bBaTh?» [23, cTp. 746).
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OTHOLHeHHsI: 3MNHPHYeCKHe OOBEKTLI OXBAaThIBAIOT ONpeje-
JIeHHBle CTOPOHBbI 00beKTOB (pu3HuecKoil HayKM Ha ypOBHe
3KcnepHMeHTa (N1 QU3HYeCKHX 06BEKTOB) BO BCEHl HX LEJb-
HOCTH M KOHKDeTHOCTH (coGbiTHe, yacTulla, BOJHA), B TO
BpeMsi KaK TeOpeTHUeCKHe OOBEKTbl XapaKTepH3YIOT Npe-
HMYLIECTBeHHO o6liue, HeoOXOAHMBIe, CylleCTBeHHble CBSA3H
¢du3nyeckux o6beKToB (00HEKTOB Ha YPOBHe 3KCIepHMeHTa)
H SBJSIOTCA HX JIOTHYECKON peKOHCTpyKuMeft (MOTeHUHad,
untepBai B CTO, ¢-dyHkuus). Pasymeercs, noHsiTHE «00D-
eKT (H3MYecKoil HayKu Ha YpOBHe 3KcnepHMeHTa» ((uau-
YyeCKHii 06beKT) He HIACHTHYHO INOHSATHSM <«TeJNO», <«Belllb»,
«4aCTHILa» U T. M.

JlnaneKTHKO-MaTepHaJUCTHUECKOe pellleHHe OCHOBHOTO
Bonpoca ¢ujaocopuH NPUMEHHTEJbHO K TNOHATHAM «06beKT
dbu3HUeCKOl HayKu» W <«HCCjefoBaTenby («HabJaI01aTeNby)
3aKJoYaercs B TOM, UTO BHe H He3aBHCHMO OT CO3HaHHs HC-
clefloBaTessl CyLIeCTBYeT MaTepHaJibHBIN (PHU3HUYECKHH MHD,
a co3HaHHMe HalJojaTelsl ecTb OTpaXKeHHe B €ro MO3ry 3To-
ro Mupa; Ha6J/o1arenb (HccaegoBaTe/b) BO3HHKAET, OSBJSA-
€Tcsl JIMUIb Ha ONpeJe/eHHOM 3Tale Da3BHTHs MaTepHallb-
HOTO MHpa; HaKoHell, OOBEKT (H3HUECKOH HayKH MOXKeT
OBITH JIMIIBb YacTblO, acleKTOM (pH3HYeCKOro MHpa, Nomas-
1lero B IoJie 3peHHs HCCJaefoBaTesNss H UM aKTHBHO yCBaH-
Baemoro. CTeneHb JA0CTOBEPHOCTH HAIUKX TNpeACTaBJeHHH 06
o6beKTax (HU3HUECKON HayKH (KaK SMIHPHYECKHX, TaK H
TeOpeTHYeCKHX) yCTaHaBJHBaeTcsi Ha Ka)KAOM 3Tame pas-
BUTHS NO3HaHHs, B KOHEYHOM CYeTe, B Mpoiuecce MaTepH-
aJNbHO-TIPAKTHUECKOH M TeOpeTHUeCKOH [esiTeJbHOCTH HCCJe-
JoBaTesst (NMpoBepKa ajeKBaTHOCTH TMO3HaHHS).

AKTHBHOCTb HccrenoBaTesisl (Kak cyObeKTa NO3HaHHsS) B
coBpeMeHHOH (¢u3HKe MoOXKeT OblTh HauboJiee MOJHO OXa-
pakTepH3oBaHa HOBBIM 3J€MeHTOM MOJEJH TeOpeTHKO-NO-
3HaBaTeJbHOrO Npoliecca, HMEHYEeMBbIM «YCAOBUAMU NO3HA~
Husy. Tlop ycnoBusiMH NMO3HAHHSI Ha YPOBHE 3KCIHEpUMEHTa
noApasymeBaloTcs «(HoH» NpoTeKaHHS HCCTenyeMblX (H3H-
YeCKHX B3aHMOJeNCTBHH H cpeicTBa MX HCCJAeJOBaHHS, a
MMEHHO CHCTeMbl OTcueTa H H3MepHTeJbHBIE YCTPOHCTBA,
CKOHCTPDYHPOBaHHble Ha OCHOBe OlpefejeHHbIX TeOpeTH-
YeCKHX npeanocbliok. Ilon ycnoBusiMH mo3HaHusi HA YPOBHe
TEOPHH NMOApPa3yMeBatOTC (DYHKUHONUPYIONIHHA B IAHHOM CH-
*TeMe «A3blK HabJa0JeHHl» (TeopeTHUeCKOe NMpeicTaBleHHe
yC/MIOBH# MO3HAHHS Ha YPOBHe 3KCIIlepUMeHTa), a TaKxkKe ycC-
JIOBHSI M CpelcTBa pa3BepThiBAHHUA M (DYHKUHOKHPOBAHHS
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TCOPeTHYECKHX CHCTEM, a MMeHHO — HCXOJHOe 3HaHHe (He-
06X01HUMOe JJIsl IOCTPOEHUST TAHHOH TEOpHUH), BKJKOUAIOIlIee
¢dunocodckre mpeanochNKH, HarasgHble 06pasbl U MOJEJH,
npoBepeHHble ONMBITOM Ga3HcHble PH3HYECKHe TeopuH (Mexa-
nitka Helorona, CTO u T. n.), MeTopoJOrHYeCKHEe MPHHIIH-
Obl  (NMPHHLMN GOOTBETCTBHUS), GyHAAaMeHTa/lbHble IOHATHSA
(xoopauHara, UMnysabC U T. A.). TakuM o6pa3oM, ycJoBHs
NO3HaHHA BHICTYNAOT B (DU3HUECKOM 3HAHMH B KauecTBe
OMOCPeACTBYIOIUMX 3BeHbEB BO B3aHMOCBSA3H OOGBEKTOB ¢(H-
3HUECKON HayKH M HCCJAeNoBaTeNs M, B KOHEUYHOM HTOTre, He
MOTYT ObITb LIETMKOM OTHECEHBl HH K ONpelesieHUu0 o6beKkTa
Nno3HaHKs, HH K onpefeseHHio cyGbeKkra noszHasus. Ilpen-
JaraemMasi 3mecb HCXOLHasi MOJeNb ITO3HABAaTEJbHOrO MpO-
mecca XapakTepusyeT cnelHGHKY B3aHMOCBA3H O0HEKTa
1 cyObeKTa NMOo3HaHHSI B coBpeMeHHOH (H3HKe M onHpaercs,
ecrecTBeHHO, Ha Te3uc K. Mapkca o B3auMoaeicTBHH 00b-
eKTa U cyGbeKTa NO3HAHHSI KaK HCXOLHOH OCHOBe J0G0TO
NO3HABATeJNbHOTO INpolecca.

Tenepp MoxHO chopmynupoBath oblee onpeneseHHe
«(hU3HYECKON peaJbHOCTH» B COBpeMeHHO# ¢usuke. Hoo
«GusudecKol pearbHOCTHIO» NOHUMAETCS NPOYECC B3AUMO-
Oelicteus ¢usuueckux 00BeKTO8 U YCAOBLI NO3HARUA,
a Takxce e20 pesysbTAT Ha YposHe IKcnepumenra (onpede-
AeHHas opma OaHHOCTU 00BEKTUBHOL pearbHoCTu), KOTo-
pole GukcupyroTcs, npedcTasASIOTCA, MOOeAUpYIOTCA pas3-
AUYHBIM 00PA30M HA PA3AUYHBIX YPOBHAX NO3HABATEALHO20
npoyecca. C 3Toil TOYKH 3PEHHS] MOXKHO TOBOPUTb O «(HU3H-
yecKoil peasJIbHOCTH» He TOJBKO Ha YPOBHe 3KCIepHMeEHTa
(nanpuMep, [BHKEHHe YacTHLUB B Kamepe BuJbcona) 8,
Ho u Ha ypoBHe reopuH. Ilocnennuii ypoBeHb, B CBOIO oye-
peab, NMoApasnessieTcss Ha ABa ypoBHsi 3HaHus [25] — ammu-
puueckui (omMcaHHe TPeKOB B KaMepe BusbcoHa) H
TeopeTHYecKHil (GOpMyJNHpOBaHHE TEOPUH CTPOEHHS aTOM-
HOTO SIApA M T. 1.). Ha Kaxa0oM u3 3THX NocJeHHX YPOBHEH
(PM3UK HMeeT AeNo C Pa3JHYHBIMH TIPeACTaBJeHUAMH «OdHu-
3MUeCKOH peasibHOCTH»: Ha 3MIHUPHYECKOM YypoBHe «du-
3HUCCKasi peasbHOCTb» NpeACTaB/leHa onpelefeHHBIMH 00-
OGILUEHHSIMH, CHCTEMAaTH3alUsIMH JAaHHBIX H3MEPHTEJbHbIX
VCTPOHCTB, a Ha TEOpPETHUECKOM 'ypoBHe «(dusnyeckas pe-
4JbHOCTb» TNIpEeCTaBJeHa JOTrHYeCKOH PEKOHCTPYyKUHeH

% Ha ypoBHe 3KCnepHMeHTa «(dusMyeckas pPeaNLHOCThL» — DesyJbTaT —BiaHMOAed-
CTBHS (HU3HYECKHX OGBEKTOB C M3MepUTeJbHbIMU NpuGopaMH, GUKcHPyeMbill cne
LUaNbLHBIMH PErHCTPUPVIOUHMH YCTPOACTBAMM H HalIUMHM OpraHaMH 4YBCTB.
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pe3ynbTaToB B3aUMOJeACTBUs ©$H3HUeCKHX OGBEKTOB H
ycJaoBHH no3HaHMS (Ha YpOBHe 3KcmepuMeHta) B ¢opMe
LeJOCTHOH CHUCTeMbl — Teopud. TakuM o6Gpa3oM, MOHATHE
«pu3nuecKas peaslbHOCTb» XapaKTepH3yeT pasJ/iHuHble CTe-
neHyu npuOaMKeHHS (moAxoma) HCCrenoBaTesnss K MaTepH-
aJbHOMY DHU3HYECKOMY MHDY.

B ¢usuke go mossaenus CTO cuutasoch, 4To cogepxKa-
HYe NOHSITHH «MaTepHaJbHbIH (U3HYECKH) MHP» H «Pusu-
YyecKasi peasbHOCTb» (KOJb CKOPO YNOTpebJsscs NocaefHHH
TePMHUH) COBNagaloT, HHBIMH CJ10BaMH, Kjaaccuueckas ¢usu-
Ka MOCTyJHpoBaja He3aBHCHMOCTb HCCAENYeMBIX SBJEHHH
ot ycaoBuit mosnanusi. Ho yxxe B CTO sBHO ycTaHaBJIHBa-
eTcsl 3aBHCHMOCTb HCCJEeLyeMOro siBjieHHst oT BblGopa cH-
cTeM oTcyeTa (HEKOTOpble XapaKTEPUCTHKH SIBJIEHHS 3aBHU-
CAT OT Pa3jIMYHBIX CHCTEM OTCYeTa), T. €. pe3yJabTaT B3au-
MoZelicTBUs DHU3NYECKHX OOBEKTOB H YCJIOBHI MO3HAHHUSA
npencTaB/ed pasMYHBIM 00pa3oM Ha ypOBHE IKCIEPHMEHTa
1 Teopuu. [IpUHIMT OTHOCHTENBHOCTH KaK pas M ompenens-
€T CTeleHb HE3aBHCHMOCTH HabMIOJeHHHA OT CHCTeM OTcYeTa
(opueHTal UK M3MepPUTENbHBIX ycTpoiicTB). B KBaHTOBOIl Me-
XaHHUKe ellle B GoJbllel CTeNeHH YYUTbIBaeTcss BO3[eHCTBHE
YCJOBUH MO3HAHHA Ha HCcaelyeMble Du3nyeckue OOBEKTHI
(paccMoTpenne GpH3HYECKHX OGBEKTOB MO OTHOIIEHHIO YXKe
K pa3jM4YHbIM Knaccam npu6GopoB u T. A.). PU3NKH BBIHYXK-
JeHbl OblIM cuuTaThes ¢ $aKTOM THOCEOJOTHYECKOH aKTHB-
HOCTH HCCJIe[JoBaTesi B Npollecce NMO3HAHHS MaTepHasbHOTo
¢u3nyeckoro mupa (0TKa3 OT co3epLaTeNbHOro Xapakrepa
NO3HABATENBHOr0 MNpolecca): 3ToT (GakT NoJYyYHJ OTpaxe-
HHe B MOSIBJIEHMH TAaKoll XapaKTEePHCTHKHU MO3HABATENbHOrO
mpoilecca B (hU3HKe, KaK «dusnueckas peasnbHocTb». W ecan
NOHSATHE «MaTepHaJsbHbIH DUSHUECKHH MHUP» XapaKTepH3yeT
HCXOJHYI0O M KOHEYHYIO LleJlp MO3HaHHA (HeYTO mHepBHYHOE
MO OTHOLIEHHIO K CO3HAHHIO YesoBeKa), TO MOHATHE «DU3H-
YyecKasl peajbHOCTb» XapaKTepuayeT (opMy HaHHOCTH Hc-
C/1el0BaTeN0 3TOTO ‘MHpPa MpPHU pa3NHYHBIX YCJOBHSX MO3HA-
HHS C [IOMOLIbIO Pa3JIHYHBIX F3bIKOBHIX (B LIHPOKOM CMbICJIE)
CpelCTB.

B ucropun passutus ¢usuku XX B. HMeJH MeCTO IO-
NBITKH CBeNeHHS TIOHATHS MaTepHabHOTO «BHeIIHero (hHsH-
YeCKOro MHpa» K MNOHATHIO «(hH3HYecKasd peaJbHOCTb» Ha
PasJIMYHBIX YPOBHAX TNo3HaHUA. OTOXKAeCTBNeHHE TOHATHH
MaTepHaJbHOTO «BHELIHEro GU3WYeCKOTO MHpa» H «hHH3HYe-
CKOJi peasIbHOCTH» Ha YPOBHE 3KCNeDHMEHTa JIeXKHT B OCHO-
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Be MeXaHHCTHYeCKH-MeTapH3HUYeCKUX MaTrepHaJUCTHYECKHX
HHTepIpeTaluil peJSTHBUCTCKON M KBaHTOBOH ¢(u3uku (Hc-
crenyemble (HU3HUECKHE SIBJIEHHS MBITAIOTCA paccMaTpHBATh
«caMu o ceGe», BHe yueTa YCIOBHH M cpeicTB Habaiome-
Hus). MrHopupoBaHue aKTHBEOCTH cyObeKTa MO3HAHHA C
NOMOILBIO BbI6OpA YCJIOBHUIT MO3HAHHA (NMPH MOCTYJIHPOBAHHH
MHBAPHaHTHOCTH (PU3MYECKHX 3aKOHOB) C HeH36eXHOCTbIO
HNPHBOAUT 6O K MOMBITKAM <«KJacCHYecKoH» HHTepnpera-
UUH HOBBIX TeOpHH, nH6O K NOMBITKAM OTPHIAHHS HAyUYHO-
CTH 3THX Teopui. CyObeKTHBHbIE HAEATHCThl, B TOM YHcC/Ie H
HEONMO3HTUBHCTHI, CBOAAT BHEIUHUH (H3HUeCKHl MHD K «(H-
3HYECKOH peasNbHOCTH» Ha JIMMIUPHYECKOM YPOBHE 3HAHHA
(npexcraBieHue pe3yibTaTa B3aHMOAEHCTBHsS (GH3MYECKUX
06bEKTOB U YCJIOBHH NMO3HAHUA) : TOKa3aHUs H3MEPUTEbHBIX
npu6opoB paccMaTpPHBAIOTCS B KauyecTBe «KOHEYHOH peasib-
HOCTH» DU3HMKOB, a CHCTEMAaTH3aUHUs 3THX NOKa3aHUi 00bAB-
JIsleTcsl e AMHCTBeHHOH 3anaveil ¢husuyeckoit Hayku. ITockonb-
Ky e pe3yJbTaT B3auMOJEHCTBHS PU3HUECKHX 0OBEKTOB C
H3MEPHTEJBHBIMU YCTPOHCTBAMU 3aBUCHUT B oOIlpejeseHHOH
CTeNeHn oT Bbl6opa HccienoBaTesleM YKa3aHHBIX YCTPOHCTB,
TO, CJefOoBaTeJbHO, NPeACTaBJAseTCS BO3MOXKHOCTb BbIAATh
«KOHEUHYIO peasJbHOCTb» 3a pe3yJbTaT AeSTEeNbHOCTH CaMHX
(pusukos. HakoHel, cBeneHue MOHATHS «BHEIWIHHH du3nUe-
CKHH MHD» K NOHSITHIO «(dH3HYecKasi peajbHOCTb» HA Teope-
THYECKOM YPOBHE JIeXXUT B OCHOBe OGBEeKTHBHO-HIEaNHCTH-
yeckux uHTepnperanuit CTO, OTO u KBaHTOBOH MeXaHHKH.
ITockonbKy «bhu3nyeckasi peanbHOCTb» 3[€Ch MNpeACTaBJeHa
KaK JIorHYecKasi peKOHCTPYKIHUS pe3y/nbTaTop B3aHMOAEHCT-
BUs Ppusnuecknx o6bEKTOB C YCJHOBHSIMH MO3HaHHs (BbIGOP
KOTOPHIX 3@BHCHT OT HCC/eJOBaTelss) Ha YDPOBHE 3KCIEpH-
MeHTa, TO NpPeACTaBJIseTcss BO3MOXKHOCTb NPEICTaBHTL TEO-
peTHyecKylo AesTeNbHOCTL HCClelqoBaTeseil KaK KOHCTPYH-
poBaHHE «BHELIHEro (PH3UYECKOro MHPa».

Kak sBCcTByeT U3 BHIILEH3/10XKEHHOTO, BCe TPH KOHIEIIHH
SIBJFIOTCSI HECOCTOAITEJbHBIMH H BCTYNAlOT, €CTECTBEHHO,
B MPOTHBOPEYHe C MOJJHHHBIM XOJAOM M pe3yJabTaTaMu Pi-
3HYeCKUX HccinedoBaHuil. llenp <uauveckoro mnosHaHus —
HccjaeA0BaHHe 3aKOHOMEDHOCTeH W CBOHACTB MaTepHaJbHOrO
(U3UYECKOTO MHUpPa; HO 3Ta LeJb peasu3yercsi Mo-pasHOMY
Ha pasJMYHBIX YPOBHSIX IO3HAHHS, H CTeNeHb aJeKBAaTHOCTH
MIO3HAHUA 3aBUCHT OT YCJOBHH Mo3HaHusi. [lpeacrasnenue
06 00BEKTUBHOH peasbHOCTH He HCUEPIbIBAETCS HA KAKOM-
TO OGHOM YPOBHE 3HaHMS, KaXKAbH U3 HUX 0OJ1aflaeT CBOUMHU
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JOCTOMHCTBAMH W HeJoCTaTKaMH, «HeceT Ha rcebe IeyaTps
aKTUBHOCTH CyObeKTa MO3HaHHUS, CTPEeMSILIErocss NPOHUKHYTE
B CYUIHOCTb SIBJIEHHH, CHSITb Pe3YyJIbTAT CBOEro BO3AeHCTBHS
Ha uccjefyeMble (puauyeckue oObEKThl, MOJYYUTh abCOMIOT-
HYIO HCTHHY.

HeckoabKko c10B 06 «MHBAPHAHTHOCTHON KOHIIENLHH pe-
anbHOCTH» M. Bopha [19, crp. 267 u cha.], xoropyio Gosee
TOYHO cJefoBajio Obl HasBaT, KoHueniuel [lnaHka — DiH-
mrefina — Bopua. CyTb 3Tod KCHUENIMM 3akJiodyaeTrcd, Kak
H3BEeCTHO, B TOM, UTO HHBAapHAHTbl CUMTAIOTCH «IIPeACTABH-
TeJISIMH peaJsibHOCTH» B pHu3nyeckoit Teopuu. C pa3BuBaeMoi
3/leCb aBTOPOM TOYKy 3PSHHSl HHBApHAHTHI ABJSAIOTCS Xapak-
TepUCTHKaMH Ju3uuecKHX o0BEKTOB «caMHX no cebe» Ha
TEOpeTHYeCKOM YPOBHe 3HAaHHA («6e30THOCHTEe/NbHO» K Yc-
JoBHAM no3HaHus). [Tockoabky ¢usnueckast reopus popmy-
JUpyeTcss sl OObsICHEHHS 3aKOHOMEPHOCTEH H CBOHCTB
COBOKYMHOCTH $HU3HUYeCKUX O00DBEKTOB, TO, CJeHL0BaTeJbHO,
HHBapHaHTaM M HHBApUAHTHHIM COOTHOLUEHHSIM OTHAeTcH
onpeJeJieHHOe NpeANouYTeHHEe 10 CPABHEHHIO C OTHOCHTEJb-
HpIMU BeanuuHaMmu. «PH3nyecKass peasbHOCTb» XapaKTepH-
3yercsl KaK HHBApPHAHTAaMH, TaK U HEHMHBApPUAHTHHIMH BeJH-
YHHAMHM M COOTHOLUEHHSIMU; NOCJeJHHE SIBJSAIOTCS TAaKHMH
)Xe 00beKTHBHBIMH XapaKTepUCTHKAMH (B CMBIC/IEe YKa3aHHS
MaTepHaJbHOTO HCTOYHHMKA HAIWX 3HAHUH), KaK H HHBapH-
anthl. Clle0BaTeNbHO, PAlMOHANbHBIA CMBIC] «HHBApHAHT-
HOCTHOH KOHLEMUHH PeasbHOCTH» 3aKJIOYAeTcs B TOM, UTO
HMEHHO MHBAPHAHTHI BOIUIOWLAIOT B ce6e Ha TEOPEeTHUECKOM
ypoBHe 3HAHHUA HIeaj 0OBEKTHBHOTO ONHCAHUA KJaccHue-
CKOll (PH3HKH — abCcTparupoBaHHe HCCJIEAYeMbIX OGBEKTOB
OT YycJOBHH mNo3HaHHA. PaKTHYECKH Ke, KaK CBHIETENb:
CTBYeT MNPHHLUMNHAJbHOE COJEpXKaHHE COBPEMEHHbIX (GH3H-
YEeCKHX TEeOpHil, TeOPeTHUeCKHI YpOBeHb 3HAHHS BKJIOYaeT
XapaKTePHCTHKH OOBEKTOB IO3HAHHS, a TaKXe YCJO0BHS
NO3HAHHS B HMX OTHOIUEHHH K (HU3HUeCKHM OO6beKTaM H
HCCJIeI0BATENSM.

B sakiioueHHe oCTaHOBHMCS Ha H3BECTHOH [JHCKyCCHY
A. ditnmreitna n H. Bopa, 3Tux AByX rHrantoB Gu3Mueckoil
mbicin XX B., O NPUHIMIHAJBHBIX OCHOBAHHSX KBaHTOBOW
mexaHnKH. OJJHHM H3 OCHOBHBIX BONPOCOB AHUCKYCCHH M ObLI
Bompoc o npupofe «buU3HYECKO!H peasbHOCTH». B 3Toi muc-
Kyccun A. DHHIITENH OTCTaWBaj KOHUENIHIO KJaCCHYECKOH
busuxku 06 oToxkaecTBiaeHMH <«(PU3HUECKOH peasbHOCTH» C
BHEIIHHM (H3HYECKHM MHPOM, a TaKKe NpPeANoNOKEeHHE O
BO3MOXKHOCTH MOJIYYeHHsT HCKIIOUHTENBHO «MHBAPHAHTHOTO»
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3HaHus B Macturabax ofHOH ¢du3HUecKOH TeopuHu (Hanudue
B KBAaHTOBOH MeXaHUKe XapaKTEPHCTHK, CBS3aHHBIX C U3Me-
pUTENTBbHBIMH ONepauusiMH, B NepBYI0 ouepelb P-QyHKLHH,
A. DiHwTeltH paccMaTpHBaN KaK HENOJHOTY TEOpHH).
H. Bop ke orcTanBaj mnoHuMaHWe «Ppusduueckoii peasbHo-
CTH» KaK TeOPeTHKO-NO3HABaTeNbHOH XapaKTepUCTHKH pe-
3yJbTaTa B3auUMOJAEHCTBUS (PU3HYECKUX OOBLEKTOB H YCJAOBHI
NO3HAHUSA, NoJYePKHBAsI HEBO3MOXKHOCTb MOMYUYEHHS] HCKJIO-
UMTEJIbHO «HHBapHaHTHOTO» 3HaHUS B MacliTadax OJHOIl
$usnueckoit Teopun. Ilpn stom H. Bop Bnoawe pesonuo
cchliajicss Ha THOCEOJIOTHUeCKHe CJACACTBHSA, BbITEKaloLlHe
M3 PEeJIATHBUCTCKUX TeOpHHl DHHLITEHHA, COrIacHO KOTOPHIM
«(pusnyecKas peasbHOCTb» OTHOCHTENIbHA. DTH TEOPUH TaK-
e TMOXOPOHH/IM HaAeXAbl QU3HKOB NOJYYHTb UCKIIOUHTEb-
HO «MHBapHaHTHOe» 3HaHHe B paMKax OJHOH ¢Qu3HUecKoi
TeopuH. Bo3MOXKHOCTb e HCUepnbIBaIOIEro <K HHBApHAHTHO-
ro» ONHCaHHA MaTepHaNbHOro pHu3MYecKoro Mupa, B CMbICje
coBMajieHuss 0ObEKTHBHOCTH, abCOMIOTHOCTH H OOBEKTHBHO-
CTH 3HAHHSA 00 3TOM MHpPe, KaK CBUJETENbCTBYET OINBIT HC-
TOPHH Pa3BUTHS (USHKH M YUHUT AHANEKTHKO-MaTepHa UuCTH-
yeckasi TeOpHS NO3HAHHSA, B NPHHIUNE MOXKeT ObITh OCyllle-
CTB/IeHA JHILIb HeNpepblBHO pPacIIHPIOILEHCcS COBOKYIIHO-
CTbIO (H3HUECKHX TeopHil H (DHU3HYECKHX KapTHH MHpa, HX
onpeleneHHbBIM CHHTe30M. Kak BHAHO, gucKyccus A. DitH-
wreiina 1 H. Bopa no cyuectBy He cBfi3aHa ¢ OTKa3oM
KOIEHTareHCKOH LIKoJIbl (PM3HKOB OT OCHOBHOI TIPEANOCHIIKH
Ppusuyeckoro 3HaHUS — NPU3HAHHUSA CYLIECTBOBaHUS MaTepu-
aJpbHOro (H3UYECKOTO MHpPa H OOBEKTHBHOCTH (H3HYECKOrO
3HaHMsl B CMbIC/le NPH3HAHUS HCTOUHHKOM ero MaTepHaJb-
Horo ()H3MYeCKOro MHPa; 3Ta AUCKYCCHS KacaJjach TeopeTH-
KO-TI03HABATEeJbHbIX TNPEJANOCHIJIOK COBPEMEHHOro (H3HYe-
CKOTO 3HaHHs W Oblia o0ycJoBJeHa OTKa30M 3TOH LIKOJbI
(H3HKOB OT THOCEOJIOTHUECKHX HAeaTH3anuil KiacCHuecKoi
(HU3UKH (B MepBYIO o4Yepelb 3TO KacaeTcs IMOJOKEHUSA O He-
3aBHCHMOCTH ONHCAHHA Hcc/efyeMblX (DH3WYECKUX SBJIEHHI
OT YCJIOBUH NMO3HAHHSA).

Cosmarenn coBpeMeHHbIX (GH3MYECKHX TEOpHH, He Hc-
NoJb3ysl CO3HATeJNbHO  JHAJEeKTHKO-MaTepHaMHCTHYECKYIO
¢bunocopuio, B 3HaUHTENLHONH Mepe ObLIH BBIHYMKIEHBI «IIe-
pPeoTKphIBaTb» JHAJNEKTHKY [O3HABaTeJbHOTrO Ipolecca,
chOpMYJHPOBAHHYIO KJaCCHKaMH MapKCcH3Ma-JTeHHHH3Ma
IO TOSIBIEHHS yKa3aHHBIX Teopuil. DTO BOBCE He O3HayaeT,
KoHeuHo, 6yaTro ¢pusuka «cama cebe dusocodpusa», a JHILb

65



CBHAETeJNbCTBYET 00 oOcyllecTB/ieHUH JIEHHHCKOro MporHo3a,
YTO coBpeMeHHasl (U3HKA «porKaeT JHAJEKTHUEeCKHH MaTe-
puanu3m». OTX04 coBpeMeHHOH (GH3HKH OT THOCeoJOruye-
CKHX HJeasM3alluil KJaccuyeckKoH PH3HKH, pacliHpeHHe H
yray6JieHHe TeopeTHKO-NO3HaBaTeNbHbIX INPeANoChIIOK pe-
JSITHBUCTCKUX M KRAHTOBBIX TEOPHH, ONHMpaBIUHUXCS Ha MPH-
3HaHHE CYIIecTBOBaHUA (PM3MYECKOTO MHpa He3aBHCHMO OT
CO3HAIIUSA HCCNIe0BaTe s, SIBISETCS KPYNHEIM IaroM BIepen
Ha NyTH abCOJIIOTHOrO, HCYepNHIBAlOUlero MO3HaHHs MHpa
KaK JBHXKYyIle#ici MaTepHH, CBAA3aHHLIM C yCOBEPIIEHCTBO-
BaHHEM CpPeJNCTB TO3HaHUS COBPEMEHHOH HayKu W H3MeHe-
nueM o6pa3a MBIIIJIEHUS] eCTeCTBOHCHHITaTeJeH.
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B. A. Ilaxomos

KBAHTOBASl MEXAHHKA H TO3HABAEMOCTb
OBBEKTHBHOH PEAJIBHOCTH

1

OnHol M3 UeHTpaJbHBIX ¢uiaocopckux npobieM KBaH-
TOBOH TeopuH (M B INepBOHAUaJNbHON, HepeJATHBUCTCKOH,
H B COBPEMEHHOM, PeJSITHBHCTCKON ee opMe) sABJAseTcH, KaK
H3BeCTHO, npo6JeMa OTpakKeHusl B HalleM 3HAHHU OGBEK-
THBHOH peaJsIbHOCTH. DTa npobseMa MoxeT GbITb CHOPMYIIH-
poBaHa ciaeqywoudM o6pa3oM: BO3MOXHO JH B 00J1acTH
KBAHTOBBHIX TPOLIECCOB Ha OCHOBaHMHM HH(oOpMAaUMH, NOJaY-
YHTb KOTOPYIO MOXHO TOJBKO B TIpolecce HaOMIOHEHHS C
npuMeHeHHeM NPHOOPOB, MOCTPOUTH TEOPHIO, NO3BOMSIOUIYIO
CYyIUTh O NOBEAEHHH H cBOHCTEAaX OOBEKTOB BHE BCSKOTO
HabJ/IoeHUs], BHe B3aUMOLEHCTBUS C npubopaMu HIH Mak-
pockonuyeckMMH TeJlaMH — aHajJoraMu MNpHOOpOB?
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B pamkax knaccuyeckodl (H3MKH 3TOT BONpOC, KakK H3-
BEeCTHO, UMeJ NOJOXKHTeNbHOe pellleHHe, B TO BpeMs Kak B
paMKaXx KBaHTOBOH TeOpHH LIMPOKO pacnpocTpaHeH OTpHlla-
TeJbHBIl 0TBET. FIMeHHO 3TO 06CTOSITENBCTBO SIBUIOCH OCHO-
BOH MHOTOJIETHHX TOJIEM HUECKHX BBICTYIJIeHHH A. DAHIITEH-
Ha NPOTHB TaK Ha3blBaeMOH KONEHrareHCKoii HHTeplnpera-
LIMH, OCHOBHOH JefitMoTHB KoTtopoii B. Tefizenbepr ctop-
MYJHpOBaJ cJelnyioliuM obpaszoM: «..OTa HHTeplpeTanus
BCe-TAKH He JaeT HUKAKOro OMHCAHMSA TOrO, YTO NMPOUCXOZUT
Ha caMoM [eJie, He3aBUCHMO OT HaGJIOLEHHUH WIH MeXIy
HamuMu HabgomeHusaMH. UTo-HUOYAb HOJMXKHO Belb, OJHA-
KO, NPOHUCXOANTb—B 3TOM Mbl MOXEM HEe COMHEBAThCH»
[1, ctp. 116].

2

Konuenuys, cornacHo KOTOPOj 3HaTb PeajJbHOCTh BHe
HabnwoaeHuss B 06J1aCTH KBAaHTOBBIX SIBJIEHHI HEBO3MOXKHO,
TpelCcTaBJsieTcsl JIOTHYECKH BecbMa HEONHOPOIHOH, a MoTo-
My H HemocJenoBaTeabHol. OJHH apryMeHTH HOCAT Xapak-
TepP CCBUIOK Ha OCOGEHHOCTH MoO3Halouero cyGbekra, Apy-
rie — Ha OCOOEHHOCTH MHKPOYAaCTHI, NpPHYEM OCTaeTCH
HesICHBbIM, TJle NPHYHHBI U TIe CAeACTBHA. (DTy HBOHCTBEH-
HOCTb apryMeHTalHd MOXHo npocnenuts u y H. Bopa, u y
B. I'efizen6epra.) JloJKHBI I MBI CYMTATh, YTO, HANpUMeED,
COOTHOLIEHUE HeolpelNeseHHOCTENl eCTh NPOCTO BhIPaXKEHHE
Ha sI3blKe MaTeMaTHKH Heu3JeUHuMOH OrpaHUYEeHHOCTH MbIC-
JIUTEeJbHBIX Croco0HOCTell mo3Hawulero cy6bekra (HeoOXo-
IHMOCTb NPHMEHSITb Pa3 M HaBcerja 3aJaHHble — KeM HJIH
yeM? — [IOHATHs B ToH 06JIaCTH, Tle OHH 3aBEIOMO HENpH-
MEHHMBI), WM 3TOT 3aKOH BCE e BBIpaXKaeT crnelnduky
MoBeJeHNsI MHUKPOYacTHI, WM OH HeceT Ha cebe B ompefe-
JIEGHHOM coYeTaHHH (KaKOM HMEHHO?) H OTIIeYaTOK OCoOeH-
HocTeli 06beKTa, U OTIEYaTOK ocobeHHOCTef; cyGbekTa?

B 3Toit cBSI3U mpencTaBAsieTCs BaKHBIM YeTKO pasi-
4aTh ABa TECHO CBA3aHHBIX, HO BCE XK€ MPHHIHUNHAJILHO pas3-
JHUHBIX BONpOCa — BONPOC O TOM, KaKUM NyTeM TPHOG-
peTaloTcsl HalK 3HaHHA 06 O0OBbeKTHBHOH pPeanbHOCTH, H
BONIPOC O TOM, HMMeIOT JH TNpHOGpPeTeHHble 3HaHHA OGDBEK-
THBHOe (T. €. HesaBHCUMOe OT cyObeKkTa M INpUMeHse-
MOro MM cnocofa NOJyuYeHHs 3THX 3HaAHHH) comepxKa-
aue. Ha waw B3rasg, B pokaaxe I1. C. eiunesoro
BTOpPOil BOMPOC 0OKa3ajcCs YNyLWEHHbIM, a MNOTOMY BCSl Mpo-
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fJemMa TojyyaeT ONHOCTOPOHHee H B psife NMyHKTOB BecbMa
crnopHoe ocBeuleHHe. TPynHO COTJIacHThCSl ¢ TAKHM BapHaH-
TOM TEOPHH NO3HAHHA, B KOTOPOM paccMaTpHBAETCH TOJbKO
crnoco6 NoJayyeHHs] 3HAHHS, HO NOJNydYeHHble pe3yJbTaThl He
OLIEHMBAIOTCSA C TOYKH 3peHHUS] HX OOBEKTHBHOH HCTHHHOCTH,
T. €. HaJIW4Hs TAKOrO COIEpXKaHHUsl, KOTOPOe HE 3aBHCHT HH
OT YeJIOBeKa, HH OT YeJoBeYecTBa, XOTA H NMOJyYeHo Kak pe-
3yJbTaT NefiTeJIbHOCTH MOo3Halollero Cy6bekTa.

KoHeuHo, HCTHHA eCTh Npoilecc, HO B 5TOM INIpolecce ecTh
CBOH OTHOCHTEJIbHO 3aBeplUeHHble Pe3VJbTaThl, OTHOCHTE/b-
HO YCTOHYHBOE 3HAaHHE, KOTOPOMY MOZKHO H HY>KHO aTh THO-
CeOJIOTHYECKYIO OIIeHKY, HHauye MOJYYUTCA ©BoeoOpa3HbIH
BapHaHT «IHaJIeKTHUYECKOIO aTHOCTHIM3Ma» (Mpolecc ecTh,
a pe3yJbTaTOB HeT).

Ecan roBopute o crnocobe nosyuyeHust 3HaHUH, TO HECOM-
HeHHO, uTo 6e3 cy6beKTa npollecca NO3HAaHHA HeT H OBITH
He MoxeT. Be3 nosualomero cyO6bekTa KBaHTOBas TeopHs
BO3HUKHYTb He MOIJia (Ha)e Yy uejoBeKa OHA TOSBJSETCH
He cpa3y — Mbl Beflb oTMeuaeM Bcero Jjuuib 40-neTne 3Tof
Teopun). CoBeplleHHO SICHO, UTO 3fecy crnenubuka KBaHTO-
BOH TEOpHUH HH IIPH YeM — 3T0 obuiee (¥ MPUTOM BecbMa TPH-
BHAJIbHOE) NONOXKEeHHe TeOpHH no3HaHus. JloKas3biBaTh 3TO
MOJIOJKeHHEe — 3HAYHT JIOMHTbCA B OTKpHITYI0 ABepb. CToub
’)Ke SICHBIM SIBJISIeTCSI M TO, UTO NMO3HaHHE MHKPOYACTHI, He-
BO3MOXHO 6e3 NpHMeHeHHs npubopa — NMpocToO B CHJY TOTO,
4TO HAIUUM OpPraHaM YYBCTB OHY HEIOCTYIHHI.

I'opaszo Gosee cJIOXKHBIM SIBJISIETCST BTOPOH BONPOC —
YTO K€ Mbl 3HaeM B PE3YJ/bTaTe OTHOCHTEJbHOTO 3aBeplie-
HUSI HEKOTOPOro 3Tana Iipolecca TMO3HaHHA? DTO ykKe BO-
Ipoc He 0 crmocobe NMOJNYuUeHHS HCXOTHBIX JAHHBIX NJs ITO-
CTPOEHHSI HayyHOH TEOpHH, a O XapakTepe caMoOH TEopHH.

B rHoceosornyeckom niiaHe yTBepKIeHHe, GYATO TEOpHs
npencrasiaseT coboll onucanue noBeieHusi NpuGOPOB TIO TOM
SKOObl NPHYHHE, YTO MPHOOPHI CNYKAT €AHHCTBEHHLIM Iep-
BOHCTOYHMKOM HAlIMX 3HAHUH O MHKPOMHpE, SIBJASETCS
CTONb XKe OIIHOOUHBIM, KaK H YTBepxJeHHe, GYyATO HalM
3HAHWA NPeNCTaBJAAIOT co0Ofl JHIIb OMUCAHHS HAIHX OLLy-
meHuft o To#l sIKOGH! NPHUYMHE, UTO OLIYIIEHHS CIyXKAT e HH-
CTBEHHBIM NEPBOHCTOUHHKOM BCeX HalllUX 3HAHHIL.

ITonHast HeCOCTOATENBHOCTh TAKOH IJIOCKO SMITHPHUYECKOH
TEOPHH No3HaHHUSl Obl1a BHISICHEHA 3a10JIT0 10 BO3HHKHO-
BEeHHS KBAHTOBOH TEOPUH M — NYCTh He OGBHHSAT Hac B
IorMaTH3Me — BO3HHMKHOBEeHHe KBAHTOBOH TEOpPHH B 3TOM
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Bonpoce a6GcoioTHO HUUero He MeHser. Omyiienns 1eACTBH-
TENBLHO SIRNISIIOTCS TEPBOMCTOUHMKOM BCEX HAIIMX 3HAHHM,
HO HAIIM 3HAHHA OTHIOAb He SIBJASIOTCS ONHCAHHEM B3aAHM-
HOM CBfI3U HAIIUX OMIYIIeHHH (OHM SBJASIOTCS OTOGpPaKEHU-
eM OoGBeKTHBHOH peasbHocTu) IlpuGopel neficTBHTENBHO
SBJISIIOTCS. €IHHCTBEHHBIM HCTOUHHKOM nepBuuHOfl HHbOp-
MM O MHKDOMHpE, HO OTCIola HHMKaK He CJeIyeT BBbIBOI,
OyATO mocTpoeHHass Ha ocHoBe 3To# uubopmauuu dusuye-
CKasl TeOpHUs1 UMEHHO MO STOH NPHYKHHE NOJI)KHA pPacCMaTpH-
BaThCS NHIIp KAaK ONHCAaHMe B3aHMHOH (CBSI3M MOKa3aHHU
npu6opoB.

U B ToM, m B npyrom ciayyae pemiamollee 3HayeHHe HMe-
eT T0 hyHIaMeHTaJbHOE A/t TEOPHH MO3HAHUS OGCTOSATENb-
CTBO, YTO uepe3 MOCPEeNCTBO BBIIBHXKEHHS H 3SKCIEpUMeH-
TaJbHOM NPOBEPKH CO3MaBaeMbIX TBOPUECKHM MBILILTEHHEM
TUITOTE3 HayuHas TeOpHS HEeHW3GeXKHO BBIXOMHUT 3a V3KHe
PaMKH HeIOCPeNCTBEHHO NAaHHOTO UeJNOBEKY, NO3BOJSET NO-
JIY4UTh OO'BEKTHBHO MOCTOBEPHYIO KapTHHY TOTO, 4TO IIPO-
HCXOIUT B MHMDE HE3aBUCHMMO OT HAIIHWX OIIYIIEHHI W He3a-
BHCUMO OT Hamux npuGopoB. HeBO3MOXHO OTpPHIATH, YTO
UMEHHO Takas TBOPYECKass JMAesATeJbHOCTh UeJOBeYECKOTo
MBIIITEHHs], HeM3GeKHO BBIXOMSIIET0 3a paMKy Hemocpen-
CTBEHHO NAHHOTO, CO3Jlajia ¥ CaMy KBAHTOBYIO TEODHIO, H ee
nocnenyomue 06061eHust (TOAbKO OAMH H3 GECUHCIEHHOTO
yuc/Ia IPUMEpPOB — THIIOTE3a KBapKOB).

Pasymeercs, 3mech cpa3y e BO3HHKAeT BOIPOC — a KakK
3TO BO3MOXHO? PasBe neficTBHTE/NbHOCTb HE TaHa HaM B
cyry6o uenoBeueCcKHx DHopMax UYBCTBEHHOCTH, pas3Be He
R3aUMOJIefICTBYeM MLI C HEff HA OCHOBE CYyry6o yesjOoBeYEeCKHX
(honM meATeNbHOCTH U Pa3Be He CTPOMM MbI TBOPYECKH TeO-
pHIO Ha OCHOBe cyry6o uesoBeuecKux (HhOPM MBICJTHTEJNbHOMN
JeSITeTbHOCTH, SIBASIOLIUXCSA OTpa)KeHHeM HaIllHX uesoBe-
yeckHX ¢OpPM UYBCTBEHHO-NPAKTHUECKOH JNesSTeNbHOCTH?
PasBe He ciepyer oTciofa, 4TO MPHPOAA MOKeT HaM OBITh
M3BECTHA TOJbLKO CYOBEKTHBHO, a He OGBEKTHBHO, He Tak,
KaK OHa ecThp cama mo ceGe?

Borpoc 3TOT BOBce He SIBASIETCS HOBBIM, KaK He SIBJSIET-
Cs HOBBIM CJIOBOM B TE€ODWHM ITO3HAHHSI M peIleHHEe ero Io
dbopMysie «MBl 3HaeM TOJBKO UYEJOBEUECKVIO HCTHHYS.

B ucropun dpunocodbun TBopueckas aKTHBHOCTb CYGBEK-
Ta 6Bl1a ¢ ocofofi cunoft monuepkHyra KanTom, HO moa4epkK-
HYTa CTOJIb OJHOCTOPOHHE, YTO CYGBHEKTHBHOE M OGBHEKTHB-
HO€ 0Ka3aJuCp B aGCONIOTHOM TPOTHBONMOCTABJIEHHU, GHLIH
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pa3ropoxKeHbl HENPOXOAMMOH cTeHOi. B To ke BpeMsi i
TBOpYecKash aKTHBHOCTb CyObeKTa Obliia BCKpPbHITA He MOJI-
HOCTbIO, MOCKOJbKY KaHT:

a) HrHOPMPOBAJ MAaTePHAJNbHO-NPAKTHUECKYIO JeSTelb-
HOCTb YeJIOBEKa;

6) paccmatpuBag GopMbl LiO3HABATEJbHOM [esTeNbHO-
CTH KaK BeYHble H HeH3MEeHHbIe, UTHOPHUPYST TBOPYECKUIL NPO-
liecc pasBUTHSI M COBEPLUEHCTBOBAHMs JIOAbMH CBOHX (HOPM
N03HaBaTeJIbHOH JesTeNbHOCTH.

Xopowo usBecTHo, uTo ['ereib ¢ NO3UUHM JHAJEKTHKH
pesko KpuTHKoBaJs Ayaausm Kanrta, mopuepkusas, yTo Ipo-
THBOIIOJIO?KHOCTh CYO'BEKTHBHOTO H OOBEKTHBHOLO OTHOCH-
TeJbHAa U CYLIECTBYET JHLIb HA OCHOBE UX TJIYGOKOro eIHH-
CTBa, YTO AMAJIEKTHUYECKH DPa3BuBaoliHecs (HOPMbl CyObek-
TUBHOH JIOTHKU COBNAZAIOT ¢ hauboJiee OOUMMH 3aKOHAMHM
O0GBEKTHBHOH NeHCTBUTEJNbHOCTH. PasyMeercs, reresesckuii
NPHHIMI TOXKAECTBa ObITHS u MBILLJICHUS SIBJASIETCA Healu-
CTHYECKHM, HO SIBJASeTC HEeCOMHEHHbIM UCTOpHUecKUM (ak-
TOM, YTO MBICJIHTENH, lIeJlliMe K MaTepHatu3My oT [erens
(Peitep6ax, Mapkc—u «MOJOAOA», U <«HO3XHHHA»,— IDH-
reabc, l'epuen), paBHO Kak w mocaenoBatenn Mapkca
(B. WM. Jlenun, I'. B. [1nexanos), ocMbiC/HBast 3TOT NPHHIHMI
MaTepuaJuCTHYeCKH, PacCMaTpUBAJU €JHHCTBO IPUPOIB H
4eJIOBEUeCKOro oOL1ecTBa, eHHCTBO 3aKOHOB HPHPOIL M 3a-
KOHOB MaTepHaJIbHOH NMPaKTHYeCKOH HesTEJNbHOCTH YejoBe-
Ka, eJMHCTBO HauboJiee OOLIUX 3aKOHOB NPHPOJb H 3aKOHOB
TI03HAaBaTeJbHOH JesTe/NbHOCTH KaK BaKHelilllee MOJIOXKeHHe
dumocodun u, B YaCTHOCTH, TEOPHH MO3HAHUS (IPUHLKII
e[MHCTBA OBITHA U MBILIJIEHHS, €AHHCTBA AHAJNEKTHKH, JIO-
THKH ¥ TeODHH NO3HAHHUA).

BepHo, uTo MBI MOXKEM OTpPaxKaTh AeHCTBUTENBHOCTD TOJD-
Ko B cyry6o yemoBeyeckux (opmax oTpaxeHHs (3Ta Hc-
THHA IPOCTO TPHBMAJIBbHA, TAK KAaK YEJIOBEKY He MOTYT OLITh
HNpHCYILH HedeJoBeyecKue (pOPMEl OTPaKEHHsI), HO 3TO pPOB-
HO I0JIOBUHA HMCTHHBH, ¥ KOI'lA NOJIOBUHY HCTHHBLI BBIIAIOT
3a MOJIHOe DelleHHe BONPOCA, TO MOJAYYaeTcsi JOXKHbBIA OTBET.
Hnst monHOro pemieHust BOIpoca HeOOXOAMMO B COOTBETCT-
BHH C NMPUHUUNAMH AHAJeKTHKH Mapkca OTBeTHTb Ha BO-
IpOoC — KaK BO3HHUKJIH U KaK PasBHUBAJUCh «CYry6o uyeJsioBe-
yeckue» GOpPMbl AeSATEJNbHOCTH U PopMbl orpaxKeHus. OG-
L1eCTBEHHbIA YeJ0BeK He CTOUT BHe MPHUPOJBI, OH €CThb 4acCTh
NPHPOABL, U OH MOXKET YCHeIHO B3aHMOAEHCTBOBAThL C Hell
B CBOel NMpakKTUKe JHIIbL TOrja, Korja ero AeATeJbHOCTb
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OCYILeCTBASIETCS B COOTBETCTBHH C OO'BEeKTHBHBIMHM 3aKOHA-
MH caMoil NpHPOAB, a He Bomnpekd UM. COOTBETCTBEHHO
5TOMY H DOPMBI T103HABATEJNBHON HAeSATENbHOCTH, (OPMDLI
MBIIIJIEHYS, BO3HHMKAIOLHe Ha COCHOBE IIPAaKTHUYECKOH mesi-
TeJbHOCTH H NOCTOSIHHO IIpOBepsieMble el0, TBOPUECKH CO3[a-
IOTCST MBICJASAILMM 4YeJOBEKOM B IIOMCKAX COCTBETCTBUSI C
0G'beKTUBHBIMH 3aKOHAMH HPHUPOJBL, a He MPOU3BOJBLHO. 3a-
KOHBI JIOTHKH CYTh OCO3HAHHBIE 3aKOHBl OBITHSI. «Cyry6o ye-
JoBeyecKHe» GopMbl AesiTeNbHOCTH (IPAaKTHYECKOIl U Teope-
THYECKOIl) cyTh OTpaxKenue (pasymeercs, JHLIb NPHGIH3H-
TeJbHO BepHOE) OGBEKTHBHLIX, HE3aBHCHMO OT 4YeJOBeKa H
€ro JesTeJbHOCTH CYLIeCTBYIOLIMX 3aKOHOB, PACMpOCTpPaHsiio-
IIMXCS M HA JesITeJbHOCTb CaMOro Ye/OBeKa, KOTOPBIil eCcTb
He TOJNbKO CYyGBeKT, HO TaKXKe M 00'beKT, MaTepHajibHOe CY-
[1eCTBO, U3 aTOMOB, U3 3JEMEHTAPHBIX YACTHl, B KOHEUHOM
cueTe U3 KBapKOB (eciqM OHHY CYILIECTBYIOT) COCTOsillee H
NIOTOMY MOJYHHEHHOe He TOJbKO COLHAJbHBIM (TOXKe 00bek-
THUBHBIM!), HO ¥ GHOJIOTHYECKUM, XHUMHUECKUM, (PH3UUECKHM,
KBAHTOBBLIM 32KOHOMEPHOCTSIM, U KOTOPO€ BO3HHKHYTb MOTJIO
JHUIIb B CHUNY JeHCTBUS BCeX 3THX 3aKOHOMepHOCTell.

BsaumopeiictBue CyGbekTa ¢ OGBEKTOM MOXKET MpPOMC-
XOIMTb JIULIb B COOTBETCTBUH C ECTECTBEHHBIMY CBOICTBaMH
3TOro 006beKTa, a NOTOMY B NPHHUHUIE N0 TeM XKe 3aKOHAM
NPOUCXOJUT B3aUMOAEHCTBHE 00BEKTOB MeX1y co6Goit B OT-
cyTcTBile yejoBeka. CxasaHHOe M0O3BOJsIeT cHOPpMYIHPOBATD
Ba’KHbIH JJIs1 THOCEOJOTMH MPHHLUI UHBAPUAHTHOCTH, KOTO-
pPBHIH MBI, B OTJIMYUe OT (PU3HYECKUX NPUHIMIIOB MHBAPHAHT-
HOCTH, MOIVIM Gbl Ha3bIBaThb MPHHIMIOM TI'HOCEOJOrHYeCKOH
HWHBAPUAHTHOCTH (MJIH, MOXKeET GbITb, THOCEOJOTHUECKH-OHTO-
JIOTHYECKO} MHBapuaHTHOCTH). OH COCTOHT B TOM, YTO CBOH-
cTBa 06beKTa MU 3aKOHBI €ro B3auUMOJEHCTBUSI ¢ APYTHUMHU
00beKTaMU TAaKOBH 2Ke, KaK U ero CBOACTBA M 3aKOHbI B3aHU-
MOJEACTBUS MO OTHOLIEHHIO K CYyGBEKTY U MPHUMeHSIeMbIM HM
OPyOHAM TpPyAa H HUCCAENOBATENbCKOH AESTENBHOCTH (3TO
MOKHO PacCMaTpHUBaTh TaKikKe Kak OJHO U3 CJAeACTBHH TOTO,
UTO CyO'BEKT €CTh TaK¥Ke H 0GBEKT).

3

[IpaBunbHBIE OTBeT HAa Bompoc A. DitHuiTeliHA: «YTO
IPOMCXOMUT C MHUKpOUacTHUeH, KOria HeT HaGJ/IIONEHHAAP»—
TAKOB: C Hell IPOMCXOJHT TO JKe caMoe, YTO U B cJyyae Ha-
6mogenud. OroBopuMcsi HeMeAJIeHHO, UTO CKa3aHHOe HYX-
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HO TMOHHMATh B C/leAyIOlleM cMbicie: ecau K-Me30H pacna-
JlaeTcs Ha IBa 7-Me30HAa B NMY3bIPLKOBOH Kamepe, TO TO Ke
caMoe NMPOUCXOMMT C HUM U BHe ee; ecau K-Me30H oGHapy-
’KHBaeT CTPAHHOCTb —I, BCTyNasi B CHJIbHOE B3aHMOIEHCT-
BHe C MPOTOHOM paGouero BellleCTBAa NMY3BIPbKOBOI KaMepbl,
TO TO XK€ CaMOe MOXEeT C HHM INPOH30fTH NMpH CTOJKHOBE-
HHM C NPOTOHOM BHe Ny3bIPbKOBOHN KaMepbl. [Ipyrumu cJjo-
BaMH, €CJIM MHKpOYacTHLAa BHe HaOJIIONEeHUs BCTymaeT B Ta-
KOe e B3aHMOJelCTBHe, KaK U B 3KCIEepHUMeHTalbHON ycTa-
HOBKe, C Hell MPOUCXOMUT B TOUHOCTH TO JKe caMoe, UTO H B
yCJIOBUSAX HAOJIONEHHS.

IT0 eCcTh MPHHIUUI TEOPHH MO3HAHUS, KOTODBIj B KBaH-
TOBOI TEOPUHM CTOJb XK€ BepeH, KaK M B KJaccHYecKod du-
3MKe, NPHHIINI, KOTOPbIH Ha KaXKIOM 1UaTy HCHOJb3yercs
KaxablM pusukoMm B ero pabore. OTKa3 OT 3TOro NMpHHOMNA
HeMeJlJIeHHO mpeBpaTus Obl HayKy B 3aHSITHe, JIMILEHHOE
BCAKOIO Cepbe3HOro cmbicja. Bo Bcsikom ciydae, Mbl GBIIH
Obl JIHIIEHbl KaKOH Gbl TO HH GbLJI0 BO3MOXKHOCTH TIPUMEHSTh
HayKy KO BCeM TeM $BJIEHHSIM NpPHPOJbI, 'KOTOpHIe cOBepiia-
IOTCA B TOT MOMEHT, KOrjla 4eloBE€K He MNPUCYTCTBYET HJIH
Korjga OH mMpoCcTO oGpaTH/ CBOH B3TJSM B APYTYI0 CTOPOHY.

B cBere ykaszaHHOro yTBepxkaeHHe, OYATO KBaHTOBas
TeopHs (MB HMeeM B BUNy OOIIENPHHSTBIH ee BapuaHT) OT-
HOCHTCSl TOJIBKO K OMHCAHHIO mpoliecca HaOJIONeHUs, N0TXK-
HO GBIThb paclieHeHO Kak owu6GouHoe —u ¢ husocohckoit
TOYKH 3PeHUsl, U C TOUKH 3peHHUs] HaKTHUECKOTO TIOJIOXKEHHS
Belllel B NMpaKTHKe (pHU3MYECKOrO HOC/HeLOBAHHUA.

4

Onnako yrtBep:KJeHHs 06 0co6ofi poJau mpoluecca u3Me-
peHUsl B KBAHTOBBIX SIBJEHHSX MMEIOT OTpeleJieHHble OCHO-
BaHHUsS — TOJIbKO He B MPHUHIHWNAX TeOPHM NO3HAHUSA, a B OCO-
HeHHocTsix MukpoMmupa. OGpaTuMmcsi eule pas K npuBejeH-
ubIM Beille npuMepaM. Helitpansubiit K-Me30n pacnagaercs
Ha 1Ba f-Me30Ha W Moj HabJaloneHueM, W Ge3 Hero, OJHAaKO
omnpeneseHHOe 3HAayeHHe KOMOGUHUPOBAHHON YEeTHOCTH B 06-
uleM cJayyae He MOXKeT ObITb NPHMUCAHO YACTHIE, NOKA pac-
naj daktuuecku He npousoiten. HeilirpanpHbiit K-me3ou
MoxeT OOHApYXKUTh CTPAHHOCTb —|, BCTYNUB B CHJbHOE
B3aUMOJEACTBHe C NPOTOHOM B JIKCIEpPUMEHTaJIbHOH ycTa-
HOBKE M BHE €e, HO, I0Ka OH He BCTYNHUJ B CUJIBHOE B3aUMO-

78



nefCTBHe, eMy He MOJKeT ObITb B OOILIeM cJaydyae MPUMHUCAHO
OmpejesieHHOe 3HaUYe€HHe CTpaHHOCTH. To JKe caMoe NpHXO-
JUTCS CKa3aTb O 3HAUEHWSIX MUMMYyJbca W KOOPAHHATHI, Ha-
npaBJeHuy CIHHA U T. I

OTHOCHTEJNBHOCTb K BHAY B3aMMOJEHCTBUS — BOT GHIIO-
cobcKkH NpaBUJIbHOE HaWMeHOBaHHE TOH creuuduyeckoii
0COGEHHOCTH CBOMCTB MHKpPOYACTHI|, KOTOPYIO YacTo crapa-
I0TCS1 M300pa3uTh KAaK OTHOCHTENBHOCTb K NpUOOPY HIH K
npoueccy Habuionenus. CyTb fena He B HaG/IIOJeHHH CaMOM
no ceGe, a B Xapakrepe B3auMoJeHcTBUS — OyAh TO B3au-
MoJelicTBHE C YaCTHIIAMM, BXOASIIMMH B CTPYKTYpy HpH-
fopa, UJIH TaKoe Xe B3aUMOJEHCTBHE C TaKHMHU XKe YacCTH-
[1aMH B €CTECTBEHHBIX YCJIOBHUSIX.

OTHOCHTENBHOCTb K BHIY B3aHMOTEHCTBHS SIBJSETCS OC-
HOBaHUeM U TOJ crneuu(UUeCcKo¥ uepThl KBAHTOBBIX ABJEHHI],
KOTOpasi HasblBaeTcs MNOMOJHUTENRHOCTbIO M KOTOpas Co-
CTOHMT B TOM, UTO NPOSIBJIeHHe OJHHX CBOHCTB HCKJI0YAeT Npo-
AIBJIEHHe JIPYrUX, XapaKTepHbIX /I HHOTO MO CBOeMYy X4pak-
Tepy B3aHMONEHCTBHUS.

5

B Takom cnyuae Bompoc JfinmrrefiHa MoXeT GHITp MHO-
CTaBMeH B HOBOH (hopMe: UTO K€ NPOUCXOMHUT C MUKPOUACTH-
el B MPOMEXYTKe MEeXAY B3aMMOJefCTBHAMH, B KOTOPHIX
BLISIBNAIOTCS OMpeJesIeHHble 3HAUEHUS TeX WJH WHBIX (HU3HU-
YECKHX BeTHUHH? Bexb YTO-TO HOJIXKHO NMPOUCXOAUTH, a CJe-
JOBaTeJbHO, H HAalTH OTpaXKeHHe B TEODUHU?

HecomHeHHO, uTo J106ast MHKpOUYACTHIA NOCTOSHHO Ha-
XORWUTCS BO B3aUMOIEHCTBHH; B TO K€ BPEMsI KBaHTOBas
TEOPHA YTBEPKIAET, UTO, HECMOTPA HA 3TO (2 MOXKET GhITh,
W UMeHHo GJyaromapsi 3TOMY), MO KpaiiHe#i Mepe HEKOTOpHIE
Jbusnueckre BeJHUNIB He HMEIOT ONpPeneeHHOTO 3Ha4yeHHs
JI0 OCYIIeCTBJIEHHS BeCbMa Creltuduueckoro B3aHMOIEHCT-
BHSI, KOTOPO@ B IIHUPOKO PacCHPOCTpAHEHHON HHTEpIpeTanuu
KBAHTOBON TeOpHUM TPHHATO Ha3blBaTh H3MependeM. OGbry-
HOe BO3/IeHCTBHE BHELIHHX CHJI HA CHCTEMY, MOAYePKUBAET,
nanpumep, Il. Mupak, «cnenyer oTauyaTh OT BO3MYVILEHHS,
BHOCHMOTO H3MEpeHHeM, NMOCKOJbKY MepBOe COBMECTHMO C
TIPUYMHHBIM OMHUCAHHeM CHCTeMBl M C YDaBHEHUSIMH JBHXKe-
HUs, a BTopoe — HeT» [2, cTp. 158]. O Heo6X0IMMOCTH TIpH-
3HATL B KBAaHTOBOH MeXaHWKe NBa NMPHHIHMIHAJIBHO Pa3Juy-
HBIX TuHMa B3amMoneficTBus (mpouecc Tuna | -— NpephIBHEL,

.
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cikaukooOpasHblll, He NMoAYMHeHublll ypasucunio llpenunre-
pa, CTaTUCTHYECKUH, ¥ Ipollecc THNA 2, NOJAYHHEHHBIH ypaB-
HeHuto Upenunrepa) nuwer M. ¢oun Heiman [3, ra. V, VI].
M. pon Hefiman cuMTaer mpu 3TOM, YTO NPHHUHMIHAJbHOE
pasjuune ABYX THIIOB IIPOLECCOB OOYCJIOBJEHO lie (pH3HYe-
CKMMH IpHYHHAMM, a ydacTHeM B Ipolecce Tuna l cyObek-
Ta-HabJio/laTessl: BCe AeJNO, N0 ero MHEeHHI0, B HaJHYHU
npouecca cyO'beKTHBHOIO BOCHDHSITHSI, KOTODPBIH siBJIsI€TCH
HEOOXOJUMbBIM 3aK/IOYHTEJbHBIM 3J€eMeHTOM H3MepeHHs, HO
KOTOpHIjl He MOAJAAeTCS OO0 KOHUA (PH3HYECKOMY ONUCAHHIO.

B paMkax guasieKTHKO-MaTepHaJHCTHYECKON TeOpHH MO-
3HaHHsS HeT HUKAKHX OCHOBAHHI paccMaTpPHBATh KBAHTOBYIO
TEOpPHUIO KaK HeyHLauyHyl0 IONBITKY AATh ONMcaHue (usuue-
CKUMH MOHSITHSIMU INICHXOJIOTHYECKHX NPOLECCOB 4YeJsoBeKa.
He naer mas 3Toro HMKakMX OCHOBAHMH M CJIOXKHBINAsicA
BIIOJIHE yClellHas NMPaKTHKa MpPHUMEHeHHsi KBaUTOBOH Teopuu
K ONHCAaHHIO PU3HYECKHX TPOLECCOB, NMPOUCXONSLIUX He3a-
BHCHMO OT KaKoro Gbl TO HH OBbLIO HAOJIOLEeHHS.

Ocraercst 0/HO: IpU3HATh, YTO NPUHLMIHAJIbHOE Da3Ju-
yye npolecca THna 1 W mpouecca Tuna 2 uMmeeT ryybokue
¢pu3uuecKue OCHOBAHMUS.

BsaumopeiicTBue THma 2, B paMKaX KOTOpPOro Cyulecr-
BeHHOe 3HayeHHe MMeIOT sIBJeHHSI HHTep(pepeHLHH mpex-
CTaBJEHHbIX B CyNEpNO3HIHy COCTOSHHUH, €CTh NpOsiBJIEHHE
BOJIHOBOI NPHPOJABI MHKpOUYacTHUBl. BaaumopneiicTBue Tuma
1, mpu ocyliecTBJAEHUH KOTOPOro MHpekpallaeTcss UHTepde-
peHLHUs1 NpeAcTaBJeHHbIX B CYNESPHIO3HIUH COCTOSHUM, a (u-
3HYEeCKHe BEJHYMHBI, He MMeBIiHe N0 TOro OINpeAeseHHbIX
3HaYeHUH, CTAHOBATCA ONpeJeNeHHbIMH, €CTb MpOSBJCHHE
KOPNYCKYJSIPHOH NPHUPOABI MHUKDPOYACTHIL,

6

Pasnuune AByX THINOB B3aUMOZEHCTBUSI He TNOPOXKIEHO
BMeIllaTe,1bCTBOM H3MEpeHHsl, HO TeM He MeHee OHO HMeeT
NPUHLMIHAJIBHO BaXKHble CJAEACTBHA JJISI TEODUH H3MepeHHd
U 1J51 TOHMMaHHsi KBaHTOBOH Teopuu BooOuie. [lponeccht
THHA 2 (T. €. BOJIHOBble) NPHHLUNHAJBLHO HeHaOJIoJaeMbl,
npubopaMu JIIOGOTO YCTPOHCTBA PErUCTPHPYIOTCH HCKIIOUH-
TeJbHO TOJBKO Ipollecchl Tula 1, T. e. MposiBjeHHe KOpIy-
CKyJasipHbIX cBoiicTB. O mpoueccax THna 2 (HalnpuMep, HH-
Tep(epeHIHOHHbIX SIBJEHUSX) MOXKHO CYIHThL TOJBKO KOC-
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BeHHO, HA OCHOBAaHHMM aHAaJiU3a pe3yJbTATOB IIpouécca THna |
(3T0O MOXHO OTYET/IHBO BHAETh B XOPOLIO H3BECTHOM MpH-
Mepe MpPOXOXKAEHHs YacTHI| yepe3 3KpaH C ABYMS LIeJNSAMH).
. Ecau mbicauTb nocsenoBaresnbHo, TO B JAHHON CHTYaLHH
eCThb AB€ BO3MOXKHOCTH. [TepBasi COCTOHT B TOM, YTOOHI B CO-
OTBETCTBHH C /[OBOJIbHO paclpOCTPaHEHHOH KoHUeniHell
¢Gumocodpckoro xapaxrepa He NPHU3HABAThb NMpPOIECCH THNa 2
¢pusnyecku peasbHbIMH. M neficTBUTENBHO, TaKasg TOYKa 3pe-
HHf IIHPOKO paclpocTpaHeHa B caeAyioued ¢opme: BOJHBI
B KBAHTOBOHl TEOpHH He SBJAIOTCS BOJHAMH KaKoro-jaubo
¢u3MueCKH peasbHOrO MO0J$, 3TO a0CTPaKTHbie BOJIHbI Be-
POSITHOCTH, MNO3BOJSIIOLIHE JHUIbL MNPEeACKa3biBaThb pe3yJb-
TaTel H3MepeHui (T. e. mpoueccoB tuna 1). Exsa s, oxHa-
KO, MOXHO Ha3BaTb KOTO-JHGO M3 YYEHbIX, KTO MPHACPHKH-
BaJicl Gbl TAKOro MOHMMAaHHA CTPOro mocjefoEaTeabHO. Bee
JleJl0O B TOM, YTO HHTep(depeHIHOHHbIe, JU(DPAKIHOHHbIE, pe-
30HAHCHble 3(rPeKTbl HrpaloT CJIUUIKOM OO0JBLIYI0 POJIb B
[IOBEJEHHY MHKXPOYACTHL, YTOOGbl MOXKHO OBIJIO IOJTHOCTLIO
OTPHLATH HX (PH3UYECKYIO peasbHOCTh U pPAacCMaTpPHBATh HX
JHUIIb KaK HHTepPepeHNHUI0 HALIUX MbICJTEH.

B Takom ciayuae ocTaercs BTOpasi BO3MOXKHOCTb — IIDH-
3HaTh (PU3HUECKY!0 PeasbHOCTh BOJTHOBBIX SIBJIEHHi, HECMOT-
pA Ha HX NPUHUUNHUAJbLHYIO HeHa6JI0JaeMOCTb, HO TOJBKO
OBITL NPH 3TOM IOCJTENOBATENbHBIM 0 KOHIIA M OTKAa3aThCH
OT YTBEpPXKIEHHs, YTO BOJIHbl — 3TO TOJIBKO aGCTPaKTHbIE
BOJIHbl BEPOSITHOCTH (3T0 He 005i3aTeqbHO O3HAyaeT, 4TO
P-PYHKIHA ecTh NPsIMOe W HeNOCPeJCTBEHHOe H306pakeHHe
9THX BOJIH, OHa MOXeT OblTh M KOCBEHHBIM HX OTOGpaxKe-
HHEM).

OTO MPUBOAUT HAC K NPHU3HAHHUIO PeasbHOTO CYLLeCTBO-
BaHMA B MHKpPOMHpe [ABYX TuNO8 B3aUMOAEHCTBHSI M COOT-
BETCTBEHHO ABYX THIIOB 00beKTHBHOH (hU3MUECKOH peasbHO-
CTH, OOMH M3 KOTOPBIX NPUHUHNHAJIbHO HeHabaiogaem (Imo-
BUJUMOMY, 3TO BEDHO IJI KaXKJOr0 M3 TpeX H3BECTHBHIX 8U-
dos B3auUMOAEHCTBUS — 3JIEKTPOMAarHUTHOrO, CHJIBHOTO H
cnaboro).

YMecTHO cocslaThCAl B KaueCTBe MpelefeHTa Ha TO Bax-
HOe 00OCTOATENbCTBO, YTO MOJIe H 'BELLECTBO TAKXKe SBJAITCSA
ABYMsSI TAKMMH XKe THIAMH (PU3HYECKOH peaJsibHOCTH: moJie
B OTJIHUHe OT BeIeCTBA M OT KBAHTOB MNOJIS NPHHUUIHAJb-
HO HeHa(6J104aeM0, O ero HaJIMUUH U XapaKTepHCTHKAX MOXK-
HO CYAHTb HMCKJIOUHTE/IbHO KOCBEHHO, MO HAOJIONEHHIO Haf
NoBejleHHeM YacCTHIl BelecTBa (MpOOHBIX TeJ).
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O6a cyyyast MOryT OkasaThcsl pasHeIMH GOPMaMu Mpo-
sIBEHHS OXHOrO M TOTO 2Ke, eCJH AOMYCTHUTBb, UYTO BOJIHOBBIE
CBOHCTBA MHKpPOYACTHL CyTb 0COObIl cjayuail MpOsIBAEHHS
TOJIEBBIX CBOHCTB MAaTepHH.

7

B oGBbIuHOH TpakTOBKE CMbIC/Aa BOJHOBOH (DYHKUHH He
COJIEPKHTCA YETKOTO YKa3aHHsl Ha TO, OTPaXKaeT J BOJHO-
Basl QYHKIHS peaJsIbHbI NMPOLECC SBOMIOIHH COCTOAHHST MH-
KpOoUacTHUBLl J0 OcCylUlecTBJeHHsl mpouecca tuma | (u3me-
peHnus B 0OblyHOM croco6e BbIpa)KeHHsi) HJAH OTHOCHTCH
HCKJIIOYHTEJNbHO TOJMbKO K pe3yJabTaTaMm 3TOTO MOCJEIHEro
npouecca. MHauve: sBasercss qu 3agaHue BOJHOBOK (QYyHKIHH
MOJIHOCTbIO  3KBUBAJEHTHBIM  3aJaHHI0 'BEPOSATHOCTHOIO
pacnpeneseHusi 3HaueHHH (PH3HYECKHX BEJHYHH, KOTOpbie
YacTHUA NPOABUT NPH H3MepeHHH (MJHM mpouecce Tuna 1),
WJIK 3aJaHHe BOJHOBOH (YHKUHH O3HauaeT HeuTo GoJibliee,
yeM ToJbKO 3T0? CyXKJAeHHS Ha 3TOT CUeT PasHOPEUHBHI.

C rTouxku 3peHns mepBoro noHuManusi ypasHenue Llpe-
IHHrepa HHKAKOro peasibHOro (hU3MYecKoro mpolecca He
ONHMCBHIBAET, 3TO JIMIIb MaTeMaTHyeckas npoleaypa, nos3Bo-
JISIOMIAs pACcCYATATh BEPOSITHOCTH MNPOSIBJEHHS TeX HJHU
MHBIX 3HAYeHHH (DU3MYECKHX BeJHUYHMH B pe3yJjbrare ocylile-
CTBJIEHHS] HEKOTOPOTrO peaJjibHOro Hpollecca, KOTOpPhIA, oxHa-
KO, yKe He NOAYHHSETCS 3TOMY YpaBHeHHIO,

C TOYKM 3peHHsT BTOPOr0 MOHMMAaHHS OHO ONHCHIBAET
peasbHbll (HO NpPHHUMNHANbHO HeHab/omaemblil) (uU3H-
YecKH# mpouecc THNA 2, OKasbIBAIOUIHI peajbHOe (u3uye-
CKOe BJIMSIHHE Ha pe3yJ/bTaThl MOCAELYIOLIET0 OCYIecTBIIe-
Husl mpolecca Tuna | (T. e. onmucbIBaeT peasibHYIO (usHue-
CKYIO 3BOJIIOLHIO CHCTEMbI JO H3MEPEHHs).

HmnauuutHo o6a NOHMMAaHHUSA COAEPKATCH B OGLIYHOM
NOHMMAaHHH BOJHOBOH (QYHKUMH H BbIABJISIOTCS B 3aBHCH-
MOCTH OT TOro, OyAYyT JM MOAYEPKHYTHI CJIOBA «BOJHOBAS
(yHKUHA XapakTepu3yeT OOBEKTHBHBle BO3MOXKHOCTH» HJIH
cloBa «BOJIHOBAas (YHKUMS XapaKTepH3yeT COBOKYITHOCTb
BePOATHOCTEHN».

C TOYKM 3peHHMS MaTepHaJHCTHYECKOH NHAJEKTHKH Ka-
TEropHsi BO3MOXKHOCTH 0603Hayaer He 4TO-TO, JIHILIEHHOE B
HacCTOSILIMH MOMEHT PeaJbHOCTH, a HeYTO peasibHO CYILecT-
BylOLee, 1efICTBUTEJBHCE, HO fIBJSIIOLLeeCs CBePX TOro Mpeji-
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HOCBIIKOM, HCTOYHHKOM HEKOTOporo Apyroro OyAyLIEro mpo-
Lecca, B HACTOSIUIMII MOMEHT ellle He CYLIeCTBYIOLLETo.

Onupasicb Ha JOBOJIbHO NPOYHYIO TpaJULHIO, YKOPEHUB-
HmIylocsl B NPaKTHKe (U3MUYECKHX UCCJIEJOBAHHMN U HA TNPHH-
LMIbl MaTePHANUCTHYECKOH TEODHH NMO3HAHHUSA, MOXKHO MpPHI-
TH K CJedYIOlleMy IIOHHMAaHHIO.

BosHoBas ¢(yHKuHsi uMeeT ABOMCTBEHHbIH (HU3MUecKuit
cmbics. OHa He TOJIbKO OnpejensieT CTATHCTHKY IIPOsiBJIEHHS
onpeJeeHHbIX 3HaueHHIT GU3UUECKHUX BEJMUYHH NPH B3alMO-
AedictBun Tuna 1 (M3mepenun), 4/ yero TpeGyercs ocylie-
CTBJIeHHe OGOJIbIIOrO uucjaa aKTOB TaKOrO B3auMOjelicTBHf,
HO XapakTepu3yeT TakXe OOBEKTHBHO peaJsibHOE COCTOSIHHE
eAMHHYHON YacTHLBI 0 OCYUIECTBJEHHS TAaKOTO B3aHMOJeEl-
CTBHSA ¥ NPOUCXOASLIME C Hell Ipolecchl BOJHOBOIO Xapak-
Tepa (THma 2), HanpuMep HHTep(EPEHLMIO YACTHIBI CaMO
¢ coboii.

8

Korna ¢u3uk roBopHT, UTO COOTHOLIEHHEe HEONpejeneH-
HOCTell TOPOXKAEHO OrpaHHUYEHHOCTbIO HAIIMX MO3HABaTe/b-
HbIX BO3MOXHOCTEH, TO OH HECOMHEHHO paccyxkpaaer (¢H-
noco(ckH, XoTs u He o6g3aTenbHo HetunHO. Korna dumocod
B IIOMCKaX HCTHHBI XOYeT [0Ka3aTh, UTO COOTHOLIEHHe He-
ompejeseHHOCTeH W BooOlle crmeunduKa KBaHTOBOH TEOpHH
NPOMCTEKAKOT He U3 ocoOeHHOCTell CyGbeKTa, a U3 cleuH(H-
YeCKHX O0COOeHHOCTell CaMHX MHKDOYACTHI, CO3/aeTcsl BIIE-
YyaT/IeHHe, YTO OH paccyXkiaeT coBceM He GUIOCOPCKH.
OnmHako MOXeT OKa3aTbCfl, YTO HMEHHO B 3TOM HampaBJe-
HAH U JIEXKUT MyTb K MUCTHHE B C/IOXHOM BOIPOCE MaTrepHa-
JHCTHYECKONH  (PHJIOCOMCKONH HHTepmpeTallUH KBaHTOBOM
TEOPHHU.
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B..H. Cnacckuti

CYUECTBYET JIH HEOBXOJIHMOCTh
B HCIIOJIB3OBAHHH NOHATHA
«PH3HYECKASA PEAJIBHOCT b»?

Mtue kaxercs, yTo TOHSTHe «(DH3UYECKAs pPeaNbHOCTh»
e HykHO. OHO BHOCHT TOJIbKO MYTaHHIY TpH (GusocodcKoi
MHTEPIpeTallil KBAHTOBOH MEXaHHKH.

UsBecTHO, YTO 0 pHU3HYECKON peasbHOCTH CTajdd TOBO-
PHTBb Tnocsae ONnyOJMKOBAaHUSI HM3BECTHOH TMOJEMHUKH MEXIY
Bopom u DitHmTeiHoM ¢ cotpyaHukamu [1, ctp. 436]. B ato#
nojemuke Bop 3afgBm nmpuMepHO cjepylolilee: KBaHTOBas
MeXaHHKa, N0 ero MHEHHIO, 3aCTaBJ/sIeT NePecMOTPETh MOHS-
THe (hu3nuecKoit peanbHocTd. Ecau paublue 1nox Gpu3ndecKoi
peasbHOCTBIO IIOHHMAJH CaM HcClefyeMblll OOBeKT, TO B
KBaHTOBOH MexaHHKe noJj (U3NYECKON peasibHOCTBIO C/eNy-
€T MOHUMAaTh JHIUb CBeJeHHs, WJH, TOUHee, MaKCHMaJbHO
TNOJIHbIe CBeleHHs] O HeM, KOTopele GyAyT pasinuHBIMHU B 3a-
BHUCHMOCTH OT NPHUMEHseMbIX AJS NOJYUYeHHs] 3THX CBeIEeHHM
MU3MEpPHUTENbIBIX YCTAHOBOK.

Takum o6pasom, He cam 0GDLEKT, He cama OGLEKTHBHAS
peasibHOCTb sABJsieTC (PHU3UYECKOH peasibHOCTHIO, a JIHUIb ee
o6pas3, MpuYeM 3aBeIOMO He OXBAaTHIBAWOUIMA BCeX CTOPOH
3TOTr0 00bEKTA.

Ecnu npeanosarats, 4to 3a Takoft «pu3HYECKO# peasb-
HOCTbIO» GO/blle HHYEro He CKPBIBAETCS, UTO OHA He fBJfA-
eTcsl OTpaXKeHHeM OOGBEKTHBHON DPeasbHOCTH, TO 3TO Gyner
caMblfl OOBIYHBIAI MAeasu3M. Tak MHOTHE M TOHAJHM MHEHHe
Bopa. Eciu e mnpennosoxkurb, uTo «(hH3MUeCKas peasb-
HOCTb>» fIBJISIeTCS JIHIIb 06pa3oM 06beKTa, TO ee MOXKHO pac-
cMaTpuBaTh KakK Monesb ero. M 3TOT TepMUH — «MOJe/b>,
C HaleH TOYKH 3peHHsd, ropasno OoJiee yIauublil, HeXKeau
IBYCMBICJEHHBII TepMHUH «(hH3UUECKAST PeaibHOCTbY.

Hsyuyasi kakofi-mu60 MarepHaJbHBEIH 0OBEKT, QUK HHU-
KOrJa He MOXKeT cpa3y MCCJIeJ0BaTh, yUeCTb BCE ero CBOMCT-
Ba; a 4aCTo B 3TOM M HeT HeoO6xonumocTdH. DH3MK co3Ha-
TeJbHO HJIM HeCO3HATEeJIbHO, MO He3HAHMIO, YUHTHIBAET JIHLIb
4acTb ero CBOACTB M CTpouT 06pa3 3Toro o6bekra GoJgee
NPOCTHIM, YeM OH SABJfETCS B JeHCTBUTEJNBHOCTH. ITOT
o6pa3 siBIsieTCs MOJENbl0 0ObEKTa, U ¢ 3TOH MOJeNbIo, cob-
CTBEHHO I'oBOps, GU3UK H UMeeT [eJ10 NIPH pacueTax, Npu no-
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CTpPOeHHH TeopHH. B nmasbHefillleM, KOHeYHO, B pe3yJbTare
N0JydeHUs] HOBOH HH(pOpMaUHH 06 o6beKTe VUeHbIH H3MeHs-
€T ero MoJleJib, COBEPLIEHCTBYET ee.

Ho ecan B npouinoe Bpemsi, B nepron Kiaaccuueckoit ¢u-
3HKH, MOJIAraJju, YTO MOJAe]b (PHU3HUUECKOTO 0OBEKTa MOKET
OTpaxaTb BCe OCHOBHBIe CBOMCTBA 3TOr0 O6BEKTa U B NPO-
yecce AaJbHeHllero pasBUTHs HAaYKW 3Ta MOjlesb NOCTENeH-
HO CTAHOBHUTCSI TOYHOH KONHel ero, TOUHOH KomHeil 0Obex-
THBHOH peaJIbHOCTH, TO B KBAaHTOBOH MeXaHHKe, KaK H3BeCT
HO, AeJio OGCTOMT MHaue.

B KBaHTOBOI MexaHHKe HeJb3s NOCTPOHTL OXHOM MOJe-
Ju o6beKkTa, KoTopas oTpa)kaja Gbl BCe OCHOBHBHIE, ViKe
H3BeCTHble CBOHCTBa ero. B KBaHTOBOI MeXxaHHKe I OJ
HOTO M TOTO XKe 00BbeKTa NMPUXOAUTCH TNPUMEHSITb pasJiut
Hble, fa elle B3aUMOHUCKJIOUAIOIIHE IPYr ApPyra MOJIeNH B
3aBHCHMOCTH OT TOrO, KakKHe 3KCIepHMeHTaJbHBE YyCTa-
HOBKH HCNONB3YIOTCH AJS ero O6GHapy:KeHHUs] WJIH HUCCHAEeMI0-
BaHUA.

BoT aTtu passnnyHBle MOIENH OZHOTO U TOTO XXe 00beKTa
Bop, co6erBenHo roBopsi, u HasbiBaeT «HHU3HUECKHMH pealib-
HOCTSIMHU», €CJIM KOHEYHO CUHTAaTh, YTO OH B JAHHOM BOIpO-
ce He HCXOJAWI M3 MO3HUHUH CyOBEKTHBHOrO HAeaJu3Ma BO
BpeMS MOJEMHUKH ¢ DUHIITEHHOM.

®Du3UKH YyKe CPABHUTEJNbHO [aBHO MPHUBHIKJIY K TOMY,
4TOo B KBAHTOBOH MeXaHHKe, silepHOH (pu3HKe IJs OLHOTO H
TOro Xe 0GbeKTa NMPUXOAUTCS NPUMEHSITH pasHble MOJIEJH.
Taxk, njs YacTUubl NPUXOMHUTCS NPUMEHSITb Pas3JHYHbIE MO-
Jenqu IJS1 ee pasjuuYHBIX CcocTosiHUI. B simepHoit ¢dusmke
JLJISl OIIMCAHHUSl aTOMHOTO 1/Ipa NPUMEHSIOTCS pas3/HuHble MO-
JleJiM, HanpuUMep KareJabHas Mone/db, 060J0YedyHast MOJIeNb.

Taxkoe no/siokeHHe B COBpeMeHHOH (DU3MKe He BHOCHT HH-
Kakoil ¢punocodckost myranunel. OHO MOKa3biBaeT, UTO HALIU
MaKpOCKONHYeCKHe XapaKTePHCTHKH, MaKpPOCKOTHYECKHe TO-
HSITHS W TpPEJCTaBJEHHS] He BIOJIHE COOTBETCTBYIOT 00beK-
THBHBIM OCOGEHHOCTSIM MHKPOMHpa.

IIpumeHeHHe NOHATHS MOJE/H TOPa3/0 Jyullle H IPH aHa-
JiM3e napanoKca, pacCMOTPEHHOro DHUHIUTEAHOM B ero noJe-
MuKe ¢ Bopom. JleficTBUTeIbHO, MPUMEHSIT K OJXHON M3 ABYX
YacTHI MIOCJe HX B3aUMOJeHCTBUS ABa pa3/HUYHBIX KJjacca
YCTaHOBOK, MBI Oy/leM MMeTb He pasHble «(U3HUECKHe pealb-
HOCTH» AJISl APYroi 4acTHLbI, a ee pasjHIHble 06paskl, pas-
JIUUHble MOJleJIH COOTBCTCTBCHIIO PAa3HLIM O()})aSElM HJIH MO-
NeNsiM nepBOd YacCTHLILI.
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Mexny npounm, crenyer OTMeTHTDb, YTO HApPSIAY C YHOT-
pe6/eHneM TepMHHA «(bH3MUeCKast peaJbHOCThY BIOJHE yMe-
CTHO OblIO OBl BBECTH H TEPMHH «XHMHYeCKas peasbHOCTb,
NOHHUMAas MOJ 3THM TepPMHHOM 006pa3 oO6LekTa, paccMaTpH-
BaeMbIH C TOYKH 3pEHHUSI ero XMMHUYecKHXx csoicTB. M Torna
OIMH H TOT XKe 00beKT, HalpuMep ralbBAHHUYECKHI 3JIEMEHT,
HaM NpeacTaBas/cs Obl U Kak «(QHU3HUECKas DPeaJibHOCThbY,
U KaK «XMMHYecKasi peasibHOCTb», [lajee, 0UeBUIHO, MOXKHO

10 OBl BBECTH NOHATHE «BMOJIOTHYECKOH peasbHOCTHY H
..-lOTHX JPYTHX «PeajbHOCTEMN>.

Hraxk, ele pas — HyXeH Ju TepMHH «pU3HUECKas peasp-
HOCTb»? MHe KaXercsi, 4To He HyXeH. Jlyule No/b30BaTh-

TEPMHUHOM «MOJE/b». DTOT TEPMUH He BHOCHT HHKaKOH

-tocodckolt mytaHuubl. Huuero aBycMbICJE€HHOrO HeET B
TOM, YTO IJISl OLHOTO U TOro ke OObEKTa MBI BLIHYKIEHBI
NIPUMEHATDb IPU Pa3HLIX YCAOBUSAX pasHbie momend. Ho ro-
pasno xyxe, eciu Mbl OyleM FOBODHTb, UTO CYILECTBYET He-
CKOJILKO «peaJsibHOCTeH» NJ/1s1 OJHOTO H TOro e OGLEKTa.

JHTEPATYPA

1. Cm. B. A. ®ok, A. Jinwredn, B. ITodorsckui, H. Posen, H. Bop.
MoXHO s cuHTaTh, YTO KBaHTOBOMEXaHHYECKOE omucaHHe (usHye-
CKO#l peajbHOCTH sBasierca NoaHpiM?— «Y®H», 1. XVI, BHN 4,
1936.

A. M. Mocrenanenko

«IOINNOJIHUTEJIBHOCTb>» B CMbICJIE IYAHKAPE
H KBAHTOBOMEXAHHYECKOE OINHCAHHE

Kak usBectHo, Anpu Ilyankape, uccrepys mnpoGaemy
COOTHOLIEHUS] PEOMETPHH M (DH3MKM, NpPHLIES K BbIBOAY 06
UX cBOeoOpasHOl «aonosnHuTeabHOCTHY [1]. C TOUKM 3peHus
[Tyankape, Bcerana MOXHO TaK H3MEHHTb 3aKOHB (DH3HKH,
YTOoOBLl B OMHCAHHM fBJEHHH HE BLIXOAHUTHL 33 MpeIeJHl JIo-
6oft npou3BoJNbHO H36paHHON reomerpud. Eciu, Hanpumep,
OKa3blBAeTCs, UTO Jyu CBeTa OT AaJjieKoro HeGecHOro TeJsa
Ile YAOBJETBOPSIET MOCTYJIaTy IBKAHNA, Mbl MOXEM JIHGO
NPHHSTH, YTO CBOICTBA NMPOCTPAlICTBA B 6O/IbLINX MaclITaGax
OTKJIOHAIOTCS OT 3BKJAHAOBLIX, JIHGO MNpenosoXHTh, YTQ
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npocrpaHcTBo 00/1afaeT 3BKJAHAOBLIMH CBOHCTBAMH, HO Ka-
Kasi-TO CHJ1a UCKPHBJSIET CBETOBble JyYd. BbiGop omHOro us
3THX ABYX CIOCOOOB OIIMCAHUS 3aBUCHUT OT ONpeAeeHHS,
HO CBfI3aH C M3MeHeHHeM ¢u3uuecKHx 3akoHoB. IlyaHkape
NPUBOJHT TaK¥Ke NpUMep MOJe/H, B KOTOPOH Bce Tesa UMe-
I0T OMHAKOBLIH KO3(pPHULHEHT pacliMpeHusi, MEHAILNHAcS
B 3aBMCHMOCTH OT HX IOJIOKEHHMS B NMPOCTPAHCTBE IO OIpe-
JeJIeHHOMY 3akoHy. B 3Tofi Momean MOXKHO TIPUHATD,
JAM60 YTO reoMeTpUsl MPOCTPAHCTBA HEIBKJIMIOBA, JHOO UTO
TeOMeTpHsl 3BKJIHN0BA, HO HAa Bce 00BEKTH BO3[efCTBYeT He-
KOTOpasi yHHBepcasabHas ¢hu3nueckas cuja (B JaHHOM ciyvae
CBfiI3aHHasl C TemIOBbIM pacuupeHueM). Taxkum o6pasom,
M B 3TOM CJ/yyae reOMeTpHsl W pu3HKa KaK Obl JOMOJHSAIOT
apyr apyra. Xors Ilyankape He BbicKa3biBaeTcsi CTOJb SIBHO,
CMBICJI €r0 BLICKA3bIBAHHH MOXKHO NOJLITOXKHTbL Tak (ycsa0B-
HO Ha30BeM IlOoc/eAyiollee MONOXKEHUE «IIPHHIUIOM JONO.I-
HUTeJbHOCTH» [lyaHkape): BoobLie rosops, Ji060e Npoct-
paHcTBO M3 Habopa KOHUENTYaJbHLIX NPOCTPAHCTB MOXKET
UCnosb30BaThest B (DU3MUYECKOil reomeTpuu, OyAydH LONO-
HEHO COOTBETCTBYIOILHMMU 3aKOHAMH (H3HUKH.

OhniTelin xapaxkrtepudyer Kouuenuuto Ilyaukape cie-
ayrowum o6pasom: «I'eomerpus (I') Huyero He roBOpHT O
COOTHOLUEHHH AEHCTBUTENLHBIX IpPEIMETOB; H TOJNbKO Teo-
MeTpHs BMeCTe C COBOKYNHOCTHIO (H3HUeCKUX 3aKOHOB (D)
ONMCBLIBAIOT 3TO COOTHOLIeHHe. BLipaKasch CHMBOJIHYECKH,
Mbl MOXEM CKa3aTb, YTO IPOBEPKe OIbiTa NOAJEXHUT CyMMa
(') + (P). Takum o6pa3oM, B AeHCTBUTENBLHOCTH MOXKHO IO
npoussosy Bbi6upaTh Kak ('), Tak M OTAEabHBble YacTH
(P); Bce 3TH 3aKOHBI SBJSIOTCH yCHOBHbIMH. [lisi H3Gexa-
HUSI NPOTHBOPEUHH HEO6XOAHMMO TOJNLKO OCTaBLIMECS dYac-
T (P) BLI6GpAaTL TaKHM 006pa3oM, UTOOLI OIBIT ONpaBAbIBAJ
B oO0weM (I') u nonnoe (P)». U panee Sinwmreiin 3ameua-
eT: «MHe Kaxercs, 4To C NPHHUMIMAJLHOH TOYKHM 3peHUs
(sub specie aeterni) Takoe Bo33penne [lyankape cosep-
LIEHHO MpaBWJbHO» [2, cTp. 10].

HManpreiinee pasBuTHe (GU3HKK [10KA3aJ0, OAHAKO, 4T0O
pasnnuHble onucanus tuna (I') 4+ (P) bakruuecku He ABJIfA-
I0TCSl 3KBHPAJIeHTHRIMH. Hanpumep, B o6uledl TeOpUu OTHO-
CUTE/JILHOCTH HCIMOJIL3yeTcsl pPHMaHOBa TeOMETpHs, W IIpH
3TOM U3 (U3MKH yHaJsieTcsl NMOHSTHE YHHBEPCAJNbHOH CHJIBI
M BBOJAHUTCA OOLIMI NpPHHUMN OTHOCHTesNbHOCTH. Hanporus,
TEOPHH TPAaBHTAUHH M KOCMOJOFHYECKHe THIIOTe3bl, COxpa-
HAIOLIKE 3BKJHI0BO NPOCTPAHCTBO, He BLIAEPXKUBAIOT KOHKY-
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peHltitn ¢ 'o0uicH TeopHel OTHOCHTENBHOCTH M PeasiTUBHCT-
cKoll Kocmoyiorueil. BoJsiee¢ Toro, ecnu paccMoTpeTb MHOXKe-
CTBO KOHUEMNTYaJ/JbHbIX MPOCTPAIICTB C Pa3JHYHON TOMOJOTH-
eff, TO Cpa3y e BBIIBASIETCS] OTPAHHUEHHOCTb <«TPHHLHUTMA
nonosnuteapHoctu» Ilyankape. Oka3sbiBaercs, 4To npHMe-
HeHHe KOHIENTyaJbHBIX MPOCTPAHCTB C Pa3JHYHOH TOIOJO-
rHefl K ONHOH W TOH Ke 06/aCTH sIBJeHHH MOXKeT NOBJeUb
3a co60H NOMylLleHHe Kay3ajabHbIX aHOMaJuil (HapylieHHe
NpuHUMNA 6JU3KO/AeliCTBHS, pCJISATHBHCTCKON TPHUMHHOCTH
u T 1) [3]

BMecre ¢ Tem B H3BECTHOM CMBbICJe BEpPHO, 4TO (DH3H-
yeckas reoMeTpUs M ocTajsbHast yacTh (DH3HKH B3aMMHO J0-
MOJHAIOT APYT ApYTa, MpHYeM <«BbIGOD» r€OMETpPHS CyNIeCT-
BEHHO BJMsieT Ha (GH3UKY, © Haobopor. Orcloja ciaenyer,
UTO B MPHUHIMIC BO3MOXKHBI JIBA MYTH PA3BUTHST (PU3HUKU: HU3-
Gpaunue naubosee MpocToil U ynoGIONl reoOMeTpUH U «NpH-
cnocobnienne» K Hell 3akoHoB (Gusuku («nyTh [lyaiikapes)
HJIH JIOTHYECKOE yMpoLleHHe OCHOB (DU3UKH MyTeM BBeAeHUs
B Hee HOBBLIX NPOCTPAHCTBEHHO-BPEMEHHBIX NPEACTaBJIEHHM
(«nyTp DHHIITENHA). Kakol U3 3THX ABYX MYTeH OKaXKer-
Csl YAAUHBIM, 3aBHCHT, B YACTHOCTH, OT TOrO, MPUCYILUH JH
M3yuaeMo# 06/1acTH JeHCTBUTENBHOCTH CleuH(pHYECKHe Mpo-
CTPAHCTBEHHO-BPEMEHHbIE OTHOILEHHSI.

C yueToM CKa3aHHOTO 6bl0 Gbl HHTEPECHO NPOaHAJU3H-
poBaTh KBaHTOBOMeXaHHUYeCKOe oOnucaHue. KakuMm myrem
CTPOHJIACh KBAaHTOBasl MeXaHMKa, «nyTeM DHHIITeHHa» HJIH
«nyrem Ilyankape»? [lo-BUpMMOMY, 31€eCh HeJb3s1 TOBOPHTbL
HY O TOM, HH O JPYIOM NYTH B uucTOM BuJe. Upessbiualinas
CIIOXKHOCTb KBAHTOBOMEXaHHUYECKHUX SIBJEHHH 0O6yCJ0BHIA
TO, YTO B KBAHTOBOI MeXaHHMKE IO CYTH fend OCYILECTBHJI-
cl KOMIIPOMHCC MEXAy 3THMH AByMs ‘Meronamu. Hamene-
HHe TPOCTPAHCTBEHHO-BPEMEHHBIX TNPENCTABIEHHI 3[eCh
TMIPUCYTCTBYET JUIIL B ToATekcre. Kpome TOro, B KBaHTO-
BOll MEXaHHUKe B HESIBHOM BHJE NMPHCYTCTBYIOT ABE CHCTEMBI
(T) + (®).

Ha Bompoc o ToM, KaKOBBl 3TH CHCTeMbl, IOMOralT OT-
BETHUTb COOTHOLUEHUS HEONPeqeJeHHOCTE!N U IIPHHIMI JOTI0-
HuTesbHocTH bBopa. Korga npuHuMn mgomOMHHTENLHOCTH
Bopa Tpakryercst B cMbiC/]e AOMOJHHUTENBHOCTH MPOCTPAH-
CTBEHHO-BPEMEHHOIO M Kay3aJIbHOTO onucanus [4, 5, ctp. 51—
53], umeercsi B BHJYy, CTPOr0 TrOBOPS, AOTNOJHUTEJIbHOCTh
IPOCTPaHCTBEHHO-BPEMEHHOTO ONHMCAHHUST KJACCHYECKOH (-
3UKH ¥ JeTepMHHHCTHYECKOTO ONUCAHHUS B CMbICie Jlannaca,
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fTonbiTka paccMaTpUBaTh YAaCTHIY KaK MATEPUANBHYIO TOY-
KY, JJOKa/JH30BaHHYIO B TPeXMePHOM 3BKJHIOBOM INPOCTpaH-
CTBe, NMPHBOAUT K «HMHJIETEPMUHHUCTHUECKOIl» (U3HKe, a Mo-
NbITKA COXPAHUTb «IeTePMUHHCTHUYECKYIO» DU3UKY MPUBOJUT
K Heo6XOJHMMOCTH JOMYCTHTb, YTO KBAHTOBble OOBEKTbl He
JIOKaJMM30Balbl B TPeXMEPHOM 3BKJHAOBOM MPOCTPAHCTBeE,
Cka3aHHOe MOXHO MpPOMJJIIOCTPHPOBATL C MOMOLIbIO CJle-
Aywolledl cXeMbl:

(1) O6mBekT NOKanH30BaH B Tpex- «HWHjeTepmiRHCcTHYECKAAN
MEepPHOM 3BKJIHJOBOM NMPOCTpaHcTBe  (H3HKa

(2) OGBbekT He JoKajH3oBaH B Tpex-  «JleTepMHHHCTHUeCKas»
MepHOM 3BKJIHJOBOM MPOCTPaHCTEE  (H3MKa

3Iech CJI0BA «AETEPMHHHUCTHYECKMH» M «HHAETePMHHHCTH-
YeCcKMH» 03HAYAIOT Hajuyue WU OTCYTCTBHE JIaM1acOBCKOTrO
JeTepMUHH3MA.

Takum o6pa3zoMm, KBaHTOBas MeXaHHKa OKa3blBaeTcsi B
onpefeseHHOM CMbIC/Ie XBONCTBEHHOH, 4TO, OLHAKO, He Me-
maet el JaBath 6JecTsllee CTaTHCTHYECKOE OMMCAHMe sIBJIe-
HUI MHKpOMHpa.

BcnomuHas To, UTO TrOBOPUJOCHL Bblllle O Kay3aJbHBIX
aHOMaJIMSIX M TOMOJIOTMH MPOCTPAHCTBA U BPeMeHH, MOX-
HO BHAOHU3MEHHThL (2) caeaymolwum obpasoMm:

(2) OGBeKT cymecTByeT B npo- « [leTepMuHHCTHYUECKASTH
CTpaHCTBE H BPEMEHH CO CNelH- ¢n3nka
¢uyeckoil TonoJsorueit

IlpaBma, ocraercs HesiCHBIM, KakoBa 3Ta cheinuduue-
cKasi TomoJiorus npocrpaHcrsa. [lpexmnosnaraercs JMdilb, yTO
OHa OTJIHYHA OT TOMOJIOTMH TPeXMepPHOro 3BKJIMAOBA IPOCT-
paHcTBa (BCMOMHHUM, UTO {-(QYHKILHS CHCTEMBl W3 # YACTHUL
OMHUCHIBAeTCsl B 3n-MePHOM TNPOCTPAHCTBE).

Bce 3TO cBHEeTeJbCTBYeT O TOM, UTO aHAJOrUs MeXAY
«[IPUHLHUIOM AOMOJHUTEJbHOCTH» IlyaHKape W MPUHIUIIOM
nononuutensHoctu Bopa Gosee riyGokasi, ueM MoXKeT ImO-
KasaTbCsl Ha NepBbIi B3rsii. BmecTe ¢ Tem BmO/MHE BepoOST-
HO, UTO «NyTb JHHIITEHHAa» elle CMOXKeT ObITh Moc/enoBa-
TeJbHO NMPUMEHEH K HCCAeJOBAaHUI0 KBAHTOBOMEXaHHUECKHUX
fIBJIEHHH, ecsin 6YLYT BBEIEHbl COOTBETCTBYIOLHE TMPEACTaB-
JIEHUs1 O TOMOJIOTMM TPOCTPAHCTBA M BPEMEHH B MaJbiX
macurabax.

CkasaHHOe He 03HauaeT, YTO BBeJeHHe HOBLIX MPOCTpPaH-
CTBEHHO-BPEMEHHDIX MpejacTaBJjeldil B KBaHTOBOMeXaHHUe-
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CKO€ OMHCaHHe [T03BOJUT BHOBb BO3BpAaTUTbCS K KJaccHue-
CKOMY JeTepMHHH3MY. Peub, Mo-BUAUMOMY, MOXKET HATH O
JdaJjibHellleM YTOYHEHWH CYLIECTBYIOLIUX MpeacTaBJEHHH O
KBAHTOBOMEXaHHYECKOH (opMe NPHYHHHOCTH.
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. BiggsdseHGepe. ®usnyeckve NMPHHUMNBL KBaHTOBOH Teopuu. JI.— M,

[$2}

1. C. Hcaes

EIIE PA3 O5 OBBEKTHBHOH PEAJIBHOCTH
H IIPHYHHHOCTH

Y mens HeckoJ/bKO 3aMeuaHnit no fokaanam 9. ' dopd-
mana, II. C. [HOwiuieBoro, M. 3. OMenbAHOBCKOTO H
B. §. ITaxomosa.

B noxnagme §. I'. lopdmana cauIIKOM KaTeropHYHO OT-
puIaerc CJAy4aliHOCTb B Pa3BHUTHH (GH3UKH.

Hesb3st nymaTb, 4TO B 3BOJIOLUM (H3HKH CYLIeCTBYeT
JUIIb CTpOrasi, HelpeojoJuMasi JAeTePMHHHPOBAHHOCTD.
$IcHO, 4TO TO M/IM WHOE OTKpbITHE B (hU3MKe paHO HJH 103-
AHO OblI0 Obl cmesano. OQHAKO BpeMsi U MECTO OTKDBITHA,
JIMYHOCTb YYEHOro, OOCTOATENLCTBA, MpeflllecTBOBABIIHE
OTKPBITHIO, 4aCTO SIBJIAIOTCS CJAYYalHbIMH.

Mue xaxercs, uto M. . OMeJbAHOBCKUI 6€3 [oCTaToyu-
HBIX OCHOBAHWH KPUTHKYeT NPHHLMI NPUYMHHOCTH. B Hamle
BpeMsl BCSKasi TeopHus HMEeT TMpaBO Ha CyLIeCTBOBaHHE
TOJNIbKO B TOM CJyuae, eCJH MPHHLUUN MPHUYMHHOCTH BBINOJI-
HSeTCs, WJW, HHaue, eC/IH B TEOPHUH MPEAnoJaraercsi, uto
B3aHMOJEICTBHE PACNIPOCTPAHSETCA B NMPUYHHHOM CBETOBOM
Konyce. TeopuH, B KOTOpPbIX MHKDONPHYHHHOCTH HE BLIMOJI-
HSETCS, OCTAIOTCA IOKA JIKIIb THIOTETHUYECKUMH.

B noknane Il. C. OblseBoro onpenesneHue GpU3nuecKoi
peasibHOCTH BelleT K arHocTUuu3my. JleficTBUTeNbHO, aBTOp
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A0kjafa cuntaerT GpU3MUCCKON PEAIBLHOCTBIO: 1) uamepeHus,
NoJyueHHbie ¢ TMOMOUIbI0 NpHbopa, Mmioc 2) TeopeTHYecKoe
OCMBICJeHHEe 3KCIepHMEeHTaJbHbIX JaHHbIX. Y aBTOpa BHe
H3MepeHHH HeT (u3MYecKOHl peasbHOCTH. AMeJJIMpYS K Tex-
HMKE COBPEMEHHOTrO 3KCIepHMeHTa, aBTOP CUHTaeT, YTO MHK-
pOOODBEKT H NPUOOP HEOTHETHMEl, YTO BMEIIATeIbCTBO IpPH-
6opa B No3HaHHWe MHUKPOMHpA fIBJSETCS CTOJb DEIIAlolIUM,
YTO MHKPOMHUp He NpejAcTaeT Nepej HaMH B CBOEM HCTHHHOM,
HEe3aBHCHMOM BHJE M UTO NMOITOMY MHUKPOMHp cam IO cebe
OCTaeTcst HeMO3HAHHLIM, a (PH3UKH UMEIOT JeJ0 JHUIIb C Ha-
60pOM HEKOTOpBIX AAHHBIX, KOTOpPble 3aTeM HHTEpIpPEeTHpY-
I0TCSl HEKOTOPbIM MOJeNbHbIM 06paszomM. OueBHAHO, 4YTO
3leCh NPHUCYTCTBYIOT M CYOBEKTHBU3M, M CyXeHHe (pH3Hye-
CKOH peaslbHOCTH J0 Habopa U3MepeHHil.

¥ aBropa mok/aajna 3gech SIBHOe CMelUeHHe MOHATHH I1po-
lecca TO3HAHHS W (u3uueckol peanbHocTH. Pu3nueckas
peaJsibHOCTb CYILleCTBYeT, KOHe4Ho, BHe npubopa U mefcTBH-
TeJIbHO [103HaeTcsi ¢ nomoulpio npubopa. Ilpouecc no3nanus
COCTOHT B BblpaGoTKe MOHATHI 00 3TOH peasbHOCTH B OT-
pbiBe OT npubopa, uaH, HHAYe, B H3yYyeHUU CBOHCTB caMoOl
peanbHocTH. Tak 1les npouecc pa3BUTHS IpenCTaBJeHHI
06 aroMax, 3JEKTpPOHaX, 3JeMEeHTapHLIX YacTHIAX H T. 1.
Takum Obl1 npomecc NO3HAHUS B KJacCHUeCKOH (H3uKe,
TaKHUM OcTaeTcsl ¥ Tellepb. B npoliecce no3HaHus ecTb pusnye-
CKasi peaJ/ibHOCTb, TBEPIO yCTAHOBJIEHHAass (HalpHMep, 3JieK-
TPOH HMeeT 3apsix e u maccy 9-10-2° 2), u Bellu UK sIBJTe-
HHUSl (puU3UUeCKOH peasibHOCTH, B KOTOPbIX (HU3MKH COMHe-
BaloTcsl (TakKMMH OblIM (JIOTHCTOH, 3(HUP, a ceffyac rpaBH-
TOHBl M T. A.). YueHble OUeHb OCTOPOXKHEI B yTBEpXKIEHHH
CyLIeCTBOBAHUs ellle HeNO3HAHHOH (PU3MyYeCKOl peasibHOCTH
U NPUXOAAT K 3TOMY IyTeM TPYAHOro Ipoiecca NO3HAHUS.

U nocnennee 3amevanue —no pokaany b. §. Ilaxomo-
Ba. ITomoXkuB B OCHOBY Te3HC O moJie KaK 0GbeKTUBHOM, (H-
3uyeckoll peasbHoctH, b. §1. ITaxomoB cuenan psig uxTepec-
HblX NapajoKcaJbHbiX 3aMedanuil. Ho nousiTHe «moJies,
BOOOLIE TOBOpPSl, €CTb JIMIb (DU3HUECKUI CHUMBOJI, HCIOJb3Y-
eMbIH [JISl ONMCAaHWS PeasbHbIX YaCTHL, M He SBJSETCS Ma-
TepHaJbHOll cyOcTaHuuell (HampuMmep, COHHOPHOE P-TOJe).
A nmosromy u 3ameuanus bB. §I. [TaxomoBa ocraiorcs JHIIL Ha
ypOBHE MBICIHMBIX, a He peasJbHO CYLIECTBYHIOLIMX napa-
JOKCOB.



Paszdenr sTopoil

AETEPMHHH3M i BEPOATHOCTH
B KBAHTOBOH TEOPHH

0. B. Cauxoe

KBAHTOBAA MEXAHHKA H ITPHPOJA BEPOATHOCTA

®dyH1aMeHTaNbHLIA XapaKrep HIeH BEPOSITHOCTH B KBaH-
TOoBO# Du3uKe obllenpusHaH. Ecan B ciyuae Kiaccuueckod
(hU3UKK BEepOSATHOCTb ellle MOIJIa TPaKTOBaThbCcid Kak ‘BTOPO-
CTENeHHbIH, HHOPOXHBIH 3JeMeHT CTPYKTYpH DH3HuecKoi
TEOpHH, HApYyUAUIUH ee BHYTpEeHHee COBEpILEHCTBO, TO B
KBAaHTOBOH MeXaHHKe BepOSITHOCTh ¢ CaMOTO Hayal1a pac-
CMaTpuBaeTcss Kak OJHO U3 BaXKHeHIIMX OCHOBAHHU caMoil
cTpykTypsl Dbusnueckoii Teopun. Ha 6ase BeposiTHOCTH mpo-
H30lles1 NMEPecMOTP pOJIM TpEACTaBJeHHl O TpPaeKTOpUHU
MHKPOOOBEKTa NpH OTOOpa’keHUH ero rJyGHHHBIX CBOMCTB,
CHHTE3 KOPIYCKYJSPHBIX M BOJHOBBIX CBOHCTB MHKPOOOBeK-
TOB NPH HCCIelOBAHHMAX HX CTPYKTYphl U IOBeldeHHd, pac-
KpbiTa OpraHuyeckass B3auMooO0YyC/I0BIeHHOCT, CBOHCTB MUK-
poo6BEKTa H OKPYIKAIOUIUX €ro MaKpOyCJOBHI.

Onnako npusHanue ¢yHJaMeHTAJbHOH pOJIM BepOSTHO-
CTH B CaMOH CTPYKType€ TEOPHH 3aYacTyl0 MCXOAMUT H3 HHTY-
MIIHH, OCHOBAHHOH Ha MpaKTHKe HENOOPEACTBEHHHIX HCCIle-
NOBaHMH MHUKpomnpoleccoB. Bce eme Het, Ha HAlI B3IVIsI, JO-
CTaTOUHOH SICHOCTH B pa3paboTKe JOrHYECKHX M o6lIeTeo-
peTHYecKHX OCHOBaHHUI BepoATHOCTH. [IpoBenenHblit aHa M3
BEpPOSITHOCTHOH TNPHPOABl KBAHTOBOMEXAaHHYECKHX 3aKOHO-
MepHOCTe# Ha OCHOBe IpelCTaBJeHHI O CayyallHOCTH M He-
06X0IUMOCTH, MMOTEHIIMA/JbHOH BO3MOXHOCTY H J€HCTBUTEb-
HOCTH HMeeT CYIeCTBEHHOe 3HaueHHe, HO BPSIL JIH ero MOXK-
HO MPW3HATH NOCTATOUHBIM. DTOT aHAJH3 COCOGCTBOBAJ BhI-
SIBJIeHHIO GoJiee WHPOKHX OCHOB BEPOSTHOCTHLIX HIell U Me-
TOJIOB, U MpeXJe BCero-— OTPHIBY B MOHUMAHHUH 3THX OCHOB
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OT Y3KHX M XXECTKHMX PaMOK KJIACCHUECKOH MeXaHUKH M TeX
06pa3oB W NpejcTaBJeHHH, KOTOpble OHAa HaBeBaJsa. TeM He
MeHee Ha 0a3e MHCNOJb30BaHUA JIOOOH Napbl KaTeropui
NHANeKTHKH, KakK Obl HM 3HAUHUTEJNBHO 3TO OBUIO CaMO IO
cebe, HE/Mb3A TyGOKO 06OCHOBATH HOBBIE MIEH M METOIBI
eCTeCTBO3HaHusA, TeM Gosiee T€, KOTOPbie UMEIOT (QyHILAMEH-
Ta/JbHOe 3HaueHue. [locsenoBaTtenbHoe o6ocHOBakKe HyHIA-
MEHTaJ/JIbHO HOBOT'O B HayKe BO3MOXKHO JIUIIb B CHCTeMe (HHU-
JIocopCKHUX NpejncTaB/eHHil, YTO [enaeTcs Ha Gase COOTHe-
CEHHS1 HOBOTO C OGIIMMH NPEACTABJEHUSAMH O CTPYKTYPHOH
OpraHH3alMH MaTepuu (aTOMH3M) M TIPHPOLe INO3HAHMUS.
OcHOBHasi MpHUKMHA TOrO, YTO HAEs] BEPOSITHOCTH ellle Hejlo-
CTaTOYHO AaCCHUMHJIMPOBAHA HALUHM MHPOBO33DEHHEM, B TOM
yKc/ie H eCTeCTBEHHOHAYUHBIM, JIEKHT B TOM, UTO pacKpbITHE
€e MpUpPOAbl €1a00 CBA3LIBAIOT C COBPEMEHHBIM Pa3BUTHEM
O6GLINX NpencTaBAEHHI O CTPYKTYPHOM OpraHu3aiiiu MaTepHuH.,

BakHeHIINM HampaBieHHEM pPa3BUTHS COBPEMEHHBIX
Hae# o CTPYKTYPHOH OpraHH3alluM MaTepHH, Pa3BHTUS COB-
PEMEHHOTO aTOMM3Ma fBJ/SETCS CTAHOBJEHHe M pa3paboTka
OGIIMX NPEeACTABJEHUN O CJOXKHBIX YIPaBJAAIOIHX CHCTe-
MaX: CJIOKHBIMH YNPaBJSIOIIMMH CHCTEMaMH Ha3bIBalOTCS
OHCTEMBl ¢ OTHOCHTEJNbHO HE3aBHCHMBIM, ABTOHOMHBIM I10-
BelleHHeM NOAcHCTeM (3/1eMeHTOB) NPH BHICOKOH BHYTpPeH-
Hed aKTHBHOCTH H H36GHDATeJIbHOCTH, leNeHaNpaBJeHHOCTH
(yHKUMOHUPOBAaHUS (MOBeREHHUsI) cHcTeM B LesoM. ClioXKHbIe
CHCTEMBI ABJSIIOTCS OTKPBITBIMH, HAXONSIIHMHCS B Hempe-
PbIBHOM B3aUMONEHCTBHH C OKpYXK€HHEM (cpemoil) W mpuH-
UMNHAJbHO CrOCOOHH  pellaTb 'BecbMa pa3HOOGpasHbie
K1accel 3afau!. ITpencraB/ieHus o CAOXKHBIX YIPaBASIOUHX
cucreMax SBJSIOTCA ropasgo Oosee o6MWUME TpeacCTaBJIe-
HHSIMM O CTPYKTYPHHIX €IHHHLIAX MaTepHH B CPAaBHEHHH C
npeacTaBAeHUSMH KJAaCCHYeCKOTO aTOMH3Ma: MOoCJAeHHe MO-
TyT pacCMaTpHBaTbCA KaK YacTHBIA ciayuall nepsuix. OcHOs-
Hble WieH B pas3paboTKe oOIIero yuyeHHsl O CJOXKHBIX CHCTe-
Max MoCTaBJsOT 6HOJIOTHS, KHGepHeTHKa M MaTeMaTHKa.

K paccmarpuBaeMoll nocraHoBKE BOMPOca MOXKHO T10-
NOHTH M C HECKOJNbKO MHO# cTOpoHB. B Hacrosuiee Bpems
UIHPOKO H3BeCTeH (AKT HHTEHCHBHOTO B3aMMOMIEHCTBHS
¢usvku u Ouosorud, oGecneyHBUIMN KOJOCCAJbHHIE IIpO-
rpecc nocsienHeil. BMmecte ¢ TeM npu paccMOTPeHHH 3TOrO

Onpefesicine XapaKTePHLIX HCXOAHLIX UePT CTPYKTYPLI CJOKHBLIX YNpPaBJASIOULHX
cucteM cM., Hanpumep, [, ¢1p. 14 u cn].
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BzauMomeHdcTBust GHOJMOrHA OGBIUHO pacCMATPHBAETCH HC-
KJIIOUHTEJIbHO KaK IacCHBHA$ CTOPOHA, XKAaJHO BOCNpHHHMa-
jourasi U3uvYeckre HIeH M MeTCHbl, HO NpPaKTHYeCKH HUUYEro
He paioulasg B3aMmeH ¢usnke. OmHAKO TaK JM 3TO, HET JH
BO B3aUMOJEHCTBMH 3THX HAyK TIJYOUHHBIX OGpPaTHLIX
cBsi3en?

B nocsiegnee Bpems Bce yallle MOXKHO CJBIIIATD, YTO pa3-
paboTKa HOBBIX TMOHATHH W NpelcTaBleHHH B GH3HKe HeH3-
0€XKHO NPHUBJEYET BHUMaHHe HCCJAeNoBaTeNell K TPHHIHIIH-
aJIbHbIM BOTIPOCAM SIBJIEHHH >KH3HH, UTO IOCJAeJHHEe OyAyT
CTHMY/IMPOBATh pa3BHUTHE TEpBbIX. B fAB/IeHUAX KU3HM
NOC/JAeACTBUSI HOBLIX NMOHATHII MOTYT GBITH BbIpa:KeHbl SCHee
H yeTye, yeM B coOCTBeHHO (H3MUECKUX sIBJeHHUSIX. B ykKa-
3aHHOH CBA3U cjaenyeT BcnoMHHTh, uTo B. U. Bepuamckuii
CBSI3BIBAJ BXOXKJeHHe B (U3HUKY HJEH BEePOSTHOCTH, KaK H
nael Heo6paTHMOCTH, CHMMETPHH ' pAda APYTUX, C IPOHUK-
HOBEHUEM B 3Ty HayKy Ayxa Guosioruu [2] . Buosorus Moxer
0Ka3aTb yKa3aHHOe BO3JeiicTBHe HA DH3HKY JHUIIb HA OCHO-
Be pa3paboTKH cBoeil oOlleH TeOpHH, T. €. YUEHHSI O TIPHH-
LUMHAJBHBIX BOTIPOCAX CTPOEHHS W 3BOJIOLUHM GHOJOrH-
YecKHX CHCTeM, YeMy M CJAYXHT H B Hall¥ JHH pa3pa-
GoTKa Oo6IIMX NpeACTaBAEHHI O CJAO0XKHBIX YNpaBJASIOLIHX CH-
cTemax.

B Hacrosiuiee BpeMsi, KOHeUHO, elle Hejb3si TOBOPHUTHL O
MOCTATOYHO C/IOXKHUBLIeMcs OOLIEM YYeHHH O CJIOXKHbBIX
ynpaBasoliux cucreMax. CoOOTBeTCTBYWOLIHe IpeacTaBie-
HUSl ¥ METOMABl HCCJeNOBAHUI HAXOASATCH B NpOLecce HHTEH-
CHBHOTO CTAaHOBJIeHHs. BMecTe ¢ TeM B pa3BUTHH 3THX HC-
C/JIeOBAHHI TIOJNyYeHbl M TaKHe IMO3UTHBHbIE Ppe3YJbTAThI,
KOTOpLle MMEIOT KpaiHe CYLIeCTBeHHOe OOlleTeopeTHYecKoe
3Hayenue. K ofHOMY M3 BaXKHeHUIMX TNO3HUTHBHBIX pe3YJib-
TATOB Pa3BUTHUSl NMpPeACTaBJNEHHI O CJOXKHBIX YIpaBJSIOUHX
CHCTeMaX OTHOCHTCSl CTaHOBJeHHe H pa3paboTka HIEH O
HaJYYUHM KayecTBEHHO PAa3/MYHBIX ¥ OTHOCHTEJIbHO aBTO-
HOMHBIX YPOBHeji CTPYKTYPHOH OpraHH3allMH 3THX CHCTEM,
YPOBHeH ynpaBJ/eHHs], PEryJslUHd ¥ JeTepMHHALHUH B CJOXK-
HBIX CHCTeMax. DTa HAes UrpaerT BCe BO3PaCTalOUIYIO pOJb
BO BCeM KOMILJIeKCe COBDEMEHHbIX HayK, HauuHasi OT QU3UKH
3JIEMEHTApPHBIX YaCTHL C €€ IIONBbITKAMHU «CXBAaTHTb» BHYT-
PEHHIOK CTPYKTYPYy 3THX <«KHUDPIHYMKOB MHUDPO3LAHHUS» U
KOHUAsl aHa/JHU30M IIPUHIHUIOB OpPraHU3auvu U (QYHKIHOHU-
pOBaHHUSl DPa3BUTOTO COLMAJTHCTHYECKOTO HAapOIHOrO XO-
3slicTBa.
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CoorBercTBenHO 9TOMY NPHUHIHUIBLI CTPYKTYPHOH OPrasi-
3alluy CJOXKHBIX CHCTEM OTpaKaloT Co0OI0 H Hajuyue onpe-
JeNeHHBbIX XKEeCTKUX MIyOHHHBIX CBsI3ell MexKJAy aJeMeHTaMH,
H HX OTpHULIAHMe — CYLIECTBEHHYI0 He3aBHCHMOCTb (aBTO-
HOMHOCTb). JIHIIb Ha OCHOBE BHYTDEHHEro <«CoYeTaHHS»
’KeCTKHX CBA3efl W aBTOHOMHOCTH BO3MOXHO BLICOKOH30M-
paTesibHOE U LiesieHanpaBjdeHHOe QYHKIHOHHUPOBAHHE CHCTEM
B 11es10M. PacKpeiTHe CTPYKTYpbi CHCTEM TOBODHUT O TOM, UTO
CBA3H (3aBHUCUMOCTH) He €CTb HEYTO TaKoe, UTO MOXKET
npocro GbiTh WK He ObTb. CBA3H B CHCTEMAaX MMEIOT cylie-
CTBEHHLIE BHYTpPeHHHE TpajaluH, o6janaiT OOJbLIed HJIH
MeHblIell «CTEeNeHbl0 HAJHYHOCTH», @ PACKPBITHE THAJNEKTUKH
B3aHMOCBsI3ell peajbHOro MHUpa BKJIOYaeT B cebsa aHaaus
B3aHMONpPOHUKHOBEHUsI MPeIeNbHbIX (B3aHMOHCKIIOUAIOUIHNX)
caydaes.

B paspa6orke uaeu o6 ypPOBHSIX B CTPOEHHH M JIETEPMH-
HalMH MaTePHaJbHBIX CHCTEM CYUleCTBEHHOe 3HaueHue NpH-
obperaer BBIPabOTKa BecbMa aGCTPAKTHBIX, O0GOGLIEHHBIX
NOHATHH, MO3BOJAKILHX oOTo6paxar, OoJiee TIyyGOKYIO
CYLIHOCTb, Gosee riy60KHe YPOBHH B CTPOEHHH OOBEKTOB
HceaenoBanusi. COOTBETCTBEHHO 3TOMY B paMKax eIHHOMH
TEOPHH MOHATHS CTAJH «PacnafaThCsd» HA KJAacchl MO CTemne-
HH HX OGIIHOCTH M 0cOo00Oe BHHMaHHe Hayasjo oGpaliaTbes
Ha BOMPOCH HX BHYTPeHHel cyGopmuHanud. Hamuune cy6-
OpIMHALIMH MeXAY MOHATHAMM B o0OlleM IJlaHe Bcerga
NPH3HABAJOCh, OJHAKO NPAKTHYECKH B paMKax Tex HJIHU
HHBIX TeopUH ¢opMbl 3TOH CcyOGOpAMHAINHM HCCAELOBAJIHUChH
cnabo, U 3aBHCHMOCTH MeX1y crnenudHyecKUMH TMOHATHIMH
B pPaMKax OJHOH TEOPHH pacCMaTpPHBAJUCh NPEeHMYIECTBEH-
HO B NJaHe KoopauHauuu. B ciayuasx cucrem ¢ HajauuueM
HECKOJIbKHX YpPOBHeil BHYTDEHHEro CTPOEHHSI B TEOPHIO
BKJIOYAIOTCS MapaMeTphl, B JIOTHUECKOM OTHOLIEHHH BBICTY-
nampuye Kak o600lleHHble, HHTerpajbHble XapaKTepPUCTHKHU
napaMeTpoB, BbIpAaXalOUUX MCXOJIHBI YpOBEHb: Mep-
Bble ‘He TIPOCTO A006aBJSIOTCS KO BTOPBIM, a XapaKTepU3YIoT
Ha/lHyMe ONpeflesleHHON YNOPSLOYEHHOCTH B mapaMeTpax
HCXOJHOrO ypOBHS, WU O6Jaromaps HaJHuHIO TOH YNops-
AOYEHHOCTH OHH OOBLIYHO M BBOASTCS B TeopHio. B kauectse
npoo6pasa Takux NMOHATHH MOTYT CJYXKUTh, HalpUMep, MO-
HATHA LIEHTPA MACC U MOMEHTa MHEepPUHH, KOTOpble BBOASTCS
B MeXaHWKy TBepAOro Tesa. ODTH MOHATHS, HECOMHEHHO,
ABASAIOTC 006001EHHEM XapaKTepPUCTHK, NPUCYIHX HCXO.-
HbIM 3JIEMEHTAM COOTBETCTBYIOIIMX CHCTEM, HX NIePBHYHOMY
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vpoBHio. OnHako 3jechb ellle- HeT TOH HeOGXONHMOI AOJH
11€3aBHCHMOCTH 00O0LIEHHBIX apaMeTpoB, UTO XapaKTepHO
JIJIsT CTIOXKHBIX CHCTEM.

CoOTBETCTBEHHO CKa3aHHOMY AJsi NOHHMaHHs MPUPOJIbI
BEPOATHOCTH TIpeXJe BCEro CYLIeCTBEHHO TO, UTO OHA
npeAcTaB/seT co60l0 HCTOPHYECKH NePBYIO (a IOTOMY Ipo-
CTeHLIyI0) CTPOro MaTeMaTHYeCKyIl0 (OpMY CHHTE3a KecT-
KOTO ¥ aBTOHOMHOTO HauaJ BO BHYTDeHHe#l «OpraHH3auuu»
MaTepHaNbHOTO MHpa. AHaJM3y TNpPUHIHUNOB CTPYKTYpPHOH
OpTaHM3alUU MaTepHUu yIenss1 3HAuHTeJbHOe BHHMaHHE
H. Bunep B cBoux paGotax no $usocohpckomMy 0GOCHOBAHHIO
KHOEPHETHKH U ee MeTONOB, paboTax, MOCBALIEHHBIX DaKTH-
YyecKHM aHaJ/JH3y BO3AeHCTBHA TOUKH 3peHus ['H66ca — ToukH
3pEeHHs BePOSITHOCTH — Ha pa3BHTHe HAIIMX NpeACTaBJIeHHH
06 yctpoiictBe mMupa. «..C TOUKH 3peHHSI KHOEPHETHKH,—
nucan H. Bunep,— mup mnpencraBiasier co6oil Hekuit opra-
HHM3M, 3aKpellJIeHHBIH He HACTOJBLKO KecTKO, UTOOk He3Hauu-
TeJlbHO® H3MeHeHHe B KaKOH-JHGO ero yacTu cpasy XKe JH-
IIajo ero INPHCYIIUX eMy ocoOGeHHOcTell, H He HaCTOJbKO
CBOGOIHEBIN, YTOGE! BCSIKOe COOBITHE MOTJIO MPOU3ONTH CTOJb
’Ke JIeTKO M IPOCTO, Kak u J6oe Apyroe. ATo MUP, KOTOPO-
MY OJMHAKOBO UyXk/Ja OKOCTEHEJOCTb HbIOTOHOBO# (DU3UKH U
amopdHass MONATIHBOCTH COCTOSIHHSI MaKCHMAaJbHOH 3HTPO-
MUU UJIH TENJIOBOH CMePTH, KOTIa YXKe He ‘MOXeT MPOU30HTH
HHYero no-HacrosimeMy HoBoro. dto Mmup Ilpouecca...» [3,
ctp. 314].

ITpencrabnennss o ru6komM Mupe 06pasyloT OCHOBY Be-
POSITHOCTHOTO CTHJISI MblLeHus. UTo e mpHAaeT HIee Be-
POSITHOCTH YKa3aHHYI0 «T'HOKOCTb», NPOSIBJISIOUIYIOCS B COOT-
BETCTBYIOIMX TeOpeTHUeCKHX KoHuenuusx? OTBeT Ha 3TOT
BONPOC CBSI3aH ¢ AaHaJu30M crneuuduyecKUX MOHSTHH H
NpefACTaBJEHUH TEOPUH BePOSTHOCTEM.

IleHTpa/sbHEIM NMOHSITHEM TEODPHH BePOSITHOCTEH SIBJISIET-
CSl MOHSAITHE BEPOSITHOCTHOIO DaclpelesNeHHsT HJIM TMPOCTO
pacnpeneneHus. MimeHHo Ha 6a3e 3TOro MOHATHS MPOHCXO-
IAT CTOJIL YCNeLIHble «IpHJI0XKeHHs» 3Toit Teopud. Ha oc-
HOBe IIOHfITHSI paclpejesieHuss OObeILUHSIOTCA JpyTHe ee
MOHSITHS, HMeIOIlHe NPUHIUITHANbHOEe 3HAaueHHe [l TOHH-
Manus Bcell Teopuu. PacnpeneseHne o3Hauaer, yTo, HECMO-
TP Ha CcJyyalHble W3MEHEHHUS 3HAYeHHH pAJa XapakrepH-
CTHK OT SIBJEHHS K SIBJIEHHIO, OTHOCHTEJbHOE YHCJI0 3JeMeH-
TOB C ONpeNesJeHHbIM 3HAaueHHeM 3THX XapaKTepHUCTHK [H0-
BOJIbHO YCTONYHBO. DTa YCTOHYHUBOCTb M €CTb BBIpaXKeHHE
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BEPOATHOCTH. [ pyruMu cjoBaMu, 3alaHHe paclpeileseHUs
HEeKOTOPOH c/lyyallHO# BeJHMUYHHBL eCTb 3aJ4aHHe BO3MOMKHBIX
3HaueHUH, KOTOpble MOXKeT NPHHHUMAaTh 3Ta BeJHUYHHA, H
COOTBETCTBYIOUIUX UM BEPOSTHOCTE.

Pacnpenenenns BHpa)aroT BHYTPEHHIOI YIOPSILOYEH-
HOCTb B COOTBETCTBYIOLIEM MaCCOBOM sBJieHHH. Bmecre c
TeM HauboJsee riyGOKUI CMBICT U 3HAYeHHE BePOSITHOCTHBIX
pacnpeneneHuii CcTajJd BBIACHATBCS IO Mepe TOro, Kak
pacnpeneneHuss Hayajdud CTAHOBUTHCS NMpPeIMETOM CaMOCTO-
ATENBHOrO WCCAeNOBaHUsA, T. €. KOrJa 3auHTepeCcOBaHCh
pasHooOpa3ueM caMuX pacnpeflesieHHH, Korga OblJIM BbIABH-
HYTHl IpeJfCcTaBleHusi O BHAAX (THNAX) pacnpefeseHdil H
NocTaBJeH BONpPOC O TNpPUHYHHAX STOTO pasHoobpasus.
Muorue u3 BuUJOB pacnpefeseHuii oOpasyioT oGLUMPHBIL
NpelMeT CrenualdbHbIX HccaefoBaHui. TakoBeIMHU fABASAIOTCA,
HanpuMep, HOpMasJbHOe pacnpefesneHne (pacmnpeaeneHue
I'aycca), pacnpenenenune Ilyaccona u up.

Kosab ckopo BBemeHH NpeiCTaBJIeHHsi O THMAX, BUAAX
pacnpefesieHuli, To, ECTECTBEHHO, BCTAeT BONPOC 0O crnocofax
HX HeNOoCpeACTBEHHOH, MPAMO#l XapakTepHCTHKH, NO3BOJA-
Iolllell ONpeAensiTh U CPaBHUBATb 3TH BUMAbLI paclpeleseHuil.
Peup, uger o toM, uToObl ONpenessiTh BUJ pacnpeleseHus,
€ro M3MeHeHHe BO BPEMEeHH HE3aBUCHMO OT HAOMIONEeHHST H
06paboTKH HCXOIHOTO MacCoBoro Martepuajna, 0e3 Hemoc-
pPeNCTBEHHOTO aHAJM3a CAMHUX CJAYYaHHBIX (B CMEBIC/IE TEOPUH
BepOSITHOCTEH) coOHTHH. B  GOJIBLIIMHCTBE CiIyuyaeB BHBL
pacnpeneseHHd XapaKTepU3YIOTCS YHCTO OIHCATEJbHBIM
o6pa3oM, Ho B HaubGoJsiee Pa3RUTHIX CJAyYaAsIX NPUMEHEHHS
TEOPHUH BePOATHOCTEH OTKPHIBAIOTCH HHble BO3MOXHOCTH.
M npexxnpe Bcero Ha HanHMuue HOBBEIX BO3MOXKHOCTEH yKa3bl-
BalOT KBaHTOBHE Teopuu. IIpeaBapuTesnbHO ClefyeT OTMe-
THTb, UTO BEPOSITHOCTHEIl S3bIK B KBAHTOBHIX TEOPHUAX HC-
noJb3yeTcsi cBoeo6pasHeM ob6pa3zoM. PopMynupoBka KBaH-
TOBBIX 3aJay aeTcsl He HEMOCPEJCTBEHHO Ha 3bIKe BePOsATHO-
CTHHIX pacnpejeseHuil, a npexae BCero ¢ TNOMOILLIO TakK
Ha3bIBaeMbIX BOJHOBHIX ¢(yHkuuil. OnHako nocjaenlue siBas-
I0TCA BeCbMa aOCTPAaKTHEIMM XapaKTepHUCTHKaMH pacnpefe-
JIEHHH: KBaJpaT MOJYJs BOJHOBOH (YHKIHH B HEKOTOPOM
npeacCTaBJeHHH onpenesseT co60i0 BEPOSITHOCTb COOTBETCT-
BylolleH (U3HUeCKON BeJHYHHBl, H 3Ta CBA3b BOJHOBBLIX
GYHKIHMH C BepOSITHOCTBIO BooOlle SIBASIETCS ONpPaBJaHUEM
ux ynorpe0aeHHS B KBAaHTOBOH TEOPHH.

IMpu xapakTepHCTHKE MHKPOUYACTHL, MOCPEICTBOM BOJIHO-

92



BbIX (YHKIHH B KBAHTOBYIO TE€OPHIO BOILILJIO IpeiCTaBiaeHHe
0 BUIe (XapakTepe, THUNe) BOJHOBBLIX (YHKIIHI, COOTBETCI-
BEHHO 4YeMy BOJHOBasg (GYHKLUHS MOXKeT OBITh CKaJspoM,
BEKTOPOM, CIHHOPOM, IICeBIOCKAJsPOM, IICE€BIOBEKTOPOM
1 T. A. Bum BosHOBBIX YHKUHMA HOCTATOYHO OJHO3HAYHBIM
o6pa3oM onpeje/nsieTcsi TaK Ha3blBAeMbIMH KBaHTOBBIMH
CBOMCTBAMH 3JeMeHTapHBIX YaCTHI[ — CIUHOM H YEeTHOCTHIO,
KOTOPEIE C CaMOTO HayaJjla B TeOPHIO BBOIATCA KakK Xapak-
TEpHCTHKM BOJNHOBHIX (pyHKIMH B uenoM. Jpyrumu cioBamy,
JICMOJIb3yeMble B KBAHTOBOM TeODUH BeJIMYMHBI (32 HCKII0Ye-
HHMeM pflla TIOCTOSIHHBIX BEJUUUH, HE UMEIOIUX OGbACHEHHS
B TEOPHMU U GepylLIiuxcs HEMOCPEACTBEHHO M3 OMNbITA) AeJsAT-
Csl HAa JBAa KJacca: MepBBIf KJacC COCTaBJASIIOT TaK Ha3blBa-
eMble «HabJsionaeMble» (HanmpuMep, TakKHe BeJHUHHBI, KaK
KOOpJAMHATBl U HMMIyJbc), HA 6ase KOTOPHIX M BO3HHUKAIOT
NpeJCTaBJeHUs] O BEPOATHOCTHBIX pacrpejeseHusix; BTOPOH
Kjacc 06pasyloT KBAaHTOBble YHCJIA KaK XapaKTePUCTHKH
BOJIHOBLIX ()YHKIHUH (BEpPOSTHOCTHBIX pacrpelesieHHH) B Iie-
JIOM, UX HapaMenphl 2,

Pa3nuune MexXny 3THMHU KJIacCaMH NOHATHH 3aKJaouaer-
Csl IpeXJie BCero ‘B «CTeNeHH GJM30CTH» K HeNoCpencTBeHHO
JaHHOMY B ¢musuyeckoMm onbiTe. [lepBhle BhIpaxkawT 6GoJee
BHEILHHE XapaKTEePUCTHKH MHUKPOOOBEKTOB, BTOphie — GoJlee
ray6okye, BHyTpeHHHE XapaKTepHUCTHKU. [lepBble MO3BOMSIOT
GoJsiee HHIMBHIYaNH3UPOBATH KBAHTOBBIE NPOIECCH, BTOpPbie
HocAT Gosiee 06GoOlIeHNbIN XapaKrep. [lepBele Bo MHOrom
TATOTEIOT N0 CBOEMY XapaXTepy K K/JAaCCHYECKHM NOHSATHUSM,
BTOpBle MpeXJe BCEro BHIPAXKaIOT CHelUPHUYHOCTL KBAHTO-
BbIX aBJeHUH. IlepBrle Gosee CBsi3aHBl ¢ sIBJIeHHEM, BTO-
pble — C CYLIHOCTbIO, XOTSl M HECOMHEHHO, YTO CYUIHOCTb
fIBJIIETCS, 4 sIBJIeHHMe CyllleCTBEHHO. EcTecTBeHHO, 4TO NOJ-
HOTAa TEOPeTHYeCKOro BhIPaKeHHs KBaHTOBHLIX IPOIECCOB
JOCTHraercsl, KOrja HCHoJb3yIOTCA TOHATHS 060HMX KJacCoB,
OTHOCSILIMECH K PA3TUUHBIM JIOTHYeCKUM YpPOBHsIM. Pacnpe-
JeJieHKs] H NPeACTaBaAT GOPMY CBSI3H 3THX ABYX KJacCCOB
BeJHYHH C yYeTOM HX Pa3/IMUHOH TPHUDPOIBI.

[Tomo6uasi cutyanust BooOuie fIBJASIETCS THIOMYHON /s
BCeX CJyyaeB HCIOJb30BAHUS TEOPHH BEPOSTHOCTEH I
NI0O3HAHHUS M BbIPAXKEHHs CBONCTB M 3aKOHOMepHOCTeli Mare-

? B nocieiHee BpPeMS Ha NPHHUHNHMAJbHOe 3HaueHHe JeJ1eHHsl SI3bIKa KBaHTOBOH
(GU3MKH na 1OBa CYILECIBCHHO Pa3/IHYHLIX THNA NOHSITHI, OTHOCSIIHXCA K pas-
JIHYHBIM JIOTMYCCKHM YDPOBHSM, GEINO OOGpalleHO BHHMaHHe B cTaTbe [4].
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puanbHoro mupa. Bo Bcex 3THX cayyasX XapakTepHCTHKH
(napameTpbl) o09beKTa HCCAeNOBaHHsl MAeasiTc Ha JBa
KJjlacca, OTHOCALLHeCS MO CYLIeCTBY K Pa3/IHYHBIM CTPYKTYp-
HbIM YPOBHSIM ero opranusanuu. XapakTepHCTHKH NepBOro,
«HCXONHOT0» YPOBHS — 3TO Te, KOTOpble NMOCTOSHHO H He3a-
BUCHMBIM 00pa3oM H3MeHSIOT CBOM 3HAuUeHMs NpH Nepexoje
OT OJHOTO 3JeMeHTa K JApPYyroMy B HCCJAeAyeMOM MacCOBOM
ABNeHHU M, COOTBETCTBEHHO, KaxkJoe U3 3HauyeHWUH KOTOPBIX
paccMaTpuBaeTcs Kak ciyyaiiHoe coObiTHe. XapaKTePUCTH-
KU GoJiee r1y60KOro ypoBHs CBSI3aHBl ¢ HaJMUHEM Ompeje-
JIEeHHBIX 3aKOHOMepHOCTeH, peryJjsapHOCTel B Macce cayuai-
HbIX COOBITHH M BbIpaXKaloT 3Ty peryaspHoctb. Ilpu 3Tom
BecbMa CyLIeCTBEHHO,— M 3TO CBS3aHO € CYTbIO BepOSITHO-
CTHOTO IyXa HCCJ/eJOBAHHS,— YTO XapaKTepDUCTHKH O0B6OoHX
YPOBHell OTHOCHTeJNbHO aBTOHOMHBI, HE3aBUCUMBl APYT OT
Jpyra: XapakTeDPUCTHKM BTOPOTO YPOBHSl, OMNpenxensis BHJIL
pacnpenesieHHs, He ONMpeRensIoT co600 Kaxa0e KOHKpeTHOe
c1yyaiiHoe cobbiTHe. [IpyruMH CcJ0BaMH, XapaKTepPUCTUKH
Bonee rny6OKOr0 YpOBHS JHIIb 0000IIEHHBIM, HHTETPaJbHBIM
00pasoM onpefensiloT co60l0 XapaKTepUCTHKH HCXOIHOTO
«HelOCPeLCTBEHHO NAHHOTO» YPOBHs. B TO e BpeMs CBsi3H
MeXAy XapaKTepHUCTHKaMu 6oJiee TVyGOKOro ypoBHS HOCST
BIIOJIHe ONpeJiesleHHblH, «XKeCcTKHil» xapaxkTtep. Bo3moxkHOCTD
NoJ06HOTO «COUeTAaHHsA» pAa3JHYHBIX KJ1acCOB XapakTepu-
CTHK Npu OTOOGpaxKeHHH CBOHCTB OOGbEKTa HCCleNOBaHHUSA
JIOCTHTaeTCA TeM, 4TO COOTBETCTBYIOIL[HE 3aKOHOMEPHOCTU
thopMynupylOTCA HA A3bIKe pacnpefeleHHi, Kak 3aBUCH-
MOCTH MeXXAy HUMM U MX CBOHCTBaMHU.

OGo6iienHasi Mpupofa XapaKTepUCTUK GoJiee riy6oOKOro
ypoBHSA JIejaeT BecbMa FHOKOH MX CBsI3b C XapaKTepUCTHKA-
MH HCXOJHOTO YPOBHSI: OZHHM 'H TeM e 3HaueHHSIM NepBbIX
MOXeT COOTBeTCTBOBATb BeCbMa OOIIMPHBIN CMeKTp 3Hauye-
HUi BTopblX. Ha Takoit ocHOBe OKa3bpiBaeTCsi BO3MOMKHBIM
BCKDBITb U OTOOPA3UTh PA3JUUHYIO «CTENeHb» H3MEHUHBOCTH
H TOJBUXKHOCTH OTJeJIbHbIX YPOBHEH, «Cpe30B» B CTPYKTYp-
HOIl OpraHu3auuy MUpa H ero «uyacreil»: Gojnee ycTOHYHBBIE
YPOBHH 0TOOpazKalTCsi Ha fA3biKe OoJiee 00600LIEHHBIX Xa-
PaKTepUCTHK, GoJiee H3MEHUYHBbIE Y TMOABHXKHble — Ha f3bIKe
MEePBUYHBIX, UCXOJIHBIX XapaKTEPHUCTHUK.

Hasnuue ykasaHHBIX pasJHYHBIX CBOHCTB Y MaTepHa.b-
HBIX 00'bEKTOB M CHCTEM CYILECTBEHHbIM 00pa3oM BHAOH3Me-
HsieT cnocoGel ux xapakrepuctrhku. IlosHora oroGparkeHus
COOTBETCTBYIOUIMX OOGBEKTOB HCCIeNO0BaHHSl, INOBTOPHM,
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fHocTHraeTrcss B TOM cjtyuae, Koria B pacCMOTpeHHe BKJIOué-
HBl BCe CBONMCTBAa — M HCXOJHBIe, 1 UX obobinatomue. OnHa-
KO IIPH XapaKTEePUCTHKE COCTCAHH 3THX 00 beKTOB OCHOBHOII
yIOp JeJjiaeTcsi Ha ompefeseHUH M 3aBHCHUMOCTSIX OoJee
0600111eHHBIX XapaKTepUCTHK. IMeHHO ¢ 3THM CBsI3aHO TO,
UTO COCTOSIHHSI KBAHTOBBIX 0O BEKTOB ONPENESIOTCS Ha SI3bIKe
BOJTHOBBIX (yHK1UHA. BMecre ¢ TeM onpeleneHue COCTOSIHHUI
00beKTOB uepe3 Gojiee 000OLIeHIIbIE XapaKTePUCTHKH IpH-
ROJHMT K TOMY, UTO HCXOJHbLIe GoJlee BHELIHHE XapaKIepHCTH-
KM He MOTryT OLITh OMpeCliesieHbi OMAII03HAYHBIM, €JIHHCTBEH-
HbIM 06pa3oM. [Ipu paccMOTpeHUH ABHXKEHHs TaKUX 0GbeK-
TOB OJHO3HayHble COOTBETCTBUS, 3aKOHB  H3MeHeHHUs
onpelesNsioTcs TIpeXJe BCero Ha YpoBHE OOOOLIEHHBIX
XapaKTePUCTHK, KOTOpble OMNpelessloT BeCb CINEKTp BO3-
MOXKHBIX H3MeHeHHH Ha YypOBHe MePBHYHBIX XapaKTepH-
CTHK.

Bompoc o cMmblcae, cTaTyce xapakrepUCTHK, OTHOCSILIMX-
¢ K Ppas3jUuHbIM YPOBHSM BHIDaXKeHHS CBOHCTB OO'bEKTOB
MCCJIEJOBAHHSA, MOXKHO pacCMaTpPUBAaTb Ha SI3blKe KaTeropuil
BO3MOXHOCTH M JeficTBUTesnbHOCTH. CylleCcTBEHHBIM 151
NMOHUMAHHSA NPHUPOJBl KBAHTOBOH TEOPHH SIBJISIETCS TO, UTO
3J1eCb BEPOATHOCTHbIC MCTOJBI HCIIOJNB3YIOTCS I/l BBIpaXKe-
HHS CBOHCTB M 3aKOHOMEPHOCTeil NHOBeNEHHS OTJEJbHbBIX,
HHAMBHAYaJbHBIX MHUKpOOOGBbekTOB. M1 1o Mepe pasButis
HCTOJIKOBAaHUS 3TOro hakra Bce B OoJiblieil U GosbIlel CTe-
IIeHH CTaJli HMCIOJIb30BaTbCsl KaTerOPHH BO3MOXKHOCTH H
NeHCTBUTENbHOCTH, PasnuuHble «BapHAHTBI»  MNOBeJEHUS
MHKpPOOOBEKTa, OlleHHUBaeMble B TEOPHH HAa BepPOSITHOCTHOM
A3blKe, CTaJH pacCMaTpPUBaTbCsl KaK BHYTPEHHe eMy IpH-
cylue TIOTeHLHaJbHble BO3MOXHOCTH IIOBeJEHHS, HO B
KaXKJIoM KOHKDeTHOM cJydae (B3auMOJeiCTBUM, HabJIofe-
HHMH) peasiu3yeTcsl OQHAa M3 3THX Bo3MoxHocreil. CooTBer-
CTBEHHO 3TOMY U MOSIBUJIMCh YTBepKIE€HHS, UTO KBaHTOBafl
MeXaHHKa eCTb HayKa O NOTeHIHAJbHBIX BO3MOXKHOCTAX B
Mukpomupe. «...J1 mosnarawo,— numer B. I'efizen6epr,— uro
I3bIK, ynorpebssieMblli (pU3UKaMH, KOTJA OHH TOBOPAT 06
aTOMHBIX Tpolieccax, BbI3bIBAeT B MX MBIIUJIEHUH TakHe Ke
NpeaCTaBJIEHUs,, YTO U IOHATHe «IoTeHUHsA». Tak U3UKIH
MOCTEeNeHHO JeHCTBHTEJbHO NPUBBIKAIOT paccMaTpPUBATH
TPaeKTOPHHU 3JeKTPOHA U NOJOOHEIe MNOHATHSI He KAaK pe-
aJIbHOCTh, @ CKOpee KaK PasHOBHUAHOCTb «IOTCHIHUHA». $I3bIK,
o xpaiiHe#i Mepe B OIpeleJeHHON CTEMEeHH, yxKe MpHCIO-
cobusics K JefCTBHTEJbHOMY TIOJIOXKEHHIO Bewiei... ITOT
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A3bIK BbI3blBaeT B HallleM MBblllJIeHHH 06paskl, a OJHOBpe-
MEHHO C HHMH H 4yBCTBO, 4TO 3TH 06paspl 06/MajaoT Heao-
CTATOYHO OTYETJHMBOH CBH3bl0 'C peajbHOCTbIO, UTO OHH
0TO6pPAaXKaloT TOJIBKO TEHNEHLUHH ‘PAa3BUTHS PeasbHOCTH»
[5, ctp. 153]. B Hawelt siuTepatype BONPOC O POJNM MOTEHIHU-
aJbHO BO3MOXKHOTO B CTPYKTYpe pH3HUeCKOH TeopHu pac-
cMartpuBaercss B paborax B. A. ®oka (6].

Bkntouenne mpencraBieHHil O MOTeHUHAJbHBIX BO3MOXK-
HOCTIX B SI3bIK KBaHTOBOH TEODHHU ABJISICTCS HEH30GEXKHBIM,
KOJIb CKOPO NpH3HAaeTcdl, UTO B TEOPHUIO BBeJeHbl HOBbie MO
CBOe#l NpHpoJe BedHMYHHB — 06001 AIOILHE, KOTOPble OTOO-
paxatoT GoJee riy6OKyI0 CYIUIHOCTp HCCIeLyeMBIX MaTepHu-
aJpHBIX O06bekToB. OmHAKO cKasaTh, 4YTO KBaHTOBas
MeXaHHKa paccMaTpHUBaeT MPOCTO BO3MOXKHOCTH, ellle He
3HAYMT BHIPa3uTh BCIO UCTHHY. [IpH paccMoTpeHHu CrnekTpa
BO3MOXKHOCTell NOBeJeHUs] MHUKPOOOBEKTOB KBAHTOBAs Me-
XaHHKa I103BOJISeT OTOOPa3uTh HaJHUHMe OnpefeseHHbIX
YIOPANOYEHHOCTEH, peryJjsipHocTell B «Macce» 3THX BO3-
MOXKHOCTeH, y Ha ¢akTe HaJUUUs TAKUX YNOPSIOUEeHHOCTEH
110 CYLIeCTBY H OCHOBBIBAIOTCS €€ OCHOBHble IOJIOXKEHHUS,
[Ipn a3rom okasbiBaeTcs, 4To CaMH 3aKOHOMEDPHOCTH B
CIIEKTpe BO3MOXKHOCTeH o00ycnoBjeHbl 6oJjiee TYOHHHBIMH
CBOMCTBAMH MHKPOOOBEKTOB M O HUX IPEXKJE BCEro M HIET
peub B KBaHTOBOH Teopuu. Uem Gosee rayGokue cBoiicTBa
OTIpeJle/IAIOTCS, TeM IUHpe u OGoraue COOTBETCTBYIOLIEE IoJe
BO3MOXHOCTeH. Peanusauuss To#l HAM HHOH BO3MOXKHOCTH
00yc/0B/IMBAETCS BHYTPEHHUM COCTOSIHHEM COOTBETCTBYIO-
mero o6beKTa U YCAOBHSIMH €ro BHeliHero OwbitHs. Ilepexon
OT BO3MOXHOCTH K JEHCTBUTENBHOCTH B 0fLleM cJayyae
COMEePKHT U ONpefeNeHHble YepThl HPPALUOHAJIBHOCTH,
B H3BEeCTHOH CTelleHH HamoAcOHe TOMY, KaK W IepeXoj MeX-
Iy ABYMS TOUKAMH Ha 4YHCJIOBOH ocH. SI3bIK, HeloCpeaCTBeH-
HO ONMCHIBAIOLIMHA CAMH BO3MOXKHOCTH, INpeJICTaBjsieT Co-
6010 HCXOIHBIA YpOBeHb <«KOMHPOBAHHS» CBONCTB MHKPO-
00'bEKTOB; IOHAITHS JKe, BBIPA)KalollMe HAaNHYHe YIOPSLO0-
YEeHHOCTel B MHpe BO3MOXKHOCTell, HMEIOT y2Ke 000061 at0LIYI0
npupony. Ilepexos oT BO3MOXKHOCTH K AEHCTBUTENLHOCTH
BKJ/IIOUaeT B ce6sl mepexox oT o600 aloMUX XapaKTEPHCTHK
K HCXOZHHIM, HENOOPeICTBEHHO ONHCHLIBAIOIIUM SIBJIEHHS,
M B CHJY 3TOTO OTOOpa*KeHHe peaJbHOTO MAaTepHaJIbHOTO
npouecca BKJoUYaer B ce6 M HEOJHO3HAYHOCTb, Heolpeje-
JICHHOCTb B CBfI3AX (HA ypOBHe SfIBJIEHHI), H BIOJHe OMHO-
3HayHble 3aBHCHUMOCTH (Ha YpPOBHE CYILHOCTH).
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Cka3aHHOe 0 COLep:KAHMH TEOPHHU BePOSITHOCTEI! U MPUPO-
ge 0600LallUX XapaKTepUCTHK MO3BOJISIET, Ha Haul
B3IJIAJl, MOHATL 3HAYEHHEe U CMbIC] BEPOSTHOCTHBIX HAEH B
Hayke. IMEHHO TOT ¢akT, YTO METO/bl TEOPHM BEPOSITHOCTEH
J1alI0T CTPOTHe TeopeTHdYeckue CpeACTBa aHaJu3a H Bblpayke-
HHSl 3aKOHOMepHOCTeil 00BeKTOB MCCJAeOBaHUsI ¢ JBYyMs
OTHOCHTE/JIbHO BBIJENEHHBIMH W aBTOHOMHBIMH YDOBHSIMH
BHYTDEHHErO CTPOEHUs] U OpraHu3aluH, U OOBIACHSAET CEKpeT
ycrexa HieH BePOSITHOCTH B IO3HAHHM PEaJbHOIO MHUpA.
[IpemcraBnenns 0 ruGKOM MHpe JieKaT B OCHOBE 0GOCHOBA-
HHSl BePOSITHOCTH. BMmecrte ¢ TeM He MeHee CYyLIECTBEHHDI
o6paTHble CBS3H: peasbHble YCIeXH HAyKH, OCHOBAHHble Ha
NPUJIOKEHHAX TEOPHUU BEPOSITHOCTEH, BEAyT K pAa3BHUTHIO,
yrayGJieHHI0 caMOro IOHHMAaHHs BEPOSTHOCTH, H B MOCJEN-
HEM OTHOILUEeHHWM INPHCTaJbHOIO BHHMAaHHs 3aC/YyXHBaeT
KBaHTOBAsl MeXaHHKA.
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B. H. Kynyos

O XAPAKTEPE BEPOATHOCTHbBIX IIPEJICTABJIEHHH
B ®H3HKE

KBaHTOBass MexaHuKa siBUJaCh BeJIMYAHIIUM JOCTHUKEHH
oM XX Beka, KOTOpPOC 0Ka3alo W MPOJLONKAET OKasblBaTh
fonbllloe BAMSIHUE HA COBPEMEHHOe MUPOBO33peHnue. YIHUBH-
TeJIbHble NPOTHBOPEUHBbIe CBOMCTBA MHUKPOOGBEKTOB GbIIH
yJ10XKeHbl B CTPOMHYIO CHCTEMY HOBBIX NMOHATHH, B pe3yJib-
TaTe 4ero yesJoBeYeCKOMY B30pY OTKpbLIachb KapTHHa MHK-
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poMHpa He MeHee rapMOHHMYHasi, yeM Te, UYTO PUCOBAJHUChH
cpeacTBaMu KJjaccuueckolt ¢usuku. OQHAKO 3Ta Trapmo-
HHs1 OblIa NOCTMIHYTA LEHOI0 OTKa3a OT MHOTHX, 'CTaBLIHX
y¥Xe JOCTOSTHHEM 34paBOro CMHBIC/IA, NOHATHH, chOopMUPOBAB-
IIAXCA Ha OCHOBAHHH H3yUeHHUs MAKPOCKOTHUYECKUX 06bek-
ToB. BMecTe ¢ TeM kBaHTOBasi MexaHWKa o6paTHja BHMMa-
HHe HA TaKHe uepPThl KJIaCCHYECKOH (H3HUKH, KOTOpLIe paHb-
e ocTaBajuch B TeHH. M 3gech mpexkje BCero cjaeayeT OT-
METHTb BEPOSITHOCTHHIE MpelcTaBjaeHHs. BeposaTHocTh cToJb
GyHnameHTaN bHBIM 06pa3oM BolllIa B KBAHTOBYIO MeXaHH-
Ky, 4TO ee CTaJu Ha3bIBaTh BEJHKON uneeit pusuku XX Beka.

[lepBble 1wary Ha NyTH OCO3HAHMsI BEPOSITHOCTHOTO Xa-
pakrepa 3aKOHOB, yNpaBJSIOLIHX MOBeJeHHEM MHKPOOGbeK-
TOB, OBlIu cHenaHnb elle B 1924 r., xorpa H. Bop, X. Kpa-
mepc u JIx. Caatep, neitasgch 06be JHHUTL KOPTYCKYIsIpHEIE
W BOJIHOBHle NIpeJCTaBJeHUss 0 MHKPOYacCTHIIaX, BBEJH MOHS-
THe BOJIHB BeposATHocTH. Ho 3ta pabora, conmepxkamas B
cebe mo CyLIeCTBY CTAaTHCTHUECKYIO TPAKTOBKy Harke 3aKo-
HOB COXpaHeHHMd, okasaJjach owiub6ouyHod. B 1926 r., korma
yXKe Obliia cO3faHa KBaHTOBas MexaHuka, M. Bopu BHOBB
ofpalllaercss K Hiee BOJHBI BEPOSTHOCTH M HaeT COBPeMeH-
HYI0 BepOATHOCTHYIO TpPakTOBKY P-Qynknuu. Hauunaa c
3TOro BpeMeHM BEpPOSITHOCTHAsi HHTEpIpeTanyusi KBAHTOBOMH
MeXaHHKH CTaHOBRTCH OGILeNpPUHATOH.

OTKpBITHE BEPOATHOCTHOrO XapakTepa NpocTeHIinX 3aK0-
HOMepPHOCTeH MUKpPOMHPA BBI3BaJIO GOJIbIIOE KOJHYeCTBO pa-
6ot ¢duaocodcKoro xapakrepa, KOTopble GBIIH HampaBJieHbl
Ha OCMBIC/IEHMEe 3TOH, KaK KasaJ/loCh, HeBHJAHHOH Tpexe
cuTyauuH. AHanu3 npo6JieM, CBSI3AHHBIX C BHISICHEHHEM Cymt-
HOCTH BepOSATHOCTHBIX NPENCTABJEHUN B KBAHTOBOH MeXaHH-
Ke, 1aJIeKO He 3aBepllleH W B HacTosilllee BpeMs. DT1a 3anaya
OKasajacb 4Ype3BblYaHHO MHOTONJIAHOBOH, 3aXBaTHBLIEH B
CBO€ PyCJo OrPOMHOE UHCJIO BOTIPOCOB.

Onn¥M U2 BONPOCOB TAKOrO poaa SIBJSIETCS BHISICHGHHE
CONEPXKAHHSA BEPOATHOCTHEIX MPEACTABIEHHH, HCIIONb3yeMbIX
B KJIaCCHUeCKOH (u3uke. BaxKHOCTh ero pellleHHss B OTHOIIE-
HHH K KBAHTOBOM MeXaHHUKE ONpelessieTcss HeCKOJbKHMH
B3aUMOCBsI3aHHBEIMH MoMeHTaMHi. C ofHO! CTOPOHBI, 3TO OKa-
3bIBa€TC HeoOXOAMMBIM IS4 TOHUMAHHS CYLUIHOCTH BepoO-
SITHOCTHBIX NPENCTaBJIeH” 4 CAMOil KBAHTOBOH Me€XaHHKH, IO-
CKOJIBKY [1JIS1 BHIICHEHHS uX creiudUKH HeoOX0AUMO yCTaHO-
BJIeHHe KaK eIMHCTBA, TaK M PA3JIHUUs BePOSTHOCTHHIX Mpej-
CTaBJIeHUI KBAHTOBON MeXallMKH Y KJ1aCCHYeCKOH (hU3HKH.
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C npyroit cTOpoHbl, B HAacTOsLLee BpeMs B CAMBIX pa3J/Hy-
HblX HANpAaBJEHUSIX BELYTCS NOHCKM BbIX0Za 3a Tpelesbt
KBaHTOBOH Mexanuku. [Ipu sToM HJas MHOTMX Takoro pona
KOHIeNUUI OPHUEHTHPOM CJYKHT HCTOPUS BEPOATHOCTHHIX
TEOPHHl KJ1acCHYeCKOH (U3MKH, HX COOTHOLIEHHE C TeOPHSIMH,
He COAepXKalMMU BEPOSITHOCTHHIX 3/eMeHTOB. B kiaccuuec-
kol ¢usuke MmyT cebe ONOPYy caMble Pa3jIMUHbIe aBTOPHI,
IpuIepXKHUBalollhecs 4acro JMaMEeTPajJbHO INPOTHBOMOJOXK-
HBIX TOYEK 3peHHs Ha CYLIIHOCTb U NEePCHEeKTHBH Pa3BUTHS
KBAHTOBOH MeXxaHUKH. [IpaBuibHOe HCTOJKOBaHHe KJaccH-
uecKoM (HHM3HKM, CJelloBATeNbHO, HMeeT 00JbIlOe 3HAaueHHe
KAaK IJ151 BbISICHEHHMS] CYILIHOCTH KBAaHTOBOH MeXaHWKH, TaK U
IJIS TUIOJAOTBOPHOTO BbIXOJa 32 PaMKH ee IOHATHH.

Hakoneu, pellenne 3Toro M0BOJIbHO CJ0XHOTO BOIpoca
CYLIeCTBEHHHIM 00pa3oM 3arparuBaer Hallld caMbie 06mIHe
npenacrasieduss o mupe. OcosHaHHe QyHIaMeHTaJbHOM POJIH
EEPOSAITHOCTH B KBAHTOBOH MeXaHHKe, a TaKxe LIMPOKoe
HCIOJMb30BaHHe BePOATHOCTHLIX KOHUENUUH 1151 06 bICHEHHS
CaMbIX pPa3HOOOpa3HbIX SBJEHHH B paMKaX IOYTH BCeX pas-
BUTHIX HayK NPHUBEJIO K NPENCTABJEHHIO O MPUHLUIHAIBHO
BEPOSATHOCTHOM XapaKTepe BceX siBJeHHUHl B Mupe. s no-
NOGHBIX YTBepXKIeHHH HMEeJIHCh ONpelesleHHble OCHOBAaHHS.
Cefiyac MBI MOXKeM CKasaTb, 4TO, MOXKajyi, He CyIIeCTByeT
CKOJIbKO-HHOYb 3HAYUTENbHOH 06JIaCTH MeHCTBHTENbHOCTH,
Flle BEPOSATHOCTHO-CTAaTHCTUYECKHH MOAXOH K €€ NO3HaHHIO
He naJj Obl MHTEPECHBIX Pe3ynbTaToB. «B napcree opranuuec-
KOH NMpHUpPOAb U B 00JaCTH YeN0BeYeCKUX OTHOLIEHHH,— NH-
IeT BUMHBIH aMepHKaHCKu#i 3KoHoMmucr ®. Munic,— cos-
peMeHHbIH 00beM HalluX NOJIe3HBIX 3HAHUI ONMPaercs IaB-
HBHIM 00pa3oM Ha (cTaTHCTHUECKHe KoHUenuuu» [1, crp. 7]. Bhi-
nawomuiics HeMeukuit ¢usuk M. BopH cBuIeTenbcTBYeT:
«... CeromiHsi MOXHO CKa3aTh, YTo COBpeMeHHas pu3HKa ToJ-
HOCTBIO ONIMPAaeTCs Ha CTATHCTHYECKYIO OCHOBY» [2, crp. 58].

Ha, no-suaAMMOMY, pa3BHTHe NO3HAHUSI SBHO CBHIETEJb-
CTBYeT B I10J1b3Yy CYyLIeCTBOBAHHs BePOSITHOCTHOTO 3JeMeHTa
B KapTHHe MHpa, JaBaeMO#l HaM COBpeMeHHOH Hayko#. Ho
KakoBa npupoja seposTHocTH? KakoBa mpupoma Beposit-
HOCTHBIX 3aKOHOMepHocreli? MMeloT su Mecto B JelcTBU-
TeJbHOCTH OJHO3HayHble HeoOXon¥Mble OTHOWeHUS? Eciu
a; TO KaKOBO COOTHOLUEHHe MeXAy TeMH U APYTHMH?
B nawie BpeMms, KoTopoe XapaKTepH3yeTCsl OCBOGOXKIeHHEM
OT [eCnoTH3Ma B CaMbIX pa3jMYHbIX chepax ueJOBeuecKoH
JesATeJbHOCTH, HJes BEepOATHOCTH TIJyOOKO CO3BY4YHa Ipo-

99



I'pecCHBHBIM HacTpoeHusiM Jiofell. Ognako obpas Mupa,
npeiacrasiseMore B BUAe (ora, Urpalollero B KOCTH, XOTS H
3aMaHYMB, HO BCe XKe CJAUIIKOM ofHoo6pasen. He manoBato
Jau y Gora npussfsanHocreii? M kpome Toro, Bcerja akTya-
JICH BOTIPOC: a He MPHIHChIBaAeM JH Mbl 6OTy 4acTh CBOHX
cOOCTBEHHBIX MOPOKOB? Bo BcAKOM ciyuae, MCTOpHs MO3HA-
HHSl JIOBOJIbHO BHYLIMTEJNBHO MpELOCTeperaer Hac oT abco-
JIIOTH3aLHHU JI0OBIX TOCTHXKEHHH HaVKH.

ITepefinem tenepb XK aHaNH3y COAEPKAHHS BEPOATHOCT-
HBIX TIpedCTaBJeHHH B KiaaccHuecKoH ¢usuke. BeposTHOCTb
souwna B ‘pusuky B cepenuHe XIX B. [TonbiTKM mOCTPOHTH
TEOPHIO TEINJIOBHIX SBJIEHHH, OCHOBBIBASCh HA MOJIEKYJSPHO-
KHHETHYeCKHX NpPEeJCTaBJEHHSAX, BIEPBbIe OCYIIECTBJAEHHBIE
Hxoynem, Kpenurom u KnaysumycoM, HeBOJbHO NpPHBeNH
yUYeHbIX K HEOOXOZHMOCTH BOCMOJIb30BATbCH YCAYraMH NOHS-
THS BEPOSATHOCTH, KOTOPOE K TOMY BpeMeHH YiKe MJIOJ0TBOP-
HO HOIOJIb30BaJIOCE JUIS aHaJu3a COlHaNbHbIX sBaeHuft. Oc-
HOBaTeJ U MOJIEKYJISIPHO-KHHETHYECKOH TEOPHH TEIJIOTHI BHA-
yajie OyeHb HEYBEPEHHO HCI0JIb30BaJU BEPOSITHOCTHBIE mpejl-
CTaBJIEHHs], BCIUECKH UX U30eras, yacTo NPHMeEHsisl He BIOJHe
ocosnanHo. OnHaxo, Mo Mepe pelleHHsT KOHKPETHBIX 3aady,
Knaysnyc, a 3atem MaxkcBena u Boabuman ucnonbsyor sce
6oJiee s GoJlee CNOXKHbIe MOHATHS U3 apceHajJa TeOpUH Be-
pOSITHOCTeH, M NOCTENEHHO B UX CO3HAHUKM GopMupyencs yGe-
XKaeHHe o 6OJbLIOM NPHHIUMHAJIBHOM 3HAYEHHH HCMOJb30-
BAHHS BEPOATHOCTHBIX Hiell B (u3uKe.

B cBsi3u ¢ npobaeMoit 060CHOBAHUSA CTATHCTHYECKOH Me-
XaHUKH Tepel (pU3MKAMM BCTAIOT QyHIaMeHTalbHble BOIPO-
Cbl O NPHPOMLE BEPOSITHOCTH, O CYILHOCTH CTATHCTHYECKHX
3aKOHOMEeDHOCTeHl M MUX COOTHOIIEHHH C JUHAMUYECKUMH,
0 TEOpPETHKO-NO3HABATEJbHBIX (YHKIHMAX CTATHCTHUYECKHX
meTtofoB B (usuke. IlonbiTKH 060CHOBATH CTATHCTHYECKYIO
MeXaHHKy He IpHBeJH, OJHAKO, K MOJHOMY pEUIEHHI0 3TOH
3aJlau, U BOMpPOC O NMPHUPONe BEPOSTHOCTH B KJaCCHUECKOH
(Hu3HKe ocTa/CAd B 3HAUUTENBHON CTENEHH HEHCCAEN0BAHHbIM.
MmMenHo Ha 3Tofl NOYBe BO3HHKJO IO CYLIECTBY HHUKEM
cepbe3Ho He 060CHOBAHHOE, HO PAaCIPOCTPAHEHHOE TOJKOBA-
HHe BEPOSITHOCTH B KJacCHYecKoll (u3nke Kak 0OYCJIOBJeH-
HOe He3HaHHeM MJIM UTHOPHPOBAHHEM.

«B Makpomupe (M kaaccuueckolt GH3MKe),— TMHLIET
K. ®opn,— nosBieHne BeposITHOCTH OGYCJOBJIEHO HTHOPH-
poBaHHEM yero-1u60, B MHKPOMHpE BEpPOSITHOCTb MPHUCYyIa
caMMM 3aKoHam npuponwl» [3, ctp. 76]. AHaNOTHUHYIO TOUKY
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spennsi BbickasbiBaeT B. TeiizenGepr: «B MareMaruke uau
CTATHCTHIECKOH MeXaHHKe BOJIHA BEPOSITHOCTH O3HAyaer Cy-
KIEHHe O CTerleHM Hallero 3HaHus (pakTHUeCKON CHTyamull.
Bpocast KoCTb, Mbl He MOXKEM HPOCJIEIHTb [eTalyd IBHXKe-
HHUS DYKH, ONpefieJIsiiolllHe BbillaJleHHe KOCTH, H MO3TOMY To-
BODHM, YTO BepOSITHOCTh BBINAJEHHS OTHAEJIbHOTO HOMepa
paBHa OJHOH INecTOH, NOCKOJbLKY KOCTb HMeeT IiecTh Ipa-
neit» [4, ctp. 21—22]. MOXHO NPHUBECTH MHOTO BbICKA3bLIBa-
HHUH MOKO6GHOTO pOJa, MPUHALNENKAIIHX YaCTO ¥ TAaKHM BUI-
HBIM yuyeHHIM, Kak Bop, Heiiman, ne Bpoiab, Posendenna.
Hrak, BeposTHOCTb ecTh Mepa Hallero 3Hanusi. Caexnyer oT-
METHTb, YTO MHOTHE aBTOPBl OTHOCAIT TaKoe NOHHMaHHe Be-
POSITHOCTH H K KBaHTOBOM MexaHuke. Ilpu 3aTom pasauune
BEPOSITHOCTHBLIX NPEACTaBJeHU! B KBAHTOBOH MeXaHHKe M B
KiaccuueckKoit ¢u3uKe BHAAT B TOM, UTO BEPOSITHOCTHOE
3HaHUe B NepBOH NPHUHIMIHNAJBLHO HEYCTPAaHHMO B Mpolecce
MO3HAHHSA, NMOCKOJbKY OKa3biBaeTcsi HEBO3MOXHBIM OoJee
JeTanbHOEe MCCleOBaHMe sIBJEHHH MHKpPOMHpaA, YeM TO, Ka-
KOoe [aeTcsl KBAaHTOBOM MeXaHHKOH,

PaccmaTpruBaeMyio HaMH KOHLENUHIO OTHOCHTEJBHO MecC-
Ta BEPOSATHOCTH B KJacCHYecKol ‘(hH3HKe MOXKHO pe3oMHUpO-
BaTh cefyoliuM o6pa3oM. B kmaccuueckoit ¢usuke Bce 3a-
KOHBI IPHPONBl HOCAT ONHO3HAYHLIH XapakTep. BepositHoCTb,
K KOTOpO# NpHUXOAuTcsa oOpamiaThecsi B psige 3ajad, BXOAHUT
B (OM3HKYy B pe3y/abTaTe Halllero He3HAHHS HJH HTHOPHPO-
BaHHUs metaneflr sBnenuil. OHa, ABJsASICb XapaKTePUCTHKOM He
caMoil 0OBEeKTHBHOH peasIbHOCTH, a JHUIb HallWXx npubiau-
KEHHBIX INIpelCTaBJIeHHH O Hel, OyJdeT LeJHKOM ycCTpaHeHa
13 QU3HYeCKON KapTHHBI MHpa B Npollecce MO3HAHHS.

Kak MHe npepncrasi/sieTcsi, MOXKHO YKasaTh TPH HCTOUHH-
Ka, U3 KOTOPBIX YeplaeT CHJy 3Ta KoHuenuus. [TepBbim cie-
IyeT CUHTATh HaJIMYHE JIOTHUECKOTO aclieKTa IIOHSITHS .Be-
posATHOCTH. BTOpBIM — cylllecTBOBaHHE B AeHCTBUTEJNBHOCTH
TaKux objacTell MPUIOKHUMOCTH BEPOSITHOCTHO-CTATHCTHYEC-
KHX METO[0B, KOTOpble caMH OOBEKTHBHO He CONEp:KAT Be-
POSITHOCTHBIX OTHOWIEHHH. TpeTbUM HCTOYHHKOM SBJISIETCS
NpeuMylIecTBeHHO (HeHOMEHOJIOTHYECKHH, ONMHCATeJNbHbIH Xa-
paKTep HCMOJb30BAHHS BePOSTHOCTHO-CTATHCTHUECKHX Me-
TONOB HCCAENOBAHHsI B PAasjIHUHBIX HAayKax 3a NpefenaMu
¢$hu3NKH, HanpuMep B GHOJNIOTHH M COLHONOTHH. B nanuoit pa-
6oTe MBI OTPAaHHYMMCSH aHAJH30M TEePBBHIX ABYX MCTOYHHKOB.

PaccmoTpum nepsuiit u3 HUX. MHOrOO6pasue OTHOLIEHHH,;
B KOTOPBIX HUCNOJb3YeTCS MOHATHE BEPOSITHOCTH, MOXKET GHITH
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pa3gesneno Ha /[Ba JAOBOJBHO pPAa3/JHYHBIX H BMecTe C TeM
B3aUMOCBsI3aHABIX KJacca. CyllecTByer Q0BOJbHO OOMIMP-
Hast 06/1aCTb YCTOHYUBBIX 4aCTOT, IPUMEHsisi K KOTOPOH IOHS-
THe BePOSITHOCTH, Mbl TOBOPHUM O BEPOSITHOCTH KaK O YacTOTe.
3necp MOHATHE BEPOSITHOCTH XapaKTepPH3yeT MaccoBble siB-
jenust. ONHAKO CyIIeCTBYeT W APYroe MpHMeHeHHe MOHSTHS
BepOSITHOCTH, BEPOSATHOCTH JOIMYECKOro xapakrepa. B stom
c/lyuyae BeDOATHOCTb BbIpa)KaeT OTHOLIEHHe MeXAY BbICKa-
3bIBAHMSIMM, XapaKTepH3ys CTelleHb NONTBEPXKIEHHUs oOfpe-
JeJIeHHOR THIOTe3bl M3BECTHBIMH (PaKTaMmHu.

O6a stH acrmekta BepOSITHOCTH MOXKHO HafiTH elle y Jlamn-
Jlaca, y KOTOPOTO OHHM HaXOfsITCs B Hepacu/JeHEHHOM BHIe.
B KoHuenmuu /1anjacoBCKOro JeTEPMHHH3MA, COTJIACHO KO-
TOPOH «Bce SIBJIGHHS], JaKe Te, KOTOpble 1O CBOEil He3HauH-
TeJbHOCTH KaK OYITO He 3aBHCAT OT BEJIMKHX 3aKOHOB TpH-
POZbl, CYTb CJEACTBHSI CTOJb XKe HeH3DeKHble 3THX 3aKOHOB,
KaK obpalleHue cosuua» [5, crp. 8), Kasamoch, He OcTaBa-
J0Ch MecTa aJs BepositHocTH. OnHaKo, nesasl akIeHT Ha JI0-
IHYECKOM aclleKTe MOHSTHS BeposiTHOCTH, Jlamiac, cBs3bIBast
TMOHSITHE BEPOSITHOCTH C HENOJHBIM 3HaHHEM, CMOr COBMec-
TUTb €0 C KOHIENUHeld OZHO3HAYHOTO, ONpEeNeNeHHOTo 3a-
KOHAMH MeXaHHKH, AeTepMHUHH3Ma.

CMellleHHe 3THX [OBYX acCleKTOB WJiM CBeIeHHe KaKOro-
1160 OTHOTO H3 HHX K JPYrOMY COBEpPILIEHHO HEXOMYCTHMO.
Ilast Toro 4ToGH CHenaTh SCHBIM MX NPHHIMMNHAJbLHOE pas-
Jiuhe, pasbepeM ONMH M3 NPHMEPOB NMpHMEHEHHs BeposT-
HOCTHBIX NpeJcTaBJ/eHu#, 1puBoAuMBbli Jlannacom [5, ctp. 60].

Ilycte y Hac umeercss npaBu/bHasi MoHeTa. BepositHocTh
BbilaJl€HHsI MOHEThl Ha «Opes» paBHAa !/, a BeposATHOCTb
BHIIAJIEHUs «OpJia» NBa pa3a MOAPSAN paBHa ![;, MOCKOJb-
Ky y Hac HeT OCHOBAHHsS NPEANOYHTATh OLHY CTOPOHY APY-
roil. To Ke camoe MOXKHO CKa3aTb OTHOCHTE/IBHO BbiMadeHHS
MOHeTH Ha «pemKy». [IpeacTraBum Temepb, UTO MH MMeeM
IeJ10 .C MOHETOH, y KOTOPOH CMellleH LEeHTP TAKECTH K OIHOM
U3 IJOCKOCTEeH, MpHYeM HaM HEH3BECTHO, BLIMAJEHHIO KaKOH
CTOPOHBI MOHETBI 3TO OyAeT 6J1arompUsATCTBOBAaTb. B 3TOM
c/ydyae BEPOSITHOCTh BBHINAJEHHSI MOHETHl Ha «Ope» OCTaer-
csl PaBHOH !/, MOCKOJIBKY, KaK paccyxkjaer Jlamsac, y nac
HMEIOTCS COBEPLIEHHO OAMHAKOBble OCHOBAHHSI CUHTATh, UTO
HENpaBHJbHOCTh MOHeTH OymeT G6/1aronpHATCTBOBATL Kak
BHIMAIEHHIO «OpJIa», TaK W «peliku». OZHAKO eCcaM MOHeTa
BHINa/ia MEPBBLIA Pa3 Ha «OPes», TO Mbl TIOJYYaeM OCHOBaHHe
CYHTATb, UTO HECHMMETPHS MOHETHl O/1arONpHSITCTBYET BhHI-
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NnajeHUI0 «OpJa», a M03TOMY BepOSTHOCTH BTOPUYHOIO €ro
BHINIAIEHHs1 OKa3biBaercs Gosbile !/, W, cienoBaTesibHO, Be-
POSITHOCTh BBINAJEHHSI JIBYX «OpJOB» moapsij 6yner 60Jblie
/. BeposiTHOCTb BhIMafeHHsl «peIIKH» OAHH pa3 Gyler co-
OTBETCTBEHHO paBHa !/s, a ee BHIMajJeHHe BO BTOPOH pas
okasbiBaeTcs 6oJiee BePOSITHBIM, NMOCKOJBKY (hakT mepBOro
BHIMAfIeHHs] MOHETHl Ha «pEIIKy» JaeT OCHOBaHHe CYHTATh,
4YTO MOHeTa JOJI’KHa BbiaJaTh Ha 3Ty CTOPOHY 6oJlee 4acTo.
CrenoBaTesibHO, BEPOATHOCTL BhINAJEHHUSI MOHETH Ha «pell-
Ky» nBa pasa moapsy Gymer Takxke Goabwe !/,. Eciu xe
Mbl DPacCMOTPHM, KaKOBbl OYAYT BEPOSITHOCTH Pe3YJbTATOB
«OpeJI» — «pelllka» H «pelika» — «Opes», TO OKa3biBaercs,
YTO OHH OyAyT paBHBIMH APYT APYTY M MeHbIHMH !/4. B ca-
MOM JieJie, eC/IM MOHeTa Bbilla/jia Ha «Opef», TO BepOSITHOCTb
ee BHINANEHHUS] HA «PelIKY», B CHJIY BHICKA3aHHBLIX BHIIIE CO-
oGpakenuil 6yaer menblire !/4, AHanornyHeiM 06pa3oM, ecan
MOHETa BhHINAja NepBBIl pa3 Ha «pellKy», TO BEPOSITHOCTb
ee BBIAJ€HUs HA «Opes» OKas3biBaeTcs MeHblie !/, B cymme
BCe BEpOSITHOCTH, KaK 3TO M NoJiaraeTcs, AT eJHHHLY.

IlpuBeneHHblil mpuMep sICHO MOKa3blBAeT, YTO JIOTHYEC-
Kasi TPaKTOBKa BEpPOSITHOCTH, NPHUBOJAS B HEKOTOPHIX Cjaydya-
X (B HalleM NpHMepe, KOT[a pacCMaTpHBAJICS ICayyail CHM-
METPHYHOH MOHeThl) K OJMHAKOBBbIM pe3yabTaTam c ee
Y4ACTOTHOH TPAKTOBKOH, B 1e/N0M [Jy6OKO OTJHYHA OT Hee.
B cnyuae c HempaBHIBbHOH MOHETOH, HCXOASI M3 JIOTHYECKOH
TPAKTOBKHM BEpOSITHOCTH, MBI IOJiyuaeM pachpefeseHHe Be-
pOSATHOCTEH, IBHO HeCOBIafaloLlee ¢ pacupee/eHHeM YyacToT
BHITafieHHN cTOpoH. Pacnpenenenue BepOsATHOCTEHl OKasbl-
BaerTCss 31eCh CHMMETDHYHBIM OTHOCHTENbHO BbINaJeHUs
«OpJiay — «pelIK’», B NOJHOM COOTBETCTBHHM C CHMMETpHEH
HallUX 3HAHHI O MOHETe, B TO BPeMd KaK YacTOTHl Bhilajue-
HUH MOHEeTHl, OTpakasl peajbHYyI0 ee HelpaBHJbHOCTb, CY-
LIeCTBYIOUIYIO BHe 3aBHCHMOCTH OT IIO3HAHHS, LAIOT HECHM-
MeTpHUyHOoe pacnpejenedHe. JIOrHYecKHil acnektT BeposiT-
HOCTH HMEeT OTHOLIEHHs] K HalIUM CYXKIEHHAM O AeHCTBH-
1€JbHOCTH W He CBSI3aH HENOCPEeACTBEHHO C OOGBEKTHBHO
CYIIECTBYIOIIMMH YacCTOTaMH.

PaccmoTpHM Tellepb BTOPOHM HCTOYHHK TOJKOBAaHHS Be-
POSITHOCTH B KJlaCCHYECKOH (U3HKe KaK CBSI3aHHO# C HesHa-
HHMeM: CyLIeCTBOBaHHE TaKHX 006JiacTell NMPUJIOKHUMOCTH Be-
POSITHOCTHO-CTAaTHCTHYECKHX METOLOB, KOTOPhIE CaMH He CO-
Iep»KaT BEpOSITHOCTHBIX OTHOUIeHHH. M 31ech MBI MOXeM
oneperbcsl #a Jlannaca. «$IBjaeHust npuUpoabl,— nuuer Jlamn-
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Jlac,— CONMpoOBOXKAAlOTCA no OoJiblielt yacTH CTOJBKHMH TMO-
CTOPOHHHUMH OOCTOATENbCTBAMHU, BJIMSIHHE MHOTOUHCJCHHBIX
BO3MYILAWIIUX NMPHYMH HACTOJBKO K HHM IIPHMELIHBAETcs,
YTO CTAHOBHTCS OYEHb TPYLHBLIM TMO3HABAaTh HX.

JIOCTHTHYTh 3TOTO MOXKHO TOJNIbKO MOBTOPHHIM HabJIOfe-
HHEM M OMNBITOM, YTOOBI IOCTOPOHHHE BJMSHHS B3aHMHO yHH-
YTOXKAJIMCh H CPe/lHHe pe3y/bTaThl CAesanu Obl OUeBHHBIMH
3TH SIBJIEHHS H HX PasJIHuHble 3JeMeHThI» [5, ctp. 75]. 3xech-
TO U HeOoOXOJMMO IpUMEHEeHHe BEepPOSITHOCTHLIX NpejcTaBJe-
HUH, KOTOpble NOMOrYT OIEHHTb HEOOXOAHMOEe KOJHYEeCTBO
M3MEepeHHH M HX BO3MOXHYIO OWHOKY. POpMyJbl, «cayxa-
Imye 3TOH MLEeJH, COCTaBJAIT HCTHHHOE YCOBEpLIEHCTBOBA-
HHe Hay4YHOTO MeTO/la M ero BaxkHoe Jo6asseHue» [5, crp.75].

[Tonoxxenue pena B paccMaTpHBaeMblXx 3ajfiayax TaKoBO,
4TO HCCleoBaTeNb CTAJKHBACTCS 3/eCh C BEPOSITHOCTBIO MO
CYILEeCTBY TOJBKO B METOJE, a He B CaMod H3yuyaeMoi neii-
CTBHUTEJBHOCTH. DTa CHUTYyaUusi OCOOEHHO HAIJIIHO MpOSIB-
Jsiet cebsi IpU DTPUMEHEHHH CPaBHHUTEJNbHO HEAAaBHO Pa3spa-
6oraHHoro Mertona Monre-Kapao, KoTopeit c ycnexom
MO3BOJISIET PACCUUTBIBATH NOBOJIBHO CJIOXKHBIE 3afadd Mo-
CPECTBOM BEPOSITHOCTHO-CIYYafHOrO MOJenupoBaHHs. Be-
pOSATHOCTb, KOTOpasi M3 MeToJa eCTeCTBEHHO NEePeXOAHT Ha
pes3yJsbTart, 31€Ch OBsI3aHa He C CYLIHOCTbIO caMoro o0beKra,
a ¢ ocoOeHHOCTAMH MeTolda mo3HaHus. IIpubauKeHHOe BbI-
YHCJIeHHe KaKoro-JHGo ONpejeseHHOTO HHTErpasa MeTOLOoM
Monrte-Kapso coBceM He 03Hayaer, 4To y 3TOTO HHTerpaJa
HeT TOYHOTO 3HaueHus. JICHO, YTO TaKOro poja HeonpeaesneH-
HOCTb YCTpPaHsieTCss B [poOllecce MO3HAHHS, KOrfa OGBEKT
NOJIBEPraeTcsi BCECTOPOHHEMY H3YUEHHIO, H He TOJIbKO C I10-
MOLIbI0 BEPOSITHOCTHO-CTATHCTHYECKHX MerofoB. [lo-BuaH-
MOMY, HEOIPEeJeJeHHOCTh B €e BepOATHGCTHOH (opMme
MOKeT OBIThb CBSI3aHAa C METOAOM MO3HAHHS M HE HOCHT O0%
eKTHBHOro xapakrepa. [Ipu sTom He uMeeT 3HaUeHHS, OIHO-
3HAYHbIE WJH HEOJZHO3HAUHble OTHOLLEHHs SIBJSIOTCS Npen-
METOM pacCMOTpPEHHS.

Wnmosuss BpeMeHHOro xapakTepa CYLIeCTBOBAaHHS BE
POSITHOCTH ‘B KJIACCHYECKON (PHU3HKe MOMALCDPXKHBACTCS TaK-
e M TeM OOCTOsiTe/IbCTBOM, UYTO BO MHOTHX 3ajpauax, pe-
IiaeMbiX C HCIOJb30BAHHEM BepOSTHOCTHBIX IIPeJCTaBJle-
HHUH, 3aBeIOMO HMMeeTCs TMpHHIHIUAJIbHAS BO3MOXKHOCThb
3HaHHUSl He TOJbKO BEPOSITHOCTHOrO, HO M JI€TaJbHOTO NOBeE-
JneHHst oObeKTa. DTa CUTyalHs TOJKyeTCs Takum 0oOpasom,
4TO CHayaja Mbl MOXEM HMeTb JIHIIb BEDOSITHOCTHOE HJIH
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HeIlOJIHOE 3HaHHe, & 3aTeM B IPUHIHIE, YCTPaHSsS Heompe-
[IeJJeHHOCTh B 3HAHUM YCJIOBHH, B KOTOPBIX NPOTEKaeT Npo-
1[eCC, MOXKEM MOJYYHTh 3HaHHEe O NeHCTBHTEJbHOM TIOJOXKe-
HUU Jlefa.

Onuako Takoe TOJIKOBaHHe siBjasieTcs ownM6ouHbM. OHO
0Ka3aJoch Obl BEPHBIM JIMLIb B TOM CJyuae, ec/id Obl BepOAT-
HOCTb B (pu3HKe BCIOAY Oblla 006si3aHa CBOUM NPOMCXOXKJIE-
HUEM HCMOJNb3yeMBbIM B Hell BepPOSITHOCTHO-CTATHCTHYECKHM
MeToJaM HCC/efoBaHHs. DTa KOHUENuus OGe3yCJOBHO NpH-
BJIeKaTe/JbHa CBOMM MOHH3MOM B OlleHKe NPHUPOIABI BEPOSAT-
HOCTHBIX NMpeJCTaB/JeHHH, OJHAKO OHa HE MOXET B ILeJOM
J1aTh BEpPHYIO KapTHHY, H NOTOMY ee Hesb3sl NpHHATb. [lo-
BUIHMOMY, B MHpe CYyLIECTBYIOT OObeKTHBHble BepPOSITHOCT-
Hble OTHOILIEHHUs, KOTOPble MBI CMOCOOHBI IOCTHTaThb MOCpPes-
CTBOM BEpOSITHOCTHO-CTATHCTHUECKUX METON0B HCCJAeN0Ba-
HHsl. 3HaHHe BePOSITHOCTHBIX XapaKTEePUCTHK MpPollecca HeJib-
31 paccMaTpHBaTb KaK 3HaHHe HEIOJIHOE, MOTHBHPYS 3TO
TeM, YTO 3JeCh MBI ellle He 3HaeM JeTajell H3yyaeMoro mpo-
mecca. Takoe 3aksiodeHHe OCHOBAHO Ha TMPENNOJOXKEHHH,
4TO 3HaHHe O BCeX JeTasaX Ipolecca CONepXHUT B cebe u
3HaHHe O BePOATHOCTHBIX ero xapakrepucrukax. Ho 3To
NpeanojoXeHne SIBHO OWIHMOO0YHO. YTBepXKAEHHE O BEPOSIT-
HOCTH eCTb BBICKa3biBaHHe 006 YCTOHUMBOH 4acCTOTe, OTHEJb
Hble KOMIIOHEHTHI KOTOPOH HOCAT MPPEryJsipHBIH XapakTep.
CyuiecTBOBaHHE TaKOH YaCTOThl He MOXKeT ObITh BHIBELEHO
H3 CKOJb YrOJHO TOYHHIX M NMOAPOOHBIX CBEeNEeHUH O JHeTasb-
HOM npoTekaHuu npoilecca. Otciofa caeayer, Yto KakK M3
3HAaHHA O BepPOSITHOCTHBIX XapaKTepUCTHKaX Heab3sl BbIBe-
CTH OeTaJjeldl Kakoro-1ubo mpouecca, Tak ¥ H3 CBEeJeHHH O
ero NeTajJbHOM NPOTEKaHHU HeNb3sl 3aKJIUHTb O BePOATHO-
CTHBIX ero cBoficTBax. JleTanbHble U BepOATHOCTHBIE XapaK-
TepHUCTUKH Mpolecca NPOSABJSIOTCS B pPa3HBIX OTHOUIEHHSX
¥ HEeCBOAMMBI APYr K IPYTY, XOTH U HAxXONATCS B OMpene-
JeHHOU cBA3U. KoHeuHO, 3HaHHe O BEPOSITHOCTH MOXKET ObITh
HETOYHbIM B TOM K€ CMBIC/Je, B KaKOM MOXKeT ObITh HeTOdY-
HLIM 1 a106oe Ipyroe 3HaHHe.

YTBepKIeHHe O CYyLIeCTBOBAHHM OOBEKTHBHBIX BEpOST-
HOCTHBIX OTHOLIEHHWH, H3yyaeMbIX KJacCHYeCKOH (H3HKOH,
HaXoAuT cebe MOANEpKKY NPU aHa/u3e npobieMbl 06OCHO-
BaHHUsl KJIaCCHYECKOM cTaTHCTHuecKOo# MexaHukH. Corsaacho
IOYTH OOLIENPHHSITOMY MHEHHIO, CTAaTHCTHUECKAss MeXaHHKa
3aHUMAETCsl M3YUEHHEM CJIOKHBIX MeXaHHYECKHX CHCTEM,
XapaKTepu3yIOUUXCs OTPOMHBIM UYHCJIOM CTerneHed ©Bo6Go-
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Ibl. B npuHmuile, Kak 3TO MOXKHO NMPOYHTATh BO MHOPHX MO-
Horpadusx No CTATHCTHYECKOH (H3HKe, MOCPeACTBOM CO-
CTaBJIeHHs] YPAaBHEHHIl IBHXKEHHs AJA KaxkJI0{ CTElNeHH CBO-
601bl M pelIeHHS HX, MOXHO COBepIIEHHO MOJHO ONHCAaTh
roBeJeHHe Takoro popa cucrem. [IpaBaa, Kak oObIYHO NOA-
4YepKHBAIOT, ecau Obl JaxXe M YAAJoChb NPOHHTErpHUpPOBATH
3TH ypaBHeHHS B o6lieM BHIE, TO, NO-BUANMOMY, COBEpPIIEH-
HO HeMPeoNOJHMBIM TPENSTCTBHEM HA IyTH TpeacKa3aHUs
MIOBEJIEHHS] CHCTEMBl BcTasna Obl HeoOXOAHMMOCTh BBeLEHHS
B 0o0lllee pellleHHe HavaJbHBIX ycaoBHi. [locKombky ke oka-
3bIBAETCS HEBO3MOXKHBIM MpPAKTHYECKH PEIUHTb 3Ty 3anauy,
OPUXOMAHTCS BBOAHTb BEPOSITHOCTHBIE TpEACTaBJIEHHs, KO-
TOpblE B CYLIHOCTH HE HUMeIOT 0OBbeKTHBHOH 00YCJIOBJEHHO-
CTH, a BBI3BIBAIOTCS ONpEeNeHHBIM MOAXOIOM K H3yUYEHHIO
neiicrBurenbHocti. Tak, JI. Jlannay u E. Jlubmui B kaure
«Cratucruueckas ¢usuka» nuiyt: «Crenyer, oxHako, mof-
YepKHYTb, UTO BEPOSITHOCTHEI XapaKTep pe3yJbTaToB KJac-
CHYECKOH CTAaTHCTHKH caM 1o ceGe OTHIOAbL He JIEXKHT B ca-
MO NpHpOJEe paccMaTpHBaeMbIX €10 OOBEKTOB, a CBA3aH
JIMIIb C TEM, YTO 5TH pe3yJbTaThl [IOJNyYalOTCS Ha OCHOBA-
HHH TOpa3lo MeHbLIEro KOJNHYECTBa NAaHHBIX, YeM 3TO HyX-
HO OblJIO OBl NJIsSI MIOJIHOTO MEXaHHYeCKOTO ONWCaHus (He
TpeOyloTCs HayaJbHble 3HaueHHS BCeX KOOpAHHAT H UMIYJb-
coB)» [6, cTp. 17].

OnHako pacCMOTpEHHE  CTATUCTHUECKOH CHCTEMBI KaK
YHCTO MeXaHHYeCKo# BpSA JIH oNpaBAaHO. YKe y OCHOBaTe-
Jiel MOJeKyJsIpHO-KHHETHUYEeCKOH TEOPHH MOXKHO BCTPETHUTb
BbICKA3bIBAHHUS, BbIpa)Kalollie COMHEHHS B MNPHHIHIHAJb-
HOM BO3MOXKHOCTH MEXaHHYEeCKOro ONMHCAHWS MOBeJeHHs Ta-
KOro pona cucreM. B stom ke HanpaBieHHH BbICKa3bIBaJCs
emle B Hayase Hamero Beka . Bopesb. Passutne sTux uneh
MOXHO HaliTu B paborax 5. ®penkensi, M. Bopua, JI. Bpua-
miosna, II. Bnoxunnesa, H. KprimoBa. XoTa u He co BCeMH
NOJIOXKEHUSAMH, BBIJBUIAaEMBIMH 3THMH aBTOPAMH, MOKHO
COrJIacHThCsA, BCe Ke OOLIMH BHIBOJ O HEBO3MOXKHOCTH Me-
XaHHYeCKOro IpeACTaBJIeHHsI CTATHCTHUECKHX CHCTEM He
BbI3bIBAae€T COMHeHHs. Kiaccuyeckas MeXaHHKa B KauyecTBe
CBOEro THIHMYHOIO 00beKTa HMEeT CHCTeMBl, KOTOphle B Cy-
LIECTBEHHBIX CBOMX YepPTax BenyT cebsi KakK H30JIHPOBaHHLIE.
Ecnn xe paccmarpuBaercss HEH3oiHpOBaHHAs CHCTEMA, TO
B MpPMHIMIE BCerja CUHTAETCs BO3MOXKHBIM yuYecTb BO3Jel-
CTBHMe Ha CHCTEMY I[OCPeJICTBOM ee BKJIOUeHHs B 6osee miu-
POKYIO, HO yXe HROJYPOBAHHYIO B NAHHOM OTHOILEHHH CH-
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cremy. KoHCYHO, B AefiCTBUTENBHOCTH peuyb MOXKET HATH
JHlb 00 OTHOCHTENbHOH W30JHPOBAHHOCTH.

PaccmoTpuM Tenepb KakKyro-au6o TUNHYHYK CTAaTHCTHUe-
CKYIO CHCTEMY, ckKaxXeM, IpPaMMOJIeKyJly ra3a, HaXxoAsllero-
Cl NpH HOPMAJBHBIX YCTOBHSIX M 3aKJ/IIOYEHHOTO B HEKOTO-
puiit cocyn. OkasbiBaercs, yTo ec/H Jaxe YY4eCThb IOJHO-
CTBIO B3aUMOJEHCTBHE rasa .o CTEHKaMH COCyAad, TO M TOT-
Jla JlaHHas CHCTEMa He MOXeT ObITh pacCMOTPeHa Kak M30-
JIMpOBaHHAasl MeXaHHYyecKas CHCTeMa 3a BPeMeHa, xapakrcp-
Hble /I T€PMOJAHHAMHUYECKHX MpPOLECCOB. IDTO IMOJOXKEHHE
Jes o0bsicHSIeTCS ype3BbIYaHHO CHJIBHOH HEYCTOHYHMBOCTBIO
cucreMbl, 00ycC/qoBJAMBaMOUleii ee OGOJbUIYI0 YYBCTBHTEb-
HOCTb IO OTHOLIEHHMIO K pAa3JMYHOro poAa BO3MYIUCHHUSIM,
BCerjla CYLIeCTBYIOIIMM B JeHCTBHTeJbHOCTH. B naHHOM
cllydyae 3aKOHBI MeXaHHUKH OTHIOJb HE HapyaloTCs, a Mo-
IPOCTy OKa3blBAIOTCS HEIPHMEHUMBIMH, aHAJOrHYHO TOMY,
KaK OHM OKa3blBalOTCs HECNOCOGHHIMH ONHMCaTh, HallpuMep,
TpaekTopuio Oerylieil koliku. B OoTHOIIEHMH K JaHHOH cTa-
THCTHYECKOH cHcTeMe aOCTpaKuMs H30/MPOBAHHOCTH MeXa-
HMYECKOrO THIA MMeeT MeCTo JIMIIb 32 BpeMeHa TopsiiKa
BpeMeHu cBoboaHOro npobera. ITo oTHOWEHHIO XKe K ee MO-
BeJEHUIO 3a AOCTAaTOYHO 60JbllIMe BpeMeHa TIPHMHIMIHAJIbHO
HeJIb3sl BBECTH TakKoe paCCMOTpEeHHE, NMOCKOJIbKY OHO MOTpe-
O00Basno Obl BK/IOYeHHs GeckOHeyHo OOJbIIOTO yucaa ¢ak-
TOPOB.

Ho, Tepsia MexaHHYecKyl0 H30/JMPOBAHHOCTb 3a GOJb-
UiMe BpeMeHa, CTATHCTHYeCKass CUCTeMa NpuobpeTaer H30-
JIUDOBAHHOCTh CTATHCTHYECKYIO, KOTOpas HaXOOUT CBOE BbI-
paXkeHue B CYIIECTBOBAHHM YCTOHUMBBIX YaCTOT, BEPOAT-
HOCTHBIX pacnpefeJeHHil MeXaHHMYeCKMX XapaKTEepHCTHK
CHCTEMBl, a TaKXe B ee TepMOJHHAMHYECKHX CBOlicTBax. Pac-
cMaTpUBaeMble 3[1eCb TE€PMOJMHAMHYECKHe BePOSITHOCTH HO-
CAT OOBEKTHUBHBIN XapaKTep W He MOTYT OBbITh yCTpPaHeHbI
HMKakuM OoJjiee I1yOOKMM IIPOHMKHOBEHHEM B CYILHOCTb
TepMOAMHAMHYECKHX SIBJIEHHH.

OTMeueHHasl Bblllle CBSI3b BEPOSITHOCTH B KJ1aCCHYECKOH
¢du3uke c B3auMoJelicTBHEM 00BeKTa CO Cpeloii BecbMa
HHTEPECHA B TOM OTHOUIEHHH, YTO OHA HMeeT, MO-BUANMOMY,
HEKOTOPHIH aHaJor u B MHKpomHpe. Bo Bcsikom ciyuae
MHOTHE aBTOPEI OTMEYaloT, YTO MHKDPOOOBEKTHI MOCTOSTHHO
HaxoJATCs BO B3auMmoneHcTBuu co cpenoil. Tak, M. Bynre
TOBODHT, YTO «Ha KBAaHTOBOM YpPOBHe TOYHOCTH HET H30JIH-
poBaHHBLIX cuctem» [7, ctp. 451]. «Heo6xonumo obpaTuth
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BHUMaHue Ha TO,— nuuer B. Teiiden6epr,—uro cucre-
Ma, KOTOpYIO c/lefyeT paccMaTpHBaTh COMVIACHO MeTOHaM
KBAHTOBOH MEXaHHKH, HA CaMOM JeJe SIBJseTCsd 4acCThblo
3HAYUTE/IbHO OOJBbLIEH CHCTEMBbl, B KOHEYHOM CYETE — BCETO
mupa» {4, ctp. 150]. Bo B3auMOmEHCTBHM MHKPOCHCTEM C
MaKpPOOKPYXeHHeM BHIAT NMPUYHUHY BEPOSTHOCTHOTO Xapak-
Tepa 3akoHOB Mukpomupa [. Bnoxunnes, A. Tankun u Ap.

Caenyer 0co60 MOAYEPKHYTb, UTO BEPOATHOCTb, NMPHBHO-
CcHMasi B pe3y/bTaT MO3HAaHHUS BMeCTe ¢ BepOATHOCTHO-CTA-
THCTHYECKHMMH METOJaMH, TaKxkKe HMeeT 06beKTHBHYI OCHO-
BY, HO HeCKOJbKO HHOro poxa. Ha uem ocHOBaHO B cylLlHO-
CTH CTATHCTHYECKOe TpeOOBaHHE NPOU3BOAHTHL AOCTATOYHO
6onblioe uuciao uaMepeHuit? OHO HemoCpexCTBEHHO ONM-
paercs Ha OGBEKTHBHO CyIIEeCTBYIOIIME BepOSTHOCTHBIE
CBOHCTBA INpOLELYypHl M3MEpeHHs, 3aKJloyalolyecs B TOM,
4TO0 OWMOKH H3MepeHUs HOCAT BepPOSITHOCTHO-CJyYaiHbIH
xapakrep. OObexTHBHbIE BEpOSITHOCTHBIE OTHOLUEHUS JIexkaT
B OCHOBe JI060r0 BepPOSITHOCTHO-CTAaTHCTHYECKOr0 METOLA,
B TO BpeMsl KaK 3TH MeTOAbl MOrYT ObiTb HalpaBJieHbl KakK
Ha U3y4YeHue BepOSATHOCTHBIX, TAK U JIIOOBLIX HHBIX OTHOUIEHHH,

3necy ymecTHo GyZeT 3aMETHTb, YTO MOCTOSIHHOE MOX-
yepkuBanue M. BopHowm, a takxe JI. bpuinosHoM u Hexo-
TOPLIMH JPYTMMH aBTOPaMHM HEBO3MOXKHOCTH OXHO3HAUHOTO
npelcKas3aHust M3-3a HETOUHOCTEH B HAIUHX 3HAHUSAX O CH-
CTeMe, BEJHKOJIEeNHO MOXKET COYeTaThCs M 4acTo Coyeraercs
C TPAaKTOBKOH BepOSITHOCTH B KJIacOMYecKoid (H3HKe KaK
00yc/0BJEHHOM HallUM He3HaHWeM, MNpaBla, Yxe Tenepb
He3HaHWEM, NPUHIMIHMANLHO HeyCTPaHUMBIM B mpoLecce
no3Hanusi. C Moell TOUKM 3PeHHsl, BepOSTHOCTb, CBSi3aHHas
C He3HaHHEM, B KJACCHUeCKOH (H3UKe NeACTBUTENbHO HMe-
€T MeCTO, XapaKTepu3ys cTeneHb HAIIMX OXKHAAHHUI TOro WiIH
uHoro pesynbrarta. OmHAaKo B Kaccuueckol pusnke umeercs
BEPOSITHOCTb U ADPYrOro poja, oTpaxarollasi CyL[eCTBOBaHHE
YCTOHYHBBIX 4acTOT. DTa BTOpasi BEPOSITHOCTb HEYCTPaHHMA
B IpOILlecCe MO3HAHMSA, MOCKOJbKY OHa SIBJISIETCS OTpaKe-
HUEM OOBEKTHBHBIX CBOMCTB [eHCTBHTEJbHOCTH.

B cBoe Bpemsa M. Ilnank BbIcKasas MBIC/b, UTO Jle/eHHE
NpoIeccoB Ha 06paTUMbIe 1 HeoGpaTHMble fBJsIETCS HaHGO-
Jgee ¢yHIaMeHTaJbHBIM. B To e BpeMs OH CuMTas, 4TO
BTOpOe Hayajo TepMOAMHAMHKH, B KOTOPOM HaXOIHT CBOE
BhIpaXKeHHe  CylIeCTBOBaHHe HeoGpaTHMBIX  NpPOLECCOB,
MOXHO BBIpa3UTh B CYUIHOCTH KaK NPHUHLKUI 3J1eMeHTapHOro
fecriopsinka. [lo-BUAMMOMY, OTHOIIEHHS, MMEIOIHE MECTO
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B NeHCTBUTENbHOCTH M (UKCHPyeMble HaMH KaK sBJEHHS
6ean~o§anxa, 3aHMMAalT 60JblIOe MECTo B MHPC, YTO MbI
JIETKO ' IpeJCTaB/sseM NpPAaKTHYECKH, HO C ropas3fo GoJbliei
przmdcn:}o TEOPETHYECKH. Ilopsagox u 6eCl‘I0pﬂﬂ.0K—3T0
JBE CTODOHHI JeiicTBHTeJIbHOCTH. VI TOT M Apyroi HaxomsT
CBO€ OTpaKeHHe B CaMbIX Pa3/JHYHBIX TEOPETHUECKHX KOH-
nenuusax. Becnopanok dopMupyercs Ha OCHOBaHHM Kako-
ro-To mopsifka. dto ecth Oecrmopsiiok mopsaka. C gpyroi
CTOPOHBI, H MOPSAOK eCTb MmopsjJoK Oecnopsinka. SIBaisisich
OecnopsfikoM B OTHOLIEHHH K JMAaHIOMY NOPSAKy, Gecro-
pAdOK B JPYyroM OTHOLIEHHH CaM BBICTYyIaeT KaK HOBAd
¢opma nopsinka. BeposTHOCTb, TO-BHAMMOMY, KakK pas H
cjleyer paccMaTpuBaTh K4aK TakKoe TOHATHe, KOTOpOe OTpa-
)Kaer B cebe cCyllecTBOBaHHe O6ecnopsika .B OTHOLIEHHH
K HWHIMBUAYaJbHbIM TIpOUECCAM W YTBeDPXKIEHHEe HOBOTO
THIIA NOPSAKa, BHIPAXKAIOILErocss B YCTOHUHUBBIX H PEryJsp-
HO CKJIaJblBaIOIIMXCSl YaCTOTAX.
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NOUA W —

B. C. I'orr, ]A. P, Heperypunl

O HEKOTOPBbIX ®HJIOCOPCKHX IPELAIIOCHIJIKAX
OIPENEJIEHHA ®H3HYECKOIO CMbICJIA
BOJIHOBOH ®YHKLIHH

Bomnpoc o ¢usnyeckoM cMbIcje NOHSATHH (H3HKH H 0060-
3HAYaKIIUX HX MaTeMaTHYeCKHX CHMBOJIOB HMeeT /JiBa B3aH-
MOCBSI3aHHBIX aCmeKTa: OHTOJIOTMYECKHH H THOCeoJIoTHYe-
CKHH.

[TepBhifi acnexT 3TOr0 BOIpoca — 3TO BONPOC O HaJMYHH
Yy 3THX NMOHATHH KAaKHX-TO aHAJIOTOB B NPHPO/ie, OTPakKeHHU-
€M KOTOpBbIX OHH SIBJISIIOTCS.
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BTopo#t ke acmeKT IAHHOTO BOMPOCa 3aKJiOuaercs B
BLISICHEHMH TOH POJIH, KOTOpPYIO [NaHHble MOHATHA (U3HMKH
UTPAIOT B CTPYKTYpPe U PasBUTHH (U3HUECKOH TEOPHH M B ee
OTHOLLIEHHH K 3KCIEPUMEHTY.

Hcropusi dusukn noxasbiBaer, 4YTO BO MHOTHX C/ydasix
HeOOXOAHUMBbIM IpeIBapUTEJbHEIM YC/JIOBHEM MAJsI Pa3yMHO-
ro OTBETA Ha BOMPOC O NMPHPOMAHOM aHAJIOTe Y TONO WIH HHO-
TO NOHSATHS (U3UKH SIBJASETCS] BLISICHEHHe ero poJid U 3Ha-
UeHHsST B CTPYKType H pPa3BUTHH JaHHOH (H3HUECKOH
TEOpHH.

[TonTBepKaeHneM CKa3aHHOrO CJAYXKHT Ileygaya IOIbI-
ToK, mpemnpuuaTeix . Llpeinurepom, ne Bpoiem, Maze-
JIYHTOM M 1p., Ha 3ape Pa3BUTHS KBAHTOBOH MeXaHMKH, Oe3
MpefBapHTEJbHOIO0 THOCEOJOTHUYECKOrO aHalHu3a BbISICHUTH
OHTOJIOTHYeCKHIl CMBICJ, T. €. HAHTH MPHUPOJHBII aHaJOr,
y Takoro (u3MYeCcKOro MOHSATHS, KaK BOJHOBAs (QyHKLHA.

1. O 3nauenuu enoceosocuuecKk020 acneKkTa
aHaAU3a Pu3uuecKoeo CMbICAQ BOAHOBOL PYHKYUL

CylllecTBO aHaJ/iM3a HOCEOJOTHYECKOTO acCmeKra CMbicaa
¢hu3UYeCKUX MOHATHH COCTOMT Ipexie BCEr0 B YCTaHOBJe-
HUHM UX HeOOXOAMMBbIX CBA3eH C JAPYTHMH NOHATUAMH (H3HU-
Ki, a Takxke H o¢uiaocopunu. TosbKO JHIIb TaKUM NyTeMm
MOXKHO ONpPELeJNUTb POJb 3THX IOHATHH B CTPYKTYype U pas-
BUTHHM NaHHOHN 'hu3Hyeckoll TeopuH. AHa/M3 THOCEOJOTHYE-
CKOTO aclekra CMbiCja BOJHOBOH (G YHKLUHH, BBeNeHHOU B
KBaHTOBYI0O Mexanuky . lUlpegunrepom B 1926 r., 6Gbla1 Ha-
gatr H. Bopom u M. Bopnom. HasBaunbie yuyenbie OTKpBIJIH
CYLIECTBYIOLLYIO CBfI3b MeXIY MOHSTHSMH BOJIHOBOM (YHK-
LUK U BeposiTHOCTH, npuueM M. BopH oryer/iBO BbiCKaszaJ
U eI O BepPOSITHOCTHOM XapaKrepe KBaHTOBOMEXaHHYe-
CKOTO 3aKOHA [BHXKEHHMS MHKpPOYACTHI, OINUCHIBAEMOTO
ypaBHenvem 3. Ulpenunrepa.

Takum o6pa3om, umenHo M. BopH 3a/10:KHJ1 OCHOBBI Be-
POSITHOCTHOM TPAaKTOBKHM (DU3MYECKOTO CMBbIC/a BOJIHOBOMH
¢dysxuuu. CorsiacHO 3TOH TPaKTOBKe OHa ONHMCHIBaeT Be-
POATHOCTH HAXOXKAEHHS MHMKPOYACTHIl B Pas3J/MYHBIX HX CO-
CTOSIHHSIX, KaK IIPOCTPaHCTBEHHO-BPEMEHHBIX, TaK H HM-
MyJ/1bCHO-9HEPreTHYECKHX, a TaKxkKe U BePOSITHOCTH Iepexona
MHUKPOYACTHI, W3 OJHHX COCTOSIHHH B JpYTHE.

110



[lo muenuo M. Bopha, noHsiTie BOJHOBOH (pYHKUHH Me-
Hee oOllee, UeM IMOHSTHE aMIUIUTYIbl BepPOsTHOCTH. Beposrt-
HOCTb HAaXOXIEeHHsi MHKDPOUACTHI B KaKHX-TO COCTOSIHHSIX
npeiacraBiasier co60if He HeUTO HEH3MEHHOe, a Ipoliecc, Hc-
NBITHIBAIOIIME KosMeGaHHsi B IIpefieslaX CaMbiX pPasJHYHBIX
MHTepBaJIoB. BeJHuHy 3THX HHTEPBAJIOB MOXKHO paccMaTpH-
BaTh KaK aMIJIMTYLy BeposTHOCTH. OJHHM H3 BbIparKeHHH
aMIVIMTY/Jbl BEPOSITHOCTH M ABJIeTCS BOJHOBAast GYHKUHS B
KBaHTOBOH MmexaHuke [l, crp. 29].

Bosee BcectopoHHME aHa/M3 THOCEOJOTHUECKOTO acnek-
Ta CMbIC/ia BOJTHOBON (ykuuu B pajbuefimiem manu H. Bop
W PSil ero YUeHHKOB.

H. Bop cBssan nouaTve BoJHOBOI GYHKUHMK C MPHHILHUIOM
HeonpeneseHHocts [efizeHOepra, KOPMyCKyJspHO-BOJHOBBIM
NyaJu3MOM B CBOHCTBaX MHKPOYACTHLL H C OTHOCHTEJNbHO-
CTBIO CBOJCTB MHKpPOYACTHL, K CpelIcTBAM HX HabJo/1e-
HYS.

Ha ocnoBe atux cBsizett H. Bopom 6bli0 ycTaHOBJEHO,
UTO BEPOSTHOCTHBIH CMBICJ BOJIHOBOH (DYHKLHH H €e MecTo
B CTPYKType KBAaHTOBOH MeXaHHKH MOXKHO ONpeNeNUTb TOJb-
KO Ha OCHOBe CJeNYyIOUIUX MOJOXKEHHH, XapaKTepU3YIOLIUX
rHOCEOJIOTHYECKHE OCHOBBI KBAHTOBON MEXaHHKH .

Bo-nepBbIX, HeNMOCPEACTBEHHBIMH OGLEKTAMH H3y4YeHHUS
B KBAHTOBOH 'MexXaHHKe CJy»KaT He MHUKDOUYACTHIBl CaMu 1O
cefe, a MUKDOYACTHLLI B HMX B3aUMONEHCTBHH C HalUMH
npubopamu, T. €. CHCTEMBl THIIA «MHKPOOGBEKT — NMPUOOP>.
Orciona u claefyeT, yTo CBOHCTBA MHKPOOGBEKTOB ABJSAIOTCA
OTHOCHTEJIbHBIMH K HAaUIUM CpeACTBaM HabJiomeHHs, a caMoO
HabJI0feHHe NOJXKHO pacCMaTpHBaThCsl M CO CBoeil (pu3u-
YeCKOH CTOPOHBI, MOCKOJBKY OHO OCYLIECTBJSIETCA MNpPH IO-
MOLLM OfpegeJeHHBX (DU3MUECKUX INIPOLEeccoB, TPOHUCXOIS-
WHUX B Hawux npubopax. Tak, ogHUM H3 OUeHb BaXKHBIX
CpencTB HaG/IOJEHUS SIBJASIOTCA pasjuuHble BUIBI (oTOrpa-
¢upoBaHusi, a OHM, OECCIIOPHO, OTHOCATCA K (DH3HUYECKHM
npoueccaM. Boo6ule 3ech Hy»XHO cKasaTh, 4TO HabJjrofe-
Hue 00BEKTOB MHKPOMHpDAa NPOHCXOAMT TOJbLKO B Ipoliecee
Haulero (Ipu MoMOUIH MPUOOPOB) BO3meiCTBUA HA HUX, KaK-
TO MEHSIOLLEro X COCTOSIHHE, YTO TaKXKe CBHIETENbCTBYET

Oco6enHHoCTH Hallero mo3HaHHST MHKPOMHpa HaMB H3JjaralotTcss no pa6otaM
O. WU. Bnoxunyesa, B. A. ®oka, A. II. Anexcanaposa, M. 3, OmeanLsHOBCKOTO,
B. §I. TlaxomoBa, I' A. CpeunukoBa u Ap., T. e. B ¢dopMe, ocBOGOXKIEHHOM oOT
MO3HTHBHCTCKHX HacJOeHHIT.
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0 ¢usnpueckoM XxapakTepe HaAGJMIOAEHUI SBJIEHHI MHKpPO-
Mupa 2,

Bo-BTOpHIX, B 3aBUCHMOCTH OT Xapakrepa (U3UYeCKHX
TpOIeCCOB, B KOTOPBIX YYacCTBYIOT MHKPOOGBEKTHI, T. €. OT
TeX B3aUMOMAEHCTBUH, B KOTOPhIE OHU BCTYMAIOT, B TOM YHCJIe
M B Halllux npubopax, y HUX TMPOSBJSIOTCS HJIH KOPHYCKY-
JisipHble, HJH BOJHOBBIE CBOHCTBA.

Tak, ecau pisi M3ydeHHs: MHKPOYACTHI[ HCTOJb3yeTcs
(usnyeckuit mpolecc HOHU3AUNH, KaK, HAPHUMEpP, B KaMepe
BunbcoHa, To naHHble 3KCNEPUMEHTA CBHIETEJNbLCTBYIOT 06
MX (4acTHL) KOpnycKyJsipHbIX cBolicTBax. Ecim xe mas
M3yYeHHs] MHKPOYACTHIl MCIOJb3yeTcs MX PacCesiHHe OT pe-
LIeTKH KDMCTa/J/0B, TO B 3IKCIepUMeHTe OGHApYXKHUBAIOTCA
uX (4acTull) BOJIHOBbIe CBOHcTBA. IIposiBleHHe MHKpoua-
CTHUA@MH B ONpeJe/eHHbIX B3aUMOLEHCTBHSAX WJH BOJHO-
BbIX, MM KOPHOYCKYJ/SIDHBLIX CBOMCTB 3aBHCHT HE TOJBKO OT
MX B3aUMOJEHCTBHH, HO H OT HX COOGCTBEHHBIX ApAMETPOB.
Uem Gosibllle, HampUMep, HUMIYJbC YACTHIL, TeM SBCTBEH-
Hee BRICTYIAIOT ee KOPMyCKYJspHbe CBOMCTBA, H, HA06OPOT.
yeM MeHbIlle ee HMMYJIbC, TeM sipye BBICTYIIAIOT ee BOJHOBHIE
CBOHCTBA.

OueBHAHO, YTO U BOJIHBI, B CHJIy H3BECTHHIX COOTHOLICHHH
MeXIAy KOPMYCKYJsIDHBIMM H BOJHOBHIMH NapaMeTpaMu

€ h o
(v:—h—, 7»=7), MOTYT B OIpeJleJIeHHbIX B3aUMOAEHCTBUAX

NposiBJAATL CBOHCTBA, OJIH3KHE K KOpNyCcKyJaspHbIM, Tak, Ha-
npuMep, OYeHb KOPOTKHE 3JeKTPOMArHUTHbIE BOJIHBL (pEHTTe-
HOBCKHE JIyYH) HMEIOT MHOT'O OOLIETO C MOTOKOM 3JEKTPOHOB
(wactuu). M3 ckasaHHOro cjaefyer, 4YTO MHKPOYACTHLBLI H
MHKPOBOJIHBl (BOJIHBI C OYeHb BBICOKOH YacTOTOH) BO MHO-
I'HX OTHOLIEHMSX TOXAECTBEHHB! JPYT APYTry (CHMMETDHUHBI)
H pa3juyve MeXAy HUMH BO3HMKAeT U MNpOSIBASETCH JHillb
B COOTBETCTBYIOIIHMX MPOLECCAX H B ONPeLeJeHHBIX B3aUMO-
JNEeACTBHUSX.

ToxaecTBeHHOCTb KOPTYCKYJ/ISAPHBIX H BOJIHOBHIX JIBHKE-
HUH, B onpeje/NeHHBIX OTHOIIGHHSIX M Ha ONpeleJeHHOM
YPOBHe CYUIeCTBYyIOLIAss Y MHKPOOOBEKTOB, O3HAYAET, YTO

? C nosHuHKu TEOPHH TMO3HAHHS AHAJEKTHUGCKONO MaTepHajH3Ma BOMDOC O DOJIM NpH-
60poB B MO3HAHUH MHKPOMMPa coCTh 4YacTh Goviee OGIIero BOMPOGA O POJM Npax-
THKM B no3Hanud, HauGosee riyGokHe 3HAHUS O SBJEHHSX NPHPOABI MBI TOJY-
yaeM He B ITpoliecce HMX CO3ePUaHHd, a B Npouecce HX H3MeHeHHs, B Npouecce
NpaKTHYECKOro ﬂeﬁCTBMﬁ Ha HHX.
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nocnefHne 06JafaloT  KOPNYCKYJSIPHBIMM M BOJHOBBIMH
cBOficTBaMH TOJIbKO, O TepMuHosoruu B. A. ®oka, B dop-
Me MOTEHIMAJbHBIX BO3MOXKHOCTEH.

ITepexon Ke 3THX BO3MOXKHOCTEH B IeHCTBUTENBHOCTb
OCYLUEeCTBJASIeTCSl KaK B 3aBUCHMOCTH OT TeX B3aHMOJeHCT-
BHH, B KOTOPBIX yYacCTBYIOT MHKPOOGBEKTHl, TAK H B 3aBH-
CHMOCTH OT HUX COOGCTBEHHBIX MapaMeTpPOB.

O6wum 3aKOHOM MpeBpallleHHs] ONHOM M3 HECKOJbKHX
BO3MOXKHOCTEH B JAeHCTBUTEJBHOCTb SIBJISETCA HCKJIOYeHHe
ApYTHX BO3MOXHocTe#l. Tak, B OTHOLIEHHSAX NMOPSAAKA MeXIy
pequunHamu (a) u (b) cyuecTByer TpPH BO3MOMKHOCTH:
a=b, a>b u a<b, u eciu B [IeACTBHTEJBHOCTb Mepellia
nepBasi BO3MOXHOCTb, TO 1Be APYrHe YHHUTOXKAIOTCS.

OcyulecTBieHHe BO3MOXKHOCTH TPOSIBJEHHST KOPIIYCKY-
JIIDHBIX CBOHCTB JIMKBUAMPYET BO3MOXKHOCTL MPOSIBJIEHHS
BOJIHOBBIX CBOHCTB, U HaoGopor. Hanuuue toxmecTsa, ciiusi-
HHS1 BOJIHOBBIX M KOPNYCKYJ/SIPHBIX CBOHCTB MHKDPOOGBEKTOB
B (opMe BO3MOXKHOCTH (CHMMETPHsI 3THX CBOHCTB) M HX
B3aMMOHCKJIOUEHHe B Mpollecce mnepexona H3 (OpMbI BO3-
MOXKHOCTH B (OpMYy HeHCTBUTENBHOCTH (aCHMMeETpPHUSl 3THX
csoiictB) 06wenuHeno H. Bopom B chopmynnpoBaHHOM UM
NPHHIUIE TOMOJHHUTENbHOCTH 3,

OnHocTOpOHHE pasnyBasi B CHCTeMe MHKPOOOBEKT — MpH-
6op poab npubopa, H. Bop npumen u K omHocTopoHHei
TPaKTOBKE OTKDBITOrO MM IIpHHIHMNA, KakK TOCTyJara o
HeoOXONUMOCTH TNpHMeHeHHs TPH H3yYeHHH MUKpPOMHpaA
npu6OpPOB [BYX THIOB: TNPOCTPAHCTBEHHO-BPEMEHHHIX H
HMIYJIbCHO-3HEepPreTHIeCKUX,— NMOKAa3aHHs1 KOTOPbIX B3aUMHO
IDOTOJIHSAIT APYT Apyra.

OueBuJHO, YTO XOTS1 B 3TOH TPAKTOBKe HMeeTCsl MAOJs
HCTHHBI, OHA BCe JKe 3aTylleBbiBaeT Ny6oKoe coiepiKaHHe
NpHHLIHNA NOTOJHUTEIbHOCTH, 3aKJIOYaollleecss BO B3aUMO-
CBA3W CHMMETDUH H aCHUMMeTPHHM BOJIHOBHIX H KOPHYCKY-
JISPHBIX CBOHCTB MUKPOOOBEKTOB.

B-Tperbux, cyillecTBEHHOH 0COGEHHOCTBIO MO3HAHUSI MUK-
pomupa siBJsiercs Bce 0oJiee Hapacraloilas HeoGXOAUMOCTh
B TOC/EIOBATEJLHOM OrpallMYeHHH JAMJacoBCKOrO JeTep-
MHHH3Ma, @ TeM CaMbiM M MeTOIOB MBLILIJIEHHS KJaccuue-
cko#l ¢usnku. Kak usBecTHo, ryy6OKOi KPHUTHKe JIaMJacoB-

3 BuauMo, NPHHUMN HONOJHHTeqbHOCTH H. Bopa B KauecTBe CBOe#t OCHOBBHI HMeeT
B3aMMOCBH3b CHMMETDHHM M aCHMMETDHM BOJHOBBIX H KOPNMYCKYJSDHBIX CBOMCTB
MHKPOOGLEKTOB.
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CKHHl JeTepMHHH3M Obla MoABepruyt elle ®. DHreabcoM BO
Bropo# mosoBuHe XIX Bexa. Ho Bo Bpemena ®. Jduresanca
JansnacoBckas GopMa JeTepMUHH3MA, BMed Iiy0oKHe KOPHH
B OCHOBHBIX INPHUHIHUMNAX KJacCHUEeCKOH (HU3HUKH, KOHEYHO,
He MorJyia GbITb NpeojoJeHa, H60 OHa B OCHOBHOM IOATBED-
XKJanach Kaaccuueckoil GU3UKOMH, XOTS H B nocjaejHell Obliu
yXe TEHIEHUMH K ee orpaHuyeHuo. Ho Bce Ke KpHTHKE
JlanJacoBcKoro nerepMunuamMa ®. DHrenbcoM HMeeT OrpPoM-
HOe METOJOoJIOTHYecKoe 3HaueHHe U [JIs1 Haulero BPEMEHH.
[TosToMy He NHIIHe HANOMHHUTL OCHOBHbIE IOJOXEHHS 3H-
reJIbCOBCKON KPHTHKH JAIllJIaCOBCKOTO JE€TEPMHHH3MA.

®. DHrenbc OrpaHHUEHHOCTb JAaMNJacOBCKOIO JeTePMH-
HM3Ma BHJeJ NpexJe BCEr0 B TOM, YTO B 3Toi (opme me-
TePMHHH3Ma TNpPHU3HAETCH NPOABJEHHE HEOOXOTUMOCTH TOJIb-
KO 4epe3 HeHM36eXKHOCTb H OTPHLAETCS ee IPOsIBJIEHUE uepes
cAy4alHOCTb M 'BO3MOXKHOCTh. OTCIOZAa — Y30CThb ¥ OTpaHH-
YEeHHOCTb, MpUCYLIHe 3TOH ¢opMe JeTepMUHU3MA.

JlanmacoBckufi, uau, Kak ropopua @. DHresbc, MeXaHH-
CTHYECKHH, NeTepMHHHU3M ONHpaeTcs Ha OTpHLAHHE OOGBEK-
THBHOTO CYLIeCTBOBAHHSA CJYYalHOCTH, HJIi Hero OGbeKTHB-
Hasi peajlbHOCTb CYIIECTBYeT TOJBbKO B cdepe He0GXOIHMO-
cru. OTciofa U ero HECOBMECTHMOCTb C IPH3HaHHEM OObeK-
THBHOT'O CYLIECTBOBAHHS CTATHCTHYECKHX 3aKOHOMEPHOCTEH.
B nannacoBckom IeTepMHHH3ME, OTMeUYas JHresabc, Heob-
XOJHMOCTb, B HTOTe, NIpeBpallaercs B NpeRoNpeaeJeHHOCTb,
B KaKOH-TO POK, T. €. CTAHOBHUTCSl B IIPOTHBOpEUHE C Hayuy-
HblM IIO3HAHHeM fIBJEHHH NPHUPOABI U UX NMPAKTHUYECKUM HC-
0JIb30BaHHEM.

OrpaHHYeHHOCTh J1aTJIaCOBCKOR (DOPMbI A€TEPMHHH3MA,
ormeyeHHass ®. DHrenbcoM, SPKO HPOSIBUNACH B CBeTe OT-
KpbITHH KBAHTOBOH MeXaHHMKH, a NO3JHee M KHOEPHETHKH.
KBaHToBasi MexaHWKa Jajia BCECTOPOHHHE OCHOBAHMSA /IS
IpeooNIeHHs JalJIacoBCKOH (opMbl JeTepMHHH3Ma B (H-
3UKe U yraybOiaeHusi ee duaocodbckoil KpUTHKH. B csere
OTKPBITHH KBAHTOBOH MEXaHHMKH CTaj0 SICHBIM, YTO TaKoe
Tpe6oBaHHe JalJIacOBCKOTO IeTePMHHH3Ma, KaK TpeGoBaHHe
OJHO3HAYHOH  ONPEeNeNeHHOCTH TNOCAeNYIOHIHX COCTOTHHH
YaCTHL HX TNPeNbIAYLIUMH COCTOSHHAMH, B MHKPOMHpE He
BHINOJIHsIeTC. Ha MaTtepuase KBaHTOBOH MeXaHHKH CTaJja
SICHOH HeOOOCHOBAHHOCTb M TAKOTro TpeGOBaHHS JalJacoB-
CKOr0 JeTepMHHH3Ma, KOUAa pacCMaTpHBAaOT JIOGYI0 He-
OmpefieIeHHOCTh B IapaMeTpax fBJEHHMH MHKPOMHpPA Kak
peayJbTaT HETOUHOCTH HAlUMX 3HAHMH, HAIIUX H3MepeHHH.
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KBanToBasi MexaHHMKa OTKpBla CyLICCTBOBaHHE OOBEKTHB-
HOH HeONpeLeJEeHHOCTH B $IBJIEHHSIX MHKDOMHPA, KOTOPYIO
HH MPH KaKOH TOYHOCTH U3MepeHUH yCTpaHUTh Heab3s .

[Ipusnanuve cyulecTBOBaHUsA OOBEKTHBHOI HeollpelesieH-
HOCTH B fBJEHHAX MHKPOMHpAa HENOCPeACTBEHHO CBS3aHO
C npU3HaHHEM NPOSIBJEHUST HEOGXOAUMOCTH He TOJBKO depe3
HeHu30eXKHOCTb, HO U Yepe3 CAyUalHOCTb H BO3MOXKHOCTb. CO
BpeMeHHU MOsIBJIeHUs] KBAHTOBOH MeXaHHKH B NMPUPOJie CTaJH
cHCTeMaTHYeCKH H3YUaThCsl He TOJBKO JAefiCTBHTe/NbHblE H
HeoOXOJUMble COCTOSIHHS ee sBJeHHH, HO ¥ HX cayuyalHble
U BO3MOXKHBIE COCTOSIHHSI, @& TaKXke M B3aUMHBble Iepexoibl
HepBBIX BO BTOphle W o6GpaTHo. TakiKe cTaju H3yyaTbCs
He TOJIBKO OIpefesieHHOCTH fIBJEHWH NMPUPOMAbI, HO M HX He-
ONpe/le/ieHHOCTH, IpHYeM He B MX H30JUPOBAHHOCTH, & B HX
B3aUMHBIX IepPexX0o/lax.

OO06bekTHBHAs QHaJieKTHKa NPUPOABI 3HAYUTEJNbHO Ty6-
’)Ke 0o0Hapy»KeHa KBAaHTOBOH MexaHHKOH M OCHOBAHHBIMH Ha
Hefl OTpacAsaMH HOBOH (HU3HKH (KBaHTOBAsi 3JeKTPOJAHHA-
MHKa, (U3HKA 3JIeMEHTAapHbIX YacTHL, KBaHToBas (pH3uKa
TBepIBIX TeT M T. I.), yeM Kjaccuueckoil ¢usukoi. Otciona
H OTPOMHOe 3HaUYeHHe KBAHTOBOM MeXaHHKH He TOJbKO s
pasBUTHA (U3UKH, HO M JJS pa3BUTHA PuIocodUH AHajeK-
THYECKOr0 MaTepHa/juaMa. TaKOBbl OCHOBHble OCOGEHHOCTH
Halllero MO3HAHHUS MHKPOMHpA, 6e3 yueTa KOTODBIX HeJb3sl
NpPaBUHJIbHO OllpelesuTh (pUIOCODCKHe MO3ULHHU IPH OTBeTe
Ha BoIpoc 0 (hU3HYEeCKOM CMbIcJe BOJHOBOH (DYHKLHH.

2. O6 0CHOBHbLX HANPABAECHUAX
8 onpedeseruu GU3UHECKO20 CMbICAA BOAHOBOL GYHKYUU

Bce u3BecTHble HHTeprperalud (U3UYECKOT'O CMBICJA
BOJTHOBOH (YHKUMH MOXKHO OTHeCTH K J[ABYM OCHOBHBIM
HalnpaBJIeHUAM: OHTOJOTHUECKOMY H I'HOCEOJOTHYECKOMY.

O6 06beKTHBHOH HeoNpeleseHHOCTH NMapaMeTPOB SBJEHHA MHKPOMHpDa TIOBODHT
C. T. MeJwoXuH, OTMeYasi, UTO «OCHOBHbIE CBOACTBA MHKPOOGBEKTOB SBJASIOTCS
CTaTHCTHYECKH CPeJHHMMH BO BpeMeHH. ODTO 3HAYMUT, YTO €CJAH HeNpephIBHO
yMeHblIaTh HHTEpPBaJ BPEMEHH, TO KaXKAbil pa3 OyAyT NoJydaTbCcs passHuHBIC
3Ha4YeHHs] CBOMCTB, a MuXeT OhTb, ¥ pa3Hble MMUKpPoOGBEKThi» [2, cTp. 139]. Cy-
1ecTBoBaHe OGLEKTHBHON HeonpedesneHHocTd oTMedaer H B. . ITaxomoB, Ha-
3piBasi ee «HMCTHHHOMN HeOoNpegesNeHHOCTbIO». B mpoliecce poXIeHHsT DE3OHOHOB,
NMUIIET OH, JKCMEPHMEHTAJbHO 061apPYKHBAETCS <«UCTHHHAS HeONpeleleHHOCTDLY,
NPUHLHUIHANBHO OTJHYHAS TO CBOEMY CMDLICAY H NPOUCXOANEHHIO OT HeTOYHOCTH
uamepenui [3, cTp. 120).
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CTOpOHHHKH MEPBOrO HanpaBJeHHSl CTpPeMsITCs, B Tep-
BYI0O ouepelb, YKas3aTb Ha IPHPOAHBI aHAJOr BOJHOBOH
GyHKIUYM, TOHHMAasi NMOA HHUM HJIH ocoOble MaTepHasbHble
o6pasoBaHua (BosHOBOH maker IllpemuHrepa), uam ocoOble
BHIBI B3aUMOAEHCTBHS (B3auMMOJIEHCTBHE YACTHI[ ¢ 0COOBIM
BOJIHOBBIM noJiem — J1. Bom).

He naBas xapakTepucTHKH BCeM BHIAM TAKHX MOMBITOK
onpele/UTh TNPHUPOMHBLII aliajor BOJHOBOH (yHKuHH [4,
ctp. 453—463; 5, crp. 29—39], KOPOTKO OTMETHM TOJIbKO
crenymomtee. Bo-nepBbix, o6liell OCHOBOM 3THX IONBLITOK
ABJISleTC HeJOOLeHKa KaK 0COGeHHOCTH MHKPOMHpA, TaK U
ocoGeHHOCTEl €ro MO3HAHHUS, a TakXKe CTpeMJeHHe B TOM
HJIM HHOH (opMe HCTOJKOBATh NOHATHS KBAaHTOBOH Mexa-
HUKH B JlyXe KJacCHUeCKoN (PH3UKH, B YACTHOCTH C NO3HUIUHH
JanaacoBCcKOro JeTepMHHU3Ma. Bo-BTopeIX, GeccrnopHo mo-
JOXKHUTEJbHLIM BO B3IJIIlaX CTOPOHHHKOB NaHHOTO Hampas-
JIeHUsI dBJsieTCs HX YOeXIeHHOCTb, KOTOPYIO pasiensiioT
60JbMIHHCTBO (GU3NKOB, B TOM, YTO BOJIHOBast (GYHKUHUSA HMe-
eT 00'beKTHBHOE COLeplKaHHe, T. €. OTpaxKaer Kakyio-to ¢u-
3UYECKYIO peasibHOCTb, a TaK¥Xe H TO, YTO OHHM De3KO BHI-
CTYNalOT MPOTHB BCEX NOMNBITOK HHAETEPMUHHCTCKH HCTOJKO-
BaTh KBAHTOBYIO MeXaHHMKY. Tak 4TO BO B3T/IsiaX CTOPOH-
HUKOB NepBOTO HalpaBJeHHS UMEIOTCA H OTpHLATEJbHBbIE, U
[I0JIO2KHTEJIbHBIe CTOPOHBI.

UTo Ke KacaeTcsi CTOPOHHHKOB BTOPOTO HampaBJ/eHHs
(rHOCeo/IOrHYeCcKoro), To HYKHO OTMETHTb, YTO HX B3TJIsIbI
BecbMa pasHoponHble. CpelM HHX BCTpeuyaloTCsl M TakKHe,
KOTOpble HAYHCTO OTPHIAIOT OGBEKTHBHOE CONEep:KaHHe B
NOHSITHH BOJIHOBOH (DYHKUHH U PaccMaTpUBAIOT 3TO MOHSITHE
NPOCTO KaK MaTeMaTHYeCKMH CHMBOJ, a BOJHB e DBpoil-
JIsl — KaK «BOJIHbI Hallero 3HaHus». Ho cpeiyu HHX umeloTcs
1 TpUBepXKeHUbl B3MVIAA0B, OCHOBAHHBIX Ha MO3UIUAX IH-
aJIeKTHYECKOro MaTephaJsu3Ma, HalpaBJIeHHbIX [POTHB MO-
NbITOK [JaTb HHIETePMHHHUCTCKOe H CYOBEKTHBHCTCKOe HC-
TOJKOBaHHe KBaHToBOH MexaHuku (. M. DBuoxuHues,
B. A, ®ok, A. 1. Anekcauapos).

Y CTOPOHHHMKOB THOCEOJIOTHUECKOTO MOAXO0Na K omnpene-
JIEHHIO BOJIHOBOH (DYHKUIHH HMeeTcsl TO ofllee, 4TO Bce OHH
NPU3HAIOT GOPHOBCKYIO TPAKTOBKY BOJIHOBOH (YHKIHH (KaK
BbipaXkKeHHe AaMIUIUTYAbl BEpOSTHOCTell) U ee CTATHCTHYe-
CKYIO HJIH BEPOSITHOCTHYIO CYUIHOCTb. A 3TO 3HAYHUT, 4TO GOp-
HOBCKasl MHTepTIpeTalus BOJTHOBOH (YHKIHH MOXKeT ObITb
HIITepPNPCTHPOBAHA ¢ CAMDBIX Pa3JIMUHLIX NO3HUMi. Buau-
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MO, Bce aeso B ToM, Kak otMmerun A. JI. Asekcauapos, uto
BKJIa[blBaThb B [IOHHMaHHe CylleCcTBa (PU3HUECKHX BEJHUHH,
HX H3MepeHHs] H BeposATHOCTH [6].

OueBHIHO, YTO CTOPOHHHUKH [IHaJeKTHYECKOTO Marepua-
JIU3Ma, pacKpblBasg THOCEOJOTHUECKHH acmeKkT BoOmpoca o
CMbICJIe BOJHOBOH (DYHKIHH, B CUJY €ro rnepernJeTeHHsl C OH-
TOJIOTMYECKHM acrneKTOM W NpH3HAHHA 0ObEKTHBHOTO COmep-
JKaHUA B NMOHATHH BOJHOBOH (DYHKLUHH, PHXOASAT U K HEKO-
TOPBIM BbIBOJIaM 00 ee MPUPOSHOM aHaJore.

B nnaue Halle#l TeMbl 60JbLION HHTEPEC MPEACTaBJ/SET
cpaBHeHHe B3rJsiNOB Ha BosHOBYI (yHkuuwo . H. Bao-
xuHUEeBa 1 B. A. ®oka, Tak Kak KaXIblfi U3 HUX C OJMHa-
KOBBIX (HJIO0CO(PCKUX, HO Pa3JHUUHBIX (DH3HUECKHUX MO3HIHH
OTMeYaeT BajKHble CTOPOHBI B (PU3UYECKOM CMbICJIE BOJIHO-
BOM (YHKIIHH.

Ilpexne Bcero ormerum TO o6llee, YTO HMeeTCs B HX
B3rJsAax Ha BoJHoByl0 ¢yHkuuioo. Kak 1. M. Bioxunues,
Tak 1 B. A. ®ok npusHalOT 00beKTHBHOE CONepKAHUE B IO-
HATHHY BOJHOBOH (PYHKUHHM M Pe3KO OTMeKeBBIBAIOTCS OT ee
uJeanucTHYecKHX uHTepnperauuit. Ilpu aHanuse cmbicia u
3HaueHHs] BOJHOBOH (YHKLHUH OHH OMHPAIOTCS Ha 0COGEHHO-
CTH MHKDOMHpA M €ro NO3HAHUS, NMPHUEM OAMHAKOBO CUH-
TalOT, YTO NpPeAMEeTOM KBAHTOBOH MeXaHHKH fIBJSIOTCS CH-
CTeMbl: MHKpouacTuia — npubopsl. Otciona, mpaBaa, pas-
JUYHBIMH TYTSAMH, OHM TPHXOJAAT K OJMHAKOBOMY IO CyIIe-
CTBY BBIBOLY O TOM, YTO CBOHCTBAa MHKPOOOBEKTOB SBJSIOTCSH
OTHOCHTEeJbHBIMH K CpeAcCTBaM HaOJIIOLeHHs, TOHHMAasl MO
TMOCJeJHHMU Te B3aUMOLEHCTBHUS, KOTOPBIE HCIONb3YIOTCS
B HalluX mpubopax.

Pasnuune xe mexny Barasgamu . U. Baoxunuesa u
B. A. ®oka Ha cyllecTBO BOJIHOBOH (YHKUMH cCJedyloliee.

JI. Y. BnoxuHues B KauecTBe MCXOLHOTO TOHATHA 1J4
XapaKTepHCTHKU BOJIHOBOH (YHKIHM pacCMATPUBAeT MOHS-
THe O KBAaHTOBOMEeXaHHYeCKHX aHcaMOJsX, MPeNCTaBJso-
KX cOG0 0GbeKTUBHbIE COBOKYMHOCTH COCTOSHHH KaK MHO-
THX YaCTHI, TaK ¥ OJHOH YaCTHILBL

ITockonbKY COCTOSIHMSI KaK OJHOH YaCTHLBI, TaK U MHO-
FHX YacTHLL He MOTyT ObITb YCTAHOB/JEHLI B eXMHHUHOM
aKTe M3MepeHHs1 (CAUHHUYHOM OIbITE), NOCTOJNbKY HEOGXOMHU-
MO HMeTb Jelo0 C HaGopaMH H3MepeHHH, KOTOpble TaKXke
NpeNCTaBJASIOT CcOGOH KBaHTOBOMeXaHHUeCKHe ancaMOJIH.
Takum o6pa3oM, KBAaHTOBble aHCAMOJH CYILECTBYIOT B ABYX
¢opmax: B ¢popme 00BLEKTHBHOH peanbHOCTH, KaK COBOKYII-
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HOCTH COCTOSIHHMIl YaCTHIL WJIK YaCTHLbI, H B popMe oTpaxe-
HHSl 3TOH peaslbHOCTH B HallleM I103HAHHH, KaK Habop H3Me-
pPeHHil 3THX COCTOSIHWIL,

B MOHATHH  KBAHTOBOMeXaHHUYECKHX aHcamG.eft
J. Y. BaoxuHueBy, Ha Hall B3LJISIL, YAAJ0Ch NpPaBHJIbHO
peLHTh BONPOC O COYeTaHHU OOBEKTHBHBIX # CYOBHEKTHBHBIX
MOMEHTOB B KBAHTOBOIH MeXaHHKe HAa OCHOBE MapKCHCTCKO-
JICHHHCKOH Tcopun ortpaxcHus. CyObeKTHBHbIE MOMEHTHI,
T. €. MOMEHTHI, CBA3aHHblE C NEATEJbHOCTBIO HabJilomaTels,
B NOHATHAX KBAHTOBOH MeXaHWKH MPENCTaABJSIOT cOGOH He
4TO MHOe, KaK OTpa’KeHHe OOBEKTHBHBIX COCTOSHUH MHKDO-
001-eKTOB B HX NPHHAMIEXKHOCTH K KBAaHTOBOMeXaHHYeCKHM
aHcambJisam.

OcHoBbIBasicb Ha TOHSITHMH O KBAHTOBOMEXaHHYeCKHX
ancambasax, II. M. BnoxuHues cocrosiHMe MHKPOUYACTHIL
ompefesieT KaK X NPHHANJIEXKHOCTh K TOMY HAH HHOMY
aHcaMm6J10, T. e. OTJe/IbHOE PacCMAaTpPHBAeT TOJBKO JIHIIb B
TOM CBSI3H, KoTOpas BeleT K obiemy. OTCiona ‘BOJHOBYIO
(YHKIHIO OH onpeleJssieT KaK CTATHCTHYECKOE OMHCAHHE CO-
CTOSIHMH YaCTHL B UX MPUHANJNEKHOCTH K KBAaHTOBOMEXAaHH-
yeckuM aHcam6aaM. Ho B KaXXgom ormesibHOM Beerma cy-
uiecTByet oblilee, NO3TOMY B KaXJOM COCTOSIHMH YaCTHIbI
BhIpaXKaeTcsl U ee NMPHHAIEKHOCTb K KAKOMY-TO aHCaM6JI1o0,
OGBEKTHBHOM XapaKTePHUCTHKOH KOTOPOTO TaKXKe SIBJSETCS
BoJIHOBast GyHKuus [7, crp. 45, 54).

C rtouku 3pennsi [. U. BuoxuHuesa, riaBHOE B BOJHO-
BOM (YHKLHM 3aK/JI0YaeTcsi B TOM, YTO OHa BLIpAXKaeT He
HMHAMBHMIYyaJbHble CBOMCTBA COCTOSIHMH YacTHIbl, a OOLIHe
CBOHMCTBa €€ COCTOSIHHH, Yepe3 MPHUHALJEXKHOCTh COCTOSIHHE
JaCTHLB K KaKOMY-TO KBAaHTOBOMeXaHHYECKOMY aHcaM6.1io
[8, cTp. 64].

Hannoe nosnoxenue . W. BuoxuHnesa TecHo cBsizano
C yueTOoM TaKoil OOGBeKTHBHON 0COGEHHOCTH MHKPOMHpA,
KaK CTHpaHMe B HeM HHAHBHUAYAJbHBIX Pa3JH4YUil MEXKIY ero
00'beKTaMH, B YaCTHOCTH TOXKIECTBEHHOCTb OJMHAKOBHIX ya-
crull. B ero TpakrtoBKe BoJiHOBasi (GyHKUHS TJYGOKO CBsA3a-
Ha C NPHUHUHUIOM TOXKIECTBEHHOCTH OIMHAKOBBIX UACTHILL

Tenepr nepeitnem k xapakTepucTuKe B3T/IAI0B Ha BOJ-
HoByl0 @yHKuuio B. A. ®oka. B xauecrBe MCXOMHOrO MOHS-
THA VIl OlNpellesleHHs1 BOJIHOBOH (YHKUHH OH INpPHUHHMAaer
NOHATHEe 00 OOEEeKTHBHO CYLIECTBYIOIIMX MOTEHIHAJbHbIX
BO3MOXXHOCTSIX B3aHMOIEHCTBHS MHKPOYACTHIL C YCJIOBHUAMH
UX CyllecTBOBalHS — CpPeAoil, B TOM yHcJe U ¢ Npubopamu.
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ﬂ'lpnqu, TI0 ero MHEeHHIO, B KBAHTOBOH (pU3UKe MeXAV
MHUKPOOOBEKTaMH M TNpUGOpaMu HeNb3sl TPOBECTH PE3KOit
rpaHy, Tak Xe KaK HeJib3sl NPOBECTH PE3KYI0 IpaHb MeXAy
OpraHu3aMoM H ero cpenoit B Guosoruu [9, ctp. 234].

ITo cyuiecTBY 3T0 TO Ke HOJIOKEHHE, YTO M HOJOMKeHHe
JI. Y. BiioxuHueBa 0 HEOT[EJUMOCTH YaCTHIbl OT ee MaKpo-
CKONTHYeCcKOH 0OCTaHOBKH, «IUKTYIOLLEH el YCIOBUS IBHXKe-
uusi» [8, crp. 64].

Hanee, B. A. ®ok BeposATHOCTH H3MEHEHHSI MHKpO-
YacTHI paccMaTpPUBaeT KaK OTpaKeHHe OOBEKTHUBHBIX IO-
TEHLIHAJIbHBIX BO3MOXKHOCTeH, B3aUMOJAEHCTBHSI YacCTHUI[ C
npudopaMu M, TaKuM oGpasoM NpH3HAET B BePOSTHOCTSX
06beKTHBHOE colepxKaHue. BosHoBast pYHKUHS, 10 MHEHHIO
B. A. ®oka, 3T0 He craTHCTHYECKOe TOHSTHe, Kak Y
. Y. BnoxunueBa, a BepOATHOCTHOe MOHATHE, OTPaXKalo-
lllee MOTeHIHaJ/bHbie BO3MOXHOCTH B3aUMOJEHCTBUSI MHKpPO-
o6bekToB ¢ mpubopamu [10, crp. 58, 65].

B cBSI3n ¢ QaHHBIM OmpejesieHHeM BOJIHOBOH (DYHKIMH
€CTeCTBEHHO BO3HHKaeT BOINPOC, UTO K€ HYXKHO MOHHMAaTb
MO TMOTeHUHaJbHBIMH BO3MOXHOCTAMH? Hackoanrko Ham
usgectHo, B. A. ®ox orpaHnuMBaercsi TeM, uTO NMOKYEPKH-
BaeT UX 00bEKTHBHOE CYLIeCTBOBAHHE B INPHPONe KaK OCHOBBI
BEPOSATHOCTHOTO XapakTepa BCeX NPOLECCOB MHKPOMHpA.

[TonnocTblo corsamasicb ¢ 3THM TOJIOXKEHHeM, HaM
NpeicTaBysieTcs HeOOXOAMMBIM N06aBHTh CJedyiollee.

B npupose uMeloTcs BO3MOXKHOCTH IBOSIKOTO POfa: BO-
HepBBIX, BO3MOXKHOCTH, yXe CYIIeCTBYIOIIMe B NAaHHBIX CO-
CTOSIHUSIX MHUKPOOOBEKTOB U NPH NAHHBIX YCJIOBHSX, H, BO-
BTOPBIX, BO3MOXKHOCTH, BO3HHKAIOLMe MPH M3MEHCeHHH HaH-
HBIX COCTOSIHHH M YCJ0BHHA. Buaumo, mopx norennuasdbHbIME
Bo3MOXKHOCTAMH B. A. QoK mMOHHMaeT HMEHHO 3TH CTaHO-
BsillleCcs] BO3MOXHOCTH, KOTOpPble BO3HHMKAIOT W HCYe33ai0T B
npoueccax U3MeHEHHs] COCTOSIHHII OGBEKTOB H YCAOBHIl HX
cymiectBoBaHusl. IlpusHaBasi cyuiecTBoBaHMe MOTeHUHAJb-
HBIX BO3MOXHOCTel, HeOGXOMMMO TaKKe MPHU3HATH UCTOPHY-
HOCTb M MHOXXeCTBEHHOCTb ® OOBbEKTHBHBIX BO3MOXKHOCTEI,
MX BbITECHEHHE JAPYyr APYroM, a TeM CaMbiM U CYl[eCTBOBA-
HHe O0hLeKTHBHOH HCOMPENeNeHHOCTH TIPH liepexojgax BO3-
MOXKHOCTel B JICHCTBATENbBHOCTb. DTO 03HAUAET, YTO yCTa-
HOBJIEHHE YK€ CYUIECTBYIOUIMX BO3MOXHOCTell B NaHHOM

5 «B kaxjaoM MartepuandbHoil cHcreMe,— nuiter C. T. MeslOXUH,— CYLWIECTBYET BO
MHOro pa3 GoJsiblle BO3MOXXHOCTEH, 4eM MOXKET peasnu3oBaTbes» [l11, cTtp. 31].
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COCTOSIHHH MHKPOOOTBLEKTa ellle He JlaeT OCHOBAHWH IS Ofl-
HO3HAYHOH XapaKTePHUCTHKH €ro MOocJeNYIOUINX COCTOSIHHUM,
Jla’ke B Nnpefliesax yCTAaHOBJIEHHBIX BO3MOXKHOCTeH, Tak Kak
B Npouecce M3MeHeHHS NAaHHOTO COCTOSIHHS BO3HHKHYT Ka-
KHe-TO HOBble BO3MOXKHOCTH M HCUE3HYT KaKHe-TO HMeBIlHe-
cq Bo3MoxHocTH. OTclona cjenyeT, 4TO B NMpoLecce B3auMO-
IefCTBHA YacTHUB ¢ NMpuOOPOM MOXKET INPOHCXONHTb He
TOMbKO peajiM3allus yKe HMeEIOIHXCS B ee COCTOSHHH IO
3TOT0 B3aHMOJENCTBHA BO3MOXKHOCTeH, HO U BO3HHKHOBEHHE
HOBBIX BO3MOXKHOCTeil ¥ UMEHHO HX TlepeXoJ B HOBOe JNeHCT-
BHTeJIbHOE COCTOSTHHE HaCTHUHI.

Kak 1. Y. Bnoxunues, Tak 1 B. A. ®ok, Ha Haw B3Tas],
pacKpblid BechbMa Ba)KHble pa3JHYHbIC CTOPOHLI CMbIC/]A H
3HAaYeHUs] BOJHOBOM (YHKUHM M HaMeTHJIH MNPaBHAbHLIN
NYyTh K ONpeJieieHHI0 ee 0OBEKTHBHOTO AHAJO0ra B NPHPOILE,
yepe3 pacKpbiTHE ee CBfA3€H ¢ APYTHMH MOHSTHAMH U IPHH-
HMNaMH KBAHTOBOH MeXaHHKH. JLaig TOro utobbl onpele/uTh
NPUPONHLIA aHaJOr BOJHOBOI (GYHKUHH, MMeHHO Heo6Xo-
IAMBL JaJbHEeIINe HCCIeNOBAHUA ee CBfI3ell C OCHOBHBIMH
MOHATHSIMH M TMPHHUUNIAMH KBAHTOBOH MeXaHHKH: B NePBYIO
oyepelb C 0COOEHHOCTAMH 33KOHOB COXpPaHeHHsl B MHKpO-
MHpe, C NMPHHUUIOM KBAHTOBOH CYNMepNO3HUHH, C TPHHLH-
NOM €JMHCTBA CHMMETPHH H acumMmerpuu, npuHuunom Ilay-
au, ¢ nocrosiuHoi Ilnanka u T. 1. Ho nng obocHoBaHHOTO
OTBETa Ha BOIPOC O IPHPOJHOM aHAJOre BONHOBOH (YyHKHHU
Heo6XonuM U ¢uaocopCcKuil aHaau3, B OCOGEHHOCTH Clely-
IOIIMX BOMPOCOB: O CYyleCTBe NHAaJeKTHUECKOTO NOHHUMaHHSA
neTepMUHH3Ma, 00 OCHOBaX BEPOSITHOCTHOH XapaKTepUCTH-
KH 3aKOHOB MHKPOMHpA, O COOTHOILUEHHH BO3MOAKHOCTH, CJIY-
YaHHOCTH, HEOOXONHMOCTH H JeHCTBUTEJLHOCTH M psAla
IpYTHX.

OTBeTbl Ha NaHHBIE BOIMPOCHl HEOGXOIUMO CBAZAHBI C
najbHEeHIINM pa3BUTHEM KaTeropuil NHajeKTHYECKOro Ma-
TepuanusMa. B atom nese 6osblias poJib NPHHAMJIEXKHUT
TeM BBIBOJAM, K KOTOPbIM NpHUIJIA KBAHTOBAsi MeXaHHKA B
OTHOLIEHHH OcOGelHOCTell Halllero No3HaHusi MHKpPOMHpa U
ocobeHHocTell ero sakounomepuiocred. Ho mo cux mop eiue
HelloCTaTOUHO OCO3HAHO, YTO KBAHTOBasi MeXaHMKa 3akK/ja-
JIbIBaeT OCHOBbl «HOBOTO ()H3MYECKOr0 MHPOBO33PEHHS»
[12, cTp. 402] u Tem camblM HaeT OTPOMHBLIIl MaTepUas 1Jsl
¢dunocopckux 0600UIeHHH, B YACTHOCTH U B MJlale PAa3BUTHS
KaTeropuil 1HajeKTHUeCKOro MaTepHann3dma.
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3. Urto daeT ks8anTOBAA MexaHUKA
OAsi pa3suTusi Katecopuil
OUAAEKTUECKO20 MATEPUAAUSMA?

Jlns oTBeTa Ha MOCTaBJIeHHBble BBILIE BONPOCH O CYLIHO-
CTH AHAJIEKTHYeCKOTO JeTePMHHH3Ma, O BePOSITHOCTHOM Xa-
paKTepHCTHKEe 3aKOHOB MHKPOMHMPA M O COOTHOUIEHHH BO3-
MOXKHOCTH, CAYyYaMHOCTH, HEOOXOAHMOCTH U AeHCTBHTEJbHO-
CTH Lesecoob6pa3Ho, 0000ULass HEKOTOpble BecbMa BaKHble
BBIBOJbl KBAHTOBOH MeXaHHKM, BBECTH B IOHATHUHHEBIN amlmna-
paT JuajieKTUYeCKOro MaTepuaju3Ma Takue KaTeropuu, Kak
HeoIllpelleIeHHOCTb M OIpelesIeHHOCTb, 0TOOpaxaloliide oco-
6ble (OpMBI CyWeCTBOBaHUSA SBJEHHI MHUpA.

Kaxk yxe oTMeyasoch BhILe, KBAHTOBas MeXaHHKa H3Y-
yaer He TOJIbKO OIIpelle/leHHOCTH SIBJEHUH MHUKpOMHUpa, HO
UX HeollpeJeJieHHOCTH, oO/nafaline, Kak U nepsele, 00bek-
THUBHBIM cyllecTBoBaHueM. OTKpbITHE B 00J1aCTH KBaHTOBBIX
npoueccoB 06beKTUBHOH HeONpeJeJeHHOCTH fBJEHUH IIpH-
poAbl 00YCJIOBHJIO OCTPOe NPOTHBOpeuHe MeXAy ¢akruue-
CKMM MaTepuajoM KBAaHTOBOH MeXaHHKH M JallJacOBCKOH
¢opMoOH AeTepMHUHH3MA.

Hanuuue atoro nmpoTuBopeyusi BHOJHE HOHSTHO, TaK Kak
B NallJJacOBCKOH (opMe JeTepMHHH3Ma NPH3HAETCH TOJBKO
onpeje/eHHOCTb NapaMeTPOB, XapaKTepH3YIOLIUX SIBJEHHS
NPUPOIBI, U LeJUKOM OTPHLAeTCs UX HeOolpeleseHHOCTb.

Hayka notomy Hayka, npoBo3IJjallaer JaljgacoBCKHH Je-
TEDMUHHU3M, YTO OHa BCIOJY H Be3Je H3[OHseT Heonpeje-
JIEGHHOCTb U HMMeeT [EJI0 TOJBKO C OmpefeseHHOCThI0. IMeH-
HO C I[IO3ULUM JIAIJIaCOBCKOTO JAeTeDPMHHH3Ma HMeJNH H
UMEIOT MeCTO IIONBITKH H3THATh HeollpeleNeHHOCTH M3 KBaH-
TOBOH MeXaHUKH. JleHCTBUTENbHBIN TVIYGOKHHA CMBICA TaKHX
HHTeplpeTalull KBAHTOBOH MeXaHUKH, KaK HHTepIpeTaluu
Boma, flmomu u Ap., 3ak/jgoyaercsi UMEHHO B TOM, YTOOBI
NOCTPOUTb KBAHTOBYIO MeXaHHKY 0e3 KakuxX-Iubo Heolpeje-
JeHHOCTel, Ha 0a3e JamJacoBCKOro MAeTepMHHH3MA. DTU
IIOTIBITKU CBUJETENBCTBYIOT O OOJIBLIONH YCTOHUMBOCTH B Ha-
LuleM CO3HAaHUM JallJlaCOBCKOTO JeTepMHHH3Ma. B uem ke
IPHYMHB YCTOHYUBOTO BJMAHHSI JIAINJACOBCKOIO JleTepMH-
HH3Ma Ha CTPOH HAy4dlloro MBILIJIEHHS?

Bo-mepBBIX, B TOM, YTO J1alJIaCOBCKUI AeTePMUHU3M IIpel-
craBaser co60f He CIJIOLIHOe 3abJayXKAeHHe, a OTHOCHTED--
HYI0O MCTHHY, NIDUMEHHMYIO B MOpSKe NepBOro npub/anxKe-
HHS B AOBOJBHO ILHPOKHUX 06JACTAX MHpA.
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Bo-BTOpbIX, NMPUUMHON YCTOMUYMBOrO BJIMSIHHA JaMn/aacoB-
CKOIo JeTepMHMHH3Ma fBJSAETCH HeLOCTaTOYHO LUHPOKOe H
ray6okoe ¢uaocopckoe o6oblieHHe OTKPLITHH KBaHTOBOMH
MeXaHHUKH, YTO NIpUBeJo K TOMY, UTO JIamJacOBCKOMY TMOHH-
MaHMIO JeTepMHHM3Ma He OblIO IIMPOKO NPOTHBOMOCTAaBJIE-
HO OoJiee Iay6oKOe, OCHOBaHHOEe Ha (aKTHYECKOM Mare-
puajie COBpeMeHHOH HayKH, OHaJeKTHKO-MaTepHasucTuye-
CKOe NMOHMMaHHe [eTepMHHHM3Ma. B oTauume ot smannacos-
CKOTO JeTepMHHH3Ma, KOTODblil NMPU3HAeT Jullb OINpeeseH-
HOCTM $iBJIeHMH MHpa, [AHaNeKTHYeCKHil JeTepMHUHH3M
ONMHpaeTcss Ha JAHAJNEKTHKY COOTHOLIEHHS OIpeJeJIeHHOCTH H
HeomnpeAeJeHHOCTH B Ilpolleccax B3aUMOJelCTBHA W NpeBpa-
LleHu{l ABJeHUH Mupa.

B mensx GoJbliell ICHOCTH H3JI0OXKEHHS KOPOTKO HamoM-
HUM HEKOTOpble MOJIOXeHUS KBAHTOBOH MeXaHHKH, M3 KO-
TOPBIX BbIT€KaeT HaJMuHe B NpUPOAe OOBEKTUBHOH Heompe-
JeJIeHHOCTH B SIBJIEHHSIX MUKDOMHpA.

C 06bekTHBHON HeonpeJeeHHOCTbIO B IPOLECCax MHKPO-
MHpa (HU3HMKa CTOJKHYJACh ellle B GOPOBCKOH MOJENH aTo-
Ma, B CBSI3H C e€ IIOCTYJ1aTOM, YCTaHABJHUBAIOWIUM CJELYIO-
Liee COOTHOUIeHHMe MeXJy JSHepreTHUeCKUMH YPOBHAMHU
9JIEKTPOHA B aTOMe H YacCTOTOM ero H3JyueHHs HWJH MOIJIO-
LleHUs1 3JeKTPOMAaTrHUTHBIX BOJIH: EzTElzv rne Ey u
E,— sneprernueckue ypoBHH, h — noctosinnas [lnanka, v —
4acToTa M3JIyUeHHOTO WJIHM TOTJOLIEHHOTO CBETa.

Kax BHAHO M3 JaHHOTO COOTHOIIEHHS, YaCTOTa H3JydYeHHs
9JIEKTPOHA 3aBHCHUT He TOJbLKO OT TOTO YPOBHS, C KOTOPOro
OH IepeXOoJUT, HO U OT TOTO YPOBHS, Ha KOTOPHIIl OH mepe-
xoaut. IlepeliTn e 3JeKTPOH MOXKET ¢ JaHHOTO YPOBHS Ha
PsiA BO3MOXKHBIX YPOBHeH, TaK YTO HaJUL0 OKa3blBaercs
sIBHAasl HeONpeJeJeHHOCTD.

HeonpenenenHocTs 3fech CBsi3aHa C HaJMYHeM HeCKOJb-
KHX BO3MOKHOCTeH [/ Ilepexoia 3JeKTPOHa ¢ OJHHX 3Hep-
reTHUeCKHX ypoBHedl Ha japyrue. Takum o6pasoM, Mbl 3/ecCh
HMeeM [0 He C JOCTOBEPHOCTbIO Iepexoja 3JEKTPOHa
HMEHHO Ha JaHHLII ypoBeHb, a C HEKOTOPOIl BEPOSTHOCTBIO
UMeHHO 3Toro nepexona. OueBHAHO, UTO HeOmpeleJeHHOCTb
31eCb BblpazKaeTcs yepe3 BO3MOXKHOCTH M BepPOSTHOCTH.

Boo0llle HYyXXIO OTMETUTb, YTO TaM, TIe CYILeCTByeT
MHOXeCTBO BO3MOXKHOCTEH, a OHM BO3HMKAIOT M HCYEe3aloT,
TaM HMeeT MeCTO H OO'BEeKTHBHAs HeolpeleseHHOCTb. B uc-
TOPHH (PU3MKH M3BECTHBI NOMBITKX HCTOJKORATb Heompeje-
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JIEHHOCTH, HMeloll{e MECTO B aTOMHBIX MepPeEXodax 3JeKTpo-
HOB C OJHMX YPOBHeH Ha JIpyrue, Kak Ha/JHuHe y 3JEKTPOHOB
«CBOGOJBI BOJH», T. €. KaK MOJHYIO HHAETePMHUHUPOBAHHOCTD
UX MOBEJEHHUS.

[Tpusnanue «cBOGOABI BOJMH» Y 3JE€KTPOHOB €CTL MPSIMOE
CJIeICTBHE OrPaHMYEHHOCTH JallJacOBCKOTO [IeTepMHHH3MA,
OTPHUAIOUIETO CYyLIeCTBOBAHHe OOBEKTHBHON HeOlpeae/eH-
HOCTH, SIBJAIOLLIEHCS OCHOBOH BepOATHOCTHOrO XapakTepa
3aKOHOB MHKDOMHDA.

Hanuune 0GBEKTHBHOM HeoNMpeReJeHHOCTH B SIBJEHHAX
MHKPOMHpa I'yOGOKO W HENOCPeICTBEHHO BhIPAXKAETCs MPHH-
IUIIOM HeolnpepejeHHocTH [efizenGepra. DTOT NMPHUHLIMI OT-
paxaer OObeKTHBHYIO HEONpene]eHHOCTb, CYLIECTBYIOILYIO
MeXJy INPOCTPAaHCTBEHHO-BPEMEHHBIMH H HMIYJbCHO-3HED-
reTHYeCKHMH COCTOSIHHSIMM MHKDOYACTHI B UX 3aBHCHMOCTH
IPYr OT Apyra, KOTOpas COCTOHT B TOM, YTO OINIpeNeTeHHOCTD
OJIHHX COCTOSIHHH MOpOXKJaeT HeonpeJeJeHHOCTh JPYTuxX co-
cTosiHUH. HacTHBIM ciiyyaeM 3TOH 3aBHCHMOCTH SIBJISIETCSI TO
06CTOATENbCTBO, YTO TaKasi ONpeNeJeHHOCTb HPOCTPAHCT-
BEHHO-BPEMEHHOTO COCTOSTHHSI MHKPOUacCTHI, KaK Hajuuue y
YacTHI, ONIpeflefieHHbIX KOOPAHHAT, BO3MOXHA JHIIp TpH
CyIL[eCTBOBAaHHH HEONpeNeNeHHOCTH B HX MMIYJbCaX.

IMpunuun HeompenenenHoctu [eitseHGepra nokaswiBaer,
4TO ONpefe/]eNHOCTh H HEONpeNeJeHHOCTh SBJEHHH MHUKPO-
MHpa HeJb3sl paccMaTpHBaTh H30JIMPOBAHHO APYr OT ApYyra,
a TOJIbKO B HX B3aHMHOH CBSI3MW M B HX B3aHMHBIX Iepe-
X0zax.

Ora cTOpPOHA COREpXKaHHS NAHHOTO MPHHLHIA SBJASETCS
OJIHOH M3 OCHOB JAMAJIeKTHYECKOTO NOHHMMAaHHUS AeTepMHHH3-
Ma B sBJeHHsIX Mupa. Eule Gosee riyGOKHM BbIpakeHHEM
JIHaJIeKTHKH ONpeIeNeHHOCTH M HeOolpeneeHHOCTH B siBJje-
HHUSIX MHKPOMHpa SIBJSETCS NPHCYLUIHH UM KOPMYCKYJSPHO-
BOJIHOBOH AyanusM. Kak yxe roBopHJIOCH BBIIIE, KOPTMYCKY-
JsipHble H BOJIHOBBbIE CBOMCTBA YaCTHI[ B MX IOTEHIHAJbHO
BO3MOKHBIX COCTOSHHAX CJIHMBAIOTCH NPYr C APYrOM, TaK 4TO
YacTHLBl B OTHOLIEHHH 3THX CBOMCTB IOJHOCTBIO Heompeje-
JIEHHBl — ONIPeJIe/IEeHHOCTb  YaCTHMIBl  OTHOCHTENBHO 3THX
CBOMCTB BO3HHKaeT IpPH I@pPexojie HMEeIOIIHXC y HHX BO3-
MOXKHOCTeH B JeHCTBUTEBHOCTb. V3 CKa3aHHOTO MOHSITHO,
YTO TAKOH IPHHIMI KBAHTOBOM MEeXaHHKH, KaK MPHHUMM OT-
HOCHTEJIbHOCTH K cpeacTBaM HabJiofeHHs (IIOHUMaeMbldl B
BBbILIEYKA3aHHOM CMBICJIE), OCHOBBIBAETC Ha OGBEKTHBHBIX
npoueccax nepexona BO3MOXKHOCTeH B JNeHCTBHTeNbHOCTh H
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0GbEKTHBIION HEOoNpeLeeHHOCTH fABJEGHHH MHKpPOMHpa —
B HX ONpejeJeHHOCTb.

O6bekTUBHAA HEOIpENeeHHOCTh SBJEHHI MHKpOMHDpaA
BbIpa)KaeTcs M B IpPUHIMNE KBAHTOBOH CynepHO3HIHH.
B xBaHTOBOI MeXxaHHKe, B OTJHYHE OT KJacCHUeCKoU (H3HU-
KH, TIPOHCXOAHT HaJloKEeHHe He TOJNbKO JeHCTBHTENbHBIX
COCTOSIHMH Ha JeHCTBHTENbHblE XKe COCTOSHHMS, HO H BOS3-
MOXKHBIX COCTOSIHHH Ha BO3MOXKHBIe H AelICTBHTeJbHBIE CO-
CTOSTHHSI. A BMecCTe C BOSMOXKHOCTSIMH H X MHOXECTBOM B
KBAHTOBYIO CYTNepNO3HUHI0 BXOJHUT H HeEONpeLeJeHHOCTb.
B kBaHTOBOH MeXxaHHKe [IONYCKaeTcCs, UYTO YaCTHIA MOXK2T
HAaXOMHUThCA YACTHYHO B OJHOM BO3MOXHOM COCTOSIHMH, a 4a-
CTHYHO B JPYIOM BO3MOXHOM COCTOSTHHH.

Tak, Hanpumep, DHOTOH MOXKHO NpPeACTaBAATH HAXOMf-
IIIMCSl YaCTHYHO B COCTOSIHHH IOJISpU3aLHH, TTApaseJbHON
ONTHYECKOH OCH KpHCTasJa, a YaCTUYHO B COCTOSIHMH IOJIfA-
pu3aluu, epleHIHKYasApHOil K To# ke ocH. Kakoe xe u3
9THX COCTOSIHME PoToHa cTaHeT NEHCTBHTENBLHBIM COCTOf-
HHeM, OObeKTHBHO SIBJISIETCS HeonpeneseHHbIM Jo fepexona
ONHOTO W3 HHUX M3 COCTOSIHHSI BO3MOXKHOCTH B COCTOSIHHE
J1eHCTBUTENbHOCTH.

«B wmaccuyeckom cmbicie,— nuumer [1. Jupax,— Hesb-
351 TIpeACTaBUTh cefe, UTO CHCTEMa HAXOIUTCH YacCTHYHO B
ONHOM COCTOSIHHH, @ YaCTHYHO B JAPYrOM COCTOSTHHH WU 4UTO
3KBHUBAJIEHTHO TOMY, UTO CHCTeMa HaXOLUTCSI B HEKOTOPOM
TPeTbeM COCTOSIHHM. 31eCh BBOAMTCS COBEPLIEHHO HOBasi
unest» [13, crp. 29].

Sroil HOBON HIeel W SIBASETCS TIpU3HAHHE OOBEKTHBHOMH
HeomnpeLeJeHHOCTH B IpolleccaXx MHKPOMHpa.

HeonpeneneHHocTh 8 KBAHTOBYIO ‘MEXaHHKY BBOIUTCSA W
MOCPEACTBOM KOPPENsUHOHHBIX CBs3ell, HMeIHUX B Hel
6oJibllIOe 3HayeHHUe.

KoppensiuHOHHBIMH CBSI3IMH, KaK H3BeCTHO, Ha3bIBaIOT
CTaTHCTHYECKYIO HJH BePOSITHOCTHYIO 3aBUCHMOCTb COGBITHH
WJIH BeJMYHH JpYyr OT ApYyra, He HMEILLyl0 CTporo PpyHK-
LIMOHAJIbHOTO XapakKTepa.

KoppensiuucHHasi 3aBHUCHMOCTL [IBVX BeJMUYHH BO3HHKA-
€T TOr[la, KOTJa OXHa M3 HHUX 3aBHCHT He TOJBKO OT BTODOH
BEeJIMYMHBI, HO TakKxke OT pAla H3MEHSIOUIMXCHA YCJOBHH.
ITpuMepoM KoppessiuOHHOH 3aBUCHMOCTH MOXKET CJIYXHTb
3aBHCHMOCTb HMHTEHCHBHOCTH TNOJADHHX CHSHH# OT HHTEH-
CHBHOCTH COJIHEUHOTO KOPTIYCKYJISPHOTO U3JTYUeHHS; TaK Kak
MeXJy [epBOH M BTOPOH HHTEHCHBHOCTBIO' HeET CTPOro#t
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(O YHKUHOHAJIbHON 3aBHCHMOCTH, TIOCKOJIbKY TepBas 3aBH-
CHT U OT TaKHX H3MEHSIOIHXCS YyCJIOBHH, KaK COCTOsIHHe
HoHOCGepH H T. A.

Ho ne saBasiercs JiM BBeJeHHe NMOHATHA 00 OOBEKTUBHOMH
HeoINpe/leJIeHHOCTH YeM-TO UYYXIbIM COLEpIKaHHIO APYTHX
KaTeropuil MartepHaJHCTHUYeCKOH AHaJeKTHKu? OTpHularelb-
HbI/l OTBET HA 3TOT BOIpOC OYIET ICeH H3 HHXKeCJeAYIOLIEero.

IIpusHanue cyuiecTBOBaHHSl ‘0O BEKTHBHBLIX HEOIpeeseH-
HOCTeH CONEpIKMTCA Y)Ke B [HAJEKTHYeCKOM IOHUMAaHHH
JIBHXKEHHS haK HaXOXIEeHHsl NBUXKYLIErocs TejJa H «3Jechb»,
H «He 31ecb». JIBUXXeHHe MO caMoOil CBOeHl CYILHOCTH eCThb
sIBHAsl HEOINpeAes]eHHOCTb, K CYLLHOCTb [BHXKEHHS BblparKa-
eTCsl U3BECTHOH NHaJeKTHYecKOoH POopMyJsIofl «H 1a, H HeT».
dra ¢opmyna Bbipaxkaer oblell (GopMoOH CyliecTBOBaHHE
06 beKTHBHON HeoNnpeae]eHHOCTH B fABJEHHSX.

Kcratu rosopsi, ogHa H3 orpaHuyeHHocTeil ¢popMaJbHOH
JIOTHKH COCTOMT MMEHHO B TOM, UTO OHa MMeeT JeJO TOJBbKO
C OIpeleNIeHHOCTbIO U OTBJIEKAeTCS OT HEeOlpeleJIeHHOCTH.
Otciona u dopmyna QopMaJbHOH JIOTHKH <WIH A2, HJIH
HeT».

OueHb spko mnposiBasieTcs OO0BeKTHBHAs HeolpefeleH-
HOCTb B CYIIECTBE CJAYYaHHbIX SIBJACHHH, YTO OBIJIO OTMEYEHO
eme ®. Jureabcom. OQHO U3 PACHPOCTPAHEHHBIX OIpejese-
HUH cJayuyalHbIX SBJ€HMH, a OHH OOBEKTHBHO CYLIECTBYIOT,
IJ1acUT: cayuyaiiHoe fIBJeHHE — 3TO fIBJEeHHE, KOTOpPOe MOXKeT
ObITb, a2 MOXKeT U He ObiTh. OUEBHAHO, YTO 3TO ONpedeseHHe
CAY4YalHbIX SIBJIEHHH OCHOBAHO Ha MPU3HAHMHM OOHEKTHUBHOU
HeollpeleJeHHOCTH IBJIEHUH MHpa.

IIpusHaHHe CyleCcTBOBaHUS OOBEKTHBHOM ‘HeOIpenesieH-
HOCTH BBITEKaeT M3 IIPH3HAHMsI NPHHIHUMNA BCeoOlllell CBSI3N
U 3aBHCHUMOCTH siBlleHH#1 mupa. IlockosnbKy 3T ¢BSI3H Oec-
KOHEYHbl U K TOMY K€ TO BO3HHMKAIOT, TO HCUE3aloT,— B JIIO-
60M cBOHCTBe siBJE€HUH, 00YCJIOEJEHHOM 3THMH CBS3SMH, Cy-
LIeCTByeT HeyCTpaHHMas OOBEeKTHBHAs HeOoIlpeneseHHOCTD,
4TO W TIPOSABJsETCS B HeH30€KHBIX HETOYHOCTAX NPH HX H3-
MepeHHH.

HeTouHocTH B HALIMX H3MePEHUSIX HUMEIOT CBOMM HCTOY-
HUKOM He TOJbKO HeCOBEPLIEHCTBO HAIIHX NMpHGOPOB, HO H
0OBEKTHBHYIO HEONpeNeJeHHOCTb, IMPHUCYLLYI0O SIBJAEHHIM
MHpa. A 3TO 3HAYHT, YTO HETOUHOCTH H3MEPEHHS AOJKHBI
OpraHHYeCKH BXOAHTb B HAYYHYIO TEOPHIO, KAK OJHH U3 MO-
MEHTOB IIPaBUJIBHOTO QTPa*Xe€HLs1 el0 O6'beKTHBHON AEHCTBH-
TeJbHOCTH. MOXHO NMOKa3aTbh, YTO BCe KaTeropHH MarepHa-
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JIMCTHYECKON MUAaJIeKTHKH TaK WJIM HHaye BKJIOYAOT B cels
Heonpele/qeHHOCTh B TOM HJIi WHOM ee BhipakeHuH. [loaTo-
MY BKJIIOUEHHe TOHATHS O HeONpeleSleHHOCTH B CHCTEMY IMo-
HATHH MaTepHAJHCTHYECKOl JAHaJIeKTUKU JHKTyeTCs He
TOJILKO TE€M, YTO 3TO HNOHATHE OpTraHHYeCKH BOLIIO B IOHSA-
THHAHBIA alapar COBpeMeHHOH HayKH (KBaHToBasi (HU3HKa,
KuOepHeTHKa), HO H MOTPeOGHOCTbIO B YTOUHEHUH H PA3BUTHU
CHCTEeMBl NMOHATHH AuajieKTHYeCKOTO MaTepHaJu3Ma.

OnHakKo raBHOE COCTOHT He B TOM, UTOObI BBECTH B CH-
cTeMy IOHSAITHH MaTepUHaJINCTHUECKOH JHaNeKTHKH KATero-
pHH OIpefieIEeHHOCTH U HeOollpe/leIeHHOCTH, a B TOM, UTOGHI
BBISICHHTbL CBSI3b MeXIy HHMH. A JJIg 3TOrO HeOGXOAMMO,
Xord Obl B NpCABapUTENBHOM BHAE, AaTh XapaKTePHUCTHKY
3THM KaTeropusiM.

Heonpenenennocts kak oaHy u3 GopM OGBEKTHBHOIO
CyllecTBOBAHHUS $fIBJEHHUI MHpAa MOXKHO OXapaKTepH30BaTh
TpH MOMOLIU CJeAYIOWHMX TPU3HAKOB: 3TO, BO-NEPBHIX, OT-
CYTCTBHE pe3KHX TpaHeil MeXIy CBOHCTBAMH H COCTOSTHHSIMH
SIBJIEHU!l TIPUPOALL, HalpUMep MeXJy MPOTOHAMH H HeHTpo-
HaMH B si[paXx aTOMOB; BO-BTOPBIX, 3TO NMpeoGJ/ajaHie 3aBH-
CHMOCTH CBOHCTB, COCTOSIHMH SIBJIEHHH APYr OT JApyra Han
HX OTHOCHTeJNBHOH HEe3aBHUCHUMOCTBIO,

B-TpeTtbux, 3T0 MposiBjieHHe HeOGXOAHMOCTH He KakK He-
U36eXKHOCTH, a KaK BO3MOXHOCTH M CJHY4YalHOCTH, HAlpH-
Mep B PAIHOAKTHBHOM pacliaje aTOMOB.

OmnpenenedHocTs — 3T0 HopMa OOGBEKTHBHOTO CYIIECT-
BOBaHHsl AIBJEHHII MHUpa, o0/Jafarollasi CJAeAYIIHMH MPH-
3HaKaMH. JTO, BO-TIepPBbIX, HaJUYHe pPE3KO BbIPaXKEHHBIX
rpaHefl MeXJAy COCTOSIHHSIMH SIBJEHHH IIPHUPOJLI, HampHMep
pe3Koe OTJMYHe MeXAy NMPOTOHaMHU U HeHTpPOHaMM B 3JeK-
TPOMAarHUTHBIX B3aHMOAEHCTBHSAX MJH B MX CBOGOIHBIX CO-
CTOSIHMAX. BO-BTOPBIX, 3TO OTHOCHTEJbHAsT HE3aBUCHMOCTh
CBOJICTB, COCTOSIHHH siBNI€HHIl Apyr oT Apyra. Hampumep, He-
3aBHCHMOCTh Macchl OT CKOPOCTH NpPH HeGOJIbIIHX BeJHYH-
Hax nocJjegHex.

B-TpeTbux, 370 BRIpaXKeHHe HEOGXOAHUMOCTH Yepe3 HeH3-
6eXHOCTb, ORHO3HAYHOCTb MEPEXOJ0B BO3MOMKHOCTH B JeH-
CTBHUTE/bHOCTb U CYLIeCTBOBAHHE HEBO3MOXKHOCTH & KaKHX-TO

8 PaccMaTpuBasi HeONpeLeNeHHOCTb caMy Mo ce6e, MOXHO JONYCTHTb, YTO BO3-
MOXMCHB! MI06bie H3MEHEHHS, TaK KaK BO3MOXHOCTb KAKHX-TO H3MEHEHHi B CHJY
GoCKOHEYHBIX CBsidel sBJeHHfi MHpPa HHYEeM He OrPaHMYHBAETCs, INO3ITOMY B
«YHCTOH» HEeONpEe[eseHHOCTH CTHPaeTCs Pa3jHyHe MeXKAY BO3MOXKHOCTbIO U geil-
CTBHTEJIbHOCTbIO.
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COCTOSHMH. 371ech Ke OTMeTHM, UTO cylllecTBOBaHHe OGbek-
THBHOH HEBO3MOXKIIOCTH KaKHX-TO COCTOSIHHME, [€PeX0Mi0B,
npeo6pa3oBaHUil fABJASETCA OJHHM W3 IJIaBHBIX NPHU3HAKOB,
XapaKTepHU3YIOWUX ONpeeJeHHOCTb SABJEHHH TPHPO,IBL.

MexX 1y HeonpeaeneHHOCTBIO U OIIPe/le e HHOCTbIO IBJIEHUH
MHpa cyllecTByer riy6okas B3aMMOCBf3bL M B3aUMOOOyC-
JoBNeHHOCTb. OupeneseHHOCTh SIBJIEHUI IIDHPONBI CYILECT-
BYeT TOJBKO Ha OCHOBEe WX HEOIpeleNeHHOCTH, BOZHHKAeT
U3 Hee M siBAseTCs ee cropoHoil. HeonpenenenHocts ke —
3TO ONpeAeNeHHOCTh B ee CTaHOBJIEHHH.

Honaroe BpeMs sBJeHHS NMPHPONBl H3YUYaJHUCh JHLIb CO
CTOPOHBI X OIIpe[eJIeHHOCTH, NpHUCYLlas XXe MM Heolpele-
JIEHHOCTb OCTaBaJjlachb B TE€HH, H O Hell IlJa peub TOJNBKO B
CBSI3W C HRTOYHOCTSIMM HAIIHX M3MePeHHH W TOJCUETOM Be-
POSITHOCTHU CJy4afHBIX SBJEHUH.

Heonpenenennoctp siBeHuit HPUPOABI cTana OGBEKTOM
HaY4HOrO II03HAHHSl CO BPEMEHH BO3HUKHOBEHHS KBAHTOBOH
MexaHMkH. Ilpuuem pnsi kBaHTOBON Pu3uku ocoboe 3Haye-
HHe MMeeT H3yueHHe IPOIECCOB CTAHOBJIEHHs1 HeONpedeseH-
HOCTH B OIIpelleJIeHHOCTh M OOGpaTHO: HalpuMep, Iepexolbl
YaCTUI U ToJeld H3 BHUPTyaJbHBIX (HeOmpeJesieHHBbIX) CO-
‘CTOSIHHI1 B IefiICTBUTeJIbHbIe (Olpe/iesIeHHbIe) COCTOSTHHUS; HIH
nepexolb!  HeollpelejeHHBbIX, OeCTPaeKTOPHBIX COCTOSIHHI
JBUXKEHHS YaCTHIl B ONpeJeseHHble TPAeKTOPHBlE COCTOSHUSA
UX JBHXKEHUs. .

Hanunyue ompefesleHHOCTH B HeONpeleseHHOCTH, KaK ee
CTOPOHBI, SIPKO NPOSBJASETCS B MHOrooO6pasHbIX HpeBpalle-
HUAX 3JeMeHTapHbIX uacTull. [lpuueM ompeneseHHOCTH B
3THX NpeBpalleHHsiX BLICTYNAIOT B IPUCYUIUX HM 3aKOHAX
coxpaHeHHsl. 3aKOHBI e (COXpaHeHHs BBIPaXKalOT Hajuyue
B 3THX INpCBpallleHUsiX psifa (HU3HUECKHX HEBO3MOXKHOCTEH,
006yCcJa0BIMBAIOLIMX CTAHOBJIEHHE ONpPELeJEeHHOCTH B IIPEB-
pallleHHsIX 3JeMeHTaPHBIX YaCTHIL.

Bonee oGmum 1noJiokeHneM, XapaKTepH3YIOUIMM BO3-
HUKHOBeHHe OIpenejeHHOCTeH W3 HeonpeleseHHOCTel, sB-
JSIeTCsl TIpeBpallleHHe BO3MOXKHOCTell B AelCTBHTENBHOCTD.

HM3ayuenve mnepexooB BO3MOXKHOCTEl B HeiCTBHTENb-
HOCTb — OJlHA ¥3 Ba>XHeHIIHX CTOPOH KBAHTOBOH MeXaHHKH.
YacTHBIM TNpPUMEPOM Ilepexoja BO3MOXKHOCTH B HeHCTBH-
TEJNBHOCTh ABJSIeTCS PeAYKUHA «BOJHOBBIX NMaKeETOB», KOTO-
pyto II. U. BioxuHLeB cnpaBefJHBO CUUTAET OGHEKTHBHLIM
thu3nyeckuM mnpoueccoMm, B OTJHUMe, HanpuMep, oT B. Teii-
3eH6epra, paccMaTpUBAIOLIErO €e KaK Hepexoj BO3MOKHO-
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CTH B Je{CTBHTEJILHOCTD, yTeM cKauka, B Ipollecce HaOJIO-
JeHHUS.

Boo6ue B. Ieiisen6epr cuyuraer, yTo «mepexoj OT BO3-
MOXHOCTH K JeHCTBHTe/NbHOCTH (COBepillaeTcs p Ipolecce
Habuonenusa» [14, crp. 34]. C rouku speHus B. IeitaenGep-
ra, HeonpeAe/leHHOCThb, IPUCYILasl BO3MOKHLIM COCTOSIHHSIM,
HNEePEeXONHT B ONpeldeJeHHOCTb JeflCTBHTeNbHBbIX COCTOSIHMH
JIMILIB B pouecce HabJiofeHHd, T. €. 6/aronapsi BMellaTe/b-
CTBY NO3Hawllero cyobeKra.

Bo3MoXHOCTL M AEHCTBHTENBHOCTD, 1O €r0 MHEHHIO, CY-
LIeCTBYIOT B CaMOH INpHupofde, a Mepexom BO3MOXKHOCTH B
HAEHCTBHUTENBHOCTb — TOJILKO B HallleM NO3HaHHHU. «PyHKuHA
BEepPOSiITHOCTEH,— MHUIIET OH,— OObeAUHAET OOBEKTHBHbIE H
CyO'beKTHBHBIE 3JIEMEHTbI», IpUYeM K OO'beKTHBHBIM 3JeMeH-
TaM OTHOCATCH BO3MOXHOCTb M JeHCTBHTE/NbHOCTh, 4 K
CYObEKTUBHBIM — NepeX0ll BO3MOXKHOCTH B JIEHCTBHTE/b-
Hoctb 7 [14, cTp. 32].

Peaykuns «BOJIHOBOTO makeTa», Ha Hall B3IVISA, Kak
06'beKTHBHBIH (DU3MYECKHH Ipollecc, MoayyaeT TPOCTYIO MH-
TepIPEeTalldI0 Ha OCHOBE 3aKOHA COXPaHeHHs] BePOSITHOCTH,
npuHaaiexallero K Haubosee o6WHUM PU3UUECKUM 3aKOHAM
coXpaHeHHsl. DTOT 3aKOH JIeKHT B OCHOBe MPHHLHUNA YHH-
tapHocTH. ETo cyluecrBo 3ak/jiouaercss B TOM, UTO OH YCTa-
HaBJHBAET, UTO CYMMa BEpOSITHOCTEH OCYIIeCTBJIEHHS BCeX
BO3MOXKHBIX COOBITHH paBHsIeTCs eIHHHLe; eNHHULE XKe paB-
Ha U BEPOATHOCTb JOCTOBEpHOro, T. e. haKTHUeCKH ocyule-
CTBHBILErocs, COORITHS.

Tenepb mpencraBHM, YTO BEPOSITHOCTH IONAAaHHS IBH-
JKYLILEerocsl 3JeKTPOHa B KaKYlO-TO TOUKY Ha (OTON/NaCTHHKeE,
noc/ie NMPOXOXKIEeHH MM KaKOTo-TO OTBEPCTHS H3 MHOTHX
HMEIOIIMXCS Ha NPOMEXYTOYHOM 3KpaHe, PaBHbl MEXIY CO-
60# M HaNMUO, CleJOBaTeJbHO, MOJNHAS HeONpeaeJeHHOCTb.
Ho mocne toro Kak 3/eKTpoH momaj B KaKylo-TO TOUKYy Ha
¢doTomaacTuHKe, T. €. peajH3oBajach OJHA KaKad-TO BO3-
'MOKHOCTb, BEPOSITHOCTH BCeX JPYIMX BO3MOXKHOCTel cTa-
JIH paBHbIMH HYJIIO, @ BEPOSAATHOCTb OCYLIeCTBHBILErocs co-
ObITHS CTalla PaBHOH e€NHHMIle, CyMMa e BCeX BepOSITHO-
cTeil ocTasach paBHOH einHMlle. B npemsaraemMom acnekrte
penyKlHs «BOJHOBOTO nakera» OTOOpakaeT OO6BLEKTHBHLII

7 B aToM oBOeM novioxkeHuu B. TeilsenGepr sBHO OOBEAHHSET MaTePHANH3M H
cyGbeKTHBHLI HAeaJsJH3M, YTO CBHAETE/NLCTBYET O HEMmoc/ef0BaTeNbHOCTH, 3KJeK-
THYHOCTH ero (PHJIOCO(PCKOro MblLUITEHHS.
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npolecc nepexofa OAHOM M3 HECKONbKHX BO3MOXKHOCTeil B
NefCTBUTEJbHOCTb, OJHONH H3 HECKOJIbKHX BepOSTHOCTeH B
JIOCTOBEPHOCTbD.

Bonbwoit uHTEpec npencraBisieT BhIsICHEHHe CBH3H BOJI-
HOBON PYHKUMH KaK XapaKTepUCTUKH COCTOAHHH ¢ TaKoH
XapaKTepUCTHKOH COCTOsIHMH, Kak 3Heprus. OcHOBOH 3TOMH
CBSI31 YaCTO CUYHTAIOT U3BECTHOE ICONOCTaBJIeHHE BOJIHOBBIX
CBOHCTB HBHKEHHS C TaKHMH ero napaMeTpaMH, Kak 3Hep-
THS, HMIYJbC, JefcTBHe. DHEPrUH, KaK H3BECTHO, CONOCTAaB-
JsieTcsl 4acToTa BOJIHBI, a HMIYJbCY — JJIHHA BOJHBL. IDTO
CONOCTaBJIeHHe INPUHAJIENKUT K YHUCIAY (YyHLaMeHTaJNbHbIX
MOJIOXKEHNUM KBAHTOBOM MeXaHWKH, H OHO Ke IOCJTYXKHJO
OJHON U3 OCHOB /i1l TPAKTOBKH BOJIH BEPOSITHOCTH KaK BOJH
TaKOro Ke THNA, KaK, HalmpuUMep, 3JeKTPOMarHUTHble BOJI-
Hbl. HecocrosiTenbHOCTh TaKol TPaKTOBKM JaBHO Y¥Ke 06-
Hapy:KeHa, HO OCTaeTcst HesiCHBIM BOMpPOC: MMeeT JH COIO-
CTaBJieHHe YacTOThl U HEPTUU BceolOlllee 3HaUEHHe, HIH XKe
OHO orpaHuyeHHo? M3BecTHO TakiKe, 4TO JJIfi TOro, YTOGHI
CIlacTH BCeOOUIHOCTh COMOCTAaBJIEHUS] 2HEePTHH U YacCTOTHI,
T. €. coOTHOUleHUss E=Hhv, BOJHBI BEPOSITHOCTH CTaJIH HH-
TepIpeTUPOBATL KaK BOJHBI HALIero 3HaHHUSA, T. €. OTPHULATH
HX 00BbeKTHBHOe cylllecTBOBanuWe. Ho B pellleHWn 3TOTO BOII-
poca eCTb M JApyrasi BO3MOXKHOCTb: MpPH3HATh OGBEKTHBHOE
CyLlleCTBOBaHNE BOJIH BEPOSITHGCTH M OTPAaHHYUTh OOLIHOCTH
CONOCTaBJ/IeHUS] 4acTOThl M 3Hepruu. Ilpu BrIGOpe 3TOM MO-
cleflHedl BO3MOXKHOCTH, OUYEBHUIHO, HeJb3sl CBA3BIEATb C
KaXKJloi BOJHON MepeHOC 3HepTMH M MacChl H paccMaTpH-
BaTb BOJIHY JIOGOr0 THIIA KaK NMOTOK 3HepruH. Bumumo, He-
o6xoguMo GoJjiee oblilee omnpejesieHde BOJHBI, KakK DYHKUHH
OT HEKOTOpbIX NapaMeTpOB, Bblpaxaiwollleii OOLIHe CTPYK-
TYPHBIe YepThl BOJIH JIOOOro THIa.

CpaBHeHHe BOJIHOBOH GYHKIHMH C 3HeprHedl Jyulle, Ha
‘Halll B3TJIAM, MPOBECTH HA OCHOBe GoJiee OOILeH CBSI3H 3HeP-
THH ¢ BO3MOXKHOCTBIO H BepOsiTHOCTBbIO. CBSI3b 3HEPrHH, KakK
Mepbl NpeBpaulaeMocTH (OpPM JBUXKEHHS MaTepuH, M Be-
POATHOCTH, KaK Mepbl IpeBpalleHUss BO3MOXKHOCTH B JAeli-
CTBUTEJNbHOCTh, OCHOBBIBAeTCS IIpeKJe BCer0 Ha TOM 06-
CTOATEILCTBE, YTO JI0OOH mpouecc NpeRpallleHHsl BKJOYAeT
B ce(s peasu3alMI0 OJHUX BO3MOXHOCTEl U YHUUTOXKEHHE
IPYyPHX BO3MOXHocTell. B03MOXKHOC™Y, KaK O0TMeyajoch
y¥Ke Bblllle, HMEIOT UCTOPHYECKHH XapaKTep, OHM BO3HUKAIOT
U HCYe3aloT, IO3TOMY JloOoe TpeBpallleHue HMeeT BepOosT-
HOCTHYIO CTOPOHY. BepoATHOCTb BXOAUT B COfepiKaHue M060-
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ro npoimecca mnpespamieHus. KuHernueckas sHeprus, Kak
HU3BECTHO, MOJKeT IIPEBPATHUTbCSI B TEIJIOBYIO, 3JEKTpHie-
CKyl0, NOTEHLMaJbHYIO H Jpyrue Buibl sHepruu. IIpuuem
BO3MOXKHOCTH 3THX NpeBpallleHWil HelpecTaHHO MeHSTCH,
MEHSIOTCST M YCJOBHSI HX TMpeBpallleHHs] B AeHCTBUTEJb-
HocTb. [To3TOMY mepexon OQHHUX BHIOB HeprHM HMEHHO B
JlaHHBIE ee BU/IBI, a He BQoOlle, coBepllaeTcss C KaKOH-TO
BEPOATHOCTBIO, a He C TOJHOH A0OCTOBepHOCThiO. KoHKper-
HBIM IpeBpAallleHHsIM 3HepTHH, CJeJ0BaTeNbHO, CBOHCTBEHHA
o6beKTHBHAsi HconpeleseHHOCTb. OObeKTHBHAs Heompeje-
JIGHHOCTb CBOMCTBEHHA H 3HAUEHHAM 3HEPruH, UTo SPKO
HpOSIBASIETCSI B BHUPTYAJ/bHBIX COCTOSIHUAX 3JeMeHTapHBIX
yactul. Mtak, Mexay 3Heprueil u 'BO3MOXKHOCTbIO H BEPOAT-
HOCTBIO CYyLIeCTBYeT TJy0OKasi 00beKTUBHAs CBS3b.

Ho cBsi3p 3Hepruu U BEpPOATHOCTH OCYILECTB/IAETCS H OINO-
cpemoBaHHBIM 00pas3oM, B YacTHOCTH uepe3 3SHTPOMHIO.
CBsi3b MeXJy 3Heprueil W sutponueil, no MHenuio M. [1nan-
Ka, ©MeeT OYeHb IVIyOOKHH XapakTep, a I03TOMY, MOCKOJNbKY
SHTPONUS CBSI3aHa C BepPOSTHOCTBIO, C BEPOSITHOCTBIO CBA-
3aHa W sHeprus. Tako#, HalpuMep, BHJA HepPrHH, KaK CBO-
O6olHasi 3HEPTHS, «MOKeT OBITh MOHAT MO CYIIECTBY TOJBKO
B 3aBHCHMOCTH OT BepositTHocTH» {16, crp. 113].

Urak, sHeprua U BepOSITHOCTh I1y60KO MexAay coboil cBs-
3aHbl, U HeT HHYero yAMBHTE/JBHOI'O B TOM, 4YTO BepOAT-
HOCTH COCTOSIHHI OIpeNe/SIlOTCS 3Heprued, a 3HaueHHs
9HeprUH — BEPOATHOCTbIO cocTosiHui. OTcioga M cBSA3b BOJI-
HOBOH DYyHKUHH C dHepruell; kKojeGaHHs BOJHOBOH DYyHK-
I[N He HeCYT 3HEPTHIO, HO 3aBHCAT OT 3HEPTHH, B CBOIO Oue-
pelb BOJMHOBAas PYHKIHUS Bblpaxkaer oOliHe BOJHOBBIE CBOH-
CTBa B IIpoleccax Nepejayd W NpeBpallleHUs] SHePrMH H HX
BepOSITHOCTHYIO CTOpPoHY. Ham mpepncraBasiercs, 4To H3yye-
HHe cBsi3edl BOJHOBOH (YHKIKH C SHEPrHed, WMIYJbCOM,
MOMEHTOM HMIYJibCA U APYTMMH NapaMeTpaMu (pU3HUECKHX
B3aUMOJEHUCTBHI BO MHOTrOM Obl MOMOLJO GoJiec riay0oKOMY
ONpeNneJIeHHI0 OHTOJIOTMYECKOTO  acmekra  (Pi3HYeCcKOro
CMBIC/IA BOJIHOBO¥ (DYHKUHH.

OnHaxko Henb3si 3a6biBaTh U O Takoil obuiell dumocod-
CKOMl OCHOBE PAaCKpBITHSI CMBICJa BOJHOBOH GYHKUMH, KaK
ee CBSI3b C KaTeropusMu HeOIpeleJeHHOCTH M ONpeleJseH-
HOCTH.

B camom o6LleM BHAe BOJHOBYIO (YHKIHIO MOXKHO Mpej-
CTaBHTb KaK XapaKTePHCTUKY OOBEKTHBHBIX MEPEeXOA0B MHK-
pouacrul U3 00/Jafal0IHKX HEONpPeeJeHIOCTbI0 BO3MOXHBIX
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COCTOSIHHH B HMeIOIlUe OnpeJle/leHHOCTb JAeHCTBUTeNbHbIE
COCTOSIHHsI, 1 HaoOOpOT.

DT0 omnpeneneHHe BONHOBOH (GYHKIHH MONYEPKHBAET H
TO BecbMa BaxKHOe 00CTOATENbCTBO, YTO BOJHOBAs DYHKUHUS
HH B KOeM c/lyyae He MOKeT ObiTb IPaBHJIbHO MHTEDIPETH-
poBaHa Ha OCHOBe J1allJ1aCOBCKOH oOpMbl AeTepMHUHH3MA, A
TOJMIBKO Ha OCHOBE JHaJIeKTHKO-MaTepHaJHCTHYECKOTO TOHH-
MaHHUsl TeTepMHHH3MAa, pa3BUTHe KOTOPOrO B CBOIO OuYepedb
HEeBO3MOXKHO 0e3 ¢usnocopckoro o6001IeHUsT BLIBOLOB KBaH-
TOBOH MeXaHHUKH.

ITosTomMy aHanu3 ¢uaocopckux npemnochIOK (PacKphl-
THSE (PU3HYECKOTO CMbICJa BOJIHOBOH PYHKUHH uMeeT GOJib-
1I0e 3HAUEHHE U B MJaHe yrayOJeHHs THAJEKTHKO-MaTepHa-
JIHCTHYECKOH TPaKTOBKH JAeTepPMHHH3Ma SIBJIEHHH TIPHUPOIHL.
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B. M. Bap6awos

DPEHHMAHOBCKHH KOHTHHYAJIBHbIM MTOAX00
K KBAHTOBOHX MEXAHHKE

KBanToBassi MexaHHKa NMpu CBOeM CO3MaHHM DHOPMYJHPO-
BaJjiacb ABYMsI MaTeMaTHYECKH pa3JyIMUHbBIMU croco6aMu: mpH
rnomowu anddepeHuuanvHoro ypaBHenus Llpeaunrepa, c
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Puc. 1

OMHOH CTOpPOHBI, H MampuuyHoil anrebpbnt [eiisen6epra —
¢ npyrofi. B manpheitmem Jlupak, co3laB TeOpHIO TIPeCTaB-
JIEHHH, MoKa3aJl, yTC 5TH ABE TOYKH 3peHHs SBJISIOTCS MaTe-
MaTHYeCKH 3KBHBAJIEHTHBIMH.

IMonxon, mpennoxeHHbit PefiHMaHOM, TpelAcTaBJseT CO-
60f Mo CylIecTBY TPeTblO HOPMYJIHPOBKY KBAHTOBOH TeOpHH.
On 6bly1 MOACKa3aH aBTOPY HEKOTOPHIMH 3aMedaHHsIMu JIH-
‘paKa OTHOCHTEJBHO POJIH KJIacCHUeCKOH (GYHKUHH AefiCTBUS
B KBAaHTOBOH MexaHuKe. M3 aToit popMyIHpPOBKH TaKxKe cie-
OYIOT MepBbie IBe, HO OHAa JaeT BO3MOXXHOCTb B3MVIAHYTh Ha
KBaHTOBYIO TeOpHIO C HOBOH TouKH 3peHHs. C oxHOM CTOpPOHHI,
3Ta HOBasi (OpMyJMpOBKA HATJISIAHO NMOKa3biBaeT, B KaKOM
NyHKTe KBAHTOBasi TeOPHs NMpHUMbIKaeT K KJacCHYecKoH, ¢
JPYrofl CTOPOHBI, OTYETIMBO BHIHBI MPHHLUHKIHAJNbHbIE PA3JIH-
Yhs 3THUX TOAXONOB K SIBJEHUSM B MHKpoMmupe. s Toro
4yTo6bl 3TO NMOKa3aTh, Mbl HAYHEM C PAaCCMOTPEHHsT KOHTHHY-
aJbHOTO NoAxona BuHepa K TeopuH GPOYHOBCKOro ABHXKe-
HHUSI YacTHll.

B 1923 r. H. Bunep [1] npennoxxun nHTepecHyio Hhopmy-
JIHDOBKY TeOPHH GPOYHOBCKOI'O JBHXKEHHsI, KOTOpasi NpuBeJa
K TIOHSITHIO (YHKIHMOHAJNbHOTO, WJIH KOHTHHYa/JbHOrO, HHTe-
rpana. Mcxoanolt Touko#t cnykui BeiBoj DiHIUTefHa [2] H
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CMOJNIyXOBCKOT'O O TOM, UTO BEPOSITHOCTDb MoMagaHusl CBOGO-
HOIl OpOYHOBCKOH 4YaCTHIB M3 Toukd x=0 B NIpOMEXYTOK
x;+dx, (puc. 1) 3a BpeMs f; ecTb

m.x"‘

1
L ¢ dx, = dP(0, 0] xy, £).

V2:nt1m‘1

Koapodunuenr puddpysuu D npunst paubiMm D=2/m.

Ilanee, BeposiTHOCTb NONafaHUsl 3a BpeMs fp — ¢y U3 06-
JacTu X;+dx, B 06;1acTh Xg+dx, paBHa

m(x; — x;)’

e 2 (t,— 1)
Vin(oa—tymt %

OHa He 3aBHCHUT OT TpeIblAyllell BepOSATHOCTH MONAaNaHUS B
x1+dx; u 1. 1. Ecnium paccmaTpuBaTh KOHEUHBI MHTEpBa
a1 — B1, TO BepoSITHOCTb 3aflaeTcss HHTerpasnom (6yfeM ee
o603HayaTh uepe3 P).

dP (x, by %o 1) =

1 Fe _ﬁ
Pu(0,0]a,—By, 1) = WS e th dx;;
By
1 [ _m(xz—x,)’
P12(x1t tl'%_'pz’ t2)=’72_n(WS€ 2(f,— 1) dx2.

B2

Hrak, BepoATHOCTb MONMafaHHUS YaCTHUBl B Gz — P2 NpH
IIPOXOXKAEHHUH Yepe3 oy — P; eCThb NpOU3BeleHHe

P02=Po1‘P12=
2
1 Qy *m [+73 (xz—xt)’m

= 2f ~ 2(h—h) dy.dx..
Vontym 12n (t, — t) m™1 § e ™ 'S ¢ ' 1%,
1 2

Ecau MBl paso6beM BpeMsl IBHXKeHHS Ha GECKOHEUHO MHOIO
HHTEPBANOB fy, ty, ... , In (pHC. 2) Tak, YTO fpyy —Ilp=dt, u
6yneM paccMaTpuBaTbh MOCJENOBaTeNbHOE INpPOXOXKIeHHe Gpoy-
HOBCKOM 4YaCTHUBl Yepe3 MPOCTPAaHCTBEHHble HHTEpBANbl X; -+

+ dxy, X5 +dxy, ... , Xp + dx,, TO, yuuThIBasi, 4TO
2 2
(g —x)*m . X2 (t) m
fk_*.l—fk—e—»o 2 (tk-l-l — tk) 2 ’
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e [
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7 | : | | | |
o/ 1
o R R R
L] I (I Lo
[ | | I | oo |
A A | | ] ] | J ] | P
él f/ Z‘Z l; in l:?
Puc. 2
NOJTyYUM
1 oy a, Gn — £ mx_:(Q €
PAB:_ﬁ—delg dx2 e ‘S.dx,,e i=1 .
Vz e m By 8. B

ITpu crpemsenun € —0, n—> co MBI NOJdydaeM BEPOSTHOCTH
TOro, 4TO0 4YacTulla npounta u3 A B B Tak, 4TO ee TpaekTopus
JexuT Mexay Tpaektopuamu B(f) < x (£) < a (). Tlpu stom npe-
JeJ1 MHOTOKpaTHOro MHTerpana Pap mpu &—0, n— oo J0OMKeH
paccMaTpuBaTbCl Kak (YHKUMOHAMbHBIH, MM KOHTHHYaJbHbIH,

tg m .
— § S e at
MHTErpaJ OT (yHKUHOHaMa e © no GbyHKUEH X (f).

O6partuMcs Tenepb K KBAaHTOBOH MexaHuke. ByneM ucxo-
IUTb U3 BooOpaxaemoro oneita. [IpexcraBum cebe (puc. 3)
HCTOYHHUK 3JIGKTDOHOB o, 9KpaH / ¢ OByMs eJsiMU B HeM A
M B u 3aTeM CUeTUHK 3JIEKTPOHOB [, NepeMellalouHics
BIONb 5KpaHa 2. XopoIlo H3BECTHO, UTO KOra 3aKphiTa UIeJb
B, To KapTHHa paclpefe/eHHss WHTEHCHBHOCTH NaJalolinx
3JIEKTPDOHOB HA 3KpaHe Z HMeeT BHJ, H300paXKeHHBI Ha
puc. 3 (a). Korga sakpeita mwenb A, TO Mbl HMEeM KapTHHY
puc. 3 (6). Korpa xe OTKpHITH 06e IenH, TO Ha 3KpaHe 2
Mbl MMeeM HHTep(epeHLHOHHYIO KapTHHY puc. 3 (8), Koro-
pasi He eCTb CyMMa pacnpefenenuit (a) u (6), XoTa KaxKAblH
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(z) (6) (6)
Puc. 3

\
N

HHII,HBMILyaJIbeH’I SJIEKTPOH NPOXOAHMT TOJBKO 4e€pe3 OAHY
uieab. B TepMHHaX TEOPUH BEPOSITHOCTH HMEEM:

P(A+-B)=P(A) -+ P (5).

M3 aTix HabuogeHuil Mbl BBIHYKIEHBI CHeJNaTh CJIEAYIO-
lHe 3aKJIIOYEHHUS.

Bo-nepBbiX, NBHXKEHHe 3JEKTPOHOB NOJIXKHO OMHCHIBATh-
Cs HEKOTODbIM BepOSITHOCTHBIM 3aKOHOM, IOCKOJIbKY Ha-
Ya/JbHBIM YCJOBHSIM Mbl MOXKEM COINOCTaBUTb JHIIb HEKOTO-
poe pacnpepeseHHe TOUeK MOMAgaHUs 3JEKTPOHA, a He TOY-
HOe 3HaueHHe MecTa MOTNAaaHHus.

Bo-BTopbIX, mpaBu/ia, YNpabJsOLHE «CAOKEHHEM» Be-
POSITHOCTEH I B3aMMHO HCKJIIOUAOULHX CIIOCOG0B ABHIKE-
HHUSI, OTJIHYAIOTCS OT NpaBHJ1 B OOBLIYHOH TEOPHUM BEPOSITHO-
CTH.

Oxasanoch, 4TO JBHKEHHE 3JEKTPOHOB MOXKHO ONHCATh,
BEOJSl TOHAITHE «aMIVIUTYIBI BeposiTHOCTH» . [IpaBuso cio-
JKeHHSl aMIUIMTYA [JIs JBYX B3aHMHO HCKJIOUAIOUIHX NyTel
COCTOUT B OObIYHOM cJI0KeHHHd. Takum ob6pa3oM, obuias am-
IJIMTYAa BEPOATHOCTH /51 3JEKTPOHA, TIPOXOASIIETO OT HC-
TOUHHKA K CYETYMKY, IPH OOOHX OTKpHITHIX ILIEJSIX paBHa

¢ (A + B) = ¢ (A4) + ¢ (b).

Hagee mocTyaupyercsi, YTO BEPOSITHOCTb COGBLITHS paBHa
KBaZpaTy MOAYJS aMIIUTYZAbI

PA+B)=[9A+B)=|eA)+eB) =0 +
+ @ (B)[* + 2Req (4) @ (B) = P (A) + P (5) + 2Req (4) ¢ ().

[Tocnennee cnaraeMoe OTnHYaeT KBAHTOBBII 3aKOH CJIOXKe-
HHSI BepOSITHOCTEH OT KJ1aCCHYECKOTO.
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Jlornueckas owmun6GKa, jpornyckaeMmasi NpH YTBepIKAEHHH,
YTO B MHKPOMHpe TaK¥Ke JOJI)KHO BhNONHATECH P (A+5B) =
=F (A) +P(b), cocTout B NMPELNOJOKEHHH, UTO SJEKTPOH,
JJIS1 TOro YyTOOBI MoNacTh M3 @ B P, JOJKeH NMPOATH yepes3 of-
penenenHoe nonoxeuune A uan b. Ecau mMbl npoBepsieMm, ue-
pe3 kakoe otBepcthe (A nnu b) mpoluen 371eKTPOH, TO Mbl,
TaK CKa3aTb, 3aIJsiAblBaeM B S5KCIEDUMEHT H TeM CaMbIM Me-
HsieM eTO KOHeuHbIH pe3yabraT. IIpu 3TOM nonyuaem apyryro
KapTHHY pacnpelieleHHs] HHTeHCHBHOCTH, B KOTOPOH HHTep-
Pepenuyonnvie sddekrer ucue3aloT. TouHee, paBeHCTBO
P(A+bB)=P(A)+P(b5) craHOBUTCS MPAaBUJbHHIM, eCIH
TOJIbKO TIyllleH B XOA INpHOOD, H3MepSIOUHI IIPOXOXKAeHHE
snekTpoHa dyepe3 A unu b. Kak 6bl OCTOPOXKHO MBI He MOC-
TYNHJIH, TONEITKA HM3MEPUTh NpoXoxkaeHHe uepe3 A miau b
JOJI)KHA HCKa3UTb COCTOSTHHE 3JIEKTPOHA HAcTOJbKO, UTOGHI
H3MEHHTb BHIBOXBI H3 (OPMYJIBI

P(A+B)=|9(4) +9B)"

D10 yTBepKIeHHe BNepBhle SICHO Bhicka3aHo [eiisenGeprom
B €r0 IPHHIHUIE HeOonpeNeSeHHOCTH.
®opmyna A5 nepeMHOXEHHS aMIUIUTYA BePOSTHOCTH

Pap = 2 PacPco
¢

SIBJISIETCS] OCHOBHOM B (DOpMYJIHPOBKe KBAHTOBOH MeXaHHKH IO
®eitamany [3]. Kak B c/1yyae GpoyHOBCKOro aBHzKeHus (1o Bunepy)
MOXKHO OIpeJIe/IuTh BEPOATHOCTb NMYTH, TaK Ke B CJIyuae JBHXKe-
HUSl KBAHTOBOH YaCTHIBI MOXHO ONpeJe/HTb aMIUVIUTYLy Bepo-
SITHOCTH NYTH B NpocTpaHcTBe —BpeMeny 1o Pefinmany. [locrynat
deilHMaHa COCTOMT B TOM, YTO aMILIMTyJa BEPOSITHOCTH JAHHOM
TPaeKTopuH x (f) nNpOmOpLUHOHAJbHA BbIpaXKeHHI0 @ (x (f)) ~
~$“/"S =@, rne S(x(f)) — peficTBue BHO/Mb TPaeKTOpUH S =
2 .
= S L (x, x)dt, L —xnaccnueckast ¢yukuusi Jlarpanxka (ams
ty
mx? (f)
2
percs OT Ha4a/IbHOrO 10 KOHEYHOrO MOMeHTa BpeMeHH. MbIC/IeHHO
MBI MOXEM [OCTPOUTb TPAEKTOPHIO YaCTHIBI, €CJH 06Oo6IIUM
Hall BoOGpaXKaeMblfi 3KcrnepuMeHT. JIOMYCTHM, YTO MBI IOCTaBHJIH
OYeHb MHOTO 3KPaHOB MeXXIY MCTOUHHKOM M CUETUHKOM 3JEKTpO-
HOB M B KaXIOM 3KpaHe CJHeJaly HeCKOJbKO wienell. 3aMe-
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THB TOCJIeOBATEJBHOCT Iesell X;, 4epe3 KOTOpHE MPOXOAHT
3JIEKTPOH, U MOMEHTHl BpeMeHH #; KaXKAOro NpOXOXKAEHHS, MbI
MOJTY4uM npubJIHKeHHOe onucaHue ero  TpaeKTOPHH.
Torza dbyukuusa ~ gefictBUA  CKJIagpiBaeTcd M3 S =

=S4, ), a aMmIATYAa BepOSTHOCTH  MOJyYaeTcs
i

KakK TMpousBelleHHe aMIVIUTYH /51 KaxXJOoro mepexona u3 x; B
Xit1, T. €.
ARS .
i E (1o 28) dxy dx, dxn
¢ =e dxy dry o P (1)
4 4 [4
rae C—HOpMHpOBO’-[HbIﬁ MHO2KHTeJIb.

Ecan menu uMeror KoHeuHbllt pasmep (i-1 wenab Bi—ai,
CM. pHC. 2), a KOJIMYECTBO 3KPaHOB N H, CJeIOBaTEJbHO,
yucJa0 APOGJEeHHH NMYTH Mbl CTPEMHM K 00, 3anoJIHSAsl 3Kpa-
HaMM BCe NPOCTPaAHCTBO, To Mbl moJjydyaeM us (1) BeIpaxe-
HMe /I aMIVIMTYAbl BEPOSITHOCTH TPAEKTOPHH YaCTHILHI,
npoweAuledl B 3alaHHOR 06JacTH NMPOCTpaHCTBA — BPEMEHH,
KoTopasi orpaHudyeHa Ttpaektopuamu B(f) <x(f) <<a(?), B
BHJe KOHTHHYaJbHOTO HHTETpasa

n
o %, °n gy i/h 2 S (xpaq p)
9(@B) =lim { L0 & (Zn g am TR
n-—»or;;ﬂ1 [+ c

c
B2 n

Bosbmem ¢yHKuMIO AelicTBUs I CBOGOIHOM 4acCTHIBI

m (xk+l — Xk)z
2 (et — )

’

S (Xkt1, Xz) =

TOrja B mpejese MOJNYYUM

n .
a(ty it .@’Lﬁ
9(a, B) = S Oxe 4 .
B'(t)

CpaBHUBast 3TO BbIpAXKeHHe JJISI aMIUVIUTYAbl BePOSITHOCTH
TPaeKTOPHHU KBAHTOBOH YacCTHLBl C BEPOSITHOCTHIO TPaEKTO-
puu GpOyHOBCKO# yacTHIbl no BuHepy, npuxoaum K BHIBOLY,
YTO BBIPAXKEHUS OUYEHb IOXOXKH, TOJBKO B KBAHTOBOM CJy-
Yae Mp UMeeM KOMIUIEKCHYIO BENHYHHY H3-32 MHOXKHTEJS i
B 3KcroHeHTe. MIHTerpupys mo BceMy TPOCTPaHCTBY X, KpoO-
Me moc/iefHell TOUKH Xp, MOJYUUM BOJHOBYIO (YHKIHIO, HIH
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aMIJINTY1y BEPOSITHOCTH HAaXOMKIEHMs UYacTHUBl B TOUKE X,
B MOMEHT f,, KOTOpasi onpenensieTcsi Bcell npemaliecTByomei
HCTOpHElH YacTULBl M paBHa

¢ ke—co n—1 dXn_, dxy )

@ (X, ty) = lim

€—0

n
S i/h 3 S(Xk-l—l'xk) dx
4 c c

deltHMaH noKasas, 4To 3Ta BeJHYMHA TOJUMHSETCS ypaBHe-
nuio Ulpenunrepa. Ecin

S _ m <xk+l - xk)2 V t t
(xk+1, xk) =5 . m — (xk)( k1 k),
1

TO

B0t 1 (f_ 9 )2
i ot, 2m

BrnocnencTeun Gblna nokasaHa oGpaTHas TeopeMa, uTO pe-
menve ypaBHeHust llpennurepa MoXHO TpenCTaBHTL B BHJIE
KOHTHHYaJabHOrO uHTerpana. Ilo-Bmaumomy, Haxo cuuTaThb
UIpeAMHIePOBCKYIO popMy KBaHTOBOH MexaHMKH Gosee 006-
e, Tak Kak B peHHMaHOBCKOH 3anucu HEOGXOAUMBI OTpa-
HHYCHHS HA BHJ JarpaHXHaHa, KoTopblX HeT y lllpenunrepa.
U3 ¢elinMaHOBCKO# (HOPMYJTUPOBKH KBAHTOBOM MEXaHHKH
CJEeNYeT M3SAUHBIN TpeeabHbIll Nepexoy K KIacCHYECKOH
MeXaHHKe, T. €. K TaKOMYy CJy4Yaio, KOrga MOXKHO CKa3arTb,
YTO YacTHIIA JBHIKETCS CTPOrO TO OJHOH TPAEKTOPHH, OIl-
penessieMofl MMHUMYMOM pe#cTBus S.

PaccmoTpum mns storo, Hampumep, cayda#dl cBoGOAHOrO
JBHKEHUST yacTHUbl ¢ Goublioii maccoit m. Tak kak

s=5|xa>n

TO IJs BCeX TpaekTOpHui, He ob6pamariux S B min, HHTE-
rpan oT e’/hs paer Masyl0 BEJHUHHY H3-3a OBICTPOi OCIHMJI-
JAUMH e/AS, TONbKO KJacCHuecKas TPAEKTOPHs, [amouias
min S, NPUBOAMT K 3aMeTHOMY BKJIALy B aMIJIUTyLy BEpPOST-
HoctH. Takum o6pasom, uem Gosblue 1, TeM TOUHee YaCTH-
1a [IBHIXKETCS 110 KJAACCHYeCKOH TPaeKTOPHHU, T. €. TeEM MeHb-
Ile BEPOSITHOCTb J(BUXKEHHs 110 HEKJaCCHYECKHM TPAaeKTo-
pHusiM.
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A. A. Tankun

K PA3BUTHIO CTATHCTHYECKOH HHTEPIIPETALIHH
KBAHTOBOH MEXAHHKH
HA OCHOBE COBMECTHOI'O
KOOPIHHATHO-UMIIYJAbCHOIO IIPEJCTABJIEHHA

1. Bsedenue

Opnna u3 caMmblX SIPKMX M ApaMaTHYECKHX CTPaHHI[ B HC-
TOpUM Pa3BHTHA HAayyHOro IO3HAHWA MHpa CBsi3aHa C BO3-
HHKHOBEHHeM KBaHTOBOH MeXaHHMKH, NaBlleHd CTpoOroe KoJH-
YeCTBEHHOE ONHCaHHe BCeMY MHOrooOpasHIo 3arajO4HbIX sIB-
JeHHi aToMHOro Mupa. ®yHnameHTalbHble MPeCTaBJEHHUS
HOBOH Me€XaHHKH He OblJIH, ONHAKO, BblBeLEHbI HEMOCPeACT-
BEHHO Ha OCHOBe SICHONO NMOHMMaHHSI HeoOXOAUMOM TpaHc-
‘bopmauun 3akoHOMepHOCTeHl OOCBLIYHOH MeXaHWKH TIpH Iepe-
X0Jle K JIBHXXEHHIO MHKPOYaCTHIL.

Teopusi aTOMHBIX fIBJIE€HHH CTpOHJacb 3aHOBO, Ha OCHO-
Be IIOJIHOTO OTKa3a OT KOHLEMNLHH KJIacCHYeCKOH MeXaHUKH.
CaMblM HeOOBbIYHBIM B IOCTPOEHHH KBAHTOBOH MeXaHHMKH
OblJIO TO, YTO CHayasna OblJ, TaK CKasaTh, HAllyaH KapKac
MaTeMaTHYeCKOro anmapara OyLylledl TEOPHH M TOJBKO 3a-
TeM Oblna HaliieHa ¢HU3HYecKass TPAKTOBKA BEJHUYMH, BXO-
ASIIMX B HalleHHble MaTeMmaTHuecKHe ypaBHeHusi. CoBpe-
MeHHasi KBaHTOBasl T€OPHSA B IOJHOH Mepe HeceT OTIEYaTOK
3TOT0 HeOObIYHOro (EeHOMEHOJIOTHYeCKOTO MYTH NMOCTPOCHHS.
CobcTBeHHO, POPMYIHPOBKA KaueCTBEHHO CBOeOGpa3HbIX 3a-
KOHOMEDHOCTell MHKPOMHDA, HEeNOCPeJCTBEHHO CBSI3aHHAas
C HHTepIpeTallHell BCero amnnapara KBaHTOBOH MeXaHHKH, H
10 ceil JeHb BbI3bIBAeT Pa3HOrJIacHsl B HEKOTODPHIX, Ka3aJoCh
Obl He3HaUYHMTeJbHBIX, JETaNsAX, 32 KOTOPHIMH YaCTO Ha ca-
MOM JeJie KPOMIOTCS COBepLIEHHO Das/uyHbleé B3rJsAAbl Ha
CYHUIHOCTb YCTAHOBJEHHBIX KBAHTOBOH MeXaHHKOH 3aKOiO-
MepHocTell. Baskkefillilne BOMPOCHl NMOHHUMAHHSI KBaHTOBOH
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MeXaHWKH, He MOJyuHBIlIHe ellle OOMIENPHUHATOTO peLIeHHS,
Hy>KJaloTCsl B JAajbHedIleM YTOYHEHHH DOpPMYJHPOBKH ca-
MHX OCHOB KBaHTOBOI TEODHH, B BBHIICHEHHMH HEKOTOPHIX ac-
NeKTOB COOTHOLIEHHS KBAHTOBBIX M KJaCCHUECKHX 3aKOHO-
MepHOCTel.

Pewenune npo6/eM, CBA3aHHBIX C HHTEpPHpETaLHell KBaH-
TOBOM MEXaHHKHM, B HacToslllee BpeMsi mpuobperaer 0cobo
aKTyaJIbHOE 3HAYeHHEe B CBA3H C HEOOXOAHMOCTbIO AaJIbHEH-
el paaHKajbHOH INepecTpOiKH (H3HYeCKHUX mNpeacTaBie-
HUH 1J11 TeopeTHyecKoro 0600LIeHHst OOraToro KcrepHMeH-
TaJbHOTO MaTepHasia B (GH3HKe 3JeMEHTapHBIX YaCTHII.

deHOMEeHONOrHYECKHil NMyTh MOCTPOEHHUS KBAHTOBOH Me-
XaHUKH HE MOT He MPHBECTH K (opMaabHOMY MOHHMAHHIO
3TO TEOPHH CO 3HAUYMTEJbHBIMH NpobieMaMH B O0bSICHEHHH
ocobGeHHOCTell ABHKeHHS MuKpouacTull. Cefinac He NPHUHATO
o6paliatb BHUMaHHe W HAa HEOOBIYHOCTb MOCTPOEHHsS] KBaH-
TOBOH TEOPHH, U HA OrPAHHYEHHOCTb AOCTHTHYTOTO HA 3TOM
nyTd noHuMmaHus Teopud. B 1939 r; ommaxo, JI. M. Man-
NeJabliTaM B CBOMX Jeknusax {1, crp. 345] secbma ompene-
JIEHHO MOAYEpPKHBaJ HeOOBIYHOCTb MJSI TE€ODETHYECKOH ¢H-
3UKH IIOCTPOEHHS KBAHTOBOH MeXaHHMKM, KOrjla cHayana
6b1710 BBIABHHYTO (QyHIaMeHTaJbHOE ypaBHEHHE [JIS HEKO-
TOpO# HEH3BECTHOH (hM3MYECKOH BeJHYMHBI, a 3aTeM, IOcie
aHanu3a MHOTHX DUIIOTe3, METOAOM Nojbopa Gblia HaliieHa
CTaTHCTHYECKasi TPAKTOBKa KBaJApara MOAYJS 3TOH BEJIHUH-
Hbl, Ha3BaHHOH BosHOBOH QyHKuHeH. CToJb XKe onpejeseH-
Ho JI. M. MangenbmraM yKasbiBaJ W Ha HEIOJHOTY IOHH-
MaHHsl OCHOBHBIX BOIIPOCOB TE€OpHH, OOpaliasi BHUMaHHE Ha
OTCYTCTBHe COTJIacHsl CPeQM CaMHX CO3JaTesell KBaHTOBOH
MeXaHHKH.

C Tex mop, ofHakO, MaJO 4TO A00ABUJIOCH K IIOHUMAaHMIO
CYILHOCTH KBAaHTOBOH TeOpHH. JIHLIb BO3pOCTa yBEPEHHOCTD
B HeBO3MOXHOCTH 0OoJjiee TJyOOKOro NMOHHMAaHHs, yeM JOcC-
THFHYyTOE (hopMasbHOEe 00bSCHEHHE KBAHTOBBIX 3((EKTOB.

3a 3TH roAbl ycluelHOro NMpHMEHEHHs anmnapata KBaHTO-
BOH MEXaHHMKH 3HAQYUTeJbHO NOYyOaBHJIOCH YHCJIO (DH3HMKOB,
COTJIaCHbIX C MHeHHeM A. DHHWITeHHA O HEMOJHOTe KBAHTO-
BOH MeXaHHMKH WM cojumapHbix ¢ muenuem JI. M. Manpensb-
mwrama. OrpoMHble yCrnexu NpakTHYECKOTO IPHJIOXKEHHUS Teo-
pMH K aTOMHBIM $IBJIEHHSIM MO3BOJIMIK MHOTOYHMCJIEHHBIM
cropodukaM H. Bopa yGeautb GONbLIMHCTBO (HU3UKOB B
HayyHOH HeCOCTOSITEIbHOCTH MOUCKa GoJjiee MOJIHOTO OMHCa-
HUSI 3THX SIBJIEHHH.
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Onnako X014 pas3BUTHSI HAyYKH HEeMHHYeMO 3acTaBjser
HAC BEPHYTbCS K PAaCCMOTPEHHIO TeX Xe NpolbJeM, K mepe-
OlLICHKe yTBEpAUBLIMXCS MHEHHH,

YKe naBHO mpollia nopa GYPHOTO PasBMTHA MPUJIONKe-
HHU{l KBAHTOBOH TEOpPHHM K Pa3/IM4YHBIM 006/1aCTSIM aTOMHOTO
MHPa, KOTZla MOXKHO OBIJIO NOY4aTh LieHHble Hu3HuecKue pe-
3yJIbTAThl, HE BLIBOAS HH OLHOT'O HOBOTO ()yHIAMEHTAJbHOTO
YPaBHEHHUS] WJIH TeOpeMbl U He 3a060Tsch 06 YrayGJeHHH Mo-
HUMaHHsl Hclojdb3yeMoro amnnapata. [lepennuit ¢dpour teo-
peTHYeCcKOH (PH3MKM 3a NOCJEeJHUE NECATUNETUS U3 aTOMHOIO
MHpa mepeMecTH/ics B 006JiacTb siiepHONH (PH3NKH U (DHU3MKH
3JIeMEHTapHbIX YaCTHI, CTOJKHYBIIHCh 3JeCb C KOJOCCaJb-
HBIMYM TPYAHOCTSIMH IPH peLleHHH HOBBIX NMpobJeM Ha OCHO-
B€ MCHOJb30BAaHHS NPeKHEro BOOPYKeHHs] KBAHTOBOH Mexa-
HMKOHl U TeopHell OoTHOCHTeNbHOCTH. CeroJHsIIHSAS TEOPETH-
yeckas (U3MKa KpailiHe Hy»KpqaeTcsl B IepeOLleHKe IeHHO-
creit, efi HeoOXOJMMO paaUKa/IbHOE H3MEHEHHe HCIIOJb3ye-
moro amnaparta. A 3ta 3ajaua BpsiA M MOXKeT GbITb pelleHa
Ha ocHOBe (POPMAJIbHOI'O MOHMMAHUS CYILECTBYIOIIEro amna-
para TeopeTHuyeckofl (H3HKH, 6e3 CynieCTBEHHOTO yTJay6.e-
HHS1 KBAHTOBOH TEOpHH.

Bot noueMy, noMHMO BCEMH NMPU3HAHHOH paGOTHI Ha Ie-
pefHeM Kpae TeOpeTHYeCKOH (H3HKH, Ile TPYAUTCS NOAAB-
Jasoniee OG0JBLUIHHCTBO (U3HKOB-TEOPETHKOB, HEOGXOMHMO
TaKXe MNPOBOAHTbL U PpaboTy B IMYGOKOM TBIIY TeOpeTHuec-
KOl (HU3MKH N0 JHKBHIAUUH NP0oOesOoB B MOHUMAHHH OCHOB-
HBIX, paHee yCTAHOBJIEHHBIX, 3AKOHOMEPHOCTEH ¥ MO MOHCKY
6o/iee IOJTHOTO ONUCAHMS 3THX SABJEHHH.

[TpaBaa, yxke caMo BCTYyIJIeHHe HA 3TOT MYTb CONPSIXKEHO
C TPYAHOCTSIMHM [PEONOJIEHHS] IIHPOKO pAaCIpPOCTPaHEHHOTO
MHeHHs1 00 HCuepnblBaloOLiell MOJNHOTE COBPEMEHHON KBAHTO-
BOH Me&XaHHKH, C NIPOfABJGHHEM HE TOJNbKO GOJIBIIOH CAMOCTO-
ATENLHOCTH B CYXK/JAEHHSIX, HO M GOJbLIOH HECKPOMHOCTH
pPacXOoXJAEHHs BO B3TVIALAX C CaMbIMU KPYMHEALUIHMH aBTO-
pHTeTaMu B (PH3HKe.

TTostoMy u MHe, opMy/IHPYysT NOCTAHOBKY 3alaud O I10-
HCKe HOBOTO MpeNCTaBJIeHHs KBAHTOBOH MeXaHHKH, OIHO-
3HAYHO ONHCHIBAIOMIero Hapsily C pe3y/JbTaTaMu HeoGpaTu-
MBIX H3MEpeHHH TakKXXe M CKPBITble OT HENOCPeACTBEHHBIX
HaGJIIONEeHHI JeTanH ABUXKEHHST MHKPOOOBEKTOB, NPHUXOLUT-
csl HauyMHATb C HECKPOMHOro KpHTHYecKoro pasbopa B3TJs-
IOB BeJUKUX QHU3HUKOB.
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2. O HenoaroTe cyujecTsyrou,eco
KBAHTOBOMEXAHUYECKO20 ONUCAHUS
dsuscenus mMukpoobsekTos

B puckyccuu ¢ A. Ditnmrelinom H. Bop oxepaxain nobeny
He TOJNBKO HaJ OUIMOOYHON yBEpeHHOCTbI0 JiHLITEHHA
B CYLIECTBOBAHHH ATOMHBIX SIBJEHHH, pe3y/bTaTel H3Mepe-
HHUI KOTODBIX He ONHKCBLIBAIOTCS allapaToM KBAHTOBOH Mexa-
HUKH. BMmecre ¢ atuM, Kak Gbl 3201HO, GBIJIO HeCpaBeLdHBO
OTBEprHyTa W LeHHas upes DHHIUTEHHA O HeOOGXOIZUMOCTH
JaJbHeALIero pa3BUTHSI TEOPHH C LeJIbIO YCTAHOBJEHHS IIPO-
CTPAHCTBEHHO-BPEMEHHOI'O ONHCAHUA SIBJEHMH MHKpOMHpA.
IleHHOCTh MOCTAHOBKH 3TOH 3aJayd He yMaJisieTcss H TeM,
yto DHHIUTEHH HA 5TOM NYTH OMIMOOYHO Hajgesscs HCKIIO-
YHTb BEPOSITHOCTb U3 ONKCAHHS KBAHTOBHIX siBJMeHuH. Henb3s
CKasaTh, YTOGbl 3Ta IOJOXKHUTENbHAss CTOPOHA IO3HIHH
DfiHlUTeHA, NOTEPSBIUKCh CPefU OLIMOOYHBIX BLICKA3bIBa-
HHH, 0CTajach MOJHOCTbIO He 3aMeYeHHOH ero ONNOHEHTaMHU.
B. I'efisen6epr, HanpuMep, B cBoell KHure «Pu3uka u puJIo-
cousa» BecbMa TOYHO (GOPMYJHUPYET U 3TY CTOPOHY MO3HIHH
DiHiTeliHa: «...DTa HHTepnpeTalHusl Bce-TAKH He JaeT HH-
KaKOro ONUCAHHUA TOTO, YTO [IPOHCXOIMT Ha CaMOM JeJe, He-
3aBUCHMO OT HAOJIOJEHHH WM MeX1y HaIlUMH HabJione-
HusAMH. YTo-HHOYDP [dOJMXKHO Bexb, OXHAKO, NPOUCXOIHUTD,
B 3TOM Mbl MOXKEM He COMHEBATbCSl. DTO «UTO-HUOYAb» Hellb-
351, BOSMOKHO, OIIMCATb C TOMOILBIO MOHSATUI 3JIEKTPOHA HIIH
BOJIHBI, HJIH CBETOBOT'O KBAHTA, HO MOCKOJIbKY OHO He OIHUCHI-
BaeTcs KakuM-nu60 o6pa3oM, 3afaua GU3HKH ellle He BhIIOJI-
neHa» [2, ctp. 116} B cBoto ouepenp u M. Bopr mpumen x
BHIBOJIY, UTO «OTKJOHEHHe DHHIITeHOM COBpeMeHHOH KBaH-
TOBOH MeXaHHMKH 00YCJ/IOBJIEHO He CTOJILKO BONPOCOM O Je-
TepMHHH3Me, CKOJIBKO ero Bepoii B 00 beKTHBHYIO peaJlbHOCTh
¢usnyeckoro ObITHSI HE3aBHCHMO OT HaGuoxartenass [3,
crp. 131].

HenonHoTa KBaHTOBON MeXaHHKH OYeBHJIHA B CMBbIC/eE
OTCYTCTBHSl IPOCTPAHCTBEHHO-BPEMEHHOIO OIIMCAHHUS J[BH-
JKeHHS MMKDOUYACTHL, CKPHITOTO OT HENOCPeJCTBEHHOro Ha-
O/l0eHHsl, HO OJHO3HAYHO CBSI3AHHOIO C pe3yJ/bTaTaMu
HeoOpaTUMBIX MpoleccoB H3MepeHHs. Jlaxe camble pbsiHble
CTODOHHHKH KOIEHTareHCKOH HWHTepNpeTalMd BpsAL JH
Cepbe3HO COMHEBAIOTCS B CYLIECTBOBAHMH B 3aJaHHBIX
MaKpOYCJOBHSIX JIBHXEHH MHKDPOOOBEKTOB 10 H3MepeHHI.
OHH JIUIIb CYHTAIOT, 4TO 3ajadyell (DH3HMYECKOH TEOpHH SIB-

142



JSIeTCS OMHCaNue TOJIbKO Pe3ysJbTaToB HEOOPATHMBIX H3Me-
peHuH, a He ONUCaHWe CKPLITOH OT HaOJIOJeHHs MPOCTpaH-
CTBEHHO-BPEMEHHON KapTHHbl [BUKEHHA MHKPOOOBEKTa.
B coorBerctBuu ¢ atum H. Bopom u 6bi10 chopmynnpoBano
noHsATHE (HU3NUECKOH peasJbHOCTH, a (GU3UYeCKHH NPHHIUI
HeonpeeneHHocTH 0600LIeH B QHIOCOPCKMH NMPUHUMI JO-
noJHUTe bHOCTH. OrpaHNYeHHOCTb TAKOH TOYKH 3peHus 0Co-
O6eHHO HATJSIHO BHIABJASETCA B OTKa3e IOCeI0BaTeJNbHBIX
NPUBEPIKEHIEB KOMEHrareHCKOH ILIKOJIBl HaTh OObsiCHEHHE
UHTEPpGEpeHINH ONUHOYHBIX (POTOHOB IOC/E NMPOXOXKIEHHS
MOJIyNPO3payHOro 3epkaja. DTOT ONBIT GBI B CBOE BpeMs
NpeiIoKeH misi paccmorpenus A. Dinumrefinom. KBantoBas
MeXaHHKa B ee COBPEMEHHOM COCTOSIHHM AEHCTBUTEJBHO He
OINCbIBAET U He 0O'bSICHSET peaJbHO CYLIEeCTBYIOIIUH MpoLece
IBUXKeHHs (OTOHA OT MOJYNPO3pauHoro 3epkasaa go Qoro-
IJIaCTHHKH, perucrpupymouleil sisieHne uHTepdepeHUHH IpHU
MHOTMOKpPaTHOM NoBTOpeHHH ombita [4, crp. 379]. Ho Bmecto
TOI'0, 4TOOBI B OTCYTCTBUH OIIHCAHHS 3TOro, 6e3yc/JOBHO
peajipHO CYLIeCTBYIOILEro, HO HeINOCPeJCTBEHHO He Hab.Jo-
IaeMOro [BHKEHHS YBUJETb OrpaHUYEHHOCTb pemiaeMoi
KBaHTOBOH MexaHuKo# 3apxauu, H. Bop camy nocranosky 3a-
nauy 06 ONMCAaHMK TAKOTro ABUKEHHA OOBABJAET BBIXOAALIEH
3a pamMku 3agau ¢usuueckoit Teopuu [5, crp. 583]. Tak,
H. Bopy ynanocs yiiTi H oT oTBeTa Ha NOCTaBJeHHBI! DiiH-
HITeHHOM BOIIPOC, U OJHOBPEMEHHO COXpPaHUTb MU( O MOJIHO-
Te KBAHTOBOMEXaHHMUYECKOro ONHcaHHsA. Takas HeecTeCTBEH-
Hasi IIO3MLMA, OCHOBaHHAasA Ha (HUJI0COPCKOM IepecMoTpe
NOHATHA (PH3UYECKOH peaJbHOCTH, MOTJIa HAJOJNr0 YTBEp-
JUTbCSI B QU3HKe TOJNbKO IOTOMY, YTO KBAHTOBAsl MEXaHHKa,
MHHYs OllMCaHHe CKPBITOrO OT HEIOCPeACTBEHHOro HabJoae-
HUS ABHXKEHHS MHKPOOOGBEKTOB, TeM He MeHee JNeHCTBHTE/b-
HO JaeT IIOJIHO€ ONMCaHHe Pe3yJbTaToB HeoOpaTHMBIX MpO-
1eCCOB M3MEpeHHuH.

BrigBunytniii H. BopoM mpunuun pononnutenbHocTd He
TOJBKO OTpaKaeT TOT (akKT, YTO B Pa3IMYHOrO BHJAA OMBITAX
Mbi TI03HaeM JONOJHAILIHE APYr Ipyra CTOPOHBI peasibHO-
CTH, SKCIIepHMeHTaJ/JbHOE HCCIel0BaHHE KOTOPHIX HEBO3MOXK-
HO COBMECTHTb B OMNbITaX OJHOro Kakoro-nmub6o Buga. IIpun-
UHMN JOINOJNHUTEJNbHOCTH, OJHAKO, He OIpPAaHMYMBAETCH 3THM
06061leHHeM CcOJepKaHHsA (U3NYECKOro NpUHUKIA Heompe-
HdeneHHoctH. OH Ge3qoKasaTe/bHO 3allpeniaer ¥ TEOpeTHye-
ckoe oOnenuHeHHe B OAMH (u3HuecKkuil o6pas cBeneHHUH, HO-
JlyyaeMbIX B HECOBMECTHMBIX 3KcnepuMentax. M uMeHHO
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B 3TOM OTHOIUEHHH TPHHUHUI JOMNOJHHUTENbHOCTH BHIXOIHUT
3a 'paMKH 06006LIeHHs (H3HYeCKOH 3aKOHOMepHOCTH, cop-
MynupoBaHHo#t Bnepsbie B. Teil3en6eproM B mnpHHLHIE
HeonpeneneHHOCTH. B mosib3y Takoro TOJNKOBAHHSI MPHHIHMNA
nponoJjHuTeabHocTy H. Bop mpuBoxua tosnbko ¢umocodcekue
apryMeHThl, KOTOpele B JHTepaType MNOJABEprajuch y6elrH-
TeJNbHOH KPHTHKe co CTOpOoHbl ¢uiocodoB u ¢usuxkos. Ho
3Ta KPHUTHKA, OTHocsmiasics K GopMyJaupoBke H ¢uiocod-
CKOMY 0GOCHOBAHHMIO MpPHUHLUHNA HOMNOJHHTEbHOCTH, He Ie-
pepocia B OTpHLAHHe TVIyGOKO AHTHHAYUHOrO IpHUMEHEeHHs
storo npuxnuna. Hamporus, Tenepb B CTaTbsix MHOTHX u-
Jg0co(oB, NPHUHCASIOMINX cebsi K Jarep MaTepHaJJUCTOB
MOXKHO HAHTH M MHOTOUHCJIEHHble MOMNBITKH OGOCHOBAHH.A
NpHHIUNA JOMOJHHUTENBHOCTH HA OCHOBE MAaTepHaJ/HCTHYe-
CKOH IHAaJeKTHKHU.

Hukem He nokasana teopeMa O HEBO3MOMXKHOCTH OJHO-
3HAQYHOTO CTATHCTHYECKOTO OMHMCAHHUSI KBAHTOBBIX SIBJIEHHUIT HA
OCHOBE COBMECTHOTO HCIOJIb30BAHHS OXHOBPEMEHHO HEH3-
MepHUMBbIX GH3HYecKHX BesnuuH. KomeHrareHckas mikKoJia
06bsiBUIA TAKOe OMHCaHHe BHe (PU3HUECKON peaJsibHOCTH,
HCXOAS M3 TNO3HUTUBUCTCKOI'O INpPHHIHUNA HAGJIOLAEMOCTH,
COIJIACHO KOTOPOMY B (H3HYECKYI0O TEOPHIO JOJIXKHBI BBO-
JUTbCS TOJbKO HEeNOCpeJCTBEHHO HAOJ/I0JaeMble BEJHUHHHI.
Y nuBuTENbHO, KOHEYHO, KAK CTOPOHHHKH TAKHX B3TJIALOB He
3aMeYaloT ONpPOBEPXKEHHS BBLIABHHYTOrO NpHHIHNA HAGJIO-
JaeMOCTH CaMOH KBAaHTOBON MEXaHHKOH, B OCHOBE KOTOpOM
JEeXHT HCNONb30BaHHE HENOCPEJCTBEHHO HEH3MepsieMol
BOJMHOBOH GYHKIHH. PH3UKHU-MATEPHATHUCTBI TOT XKe He JO-
Ka3aHHbI B TEOPHH BHIBOJ OGLIYUHO OGOCHOBBIBAIOT B COOT-
BeTCTBHH CO CBOMMH (pusocodckumu Barasgamu. s storo
OKa3blBaeTcsl AOCTATOYHbIM B MO3HTHBUCTCKOM TE€3HCE «HE
H3MepseTCsd — 3HAYUT He CYIIECTBYET» CHeJaTh TOJBKO Iie-
pecTaHoBKY NPUYHHBI co ciaelcTBHeM. Hapyienue xe npuu-
nuna Ha6JI0aeMOCTH B TEOPEeTHUeCKOH (H3WKe NPH 3TOM
06BbABJSETCA HECOBMECTHMBbIM C MaTepHaJHCTHYeCKOH ¢u-
Jocopuel, Tak KaK OHO OGYyATO Gbl BeJET K arHOCTHIU3MY.
K coxanenuno, u B ¢uiocopckux pa6orax no BONpocam
KBAHTOBOI MeXaHHKH He Gblia B JOJKHOM Mepe MOoKasaHa
HepaBOMEPHOCTb OTOXKJIECTBJEHUS HeHab/aI0JaeMOCTH C
HEMO3HAaBaeMOCThIO,

JlefCTBUTENIbHO, HEBO3MOXKHOCTb 0OJIHOBPEMEHHOTrO He-
TIOCPEICTBEHHOTO H3MEpPEHHUs] ABYX MO OTAENbHOCTH H3Mepsie-
MbIX BeJUYHH BOBCE He O3HauyaeT HeNo3HaBaeMOCTH (Hu3H-
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yeCKHX NOHATHH, HCNIONB3YIOIHUX 06€ 3TH BEJUYUHBI, TAK KaK
He J0Ka3aHa HeBO3MOXHOCTb KOCBEHHOI'O H3MEPEHHS TAKHUX
BEIHYHH HAa OCHOBe ONpEJeJ]eHHs NOo pe3yJbTaTaM Heloc-
peacTBeHHBIX u3Mepenuii. Hamporus, oTkas or mo3HaHus
ABHXKEHHA MHKPOOOBEKTOB B 3aJaHHBIX MAaKpOYCJOBHSX,
HanpuMmep ABHKEeHHs (OTOHA B 0OCYXKAABLIEMCS paHee OMbI-
Te, €CTb NpsAMas AaHb arHoctuuusMy. Takum o6pasom, mo-
CTAHOBKA BONpOCa O jJaJibHeHIIeM Pa3BUTHH TEOPHUH KBaH-
TOBbIX fIBJEHHH HMeeT mpsiMoe OTHOLIeHHe K (pusocodckum
npo6/ieMaM ecTeCTBO3HAHHS, TAK KaK NPOTUB TEOPETHYECKO-
rO aHa/ju3a HemocpeACTBEHHO HeU3MepseMblX BEJHYHUH BBII-
BUTaJIUCb JIUlIb OIKHGOYHBlE usocodcKre TOBOLHL

Kasasnoch 6bl, npu Takoi cutyauuu ¢uiaocodpsi-mapk-
CHCTBl Morju Obl Ha Jese OKa3aTh HEOLEHUMYIO MNOMOIlb
€CTeCTBO3HAHHIO, YCTPAHUB JIOXKHBIe (pumocodckue nperpa-
Jbl HA NyTH JaJbHeHlIero pa3BUTHUS BaXKHeHweH GU3HUECKOH
teopud. OHaKO BMECTO NMpHUBJEYEHHsT BHUMAHHS K BbISICHe-
HHIO BOMPOCA O CYIHOCTH €IHHCTBA KOPNYCKYJSPHBIX U BOJI-
HOBHIX CBOHMCTB MHUKPOOOBEKTOB Tenepb B (uIOCOPCKHX pa-
60Tax MBI 33YaCTyI0 BCTPeyaeM OTPHIIAHHE MOCTAHOBKH 3TO-
ro BONPOCA KaK He UMelolero cmoicaa {6, crp. 24].

[TIpsimoe oTHoleHHe K (UIOCODHH HMEET W BhISICHEHHE
NPUHLIHNNAJNbHBIX HEJOCTAaTKOB NMPHUHATOH ceiluac ¢hopMmyJn-
POBKH CYIIECTBYIOILETO TEOPETHUYECKOTO ONMUCAHHS KBAHTO-
BLIX sABJeHHH. O6IienpuHATOe YTBEpPKAEHHE, YTO KBAHTOBAA
TEOpHsI olipefessieT COCTOSIHNE MUKPOCHCTEM MO OTHOLIEHHIO
K npubopam, ONHCbIBaeMbIM KJ1aCCHYECKON MEXAHUKOH H SIB-
JIIOHIMMCS] CBO€OODA3HBIMU CHCTEMAaMH OTCUeTa, NPUBOIHUT
K INPHHIHNHAJIbHOH TPYAHOCTH TOC/JeN0BATENIbHON GopMy-
JIMPOBKH KBAHTOBBIX NPOLECCOB, MPOUCXOAUBIIHUX B JOHCTO-
puueckne BpeMeHa. Kasasoch GBI, ycTpaHeHHe 3TOH TpyA-
HOCTH JOJ/IXKHO GbITb HCXOAHBIM MOMEHTOM JIIOGOTO MaTepHa-
JUCTHYECKOr0o aHaau3a KBaHTOBoH Teopuu. OnHako B
MHOTOYHCJICHHBIX TpPYAAX, TMOCBSUIEHHBIX (GHI0COPCKUM
npo6seMaM KBAaHTOBOH MEXAaHMKH, MBI Jaxe He BCTpeyaeMm
II0CTAHOBKH 3TOro Bompoca. MckiioueHuem siBAsieTcCsl JHLIbL
pa6ota B. §. [TaxomoBal, B KoTOpOil MpaBHJIbHO HaMEyYaeT-
csl IyThb YCTPAHEHHS 3TOH TPYHLHOCTH.

YKazaHHas TPYAHOCTb NOCJEN0BATENbHONH (OpPMYIHPOB-
KU ONMHCAHUS KBAHTOBBIX NPOLIECCOB B JOHCTOPHUUECKHE Bpe-
MeHa O06ycJoB/JeHa B OCHOBHOM MAOMYLICHHOA NyTaHULEH

CwM. poksan B. 7 IlaxomoBa B JallHOM KHHre.
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B OnpefeseHHH NMOHATHH Npubopa U U3MepeHHss B KBaHTOBOH
MexaHuke. Ecan 6bl MpH onmucaHMH M U3YYEHHH IBHKEHHS
cnyTHHKa 3emJ s 6HJa Gbl NpHYHCIeHa K NPHGOpY, TO 3TO
BbI3BaJ/IO OBl HeMaJsoe yAuBJeHHe. AHaJlOrHUHOe ke HeJopa-
3yMeHHe B KBAHTOBOH MeXaHUKe NMpOJAO0JXkKaeT 0CTaBaTbCs B
OCHOBe )OPMYJHPOBKH 3TOH TEOPHH.

JeficTBHTeNbHO, QH3HUECKHE YCIOBHS JBHKEHHS MHKDO-
00bEKTOB, 3afaBaeMble KJaCCHUECKHM MOTEHIHAJOM, Ha3bl-
BAIOT IPUrOTOBJSAIOLIEH 4YacTblo Ipubopa, 3abbiBasg, UYTO
npeiMeTOM KBAaHTOBOH MeXaHHKH fIBJsIeTCH He caM Io cebe
MHKPOOOBEKT, 2 MUKPOOOBEKT, HaXOASALIHNNCA B ONpeleseH-
HBIX u3nyeckux ycnaosBusix. [lponecc nepexoma MHKpO-
06beKTa U3 OmHUX (U3HUYECKHUX YCJOBHUH JBHXKEHHS B APY-
rie HeNpaBOMEPHO HAa3bIBAIOT MpoleccoM H3MepeHus. Ha
CaMOM Xe Jese C I03HaBaTelbHON AesTeNbHOCTbIO CyObeKTa
NpPHHIHMHAJABHO CBI3aHa JHUIIb PETUCTPAlUs 3TOTO mpolecca
JIeTeKTOPOM, BbHIpaGaThIBAIOIIUM MAaKPOCKOMHUECKUH CHTHAJI.

IlpoBepka mpepcka3aHuit KBAHTOBON MeXaHHKH, IOMHMO
HCI0JIb30BaHUS NPoLecca MaKPOCKOMHUYECKOTr0 YCUIEHHs IS
JETeKTHPOBAHHA M3MEHEHHH KBAHTOBBIX COCTOSIHHH ABHKE-
HHH, TpebyeT, KOHeYHO, U KOHTPOJHUPYEMBIX YCJIOBHI OQHO3-
HaYHOTO BBbIAENEHUS HCXOJHOIO CTaTHCTHYECKOro aHcamOJst
HCCleflyeMblX KBAaHTOBBIX CHCTEM, YTO HEBO3MOXHO 0Oe3
MaKpPOCKONUHYECKOro 3afaHusi (DU3HMUECKUX YCJAOBHH [ BHKE-
HUSI MAaKpooO6bekToB. OlHAKO TOJNBKO YaCTbh, AETEKTHPYIOILIYIO
KBAHTOBble Mepexojbl, HeOOXOAUMO HCKJIOUHTb [PU OMHCA-
HUM KBAHTOBBIX SIBJI€HUH, MPOUCXOAUBILUX B JOHUCTODPHYECKHE
BpeMeHa, T. €. NIpU ONHCAHHH HX BHE CBSA3H C IKCIEPHMEH-
TaJqbHOH NpPOBEPKOH TeopeTHYecKHXx Mpenckaszanuit. Cob-
CTBEHHO, 3KCIIepPUMEHTaJbHbIH Tpubop, BbipabaTbiBalOUIHi
MaKDOCKONHYECKH YCHIEHHBIHl CHTHAJ 0 KBAHTOBOM MepeXxoje
MHKpOOObeKTa M3 OXHHUX (GH3NYECKHX YCJNOBHIl B JpYTHe,
BOBCE HE COCTaBJIET HEOTbEMJIEMYIO YacTb HEOOGPATHMOTO
KBaHTOBOTO Npouecca. K coxaseHuo, Ha 3T0 06CTOATENBCTBO
He o6pamiaercs BHUMaHHe B MoHorpaduu . M. Baoxunue-
Ba {7] npu pa3a6ope MaKpOCKOMHYECKOH NPUPOAbl AETEKTOPA,
MaKpPOCKOMHYECKOH HEYCTOHYHBOCTH paBHOBECHS €ro Ha-
YaJIbHOT'O COCTOSTHHSI.

Hanpumep, npoueccsl Bo36yKIEHHST aTOMOB, H3JydeHHS
KBAHTOB CBeTa 3THMHM aTOMaMH, a TakKxKe npoueccsl ¢oro-
MOHHM3allMKH aTOMOB Ta3a (OTOHAMH NPOUCXOAAT BHE BCAKOM
CBSI3HM C [03HABATENbHON AEATENbHOCTbIO CYyOBEKTa U3 Mak-
pomupa.
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Ucnonbs3oBanue xe B npubope yxe co3gaHHoro ¢oro-
3JE€KTpPOHa B KauecTBe HayaJ/JbHOIO TOJIYKA M/ CO3JaHHS MO/,
JNeHCTBUEM 3JIEKTPHUECKOTO TOJIsT MAKPOCKONHYECKOH JaBH-
Hbl B 3JIeKTPOHHOM YMHOXKHTEJE, ra30BOM CYETUHKE HJIH
HCKpPOBOHl KaMepe He MOXET NOBJHATb Ha MpOHUCILEIIIHE
paHee KBaHTOBbIE NMPOLECCH BO3OYXKACHUS aTOMa, H3JyUeHU
UM (QoToHa H mociaeayioueii GoTOHOHH3aUUU aToMa B CYeT-
ynke. He3aBucuMO OT TOro, MoJaHO JH 3JEKTPHUECKOe TOJIe
Ha CYETYHK UJIH HeT, T. C. 3aPETHCTPUPOBAH HAMH DOTOH HJIH
HeT, caM npollecc GOTOHOHH3ALUHN aTOMa HJIH 00pa3oBaHHUS
KOMITOHOBCKOTO 3J1eKTpOHA HapyllaeT KOT€pPEeHTHOCTb BOJIH
(kBaHTOBBIE mpoLecch l-ro poaa, Mo TEpMHHOJOTHH (OH
Hefimana {8]), ycrpansis BO3MOXHOCTb B MOCJEIYIOIEM Bbl-
J€JUTb MaKpPOCKONHYECKUMHU cpeacTBaMi aHcaMmbiib, B KO-
TOpPOM MNpPOABHJHUCH Obl HHTepdepeHUHOHHblEe 3 (eKTH.

Tak, ecin B onbiTe ¢ MOJAynpo3pauHblM 3€pKaaom (OTOHB
nepex nomnajgaHueM Ha (QOTOMJIACTHHKY OYAYT NPOXOIHUTH
yepe3 ABAa CHMMETPHYHO PACIOJIOXKEHHBIX CUETYHKA KOMIITO-
HOBCKHX 3JIEKTPOHOB, TO HE3aBUCHMO OT HAJUYUS HamNpsiKe-
HHUA Ha CUeTYMKaX NpPOHM30HJAeT CTHpaHHe HHTepdhepeHLHOH-
EBIX T0JIOC Ha QoTonNacTHHKE, NPONOPLUHOHANbHOE 3b¢eK-
THBHOCTH TIIpOllecca KOMIMTOHOBCKOTO paccessHuss (OTOHOB.

3. Ob6ocnosanue He06X00UMOCTU YCTAHOBACHUS
COBMECTHO20 KOOPOUHATHO-UMRYALCHO20 ONUCAHUSA
Odsugcenus MUKpoobBeKTO8

[IpexmeTom omucaHUsi BOJIHOBOH MEXaHHMKH fBJSETCH MO-
BeJleHHe KBAHTOBBIX CHCTEM, COCTOSLIUX M3 KOJJIEKTHBA He
B3aHMOJEHCTBYIOUMX MeXAy CO60H OTAe/JbHBIX MHKPOOOB-
€KTOB, HaXOAAIIHMXCA B ONAMHAKOBbIX (U3UUECKHX YCJIOBHAX
IBHXKEHHA.

B xBaHTOBO#l MexaHHKe, TOUHO TaK e KaK H B KJIaCCH-
YeCcKOH MexaHHKe, (PH3HuYeCKHe YCJIOBHS ABUKEHH 00beKTa
3a1a10TCsA -C MOMOLIbIO (DYHKUHHA NMOTEHIHAJbHON 3HEPTHH.
Ho B ksaccuueckoit pu3vKe 3TH (PYHKUHH MOTEHLUHAJbHOH
SHEPTHH HCNOJb3YIOTCA NOC/E DELIeHHs YpaBHEHU# ABHXKe-
HHUSL OS] [OJYy4YeHHs] AMHAMHUYECKOrO HJH CTAaTHCTHYECKOTO
ONMHCaAHHs JBUXKEHHS B IIPOCTPAHCTBE U BPEMEHHU HJIH B da-
30BOM NPOCTPAHCTBE KOOPAHMHAT W MMIYJbCOB. B KBaHTOBOH
MexaHunKe (YHKIHH NOTEHUHAJbHOH S5HEPTHH OJHO3HAUHO
ONpeNeNsioT JIMIIb HEeKOTOPYIO BCIIOMOraTesbHYI0 BEJIHYH-
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Hy — BOJIHOBYI0 YHKLHIO HCC/enyeMoro CocTosHus. Pusu-
yeCcKU!l CMBICJI MOCJefHeli BbIpaXkaercsd B NpefcKa3aHUH
BEPOSITHOCTEH Mepexofa MHUKPOOOGBEKTa M3 HCCeNyeMOro
COCTOSIHHSI B JI060€ [pyroe OCyHIECTBJSIOLIEECS B NpHUPOLE
COCTOSIHHE JBHXKEHHS.

Caenyer oTMeTHTb, 4YTO BEPOSITHOCTHBIA XapaKTep AaBae-
MOTO ONHCAHHUSl OTBEYaeT CTATHCTHUECKOH NMPHUPOJEe 3THUX Ie-
pPexXoN0B, a He ABJAAETCH HCKYCCTBEHHBIM MODOXKIEHHEM MpHU-
HATOH cXeMbl onucaHus. J[lelCTBUTENbHO, IPH OTHOM H TOM
e THIle BHE3aNHbIX H3MEHeHHH BHEIWHHX QHU3HYECKUX YCJIO-
BUH B pPAa3/JHYHBIX 3K3eMILIsipaX OJMHAKOBBIX KBAHTOBBIX
CHCTeM IMOJy4aloTcs B oOlLueM cjyuyae nepexoibl B pas3Jiny-
Hble COCTOSHHSA, OTJNHYaloOUiHecs COOCTBEHHBIMH 3HAUEHHSIMHU
onpenesieHHON NHHAMHuecKoil mepeMeHHol. IloaTomy o6bek-
THBHAsi 3aKOHOMEPHOCTb IPOSIBJAAETCA B paclpejeseHUH
BEepPOSITHOCTEH TaKHX IepeXOJOB.

Tax Kak o mepexone KaxKIOro OTIEJIbHOTO MHKPOOGBEK-
Ta B JPYyroe COCTOSTHHE IBUIKEHHUS MOXKeT ObITh MOJYYEH B
CIeLHAaJbHO OPTaHH30BAHHBIX YCJOBHSIX MAaKPOCKOMHYECKHUIX
CHTHaJ, TO, C1eI0BATENbHO, MOXKHO CKa3aTb, YTO BOJIHOBAS
(GYHKUHSA IaeT CTATUCTHYECKOE ONUCAHUE Pe3YJbTATOB MI06BIX
BO3MOXKHBIX H3MepeHUH KBAHTOBBIX CHCTeM. B COOTBETCTBUU
C THIIOM BO3J€HCTBHSI Ha KBAHTOBble CHCTEMBI 3TH MPOLECCHI
KJacCHUIHUPYIOTC KAK M3MEPEHHS PAa3JIMYHbIX JHHAMH-
yecKHx TepeMeHHbIX. CpelH Tak HasblBaeMbIX HabJwopae-
MbIX BeJHYHH B KBAHTOBOH Me€XaHHKe Mbl BCTpeYaeM U IH-
HaM{yeCKHe nepeMeHHble — KOOPIHUHATHl U UMIYJIbCHl, KOTO-
pPbHIMH ONHUCbIBaeTCs ABHXKEHHE B Kjaccuueckoi ¢usuke. Ho
B KBAHTOBOH MeXaHHKEe 3TH BEJHUHHbI He OOBEIHHAIOTCA B
ONMHCAHHH [IBMIKEHHS MHUKpooO'beKTa B ($a30BOM MpPOCTpaH-
CTBE._

Cpeny pas/MYHBIX BO3MOXKHBIX COCTOSIHMI KBAHTOBBIX
cucreM ocoboe MeCTO 3aHMMAIOT TaK Ha3biBaeMble COOCTBEH-
Hble COCTOSIHHA (hH3HUeCKHX BeJquuMH. He omuceiBas camoro
JIBHXKEHHST MUKPOOOBEKTa B 3aJaHHbIX (HU3HUECKUX YCJIOBH-
X, ONpeleNsIoNINX KBAHTOBOMEXaHUYECKOe COCTOsIHUE, BOJI-
HOBasi MeXaHHKa BbIJeJsSeT CPeAd BO3MOXKHBIX TaKHe COC-
TOSIHHSI H COOTBETCTBYIOL[HE UM (YHKIHH NOTeHIHaJbHOH
SHeprHH, IPH KOTOPBIX ollpelesieHHbIE (PHU3HUeCKHe BEJTHYUHDI
COXPAHAIOT HeH3MeHHble 3HaueHHsi. OueBHIHO, UTO COOTBET-
CTBYIOLHE M3MepeHHs], NPOBeAeHHblE AT KaXJA0ro OTIeJb-
HOTO 3K3eMILJIsipa M3 CTATHCTHYECKOro KOJIJIEKTHBA KBaH-
TOBBIX CHCTE€M, HAXOASALINXCS B 3aJaHHOM COGCTBEHHOM COC-
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TOSIHUH, OyAyT NPHUBOAUTD K OTHOMY U TOMY XK€ Pe3yJ/bTary.
Takoit ancam6sb o6JiafaeT onpene/eHHbBIM 3HaueHHeM ¢H-
3M4eCKO# BeJHYHHBI B CHJIYy €€ COXpaHeHHs B IpolLecce JIBH-
JKEeHHS1 B KaXIOM 3K3eMILIspe.

Hns  peanusauuu KBAHTOBBIX CHCTEM, HAXOAALIMXCH B
COGCTBEHHOM COCTOSIHMH, HYXXHO OCyLIEeCTBJIEHHE ONpefeseH-
HbIX (pH3HYECKUX YCJIOBHMH, 'BbIPAXKAIOIIUXCS B 3aJaHHUH OI-
peleseHHON GYHKUMH [OTEHLHaJa.

Crneunduka xe CBONHCTB KBAHTOBBIX CHCTEM COCTOHT B
TOM, 4TO B IIPUPOJE He CYLLeCTBYeT TaKUX COCTOSIHMH IBH-
XKEHHSI MHKPOOO'BEKTOB, IPH KOTOPBIX COXpaHs/IHCh Obl He-
H3MEHHBIMH [POCTpPAaHCTBEHHAs KOOpAHHATa B KAKOM-JIHGO
HallpaBJIeHHH H COCTaBJAIONIAS UMIYJ/AbCA B TOM XKe HalpaB-
aenun. (Kcratu, B KiaccHuecKoff MeXaHHKE 3TH YCJOBHS
BBEIIIOJIHSIOTCS TOJILKO B COCTOSIHMH NOKosi o0bekra.) Cieno-
BaTe/bHO COOCTBEHHbIE COCTOSTHHS 3THX JHHAMHUYECKUX nepe-
MEeHHBIX He coBmajaioT. /s ocyulecTB/JeHHUsT COOCTBEHHOIO
COCTOSIHHSI TIO HUMIIYJ/IbCY HYXXHO OTCYTCTBHE BCSKHX CHJI B
IIPOCTPAHCTBE, a AJs1 COOCTBEHHOTO COCTOSTHHS MO KOOpIHHA-
Te Tpebyercs HMeTb GeCKOHEYHO Y3KHMH IOTeHLHAJbHbIH
SIIUK ¢ OeCKOHeYyHo BbICOKHMHU MOTeHLHAJbHBIMH CTEHKAMHU.

IIpsiMBIM CJIEICTBHEM OTCYTCTBHSI B NPHUPOLE COCTOSTHHH
C HEM3MEeHHbIMH 3HAUYEHHUSIMH KOOPAMHATBI U HMIyJ/bCa sB-
JISIeTC HEBO3MOXKHOCTb OJHOBPEMEHHOr'O M3MepeHHs Koop-
JUHATBI M MMIIyJbCa, TaK KakK NpOLECcC H3MepeHHsT HUCIOJb-
3yeT MPOUCXOAAIIMA B KaXKAOM OTHENbHOM Cllyuyae Nepexon
MHKPOOO'BEKTa H3 HUCCAELYEMOrOo COCTOSHUS B OJHO H3 CY-
IIEeCTBYIOUIUX COOCTBEHHBIX COCTOSIHUI C HEM3MEHHBIMH 3HA-
YeHHSIMH H3MepsieMbIX BeJHUHH.

TakuM -00pa3oM, U3 KBAHTOBOI MEXaHHKH ClelyeT He-
BO3MOXKHOCTb OCYIIECTBJEHHS TaKMX MAaKpPOCKONHYECKH 3a-
JaHHbIX (H3HUECKHX YCJIOBHHA JBHUKEHHST MHUKPOOOGBEKTOB,
KOTOpble MO3BOJIMJH OBl BBIZENHUTb CTATUCTHYECKHI KoJJIe-
KTHB KBAHTOBbIX CHCTE€M C HEH3MEHHbIMH 3HAUEHHSIMH HM-
nyJabca U KOOpAMHATHL. BBHINMONHUB yCJOBHs COXpaHEHHs He-
M3MEHHON OJHO¥ M3 3THX BEJIHUHH, Mbl COTJIACHO NMpPUHLHUIY
HeonpexeNeHHOCTH MOJyYHM AJSi CTATHUCTHYECKOro aHcamoO-
JIfl TaKHX CHCTeM HeollpelesieHHOe 3HAYeHHe JIPYroifl BeJH-
yuHel. CJieflyeT OTMETHTb, YTO TEPMHH <«HEONpemeJeHHOe
3HaueHHe», UMEIOIHH KOHKPeTHBI!l CMbIC/ NPHUMEHHTEIbHO K
CTaTHCTHYECKOMY aHCaMOJ/I0 ONMHAKOBBIX KBAHTOBBIX CH-
CTeM, 4acCTO HCMNOJb3YIOT BeCbMa HeylauyHO O/ OTAeJIbHOH
KBAaHTOBOH CHCTEMBI, 3aTylIEBbIBAsA TOT (pakKT, 4TO OTAEJNbHOE
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H3MepeHHe BCeraa MPHUBOAHUT K ONpeAeJE€HHOMY 3HaueHHIO
n3MepsieMOl BeJHYMHB. KBaHTOBas e MeXaHHKa K TOMY
XKe, Kak ocobo noguepkusaer I1. dupak [9, crp. 145], ucxo-
IUT U3 a6CTPAKTHONH BO3MOXKHOCTH TOYHONO OTHAENbHOrO H3-
MepeHHs KOOPAUHATHl MM UMIYJbca MHKPOOOBEKTA.

[TycTb, HanmpuMep, Mbl HM€EM CTATHCTHYECKHH KOJJEKTHB
He B3aHMOJEHCTBYIOIIHX MeXAY CO60H 3JeKTPOHOB, JIOKa-
JIN30BAHHLIX B ONpefeseHHON 006/1aCcTH NPOCTPAHCTBA 3a CYET
UCIOJb30BAHHS ONWHAKOBBIX MOTEHUHAJNbHBIX AMIMKOB. Eciu
Mbl CMOXEM MTHOBEHHO YCTPaHHUTb NMOTEHIHaJbHble CTEHKH
SIIHKA M BBLIMYCTUTH 3JEKTPOH B CBOOOJHOE MPOCTPaHCTBO,
JINIIEHHOe CHJIOBHIX MOJieH, BO3NeMCTBYIOUINX Ha 3JIEKTpPOH,
TO 3To MO3BOJIMUT HaM NMPOBECTU CKOJb YrOAHO TOUHOE H3Me-
peHHe HMMyJbca OTAENbHOIO 3JeKTPOHA. B KaXA0M KOH-
KPETHOM H3MepeHHH MBI OyIeM TNoJydaTb OMpeleseHHoe
3HaueHWe UMNyJabca. Ho naMepeHus ¢ pasqH4YHBIMH 3K3EMII-
JspaMH UMEIOUIErocsi KOJJIEKTHBA OLMHAKOBBIX CHCTEM IPH-
BeIYyT K PasJHYHBIM pe3yabTataM. Jluciiepcus, xapakTepu-
3yloniasi pa3bpoc MONyYeHHBIX Pe3yJabTaTOB B CTATHCTHYE-
CKOM aHcaMbJie, U BXOAHT B COOTHOILEHHe HeoNpeneseHHO-
cTel.

EcrectBeHHO Oymer cuHMTaTh, YTO H3MepeHHE SIBJISETCH
0coOBIM BHIOM BO3[eHCTBHSI, KOTOPOe, HECMOTpPS Ha paspy-
IIeHHe HCCIeAyeMOll KBAHTOBOH CHCTEeMBbl, TIO3BOJISIET NOJY-
YHTb 3HAYEHHS H3MepsieMOH BeJTHYMHBI, IPUCYIIHE HCCAenye-
MoMy oO6bekTy. Torma pasnuuve pe3yJabTaTOB H3MepeHHH
C OTHEJbHBIMH 3K3eMIUIIPAaMHU KOJJEKTHBA OZMHAKOBBIX CH-
CTeM JOJIXKHO XapaKTepH30BaTb H3MeHeHHe NaHHOH u3Meps-
eMOH BeJHYMHBl B IpolLecce ABHIKEHHS MUKPOOOBEKTa B
HCCAelyeMOM COCTOSIHHHM. 3ajxayefl maJjbHeHIlIero pasBUTHSA
KBAHTOBON MaXaHHKHU M JOMXKHQ CTaTh YCTAHOBJIEHHE OIH-
CaHUsl ABUXKEHHS MHKpOoOoOBeKTa B ()a30BOM MPOCTPAHCTBE
P U ¢, CKPLITOTO OT HeNOCPeACTBEHHOI'0 HabJI0NeH s, HO Of-
HO3HAYHO CBSI3AHHOI'O CO CTATHCTHYECKHMH paclpeneseHus-
MH pe3yJbTaTOB H3MEpPEHHS.

[TockonbKy KBaHTOBass MeXaHMKa JaeT [paBHJIbHOE
npeacKasaHne CTaTHCTHYECKUX paclpefeeHHi pe3yabTaToB
BCEX BO3MOXHbBIX H3MepeHHIl, TO eCTeCTBEHHO Oymer mpen-
NOJIOXHTb, YTO aNNapar CyIIeCTBYIOIIEHA TEOPHU CKPLITO CO-
0epKHUT BCe CBEIEHHUS U O IBHKEHHH MHKPOOOBeKTa B (aso-
BOM NPOCTPAHCTBE p U ¢ B J1060M 3aJaHHOM COCTOSTHHH,

VIMeHHO B TaKOM acrekTe, BONPEKH YCTaHOBKAaM KOIEH-
rareHcKo IIKOJbl, OblJIM MPEeANPHUHATH HEKOTOPLIMH yue-
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HbIMH TIONBITKH Pa3BUTHS OObIYHOTO QopManHsMa LBaHTO-
Boit Teopun. Kak ormeuaér I1. [Tupaxk [9, crp. 187], don Heit-
MaHOM BHepBble Obla BBeJeHa [.isi KBAHTOBbIX CHCTEM
miotHocts F(p, g) B pa3oBOoM mpocTpaHcTBe, aHaJOrHYHast
ru66COBCKOH IIJIOTHOCTH B KJIACCHYECKOH CTaTHCTHYECKOH
¢u3Mke. Ho mnpUMEHUTENbHO K KBAHTOBBIM CHCTEMaM 3Ta
CTaTHCTHYeCKasi (PYHKLHsI He MOXKeT ObITb HemoCpeACTBEHHO
M3MepeHa, TaK KaK COOTBETCTBYIOIIHH el CTaTHCTHYECKHH
aHcaMOJ/1b CHCTEM SIBJISIETCSI CKPBITHIM /151 MaKpoMupa, u6o
OH He MOXeT ObITb BbifejieH 3aJaHHeM MaKPOCKOMHYeCKHX
yCJIOBHH JBUXKEHUS MHKPooGbeKToB. B 3TOoM oTHOmEHUH
(G YHKUHS NJIOTHOCTH BEPOSTHOCTH B (Pa30BOM TpPOCTPAHCTBR
COBepLIEHHO aHaJ/IOTMYHa BOJIHOBOH (PYHKUHH, TAKXKe Henoc-
PeICTBEHHO He M3MepsieMOil B ONbITe, HO CBA3aHHOH Teope-
THYECKH CO BCEMHU IMOJIyYaeMbIMH B ONbITE CTATHCTHYECKUMH
pacnpeneseHUsiIMH  pe3y/bratoB H3Mepenuil. OmpHako mHo-
CTpOeHHe KBaHTOBOH TEOpPHHM Ha OCHOBe (YHKLUHM pacrnpeje-
JIEHHs B CMEIIaHHOM KOOPAHMHATHO-HMIYJbCHOM IIpOCTpaH-
CTB€ SIBUJIOCh OBl 3HAUMTENbHbIM YrayOJeHHEM TeOpHH, TakK
KaK N03BOJIUJIO Obl HApPSAAY C MpeJcKa3aHHEeM CTaTHCTHUECKUX
pacnpenesieHHil pe3yJbTaTOB BCEX BO3MOXKHBIX H3MepeHHI
MOJYYUTb CBENEHHS O CKPBITOM OT HeNocpeACTBEHHOro Ha-
6J1I01eHHS] IBHKEHHUH MHUKPOOOBEKTOB.

Caenyer OTMETHTb, YTO MOCTAHOBKA BONpOCA O MOJyye-
HUH CBENEHHH O TAKOM [BMXKEHHU He NPOTHBOPEYUT CHesaH-
HoMy paHee ¢oH HefimaHOM BBIBOAY O «CKpPBITBIX MapaMmer-
pax». B 1932 r. B cBoeit 3ameuarenbHoll MoHorpaduu «Ma-
TeMaTHYeCKHe OCHOBbl KBAHTOBOH MaxHHUKH» 8], koTopas u
cefluac ocraercs HauboJiee CTPOTHM M TOYHBIM H3JI0KEHHEM
KBaHTOBOH MeXaHHKH, ¢oH HefimaH npuiien Kk BHIBOLY O He-
BO3MOXKHOCTH BB€/ICHUSI B KBAHTOBYIO MEXaHUKY HENPOTUBO-
peuHBHIM 00pa3oOM HeyUTeHHBIX CKPBITHIX MapaMerpoB, KO-
TOpble MNO3BOJHMJH Obl H3 YHCTOTO aHCaMGJisi KBAHTOBBIX
CHCTEM BBIAEJNHTb NMopaHcaM6iu 6e3 JUCEePCHH MO UMIMYJb-
Cy M KOOpJHHATe M YCTAaHOBHTb Ha 3TOH OCHOBE <HCTHHHOE»
NpHYMHHOE ABHXKeHHe MHKpoyactul [8, crp. 240—241]. Ta-
KUM o6pa3om, BbiBOA (oH Hefimana oTHOcHTCs K He yuTeH-
HBIM B TEOPHH, HO HEMOCPEeACTBEHHo HabJ/101aeMbIM Ha OIbI-
Te napaMerpaM, NOCKOJNbKY peub HIAET O BbIJEJEHHH Ha HX
OCHOBe aHcaMmOJiedl, He OMHCbIBAe€MbIX B OOLIYHOH KBAaHTO-
BOH TeOopHI.

IIpu3HaBasi 3a coBpeMeHHON KBAaHTOBOH MeXaHHKOH MoJI-
HOe OMnHcaHHe BCeX [eHCTBHTENbHO HEMNOCPeNCTBEHHO Hab-

151



JI0JaeMblX BeJMYHH, Mbl ofpaliaeM BHUMaHHe Ha HeHU3Oex-
Hoe CyllecTBOBaHHe NPUHUUNHAJBHO CKPBITHIX OT HENoCpen-
CTBeHHOro HabJ/I0JeHHs IapaMeTpoB JBUKEHHS MHKPOOGB-
eKTOB. DTH NapaMeTpbl He MOTyT ObITb HCHOJb30BAHBI HAJIS
Bbl€/IeHHsI MAaKDOCKONHYECKHMH CpeACTBaMH aHcaMObJeil,
NpPOTHBOpPEYALIHNX COBPEMEHHOH KBAHTOBOH TEOPHH H HMEIO-
IMMCS  SKCHepUMeHTaJbHHIM HaHHbIM. Ho 3TH npuHununu-
aJIbHO CKDHIThIe OT HernocpeiCTBEHHOro HabJIofeHHs mapa-
MeTpPbl LOJKHB ObITb TO3HABaeMbl Ha OCHOBE YCTaHOBJIEHHS
CBSI3H HUX CO BCell COBOKYMHOCTbIO HabJi0JaeMbIX BEJHYHH.
Cuoepyer Takke OTMETUTB, UTO pellleHHe npobJeMbl ycra-
HOBJIEHHS] OLHO3HAYHOTO ONUCAHHS NPUHLHUIUAJBHO CKPBITO-
IO OT HENOCPeCTBEHHOr0 Hab/110JeHUsl NBUKEHUSI MUKPOOOb-
€KTOB He MO3BOJIUT NPeAcKa3aTh KaKoro-aubo HoBoro 3doe-
KTa WJH pe3y/bTaTa M3MepeHHH B 06,1aCTH KBAHTOBHIX SIB-
JgeHuit. Jlas1 yero ke Torga Hy»KHO 3TO onucaHue? Ilpexne
BCero AJs TOro, yTobbl 3amno/jHUTL Npoben B 0ObsCHEHUH
Hab/MOgaeMblX KBAHTOBBIX 3((eKToB, AJs KOTOPHIX CyIie-
CTBYIOILAA TEOPHSA HAeT TOJbKO CTaTHCTHUECKHe IpencKasa-
HHs pesyJjbTaroB HaOaomeHuil. MlHaue roBopsi, MJs TOro,
yTOGH 1aTh KOHKPEeTHoe OO'bsCHeHHe, HallpuMep, JBHKEHHIO
MHKDOUACTHL, IPH TyHHEJbHOM 3(deKTe, IpUUHHE CTATHCTHU-
yeckoro pasbpoca pe3yJbTaTOB IOBTOPHbIX H3MEpeHHH H,
HaKoOHell, eIHHCTBY KODPHYCKYJSIPHBIX M BOJIHOBHIX CBOHCTB
MaTepuH. B HOBOM omnbiTe BO3HHKJa OBl NpPHUHLHNHAJNbHAS
HeoOXOXMMOCTb, ec/id OBl peyb Ija O 3aMeHe CTaporo o6b-
sicHeHHs1 HOBBIM. Ho Bellb B TOM-TO M COCTOMT Iapajpokc Ha-
IIMX AHeH, YTO B TeYyeHHe COpPOKa JIeT CYIeCTBOBAHUS KBaH-
TOBOH MeXaHHKH OTCYTCTBYET KaKoe-1HG0 OOGbsicHEHHe yKa-
3aHHbIX 3¢ dekToB. Takum 06pa3oM, KBAaHTOBAasi MEXaHHKA B
ee COBPEMEHHOM BHJe, [aBasi IIPaBHJIbHOE M IIOJHOE OIlHCca-
HHe CTaTHUCTHYECKHX paclpellesieHH#l pe3yJbTaToB BCEX BO3-
MOXHBIX M3MEpeHUH, TeM He MeHee B SIBHOM BHIe He IaeT
BCEro TOTO, YTO MOXHO OblI0 OBl YCTAHOBUTb O JBHXKEHHH
00bEeKTOB B MUKPOMHUpE Ha OCHOBE 3THX pe3yJ/bTaToB.
Kpome Toro, ycrpaHenue npo6ena B 06bsiCHEHHH KBaH-
TOBbIX 3(()EKTOB Ha OCHOBE YCTAHOBJIEHHS CKDBLITOH OT He-
TIOCPEACTBEHHOTO HaOJIIOJeHHUs] CYLIHOCTH KBAHTOBLIX siBJle-
HUA TIPHBENET CO BpPeMEHeM M K IpeICKasaHWi0 HOBHIX
SKCIepUMEeHTa/bHbIX pe3yJ/bTaToB, HO He B 06JacTH aTOM-
HOM (QH3UKH, a B GoJiee rayGoKuX obJyacTax (GpU3UKY, rae No-
Ka He yraJoCh IIOCTPOHTb maxe (opMaJibHOrO TeopeTHye-
CKOro anmapaTra Ha OCHOBe CYIIeCTBYIOLIHX IHpeJcTaBJeHUH.
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Benb ecau roBOpHTb CTPOro, To W MOJeKyJAsipHast Teopus,
OTKpbIBILIAS] BeJMyailliMe TOPH3OHTHI mepel (HU3NKaMH, C06-
CTBEHHO B ()eHOMEHOJIOTHUECKYIO TePMOJHHAMHUKY He BHECJA
HUKAKHUX NMPAKTHYECKHX Pe3yJIbTaTOB.

I. U. bnoxunues [7] coBepilleHHO MPaBUJIbHO OTMEUAeT,
YTO MpPeNNoJIOKEeHHEe O CKPLITOM JeTepMHHHUPOBAHHOM JBH-
JKEHUH KBAHTOBBIX YACTHI, KOTOPOMY COOTBETCTBYIOT MpHH-
HHUMHAJLHO CKPbIThle, HeM3MepsieMble NapaMeTpbl, BOBCE He
MOXeT ObITb OTBEPrHYTO HAa OCHOBAHMM paCCyXKJIeHHH, mno-
JYUUBLIMX HasBaHWe TeopeMbl HefiMaHna, Tak Kak 3TH pac-
CYKJIEHHS1 OTHOCSATCS K CKPBITBHIM JIMIIb B KBAHTOBOH TEOPHH,
HO HabmwonaeMbiM napaMerpam [8, crp. 133—147]. Tem He
MeHee MeToJbl MaTeMaTHyeCKOH CTaTHCTHKH B JeHCTBHUTE/b-
HOCTH MO3BOJISIIOT CTPOr0 0GOCHOBATb TOT K€ BLIBOL H JJIA
HeHaGJofaeMbIX MapaMerpoB. Hike Mbl IoKaeM, uTo H
JJISi TIPUHIUIHANBHO CKPLITOTO ABMIXKEHHs MHKPOYacTHI He-
JONyCTUMO NpEeNCTaBJeHHe O JBHXKEHHH N0 OnpeJe]eHHbIM
TPaeKTopusM B $a30BOM IPOCTPAHCTBE, TAK KaK TaKoe JABH-
JKeHHe HeCOBMECTHMO B paMKaX MaTeMaTHYeCKOH CTaTHCTH-
KM C pacnpelesleHHSIMH BEpOSITHOCTeH JJis1 HalGJiomaeMbiX
BeJIMYHH B KBAHTOBOH TEODHH.

DTo 03HAuaeT, YTo HaMepeHHsi HeKOTopbIx ¢usukos [10,
crp. 11; 11, crp. 145; 12, crp. 34; 13, erp. 289] passusaTh
KBaHTOBYI0 TEOPHIO C IIEJIbI0 YCTAHOBJIEHHS] AMHAMHYECKOTrO
JABMKeHHUs1 oOpeuyeHbl HA NOJHYIO Heynauy. HeBosmoxHocTb
CO3laHUs IPHYUHHOTO HECTATHCTHYECKOT'O ONUCAHUS Pe3yJib-
TaTOB M3MepeHHil B KBAHTOBLIX IIpoleccax JokasaHa ¢oH
Hefimanom. Mbl ke fokaxeM HHKe HeOOXOIHUMOCTb NpUBJIe-
YeHHs] CTATHCTHKH He TOJbKO IJIsi NpeINCKasaHUH pesyib-
TATOB M3MepPeHHH, HO M [/ ONHCAHHUS NPUHIUIHAILHO
CKPBITOI'O OT HENOCPECTBEHHOro HaGJIONEHUs] JBHKEHUs
MHKPOYACTHIL.

B noHckax oJHO3HAYHOT'O ONHMCAHHSI CKPBITOTO ABHXKEHHS
MHKpPOYACTHI, CJelyeT, HCONb3ysi MEeTOAbl MaTeMaTHYecKokH
CTAaTHCTHKH, NONYCKaTb IPH HEOOXOAMMOCTH CKOJIb YLOJIHO
CJIOXKHBIH M HeKJacCHYeckHil o6pa3s JNBMKeHHs. EnuHcTBeH-
HbIM KpHTepHeM NpPaBHJIbHOCTH HalJEHHbIX CBOMCTB CKPbITO-
ro JBHKEHUSi MUKPOUYACTHL MOXKeT GbITb TOJIbKO 0JHO3HAY-
Hasi COBMECTHMOCTb HX CO BC€Hl COBOKYMHOCTbIO NpenCcKasbl-
BaeMblX CYILECTBYIOILEH TeOopHeH 3SKCIepUMEHTaJbHbIX pe-
3yJapratoB. [losToMy BIoJIHE ecTecTBEeH 0OpaTHbIH NyTh OTHI-
CKaHHs HeHabJsionaeMol QyHKIHM pacrnpeenesus IJIOTHOCTH
BepositHOCcTH F (p, ¢) B (ha3oBOM NpOCTpaHCTBe, HCXOAS H3
aHajj3a annapara CyUecTBYIOIell KBAHTOBON MeXaHHKH.
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Himenno takoil myTb mMOCTpOeHHs] CMEILAHHOH MaTPHILbl
NJIOTHOCTH HJIM (PYHKUHH COBMECTHOTO pachpefeseHHus Mo
UMIyJbcaM U KOOpIUHaTaM Obll U36paH B CBOe BpeMs B pa-
6orax E. Buruepa [14], T. Beins {15], 5. I1. Tepaeuroro
[16}, O. Y. Bnoxuunuesa [17], I1. Oupaka [18] u . Moiisaa
[19]. Onnako aBTOpaM 3THX paGoT HE yJAan0Ch MOJYYHThb
OMHCAHHSA CKPBLITOrO ABHKEHHS MHKPOYACTHI, TaK KaK Haii-
JeHHble MJOTHOCTH BEPOSATHOCTH B (a30BOM MNpPOCTpPaHCTBe
Jau6o BbIpaxalduCh KOMIJIEKCHO! (yHKuue#, 1160 IpH He-
KOTODBIX 3HAYeHHUSIX apryMeHTOB NPHHMMAJH OTpHIATe/b-
Hble 3Hauenusi. Mcnosp3oBanue Takux (QyHKUHI pachpepe-
JIeHUs] KBAa3HBEPOSITHOCTH NpeJCcTaBiaseT cOO0H pasBHTHE HO-
BbIX BapHaHTOB (opMaju3Ma ONHCAHHS pe3y/bTaToB Hab-
JIIOJIcHUA B KBAaHTOBOH MeXaHHKe, JIHLIb MO BHEIIHEMY BHIY
6/1M3KHX K HopMe KJIaCCHUECKON CTATUCTHYECKON (DH3HKH.

IIpo6rema HeoxHO3HAUHOCTH HallIeHHBIX B 3THX paBoTax
pemenuii o6cyxaanacoy B cratbe P. JI. Crparanosuua [20].
He ynanoch u3Gexarb OTpPUIATENbHBIX «BEPOSITHOCTEH» H
I' B. Pasanosy [21] npu o6061menun passuroro P. Peituma-
HoM [22] mozmxona.

Ilpu onucaHuuM HA sI3bIKe KJIACCHUECKOH CTATHCTHKH Clie-
nH(pHUYECKH KBAaHTOBBIX CBONCTB, CBSI3aHHbIX C HHTep(depeH-
LHOHHBIMU 3¢ ¢deKTaMH BOJHOBON MeXaHWKH, BCerja ImoJy-
YaJHCh OTPHLAaTe/bHble 3HAYEHUS JIJI TEOPEeTHYECKU HafeH-
Hoil ckpbiToil pyHkuuu F(p, ¢). OnHako HHKeM MOKa He J0-
Ka3aHa TeopeMa O HeBO3MOXKHOCTH pelleHust o6paTHOil 3a1a-
YM oOnpefesieHUs MEHCTBUTENbHON M BCIOAY MOJIOXHUTEJNb-
HOll dyHukuuu F(p, g) CKpPHITOTO pacnpemesNeHusi BEPOSITHO-
CTH B  TNpPOCTPAHCTBE  OJHOBPEMEHHO  HEH3MEPHUMBIX
JUHAMHYEeCKHX NepeMeHHbIX p U ¢ 10 U3BECTHHIM pacrpeje-
nenusim f(p) u p(g). [TockoabKy peub HIET O peasibHO Cy-
LIeCTBYIOLEM CKPBITOM M CKOJIb YTOMHO CJOXKHOM ABHKEHUH
MHUKPOYaCTHL, AJs MO3HAHUS KOTOPOrO He JOJIXKHO CYIIEeCT-
BOBATb NMPHHUMNHAJIBHBIX Nperpajg, To HeyLaud B pellleHHH
3TOH 3aJauyM JOJKHbl pPacCMaTpPUBATbCSl TOJNbKO Kak JOKa-
3aTeJbCTBO €€ CJ0XKHOCTH.

IIpeononenuio TpymHOCTEH pellleHHsl MOCTABJEHHOH Ha-
MH 3aJauyd B KBAHTOBON MeXaHHKE MOXKET COHefCTBOBAThH
pacCMOTpeHHe M pellleHHe aHaJOTHYHOH o6paTHOM 3amayu B
KaaccHuecko#l (¢Hu3HKe.

Hackoqbko HaM H3BeCcTHO, B KJIaCCHYeCKOH CTaTHCTH-
yeckoil u3uKe He pelllasnach 3agaua o6 OJXHO3HAYHOM OINpe-
JleJIeHHH TIJIOTHOCTH BepOSITHOCTH B (a30BOM MpPOCTPaHCTBE
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[0 M3BECTHBIM pachpefeseHHsIM BeposiTHOCTeH [JIsT KOOpaH-
HaT ¥ uMnyJiabcoB. OnHAaKo 3Ta 3agaya MoxeT ObITb OCTAB-
JIeHa KaK 111 06beKTOB, COBepPLIAIOLINX ABHXKEHHE MO JHHA-
MHYECKHM TpaeKTopHsAM B ()a30BOM MNpPOCTPAHCTBE, TaK H
11 0OBEKTOB, NBHXYIUHMXCS 1O CAY4YaHHBIM TPaeKTOPHSIM.

4. Crartuctuueckoe onucarue 0suiceHus
uHOousudyasorolx 06BEKTO8 8 KAACCUMECKOL (usuke

o paccmorpeHusi npobaembl pelieHHst oGpaTHOH 3aja-
UM B KJIaCCHYECKOH MeXaHHKe HaM INPHAETCS 0o6paTHTbCA
K CTaTUCTHYECKOMY OINHCAHHUIO TMHAMHYECKOTO IBHXKEHH]
HMHAUMBUIYaJbHBIX 0ObEKTOB, KOTOPOE, K COXKaJIEHHIO, HE Mo~
JYYHJIO JOCTATOYHO ILIHPOKOro IPHMEHeHHs, HECMOTpS Ha
TO, YTO HMEHHO B CTaTHCTHYECKOH (opMme KjaccHyecKass Me-
XaHHKa JOIyCKaeT HEIOoCPeACTBEHHOE COIOCTaBJIeHHE C pe-
3yJbTaTaMH OIbITA.

HcxonHble TIOHSTHSI TaK HasblBaeMoil BEPOSTHOCTHOH Me-
XaHUKH ((pa3oBoe NPOCTPAHCTBO, MHKPOKAaHOHHUECKOE pac-
npejneseHHe, HHBAPHAHTHOCTb (a3oBoro o6beMa OTHOCH-
TEeJIbHO KaHOHMYECKHUX NMpeoOpasoBaHMil NepeMeHHbIX U Ap.)
paccMarpuBaloTCs INpH  (QOPMYJHUPOBKE OCHOBHOH 3ajauu
c1atucTuyeckoil ¢usuku. B pa6ore M. Bopua [23, crp. 173],
Obla HCcaenoBaH oOLMH cyyall CTAaTHCTHYECKON AMHAMHKH,
OTNHCBHIBAIOINMHA COBOKYIHOCTH NBHMXKEHHH WHIMBHIYaJbHBIX
4acTHIl 1O CTPOro OIpeneseHHbIM JUHAMHYECKHMH 3aKOHO-
MEPHOCTAMH TPaeKTOPHSM IIPH 3aZaHHOM pachpepeeHHuH
HayaJbHbBIX 3HauyeHHH ckKopocrelt W KoopauHart. Ilpasna,
aBTOp TOJy4YeHHOE HM [0Ka3aTelbCTBO OTPAaHHYEHHOCTH
NpeACKasaHHH COCTOSIHHH [BHKEHUS KJIACCHYECKHX OObeK-
TOB HENPaBOMEPHO OTOXKIECTBHJ C HeIeTepMHUHHPOBAHHO-
CTbIO 3aKOHOB KJacCHuecKoifl MexaHUKH. Ha camoMm xe mene
KJlacCHYyecKasi MEXaHHKa KakK B OObIYHOH, TaK U B CTATHCTH-
yeckoH (QopMme TOCHefOBaTeNbHO HCXOMUT M3 JIamJjacoB-
CKOH NpefonpeneJeHHOCTH OYyAYIIHX COCTOSIHUN ABUXKEHHS.
CaMu cTaTHCTHYECKHe pacyeThl, NPHBeLEHHbIE B padore [23],
MOJTHOCTbIO ONMHPAIOTCS HA NPH3HAHHE AeTepMHHHUPOBAHHO-
CTH IBHXKEHHS KJaCCHYeCKHX OOBEKTOB, TaK KaK O/ KaxX-
JIOTO OTHEJNBbHOTO OGbEKTa HCXOMHOTO CTATHCTHYECKOrO aH-
caMGJisi NIPUHHUMAETCS CTPOro olpejeseHHas, a He ciayyail-
Hasi TpaeKkTopHusi B (Pa30BOM IIPOCTPAHCTBE.

Crarucruyeckasi JUHaMHUKa JBHXKEHHsI MHAMBHIYaJbHBIX
KJ1aCCHYECKHX YaCTHL SIBJSETCS NpeleJbHbIM CllyyaeM KBaH-
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TOBOH MeXaHHKH, TaK KaK IIPH YCTPEMJIEHHH K HYJIIO MOCTO-
ssHHo#t [lnaHKa KBaHTOBasi MeXxaHHKa HeENOCPeNCTBEHHO Ie-
PEXOJIUT B BEPOSITHOCTHYIO KJIACCHYECKYI0 MeXaHHKYy. DTOT
npenenbHbl mepexon Obln uccienoBaH B paGore §1. IT. Tep-
aeukoro [16]. Takum o6Gpa3om, HEKOTOpbIE CBOMCTBA CTaTiH-
CTHYECKOTO NpEeJCTaBJIeHUs] KBAHTOBON MeXaHHKH SIBJSIOTCSH
OOIIMMH U 1JI51 BEPOSITHOCTHOH (HOPMBI KJIaCCUYECKOH Mexa-
HHKH, H TI03TOMY HX HeJb3sl NPHIHCHIBATL CHElH(pHKE
KBAHTOBOM&XaHHUYECKHX 3aKoHoMepHocTeH. I[lo sTo# mpu-
YHHEe aHaJM3 BepOSITHOCTHOH (HOPMYJHUPOBKH KJjacCHYECKOH
MEeXaHHMKH OKa3blBaeTcsi BeCbMa MOJE3HBbIM [JIsi BbISICHEHUA
LeJIOro psila MPOCTBHIX BONPOCOB, 3aNyTaHHBIX HEKOTOPBIMH
HeyZauyHbIMH (GOPMYJIHPOBKAMH OOLIENPHHATOrO H3JI0KEHHS
KBaHTOBOH MexaHUKH. McueprnbiBalouwuil aHasu3 BepoOsITHO-
CTHOH MeXaHHMKH MOXeT CocOGCTBOBATh TaKiKe JajbHehie-
MY YSICHEHHIO IOCTAHOBKH TAaKHX HCXOJHBIX NpobjeM CTaTH-
CTHYeCKOB (DM3HMKH, KaK J0Ka3aTeJbCTBO SProJIHYHOCTH H
o6ocHoBaHHEe HeoOpPaTHMOCTH IIPOLLECCOB.

VismeHeHne BO BpeMeHH IUIOTHOCTH BepositHocta F(p,
g, t) B a3oBOM mpocTpaHCTBe /s COBOKYNMHOCTH HEB3aH-
MoJefCTBYIOIHX MeX1y cofoil 4acTHl, COBEpUIAIONINX JBH-
KeHHe N0 3aKOHaM KJ/acCHYeCKOH NHHAMMKH, OMHUCHIBAETCS
oblen3BecTHEIM ypaBHenueM JIunysumisa. Ecan HcxogHoMy
CTATHCTHYECKOMY aHCaMOJI0 pacCMaTPUBAEMbIX CHCTEM OT-
BeyaeT paBHOMepHOe paclnpejeseHHe NMJIOTHOCTH BepOSITHO-
cTd B (a30BOM IIPOCTPAHCTBE BAOJb ONHON M3 TPAeKTOPHH
YaCTHIl H HYHEBOe 3HAaueHHE IJIOTHOCTH BEPOSITHOCTH JJIsi
BCeX OCTaJbHBIX To4eK (pa3oBOro NMPOCTPAHCTBA, To TaKoe
MHUKPOKaHOHHYeCKOe paclpejiejieHHe OCTaeTcss HeH3MeHHbIM
BO BpeMeHH. DTOT BHJ CTalMOHAPHOTO COCTOSIHHSI Mpel-
CTaBJIsieT 0COObIH HHTepec, TaK KaK pelleHHe NMOCTaBJIEHHOM
HaMHu o6paTHOMN 3ajauyd B 3TOM cjyuae CBOIUTCS K olpefe-
JICHHIO KOHKDeTHOH TpaeKTopud B ($a3oBOM IPOCTPAHCTBE
U3 aHajlu3a CTaTHCTHYECKHX pacnpenenenuit f(p) u p(q).
BaxHo Takxe OTMeTHTb, YTo ONHCaHHe TAKOrO CTALHOHAp-
HOTO CTaTHCTHYECKOTO aHCaMOJsi KJacCHYeCKHUX YacCTHIL,
HaxoJslMXCA HAa OAHON (a30BOH TpaeKTOpHH, COBEPLICHHO
TOX/IECTBEHHO ONHCAHUIO COCTOSIHUSI [BUXKEHHS OJHOH 4a-
CTHILBI B pasjiMyHble cjyyaliHble MOMEHTHl BPEMEHH, B3siThie
10 3aKOHY DaBHOMepHOro pacnpepnesnenus. CBOHCTBO KBasH-
3ProAHYHOCTH B 3TOM CJVYae BHICTYyMaeT HEMmoCPeJCTBEHHBIM
CIeACTBHEM MNPAMOY B3aMMOCBSI3M CTATHCTHYECKHX pacmpe-
XeJleHHH BeJHYHH, XaPAKTEPU3YIOWHMX COCTOSIHHE ABHIKEHHS
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06beKTa, C H3MEHEHHEeM STHX BeJMYHH BO BpPEMEHH, pac-
CMaTpPHBAEMOM B KauecTBe CJayyaiHOH BequunHbl. CTAaHOBUI-
CSl OYEBHIHBIM TaKXe, YTO OTHOCHTE/bHble BpeMeHa Npelbl-
BaHHs CHCTeMbl B onpeneseHHol o6saactu (asoBoro npo-
CTPaHCTBAa BBEICTYNAlT He B BHAEe (PopMaJbHBIX BepOSTHO-
CTeH, JIHIIeHHBIX COOTBETCTBYIOILUX CTATHCTHYECKHX KOJIJIEK-
THBOB, KaK 3TO yTBepKIaercs, Hanpumep, B kypce M. A, Jle-
oHTOBHua [24], a B BHIe caMBIX OOBIKHOBEHHBIX BEpOSITHOC
Te#l, OTHOCSILIMXCS K KOJIJIEKTHBY COCTOSIHHH B CjlydyaiiHble
MOMEHTHI BpeMeHH 2. ’

Hnsi uccnenoBaHusi NBHXKEHHS HHAMBHAYaJ bHOH Kiac-
CHYECKOH YaCTHLBl Mbl MOXEM NPHMEHHTb NPUOOP, H3Meps-
IOILHHA TOJBKO KOOPAHHATY YaCTHI(Bl, H OTJE&JbHO — npHubop,
HU3MepSIOINA TOJNBKO HMMMYyJabC wacTHUH. [IpumeHuB 3TH
npu6GoOpEl B IBYX CepUsiX HE3aBUCHMBIX H3MepeHHH, MBI IO-
JYYHM HEKOTOpBle CTATHCTHYECKHEe pacrpejeseHHsi pe3yJb-
TATOB NMPOBEJEHHBIX H3MepeHHH.

IIpn 3TOM BO3MOXKHE! JBa BapHaHTa BhLINOJHEHHS YCJO-
BHS HE3aBHUCHUMOCTH OTAENbHBIX H3MmepeHHH. Ecau MoxHO
ripeHeOpeyb BIHSIHHEM H3MepeHHsl Ha JBHXKeHHe HCCielye-
Moro o6beKkTa, TO BCe H3MepeHHsT MOXKHO NMOCJeL0BaTeNbHO
IIPOBOAUTH Ha ONHOM H TOM ke oO0bekTe, BHIGHpas He3aBH-
CHMO cayualiHble MOMEHTH H3MepeHHus. Ecaum ke kKaxjoe
oTe/bHOE H3MEpeHHe NPHBOAHUT K 3aMeTHOMY HapylUeHHIO
IBHXKEHHUs] HCCJeflyeMoro o6beKkTa, To H B 3TOM C/lyyae HC-
cnefoBaHHe BO3MOXKHO, TaK KaK M3MepeHHsI MOTYT IIPOBO-
JUTBbCS Ha Pa3MYHBIX 3K3EMIJsipaXx CTAaTUCTHYECKOTO KOJ-
JIEKTHBA OJHHAKOBBIX CHCTEM.

2 JauHbIl NOAXOA, B KOTOPOM BpeMsi pacCMaTPHBaeTCss B KayecTBe cJy4dailHOH Be-
JIMYHMHBI, C YCMEXOM MOXeT GbiTh NMPHMeHeH M K BePOATHOCTHOMY ONHCAaHHIO JABH-
JKeHHs 4YacCTHLbl, NpHHaAJexallefi K paBHOBeCHOMY aHcaMG6/ai0 He B3aMMozefi-
CTBYIOIMX MeXAy co60H yacTHl, HanpuMep K HAeasnbHOMY rasy. Ilpu sToMm cay-
yaifHble BeJHYHMHbI, XapaKTePH3YiOllHe COCTOSIHHEe [ABHXKEHHS HHIHNBHAYaJbHOTO
o6bekra, GyAyT ABAATbCA (QYHKIMSAMH Kak CJAy4YafHOrO MOMEHTa BDEMeHH, TaK
I cayyaifHo# BeJIMYMHBI NMOJHOH 3HepPrHH uYacTHUbl. JOKa3aTeNbCTBO 3ProgHY-
IIOCTH, €CTeCTBeHHO, OCTaeTCi MPeXHHM, TaK KaK ONepamus YCPeAHEHUsS BeJNH-
YHMH BO BpeMeHH GyfeT O3HayaTb CTaTHCTHYeCKOe YCDPeAHEHHe IO KOHTHHYyMYy
COCTOSIHMH B pasJjinyHbie CAydyaliHbie MOMENTbl BpeMeHH.

TIpuHsiTHe BpeMeHHM 3a CayuyafiHYI0 BeJIHUMHY JONYCTHMO TaKXe [Jsi KBasu-
CTallHOHAPHOro aHCaMGJs CHCTeM, COBEpIIAIOUIHX YCAOBHO-NEpHOAMYECKOe MBH-
JKeHHe, eCNH TMepuoi] 3TOro ABHXXEHHS MHOro MeHblle BpeMeHH pesakcauuu. Co-
OTBETCTBEHHO 3ProAHYHOCTb, WJIH, TOYHEE, KBa3M3PTOAHYHOCTL MOXeT GbITb CTpPO-
ro JoKa3aHa AJisi TeX MEeXaHWYeCKHX CHCTeM, CTaTHCTHYECKOe OMHCAHHe ABHKEHHs
KOTOpPbIX MOXeT GbiThb OCHOBAHO Ha NpPH3HaHHH BpeMeHH HaG6JIOfeHHA COCTOAHHMA
ABHXEHHA cayvyalHON BeJMYMHOH, NOAYHHsIoLleficA paBHOMepHOMY pacnpegele-
HHIO.
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Takoit moaxom K HCCNTefOBaHHIO NBHMKEHHST HMHIHBHAY-
aJIbHOTO KJaccHyecKoro o0beKTa NPHMEHHM He TOJNBKO /15
ONHCaHVs ABUKEHHS MO CJAy4yallHbIM TPAEKTOPUSAM THNA JIBH-
’)KeHHs1 ODOYHOBCKOH YaCTHIbl, HO H JJISl OOBLIYHOTO JeTep-
MHHHPOBAHHOIO JBUXKEeHHS MO TpaeKTOpUH. MeTomsl Ma-
TeMaTHYeCKOH CTaTHCTMKH, OYEBHIHO, HOJKHBI II03BOJSTH
s Jo00ro THla [ABMXKeHHsT HAHUTH ONHMCAaHHe, COOTBETCT-
BYIOIllee 3TOMY CHellHajibHO BbIODAHHOMY MeTOAY 3KCIepH-
MEHTaJbHOro HcciaenoBanus. T. e. Aas JO60T0 ABHXKEHHSA
TEOPETHYECKHM MAOJKHBI MPEACKA3LIBATbCA CTATHCTHYECKHE
pacnpefleleHus1 pe3ysJbTaTOB He3aBUCHMbIX HM3MepeHHH KO-
OpAMHAT U UMNYJbcOB. B cBOI0 oyepenb NOJIXKHA CYHIECTBO-
BaTb M TeOpeTHYecKass BO3MOXKHOCTb OJHO3HAYHOTO BOCCTa-
HOBJIEHUS] ONWCAHWA [ABMKeHHS B (asoBOM NPOCTPAHCTBE
KOOpJAMHAT M MMIIYJIbCOB IO 3KCHEPUMEHTaNbHO HaH1eHHLIM
CTaTUCTHYEeCKUM pacnpeieneHUsIM KOODAHMHAT M HMIyJIbCOB
B OTAENbHOCTH.

ITpuHnMnMadbHasgs o0cOGEHHOCTb 3TOTO METOAA HCCJAENO-
BAaHUS COCTOUT B INPUMEHHMOCTH €ro pe3yabTaToB H AJf
ciayyasi, Korjia KaxKaoe OT/[eJbHOe H3MepeHHe NPUBOIUT K
paspylieHHI0 HccaenyeMoil cucTeMbl. ToJbKO B CBSI3H C
uMelolelics B KJacCHUYECKOl MeXaHUuKe BO3MOXKHOCTBIO PO-
BOJNTb M3MepeHHs1 6e3 CylleCTBEHHOro HapylIeHHsl HCClle-
LlyeMoro ABHXKEHHS 3STOT NPHHUMIHMAJIbHO BaXXHHH MeTof
HCC/IeJOBaHUA OKasajcsl He pa3paboTaHHBIM B KJjaccHyec-
KON cTaTHCTHUYEeCKOH (HU3UKe.

PaccMorpum cHayasna ofmufl caydail mepHOAHYECKOro
IBHXKCHHSI KJaCcCHUeCKOro o0beKTa IO OnpejeneHHOH Tpa-
eKTopuu B (ha3oBoM NpocTpaHcTBe. /s mMpocCTOTH BHIKJIA-
JIOK HccleayeM caydail OQHOMEPHOTO IBHXKEHHS.

PaccmarpuBas pe3y/ibTaTbl H3MEpPEeHHi KOOPAMHAT H
HMIyJIbCOB KaK (YHKUMH CJAyuaHHONl BeJHYHHH BpPEMEHH
Habaonenus g=q(t) u p=p(t) u npuHumas Ajas ¢ paBHO-

MepHOe paciipefleJieHHe @ (t)dt=7—‘dt, rie HOPMHDPOBOY-

Hblll Ko3dduuuent T ecTb BeJMYMHA NepHOAA, MBI HaiizeM
cJeylolIe BbipaXKeHUsl AJS MJIOTHOCTel BeposiTHOCTeH Mo-
JIyYeHHs] 3HAUEHUN KOOPAHHAT W HMIIYJbCOB B HE3aBUCHMBIX
c/AyyaldHbIX U3MEpeHUsX:

1

p(q) :i—— -:._2—____1—o
T |4 T | 6H !
7 @)

(1a)
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fpp=2-—L-2__1 (16)

T T | 0H ’
7l )

rie H(p, q) ectp dyuxuusa 'aMuabTOHA Mas HccienyeNoro
[BUIKEHUS.

Cnenyer mNOAYEPKHYTb, YTO IOSBJEHHE CTATUCTUKH B
pacnpejieleHHH pe3y/abTaTOB U3MEPeHHUH KOOPAWHAT M UM-
NyJlbCOB KJIacCHYECKOTO 0OGbeKTa, ABHIKYLIErocsi MO Omnpe-
NleIeHHOH TPaeKTOPUH, CB3aHO He ¢ OIIMOKaMH OMbITa, a co
Ca1yyalHbIM BBIOOPOM MOMeHTa H3MepeHHs. PasnnuHble 3Ha-
YEHHs1, MOJyyaeMble B 3THX OMNbITaX, XapaKTepH3ylT (akr
npeOGbiBaHUs HccaenyeMoro o6beKra B pas3jMuHbIX TOYKax
MPOCTPAHCTBA B COCTOSIHMAX C Pa3UYHBIMH HMMYJbCaMH.
B cOOTBeTCTBHU C 3THM U CMBICJ MOJYYEHHBIX pachpejesne-
uuit BecbMa npoct. Hanpumep, BeposiTHocTh p(¢)dg mo-
JIydeHUsi B U3MepeHHsiX 3HAyeHUsi ¢ B HHTepBase dg mpo-
NOPLUOHANbHA BPeMEHH AeHCTBUTEJIbHOro npeduiBanus 06b-
€KTa B 3TO¥ 06/1aCTH MPOCTPAHCTBA. AHAJOTHYHBIH CMbIC]
MMeeT W pacrnpejesenue MIOTHOCTH BeposiTHOCTH f(p).

[Tonyuenusie pacnpepesnenusi p(g) 4 f(p) xapakrepusy-
I0TCs OTJIMYHBIMH OT Hysasi aucnepcusimu (Ag)?2 u (Ap)?,
ec/JIM TOJNIbKO HCCJefyeMblli 0O0BEKT He HaXOAUTCS B COCTOS-
Fun nokosi. Ilpu ¢uUKCUPOBAaHHOM 3HAYEHUH SHEPTHU 3TH
JNUCMEPCHH 0Ka3bIBAIOTCS B3aHMOCBA3aHHBIMU MeX Ay COGO.
Boabue TOro, ecnu paccMOTperp KJaacCHYeCKHH rapMOHH-

. . . . ho
YeCKHH OCHH/IJAATOP C MOJHOU SHEpPrueH, paBHOHU -?Q TO

IJIsT HEro Mbl HallleM TO XXe COOTHOWIeHWe [Jis AUCHEpCHi,
YTO M J[AJsi KBAHTOBOTO OCLMUJJISITOPAa B HYJEBOM COCTOSI-
HHH, T. €.

Bof (Ap) ==

Tak kak NpUHATOE HAMHU ONHCAaHHe pe3yJbTaTOB H3Me-
peHUsl AMHAMHYECKHUX MepeMeHHbIX KJaccHueckoro oObekra
1O CBOell (hopMe COBEpIUIEHHO AHAJOTHYHO CTATHCTHYECKOMY
ONMUCAHUIO CTALlMOHAPHBIX COCTOSIHMH B KBAHTOBOH MeXaHHU-
Ke, TO MOJIyueHHblEe Pe3y/bTaThl HArAsiAHO NMOKAa3hIBAIOT He-
0060CHOBAaHHOCTb IIHPOKO HCNO/Nb3yeMOH B KBAaHTOBOH Me-
XaHHUKe TPAKTOBKU TEpMHHA «HEONpeJe]eHHOCTb» MPUMeHH-
TeJbHO K OTAeJbHOMY MHKpooGbekty. Jluwp K. B. Hu-
KoJsbekuil [25] u . WM. Bnoxunues [26] B cBouX Kypcax Io
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KBaHTOBOM MEXAHHKE NpHAEPKHUBAJNUCh SI3bIKA MaTeMaTH-
YeCKO# CTaTHCTHKH, MOC/HeJ0oBaTeNbHO NMPHUMEHEHHOro BNep-
vple ¢on He#imanoMm [8] musi M3/0XKeHHsT OCHOBHOTO coJep-
JKaHHS KBAHTOBOH MeXaHHUKHU.

OpHako 3THMH aBTOpPaMH OCTaJsach IBHO HeLOOleHeHHOM
OCHOBHAasi 0CO6EHHOCTb CTAaTHCTHYECKUX aHcaMmbJiel, cocTas-
JIEHHbIX M3 He B3aHMOJEHCTBYIOLUMX MexXIy cobGoli uacTul,
KaK CpeJCcTBa BbISIBJIEHHs] CBONCTB JBUKEHHS HHAMBHIYAJb-
HBbIX OG'BEKTOB.

Crporo roBops, aucrnepcun (Ag)2 u (Ap)? kak B ciayuae
KJ1aCCHYeCKOH, TaK U KBAaHTOBOH MEXaHUKH OTHOCATCS K CTa-
TUCTHYECKUM aHCcaMG6J/iIM He3aBHCUMBIX NOBTOPHBIX H3Mepe-
EWil ¢ OOMHAKOBBIMH (u3HuecKUMH cuUcTeMaMHd. OGbeKTHB-
HBIHl XapakTep W3MepeHHH O3HayaeT peasbHOe OCYLIecTBJIe-
HHE 3THX paclpeje/eHHil B aHcaMbJie OAMHAKOBBLIX CHCTEM
B INpoliecce. ABHUXKEHUH HccaenyeMblX 06bekToB, IlocKosbKy
aHcaM6Jib COCTaBJIeH U3 He B3aUMOJEHCTBYIOIUX MEXIY CO-
60f yacTHL, TO OTHOCSINIHECS K aHCcaMOJIO CTaTHCTHYECKHe
pacnpejeseHus: sIBASIOTCA OAHOBPEMEHHO M CTaTHCTHUYECKOH
(dopMoii omucaHHsI [BHUKEHHS MHAMBUAYAJbHOH YaCTHIHL
Ilpu 3amaHHON OTIIMYHOI OT HYNS MOJIHOH 3HEPrHM KJaccH-
YeCKOr0o OCUMJJISITOpa Mbl HHKAKUMH HM3MEHEHHWSIMU IOTEH-
xaJbHOH (YHKUHMH He CMOXKeM cO3[aTb IBUKEHHs, OTBe-
YaloUero CTaTHCTHYECKOMY aHcaMO6J/1o C HyJeBbIMU 3Haye-
HUSAMHU O0enux Aucnepcui.

AT0 06GCTOATENBCTBO BbIpa)kaeT cam (pakT ABHIKEHUS HC-
c/ielyeMoro kKiaaccuyeckoro o0bekra B ()asoBOM NPOCTPaH-
CTBE, a He OTCYTCTBHE Yy Hero OINpeJesleHHOTO HUMIIyJbCa B
KaXX[I0H ToYKe IpocTpaHcTBa. HeBO3MOXKHOCTb CO3JaHUA
aHCaMOJisl ¢ HyJeBbBIMHM AMCHEPCHSIMH NpPU 3aJaHHOH SHep-
I'HH OCLMJIJISITOPA O3HayaeT TakKke H HEBO3MOXHOCTb OJ-
HOBPEMEHHOTO U3MEPeHHS KOOPJAMHATHI U UMIyJbca NpH HC-
noJib30BaHHM Npubopa, paspyllaioniero Uccaenyemoe JBH-
xkeHue, OueBHIHO, YTO U 3TO OrpaHUYEHHe SKCIEPUMEHTab-
HBbIX BO3MOXKHOCTEH He MOXKET JIMIINTb KJ1aCCHUECKHH O6beKT
CBOMCTBA ABUraTbCsl B Ka)KJOH TOYKe NPOCTPAHCTBA C OI-
peneneHHoil ckopoctbio. Camoe riiaBHOe, 4YTO NPHMeEHEHHe
GoJiee coBeplIeHHOro nNpubopa, U3MepSIOILero 0JHOBpEMeH-
HO MMIYJbC H KOOPAMHATY YacCTHLbl, BOBCE He E€IUHCTBEH-
HblH cnoco6 JoKasaTesbCTBA 3TOTO CBOHCTBA.

Becbma mpoctoit Teoperuueckuil aHanM3 paclnpeneeHui
p(g) u f(p), NOJYUYEHHBIX TOJIBKO B HE3aBUCUMBIX OTJEJIbHBIX
H3MepeHHUAX KOOpPAHHAT U MMMYJbCOB, NO3BOJSET OLHO3HAY-
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HO YCTAHOBUTb HaJiMidMe [BHKEHHS 1O OlpeleseHHON
TpaekTopuu ($HasoBOro MpoOCTPaHCTBA.

Yxe camo mno cebe coorHomeHnde (la) ycraHaBauBaer
CBSI3b MEXAY a0COMIOTHON BeJMYHUHOH CKOPOCTH HJIH HM-
nyJbca U KOOPAHHATOH.

JLeHCTBUTENBHO,

1
=2 2 2
lpl=2-"F—0 (2)
Ham ocraercsi JiMLIb HCK/IIOYHTH H3 3TOTO COOTHOLIEHHS
HeusBecTHble mapamerpel m u 7.
ITponuddepenurpoBa mno BpeMeHH COOTHouIeHHe (2),
HalijeM
_Z’IP'(‘?)IHHO (3)
T p% (q)

IMoacraBasis sto 3Hauenue |p| B(16), mOJydyHM COOTHO-
lIeHHe, CBs3bIBalolllee AHHAMHYECKHe IepeMeHHBe p H ¢
TOJIbKO Yepe3 3afaHHble HaM QyHKUUU p(g) u f(p):

P9
lp|f(p) = ol 4)

IlonyuenHoe cooTHOUIeHUe (4) ompejensieT, CleL0OBaTe/b-
HO, ypaBHEHHEe TpaeKTOpHH B (Da30BOM MPOCTpPaAHCTBe Iie-
PEMEHHBIX p H q.

[IpuMeHHUB ero, HanpuMep, AJs KJIaCCHUECKOrO OCHHJIJIS-
TOpa, UMEIOLIEero pacnpeaeneHUs

P =t 1 (=1

95—

pl=

1
Vie—p '

HaliieM HM3BECTHOe ypaBHeHHe 3anaunca A5 $as3oBodl Tpa-
€KTOPHH KJIaCCHYeCKOT0 OCLMJLISATOpa

P
Py %

Camoe rsaBHOe, YTO NPH BBIBOAE COOTHowleHuHl (la) u
(16) u mpu pemeHHn oOpaTHOH 3ajauM ompenejeHHs: da-
30BOHl TpPAaeKTOPHH IO H3MEPEeHHbIM CTAaTHCTHYECKHM pac-
npejeneHHsIM Mbl HHUTJE He M0/1b30BaJUCh AMHAMHYECKUMH
3aKOHAMH KJacCHyecKol MeXaHHKU. DTO 06CTOSTEeNbCTBO
yMeeT NPUHLUNHMAJNIbHOE 3HaueHHe, TaK KakK Jejnaer HmpuMe-
HHMBIM TOJIYyUeHHOe COOTHOWeHHe (4) mjs BbISIBJIEHHS
CKPBITOTO JABHIKEHHS 110 ONpejesieHHOH TpaeKTOpHH BHe 3a-
BUCHMOCTH OT HEHCTBYIONIMX [IHHAMHYECKHX 3aKoHOB. Ciie-
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JdoBaTesnbHO, (haKT [ABMIKEHUS [0 Olpele/eHHOH TpaekTo-
pHH  M3-32 KHHeMaTH4YeCKHX (aKTopoB MNPHBOAHUT K
onpejesleHHOH B3aHMMOCBS3M pa3fes]bHbIX CTATHCTHYECKUX
pacopeje/ieHuil 10 g U p, SBJSIOLUXCSA NPOEKUUSIMH MHUKpO-
KaHOHHMYECKOTO pacCHpejeseHus.

Takum o6pas3oM, TOIbKO Ha OCHOBAHHHM H3MEPEHHBIX pac-
npenejenust p(q) u f(p), He mpuderas K OAHOBPEMEHHOMY
M3MEpEeHUIO HMNYJbCa U KOOPIHHATH U He JAeJast KAKUX-IHG0
TIPeJNOJOXKEHUN 0 JUHAMHUYECKHX 3aKOHAX, yNPaBJSIOUIHX
LBHXEHHEM HCCJIeLyeMOro 06beKTa, Mbl MOXeM Ha OCHOBA-
'HHUM COOTHOMIeHHs! (4) YCTaHOBUTb (akT ABMIKEHHs IO Tpa-
€KTOPHH M ONpeleJUTb cCaMy TPAEKTOPHIO ABHIKEHUSI O00BeK-
Ta B (a3oBOM NpPOCTPaHCTBE,

3To 03HAyaeT, YTO MBI MOXKeM TPUMEHHTb COOTHOIIE-
HHe (4) M K aHa/NH3y CKPHITOrO ABHKEHHsS MHKPOYACTHI[ B
pa3/MyHblX KBAHTOBOMeXaHHUYeCKHX cocTosiHusaX. TlockoJib-
Ky B '9TOM 00/acTH (U3MKH IMPHHUMIHAJIBHO HEBO3MOXKHO
OJHOBDEMEeHHOe U3MepeHHe HMIYJbca H KOOPAMHATHl MHKPO-
YacTHLBl, YKa3aHHBIH CcOCO6 aHaJu3a NpeAcTaB/IseT eIHH-
CTBEHHYIO BO3MOXHOCTb BbISIBJIEHHSI CKPBITOrO ABHXKEHHS MO
onpejeseHHON TpaekTopuu. [loacTaBuUB B coOTHOmIeHHe (4)
pacnpene/ieHusi, laBaeMble KBAaHTOBOM MeXaHUKOW I CTa-
LHOHaPHBIX COCTOSTHUH, Mbl yOeAUMCs, YTO OJYyUYeHHOe YpaB-
HEeHHe HE HMeeT pelleHMH. HM npu Kakux ReHCTBHTENbHBIX
3HAUEHHSIX p He BHINOJIHAETCS DaBeHCTBO (4) HJas ompene-
JIeHHBIX ¢, ec/ld, HallpuMep, B35iTb PYHKLUH pachpejeseHus
JUIs KBAHTOBoro ocuuansitropa. Herpymuo yGenuTbes, uTO
#TO HapyllleHHe paBeHCTBa (4) MMeeT MeCTo AJS BCeX KBaH-
TOBOMEXaHHYECKHX COCTOSIHHI C BOJIHOBOH (yHKIMeH, Ipea-
CTaBJAIOUIEH CyNepmo3ulUI0 MJAOCKHX BoJH. OTCyTcTBHE
pellileHUH ypaBHEHHS TPAaeKTOPHH O3HayaeT, YTO KBAHTOBO-
MexaHHyecKue pacmpenenenus p(q) u f(p) He COBMECTHMBL
C IpeiCTaB/J€HHEM O CKPBITOM [ABHKEHHMH IO OHpeleseHHOH
TpaekTopuH. McKiloueHHe COCTaBJAsieT TOJNLKO CBOGOAHOE
IBUXEHHEe MHKPOUYACTHI[ C 3aJlaHHBIM MMIYJIbCOM, T. €. CJY-
yafl OTCYTCTBUSI UHTep(depeHINH BOJIH.

CaenoBatenbHo, BhiBox Do Heiimana o6GoGuiaercsi u
Ha CJAyYyall MOJIHOCTBIO CKPBLITHIX, MPUHIMIUAJILHO HeHabJ110-
JaeMblX MapaMeTpoB. DTO 3HAYHWT, UTO CTATHCTHYHOCTB
KBAHTOBOMEXAaHHYECKOTO ONHCaHUs 0OYC/IOBJEHA He TOJBKO
C1yyalHOCTBIO BbIGOpA MOMeHTa M3MepeHHUsl OTJEeJbHOTO 3K-
3eMIIsipa M3 CTAaTHCTHYECKOTO KOJIJIEKTHBA OJHHAaKOBBIX
06bEKTOB, HAXOMSILIMXCH B CTALHOHAPHOM COCTOSHMH JBH-
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JKeHysi, HO M 0oJlee CJIOXKHBIM XapaKTePOM CKPBITOrO OT
HeMoCpPeICTBEHHOTO HaOJMIOACHHUS JIBHXKEHHUS.

CaenyeT oTMeTHTh, uTo B pabore II. Boma [12] 6b11 cre-
JIaH COBEpIIeHHO OWIMOGOYHEIN BHIBOA O CYUeCTBOBAHHH
CKPHITOr0O KBAaHTOBOMEXaHMUECKOTO IBHUXKEHHS 110 NUHAMH-
yecKMM TpaekTtopuaM. IlonyueHHHYI0 H3 ypaBHeHus Illpe-
IVHrepa CHCTeMY ABYX ypaBHEHUIl aBTOp HHTEpIpeTHpOBaJ
KaK ypaBHEHHUS IMHAMWYECKOr0 CIHMCAHHUS ABHXKEHUS MHK-
poyYacTHIbl Ha TOM OCHOBAHUH, 4TO OZHO M3 3THX ypaBHe-
HUH MMeeT BUJ YypaBHeHus $Iko6u — I'amuibToHa ¢ no6a-
BOYHBIM KBaHTOBOMeXaHHUYeCKMM moTeHnuajJoM. Kak moka-
3an panee Bb. T. Temurman [27] Ha npuMepe omucaHus
JIBHKEHHS1 GPOYHOBCKOH YaCTHIBI, U B KJIacCHYecKoi usu-
Ke NoJo6HAasi CUCTeMa ypaBHEHHMI fIBJsieTCs ONHCAHUEM CTa-
THCTHYECKOIO, a He [HMHAMHYECKOro [BHIKEHHS YaCTHIHL.
CxpbiTelil mapameTp, Tpakryembit I[. Bomom B KauecTBe
CKOPOCTH OT/eJbHOH YaCTHIEI B ONIpeHeseHHOH TOYKe INpo-
CTPaHCTBA, HAa CaMOM JeJe SBJISeTCS JHLb CpPefHed CKo-
POCTbIO KOHTHHYyMa 4acTHI[ B JaHHOH TOuke.

ITouck TeOpeTHYEeCKOro ONMHCAHHS CKPBITOTO IBMIKEHHUS
B KBAaHTOBOH MeXaHHUKe, 0e3yCJOBHO, ClelyeT BEeCTH, Y4H-
ThiBasl CAYYaHHBIA XapaKTep 3TOTO ABHUXKEHHSA, HA OCHOBE
CTAaTHCTHYECKOTO aHaJH3a, IO3BOJAIIIEr0  ONpelesHTh
BCIOAY MOJIOXKHTENbHYIO IJIOTHOCTH BepositHoctH F(p, q) B
JbasoBoM npocTpaHcTBe. Pa3ButTelfi Bbllle TOAXOA JeErkKo
o6obmaercss Ha cayyait Gosiee CJIOXKHOrO JBHXKeHHs B da-
30BOM mpocTpaHcTBe. [/ coXpaHeHHsi TOJTHOH SICHOCTH
3T0 0000lleHHe IeecooOpa3sHO NPOBECTH CHayajJa Ha MpHU-
Mepe IBHXKeHHA OOBEKTOB KJIACCHYECKOH MeXaHHKH.

[IycTs He3aBHUCUMBIM M OTHEJbHBIM H3MEPEHUSIM ¢ H P
IOJBEpPXKEH CTAaTUCTHYeCKHH aHcaMb/Jb CHCTEM, TOJHas
3Heprus KOTOPHIX pachpefiejieHa HO HEKOTOPOMY 3aKOHY
W (e). PesyapraThl usmepenuil (GyHKUMH pacmpeleseHus
o(9) u f(p) 6ymyt OJMHAKOBEI KaK JJisi aHcaMOiisl, CoCTaB-
JIEHHOTO W3 MEXaHHYeCKOH CMeCH CHCTEM C pa3HBIMH, HO
MOCTOSIHHBIMH ~ JJI1  KaXJAOTO 3K3eMIVIApa 3HAUYEHUSIMH
SHEPTHH, TaK ¥ JJs aHcaMOJif, COCTABJIEHHOTO M3 OJIHHAKO-
BbIX HEKOHCEPBATHUBHBIX CHCTEM, TOJIHAasi SHEPTHsT KOTOPBIX
MeHseTCsl BCJENCTBHE HE3aBHCUMBIX CJYYaifHBIX TOJYKOB.
MHTeprmperauusi CTaTHCTHYECKHX pE3yJbTaTOB OYHET, KO-
HEeYHO, Pas/IMYHOH HJIA TakKuX aHcaMOnel.

Habmionaemble pacnpeleneHHss B paccMaTpHUBAEMOM
ciyyae OyIyT paBHBHI:
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T 2m w()de .
Pla) = Sq, T@E |peal (52)

_ ¢ 2 W(e)de ) 56
0= L6 e )

C mpyroii cTOpOHBI, 3TH e DYHKIMH CBSI3aHBI CJIELYIOUIH-
MH HMHTENDaJbHRIMH COOTHOLIEHHSIMH C IJIOTHOCTBIO BEPOSAT-
HOCTH B ()a30BOM MPOCTPAHCTBE:

@)= { Flp, q)dp (62)
f)= § Flp. q)dq. (60)
—o00
Us comocraBneduss 3TUX COOTHOLIEHHH CJelyeT
W(e)
F(p.q) = o (7)

rae bynkuuu W(e) u T(e) nam HemdBecTHsl. Ho u3 atoro
COOTHOILIEHHS CJeLyeT, UTO HYKHYIO HaM IJIOTHOCTb BepOST-
HOCTH MBI MOXKeM HCKaTb KakK HeKOTOpyIO Pyuxunio F(g)

TOJILKO OJHOU TMepeMeHHOH &= 2; +V(q). Bripa3us a6co-

JIOTHYIO BeJHYHHY CKOpPOCTH |—| B cooTHomeHnu (5a)
m

yepes 3HEPTHIO, MONYUNM JJIsi UCKOMOH PyHkumu F(g) cue-
ayiolliee MHTENpajJbHOe ypaBHeHHe BoabTeppa mnepBOTO

poxa:
¢ F(e)de
pl9)=V2m S—Ve_sl , ®)

e BeJHYHHA ¢ B QYHKUMH p(g) HOMKHA ObITh BbIpaXkeHa
yepes BEJMYHHY HMIKHEro mpefiesa unterpana & =V(q).

ITonyuenHoe ypaBHeHue (8) coBmajgaer c ypaBHEHHeM,
BcTpeyaromuMed B 3afaue Abenss. OHO HMEET eWHCTBEHHOe
pewenue [28, ctp. 246] cnenyiomero Buza:

- 1 d¢pr@=q@))de
Fe) = aVam de§ Ve,—¢e ©)

Takum o6pa3oM, pelleHHe 06paTHOH 3amayu GBIIO MOJY-
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YeHO HaMH C HOMOJb30BandeM JMHAMHYECKHMX 3aKOHOB
KJIaCCHYeCKOH MeXaHWKU. Iy ompeneseHduss IJNOTHOCTH Be-
poatHocTH F(e) B da30BOM npocmpaHCcTBe TpebyeTcss 3HATDH
pacnpenenenve p(¢) U (DYHKIHIO MOTEHLHANBHOH PHEDPTHH
V(q). Pacnpenenenve no uMnyJabcaM f(p) mpu 3TOM TNOX-
X0fle MoXeT OblThb IpefcKa3aHo Ha OCHOBaHHH (66) nau

(56), rme e, cienyeT NPUHSATH paBHBIM zim +Vmi  Coor-

HolleHHe (7) mnpelmnosaraer BHITIOJHEHHE pPaBEHCTBA g=
2

=‘2771+V(q). CootrHomrennst ke (5) u (6) Moryr OwiTh

UCMOJIL30BAHK IIPH CTATHCTHYECKOM DAaCCMOTpPEHHH [BHIKe-
HHA oObeKTa HE3aBUCHMO OT [IHHAMHYECKHX 3aKOHOMep-
HOCTeHl KJaccuueckod MexaHWUKW. [Ipu aTOM Bce craTucCTH-
YeCKHe pacnpefesneHHss OTHOCATCH K CTAaTHCTHYECKOMY aH-
camOaio I'm66ca, cOCTaBIEHHOMY H3 OIZMHAKOBBIX He B3aH-
MOIEeHCTBYIOIMX  MexXny ccbolt (H3HUeCKHX  CHCTEM,
NOJBEPKEHHBIX CJAyYafiHbIM BO3MYILEHHAM, TOJYKaM CO
CTOPOHBEI OZHOTO M Toro xe TepMocrata. HaGaioxaembie
pacnpenenenus p(g) u f(p) mnpeacraBasior co6oit CymMMmy
B3ATHIX C ONpefeJeHHBIMH CTAaTHCTHYECKHMH BeCaMM pac-
TIpefleJIeHHH, OTBEYAIOIIHX NBHXKEHHIO 10 OIpeIe/IeHHBIM
TPaeKTOpHAM B DHa30BOM IIPOCTPAHCTBE. 3a CYET CTOXACTH-
YeCKHMX TOJIYKOB HCCJenyeMasi CHCTeMa HepexoIHT C OJHOH
TPaeKTOPHH Ha [APYrylo, CKAYKOM MeHSST MHKDOCOCTOSTHHS.
Ecin HesaBucHMBbIe H3MepeHHS ¢ M p He HapymaloT Hccie-
IYeMOro ABHXKEHHA CHCTEMbI, TO CTATHCTHYECKHE pacrpee-
JIEHHSI MOTYT ObITb NOJIyYeHbl B 2aHcaMOJe MOBTOPHBLIX He3a-
BUCHMBIX H3MepeHU!l ¢ OIHON (PH3UUeCKOH CHCTEMOH, Haxo-
Isilefics BO B3aUMOAEHCTBHH ¢ TepMmocraToM. BeposimHocT-
Hble paclipeje/ieHHs pe3yJbTaToB H3MepeHHil 06yC/IOBIEHbI
Ha 3TOT pa3 He TOJbKO CJAyYyalHBIM BBIGOpOM MOMeEHTa H3-
MepeHHs, HO ¥ CJHYYaHHbIM XapaKTepoM HU3MeHeHHs KUHAMH-
YeCKOTNO JBHKEHUS HCCAeLyeMOoro 06'beKTa.

IpunsB KaHOHHYeCKOe pacrpefiesieHue 1o 3Hepruu W (g) =

e
1 -
= ?e ® 1/ OXHOMEpHOro KJaCCHYeCKOrO OCUHMJLIATOpA, Mpel-

CTaBJISIONIETO COO0H KJAacCHYeCKYI0 OpOYHOBCKYIO YaCTHILY,
HaXONAYIOCS B TOJE CHJ M®sg H HCTBITHIBAIOULYIO HE3aBHCH-
Mble cJlydaliHble TOJIYKH, H3 COOTHOWIEHHH (5) mOTyyuM B COrJia-
cuu ¢ pesyJbTataMd paboTel [29] mas g u p pacnpenefeHust
no HopmaJsbHOMY 3akoHy. Pacnpenenenus T'aycca, Takum oGpa-
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30M, MOJMy4aloTCsi B pe3y/bTaTe CYMMHPOBaHHS paclpelesieHui

1 1 1 1
e (g S)Z?Tqﬁﬁ u f(p, 8)=;W—~Tp{,(10)

i (5)

2e
—1 2 — .
T — H p2=2me

0

Uactuua, ABMXKYylIasacs B ($a3oBoM MPOCTPaHCTBE MO 3JIHNTH-
yeCKo# TpaeKTOpUH, COOTBETCTBYIOLIEH NOJIHOH SHEprHH €, B HEKO-
TOpBIH CJIyuafiHBIl MOMEHT BpeMeHU { B Touke ¢ (f) mosyuaet
TOJIYOK, H3MEHSIOUWMH MIHOBEHHO ee uMmnyJec p(f) Ha HEKOTo-
pyto cayudafinyio BeauuuHy Ap;. CrenoBaTesbHO, HAXOHfiCh B
TOH 2Ke TOYKE ¢ C TIpeXHeH moTeHUHAJIbHOH 3Hepruei

2,2
"7 5 moment BpeMeHH ! 4 df, dacTulla HMeeT yXe Ipyroe

o (p+ Ap)? 2
3HaUEHHEe KHHETHUECKOH 3HEepruu e Y= 2p 4 Ag;. Ha
m m
2pAp; + (Api)z
Ty XKe BeJMUMHY Ag = —————— H3MEHseTCH W MOJIHAS

2m
3Heprusl OCUUJIATOpPa, B COOTBETCTBHH C KOTOPOH JasbHeHiee
JIBIDKEHHE YacTHIlbl B (Pa30BOM INPOCTPAHCTBE MPOMCXOTHT YKe
HO HOBOH 3/IIMNTHYECKOH TPaeKTOpUH.

5. 06 00HO3HAYHOM CTATUCTUYECKOM ONUCAHUU
CKPbITO20 OT HenocpeOdCTBeHHblx HAOA00eHU]
08uUICeHUS MUKPOYACTUY, 8 GA3080M NPOCTPAHCTEE

CKpBHITYI0 BeJHYHHY IJIOTHOCTH BepositHocTH F(p, ¢) B
(¢a3oBOM NpOCTpaHCTBe AJS KBAHTOBBIX CHCTEM B OOIIEM
BHJle CJIe/lyeT, KOHEUHO, UCKAThb MCXOAS W3 BOJHOBOH (YHK-
MM COCTOSIHHS, TaK KaK OHa COJEGDIKUT BCe NaHHBIE O CTa-
THCTHYECKHX pacrnpeieNieHnsIX u3MepsieMbiX BesrnunH. OfHaKO
pPasBHUTHI B NpeAblylleM pasjgejie INOAXOA AJs CHCTEM
KJaCCHYECKOH MeXaHUKH IpeacTaBiaseT HeOe3bIHTepPecHbIe
BO3MOXHOCTH H [JJISl HCCJAelOBaHHS HEKOTOPHIX THIHYHO
KBaHTOBHIX CHCTEM.

Kaxk yxe oTMeyasoch, M/ KJaCCHYECKOTO OCHUJIATOPA

o o . ho,
C oOIpefleNleHHOH 3Hepruell, paBHOU Eg= 2—”, JHCIepCHU
pacrnpejeneHuii M0 ¢ U p COBNAJAIOT C NMCIHEPCHAMU AJIS
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KBAHTOBOT'O OCUHJJISTOPAa B HOpMaJjibHOM cocTosiHUH. Camu
Ke paclpejie/leHHst 10 ¢ M p CYLIECTBEHHO OTJHUYAIOTCH Of
KBaHTOBBIX pacnpefeneruit. OLHaKko [Js KJaccHyecKoro oc-
HUJIsiTOpa, BO3OyXKMaeMoro ODOYHOBCKHMH TOJMYKAMH, MbI
HMeeM yxKe paclpeleseHHs N0 ¢ U p TOTO Xe camory THIA,
YTO M B CJyYae HOPMAJIbHOTO COCTOSIHMS KBAHTOBOIO OCIIMJI-
JsaTOpa. IDTO CXOLCTBO paclpelejeHHH M NO3BOJseT Ha-
IeATbCs Ha BO3MOXKHOCTb IOJNy4YeHHsS CBeJIEeHHH O CKPHITOM
IBHXXEHHH IpH aHa/ju3e HEKOTOPbIX KBAHTOBBIX CHCTeM Ha
OCHOBe pelleHusi oGparHoil 3agayu (9), mosyuyeHHOro MJIs
KJaCCUYeCKON CHCTEMBI.

Hcnonb3oBanue cooTHouierus (9) mns  omnpeneseHust
F(e) no p(g) ma1si KBAHTOBOTO OCHMJLISTOPA 3KBHBAJEHTHO
OPHHATHIO THUNOTE3bl O TOM, YTO MEXIY BO3MYIIAIOIIMMHU
TOJIYKAMH ABHXKEHHE OCLUUINATOpPa NPOUCXOJUT N0 3aKOHAM
KJlacCHyeCKOH NHHAMHUKH, a HeM3BeCTHOH HPHUPOXBl TOJTYKH,
U3MEHSIOIHE COCTOSIHUE CKPBITOTO IBUIXKEHHS, IMTPOUCXOAAT
cayyaliHO ¥ He3aBHCHUMO OT NOJIOXKeHHS o0beKTa B (ha3oBOM
npocrpaHctBe. Jl0Kas3aTeJlbCTBOM CHPaBENJIMBOCTH  3THX
HeOOBLIYHBIX MO0 CBOell NMPOCTOTEe NMPEeNNONOXKEHUH O CKPHITOM
JIBMXKeHUH OblI0 Obl MoJydYeHHe BCIOAY MOJIOKHUTENbHOM
nJaoTHocTd BepositHoctd F(p, g) ¥ moJiHOe coBmajfeHHe MO-
JIyUeHHbIX Ha ee OCHOBE paclpelesleHUil Kpyrux HabJjiomae-
MBIX NEPEMEHHBIX C KBAHTOBOMEXaHHYECKUMH.,

[TopcraBuB B pemlenne (9) pacnpefe/seHne 1JIf HYJEBOTrO
1 —a/e

—e °,

) V=

, HaﬁﬂeM Q)yHK].U/IIO IJIOTHOCTH BePOATHOCTH B

COCTOSIHHS KBAHTOBOTO OCHHMJIISITOPA P4 (q) =|Po[* =

rre q3 =
1)
Do _ ,—¢/E, p?
¢asoBom mpoctpaHctBe F (p, q) = ——e o, TIE & = 4+
211, 2m
+ V (9), u cooTBeTCTBEHHO 3HepreTHYeCcKoe pacnpefiesieHue, COB-
najamolnee C KaHOHMYECKMM pacnpegeseHueM I'm66ca, eciu

MOLYJIb pacnpefneseHust 6 NMPUHATL paBHBIM E, = ha, | IToay-
yJab p p ) y

yennast ¢yuruus F (p, g) sIBJsfeTCS BCIOLY NOJIOXKUTENBHOH BeJIH-
uiHOH. Brlumc/iieHHOe Ha ee ocHOBe pacnpefedieHue f(p) TouHO
COBMajaeT ¢ KBAaHTOBOMEXAHWYECKHUM DaclpefesieHueM
1 —pn?
fop) =——=¢ "
po Vam

rie p2 = hmw,.
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Ha nepseiii B3rasin, Kasaioch Obl, HMeeFcsi TeM He MEHee
SIBHOE MPOTHBOPEYME paclpeleseHns: N0 SHepruu AJIs paccMoT-
PEHHOrO OCHHJ/JNATOPA € [OCTOSIHCTBOM IOJIHOH 3HEprud KBaHTO-
Boro ocuu/iasATopa. OJHAKO Ha caMOM JieJle HMEHHO [10CJIeJI0Ba-
TeJbHOE TpHMeHeHHe (opMani3Ma KBaHTOBOH TeOPHH MOKa3blBaeT
MOJHYI0 TOXAECTBEHHOCTb 3TUX CHCTeM. Mchosb3oBaHHast HaMH

2
nepeMeHHas e =§—+V(q) IJsi GUKCcalliM MOJIOXKeHHsl pac-
m

CMOTPEHHOH CHCTeMBI Ha OnpejeseHHOH 3JJIMITHYE CKOi TPaeKTo-
puH B (a30BOM NPOCTPAHCTBE MpPeXIe BCero ABJSeTCS CKPITOH,
HeNoCPeJCTBEHHO HeHabJIroaeMoH BeJMUHHOH B KBaHTOBOH MeXa-
HUKEe KaK CyMMa MIHOBeHHBIX 3HAY€HMH KHUHeTHUEeCKOH H IOTeH-
LMaJbHOH 3Hepruy. VIMEHHO U3 HEBO3MOXKHOCTH OJHOBPEMEHHOrO
H3MEpEeHHs] MMIyJbCa M KOODAMHATH CJeJyeT HeBO3MOXKHOCTDb
U3MepeHUsl BeJMYMHBEI € H HaOJMIoJeHHs AWCIepPCHH B ee pacrpe-
JeJeHud. V3MepsieMo#l B KBaHTOBOH MeXaHHKe SIBJSETCS Apyrast
BeJIMYHHA E, coorBercTByIOmas OnepaTopy MOJHOH 3SHEPruu

A 2
H= zp_ + V (g), paBHOMYy cyMMe OmepaTopoB KHHETHYECKOH
m

H [OTEHLHAJbHOH SHEPrHH, B TO BPeMs KaK CKpbITas BeJHYHHA
SHePruH & fBJIACTCA CYMMOH COGCTBEHHBIX 3HAUEeHHH KHHETHUe-
CKOH H NOTeHUHaJbHOH 3Heprun. CpelHee ke 3HAUEHHE 3TOH
HeHabJI0JjaeMOH BeJIMYMHBI PABHO MOJHOH SHEPrHH OCLUJISTOPA.

(o0}
o = ho,
HeficTBuTebHO, & = jsWo (e) de = 2° .
0

Crnenyer TaKxe HMeThb B BHAY, UTO JJisi TOYHOTO H3Mepe-
HMS MOJHOH 3HEPTHH BcerJa TpeOYyeTcs COIVIACHO INpHMHIIHITY
Heomnpe eleHHOCTH 6eCKOHeuHOo OoJIbIIoe BpeMs.

MoxeT mnoOKasaTbCs NMPOTHBOPEUHBHIM JIMIIL caM (PakT
NpEeBbIIIeHHs] 3HAQUEHHH CKPBLITOH BeJUYMHBl & Haj MOJHOI

\ ho,
sHeprueil cucremsl Eo= 7" OpHako 310 06CTOATENBCTBO SIB-

JsieTcs TpexJe BCEro NPSIMBIM CHENCTBHEM TOH XKe Kaxy-
uedcsi MPOTHBOPEYHBOCTH COOTHOIIEHHSI MEX]Y SHeprerH-
YEeCKMMH [lepeMeHHBIMH B CaMoOil KBaHTOBOH MeXaHHKe.
[ToposHb H3MepHMBIE BeJMYHHB KHHETHYECKOH M IOTeH-
LMaJbHOH 3HEPTHH COrVIACHO KBAHTOBOH TEODHH NPUHHMAIOT
TaKXe H COOCTBEHHBble 3HAayeHUs, NpeBbIIAIONIHE COGCTBEH-
HOe 3HayeHHe ToJHOH sHeprud. CoBpeMeHHasl KBaHTOBAs Teo-
pusi He OODBACHSIET 3TOr0 HEOGBIYHOTO COOTHOLUEHHST MEXAY
SHEpPreTHYeCKUMH XapaKTepUCTHKaMH, OTMeyas JHIb OT-
CYyTCTBHe IPOTHBOpeYHss B paMKax MnpuHAToro ¢opma-
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JU3Ma B CHJIY OZHOBPEMEHHOH HEH3MepHMMOCTH 3THX Be-
JINYHH.

Taxum o6pas3oM, ecTeCTBEHHO, uTO HeHabJiofaeMasl Be-
JUUMHA ¢, NPEACTaBJSIONas] CYMMY COGCTBEHHBIX 3Haye-
HUH KHHETHYeCKOH M MOTEHIMAJbHOH SHEepPrui, NPUHUMAET
3HAYeHHsl, MpeBHINANOUIHE TOJHYI 3Hepruio. Ho ¢usu-
yecKasi TeOpHs, MpeTeHAyolllas Ha ONHCaHHe CKPBITOTO
INBHXKEHHs, He MOXET OIPAHHYUTHCA TONbKO BHISICHEHHEM
GbopMabHOH HeNpOTHBOpEUMBOCTH 3TOro ¢akra. Heo6xo-
IMMO HaHTH (usMyeckoe OOGBbsICHEHHE KaK 3ToMy ¢akry,
TaK ¥ BOOOIIe NPHYHHAM HEH30JMPOBAHHOCTH, HEKOHCEpBa-
TUBHOCTH KBaHTOBBIX CHCTEM.

[TonmriTKa npeacTaBuTb KBAHTOBHIH OCHMJ/IATOP Kak
MOJHOCTbIO TOXKAECTBEHHBIH pacCMOTpPEHHOMY Bhlllle Gpoy-
HOBCKOMY OCLHJIISATOPY, AJIi KOTOPOI'O HEBO3MOXKHO TOJILKO
TpOBECTH M3MepeHHe MTHOBEHHO! SHEpruH €, HaTaJIKHBaeT-
Csl Ha OJHY NPHHIUNHAJNBHYIO TPYAHOCTL. KBAHTOBHIE YyacTH-
1Ibl, BbICBOOOAMBIIHecs GJjaromapsi TyHHeJabHOMY addekry,
BCErja MMeEIT 3Hepruio, COOTBETCTBYIOULYIO MOJIHOH 3Hep-
TMH CHCTeMbl C He3HAuyuTeJbHBIM AHCIEPCHOHHBIM pasbpo-
com. CiefoBaTesbHO, TOJTYKH, UCIBITHIBA€Mbie KBAHTOBHIMH
CHCTEMaMH, OCTaBJSIOT HEU3MEHHOH MOJIHYI0 3HEeprHio
cucreMbl. D10 OyneT BO3MOKHO, €CJIH NPENNONOKHThb, 4TO
IPDH Ka)[IOM OTHEJbHOM TOJIYKE OJHOBPEMEHHO NPOHCXO-
JMT MTHOBEHHOe M3MEeHEeHNe KHHeTHUECKOH SHEpTHH Ha BEJH-
YuMHy Ag; M TOTEHIHAJbHOH 3HePTUM Ha BeluunHy AV;=
=—Aeg;, COXPaHAWOIIYI0 HeH3MeHHOe 3HaueHHe B Mpolecce
JaibHeHIlero ABHUXKEHHS YaCTHIBI B MPOCTPAHCTBE N0 CJie-
HyIollero cayyaigHoro tosnuka. Torna HeHa6uiogaeMas BeJiH-

2
YHHa e=F2’—+V(q), YUHTHIBASE TOJbKO MTHOBEHHBIE H3Me-
m

HeHHsl KHHEeTHYeCKOH 3HepTHM, XapaKTepH3yeT MOJIOXKeHHe
o6beKTa B ()a30BOM NPOCTPAHCTBE H He ONpejesseT 0CTal-
IHecs] HEM3MEHHHIMH MTHOBEHHble 3HAUEHMS MOJIHOM 3Hep-
run E;=¢;+AV;. Takne mpomecchl, MAyLUMe ¢ COXpaHeHU-
€M TIOJHOH 3HepruH, B KBAHTOBOH TEOPHH HA3BLIBAIOT BHP-
TyaJibHBIMHU.

dnykTyauusiMd KHHETHUECKOH 3HepruH OO0'bACHSETCH
yXxon wuactuipl B 06JacTb, HaJeKyl0 OT NPHUTATHBAIOLIETO
IleHTpa, THe BeJHKa MOTeHLHaJbHasi SHEeprus, Onpejesie-

2
M09 Ges yyera

Masi Kjaccuueckoi ¢yukuueir V(q)=

cAyyaiHBIX CABUroB mnorenHuuana Ha AV; [IIpoxoxaeHu-
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€M Hal MoTeHLHaJbHbIM 6apbepoM 3a CUeT CJIYyYaifHOro mpo-
Iecca ONyCKaHHA BCell MOTeHIMaJbHOH GyHKUUH OOGDBsAC-
HseTcsl TYHHeJNbHBH 3ddekT. [IpuMenss Knaccuuyeckuit obpas
MOTEHIMAaJa CHJIOBOTO MOJs, KBAHTOBAs MeXaHuKa B Jei-
CTBUTE/JBHOCTH K€ CKDBITO YUYHTBIBAET MHKPOCKOMHYECKYIO
npupoRy GJAyKTyalMHi MOTeHIMaJbHOU 3Hepruu. He oObsc-
HA (H3MYeCKON CYHNIHOCTH TYHHeNbHOTO 3¢deKra, coBpe-
MeHHasl TeopHs NOJb3yeTcd A ero GOpMYyJHPOBKH BeCbMa
HeyJAayHO# TepMuHoJOrHell (noaGapbepHble YacCTHIBI, TYH-
HeJbHHIH 3¢¢eKTr). M3 camoro ¢akra mpenckasanusi KBaH-
TOBOH MeXaHHKOH CKOJIb YrOogHO OOJBIIMX 3HAYEHHH KHHe-
THYECKOH 3HEeprHu YacTHll yxKe cjelyeT HeoOOCHOBaHHOCTb
OpeJCTaBJeHUss O NPOXOXKAEHHH yacTHL noj 6appepom.

Taxum o6pa3oM, A/ TUMHYHO KBAHTOBOTO Cjyuyasl [IBH-
JXKeHHsI, KaKHM §BJISeTCH KBaHTOBBIH OCUMJ/IJISTOP B Hau-
HHU3IIE€M SHepPreTHUeCKOM COCTOSIHMH, YHaJoch MOJYYUTb
CYLIECTBEHHO MOJIOXKHUTEJIbHYIO (GYHKUHUIO pacupeleseHUsT B
COBMECTHOM  KOODAMHATHO-MMNYJbCHOM  MHpeJNCTaBJEeHHH.
Tor Xe ¢akr, 4To 3TO pellleHHe yXaJOChb HAfTH Ha OCHOBe
KJlaCCHYeCKOoro MoAXoja, 03HauyaeT, YTO KBAHTOBBIH OCIMJI-
JATOp MeXIy OTAeJbHBIMH BO3MYIIAIOMIMMHU TOJYKAMHU CO-
BepillaeT MHUKDOJABHXKEHHE 1O JAUHAMHUYECKHMM 3aKOHaM
KJIaCCHYeCKOH MexaHHKH. JIMIIb B HaJUyUM CHyyafHBIX
0co60ro THNA TOJYKOB H3BHe NMpPOsBJsieTcs crnenuduKa KBaH-
TOBOH NpUpoAb. B Knaccuueckoil ¢usuke He BCTpeyasoch
NOJOGHBIX TNPUMEPOB HEHU30JHPOBAHHOCTH CHCTEM, KOrua
TOJYKH H3BHE NMDPUBOAAT K MPOTHUBOMOJIOXKHBIM H3MEHEHHSIM
KMHETHYEeCKOH M TNOTeHLUHAaNbHOH 3Heprufl.

O npupoje CTaTHCTHYHOCTH KBAHTOBOMEXAHUYECKOTO OIH-
CaHUf paHee BBICKA3blBAaJMChb MHEHHs JHIIb B BHIE THIO-
Te3 u gorajfok. Tak, mo muenuro . M. BnoxununeBa, KBau-
TOBasg  CTATUCTHYHOCTb OOYCJIOBJEHAa HEBO3MOXKHOCTHIO
H30JISIHH MHKpocucTeM OT makpomupa [30, ctp. 376]. Bo-
Jiee Onpefie/IeHHOE MHEHHE O BO3MOXKHOU NPUPOJE HEU3OJIU-
pPOBaHHOCTH MakpocHcreM OblJIO poOKO BBICKA3aHO aBTOpa-
mMu yueOHuka {31, cTp. 145] B Bule npeaBapuTeNbHON, Heal-
pPOOHPOBAHHON IMNOTE3bl, HAleYaTAHHOH MEJKUM LIPUDTOM.
B KauecTBe BO3MOKHOH MDHYMHBI CIy4yaHHOTO BO3JeHCTBHUS
Ha JIBUXXEeHHe MHKPOOObeKTa MMH OBLJIO YKa3aHO Ha (Gayk-
TyallHOHHbIE y[aphl CO CTOPOHBI BHPTYaJbHOro MOJS (HOTO-
HOB Bakyyma. OG0OCHOBaHHMeM [IJsi CHEJNaHHOTO MPEAINoJo-
JKeHUsl SBJAJNOCH ToJyuyeHHoe B pabore [32] coorHOmIenue
HeolpeleNeHHOCTeH [JI51 KJaCCHYECKOr0 TapMOHHMYECKOTO
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ocuuIsATOpa, Bo3byxKaaeMoro GpayKTyauuoHHBIMH yAapamH
€O CcTOpOHH (oTOHHOro Bakyyma. Hegocratounocts 3TOro
060CHOBAHHSI CTAaHET OYEBHAHOH, €C/IH BCIIOMHHMTL IOJyUYeH-
HbIH Bbille pe3y/bTaT O BHLIINOJHEHHH NPH HEKOTOPOH 3Hep-
THH COOTHOLIEHHS] HEONpPEeIeeHHOCTEH H AJs KJIaCCHUECKOro
OCHHJIJIATOPA, COBEpIUABILEro JHHAMHYECKOEe JBHKEHHE.

Y6enurenbHOe JOKA3aTeJAbCTBO CYIIECTBEHHOH POJIH QJIYK-
Tyaluil BaKyyMa B KBAHTOBOH MeXaHHKe ObLJIO NOJY4EHO
elile panee B pabore d. M. Anuposuua u M. WM. IMoaropenu-
xoro [33]. B at0il pabore OblIO NMOKa3aHO, YTO KJaccHye-
CKHH TapMOHHYECKHH OCHHIATOP, BO30OyXpaemblii (JykK-
TYalHMOHHBIMH yJapaMHM BHPTyaJbHbIX (OTOHOB BaKyyMa,
MMEeT TOYHO TakKHe XKe paclpeleseHHs] KOOpPAHHAT U HM-
y/J1bCOB, KAaK M KBAaHTOBBIH OCLHJ/JISATOP B HOPMaJbHOM
COCTOSIHHH.

ABropamu He OblJIO HaileHO AJsi PACCMOTPEHHOTO OC-
nuAATOpPa 3HepreTHyeckoe pacnpeneneHue W (e), ompe-
Jensolee IJIOTHOCTb BEPOSTHOCTH B (a3oBOM HpPOCTPaH-
cre. TlonyuynB Ke OT/IHYHYIO OT HyJsl JHUCIIEPCHIO SHepre-
THYECKOTrO paclpe/ie/leHHs U He 3aMeTHB, YTO OHA OTHOCHTCS
K CKPBITOH, HeNocpeiCTBEHHO HeHa6J/l0JaeMoil BeJHUMHe,
aBTOPbl IPHILIH K OLIMOOYHOMY 3aKJ/IOUEHHIO O HENOJIHOMH
TOXKJECTBEHHOCTH PacCMOTPEHHOT0 KJIaCCHUECKOro M KBaH-
TOBOTO OCLHJ/IJISITOPOB.

Hcnonb3oBas npuBeleHHOE BBIIE T0KA3aTeNbCTBO 06 OT-
CYTCTBHH IIDOTHBODEYHS] B 3HEPreTHYeCKHX XapaKTePUCTH-
Kax 3THX OCUHJ/JIATOPOB, Mbl MOXEM Ha OCHOBAHHH DPe3yJb-
TaToB Paborhl [33] NPHHATH K OJHO3HAYHOMY BHIBOAY OTHO-
CHTeJNbHO (PH3HYECKON MPHPOAbl (PJAYKTYalHOHHBIX TOJNYKOB,
HapymarIHX H30JIHPOBAHHOCTb KBAHTOBBIX cHCTeM. MMeH-
HO BHPTyasbHble IIpolecchl BO30YXIEHHSI  KBAHTOBBIX
cucTeM (OTOHHBIM BaKyyMOM IpPHBOJST K HEH3BECTHBIM B
KJIaCCHYECKOH (DH3MKE OJHOBPEMEHHBIM (PJIYKTyalHsM KHHe-
THYECKOH H IOTEHUHAJbHOH 3HEePTHH IpPH COXpaHEHHH IIOJI-
HOH 3HEepTHH.

Takum o6pasoMm, crenuduyeckass 0COOEHHOCTb HaJHYHsA
HyneBoii sHeprun E,= h—;%— KBAHTOBbIX CHCTEM IIEJHKOM
00ycJ/ioBJIeHAa MX HEH30/IHPOBAHHOCTBIO OT HYJIEBHIX KoJeGa-
HUH BakyyMma, BO3JEHCTBHEM BHPTYaJbHBIX (DOTOHOB BaKy-
yma. Tak Kak BHDTyaJ/bHble IPOLECCH M3MEHEHHS] KHHETH-
4YeCKOH 3HEPTHH 3a CYeT NOTEHIHAJbHOH MOTYT IPOUCXOJHTD,
IO oNpefe/IeHHIO, TOJbKO B CBSI3aHHBIX CHCTeMax, TO HyJe-
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BOH sHeprueil 06/71aal0T HMEHHO TaKHe CHCTEMBbI, a BeJIHYH-
Ha HyJeBOH 3HEPTHH OKasbiBaeTcs NPONOPIHOHAJbHON
4acroTe wo, XapaKTepH3YIOUIEH CTeleHb KEeCTKOCTH CBS3H.
CyulecTBoBaHHe KOHEYHON BEJHYHHB HyJeBOH 3HEpPrHH
CBSI3aHHBIX CHCTEM B CBOIO Ouepelb O3HayaeT OTCYTCTBHE
B NpHpoAe aHcaMObJiel ¢ AHCIHEPCHAMH IO ¢ H p, OLHOBpE-
MEHHO paBHbHIMH HyJio. CiefoBaTeNbHO, COOTHOLIEHHE He-
onpejeNeHHOCTell 00yC/a0BJA€HO IPHHLUHMIHAJIBHOH HeBO3-
MOXKHOCTBIO H30JISILHH CHCTEM OT HyJeBHIX KoJsieOaHH# Ba-
KyyMa, a He cBOHcTBaMM Ipollecca H3MepeHus. Hampotus,
HEBO3MOXKHOCTb OJHOBPEMEGHHOIO H3MepeHHs HMITyJbca
M KOOPAHMHATHI SBJSETCS NPAMBIM CJEICTBHEM OTCYTCTBHS
KBAaHTOBbBIX aHcaMOJiel, OTBeUaIOUINX COCTOSTHHIO IIOKOSI JIO-
KaJM30BaHHOM 4YaCTHLBI, H NPHHIHIHAJbHOH HEOGXOLHMO-
CTH HapyleHHs HCCJAeLyeMOro COCTOSHHSl [BHKEHHS IIpH
B3aUMOJEHCTBHH, HCIOJNb3yeMOM [J5 pPa3BHUTHSI MaKpOCKO-
MHYECKOTOo Ipolecca B KaXKAOM OTAENbHOM aKTe H3MepeHHUs.

Taxum o6pasom HMEHHO B3aHMOJEHCTBHE C BaKyyMOM, B
HesIBHOM BHJe YUHTBIBaeMOe TeOpeTHUeCKHM (opMaJu3MOM,
06yCJIOBIIHBAET OCHOBHOE OTJIHYHE KBAHTOBOH MEXaHHKH OT
CTAaTHCTHYECKOTO ONHCAHMSA AHHAMHUECKHX CHCTEM KJIaCCH-
yecko#l ¢usuku. IlpHHUHMIHAJbHAs HEBO3MOXKHOCTb H30-
Jquuy 11060f MarepuHasbHON CHCTEMbI OT B3aHMOIEHCTBHS
¢ $GU3HYeCKHM BaKyyMOM, IPeACTaBJSIOIHUM CHCTEMY C Gec-
KOHEUHBbIM 4YHCJIOM CTelleHell cBOOOAbI, AenaerT BCEOGLINMH
KBAHTOBble 3aKOHOMEPHOCTH H NPHUBOAUT K NMPHUHLUHIIHAJIBHO
HeJlleTeDMHHHPOBAHHOMY [BHKEHHIO MHKPOYACTHIIL.

ITH OCHOBHble OCOOGEHHOCTH CKPBITOIO JBHXKEHHS MHKpO-
YaCcTHI, HaM YZAAJOoCh BBHISICHHTb HA OCHOBE YCTAHOBJIEHHS
0JHO3HAYHOTO COBMECTHOrO KOOPAMHATHO-HMITYJBbCHOTO CTa-
THCTHYECKOTO OIHCAHHS KBAHTOBOTO T'apMOHHYECKOTO OC-
LUHAASTOpa B HOPMaJbHOM cocTOsiHHH. OIHAKO majibHeHIHi
4HAJH3 TOKa3blBaeT, YTO BLISIBJIEHHOE Ha 3TOM YaCTHOM
npHMepe CTOXacTHYeCKOoe Bo3felcTBHe (DU3HUECKOTO BaKy-
yMa Ha MHKPOYacCTHLBI B CBSI3aHHOM COCTOSIHHH [aJIEKO He
HCYepnbiBaeT CrenH(HUKY CKPBITOTO MABHXKEHHS KBAHTOBBIX
yacTull. DTO CTOXACTHYECKOE BO3LEHCTBHE CO CTOPOHBI Ba-
KyymMa npefonpefensier oTMeueHHoe eme IlpenuHrepom
[34] u ®ropToM [35] HeKOTOpOE CXOACTBO MEXAY OCHOBHBIM
ypaBHEHHeM KBAHTOBOH MeXaHHKH H KJIaCCHYECKHM ypaBHe-
HHeM JBHXeHHs1 O6pOyHOBCKo#l uactuubl. Ho, ¢ mpyroit cro-
POHBI, HMeIOIIeecs] IPHHIUIHANbHOE Pa3JIHUHe MEXKAY STHMHU
YpPABHEHHSIMH He yJaeTcs B TIONHOH Mepe OGBSCHHTb OTJIH-
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4HeM IpHPOAbl BHPTYaAJbHBIX TOJYKOB, HCIBIThIBae€MBbIA
MHKPOYaCTHLeH CO CTOPOHB (H3HYecKOro BaKyyMa, OT MO-
JIEKYJIIDHBIX TOJIYKOB, HCILITHIBAeMBbIX OpOYHOBCKOH ya-
ctunei. K coxanenuio, Mbl He HIMeeM BO3MOXKHOCTH OCTaHaB-
JUBaTbCs 31ech Ha aHanuse pabor (27, 36, 37, 38), B KOTOPhIX
UMeIolasicss HeKOTOpasi aHaJoTHsl B CTATHCTHYECKHX 3aKo-
HOMEPHOCTSIX KBAHTOBOH MeXaHHKH H KJaccHuecko#l qudpdy-
3UM IIOJIyuHJa sBHYI0 NepeolleHKy. OTMeTHM JHIIb, 4YTO
ecsiM Obl Bcsl cnenuHKa NBHXKEHHS KBAHTOBOH YacCTHIBI HC-
yeplblBajach He3aBUCHMBIMH CJAYyYaHHBIMH TOJYKaMH CO
CTOPOHBI BaKyyMa, HapyWalOUUMH AeTepMHHUPOBaHHOE
IBHXKeHHe [0 KJacCHYecKMM 3aKOHaM, TO IIOJIyueHHOe Ha-
mu pewenue (9) nasasno Obl AJsi JO60r0 KBaHTOBOro COC-
TOSIHHS ONHCaHHe CKPbITOro ABHXKEeHHS MHKDOYACTHIbI B BUIe
BCIOAY I[IOJIOXKHUTeJNbHOH (YHKUHUH IJIOTHOCTH BEPOSITHOCTH
B (asoBoM ImpocTpaHcTBe. [l BHISICHEHHSl XKe OrpaHHYeH-
HbIX BO3MOXKHOCTeHl IPUMEHEeHHs K KBaHTOBbIM CHCTeMaM II0-
JYYEeHHOrO0 HAaMH pelleHHs O0OpaTHOHM 3afayH JOCTATOYHO
6yneT 06paTHTbCS K PACCMOTPEHHIO KBAHTOBOTO OCLMJLJISITO-
pa B BO30YX/JIeHHOM COCTOSIHHH.

BasiB QyHKIMIO pacrpefiesieHHs] KOOPAMHAT AJIsi NEPBOrO BO3-
OyXKAEHHOTO YPOBHSI KBaHTOBOrO OCLHJIATOPA

2 ¢~
pl(q) ﬁ q: e )

TMOJIyYyuM OJHO3HAYHOe pellleHHe ypaBHeHHS (9):

Fie)= -2 .9 L_i) A —eE
2n E, 2/ E,
¥ COOTBETCTBEHHO 3HEPreTHYECKOe pacnpe/ie/iecHHe, KOTOPOE HMEET

CpellHee 3HaueHHe 3HePTHH, COBNajaiolliee C IOJHOA 3HEpruel
o]

— v 3 .
OCHMJIIATOPA B 3TOM COCTOSIHMH & = ‘sto (e) de= -Eh(oo. Hai-

0
JeHHOe Ha OCHOBe F,(g) pacmpelesieHHe N0 HMITYJIbCAM TakKe
coBmajaeT C KBaHTOBOMEXaHHYeCKUM pacrnpefesenueM. OJHako
nonydeHHasi QyHkuus Fy () He HdaeT CTaTHCTHYECKOrO OMHCAHUS

E,
B (pa30BOM IMPOCTPAHCTBE, TaK KaK MPH &< 7“ OHa MPHHHUMa-

€T OTpullaTeJbHOe 3HAUeHHe H, CJellOBAaTeNbHO, He SBJSAETCS
IVIOTHOCTHIO BEPOSITHOCTH B (ha30BoM npocrpaHcTBe. CoBepLIEHHO
aHaJIOTMYHasl CHTyallist BO3HUKAaeT U NPU PACCMOTPEHHU APYTHX
BO36GYKIEHHBIX COCTOsHUH. TeM He MeHee HeMaJ/IOBaXKHOe 3Ha-
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YeHHe HMeeT TOT (aKT, UTO Ha OCHOBE KJIaCCHYECKOTro CTaTHCTH-
YeCKOro aHa/i3a KBaHTOBOMEXaHHUYECKOH IJIOTHOCTH BEPOSITHOCTH
P2(g) B KOODPAMHATHOM MPOCTPAHCTBE YHaeTcs MOJYYUTb (YHK-
nuo Fn(g), KOoTOpas IO3BOJSIET BBHIYMCJMTBL H paclipefieleHue

no ummyJscaM f (p)=c (p) |°, u sHaueHust NOMHON sHeprud E, =
= hw, ( n-+ —5) , He ofpamasicc K ypasHeHuto I[lIpenunrepa.

®opMaJibHasl TPUMEHHMOCTh pellieHus (9) B 3TOM caydae, Halo
roJlararath, OGYCJIOBJIEHA BHINIOJHEHHEM OCHOBHOM ITPeIIOCHLIKH
MPOBEJIEHHOTO pacyera, COCTOSUIeH B NMPEANOJOKEHHH O JBHXKE-
HUM YacTHIlbl MO AMHAMHYECKUM 3aKOHaM KJacCHYecKOH MeXxa-
HUKH B IPOMEXYTKaX MeXAY (GUIYKTYalUOHHBIMH TOJYKaMH
CO cTopoHbl BakyyMa. OpmHako W3 Toro ¢akrTa, 4TO HalileHHCe
pelleHye JJis BO30YKIEHHOTO COCTOSIHHSI KBaHTOBOTO OCLIHJLJIS-
TOpa B HeKOTOpoft o6JacTd (a30BOro NPOCTPAHCTBA MPHHUMAET
OTpHIlAaTE/NBHOE 3HaUeHHe, ¢ Hen30eXKHOCTHIO CIEAYeT, UTO ClelH-
(hMKa KBaHTOBOrO JBHIKEHHS HE MOXeT ObITh OGBSCHEHA IOJHO-
CTbI0O Ha OCHOBE YYeTa TOJbKO HE3aBHCHMBIX CTOXaCTHYECKHX
HapyIIeHHu#l 3TOro ABUKEHHS BUPTYaJbHbIMH (HOTOHAMH BaKyyMa.
He kacasicb ¢usnueckoil NpUpOAbI 3THX HaPYyILIEHHH, MBI L0/ KHBI
JonyctuTh B 00lIeM cayyae 6Gosiee CJIOKHYIO KapTUHY HX CTO-
XaCTHYECKOro NeCTBHS, NPeANOJIOXUB, HalpHMep, CYILeCTBOBa-
HHE 3aBHCHMOCTH TOJYKOB OT COCTOSIHMS ABHXKEHHS MHKPOOOB-
eKTa.

6. 3akarouenue

Takum o00pasoM, MOXHO HaleATbCsl Ha pelleHde Hu
Gosee CJOXKHOM 3ajayd ONHCAHHS CKDPHITOTO JABHIKEHHS
B (pa30BOM TIpOCTpaHCTBe B CaMOM oOflieM clyuae Ha OCHO-
BaHHM yyeTa KOpPeJIHpPOBAHHOCTH (PIYKTYyaLHOHHBIX TOJYKOB
Bakyyma. Ilpu peirenun 3ToH 3ajayM MOXKHO HCXOJIHUTb H3
KBaHTOBOMEeXaHHUYECKO! MJOTHOCTH p,(¢) TOJNBKO B ciayyae
JelcTBUTENbHON BOJHOBON (yHKUMH. B ofimem xe ciayuae
KOMIIJIEKCHOH BOJIHOBOI (QYHKLHH pelleHHe 3afayd JOJKHO
MCXOJHUTb HENOCPENCTBEHHO H3 BOJHOBOH (PYHKIHH, TaK Kak
TOJbKO OHO COJLEPXKHUT MOJHYI0 HHQOpPMALHIO O COCTOSIHHH
KBaHTOBOH CHCTEMBI, BKJIOYasi H CBeNEHHMS O KOpPPeJSaIHH
bayKTyauHoHHBIX TOJMYKOB. M ecnu caydaiiHble (JayKTya-
IIMOHHblE TOJYKH, HCIBITHIBAEMble KBaHTOBOH CHCTeMOH <O
CTOPOHBI (DH3HUYECKOT0 BaKyyMa, OKaXKyTCsl CTATHCTHYECKH
_KOppEeJMPOBAHHBIMH, 3aBHCHMBIMH OT COCTOSIHUSI IBHXKEHHUS
MHKpPOYaCTHI], TO BOJHOBbIE NIpOLECCH B BaKyyMme, 06006IIeH-
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Hylo HHpoOpManuio o KOTOPBHIX COMEPXKHUT BOJHOBaA (yHK-
1S, MOT'YT OBITH €IHMHCTBEHHOH (H3MyecKod NMPUYUHON YII-
paBJieHHs] BUPTYaJbHBIMH IIPOLIECCAMH BO3MEHCTBHS Ha Me-
xaHuueckue cucrembl. HenaGmaiogaeMble HemocpencTBEHHO
BOJIHBI e Bpofins MoryT cooTBeTcTBOBaTH peabHOMY GH3HU-
YyeCKOMY Tpolieccy B BAKyyMe, CBI3aHHOMY C JBHKEHHEM Me-
XaHHYECKOT0 MHKpPOOObekTa M 06HapyKHBaloleMy CBOe CYy-
I1eCTBOBAHMe TOJBKO 10 BJMSHHIO HA BUPTYaJbHBIE NPOIEC-
Cbl BO3/eHiCTBHsI BaKyyMa Ha TY e MEXaHHUECKYI0 CHCTEMY.
Caenyer o6paTUTh BHUMaHHE HAa NPUHUHUNHAJNBHOE OTJIHYHE
3TOr0 NpPeANoNIoXeHHsT OT OOCyXKHaBIIHXCA paHee HIeH
BOJIHBI-IMJIOTA WJM ABoiHOro pemenus [10, 11], corsacuo
KOTOPHIM BOJIHA YNpaBJseT ABUXKEHHeM MHUKDOYACTHUIH B
IpPOCTPAHCTBE M BPEMEHH, a He CJAYyYaHHBIM MpOLEccoM
BHPTYa/JIbHOTO B3aHUMOIEICTBUS C BaKyyMOM,

BMecre ¢ TeM HeoO6XOAHMMO 3aMETHTb, YTO OCOGEHHOCTH
KBAaHTOBBIX 3aKOHOMEpHOCTeHl BpsJ JH MOTryT OBITb MOJ-
HOCTBIO OObSICHEHB! BO3JeficCTBHEM, HCIBITHIBAEMBIM CBSI3aH-
HOM MHKpPOYAacCTHIEH cO CTOPOHH (HU3HYECKOI'O0 BAKyyMa, Tak
KaK HeKJacCHyecKHe CBOHMCTBa NOBeIeHHsT MHUKPOUYACTHI[ OT-
YeTJIHBO NPOSABJSAIOTCA U AJs CBOOOTHOTO ABUMKEHUS, OMNH-
CHIBAEMOTO CYNEpHo3Ulueill MJI0CKUX BoJH. [lombITKH pac-
MH(POBKY 3TOTO ABUKEHHUS TaKKe NPUBOAST K OTPHLLATEN b~
HBIM «BeposTHOCTAM», ONHAaKO BCe NpPOBENEHHBIE [0 CHX
HOp CTaTHCTHYecKHe aHaJU3bl KBAHTOBOH MEXaHUKH C LeJbI0
aHAJUTHYECKOTO Olpefe/eHlss HeH3MepsieMOH MJIOTHOCTH
BEPOSITHOCTH B (Pa30BOM NPOCTPAHCTBE HUCXOMUIH U3 OLHOTO
HEeJIOCTATOYHO OOOCHOBAHHOTO INDENIOJIOXKEHHUS O Ipoliecce
H3MepeHHsl B KBAHTOBOM aHcaMOJje. B kinaccuueckoil cratu-
cTH4ecKol (pU3MKe Ipoliecc H3MepeHHUs NMPUBONUT K pasbue-
HHIO MCXOJNHOTO CTAaTHCTHYECKOTO KOJIJIEKTHBAa Ha TaKHe 4a-
CTH C ONpe[eJeHHBIMH HEH3MEeHHBIMU 3HAueHUSIMH H3Mepsie-
MBIX BeJHYHH, KOTODHE NIPU CMELIMBAHHH [al0T CTaTHCTH-
yecKHil aHcaMOJlb, COBEPILIEHHO TOXK/ECTBEHHBIH HCXOILHOMY.
B cratucTHuecKHX aHaJM3aX KBAHTOBOH MeXaHHUKH Ipoliecc
HU3MepeHHUs TaKxKe INpefnosaraercss B BUJIe pas3fuenus Huc-
XOJIHOTO CTATHCTHYECKOT0 aHCaMOJIsl Ha YaCTH C HEU3MEHHBIM
3HAYeHHEM H3MepsieMOH BEJHUYHHBI, NPONOpPLHOHAJIbHBIE T10
CBOeMY 00'beMy BEPOSITHOCTH NpPeObIBAHHS CHCTEM HCXOIHOTO
aHcamOJsl ¢ 3aJlaHHBIM 3HAUYEHHEM H3MepsieMOH BeJIHUHHBL.
VIMeHHO TakKoB CMBICJA NPHHHUMAaeMbIX OOBIYHO COOTHOLICHHH
(6a) u (60). Tor ke daxT, UTO MoOJTyyaeMbiil IOCae H3Mepe-
HUS CMEIUaHHBIH CTAaTHCTHUECKHH aHcaMG6J/b 0Ka3bIBAETCH
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B of0IeM cJyyae He 3KBHUBAJEHTHBIM HCXOLHOMY, 00Bsic-
HSIeTCs1 TeM, UTO caMa Ipolenypa BBIJeJIeHHSI MaKPOCKOIH-
YeCKHMH CPEACTBAMH B HCXOJHOM aHcaMG6J/e CHCTEM C 3alaH-
HBIM 3HaueHHeM Ha0J/l01aeMON BelJeT K H3MeHEeHHSIM MOMNOJ-
HHTEJbHEIX BEJHUYMH B CHUJY Iepexojfa CHCTeM B IPYroe co-
CTOSIHME [BHIKEeHHs, Ha3blBaeMOoe COOCTBEHHBIM COCTOSIHHEM
JJIs JaHHOH U3MepsieMoil BeJHUHHBI.

OpnHako B NpHHIHIE HEJb3S1 HCKIIOUHTH H TO, YTO Ha ca-
MOM JleJle IIpH 3TOM Ipoliecce Nepexofa B oflieM cjayuae
ONpe/leJIeHHBIM H3MEHEHHSIM IOIBEPraloTcs He TOJBKO JO-
NOJIHUTENbHElE BEJHUYHHBI, HO U CaMH H3MepsieMble BeJUYH-
HB. Torma naBaembie KBAHTOBOH MeXaHHKOHM CTAaTHCTHYECKHE
pacnpeieneHdsl TIOTHOCTEH BEPOSITHOCTEH ISl pasJIUYHBIX
(H3NUeCKUX BeJHUYUH JOJKHB TPAKTOBATLCH B KaueCTBE Be-
posiTHOCTe# mepexojla M3 HCXOMHOTO COCTOSIHHS B cOOCTBeH-
HBle COCTOSIHUS,, HE HMEIOLIUX NpPSIMOTO OTHOIIEHHS K Ipe-
ObIBAHHUIO CHCTEM HCXOMHOTO aHcaMG6Jisi ¢ 3aJlaHHBIM 3Haye-
HHeM IlepeMeHHOH.

Hapmo nonarath, 4T0 HMEHHO BOJIHOBOH Ipoliecc B BaKyy-
Me MOXKeT OKasaThbCsl MPHUUHOH TOTO, UTO AJISl OIpeHeJeHHs
BEPOSITHOCTH Iepexofia KBAHTOBOH CHCTEMBI H3 HCXOIHOTO
COCTOSIHUS BHKEHHSI B COGCTBEHHOE COCTOSIHHE JJISl HEKOTO-
po#t BeTHuHHH TpebyeTcs NPUHUMATh BO BHUMaHHe (asoBhIi
06beM HCXOLHOTO COCTOSIHHS, COOTBETCTBYIOIIMH He TOJbKO
IaHHOMY COOCTBEHHOMY 3HayeHHIO NepeMeHHOH, Ho M Jpy-
UM COOCTBEHHBIM 3HAUYEHHSIM.

Kak 6b110 mokasano B patdore [39], neo6xonumMocTs Takoi
TPAKTOBKH U3MepEHHS C OUEBHTHOCTBIO CJIENYeT U3 CTATHCTH-
YeCKOro aHaJiM3a NpOCTeHIIero cjaydyasi CBOOONHOIO IBHIKeE-
HHSI MHMKDOYaCTHIBI, ONHCHIBAEMOTO CYyNEpNO3HLHeH IBYX
IJIOCKHX BOJIH. B Toit ke paGore 6bl0 06palleHO BHUMaHHe
Ha BO3MOXKHOCTb YCTpaHEHHS OTPHUATEJNbHHIX «BEPOSTHO-
cTeft» NpPU ONHCAHUU 5TOrO JBHXKEHHS 3a CUET BBEIEHHS CO-
CTOSIHMH B )a30BOM HPOCTpPaHCTBE, MO-PasHOMY OTHOCSIIIHX-
csl K .cpeacTBaM HaOJIONEHHS] NOTOJHHTEJIbHBIX BeJHUYHH.
[MpaBna, B pa6ote {39] HamMu GBI KOHKPETHO paccMOTpen
JIUIIL YaCTHHIH BapHaHT 3TOro Gosee oOllero NOAXo1a, NMpH
KOTOPOM, OJHAKO, He GblIO cOoOJI0NeHO OOBIYHOE YCJIOBHE
HOPMHPOBKH IIOJIHOH BEPOSITHOCTH Ha eIMHHLY.

B of6mem Xe BHIe HHKEM ellle He NPOBOJLHJICSA CHCTEMa-
THYECKMH aHa/JH3 KBAHTOBOI MEXaHHKH KaK C YUYeTOM BO3-
MOXKHbBIX KOPPEJsHH BO B3aHMONEHCTBHSAX MHKPOCHCTEM
C BaKyyMOM, TaK H C yUeTOM BO3MOXKHOCTH Nepexofia us JIIo-
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6oi1 Touku $asoBOro o6'beMa UCXOJHOTO COCTOSIHUSI B JAHHOE
cOGCTBEHHOE COCTOsIHHE. A BMeCTe C TeM MMEHHO 3TH He yu-
TeHHble TIOKAa CBOHCTBAa KBAaHTOBBLIX CHCTEM MOTYT OKa3aThbCH
TEeMH CYLIECTBEHHBIMH [00aBJeHHSMH K 00IeMy CBOHCTBY
HeH30JIHPOBAHHOCTH KBAHTOBBIX CHCTEM OT HYJIEBHIX KoJje6a-
HHIl BaKyyMa, KOTOPHIMH 06yCJIOBJIE€HO 00CyKaaBlleecs Bbi-
e TNpHUHIHUIHAJbHOE OTJHYHEe KBAHTOBBIX YpaBHEHHH OT
KJaCCHUeCKOro ypaBHeHHst AHGM(Y3HH HIM IBHXKeHHsS Gpoy-
HOBCKOH 4aCTHIHI.

KoHeuHo, To/IbKO cTponoe MaTeMaTHUYeCKOe pelleHHe 3ajia-
UM ONHCAHHUS CKPBHITOTO JIBHUMKEHHS B OOILEM CIyuae MOXKeT
NOATBEPAUTb HUJIH ONPOBEPTHYTH CleJaHHOe NpPelNOoJOXKeHHe
0 BJHSIHUM HEKOTODOro BOJIHOBOTO Ipollecca HAa BHPTYaJb-
Hble Tpoliecchl B3aNMOeCTBHS MEeXaHHUECKHX CHCTEM C Ba-
KyyMOM H NIpollecchl Iepexoia 3THX CUCTeM B HOBBIE COCTOSI-
Hua AsuxkeHHs. OmxHaKo caMa wupaes pasjlefieHHs KBaHTOBO-
MexaHHYeckKoro o6beKTa Ha CcOOGCTBEHHO MHKPOUYACTHLY,
HUMELYI0 PeaJbHYyI0 SHEPTHUIO U CIOCOOHYI0 NPOU3BOLHUTD HC-
nojb3yeMble B H3MepEeHHSIX peasbHble (HEBHPTYaJsbHbBIE)
BO3eHCTBHSA, U Ha CKDBLITHIH, HENOCPEACTBEHHO HeHaO 0L ae-
MbIH BOJIHOBOH IpollecC B BaKyyMe, OKasbIBaIOIIU# cayuai-
HOTO XapaKTepa BO3AeHCTBUS Ha MHKpPOUYaCTHLY,— caMa 3Ta
Hfesl NpeAcTaBjsieT NOKa €IUHCTBEHHYIO BO3MOXKHOCTb JO-
THYeCKH M (PU3HYeCKH HeNPOTHBOPEYHUBOTO OO'bSCHEHHS HH-
TeptdepeHUHOHHBIX 3¢ (}eKTOB OAMHOYHBIX uyacTdl. ¥ 3Tol
uieH OObSCHEHHS TPOCTO HET KOHKYPEHTa, eCNH TOJbKO He
CUMTaTh IOCHOJCTBYIOLIYIO cefiuac MO0 oTKasa BooOIle OT
oObsicHeHUsl siBJeHUN HHTepdepeHuuu. O6cyxKaas NpoTHBO-
peunBOCTb ‘OGLIYHBLIX INONBITOK OGBSCHEHHS [OBYX IOCTaHO-
BOK ONbITa C OAMHOYHBIMH (POTOHAMH, NPOLIEAUINMH NOJIY-
npospaunoe 3epkano, H. Bop nucan: «I1pu Bcsikoit monbiTke
HarJsiHO NpeacTaBUTb cebe NoBeleHHe (OTOHA MBI, CTAJO
OBITb, BCTPETHIHCh Obl CO CJEAYIOIUUM 3aTPYLHEHHEM: C OJ-
HOM CTOpPOHBI, MBI JIOJIXKHBI OblLIM OBl CKasaTb, yTo (HOTOH
BHIOMpaeT ONUH H3 ABYX NyTeH, ¢ APYToH Ke CTOPOHB — UTO
OH BeJieT ce0s Tak, KaK ecjaH Obl OH molues Mo 060UM MyTAM
cpasy» {5, crp. 585]. M3 HenpuemeMOCTH KaxKI0# M3 THIIO-
Te3 IJsi OGbSCHEHHS Pe3yJbTaTOB OOOUX MOMNOJHHTEJbHBIX
nocraHoBok onsita H. Bop ¥ nenaer cBo#l BHIBOL 0 HEBO3-
MOXKHOCTH Kakoro-iu6o oObsiCHEHHs] ABHXKeHHs (HOTOHa B
MPOCTPAHCTBe INOC/Te NPOXOXKAEHHs MOJYNPO3PayHOTO 3ep-
KaJsa, (aKkTHYeCKH NpeBpallas MPUHIUN AOMOJHHTEIbHOCTI
B NPHUHIMN HCKAIOYHTENbHOCTH.
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Onnaxko noxpaspeneHne 06'beKTa Ha JUCKPETHYIO YacTHILLY,
HAYLIyIO TOJIBKO 110 OAHOMY H3 IBYX BO3MOXKHBIX NyTe€H, H HA
HelpephbIBHBIH BO/IHOBOH Mpolecc B BaKyyMe, NMPOXONSLIHM
o o0OMM MYTAM H OKasblBAaIOUIMH 3aTeM CTAaTHCTHYECKOe
BO3JeficTBHe Ha MHKDOYAaCTHLy, N03BOJSAET NAaThb €IUHOE H
HellpoTHBOpeunBoe oO0bsicHeHHe HabaogaeMbiM 3¢ dexram.
dta Bo3MOXHOCTb 00bsicHenuss HH H. Bopom, Hu ppyrumu
¢usuKaMH, K CcOXaJleHHIo, Cepbe3HO He obcyxaaJach.
B cratee O. ®puma {4, crp. 382] opexu mpouux peHcTBH-
TEeJIbHO JIOTHYECKH IPOTUBOPEUHBHIX HIU (PU3UYECKH HECOCTO-
SITEJNbHBIX NONBITOK OObSCHEHHS MHMOXOJOM BbICKa3bIBaeT-
csl U 3Ta uiess OObsCHEHMs, NPOTHB KOTOPOH NPUBOAHUTCS
JIUIIBb OJHO HeyOelUTe/NbHOE BO3paXKeHHe 0 HEHYKHOCTH BOJI-
HOBOro Ipoliecca, CYLIECTBYIOLIEr0 CaMOCTOSITEJNbHO, ©e3
vacTuupl, Ho Benp yxe mHpusHad ¢u3uKaMu B KauyecTse
oco6ol (pU3uuecKoll cpelbl BaKyyM, HeCylIHil GECKOHEUHYIO
SHeprui0 B CBA3aHHOM BHJE, H3 KOTOPOro MbI He MOXKEM
B35ITb HU OJHOH KaJlOpHH, He 3aTPaTHUB CTOJNBLKO XKe SHEeprHH.
Tak mouemy e HaMU IOJI2KHA HCKJIOYATbCs BO3MOMKHOCTH
BOJIHOBOTO Mpollecca B BaKyyMe, CBSI3aHHOTO € 3TOH CKpHI-
TOH B BaKyyMe 3Heprueil? KoHeuHo, ucmosb3yemass B KBaH-
TOBOI MeXaHHKe BOJHOBas (YHKIHUS MOXKET BBIpaxKaTh
TOJIbKO CBOHCTBA, OOIIHe MJIs BOJHOBBIX IIPOLIECCOB, CBSI3aH-
HbIX C MaKpPOCKONIMYEeCKH BBIJeJeHHBIM aHcaMOJeM MHKpO-
yactuu. Bece TpynHOCTH HHTEpIpETAlHH COBPEMEHHON KBAHTO-
BOM TeopuH 0O0YCJIOBJEHB! HEBBISIBIEHHBIMH OCOOEHHOCTSIMU
B3auMoOfeHcTBUSA ¢ (U3MYECKUM BaKyyMOM H BJAHSIHHEM Ha
9T0 B3aUMOJEHCTBHE M IpOLecC U3MepeHHs OlpeaeseHHbIX
BOJIHOBBIX IIPOIIECCOB, CBSI3aHHBIX C ABHXKEHHEM MeXaHpye-
ckux o6bekroB. Herpyano cebe npencTtaBuTh, HaCKOJIBKO He-
MOHATHOH M opMajbHOi Oyner, HalpUMep, TEOPHUs TOUYHOTO
ONHCaHMSA [BUKEHHS N1ap0OXOJa, €C/IH OHAa TOJNBKO B HESIBHOM
BHJIe yuTeT peaJjibHHIH Ipoliecc o6pa3oBaHUsl BOJH U Ioma-
JaHHUS TapoX0/ia B COGCTBEHHYIO OTPaXKEHHYIO BOJIHY.

[TostoMy M He ciienyeT yAUBJSATHCS HEOOBIUHOCTH 3aKOHOB
COBpPeMeHHOH (PeHOMEHOJOrHYeCcKoil TeOpHU KBAHTOBBIX fIBJIe-
HHH, TIe (peyb MOXKET HATH He O BOJHAaX B KHIKOCTH HJIH
rase, a 0 HEYYTEHHBLIX, B SIBHOM BH[€ HENOCPEACTBEHHO He
Ha0J/10/1aeMbIX BOJIHAX (HHU3UUECKOTO BaKyyMa, BIHUSIONINX Ha
CYILECTBEHHO HeKJaccHuecKHil BHA GJYKTAIHOHHEIX BO3-
IelcTBUN Ha MHUKPOOODBEKTbl U Ha Ipolecc U3MepeHUs ¢u-
3UYECKUX BeJIUYHMH, ONpeneqsOlUNX HX [ABHxKeHHe. Dusu-
yeckasi TeopHs TNPHOOPETeT MAaKCUMaJbHO BO3MOXKHYIO
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SCHOCTb H HAaTJIAHOCTb IIOCJAE $IBHOTO [IpeACTaBJIeHHs!
COBEpIIEHHO pAas3JMYHBIX CTOPOH KBAHTOBBIX siBJeHHH. Bbl-
JeJleHle MHKpPOOObeKTa, COBepIIalOIIero JBUKEHHe B IIPOCT-
PaHCTBE U BO BPEMEHH 10 3aKOHAM KJ/IaCCHYECKOH MeXaHHUKH,
B KauecTBe HHJAMKATOpa [HeHCTBHUTENBHO COBEpIIEHHO He-
OOBIYHBIX CBOMCTB (PH3UUECKOTO BAKYyMa He TOJbKO MOMOKET
0CO3HATh B NOJIHOH Mepe TIPOTHBOPEUHBYIO KAPTHHY HCIOJb-
30BaHUsl KJAaCCHUECKHX 00pasoB IJs1 ONHCAHHUS HEKJacCH-
YeCKMX CBOHCTB NOBEJEHHSI CaMOro MHKPOOO'BbEKTa, HO H
MIO3BOJIUT [10-HOBOMY HMOJOHTH K HCCAENOBAHUIO (HU3UUECKHX
CBOMCTB elle GoJee TIy6OKOH 06JacTH peajbHOTO MHpa.
Eciu cratucruyeckoe oGocHoBaHHe (PEeHOMEHONOTHYECKON
TEPMOJMHAMUKH OTKPBLIO ABEPb K HCCAEIOBAHUAM MHpPA
«HeBHJHMbIX» YaCTHI, TO aHaJOTHYHOE 06OoCcHOBaHHe (eHo-
MEHOJIOTHYeCKOH TeopHH, ONHChiBalOLIEl MOBEAEHHE STHX Ya-
CTHII, OTKPOGT HOBble NyTH HCCJIENOBAHHSI COBEPLIEHHO He-
OOBIYHBIX CBONCTB HEMOGPENLCTBEHHO He HabJonaeMoH YHH-
BepcasJbHOM (PU3HUECKOl Cpelbl — BaKyyMa, 3HaHHE KOTO-
pbIX MOXKET OKasaTbCsl KpaliHe HEOOXONHUMBIM IJsl pelleHus
GbyHnaMeHTa bHEIX NPOGJIEM TEOPHUH 3JEMEHTapHBIX 4acCTHII.

Astop 6naronapen 1. Y. Broxunnesy, B. C. Herarosy n
0. Y. VBaHnbluHy 3a MHTEpeC K HacTosilell pa6oTe H MHO-
rOYHCJeHHbIe 06CYXKAeHHS.
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JI. I'. Aurunenko

O CYUIHOCTH PEAYKILHH BOJTHOBBIX ITAKETOB
B CBETE 3AKOHOB
COXPAHEHHSI SHEPTHH H HMI1YJ/JIbCA

B cBoux paGorax [I. V. BioxuHues orMmeyas, 4To [IJsi
BLISICHEHHS] CYLIHOCTH ‘PeAYKLUHH BOJHOBBEIX NAaKeTOB MEPBO-
CTENleHHOe 3HAUeHHE HMeeT YYeT BO3JEHCTBHsI YaCTHIBl Ha
npubop, a He npubopa HJIH MaKpPOOKDPYKEHHS Ha YacCTHILY.
[To ero MHeHHIO, MocjegHee MMeeT MECTO He Bcerja H, BO
BCSIKOM CJIyyae, He CYLIECTBEHHO B HaHHOM Bompoce. Tax Ju
9TO Ha caMoM feJie?
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B Hacnese oT K/1aCCHYECKOTO €CTEeCTBO3HAHUS B HAyuHOM
CO3HAHUM 3aKpenuics TOT QaKT, uTO BCAKUA MaTepUaJbHBL
00'BEKT, TesNO, cOXpaHsieT NPH BCEBO3MOXKHLIX B3aHMOLEHCT-
BUSIX CBOM ONpeJesiiolive XapaKTepHCTHKH A0 TeX mop, Ho-
Ka Takol OGbeKT, HJIH TeJo, He 6yIeT OKOHUaTeJabHO pPaspy-
meH. C Touku 3peHHs1 puaocodun 310 03Hauaer, yTo BCAKAS
Belllb, BCTynasi B pa3J/IHYHble OTHOLIEHHS C IPYIUMH BelllaMH,
He MeHsIeT CBOMX CYILECTBEHHBIX CBOUCTB. Jpyrumu cjoBa-
MH, CBOHCTBA BEILUHU JHUIIb O0HAPYXHBAIOTCA B OTHOLIEHHSIX
K IpyTHM BelllaM, a He BO3HHKAIOT B HHUX.

KBaHTOBasi MexaHHKa Ipenojala B 3TOM CMbIC/Ie Bax-
HbIHl THOceosoruyeckuit ypok. OHa BbIsiBUJIa 3aBHCHMOCTb
CBOHCTB KBaHTOBBIX OO'bEKTOB OT MaKDOOKpYXKeHHs, B 4acT-
HOCTH OT OTHOLUEHHH K pas3HbiM Kaaccam npHGopos {l].
C yueToM 3TOTO OGCTOSITENBCTBA BONPOC O PELYKIHH BOJHO-
BHIX IIaKETOB HAXORUT HEKOTOPOE eCTeCTBeHHOe 0ObsCHEHHe
mpu Gosee r1yO0KOM IHOCEOJOrHUeCKOM aHasu3e KOHLENUHUY
KOPMYCKYJASIPHO-BOJIHOBOTO Ayajn3Ma.

VYxke He pa3 B ¢usuueckoil u ¢uaocodckoit muTeparype
o6palianocb BHHUMaHUe Ha TOT (aKT, UTO BOJIHOBble CBOM-
CTBa MHKpPO0ObeKTa cBSiI3aHbl C OOpPaTHMBIMH NpOllecCaMH,
NPOHUCXOASIUMHE B COOTBETCTBYIOLIUX MaKpoychaoBusax. Ha-
060poT, Korja MHKPOOOBbEKT NposiBisieT cebst Cyry6o Kopmyc-
KyJsipHbIM 00pa3oM, NPOHCXOIAT HeoGpaTHMble INPOIECCHI
[2; 3, ctp. 307], koropbie . H. Broxuunues naspan «katacr-
podbuueckumu». B ueM cyuiecTBeHHasl pasHHLla MEXAY ABYMS
BHIAMH 3THX NPOIECCOB?

Ha stor Bompoc, mo HallleMy MHEHHIO, MOXHO OTBETHTb
UCXOJs H3 PaCCMOTPEHHUsI OCOGEeHHOCTell 3aKOHOB COXPaHEeHHs
SHEPrHH W MMINYJbCa NPHMEHHTEJNbHO K JBHXKEHHIO MHKPO-
00'b€KTa MO OTHOLIEHHIO K JononHHuTe bHbIM (B nyxe H. bo-
pa) knaccaM npH6opoB. B coBpemMeHHOI KBaHTOBO! TEOpHi
YyeTKOe BbIIBJI€HHe BOJIHOBBIX M KOPNYCKYJSIPHBIX CBOHCTB
MHKPOOODbeKTOB 6€30THOCHTENBHO K COOTBETCTBYIOIIHM MaK-
pOYCJIOBHAM JIMIIEHO BCSAKOro CMmbicia. B sTom Jierko yoGe-
JHUTBCS, €CIH 00PaTHTbCA K OMHOMY M3 HCXOAHBIX NOCTYJIaTOB
KBAHTOBOH MexaHUKH. Peub MIeT O MPUMNHCHIBAHHH CBOGOJ-

g

HO IlBH)KyH.lEl’ICH MHKpOUYacCTHIe BOJHOBOrO BEKTOpa k= Lh)

L2 E
H LIHKJ/IHYECKOH 4YaCTOTBI BOJIHOBOI'O ITpolecca 0)=;{-- 11

COOTHOLIEHHUsI caMH o cebe He OIlpeneNsloT HU pacnpocTtpa-
HEHHEe B80.1Hbl B KJaCCHYECKOM CMbICJe, HH JBHUXKEHHE 4acCTu-
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Ybl, Xotsa KU CBA3BIBAIOT MeXy co60H BOMHOBBIE U KOPIYCKY-
JsIpHble XapaKTepUCTHKH MHKpooOBbeKTa. HeolHo3HauHOCTD
B MOBEJEHHH MHKPOOGBEKTA yCTPAHAETCS JIHIIb OTHOCHTEJb-
HO 3a/laHHBIX MakpoycaoBud. MB He HMeeM IpaBa acco-
LUUPOBATh C MHKpPOOObeKTOM 00pa3 dacTHubl 6e30THOCH-
TeJIbHO K MaKpOYCJIOBUSIM oNpefeJieHHoro poxaa. Ham mpen-
cTaBJsieTcs, YTO TaM, rje MHUKPOOOBCKT NMPOSIBJASETCS B He-
KCTODOM CMbICJIe KaK BOJIHA, OOHApyXHTb 4YacTHUY He
yAaeTcs TOJbKO MO TOH NIPOCTOH NpHYMHE, YTO ee TaM Her.
COOTBETCTBEHHO B TaKUX YCJIOBHSIX BOJIHE CJefyeT NPHIH-
chiBaTb ©0Jlee peasbHBIl CMBICA, YeM 3TO JejaeTcs IHpH
OOBIYHON CTATHCTHYECKOH HHTepIpeTaluy KBAHTOBOH MeXxa-
Huku. [lonbiTaeMcesi 3T0 060CHOBATH.,

[Ipucoenuusisicb K yTBepXKIEHUSAM O TOM, UTO 0€30THOCH-
TeJIbHO K NPUOOPY HeNb3sl TOBOPUTH HU O BOJIHE, HH O YaCTH-
e, MBI JIOycKaeM, 4YTO ME€XAY aKTaMH H3MepeHHs HMeeT
MeCTO paclpocTpaHeHHe B NPOCTPAHCTBe HEKOTOPOro MaTe-
pHaJbHOINO BO3MYIIEHHs, BONPOC O NPUPOJe KOTOPOIO OCTa-
eTcsl OTKPHITbIM. Bce Bo3pakeHHsi NPOTHB 3THX W3BECTHHIX
cooOpaXKeHHi, Ha Hall B3TJIAJ, CBSA3aHbl C HEKOTOPbIMH He-
ONpeJesIeHHOCTAMH, KONyCKaeMbIMH B TOJKOBAHUM MOHSTHA
«yactiua». [Tonumanue yacruu 6a3upyeTcsi B OCHOBHOM Ha
HHTYUTHUBHBIX CO00paXKeHUSX, YHACAeJIOBAHHBIX OT KJacCH-
yeckol (usuku. Ilapanokesl ¢ peayKIHeH BOJHOBOrO MakeTa
BO3HHUKAIOT TOTJa, KOTJa SBHO HJIM HESIBHO JOMYCKAEeTCs, 4TO
NpH BCEX B3aMMOJeHCTBUSIX YACTHIA COXPaHseT CBOH OIpe-
Aensioimune cpoiicTsa. ITosToMy He JHLIeH cMbIcaa BONMPOC O
TOM, YTO TaKoe YacTHIa, YeM OlpefessieTcsi e€e JOKaJbHO?
BO3JelicTBHEe Ha MpUOOP.

H3BecTHO, YTO OZHUM M3 CaMblX CYLIECTBEHHBIX CBOMCTB
YaCTHIbI SIBJsIETCS ee ONpefleleHHAs Macca IIOKOs. DTOT
¢akr cam no cebe, mpaBa, He MOXET CBHIETEJbCTBOBATDL O
JIOKaJIbHbIX TIPOSIBJICHUSIX YACTHL; 1al0 YYECTh elle TO 06CTO-
SITEJIECTBO, YTO Macca MOKOS YaCTHILBl OJHO3HAYHO OMpeje-
JIAETCSI COOTHOLIEHHEM MeXJy ee SHeprueil M HMIYJLCOM,
Bonee Toro, ¢ yuetom peasibHOro B3auMONEHCTBHS MHKPO-
00bEKTa ¢ MaKPOCHCTEMaMH HEOOXOAMMO MMeTb B BHAY He
3HEPrUi0 ¥ UMIYJbC CaMH Io cefe, a UX OJHOBPEMEHHOE H3-
MeHeHHe. Bce HeoGpatumbie, KaTacTpodHuecKHe MPOLECCH
CBSI3aHbl ¢ TAKMMH H3MEHEHHSIMH SHEPTHU U HUMIYJAbCa MHK-
pooObeKTa, KOTOPble 01HO3HAUHO ONpPeessIOT MacCy TIOKOs
yacTHubl. B Tex cayuasx, rie coorHoumenue Mexy AE u Ap
He COOTBETCTBYeT Macce TIOKOSl YaCTHIl, HCYe3aeT H JIOKaJlb-
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HOe BO3JeHCTBHe, XapaKTepHOe A yacTHI. B atom cayuae
MMeIOT MecTo o6paTHMble TPOLeCCH. DJeKTPOHBI, HYKJOHBI,
aTOMBI, MOJIEKYJB 00pas3ylOT HEKOTOPYIO BOJHOBYIO Kap-
THHY, O KOTOPOH CYJSIT KOCBEHHBIM 06pa3oM Ha OCHOBAHHH
peajbHbIX HHTep(hepeHIHOHHBIX MU MU paKIHMOHHHIX 3-
¢dexToB, NMoC/Ie NPOXOXKIEHHS HJIH COOTBETCTBEHHO OTpaXKe-
HHSl OT YNOPSITIOYEHHBIX CTPYKTYp (MeTaJIHuecKux ¢oJbr,
KPUCTAJJIOB H T. [I.); Te K€ MHKPOOOBEKTH PErHCTPUPYIOT-
cs B KayeCTBe YaCTHI TaKMMH NpHOOpaMu, Kak Kamepa
Buabcona (map), dororpaduueckast nmaacTuHka (MHOMHKpPH-
CTa/llinyeCKOe BeIeCTBO), ra30BbIil CueTuuk U T. A. B noc-
JefHeM caydae 3(dekT J0KaJHU3aLUN UMeeT MeCTO IIOTOMY,
YyTO IPOUCXONAT HeoOpaTHMble NpOLECCH Ha LEHTpax Jo-
KaJIH3allii B CaMUX PErHCTPHPYIOLINX Mpubopax.
OnHO3HAYHOE COOTHOLIEHHE MEXJy 23HEeprHedl H HM-
NyJbCOM MHKpPOOGbeKTa HapyllaeTcs TOrAa, KOIJa ero
KHHeTHYecKasi SHeprusi epexoAUT B TOTEHUHabHYIO. A 3TO
MMeeT MeCTO BO BCeX CJYyYasX, KOra MHKPOOGHEKT B3aHMO-
JeficTByeT C yNMOPSIIOYEHHBIMH CTPYKTypaMH HJIH JBHXKET-
cd B CHJIOBBIX KJaccuueckux moasax. IIelrasce cnacru
KJlacCHYeCcKoe TpeacTaBleHHe o uacruuax, A. Jlauge
[4, crp. 307—313] momeiTasncss BO3POLUTH OTAENbHYIO THIO-
tesy B. Ivioafina [5], BBIIBUHYTYIO Nociaednum B 1923 r.
Ans oObsicHeHHs1 ocoGeHHOCTell MoBelNeHHss (OTOHOB (MJH
APYTHX 4HaCTHI), CBS3aHHOrO CTakuMU 3dipekramu, Kak ce-
JIeKTHBHOE OTpaXKeHHe OT MOHOKpucra/noB u mnp. Cormac-
HO 3TOH THIOTe3e, CHCTeMa, NepHOAMYECcKas B ONpeleeH-
HOM HaINlpaBJ/IEHHH C NMEPHOAOM [, MOXKET U3MEHSITb CBOH HM-
NyJbC B3TOM HallpaBJeHHH TOJbKO B KOJMYECTBAX, KPATHBIX

h
T (ananorus ¢ mocryiatamu H. Bopa orHocuTensHo

HU3MeHeHHs MeXaHHueckoro MoMenta AM=nh). Ecau wmu-
KpOoOObEeKTbl B3aUMOJEHCTBYIOT C TaKOH CHCTeMOH, TO
N0 3aKOHYy COXPaHEHHs HMIYJbCa OHH O6fi3aHBl HMeETh
CeJIEKTUBHBIE HallpaBJeHUs CBOEro JABHXKEeHHS Ioc/e B3aHMO-
neiictBua. Ha camMoMm nesne B comepkaHMM 3TOH TUNOTe3bl
NPHOTKPHIBAeTCS 3aBeCa Hajl CYIIHOCTbIO KOPIYCKYJsipHO-
BOJIHOBOTO JyaJH3Ma. B ymopsoueHHBIX cucTeMax B pe3yiib-
TaTe UX B3aHMOJEHCTBHA C MHKPOOGBEKTaMH paclpocTpa-
HAIOTCSl peasibHble BOJIHBI, CIBHralolde CJIOM KpUCTaJIad
IpPYT OTHOCHTEeNbHO Apyra. Biaarogapsi koneuno#l ckopocTi
paclpocTpaHeHHsl 3THX BOJH Hapyllaercsi OJHO3HAYyHOE CO-
OTHOUIEeHHe MEXIy SHepruell W HMIYJIbCOM MHKPOOOBEKTa,
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KOTOpoe OonpefessieT BO BCeX APYTHX CAydasX ero JOKasu-
3anuio. Ko BceM 3THM JADYFHM Cly4asiM OTHOCSITCSI B3aHMO-
JNeldcTBUST MHKPOOOBEKTOB B CHCTEMAaX C HECBSI3aHHBIMH HJIH
cjnab0 CBA3AHHBIMH 3JIEeMEHTaMH, B KOTOPBIX MOTYT IIpOHC-
XOAUTb HeoOpaTHMBble Npoliecchl NOJA AeHCTBHEM BOJIHOBOTO
MaTepHa/jbHOrO Bo3Mmyuienusi. Tlpumepom HeoGpaTHMoOro
npoliecca sIBJsieTCs HOHH3allMs aTOMa.

ITo namemy MHeHHIO, B O0OIeM H LeJOM «KaTacTpoduu-
HOCTb» MmpHOOpPa 3aKJIOUaeTCsd He B TOM, YTO B BHILLEYIOMS-
HYTBIX CJIyuasiXx OH MoABepKeH HeoOPATUMBIM BO3AEHCTBUSAM,
a B TOM, YTO BO BCeX CJyuasix OH «KaTacTpodHuHO» BJHSIET
Ha CaM MHKPOOOGDBEKT, TaK UTO ero B3aHMOAEHCTBHUS C MUKPO-
06'bEKTOM BBIJEJSIOT CYILIeCTBEHHble XapaKTePHCTHKH IIO-
cnefHero, <(OpPMHPYIOT €ero KODNYCKYJspHbIE <CBOHCTBA B
cjryuae HeoOPaTUMBbIX M POLECCOB.
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H. M. Poxcenxo

TTOHATHE BEPOATHOCTH H KBAHTOBASA JIOTHKA

B ¢unocodckux muckyccusx o KBaHTOBOII MeXaHHKE HMe-
eTcsl MHOTO OT NPOCTOro HENOHHMaHHs M HelOopasyMeHHH,
HO eCcTh HEUTO H OT «TJIYOOKHX HCTHH», 0 KoTopblx Huubc
Bop roBopus, uTo NPOTHBOMOJOXKHBIE HM COLEpPXKAaT TaK-
XKe rayGoKyl0 HCTHHY. BHeceHHMe JorHueckoll SICHOCTH B
06CYyXJIeHHe TaKUX IMYGOKHX HCTHH, B YaCTHOCTH H IO BO-
IPOCYy O MOHATHH BEPOSITHOCTH, KaK 06 3TOM ObLJIO CKa3aHO
B moknaxax M. 3. Omenbsanoecworo u IO. B. Caukosal,
MOrJjio Obl NMOMOYb OTJIMYHUTb NPOCTble HEXOpPa3yMeHHS OT
CHTyanHui, KOTJa MOXKHO CKa3aTb, YTO IIPOTHBOCTOSILIHNE APYT

! Cm. Hacroswut cGOpHHK, cTp. 21 u 90.
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Apyry B HUCKyCCHH ONNOHEHTH B KaKoh-To Mepe o6a obaa-
JaloT poJieit HCTHHBL. MiMeeTcs B BHAY NOCTpOEHHE KBAHTOBOI
JIOTHKM KaK MaTeMaTHYeCKOH JIOTHKH, KOoTopas MoOIJa Obl
BHECTH TaKy0 SICHOCTb.

CrTpouTh KBAaHTOBYIO JIOTHKY MOKHO, HCXOAS M3 BbICKa-
3bIBaHHH, KOTODble pa3pellialoTcsi COOTHOLIEHHeM Heolpene-
JenHocreft. Hanpumep, BoickasbiBaHHs «auGo p, JHG0 g»,
«eCAH p, TO He-g, U €CAH ¢, TO He-p», «COBMECTHOE p
H § HeBO3MOXHO», «Jubo p, nu6o ¢, Iubo p u ¢ Heompepe-
JIeHHbBIe» JIeTKO (OopMaJIU3YIOTCS U 3alHChIBAIOTCS JIOTHKO-
MaTeMaTHYeCKH B BHJAE HECJOXHBbIX (OpMyJ AMIJIHKAIHH,
crporoil au3booHKUHMH, wTpuxa lepdepa u 1. n. Ananaus
5THX (OpMYJ HOKa3blBa€T, YTO OHH HEPABHOCHJBHBI, CYyILe-
CTBEHHO pa3JjIMYHbI, T. €. BbIPAXKalOT HEKOTOPYIO NBOHCTBEH-
HOCTb, NPHCYLIYI0 KBaHTOBOH MeXaHHMKe. TaKasi JBOHCTBeH-
HOCTb ()OPMaAJIbHOJIOTHYECKOTO BbIPAXKEHHS COOTHOLIEHHHA
HeollpefileIeHHOCTeH KaxKeTcsi HeCJAyYalHOH M TpOosBJIsETCH,
HanpuMep, B aJbTepPHATHBHON CXeMe «JHOO NPOCTPaHCTBEH-
HO-Bpe€MEeHHOe ONHCaHHue, JTH60 NPHUYHHHOCTb®, B YTBEpPXKIe-
HHH HECOBMECTHMOCTH H B3aHMOHMCKJIOYAEMOCTH HOMOJIHH-
TeJbHBIX aCleKTOB KOPHYCKYJspHO-BOJHOBOIO ONHCAaHHS,
paclienJieHHH TOHATHS PeaslbHOCTH,CMbIC/Ie BOMTHOBO#H (YHK-
HuH. 31eCb BMECTe C TEM CTAHOBHTCSI OYEBHAHBIM, UTO ABYX
3HaUYEHUH — «HCTHHBI» H <«JIXKH» — HEJIOCTATOYHO H HYXKHO
JONyCKaTb JpYrHe HCTHHHOCTHble 3HAYEHHS — HEOmpele-
JIEHHO®», «BEpOSITHO» M T. M. OueBHIHO, KBAHTOBas JIOTHKa
JOJKHA ObITb BEPOSATHOCTHOH, MOMIaJIbHOM, MHOTO3HAYHOM.
K TakoMy MHeHHIO CKJOHSIIOTCS B CBOMX paboTax Mo KBaH-
toBoil Joruke I. Pelixen6ax, I1. ®espue, K. Beiiusekep,
I1. Murrenpwitanr u Ap. Cpeay HUX NPOEKTHB-ONEpaTOpHAs
KOHLleNIHsd KBaHTOBOH Joruku Hefimana u Bupkroda, Bba-
BUHYTad eule B 30-e ToAbl, Npeacrassercs Hanbolee aiek-
BaTHOH, OJJHAKO U OHA He MOXKET CUHTAThCS OKOHYaTeJbHOH.
H. Bop, xak u3BecTHO, BO3paxkaJ INpPOTHB CYyLIECTBYIOIIHX
BapHaHTOB KBAaHTOBOH JIOTHKH.

ITosToMy mocTHKeHHe GOJblUeH SICHOCTH B 3TOM BOIIpOCe,
HeoOXOAHMOCTb GOJbLIEr0 BHHMAaHHA K NpobJeMe NOCTpoe-
HHSI KBAHTOBOM JIOTHKHM, KaK pa3HOBHAHOCTH MaTeMaTHue-
CKOH JIOTHKH, BeCbMa aKTyaJbHbl U NMOJOXKHJIH Obl KOHELl MHH-
MbIM ¢uaocopcKHuM crnopam He mo cyllecTBy. KBaHTOBas
JIOTHKa, ecI¥ OHa OyJeT MOCTpOeHa U NMpPH3HaHa OOIecorJia-
coBaHHo#l B OyayuieM, Oyder JOTHKON JONOJHHTEJIbHOCTH
BKJIIOUamIeld PyHIaMeHTalbHOE MOHSITHE BEPOSTHOCTH,
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A. C. Kpasey
O IIPHPOJIE BEPOJATHOCTH

[To ykopenuBieiics TpaguuMu B ¢pumocodbckoil aurepa-
Type JHUIUb AJsT KBAHTOBOH MEeXaHHKH JAONMycKaeTcs (yHAa-
MEHTa/NbHOCTh M NEPBHYHOCTH BEPOSTHOCTHHIX TpeNCTaBJe-
HMH, TOrJa Kak [JIf CTATHCTHUECKOH MeXaHHUKH MOJIYyaJHBO
JONYCKaeTCsl JIMIIb BCIOMOraTeNbHBIl XapakTep BepoOsITHO-
cTHBIX MeronoB. Brnosue npas B. M. Kynuos !, koraa BhicKa-
3bIBAET MBICJIb O TOM, YTO M B CTaTHCTHYECKOH MeXaHHKe Be-
POSITHOCTb He fIBJISieTCSl MepOH He3HaHMs, a BhIpa)kaer CYy-
11eCTBO NMPOHCXOAAIIUX npoueccoB. ITpuyem BakHO momuep-
KHYTb, YTO peuyb HJIeT He O NPaKTHYECKOH HEBO3MOXKHOCTH
pettenusi 6N (N — uucno mMosekys B MoJie rasa) auddepen-
IMabHBIX YpaBHEHHH, a O NMPHHIHUNHAJbHOH HEBO3MOXHOCTH
CBeJleHHsI 3aKOHOB NOBEJEHHS] CTATHCTHUECKHUX CHCTEM K XKe-
CTKO JeTepMHUHHPOBAHHBIM 3aKOHAM.

B cBf3u co cka3aHHBIM HaM IpejcTaBjsiercs HebecnoJes-
HHIM HANOMHHTb HEKOTOpble pe3yJabTaThl, NOJyuYeHHbHe IO-
kKoiiubiM ¢usukom H. C. Kpreuioseim [1]. Ananusupys snoru-
yeCKHe OCHOBHI crtatHcTHueckKol Mmexamuku, H. C. Kpslios
obpalllaer BHUMaHHe Ha TO, YTO CYILIECTBEHHO BHIIOJHEHHE
Tpex ycjaoBH#: 1) 3progHyHOCTH, 2) KOHEYHOCTH BpEMEHH
penakcaluy, 3) MOHOTOHHOCTH BO3pacTaHHs TepMOJHHAMH-
YeCKO! BEPOSITHOCTH (BBIMOJHMMOCTb BTOPOrO Hayaja Tep-
mMonuHaMuKH). OKasblBaercsl, YTO BCE 3TH TPH YCJIOBHS BHI-
NOJMHAIOTCS, €CJH BHIMOJHSETCS YCJOBHEe TaK Ha3blBaeMOro
pasmewiusanus, u Haob6opor. Bce cucrembl, paccmaTpuBa-
eMble B CTATHCTHYECKOH MeXaHHKe, SIBJASIOTCS CHCTEMaMH
pa3MeLIHBAIOLIETOCS THIIA.

OpnHako 3aKOHH I[IOBEJEeHHS pPa3MEIIHBAIOLINXCA CHCTEM
NPOTHBOpeYaT AONYIIEHHIO O HBIOTOHOBCKOM XapaKTepe Npo-
I1eCCOB, SIKOGH JIeXalllUX B OCHOBE NOBeJEHHS] 3THX CHCTEM.
Tak, nanpumep, B pe3y/ibTaTe pa3MelINBaHHS CHCTeMa Beer-
Ja NPUXOAHT B HEKOTOpPOe PaBHOBECHOe COCTOSIHHME, Xapak-
TEpH3YIollleeCsl PAaBHOBEPOSITHOCTBIO BCEX MHKPOCOCTOSIHHH.
Ecau e KonmycTHTb, YTO B OCHOBe IOBEJEHHS] CHCTEMEI Jle-
JKaT 32KOHbl HBIOTOHOBCKOH MEXaHHKH, TO Mbl B CHJY pas-
JUYMMOCTH YaCTHIl B KJIaCCHYeCKOH MeXaHHKe BCerga Mo-
XeM Tak oTo6paTh (MM CO3XaTh IJS 3TOTO yCJIOBHS) dac-

! Cm. crp. 100 Hacrosimeno cGODHHKA.
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THIBI, YTO HapyIIUM PaBHOBepOATHOCTb. [lpuBelem Takoi
npumep. CorsiacHo 3aKOHaM HBIOTOHOBCKOM MEXaHHKH JIIO-
foe KoOHeuHOe COCTOSIHHE CHCTEMBl BCerja CTPOro OJHO3HAaU-
HO 3aBHCHT OT HAYaJbHOrO, T. €. TO pacnpeiesieHue, Ko-
TOpOE BJIOXKEHO B HayaJbHOE COCTOSHHE CHCTEMbl YaCTHIL
rasa, [JOJJKHO NEPEHOCHTbCS OIHO3HAYHBIM 06pasoM Ha
apyrue cocrostHusi. OgHako pa3MellMBaHHE B CTPOrOM CO-
OTBETCTBHHM C ONBITOM O6GECNEeYHBAET UMEHHO HE3aBHCHMOCTb
KOHEUHBIX COCTOSIHMH CHCTEMBI OT €e HayaJbHOrO COCTOSIHHS.

JlokasaHo, 4TO CTATHCTHYHOCTb B CTATHCTHYECKON MEXaHH-
Ke HeJib3s1 060CHOBATh M C TOYKH 3pEHHS KBAHTOBOM Mexa-
nuku. OTKyna e Gepercd T4 CTATHCTHYHOCTD?

H. C. KprlioB orosapuBaercs, 4To MOXKHO GbIJIO Gbl AOMY-
CTHTb BO3MOXHQCTb NOJIYYEHHs] CTATHCTHYHOCTH KakK De3yib-
TaTa HE3aMKHYTOCTH, HEH30JMPOBAHHOCTH NEPBOH CHCTEMBI.
Torma, mnpucoelMHWB K He#l BTOPYIO, BHEIIHIOID CHUCTEMY,
MOXHO 6bLJI0 OBl YK€ 10 OTHOLIEHHIO K 3TOH COCTaBHOH CHC-
teMe (cucrema l-+cucrema 2) chopmynupoBaTh CHOBa CTa-
THCTHYECKUI 3aKOH MOBEJEHHUS, HO TEM CAMBIM MBI BHIHYXK-
JeHb cHoBa mnpuGerath K OGBACHEHHIO NpPH TOMOLIM yXKe
TpeThbell BHELIHeH CUCTEMBI U T. 1. O OECKOHEYHOCTH.

TakuMm 06pa3oM, CTAaTHCTHKY HeJb3sl BBIBECTH, HAS <H3-
HYTPH» CHCTEMBI, ee HeJb3sl BBIBECTH, U] U «HU3BHE» CHCTe-
Mmel. CraTucTHKY Heab3si ¢GopMasibHo 060CHOBAaTH C IIO-
MOIIBIO APYro#l TEOPUH, T. €. HeJb3s BBIBECTH M3 APYTHX
(HecraTucTuueckux!) 3aKOHOB.

drta napagoKCcaJbHOCTb SBJAETCS, MO HalleMy MHEHHIO,
NposiBJI€HUEM OJHOH oOlLlell AMaJeKTHYECKOH 3aKOHOMEPHO-
cTu B Teopuu nosnanus. CyTh gena KOpoTKO CBOIHUTCS K Clle-
nyouemy. C nepexogoM B NO3HAHHH K APYroMy YpPOBHIO
opraHu3anuu oObeKTa, T. €. C HePEeXOfOM OT HU3YyUeHHs He-
KOTOPBIX 3aMKHYTBHIX, BBIJ€JEHHBIX 3JIEMEHTOB K H3YUEHHIO
CHCTEMBI, B KOTODOH yXKe COBOKYMHOCTb T€X e 3JEeMEHTOB
Co3/laeT HEKOTOPYIO LeNOCTHOCTh, Mbl CTaJKHBaeMCsl C HO-
BLIMM CBOHCTBAMHM 3TOro oO0TBeKra, KOTopble TpebyioT
aJlleKBaTHOTO JIOTMYECKOTO §3blKa IJIsE CBOEro OIHMCaHHUS.
3aKOH MNOBeleHHs] CUCTeMbl He BHIBOAUM (M HE CBOIUTCS)
U3 3aKOHa NOBENEHHUsI OTAENbHONO 37aeMeHTa. IlonoGHoe Xe
DPOMCXOMMT W IIPH TNepexoje OT CHCTEMBl K 3JeMeH-
TapHOMY YPOBHIO.

JIHTEPATYPA

H. C. Kpoiaos. PaGothl o 06GOCHOBAaHMIO CTaTHCTHUeCKOR ¢usmku.
M.—JI., 1950.



Pasdea Tperuil

IIPOBJIEMbI CTPYKTYPbl H CHMMETPHH
KBAHTOBbIX OBBEKTOB

B. C. bapawenkos

COBPEMEHHOE COCTOSIHHE IIPOBJIEMBI CTPYKTYPhI
3JEMEHTAPHBIX YACTHI]

1

IIpo6iema CTPYKTypHl MaTepHaJbHBIX 06bEKTOB, KOTOpHIE
B COBPEMEHHOM 3KCIEpPHMEHTe NPOSIBJASIOTCS KaK MpocTel-
IKe, MpeacTaBasieT coboil onHy U3 HaubGosee HHTEPECHBIX H
B TO Xe BpeMsi OAHY M3 HauboJiee TPYAHBHIX NpoOJeM COB-
peMeHHOU HayKHu. Dta Tpo6jeMa pacrnojioXeHa Ha Tmepece-
YeHHH TaKHX BaXXHEHAIIHX BOMPOCOB COBPEMeHHOH (H3HKH
H ¢Humocodun, Kak COOTHOIIEHHE MPOCTOrO0 H CJOXKHOTO,
HEeNpepeBHOCTD M JAHCKPETHOCTb MHKPOCKONHYECKOTO MpO-
CTPaHCTBa — BPEMEHH, BONPOC O BO3MOKHOCTH «BHEBPEMEH-
HBIX» ¥ «BHENMPOCTPAHCTBEHHBIX» (HOPM CYlLIeCTBOBaHHS Ma-
Tepuu U T. I. Be3 npeyBeqnueHHss MOXHO CKasaTh, YTO B
npob6aeMe CTPYKTYpPH MHKpOOOBEeKTOB pefnbedHO CPOKyCH-
pOBaHBl Bce OCHOBHBle TPYIHOCTH M NPOTHBOpEUHs] COBpe-
MEHHOH TEOPHH 3JIeMEHTapHBIX YaCTHIL,

UccnenoBanne ¢unocopckux acneKToB npobJjeMbl CTPYK-
TYyphl MaTepHaJbHBIX OGBEKTOB HauaJoCh elle MHOI'O BEKOB
tToMy Hasald. IIpu 3ToM MHOTHe aBTODPHl NMOAYEPKHBAJH, YTO
B IpHpOJIe He MOXKeT OBITb a6COMIOTHO 3JIeMeHTapHbBIX 06 bEK-
TOB, NOCKOJIbKY TakHe 0ObeKTHl He MOIJIM OHl NpeTepneBaTh
HUKaKHX H3MeHEeHHH U M03TOMY OCTaBaJHChb Gbl COBEPIIEHHO
HeoOGHaPYXKHMBIMH — CBOHCTBO, KOTOpOe IpeJCTaBjsercs
BecbMa HeBeposiTHBIM. OJHAKO JADYrUM HCCJeLOBATENsAM,
H B MepBYI0 ouepelb MHOTHM ¢H3HKaM, nogoOHble coobpa-
JKEHHSI He KasaJuch yOeqUTeNbHBIMH, TaK KaK MOXKHO GBLIQ
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JIONMYCTHTb CYIIeCTBOBAHHE CpPa3y HeCKOJbKHX COPTOB HeM3-
MEHHBIX MO CBOHUM BHYTPEHHHM CBOIHCTBAM 3JieMeHTapHBIX
00'beKTOB (NMpocTeHlIUX «KHPNHUYHUKOBY), Ka)KJIBIH M3 KOTO-
pbIX, TEM He MeHee, OTJHYaJcs Obl OT Apyrux. Baaumonpes-
pallleHHs] TakKHX 00beKTOB OblMH Obl 06Hapyxumbl. Kpome
TOTO, OTJINYHE CBOMCTB 3JIeMEHTapHBIX 0O'BEKTOB OT CBOMCTB
06Pa30BaHHBIX M3 HHUX CJIOXHBIX CHCTeM JaBajo Obl BO3-
MOXXHOCTb (DMKCHPOBAThb HX OTHOCHTEJNbHOE [BHIKEHHe.

HerpyaHo BuIeTb, uTO aonyllleHHe MOJOOHBIX 3JIEMEH-
TapHBIX 00BbEKTOB He NMPOTHBOPEYUT M H3BECTHOMY INOJOXKe-
Huio B. M. JleHuHa o «HencuepnaeMOCTH», eC/IH 3Ty HeHcC-
uyeprnaeMoCTb TNOHMMAaTb He B CMbicjJe HEOTPAHHUEHHOTO
aJIUTHBHOIO JeJieHHs, a B CMBICJIe HaJHYHs Y KaxJOro sJje-
MeHTapHOro 00beKTa HeucueprnaeMoOro KOJHYeCTBA BHYTpEH-
He HEHM3MeHHBIX CBOHCTB.

DieMeHTapHasl 4YacTHIla MPH TAaKOM MOAXOAe aCCOLHHPY-
ercd ¢ 0e3pa3MepHOH MaTepHasJbHOH TOYKOHM, HajeJeHHOMN
HeHcyeprnaeMbIM KOJHYECTBOM XapaKTepH3YIOIHX ee MpH3-
HAKOB: Maccol, 3apsiioM, cnuHoM U T. A. [IpaBna, npu 3Tom
BO3HHKAaeT TpyJAHas npobjeMa HeOrpaHHYEHHOTO YHCJIA SJe-
MeHTapHHIX YaCTHI: TaK Kak HapsAy C yacTulei, o6aazxaio-
Iefl HeKOTOPBLIM ONpeJesleHHbIM INPH3HAKOM, MOXKHO MOMy-
CTHTb CyLIeCTBOBAHHE YaCTHIbl, HE UMeEIOLIeH JaHHOrO MpHU3-
HaKa, TO YHCJIO Pa3/JMYHBIX 3JeMEeHTApHBIX YaCTHI[ CTAHO-
BHUTCSl, BOOOIIe rOBOPS, He0603pUMO GOJabIINM. XOTS TPYAHO
NMPUMHPHUTBCS C MBIC/IBIO O PABHOH CTeNeHH 3/1eMeHTapHOCTH
OuYeHb GOJIBILIOTO YHCAA KaKUX-IH60 06'bEKTOB, TeM He MeHee
3Ta npobJeMa OCTAaeTcs He pelleHHOH NOKa H B COBpeMEH-
HOH1, 60Jlee COBepILIEHHON KapTHHE CTPOEHUs BellecTBa (MOJA-
poGuee cm. [1]).

[IpencraBnenuss o GeCCTPYKTYPHBIX 3JIeMEHTapHBIX 4a-
CTHIIAX, YaCTHLAX-TouKaxX, ObIIM IIHPOKO PAaclpoCTpaHeHH
elile coBceM HelaaBHo, 10—15 et ToMy Hasan, HecMoTps Ha
TO, YTO CO3/IaHHAs CPa3y XKe BCJAeN 3a MAaTPUYHOH MEXaHH-
KOH KBaHTOBAasl TeOPHS BOJIHOBBIX MOJieH M0O3BoJsi/Na, BO BCS-
KOM CJlyyae — KayeCTBEHHO, PaCCUMTaTh GOPMY H MJIOTHOCTb
pacnpese/ieHHs BellleCTBA BHYTPH 4acTHIbl. BecbMa xapak-
TEPHHIMH B 3TOM OTHOLIGHHH SIBJSIOTCS yTBEepXKAEHHS
JI. . Jlanpay u E. M. JluBmuna: «Ilox snemeHTapHBIMH
YacTUIlaMH TNOAPA3yMeBAIOT YaCTHIEI, KOTOphie BO BCeX
(bHU3HYeCKHX sBJEHHAX MPHHUMAIOT Yy4yacTHe Kak IeJoe,
T. €. He HMEeT CMBIC/ia IOBOPHTH 00 HX 4acTsx»; W jAajee,
«OUEBHJHO, YTO €CJU 3JieMeHTapHas yacrthua obaajgajna 6bl
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KOHEYHBIMH pa3MepaMH, TO OHA He HOJKHA Oblla Obl OBITH
IJedbopmHpyeMoil, TaK KaK NOHsiTHe NoGopMaLHH CBSI3aHO C
BO3MOXKHOCTbIO HE3aBHCHMOIO IBHKEHHS OTIENTbHBIX YacTel
Tesna.. Mbl NpHXoAMM, TakKMM o6pa3oM, K BecbMa CYLIECT-
BEHHOMY De3yJIbTaTy, 4TO 3Je€MeHTapHble YacTHIH He MOTYT
HMeTb KOHEYHBIX pasMepoB, a HOJKHB pacCMaTpHUBAThCS
KaK reoMeTpHuYecKHe Touku» {2, cTp. 34].

O6pa3 npocTpaHCTBEHHO-CTPYKTYPHOH H B TO XKe BpeMsi
3JIeMEHTapHOM IO CBOMM CBOHCTBAM 4YaCTHILI ObLJI OCO3HAH
¢busukamMH [paneko He cpasy. Pemaromuit mepesom 3smech
npousoures guub B 50-x Ir., nocie toro, kak P. Xodurranrep
SKCINEPUMEHTANbHO [0Ka3asJ Ha/JHuHe B NPOTOHE 3JEKTPo-
MarsHuTHoro o6jaka ¢ pasmepamu r~ 10-13cum.

B Hacrosiee BpeMss H3BECTHO, UTO HE TOJBKO HYKJIOHHI,
HO M BCe JpyrHe yacTHIB, B TOM YHCJIe H TakHe, Ka3aJjocCh
6bl, «OecresecHbley, KaK HEHTPUHO U (OTOH,— BCE HMEIOT
CTOXKHYI0O BHYTpeHHIOI cTpyKTypy. Crpykrypa, ofyciaoB-
JIEHHAsl CHJBbHBEIMH sIIePHBIMH B3aMMOAEHCTBHSIMH, Xapakre-
pusyercss pasMmepom 7~ 10713 cm, 1. e. pasmepom nopsnxa
KOMIITOHOBCKOH IJIMHBI BOJIHBEI HaMJjeryanmeid smgepHo# ya-
cTHIBl — ni-Me30Ha. Kpome 3Toro, BOKpPYr 4YacTHUBI Cyle-
CTByeT 00J1aKO 3/JeKTPOHHO-NO3HUTPOHHEIX NAp C Xapakrep-
HBIM pasMepoMm r~ A/2m.c, npu6ausurenpyo B 150 pas 66b-
MM pa3Mmepa Me30HHOro o6Jaka; ofHakKo GJaromaps cJja-
60CTH 3JeKTPOMAarHNTHbIX B3aHMOLEHUCTBHH (OTHOIIEHHE
3JIeKTPOMATHUTHOH H SIIEPHOM NOCTOSIHHBIX <CBSA3U e%/g?o~
5-10~*) maOTHOCTL 3TOrO OGJIaKa COBEPIIEHHO HHUTOXKHA U
3aMeTHBIM 06pa3oM IpOsIBJIsETCs JHIIb NPH BecbMa CIelH-
(HUeCKHX YCJAOBHSX, HAlpUMep B TpOLECCAX pacCesiHHs Ha
OYeHb MaJible yrabl 0 ~ 0.

B yaerpamaneix ob6mactax r~ (10-16=+-10-17) cm cie-
JIyeT OXHIAaTb CYLIECTBEHHOro BKJAafa Cl1abblXx B3aHMOXeH-
CTBHH, KOTOpble Ha 3THX DAaCCTOSIHHAX TIPOHCXOAAT C He-
MeHblIeH BEPOSITHOCTBIO, YUEM CHUJIbHBIE slepHble B3aHMOME!-
CTBHs. DJIeMeHTapHble YaCTHLBI IPECTABJSIOTCS HAaM cefiyac
ype3bblyallHO CIOXKHBIMH OGpa30BaHUSMH, CTPYKTypa KOTO-
pPBEIX BecbMa TPHXOTJAHUBBIM 06pa3oM 3aBUCHT OT HHTepde-
peHUHH 00/1aKOB pPa3JHYHBIX BUPTYyaJbHBIX uacTHl. B neHT-
pa/bHBIX 06/1aCTAX CTPYKTYpa SIBJSETCS 3HaYHTENbHO GoJlee
IJIOTHOH, uyeM Ha mnepudepuu !. B 370M CMBIC/Ie MOXKHO CKa-

! BesieACTBHE COOTHOLUEHHS HeonpepeseHHocTelt Ax - Ap~ N Ha MaJblX PacCTOSHH-
SIX BO3MOXHO 0oGpa3oBaHHe TSXKeJbX BHPTYaJbHBIX YacTHL M MHOTOME30HHBIX
KOMIIJIEKCOB C Maccolt Am~ Ap - c~hic/Ax, TeM Goabluelf, yemM MeHblle AX.

190



34Th, UTO 3JeMeHTapHasl YAacCTHUIA COCTOMT M3 IIOTHOI'O
KepHa U puIxJo#l nepudeprueckoit obosouku. Bmecre ¢ Tem
B OTJIMYHe, HalpuMep, OT atoMa BONOPOAA, I'le IEHTPalb-
HOe SIIPO U 3JeKTpOHHAs 000J0uKa YeTKO pa3jliesieHbl U
pasJanualoTcs 10 CBOMM pa3MepaM Ha TsSATb NMOPSIIKOB, MeX-
Ly KepHOM H NepHdepHell MeMeHTapHOA YacCTHILl HEeT pe3-
Kot rpanunsl. (B arom nposiBiasercs HekoTopasi oOuias
32KOHOMEpHOCTb: UeM MeHbllle PacCTOSTHHS MBI paccMaTpH-
BaeM, TeM foJjiee «IepeMellaHHbIMU» U TPYAHO Pa3euMBbi-
MUY B IPOCTPAHCTBEHHOM OTHOLUEHHH CTaHOBSTCS OTIEJNb-
Hble JeTaJi CTPYKTYDHI.)

[IpaBna, skcnepyMeHTaJbHO TaKasi KapTHHa B HacTosllee
BpeMs1 000CHOBaHa TOJNBKO JJsI HYKJOHA, IJisl APYLUX ua-
CTHUI| OHA ‘SIBJSIeTCS, CTPOTO T'OBOPS, BCErO JIMILL 3KCTpamno-
JAIHell HYKJIOHHBIX 3KCINEpPUMEHTAJbHBIX NAHHBIX, XOPOIIO
corjacylouleficss, OJHAKO, ¢ MpeACKa3aHUsIMH Da3JHYHBIX
KBAHTOBO-II0JIEBBIX MOJenel.

2

CBezenusi O CTPYKType HYKJIOHOB cefiuac IOJy4yaloT B
OCHOBHOM M3 aHaJ/H3a 3KCIepHMeHTaJbHbIX 3JeKTPOMAarHuT-
HbIX popMm-dakTopoB. OpHako TakuM o6pa3oM yhaercs, B
CYLIHOCTH, ONpeJe]HTh JHIIb 3HAueHHs CPeJHeKBaapaTHy-
HbIX pajMycoB, IOJYYHTb CBelleHUs O paclpejeJeHHAX
3/71eKTPHUYECKOro 3apsijia H MarHMTHOTO MOMEHTa Ha JaJeKoi
nepudepnsd, KaueCTBEHHO YCTaHOBUTb (akT Bo3pacTaHuA
IVIOTHOCTH HX paclpefe/ieHHs: NpH Nepexoje K LeHTPaJbHOMH
o6sacTH HYKJIOHAa M OLEHHTb BKJIaJ DAasjIMUHbIX pe30HaH-
CHBIX B3aHMOJEHCTBUH B CTPYKTYpPy HYyK/JoHa. Bosee ne-
TalbHasl (HU3MYecKass HHTepIpeTalllsi 3KCIEePHUMEHTAaJbHBIX
¢dopM-dakTOpOB BCTpPeuaeT HeNpPeOJOJHUMEE MOKa TPYLHO-
CTH, O00YCJIOBJIEHHbIE TE€M, YTO TOJBKO B HEPENSTHBHCTCKOM
npepene, T. €. IPH MajblX 3HaueHHSX INepegaBaeMoro HM-
lyJbca ¢, COOTBETCTBEHHO — TOJNBKO B 06JaCTH [AaJjeKoi
nepudepuu r ~ hA/g>10"13 cmu, dopm-dakropel F (g) mpocto
CBsI3aHBl C MIPOCTPAHCTBEHHOM IOTHOCTBIO p(r). Ilpm
MeHbIUNX 3HAayeHUsIX r NPOCTPAHCTBEHHAs WHTEpIpeTaluus
dopM-pakTOpOB OcTaeTcs NOKa HesCHOM.

Uro6Hl NOHATH, B 4eM 3Iechb JIeno, IpexJe BCero saMe-
THM, YTO TaK e, KaK M Jio6as Apyras Hab.aiogaeMas BelH-
YHHa B KBaHTOBOH TeOPMH, IVIOTHOCTb paclpefeleHHs 3a-
psila, Macch HJIHM INIOTHOCTb KaKOH-JIHO0 APYrodl Beauyy-
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Hpt , XapaKTepusylolleli BHYTPEHHIOIO CTPYKTypy H3yyae-
MOH yacTHLB, ONpeflesisieTCsl KaK CpelHee 3HaueHHE KBaH-

ToBOro oneparopa & (x): .

Pe () = <HEE) ¥, (1)
roe |P) —BoaHoBas QYHKUHS COCTOSIHHUSI  4aCTHILHL,
{p|— compskeHHas el QyHKUHUS.

CootBercTByOIUA (HOPM-DAKTODP, OMHUCHIBAIOIIMN CTPYK-
TYPy YacCTUIIBI Ha sI3blKe MMIYJbCHBIX TNepEMEHHHIX, CBA3aH
C NJIOTHOCTBIO pg (X) HMHTErpasibHBEIM COOTHOIIEHHEM

“+o0
pe(v) = { Felg) ey @)

—00

3TO COOTHOLIEHHE SIBJSIETCSl ONpefesieHHeM 3TOro ¢Gopm-
dakropa.
C npyro#l cTOpPOHBI, BeJIMUHHBI, ONpeJessieMbie H3 OIBITOB
C paccesiHHeM, B TOM uHucjJe U (QopM-(akTOphl, 3aBUCAT OT
NIPOM3BeIEHUs] PA3AUYHOLLX BOJNHOBBIX (GYHKUHHA {Pxou| H
| Prau), ONHUCHIBAIOILHUX COCTOSIHHE H3yuaeMOH YaCTHIBL
(uactunpi-MulIeHd) do u nocae B3aumoneicreus. Ilpu pac-
CesHHH 4YaCTHI[ C dHeprHed, HaMHOro MeHbIUEH Macchl MH-
HIeHH, OTJaya NocjdelHell Maja (MaJ NepelaBaeMbll HM-
nyJabsc g) U 3pdeKkTaMu ee PEJATHBUCTCKOTO CXKATHS MOXK-
HO mnpeHe6Gpeub; reomerpudyeckas $Hopma YacCTHIBI-MHIIEHH
IpU 3TOM He H3MeHSIeTCsl, U KOHEUHasy BOJIHOBAas (PyHKUUS
He OTJIMYaeTcsl oT HayaJbHOH. [TosTomy mo dopmyrne (2) c
nomolubio dpopm-dpakropa F(g), onpeneseHHOr0 U3 OMbITA C
paccesiHHeM, MOXHO OblIO Obl HafeATbCS BHIYUHCIHTbL pac-
npemeleHye MIOTHOCTH P (X).
COXaJleHHIo, AJs1 3TOro TpeOyeTcs 3HATb BEJNHYHHY
F(g) He TOJBKO MPU MaJbIX, HO M NPU GONBUIMX 3HAUYEHH-
AX ¢, KOrJa 4aCTHIA-MHUIIeHb CTAHOBUTCSI PeJIATHBHCTCKOH.
B mocienHeM ke ciyuae yxe Hesb3sl NpeHeGpeub pessiTH-
BHCTCKMM CXaTHeM ee Da3MepoB H BOJIHOBble (YHKLIUHU
{Pron| {Puas| OKa3BIBAIOTCH CYILIECTBEHHO  PAa3JHYHBI-
MY, IO3TOMY OIlpelesieHHBIH u3 ombiTa (opm-dakrop F(q)
npeiacrasiaseT co6oil  pe3yJbTaT CJIOXKHOH CyNeplo3HLUU
HayaJbHOrO M KOHEYHOTO COCTOSIHMH M ero Helb3sl HHTep-
OpeTUPOBATh KakK H300paxkeHHe (PYHKIHH INIOTHOCTH Ha
A3blKe€ HMIYJbCHHX TIEpEMEHHbIX. OKCIePHMEHTaJNbHBIH
¢opm-akTop, omnpenensieMblfi U3 U3MEPSEMOTO Ha OIBITE
ceueHUs1 paccesiHus, U ¢opm-paxkrop B hopmyne (2) sBias-
I0TCS B 3TOM CJIyyae COBEPIUIEHHO PA3JIMYHBIMU BeJHYHHAMHU.
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Bosee ToOro, BCAeACTBHE PeJSITUBUCTCKON HHBApHAHT-
HOCTH 3KCllepHMeHTaJbHHH ¢opM-pakTop OKa3biBaercs
3aBUCSAIIMM He TOJIbKO OT TPEXMEPHOro BEKTOpa ¢, HO M OT
ero yeTBepTOH KOMIIOHEHTH ¢o, T03TOMYy (HOpMaJ/bHO BBHIYH-
CJeHHasi ¢ MOMOUIbI0 3TOro ¢GopMm-gakropa NJOTHOCTL P
OKa3bIBAETCS 3aBHCALLEH He TOJNBKO OT [POCTPAHCTBEHHHIX,
HO U OT BPEeMEHHOH IepeMeHHOMH:

oo

p(r )= | Fl)evintdilg F=F @, ¢ )

—00

3aBHCUMOCTb OT BpPEMEHH Hcue3aeT JHULIb B ClElHaJbHOH
CHCTEME KOOpIHMHAT — B CHCTeMe I[eHTpa Macc, Tle Bcer-
na go=0.

Ecnu  ocHOBHas uacTb CTPYKTYpbl HM3yuyaeMoH CHCTeMH
npoctupaercs B objactb MacmradoB Ax, GONbUIMX ee KOMN-
TOHOBCKOH [JIMHBEI BOJHH fi/Mc, rme ormaua He BaXHa, TO
BKJIaj OYeHb GOJIBIIMX 3HAUYeHHH ¢ B HHTerpansl (2) u (3)
OKa3blBaeTCsl HECYIIECTBEHHBIM (IIPH 3TOM Takxe go =~ 0)
U ¢dusnueckuil cmbica gopm-dakropa F(g), onpeaeneHHOro
U3 ONBITOB C paccesiHHeM, COBEPLIEHHO SICEH.

HMenHO TakKoBO MOJIOMKEHHe, HAaMpHUMep, MpPU HCCJENOBa-
HHUHU TJIOTHOCTH 3JIEKTPOHHBIX 000J/104eK, aTOMOB, XapaKTep-
HbIH pa3Mep KoTophiX Ax—210-% cm, a KoMnTOHOBCKasl MJIH-
Ha BOJIHBI Ja)Ke CaMOro JIErKOoro aroMa— aToMa BOLOpPOXa
B MUJIJIMOH pa3 MeHblile,

WMHass cuTyaunus uMeeT MeCTO IpH HCCIENOBAHHHU
CTPYKTYpPHl HYKJIOHA, TIie pa3Mmep obJiaka BHPTYaJbHBIX
7-Me30HOB CPaBHUTENbHO MaJ, BCEro JHWbL B CEMb pas Mpe-
BOCXOJIHUT KOMITOHOBCKYIO MJIHHY BOJIHBI HYKJOHA, Dusu-
yeckasi MHTeplipeTalysi KCIEepPUMeHTaJbHHIX (GopM-Pakro-
pPOB B 3TOM U B JPYIUX NOXOGHHEIX CJAyuasX CTAHOBHUTCS He

sscHoll. @PopManbHO BEIUUCAEHHYIO (DYHKIHIO p (X) JHUIIb HA
nepudepun, npu x=2z10-13 cm, MoXHO TMPUOIHKEHHO pac-
CMaTpUBaTh KaK (U3MYECKYIO NJIOTHOCTb.

CyliecTBEHHO MOJYEpPKHYTb, UTO OTCIOJla TEM He MeHee
€11[e HeJib3s1 3aKJIOYUTh O HENPHUrOXHOCTH MPOCTPAHCTBEHHO-
BpEeMEeHHbIX TpeJcTaBJeHHH B objactu r<S10-18 cu. B ua-
CTHOCTH, ONTHUECKUH aHa/AU3 YNPYroro paccesiHdsi BBICOKO-
SHepreTHYeCKUX YaCTHIl JaeT 3HaueHHe BEPOSTHOCTH MOIJIO-
LIEHHs HaJleTalolledl YacTHIbl BEIIECTBOM YaCTHIbI-MHUIIEHH,
HeNOCPeJCTBEHHO 3aBHCSIIee OT NPOCTPAHCTBEHHOH KOOp-
nuHatel r k=Fk(r) [3]. Xortsa peranbHast cBA3b OIpeeJis-
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(r)
3

— 7y
i 7-z
Puc. 1
BeposiTHOCTb  NOTVIOLIEHHS]  NPH
HOeHCTBUSX (COOTBETCTBEHHO

cnjlolHasi M NYHKTHPHAst KpH-
Bble), 3HAUEHHUS I NaHbl B eHHH-
unax 10—13 cm. B o6nactH 60Jb-
KX r KPUBBle OJH3KH ApPYr K
APYTy; 3TO YKasbIBaeT, 4TO Ile-
pudepHueckasi CTPYKTypa HYKJIO-
Ha M aHTHHYKJOHAa NpPHOIH3H-
TeJbHO OJHHAKOBA

1
|
|
|
|
|
ir | VIPYTHX p—p u P — P B3aHMO-
|
|
|
|
|

eMolt u3 onblTa QYHKIHUH £(7) C IJIOTHOCTbIO paclpene/eHus
BemiecTBa NpH r=<510-13 cm Takke ocraercsi ele He sICHOH,
KOOpJMHATa r COXPaHsIeT 3JleCb CBOH 0bObl4rblli HU3NUECKUH
cmbica., [Ipu KocTaToyHO BHICOKOH TOUHOCTH M3MEpeHHH H3Y-
yeHHe KCIepuMeHTa bHOM GYHKIUY & (r) mo3BO/sieT HUKCH-
poBaTb HEONHOPOJHOCTH IPOCTPAHCTBEHHOH CTPYKTYPHI
B3auMoJeficTBYIOIUX uacTHIl Ax ~XK, rae k— neGpoilnes-
CKas IJIMHA BOJHBI OTHOCHTE/JBLHOTO JBMKEHHS STHX YACTHII.
(HanoMHuM, 4TO NpU JOCTUraeMoil Ha COBPEMEHHBIX YCKO-
purensix sHepruu T=~30 I'38 pnuHa BOJHH A NPHGIU3UTENb-
HO Ha NOPSIIOK MeHblle CPpeIHUX reOMeTpPHYECKHX pa3MepoB
HYKJIOHA.)

Han6onee HesicHOM ocraercsi cefiuac o6actb KepHa. XoTs
CCBpeMeHHble YCKOPHTeJNH B MPHHIMIE JAlIOT BO3MOXKHOCTD
«IIPOILYNAaThy CTPYKTYPHBIE NEeTa/jy BIJOTb JO DPacCCTOSHUE
Ax~5-10-15 cm, cTpoeHHe IEHTPAIbHBIX 06/1aCTell HYKJIOHA
MO-TIPEXXHEMY OCTaeTCs JJIs Hac 3arafoyHbIM GeJibiM HSTHOM.
Jaxe camo NOHsTHe KepHa OTpejessieTcsl ceiluac BecbMa
HeOJHO3HAYHO.

OueHb yacro KepHOM Ha3hBalOT 00J1aCTb, T'fle CTAHOBAT-
csl CyILeCTBEHHBIMH MHOIOMe3OHHble B3auMOjJefCTBUs. Pas-
Mephl TaKO# 06J1aCTH COCTABJSIOT YTO-TO 0K0J10 0,5- 10713 cm.

MHorna KepHOM HA3BIBAIOT Ty YacTb HYKJOHA, KOTOpas
OTBETCTBEHHA 32 OCHOBHbIe ero CBOHCTBA — ero CNuH, 6apu-
OHHOe YHCJIO, THNep3apsii. Paguyc Takoro KepHa 1o NOpsii-
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Ky BEJMYHMHBI, MO-BUAUMOMY, GJH30K K KOMNTOHOBCKOH IJH-
He BOJHBI HYKJIOHA A/Mc>~2-10-14 cm, 1 MOTOMY 3TOT KepH
MOXeT OBITb CONOCTaBJeH 00/1aKy TsKeJblX BHPTYaJbHbIX
yacTHu., B uyacTHOCTH, mpouecc HyK/JIOH-HYKJIOHHOH aHHHUTH-
JSAIUM TIPOUCXOAMT IPH COTNPHUKOCHOBEHHH HMEHHO TAaKHX
IIeHTpaJbHHX yacTeil HyKJOHa W aHTHHykJona. Ha pwuc. 1
06J1aCTh AHHUTHU/IALUHA COOTBETCTBYET PACCTOSHHAM [anm <5
==5-107!* cm, rxe moryolleHHe aHTHNDPOTOHOB pPe3KO BO3pa-
cTaeT; B 3To# o6jacTH k03(pGHIHEHT p—p MOTJOILIEHUS Ha-
MHOTO NpPeBOCXOIUT Ko3(dduuueHT p—p norgollenus. Ecau
CYHTATb, YTO pa3Meps KepHOB ‘B HYKJOHE H aHTHHY-
KJIOHe NpPUGAH3UTENbHO OUHHAKOBBl, TO Iyepn ~ Fau /222
~(2-+-3)-10~ cm.

CTO/NKHOBEHHE OTHOCHTEJbHO MACCHBHBIX KepHOB yac-
THUIL[ CONPOBOXKAAETCS 3HAYUTEJbHHIM 3SHEPrOBBLIACJIEHHUEM,
poXKaeHHeM GOJIbLIOro Yucaa BTOPHYHBIX yactuu. HaoGopor,
[((pH CTOJKHOBEeHHH NepUdepUyecKUx obJacreil 4acTHI HJIH
NPU CTOJKHOBEHHH KepH — NepudepHs BbIeNseTca Cylile-
CTBEHHO MeHbIllee KOJHYeCTBO SHeprHu H, CJeJ0BaTeNbHO,
poxKOaeTcsd MeHblllee YHCJIO BTOPHYHBIX YACTHIL, B 3TOM CJY-
yae KepHBH NEPBHUYHBIX CTAJKHBAIOIIMXCH YACTHIL UCTBITHIBA-
10T CPaBHUTENbHO HeOObIIYIO OTAAYY H HE3HAYHTENBHO H3Me-
HAIOT HalNpaBJeHHe cBoero aBueHUs. COOTBETCTBEHHO IBYM
TaKUM THUIIaM CTOJIKHOBCHM B 3KCIepUMeHTe Hab/I0fal0TCs
I(Ba THIA CyLUIeCTBEHHO pA3JIHUHBIX [0 CBOUM CBOCTBAM
HeYNpyrux B3aUMOJEHCTBUH: ONMH THN XapaKTepuayeTcs
3HAYHUTEJNbHO OOJiblileil MHOMXECTBEHHOCTbIO POXKAAIOMINXCSA
YacTHIl ¥ OTHOCHUTENbHO OOJbllIeldl H30TPONMHElHl WX BBLIETA,
yeM Jpyroi THI; pelMYMHA HMIYJbCca, MepefaBaeMoro 6apu-
OHy B IIepBOM cCJydYae, OTKa3blBaeTCsi HaMHOro GoJblief,
yeM BO BTOpOM {4].

[TonATHO, YTO NMOCKONbKY MeXIy KepHOM H mepudepuei
HeT pe3KO BblJeJIeHHOH I'paHHIB, TO pa3leseHHe HEYNPYTHX
B3aUMO/IE/ICTBUH HAa [Ba Pa3/JMYHBIX THIIA TaKXe ABJASETCS
BeCbMa YyCJIOBHBLIM: BCEraa MOXHO yKa3aTb HEKOTOPOE KOJIH-
4eCTBO COOBITHH, KOTOpHIE MO UX CBOMCTBAM MOXKHO OTHECTH
KakK K OJHOMY, TaK H K ApPyroMy THIy B3aHMOJIEHCTBHH.

Tenepp, npexjae ueM NepeiiTH K OOCYXKIEHHIO Pa3JIHUHBEIX
TEOpeTHYeCKHUX NOLXOAO0B K HCCJAENOBAHHIO CTPYKTYpPHI yac-
THUL, OTMETHM HEKOTOpHle Ba)KHHE TeHIEHIUH pa3BUTHS (u-
3UKY 3JeMEHTapHBIX 4aCTHI, OKa3biBalollue Bce Gojiee CHAb-'
HOe BJHSHHe Ha (OPMHpPOBAHHE HANIMX MPeNCTaBJAEHHH O
CTPOEHHUHU YACTHIl U HA METOJBI €ro HUCCIeNOBaHHUA,
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3

O630p pa3BUTHS HAWIMX NpeACTaBJeHHH O CTPOEHHH Be-
mecrsa M aHaau3 OBICTPO HapacCTAlOU[Ero MOTOKA HOBBIX
3KCINepUMEeHTAJAbHbIX JaHHBIX O XapaKTepe MHKPOCKONMHYe-
CKUX ABJIEHHH NMPHUBOJAT K BaX>XHOMY BBIBOAY O TOM, YTO IO
Mepe AanabHeHmero yriay6JjeHus B 06/aCTb MaJbiX MPOCTPaH-
CIBeHHO-BPEMeHHbIX MacmTa6oB BCe ©GoJjee OTUETIHBO MPO-
CTYynNaloT JBe JONOJHSIOUINe APYT APYra TeHAeHLHH: ¢ 0LHOH
CTOPOHBI, [JIST ONMHCAHUS NPOCTEeHIINX (U3HUECKUX OObek-
TOB, C KOTOPBIMU Mbl HMeeM [eJ10, TPUXOIHUTCH UCIO01b30BaTh
o6pa3snbl Bce GoJblieil 1 GoJblueil HHPOPMATUBHON €MKOCTH,
¢ Ipyro#l CTOPOHBEl — BO3pacTaer poJb ClyyaiiHoro ¢axropa
¥ pa3BepThIBalOLIAACA mepel HaMu (u3nueckas KapTHHA BCe
JaJjblile U JaJjblie OTXOLUT OT NPU3PAYHBIX JUHUI JaNjaacos-
CKOr0 JeTepMHHH3Ma B CTOPOHY CJOXHBIX BEPOATHOCTHBIX
MOCTPOEHUH. DTH TeHAEHUUH OPraHHUYEeCKH CBA3AHBI MEXKAY
co6ol, TaK KaK BepPOSITHOCTHHIH 3JeMeHT MposABJsercd Kak
Mepa, XapaKTepU3ylOlllasg MHOXEeCTBa 3HAYeHHHl HOBBIX CTe-
neHell cBOGOMAL!, BO3HMKAIOIIUX N0 Mepe OTKPLITUSA BCe 60Jb-
meif uHGOpPMAaTUBHOM eMKOCTH ‘paccMaTpUBaeMblX (pusuye-
CKHUX 0OBEKTOB.

Kak ¢ oHTO/NOrHYecKo#, Tak M C THOCEOJIOTHYECKON Touek
SpeHHs IBe yKa3aHHble TeHAEHIUH BeCbMa TOYHO OTpaxKaloT
obuuit xapakTep pa3BUTHS COBPeMEHHON (U3UKH 3JeMeH-
TapHBIX YaCTHI Z

[ToaTomMy enBa JM MOXKHO HAJEATbCS HA ycnex NpemnpH-
HYMaeMblX HEKOTOPBIMH aBTOPAMHU IONBITOK CBECTH BEPOAT-
HOCTHOE CcOjJepXKaHHe COBpeMEHHOH (DU3UKM 3JeMeHTapHbIX
qacTUI[ K KaKUM-TO GoJiee I'yGOKUM J1anjaacoBCKU JeTepMHU-
HUPOBAHHLIM 3aKOHAM (K Tak HA3bIBAEMBbIM «JIHHAMHYECKUM
3akoHaMm», no tepmunooruu . Il. Tepaeuxoro). Tax, coBep-
LIeHHO HeoO60CHOBAHHBIMU NP CTaBJSIOTCS Clelyloliue yT-
Bepxkpaenus . I1. Tepneukoro: «XapaxkTepusys sneMeHTap-
Hble ¢Gu3nyecKue 3aKOHBI, MBI MpeXAe BCEro MOXKEM yTBep-
JKIaTh, YTO OHH SIBJASIOTCS 3aKOHAMH JHHaMHUYECKOro THMA,
JleCTBUTE/NbHO, 3JIeMeHTAapHble 3aKOHbI, 10 CaMOH CBOe#
CyTH, NOJKHB OTpaxaTb BCe [BUXKEHHEe INOJHOCTbIO U He
MOTYT COHepXkaTb B ceOe HEH3BECTHBIX, CAYyYaHHBIX 3JeMeH-
TOB, TaK Kak BBeleHUHe IOCJAeAHUX O3HAyaerT JONylleHHe
JPYTHX, HeM3BECTHHIX, elle Gojiee 3/eMeHTAapHBIX 3aKOHOB,

2 TeHAEHUHS K PacCMOTPEHHIO (dH3HYeCcKHX OGBeKTOB BCe GoJblleil MHOOPMaTHBHOM
eMKOCTH noayepkuBaercss Takxe WM. AKuypuHBIM [5].
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yNpaBJSOIUX STUMH 3JeMeHTaMu (eCJd He CTAaHOBHTbCA Ha
TOUKY 3DEHHUS] HEMAaTepUaNbHOCTH STHX 3JaeMeHToB)... Ocras-
Jds TpUMaT 3a JUHAMHUYEeCKUMH 3aKOHaMH, Mbl JOTNYCKaeM,
YTO 3a BCAKHM TMOCJeIHUM, H3BECTHbHIM HaM 3aKOHOM,
UMeIOLIM CTaTUCTHYeCKHMH Xapakrep, CcKpbiBaercss 00-
Jiee 3JIeMeHTapHbII 3aKOH MAWHAMUYeCKOro xapakxrepar
[6, cTp. 20]. DTu yTBepKAEHHUs SBASIOTCA BCEro JAHUb MPO-
H3BOJIBHOH [JeKaapaluueil.

KoneuyHo, mouTu HHKOrZa Helb3s «MaTeMaTHYecKu CTpPO-
ro» N0Kas3aTb OeCHepCleKTHBHOCTb KakKoro-au6o HampasJe-
Huga. OnHAaKo B HayKe 3aCYUTBIBAETCS JIUUIbL TO, YTO I103BO-
JisseT NpenckKasbiBaThb HOBOe. M He ciayyailiHO MOHCKH «3Je-
MEHTapHbBIX AMHAMHYECKHX 3aKOHOB» [0 CUX NOp He AaJju
HU OfHOro, 6yKBaJbHO HHU OJHOTO, IIPelcKa3aHus, KOTOpoe
6blJ10 Obl TIOATBEPKIAEHO SKCIEPHUMEHTOM M B TO Ke BpeMs
He coJep:Kajoch Gbl B OOLIENPHUHATON KBAHTOBOUN TEOpHM.

CylecTBeHHO MOMUYEePKHYTb, 4YTO CTPYKTYpa 3JMeMeHTapHbIX
4yaCTHL, HWMeeT Cyryb6o CTaTHUCTUYECKHH, BeDOATHOCTHLIN
xapakrep.

4

HenpepoiBHoe yBennyenue HWHOOPMALMOHHON eMKOCTH
06pa3oB, CONOCTaBAsSeMbIX 371eMEeHTaPHBIM QPU3HUeCKHUM 00b-
eKTaM, MHOTOTPAaHHOCTb M CJIOXKHOCTb INPOLIECCOB, B KOTO-
pBIX OHHM YYacTBYIOT, OCTABJIAIOT LOBOJIbHO MaJO HANEXK Ha
TO, 4TO (PU3UKY IIMOHOB, HYKJIOHOB ¥ CTPAQHHBIX YaCTHI yAACT-
cs1 chopMyJIMpOBaTL — BO BCAKOM Cayuae, B OJuKaHlIue
rojbl — B BUAE KaKOH-TO eJHHOH 3aMKHYTO#l CUCTeMBI ypaB-
HeHU#, nogo6HOM, HAlpuMep, cHCcTeMe ypaBHeHH# Makcaei-
Jga uiad ypaBHeHUsaM HrpioTona. Bce uame BnickasbiBaercs
MHeHMe, YTO TaxkOe pelleHHe BOMpOCA, NO-BUAUMOMY, sSiBJS-
eTCsl HeJOCTHXHUMBIM HIeasoM.

Cefiyac Bce GoJiblilee 3HayeHMe NMPUOODPETAIOT OrPAHUUEH-
Hble MOAXOMHBI, B paMKaxX KOTOPHIX co3maloTcs GoJiee UIH Me-
Hee aJlleKBaTHble MaTeMaTHYeCXHe ONUCAHUS OTLEJbHBIX CTO-
DOH CJOXKHBIX (usnyeckux spieHuil. [IpuMepom Moxer ciy-
JKHTb, B YaCTHOCTH, TIOJIIOCHAs TEOPUS CTPYKTYpbl HYKJIOHA
unu SU (3)- u SU (6) - cuMMeTpHUHble TEOPHUH paclIenIeHns
Macc u ($opM-(aKTOpPOB 3JeMeHTapHbIX dYacTul. Pa3BuTue
($U3NKN 3JIeMeHTapHbIX YacTHN U B OCOOEHHOCTH H3yuyeHHe
s'BJIEHUH, CBA3AHHBIX C UX BHYTPEHHUM CTDOEHHEM, HIeT ceil-
yac B OCHOBHOM HMEHHO 1o TakoMy nyTH. M ecau panbiue ¢u-
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3U4eCcKoe sBJeHHe CYUTANA0Ch MOHATHIM, KOI1a yAaBaJoCh COC-
TaBUTh ypaBHEHUS, KOTOPble ONUCHIBAJH U MO3BOJISIH TpeJ-
CKasblBaThb 3TO fBJIeHHe, TO Tenepb IIOHATH SIBJeHHE BCe
yalle O3Hayaer yMeTb MOCTPOMTb MAOCTATOYHO TOYHYIO, B
obuieM cJayyae BepPOATHOCTHYIO MOJAENb 3TOro SBJEHHA,
KoTopas, KaK M ypaBHeHHUs, gaBaja Obl BO3MOXHOCTb NpeN-
CKas3blBaTb €ro M3MeHeHHs B 3aBUCHMOCTH OT H3MeHeHHS
oKpyKamwluled o6CTaHOBKH; ypaBHEHHs NpPU 3TOM OCTAIOTCS
JULIb JJSI ONMHMCAaHHSl OTHENbHBIX JeTaJell paccMaTpuBaeMo-
ro siBJIeHUs 3,

THNUYHBIM B 3TOM OTHOWEHHH fBJSeTCS TIpUMEHeHHe
MeToga MoHTe-Kapao— MeToga CTaTHCTHYECKHX HCIBITA-
HHMH, BOCIPOU3BOIAILEr0 peaJsbHHIH Mpouecc BbIGopa MexILy
BO3MOXHBIMH TNyTAMU pa3BUTHA SBJIEHUS, NOJOGHO TOMY
KakK 3TO KaXIb}l pa3 mpoUCXoxuT B mpupoxe. Meron Moure-
Kapno nemocpencTBeHHO MOJENHPYeT XOA peajbHbIX NPO-
[[ECCOB U NO CPaBHEHHIO C APYTMMH H3BECTHBHIMH HaM CceH-
yac MeTolLaMu pacuera HauboJsiee aJeKBaTHO OTpaxaer To,
4TO JeHCTBHUTEJbHO peaausyerca B npupoge. JlocraTtouHo
JeTanbHO pa3paboTaTb MOJEJbHBIH MOHTE-KaPJOBCKHI aJro-
PUTM — 3TO ¥ 03HayaeT B JAHHOM cJayyae cO31aTh JOCTATOY-
HO TOYHYIO TeopHio siBleHHsd. CienyeT 0XKHAATb, YTO BBHAY
ero 6OJbIION OOLIHOCTH TaKOM TONXON CTaHeT B JajbHeH-
uleM OJHHMM H3 OCHOBHBIX METONOB TeOpeTHUeCKOoro Hsyue-
HHSl OKpYyXKaloLero Hac MHUpPa U B 3HAUHTEJbHOH CTENEeHU
onpenenut Bup OyAyllel (HU3NUECKON TEOpHHU.

Bce Gonee mupokoe npuMeHeHue MeToJxa MoOJeJel ABJs-
eTcq ellle OTHOH Ba)KHOU TeHJeHLUeHd B Pa3BUTHH (DHUIHKHU
sJeMeHTapHbIX yactul. Oco6eHHO apKo 3Ta TEHAEHIUs Hpo-
SIBJSIETCS NIPU U3y4YyeHUH CTPYKTypwl uactuu. [lomoGHo Teo-
pHUM aTOMHOTO sApa, 3TOT pasfen DU3UKH Npe]CTaBiser
cefivac HaGoOp pa3iUYHBIX, YACTHYHO TepPeKPbIBAOUINXCHA
JIpYyr ¢ IpyroM Mojejed, Kaxas U3 KOTOPBIX OTPaXKaer, B
OCHOBHOM, JIHIIb KaKoH-1M6O ONHH acCneKT siBleHus. Bosee
TOrO, JAJsl OMMCAHHSA CTPYKTYPHl 3JE€MEHTApPHBIX YacTHI[ B

3 TTo3TOMy CJAMINKOM KaTeropHYHbIM NpeAcTaBasieTcst yTeepxaenue §. I1. Tepieu-
KOro O TOM, YTO «MaTeMaTHUYeCKHH annapaT Teopu#, OTOGPa)kalolHi 3aKOHBl 1BH-
XKeuud,— peub HAET 06 3JMeMeHTaPHBIX 3aKOHaX,— MOXHO MNpeACTaBAATL ceGe B
Buge AHddepeHIHaNbHBIX, HHTErPAJbHLIX, (GYHKUHOHAJIbHLIX HJAH KaKHX-JH6O
ApYruX ypaBHeHuit.., O6luee pelleHHe ypaBHeHHS OaeT BCe BO3MOXHble BHIbI
ABHXKEHHsS, KOHKPCTHOe e JBH)XCHHMe OTGHpacTCcs M3 BCEX BO3MOYKHBIX Hayalb-
HBIMH M TPaHUYHLIMH YCJOBHSIMII» [6, cTp. 26]. DTO — Beero JHwbL OAHAa U3 BO3-
MOXHOCTe#, H, MO-BUAMMOMY, LIaJleKO He caMas BepOATHAas.
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fioceHee BpeMs BCe yallle CTaJd MPHUBNEKATbCH HEpedsiTi-
BUCTCKHE KBaHTOBOMeXaHHYeCKHe MOoJeNd, ONpaBAaBIIHe
ce0sl TPU pacCMOTPEHHH aTOMHOrO siipa (CM. HHXKE).

5

Kax yxe orMeuanoch Bblllle, ONHCAHHE CTPYKTYpbl 3Je-
MEHTapHBIX YaCTHIl Ha f3blKe 3KCNepHMEeHTaJbHbX (opM-
(bakTopoB BCTpeyaeTr CylLieCTBeHHBIe TPYAHOCTH MpPH IMOMLIT-
Kax nepexofia Ha NPUBBLIYHLIA HAM TIPOCTPAHCTBEHHO-BPEMEH-
HOH A3blK. OgHAKo TPYZHOCTH BO3HMKAlOT U B TOM CJyuae,
eCl¥ ocTaThCs B paMKax (GopM-(aKTOPHOro ONUCAHHS, HO
MONBITAThbCs CAe1aTb XOTs Obl HEGOJbIIOE YTOYHEHHE TEOPHH,
TaK Kak 3TO cpa3dy Ke NPHBOAUT K DPe3KOMy yBeJUUEHHIO
ypucaa HeoGXonuMbIX opM-thaktopoB. Tak, HanmpuMmep, npu
yueTe cjenyioliero, AByX(OTOHHOIO, MPUONMKEHHUS] K ceue-
HHMIO pacCesiHHsl 3/J€KTPOHa Ha IPOTOHE, W3 aHaAu3a KOTO-
poro cefiuac B OCHOBHOM H ONpeJeNsloTCs 3HaueHus GopM-
($aKTopOB NPOTOHA, YHCJAO TaKHX PasJHuHBIX HopM-¢pakTo-
pOB Bo3pacraer X0 IBYX HecATKoB. Ompemenutb H3 ONbITa
1 OTlepHpOBaThb ¢ TAKUM OOJBIINM YHCJIOM BEJIUYHH CTAHOBHUT-
CA TIPaKTHYECKU TIOUTH HEBO3MOXHO, TeM OoJiee uTo pas-
JMYHBIM TIpOLecCaM B3aMMOJEHCTBHS NPHUCYLIHM CBOU CIie-
nugudeckue popm-cbakropsl. Bece 3to mpuBoAHT K Heo6XO-
IUMOCTH HaHTH KakoH-To WHOH, OoJsiee YHOOHBLIH crocob
ONHUCAHUS CTPYKTYPbl 37€MEHTapPHBIX YACTHIL. ,

N3 dopmyar (1) BuaHO, uTO pacnpemeneHde MJIOTHOCTH
HEKOTOPOH BeNHUYHHBl §, XapaKTepH3ylollell CTPYKTypy dac-
THIIBI, BNOJIHE OJHO3HAYHO OMNpelesieTCss 3aJaHueM ee
ynkunonana |[¢p>. IlosToMy 3amady MNpoCTPaHCTBEHHO-
BPEMEHHOT0 ONUCAHHUS BHYIPEHHEr0 CTPOEHHS 3JIeMeHTap-
HOJ 4YacTHLbl MOXHO 3aMEeHHMThb 3ajaueil ONpele/eHUsi ee
¢yHKuMOHaAa. Takofl QyHKUHOHAN MOXKHO pacCMaTPUBATh
KaK CyMMy CjaraeMblX, OJHO M3 KOTODBIX ONUCHIBA€T <«IO-
JIBI OCTOB» YaCTHLbl, a JpYyrHe ONPeNessioT BKAaAbl OT-
DEJIbHBIX KOMIIOHeHT 06J1aka BHPTYaJbHbIX YaCTHI[, Cylie-
CTBYIOIILEr0 BOKPYT 3TOr0 «ocToBa». Hampumep, asisi HyKjaoHa

|N>=(PN'|NO>+(PNE’lNon>‘|‘(PNp‘|Nop>+
+ o FPakac [ MK > .,

rope ¢y -— aMIVINTyAa <«roJioro» HYKJIOHA, Qng— AMIJIHTY-
Aa COCTOAAHHA, KOrJaa BOKDPYTr <«TOJIOTO» HYKJOHa HMeEeTCA
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Juarpamma, ONHChHIBaIOIlasi YNPYroe paccesiHHe 3JeKTPOHA B HYKJOHe.

BepxHsisi BeplIMHA OTHOCHTCS K B3aHMOJEACTBHIO Y-KBaHTa ¢ TOYEUHBIM

9/1eKTpOHOM. HHIKHSI BepLINHA 3aBHCHT He TOJNBKO OT CTPYKTYPHl HYK-

JIOHa, HO TaKXe H OT CTPYKTYPhl Ti-Me30HAa, aMILIMTYAbl YNPYroro pac-
CestHUsT BUPTYAJbHOrO JT-Me€30Ha Ha HYK/OHe H T. [.

o6Jaako, 06pasoBaHHOE OJHUM BHDPTyaJbHbIM J-Me30HOM,
U T. 1. MoxXHo HajgeATbCA, UTO IJIs ONUCAHUSA He CAHLIKOM
r1y0OKHX CJI0eB CTPYKTYphl moTpebyeTcs CpaBHUTENbHO He-
60JIbIIOE YUCJA0 aAMIVIUTYI @n.

Taxk xax aMIVIUTY bl @n BXOAAT B BhIpaxKeHHS pa3IHUHbIX
Ha6JI01aeMbIX BEJTHUUH — B TeOpeTHYeCKHe BHIpAXKeHHUA AAS
MarHUTHbIX MOMEHTOB YacCTHIl, B CeYeHHH DPAa3/IMYHBIX IIPO-
I[ECCOB H T. I.,— TO 3TH AMIUIUTYAB, B NPHHIIUIE, MOXKHO
GBLJI0 OBl ONpeIesuTh H3 HENOCPeACTBEHHOr0 CpaBHEHHUS Teo-
peTudecKux GopMyJs ¢ ONBITOM, NOJOGHO TOMY Kak 3To CeH-
yac penaercs anas gopm-¢axropo F(g). K coxanenuio, L
oflieM Ciayyae Takas IporpaMMa sBJsSeTCHd CAHIIKOM CJO0XK-
HOH, TakK Kak I[pUH 3TOM OKa3blBaeTCsi HEOOXOAUMBIM OJHO-
BpPEMEHHO YUYHUTHIBATh (YHKIMOHAJBI CPpa3y HeCKOJbKHX 4ac-
THII U aMIJINTYyAbl HeKOTOPHIX MNPOIIECCOB paccesiHUs. ITO
BUJHO, HanmpuMep, U3 JAHArpaMmnl ynpyroro e—N pacces-
HMf, IpUBELeHHOH Ha pHC. 2. ‘

Ha coBpemenHOM 3Tame GoJiee ONpaBIaHHBIM H pe3yJb-
TaTHBHBIM NMOAXOAOM K ONpejeseHHI0 (YHKIHOHAJIOB 3Je-
MEeHTapHBbIX YaCTHI[ fBJSAETCH NMOCTpOeHHe PA3JHYHBIX MOJe-
Jiefl, mapaMeTpbl KOTOPHIX NOAOHPAIOTCA Ha OCHOBE KaKHX-
JAu00 NpUOIHKEHHBIX TEOpPeTHUeCKUX COOOpaKeHUui Mau Mmy-
TeM HeNOCpPEACTBEHHOIO CpaBHEHHS C ONbITOM. BmepBhle Ta-
Kol moAaxox OblT NOApoGHO pacCMOTpPeH, MO-BUAUMOMY,
P. Caxcom [7] 1 B nocsenyioieM pa3BUBaJCsA PALOM APYTHX
4aBTOpoB (cM., Hanpumep, [8]). OxHaKO 3HAUHTENbHBIE yCIle-
XH 371eCb OBbIIM [OCTUTHYThl JHIIL B IOCAeIHHE TOIBI B
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paMKax Tak Ha3blBaeMOH pPEe30HAHCHOM INOJIOCHOH MoJesu
HYKJIOHA, OCHOBAHHOH Ha MPEANOJIOXKEHHH, YTO OCHOBHOMH
BKJIan B CTPYKTYPy HAIOT ABYX- H TPEXMe30HHble COCTOSI-
HHSI, KOTOpble NPUOJHKEHHO MOXHO 3aMEHHUTb OJHOYACTHY-
HbIMH COCTOSTHHSIMM C Pe30HOHAMH 1, ®, @, ¢ U T. I. (puc.3).
Tak Kak Macchl 3THX Pe30HOHOB U3BECTHBI U3 IPYTHX OMNBITOB,
TO HEH3BECTHBIMH TIapaMeTPaMH B 3TOM Cjyyae SIBJSIOTCS
JMLIb MOCTOSIHHBIE CBSI3W PE30HOHOB C HYKJOHOM f,, a Tak-
»Ke€ MHOTOMe30HHbie nocTtosinuble My u M,. Tlog6upas coor-
BETCTBYIOLUIUM 00pa3oM 3HAUYeHWS] 3THX BEJHYHH, YIaercs
yIOBJIETBOPHTEJbHO ONMHCATh BCE H3BECTHblE B HACTOsIee
BpeMsi 3KCIepHMeHTa/lbHble JIaHHble MO 3/JeKTPOMarHUTHOMH
CTPYKType NMPOTOHA M HeHTpOHa*.

[Tocne TOro Kak ompeneseHbl BCe MapaMeTphl, B paMkKax
PE30HAHCHOH MOJeJH MOryT ObITb PacCYMTAHbl AMILIHTYIbI
¢n W, CJIeNOBaTeJlbHO, NPOCTPAHCTBEHHbIE IJIOTHOCTH pac-
npefeseHuil 3JeKTPHYECKOro 3apsiia ¥ MarHUTHOTO MOMeH-
Ta B HyKJoHE p(X).

MoxHo moctpouth GoJiee HeTaJbHYIO MOMeNb, €CJHH NpH-
HATb BO BHHMaHME IIMPHHY ME30HHBIX PE30HAHCOB H yuecTb
3aBUCHMOCTb HYKJ/IOH-PE30HOHHBIX BEDPTEKCOB OT BeJHUHHBI
nepenaBaemoro umnyabsca (fn=f (¢)). OnnHako Ha ypoBHe
COBpeMEHHBIX SKCIepHMEeHTA/bHbIX TOUHOCTEH TaKas meTaJy-
3anys He JaeT I0OKa HUYero HOBOTO.

Pesonanchass no/imocHass Mopmesab npejacraBiaser co6ol B
HacTosilllee BpeMsi HauOosiee pe3ysNbTaTHBHBIN M HauboJee
NPHIOJHBIA U KOHKPETHBIX YHCJIEHHBIX PacyeTOB MOAXOM K
pPaCCMOTPEHHIO CTPYKTYPbI HYKJIOHA.

TeopeTukamMu ceHuac MHTEHCHBHO OO0eyXIalOTCH TaKxke
passnuunble Moxeau «OyTcrpanas (WIHYPOBKH), B OCHOBY
KOTOPHIX MOJIOXKEHO HOMYIIEeHHe O TOM, YTO KaxKaasi 3JeMeH-
TapHas 4aCTHIA COCTOMT M3 BCeX NPYTHMX YaCTHII, WM, Goslee
TOYHO, CTPYKTypa KaxKMIOH 3/JeMeHTapHOll 4aCTHUBI Ompeje-
JsieTcd B3aMMOJAEHCTBHAMM BCeX APYrux uactuu. Takx, Ha-
npHMep, HYK/JIOH CONEPXMT BHYTPU cebsi Me3oHH g, p, K
M T. 1., KOTOpble B CBOIO Ouepeib copmepxart napei N+ N,

N+4A u 1. 1. IToka ocraetcs HESICHbIM, MOXKHO JIi1 HAa OCHOBE
5$TON WIeM HamucaTb TOYUHYIO 3aMKHYTYIO CHUCTeMy ypaBHe-

4 lns Gosiee TOYHOrO COTJIACOBAHHSI C ONBITOM celiyac BBOASAT JONOVIHHTENbHbIH
napameTp, COOTBETCTBYIOLLUH 1IOJIOCHOMY ONHCaHWIO 3JEKTPOMATHHUTHON CTDPYKTY-
pLl caMOro pe3oHoHa. EcaM 3TOro He JesaTh, TO XOpoliee COrJiacHe C ONBLITOM
JOCTHraeTcsl JIMIbL NMPH YCJIOBHH, U4TO [Js P-Me30Ha BbIGHPaeTcs Macca, HECKOJb-
KO MEHDLILIAast ero 9KCIEePHMEHTAJbHOM.
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HUH, KoTOpasi uMena OBl pelleHHe, ONpelessiollee pas3iny-
Hble CBOMCTBA, B TOM uMcle W CTPYKTYpY, BCeX 3JeMeHTap-
Helx uyactuy. Ceflyac paccmMaTpHBAIOTCH JIHIIb OYEHb IpPy-
6ble MOJE/H, YUYUTHIBAIOIINE B3aHMOCBS3b BCErO TOJBKO
IBYX-TPEX COPTOB YAaCTHII, MO3TOMY O KOJHYECTBEHHOM CO-
TJIaCHM C 3KCIEPHMEHTOM TOBOPHTH e€Ille CJAHIIKOM paHo,
XOTSl B KAYeCTBEHHOM OTHOIIEHHH B PSle CJAydyaeB IOJTyUeHbH
BeCcbMa OOHaJeKHBAIOIIHE pe3y/bTaThl.

B cBsI3M cO 3HAUUTENBHBIMH yCIeXaMM YHHTApHOH cHCTe-
MaTHKH 3JIeMEHTapHBIX YaCTHI B NMOC/HeaHee BpeMs GOJblioe
BHUMaHHe YHeJsIeTCs H3yueHHI0 MOAeJel, B KOTOpHIX 3Je-
MeHTapHble YacTHUbl pPACCMaTPHBAIOTCS COCTABJIEHHBIMH M3
KBapKOB, GapHOHBl — M3 TpeX KBapKOB, ME30HBl — H3 KBap-
Ka M aHTHKBapKa.

[Tpu yucTo rpynmnoBomM NOAXOIE YTBEPIKIEHHE, UTO Ta WJIH
HHafl YaCTHIlA «COCTOUT U3 KBAPKOBY», UMeeT JHIIb TOT CMBIC/,
YTO BOJIHOBas (DYHKIMS 3TOH uyacTHUH Tpeobpa3yeTcs Kak
Npou3BeNeHNe HECKOJbKHX MPOCTEHUIMX YHHUTAPHBIX CIIHHO-
POB; KBapKoBasl CTPYKTypa UacTHII B 3TOM CJyyae HMeeT
JIMIIL CHUMBOJIMYECKHHl CMBICH, HE3aBUCHMO OT TOTO, CyUIeCT-
BYIOT B IIpHpOJe KBapKH Kak peasibHbie pHU3HUECKHE 4aCTH-
Bl WM K€ HeT.

Hapsany ¢ sTuM paccmarTpuBalOTCsi MOIENH, B KOTOPBIX
3/eMeHTapHble YaCTHUBl NPEeLCTABJSIOTCS KaK CBSI3aHHBbIE
COCTOSIHMSI peasibHO CYLIeCcTBYIOIIMX KBapkKoB. Takoit mox-
Xon mnpuobperaer ocoGyi0 MPOCTOTy W HATJISIAHOCTb, €CIH
JIOTyCTHTb, UTO, HECMOTPS HA TO, uTO AedekT MmMacc cucre-
MBI HECKOJIbKHMX CBSI3aHHBIX KBAapKOB OYeHb BEJIMK, HAMHOTO
6osiplie Macc 0Gpa30OBAaHHBIX W3 HUX THOHA WM HYKJIOHA,
CaMH KBapKHU MOXKHO pacCMaTpHBaTh Kak HepeJsiTUBHUCTCKHE
YaCTHIBl B HEKOTOPOH MOTEHUHANbHON siMe. DTO HONyLIEHUE
SIBJISIETCSl CJEACTBHEM TPEINOJOXKEHHA O TOM, YTO CHJIbI,
JEeHCTBYIOIIME MeXAY KBapKaMH, 06yc/0B/deHbl OOMEHOM Me-
30HaMH, KOMIITOHOBCKAst JJIMHA KOTOPBIX U ONpene/IsieT paii.
yC NoTeHuuanbHo#l amel R="FA/mc (eciu o6MeH OCYLIeCTBJIS-
ercs m-Me30Hamu, o Raz1,4-10-1% cm, ecnn e 32 oOMeH-
Hble CHJIbl OTBETCTBEHHBI [JIABHBIM 0GpasoM Q-ME30HHI, TO
R=20,25-10-1% cx, T. e. mopsinka pasMepoB HYKJIOHHOTO Kep-
Ha). B cooTBeTcTBHH ¢ COOTHOIMEHHEM HeOIpeleseHHOCTel
UMIyJbc KBapKa B Takol siMe MOpsiLKa MacChl IPOMeXyTOou-
HOT'O Me30Ha m: p ~FhA/R=mc, 4yTo HAMHOro MeHbllle MacChl
KBapka M, cocrasasiollell 1o TeOpeTHYeCKUM OleHKaM YTO-
TO 0KOJIO gecATKa [38; M03TOMY PEIATUBHCTCKUMH 3ddek-
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TaMH ABHKEHHS] KBAPKOB B MOTEHIMAJIbHOI iMe MOXKHO mnpe-
He6peub.

Fny6una noreHuuasdbHOR MBI nopbGupaeTcs TakuM obpa-
30M, yTOOBI HHU3WIH{ SHEPreTHYeCKHH ypoBeHb Obll PaBeH
Macce NHOHAa WJIH HyK/JIoHA. Bo3OyxpaeHHble ypoBHM coOIO-
CTaBJSIOTCS ME30HHBIM M 6apHoHHBIM pe3oHoHaMm. CooTBer-
CTBYIOLIlME NPOCTPAHCTBEHHble pacnpejeseHusi p(x) MOTYyT
OBITb BBIYHCJIEHBI C NOMOLIbIO CTAHAAPTHBIX METOMIOB.

I ananmsa KBapKoBOH CTPYKTYpBI 4acTHI[ ceiiyac IIU-
POKO NMPUMEHSAIOTCH MOJEJH, pa3paboTaHHble paHee JI/15 ONH-
CaHUs CTPYKTYPBI aTOMHOTO sipa. DT0 06CTOATENBCTBO SIB-
JisleTcsl BeCbMa XapaKTepHOH OCOOEHHOCTbIO COBPEMEHHOTO
JTana HMCCJIeLOBAHHS BHYTPEHHEro CTPOEHHs 3JeMEeHTapHBIX
YaCTHIL

Crenyer 0XHAaTh, YTO M3YUeHHe COCTABHBIX MOJeJell Je-
MEHTapHBIX YaCTHL, OCHOBAHHBIX Ha THIIOTE3e KBapKOB, OV-
IeT, NOo-BUAUMOMY, OJHHM M3 OCHOBHBIX TeOPETHYeCKHX Hall-
paBJieHHH B OJIMIKalllINe TOMAbI.

6

Ecim runoresa o CyIIeCTBOBAHUH KBaPKOB MOATBEPIUTCS
Ha ONbITE, TO 3TO NPUBEJET K pAANKAJbHOMY U3MEHEHUIO Ca-
MOro TMOAXOAAa Ko BceH (hHU3HKe 3JEMEHTApHBIX YacTHIIL.
B sTOM Cilyuae HMEHHO KBapKH, a He HYKJIOHBI, ME3OHBI HJIH
Kakue-au60 Apyrve yactuubl OYAYT paccMaTpUBAThCH Kak
3/IeMeHTapHble (U3Nueckue OOBEKTH, TAK KakK H3 YyacTHl, C
ApOOHBIMY 3HAYECHUSIMH KBAHTOBBIX YHCEJ MOXKHO COCTABHUTb
BCe JpyrHve M3BeCTHble HaM CeHyac YacTHLbI, KBAPKH Xe U3
9TUX YaCTHIL MOCTPOUTh NPUHIUNUAJIBHO HEBO3MOXKHO.

3aKoHBl B3aUMOAEHCTBUH KBAapKOB JOJKHBI MUMETh GoJee
npocToil u (hyHAAMEHTAJbHBIN BUJ, yeM 3aKOHbI, ONMCHIBAIO-
mue B3aUMOAEHCTBHA OoJiee CJI0XKHBIX CHCTEM — ME30HOB U
6apuonoB. Ecny KBapku, Kak 3T0 4acTo mnpeanoJaraercs
cefiuac, B3aMMOJEHCTBYIOT MeX1y COOOH CHJbHee, ueM Ipy-
TMe YacTHUbl, TO 3aKOHBl B3aHMOJEHCTBHH HYKJ/IOHOB, Me30-
HOB W JAPYTHX M3BeCTHBIX HaM 4YacTHi 6YAYT Tak Ke CBsi3a-
Hbl C 3aKOHAMH B3aHMOJEHCTBHH KBapKOB, KaK, HalpuMmep,
3aKOHbI B3aUMOJEHCTBHH LeJbIX AaTOMOB M MOJIEKYJ CBfl-
3aHbl ¢ GoJjiee 3jeMeHTAapPHBIMH 3aKOHAMH B3aUMOJEHCTBHUI
NPOTOHOB U 3JE€KTPOHOB. Eciin e KBapKu B3auUMOIEHCTBY-
IOT NpUOGJU3UTEIbHO TaK Ke, KaK Me30HBl H O0apHOHBI, TO
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e Puc. 3
AnapoxcuMauus pe30HoHaMHU
. MHOTOME30HHBIX  COCTOSIHUE B

odoJiouxe HykJoHe. [Tpeano.ara-
eTCs, UTO COCIOSIHUS C OYeHb
GOJIbUINM YHCJIOM ME30HOB H CO-
CTOSIHHSL C MapaMu TsiXKeJablX ya-
CTHL, peaju3yloTcs Iay6oKo B
UEHTPE HYKJIOHA; INpPH PaccMoT-
peHvH 1epddepuyeckux obsacreit
MX BK7Tall MOXHO arlpOKCHMHPO-
BaTb MOCTOSHHBEIM (opM-dpakTo-
pom F (g9) My=const (Boo6-
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B3aUMOJEHCTBUS TNOCAENHUX MeXAy coboil cHoBa OyAyT
6osiee CJOKHBIMH, YeM B3aHMOJEHCTBHS CAMHX KBapKOB, MO-
N06HO TOMY KaK B3aHMOMAEHCTBHSI aTOMHBIX filep SIBJISIOTCS
clefyollel CTyNeHbIO MO OTHOLIEHHIO K B3aHMOAEHCTBHIO
COCTaBJSIOILMX X HYKJIOHOB. B 06ouXx clyyasix sKcnepuMeH-
TaJlbHOe M TeOpeTHYeCcKoe HCCJAefOBaHHe B3aMMOJAEHCTBHI
KBapKOB SIBUTCSl HeCpaBHeHHO OoJsiee (pyHAaMeHTaJbHOH 3a-
Jllayel, yeM aHaJ/Jin3 B3aHUMOJEHCTBMH NPYTrHX COPTOB Yac-
TUI; KBapKu OYAyT NpeAcTaB/sTh coboil ciaenyouuil, 6onee
r1y6OKHHl ypOBeHb MaTepHH (B YaCTHOCTH, DPOJIb «aTOMA
3JIeKTpHYeCTBa» B 3TOM cJyyae OyneT HrpaTh yxKe He 3apsil
3JIEKTPOHA e, a 3apsj KeapkKa e=e/3; 3apslsl BceX APYTUX
yacTul OyAYyT BbIpaKaTbCs KaK ye.ibie, KpaTHble & To XKe
MOJKHO CKa3aTh ¥ O JPYTHX KBAHTOBBIX YHC/IAX).

Bo3MOXHO, 4TO HMMEHHO TaKOH «He3J1eMeHTapHOCTbIO»
B3aMMOJEHCTBHI M3BECTHBIX HAM cefyac yacTHIL H 0OyC/IOB-
JIeHBl HalllKM 3aTPyJAHEHHS Ha NyTH NOCTPOCHHS TEOPHUH CHJIb-
HBIX B3aHMOJEHCTBHH.

KoneuHo, Hesb3s1 0XKMIATh, YTO B3AHMOAENHCTBUS KBAapKOB
OyayT «6oJiee KlacCHUeCKHMH», 4YeM B3aHMOJEHCTBHS APYrHX
YacCTHI; KakK 3T0 c/elyeT M3 Bcefl COBOKYNHOCTH 3KCIepH-
MEHTAJIbHbIX JaHHBIX, KBAHTOBBIH aCIIeKT SIBJEHHI CTAHOBHT-
cs Bce Gosee u GoJlee CyllecCTBEHHBIM MO Mepe TOro, Kak
MBI yray6JseMcs B Heipa BelllecrBa. [ onMcaHHUs CTPYK-
TYPbI «CJIOXKHBIX YaCTHIL» — HYKJOHOB H ME30HOB — IIO-NIPeXK-
HeMy Ba)KHoe 3HaueHHe OYAYT HMeTb NPHUOJIHKEHHBIE MO-
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neJbpHble monxoabl. Mx poJb He yMeHbLiuTCs, a, Hao6oport,
BO3pacCTeT: yNpollleHHe 3aKOHOB OYHeT JOCTHTHYTO JHIUb Ha
CaMOM HHMXKHEM YpOBHE — YDOBHE KBapKOBLIX SIBJEHHH.
B naspHeiiieM U 3TH SBJECHHS OKaXYTCS CAHIIKOM CJIOXKHBI-
MH U TOTpPedyIT MOAe/]bHBIX MOMXONOB M T. A.— CBOHMCTBA
MaTepHu Heucueprnaembl. B yacTHocTH, yKe cefilyuac MOXKHO
OXKHJAaTh, UTO KBAPKH, €CJIH OHH CYILECTBYIOT, JOJIXKHbI 00Ja-
IaTb CI0XKHOH BHyTpeHHel cTpyKTypo#. Ecin mx B3zaumonei-
CTBHE — «CBEPXCHJIbHOE», TO 3Ta CTPYKTypa Oy1eTr o6ycCao0B-
JIeHa KBapKOBLIMH B3aUMOJIEACTBUAMH; €CJIH Ke KBapKH B3a-
HMOJEHACTBYIOT «IIPOCTO CHJBHO®, TO B HUX CTPYKTypy OYAyT
BXOIUTb ME30HBI U GapHOHHL,

7

Kak BUIHO, XOTS HaIllM 3HAHUST CTPYKTYPHI 3J€MEHTAPHBIX
YaCTHI 32 MOCJEeJHHE OBl ¥ NPOJBUHYJHNCH 1aJEKO BIepel,
OHH, TeM He MeHee, IIO-NPeKHeMY NpPeNCTaBJSIOT coGoi me-
CTPYIO MO3aHKy Pa3/JHYHBIX (HAKTOB, HIEH U NPENNOIOKEHUH,
ele JajeKkyio OT TOTO, 4TOObI CI0XKHTbCS B KaKyIO-TO IeJIO0-
CTHyI0 KapTtuny. Temnepb, mocje Toro, Kak ObLIO H3y4eHO
60JIbIIOe KOMIMYECTBO Mojmenell GyTcrpana W pas/HYHbIX Ba-
puaHToOB pensituBucTcKux o606menunit SU (3)- u SU (6)-
CHMMETPHH, Mbl TOJTbKO HauMHaeM I[10-HACTOSILEMY OCO3Ha-
BaTb, KaKHe OTPOMHbIE TPYAHOCTH NpPEACTOMT HaMm IIpeojo-
JIeTb Ha NyTH NOCTPOEHHS Takoil KapTHHBL. HecoMHeHHO, 4TO
Ha 3TOM NIyTH HaM ellle He pa3s NPHAETCS NepeOCMBICTHTb Y
CYLIeCTBEHHO MOJEPHU3UPOBATh MHOrue (pusnyeckHe u Pu-
JocodCcKHe MOJTOKEHHUs, KaxKyluyuecss cefiyac COBEpIIEHHO He-
3b16JIEMBIMH.
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B. C. Torr, |A. &. Heperypunl

KATETOPHH CHUMMETPHH H ACHMMETPHH
H ®PH3HKA MHKPOMHPA

[ToHsiTHe CHMMETPHH MpOIUJIO NJIUTENbHBII NMyTh CTAHOB-
JIeHHs1 B HayKe. B oOBIIEHHOM XKU3HH CJOBO CUMMETpPHUS YIO-
TpebJsieTcss B ABYX 3HAUEHHUSIX: a) CHMMETPHUYHOe — 3TO Hed-
TO NpONOpLHOHAJBHOE, cOanaHCUPCBaHHOE, crnocob corfa-
COBaHMSI MHOTHX yacTeH, C MOMOIIbI0O KOTOPOTO OHHM 06benH-
HSIOTCsS B Lenoe; 6) cHMMeTpHs — paBHoBecue [l, ctp. 37].
[Ipenmer cuMMeTpHueH, ecliy €ro MOXKHO NOIBEPrHYTb Ka-
Koi-1n60 omepauuy, mMocjae KOTOPOH oH OyaeT BBITVISALETD,
KakK U B Hauale.

B Hayke, B uacTHOCTH B H3HKe, TIOHATHE CHMMETPUHU CBS-
3aHO ¢ NOHATHUSIMU TMOpsiAKa U Gecrnopsiika, NOKOst U IBHXKe-
HUSA, ONHOPOTHOCTH ¥ HEOXHOPOLHOCTH, H30TPOMHOCTH U AHH-
30TPONHOCTH, PABHOMEDHOCTH W HEepPaBHOMEDHOCTH, COXpa-
HeHHUS] U U3MEHEeHHs U T. 1. B coBpemenHoll (pu3uKe peub HieT
fosibllle O CUMMETPHUH ee 3aKOHOB, YeM O CHMMETPHUH Ipen-
METOB.

P. ®eiinmaH cuuraer, UTo CYIIECTBYEeT «DPUTM M TIOBTOPS-
IolIHecsd CTPYKTYDPHl B SIBJ€HHSX NPUPOJIBI, KOTOPbie He BUI-
HBI TIpH NPOCTOM HAOJIONEHHH, HO OTKPBHIBAIOTCS JIMILb aHA-
Jau3oM. Y1 3To Te pUTMBI U CTPYKTYpbI, KOTOPBle MBbl Ha3bIBaEM
(Gu3HyecKMMU 3aKOHaMH... B ocHOBe Bcex 3aKOHOB (PU3HUKH
JlexKaT NPUHIHUIB CHMMETPHH, TECHO CBSi3aHHble C HAJHYHEM
B M3MEHEHHH COXpaHAIOLIUXCS MOMeHTOB» [2, crp. 13]. OH
TaKXe CUMTAET, YTO PHTM H MOBTOPSIIOLINeCs CTPYKTYPHI CBS-
3aHH C CyLIecTBOBaHHEM B NPHPOJE TOXKIECTBEHHOTO.

AHanus CcyLIecTBYIOLIMX ONpeleseHHii CUMMETPHH MOKa-
3bIBaeT, UTO OCHOBOH WX siBJASeTCSl NOHSTHE pPaBeHCTBA, KO-
TOpPO€ TaKxXe IIpeTepleso H3MeHeHHs] B HaNpaBJIeHHH pac-
WHpeHusa cpoero ob6bema. Haubosee obliee MmaTeMaTH4YeCKOe
NOHfATHE DaBeHCTBa CBS3aHO C B3aMMHOOJLHO3HAYHBIM COOT-
BeTCTBHEM MHOXKECTB, T. €. ¢ TEOPETHKO-MHOXKECTBEHHOM K-
BHBAJIEHTHOCTBIO.

OcHoOBHO!Ml MaTeMaTHYeCKHil ammapaTr NPUHIHIA CHMMeET-
puu — teopus rpynn. MIMeHHo mosiHas COBOKYMHOCTb HE3K-
BHUBAJIEeHTHBIX Mex 1y coboll omepauuit cuiMMeTrpuu obpasyer
rpynny. Kak u3BecTHO, HEIKBHBAJEHTHBIE OMNepalMHd HAa3HI-
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BalOTCsl dJeMeHTamMu cHMmerpuu. Kakue 6b1 06beKTHI, Npo-
HeCChl, TEHIEHIIMH HY OBLIM MOABEPTHYTH PACCMOTPEHHIO, MBI
He HafileM TaKHX, Y KOTOPHIX He OBIJIO OBl XOTsi OBl OJLHOTO
3JleMeHTa CHMMETDHH, a 3TO 3HAYHUT, UYTO BCerpga, CpaBHUBAS
IBa 00beKTa, mpoluecca, TeHJeHLHH, Mbl HAlleM, 4TO B YeM-
TO OHM TOXK/JECTBEHHHI.

Ananus paHHBIX €CTeCTBO3HAHHS, MAaTeMAaTHKH, apXHTeK-
TYpbl, HCKyCCTBA M APYrHX obJacrell yesOBeYeCKOro IO3Ha-
HUSI U TpAKTHYeCKOlN NesiTejbHOCTH NOKa3blBaeT, yTo abco-
JIIOTHOM, «4UCTOH» CHMMETPUHU B OOBEKTHBHON HEHCTBUTE/Nb-
HOCTH HeT. AGCTpaKTHAsi CHMMETPHUSI — 3TO HIeaJU3HPOBaH-
HOe OTpakeHHe JeACTBUTEJNbHOCTH.

B nayke, Hapsany ¢ cuMMeTpHel, NOJb3YIOTCS TOHATUAMH
aCHMMeTDPHH, THCCUMMETPHH U aHTHCUMMETPHHU.

ABTOpBI maHHO# paGOTHl cae/alH MONBITKY 0606IHTh YKa-
3aHHble NMOHATHsA YACTHBIX HAYK U NpelJIoXKHAH uiaocod-
CKHe, T. €. pefe/bHO o0llKe, ollpefeseHUss CHMMETPHUH U ee
aHTUINOMA — aCHMMETpPHH.

HenocpencreenHoii Joruueckoit OCHOBOH MJIsi Ompefese-
HUS TOHATHA CHMMETPHH M aCHMMETDHH, HA HAUI B3LJISI, 5B-
JsieTcsl NHaJeKTHYeCKH XapaKTep OTHOLIEHHH MeXAY TOX-
JeCTBOM H pasjiuuMeM, X B3auMojelicTBue, BKIIOUEHNE pas-
JIMYHUSl B TOXKIECTBO, a TOXKaecTBa B padnnune. OCHOBBIBAsICh
Ha 3TOM XapaKTEepPHCTHKe NHANEKTHKH COOTHOLIEHHS MEXIY
TOXKJECTBOM M pa3jHUHeM, a Tak¥Ke MPOAHAJHU3UPOBAB CO-
JIepKaHHe CYIIeCTBYIOILMX TOHSATHH, MOMXKHO NPENJIOKHUTD
Cleflylollle ONpefeNeHUss CHMMETPHH U aCHMMETPHH Kak
HayyHbIX KAaTeropu# Mo3HaHUs.

Cummerpus — 310 Kateropus, o6ogHayarpomias npoiecc cy-
LIeCTBOBAHHUS M CTAHOBJIEHHS TOXIECTBEHHBIX MOMEHTOB B
ONpeae/ieHHbIX YCJAOBHAX H B OMNpeNeJIeHHBIX OTHOLIEHHSX
MeK1Y pAas3JIMYHbIMH M [TPOTHBOIMOJIOKHBIMH COCTOSTHUSIMH
SIBJIEHHUH MHpa.

Acummerpus — 3To KaTeropusi, 0603Hayaonias cyiiecTBo-
BaHye M CTAHOBJIEHHE B OIpeJeJeHHBIX YCJIOBHSIX M OTHO-
HIEHUSIX DAa3/JMYMd M TNPOTHBONOJIOXKHOCTEH BHYTPH €IMH-
CTBA, TOXECTBA, LIEJIOCTHOCTH SIBJIEHUH HeACTBHUTEJbHOCTH.

Bo Bcex pea/ibHBIX §IBJIE€HHSX CHMMETDHSI U aCUMMeETPHS
COYeTamwTcs JPYr ¢ APYroM. DTO HAXOAUT OTPaXKeHHe H B
NoHATHAX HayKH. Tak, B rpynnax npeo6pasoBanuii [anumes
a1 JlopeHlla CUMMETPHYHBI BCE COCTOSIHHS TIOKOSI U paBHOMeED-
HOrO TMPSIMOJIMHEHHOTO JBHMKEHHS, HO ACHMMETPUYHBI COCTO-
STHUS TTOKOSI M YCKOPEHHOTo IBU2KeHUs. 1 Bce jKe B eCTeCTBO-
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3HAHHY ellle CyLIeCTBYeT OJHOCTOPOHHUI NMOAXOM K CHMMeT-
pUHM M acUMMETPHH, KOrJa OHHM paccMaTpHUBAIOTCs BHe aMa-
JICKTUY4ECKOH CBA3M Apyr ¢ apyroM. [laxke kak mepBBIf, U
OTrpaHHYyeHHbIA, MOAX0J K OoTOOpaXkeHHI0 B HayKe SIBJEHHH
NpHPOJbl OH yXKe He MOKeT y[IOBJEeTBOPHTb pacTyllHe 3am-
pOCBl ecTeCTBO3HaHHA, ocoOeHHO (H3UKH MHKPOMHpa, The
HauboJjiee SpKO NposiBaAsieTcds OOLEKTHBHAsS 'IHAJIEKTHKA, Y
Mbl IyMaeM, YTO C IIOMOIIBIO YCTAHOBJIEHHS] CBSI3M CHMMeT-
pHM H acUMMeTDHH MOXHo OyJeT YyClellHee pellaTb oue-
penHble 3aaul COBpeMeHHOl (PH3HKHU.

3amaya HaXOX/IEHHS eMHCTBA CHMMETPHH U aCHMMeTpPHH
B KaKHX-TO SIBJEHHUSX CBOJAUTCH K HaX0XKIEHHIO TaKHUX I'pynn
omepalu#, B KOTOPHIX paCKpbIBaeTCss Kak TOXAECTBO B pas-
JIMUHOM, TaK M Da3/juuHOe B TOXKJAecTBeHHOM. IIpexne uem
Obl1a yCTAHOBJEHAa CHMMeTPHSI IPOTOHOB M HEATPOHOB IO
OTHOLUEHHIO K CH/JbHBIM B3aHUMOJEHCTBHAM, OBUIO yCTaHOB-
JIeHO pa3/nuve MeXIy HHMH, HX OIpefeseHHasi acHMMeT-
PHYHOCTb IO OTHOLUEHHIO K 3JeKTPOMArHUTHBIM B3aUMOeH-
cTBUAM. HacTullel ¥ @HTHYACTHLUB aCHMMETPHUYHBI NOTOMY,
YTO B NPOTHBOMOJIOXKHOCTH MEXAYy HUMH HMEIOTCSl TOXKIeCT-
BEHHbIe MOMEHTHI, B CHJIY UY€ro OHHU H SBJSIOTCS 3€pKaJbHBIMH
OTPaKeHHsMU APYT Jpyra. Tak uTo eIHHCTBO CHMMETDHH H
aCHMMeTPHH 3aKJ/I4aeTcs U B TOM, UTO OHH IIPeIIeCcTBYIOT
OlHAa ApPyroi, 4To HauboJsee SPKO NPOSABJISETCS B PAa3BUTHH
Hallero IO3HAHHS. YXKe HEMOCpeNCTBEHHO M3 onpeeseHHH
CUMMETPHH H aCHMMeTPHH BHIHO, YTO OHHM OCHOBAHHI Ha Ta-
KHX BCeoOIIMX KaTeropusix, Kak TOXKAeCTBO, pasJ/uuHe, H3-
MeHeHHe, CTAHOBJIEHHE, T. €. Ha KaTeropusx, UMemmux oGec-
CIOpHO BceoOliee 3HauenHe. B cBow ouepenp KaTeropuu
CUMMETpPHH U aCHMMETDHM HMeEIOT CYILecTBeHHOe 3HaueHHe
IJIST XapaKTePUCTHKH IPYrUX BCeoOLIMX KaTeropuid Hallero
MO3HAHMsl, HANIpHMep TaKoH KaTeropuH, Kak 3aKoH,

Kaxnablii 3aKOH HayKu BBIpaKaer KaKylo-TO OXHOPO.I-
HOCTb, TOX[ECTREHHOCTb, NPUCYINYI0 Pa3JHYHbIM SIBJIEHHAM
U WX B3aUMOJEHCTBHSIM, ‘a TOXKIECTBEHHOe, WJIEHTHYHOE B
pas/IMYHOM H NPOTHBONOJIOXKHOM U ecTb cuMMerpus. Ho He
MeHee BaXXHO NpPHMEHEHHe K KaTeropuM 3aKoHa ¥ KaTeropuH
aCHMMeTpPHH. 3aKOHbI JeHCTBUTENbHOCTH B CBOEM COLepIKa-
HHMH, a TakKXe B CBOHX CBA3AX APYr C APYroM H yCJOBUSAMHU
CBOero MAeHCTBHS MMEIOT He TOJbKO Te HJH HHble (GOpMBI
CUMMETPHH, HO U aCHMMETDHH.

Tak, 3akonbl MexaHUKH HpioTOHa acHMMeTPHYHBI 1O OT-
HOUIEHHIO K Tpynne npeo6paszoBaHuii JlopeHua. 3akoH BO3-
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pacTaHHsl 3HTPONHM SIBHO aCHMMETPHUYEH IO OTHOLICHHIO K
nepexonam pa3/HYHbIX BHAOB 3HEPTHH APYr B JApyra H yc-
TaHABJMBAeT, KaK H3BECTHO, MPEHMYLIECTBEHHYIO TeHIeH-
LHIO TpeBpalleHHsl BceX BHI0B dHEPTHH B TelJIOBYIO. AcHM-
METPHS — CTOJIb Ke CYIIecTBEHHBbI MOMEHT 3aKOHOB, KaK H
cummerpusa. «He O6ymer GoJabmiuM npeyBefqdyeHHeM CKa-
3aTh,— nuuret $. A. CMopomMHCKHil,—uTo Haunbojee HHTe-
pecHble pe3y/abTaThl JOCTHrajguch B (PH3MKe HMEHHO TOIA,
KOTZla  BBISICHAJHMCH 3aKOHH  HapylleHHs  CHMMeTpHH
[3, crp. 3]

Hanuuye acuMMeTpuu B COREpIKAHMM 3aKOHOB He yHH-
YTOXKAeT B MX COAEPXKAHHH H CYIIECTBOBAHHA CHMMETPHH;
OHa, KaK | CHMMETpHs, sIBJseTCS OCHOBOH CBSI3H MEXIY 3a-
KoHaMH. JleliCTBHTeNbHO, HANpUMep $SIBHAS acCHMMeETpPHU-
HOCTb COJEepPXKaHHS 3aKOHA BO3PACTAHHUS SHTPONHH CJYKHT
OCHOBOJ, Ha KOTOPOH PacCKPBIBAIOTCH CBSI3W 3TOTO 3aKOHA ¢
3aKOHOM COXPaHEHHS M IIpeBpallleHHs 3HeprHH, UTO BhIpa-
’KaeTcs yepe3 CyLIECTBOBAHHE TAKUX (H3UUECKHUX BEJIHUMH,
KaK TepMOJMHAMHyeckHe NoTeHuuanbl. 3pectHo, uto 3a-
KOHBI COXPaHeHHSl 3HepPTHH W HMIyJbca comepxKaT B cebe
B3aHMHYIO aCHMMETPHIO: SHePTHs — CKaJIsip, HMIYJIbC — BeK-
TOp, HO MeXJY HHMH CyLIecTByeT InyboKasi CBsI3b, pacKpHhl-
Tas peJaATHBHCTCKOH Teopueil. CBS3b MeXIy 3aKoHaMH
OCHOBBIBA€TCSl KakK Ha CYWIECTBOBAHHM B HX COJMEPKaHUH
CHMMETPHH, TaK H aCHMMETPHH, KOTopas, OYeBHIHO, BbIpa-
kaeT GoJsiee ryyOOKHe CTOPOHBI 3TOH CBS3H.

W3 Bcex 3aKoHOB (H3HMKH HauboJsiee CYIECTBEHHOE 3Ha-
YyeHHe [JIs ee pPa3BHUTHA HMeEIOT 3aKOHBl coxpaHenus [4] u
HX CBSI3b ¢ CHMMeTpHell u acumMerpHell. Ho nmpexie Bcero
HaJ0 CHCTeMaTH3HPOBaTb MHOroo6pasiie CUMMETDHH U acHUM-
MeTpHH.

B nacrosiiee BpeMsi MOXHO JaTh CJA€IYIOLLYIO KJacCHH-
KalMIO PAa3JUYHbIX BHJOB CHMMETPHH M aCUMMETPHH, BCTpe-
YyapmUxcsa B (pU3MUKe.

B ¢usuke oOLenpuHATO BEIAEAATD JBe CleAYIomue GopMbl
CUMMETPUH M aCHMMETDHH: T'eOMEeTPHUYECKyl0 H JHHAMHYe-
ckywo. K num E. Burnep no6asnsier B KayecTBe TpeTbeil ¢op-
Mbl ellle CHMMETPHIO INepeKpPecTHhIX OTHOLIEHHH (KpOc-CHM-
merpuio) [5, crp. 727—737]. 31ece oroBopuMcs, 4To B (-
3UKe KJacCHGUUUPYIOT TOJNBKO BBl CHMMETDHH, a BHIBI
aCHMMETpPHH OCTaBJAIOT B cTopoHe. Kak Oyner moxasaHo
HUXKe, K1accuduKaluus BHIOB CHMMETPHH SBJSETCS KJacCH-
duKauueil ¥ BHIOB aCHMMETDHH.
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CuMMeTpHH, BbIpaXKalouiye CBOACTBA MPOCTPAHCTBA U Bpe-
MEHH, OTHOCAT K reoMeTpuyeckoil dopme cummeTpuu. IIpu-
MepaMH TeOMEeTPHYECKHX CHMMETPHH SBJSIOTCH: OJHOPOA-
HOCTb MPOCTPAHCTBA M BpPeMeHH, H30TPONHOCTL MPOCTPAHCT-
Ba, TIPOCTPAHCTBEHHAsl YEeTHOCTb, SKBHBAJEHTHOCTb MHEPIHU-
aJbHBIX CHCTEM OTCYeTa.

CuMMeTpHH, HENOCPEACTBEHHO He CBSI3aHHblEe CO CBOWCT-
BaMH INPOCTPAHCTBAa W BPeMEHH M BhIpaXkaiolllMe CBOHCTBA
¢M3nYecKHX B3aUMOMEHCTBHH, OTHOCAT K [IHHAMHUeCKOH
tdopme cummerpuu. IlpuMepaMH QUHAMHYECKHX CHMMeTpHH
ABJSIOTCS CHMMETPHUH 3JIeKTpHUecKoro 3apsija, CIvMHa, H30-
TONNYECKOTO CIIMHA, CTPAHHOCTH H T. L.

Boofuie roBops, K OHHAMHYECKHM CHMMETPHSM OTHOCAT
CHMMEeTPHH BHYTPEHHHX CBONCTB 00BEKTOB U mpolueccoB. Tak
4TO reoMeTpHuecKHe W JHHAMHYECKHe CHMMETDPHH MOXKHO
paccMaTpUBaTh KaK BHeILIHHe M BHYTDeHHHe CHMMETpHH.

Yxe 6bLI0 CKa3aHo, YTO (DOPMBl CHMMETPHH OJHOBpEMEH-
HO sIBJAsOTCA M opMaMu acuMMeTpud. [leficTBUTENBHO, BCE
H3BeCTHbIE BHI 6l aCHMMETPHH MOXKHO OTHECTH HJIM K TeOMeT-
pPUYECKHM, MK K TUHAMUYECKHM aCUMMETPUSM. ACHMMeTpHH
CBOMCTB NPOCTPAHCTBA M BpPeMeHH OTHOCATCS K TeoMeTpH-
YecKHM, a aCUMMeTpHH CBOHCTB B3aMMOLEHCTBHs, MPHUYMH-
HOCTH ¥ Pa3BUTHS — K AMHAMHUECKHM.

Takue acuMmmeTpuy, HallpUMep, KaK HEOJAHOPOJLHOCTb HpO-
CTpaHCTBa M BPEMEHH M AHHU30TPONHOCTH MPOCTpAaHCTBA,—
reoMeTpHUeCKHe aCHMMETPHH, a Pa3jIHuHe MeXIy IpPOTOHa-
MH ¥ HEHTPOHAMH B 3/JEKTPOMArHUTHBIX B3aHMOJAEHCTBHSX,
pas3/Muus MeXAYy YacCTHUaMHM W aHTHYACTHILAMH MO 3JIEKT-
puueckoMy, OGapHOHHOMY, JIEITOHHOMY 3apsizaM H T. A.—
IHHaMHYeCKHe aCHMMeTPHH.

BMecre ¢ BOIpoCcOM O CYHIeCTBOBAHHHM FeOMETPHUECKHX H
JUHAMUYECKHX (opM CUMMETPHH U aCHMMETPHH CTOHUT BOII-
poc 0 B3aHMHOH CBA3HM M 00YyCJI0BJIEHHOCTH 3THX dhopM. I1pu-
yeM MNOCHAEIHHH BONDPOC SIBJSIETCS OTHUM W3 LEHTPAJbHBIX
BONIPOCOB COBpPEMeHHOH TeoperuueckKoi ¢uankd. Ha Haw
B3IJIs1J, KaK HepasJe/bHbl JPYT OT Apyra CUMMeTpPHUS ¥ aCHUM.-
MeTpusl, TaK HepasjeJbHB W yKa3aHHBe UX (opMH. B 006-
IeM MJIaHe B3aUMOCBS3b 3THX (DOPM BBITEKAeT M3 eIHHCTBA
TaKux aTpHOYTOB MaTepHH, KaK MPOCTPAHCTRO, BPeMs H ABH-
xkenue. YKecTkoe npoTHBonocraBieHue 3THX GOpPM NPHHUH-
MUaJbHO HeJOIyCTHMO.

B camom mene, paccmaTpuBasi, HanpuMep, Takyl0 «THIIHY-
HYIO» T@OMETEHUYECKYI0O CHMMeTDPHIO, KaK OJHOPOJHOCTh TpO-
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CTPAHCTBA, MOXHO 3aMETHUTh, UTO B €€ ONpeleeHHH B CKPHI-
TOM BH[E COAEpKaTcs AMHAMHUUECKHEe XapaKTepHCTHKH. Benb
CYTb 3TOH CHMMETPHH B TOM, YTO B NPOCTPAHCTBEHHBIX Iie-
peMelleHUsIX NIPU ONpeleNeHHEX PH3HYECKHX YCMOBHSX, IPH
cnabplx, HampuMep, MOJSX TSTOTEHUsI MOBefeHHe Ted He
3aBHCHT OT 3aHMMAaeMOIO0 HMH MeCTa B NPOCTPAHCTBE, UTO H
BbIPaXKaeTcsi B HE3aBHCHMMOCTH NPUCYLIEr0 UM HMNyJbca OT
MX NpeOGbIBAHUS B TeX HJH JPYTHX TOUYKAX MPOCTPAHCTBA.
Bes yuera egnHcTBa MpoCTpaHCTBA U JABHKEHHSI MATEPUH TO-
BODHTb O KaKHX-AHOO CBOHCTBAX CHMMETDHUH HJH aCHMMeT-
pHH IpocCTpaHcTBa mnpocto OGeccMbicieHHo. B abcomoTHO
IIyCTOM TPOCTPAHCTBe ‘HeT HU OLHOPOJHOCTH, HH Pa3HOpPOX-
HocTH. B Hem BooOlIe HUUero HeT, H O HeM HHUEro CcKas3aTb
Hesb3sl. Hu OHY reOMeTpHYeCKyi0 CHMMETDHUIO Hesb3si OTpe-
JenuTh 6Ge3 NpHBJeuUeHHS, NMPSMOTO HJH OIOCPELOBAaHHOTO,
JHMHAMHYeCcKHX mapameTpoB. Jlaxe onpeneneHue Takoi Hpo-
CTOH TeOMeTPHYECKOH CUMMETDHH, KaK CHMMETPHsS ABYX TO-
YyeK [0 OTHOLIEHHIO K KaKOH-TO NpPSIMOH, BKJuaer B e
BO3MOXHOCTb UX COBMeEIIeHUS, T. €. ONpeNeJeHHOro XBHKe-
HHs. DBe3 mBuXKeHHs M BHe [BHUIJKEHHSI He CYIIECTBYeT HH
OJHO! TeoMeTpHUYecKo#l CHMMETpPHH.

B cBolo ouepenp JHHaMHUeCKHe CHMMETPHUH CBSI3aHBI CO
CBOMCTBAMH NPOCTPAHCTBA M BpPEeMeHH, UTO BhIpaxaercs ye-
pes BO3MOXKHOCTb HX reoMeTpPUYecKoll MHTepnperamuu. Ha-
npuMep, Takass AMHAMHUYeCKasi CHMMETPHs, KaK CHMMETPHUs
M30TONMYECKOrO CIIMHA, TeOMEeTPHYECKH HHTEepIpeTHpyeTcs
Ipy NOMOIUM TaKOro MNpOCTPaHCTBA MpeAcTaBJeHHH, Kak
NPOCTPAHCTBO H30TONHMYECKOTO CIHMHA, B KOTOPOM MOBOPOT-
Ha 180° He3aBHCHMO OT HampaBJ/ieHHs MOBOPOTA, MpeBpala-
€T NPOTOH B HEHTPOH, a HEATPOH B NpPOTOH. Bo3MokKHOCTB
TaKOH MHTepHpeTauly CHMMETPHH H3OTONMHYECKOro CITHHA,
T. €. TOXJIECTBEHHOCTH NPOTOHOB U HEHTPOHOB M0 OTHOILEHHIO
K CHJIbHBIM B3aHMOJEHCTBHAM, NO3BOJISIET NPEANOJAraTh, 4To
3Ta CHMMETDHsI CBSI3aHa C OIpeNe/NeHHBIMU MPOCTPaHCTBEH-
HBIMH popmaMHu. B 06s1acTH CHIbHBIX B3aHMOAEHCTBHH npo-
CTPAHCTBO BBICTYNAeT C pPAAOM crelndUUecKUx CBOHCTB, KO-
TOpblE OTPa)KeHbl B MOHATHH NPOCTPAHCTBA H30TONHYECKOTO
cnuHa. K ckazaHHOMy MOXHO n06aBHUTb, 4TO TaKHe, Ha-
npUMep, CHMMETPHH, KAK CHMMEeTPHH IPOCTPAHCTBA — BpeMe-
Hu Pumana (reomerpuueckHe CUMMETDPHH), BHAMMO, UMEIOT
JHHaMHUEeCKYyI0 OCHOBY, UTO NMO3BOJISIET HEKOTOPHIM GH3HKaM
(E. BurHep) cudTaTb HX AHHAMHYECKHUMH CHMMETPHSIMH
[5, cTp. 727—737]. Tak, oka3biBaeTcsi BO3MOKHBIM JlaxKe
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CHMMETpPHH, OTHOCALINECS K NPOCTPAHCTBY U BPEMEHH, pac-
CMaTpUBaThb Kak JAHHAMHUYECKHE CHMMETPHH.

Taxum o6pasom, n0bas reoMeTpHyecKass CHMMETPHS CBsI-
3aHa C ABHXXEHHeM H B3aHMOJAelCTBHEM MaTepHaNbHBIX 00b-
€KTOB, a Ji00as JuHaMHyecKast CUMMETPHS — CO CBOHCTBAMHU
IPOCTPAHCTBA W BPEMEHH.

OueBuaHO, 4TO Hepa3pblBHAS CBSI3b CYLIECTBYET U MEXIY
reOMeTPHYeCKUMH ¥ JAMHAMHYECKHMH (opMaMU acHUMMeT-
puH. DTy CBSI3b MOXKHO 1OKAa3aTb HA TAKOM NDUMEpE: acHM-
MEeTPHYHOCTb MPOCTPAHCTBA — EpeMeHH PumaHa ectb cien-
CTBYe HAJMYHsI CHJIbHBIX IOJIEH TATOTEHHS WJIH, paBHONpPAB-
HO, 6OJIBIIUX Macc MaTepHuH.

OcHoBOll B3aMMOCBSI3H TEOMETPHUECKHX M TMHAMHYECKHX
¢opM acuMmerpuu, TaKk Ke KaK M CUMMETPHH, SABJSETCH
€IMHCTBO MPOCTPAHCTBA, BPEMEHH U [IBHXKEHHS MAaTEepHH.

ITpusHaBasi eIMHCTBO CHUMMETPHM M AaCHMMETDHUH H HX
reOMEeTpPHYECKHX M AUHAMHUecKuX ¢(opMm, Heo6XOAHMO BO-
IpOC O B3aHMOOTHOLIEHUH 3aKOHOB COXPAHEHHS U CHUMMeT-
pHM CTaBHTb 3HAUMTEJbHO IIHMpe, YeM OH OOBLIYHO CTaBHT-
ca. Ho, npexae ueM M3/J0XKHTb HauGoJliee IIMPOKYIO MOCTa-
HOBKy 3TOrO BOIpOCAa Ha OCHOBe eJIMHCTBA CHMMETPHH H
aCHMMETPHH M HX TFeOMeTNDHYeCKOH U JHHaAMHYeCKoH DopM,
pPacCMOTDHM BONPOC O COOTHOLIEHHH IOHATHA HHBApHaHT-
HOCTH M COXpaHeHHsi (usuueckux BeauuuH. OueHp yacTo
9TH TOHSATHS OTOXJECTBJSAIOTCS, K TOMy e 6e3 40CTaToy-
HbIX ocHOBaHMi. HamoMmHuM, 4TO 1OA HHBaPHAHTHOCTHIO
[IOHUMAIOT CBOHMCTBO HEH3MEHHOCTH DH3HUYECKHX BeJHUHH
N0 OTHOIUEHHIO K HEKOTODOH COBOKYNHOCTH H3MeHeHU# Pu-
3uyeckux ycaosuil. [Ton coxpaHenuem ke pU3MUECKUX BeJIH-
YMH TOHHMAIOT MX NpeBpallleEHsi, 5KBHBaJEHTHbE B KOJH-
YeCTBEHHBIX OTHOLIeHHsX. CoXxpaHsiollyuecs BeJHYHHBL HMe-
IOT MOMEHTBl MHBapHaHTHOCTH, HO, KaK BUIHO, HE CBOASTCSA
K HuM. ['0BOpsi O cOXpaHSIOILHXCSl BeJIMYHHAX B (HU3HKe,
BaXXHO MMETb B BHIY, UTO OHH He CYLIECTBYIOT BHe IIPOLEC-
COB NpeBpalleHHs U B3aUMOAeACTBUS HU3NUECKUX OODBEKTOB.

[TonATHS MHBAPHAHTHOCTH M COXPaHEHHS — POJACTBEHHBHIE,
HO He HAeHTHuHBle. Kaxmoli coxpaHsoulelics BeJHUHHE
COOTBETCTBYET ONpeJeseHHbIH 3aKOH COXpaHeHHs, Wero He
cKaxellp O BeJHYHHAX MHBApUAHTHLIX. VIHBADHAHTHBIMU 110
OTHOILEHMIO K npeobpasoBanusiM JlopeHua 4BJAIOTCA, Ha-
npHMep, CAeAylollMe BEeJHUHMHBI: 00BLEM MOKOSLLerocs TeJaa,
macca moxosi, nmocrosiHHass BoJibiMaHa, SHTpOMHUs, OTHOIIe-
HHMe 3HepTUHM K 4yacToTe MAJs Lyra BOJH, ABMXKYLIETocs cO
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ckopocTbio cBeTa. Hu ofHON W3 3THX MHBapHaHTHLIX BeJsH-
YHH He COOTBETCTBYET 3aKOH COXpPaHeHHS.

Bosee Toro, Takas uHBapuaHTHas BeJHYHHA, KaK Macca
OKOsl, ecCTb HecoXpaHswollasca BeanunHa. CoxpaHsercs,
KaK M3BecTHO, obuiasi Macca, HO He Macca NOKOA.

M3 ckasanHoro cieigyer, 4To COLepXKaHHe TJIPUHIIUIIOB
HHBAapHUAHTHOCTH U COJepXKaHHe 3aKOHOB COXPaHEHHUs TOJI-
HOCTBIO He COBNAaJaloT.

Iajee oTMeTHM, 4YTO HeJb3sl YCTAaHABJHBAaTb OJHO3HAU-
HYIO CBfI3b MEeXIY ONpeJeseHHbIMH BHJAMH CHMMETDPHH H
onpeJeJeHHBIMH 3aKOHAMH coXpaHeHHus. Tak, He/lb3s 3aKOH
COXpaHeHHs 3HepPTrHM OJHO3HAYHO CEA3b:BaTh C TAaKOH CHM-
MeTpHeH, KaK OJHOPOJHOCTb BPeMeHH, a 3aKOH COXPaHeHHs
HUMIyJIbCa — C ONHOPOXHOCTbIO npocTpaHcTBa. CyliecTBeH-
Hasl CBA3b MeXJy Ha3BAHHBIMH CHUMMETDPHSIMH U 3aKOHaMH
COXpaHeHHs!, KOHEYHO, eCTb, HO ee HeJb3sl CYHTaTb OJHO-
3HA4YHOH M XKeCTKOH B TOM CMbICJ/e, UTO JaHHbIe CUMMETPHH
ONpeJeNsloT Bce COJepKaHHe NaHHbIX 3aKOHOB COXDaHeHUS.
B comep:kaHune Kaxaoro 3akoHa COXpaHEHHUs] BXOIUT Ta HJIU
MHasi CHMMeTpHs, HO, IOMHMO CHMMETPUHU, B €r0 COAEpKa-
HHe BXOJAMT H onpellejieHHass acHMMeTpus. B 3akoH coxpa-
HeHHS M NpeBpalleHHsl 3HepPTHH, N0 KpalHel Mepe B YCJIO-
BUSX H3BeCTHOH HaM o06slacTM MHpa, BXOIUT acHUMMeTpHSI
NPSAMBIX H ONOCPEJOBAaHHBIX CMOCOGOB NpeBpallleHHS 3Hep-
T'HH, KOTOpas 3aKJwyaeTcs B TOM, 4TO ONOGPENOBaHHbIE CIIO-
co6Bl NpeBpallleHuli yepe3 TenJoTy npeobjafaioT Haj Nps-
MBIMH ClIOCOOaMH MpeBpalleHusl JI000H (OPMEI SHEPTHU B
JI06y10 LpYyTyIo ee GopMy.

3akoH coXpaHeHHS MUMIYyJbca B pOpMe KjIacCHUeCKOH Me-
XaHMKM aCHMMeTpHYeH II0 OTHOIIEeHHIO K NpecOpa3oBaHUsIM
Jlopenua. ACHMMeTPHYHOCTb, NIPUCYILAST 3TOMY 3aKOHY, BbI-
paxaeTcs ¥ B TOM, UYTO IpH y4yeTe KOHEUHOH CKODOCTH Ie-
pelauyd B3aMMOLEHCTBUS DaBEHCTBO HEeHCTBUS M INPOTHBO-
peicTBusi Hapywaerca. [y6okoe wu3yueHue 3aKOHOB CO-
XpaHeHHsi TpeOyeT pAacKpHITUSI B MX COAEpPXKAaHHM KakK
MOMEHTOB CHMMETPHH, TaK U aCUMMETPUH. YKe M3 CKa3aH-
HOTO CJIeAYeT, 4TO IOMBITKH BBIBECTH 3aKOHBI COXpPaHeHHS
10JIbKO U3 OnpejeseHHbIX (OPM CHMMeTpPUH (3aKOH coXpa-
HeHMsI 3SHepTHH — U3 OZHOPOJHOCTH BDPeMeHH, 3aKOH Coxpa-
HEHMS MMIyJbca — U3 OXHOPOJHOCTH NPOCTPAHCTBA) BO3-
MOXHBI TOJBKO IIPH YCJIOBHH OAHOCTOPOHHEH TPAaKTOBKH
3THX 3aKOHOB, II03TOMY OHM He MOTYT OHITb BIOJHE KOp-
PEKTHBIMH.
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UsBectnass TeopemMa 3. Herep, coGcTBeHHO TOBOpsi, He
BBIBOJUT, HanmpuMmep, 3aKOH COXpaHEHHs 3HePTHH U3 OIHO-
POLHOCTH BpEMEHH, a pAacKpbeIBaeT CBf3b HEKOTODHIX €ro
Jbopm ¢ naHHOK POpMON CHMMETPHUH BPEMEHH, UTO, KOHEUHO,
uMeeT 60JIbLIOE 3HAUYEHHe.

B npuHuune e BbiBeIeHHe BCEX CTOPOH 3aKOHOB cOXpa-
HeHHsA U3 OpPM CHUMMETPHH, B OCOOCHHOCTH TOJbKO M3 Teo-
MeTPHUEeCKHX, HEBO3MOXKHO. 32KOHbl COXpaHEHHWsS CBSI3aHbI
He TOJIbKO C TeoMeTpHYeCKUMHU CHMMETPUSIMH, HO U C HHHa-
MHYeCKMMH. IDTa CBfI3b, HampuMep, SICHO BLICTyNaeT B 3a-
KOHe COXpaHEeHHsl NOJIHOTO MOMEHTA HMIYJbCa 3JEKTPOHOB
B aTOMaX, OTHOCSILIErocst K HX CIHHOBBIM Y CIIHH-OPGHTA/b-
HbIM B3aMMOJeHCTBUSM. B mocienHHX, KaK M3BECTHO, BHYT-
peHHHe CTeneHH CBOGOJIB! 3/J€KTPOHOB, a 3HAUMT, U AHHAMH-
YecKHe CHMMETDHH CBSI3aHBI C UX ABHXKEHHEM B MIPOCTPAHCT-
Be, a CJeI0BaTeJ]bHO, U C FeOMeTPUYeCKUMH CHMMETDHSIMH.

Hano mymats, uto /q1060# 3aKOH COXpaHeHUs] MMeeT LJy-
6OKyI0 CBsI3b C OMpele/eHHbIMH IeOMETDHYECKHMM M IHHA-
MHYECKHMH CHMMETPUSIMH M acuMMeTpusimu. OmHako 3Ty
CBSI3b HeJAb3sl Pa3oyBaTb M CBOAUThH BCE COLEpKaHHE 3aKO-
HOB COXpPaHeHHs K OIpeJeselHbM BHIaM CHMMETPUH U
acUMMeTpHH. 3aKOHaM COXpaHeHHss MOXKHO CONOCTaBUTb He
TOJNBKO OINpeJfeNeHHble BHIbl CHMMETPUH M aCHMMETpHUH,
HO W omnpejeJieHHble Mol U UX cBsa3u. [IpaBma, 3TOT MyTh
H3yuYeHHsl 3aKOHOB COXPaHeHHs ellle He NOJNYYHJ LIMPOKOTO
NpHMeHeHHs, HO MOMBITKY UATH MO 3TOMY NYTH y2Ke CYIIecT-
BYIOT, HamnpuMep, B TeOpHH KoMmeHcupyroouux noseir [6,
crp. 58]

B sroil Teopum ¢ 3aKOHOM COXpaHeHHs 3apsiga — TOKa
COMOCTABJIIETC BEKTOPHOe 3JjieKTpoMarHutHoe mnose. Co-
OTBETCTBYIOILMe BEKTOpPHBIE IIOJIS COMOCTABJSAIOTCS C 3aKO-
HaMH COXpaHeHHMs M30TONHYECKOTO CNHHA, OapHOHHOTO
yhcsaa, CTpaHHOCTH M T. A. Maes atoro comocraBrieHHs 3a-
KJI0YaeTcsl B PACKPBITUH BHYTPEHHHX CBSi3ell onmpeneseHHbIX
3aKOHOB COXDaHEHHsl CO CTPYKTYpOi ONpe/le/eHHBIX MOJeH.
A Tak Kak Bce NOJSI B3aMMOCBSI3aHbI, TO TOJIKHBL ObITh
B3aHMOCBSI3aHbl U 3aKOHBl COXpaHeHUs. VIHTepecHble MBICIH
0 B3aMMOCBSI3H TaKMX 3aKOHOB COXDaHEeHHs, KaK 3aKOH CO-
XpaHeHHs 3Hepruu M 3aKOH COXpaHeHHs GApPHOHHOTO UMCIa,
BhickaswBaer [x. Cakypau. Ilpuuem OH BHIIONHEHHE Of-
HOTO H3 3THX 3aKOHOB CTaBHT B 3aBHCHMOCTb OT BbIIIOJIHE-
Hus apyroro. Ho Kakoil Gul xapakTep HH UMeJH CB3d MeX-
[Ny 3aKOHaMH COXDaHeHHUsl, OUEBHIHO, pPAaCKpLITHE 3TUX
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cBsI3eli mpuBefeT K GoJsiee I1y6OKOMY 3HaHHIO Kak COXep-
J)KaHWs, TaK U GOpPM TPOSIBJEHHS] 3THX 3aKOHOB.

Ilns uayueHHs CBsI3W MeXAY 3aKOHaMH COXpaHeHHS G0Jb-
1moe 3HaueHHe, KOHEYHO, HMeeT H3yueHHe CBSI3H MEXIY
pPa3/JHYHBIMH TUMAMH B3aHMOJEHCTBHS, B YaCTHOCTH TaKOTO
BHUJA 3TOH CBfI3H, KaK IpPOSBJEHHE B ONpeHeseHHBIX YCJI0-
BUSIX BHYTPH B3aHMOJAEHCTBHUS OJHOTO THIA B3aUMOAEHCTBUSA
JIpyroro THma.

B Hacrosiiee BpeMsi M3BECTIIO, YTO B 3JeKTPOMACHUTHBIX
B3auMoJeHCTBUsAX Ha paccrosiHusix B 1015 cm cyiecTsen-
HYIO POJIb HaUHHAET UrpaTh NMHOHHBIH BaKyyM, T. €. HauHHa-
IOT NPOAABJATLCS XapaKTepHble uepThl CHJIBbHBIX B3aNMOJeH-
cTBuH. Buanumo, nposiBjeHve OJHUX THIOB B3aMMOXEeHCTBUS
B J[PYTUX THNAX B3aUMOMEHCTBHs SABJsETCs 00llell 3aKOHO-
MepHOCTbIO MHKpoMHpa. M3yueHue B3aHMONPOHHKHOBEHH:A
pasJMYHBIX THLOB B3aMMOIEHCTBHS BO MHOTOM Oynmer ono-
co6CTBOBATb M3YUEHHI0 B3aMMOCBA3eH MeXIy 3aKOHaMH CO-
xpaHeHus. Tax, #3yueHyue B3aHMOCBSI3H CHJIbHBIX H 3JIEKTPO-
MAarTHUTHBIX B3aHUMOJEHCTBUH HAaCT, BUIHMO, BO3MOXKHOCTb
pPacKpLITh HEKOTOphle CBSI3M MeXAYy 3aKOHaMH COXpaHeHHs
3JeKTpHUeCKOTO 3apsifa u 6GapuOHHOro uucaa. bouabmue
BO3MOXKHOCTH B TJIaHE DPaCKpBITHSI B3aWMOCBSI3ell 3aKOHOB
COXpaHeHHs] COAepKaT HeoOXoZMMble cefiuac COOTHOILIEHHSA
MeXJAY TAaKHMH COXDaHSIOIIMMHUCS BeJIUUHHAMH, KaK 3JIEKT-
pHUECKUH 3apsl, M30TONMUYECKUH CIUH U runepsapsan. U3y-
YeHHe B3aHMOCBSI3eH 3aKOHOB COXPaHEHHs, eCTeCTBEHHO,
HaTaJKuBaeT Ha GoJsiee OGLIHH BONPOC: HE HMEIOT JIH 3aKOHbLI
COoXpaHeHUs KaKylo-To oburyro ocHoBy? He cyuiectByer Jin
TaKOH NMPHUHLHKI, U3 KOTOPOTO MOXKHO OBLTIO OBl BBIBECTH BCe
HbIHE H3BeCTHble 3aKOHBI COXPaHEHHUS?

Heo6xonnMocTb M3yueHHs] 3aKOHOB COXDaHEHHUs1 B CBeTe
KaKHX-TO OOLIMX NMPHHLHUIOB HU Y KOTO B HAcTOSIILee BPEMs
‘COMHEHHNH He Bbi3biBaeT. MlHaue roBops, CyllecTBYeT 3ajada
HapsAy C ONBITHBIM AAaThb M TeopeTHYecKoe 0GOCHOBaHHE 3a-
KOHOB COXpaHeHHs. DTa 3ajaua OTHIO[b He CBOAMTCHA K Ha-
XOXAEHHIO TaKoro o6llero MPHHIMNA, U3 KOTOPOTG MOXKHO
6bl710 661 MaTeMaTHUYeCKH BLIBECTH 3aKOHBI coXxpaHeHusi. Ma-
TeMaTHyecKoe BhHIBeJeHHe M3 KaKoro-To OOGUIero NpPHHIHTA
3aKOHOB COXpaHEHHs] OpaHHUYEHO MO CBOUM BO3MOKHOCTAM,
OHO MOXKeT ClleJ1aTh SIBHBIM TOJIBKO TO, YTO B CKPBITOM BHJIE
CyllecTBYeT B maHHOM npunuune. Ho Bce MHOroo6pasHble
CTOPOHBl BCEX 33aKOHOB COXPaHEHMs >KeCTKO CBSi3aTb C Ka-
KHM-TO OJHUM }H3HUECKUM NPHUHIUIOM BPSA JH BO3MOXKHO,
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[TomeITKH BBIBECTH BCEe 3aKOHBI COXPaHEHHS M3 COOTBETCT-
BYIOIIUX FeOMEeTPHUECKHX CHMMeTpPHUH HbIHe OCTaBJI€Hbl, Tax
KaK OKasaJoch, YyTO ©GoJ/bplias I'pynla 3aKOHOB COXPaHEHHs
(6apuoHHOTO 4HcJ/a, JENTOHHOTO YHCJa, CTPAaHHOCTH H Jp.)
NpsAMOIl CBSI3H C TeOMETPHUUECKHMMH CHMMETDHSIMH He HMeeT.
Ho u mnsa Tex 3aKOHOB coXpaHeHHs, KOTOpPbIe NMpPSIMO CBs3a-
HBl € T€OMETPHYECKUMH CHMMETPUAMHU (3aKOHBI COXpaHEeHHs
SHEpTHH, UMIYJbCa U T. I.), BHIBOA BCeX UX CTOPOH H3 JaH-
HBIX CHMMeTDHH TaKXXe OKa3blBaeTcsi KeBO3MOXKHEIM. U3 Ta-
KOHl, HanmpuMep, TreOMeTpUYeCKOH CHMMETPHH, KakK ONHO-
POXHOCTP INPOCTPAHCTBA, MOXKHO BBIBECTH TOJNbKO OIHY
CTOPOHY 3aKOHA COXpaHeHHUS] UMIY/bCa, a UMEHHO, UTO HM-
NyJbC TeJa He '3aBUCHUT OT MecTa, 3aHHMaeMOro TeJOM B
npocrpaHcTBe. Jlpyrue e CTOpOHBI 3TOIO 3aKOHa, KaK-TO:
B3aHMOCBSI3b MEXaHHYECKOI0 U 3/MeKTPOMAarHUTHOTO UMIYJb-
ca, B3aMMCCBS3b MMIIYJbCa C dHeprueil U T. A.— U3 JaHHOH
reoMeTpHYecKoil cUMMeTpuu He BbIBoAATCcA. CaM NpHHIUI
CUMMETPUH HyXJaeTcs B TeOpeTHUeCKoM O0OOCHOBAaHHH.
«3afaya AMHAMHYECKOro OOOCHOBaHHsI CHMMeTpHH, O6esy-
CJNIOBHO, OJHA M3 HauOosee BaXKHBIX 3afad, BBIABHHYTHIX
pasBuTHeM (GU3MKH 3JeMeHTapHBIX yactHu» [7, cTp. 557].

TaxKe Henb3sl BBIBECTH BCe CTOPOHBI 3aKOHOB COXpaHe-
HUf, CBSI3AHHBIX ¢ JHHAMHYECKHMMH CHMMETDHUSIMH, M3 OaH-
HBIX cuMMeTpuii. B aToM caydae naxke MHBapHaHTHOCTH CO-
XPaHSIOMHMXCS BeJHUYUH MOJAY4Yaercsl TOJAbKO MPHOJIHIKEHHO.

Takum o6pasom, mpH3HaBasi OTPOMIOe 3HaueHHe JTAHHOTO
acrneKTa B aHaJ/HM3e H TEOPETHYeCKOM OOOCHOBAaHHHM 3aKO-
HOB COXDaHeHHs], BCe K€ HYXKHO OTMEeTHTb ero OorpaHHYyeH-
HOCTb.

Mexny cuMMerpuel, acCHMMeTpHeH U 3aKOHaMH COXpaHe-
HHs GecClOpHO HMeercsl CyLIeCTBeHHAasi CBsi3b, HO ee HeJb3s
HaCTOJIbKO pa3fgyBaTh, YTOOH Bce colepiKaHHe 3aKOHOB CO-
XpaHeHUsl CBOAUTb X HopMaM CHMMETPHU U aCHMMETPHH.
3anaua TeopeTHueCKOro 0GOCHOBaHHS 3aKOHOB COXPaHEHHS
He TOJbKO B TOM, YTOOBl paCKphIThL UX CBs3H ¢ Popmamu
CHMMETDHH H aCUMMETpPHUH, HO U B TOM, YT0oObl PaCKpPHITh HX
CBSI3H APYr € APYroM, CO CTPYKTypoOH NoJjel, ¢ TaKUMH Bce-
OOLIMMHU 3aKOHAMH, KaK 3aKOH COXPaHEHHsT MaTepHH W IBHU-
JKEHHSl U 3aKOH eNHMHCTBa aTpuOyToB MaTepuu. 1 B 3TOoM
nJaHe 3ajJaya MaTeMaTHUYeCKOTO BBIBOXA Te€X WJIH HHBIX CTO-
pOH 3aKOHOB COXpaHeHHS U3 (HOPM CHMMETDHH, CTPYKTYpPLI
noseit U T. A. €CTb JHIIb OAMH, HO OUeHb BAXHBIH acmexT
TEOPETHUECKOTO OOGOCHOBAHHSI 3aKOHOB COXPaHEeHHUS.
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OrpoMubiii dakTHuecKuil MaTepuas, KOTOPHIM pacrnoda-
raeT CoBpeMeHHasi HayKa, MO3BCJISeT NPOBECTH NOCTAaTOYHO
1Mpoxoe puymocodckoe o6obLIeHHe, OTpa3uTh B (uaocod-
CKHX TOHATHUSIX TEHIEHLHH CHMMETPUH U aCHMMETpHH,
HUMelolllie MeCTO B OOBEKTHBHOH NeHCTBUTEIbHOCTH.

Kareropun nosHaHust IBASIOTCS BCEOGIIMMH TOTAA, KOTIa
OHH OTpaxalmT aTpUOyTHl MaTePHH H HX B3aHMOCBA3H.
Kareropum cHMMeTpuu W acUMMeTpPHH, Ha Hall B3TJAL,
YAOBJIETBOPSIIOT 3THM TPeOOBAHHSIM, U MO3TOMY TaK BeJHKa
HX poJib B COBPeMeHHOH Pusnke.

JIHTEPATYPA

1. H. Weyl. Symmetry. N. Y., 1952.

2. R. Feynman. The character of physical Law. London, 1965.

. «¥Y'®H>», 1. 84, Bbin. 1, 1964.

. Cm. H. @. Osuunnuros. Ilpunuumnsl coxpanenus. M., 1966.

. «YOH», T. 85, Buim. 4, 1965.

. «DJleMeHTapHBIe YaCTHIBI ¥ KOMIEHcHpyiolllue moas». M., 1964.

. «OcHoBHbIe HampaBJeHHs HCCIeNOBaHHH B (U3MKE I/IEeMEHTApHBIX ya-
crun» — «Y®H», 1. 85, Boin. 3, 1965.

Nk w

H.T. Todopos

O rpynioBOM MNOJAXOAE
B TEOPHH 3JEMEHTAPHbBIX YACTHI]

1

[IpumeHeHde Tpynn B TeODHH 3JIEMEHTAaDHBIX 4YaCTHIL
CTaJI0 MOJOH Toc/e TOro, Kak 3uMoi 1964 r. 6bin oGHapy-
WeH QT-THNEPOH ¢ TaKOM Ke Maccolfi M C TaKUMHU XKe CBOH-
CTBaMH, KakKue Inpefackasan I'ensn-Mann B 1962 r. Ha ocHOBe
NPeANONIOKEHHsT O «NPUOIHKeHHOH cuMMeTpun» SU(3).
ITepBhle cucreMaTHYeCKHe YIOMHHAHHSI O TEOPUH TPeLCTaB-
JIeHUH TPynn B (H3MKe TOXKe OTHOCATCS K He OYeHb HaJIeKo-
My NpOLLIOMY, a HMEHHO K KOHIly ABajglaThiX U K Hadajy
TPUMALATHIX rofoB, Koraa I'epman Befinb u Ban nep Bapneu
II0Ka3aJju, YTO CO3JAHHAs He3aJoJIl0 A0 3TOr0 KBAHTOBAas
MeXaHHKa OuYeHb eCTeCTBeHHO (OpMyJNHPYeTcsi B TePMHHAaX
TeOpUM NpencTaBJeHH .
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Mexny Tem, NpUHUMNBI CUMMETPHU, HJIH, uTO TO XKe CAa-
Moe, MHBapPHAHTHOCTb 3aKQHOB NMPHPOILI OTHOCHTENbHO He-
KOTOpOH rpynnel npeo6pa3oBaHuil, Mo CyTH Aesna NPHCYTCT-
BOBaJIM B (pH3MKe HaMHOI'O DaHblle, 3af0Jr0 A0 NOSBJEHHUS
(8 XIX B.) camoro TepMHHa «rpynia» B MaTemMaTuke, 3Ha-
MEHHUTbIHl 3aKOH HHEDLHH, HJH, KaK Telepb ero Ha3biBaloT,
«IPHHIHUI OTHOCHTENbHOCTH ['asiujesi», eCTb He 4YTO HHOE,
KaK NMPHUHIHUN HHBapHAHTHOCTH 3aKOHOB MeXaHHKH OTHOCH-
TeJbHO PAaBHOMEPHBIX, NPSAMOJHHENHBIX IBHMKEHHH CHCTEMbl
oTcuera (T. €. OTHOCHTEJbHO TaK Ha3plBaeMo# «rpymnmsl ["a-
Jguiaes»). DakTuyeckd, HEKOTOpble YTOUHEHHS 3TOTO Ke
TIPHHIANA, YYUTHIBAIOLIHE CylleCTBOBaHHe NpelesbHON CKO-
poctd «c» (YTO TNPHBOAHUT K 3aMeHe rpynnel [anaumnes
rpynno#i Jlopenua), Jeray B OCHOBY CIeIHaJbHOH TeOpUH
OTHOCcHTeNbHOCTH OIfHumTeiHa. OCHOBHBIMM 3aKOHaMU CO-
XpaHeHUs B (pU3HKe SBJSIOTCS 3aKOHbI COXpPaHEHHs 3Hep-
THH-UMITyJIbCa H MOMEHTa KOJIHYecTBa JBHIKEHHSH, CBSI3aH-
Hble C HHBApPHUAHTHOCTbIO OTHOCHTENbHO TPYNIBl ABHKEHUA
npocTpaHcTBa-BpeMeHd — rpynnsl [Tyankape.

Boo61iie NpUHLKIBI HHBADHAHTHOCTH SIBJSIOTCS CaMBbIMH
o6UIMMH, caMbIMi (yHIaMEHTAaJbHbIMH 3aKOHAMU TPHPOIEL.
OHH OTHOCATCS K YaCTHBIM 3aKOHOMEDHOCTSIM TaKHM XKe
o6pa3oM, Kak M (CaMH 3TH 3aKOHOMEPHOCTH OTHOCSTCS K
OTAeNbHBIM COOBITHAM B mpHpofe!. O6GIHOCTL CHMMETPHH
Pas/MyHbIX JIAHTPAHXKHAHOB (MM yPaBHEHHI) NPUBOLUT K
OGIIHOCTH 3aKOHOB coxpaHeHHsi (Teopema Herep).

2

Ponp Teopuu rpynnm B KBaHTOBOH MeXaHHKe 3HAYHTEJNb-
HO GoJsiblue, yeM B KJaccHueckoil ¢usyke. Bnepsbie B KBaH-
TOBOH MeXaHMKe Halja TIpHMeHeHHe TeopHs (JUHEeHHBIX)
npencraBieHuil rpyma 2 JTo CBSI3aHO € TeM, YTO B KBAHTO-

! dta Mblcnb noapoGHO oGocHoBhiBaeTcst B HoGeseBckolt sekuun Burdepa [I,
cTp. 727].

! B mBaflaTHMHHYTHOM COOGLUEHHMH, pa3yMeeTcsi, HET BO3MOXHOCTH MOCJeNOBa-
TeJbHO BBOLHTb MCIOJbL3yeMble MOHATHS. Bce »Ke s nombiTalchL MOSCHHTL Tep-
MHHOJIOTHIO TEOPHMM NpeACTaBJeHHsI Ha NpIIMepe TPYNNbl TPeXMEepPHbIX BpallleHHA
SO (3).

COBOKYIHOCTb TPEeXMepHbIX BpallleHHlt o6pasyeT rpynny, Tak KakK MOCJeJoBa-
TeJbHOE NPpHMeHeHHe ABYX BpalleHHil CHOBa sIBJIsSIeTCS BpalleHdEM H IS KaXno-
ro BpallleHHs1 UMeeTCs1 o6paTHoe BpallleHHe, KOTOPOe BO3BpalllaeT CHCTEMY KOOp-
AMHAT B HMCXOAHOe NojoXeHue, IIpencTaBieHHeM TpYHNbI Ha3blBaeTCs COMOCTaBJIe-
HHE KaXOOMy BpalLleHHI0 ¢ HeKOTOPOH MaTpHIbI Tg TakuM 06pa3oM, 4TOGbl mo-

cJjiejoBaTeNbLHOMY IIpHMEHEeHHIO JBYX BpalleHH# COOTBETCTBOBAJO Gbl npousse-
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BOM MeXaHHKe MMeeT MeCTO NPHHLHUI CYNepPIo3ULHH COCTOS-
HHH, He MMeIOMIMH aHaJsora B KJaccuuecko# <usuke. drtor
NPUHUHI M03BOJISIET PAa3JIOKHUTh NIPOU3BOJIbHOE COCTOSTHUE IO
BeKTopaM, N1peo0pasylomuMcsl 0 HeNpUBOAUMBIM (YHHTap-
HBIM) OpelCTaBJeHUAM TPYyNNBl cuMMmeTpuu. Hanauuue cum-
MeTpHUH 00YCJOBJIHBAET CYLIeCTBOBaHHMe HECKOJbKHMX JHHEH-
HO He3aBHCHMBIX BEKTODOB C OJHOH H TOH e 3Heprued, T. e.
BHIDOXKJE€HHe COGCTBEHHBIX 3HaUeHUH FaMUHJbTOHHaHa. Pas-
MePHOCTh HENPHBOAUMBIX NMPeACTaBJeHUN T'DYINBl gaeT cre-
neHb BBIpOXJeHHus1. [TonHbIl HaG0op KOMMYTHDYIOLIUX Omepa-
TOPOB aJ/re6pul JIu rpynnel CHMMeTpPHH ONpefesIsieT CHCTEMY
OHOBPEMEHHO H3MepUMBIX (HU3UUECKUX BeJHUMH, 3aJaHue
KOTODHIX BMeCTe C 3Hepruell 0QHO3HAuUHO onpexensier HU3HU-
yeckoe coctosiHue. Tak, OocHOBHble (H3UUeCKHe BEJTHUYHHBI
BO3HUKAIOT KaK reHepaTopbl MJIM Kak (PyHKUHH OT TeHepa-
TOPOB TPYNNbl CHMMETPHH, DHEPTHSI U MUMIYJIbC OTpeaess-
I0TCSl KaK MHOQHHHTe3HMaJbHble OnepaTopbl CIBUTOB TIO Bpe-
MEHM H B TpocTpaHcTBe. MoMeHT HMNyJbCa JAaercd
reHepaTopaMH BpalleHHH B NPOCTpPaHCTBe — BpeMeHH. Bcee
3TH BeJMUYUHBI CBSI3aHbl ¢ caMON (GyHZaMeHTaJbHOH CHM-
MeTpHell B NpPHPOJE — C TeOMETPHUECKOH CHMMETpHEelH IMpo-
CTPaHCTBA — BPEeMEHH, IIOSTOMY OHHM TIpUMEHUMHl K JI0OOH
¢dusnueckoi cucreme B JI0GOH TeopHH 3,

AeHUe MaTpHI: ng =Tg Tg . TpuMepoM JABY3HayHOro (CMHHODHOrO) Mpef-
142 1”82
CTABJIEHHST MOXET CJAYXKHTb COBOKYIHOCTb ABYXPSINAbIA YHHTapHBHIX matpuy SU (2)

o Oj

BHOA Ta = eXp 12 Qa; 7 , FTAC Oj— CnuiOBble MaTpHUbl ITayau.
j=1

IMapamerp 0 ecTh yron BpauleHusi BOKPYT ocu j. I'enepaTopel (u unbuHHTE-

3MMaJjibHble OMepaTopbl) NPEeACTaBJEHHsI ONPefesiioTCs KaK (YMHOMeHHble Ha —
i) NpoM3BOAHBIE OT OMEPaTOPOB Tg no mapaMeTpaM TpyNnbl B TOYKe, Tje STH

napaMeTpbl paBHbl HYJIO. B ciyyae CIMHODHOrO mpeCTaBNEeHHs 3TO — ABYXPSA-
1
Hble MaTpuin Sj=—é— 0j. Pu3nyeckHe reHepaTopnl FPYMNMbl BPALIEHHS OTOXAE-

CTBASIIOTCS C BEKTOPOM CMHHA 4acTHULL. [IpcicTaBneHHe Ha3LIBaeTCs MPHBOAM-
(1) O
Ty
0 T(z)
g

B NMpOTHBHOM cjy4yae MpejcTaBjeHHe Ha3biBaeTCs HeMPHBOAMMBLIM. JlioGoe mnpex-
cTaBJleHHe MOXKeT GbITb Pa3JjIoXeHO Ha HeNpHBOAMMBble. HempHBoaHMble MpeacTaB-
nenust rpynnsl SO (3) XapaKTepH3YIOTCS MOJHBIM CIHHOM CHCTEMBI S.

3 C cHUMMeTpHeil MPOCTPaHCTBa — BPeMEHH OTHOCHTEJbHO pasjH4HbIX npeoGpaso-
BaHUM OTpaKeHUsT CBsI3aHbl MOHSATHS O MPOCTPAHCTBeHHOH M BpeMeHHOR yert-

ecqd B HeKOTOpoM Ga3nce BCe MaTPHILI Tg HMEIT Tg =
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Hapsiny ¢ reoMerpuyeckoil cHMMeTpHelr B NOCAEIHHE [e-
cATUMeTHs] ocoboe pa3BHUTHE INOJYUYHIO H3yueHHe AMHAMH-
YeCcKHX CHMMETPHH, OTHOCSIIMXCS K OTAeJbHBIM KJaccaM
B3aHMO/JEHCTBHH, HaNpUMep K CHJbHBIM B3aHMOJEHCTBHAM
sJeMeHTapHbIX yacThl. CobcTBeHHEBle 3HayeHHss TeHeparTo-
pOB  TPYMNBl CHUMMETPHUH  CHJAbHBIX B3aWMOJEHCTBHH
U)=U(1)y® SU(2); 3amaioT OCHOBHble (H3HYeCKHe
XapaKTepHCTHKH aJpPOHOB: 3JeKTpHUeCKHH 3apsij, Trumepsa-
pan ¥ usoroncnud. CoxpaHSIOLIEMYCS MPH BCeX B3aHMOjel-
CTBUSIX OapHOHHOMY YHCJIY COOTBETCTBYET OJHONApaMeTpH-
yeckasa rpymna U(l)ps ¢dasoBbix npeo6pa3oBaHUil GapHOH-
HBIX THOJef.

BaxHblil npuMep AHHAMHYECKOH CUMMETPHH, OTHOCSILAN-
¢l K «KJacCHUeCKOH» HepeJTHUBHCTCKON KBAHTOBOH Mexa-
HHUKe, NpeJcTaBJ/sieT coO0i HepensiTUBUCTCKAs TEOpHUs BOLO-
poOAHOTO aTtoMa, Tie CHUMMeTpHs raMH/JbTOHHAHa 3aLaercs
rpynnofi BpaueHu#i SO(4) B HEKOTOPOM YeTHIPEXMEPHOM
NpPOCTPAHCTBE, He HMeiolleM IPSIMOr0o OTHOLIeHUs] K HalleMy
(bH3HYECKOMY NPOCTPAHCTBY.

3

Urak, poib rpynn u anre6p JIu B kxBaHTOBON Teopuu (IO
KpaiiHell Mepe) nBosiKa. Bo-mepBEIX, rpynna CHMMeTpHH OI-
penessieT CTeneHb BHIPOXKIEHHS COOCTBEHHBIX 3HaueHUH
raMHJbTOHHaHa. BO-BTOPBHIX, 3pMHUTOBH I'eHepaTOphl aJjret-
pbl JIu paioT ecrectBeHHbM Habop HabuaionaeMblx, 3HaHHe
KOTCPHIX MOJIHOCTBIO XapaKTephsyeT (HU3HUECKYIO0 CHCTEMY.
s BBIOJHEHUST TOH BTOPOH POJNH OT IPYNIbl Ha CaMOM
nese He Tpebyercs, yToObl OHa 3aj4aBaJja cuMMeTpuo. UTo6bI
BCe-TaKH KJjaccHDHUKalmus COCTOSIHUH MO HeNpHBOLUMBIM
NpeACTaBJeHUsIM IPYNNbl He Oblia TIPOU3BOJBLHOH, Heo6Xo-
AHUMO notpe6oBaTh, YTOOBl 1Jis KaXKIOr0 3HAYGHHs SHEePTHH
COOCTBeHHbIE BEKTOPH TaMHUJ/IbTOHHAHa INpHHALJIeKaJau Of-
peleleHHOMY HENpPHBOAMMOMY MpeACTaBJeHHI0 TpYIIHl
(a He SIBJASMMCH CMeCbi0 PA3HBIX TIpeACTaBJeHHH), IPYTHMH
CJ10BaMH, 4TOObI FaMUJbTOHHAH He MMeJ OTJIHYHBIX OT HYJs
MaTPHYHBIX 3/1eMeHTOB MexX/]y BeKTOpaMH, NpHHaa/eXallH-

HOCTH CHCTeMbl (B YacTHOCTH, dYacTullbl). OOQHaKO, MO-BUAHMOMY, 3TH IOHATHSA
MMEIT OTrpaHuyeHHYI0 06JacThb NMpHMEHeHHs, H B 3TOM CMbICJe HX CKOpee HYXHO
BBECTH B pasies <«IHHaMHYECKHX» CHMMeTpuii. Mbl He GyAeM BoaBaThCs 3[eCh
B o6CyK[OeHus 3Toro Bompoca [2, cTp. 453).
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MH Pa3HBIM HENPHBOAUMBIM INpeACTaBjeHusiM rpynnel. s
3TOT0 HeoGX0AMMO, YTOOB HHBApHAHTHbIE OMepaTophl anred-
pbl (Ha3biBaeMble onepaTopamMyu Kasumupa) KOMMyTHpOBa-
JY C TraMWJIbTOHHAHOM. [IpumepoM Trpynmel, no-BHAHNMOMY,
yIOBJIETBOPAIOIEA 3TOMY YCJOBHIO, sIBJsIeTcA TCpyIa
SU(6), o6benunsiomasi COMHOBYIO M YHHUTapHYIO CHMMeT-
pun. HaoGopor, rpynna SU(3) 3aBenoMo He yI0BIETBOPS-
eT chopMYJIHPOBAHHOMY YCITOBHIO OTCYTCTBHSI CMEUIUBAHHS,
TaK KaK KaxIbll W3 (- H ®-ME30HOB SBJSAETCS CMeChlo
YHHUTApHOTO CHHIJIETa ¥ BOCbMOH (HeHTpasbHOH) KoMIO-
HeHThl oKTeTa. ['pynna BHyTpenueii cumMerpun Wi=U (3)®
® U (3), cooTBeTcTBYIOLIAsl CHMMETPUH Kak 1O KBaPKOBHIM,
TaK ¥ N0 aHTHKBADKOBBIM HHAEKCAM, B OTAENBHOCTH MOTrJa
6bl B 3TOM CMBICJE Jydliie CAYXKUTh I KlaccuDUKalHH
4aCTHIl, MOCKOJbKY Bce NeBSTb BEKTOPHBIX ME30HOB 00B-
eNMHAIOTCS B ONHO HENPHBOAMMOe NpefncrtaBienue (3, 3 %)
3TOH I'pYIIHL.

Mebl HaMepeHHO He MOJb30BaJMCh YaCTO BCTPEYAIOIIMM-
cl TepMUHOM <«NpHOJIMIKEHHAss CUMMETpHUSl» [JIA XapakKTe-
puctuku rpynn tuna SU (6) uau Wj. Bo-nepBbix, 3TH «CHM-
MeTpUM» (ecJqu MX MOXKHO TakK Ha3BaTb) BeCbMa CHJbHO Ha-
pylIeHBl, 4TO BHIHO, HampuMep, U3 GOJBUIMX pas3HOCTEH
Macc Me30HOB, BXOISAUUX B OJHUH MYJbTHIIET (5-Me30H Go-
Jee 4eMm ‘B llecTb pa3 Jerde x°- u ¢-Me30HOB). Bo-BTOpHIX,
ycneX B HMCHOJNb30BaHMH 3THX TPYNN IJs Kiaaccupukalnuu
YacTHI ¥ AJ1s MOJNy4yeHHsI MaccoBBIX (OPMYJ ¥ COOTHOlIIe-
HUH MeXIy MarHUTHBIMM MOMEHTaM¥ BbI3BaH He TEM, UTO B
KakKOM-TO TNPHUOJMKEHUH STH TPYNIbl SBJSIOTCS TOYHBIMH
CHMMeTPHAMH, 2 CKOpee HaoOODPOT, TeM, YTO OCHOBHblEe (-
3WYecKHe BeJIMYHMHBI — FraMUJIbTOHHAH (MM KBajpaT Mac-
Cbl), MAaTHUTHBIH MOMEHT W Hp.— MOTYT OBITb Bbipa’KeHbl
Kak (QyHKIMH reHepatopoB rpynnsl. [Toab3a paccmorpenus
anre6psl JIM, He KOMMYTHpYIOUIe#l C raMUJIbTOHHAHOM, HOQ
B TepMHHAaxX TeHEPaTOPOB KOTOPOH BBIpaXKaeTcs TaMHUJbTO-
HMaH, ObiJla oOHapyXeHa emle paHblle B suepHOH ¢u-
suxke [3].

MHorma npoTHBONOCTABJAIOT TPYNNOBEIE METOABI CTPYK-
TYPHBIM MOZensiM. MexXJAy TeM pa3BHTHE TEOPHH B MOCJEA-
HUe MECATHJIETHsI HEeIBYCMBICJEHHO MOKa3biBaeT, YTO KaK B
sitepHOHM (u3MKe, TaK ¥ B (PU3HKe 3JeMEHTapPHBIX YACTHI[
MOJEeNTH M TPYNIOBblE METOABI BCerga MAYT pyka o6 pyKy.
YacTo oHM MPOCTO CBOAATCS K Pa3HBIM BbIPAXKEHHSM OJIHO-
TO ¥ TOTO e NOAXOMa.
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I'pynnoBo#t moaxonx BelAeNsieT CYIIeCTBEHHbIe YepThl AaH-
HONl Mopmenu (MJaM Kjacca Mofesel), OTBJAeKascb OT BTO-
pocTeneHHbIX JAeraneii. Hanpumep, ucnonb3zoBaHue Ipymn
W3 unu SU (6) B Teopuu 3/MeMeHTapPHBIX YaCTHIl TPHBOIUT
K TeM OOLIMM CJeJCTBUSIM MOJENH KBapKOB, KOTOpble He
3aBHCAT, HaNpHUMep, OT KOHKPETHOTO BHJa MOTEHIIHAaNa,
CBAI3BIBAIOLIETO0 KBAapKH B Me30HBl U GapHOHH. M3BieueHue
3TUX OOIIMX CJAEeACTBHH MOJE3HO, B OCOOEHHOCTH Ha JAaHHOM
JTane, KOrAa Mbl BecbMa JajleKH OT CO3JaHMA HacToslleh
CTPYKTYDHOH TeopHuu 3JeMeHTapHHIX yactull. He Hamo, on-
HaKo, IyMaTh, 4TO TPYNIOBas KapTHHAa BO3HHKaeT Bceraa
rocsne TOro, KaK MMeeTcs HeKoTopasi «0oJjiee pusnyeckas»
coctaBHas Mofenb. Hanpumep, Takx Ha3blBaeMbll BOCBMHU-
PHUHBIA NYTb B TEOPUH YHUTApHOH CHMMETPHH NpelLCTaB-
asin co6o#t B nepBuix paGorax ['enn-Mana 1 Heemana # yncro
TPYNIOBO#l NMOAXOA K CHCTeMaTHKe 3JeMeHTapHBIX 4acTHIL.
Jlvmb 3aTeM Ha ero OcHOBe Oblia Pa3BHTa KBAapKOBas MoO-
JeJib 4acCTHIL U Pe30HAHCOB.

4

Mbl yxe BuIenn, 4yTO AN NPHMEHEHUS HeNPUBOLMMBIX
mpeacTaBaeHUA HeKoTopoH anrebpwl JIM Anas Kiaaccudukxa-
UM COCTOSIHHH [JaHHOH (HU3HMUeCKON cHCTeMbl BOBCe He
ABAseTc HeOOXOZMMBIM, uTOObl 3Ta ajare6pa 3ajaBaia
CUMMETpHIO, T. e. yTOObl ee ONepaTopel KOMMYTHPOBaJH C
raMuJbTOHHaHOM. BnosHe momycTtumo, yToObl B OJHO He-
NPUBOAMMOE TNpelCcTaBjeHHe anare6pbl BXOAWUIO HECKOJbKO
coGCTBEHHBIX 3HAaueHWN 3Hepruu. KpallHuM cayyaem 3TOro
THNA  (TNPOTHBOMNOJOXKHBIM 'CAy4Yal0  CTPOrOH  CHMMeT-
puu) sABaserca anre6pa, B NPOCTPAHCTBO OJHOIO HENPHBO-
JUMOro TNPeACTaBJeHHS KOTOPOH BXOAAT BCe COOCTBEHHBIE
BEKTOpHl raMUJIbTOHHAHA, a CJef0BaTeJbHO, i JNI0G0e COCTO-
sHue cucteMbl. Takasi anre6pa Jlu HaseiBaeTcsi anre6pof,
nopoxjawouieil cnexTp® (cokpalleHHO a. M. c.).

PeanbHble pusnueckue CHCTEMEl, C KOTOPHIMH MBI MMeEEM
0eJ0O B KBAHTOBOH TEOPHH, UMeEIOT GeCKOHEUHOe YMCJIO pas-
JHUYHBIX BO3MOXKHBIX COCTOSHHH. B cooTBeTcTBHH € 3THUM

4 Cwm., HanpuMep [4], rIe MMEIOTCS DYCCKHe MepeBOALI MEPBbLIX CTaTell 3THX aBTO-
poB, mocBsilleHHBIX SU(3) cHMMeTpHH.

5 CM. cratbio Jlotana ¥ Heemana B cGopHuKe [3], a Takxe nekuuu aBtopa <«He-
KOMMAaKTHble T'DYNMbl ¥ AMHAMHYeCKHe CHMMeTDHH» [5)].
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raMUJIbTOHMAH (U3UUECKOH CHCTeMBl MMeeT GECKOHEeuHOe
MHOXKECTBO COOCTBEHHBIX 3HAaueHHH M COOCTBEHHBIX BEKTO-
poB. Takum o6pasoM, nasi TOro utobel anre6pa JIu Heko-
TOpOH Tpynnbel Morja ObBTb a. M. C. peajbHOH CHUCTEMHI,
Heo6X0AUMO, uTOOH Yy Hee OblIiM GeCKOHEeUHOMEpHble He-
NpUBOJAMMEIE  yYHHUTapHele TIIpeicTaBjeHus. Is Tteopuu
IpeiCTaBJeHHH H3BECTHO, YTO €JHHCTBEHHBIMH TpYIIaMH
(3/1eMeHTHl KOTOPBHIX 3aBHCAT OT KOHEYHOrO yHcJa IMapamer-
poB), 06/1aaIOUIMMH TAKUMH CBOHCTBAMH, SIBJISIOTCS HEKOM-
NaKTHBlE TpynmH €,

KnaccuueckuM IpHMepoM a. I C. sBasiercs anre6pa Jlu
rpynnel ge Currepa SO (4, 1) B OTHOLIEHUH HepeNSITHBH-
CTCKOTO BOJOPOJHOro aTtoMa’. MHe KaxkeTcsl, 4TO JO CHX
[Op 3HaHHe a.II, C. BOAOPOAHOIO aToMa He HCMNOJb30BaHO
[0 KOHIIa ¥ MBI €elle He NOCTUIVIH MOJNHOTO TEOPEeTHKO-IPYI-
[IOBOIO NOHMMAaHUA 3TOH cTapoil KBAHTOBOMEXaHHYECKOMH
3ajauyd. Bo BcAKOM cayuyae, paGoThl B 3TOM HampaBJeHUH
npoponxamoTes f0 cux nop {6—8] (B [6] uMeroTcs Takke
CCHIIKM Ha Kjaccuueckue paborto Ilayau, ®oka u Baprma-
Ha). BaxKHocTh Takoro INOHMMAaHWSA CBsi3aHa C HaJeXIoH
IpHUMeHEHHSI METOJOB TEOpPUU IIPeNcTaBJeHUH HEKOMIAKT-
HBIX TPYNN B (PH3MKe dJMeMeHTapHbIX uacTil. MMeoTcs MHo-
FOYHCJIeHHble MOMNLITKM B 3TOM HalNpaBieHHH (CM., HaNpH-
Mep, IHUTHPOBaHHble cOOPHUKH[S, 5]), HO Henb3si cKaszarh 10
CHX NOD, 4TO NOCTHTHYT HacTosALuUl ycnex. Bmecte ¢ Tem yxke
ceflyac NpUMeHeHHe YHUTAPHBIX MpeACTaBICHUN HEKOMIIAKT-
HBIX TPYINN [OCTAaBUJIO HOBble HHTEpecHble BOMNPOCH], CBf-
3aHHbIe ¢ PACCMOTpPEHHEM KBAHTOBAHHBIX MONeH ¢ OecKOHeu-
HbIM 4YHCJIOM KOMIIOHEHT. Bo3HMKaeT HOBBHIA IOAXOMd B CTa-
poii npo6seme o0 GopM-PaKTOpax u «CTPYKType UCTHIL».

S YnoMsiHyThle Bbllle rpynnsl cuMmerpuu SO(4) u U(2), Tak ke Kak u GoJee
mupokue rpynnst Wz u SU (6),— KoMTNaKTHb (ADYTHMH C/IOBaMH, mapaMeTphl,
3ajalolllHe MX 3JIeMCHTbI, OMHCLIBAIOT KOMMAKTHbIE — OCPaHMYEHHble H 3aMKHY-
Thle — MHorooGpasusi). Bce yHHTapHble npeicTaBjeHHss 3THX Ipynn KoHeuyHoMep-
HBl, B COOTBETCTBHM C Te€M, YTO NaHHOMY COGCTBEHHOMY 3HAYEHHIO SHEPTHU COOT-
BETCTByeT KOHEYHOe YHCJO COGCTBEHHbIX BEKTOpOB. IIpuMepaMH HEKOMMNaKTHbIX
TPYAN MOryT CJAYXHTb BCe IPYMNMbl, BKJKOYaloU(He TPAHCJASLHH B (3BKJIMLOBOM)
NpPOCTPAHCTBE, TaK XKe KakK W BCe IPYNMbl, COXpaHMIOU(HE HEKOTOPYI0 HHAEeDHUHHT-
Hylo ¢opmy: rpynna Jlopenua SO (3, 1), rpynna tuna U (p, q) u O (p, q) ¢
p>0, >0, coxpaHsOlHe COOTBETCTBEHHO HOPMEI

p q p q
2 ! 2 2 2
2 lal =3 gy w2 af =23 ayy
i=1 j=1 i=1 j=1

7 CM., HanpuMep, nekuuio ITonosa [5).
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5

IloxBenemM HEKOTOPBIE UTOTH.

Mozna B QpHu3HKe CTOJb XKe HeJOJroBeuHa, Kak i B OAeX]e.
Mbl yxe siBJsieMCsl CBUIETEJNSAMH OTXOJa OT YPE3MEpPHOTO
yBJICUEHHS] UYMCTO TPYNIOBHIMU MeToZaMu (KOTOpoe M0O-
CTUIVIO CBOEro MaKCHMyMa MoJTopa-iBa roga Hasapn). Ho
MHE KaKeTcsl, UTO IPYNINOBOH NOAX0H B (PH3HMKe He CBOLUTCS
K YBJIEUEHMIO OYepegHON MOJbl, YTO METOIBl TEOPHU Mpef-
CTaBJIeHWH, HapsALy C APDYTHMH MeTOAaMH, OYIyT UrpaTh H
B OynylleM BakKHYIO pOJib B IOHUMaHHH MHKpOMHUpa.

Bpan sy umeer cmblca NBITAaTbCA NpPeNCKa3biBaTh, UYTO
HMEHHO M3 I'pPYNIOBLIX METO/J0B M CBSI3AHHBIX C HUMH HpaeH
HalJleT pa3BUTHE U NpHMEHeHHE B TEOPHH 3JeMEHTapHBIX
yacTull. BMecTo 3TOro B 3ak/jloyeHNe KOPOTKO O6CyIoHM He-
KOTOpble <«YNpEeKH» B afpec I'PYNIOBHIX METONOB B CBETe
TOTO, YTO Yy2Ke TOBODPHJIOCH.

1) Hepenko mpoTHBONOCTAaBJSIIOT TPYMNIOBON MOAXON HH-
HaMHMYeCKOMY, CYHTas, 4TO NepBHIH M3 HHUX (QOopMajbHBIA H
(heHOMEHOJIOTHYHBIH, B TO BpeMs KakK BTOPOH daeT HacCTO-
simee ¢uandeckoe noHumaHue. He Bxoms B AMCKyCCHIO IO
3TOMY BONpPOCY, MH HamoOMHHMM, UYTO Haubojaee obiuiee
(1 Haubosee rayb60KOe) NOHHMAHHE 3aKOHOB COXPaHEHHS
SHepPrUH-UMIyJbCa U MOMEHTA JOCTHraeTcsi HMEeHHO Ha OCHO-
Be BBHIIBIEHHS CHMMETPHU TIPOCTPAHCTBA — BpeMEHH, HJIH,
4TO TO Xe,— Ha OCHOBe MHBAPDMAHTHOCTHU 3aKOHOB TIPHPOAHI
oTHocHuTesbHO Tpynnsl [1yaHkape. CTporue 3akoHBE cOXpaHe-
HUS 3aPSAJ0B CEro/HS HEU3MEHHO CBA3BIBAIOTCS C HHBAPHUAHT-
HOCTBIO OTHOCHUTEJIbHO Pa3JIMUHBIX TPaJIHEHTHBIX Npeo6pazo-
BaHuH.

2) Mpl yXe TroBOpHUJIH 00 HCKYCCTBEHHOCTH MPOTHBOIO-
CTaBJIEHUsl TPYNNOBLIX METOLOB M CTPYKTYPHBHIX Mozesnefl.
Ero MoxHo 6BlJIo 6Bl CPAaBHHTb C IPOTHBONOCTABJIEHHEM aHa-
JIUTHYECKOTO ¥ I'eOMETPHUYECKOTO BBIPaXKeHHUs OJHOTO U TOTO
xe ¢daxra. B TouHocTM Tak XKe, Kak aHaau3 U ajare6pa
UCMOJb3YIOTCA He TOJNbKO AJS 3aMHCH M3BECTHBIX FeOMeTpH-
yecKUX (PaKTOB, HO M [JIsS OTKPHITHS HOBBIX, W TeOpHs
rpynn, B OcOOEHHOCTH B OTHOLIEHHHM BHYTPEHHHX CHMMeET-
puH 3JeMEeHTAapHBIX YacCTHIl, 4aCTO NPHUBOAMJAA K HOBBIM pe-
3yJbTaTaM, AJS KOTOPBIX JIMIIb 3aTEM NMPHAYMBIBaMU GoJiee
«HarJsiIHble HCTOJKOBAHHUS».
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Pazdenr uersepruoil

IIPOCTPAHCTBEH!H{O-BPEMEHHBIE
IIPEJICTABJIEHHA B ®H3HKE MHKPOMHPA

P. A. Aponos

I'POBJIEMA NTPOCTPAHCTBEHHO-BPEMEHHOH CTPYKT¥PhI
MHKPOMHPA

[IpoGaema mpocTpaHCTBEHHO-BPEMEHHON CTPYKTYpPbl MUK-
pomupa Bce OoJjlee OTYETJIMBO BBHICTyNaeT KakK mpoGaema
CyL1eCTBOBAHUS KaueCTBEHHO Pa3J/IMUHBIX IPOCTPAHCTBEHHO-
BpeMeHHHX o6JacTeil, B KOTOPBIX OIpEEeJSIOUYI0 pOJib
UTPaloT pasJ/iMyHble THIBI MaTepHasbHBIX B3aHMMOZEeHCTBHI
(B 4aCTHOCTH, I'DaBHTALMOHHBIE, 3J€KTPOMATHUTHLIE, CHJIb-
Hbie ¥ caabble B3aUMOAEHCTBHSA).

B xaxpo# M3 3THX IPOCTPAaHCTBEHHO-BpeMeHHBIX o06Ja-
CTeH TOCINOACTBYIOIME B HUX B3aHNMOLEHCTBHS ONpPEe/sIoT
CBOKCTBA IIPOCTPAHCTBA U BpeMeHu. Pasymeercs, B Kaxkao#
U3 3THX o6JlacTell B3auMMOAeHCTBHS HHOTO THIA TOXKE M-
palnT HeKOTOPYIO POJIb ¥ BHOCAT ONpefeseHHbIH BKJaal B HX
NpOCTPAHCTBEHHO-BPeMeHHble cBofictBa. OfHAKO 3Ta pOJib
M 3TOT BKJIAA SIBJAIOTCA HeOoNpepesIOIIMMH, BTOPOCTEMEH-
HbIMH MW HMH, B H3BeCTHBIX IpejesiaX, MOXHO NpeHeGpeub,
B OTJIHYHe OT B3aMMOAEHCTBHH, HIPAIOMIUX OINpeesioulyio
poJp B 3THX ob6aactsax {l, crp. 167; 2, crp. 141].

C sToll TOUKM 3peHHs B Halleil o6aacTd MaKpoOKOCMOcCa,
B KOTOPOH ONPefeNsIOIYI0 pOoJib UTPAIOT 3JEKTPOMATHUTHBIE
B3aUMOJeHCTBUS, HMEHHO OHH OIIPENeNsIOT CBOHCTBA MPOCT-
paHCTBA U BPeMeHH. DBKJIHOBOCTh MIPOCTPAHCTBA U BPEMEHH
(COOTBETCTBEHHO NCEBAO3BKIUAOBOCTb MPOCTPAHCTBA — Bpe-
MeHH), NPeiCTaB/ABIIASICA O CHX MOP «I0KA3aTeJbCTBOM»
TOTO, 4YTO IPOCTPAHCTBO M BpeMs B OTCYTCTBHE TPaBHUTallu-
OHHOTO TIOJIST He 3aBUCSAIT OT MaTepHaJbHBIX B3aUMOIENCTBHIL,
NO-BHAMMOMY, SIBJSETCS Ha CaMOM [ejle TpOSBJIEHHEeM
CBOMCTB 3JIEKTPOMArHUTHHIX B3auMojeHcTBUil. EcrecTBeHHO
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NO3TOMY, YTO COBpeMeHHasl TeopHs I0Jid, COOTBETCTBYIOLIAS
5TOM IPOCTpaHCTBEHHO-BpEMeHHOH 006JacTH, OTpaxaollas
ee CcBOHCTBa, aJeKBaTHa [eHCTBHTEJbHOCTH HMEHHO Kak
3JIeKTPOJHHAMHKA, KaK TeopHs 3JeKTPOMAarHHTHbIX B3aHMO-
NeHCTBUI.

CroJsib Ke eCTeCTBEHHO, YTO IONBITKH YYeCTb B TEOPHH
CylllecTBOBaHHe IIPOCTPAHCTBEHHO-BPEMEHHBIX TpaHul, OTHAe-
JSIOIIHX 3Ty 06/1aCTb OT KAYeCTBEHHO MHBIX IPOCTPaHCTBEH-
HO-BPeMeHHBIX o6J/iacTell, BLIBOAAT 3a IMpefesnl TeX Mpen-
CTaBJIeHUH O NPOCTPAHCTBE U BPeMeHH, HA KOTOPble CyU[ecT-
BEHHO ONMpaeTcs COBpeMeHHasl TEOpHs IOJs.

TpyaHOCTH M NpPOTHBOPeuHsi, C KOTOPHLIMH CTaJIKMBAIOTCS
TEOPHH CHJIBHBIX M cJa6blX B3aNMOAeHCTBUH, B 3HauHTeJb-
HOH CTelleHH CBA3aHBI C TeM, YTO 3TH TEOPHH, OTpaxaloliye
CBOHCTBA KayeCTBEHHO HHBIX MPOCTPAHCTBEHHO-BPEMEHHBbIX
obJsiacTell, O-NpeXHeMy CTPOATCA B COOTBETCTBHU C MPOCT-
pPaHCTBEHHO-BDEMEHHBIMH  TNpeACTaB/JeHUAMH  KBAHTOBOH
9JIEKTPOJHHAMHUKH.

®usnka 3jeMeHTapHBIX YacCTHIl yXKe He TEOPETHUYeCKH, a
MpPAKTHYeCKH IpPHCTynaeT K HCCJAELOBAHHIO NMPOCTPaHCTBEH-
HO-BPeMeHHOH CTPYKTypbl MHKpoMHpa. PU3HKH HaJelTCHd,
YTO 3J1eKTPOAMHAMHUeCKHe 3KCIePHMEHTBI 10 CTOJKHOBEHHIO
BCTPEYHbIX NMYYKOB 3J€KTPOHOB H IO3HTPOHOB JOCTATOYHO
BLICOKOH 3HeprMH IO3BOJISAIT OOHApyXHUTb CYyIlleCTBOBaHHE
INpOCTPAHCTBEHHO-BPeMeHHON TPAaHHMIBl, OTHEJNSIOIIeN ApYyT
OT JIpyra KauyeCTBEHHO pasJjMyHble IIPOCTPAHCTBEHHO-Bpe-
MeHHble o6nacTH. KoHeuHO, pellaioluM Cyabel SIBHTCH 3KC-
nepumeHT. OnHaKo U3 caMBIX OOIIMX cooOpaKeHHH O B3aH-
MOOTHOLUEHHH IpPOCTPAHCTBA, BPEMEHH H MAaTepHUH MOKHO
BbICKa3aTb HEKOTOpble INPeANOJOXeHH O BO3MOMXKHOCTSX
3JIeKTPOJMHAMHYECKHX 3KCIIEDHMEHTOB B HCC/ELOBaHHU NPO-
CTPAHCTBEHHO-BPeMEHHON CTPYKTYPbBl MHKDOMHpA.

O6DbekTOM NpPeACTOALUINX 3JeKTPOAHHAMHYECKUX IKCIEpH-
MEHTOB fIBJIfIeTCs1 06J1aCTb, B KOTOPOH POJIb 3JeKTPOMArHHUT-
HBIX B3aHUMOJEHCTBHH M HX BKJIaJl B CBOHCTBa IpOCTpPaHCTBa
M BpPEMeHH BTODOCTENEHHBI: ONpeNeNsOILyI0 PoOJb B 3TOH
IPOCTPaHCTBEHHO-BPeMeHHOH 06/1aCTH HI'PAIOT B3aUMOeiCT-
BHSI MHOTO THMA. DJIeKTPOMarHuTHble B3aHMOJAEHCTBUS 06ycC-
JIOBJIHBAIOT OIIpe[leJleHHble CBOMCTBA NPOCTPAHCTBA H BpeMe-
HH. B obsacrty, rae 3TH B3aNMOReHCTBHS UTPAIOT ONpeAeNsio-
ILYIO pOJib, HX BKJalL B CBOHCTBA IPOCTPAHCTBA W BPEMEHH
AIBJsieTCS] NOMHHHPYIOIIUM — NPOCTPAHCTBO U BpeMsl 3BKJIH-

JoBbl. B mccnexyemoit o6/acTH, B KOTOPOH 371€KTPOMAarHHT-
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Hble B3aUMOJefICTBUSI He UIpalOT ONpejessioulell posH, UX
BKJaJ yXe He sBJseTCA NOMHUHHPYIOUINM, Ho H 3JIeCb OHH
no-npexHeMy OOYC/IOBJIUBAIOT 3BKJIHIOBOCTb NPOCTPAHCTBA
1 BpeMeHH. IT03TOMY NpPOHHKHOBeHHE B 3Ty 06J1aCTb MOKET
M He NPHBECTH K OTKJIOHEHHIO KBAHTOBOH 3JIeKTPOIXMHAMUKH
OT JKCIepHMeHTa.

CrenoBaTe/bHO, MOXKHO NpPEANOJAraTh, YTO 3JEKTPOIH-
HaMHyecKHe 3KCIEpHMEHTBl, OCYIIECTBJIEHHUS KOTOPBIX MHb
XIeM B OnMxKafillee BpeMs U Y Hac, U 3a pyGexoM, He 06-
HapyxaT CYIIeCTBOBaHHS «IepBOH» NPOCTPAHCTBEHHO-Bpe-
MeHHOH rpanulbl B MUKpoMupe. Ho ecau 3to u npousofizer,
TO, KaK HaM KaxkeTcs, BOBCe He MOTOMY, YTO TaKOH I'paHHLbI
He CylLIecTBYeT, a TIOTOMY, YTO HCCJIeIOBAHHUS JEKTPOMarHuT-
HBIX B3aHMOJefICTBHII He KOMIIETEHTHHl pelllaTh 3TOT BONPOC.

DJIeKTPOLHHAMHUECKHE 3KCIepHUMeHTHl CMOTryT OoGHapy-
XHUTb CYIeCTBOBaHHE NPOCTPAHCTBEHHO-BPEMEHHBIX T'paHHIL
B MHKpPOMHpe, [I0-BHIUMOMY, B TOM CJyuae, eCld B Npoliec-
ce B3aUMOIEHCTBUA BCTPEUHBIX HYYKOB 3JEKTPOHOB H TO-
3UTPOHOB CYIIECTBEHHBIMU OKaXKYyTC CHJBbHEIE H OCOOEHHO
cnabble B3auMopehcTBHa. UTo ke KacaeTcsl 5:5°KTPOMArHUT-
HBIX B3aHMOJEHCTBHH, TO HapylIeHHe KBAHTOBOH 3JicKTPOIU-
HaMHKH IIDH HX HCCJIeLOBaHHM Ha MaJbIX pAacCTOSHHUSAX,
C 3TON TOUKH 3peHHus, ABJSETCA JUUIb NOCTATOYHHIM (HO He
HeOOXOAHMBIM) NPH3HAKOM CYIIECTBOBAHHS MPOCTPAHCTBEH-
HO-BpEMeHHOH I'pDaHMIBl B MUKPOMHpe, 3a NpelgesaMH KOTO-
polt mpencTaB/eHHs] COBPEMEHHON TEOpPHH MOJS O MPOCTPaH-
CTBE U BPDEMEHH He COOTBETCTBYIOT JEHCTBHTEIbHOCTH.

[TonbiTKH yyecTb B TEOpHH CYIIECTBOBaHHE MPOCTPAHCT-
BEHHO-BpEMEHHBIX TPaHHUIl B MHKPOMHUpE, CBSI3aHHbIE C [1aJb-
HeHIIUM pa3BHTHEM THIIOTe3bl NPEpPEIBHOCTH NPOCTPAHCTBA
1 BpeMeHH, IPUBOLAT K TPYLHOCTH C HeCOXPaHEHHEM SHep-
THH H UMNYJbCa B MaJblX NPOCTPAHCTBEHHO-BPEMEHHBIX 06-
JactsiX. CTOJKHYBIIHCh C 3THM, TEOPETHKH MOLLIH MO ABYM
nytaM. Opuu u3 Hux (manpumep, 0. A. Tombdaunnm [3,
cTp. 256]) He yBHOEIM B HapyuleHHH 06OMX 3aKOHOB COXpa-
HeHHsl HHKAKOH TPYNHOCTH, MOCKOJBKY 3TO HapyLIeHHe Npo-
MCXOAMT B MaJblX NPOCTPAHCTBEHHO-BPeMEHHBIX 06J1acTAX H
HHKAK He CKa3blBaeTCs Ha MOCTAaTOYHO OOJNBIIHX NPOCT-
DPaHCTBEHHO-BPEMEHHBIX 06J1aCTSIX, B KOTOPHIX NO-TIpeXKHeMY
COXDaHAIOTCA W 3Heprus U umny’abc. Ipyrue (Hanmpumep,
B. I'. Kapgeimesckuit [4, crp. 40]) noutnu no nytu B. [Taynu,
BCTPETHBILETOCS B CBO€ BpPeMsl C aHAJOTHYHOH TPYXHOCTHIO
B Hccaenosannu B-pacnaga. Ha stom mytu mocrysnupyercs
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CYLIeCTBOBaHHe HEKOTOPOH HOBOH YacTHIlbl, OTBETCTBEHHOI!
3a «HeCOXpaHeHHe» SHePruH W UMIYyJbca, H TaKUM 00pasom
TPYLHOCTb IPeOJOJeBaeTCs.

OnHako o6a 3TH myTH B MAAaHHOM CJyyae, Kak HaM Ka-
XeTcs, MOTYT OKa3aTbcs HesbdekTHBHbIMU. Ha mepBom H3
HUX TPYAHOCTb C HeCOXpaHEHHeM 3HEpPrHH H HUMIyJbca He
npeojfoseBaercs, a Julib 06xoautcs. OT Toro, yTo 3Ta TPYI-
HOCTb JIOKaJIM3yeTCss B MaJiblX NPOCTPaHCTBEHHO-BpeMEHHbIX
obJacTAX, OHa BOBCe He NepecraeT ObITb TpyaHOCThi0. Ha
BTOPOM NyTH IIpeOfOJIEHHE TPYAHOCTH C HeCOXpaHEHHEM
SHePTUM M MMIIYJbCa TaKie, MO-BUIUMOMY, SIBJISIETCS JIHILb
KaxXyIIHMCS, MOCKOJBbKY, B OTJAHYHe OT BBeAeHHoro B. ITay-
JIM HEHTPMHO, NMOCTYJHDPYeTCs CYLIeCTBOBaHHE He peaJibHbIX
4acTHIl, a HEKOTOPHIX KBa3H4aCTHIL.

PasyMeercs, # B 3TOM c/lyyae pellalOIUM CyAbed SBHTCS
skcnepumenT. OfHAKO M3 CaMblX OOMIUX COOGpPaxKeHHH O
B3aMMOOTHOLIEHHH MpPOCTPAHCTBa, BPeMEHM U MaTepHH
MOXHO BBICKa3aTb MpeAMNOJOXKeHHe, UTO TPYLHOCTb C He-
COXpPaHEHHEM 3JHepMMH W MMIYyJbCa BO3HHKAaeT MPH 3TOM
M3-3a TOrO, YTO B TEOPHUH YUHUTHIBAETCSH JHILb CYL[eCTBOBaHHE
NPOCTPAHCTBEHHO-BPEMEHHOH TpaHHIbI, OTAeJAIOWENd Ipyr
OT ipyra Ka4eCTBEHHO pa3JIMYHble IPOCTPaHCTBEHHO-BPEMER
Hble 06J1aCTH, H HrHOpHpYeTCcs BKJaJ B3aUMOIeHCTBHH, roc-
NOJCTBYIOIIMX 3a IpeneJaMd 3ToH rpaHuunsl. [lociaemoBa-
TeJIbHOe NpOoBeJeHHe THIOTe3bl NPEepbIBHOCTH NMPOCTPaHCTBA
1 BpeMeHH CHHMaeT 3Ty TPYyILHOCTb. DoJjiee Toro, Kaxymeecs
HapylleHHe 3aKOHOB COXpaHeHHs SHEPTHH M UMITyJbCa B Ma-
JILIX NPOCTPAHCTBEHHO-BPeMeHHBIX 006JacTaX InpuHoOpeTaer
IIpH 5TOM HM3BeCTHOE 3BPHUCTHUECKOe 3HaueHHe, HOO TO3BOJIS-
eT B KaKOH-TO Mepe CYAHUTb O B3aMMOJeHCTBHSX, FOCHOACT-
BYIOIUHMX 3a MNpefeJaMH 3TOH NPOCTPaHCTBEHHO-BPEeMEHHOM
TPaHHUIBL,
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H. C. Azrekcees

TITIPOCTPAHCTBO 4 KBAHTOBAST MEXAHHKA

OcHoBHasl 3ajaya aBTOpa 3aKJI0YaeTcs B NMONBITKE MOKa-
3aTh, YTO NMPOCTPAHCTBEHHBIE MOHATHSA, GHUTYpHPYIOIIHE B
cHCcTeMe KBaHTOBOH MeXaHHMKH, ropa3io pa3yMHee CYHTaThb
OTHOCSIHIMMHCA TOJBKO K MaKpOYPOBHIO, HHTEPNPETHPYS HX
KaK XapaKTepUCTHKH COOBITHH OOHAapy:KeHHS MHKPOOOBEK-
TOB B MaKpompocTpaHCcTBe. TeHIEHLHsS CYUTATb HX XapakTe-
PUCTHKaMH MHKPOOOBEKTOB «KaK TaKOBBIX», T. €., B KOHeY-
HOM cueTe, XapaKTepHUCTHKaMH MHKPONPOCTPAHCTBA, MOYTH
6e3pa3eNbHO TOCNOACTBYIOLIAs B HACTOSIIEEe BpeMSsI, Ha HAII
B3TJIsiL, NpeiacTaBaseT co60# OCTAaTKM HENpeoLoJIeHHOH
MHepILHUH CTHJIS MBILIJIEHHUS, CBOHCTBEHHOTO KJacCHYecKoH
(dHU3MKe, COMVIACHO KOTOPOMY MHKPOMHD MNpPHMHIHMIHAJNBHO He
OTJIMYALTCS OT MaKpoMHpa.

EcrecTBeHHO, 4YTO OTKa3 OT HCIOJNb30BaHHUS KaTeropuu
IPOCTPAHCTBA B KauyecTBe CpeNCTBAa 3alaHUs crnocoba cy-
HIECTBOBAHHUS H COCYIIECTBOBAHHS MHKDOOOLEKTOB [OBJe-
yeT 3a coboii BeCbMa najsexo HMAylHe MOCJAeACTBHA B JeJe
noHUMaHus Quaocodckoro craryca stoil Kareropuu. [Ipo-
CTPAaHCTBO B TaKOM cJyyae yTpaudBaeT npaBo ObITb Bceol-
me#l ¥ yHHMBepcaJbHOH (OpMOH cyllecTBOBaHHS MaTepHH,
0CTaBafACh JHUILb 0coO6eHHO! (GOPMOIl CYIIECTBOBAHUSA MaKpO-
martepuu. IloaTomy, npexne yeM pewlaTbCs Ha TaKOi Cepb-
€3HBbIH Iuar, HYXHO J0Ka3aTb ero 0OG0CHOBAaHHOCTb. IJTO,
B [IEPBYIO Ouepellb, NMPEINoJaraeT BbissiCHEHHE NOHATHHHOrO
colepXKaHus KaTeropHH «IpOCTPAHCTBO», THIATENbHBIA aHa-
JIM3 BKJaJblBA€MOTO B Hee CMbICJaA.

B naume#l coBpemenHOl pHunocodpckoit suTEpaType MpocT-
pPaHCTBO MOHMMaeTcsl Kak Takas ¢opMma ObITHS MaTepuw,
KoTOopas, SIBJSASICb KOPEHHbIM YCJOBHEM COCYILIECTBOBAHHS
MaTepHaJbHbIX ABJEHHH, OTpa)KaeT B CBOeH CYLUIHOCTH H
CBONCTBAX HEKOTOPYIO OOIIYI0 3aKOHOMEPHOCTb COCYILECT-
BOBaHUA SBJIEHHH, COCTOSHMH NBHXKYIlefica maTepuu. Kopo-
ye, «IPOCTPAHCTBO BbIPA)KaeT MOPSAOK PACIONOXKEHHS OJ-
HOBpPEMEHHO COCYLIeCTBYIOUINX 06 beKToB» [1, crp. 80]. Tako-
Ba, B yacTHOCTH, KoHuenuus B. M. Ceugepckoro. C. T. Me-
JIOXHH, NpHHHMAas COJepxaHHe 3TOro OMNpelpejeHHs, Cy-
IIECTBEHHO KOHKPETH3HDPYET €ro B YaCTH YTOUHEHHS CMbIC]a
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BBIpAKEHUs MOPSALOK COCYLIEeCTBOBAHHSI», TOHUMAs €ro Kak
IPOTSKEHHOCTD [2, cTp. 122].

Pa3nnyHoe moHHMaHWe KaTeropHH MpPOCTpaHCTBA YNOMS-
HYTBIMH aBTOpPaMH MNPUBOAUT K ToMmy, uto B. M. CBugep-
CKHH JOMYCKaeT BO3MOXKHOCTb TOTO, UTO B MHKPOMHpE Teps-
eT CMBIC/ YyCTaHaBJHBaloLlee KOJHUECTBEHHYIO OIpe/eseH-
HOCTb NPOTSKEHHOCTH NOHATHE paccrodnus [3, ctp. 6; 4,
crp. 299], a C. T. Me/noXHH KaTeropuyeckKH OTBEPraer 3Ty
BO3MOXKHOCTb, CUHTAs MPOTAKEHHOCTb OCHOBHOM XapaKTepH-
CTHKOH NMpOCTpaHCTBa, 6€3 KOTOPOH OHO TepsieT CBOE Cojep-
JKaHHe W cymiectBoBaHue [2, crp. 152].

ITpucoenuussce k Touke 3penuss C. T. Memoxura no Bomn-
pPOCY O TPaKTOBKE MPOTAKEHHOCTH KaK HeoTbeMJeMO# Xa-
pPaKTepHUCTHKH MPOCTPAHCTBA, Mbl He pasfensieM BceoOled
yOeXeHHOCTH B aGCOJIIOTHOCTH IIPOCTPAHCTBA, KOTOPYIO,
coraacHo B. M. CBumepckomy, cienyer NOHHMAaTh Kak Bce-
OGIIHOCTb, 06513aTEJNBHOCTb CYIIECTBOBAHHUSA MPOCTPAHCTBA
IUIl CYLIeCTBOBaHHUsS BCeX COCTOsIHHE Martepuu [4, ctp. 304].
dro, pasyMeercs, He oTpulaer 0OBEKTHBHOCTH IPOCTpaH-
CTBa TaM, IJle OHO CYLIECTBYET.

ITpuMennTenbHo K npoGieMe NpPOSICHEHHSI CMBIC/IA KaTe-
TOpPUH NPOCTPAHCTBA BLIJBUTAETCS TE3UC: KATErOpPHUsl IPOCT-
paHCTBa, KOHKPeTH3HpYeMasi B MOHATHAX «IPOTSKEHHOCTb»
H «pacCTOSIHHe», eCTb He YTO HHOe, KaK CPeICTBO HHIUBH-
Jyaqu3alud pasjiHuHbIX OGBEKTOB.

VnpvBuayanusanusi pasivyHblX OGBEKTOB Tpe/MoJaraer,
4YTO KaXJblH U3 TaKMX 0OBEKTOB He TOJbKO MOXKeT ObITb OT-
JiHyaeM OT APYTHX, HO H OTOXKJecTBJeH caM c¢ coboil. Boo6-
e roBops, HHIMBHIya/JH3allHsl He NPEeANoJaraer CyiecT-
BOBaHHUSl Pa3/JHYHbIX OOBEKTOB — €C/IM OOBEKT TOJNbKO OLHH
(eMy He OT 4Yero OTJHYATbLCSI), TO OH, €CTECTBEHHO, MO-
)XeT ObITb MHAMBUAYANH3UPOBAH, T. €. OTOXKJAECTBJEH CaM C
co6ofi.

OG6wenpyHATbie MPeJCTaBJIeHUS O MNPOCTPaHCTBE, 3adH-
KCHDOBaHHble B YNOMSIHYTBIX BBILIE ONpeJNeeHHsIX, TaKkKe
CBsI3aHbl C NMPEJCTABJCHHAMH O TOXKAECTBE H Pa3/IHYHU 00b-
€KTOB JEHCTBHTENbHOCTH (COCTOSHMH [BHXKYIeHcs wmare-
pun). IlonpoOyeM yTOYHHTL NpEACTABIEHHS O KOHKPETHOM
XapakTepe 3TOf CBSI3H.

BosbminHcTBO Hamux (uaocodoB CYHTAET, UTO BhIpaAXKe-
HHMe «MHD B LeJIOM CYyILECTBYeT B MpPOCTPAHCTBe» He HMEeT
CMbIC/Ia. DTO NPOUCXOJUT MOTOMY, UTO MUp B 1IeJIOM — TOJIb-
KO OOHH. EMy Heé OT uero OT/IH4YaTbCAa — pa3J/JIHYHbIX «MUPOB
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B uetom» Her. CyliecTBoBaHHe MNPOCTPAaHCTBA <«BHYTPU»
MHpa B LieJJOM BO3MOXKHO TOJbKO GJarogaps ¢akry cyliecr-
BOBaHHSl PA3/IMYUH €T0 OTAeJbHbIX (parmeHtoB. Eciam xe
BcTaTh Ha mnosuuuu Ilapmenupa, TpakToBaBILEro MHP B
uenom (ObiTHE) KaK eqUHbIH, HeH3MEHHBIH, He HMEIOILIHH
pas3/Muuil HU BHE, HY BHYTPH celsl, TO MPHUAETCS OTKAa3aThCA
M OT CYyILeCTBOBAHMS MpPOCTpPaHCTBa coBceM, uto Ilapmenup
M cienaJj, NpOBO3TJaCHB OTCYTCTBHE, HeCyllleCTBOBaHHe Iy-
crotbl. ITo3TOMy MOXKHO cKa3aTb, YTO CYyIlleCTBOBaHHE pas-
JHUYHHA sBJseTcs HeoOXOLUMBIM YCJOBHEM CyILIeCTBOBaHHS
NPOCTPAHCTBA: eCJH HHUKaKHX pas3JjiMyHA HeT, MPOCTPaHCTBO
CYILIeCTBOBATb HE MOXKET.

SIBasiercss JIM  CyLIECTBOBAHHE pAa3JIHMYMH JOCTATOYHBIM
NpPH3HAKOM CYLIeCTBOBaHHS MPOCTPaHCTBa?

C Hameldl TOYKH 3peHHs], MpenoJoxKeHHe 06 abCOMIOTHO-
CTH NPOCTPAHCTBA HEABHO NOApPa3yMeBaeT yTBepLHUTeNbHbIH
OTBeT Ha 3TOT Bompoc. MHBIMH cioBamH, Npennosaraercs,
YyTO caM (paKT CyilecTBOBaHHMS pasjHuHbIX 00beKTOB 0b6s3a-
TeJbHO TpeOyeT CyllecTBOBAHHS MPOCTPAHCTBA, OTKyAa Cije-
ILyeT, uyTO KaXAbl M3 pasiHyHblX 00'beKTOB 0053aH Cylle-
CTBOBaTb B MPOCTPAHCTBE.

Takoe moHnMaHHe abCOMIOTHOCTH [POCTPAHCTBA CBA3aHO
C TeM, YTO COBpPeMeHHble MpeJCTaBJeHH O IPOCTPAHCTBE
copMHpPOBANHCL MyTeM CHHTe3a HbIOTOHOBCKHX H JIeH6-
HULEBCKHX MNPEeACTaBJEHHH O cMbiC/e MOHATHS «IPOCTPaH-
CTBOY.

HeloToHoBCcKast JIMHHA B MOHMMaHHH IPOCTPAHCTBA TPaK-
TOBaJ/a ero aGCOJIOTHOCTb KaK CyllecTBOBaHHE MPOCTPAHCT-
Ba CaMOCTOSITe/IbHO, HE3aBHCHMO OT CYLIECTBOBaHHS: HJIH
HeCyllleCTBOBAHUS HANOJHSAIIINX ero 06beKTOB, KaK ero cy-
1lecTBOBaHHe HAPAAY ¢ 3THMH oO6beKtraMH. OHa Geper cBoe
HayaJ/Jo B TPaKTOBKe [peBHErpeyeCKHMH aTOMHCTAMH MOHS-
THSl «nycrora». Ilo MHEHHIO aTOMHCTOB, HYCTOTA CYILECTBY-
€T HHYYTb He MEHee peaJbHO, ueM OblTHe (aTOMbI), HECMOT-
ps Ha TO, uTO OHa siBAsieTcst HeGbiTHeM [5, crp. 25]. Bynyuu
HeoOXOJHMBIM M JOCTAaTOYHbLIM YCJOBHEM JBHKEHHS, MYCTO-
Ta BBICTYIIae€T y aTOMHCTOB H KaK HeoOX0AHMMOe H JOCTaTOY-
HO€ YCJOBHE Da3JIHUeHHS U OTOXKAECTBJeHHS (HHAMBHILYa-
JU3alHH) aTOMOB, 3aNOJHSIOIIHX pasJjHyHble 06JacTH my-
CTOTBI, TpaKTyeMble KakK peajbHO H CaMOCTOSITENbHO Cylle-
craytouine. To e «camoe Oymer CHpaBelJUBbIM M [Js
HbIOTOHOBCKOTO a6COJIIOTHOTO IIPOCTPaHCTBA.

HMHBIMU cli0BaMH, HbIOTOHOBCKAs JIMHHS Pa3BUTHS CMbICJA
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KaTeropud IPOCTPAHCTBA MNEPEHOCHT LEHTP THAKECTH C HH-
IUBHAYAJbHOCTH OTOXKIECTBJASEMBbIX U pa3JjiHuaeMblX 006bek-
TOB Ha BO3MOXKHOCTh HX HHIMBHAYa/H3allMH, TPAKTys 3Ty
BO3MOKHOCTb BHE 3aBHCHMOCTH OT OO'B€KTOB M ONpEIMeyH-
Basl, THIIOCTa3upys ee B MNOHATHH abCOJIOTHOTO NPOCTpPaH-
CTBa.

JlefiGuuneBckas JauHus, Gepylias cBoe Hayajao B JAeTajb-
HOM aHaJ/u3e MNOHATHA «MeCcTo», ocyliecTBieHHOM Apwucro-
teneM [6, crp. 69—79], HanpoTHB, C caMOTo HauaJja cocpe-
IOTOUMBAET BHHMaHHe Ha CaMHMX OObEKTaX, He OTPLIBAsCh
OT HHUX B XOJ€ paccyXIeHHs. ApHcroTeseBcKasi TPaKTOBKa
MecTa TeJia KaK FPaHUUbl JPYTOTo Tesa, 06'beMIIOUero qa -
Hoe [6, cTp. 77], moApa3ymeBaeT CyIeCTBOBaHHE IBYX pas-
JIUYHBIX TeJ — o6beMJionero  o6beMJaeMoro — U MoHUMa-
eT I'PaHHIly MexXAY HUMH KakK ONpelesieHHYIO XapaKTepPHCTH-
Ky pas3juyus 3STHX Tes. Pa3BHTHEM apHCTOTENEBCKOTO
NOHAITHSI MECTa SIBJASeTCS IpeACTaBJeHHe O INPOCTPaHCTBE
KaK O COBOKYNIHOCTH MeCT H NOpsiiKe COCYylIeCTBOBaHHS Be-
mel, chopmynaupoBanHoe Jleii6uunem [7, crp. 47, 74, 78],
COIJIaCHO KOTOPOMY YacCTH IPOCTPaHCTBA MOTYT OTOXKIECT-
BJAATBbCS U Pa3/H4YaTbC TOJbKO C TOMOLIbIO HaXOMAIHXCS
B HeM Beleit [7, crp. 85], uTo 06yC/I0BHIO €r0 BHIBOL: «6e3
MaTepHH HeT mpocTpaHcTBas [7, crp. 84]. ITonsitue paccrosi-
HHUS TakKxXKe Tpakryercs JlefiGHHIleM KaK XapaKTepHCTHKa
B3aMMHOTO DAcCIOJIOKeHHS Bellel, T. e. KaK XapaKTepHCTHKA
onpe/eJIeHHOTO BHAA MX pasnanyus [7, crp. 78].

CoBpeMeHHBIM NpEACTaBJIEHHAM O NPOCTPAHCTBE HE INPH-
Cylne NOHHMaHHe ero abCcoJIIOTHOCTH KaK CyLIeCTBOBaHHS Ha-
pAny ¢ o0BbeKTaMH M He3aBUCUMO OT HHX, CBOHCTBEHHOe
Hbi0TOHY, HO NpHCyllle NOHHMaHHE ero aGCOJIIOTHOCTH Kak
Heo6XOAHMOTO M [OCTAaTOYHOTO YCJOBHS CYLIECTBOBAHHS H
COCyILleCTBOBaHUSI He TOJBbKO HHAMBUAYAJIU3HPYEMBIX, HO H
BCEX Pa3JHYHBIX 06'bEKTOB. DTO MpE/INONaraer, B YaCTHOCTH,
UTO CYL[eCTBOBAHHE M COCYLIeCTBOBaHHE KaXKAOTO 0G'beKTa
06s13aTeNIbHO HOJIKHO ObITb 3aJaHO NPOCTPAHCTBEHHO. Ecan
JKe TPaKTOBaTbhb IPOCTPAHCTBO KaK OTHOCALIEecs K CYIIeCT-
BOBAHHMIO TOJIbKO HHIHUBUAYAJU3UPYEMBIX OGBEKTOB, TO €T0
a6CcoJIIOTHOCTh OyIeT 03HayaTb, UTO BCe OO'BEKTHI SBJSIOTCS
HUHIMBUIYaJU3HPYEMBIMH.

AHanus mnokasbiBaeTr, ONHAKO, UTO DPEANoJioxeHHE 06
aGCOMIIOTHOCTH NPOCTpPaHCTBA B OOOHUX €ro BapuaHTaX OKa-
3bIBaercs CAHUIKOM CHJBHBIM M He 06Gs3aTe/bHbIM, HGO Xa-
DAKTEPUCTHKA CYILECTBOBAHHS M COCYLIECTBOBAHHSA PasJjiHu-
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HBIX 00bEKTOB He 0653aTebHO TpebyeT UX HHAUBHOYyaJH3a-
IHH U MOXeT ObITb BblpaXKeHa B «HeNpPOCTPAHCTBEHHLIX»
noustusax. MHbIMH cioBaMH, Tpe6GoBaHHe pa3/HuHs 06'bEKTOB
(koTOopoe, ecTeCTBEHHO, MpeAlNoJiaraeT Kak CylIeCTBOBaHHE
KaxXJ0ro U3 pa3JHyHbBIX OGBEKTOB, TAK H HX COCYIIECTBOBA-
HHMe Bcex BMecTe) siBasiercl Gosee ci1abbiM TpeGoBaHHEM,
yeM Tpe6GOBaHHe CyLIeCTBOBAHHSl HX B NPOCTPAHCTBE U Tpe-
foBaHNe HHAMBUIyaJH3aLHH OOBLEKTOB.

Ileso B TOM, yTO, HapsAAY C MPOCTPAHCTBEHHBIMH, CYIIECT-
BYIOT H JApYyTHe coco6GBl OTOXKAECTBJIEHHS H pasjHyeHHs,
06beKTOB — [0 CBOHCTBAM M 1o uucay. [Ipu ycraHoBJeHHH
NPOCTPAHCTBEHHbIX XaPAaKTEPHUCTHK TOMKIECTBA M DPa3JHuHs
00'beKTOB (Belleil) B KauecTBe HelOCPeACTBEHHBIX 06'bEKTOB
JleATeJJbHOCTH OTOXKAECTBJEHHS H pasjiuvueHuss Oepyrcs
CaMH 3TH Belld B IeJIOM, B3ATble Kaxknas KakK OJHO, Kak
HepacuJleHeHHOe ce6eToXecTBeHHOe elIHHCTBO. DTO, KOHeu-
HO, NpeqnoJiaraer HHAHWBHAYAaJbHOCTb CpPaBHHUBAeMBIX INpO-
CTpaHCTBEHHO 001LeKkTOoB. IIpM ycTaHOB/JIEHHH TOXJAeCTBa H
pasanyHsa oOBEKTOB IO MX CBOHCTBAM HENOCpPeICTBEHHBIMH
00beKTaMH OTOXKAECTBJEHHS W pAa3JjiHueHHs SBJSAIOTCS He
caMu oObeKTHl (Bellu), a UX cBOMCTBA. 3HAHHE O TOXKJECTBE
HJIM pasyinyiy 0ObeKTOB IPH 5TOM SIBJASETCS BHIBOJHBIM IO
OTHOLIEHHI0O K HEMOCPEeACTBEHHO MOJyyaeMuMy 3HAHHIO O
TOXKJECTBe HJH Da3/MYHU OTHEJNbHBIX CBOHCTB 3THX OOBEK-
ToB (Bemleil). CaMu 00bEKTHl paccMaTpHBAaIOTCS KaK Habo-
pbl CBOHCTB — OlHO (0OBEKT) MNoJiaraercsi Kak MHOXKeCTBO
(MHOXecTBO cBo#cTB). OYeBHAHO, YTO Pas3JaHYHs MO CBOHCT-
BaM, BooO1e roBopsi, HECBOJLUMbI K MPOCTPAHCTBEHHHIM pas3-
JINYHSAM.

B orauyne ot mMpOCTPAHCTBEHHBIX pas3JjMUHil M pas3jHuuil
N0 CBOMCTBAM pa3fjHuMs OOBEKTOB MO YHCAYy He TpebyloT
WHIUBHIYyaJ/JH3alMH, NMpeACcTaBiass cofoil «uyHCTbIe» pasJH-
yHs, He Npeanoaralonie ce6eToXA1eCTBEHHOCTH Pa3/IHYHbIX
no uucay obbekToB. [To3TOMy HX ecTecTBeHHO cyHTaTbh 60-
Jiee NMPOCTBIMH, YeM NPOCTPAHCTBEHHblE PAa3JIMUMA M pasJH-
YHs 10 CBOHCTBaM.

B peasibHO!N No3HaBaTesbHO!N [€ATENbHOCTH BCe TPH BUAA
pas3MYHi TeCHO CBSI3aHbl H HEOTAEJHMBI APYT OT Jpyra.
OnHako nand Leseff MeTOHZOJOrHYECKOrO aHaju3a HMeer
CMBICJI PAacCMOTPETb HX OTHENbHO. DTO He0OXOAHMO, B YacT-
HOCTH, JJIS PELIeHHs] BOIPOCA O CTATyCe MPOCTPAHCTBEHHBIX
NOHATHI B KBAaHTOBOH MexaHHKe H 006 abCOMIOTHOCTH MHpoO-
CTpaHCTBA.
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Hrak, mbl Gynem HCXOLMTb M3 TOTO, UTO pa3/nuhs GbiBa-
I0T Tpex pOJOB: pa3/jiMyusi 10 uHCJAy, NPOCTPAHCTBEHHBIE
pasjuuus W pasauyua no cpoiicrBaM. [lonpobyem ycraHo-
BUTb OTHOLUEHHMA MEXAY 3TUMH BHAAMH pa3JUyHUil.

ITpexkne Bcero mokakeM, 4TO Pasjiuue MO YUCaAy (MHO-
XKECTBEHHOCTb) JeHCTBUTENbHO SABJAETCS CaMbIM IPOCTBHIM,
HCXOJMHBIM DPa3/nyHeM.

OueBHHO, 4TO €C/IH OGBEKTLI PA3JHUHBl IPOCTPAHCTBEHHO,
TO OHU o0s3aTe/bHO pasJjuuHbl H Mo uucay. O6paTHoe, BO-
of11e roBopsi, HeBEPHO —— TaK, HANpPUMep, B OLHOM H TOM
e MecTe IpPOCTPAaHCTBA MOTYT CYyLIeCTBOBATb HECKOJbKO
pa3HYHBIX 06BEKTOB — CKaXK¢M, 3JIeKTPOMArHUTHOE W rpa-
BHTALlHOHHOE N0JIsl. B JIOKaJbHBIX TEOPUAX B3aUMOJAEHCTBHE
JABYX Pa3/MYHBIX YaCTHI[ TAKXKe MPOUCXOAUT B OLHOH TOUKE
npocrpancrBa. MubIMH cj0Bamu, pasjuyde OGBEKTOB MO
4KCcIy He o6si3aTeqbHO BJeyeT 3a COO0H HX MPOCTPAHCTBEH-
Hoe pas/iHyHe, B TO BpeMs Kak IPOCTPAHCTBEHHOE pasjinyHe
00beKTOB 00513aTeJbHO BJieyeT 3a co0oH MX pasavuue 1o
YHCTY.

STO U 03HayaeT, YTO pa3/HyMe IO YUCIY sBJaseTcs OoJee
OpOCTbIM H (QyHLaMeHTaJbHBIM, UeM IPOCTPAHCTBEHHOE, II0-
CKOJIbKY OHO, BOOOIlle TOBOpS, HE 3aBUCHUT B CBOEM CYLIECT-
BOBaHHM OT CYIIECTBOBaHHS NPOCTPAHCTBEHHBIX pas3JiHyui,
B TO BpeMs KaK CyLIeCTBOBAHHE NMPOCTPAHCTBEHHBIX Pa3JH-
YHH 3aBHCHUT OT CYLIECTBOBAHUS PAa3/IHYU IO YHCITY.

AHanornuHoe cnpaBeIuBO U IJIsl oTHOLIEHHST MEXIY pas-
JUYyHeM IO YHCIY H pas3/jvuyueM 1o cBoiictBaM. Pasnuuue
no yucay sBasercs 6oJiee NpocTHIM U (QyHIAMEHTaJbHBIM,
TaK KaK W3 CYL[eCTBOBaHHS pasjHyusg 00beKTOB MO CBOMHCT-
BaM BbITEKaeT MX pasjMuMe MO YHUCAY, a M3 CyLlecTBOBaHHS
pasynyys 110 YHCJY CyLIeCcTBOBaHHE pPa3JMYMil 10 CBOACTBAM,
BooO1le rosops,, He caenyer. CoBeplIEHHO OAMHAKOBBIE IO
cBoHicTBaM 00BbeKThl (HampHMep, aTOMBI OJHOTO H TOTO XKe
BelllecTBa, HaXoAsILHeCd B OLHOM H TOM K€ COCTOSIHHH)
MOTYT BCE K€ pasjHyaTbCs 10 YHCTY.

HHrepecHo, yto B HCTOPHH Pua0CODUH OBLIM MOMBITKH
YCTAHOBJIEHHs OTHOLIEHHsI SKBMBAJEHTHOCTH MEXIY pasJu-
YUSIMH 110 YUCJY M MPOCTPAHCTBEHHBIMH Pa3JHYHAMH, a TaK-
JKe MeXIy PasyHyHsMH [0 YHCIY H Pa3jIHYUsMU M0 CBOM-
CTBAM INPH NMOMOIIH ONpefeNeHHBIX OHTOJOTHYECKHX TPHH-
I[UIIOB.

Tak, nanpumep, JefiOHUIEBCKUH NPUHLUN TOXK/JIeCTBa He-
pa3uyuMBIX ([0 CBOMCTBAM) MOCTYJAMPOBAJ HEBO3MOXKHOCTb
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CYIIeCTBOBAaHHS HHKAKHUX ABYX HEPA3JHYHMBIX JAPYT OT Jpyra
N0 CBOHCTBAM OTHAE/bHBIX 00BEKTOB [7, cTp. 54, 55], xoTsi U
JONyCKasJ BO3MOXKHOCTb aGCTPAKTHOTO MBILIJIEHHSI O TaKo-
ro posa o6bekTax [7, crp. 72, 73]. [IpuHsiTHE 3TOrO MPHHLHUNA
[CNaeT JOTHYECKH M OHTOJIOTHYECKH 3KBHUBAJIEHTHBIMH pa3s-
JIMYHe 10 CBOHCTBAM W pas3J/iMyHe MO YHCIy, OTKpbIBas BO3-
MOXKHOCTb YMO3aKJ/I0ouaTh OT OAHOTO THNA Pa3jH4YHi K Cy-
LeCTBOBAHHUIO Apyroro. KpoMe 3Toro, NpHHUHIN TOXKAECTBA
Hepa3/IHYUMbIX TO03BOJISIeT HHIHUBHAYaJH3HPOBATb OOBEKTHI
TOJIBKO 11O CBOHCTBaM, yTBepKAasi eAHHCTBEHHOCTb OO'BEKTA,
obsafamllero 3afaHHbIM HabopoM CBOMCTB.

C npyro#i CTOPOHbI, DOKTPHHA AHTHYHOTO aTOMH3Ma O
HeTpOHHIIaeMOCTH aTOMOB, YTBEPKAaBliass HEBO3MOXKHOCTD
CyLIeCTBOBaHHs MHOTHX aTOMOB B OJHOM H TOM e MeCTe
POCTPAHCTBA, OHTOJIOTHYECKH M JIOTHYECKM YpaBHHBaJa
pasJMyus N0 YHCIY H NPOCTPAHCTBEHHbIE Pa3/HyHs, Npei-
cTaB/sAsi coboll CBoeoOpa3HbIl NPHHUHUI <TOMXIECTBA IIPO-
CTPAHCTBEHHO HEPA3JHYHUMBbIX» (aTOMbI «GbIIH CAENaHbI» U3
ONHOTO M TOTO Xe MaTtepuaJjal). DTo NO3BOJSI0 HHIHUBH-
AYaNH3HpoBaTh YacTHLbl (0O6BEKTbI) TOJBKO MO HX IPOCT-
paHCTBEHHbIM XapaKrepucTHKaM. Eciaum atoMoB Oblio He-
CKOJIbKO (OHH pa3JIM4yaJUCh NO YHCAY), TO OHH 06s3aTeNbHO
JOJKHBl GBI CyLIeCTBOBaTb B Pa3HbIX MecTax IpPOCTpaH-
crBa (ObITb NPOCTPAHCTBEHHO pa3iHyHbIMH). CnpaBeHBO
6bl10 M o6paTHOE — eCJM aTOMbl OBbLJIM NPOCTPaHCTBEHHO
Pa3JIMYHbIMH, TO OHH 06513aTeIbHO PA3JHYaJHCh H IO YHCJY.
B cuny Ttako#l JIOTHKO-OHTOJIOTHYECKOH 3KBHBAJEHTHOCTH
OblJIO BO3MOXHBIM OOBACHHTb OLHO uepe3 JAPYroe — Tak,
HanpuMep, KaHT cyHMTan npocTpaHCTBO YC/IOBHEM MHOXKe-
CTBEHHOCTH (YHCJEHHOTO pa3jHuus siBieHuil) [8, crp. 316].

[TpuBeneHHble Bbllile IPHMEpHl NOKA3bIBAIOT, YTO B PE€aJib-
HOH MNO3HaBaTe/bHOH [efTeJbHOCTH HH NPUHIIMN HENpOHH-
11aeMOCTH, HHM npHHUMN JlelOHHLIA He SABASAIOTCS a6COJMIOT-
HBIMH OHTOJIOTHYECKHMMH KDHTEpPHSAMH. DTO OTKPHIBaeT BO3-
MOXKHOCTb CYHTATb KaK pa3JHYds 0O CBOACTBAM, TaK H
NPOCTpAHCTBEHHblE PA3JIMUHSl KOHKpeTH3alleld pasjHyuil mo
yrcay. Co6/a3HUTENbHO TPAKTOBATh TaKyl0 KOHKPETH3aLHI0
KaK 0053aTe/IbHYIO U CJelaTb BBIBOJ, YTO 3TH CIOCOGHI KOH-
KpPEeTH3allHH HCYepINbIBAIOT BCe ee BO3MOXHOCTH, TaK YTO U3
HaJHYUsl PasjHyMii Mo yucay o6s3aTeJbHO BHITEKaeT JHGO
pasjiHyye no cBOHCTBaM, JIHOO NPOCTPAHCTBEHHOE Pa3JHyHe.
[TockonbKy B TNpPHBOJAMBIUMXCA TNpHMepax TIPaBHTALMOHHOE
M 3JIeKTPOMAaTHUTHOE II0Jif, pa3JiMyalolihecss MO YHCIYy, HO
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He pasjxuyaloliHecs MPOCTPAHCTBEHHO, Pa3JHYHB MO CBOf-
CTBaM CBOMUM, a OJMHAKOBbLIE AaTOMBI, He pasJjHyasCh Iio
CBOHCTBAM, PasJHyalOTCA NPOCTPAHCTBEHHO, TaKoe IHpeirno-
JIOXKeHHe Kaxercs npaBponofo6HeiM. OfHaKo B 06IIEM CaY-
yae TaKo! BBIBOJ, KaK NOKa3blBaeT MpakKTHKa M03HABATE/b-
HOH JesATeNbHOCTH, SIBISETCS HeclpaBelJHUBLIM. B KauecTBe
OIIpOBepraroliiero NMpaBOMepHOCTb TAKOTO BBIBOAA MpHUMepa
MOXHO NPHUBECTH BO3MOXKHOCTb CYIIECTBOBAHUSA HECKOJILKHUX
abCoJIIOTHO OJMHAKOBBIX [0 CBOMM CBOHCTBaM 3JeKTpoMmar-
HUTHBIX BOJIH, 06/1aJal0IIUX OJHHUMH M TeMH Ke NpPOCTpaH-
CTBEHHBIMH XapaKTEPUCTUKAMH.

IIpuBenenHble NpUMepbl [OKAa3bIBAIOT TakKkKe, 4TO MPO-
CTPAHCTBEHHble Pa3/IMYUs U Pas3/jnyus MO CBOHCTBAM B3aUM-
HO He3aBHcHUMBl. U3 cymecTBoBaHHsA NPOCTpPaHCTBEHHBIX
pasauuuil 06bEKTOB HeJb3sl BBLIBECTH MX pasjHyHe MO CBOH-
crBam. Hesb3sa cpenars u o6paTtHoro BbuiBoja. IIpoctpasn-
CTBEHHO pasjiHyHble OG'BEKTbI MOTYT ObITb TOXAECTBEHHBI
o BCEM CBOMM CBOHCTBaM, a pasjJHyHble IO CBOMCTBAM
06'beKTbl MOI'YT HMETb OJHH H Te XK€ IPOCTPaHCTBEHHbIE Xa-
PaKTepPUCTHKH.

W3 Bcero 3Toro BbITEKaeT BaKHBIH BEIBOJ, YTO BCE TpPH
BUIA pasIMYMf MOTYyT paccMaTpuUBATbCd HE3aBHCHMBIMHU
JIPYyT OT Apyra He TOJIbKO B JOTHYECKOM, HO H B OHTOJIOTH:
4eCKOM CMbICIIe,

[Tocne Bcex 3THX IOBOJMBHO YTOMHTENbHBIX PacCyXJeHHH
MOJXHO, HaKOHell, MOKa3aTb, 4TO B KBAHTOBOH MeXaHHKe
NpPOCTPAaHCTBEHHbIE pAa3/Mylsl MHUKPOYACTHUI pasyMHO CyH-
TaTb HeCYUIeCTBYIOLIUMH.

IlpyHUMD HepasJMYHUMOCTH (TOXKIECTBEHHOCTH) OTHEJb-
HbIX OOBEKTOB B CHCT€ME MHOTHX OJMHAKOBBIX (MO CBOMM
CBOMCTBAM) MHKPOYACTHULl, CIHPaBeAJUBOCTL KOTOPOrO yCTa-
HOBJIEHA JOCTAaTOYHO HANEXHO MaKPOCKONMHYECKHMH 3KCIle-
pUMEHTaMH, yTBepXKJaeT, YTo O6MeH MPOCTPAHCTBEHHBIMH
MeCTaMH MeXIY OTHeJbHbIMH MHKpPOYaCTHLAMHU HE HMeer
(hu3nYeCKON 3HAYHMMOCTH, T. €. He BJHSET Ha MaKpOCKONuue-
ckM HabuojfaeMble sBjaeHHs. CTpOro roBops, 5TOT NPHUHLMI
Jiyullle HA3biBaTb NPHHUUIOM OTCYTCTBHSI HHIHBULYAaJbHO-
cTH, H60 OH TpebyeT He OTCYTCTBHS BCAKUX PA3JIUUUI, a TOJb-
KO JIMIIAaeT BO3MOXKHOCTH HCIIOJb30BaTbh NPOCTPAHCTBEHHBIE
pasjHuus MeXJy PasJHYHbIMH N0 YUCAY MUKPOYaCTHLAMHU
[l UX HHAMBHAyaJbHOCTH. CUTyallus CHUJbHO 3aTeMHSeTCs
TeM, YTO B MaTeMaTUYeCKOM allapare KBaHTOBOH MeXaHHKHU
BOJIHOBast GYHKUHUA P (ry, r2) OTAHUHA OT VP (re, 1) UMEHHO B

237



MPOCTPAIICTBEHHOM OTHOIUEHHH, Pa3auyYasach MPOCTPAHCTBCH-
HbIM TopsiikoM aprymeHtos. CyTh Hesa, OLHAKO, 3akJioya-
eTcsi B HEBO3MOXKHOCTH COMOCTABHTb 3THM pAasJHYHBIM -
(YHKUHAM pasJHyHble 3KCIEePUMEHTaJ bHble CHTYalHH.
[TosTomy, ecan ci1e0BaTh TOM K€ JIOTHKE pacCyXAeHH, KakK
¥ [IPH BBIBOJE YTBEPXKJEHHS O HecylleCTBOBAHHH Y MHUKPO-
YacTHUbl OJHOBPEMEHHO KOODIAMHATH U HMIYJbCa, KOTOPOE
OCHOBAHO Ha HEBO3MOXXHOCTH OZHOBPEMEHHOro H3MepeHUd
3THX XapaKTepHCTHK (T. €. CUMTATb OCHOBOH YTBEpKIeHHI
O CYLIeCTBOBAHHH WJHM HeCylleCTBOBAHMH HYero-iudo 3KcIe-
pPUMeHT, IPAKTHKY), TO pa3dyMHee GyoeT TPeANOJOKHUTh, YTO
NPOCTPAHCTBEHHLIX pa3J/IMYHil Y MHKPOUYACTHIL He CYIECTBY-
eT BooOllle, 4eM CUMTATh HX CYLIECTBYIOUIMMH, HO HHKAK
He OOHapyXXHUMbIMHM KCIIepHUMeHTaJbHO. Pa3nnune apryMmeH-
TOB {-GYHKUHH B 3TOM cjydyae OyAeT 0603HauaTh pasjinuue
MecT o6HapyXKeHHs MHKpouYacTHl (pasjMyHbIX MO YHCIY) B
MakKponpoCTpaHCTBe, KoTopble (Mecta oGHapyxeHHs),
€CTeCTBEeHHO, MOryT OblTh HHAMBHAYyaJausmpoBaHbl, Ho us
MHJIHBHYaJbHOCTH 3THX MeCT B MaKpONpPOCTPAHCTBE BOBCE
He -cJleflyeT HHIMBHIYa/JlbHOCTb MHKPOOGBEKTOB B MHKPO-
IPOCTPAHCTBE.

B03MO0XKHOCTb Takoro BBHIBOZA 3aTEMHSETCA ellle H TeM
(bakToM, YTO KOOPAHHATY M MMINYJbC HENb3s1 OJAHOBPEMEHHO
3ajaTb B MaTeMaTHYeCKOM aliapaTe KBAHTOBOH MeXaHHKH,
a8 NpPOCTPAHCTBEHHble DAa3/]MYHS MHKPOYACTHL KaK OYATO
MoXHO. OJHaKO CHUMMeTpHU3alHs BOJIHOBBIX (YHKUMIL, Tpe-
Oyemas MPUHLHUIOM OTCYTCTBHSI MHAMBHAYAJbHOCTH, HaKTH-
YeCKH JIMKBHIHDYeT BO3MOXKHOCTb U MaTeMaTHYeCKON HHIH-
BHJyaJIu3aLHH ABYX Pa3JMYHBIX TO YUCIY, HO OXHHAKOBBIX
0 CBOMCTBAM MHMKPOYACTHL, TOCPEICTBOM HHAMBHIYaJIH-
3allM¥ UX BOJIHOBBIX (QYHKIIHH.

MoxHO BO3pa3uTb, 4TO, HECMOTPsl Ha 3KCIEPHMEHTaJb-
HYI0O HeoOHapyXHMOCTb IPOCTPAHCTBEHHBIX  Das3jHyHil
MHKpOUYACTHL, 3TH pa3juyusi Bce xKe cyuwecrByor. Ho ra-
KUM e 00pa3oM MOXKHO YTBEpKIATb W CYLleCTBOBaHHE
a6COJIIOTHOTO NPOCTPAHCTBA, M OJHOBPEMEHHOE CyLLEeCTBO-
BaHHWEe KOODAMHATHl M HMIyJbca, HEB3HpPAsl Ha HEBO3MOX-
HOCTb 3KCNEPHMMEHTAJbHOH MPOBEPKH 3TOro YTBep KAeHHUS.

MoKHO, HaKOHel, CKa3aTb, UTO XOTS HEHHAHUBHUILYaJH3H-
pyeMble MHUKPOUYACTHIILI U He COCYLIECTBYIOT B IIDOCTPaHCTBe
(mpocTpaHCTBEHHbIE Pa3/jMyUs MeXAY HHMH Kak xapakre-
PHCTHKM crmoco6a HX COCYILeCTBOBAHMS He CYHLIECTBYIOT),
caMH OHH CyIlecTBYIOT B npocrpaHcTse. Ho cocrosHue (xa-
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PaKTepHUCTHKY crnoco6Ga CylleCTBOBaHHsI) MHKPOUACTHU, BO-
o6lle roBopsl, MOXKHO 3alaTh u He nmpuberas K MPOCTPaHCT-
BEeHHBIM XapakTepucTHkaM (IoJIOXKeHHe, KOOpAHMHATAa), a
NpU NMOMOILHM HX CBOHCTB, CHMBOJH3HUPYEMBIX KBAHTOBLIMHU
YHCAaMH, KOTOpble He HMEIOT NMpPOCTPaHCTBEHHOH NPHPOEL.
CocyliecTBOBaHHe TaKHX «0eCnpOCTPaHCTBEHHO» CYIIECT-
BYIOLIHX OOBEKTOB MOXHO 3a4aTh uYepe3 COCYUIEeCTBOBaHHE
UX CBOHCTB C MOMOLILIO annapata TEOPHH TPV, B KOTOPOM
NPOCTPAHCTBEHHbIE XapAaKTePHCTHKH MOTYT H He (HrypH-
pOBaTb.

C ¢dunocodckoll TOUKH 3peHHUsT 3TO 03HAYAET, YTO KaTero-
pHSl CTPYKTypbl sBJserca 6ogee oO6LIeH XapaKTepHUCTHKOMH
COCYLILeCTBOBAHHUS OGBEKTOB, YEM KAaTETOPHUSI NMPOCTPAHCTBA,
u60 TNpOCTpaHCTBEHHBIE CTPYKTYPbl, OCHOBAHHbIE HA MOHA-
THH PAaCCTOSIHUS, SIBJISIOTCA YaCTHBLIM CJy4aeM <«CTPYKTYp
BOOGLIEY.

B Takom ciyyae yTBepkAeHHE O CYLUIECTBOBAHHH IIPO-
CTpPaHCTBAa B MHKPOMHpe Bcellesio OyleT clefcTBHeM (HIO-
codckoro moJoxeHuss 06 abCONIOTHOCTH MPOCTPAHCTBA.
Ecnu or6pocutb 310 TpeGoBaHHe (UYTO HHKOMM 06pasoM He
nokose6/ieT 06 BbEKTUBHOCTH CYLIECTBOBAHHS MHKPOUACTHIL),
TO KBaHTOBasi MeXaHMKa TaK Xe CMoOXeT o00oiTHCch 6e3
yTBepxkAeHUsl 06 00513aTeJIbHOCTH CYLIECTBOBAHHS M COCY-
IIeCTBOBAHUA MHKDOOOBEKTOB B MPOCTPAHCTBE, KaK TEOPHs
OTHOCHTEJILHOCTH 06XOAUTCSA 6e3 YTBEPIKAEHHSI O CYIIEeCTBO-
BaHHU 3Hpa M abCOJIOTHOrO NMPOCTPAHCTBA B HBLIOTOHOB-
CKOM CMBbICJIeE.

Besi Bhillen3sioXKeHHast MONMBITKA <HAJUTL CTapOe BHHO
KBAaHTOBOH MeXaHHKH B HOBble MeXa» Kacaercsl TOJNbKO (H-
J0cOdCKOl cTOPOHB! Bompoca. MBI MbITalnCch MOKa3aTh, 4TO
OPHHIHUN TOXAECTBEHHOCTH MHKPOYACTHL, 3ampelialoniui
HUX UHIMBUAY aJU3alHIO,. TO3BOJISIET HCKIIIOYHTHL 6€3 BCSAKOro
yuep6a MPOCTPAHCTBEHIIble XapaKTEPUCTHKH (OCHOBAHHbIE
Ha MOHATHH PAaCCTOSAHHA) KaK XapaKTEPHCTHKH CYLIECTBOBA-
HHUSl ¥ COCYIIeCTBOBAHHUSI MUKPOUYACTHI. DTO U 06GOCHOBLIBAET
npeANoJIOXKeHHe, UTO MPOCTPAHCTBO, KaK (OpMa CYLIECTBO-
BAHHA MaTepHH, OTHOCHTCSl TOJbKO K HHAWBHAYAJH3HDPYe-
MbIM (pparMeHTaM XeficTBHTeNbHOCTH. UTO Ke Kacaercs He-
HHIHUBHAYaH3HUPYyeMbIX O0OBEKTOB, TO HX CYIIeCTBOBaHHe
XapaKTepHu3yeTcsi C MOMOLIbIO  KaTeropHH CTPYKTYpHI.
CTpyKTYPHOCTL MaTepHH M TpelNCcTaBjsieT co6oi aGCcoJioT-
HyI0 ¢OpMy ee cyllecTBOBaHus, Gojaee OO6IIyl0, YeM IIPOCT-
PaHCTBO.

239



JIHTEPATYPA

1. «®unocodekuit cioBapb». M., 1963.

9. «®unocodhckre npobseMbl HH3UKH 3JIeMeHTapHHIX uactuiu». M., 1963.

3. B. H. Csudepckuii. TlpoctpanctBo u Bpems. M., 1958.

4. B. H. Csudepcruii. dunocodckoe 3HaueHHe NMPOCTPAHCTBEHHO-BpEMeH-
HBIX TpefcTaBaeHnl B pusuke. JI., 1936.

5. A. Maxosensckuii. JIpesnerpeueckne aToMHcTH. Baky, 1946.

6. Apucroreas. ®Pusuka. M., 1937.

7. «Ilonemuka T. Jlei6uuna u C. Knapka. JI., 1960.

8. H. Kaut. Couunenus, 1. 3. M., 1964,

H. A. Axuypun
HH®OPMALLIHOHHASI EMKOCTb H MHKPOMHP

Hnes undopmaunonHoit eMKocTH [1] mosBoasier mpexcka-
3aTh, UTo B caMoM OJjuxaimem OyAylleM TONOJOTHYECKHE
MeToJAbl HAYHYT, NMO-BHAMMOMY, ONpele/fATb JdajbHeHIlHe
NyTH Pa3BHTHs JaXke TaKoH, Ka3anoCb Obl, He3aBHCHMOH,
HMEWIEel YHCTO aKCHOMAaTHYecKoe MOCTPOeHHe IHCLHMILIH-
Hbl, KaK aGcTpakTHas Teopust noas. Jleno B ToM, 4TO OTHO-
CHTEeJIbHO HELAaBHO OBLIO HOKa3aHO, YTO OCHOBHble MaTeMa-
THYECKHE CpeICTBa MocJefHell — 0000LIeHHble (DYHKIUMH
(pacnpenenenus, IUCTPHUOYLHH) — ABJAAIOTCA He TOJBKO
ompeneJeHHbIMH (yHKUHOHaNaMH. Kak nokasan smoH-
ckuit marematnk Mukno Caro, o00600ueHHbe GYHKLIHH
NpeacTaB/siloT cobofl Npexae BCero HEKOTOPhle TPYMIB
OTHOCHTEJIbHBIX ~ KOTOMOJIOTHH  Ompele/leHHBX  IPOCT-
paHctB [2].

[TosToMy ecThb Bce OCHOBaHHS 0XKHAATh, UTO PaHO HJIHU
MO3AHO Halo nepedopMyJHpPOBaTh BCIO COBPeMeHHyIO ab-
CTPAKTHYIO TEODHIO MOJIA C TOYKH 3PeHHS KaKOH-TO, COBCEM
He TpUBHAJbHOW Tomosoruy. MMeHHO HA 3TOM myTH, MO Ha-
leMy MHEHHIO, NpPOM30HJeT OYeHb BaXKHbBIl M CyZneb
Ja/jpHefllero pa3BuTHs (pU3HUECKOH HAayKH MpoLecc ee Ma-
Tematuueckolt MofepHu3auuu. OH 3aTpOHET NpexXie BCEro
ee OUeHb CTapble MOHSTHS (HAnpuMmep, NPHYHHHOCTB) H
MO3BOJIUT MX BBIPA3HTb Ha TOYHOM, OJHO3HAUHOM H HeABY-
CMBICJIEHHOM $I3bIKe COBPEMEHHOH MaTeMaTHKH — TakK, 4YTo
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Obl OHHM CTaJIH MPUMEHHMBIMH K O0GbEKTaM OTPOMHON MHGOP-
MalHOHHO eMKOCTH.

[TonsiTue NPUYMHHOCTH B 3TOM OTHOUIEHHMH, KaxeTcs,
BIUIOTHYIO TOAOILJIO yXKe B HOBeHIUHX paboTax IO MyyKam
anre6p ¢ox Hefimana Hax (GH3HYECKHM NPOCTPAHCTBOM K
CBoell 6oJiee WM MeHee COBpeMeHHOH GOpPMYJHPOBKE Kak
CBOMCTBa KOTepPEHTHOCTH OIlpeje/IeHHBIX ajreGpauyecKux H
OJHOBpPEMEHHO aHaJWTHYECKHX NY4kKoB. Kak pas 3mech
MOXKHO OXKHOAaTh «BTOPOTO DOXKJEHHS» TaKUX METOAOB, KaK
IUCTepCHOHHBIE COOTHOIIEHHS HJH KOMIJIEeKCHbEIE YIJIOBbIE
MOMEHTHI, KOTOpble CTaHyT 6Jarogaps 3TOH MaTemaruuye-
CKOM MOJepHH3alUH NPUMEHUMBIMU K (QU3HUECKUM OObEeK-
TaM OTrpoOMHOH MH(POPMAUHOHHON €MKOCTH.

M3BecTHBIl «KpH3UC XKaHpa» B 3THX HANPAaBJEHHAX HC-
Cle0BaHUN B mOcCJenHHE TOABI OBl 0BYCJOBJAEH, BHIMMO,
TE€M HeMaJIOBaXKHbIM OOCTOSITENLCTBOM, UYTO OHM (HOPMYJIH-
pyIOTCA MOKa YTO JHIIb B paMKaxX TpagHUHOHHOI dusnue-
CKOH cXxeMbl 06'beKTOB OOBIYHO! MH(MOPMALHOHHOH €MKOCTH.
A B 10 e BpeMs aGCcTpaKTHAsi TEOPHs NOJIS HIHM BCE CaMble
pasJIMYHbIE TEOPETHKO-TPYMNIOBbIE METOMbl C CAMOTO HayaJa
CTPOATCA KaK TEOPHH OOBEKTOB OrPOMHOM, 3KCIOHEHIHAJb-
HOM MH(pOPMaUHOHHOH eMKOCTH — NYCTh HESBHO, He BCeraa
OCO3HAHHO MJIM, BO BCAKOM CJydae, yX He CO3HATEJEHO.
U nosromy, nockosbKy ¢hu3mKa Bce 6oJee M GoJiee NOTPyxa-
€TCsl B MHD 3THX NPHHUHMNHAJIBHO HOBHIX OOBEKTOB, 3TH ABa
HanpaBJieHHs B H3BeCTHOM CMBICJIe <IPOIBETAlT» B IO-
CJeHHe TOABI, B TO BpeMs KaK «JHUCHepCHOHUINHA», <MOJIO-
COJIOTHSI» U «PEIXKHCTHKA®» BBIILIH U3 MOJIBI.

MaremaTnyeckyto 6a3y MOJepHH3AlMH BCEX ITHX MOCJEN-
HUX HamnpaBJeHHH JOJIKHBI COCTaBUTh, IO HAIIEMy MHe-
HHIO, HOBeHIIHe «6yp6aKHCTCKHE» MeTOAbl TEOPHH DyHKUHMH
MHOTHX KOMIUIEKCHBIX NEepeMeHHBIX, OCHOBAHHEIE Ha TMOHH-
THH NyYKa DOCTKOB aHAJHTHYECKUX (DYHKUMH Hajg JaHHBIM
ILPOCTPAHCTBOM, KOTOMOJIOTH noc/eHero ¢ Koadduimenra-
MH B 3TOM Ny4yKe, KOT€PEHTHOCTH MYYKOB IPH OTpPefeJeHHbIX
0TOOpaxeHuAX H T. A. 31echb, NO-BUAUMOMY, MOTYT OHITb
YCTaHOBJIEHBI 'BeCbMa ITyGOKHe CBS3H C TEOPETHKO-TpYIIo-
BHIMH MeTONAaMH HCCJAeNOBAHHS HOBBIX CHMMETpPHII 3J€MeH-
TapHBIX YacTHU — Ojarofaps o6LIMM TeopemMaM COOTBETCT-
Busg Ceppa, KOTOpble YCTaHAB/JMBAIOT AAJIeKO HAVILHE H30-
MOP(hH3MBI TEOPHUH, H3YUYAIOILHX «aJre6panyecKkHe» CBOHCTBA
06bEKTOB OTPOMHOH MH(POPMALMOHHON €MKOCTH, U TEODHH,
UCCAEAYIOIHX TIOBedeHHEe CBSI3aHHBIX C 3THMH o6beKTa-
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MH ToJIOMOPGHBIX U MepOMOP(HBIX (YHKUUHA MHOTHX KOM-
IJIeKCHBIX ~ nepeMeHHBIX  (3HameHuTole ['ATA-teopembl
Ceppa).

VmMeHHO HA 3TOM NYTH, KaXeTcs, MOXKHO OXKHAAThb yCTa-
HOBJIEHHSI HOBBIX M CTPOrOro JOKa3aTeJbCTBa CTaphiX
CBOHCTB AaHAJUTHYHOCTH AaMIUIHTYA paccesHus,— GJaronaa-
psl CYLLeCTBOBaHHMIO OOLUMX TeopeM aBoicTBeHHOoCcTH Cep-
pa— I'poTeHayKa, MO3BOJSAIOLINX N0 aare6panyecKuM rpyi-
naM KOTOMOJIOTMH ompeje/IeHHOrO paHra [JejaTh 3aKJmoye-
HE€ O Dpynmnax KOTOMOJIOTHH JOMOJHHUTEJNBHOTO paHra, BEHI-
YHCJIEHHBIM C IOMOILBIO MYYKOB aHAJUTHYECKHX (YHKIHH.
OrpoMHoe 3HaueHHe OYAeT UMeTb 3/eCh BHISBJIEHHE COBCEM
HemaBHo A. ['pOTeHAMKOM OuYeHb MHTEPECHOTO KOro-
MOJIOTHUECKOTO CMBIC/I@& MOHATHS BblYeTa, HIpaioUlero
CTOJIb GOJIBIIYIO pOJIb BO BceX (H3UUECKHX TeOpHsX, HC-
MOJIb3YIOMIUX CBOMCTBA aHAJUTHYHOCTH HEKOTOpHIX (YyHK-
uuit [3].

Ho ator mporecc MaTeMaTHuecKol MOAEePHH3aLUH CTaphIX
METOLOB TEOPHH 3JeMEHTapHBIX 4acTUL GyIeT TOJNbKO OLHOH
CTOpOHOH 6oJiee IMHPOKOTO M TJayOOKOTO mnpolecca TaKoH
MOJepHH3alUN Bcell (pU3NUECKOH HayKu M Ipexje BCero ee
HauboJsee TNy60KHX NOHATHHHBIX, KOHIENTYAaJbHBIX OCHOB,
Camble pafvKasbHble, IOUCTHHE DPEBOJIIOLHOHHBIE Tpeobpa-
30BaHMsl BCEro Hamero ¢Gusnuyeckoro crmocoba «BHIEHHA»
Mupa GyAyT 3LeChb CBS3aHEI, MO-BUAMMOMY, C KOTOMOJIOTHYE-
CKOMl MoaudHuKamueHd U MOMOJHEHHEM OCHOBHBIX aKCHOM
a6CTpaKTHON TeOpHH NMOJS; ¢ MOAMDHUKAUMAMH H MNOMOJIHE-
HHEeM, YUYHTHIBAIOIIHUMH COBEpIICHHO HOBBIE, TOMOJOTHYECKHE
CBOHCTBA MaTepHH Ha YpPOBHe ee OpPraHU3allHH B BHIE 3Je-
MeHTapHBIX YacCTHIL.

IToka uTO, KaK H3BECTHO, OCHOBHbIE aKCHOMLI abCTpakT-
HOHl TEOpHH MOJS MOYTH BCE SIBJISIOTCH BCErO JIMIB HEKOTO-
pLIMH OTrpaHHYEHHSIMH (IpHueM B OGOJIBLIMHCTBE CJyyaeB
JlaJieKo ellle He SICHO, HACKOJIbKO 3TH OTPaHUYEHHS KOpPPEKT-
HO cdopmyaupoBaHbl). A W3 OXHHX OrpaHHYEHHH HOBas
¢bynnameHTanbHass (U3UUecKasi TEOPHUs elle HHUKOTAA He
BbIpacTaja — AJs CO3JaHus TAKOBOH BCerfga HYXHBI ObLIH
Ipexk/Je BCEro KakKHe-TO COBEpPUIEHHO HOBBIE, He TPHUBHAJMb-
Hbele ¢usnyeckue umen. Y Holoton, 1 Makcsena, u JlopeHu,
u [lnauk, u diHmredid, u Bop, u ne Bpoiiae, u [eft3enbepr,
u Jupak 1AM UMeHHo MO 3TOMY NyTH.

PaHo mam mo3fHO (H3MKe NPUAETCS HCKATh KaKylo-TO
060061116 HHO-TPOCTPAHCTBEHHYI0 ~ HHTEpNpeTalHio  HOBBIX

242



FPYNNOBBIX CBOHCTB CHMMETPHH 3JIeMeHTapHBIX MacTHIL, #,
N0 HalleMy MHEHHIO, I O0ObeKTOB 3KCIOHEHIHaJbHOH HH-
hopmMaIMOHHON eMKOCTH 3TO BO3MOXHO TOJBKO Ha fI3blKe
abCTpaKTHBIX cxeM M mpeicxeM [ipoTeHAMKa — OHH BBICTY-
NalT HEKOTODHIM COBPEMEHHBIM aHaJoroM, JOBOJbLHO OTAAa-
JIEHHBIM, paBaa, obliell TeOpHH aOCTPAKTHBIX MHOrOMep-
HBIX IIPOCTPAHCTB MaTe€MAaTHKU NPOIIJIOr0 BeKa, CHIIpaBLIMX
CTOJIb CYLIEeCTBEHHYIO pOJIb ‘B MOCTPOCHHH OCHOBHBIX (HU3H-
YeCKHX TeOpHil TOoro BpemeHu [4].

U TouHO Tak e Kak BeKaMH M BMeCTe C TeM C JeTCTBa
BOCIUTAHHAA HarJsiiHas HHTYULUS OyeHb MOJIIO MellaJja
($HM3MKaM TOro BpeMeHH MNpPeNCTaBHUTh M H3YYUThb B UYHUCTOM
BHJe, CKaxkeM, llecTHMepHOe (a30BOe NMPOCTPAHCTBO MeXa-
HHKH, TaK ¥ B Hallle BpeMs HafAo OyAer MOBOJBLHO HOJIO
NPHBLIKAaTh K HecpaBHeHHO OoJsiee abCTpaKTHBIM M HeHa-
IIS0HBIM «OPOCTPAaHCTBaM» IpeiacxeM M cxeM [poreHau-
Ka, «0CBauBaThC» B pabGoTe ¢ HUMH. DTO BeAb OYeHb He-
OOCBIYHO YCTPOeHHBlE OGBEKTHI.

Ecnin B 0OOBIUHBIX MPOCTPAHCTBAX KOOPIHHATHBIA MeETO.
Jexapra n03BOJIsieT CONOCTaBUThH, HANIPUMEp, reoMeTpHye-
CKOHl TpaeKTOpHH MaTepHaJbHOH TOYKH HEKOTOpPOe ypaBHe-
HHe, TO B 3THX NPOCTPAHCTBAX OrPOMHOH HHGOpMAaHHOHHOH
€MKOCTH, BoOOlie rOBOpS, yXKe HesJb3sl BBECTH HHKAaKOe IO-
fobue KOOpAHHAT.

Meron ekapra 3mech yxe He «pabortaer», Mecto KoOop-
AHHAT 3aHUMAIOT TaK Ha3blBaeMble TOMOJIOTHH M KOTOMOJO-
TMH — 3TO, TaK CKa3aTb, «3aKpPyuyeHHHIe» H «IllepeKpyueH-
HBl€» OCTAaTKH KOODJAHMHATHHIX OCel, CBOero poja eIHHCTBEH-
HBle OCTaloUIMecss «KOJBIIKH», OMOPHble CTOJGHLI» B IPO-
CTPAHCTBAX HEe3BKJHMAOBOH M HerunbbHeproBoH HHOpMaUHU-
OHHOH emkocTH. Ha HHX MBI MOXeM Tenepb €XHHCTBEHHO
HaJesATbCS «BellaTb» KakKHe-TO COBepIIeHHO HOBBIE MareMma-
THYECKHE COOTHOIUEHHS, XapaKTepU3ywliie MaTepHalbHOe
I(BH2KeHHe B 06/1aCTH OYeHb MasbIX PacCTOSTHHH M COOTBET-
CTBEHHO OYeHb OOJBLUMX IHEpPTHH.

Curyauus AeHCTBHTEJNbHO OYeHb TSXKeJas: KOOPJAHHAT —
HeT, PacCTOSHUHA — HeT, Hal0 HCKaTb KaKHe-TO HX OuYeHb
a6CcTpakTHBEIE, He HarAsiAHble 3aMeHHTenH. «Jletsars, mo-
BUAMMOMY, BCe HAIlU CaMble OCHOBHBle (DU3HUECKHE OHSTHS,
KOTOpble Mbl BIIUTaJH Ha NMePBHIX YpOKaxX (H3UKH, TaK CKa-
3aTh, C HAIIUM NEPBLHIM «(hH3HUECKHM MOJOKOM», H KOTOpBIe
C Tex TMOp He3pHMO NMPUCYTCTBYIOT yXKe B JMI060M HalueM (H-
3HYECKOM yMO3aKjaoouyeHHH. Hanpumep, NOHATHE «BHYT-
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pu» — ero, Ho-BHUIHMOMY, NpPOCTO HET B MHpe 3JeMeHTap-
HBbIX YaCTHL: Belb OHO CYLIeCTBEHHO OCHOBAHO Ha OOBIYHOH,
KJ1acCHYEeCKOH TOMOJIOTHH «BHIpE3aHHUA» NOAMHOXKECTBA H3
MHOXecTBa, a (elilHMaHOBCKass (HOPMYJHPOBKAa KBAHTOBOM
TEOpHH CTPOTrO [OKa3blBaeT, YTO B MHKDOMHpe peasbHO
UMeeT MeCTO COBCEM WHas TONOJOTHs — TonoJorus I'po-
TeHAHKA.

[TonsiTHe «BHYTpU» TakKXKe (GYHAaMEHTaJbHO CBfI3aHO MO
CHUX MOp C NOHATHEM JIMHEHHOH 3aBUCHMOCTH, IIPAMOH MpO-
NOPIHOHAJBHOCTH, KOTOpas TaKxke co BpeMmeH [anuied,
I'yka u HbloToHa cocraBisieT JOBOJBHO CYLIECTBEHHYIO
4acTh TOTO, YTO HA3BIBAIOT «AYyXOM» (GHU3HKH, QU3NUYECKUM
CMBICJIOM KaKOTI'0-TO SIBJI€HHSI MJIM COOTHOIIEHHA. BcnomuuTe
ONATb ¥Ke NepBble YPOKH (H3HKM HIM Jaxe apHMETHKH:
X abCOJIIOTHO HeNb3sl JaxKe NpelCcTaBUTH cebe Oe3 MpPAMOH
NPONOPIHUOHAJNBHOCTH, JHHEHHOH 3aBHCHMOCTH — 3TO IIOKa-
3bIBAaeT, HACKOJbKO I'MYOGOKO MpHCYyLle Halled HHTYHLUHH 3TO
MOHATHE.

M ¢ HuM TakxkKe NpHAETCS PacHPOIIaThCs B MHPe HALIHX
00bEKTOB OTPOMHOM HMH(GOPMAIMOHHOH €MKOCTH: €r0 MEeCTO
3afiIMyT Tak HasblBaeMbie TOYHble MOCJEAOBATETbHOCTH —
0600uleHHusT 3TOH caMOH JIMHEHHOH 3aBHCHMOCTH Ha Hall
cnydail, a B 0oJiee CIOXKHBIX CUTYaLHSIX — elle H CIeKT-
pasibHble MOCJAEIOBATENBbHOCTH. TOUHYIO NOCJeJoBaTeNb-
HOCTb OOpasyloT TIpynna, ee Tnoarpynna u ee dakrop-
rpynna no 3toii noarpynne. CoBpeMeHHbIE TOINbITKH MPOCTO
«YMHOXXHTb» Trpynny JlopeHlla Ha HOBbie IPYNMbl CHMMeT-
DMH CHJIbHBIX B3aUMOAEGHCTBHH SBJAAIOTCA CBOEOOpPa3sHHIM
aHayJoroM nouckoB [anuieeM ycJoBH#l, B KOTOPBIX Xapak-
TEPUCTHKH JABHIKEHHUS Tes SIBJASIIOTCS NPOCTHIMH JMHEHHBIMU
GYHKIHSME BpeMeHH (KOTOpoe eMy MNpPHXOJHJIOCh H3Me-
paATb No yAapaM cobcrBedHoro cepaua). On u HeioroH Ha-
LI B KOHIle KOHIOB, KaK M3BECTHO, YTO IPHUMHOH OTKJO-
HeHHM# OT JMHEHHOCTH H3MeHeHHH CO BpeMeHeM KOOpAHHAT
ABHXKYIIMX TeJ SABJSIOTCS HeKoTopble cuabl. Ham Takxke
elle NpeICTOMT MCKaThb W HCKaTbh, NOYEMY ile/ib3sl MPOCTO
«[IepeMHOXKHUTb» MeXAy coboi rpynny JlopeHua M HOBBHIE
YHHUTapHble TPYNNBEl CHMMETPHH.

JTOMY MeEWaloT KaKHe-TO HOBble «CHJLI», HO OHM JeiHcT-
BYIOT, M HX 3aKOHOMEDHOCTH MOXKHO C(OPMYJIHPOBATH,
BEPOSITHO, TOJBKO B JOCTAaTOYHO EMKHX HHGDOPMAIHOHHO
NPOCTPAHCTBaX COBPEMEHHOH anre6panyecKoil reoMeTpHuH —
TeOpHH npencxeM u cxeM ['poTeHnHKa, TeOPHH aJjrebpauuye-
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CKHX M aHaJHTHYeCKHX KOTMepeHTHbIX NYYKOB Hajy HHMH
U T. I

Hawm xaxercs, yTo HOBelllHe TeopeTHYecKHe HccJjel0Ba-
uust JI. Mumens no pacwupenusim rpynnbl JlopeHua u
M. ®payccapa, Il. DPenepbyuia ¥ APYTHX [0 TOMOJOTHIM
aunarpamm QPeiinmana, a Takxe OoJsee crapble paGoTh
Y. MusHepa 1m0 KOrOMOJIOTHSIM 3aMKHYTEIX, HECBSI3HLIX MPO-
cTpaHCTB JfiHIITeHHA KaK pa3 BIVIOTHYIO MOAXOAST K Ta-
KOT0 poJa HafiesieHu0 (U3HYeCKUM CMBICJOM HEKOTOPHIX H3
HOYTH HEMCUYepnaeMoro 3anaca caMblX CTPAaHHBIX H «3K30TH-
YeCKHX» IIPOCTPAHCTB, KOTOpPble MOXeT [OCTaBUTb TEOPUH
3JleMeHTapHbIX YacCTHL[ COBpeMeHHas anarefpanueckas To-
IOJIOTHS.

[lepeuncnennbie Bbille paGoTbl YGEAMTENBHO MOKA3bi-
BalOT, uTo OyAyulasg TeopHsi CyOMHUKPOIPOLECCOB Bpsij JH
O6yner TeopHell HEKOTOPBHIX YypaBHEHWH,—— 3TOT MOCJEeIHHH
cnoco6 ¢GopMyJHPOBKH (HU3HYeCKHX 3aKOHOMepHOCTel G6e3-
HaJleXkHO ycTapeJs B Hallle BDPeMsl; OH CrnocofeH OTpas3HuThb
CUIIKOM MaJjioe KoanuecTBo HHopmauun. Bynymas obuas
TEOpHSA 3JIeMEeHTapHBIX yacTHl Oynet, rpydo roeopsi, Haje-
JIEHHO! (PH3HYEeCKHM CMBICIOM aJjre6panuecKodl TOMOJIOrHeH
(mono6HO TOMY, KakK IOCTYJaThl KBAHTOBOM MEXaHHKH CO-
CTaBJISIOT He YTO MHOe, KaK HaJeseHHble (PU3HUeCKHM CMbIC-
JIOM [OCTyJNaThl TEOPHH THJIbOEPTOBBIX IPOCTPAHCTB).
U ocHoBHYyI0 posib B 3TO#f Teopuu GYAyT UTpaTh He ypaBHe-
HHs, a, TIO-BHAHMOMY, TaK HasblBaeMble CHEeKTpaJibHbie I10-
CJe10BaTelbHOCTH — ONpefieJIeHHble  TOCJeI0BaTeNbHOCTH
TPy, KOTOPble XapaKTePU3YIOT «YCTPOHCTBO» (CMEKTp) TO-
NOJIOTHYECKHX NPOCTPAHCTB — TO, MO KAaKOMY 3aKOHY TMpH-
MBbIKAIOT, PHJETaT APYT K APYry Bce, caMble pa3Hoo6pas-
Hble THNBI B Pa3HOBHAHOCTH HUX MOJAMHOXKECTB.

Bonpoc oTHOCHTENbHO peaibHOH TOMOJOTHH (HH3HYECKO-
ro IpOCTPAHCTBA Ha OYeHb MaJbIX PaCCTOSTHHSIX — 3TO BOII-
pOC OTHOCHTE/JbHO TOrO, KaK Ha caMOM jeJie BhIAJSIOTCS,
¢dUKcupyloTCa B HeM JiIoOble, CKOJIb YTONHO MaJble MOAMHO-
KeCTBa HEKOTOPOrO MHOXKecCTBa. Jlo caMoro HegaBHEro Bpe-
meHHn (1956—1962 rr.) HayKa 3Hasa BCero JIMIIb OJHY TOIO-
JIOTHIO — KJIaCCHYECKYI0, TPHBHAJbHYIO TOIOJOTHIO <«BBIpe:
3aHUSI», B KOTOPOH BbIJleJIEHHe ONMpeleJeHHOr0 MOAMHOMXKe-
CTBa NPOHM3BOAUTCS KaK Obl ero «Bblpe3aHHEeM» M3 HaHHOTO
MHOXeCTBa, a o0Opa3oBaHHe MepeceyeHUsT ABYX MOJMHO-
XKeCTB — MOCJIel0BAaTe/IbHBIM TIPOBeAeHUEeM APYTr 3a APYroM
TaKUX BbIpe3aHHi#l, COOTBETCTBYIOLIUX IOCAEI0BATENBHOMY
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BBIJle/IEHNIO TaKHM CIIOCOOOM KaXk/J0ro M3 HCXOAHBIX NOJ-
MHOXKeCTB B OT/JEJbHOCTH.

TananTauBedIIHii MaTeMaTHK COBPEMEHHOCTH —- 10 MHe-
HHUIO MHOTHX, Aaxe mMateMaTHk Ne 1 Hamux pHell — AJek-
canap ['poTeHaMK BrepBbie 3a MHOTO BEKOB Pa3BHTHsl CBOEH
HayKH CMOT NMpHAYyMaTb Ha pybexKe cepefMHbl Halllero CTO-
JIETHS1 COBEpILEeHHO HOBYIO TOINOJIOTHIO — TONMOJIOTHIO Omnpe-
JeJIeHHBIX OTOOpaXKeHUH u NPOoH3BeleHHH, Tomosoruio I'po-
TeHAuKa [5]. OH HMcnosb30Baj NpH 3TOM AABHO H3BECTHBIE
CBOHCTBA <«JBOHCTBEHHOCTH», I'py60 TrOBOpS, «B3aHMO3aMe-
HSIEMOCTH» JPYr APYrOM B OIpEeIeNeHHbIX YCJIOBHSIX BBIpe-
3aHUA M HeKOTOphIX OTOOpaxenuii. Oka3biBaercs, Bce IMO-
CTpOeHHs, Bechb alre6paHyeckHil anmnapar OOLIYHOH TONOJIO-
rMd (KOrOMOJIOTHMH M T. [I.) OCTAalOTCsl B IIOJIHOH CHJIe, eCcsH
BCIOJY NPeANoJOKHTb COBEpIIEHHO paaUuKaJbHOE H3MeHe-
HUe B HHTEpIpeTalul CaMOH TOMOJIOTHY — BMECTO Bbipe3a-
HUIl BCIOAY UMEeTb B BUAY Yy3Ke HeKOTOpble 0TOOpa:KeHUs 3a-
IaBaeMblX, (HKCHpyeMbIX NOAMHOXecTB. Torma yixke mnepe-
ceyeHve [BYX IOLMHOXKECTB MOJIXKHO 3a4aBaThCs HUX OIpe-
JeJIeHHbIM TNpSIMBIM NPOU3BEeIEeHHEM,

BoT 3gech MBl ¥ NPHUXOAHUM K NIPENNOJIONKEHHIO, YUTO B MHU-
KpoMupe, Ha pacCTOSHHAX TNOpsifka OAHOro (hepMHu
(10-13 cm), npOUCXOHUT MEPEXo OT OGBIYHON TOMOJNOTHH BbI-
pe3aHuss MHKpOMHpa K NPUHIHNHAJIBHO HOBOH TOMNOJIOTHH
otoOpaxenuit ['porennuka. leso Bexb B TOM, YTO B HOCTa-
TOYHO MaJblX <«IOJMHOMKECTBAaX» [PeasbHOro (HH3NYECKOro
IPOCTPAaHCTBA MHUKPOMHpA, Ha IOCTATOYHO MaJbIX paccros-
HUSIX OT MAHHOH YacTHIbl, BCerga BO3MOXHO IOSIBIEeHHE
BUPTYaJIbHBIX 4acTHL (OXMHOYHBIX HJIH Nap, B 3aBUCHMOCTH
OT HX 3JIEKTPUUYECKOTrO0 HJM GapHOHHOrO 3apsima). Tem ca-
MbIM «OYeHb MaJible» MOIMHOXeCTBa peasibHOro (HU3NYecKo-
ro mpoCTPaHCTBA MOJNYYalOT OTo6paxeHe B HEKOTOpOe HOBOe
rUab6epTOBO IIPOCTPAHCTBO COCTOSIHHH € HOBBIMH 0asuc-
HBIMH OpTaMM, XapaKTepHU3YIOLIUM#d BO3MOXKHOCTb <«HAaJH-
YHSI» HOBBIX BUPTYaJbHbIX YaCTHII.

Ilepen Hamu — TunHYHas TomoJsorus I'poreHnHKa: Bce 60O-
Jlee H GoJsiee yMeHblIaIOlIMecs TOAMHOXKECTBa 3analoTes He
«BbIpE3aHHAMHY», a HEKOTOPLIMH OTPa’XEHHSMH B IPOCTPaH-
CTBa COCTOSIHHH BHPTYasbHBIX YacTHI Bce 60JbIIeH H GOJMb-
weft macchl. IlepeceueHnsi e 3THX OYeHb MaJbIX (MeHee
1 ¢epMHu B «guamMeTpe») NOAMHONXKECTB 3ajalOTCs yxKe IPs-
MBIM MpOHM3BeJeHHEM COOTBETCTBYIOUIUX IIPOCTPAHCTB BHp-
TyaJbHbIX COCTOSHHMH.
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H3ayyenue Tomosoruit I'poTeHnnka cepbe3HbIMH MaTeMma-
THYECKUMH CpPeACTBaMM e€llle TOJAbKO HauHHaeTcs, HO yxKe
MOJIyYeH psii OueHb HHTEPECHBIX pe3yabTaToB. Tak, caMm
[poTeHOHK M MOJMOLOH aMepHKaHCKHi MaremaTHK Malik
ApTHH TONYYHAH HEUTO BpOLe NPHHIMIA COOTBETCTBHUS IJIS
HOBOH TOMOJIOTMH: TIPU BLINOJHEHUH ONpejeJeHHBIX YCJIo-
BUH ((hHU3MYECKHH CMBICH KOTOpPLIX ellle HAaL0 HCCAeI0BaTh
M HCCNENOBATb) TOMOJIOTHIO OTOGPaXKEeHUH MOMKHO CBECTH
K KJaCCHYeCKOH, TPHUBHAJIbHOM TONOJIOTHH BbIpe3aHHil. Ame-
puka”eny CruB [artn noayyus oyeHb BaXKHbE TeOpEMBbI
'BOMCTBEHHOCTH AJIST KOTOMOJIOTHH B HOBOH TONOJIOTHH U IO~
KasaJj, 4TO, BooOlle ToBOps, 0O6BEKTHl, O6JafalolHe TOIO-
Jgoruent I'poreHnuka, Benyt ce6sl 1OBOJbHO NATOJOTHYECKH —
HX Tak HasblBaemass KOroMmoJioruueckasi pa3MepHOCTb MOY-
TH BCerAa paBHA GECKOHEUHOCTH. DTOT Ppe3yabTaT MPHHIH-
MHaJbHO BaXKeH IJ5 (PU3UKH: UMEHHO TaKOBa e KOroMoJIo-
rHyeckas pas3MepHOCTb NpPOCTPAHCTBA Bcex myTell H3 Ha-
yaJbHOH TOYKH B KOHeuHylo PeilHmaHa.

KauyecTBeHHO BecbMa CBOeoGpa3HylO, TNPHHIHIHATLHO
OTJIMYHYIO LpPYT OT ApYra IPUPOLY MOTYT UMETb IPOCTpaH-
CTBa CHJIbHBIX, CJ1abblX, 2JMIEKTPOMATHUTHLIX H I'PAaBHTAIHOH-
HbIX B3aHUMOJEHCTBHI H B OTHOLUEHWH UX YHCTO TEOPETHKO-
MHOKeCTBEHHbIX CBOHUCTB. MBI UMeeM 31€Ch B BUAY [OBEAEHHE
COOTBETCTBYIOLIHX BaKyyMOB B OTHOLIEGHHH BBITOJHHUMO-
CTH WJIH HEBBLIMOJHHUMOCTH B HHX 3HAMEHHTOH KOHTHHYYM-
runotesnl ['eopra Kantopa.

Kak u3BecTHO, COBceM HelaBHO MOJIOAON aMepHKaHCKHIH
matemaTHK IToab KosH nmokasas coBepiueHHO CTPOro mpen-
nonoxenue Kypra T'enens, cnenansoe um B 1947 r., 0 TOM,
4TO KOHTHHYYM-THIIOTe3a HHKaK He 3aBHCUT OT aKCHOM TeO-
pHM MHOXKECTB M HOJIKHA J106aBAATLCSA K HHM B KayecTBe
LOTMOJIHHTENILHOrO moctysnata. Tem cambIM ¢ KOHTHHYYM-
runoTe30il NnoBTOpAETCA HCTOPUS, CAYUHBIIASICS B OPOILIOM
CTOJIETHH CO 3HAMEHHTBIM MOCTYJAaTOM O MapaJJelbHbIX:
Jlo6auesckuit, boabsan, I'ayce n Puman, nmoxasas Bo3mox-
HOCTb T'eOMEeTpHH, B KOTOPLIX OH He BBLINOJIHSETCHA, TeM ca-
MBIM, KaK H3BeCTHO, NepeBeJd npobJieMy napaJJieqbHBIX U3
paHra 4MCTO MaTeMaTHYeCKHX Mpobjem B paHr mpobiem
¢usuveckux, u 'aycc paxke Hamesyicsl pelIMTb ee  cam
4UCTO 3SKCNEPHMEHTAJNbHBIM NyTeM. DTO YHAaJOCh CHENaTb
TOJIbKO CTOJIeTHE CIycTs -— G/1aroaapst Co3naHHIo  obuleit
TEOPHH OTHOCHTEJBHOCTH H ee 3KCIepHMeHTaJbHOH MpoBep-
Ke BO BpeMs COJIHEUHbIX 3aTMEHHMH.
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B Hame BpeMsl COBepIIeHHO aHaJOTHYHAs CUTyalHus MO-
JKeT CAYYUTbCS M B OOLUEH TEOPHUH 3JleMEHTapPHBIX YaCTHIL:
I/ OMHUX B3aHUMOLEHCTBUH MeXKIY CUeTHOH OeCKOHEUYHO-
CTbIO U KOHTHHYYMOM MOTYT OKa3aThCs CYLIECTBYIOLLIUMHU
elle H INPOMEXKYTOYHBIE KJacchl OeCKOHEUHBIX MHOXKECTB,
a AJsl APYruX B3aUMOJEHCTBHH KOHTHHYYM-THIOTE3a MOKET
CTaTb 3KCIIEPUMEHTAJbHO MPOBepsieMbIM B 3TOH 0OLIel Teo-
puu GaKTOM — IS MHOXKECTB, BO3HUKAIOUUX B DPE3YJb-
TaTe 3THUX B3aUMOJEHCTBHUHA, MOIIHOCTH CUETHOH OeCKOHeu-
HOCTM M KOHTHHyyMa OYAYT HeNOCPeACTBEHHO CJedOBaTh
IpYyr 3a Apyrom 6e3 KaKHX-MHO0 NPOMEXYTOUHBIX «CTyIe-
HeK» OeCKOHEUHOCTH.

Hcropuueckn, KCTaTu roBOpsi, OCHOBHBIM CTHMYJIOM pas-
BuTHd KaHTopoMm ofLieli TeopHn MHOXKeCTB Kak pas Oblia
ero uies O TOM, UTO pa3jJMyHble BHABl (PU3HUECKHX OOBEK-
TOB (IOJie U BelLeCTBO, TEIJIOBbIE M 3JEKTPOMArHUTHbIE SIB-
JIEHHsI) MOT'YT HMMeTb COBEpIIEHHO pas3jHYHble TEOpPeTHKO-
MHOXKeCTBeHHble CBOHCTBA, KOTOPbIE OH HaJesJICsl IOJOXKHThb
B OCHOBY TEOPeTHYECKOTO OGbsCHEHHS KaueCTBEHHOTO CBOeE-

00pa3us pas/IMYHbIX, H3BECTHBIX K TOMY BDEMEHH pasJesioB
¢$H3HuKH.
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O BO3MO)KHOCTH «BHEIIPOCTPAHCTBEHHbBIX»
H «BHEBPEMEHHbBIX» ®OPM
CYUIECTBOBAHHA MATEPHH

Korpa o6cyxkpaercsi BOIPOC O BO3MOXKHOCTH «BHENpPOCT-
DPAHCTBEHHBIX» M «BHEBpPeMeHHBIX» (OpPM CYLIECTBOBAHHUSA
MaTepuu, HeOOXOOHMMO Npexae BCEero UMeTb B BHIY, UTO B
HacTosilllee BPeMsl HeT COBepIIEHHO HHKAKHX vKCIepUMeH-
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TaNbHBIX OCHOBAHUH rOBOPUTb O HEMPHMEHHMOCTH NPOCTpPaH-
CTBEHHO-BpPEMEHHBIX NpeACTaBJeHHil B Kakoi-1u60 06JacTH
HCCIeIOBAHHBIX HAaMH SIBJEHHH, BIJIOTH IO CAMBIX MaJbIX
JNOCTHXKHMMBIX C [IOMOLUBIO COBPEMEHHBIX YyCKOpHTeJeH pac-
cTostHHi AX~5+10-1° ¢cxu u paurenvHocreit At ~2-10-2° cek.
B uwactHocTH, COBeplIEHHO HEBEepPHBIM SIBJISETCS YTBepHKIe-
HHE O TOM, UTO POXKJEHHEe HOBBIX YACTHI{ NIPH BBHICOKHUX IHEp-
THIX JeJlaeT HEBO3MOXKHOMl NPOCTPaHCTBEHHO-BPEMEHHYIO
JIOKAJM3alHI0 COOLITHH C TOYHOCTbIO AX~%K, At~1/c (ua-
MOMHHUM, YTO AeGpoiijeBcKas AJIHHA BOJHH Kk~1/E— 0
Korna aHeprus E Bospacraer). Hanuuue Heynpyrux mpouec-
COB nopodxcdaer ocoGHIl THN YNPYToro paccesiHus — TaK Ha-
3biBaeMoe JHGPAaKIMOHHOE paccessHHe, aHAJHU3 KOTOPOTo
[03BOJISIET NOJYYHTb CBEJeHHS O CBOHCTBAxX SIBJEHHMH B HH-
tepBanax Ax ~k Af~%/c.

Ecau npocTpaHCTBO U BpeMsl NIOHMMATh Kak Takue QOpMEI
CYIEeCTBOBAaHHS MAaTepHH, KOTOphle BBHICTYNMAIOT KaK onpene-
JIEHHOE BBbIPajKeHHEe COOTBETCTBEHHO YCTOMYMBOCTH H H3MeEH-
YHBOCTH ee OBITHSA, TO, MOCKOJbKY BECh MHD — ABHXKYIIAsCA
MaTepus, NPOCTPAHCTBO U BpeMsi — gceobujue Gopmbl Obl-
THSl MaTepHUH.

Hapsiny ¢ 3TuM monx npoCTpaHCTBOM U BpPEMeHeM Yacro
(a B pu3UKe — MpaKTUUYECKH BCerAa) NOHHUMAOT GOpPMBI, BhI-
pakaiollue CTPYKTYpHble COOTHOLIEHHS COCYULeCTB0BAHUS
SIBJIEHUN U CMEHbl COCTOSIHMH. DTO Npeanosaraer, 4ro Ha
NaHHOM MaTepHaJbHOM YPOBHE HMMEET CMbIC/] pasjHyHe ABYX
cocednux touek (06bektoB) A; u A U ABYX nocaedyroujux
moMentoB (cocroanuit) T; u Te. OmHako cBoiicTBa «cocel-
CTBAa» H «CJEeNOBAHUS» — 3TO KOHKDeTHble H BechbMa CHelH-
(¢uueckHe CBOUCTBA CTPYKTYPHI, KOTOPHIE MOTYT CYLIECTBO-
BaTbh najeko He Bcerga. C 3TOH TOUKM 3PEHHS MOMKHO CTa-
BUTb BOIPOC O «BHENPOCTPAHCTBEHHBIX» U «BHEBPEMEHHBIX»
¢opMax CyllecTBOBAHHS MaTepHH; MUKPO- M MaKpOCKOINH-
yeckHe GopMBI ee OBLITHS MOTYT CyLleCTBEHHeHIINM 06pas3om
paaiunuathesl. MayueHne BO3MOXKHBIX 0606IEHHH NPUBBIYHO-
ro HaM o6pasa NpOCTPaHCTBA — BPeMEHH NpPeJCTaBJAseT CO-
Oolt BaXxKHYyIO 3agauy emuHoro ¢uaocodcko-pu3nyeckoro uc-
C/eJI0BaHHUS.



JA A. Cranue

K IBYM NPOTHBOIIOJIO)KHBIM B3I JIS1 1AM
HA ITPOCTPAHCTBO — BPEMSA

B nacrosimleli AMCKYCCHH HMeJAH MeCTO 1Ba IPOTHBOIIO-
JIOXKHBIX MOJXOAA K HCTOJNKOBAHHIO NPHUPOABI NPOCTPAHCT-
Ba — BpeMeHH. DoJIbLIMHCTBO BBICTYNABIIMX NPH3HABAJO
BCEOOIMH XapaKTep NpPOCTPaHCTBEHHO-BPEMEHHOH CTPYKTY-
pbl B3auMoJeHCTBHM B MaTepuanbuoM mupe (. M. Baoxun-
ues, B. C. bapawenxos, A. A. Tankun, B. U. Ceunepckuf,
P. A, Apouwos wu f1p.). OrpmenbHble BBICTyNAIOL(HE
(1. C. AnekceeB u [p.) HacTauBaJu Ha MaKpOCKOMHUYECKOH
npyUpoJe NPOCTPAHCTBA — BpPeMeHH, HCKJouyas NPOCTPaHCT-
BEHHO-BpPeMEHHO! XapaKTep JBHKEHHS B MHKPOMHpE Ha TOM
yPOBHE, KOTOPBIl HccefnyeTcss KBAHTOBOH MeXaHHKOM.

B sroft cBfi3m HaMm TnpencTaBiseTcs Lenecoo6pasHbIM
BHLIEJNUTb OJHY CTOPOHY NpobJeMbl, KOTOpas He Momanaa B
1oJie 3peHHs BhICTYIaBIIUX.

Ecnu cooTHOLIeHHe HeONpenesNeHHOCTel KBaHTOBOH Mexa-
HUKH HHTEePIPETHPYeTcss OTHeJbHBIMH HCCJIeJOBaTesIMH B
JlyXxe OTpHIIAHUS NPOCTPAHCTBEHHO-BPEMEHHOTO XapaKrepa
B3auMoJelcTBUil Ha ypoBHe Mukpomupa (k. Uy), to 06-
[as TeopHs OTHOCHTEJbHOCTH, HAallPOTHB, HCTOJKOBLIBAETCS
HHOTZa B IyXxe aBCOJIIOTH3alMy NMPOCTPAaHCTBa—BpEeMeHH Ha
ypoBHe Makpomupa (IIk. Yuaep).

Ccblasice Ha aBTODHTET OTHEJbHBIX 3apyOeXKHBIX (HU3H-
koB, M. C. Aunekcees, nampuMep, yTBepxkIaeT, YTO NPOCT-
pPaHCTBO — BpeMsi B MUKPOMHpe HIDaeT Ty e pOJb, KaKyio
urpan sdup B KjaaccHueckoll (u3MKe: HX CYIleCTBOBaHHE
HeJb3sl HH ONpOBepPrHyTh, HU 0Ka3aTb.

Ecnu y JIx. Uy npocrpaHcTBO — BpeMsi HMeeT NpaBo Ha
CYLIeCTBOBAHHE JHIIb B MaKpoOMHpe M MaKpOB3aUMOJeHCT-
BUSX, TO B TEOPHH TPaBUTALUH YUJiepa NPOCTPAHCTBO — Bpe-
M4 Kak 6bl norJomaer co6oif Bce MHOroo6pasue Matepualb-
HOrO MHpa, He OCTaBJIsIT MecTa peaJbHOMY CYLIECTBOBAaHHIO
Macc, noseft U UX B3aUMOJENCTBHI. 3aMeTHM INONYTHO, YTO
caM 4YeJOBeK B TaKOM cCJyyae OKaxKeTCfl JIMIIb BCIJIECKOM
NPOCTPAHCTBEHHO-BPeMeHHO! KPHBH3HBL

HcknoueHne npocTpaHcTBa — BPEMEHH H3 B3aHMOMEHCT-
BUil MHKPOMHpA, B OJHOM CJyyae, CBelecHHe MHpa K CTPYK-
Type TpPOCTPaHCTBAa — BpeMeHH, B ADYrOM, HECMOTpSl Ha
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CBOI0, Ka3aJoch Obl, B3aHMOHCKJIIOUAIOILYIO TPOTHBOMOJOXK"
HOCTb, BeIyT K HEKOTOPBIM OOLIHMM OHTOJIOTHYECKHM H THO-
CE0JIOTHYECKHM BHIBOJAM, a HMMEHHO — K BO3BEeJEHHIO TpO-
nacTy MexIy ABHXKYIeicad MaTepuell U NpOCTPAHCTBOM —-
BpeMeHeM, K OTPHIBY cyOCTaHUMHU MHpa OT BceoOLIuX GopM
CBO€Tr0 CYLIEeCTBOBAHHUS, UM HA0O0POT; KPOMe TOTO, OHH Be-
YT K NIpeyBeJHYEeHHIO PoJId CyO'beKTHBHOIO MOMEHTA B Npel-
CTaBJIEHUSIX YesioBeKa 006 OKpyXKalollell ero AefcTBUTE/b-
HOCTH, K pasfe/ieHHI0 MHpa Ha «Bellb B ceGe» H «Bellb s
Hac», KOTopble Mexay co60l He MMEIOT HHYero obLIero.

PaccmarpuBaeMble MO3HLMH, HECMOTpPS Ha HX OAHOCTOPOH-
HOCTb M MPOTHUBOMNOJIOXKHOCTDb, NO-BUAHUMOMY HMeEIT psif 06-
wux npuyuH. Ha HekoTOpHIX U3 HUX MBI OcTaHOBUMcS. ['naB-
Hasl, N0 BCeH BEPOSTHOCTH, COCTOMT B TOM, YTO YPOBEHb TEO-
pPeTHYeCKOro OCBOeHHs 00beKTHBHOM NeHCTBUTEJNBHOCTH, JIO-
CTUTHYTBHIII B COBPEMEHHOH HayKe, B (U3HKe M aCTPOHOMHUH
B YACTHOCTH, NlepecTaeT yKJaJAblBaTbCsl B NPUBHIYHYIO, 1aBHO
YCTOSIBIIYIOCST KaTeropHaJbHYIO CTPYKTYpY, HpH TNOMOUIM
KOTOpOH 0OBEKTHBHASl AEHCTBUTENbHOCTb OTDaXKaeTcs B ee
OCHOBHBIX, caMblX (yHZaMeHTaJbHbIX uepTaXx. Mwmeercs B
BHIY CTPYKTypa CBSI3H TaKUX KaTeropHil, Kak MaTepHus, IBH-
JKeHHe, NPOCTPaHCTBO H BpeMsl.

[TonbiTaeMcsi BHIABHHYTOMY Te3HCY JaThb 6oJiee KOHKperT-
Hoe o6ocHOBaHHe. Ec/iH B HBIOTOHOBON MeXaHHKe H KJacCH-
yeckol (pu3uKe abCOJMIOTHOE NMPOCTPAHCTBO (NpU abCOJIOTHO
paBHOMEDHOM TeYeHHH BpeMeHH) B KauyecTBe MPHBHJIETHPO-
BaHHOH CHCTeMBbl OTCYeTa, paBja, HEH3BECTHO KaKHM CIIO-
co60M, aKTHBHO BO3[eHCTBOBAJO Ha ABHXKEHHE MaTepHaJb-
HbIX CHCTEM, BbI3blBasl BOSHUKHOBEHHE BHYTPEHHUX CHJI HHEp-
IUH NPH YCKODEHHUH, ONpPeLessiyio UX KOHKPETHBIE MapaMeTphi
JBUKEHUsI, TO B TEODUH OTHOCHTEJIbHOCTH DOJIH I€peMeHH-
Jucb. CocTosiHHe [BHKEHHUS MaTepHaslbHbIX CHCTEM CTa-
JIO OnpefeNsiTb NPOCTPAHCTBEHHO-BPEMEHHYIO CTPYKTYDPY
B3aUMOJEHCTBHA M CaMH CBOHCTBA NPOCTPaHCTBa — Bpe-
MEHH.

Hanee, B reomerponuHamMuke JIx. Yujiepa HuueMy He oc-
TaeTcs MecTta, KpoMe IIPOCTPAHCTBA — BPEMEHH TOH HJM
HHOM CTPYKTYpHI; o npexacraBiaeHusim M. C. Anekceesa, cie-
ayiouero 3a [x. Uy, B MUKpOMUpPe HeT Mecra HMpPOCTPAHCT-
By — BpeMeHH. [Ipu Bcell CTpaHHOCTHM M B3aMMOMCKJKOUae-
MOCTH 3THX B3IVIIIOB OHH, C Halllelf TOYKH 3PeHHs], BhIpaxka-
10T co60i1 abCOJIOTH3AIHNIO MBICJEHHOTO Dacy/JeHeHUs MHpa
Ha cy6CTaHLHANbHYI0O «HAQYUHKY» H IIPOCTPAHCTBEHHO-Bpe-
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MeHHO# «Kapkac» (Tepmunosorust I W. Haana), Gmarona-
pst KOTOpO# KaxKJAasi U3 yKa3aHHBIX CTOPOH MOXKeT paccMmar-
pHUBATbCSl He TOJNBKO B OTPbIBe OT JpPYro#, HO H HCKIKOYaThb
OJlHA APYTYIO.

Hcroprueckn nMo3HaHHe HAYHHAJIOCh, BUAMMO, C YyBCTBEH-
HO-KOHKDETHOTO BOCIIPHSITHSI MHpa B €ro NpoCTpPaHCTBEHHO-
BpeMeHHOH nesoctHocTH. CilefyloluM LaroM GblIO Bbljene-
HHe TPOTSKEHHOCTH TeJ M MJHTEJbHOCTH INPOLECCOB B Ka-
yecTBe Pa3HBIX CTOPOH NPHUPOJB, Kaxkaas M3 KOTOPBIX CY-
utecTByer cama no ce6e. Tonbko B HUTOTe GOJIBIIOTO U TPYIA-
HOTO NYTH NPAKTHYECKOTO U MEICJIEHHOTO OCBOEHHsT MHpa
ObliH BHIpaGOTaHbl, HaKOHell, TakKHe HayyHble aOCTpaKLHH,
KaK MaTepHsi, ABHKeHHe, IIPOCTPAHCTBO U Bpemsi. MHoroBe-
KOBOH ONBIT 06pallleHysi C STUMHU abCTPAKTHBIMH MOHSITHSMH
npeBpaTHJ UX B caMO co6OH pasyMeloliuecs, NPHBBIYHBIE
KaTerOpHH «3[PaBOTO paccyaka», KOTOpHE CTa/JlH BXOAHTbH
Telnepb BO Bce OObII€HHble U HayuHble IIPEICTaBJEHHsI O MpH-
poxe. HenoBek co BpeMeHeM HauHHAeT NyMaTb O COAepKa-
HHMH 5THX KaTeropuil Kak O HEKOTOPHIX APYT OT Apyra He3a-
BHCHMBIX 3J1eMeHTaX 006'beKTHBHOH (hPH3MYecKOH peasbHOCTH,
a 3aTeM IIbITaeTcsl YJAOBHUTb HX B OTJENbHOCTH IPH TOMOIIH
¢du3nyeckux sxkcrnepumMeHToB. [Tog0GHBIE MONMBITKH OGpeYeHbI
Ha Heyjaady IO TOH NPHYHHE, YTO B CaMOH NpHpOLe OHU CaMH
no cebe, BHe CBfI3M W B3aHMOOIpeJe/eHHs, He CYIeCTBY-
10T. PasBurHe 3KcnepuMeHTa/bHOH (GH3HKH He pa3 HacC B
ToM y6expano. Onbit Maiikenbcona — MopJ/iu 1o ycTaHOB-
JIEHHIO CKOPOCTH IBMXKEHHS 3eMJIM OTHOCHTEJIbHO MHPOBOTQ
3¢upa 1 a6CoONIOTHOTO NPOCTPAHCTBA NMOTOMY, BUIMMO, AaJ
«OTpHLLATENbHBIH» pe3yJabTaT, YTO a6GCOJIIOTHOIO NPOCTpPaH-
CTBa BHe M He3aBHCHUMO OT ABMXKEHHs] MaTepHHU He CYIecT-
ByeT. IIpaB 6bl1 ®. DHrennc, Korja roBopus 0 MPOCTPAHCT-
Be U BPEMeHH, uTo 06e 3TH QOpPMbI CyLIeCTBOBAHHS MaTepUH
6e3 MaTepHH CyTb HMYTO, NYCTHE IpeicTaBJeHus, abcTpak-
MM, CYILIeCTBYIOIHeE TOJIbKO B Halllel roJIoBe.

B npupone nBmxymascsa MaTepus (MaTepHa/JbHOE IBH-
JKeHHe) M TPOCTPAHCTBO — BpeMs! COBEPIIEHHO Hepasielb-
HH, OHH HaxXOJsTCs He BO BHELIHeH JpYr K APYTy CBS3H, a
NpeACTaBJsAT cO600 HEKOTOpOe BHYTPEHHee eIHHCTBO H
B3aMMONPOHHKHOBeHHe. [To3TOMYy, XOTS B MaTeMaTHYECKHX
MOJessX TeOpPeTHUECKH U MOXKHO BHIpaxaTb OLHO yepe3 Apy-
roe, cjeiyeT NOMHHTb, YTO 3JeCb Orpy6JsieTcs CJ0xKHas
B3aHMOCBsI3b NPOCTPAHCTBA — BPeMeHH ¢ JBHXKYIIefics Ma-
TepHeil.
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Hayka B oTHoleHUH QaHHOH NpoGJjeMbl HAaXOLHTCS, BH-
IUMO, Ha KPyTOM IIOBOPOTE M IiepexXuBaeT MepHOJ B0C-
xosc0erusn oT abGCTPAKTHOTO K KOHKpPETHOMY, KOTJa Jle/aloT-
csl TIOMBITKM CHHTE3HPOBATb NPENCTABJIEHUST O «KapKace» H
ero «HayvHKe». [[Be 3aTpOHYyTble BbILIE KOHUENIUHH H BbIpa-
)KaloT coboil MOMbITKH (NpaBAa, OAHOCTOPOHHHE) IIpeofo-
JeTb pacusieHeHHe MHpa Ha JIBe, 110 CYTH [eja COBeplUeHHO
CaMOCTOsiTe/IbHbIE TIOJIOBHUHBI (IBHXKYILYIOCS MATEPHIO H ee
NPOCTPAHCTBEHHO-BpeMeHHYI0 (GopMy ObITHS) HyTem IOTJIO-
UIeHus1 OMHOM U3 HUX Apyrod. OHu TpencTaBJ/sOT coboil He-
KOTOpble aHTHHOMHH, KOTOPble HOJIXKHbI ObITb CHSATHI Ha CTY-
MeHu HX eIMHCTBa, ueMy, 6e3ycjJoBHO, OyAyT MelllaThb Kak
3JeMeHThl MeTadH3UKH, Tak U upeaausma. Hapsanmy c pac-
CMOTPEHHBIMH, KpPaWHMMH TOYKaAMU 3pEHHS BbI3peBaer
TPeTbsl, ONpeaesiolass TeHAEHIUIO Pa3BUTHsI QU3HKU B Ha-
NpaBJeHUH YCTAaHOBJIeHHs GoJjiee TECHOH CBsI3M MeXKIy Tak
HasbiBaeMOH yGcTaHLUHANbHON <«HAuMHKOM» (IBHIKYLIEH-
csi MaTepuel) M NPOCTPAHCTBEHHO-BPEMEHHHIM «KapKacoM»
MHpa,— TOYKa 3PeHHs, Ha KOTOPYIO HaCTOMYHUBO B CBOHX pa-
6orax ofpautaer BHuMaHue, Hanpumep, I'. M. Haan (mo-
n00HYI0 XKe IOCTAaHOBKY BOIpOca MOXHO HallTu B paborax
. Y. VBanenko u np.). d1a 06bEKTHBHAS TEHIEHIHsi HaMe-
yaeTcs U B psfie pUa0ocOPCKUX HCCae0BaHUT.

PaccmoTrpenue 3To#t BaxKHOH, HO BCe-TaKM YacCTHOH Hayuy-
HOU mpo6J/ieMbl, HapsiAy ¢ APYTHMH BOMpOCAaMH, NT0OKa3bIBaerT,
yTO (PUI0COPUS BLINONHSAET KaK OHTOJIOrHYeCKHe, TaK U THO-
ceostornyeckue GyHKIHNU.

Y ecrecrBo3HaHus U ¢urocodun ectb HekoTopas obIias
obnactb, 06JacTb GUI0COPCKUX BONPOCOB e€CTeCTBO3HAHMUS,
KOTODYIO HeJIb3sT OTHECTH K «TBO€H» HJIHM TOJbKO «MoOei» 06-
JIaCTH, OHa — «Hala». PasHbIMM NyTAMH, C Pa3HbIX CTOPOH,
NPHU HCHOJIb30BAHUHU Celli(HUEeCKUX CPENCTB HCC/AeL0BaHus,
¢usukyu 1 Guaocodpsl AONKHBI NPUXOIUTh U B UTOTE NPHUXO-
IAT K eIHHBIM O6lIeTeopeTHYecKHM, METOH0/J0THUECKHM pe-
3y/abTaTaM, B KOTOPBHIX OTpaxKaloTcsi Kak 3aKOHOMEPHOCTH
O0'beKTHUBHOI'O0 MHPAa, TaK U OCOGEHHOCTH €ro MBbIC/JAEHHOr0
OCBOEHHUS,
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