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BcTyITHTeJihHOe CJIOBO* 

B. M. Bap6allloB 
06'bel{HHeHHbHI HHCTHTYT HµepHbIX nccJieµoBaHHH, ,I{y6Ha 

Y Hae cTarro Tpaµ;1m;rren: rrpoBO)];HTh ceMrrHaph! rraM.HTII ,Il;.I-I.Brroxrrm:i;eBa B 

rrepnoµ; c 11 no 27 .!IHBap.H Ka2Kµ;oro roµ;a - 0TO µ;aTh! po2Kp;eHnK rr cMepTrr. B 
0TOM KHBape IICIIOlIH.!IeTC.ll 86 rreT co )];H.!I po2Kp;eHII.!I II 15 rreT KaK yIIIell OT Hae 

,IJ;.I-I.Brroxum:i;eB. 

C HeyMOlIIIMhIM XO)];OM BpeMeHII Bee .!ICHee CTaHOBIITCH OHa'ieHIIe II Bllll.!IHIIe 

aToro 'IelIOBeKa Ha Tex, KTO ero OHarr, BMeCTe pa6oTarr u, B006Ille, UMerr BOO

MO)KHOCTh 06IllaThC.!I. 

Ceroµ;1rn oarrrraHnpoBaHo BpeM.H rrocrre Hay'!HhIX µ;oKrraµ;oB, Korµ;a M02KH0 

6yp;eT cKaoaTh 06 0TOM 'ielIOBeKe TeM, KTO ero OHarr. 

fl )Ke co CBOell CTOpOHhl cen:'iaC XOTell 6hl IIO)];'iepKHYTh 06IllUH KpIITepnn:, 

KOTopoMy crreµ;oBan ,Il;.I-I.Brroxnm:i;eB rrpn 01:i;eHKe Hay'!Horo TBop•recTBa,- OH 

paccMaTpIIBarr crroco6HOCTh IIOOHaHirn •rerroBeKOM BHeIIIHero MIIP?- KaK oµ;ny HO 

CYillHOCTei'r rrpnpoµ;hl 'ielIOBeKa n HaOhlBarr ee "mo6oMyµ;pueM", KOTOpoe CCTh 

60)KIIH µ;ap,· a He BOlleBOll aKT, Korµ;a 'ienoneK, IICXO)];.!I HO MaTepIIallhHhIX r:i;erren:, 

oacTaBJI.!IeT ce6.H OaHIIMaThC.!I nccne;a;oBanueM Tex IllIII IIHhIX .llBlICHIIH, co6bI

TIIII, q>aKTOB. JlI06oe .lKIIBOe cyilleCTBO )];Oll)KHO 'ITO-TO OHaTh 06 OKpy.lKaIOilleM 

Mnpe, Ho oan.HTIIe a6cTpaKTHOll unu q>yHµ;aMeHTallhHOII nayKon ne HeceT Herro

cpeµ;cTneHHhIX Bhlro;a; II .!IBll.!IeTC.!I peoyrrhTaTOM l1I060My;a;p1rn. 

Cen:•mc 0TOT BOrll.!I/]; Ha Hay'iHOe TBOP'ICCTBO aKTyaneH KaK HIIKor;a;a, u6o 

TOllhKO 0HTyonaoM Y,ICHhIX, a He MaTepnarrhHhie Bhirop;hI, rro;a;;a;ep2KIIBaeT na

YKY B HaIIIe Tpyµ;Hoe BpeM.H. IloaT cKaoan: "CqacTJIHB,KTo rroceTurr cen: Mnp B ero 

MIIHYThl poKOBbie" - ;D;ll.!I HaIIIero IIOKO;JeHII.!I 0TH ClIOBa OBy'iarru a6cTpaKTHO 

n p;eKnapaTIIBHo ;a;o Ha'iana paonarra CoIDoa u Toro y2Kaca, B KOTopoM oKaoa

rrach CTpana, a BMecTe c neii: u HayKa. Y'ieHhlC 2Ke CTapIIIero rroKonemrn, rre

pe.lKIIBIIIne peBOlIIOIJ;IIIO, paopyxy, 0Te'ieCTBeHHYIO Bonny, OTHOCIIlIIICh K BOO

MO.lKHOCTII oaHnMaTbC.!I nayKOII, TeM 6onee q>yHµ;aMeHTallhHOll HayKon, KaK K 

BenuKoMy 6nary, Tpe6yIOilleMy OTBCTCTBCHHOCTII u IIOlIHOII OTp;a'IU Cllll n Bpe

Meun. 0TcIOµ;a ycrrexn coBeTcKon HayKn B ;a;orrepecTpoe'!Hhlll rrepno;a;, ee Mnpo

Boe rrpnonaHIIe. K aToMy noKorreunIO oTnocurrc.H ,Il;MnTpnn: llBanoBII'i Brroxnn

r:i;eB, BOrll.H/];hl KOTOporo Ha porrh uayKII II y'ienoro n 06JJ..\CCTBe OCHOBhIBalIUCh 

*BhlcTynrre»He Ha ceM,rnape 25.01.94, nocBJIII.\eHHOM naMJITII .[IMHTPIIJI Haa»OBH'Ia Erroxum1eaa. 
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Ha orpOMHOM OllhITC pa60Thl n q>yHµ;aMCHTaJII,HhIX II npmmaµ;HhIX o6rraeT.l!X 

HayKII II npeµ;eTaDlllIIOT µ;lllI Hae HenpexoAJ):uzyIO D;CHHOeTb . .ff µ;yMaIO, Mhl yerrhl

llllIM eeroµ;H.lI n noenOMIIHaHII.l!X, xaK OH :iKIIDo IIHTepeeonarre.ll II noµ;µ;ep:iK1Inarr 

nee HODhle noµ;xoµ;hl II HanpanrreHII.ll n q>II31IKe MIIKpOMIIpa II µ;o noerreµ;Hero µ;H.ll 

eaM aKTIIDHO pa6oTarr n 3TIIX HanpanrrCHII.llX. Jly'IlllCll llaM.llTI,IO O HCM 6yµ;eT 
Hallla TDOp'ICeKa.a pa6oTa n llOIIeKax IIeTIIHhl. 
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<l>JIYKTOH - CTAHOBJIEHlIE lI PA3BlITlIE rromITlI51 

r.A.JleKCllH 

lIHCTllTY'f TeopeTnqeCKOH ll 3KCnepnMeHTaJlhHOH lpll3llKll, M0CKBa 

K coxaneHHD, nuqHwe nocnoMHHaHHH Hen36exHo 3aTparnnanT 
ncnoMHHanmero. H 3Han nMnTpHH MnaHOBnqa 6nOXHHUeBa eme no 
yHHBepcnTeTy. Kor,11;a OH npnwen H3 O6HHHCKa B ny6Hy ,ll;HpeKTOpOM 
OMHM, H KaK pa3 3anepwm1 B na6opaTOpnn M. r. MemepHKona 
3KCnepnMeHT no nccne,11;onaHHD ynpyroro pd-pacceHHHH. nMnTpnn 
MnaHonnq KoppeKTnponan, no-BH,ll;HMOMY, TeMaTHKY CBOHX 
nccne,11;onaHHil npnMeHHTenbHO K YCKOPHTeilbHOil ~H3HKe, a B ynpyroM 
pd-pacceHHHH 61,m o6HapyxeH n 1956 ro,11;y HeOXH,D;aHHblil n 
HeTpHBHailbHWil 3~~eKT: o6paTHoe pacceHHHe npoTOHOB [11. IlpOTOH B 
na6opaTopHott cncTeMe nwneTan B 3a,D;HDD nonyc~epy, nepe,11;anaH 
,11;ettTpoHy HMnynbc 6onbme 1 faB/c, a ,11;ettTpoH neTen nnepe,11; c 
3Heprnen, B COTHH pa3 npen1,1warn.11en ero 3Heprnn CBH3H. 3ToT 
pe3yilbTaT 6wn B 1957 ro,11;y llO,ll;TBepx,D;eH B He3aBHCHMhlX 
3KcnepHMeHTaX rpynnw M.f.MemepHKOBa, H B 3THX xe 3KCnepn
MeHTaX 61,mo Hatt,11;eHO KBa3nynpyroe Bhl6HBaHHe ,11;ettTpOHOB H3 H,D;ep 
[ 21 . EcTeCTBeHHO' qTo 3TH ,D;aHHble aKTHBHO 06cyx,11;anHCb' a C 
HeKoToporo MOMeHTa oqeHb no,11;po6Ho c n.M.EnoXHHUeBWM. 

C caMoro Haqana, KaK anbTepHaTHBa ycnoBHHM npHMeH!:fMOCTH 
HMnynbcHoro npn6nnxeHHH, KOTopaH xopowo onncwnana ynpyroe 
pd-pacceHHHe Ha Manwe yrnw, HO He pa6oTana npn onncaHHH ,11;aHHblX 
o pd-pacceHHHH Ha 6onbwne yrnw, 6wno npe,11;nonoxeHo [11, qTo 
npOTOH B3aHMO,D;ettcTnyeT C TeCHOil napon HYKilOHOB, Kor,11;a 
paccTOHHHe Mex,11;y HHMH MeHbWe, qeM ,ll;IlHHa BOilHhl HaneTanmen 
qaCTHUhl, qTo cymecTnyeT B3aHMO,D;ettcTBHe Tpex qacTHU. O6paTHOe 
pd-pacceHHHe BOWilO B MOD KaH,D;H,D;aTCKYD ,D;HccepTaUHD, O,ll;HHM H3 
onnoHeHTOB KOTopon 61,m n. M. EnoxnHuen. KpoMe KaHoHnqecKoro 
TeKcTa B npo3e, OHa 6wna HanncaHa CTHXaMH. H pHCKHY RX 3,D;eCb 
npnnecTn. 

, 3a,11;aqa .a~wa - H3MepeHne 
pd- ynpyroro ceqeHHH. 
rnraHTCKHil CHHXpOUHKilOTpOH 
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HaM 61>1cTpbltt Bl>IAaeT npoTOH. 
3aTeM 6pocaeM MY ero 
B KOHTeltHep c qHCTQlt D20. 
3AeCb npOHCXOAHT CTO.nKHOBeHHe, 
H BCeM yMaM Ha YAHB.neHHe: 
He B3aA, He s6oK, noqTH snepeA 
ReTHT TJIIe.nbltt BoAopoA. 
KaKOB Ie BWOA MYAPNX .HHU? 
0TKPNT slJ,IJ,eKT OT Tpex qacTHU. 
na 6yAeT c.naseH cpeAb BeKOB 
Molt meiJ, M.r.Mell!epmcos. 

BoT. A.HJI 06'&RCHeHHR "siJ,IJ,eKTa OT Tpex qacTHU" H 6W10 BBeAeHo 
.It H. 6.noXHHUenw noHaTHe IJ,.ny1tTOHa B pa6oTe 13 I II O IJ,.nyKTyauHax 
HAepHOI'O Bell!eCTBa II. SI I'OP][YCb, qTo nMHTpHlt HBaHOBHq B STOit 
pa6oTe 6.narOAapH.n MeHa, TOI"Aa ell!e Ma.nbqHWICY, 3a "MHOI'He ueHHl>le 
06CYIAeHHJI". SI 6.naroAapeH eMy, qTo OH npHB.IleK MeHJI K aKTHBHOMy 
yqaCTHD s o6cyzAeHH,tX. 

B HayqHolt J;H3HH oqeHb qacTo He JICHO _. I'Ae, KaK POAH.nacb Ta 
H.nH HHaJI HAea, TOT H.nH HHOlt B3I'.HJIA Ha BelltH, KOTOpN!t IlOTOM 
cquTaDT qyTb .HH He ecTeCTBeHHhlM. 3AeCb yMeCTHo CKa3aTb 
c.neAYDll!ee. K H~06XOAHMOCTH pacCMOTpeHHR B3aHMOAeltCTBHlt 
Ha.neTaDlltHX qaCTHU C Hec1tO.nb1tHMH HyK.noHaMH HApa npHBOAH.HH 31tcne
PHMeHTa.nbHYe AaHHYe O nor.noll!eHHH OCTaHOBHBIIIHXCJI IlHOHOB, BWleTe 
BYCOK03HeprHqHl,IX RAep-lJ,parMeHTOB. 11 npocTpaHCTBeHHYe KOppeJUIUHH 
11y1t.no11qs B JIApax, B TOM qHc.ne TeCHYe ICOppe.nJIUHH, AOCTaTOqHo 
DIHpOKO o6cy][AaJIHCb n cepeAHHe 50-x I"OAOB I 41 , HO POJib 
KoppeJIRUHlt CBOAH.nacb K o6ecneqeHHD BYCOKOHMnyJibCHOlt _ ICOM
noHeUTY HylCJIOHa B JIAPe, TOI"Aa Kalt B3aHMOAeltcTBHe C c)JIYJCTOHOM 
paCCMaTpHsa.nocb BJIOXHUUeBLIM ICaK C uenw, XOTJI, ICOHeqHo, HHqero 
He 6Wio c1ta3aHo, Aa H ue Mor.no 6YTb CKa3aHo, o cunax H 
MeXaHH3Me B3aHMOAeltCTBHJI Ha.neTaDll!elt qaCTHUl,I C IJ,ny1tTOHOM. 

nanbme JI HHqero He 6yAy I'OBOpHTb O nUHTpHe lfBaHOBHqe 
6.nOXHHUeBe, HO qeJIOBelC ][HB, noxa ][HBa, T. e. pa3BHBaeTCJI ero 
MYCJlb, ero HAeJI. IlocTapaDCb AaJibWe paccKa3aTb, ICaK 
HCCJleAOBaJIHCb IJ,JiyKTOHY H Kalt pa3BHBaJIOCb caMo OOHRTHe O 
IJ,nyKTOHe. 
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Cpa3y nocne 1o6HapyxeHHR o6paTHOI'O pd-pacce.HHHR 
6b1Jla npeAnpHHJITa o~aRHHaa 
ynpyroro pC-pacceRHHR B 

pesepcHposaHHoro 

nonYTKa o6HapyieHHR 
3KCnepHMeHTe Ha 

CHHXpOUHKJIOTpOHa 

o6paTHOI'O 
BHyTpeHHelt 

[5]. 3TOT MHmem1 
JCOpOTKHlt ~cnepHMeHT no3BOJIHJI HCilOJlb30BaTb nyqoK 60JibWOlt 
HHTeHCHBHOCTH H OTJiaieHHN!t TpaKT, HO He npHBe.n K 
noJIOZHTeJibHOMY pe3yJibTaTy, AaB A.HJI TeX BpeMeH npH.nHtlHOe 
orpaHHqeHHe Ha AHIJ>IJ,epeHUHaJibHOe ceqeHHe B HeCKOJlbKO 
HaHo6apH. Bc:KopocTH a_ sKcnepHMeHTax rpynnY KoMaposa I 61 61>1JIH 
o6Hapy][eHY npH 660 M3B o6paTHble ynpyrHe pacceaHHJI Ha 
J!Apax reJIH$1, Ho He HaltAeHo pLi- o6paTHo·e pacceaHHe. B 
1961 roAy B onNTax Ha BHyTpeHHeM nyt1Ke yc1topHTeJIJ1 HTS<I> -61,1no 

npocnexeHO 6YCTpoe naAeHHe o6paTHOI'O pd-pacceRHHR, Bn.noTb AO 
3H~PI'HH 3,7 rsB 171. CTa.no JICHW, tlTO cetleHHR ynpyroro 
B3aHMOAeltcTBHJI HaJieTaDll!eI'O npoTOHa C IJ,.nyKTOHOM oqeHb MaJil>I H 
CTpeMHTeJibHO naAaDT C pOCTOM Hat1aJibHOlt 3HeprHH H Macc1,1 
c)JIYJCTOHOB. Il03TOMY HCKOMN!t IlHK KBa3Hynpyroro pd-pacceRHHJI 
Ha yrnepOAe H MeAH npH 3HeprHJIX 1.15, 3,66 H 5 rsB He 61>1.n H He 
MOI' 6YTb o6HapyxeH Ha MOll!HOM IJ,oHe npoTOHOB, BhJJieT3f?mHX H3 
AAep Ha3aA B JI. c. - -- --

Ha pHC. 1 noKa3aH cneKTp npOTOHOB, BWieTaDll!HX. noA YI'JIOM 
157° B JI.c., B ynoMaHyTOM swe sKcnepHMeHTe H3 yrnepoAa 
npH 3HeprH,tX 1.15, 3.66 H 5 fsB H H3 yrnepoAa H MeAH npH 
3HeprHH 5 rsB. 3AeCb xe Ha opHI'HHaJibHOM pHcyHKe 113 pa60Tl,I I 8 I 
1966 roAa CTpenKaMH noKa3aHY OIHAaeM1>1e no.noieHHR nHKOB OT 
ynpyroro pd, pT- H pHe4- pacceauult. SlcHo, t1To 3TO Te MHHHMa.nb111>1e 
3HaqeHHR Mace q>JIYJCTOIIOB, C KOTOpbllm AO.Il:S:Ha CTOJIKHYTbCj{ 
HaJieTaDlll,aJI qacTHUa, qT061,1 H3 JIApa MOI' BWieTeTb npOTOH AaHHOlt 
3HeprHH. BHAHO, qTQ Ha6.nDAa.nHCb C OT!IOCHTe.nbHO HeMaJIYM cet1eHHeM 
npOTOHY OT HeynpyrHX peaKUHlt npH B3aHMOAeltCTBHH HaJieTaDll!elt 
qaCTHUY c HeCKO.IlbKHMH HYJC.HOHat.m. B pa6oTe o6cy:s:Aa.ncH H 
OTBepraJIC$1, KaK OCHOBHOlt, MexaHH3M $1AepHOI'O KacKaAa, 
yxa3waJIOCb, qTo MexaHH3M HCnapeHHR npHBOAHT K Hepa3yMHO 
60.nbmHM B RAepHNX MaCWTa6ax TeMnepaTYpaM, OTMet1a.nocb, tlTO 
B3aHMOAeltCTBHe C BYCOKOHMnyJibCHW HYKJIOHOM npHBOAHT K 
B3aHMOAeltCTBHD C TeCHOlt KOppenauHelt, H cneKTpY OilHCWaJIHCb 
KPHBID(H IJ>a30BOI'O 06'&eMa Ana HeynpyrHX peaKUHlt Ha IlOACTPYKTypax 
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THna «- -traCTHU. B pa6oTe 6LUio oTMetreno no.1to6ne cneKTpOB 

np_DTOHOB H3 pa3HblX j!Jtep H c.na6ax 3aBHCHMOCTb OT Hatra.nbHOR 

3HepI'HH. 
B 1971 I'OTI.Y B 1-oM HOMepe HOBOI'O H yxe Il03TOMY 

Henony.nxpHoro H3,1taHHx - "KpaTKHe coo6m;eHH51 no ~H3HKe" rl>HAHa 

nomm.nacb saxHax cTaTbX A. M. 6a.n.1tHHa: "MacmTa6Hax 

HHBapHaHTHOCTb a,ItpOHHblX CTO.llKHOBeHHR H B03MOIHOCTb no.nytreHH51 

nytrKOB traCTHU BYCOKHX 3HeprHn npH perurrHBHCTCKOM ycKopeHHH 

MHOI'03apAAHHX HOHOB" (91. Pa6oTa noCB5llll;ena OTBeTy Ha sonpoc -

cym;eCTByur .nn KyMY.n51THBHhle traCTHUl,I, T. e. qaCTHUhl C 3Heprnen 

60.nbmen, qeM 3HepI'H51 ycKopeHHOI'O HOHa B nepectreTe Ha 1 HyK.nOH. 

B pa6oTe c.ne.1tyeT _µpex,1te scero OTMentTb o6m;nn aBTOMo.1te.nbHhlil 

IlO,ItXOA K 3a,1tat1e, 51CHOe yKa3aHHe Ha ,ltOMHHHpyDDzy-D po.nb 

cym;eCTBeHHO HeynpyI'HX H Hep,BHOBeCHhlX npoueccoB, aHa.llOI'HD C 

r.ny6oKOHeynpyrm.m peaKUHXJAH 4lll3HKH s.neMeHTapHhlX qacTUU. B cn.ny 

o6m;HOCTH 00,ltXO,lta aBTOp He paccMaTpHBaeT ,IteTa.nbHO MexaHH3M 

o6pa30BaHH51 KYMY.n51THBHHX 'laCTHU, TeM 60.nee MHe He 51CHO, 3a'leM 

OH ,ItBaI,ItLI no,11.11epKHBaeT, 'ITO "npOCTpaHcTBeilHble xapaKTepH.CTHKH He 

HI'paDT cym;eCTBeHHYD po.nb npn CTO.llKHOBeHHH a,ItpOHOB H 51,Itep npn 

BblCOKHX 3HepI'H51X", 'ITO 11 CTO.llKHOBeHH51 tlaCTHU BblCOKHX 3Heprnn 

onpe,Ite.n51DTC51 I'U,1tp0,1tHHar.mt1ecKHMH CBORCTBaMHM a,ItpOHHOR MaTepHH, a 

He reoMeTpH'leCKHMH xapaKTepHCTHKaMH CTa.nKHBaDm;HXC51 o6:EoeKTOB 11
• 

ABTop no.nOIHTEl.llhHO OTBet1aeT Ha noc-raa.neHHbdt HM sonpoc 0 

B03UOIHOCTH cym;eCTBoBaHU51 KyMy.nxTHBHHX tlaCTHU*, C'IHTaeT 

aKTja.llbHl.lM H BaIHl,IM SKcnepm.ieHTa.llbHO npoaepHTb 3TO YTBepI,IteHHe 

H CTaBHT aonpoc: "HatrnHax C KaKOR SHepI'HH, Ha'IHeT 

ocym;eCTB.ll51TbCJI aBTOMO,Ite.nbHbdt peIHM npH CTO.nKHOBeHHH 

pe.n51THBHCTCKHX 51,Itep•. 

----------------------------------------------------
• Iloc.ne,1tHli lf!pa3a 6.naro,1tapHocTen B CTaTbe A.M.Ea.n,ItHHa: "KaK 

MHe cTa.no _ H3BeCTHO, r.H.rl>.nepoB em;e HeCKO.llbKO .neT Ha3aA 
BblCKa3blBa.n MLIC.nh 0 B03MOIHblX KYMYIDlTHBHblX slf!lf!eKTax npH 
coy,1tapeHHH pe.n5ITIIBHCTCKHX x,1tep". r.H.rl>.nepoB I'OBOpH.n MHe, 
tlTO OH 3Ha.n 0 lf!.nyKTOHax H 06 06cyx,1taeMhlX Bl,lllle 
3KcnepHMeHTax. 
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B TOM 

,11eltTpOHOB, 
Ie 1971 ro,11y 61,1n C,lleJiaH 3KCnepHMeHT Ha 

r,11e 6hlJI nonyqeH cneKTp KYMYJIJITHBHl,IX IlHOHOB 
nyqKe 

[ 101. 
SICHO H3 CKa3aHHOI'O Bhlllle, qTo OTBeT Ha sonpoc1,1, nocTaBJieHHYe 

A. M. Ean,11HHW, yxe co,11epxanHcb, s pesynbTaTax pa60T1,1 [ 81 1966 
roia, HO B aHTHJia6opaTOpHolt no OTHOWeHHD K HOHHOMY nyqKy 

CHCTeMe H ,IIJIJI npoTOHOB. Ilo,11aBJIJIDI1lee 60JibWHHCTBO ,llaJibHeltmHX 

HCCJie,IIOBaHHlt, s TOM qHcne H aBTopaMH [101, BeJIHCb s na6.CHCTeMe 

OTHOCHTellbHO noKOJ11IlerocJ1 Jl,llpa MHWeHH. B 1973 ro,11y B HTS~ ,11aHHYe 

pa60T 1966 ro,11a [ 81 BMecTe c HeKOTOpYMH ,11pyrHMH ,llaHHYMll 6YJIH 

peaHaJIH3HposaHl,I [ 111 H 6hlJIO noKa3aHO, qTo HOpMHposaHHaJI 

HHBapHaHTHaJI fyHKI.tHJI, onHcYBaDillaJI cneKTPY KYMYlIHTHBHhlX npoToHoS: 

2 
P = _r_ = l. !L2:.... _1_ 

utot p2 dpda utot 

r,11e E H p - nonaaJI 3HeprnJI 11 llMnyJibC BTOpHqHolt qacTHI.tY, 

utot- ceqeHHe B3aHMO,lleltcTBHJI HaJieTaDillelt qacTHI.tY C H,llpOM, 

acHMilTOTHqecKH He 3aBHCHT OT HaqaJibHOlt 3HeprHH H copTa 

HaJieTaDillHX qacTHI.t, fopMa cneKTpa He 3aBHCHT OT A- Jl,llpa, T. e. _ 

HMeeT MeCTO J1,11epHYlt CKeftJIHHr [ 121 HJIH npe,11eJibHaJ1 fparMeHTaI.tHJI, 
I 

B ·pa6oTax rpynn1,1 CTaBHHCKoro [131 6hlJIH nonyqeHY ,11aHHYe o 

CHllbHl,IX A-saBHCHMOCTJIX BlilXO,IIOB KYMYJIJITHBHYX npoTOHOB - Al ' 4 ~· 

nHOHOB - A
1 

, H3 3THX 3aBHCHMOCTeft 6WI ·c,lleJiaH BYB0,11 O JIOKaJibHOM 

xapaKTepe ssaHMo,11eltcTsi1J1 HaJieTaDilleft qacTHI.tY, 06HapyxeH1,1 
KYMYJIHTHBHUe K-Me30HY. 

YnoMHHYTYe ,IIBe rpynn1,1 3KCnepHMeHTaTopoB B HTS~ H B nBS 
00510 . . B nocne.11yn111eM 0CTaB2JIHCb JIH,llepaMH HCCJie,t\oBaHHtt 

o6pasonaHHJI KYMYJIJITHBHL!X qacTHI.t HJIH umpe - rny6oKoHeynpyrnx 

Jl,llepHlilX peaKI.tHlt [ 141, HO qHCJIO pa6oT pocno JiaBHH006pa3HO,:' 

BOBJieKaJI see 6onee . WHPOKHR Kpyr Kalt 3KCnepHM9HTaTopos, TaK H ' 

TeopeTHKOB. Cero,IIHJI, JI ,11yMaD, pa6oT HeCKOJibKO COTeH; 

,llocTaToqHo CKa3aTb, 'CITO, CKazteM , HCCJie,IIOBaHHJIM KYMYJIJITHBHWX i 
JIJIM6,11a-qacTHI.t HJIM o6pa3oBaHHD KYMYJIJITHBHl>IX npOTOHOB no,11 

,11eftcTBueu HeftTpuHo yxe nocBJIIlleHo no .11ecJ1TKy ny6nHxauun tH~HKos 

Poccuu, Cll!A, SlnoHHH II Espon1,1. B 3THX pa6oTax, BYWe,IIWHX cero.1tHJ1·. 

sa paMKH HHKJIOOHBHoro no,11,xo,11,a, BYnOJIHeHHYX pa3HOlt MeTO,IIHKOlt H , 

npu pa3JIHqHwc: ycJIOBHJIX, 6hlJIH no,11po6HO usyqeHY CBOltCTBa.: 

rny60K0Heynpyr11x n,11,epHl>IX peaKttHft <rHSIPl, no,11TBepz,11eH1,1} 

12 

saKOHOMepHOCTH Jl,llepHoro CKeltJIHHra, BYXO,ll Ha CKeltJIHHronoe no

Be,lleHHe, uepapXHJI BYXO,IIOB, o6HapyxeHY sapJl,IIOBl,le H H30TOnHqecKHe 

sf~eKTbl, nonyqeHbl cse,11eHHJ1 o npocTpaHCTBeHHo-speMeHHOlt xapTHHe 

53aHM0,119ltCTBHJI, OI.teHeHa 3HeprHJI, TepHeMaJI Ha B036yzt,lleHHe Jl,llpa 

HaneTaDmen qacrnuen Ha 1 fepMH-nyTH s 1-2 rsB/~epMn u T.,ll. [13, 

15, 161. 
IloTOK TeopeTnqecKHX pa6oT 6YJl He TOJibKO seJIHK, HO H 

pa3H006pa3~H. Ilpo6JieMa 3aKJIDqaeTCJI B TOM, qTo Ha,110 OilHCaTb 

B3aHMO,lleltcTBHe HaJieTaDmeR qaCTHI.tY C .. HeCKOJibKHMH II HYKJIOHaMH 11 B 

Jl,llpe. MHoroTeJibHaJI 3a,11aqa, ,Ila eme C HeHsBeCTHW B3aHMO,lleltcTBHeM 

MeI.IIY o6f>eKTaMH sacTaBJIJIJia JIH6o C03HaTeJibHO H,IITH Ha ynpOilleHHe, 

paccMaTpHBaJI B3aHMO,lleltCTBHe . HaneTaDillett qacTHI.tbl C O,llHHM 61,1cTpO 

,IIBHIYillllMCJI HYKJIOHOM, ;m6o Hl1 · TepMO,IIHHaMuqecKHtt no,11xo,11, 

paccMaTpHBaJI BYCOKOTeMnepaTypHoe HcnapeHHe HJIH passan CHCTeMY 

no ~asosoMy o6f>eMy. Cpe,11H pa6oT nepsoro HanpasneHHJI Ha,110 

OTMeTHTb WHpOKO celtqac H3BeCTHYD Ha 3ana,11e M0,11,eJib ~paHKfypTa H 

CTpHKMaHa [ 171 , cornacHO KOTOpott HaJieTaDillaJI qacTHI.ta 

B3aHMO,llettcTsyeT C OT,lleJibHYM HYKJIOHOM B TeCHOlt nape (HJIH TpottKe 

H T.,11.), OCTaJibHble HYKJIOH!,1 BYCTynaDT KaK cneKTaTOpbl. MHe.Bcer,11a 

TaKott no,11xo,11 KasancH Henocne,11osaTeJibHW, XOTJI 61,1 u~-sa Toro, 

qTo Heo6XO,IIHMY!t Bl,ICOKHtt HMnyJibC HyKJIOH!,1 s nape MoryT 

npHo6peCTH, JIHWb 6y,11yqH Ha paccTOJIHHH MeHbWeM, qeM ,IIJIHHa· BOJIHl,I 

HaneTaDillett t1acTuu1,1 c sHeprHelt nopJ1,11Ka 1 rsB, r,11e yxe ,11nJ1 nerKHX 

Jl,llep Ha6JID,11aeTCJI CKeAJIHHr, H MeHbWe, qeM paCCTOJIHHe MeI,IIY 

KBapKaMH B HYKJIOHe. He cnyqattHO ,IIJIJI onHCaHHJI cneKTpOB 

KYMYJIJITHBHYX npoTOHOB aBTOpbl MO,lleJIH cqHTaDT, qTo HaJieTaDillaJI 

qacTHI.ta B3aHM0,11eAcTByeT C HYKJIOHOM B nape, ,IIBHIYillHMCJI snepe,ll, a 

,11,JIJI onncaHHJI cnexTpOB A ' n ' K H T. ,II. C HYKJIOHaMH, 

,IIBHIYillHMHCJI Hasa,11. BuecTe C TeM MO,lleJib Hennoxo onHCYBaeT 

HHKJID3HBHble ,llaHHble npH COOTBeTCTBYDillHX npe,11noJI0IeHHJIX O BKJia,llaX 

pa3Hl,IX KOppeJIJIUHR, ,11aeT PH.II npe,11cKa3aHHA O KoppeJIJIUHJIX tlaCTHI.t, 

BhlJieTaDIIIHX B pesynbTaTe B3aHMO,llettCTBHJI. Cpe,IIH 

"TepMO,IIHHaMHqecKHic" · MO,llenen JI 61,1 BCilOMHHJI, KaK npHMep, TaK 

Ha3blBaeMyD "KHeBCKYD" MO,lleJib 3HHOBbesa-ropeHWTeftHa [ 181. SI He 

6y,11y 3,lleCb KOMMeHTHpOBaTb 3TY MO,lleJib, IlOCKOJlbKY caMH aBTOpbl 

cerO,IIHJI CTaJIH ee paccMaTpHBaTb Ha KBapKOBOM ypoBHe. HaKoHeI.t, 
3,11ecb JI ,IIOJIIeH CKa3aTb O TOM, qTo noHJITHe ~lIYKTOHa 6YJIO pa3BHTO 
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npHMeHHTenbHO K KYMYHHTHBHl:dM qacTHUaM .HyKbHHOBl,IM, Eypoaw H. 

THTOBl:dMI 191. Eonee no,11;po6m,dl o63op pa3HhlX Mo,11;enell MO:&Ho HallTH 

B 1201, r,11;e npocne:&eHa_ TeH,D;eHUHH HX pa3BHTHH. CKa:&y nHlllb e~e 06 
O,ll;HO!l 6YTYD~en KnaccH~H~aUHH MO,D;enen. Pa3nHqanT MO,D;enH, r,11;e 

o6'f>eKT (~nyKTOHl, H3 KOTOporo B~eTaDT KYMYHHTHBHYe qacTHUY, 

npe,11;cy~ecTayeT H Mo,11;enH, r,11;e OH 06pa3yeTcH a npouecce B3aHMo-

,D;ellCTBHH. TaKaH KnaccH~HKaUHH MHe npe,D;CTaBnHeTCH Mano• 

cy~eCTBeHHOil, TaK KaK, CTporo ·roaopH, BOHHOBYe ~YHKUHH (H 3TO 

npHMeHHTenbHO K paCCMaTpHBaeMYM npoueccaM 06'f>HCHHHH ~paHK~ypT H 

CTpHKMaH) Ha,D;O paCCMaTpHBaTb Ha CBeTOBOM KOHyce. IlepeX0,11; Ha 

caeTOBOtt KOHYC ecTeCTBeH, Ha KBapKOBOM ypoaHe paCCMOTpeHHH, 

T.K. B 3TOit CHCTeMe onpe,11;eneHY KBapKOBYe CTPYKTYPHYe ~YHKUHH. 

Ilocne HecKonbKo 3aTHHyawerocH, HO caepxKpaTKoro o63opa 

CHTyaUHH C o6pa30BaHHeM KYMYHHTHBHhlX tiaCTl.fU aepHeMCH K 

~nyKTOHY, npe:a:,11;e acero K TeM 3KcnepHMeHTanbHYM ,D;aHHYM, KOTOPYMH 

MY pacnonaraeM cero,D;H5I. PacCMOTpHM ~OPMY cneKTpa KyMynHTHBHYX 

qacTHU. 0Ha B xopoweM npH6nHieHHH He 3aBHCHT OT A-H,11;pa, KaK 3TO 

BH,ll;HO H3 pHc.2, r,11;e npe,D;CTaBneHY ,ll;HH npHMepa cneKTpY npoTOHOB, 

BMneTaD~X ~3 pa3HhlX H,D;ep no,11; yrnoM 160° no,11; ,11;ellCTBHeM 

npOTOHOB C 3HeprHell 400 raB/ 1211. Ha pHc. 3 noKa3aHM OTHOWeHHH 

OTKnoHeHHH napaMeTpa HaKnoHa ,11;aHHoro H,D;pa OT cpe,11;Hero HaKnoHa K 

cpe,D;HeMy HaKnoHy B 3aBHCHMOCTH OT A-H,11;pa. 3,11;ecb :&e npHBe,D;eHY 

3aBHCHMOCTH OT A 3HeprHll CBH3H H,D;ep H ~epMH-HMnynbCOB. BH,D;HO, 

qTo HaKnOHM cneKTpOB OCTaDTCH, HaqHHaH c A=6, r,11;e e~e 

qyacTayeTCH BnHHHHe KHHeMaTHqecKHX rpaHHU, IlOCTOHHHMMH C 

TOqHOCTbD He xy:a:e 2¾, B TO apeMH, KaK 3HeprH~ CBH3H H 

~epMH-HMnynbCM MeHHDTCH 3HaqHTenbHO CHHbHee 1221. ,8TO 3ilaqHT, 

qTo HaKnOHY xapaKTepH3YDT He OT,D;enbHYe H,D;pa, a H,D;epHyD MaTeP.HD, 

a T. K.• peqb H,D;eT O cneKTpax KYMYHHTHBHhlX qacTHU, ~nyKTOHY B 

H,D;epHoll MaTepHH. 

XapaKTepHYil HaKHOH cneKTpOB KYMYHHTHBHhlX npOTOHOB 

cooTBeTcTayeT xapaKTepHoMy HMnynbcy nopH,D;Ka 500 MaB/c. Y:a:e 

OTCD,D;a BH,ll;HO, qTo xapaKTepHYll pa3Mep ~nyKTOHa nopH,D;Ka H MeHbWe 

pa3Mepa HyKnOHa. Pa3Mep ~nyKTOHa MOieT 6YTb oueHeH H3 ,11;pyrHX 

He3aBHCHMYX ,D;aHHhlX, a HMeHHO H3 H3MepeHHll KOppenHUHll ,11;ayx 

KYMYHHTHBHhlX qacTHLt C ManwH OTHOCHTenbHl,IMH CKOpOCTHMJI. EcnH 

6y B 51,D;pe 6YHO TOHbKO 0,ll;HO B3aHMO,D;eilcTBHe, TO H3MepeHHY!l pa3Mep 
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6LIJI 6u xapaKTepHl,IM pa3MepoM ~JIYKTOHa. B3aHMOAe8cTBH~ 

HaJieTaD~ero aApOHa C ~JiyKTOHOM BAOJib ero nyTH B HApe 06h[tlHO He 

o,lfHo, TaK 'llTO B pe3yJI&TaTe H3MepeHH8 nonyqaeTCSI pa3Mep AJIHHbl 

nyTH 'llaCTHI.tbl B HApe-MHmeHH' - nopHAKa pa3Mepa HApa. Ha pnc. 4 

[231 AJISI npnMepa npnBeAeHa KoppeJIHUHOHHaSI ~YHKUHSI AJIH AByx 

KYMYJISITHBHUX npOTOHOB, BLIJieTaDII!HX H3 HAep yrnepoAa H CBHHI.ta B 

3aBHCHMOCTH OT HX OTHOCHTeJibHOro HMnyn&ca. CnnoWHble KpHBble Ha 

pHCYHKe OTBe'tlaDT TeopeTH'lleCKHM KPHBblM [241, COOTBeTCTBYDillHM 

pa3MepaM 3 H 5 ~epMH COOTBeTC~BeHHO. 'llTO Hennoxo cosnaAaeT C 

paAHycaMH 3THX HAep. Pnc.5 IlOSICHSleT, KaKHe npoueccbl BJIHSIDT Ha 

TeopeTH'lleCKHe KpHBble pnc. 4. OnpeAeJISID~D pOJib AJISI npOTOHOB a 

H3y'lleHH08 o6nacTH HrpaeT CHJibHoe B3aHMOAe8CTBHe. OHO, KaK ·n 

3JieKTpouarHHTHOe B3aHMO.ite8CTBHe, 3aBHCHT JIHWb OT MOAYJIH 

pacCTOSIHHSI, B TO BpeMSI KaK He6onbmon, HO npncyTCTBYDillH8 

HHTep~epeHUHOHHl:.dt 'llJieH, o6ycJIOBJieHHl:.dt B AaHHOM cnyqae npHHUHilOM 

Ilaynn, 3aBHCHT OTAeJibHO OT npOAOJibHoro H nonepe'tlHoro pa3Mepa 

HCTO'llHHKa KYMYJI.llTHBHblX npoTOHOB. .IICHO, 'llTO nonepetmun pa3Mep 

KaK pa3 nopH.itKa pa3Mepa ~JIYKToHa TO'llHee orpaHH'llHBaeT ero' 

CBepxy. Ha pnc. 6 [ 251 noKa3aHa KOppeJIHUHOHHaSI ~YHKUHSI Rpp 

.!tBYX KYMYJIHTHBHblX npoTOHOB H3 S!Apa CBHHI.ta B 3aBHCHMOCTH OT 

ql npH MaJIOM q II H OT qll npH MaJIOM ql qeTKO BHAeH 

HHTeptepeHUHOHHl:.dt 3HeKT H TaKon, 'llTO npoAOJibHbltt pa3Mep 6on&me 
' nonepeqHoro, KOTopl:.dt no oueHKaM nopHAKa 1 ~epMH, T. e. nopHAKa 

pa3Mepa HYKJIOHa. 3AeCb HaAO no.1t'llepKHYTb, 'llTO npnBeAeHHaSI 

BeJIH'llHHa HMeHHO 01.teHKa, H ABHieHHe B HanpaaneHHH HCCJie,1toBaHH8 

pa3uepaB H ~opMbl o6naCTH B3aHMOAeRcTBHSI KaieTCS O'lleHb. 

nepcneKTHBHW. 

PaccMOTpHM Teneph AaHHble pHc.7 [261, rAe BHOBb 

Ha· 

119 
noKa3aHa HHBapHaHTHaSI . ~YHKUHSI KYMYJIHTHBHblX npoTOHOB, 

3TOT pa3 BLIJieTaDil!HX H3 MeAH08 MHmeHH IlOA yrnou 

rpajfyQlv3 IlOA AeffCTBHeM npOTOHOB C 3HeprHe8 10 r38 H B 

3aBHCHMOCTH OT nepeMeHHOR. CBeTOBoro 

ex = (E - p·cos8)/m BMecTe c HHBapHaHTHblMH 
+ + - p n- , K- , P • 8 ycJIOBHSIX pa6oTbl [ 2EU 

OTJIH'llaeTCSI OT KYMYJI.llTHBHOro 'llHCJia H B KaIA08 

HHIHDD rpaHHLtY Ha Macey Toro 06'1:>eKTa. 

B3aHMOAe8CTByeT HaJieTaDl!laSI qacTHI.ta, 'llT06bl 

16' 

KOHyca 

~YHKUHHMH c 

ex Mano 

TO'llKe AaeT 

C KOTOpblM 

o6pa3oBaTb 

~ 
~ 
\( 

/ 

R2 

Pnc.4 

R,,., 

~ 

t 

1 

3 

2 

I 'ti 
· Pb 

- • • t 

1t- ~ 1'T th© C 

/ I ~ 
hn. I E.D \\ ,~ 
' I o \ I . o 0.1 0.2 o.3 o.4 

\: q, GeV/c 

0 E) l 
I 

~'4~ l,\.lttu.tt\<M .. 

b,l. 0,; 0/! 
Pnc.S 

©t>ua};n: ii~.cii\ 1m:mrifi
1 

!Jllti;m-.u ~tcAei~:mm!J ~ 
Gf11Sl1!40TEKA ~ ,......__ .. ....,.... .. __ _ 

~ 

f\r'3ev/c 



COOTBeTCTBYDIIIYD KYMYJIHTHBHYD qaCTHUY

BCex nepeqncJieHHblX qaCTHU noA06Hbl. 

HaKJIOH HMeDT cneKTpbl KYMYJIHTHBHblX n 

BHAHO, qTQ 

Ilo-BHAHMOMy, 

A, A 

cneKTPLI 

TOT Ie 

XOTH 

cneKTpbl 3THX qacTHU, CTporo roBOpH, H3MepeHbl He TOqHo B Tex 

lite YCJIOBHHX H B cyl!leCTBeHHO Mem,meM AHana3oHe a KC Ta TH, 

BblBOA O noA06HH cneKTpOB OCTaeTCH cnpaBeAJIHBblM, no KpattHen 

Mepe, KaqecT~~HHO H npH ncnoJib30BaHHH ApyrHX nepeMeHHblX. 

8To JIBJieHHe, Ha3BaHHOe cynepcKettJIHHroM, KallteTCH cerOAHH 

OAHHM . H3 y6eAHTeJibHblX CBHAe'teJibCTB B noJib3Y Toro,' 

qTo npouecc o6pa30BaHHH KYMYJIHTHBHblX qacTHU npoHCXOAHT Ha 

KBapKOBOM ypoBHe, roBopHT B noJib3Y OAHOro o61!lero HCTOqHHKa, 

pa3JIHqHblX KYMYJIHTHBHhlX qaCTHU. npyrne xapaKTepHCTHKH 

npouecca: npn6JIH3HTeJibHO OAHHaKOBaH A-3aBHCHMOCTb (eCJIH. 

npaBHJibHO yqecTb KHHeMaTnqecKHe rpaHHUbll, yrJIOBble 

pacnpeAeJieHHH, BhlXOA Ha cKettJIHHrOBOe noBeAeHHe He 

npoTHBOpeqaT cynepcKettJIHHry. ~3 noA06HH cneKTpOB BHAHO, 

qTo OAHHaKOBbl pa3Mepb1 \PJIYKTOHOB, TOqHee o6JiaCTH, H3 

KoTopon BblneTaDT KYMYJIHTHBHble qacTHUbl. Bee sTo OTBeqae-r· 

CTapblM npocTblM KOM6HHaTOpHb1M coo6paxeHHHM: co6HpaHHeM, 

3a cqeT \PJIYKTyaunn HeCKOJibKHX HYKJIOHOB B 3aAaHHOM o6'l:ieMe 

nopHAKa 06'l:ieMa HYKJIOHa. 

06paTHM BHHMaHHe, qTo HaKJIOH B npeAenax omn6oK He MeHHeTCH 

C pOCTOM a, T. e. nJIOTHOCTb \PJIYKTOHOB pacTeT. 8TO 3HaqnT, qTo 

\PJIYKTOHbl HMeDT nJIOTHOCTb nopHAKa H Bblme nJIOTHOCTH HYKJIOHa. Ecnn 

HCXOAHTb H3 AaHHhlX pHc.7, H cqHTaTb 3KcnoHeHUHaJibHbltt cneKTP 

BblpaxeHHeM AJIH BepOHTHOCTH co6paTbCH HYKJIOHaM BO \PJIYKTOH c 

Maccon M Ha BpeMH ·11t - e-MAtch = c=ll , To H3 HaKnoHa cneKTpa 

He TPYAHO HattTH, qTo npH a = 4 m!OTHOCTb \PJIYKTOHa nopHAKa 2 

f38/(PepMn 3 ' TOrAa KaK nJIOTHOCTb HyKJIOHa o. 7 rsB/(PepMH3 • a 

HAepHaJI nJIOTHOCTb 0.17 f38/(PepMH 3 1271. IlpH TaKHX nJIOTHOCTHX, 

HaJIHqHH cynepcKettJIHHra, rna~KOCTH cneKTpOB, oqeBHAHO, 

6eCCMblCJieHHO roBOpHTb O B3aHMOAettcTBHHX C OTAeJibHblMH HYKJIOHaMH, 

06 o6pa3oBaHHH KYMYJIHTHBHMX qacTHU B pe3yJibTaTe 'KBa3HCB060AHblX ' 

nepepacceHHHtt H npoq. EcTeCTBeHHO paccMaTpHBaTb B3aHMOAettCTBHe 

HaJieTaDl!lHX qacTHU C BHpTyaJibHblM MHOrOKBapKOBblM MeWKOM, H3 

KOToporo BblJieTaDT KBapKH n KaK TO - He 6yAeM cettqac 

AHCKYTHpOBaTb 3TOT Bonpoc - aApOHH3YDTCH B HAep11on MaTepHH, 

npeBpal!laHCb B Ha6JIDAaeMble qacTHUbl. 
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IlepBhlM cpeAH TeopeTHKOB HanHcan O B3aHMOAettcTBHH KBapKOB C 
KBapKaMH, KaK npHqHHe nORBneHHR KYMYnRTHBHLIX qacTHLt, 

no-BHAHMOMY, E9peMOB A.B. 1281. Ha ranAenb6eprcKon KOH~epeHLtHH B 
1984 rOAY EanAHH A.M. B mHpoK?n ny6nHqHon AHCKyccHH oTcTaHBan TO 
Heo6~Hoe AnR 6onbWHHCTBa npHCYTCTBYDIIUfX MHeHHe, qTo cneKTphl 

KYMYnRTHBHhlX Me30HOB BnpRMYD OTpa:r.aDT CTPYKTYPHhle ~YHKLtHH 
KBapKOB B RApax. EcnH B RApax cy111ecTBYDT H HrpaDT 3aMeTHyD H 
pacTy!zyD CA ponb MHOrOKBapKOBLle MelJIKH, TO ecTeCTBeHHO OTnHqHe 

CTpyKTypHon KBapKOB08 ~YHKLtHH aApOHa H RApa He TOnbKO npH X,> 1, 
3TO TpHB~anbHO, HOH npH X < 1 B o6naCTH TaK B036YAHBmero 

Bcex EMC-a~~eKTa. KcTaTH, roBOpR 06 HCTOpHH, MHe Ka:&eTCR He 
cnyqa8HLIM, qTo EMC-a~~eKT 61,1n o6Hapy:r.eH rpynnon, pa6oTaBwen 

OAHOBpeMeHHO ·II Ha 06111eM HettTpHHHOM nyqKe c rpynnon BCDMS, rAe 

COTPYAHHKaMH EanAHHa IlOA PYKOBOACTBOM 0.CaBHHa 61,1na npeAnpHHRTa 

nonNTKa npRMoro H3MepeHHR KBap~oBon ~YHKLtHH RApa npH X > 1. ff 
co:r.aneHHD, ~Ha He Aana RCHoro oTBeTa o crrpaBeMJIBOCTH rHnoTe3N 

EanAHHa, H TPYAHaR 3aAaqa H3MepeHHR KBapKoBon CTPYKTypHon 
~YHKLtHH RApa npH X > 1 OCTaeTCR aKTyanbHOR. 

BepHeMC.!I K 3KcnepHMeHTanbHW AaHHLIM. Ha pHc. 8 I 291 
noKa3aHN OTHOWeHHR BNXOAOB KyMyn.!ITHBHNX HettTpOHOB H npoTOHOB H3 

T.!l:&enNX .!IA8P CBHHLta H ypaHa IlOA Ae8CTBHeM npoTOHOB (neBLle 

pHCYHKH) H IlHOHOB ( npaBLle pHCYHKH) . B npaBNX pHCYHKaX BNXOALI ·. 
cqHTanHCb KaK nonycyMMLI BNXOAOB IlOA Ae8CTBHeM rr+ - H rr- - M830- ; . 

HOB, qT06L1 HCKnDqHTb cy111ecTBYDIIUflt 3ap.!IAOBNil 3t~eKT: BnH.!IHHe Ha 

BWl:OALI qacTHLt 3ap.!1Aa HaneTaD111en qacTHLtLI. 03 pHCYHKOB BHAHO, 
qTo, uaqHHa.!I C HeKOTopon 3HeprHH HnH HeKOTOporo 3HaqeHH.!1 

nepeMeHH08 ex • cneKTpLI HeRTpOHOB He TOnbKO IlOA06HN cneKTpaM 
npoTOHOB, HO H n/p OTHomeHHe npH6nHJ:aeTC.!I K 8AHHHLte H 1,1Ho
ro M8Hbme OTHomeHHJl ,uettTpOHOB K npOTOHaM B T.uenNX .!IApax, rAe, 
OHO nop.!IAKa 1,5. 3To .!IBneHHe, Ha3BaHHOe H30CHMMeTpH3aLtHe8, 

MO:&eT 03HaqaTb, qTo nu6o ~nyKTOHLI H30CHMMeTpHqHN, nu6o 3TO 

np.!IMOe yKa3aHHe, qTo peaKLtH.!I HA8T Ha KBapKOBOM yponHe, II 
OTHOmeHHe n/p =. d/u KBapKOB B ,SIApe, KOTOpoe Aa:&e An.ff 

ypaHa paBHO. 1, 15. qTo He npOTHBOpeqHT 3KcnepHMeHTanbHLIM 
pe3ynbTaTaM. 

B nonb3Y H30CHMM8TpH3aLtHH ~nyKTOHa ronopHT H TOT ~aKT, 
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1, 
~ 

'·<tTO OTHOWemrn 

npH6JIH3HTeJibHO 

BblXOAOB Il+- II Il- - Me30HOB H3 

1 [30) (CM. TaKJB:e pile. 71, XOT.ff, 

T.fflKeJiblX RAep 

CTporo I'OB0p$1, 

rl = rr+/IY- au Ho K BbIBOAY 06 OTHOWeHHH 

.· 9-_ = 1 o· + 
'u ' -

A-3aBHCHMOCTH 

K
r2= 1K+ 

iid 
0, 1 BO 

6011ee 

ii 
ii• 

<pJiyKTOHe MOJKHO npHATH, paccMaTpHBa~ 

wupOKOI'O Kpyra OTHOWeHHit' a HMeHlJO 

r = K-n+ ~ a II r = Ki - ~ s 
3 n-K+ a 4 n a 

rA 
Ha plic.9 [26) noKa3aHa A-3aBHCHMOCTb OTHOWeHHit R - i 

.- -B' 
1 r e 

~ i 

I'Ae i = 1, 2, 3, 4. EcJIH <pJIYKTOHbl .ffBJI.ffDTC.ff KBapKOBblMH 

CHCTeMaMH, TO B COOTBeTCTBHH C rrpHHUHnoM Ilaynu B HHX pa3peWeHo 

polKAeHHe <pepMHOHHblX nap iiu II dd TOJibKO Ha BaKaHTHbie AJI~ 

u II d ypOBHH. C pocTOM A n3-3a 60Jibmero BKJiaAa B cetteHHe 

T.fflKeJiblX fPJIYKTOHOB, BaKaHTHble ypoBHH B KOTOpbIX pacnoJioJKeHbl BbIWe, 

poJIAem1e nap uii , dd Tpe6yeT see 6oJibWHX 3aTpaT sHeprHH, 

tJTO AOJIJKHO npHBOAH Tb K naAeHHD R2 , R3 . IlocKOJibKY tJIICJIO 

KBapKOB BO <pJIYKTOHaX He onpeAeJieHO, BBeAeM, CJieAy.ff [31) noJIHble 

HMnyJibCbI U A=¼ .fu I al da, DA=¼ .fd ( al da, KOTOpbie HecyT B cHcTeMe p 
1 1 I 

6ecKoHetJHblM HMnyJibCOM Bee u- II d - KBapKH <pJIYKTOHOB RApa A. 

EyAeM nonaraTb, tJTO BeJIHtJIIHbl OTHOWeHHit- u/u II- did $1BJl$1DTC$1 1 

MOHOTOHHbIMH <pyHKUH.ffMH U A II DA , T. e. R
2 

= rp IU A/U
8 

el ·, 

R
3 

= rp ( D A/D
8

e l. Ifa paBeHCTBa B npeAenax omH6oK H3MepeHHlt 

BeJIHtJIJH R
2 

H R
3 

cneAyeT, tJTo D/U = 1, 0 ± 0, 1 AJI.ff scex A: 
IlbAttepKHeM, tJTO BblWe npoBeAeHbl pacCMOTpeHH.ff C HCnOJib30BaHHeM 

npHHQHna IlayJIH Ha KBapKOBOM ypoBHe. 

06paTHM Tenepb BHHMaHHe Ha a6cOJIDTHOe 3HatJeHHe OTHOWeHH$1 

K+ /IT+ B AOCTaTOtJHO T.ffJleJIOM RApe. OHO, KaK BHAHO H3 PHCYHKa 1·, 
y'K.e Ha MeAH OKOJIO 1, II c pOCTOM A pacTeT. 3To YAHBHTeJibHbllt 

IJ>aKT: ecJIH eCTb ycKopeHHblit nyttoK HOHOB c SHeprHeit scero 10 

fsB/HyKJIOH, TO tJHCJIO pOJKAeHHblX K+ II Il+ C OAHHaKOBbIM HM~ 

nyJibCOM, HO SHeprHH KOTOpbIX BblWe, tJeM SHeprH.ff nytJKa Ha 1 
HYKJIOH, paBHO. 0TMeTHM, tJTO TaKoe noBeAeHHe - yc11JieHHOe 

poJKAeHHe CTpaHHblX tJaCTIIU - .ffBJI.ffeTC.ff npH3HaKOM KBapKrJIDOHHOlt 

nJia3Mbl. 

,npyroit CHI'HaTypoit o6pa3oBaHH.ff 
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I. 

.11an.11eTc.11 pocT <Pf>. Pnc. 10 I 261 nnmJcTpnpyeT noBeAeHne <Pf> · t, 
OT 0: B fHHP Ha .!1Ape TaHTana. BHA9H pocT cpeAHHX KBaApaTOB. i 

Ml 
nepneHAHKYX"PH""' HMnynscos snnoTb AO 1,5 GeV2/c2.STo pas,pa>aeT I 
Ha pncyHKe, TaK 3TO BHAHMa.11 pa3HHUa pocTa An.11 pa3HhIX BTOpnqHl,IX 

qacTHU npn yxe OTMeqeHHOM Bhlme DOA06HH HX APYI"'HX CBOitCTB. 

Jln6onhITHOe Ha6nDAeime: ecnH Ha pnc. 7 CABHHYTh Bee KpHBhle a' 

OAHY, TO npn COOTBeTCTBynmett CABHllKe KpHBhIX pnc. 10 nonyqHTC.11 

pnc.11, I"'Ae, KaK BHAHO, pa3Hhle BTOpHqH1,1e qacTHUhl BnonHe 

YAOBneTBOpHTenhHO nollaTC.11 Ha OAHY 3aBHCHMOCTh. KaKa.11-TO CABH!Ka 

6blna OllHAaeMa (CM.' HanpnMep, 1321), T.K. aApOHH3aUH.!1 KBapKOB, 

BhlneTanmnx H3 ipnyKTOHa, npOHCXOAHT He B BaKyyMe, a B .!1A9pHott; 

6apnoHHo-Hacb1111eHHott cpeAe. l 
I ' 

. Bblme yze I"'OBOpHnOCh O nepeXOAe Ha paCCMOTpeHHe pOllA9HH.!1 

KyMyn.!lTHBHblX · qacTHU Ha KBapKOBOM ypoBHe. He AaBa.11 TYT 063opa 

pa6oT, CKaxy nHillh, qTo OCTaDTC.11 ABa DOAXOAa: AHHaMnqecKHtt n 

"TepMOAHHaMnqecKntt". IlpeACTaBHTemtM nepBOI"'O HanpaBJieHH.11 MOI"'YT 

cnyllHTh pa60Tl,I EippeMOBa, KaRAanoBa n AP- 1331, KOTOpble KallyTC.11 

Cer'OAH.11 Han6onee npOABHHYTWH H CB.!13aHHhIMH C ODHCaHH.!lMH MHormi 

npoueccoB c 3net.1eHTapHb1MH qacTHUaMH. Bo BTopoM HanpaaneHHH 

MOIHO ynoM.!lHYTh MOACnh Kocoaa 1341, YA06HyD TeM, qTo OHa 

AOBeAeHa AO nporpaMMbl, KOTopott MOJ'.HO BOCDOnh30BaThC.!1 He TOnhK01 

An.11 pacqeTa cneKTpOB KyMyn.!lTHBHblX qacTHU, OTseqanmnx pa3Hb1M 

HaqanhHblM ycnOBlt.!lM, HOH KOppen.11uHR MellAY HHMH. PacqeTbl npn ylle 

ipHKCHpoBaHHOM Ha6ope napaMeTpOB YAOBneTBOpHTenhHO onHCl>IBaDT( 

3KCnepHMeHTanbHble AaHHble TaM, I"'Ae cpaBHeHH.11 npOBOAHnHCh. . 

H~aK, ipnyKTOHbl Ha Cer'OAH.!ll!IHHR AeHh- npeACTasn~DTC.11 KaK• 

BpeMeHHble MHOI"'OKBapKOBl,le 06pa3osamI.11 .!1Aep1108 MaTepHH C pa3MepoM' 

nop.!1AKa pa:mepa HyKnOHa H nnoT~OCThD Bblme HyKnOHHOtt. Bo3110llHO, \ 

qTo 3TO KanenbKU 6apHOHHOHac~eHH08 KBapKI"'nDOHHOk nna3MU I 351. ·, 

WJIYKTOHbl pa3nHqHbl no CBOHM napaMeTpa11, B qacTHOCTH, no Macce, t\ 
. . ' 

HHX pa3Hble KBapKOBble CTPYKTYPHble ipyHKUHH H oTnnqm,:e OT I 
HyKnOHHblX, HO KBapKOBYD CTPYKTYPHYD ipyHKUHD .!1Apa onpeAen.!lDT! 

CKOpee He OHH, a pacnpeAeneHH.11 Bep0.!1THOCTH o6pa30BaHH.!1 pa3HUX, 

ipnyKTOHOB B . .!1A8PH08 MaTepHH. Ka:a:eTC.11 oqeBHAHW, qTo 3TO \ 

pacnpeAenem1e onpeAen.11eT H TaKHe npouecc1,1, KaK no,11,noporosoe . 

pOIAeHHe qacTHU, .ABOttHyD nepe3ap.!1AKY, ABa:l'.Abl noAnoporoaoe 

pOJ'.A9HHe qacTHU Ha nytrKax HOHOB, OllHAaeMoe po:a:AeHHe 
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ABallAb1KyMyn.11THBHblX qacTHU, B03MOJ1Hble nHWh npH CTOnKHOB9HHH 

.11Aep, TOqHee ABYX ipnyKTOHOB B HHX. B 3TOM HanpaaneHHH HHTepeCHO 

H:JyqHTh B3aHMOAettcTBH8 HyKnOHOB H ipnyKTOHOB C ipnyKTOHaMH, KaK 

B3aHMOAettcTBHe "3neMeHTapHblX qacTHU". C Apyrott CTOpOHbl, 
I 

qmyKTOHhl - npe~craBHTeJIH: caepxnnoTHOtt 3Be3AHOtt MaTepHH Ha 3eMne. 

MollHO nH H KaK, nccneAY.11 peaKUHH Ha ipnyKTOHaX, H3yqHTh 

cocTO.!lHH.11 3Be3AHOtt MaTepnn? IlpHHUHDHanhHble B03palleHH.!1: ipnyKTOH 

He paBHOBeCHbltt o6~eKT C Manw qHcnoM CTeneHett CB060Abl. 51 
. AYMaD, CTeneHett co60,11;bl, ecnH Aalle .. cqnTaTh TOnhKO saneHTHhle 

KBapKH, anonHe AOCTaToqHO, HO HepaBHOBeCHOCTh HenpeMeHHOe 

caottcTBO ipnyKTOHOB. OH o6~eKT ~ H OAHH H3 npocTettmux -

cnlf.3pI"'eTHKH, HO MHe He H3BeCTHO COOTHOmeHH.11 3aKOHOB CHH3pI"'eTHKH 

H Tep~OAHHaMHKH, KOTOpble HeH36ellHO 6yAyT H3yqaThC.!1. HaKoHeU, 

AOBOnhHO oqeBHAHO, qTo ipnyKTOH ippaKTaJihHbltt o6~eKT, HO MHe He 

.!1CHO, qTO cneAyeT H3 3TOI"'O 3aKnnqeHH.!1. 
3a 35 neT Mbl MHOI"'Oe Y3HanH O ipnyKTOHe. Y3HaTh O HeM 

npeACTOHT 6onhme. 
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Nuclear Structure Functions 
and .Blokhintsev's Fluctons 

G. I. Lykasov 
Joint Institute for Nuclear Research, Dubna 

Abstract 

The short review of the problem about structure functions of nucleons and nuclei 
and the relation of these ones to fluctons suggested by D.I.Blokhintsev is presented. 
A new approach of the construction of quark distribution in nuclei is suggested. 

1. Introduction 

This paper is dedicate to the development of th idea suugested by 
D.I.Blokhintsev in 1957 [1] for the explanation of experimental data about 
the direct knockout of fragments from nuclei [2,3]. Actually these papers 
were the beginning of a new investigation of nuclear structure at short dis
tances. In this connection the production of particles in hadron-nucleus and 
nucleus-nucleus collisions in the kinematical region forbidden for the inter
actions of hadrons with free nucleons (the so-called cumulative processes) is 
one of the main sources of information about the nuclear structure function. 
This kinematical region corresponds to the Feynman variable Xp > l (with 
respect to a single nucleon cluster) what from the parton model point of view 
corresponds to fragmentation of an object heavier than the nucleon. The cu
mulative phenomena were discovered in early seventies and were intensively 
investigated during last twenty years [4]. Usually this phenomena are consid
ered in the initial energy region where the production cross section became 
approximately constant (in the region of the so-called nuclear scaling). 

One of the most striking phenomenon here is the production of cumulative 
K- -mesons and anti protons, i.e., those particles which contain no nuclear 
valence quarks in their structure. The ratio of the yield of this particles 
to ones which contain the nuclear valence quarks (e.g. K- / K+ or p/1r-) 
experimentally became constant in the region xp > l in contrast with quick 
decrease of the ratio on hydrogen when x F -+ l. This phenomenon has no 
explanation in any model where nucleus is made of nucleons. 

Now there ar~ many theoretical models used for a description of these phe
nomena [5, 6]. All these models can be divided into "hot" and "cold" ones [7] 
i.e.,the models in which the massive object is created by an incident hadron 
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[8-10] ( due to either the multiple rescattering and "charge-exchange" or due 
to a fireball formation, etc.) and the models assuming the existence of such 
objects as an inherent property of the nuclear structure. 1 The latter are con
sidered as a fluctuations of the nuclear matter density originally proposed by 
D.I.Blokhintsev [1] for the explanation of intensive nuclear fragment knockout 
and the production of high momentum backward protons [2, 3]. They are re
·garded now either as a multiquark configurations [11-14] or as a few-nucleon 
correlations [14, 15]. The dis.tinction of these two objects is in different aver- · 
age momentum fraction carried by quarks. For the latter it has to be equal 
to that of nucleon[16]. 

As a main experiment allowing one to distinguish between these two big . 
classes of models one may think of the deep inelastic scattering of leptons on 
nuclei in the region of the Bjorken variable xs > l. It is because the Bjorken 
variable can be interpreted as a minimal target mass in the nucleon mass 
units and because the lepton can "see" only the structure already existing in 
a nucleus. 

In the framework of "cold" models the production of cumulative particles 
in the fragmentation processes of nuclei can be considered as the fragmenta
tion of such a massive object in the nucleus into hadrons. One can hope that 
the mechanism of this fragmentation is similar to that in the nucleon-nucleon 
interactions which is well described by the quark~gluon string model (QGSMJ 
[17, 18] based on the 1/N expansion in QCD [19] and on the theory of super
critical Pomeron [20]. This model gives a unified approach to processes of the 
elastic hadron scattering and to the multiple production of particles at high 
energies [17, 18]. The parameters of the Pomeron are determined from the 
analysis of data on the elastic scattering and total cross sections at high ener- • 
gies [17, 18]. Experimental data on the multiplicity distributions of charged; 
particles and inclusive spectra of pions, kaons, baryons (p,n,A) and the cor-. 
responding antibaryons were satisfactorily described in Ref.[17, 18, 20, 21]. 

2. General Formalisrr1 

Let us consider firstly the deep inelastic electron-nucleon scattering, i.e.,· 
eN ---+ e' X reaction in the rest frame of nucleon. The differential cross section1 
of this one can be written using the Geisenberg representation for the hadron( 
current operators Jµ, J., in the following form: 

da o:2 E' 
dfl'dE' = C q4 E LP"Wµv' (1) 

where LP" is so-calle_d leptonic tensor: 

· V"' = (unµu1)(un"u1) (2) 
1 Note however that in many respects the interpretation depends on the frame of the reference. The 

above classificaton assumes the nucleus rest frame. 
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and the hadronic tensor Wµv i~ written in the following form 

Wµv = L < P I Jµ(O) I X >< X I Jv(O) IP > b4
(p + q - PX) (3) 

X 

or Wµv can be written in form: 

(4) 

where the following captions are introduced; Q2 = -q2
; v = E - E-; x ='iit;; 

a= e2 /(411} The hadronic tensor can be presented in the form also: 

( 
2)( PµPv W2(v, q

2
) [( pq )( pq ] ( ) 

Wµv = W1 v,q -gµv + 2.Mv + M 2 Pµ - q2qµ Pv - q2qv • 5 

where W1 = 4;)aaT ; W2 = 4;)aaT ; I{= v - Q2 /2Jl.1. And finaly we have the 
• C dr, expression 1or dfl'dE' 

da 
dO dE = r(ar + E), (6) 

where E = 1/(1 + 2(tg0/2)2(1 + v 2/Q2
)); 

r - a Ka[(l + v 2/Q2)-1 + 2tg2(0/2)] and a ~ a'cos'(9!2) W an· d Tu are - 0~ . . 0 - 4E2sin4(0/2). I . 'Y2 
related to structure functions F1 and F2 ,respectively F 1 = 2MW1 and F2 = 
vW2• In the parton model we have so-called Collan-Gross sum rule F2 = xF1• 

Therefore experimental data about da/d0 1 dB' and the ratio R = a1/ar can 
give some information about the above mentioned structure functions. 

So-called singlet structure function F2N and nonsinglet one are related with 
quark distributions in a nucleon by the following manner: 

(7) 

Return now to the consideration of nuclear structure functions. In the usual 
potential nuclear approach it can be constructed as the Melin's convolution 
of the distribution of nucleons in a nucleus A and the structure function of a 
nucleon, i.e., 

where TA is normalized by the following manner: 

.lA TA(a)da = l 
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and 

1A M 
o:TA(o:)do: = __.:!. ~ 1. 

o Am 
(10) 

The ·equation (9) means that TA is normalised on the baryonic number con
servation, when FA is the valence quark distribution. And (10) means the 
conservaton of the energy-momentum, when FA is the summed distribution 
of all quarks, antiquarks and gluons. 

Consider now the construction of nuclear structure function at x > l sug
gesting the existence of multiquark clusters in a nucleus. Let us assume that 
a nucleus A is made of usual A nucleons with some probability w1 and of a 
3k-quark €ollarless clusters with some probability wk where k changes from 2 
to A. This 3k-quark collarless cluster is analogous to the "flucton" suggested 
by D.I.Blokhintsev [1], i.e., k-nuclon cluster. However we consider now the 
quark structure of this cluster and we are interested in the distribution of 
quarks in this one. Then the"nuclear structure function (n.s.f.) can be written 
in the following form: 

A 

FA(x, Q2
) = L wkFk(x, Q2

); (11) 
k=l 

here F1(x, Q2
) is n.s.f. when the Fermi-motion in the nucleus is taken into 

account and Fk(x, Q2
) at k ~ 2 is the structure function of k-th collarless 

k(3q) cluster. The n.s.f. F1(x, Q2 = FA(x, Q2) , for example F2A(x, q2) for 
symmetric nucleus as like as C 12 can be written in the form of the following 
Melin's convolution, according to [22] : 

F2A(x,q2) = 1 dz(Az f~(z)F2p(~,Q2) + NAf1(z)F2n(~,Q2)), 
x-z z z 

where Z and N are the number of protons and neutrons respectively; F2P and 
F2n are the structure functions of free proton and neutron respectively. The 
function f~(n)(z) has the following form, according to [22, 23]: 

f~(n)(z) = J d~pS~(n)zo(z - (pq)/(PAq)MA/MN)· 

The probability to find k-th cluster in the nucleus Wk can be calculated using 
the statistic approach [4]. : 

Wk= Cf_1 J (ll;,p(r))k-l(l - ll;,p(r))A-(k-l)d3r/Vo, {12) 

where p(r) is the nuclear density normalized by the following manner 

j p(r)d3r = l. (13) 
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CA _A(A-l) ... (A-(k-l)+l) 
k-1- (k-1)! . (14) 

Here (V,,p(r)/-1 is the probability that k nucleons are contained in the co
herent volume V,,; the expression (1 - V,,p(r) )A-(k-l) is the probability that 
other (A-k) nucleons are not contained in this volume. The coherence vol
ume Ve is related to the coherence radius r c, i.e. V,, = 4

; r~, where r c is the 
so-called coherence radius, some parameter. Using the last formula the 
A-dependence of Wk can be obtained. For example, for the constant nuclear 
density C (C = l/AVo), where Vo is the volume of the nucleon, we have the 
following form for Wk : 

= A(A- l) ... (A- (k -1) + 1) j (Vc/Vo)k-l x (l _ (V,,/Vo))A-k+ld3 • 

Wk (k - l)!Vo Ak-1 A r, 
(15) 

for A~k we have approximately: 

Ak-l (½/Voi-l J 3 
Wk~(k-l)!x Ak-l xexp(-½/Vo) dr~A. (16) 

Now we analyse how one can derive the distribution of quarks in the k
th cluster of the nucleus. Consider firstly the case of small Q2, Q2 ~ 0. 
According to the quark-gluon string model (17, 18] and (20, 21] based on the 
1/N expansion in QCD (19] the distribution of valence quarks in the nucleon 
has the following asymptotic behaviour at x -+ 0 and x -+ l: · 

J{:, (x) ~ x-<>n(O)(l _ x)"n(0)-2aa-(O), 

where aR(0) and an(0) are the intercepts of meson and average baryon Regge 
trajectory an(0) = -.5 - 0 and aR(0) = 1/2 . 

On the other side this distribution can be derived by the following manner. 
In principle, each nucleon can be represented as Fok's column containing 
one valence quark, as the tripletin SU(3) and diquark, as antitriplet, and a 
lot of see-quarks. In the simple case we can neglect see-quarks in a nucleon. 
Then Jt:,(x) can be written in the following form: 

J{:, (x) = J qv(x)q2q{x1)8(l - x - x1)dx1 = qv(x)q2q(l - x). (17) 

Here qv(x) and q2q(x1) are the probafiilities to find quark and diquark in the 
nucleon with the fractions x and x 1,respectively. From the last expression and 
the Regge asymptotic of Jt:,(x) we can write analogous asymptotic for qv(x) 
and q2q( x1) respectively, i.e.: 
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and 
qv(x) ~ x-1/2, (19) 

Now if we construct the distribution Jq~(x) taking into account see-quarks.in 
the nucleon and assume that nucleon consists of q, qq and 2n q - ij pairs but 
see-quark distribution qsee(x) has the same behavior as qv(x) at x -+ O, i.e. 
qsee(x) ~ x-an(O) , then analogous to (17) we can write the following expression 
for J{:•n(x): 

· 2n+l 2,n+l 

J{:•n(x) = J qv(x)q2q(x1)qsee(x2)q;ee(x3) ... q;ee(X2n+1)8(l - X - L x;) IT dx;. 
i i=l 

(20) 
And substituting above-mentioned qv(x), q2q(x1) and qsee(x;) into the last 
expression (20) we get after the integration of (20) the following form for 
J{',,•n(x): 

J{:•n(x) ~ x-an(O)(l _ x)"'n(0)-2a8 (0)+n-l. (21) 

This expression coincides with corresponding one presented in [20, 21] exactly. 
Now using this method we can derive the quark distribution in k-th cluster. 
Assume firstly that this one ci:msists of k valence quark and k diquarks and 
neglect see-quarks because we are interested in the cinematical region x > l, 
where the contribution of see-quark component is small. Consider for simplic
ity 6'q-cluster, then according to (17) or (20) we have for the valence quark 
distribution in 6q, i.e.,for J;.q(x) the following expression: 

3 3 

J;}(x) = J qv(x)q2q(x1)qv(x2)q2q(x3)8(2 - x - I>i) IT dx; • (22) 
i=l i=l 

Substituting now the above.mentioned qv(x), q2q(x;) into (22) we get after the 
integration: 

J;.q(x) ~ x-an(O)(l _ x/2)2bN+2-o:n(O), (23) 

where bN = o:R(O) - 2aB(O). And we note that in the case of six-quark cluster 
0 < x < 2, therefore q2q(x;) ~ (2 - x?N. 

In the case of any k-th cluster we get: 

J;_{3q)(x) ~ x;°'n(O){l - xA:)<2+bron(O))(l:-l)+bN. {24) 

Here x1: = x/k and bN is the power of {1 - x) in the distribution of valence 
quarks in the nucleon. We considered now the case of Q2 ~ 0 only. If we as
sume that this method of the derivation of 1:.<39

) ( x) is true at any Q2 nonequal 
to O,then the expression {24) can be used at any Q2 but it is useful to write 
it in the following form: 

J:,~3q)(x, Q2) = Gift:, (xk, Q2)(1 - xd2+bN(Q2)-o:n(O))(k-l). (25) 
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But note that this form of fq:(3q)(x, Q2) is true if the quark distribution in the 
nucleon J::,(x,Q2

) has the factorised form at some Q2 , i.e., J::,(xk,Q2) ~ 
x-"'R(O)(l _ x)bN(Q2) 

Now for the structure function Fl(x,Q2) = x(Ji(x) + fiee(x)) at large x, 
i.e., x > l, using the relation _ 

1: = L wkf;(3q)(xk) 
k=l 

we can write the following expression for F{1(x,Q2 ): 

(26) 

where Fl(x, Q2) is the part of the n.s.f. corresponding to multiquark clusters 
in the nucleus, and it has the form, for example for the symmetric nucleus: 

The coefficients CiP) and ct) have the following form : 

ctn)= r(bp,n - an(O) + 9k + 2)r(bp,n + l). 
r(bp,n - a-R(O) + 2)r(bp,n + 9k) 

Here r( .. ) are the Gamma-functions; bp,n are the powers of proton and neutron 
structure functions in Ff= x112(1 - x)6, and F2n = x 112(1 - x)6

n. 

Estimate now the x-dependence of the n.s.f. caused by the 6q-cluster in the 
nucleus only. We have from (23) the following expression: 

Flq(x,Q~) ~ xl-nR(O)(l - x/2)26N(Q2)+2-nR(o)_ 

If bN(Q2) = 3.2 at Q~ ~ 10, according to [24],then we have: 

Flq(x, Q~) ~ x 112(l - x/2)7
·
9
• 

(28) 

(29) 

It is shown that this behavior is more hard than it is given by quark counting 
and more soft than it corresponds to the quark distribution in 6q-cluster 
according to the quark-gluon string:. model [25]. 

This paper is performed by the support of the Found of Fundamental Re
searches of Russian Academy of Sciences. 
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IIocn.Hw;aeTC.H cneTJIOH rraM.HTII HacTaBHIIKa II Apyra 

,l{MifTpII.H IfaaHonwra BJioXIIHI.{ena 

II po 6JieMa CKpbITOI'O p;BIDK€HMH 
u 

B KBaHTOBOM Teop:rr:rr 

A. A. T.s:nKHH 
06'be,rrrrneHHbIJf IIHCTIITYT .H!{epHbIX IICCJie!{OBaHIIH, ,l{y6Ha 

1. Bae;a;eHHe 

01vra H3 caMbIX .HpKHX II µ;paMaTH'IeCKHX CTpaHHQ Hay'!Horo IIO3HaHll.H qlll3ll

'!eCKOro MHpa CB.H3aHa C DO3HHKHOBeHneM KOHQeIIQIIII KBaHTOBOII MeXaHHKH, pa

p;HKallbHO OTllH'IaIOw;eiic.H OT Bcero npep;bip;yw;ero pa3BHTII.H npeµ;errhHO .HCHhlX 

npep;cTanrreHHH Krrac;:cn'IeCKoii MexaHnKH. HoBa.H MeXaHHKa µ;arra cTporoe KorrH

'!eCTBeHHOe OIIIICaHne BCeMy MHOroo6pa3HIO 3arap;O'IHhlX .HBlleHIIll aTOMHOro 

MIIpa; ee qiopMarrII3M 6blll 3aT_eM C ycnexoM npHMeHeH H IJ;ll.H OIIIICaHH.H CBOHCTB 

TaK Ha3hlBaeMhlX: arreMeHTapHhlX '!aCTHQ, OTHOC.Hl.l.l;HXC.H K ew;e 6orree rrry6oKOMY 

cTpyKTypHoMy ypoBHIO qJH3H'!ecKoro Mnpa. 

Ho ·HeCMOTp.H Ha p;OCTH:rHyThle orpoMHhle ycnexn B IlO3HaHIIII MIIKpOMIIpa, 

pe3KOe II3MeHeHHe npe:lKHJIX qJH3H'IeCKHX npeµ;cTaBlleHIIll nopoµ;1rno H p.Hp; cy

w;ecTBeHHhlX npo6erroB B IIOHHMaHIIII cyrn;HOCTH ycTaHOBlleHHbIX KDaHTOBOll Me

xaHHKOll Heo6hl'IHhIX 3aKOHOMepHOCTeii. 8Ta HeIIOllHOTa IIOHlIMaHH.H 6hlrra ec

TeCTBeHHhlM nopo:lKp;eHHeM TpYIJ;HOCTell ycBOCHII.H CBOeo6pa3HhlX OaKOHOB MH

KpOMHpa,. Tpyp;HOCTeii, npeoµ;orreHne KOTOphlX 6hlll0 Olla'IHTellbHO OCllO:lKHeHo H 

He06hl'IHhlM nyTeM qieHOMeHorrorII'!eCKoro IIOCTpoeHH.H KBaHTOBOll MeXaHIIKH. 

TaK, qiyHp;aMeHTallhHhle norrmKeHH.H HOBOH MexaHHKH He 6hlllll DhlBep;eHhl mmo

cpep;CTBeHHO Im JICHoro npeµ;cTaBrreHII.H O Heo6xop;HMOH TpaHCqJOpMaQHH npe:lK

Hell MexaHHKH HCXOIJ;.H no IIOHllMaHH.H cneQmpHKll HOBOro o6'beKTa OlllICaHII.H. He

o6hl'IHhlM B IIOCTpoeHIIII KBaHTOBOll MeXaHHKH CTarro u To, 'ITO CHa'!arra 6hlrr, 

TaK CKa3aTh, Haw;ynaH MaTeMaTn'IeCKHll KapKac 6yµ;yw;eii Teopun no HeKOTO

pbIX qiopMallhHhIX coo6pa:lKeHHll II lllllllh 3aTeM 6hlrra npeµ;rro:lKeHa qJHOH'IeCKa.a: 

TpaKTOBKa BellH'IIIH, BXOIJ;.Hl.l.l;HX B MaTeMaTH'!eCKllll annapaT Teopnn. 

<PopMyrrnpOBKa CBOeo6pa3HhIX OaKOHOMepHOCTeii MHKpoMnpa, CB.H3aHHaJ[ 

Henocpep;CTBeHHO C HHTepnpeTaQneii ncero annapaTa KBaHTOBOll MeXaHlIKH, 

II no ceii µ;eHh DhlOhlBaeT pa3HorrracII.H, oa KOTOphlMII CKphlBaIOTC.H npHHQII

IlllallhHhle pacxo:lKp;eHHK B IIOHIIMaHlllI CaMOll cyw;HOCTII ycTaHOBlleHHhIX rnum
HOMepnocTen. CepheOHhle paoHorrracII.H BO B3rll.Hp;ax BO3IIHKrrn npe:lKp;e m:ero 

y y'IeHbIX, Henocpep;CTBeHHO y'IaCTBOBaBllllIX B qiopMHpoBaHHH IICXOIJ;HhIX 1Ip;e11 . 
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HoBo:n: Teop1rn. A. 8iiHllITe:n:H, JlyII µ;e Bpo:n:m, II 8. illpep;IIHrep mi' pan :JallBJlS:lIII 

0 CB0eM HecorrraCIIII C 0CH0BHhlMII II0lI0)KeHIDIMII KOIIeHrareHCKOH IIHTeprrpe

TaD;IIH KBaHTOBOH MexaHIIKH, CTaBllle:n: HhlHe opTO/J;OKCaJII,HOH noµ; BlllUIHHeM 

HecoMHeHHoro aBT0pIITeTa ee ocHoBaTerren H. Bopa II B. I'e:n:neH6epra. 

1.1. 0 paoHornacu.s:x Me:>K~Y 8:e:HwTe:HHOM H 

BopoM 

Iloµ;po6Hoe ocBeI.1.1eHIIe B Harrno:n: rre'IaTII_ rrorry'IIIJia µ;IIcxyccIIJI H. Bopa c 

A. 8:n:HllITeHHOM [1]. Oµ;Haio MHorIIe K0MMeHTaTophl tlTOH µ;IIcxyccIIII BeCI>Ma 

op;H0CT0p0HHe on;enIIBaJIII lI0:JIID;IIIO 8iinll1Teiina lIIIlllb KaK II0lIHJIO Hecrroco6-

H0CTb_ Bemrxoro yqenoro II0HJITI, B0:JHIIKllIYIO C0BepllleHHo H0BYIO /l;lIJI Been 

µ;oKBaHTOBOH qm:JIIKH rrpo6lieMy II0:JHaHHJI MHKp0MHpa. B rrpe:arne:n: CBoe:n: 

CTaTI>e [2] JI II0III,ITaJICJI IIp0TIIB0II0CTaBHTb TaKOH neofroeKTIIBHOH on;eHKe µ;nc

KJCCHH CBoe II0HHManne nerrpIIMIIpHM0CTH IIO:JIID;UH µ;Byx KpyrrHeHllIIIX yqeHhlX, 

Bhlp;elIHB orrpeµ;erreHHhle acrreKTI,I rrpo6rreMhl, B K0T0phlX Ka2K/J;hlli II:3 HUX 6hllI 

II0lIH0CTbIO rrpaB. lIMeHHO 0C0:JHaHHe co6CTBeHHOH rrpaB0Thl rrpn pa:JJIH'IIIH qm

lIOCOq>CKIIX B:JrlIJIµ;0B II0Melllarr0 Ka2Kp;0MY H:3 HIIX II0HJITb µ;pyroro II IIPIIHTII K 

B:JaHMH0MY corrracIIIO, CT0JII, Ba2KH0MY /l;lIJI µ;am,iie:n:lllero pa:JBIITHJI lI0HHMaHIIJI 

Bce:n: rrpo6rreMhl. · 

Ha caM0M 2Ke µ;erre Tpyµ;nocTJIMII, CBJI:JaHHhlMII c HOBOH rrocTanomco:ii: rrpo-

6rreMhl II0:JHaHHJI KBaHT0BhlX JIBJieHIIH, MO:lKH0 o6'bJICHHTb lIIIlllb orrpeµ;erren

HYIO Heµ;oon;eHKY A. 8i'IHllITe:n:noM Hay'!Horo :JHa'IeHIIJI KBaHTOBon MexaHIIKH. 

B 0CH0Be 2Ke II0:JIID;IIH A. 8nHllITeHHa Jie2KHT yBepeHHOCTb B B0:JMO:lKH0CTH 

cotiµ;aHHJI qmnII'Iecxo:n: TeopIIH 6orree rrry6oxoro cy6KBaHToBoro ypoBHJI, KoTo

pas: µ;aBarra 6hl 0IIHCaHIIe /J;BII2KeHHJI MIIKpoqacTIID;, lIHlllb HeJIBH0 rrpncyTCTBY

IOI.1.1ero B coBpeMeHnon KBaHToBo:n: MexaHIIKe. Iloµ;o6HaH cy6xBaHTOBas: TeopIIJI 

IIMeJia 6bI Taxoe :iKe 0THOlllemie x cyI.1.1eCTBYIOI.1.1eH KBaHTOBOH Mexanme, KaK II 

0TH0llleHIIe CTaTHCTII'IeCKOH MexaHHKH MOJieKJlI.lipHoro /J;BII)KeHHJI K <peHoMeHo

JIOrII'IeCKOH TepM0/J;IIHaMHKe. OTpnn;aTb B0:JMO:lKH0CTI, 6orree rrry6oxoro CTpyx

Typnoro ypoBHJI TeopHII B CT0lib 06I.1.1eH II0CTaH0BKe rrpo6JieMhl, KOHe'IH0, HeT 

HIIKaKHX cepbe:JHI,IX OCHOBaHIIH. XoTJI HMeIOTCJI BII0lIHe o6ocnoBaHHhle B0:Jpa

)KeHIIJI rrpoTIIB Haµ;e)Kµ; 8:iiHllITeiina na BO:JM0)KHOCTb ycTaH0BHTb IIpII'IHHHO . 
o6ycrroBJieHHhlH xapaKTep CKphlToro /J;BII)KeHHJI MIIKpoqacTHIJ;. 

Ecrrn )Ke OTMe)KeBaTbCJI OT tlTIIX neo6ocHOBaHHI,IX KOHKpeTHhlX cy)Kµ;enn:n:, 

TO caMy rrocTaHoBKY Ba2KHeiillleH rrpo6rreMhl o BO:JM02KHOCTH II Heo6xoµ;nMOCTII 

cy6KBaHTOBOH TeopHH CphlTOro )i;BH2KeHIIJI MHKpoqacTHD; MI,I p;OlI)KHI,I C'IHTaTb 

nacrryro:n:, B rrepByro oqepeµ;I>, A. 8:n:nllITeiiHa. ABTopIITeT yqenoro II TBepµ;aJI 

IIO:JIIIJ;HJI, BhlTeKaIOI.l.lall H:3 ero nephl n o6'beKTHDHI,IH CTaTyc TeOplIH MlIKpo

MHpa, Chlrparrn pelllaIOI.I.IYIO polII, B IIpII:3HaHHII p.llp;OM yqeHhlX ero xypca Ha 
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rroHcK perueHitH oaµ;a'IH Ha cy6KBaHTOBOM ypmme p;ll.lI 6orree rrry6oKoro Teope

TH'lecKoro o6ocHoBaHIIJi CaMOH KBaHTOBOH MexaHHKH. To, 'ITO ::na Ba:lKHenwair 

'JaCTb IIO0HD;HH 8HHllITCIIHa BIIOlIHC M02KCT 6b!Tb OTµ;erreHa OT ero Heo6ocHO

BaHHbIX Haµ;e2Kµ; Ha ycTaHOBlICHHC rrpH'IHHHOro OIIHCaHH.II CKpbIToro p;BH2KCHH.II 

KBaHTOBbIX -qacTIID;, rroµ;TBep2Kµ;aeTCH H BbICKa0bIBaHHCM M. BopHa O TOM, 'ITO 

"OTKlIOHCHHC 8nHllITCHHOM COBpeMCHHOll KBaHTOBOll MCXaHHKH o6ycITOBlICHO HC 

CTOllbKO BOIIpOCOM O µ;eTepMHHH0Me, CKOllbKO ero Bepon B o6'bCKTHBHYIO peaJib

HOCTb q>HOH'ICCKOrO 6bITH.II HC0aBHCHMO OT. Ha6rr10µ;aTerr.11" ([3], C. 131 ). 
Porrh I1a6rr10µ;aTell.lI µ;eHCTBHTCllbHO 6blrra neorrpaBµ;aHHO 0aBblllICHa BO BCCX 

CTaHµ;apTlibIX H3ll02KCHH.!IX KBaHTOBOH MCXaHHKH. Ho oco6oe ycurreHHe porrH 

Ha6rr10µ;eHHll 6blll0 µ;orry1n;eno B q>opMyrrHpOBKaX KOIIenrareHCKOll llIKOllbI, KO

Topair Bbip;BHHyrra µ;a2Ke q>HOHKO-q>Hrrocoq>cKyIO KOHD;CIID;HIO OTHOCHTCllbHOCTH 

CBOHCTB MHKpoo6'hCKTOB K cpeµ;cTBaM Ha6rr10µ;eHH.1I • .I:i:arree Mb! oco6o OCTaHO

BHMC.II Ha q>HOH'ICCKOM Heo6ocHOBaHHOCTH TaKoro 06061n;eHHH, HMCIOID;ero .IIBHO 

IIOOHTHBHCTCKHM xapaKTCp. 3µ;ecb )KC OTMCTHM, 'ITO 6eoycrrOBHO rrpaBHllbHbIM 

B IIO0HD;HH H. Bopa 6blrra ero yBepeHHOCTb B IIOlIHOTC OIIHCaHHH KBaHTOBOM TC

opuen BCCX B03M02KHbIX C KBaHTOBbIMH CHCTCMaMH peoyrrhTaTOB HOMCpCHHM, 

HHa'Je roBop.11, rrI06bIX MaKpOCKOIIH'ICCKHX rrpo.!IBlICHHM HOMCHCHHM COCTO.IIHH.II 

KBaHTOBOMCXaHH'ICCKOll CHCTCMbI. Ho 3TY IIOlIHOTY OIIHCaHHH HH B KOCM crry-qae 

HCllb0.II OT02Kµ;ecTBll.lITb C IIOlIHOTOM o6'b.lICHCHHH rrpoucxoµ;HID;HX KBaHTOBbIX .IIB

lICHHll. 

OcHOBHaJl oco6eHHOCTb KBaHTOBOM MCXaHHKH, He HMCIOin;aJl aHarrora B Kllcl,C

CH'ICCKOM CTaTHCTH'ICCKOll q>HOHKe, COCTOHT B cy1n;eCTBOBaHHH cyrreprroom{uu 

COCTO.!IHHM, KOTopair rrpHHD;HIIHallbHO OTlIH'laCTC.II OT rrpocToro Cll02KCHHH co

CTO.IIHHM IIO.!IBlICHHCM HHTepq>epeHD;HOHHbIX 3q>q>CKTOB. <f>opMalIHOM KBaHTOBOM 

MCXaHHKH OTlIH'IHO OIIHCbIBaCT 3TH COBeprueHHO 'ly2Kp;ble KllaCCH'ICCKOM q>H-
1 

0HKC 3q>q>eKTbI COOTBCTCTBYIOID;HMH HHTepcpepeHD;HOHHbIMH 'llICHaMH. Oµ;HaKO 

rr106ble IIOIIbITKH o6'b.!ICHHTb BO0HHKHOBCHHC HHTepq>epeHD;HOHHbIX .IIBlICHHM 

p;ll.lI oµ;HHO'IHbIX KBaHTOBhIX o6'bCKTOB HaTalIKHBaIOTC.II Ha BCCbMa cepbC0HbIC 

Tpyp;HOCTH, rrpeoµ;orreHHC KOTOpbix, Ha Haw Borrr.11µ;, Tpe6yeT KOHKpCTHO oc

MbIClIHTb rre2Kain;HM B OCHOBC KoprrycKylI.llpHO-BOlIHOBOH µ;yarrH0M rrpHMeHH

TCllbHO K HHµ;HBHµ;yarrbHbIM KBaHTOBbIM o6'beKTaM. 

CTaHµ;apTHbIC TpaKTOBKH, BKlIIO'laJl H KOIICHrareHCKYIO HHTeprrpeTan;HIO, He 

coµ;ep2KaT Heo6xoµ;HMoro KOHKpeTHOro q>HOH'ICCKOro rrpeµ;cTaBITCHH.!I O µ;ya

lIH0Me, H IIOTOMY OHH ne crroco6Hbl rrpeµ;rro2KIITb HCIIpOTHBOpC'IHBOC 06'b.lICHC

HHC 1rnTepcpepeHn;HoHHhIX acpcpeKTOB. B yrroM.11HyToir Bblrne µ;ucKyccun H. Bop 

!paKTH'ICCKH rry6rrH'IHO OTKaoarrc.11 Bbip;BHraTb KaKoe-rru6o o6'bHCHCHHC crren;H

arrbHO rrpeµ;rro2KeHHOMY A. 8irHWTeMHoM HBITeHHIO HHTepcpepenn;uu oµ;HHO'IHhIX 

!pOTOHOB. B 3TOM rrpo.!IBHllaCh orrpeµ;erreHHaJl rrocrreµ;oBaTCllbHOCTb rllaBbI KO

rreHrareHCKOM llIKOllbI: co6rr10µ;eHHC HerrpeMeHHoro Tpe6oBaHH.II He BbIXOp;HTb 
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na npe;a;em,1 con;a;airnon: HHTepnpeTan;:irn:. IlpHMep )Ke nenocrre;a;oBaTeJII,HOCTH B 

co6mo;a;enHH t3TOro npHHD;HIIa 6bIJI ;a;aH II. ,I(HpaKoM, KOTOpbIH B CBoeii: MOHorpa

<plllI ([4], C. 22) o6cy)K;a;arr KOHKpeTHbIH BapHaHT 06'hJICHeHII1£ lIHTep<f>epenn;HH 

O;IJ;lIHO'IllbIX <pOTOHOB lI TeM caMbIM narJIJI;IJ;HO npo;a;eMOHCTpHpOBaJI nenoJIHOTY 

TeopHH, na KoTopoii: KaK pan H nacTaHBarr A. 8ii:nII1TeHH. 

H. Bop )Ke, HeCMOTpJI Ha OTKan o6'hJICHJITh MeXaHlit3M BOt3HlIKHOBeHHJI lIH

Tep<f>epeHD;HlI O;IJ;lIHO'IHbIX <pOTOHOB, Bee )Ke con;a;arr BIIe'!aTJieHHe IIOJIHOTbI o6'b

JICHeHII1£ KBaHTOBbIX JIBJieHHH TeM, 'ITO cynHJI IIOHJITHe <pllt3H'!eCKOH peaJihHO

CTH ;a;o na6mo;a;aeMbIX MaKpOCKOIIH'IeCKHX <paKTOB, lICKJIIO'IlIB Ht3 t3Toro IIOHJI

THJI ycTaHOBJieHHe npJIMon: rrorH'IeCKOH CBJIOH Me)K;a;y Ha6rrro;a;aeMbIMH <paKTaMH 

B pat3JilI'IHbIX IIOCTaHOBKaX t3KCIIepHMeHTa. TaK, B o6cy)K;a;aeMOM t3KCIIepHMeHTe 

pan;a;BoeHHbIH ny•mK CBeTa IIplI CBe;a;eHHlI ero KOMIIOHeHT Ha GKpaHe ;a;aeT Kap

THHY lIHTep<pepeHD;lIOHHbIX IIOJIOC IIplI CKOJih yro;a;Ho lllit3KOH lIHTeHClIBHOCTH, 

Kor;a;a MO)KHO C'IHTaTh, 'ITO <pOTOllbI npoxo;a;JIT ycTaHOBKY IIOO;IJ;lIHO'!Ke. Ka)K;IJ;bIH 

<pOTOH ;a;aeT Ha GKpaHe IIpH6opa TOJihKO o;a;ny TO'IKY perHCTpaD;lIH. 1 Ho npH pe

rHCTpan;:irn: ;a;ocTaTO'IHO 6oJihlllOro 'IlICJia TaKHX TO'IeK o6Hapy)KHBaeTcJI, 'ITO 

OHM pacnorraraIOTCJI B;IJ;Olih onpe;a;erreHHbIX norroc, COOTBeTCTBYIOlll,HX CJIO)KellHIO 

aMIIlIHTy;a; BOJIHOBbIX cpyHKD;lIH. 8TH IIOJIOCbI TO'IeK perHCTpan;HH O;IJ;lIHO'IHbIX 

<pOTOHOB HC'Iet3HYT, ecJIH B KOHTpOlihHOM OIIbITe nepeKpbITh O;IJ;Hll Ht3 BOt3MO)K

llbIX nyTeH nenponHn;aeMbIM t3KpaHOM. llMeHHO COIIOCTaBJieHHe GTHX ;IJ;BYX IIO

CTaHOBOK t3KcnepHMeHTa HarJIJI;IJ;HO ;IJ;OKat3bIBaeT lIHTep<pepeHD;lIOHHYIO npHpo;a;y 

IIOJIOC Ht3 OT;IJ;elihllbIX TO'IeK perHCTpaD;HH <pOTOHOB npH naJIH'IHH ;IJ;BYX nyTeH 

rrpoXO)K;IJ;eHHJI <pOTOHOB K perHCTpHpyrow;eMy t3KpaHy. 

C pan;a;BoeHHbIM IIY'IKOM CBeTa npH CBepXHHt3KOH lIHTeHCHBHOCTH MO)KeT 

6hITh npoBe;a;eH n TaKon: ;a;onorrHHTelihHbIH OIIbIT, Kor;a;a B Ka)K;IJ;OH KoMnonenTe 

pan;a;BoenHoro rry'Ia perncTpHpyeTCJI TO:'IHO MOMeHT nona;a;anHJI <poTona. KnaH

Tonaa MexaHHKa ;IJ;lIJI TaKoro OIIbITa npe;a;cKat3bIBaeT OTCJTCTBHe BpeMeHHbIX co

BIIa;a;eHHH MOMeHTOB perHc-:rpan;HH <poTona ;IJ;BYMJI ;a;eTeKTopaMn, pacnoJIO)KeH

HbIMH Ha nna'IHTeJihHOM paccTOJIHHH ;a;pyr OT ;a;pyra nocrre norrynponpa'Illoro 

nepKarra, pan;a;errJirow;ero ny'IoK cBeTa Ha µ;Be 'IaCTH. 2 llnBeCTHbIH BeHrepcKHH 

<pIIt31IK JI. RnolllH, ycoMHHDilllICh B GTOM npe;a;cKat3aHHlI KBaHTODOH TeopIIH, IIO

CTaBHJI TaKOH GKcnepnMeHT, HO npoTHD CBOHX O)KII;IJ;aHHH He o6Hapy)KHJI COBIIa

;a;eHIIH MOMeHTOB perncTpan;HH <poTOHOB, ;a;oKat3bIBarow;nx lIX pan;a;BoenHe. Ho 
\_ 

1Cei\'Iac 111m TaKoH HH/IHBH/IYaJihHOH perHCTpa11Hn MecTa nona11aamI Ka>K11oro 0T11err1,Horo g,o

TOHa BMeCTO Tpe6yro111ei\ npoJIBJieHHJI g>OT00MYJihCHH C ycnexoM MO>KHO npHMeHHTh g>OT00KpaH 

onTH'IecKoro ycHJIHTeJIJI H CKaHHpyro111ee ycTpOHCTBO IIJIJI 01\Hg>poBKH KOOp/lHHaT oaperHcTpHpo

BaHHLIX TO'IeK c noc.ne11yIOII\HM oanOMHHaHIIeM HX B KOMUhIOTepe. 
2ToJibKO 0THM paoae11eHHeM ny'IKOB Ha MaKpOCKOUH'IeCKoe pacCTOJIHHe H BOOHHKaI0111ei\ Ht3-t3a 

0Toro BOt3MO>KHOCThlO pao11err1,aoro 11eTeKTHpOBaHHJI qaCTHI\ 110 HHTepg,epeHQHH ny'IKOB OTJIH'Ia.eTCJI 

npe11rro>KeHHLIH 8i\mnTeHHOM 11rr.11 06'1,JicHeHHJI onLIT c HHTepg,epeHQHeH O/IHHO'<HLIX g>oToaoa OT 

o6LI'IHO paccMaTpHBa.eMoro npHMepa HHTepg,epeHQHH 0/IHHO'IHLIX 0JieKTpOHOB nocne npoxO>K/leHHJI 

0KpaHa c /IBYMJI 111enJ1MH. 
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KaK pan IJTOT npeµ;cKat3aHHhIH KBaHTOBOH Teopneii penynhTaT BMeCTe C npeµ;

CKat3aHHhIM TOH )Ke Teopneii 0cpcpeKTOM HHTepcpepeH~II O;rJ;IIHO'IHhIX (pOTOHOB ll 

Bhlt3bIBaeT TY napaµ;oKcanbHYIO CHTYaIJ;IIIO, OT o6'bHCHeHII.H KOTOpoii YKITOHIInCH 

H. Bop. Cneµ;yeT GaMeTHTh, 'ITO n µ;pyrIIe nnBecTHhle TpaKTOBKII KBaHTOBOH 

MexaHIIKII He npeTeHµ;yroT Ha o6'bHCHeHIIe penynhTaTOB o6cy)Kµ;aeMOH COBO

KynHOCTII onhITOB c oµ;IIHO'IHhIMII (pOTOHaMII. Ilo:JTOMY o6'bHCHeHne :lTHX onhl• 

TOB µ;on)KHO 6h!Th nepBeHtuHM ycnOBIIeM µ;anhHeiimero pacKpbITII.H <pH3H'IeCKOro 

CMhICna KopnycKynHpHO-BOITHOBoro µ;yanIIGMa n Ba)l{Heiimeii npeµ;nocblnKOH µ;nH 
ycnemHoro pemeHII.H npo6neMbl CKpbITOro ;rJ;BH)KeHII.H MIIKpO'IaCTIID; B KBaHTO

BhIX CHCTeMaX. MMeHHO no :lTOH npII'IIIHe HaCTOHlllJ'IO CT8.ThIO Mhl Ha'!anII C 

paccMoTpeHII.H µ;aHHOH npo6neMhl. 

1.2. 0 BO::JMO:>KHOM o6'b.HCHeHHH OilbITa c 

HHTep<t>epeHa;HeH O~HHO'<IHblX <t>oTOHOB. 

B ynoMHHYTOH Bhlllle pa6oTe [2] MHoro, no-BII;rJ;IIMoMy BnepBhle, 6h!no 06-

pa~eHo BHHMaHne Ha To, 'ITO penynhTaTbl o6cy)Kµ;aeMbIX onhITOB Tpe6yroT 

µ;ITH CBoero cornacoBaHII.H np113HaTh <paKT HeB03MO)KHOCTH Henocpeµ;CTBeHHOH 

perHCTpan;HH HHTepcpep11pyro~x BOITH no Dhlµ;eneHIIOH B µ;eTeKTOpe aIIeprllll. 

Cneµ;yeT OTMeTHTh, 'ITO IJTOT BhIBOµ; DOBCe He npoTllDOpe'IHT opToµ;oKcanhHOII 

TpaKTOBKe TeOpllH, KOTOpaH HHKorµ;a He C'IHTana BOITHOBYIO cpyHKD;HIO peanhHOll 

µ;eTeKTnpyeMOH cy6cTaHIJ;Heii. IIpoCTO n onh!Te c (pOTOHaMII KaK c 6enMacco

BhIMII '!aCTllD;!l,MII BOnHa µ;e BpoiinH HMeeT cpat30BYIO CKOpOCTh, connaµ;aIOlllJ'IO 

co CKOpOCTh CBeTa, II :lTO, Haµ;o nonaraTh, MemaeT opTO;rJ;OKCaM nocne11;0Ba

TenhHO TpaKTOBaTh ee KaK BOITHY BepOHTHOCTH. K aHanOrll'IHOMY BhIBOiJ;Y 0 

BOITIIe, He Bhlµ;eITHIO~eii :lHeprHIO B µ;eTeKTOpe, npnmen TaK)Ke IITMhHHCKHH cpn-

3HK <l>.CennepII, KOTophlii yµ;a'!Ho HatJBan ee "nycTon Bonnoii" [5]. HecKonhKO 

notJ)Ke <I>. Cennepn yKanan Ha Ba)l{Hyro npHHD;llIIIIMhHYIO B03MO)KHOCTh hKcne

pHMeHTanhHO o6Hapy)KIITh TaKYIO Boney no ee HeaHepreTII'IeCKOMY npoHBne

HIIIO B paµ;IIaTope KBaHTOBoro ycnnnTeITH [6]. 
KoHe'IHO, Mhl µ;aneKH OT Toro, 'IT06hl C'IHTaTh BOITHOBYIO q>yHKD;HIO TOilhKO 

cBoeo6panHoii narrncHoii KHH:>KKOH µ;ITH npeµ;cKatJaHHhIX penynhTaTOB. Beµ;h no

cneµ;oBaTenhIIOe npoBeµ;eHne IJTOH TO'IKll npeHII.H noTpe6yeT npeµ;cTaBHTh µ;ya

ITH3M BOITHbl-'IaCTHD;hl KaK µ;yannnM peanbHOH '!aCTHD;hl C BOITHOH BepoHTHOCTII 

- cpeµ;cTBOM TeopeTII'IecKoro onncaHII.H. KpoMe Toro, TaKoii TeopeTn~ecKIIH 

o6pat3 MO)KeT µ;aBaTh COOTBeTCTBYIO~e onhITY npeµ;cKat3aHII.H, ecnn Ga HIIM 

CTOHT cpHGII'!ecKoe o6ocHoBaHIIe B Bnµ;e peanhHoro npon;ecca, o6ecne'InBaro

~ero B03IIHKHOBeHHe xapaKTepHoro µ;ITH BOITH llHTepcpepeH~OHHoro HBneHIIH. 

,l];ITH cornacoBaHII.H co Bceii COBOKYIIHOCThIO YKatJaHHhIX Bhlllle :lKCnep11Me1ITanh- . 

HhIX penynhTaTOB Mhl BhIHY)K;rJ;eHbl C'IHTaTh BOITHhl µ;e BpOHilll OC06hIM, CKpbI-
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ThlM oT Henocpe;a;cTBemrnro Ha6mo;a;emrn BOJIHOBbIM npo11ecco11, npoHcxo;a;JI-

1.IJ,IIM B qJIIi3H'ICCKOM BaKyyMe, H noToMy Hecnoco6HblM BhlCB0602K;a;aTb ,rneprmo, 

KaK 0TO npoucxo;a;nT n o6hltiHbi:x cp1rnH<J:CCKHX npo11eccax. II00T0My He crreµyeT 

y;a;unJIJITbCJI, 'ITO !];JIJI TaKoro BOJIHOBOro npo11ecca, npOHCXO!];JII.IJ,ero B naKyyMe, 

IIpHHIIHITHaJibHO HCBOi3M02KHa nepe;a;a<J:a 0HeprHH B Ham MHp OTKphlThlX ;D;JIJI Ha-

6mo;a;eHIIll q>II3H'ICCKHX npo11eccOB. Be;a;1, no COBpeMeHHhlM npe;a;cTaBJICHIIJIM 0 

<pIIi3II'ICCKOM naKyyMe B Ka)K!];Oll e;a;HHIIIIC o6'beMa cocpe;a;oTo'IeHa 6eCKOHC'IHaJI 

IIJIOTHOCTb 0HeprHH BaKyyMa. Ho Im 0Toi'r Krra;a;oBoii: CBJii3aHHOH 0Heprmr HeJibi3JI 

Bi3JITI, HH O)lHOll nopIIHH 0HeprHH, He i3aTpaTHB TaKoro )KC KOJIH'ICCTBa Ha ee 

;a;o6hlnam1e. 

Cy1.IJ,eCTBOBa1rne )KC CKphlTOro BOJIHOBOro npo11ecca npOJIBJIJICTCJI JIHillb KO

CBCHHO, CBOIIM BJIHJIHHCM Ha BepOJITHOCTb Bhl;a;erreHHJI cno6o;a;Holl 0HeprHH CBJI

i3aHHbIM c BOJIHOH MHKpoo6'beKTOM, ;a;eTaJibHOe ;a;nH2KeHHe KOTOporo TaK2Ke 

CKphlTO OT Henocpe;a;cTBCIIHOro Ha6mo;a;eHHJI, H KOTopoe, no HameMy TBep;a;oMy 

y6e2Kp;CHHIO, n 6y;a;ylll,eM ;a;omKHO norry'IHTb CTaTHCTH'ICCKoe OIIHcamrn, o;a;no

::ma'IHO CBJii3aHHOe co Bceii: COBOKynHOCTI,IO ;a;anaeMhlX KBaHTOBOll MeXaHIIKOll 

CTaTIICTII'ICCKHX pacnpe;a;erreHIIll Ha6rrIO;a;aeMhlX <pHi3H'IeCKHX BCJIH'IHH • .Il:arree 

Mbl no;a;po6Ho 06'bJICHIIM, 'ITO HCJII,i)JI Ha;a;eJITbCJI Ha ycTaHOBJICHHe !];HHaMII'Ie

CKoro OIIHCaHHJI ;D;BH2KCHHJI MIIKpo<J:aCTHI~, noCKOJibKY TeopeTII'ICCKIIll anarrnn 

;a;oKanhlnaeT HCCOBMCCTHMOCTb 0Toro npe;a;noJI02KCHIIJI C ;a;anaeMhlM~ onbITOM II 

KBaHTOBOll MeXaHIIKOll penyJibTaTaMH !];JIJI na6mo;a;aeMhlX BCIIH'IIHI. TeM caMbIM 

CKpbIThlII BOJIHOBOH npo11ecc, 06cy2K;a;aeMhlll HaMH, npIIHIIIInHaIIbHO OTIIH'Ia

CTCJI oT npe2KHeii: n;a;en ;a;e Bpoii:IIJI o TaK HanhlnaeMoi'r "norrue-rnmoTe", npe;a;

norraranrne11, 'ITO norrna npe;a;onpe;a;errJieT ;a;nHaMHtiecKoe none;a;enne MIIKpo'Ia

CTHIIhl, 

BeccnopHhlll cpaKT BJIHJIHHJI BOJIHOBoro npo11ecca IIHillb Ha nepoJITHOCTI, Ha-

6mo;a;aeMbIX MaKpOCKOnH'ICCKIIX Hi3MCHCHHH KBaHTOBblX noBTOpHhlX HCnbITa

HIIll C HH)lHBII;a;yallbHhlMH KBaHTOBbIMH CHCTCMaMH, npone;a;eHHhlX B MaKpo

CKOnH'ICCKH na;a;aHHbIX TO:lK!];CCTBCHHhlX ycllOBHJIX. ToJibKO B TaKHX nOBTOpHhlX 

OllhlTaX c HH!];HBH;a;yallbHhlMH CIICTeMaMH BOJIHOBhle CBOHCTBa KBaHTOBhlX o6'b

CKTOB npoJIBllJIIOTCJI KaK q>IIi3H'ICCKaJI naKOHOMCpHOCTb. 

Ilocrre;a;HHH Bhlno;a;, na nepBhlH nnrrrJI;a;, npoTnBopetiHT yTBep2K;a;eHHJIM MHO

rnx caMhlX anTopHTCTHhlX Y'ICHhlX O cylll,eCTBOBaHHH OT!];CJibHhlX onbITOB, 

B KOTOphlX npOJIBJIJIK)TCJI HMCHHO BOJIHOBhle CBOHCTBa MHKpO'IaCTHII, n 'ITO 

TaKHe onhlThl Haxo;a;JITCJI B ;a;onoJIHHTCJibHhlX OTHOillCHHJIX C ;a;pyrHMH Onhl

TaMH, BhlJIBJIJIIDlll,HMH KopnycKyJIJipHhlC CBOHCTBa Tex 2Ke o6'beKTOB. Ho Ha 

caMOM ;a;erre n;a;ecb HCT HHKaKHX OCHOBaHHll OTKphlBaTb ;a;ncKyccuro C Kpyn

HCRillHMH qJHi3HKaMH, ;a;orrycTHBillHMH CTOJib HCCTporne <popMyrrnpOBKH, KOTO

phle norry'IHllH mnpoKoe pacnpocTpaneHHe 6rraro;a;apJI HeKpHTH'ICCKOMY BOC

npHJITHI0'60JibillHHCTBOM BhlCKai3hlBannii: KpynHeii:mnx anTopHTCTOB. 0TMCTIIM 
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lIII!llh HCTOpWieCKOC OCHOBaHIIC /J;JllI B03HIIKHOBCHIUI HCIJ;Opa3JMCHII.ll C OTMC

'ICHHhIMII HCTO'IHhIMII qiopMyrrIIpOBKaMII. Co lllKOllhHOH CKaMhII Ka2KIJ;OMY II3-

BCCTHhl 3HaMeHIIThIC OIIhlThl Ha'!arra rrpO!lllIOI'O. BeKa, IJ;OKa:JaBUIIIC BOITHOBJIO 

rrpIIpOIJ;Y CBCTa no Ha6ITIOIJ;CHIIIO IIHTepqiepeHIIIIOHHOH KapTIIHhl OT /J;BYX KO

repeHTHhIX IICTO'IHIIKOB CBeTa. lihIHC B OIITII'ICCKIIX rra6opaTopII.HX Ka2KIJ;OI'0 

YHIIBepcIITCTa CTJIJ;CHThl 3HaKOM.HTC.ll C GTIIMII IJ;CM0HCTpaIIII0HHhIMII OIIhITaMII, 

HerrocpelJ;CTBCHHO Ha6ITIO/J;a.H IIHTepqiepeHIIIIOHHhIC IIOlI0Chl Ha GKpaHe. TaK 'ITO 

IIMCCTC.H,: Ka:JaIT0Ch 6hl, IIOITHOC OCHOBaHIIe - l'OB0pIITh 06 0llhITe, B K0TOp0M C 

0'ICBIIIJ;HOCThlO rrpo.HBIT.HIOTC.ll BOlIHOBhIC CBOHCTBa CBCTa. Ho C T0'IKII 3peHII.ll 

KBaHTOBoij: MeXaHIIKII B IIOIJ;06HhIX OllhITax Mhl Ha6ITIOIJ;aeM HaJIO)KCHilC pe3Jllh

TaTOB GKcrrepIIMCHTOB, rrpOBCIJ;CHHhIX c 0T/J;CllhHhIMII KBaHT0BhIMII o6'beKTaMII. 

TorrhKO pa3/J;CllhH0C Ha6ITIOIJ;CHIIC aKT0B pel'IICTpaIIIIII qlOTOHOB 06Hapy2K1rnaeT, 

HaCKOllhKO IJ;aITCK0 .HBITCHIIC IIHTepqiepeHIIIIII CBCTa OT ero rrepnoHa'!allhH0I'O 0T0-

2KIJ;CCTBITCHII.ll rrepBOOTKphIBaTClI.HMII .HBITCHII.ll T. lOHI'OM II 0. )K, <PpeHerreM c 

IIHTepqiepeHIIIICH 3BJK0BhIX BOITH II C rrpOCThIM ClI0)KCHIICM B0ITH Ha IIOBepxno

CTII B0IJ;hl. 

TaK 'ITO BOlIHhl IJ;C Bpoiirr.H, KaK II rrpelJ;II0ITaraeMoe /J;BII)KCHIIC MIIKpO'IaCTIIII B 

rrpocTpaHCTBe, Mhl C IIOlIHhIM 0CHOBaHIICM IJ;0lI)KHhl OTH0CIITh K MIIPY CKphIThIX 

OT HerrocpelJ;CTBCHHhIX na6ITIOIJ;CHIIH, HO pearrhHO CJlllCCTBYIOlllIIX .HBITCHIIH MII

KpOMIIpa. 8Ta Heo6hl'!Ha.H rrpIIHalJ;lIC)KHOCTh K CKphIThIM .HBITCHII.HM IJ;aCT orrpe

lJ;ClICHH0C q>II3II'ICCKOC OCHOBaHIIC IJ;ll.ll qiopMallhHOI'O 0THCCCHIUI TaKIIX B0ITH K 

B0ITHaM Bepo.HTHOCTII. BCIJ;h II B HaUieH TpaKTOBKe GTII B0lIHhl II3 "CKphITOI'O 

MIIpa" IJ;OKa3hIBaIOT CBOC CJlllCCTB0BaHIIC T0llhK0 BlIII.HHIICM Ha BepO.HTHOCTh 06-

Hapy2KeHII.H MaKp0CKOIIII'ICCKIIMII cpelJ;CTBaMII KoprrycKyrr.HpHhIX CBOHCTB KBaH

T0B0I'0 o6'bCKTa. TaK 'ITO c TepMIIHOM "Borrna Bepo.HTHOCTII" BIIOITHC MQ)KHO 

corrracIIThC.ll. O1J;HaKO IIO/J; HIIM ClICIJ;JCT IIOIJ;pa:JyMeBaTh He T0llhKO TeopeTII'IC

CKIIH o6pa3 HCKOTopoii q>yHKIIIIII, Ha3h!Bae~oii aMIIlIIITJ/J;OH Bepo.HTH0CTII, HO 

II OHTOITOI'II'!ecKy10 ero CJlllH0CTh - cooTBCTCTBYIOlllIIH pearrhHhIH BOITH0BOH 

rrp0IICCC B CKphITOM OT Hae q>II3II'ICCKOM BaKyyMe. 

II:JJIQ)KCHHhlC BhllllC coo6pa2KCHIUI O CKphIThIX OT HerrocpelJ;CTBCHHhIX Ha-

6ITIOIJ;CHIIH IJ;BII2KCHII.HX MIIKp0'IaCTIIIIhl B rrpocTpaHCTBe II CB.H3aHHOM C HIIM norr

HOBhIM IIpOIICCCOM B q>II3II'ICCKOM BaKyyMe IJ;0lI)KHhl 6bITh II0IJ;KperrrreHhl CO0T

BCTCTBJIOlllCH IICIThHOH cIIcTeMoii B:Jl'JllI/J;0B Ha ycTanonrreHHhle,paHee q>II:JII'le

CKIIe :JaK0HOMepH0CTII, C0CTaBIT.HIOlllIIC rrpelJ;MCT COBpCMCHHOII KBaHTOBOH Mexa

HIIKII, CIICTCMOH B3l'll.ll/J;0B, K0Topy10 IJ;arree Mhl 6y1J;eM Ha:JhIBaTh 0HT0IT0I'II'ICCKH 

orrpelJ;erreHHOH ( ontologically definite) IIrrII, Kopo'Ie, pearrIICTII'!ecKoii IIHTeprrpe

TaIIIIeii KBaHTOBOH MCXaHIIKII. 
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2. PanBHTHe peaJIHCTH"CfecKoH 
u 

HHTepnpeTa~HH KBaHTOBOH MexaHHKH 

Heo6xop;nMyro cucTeMy BtJrITJI)J;OB Ha KBaHTOBYIO MexaHHKY, p;orrycKaIOil.\YIO 

IIOCTaHOBKY rrpo6rreMhI O cy6KBaHTODOH Teopuu CKphITOI'O )J;DU2KeHHJI MHKpo

'IaCTHII, MO2KHO p;ocTaTO'IHO IIOITHO COCTaDUTI, rrpn COOTBeTCTDYIOil.\eH qmrroco

q>CKOH IIO3IIIIIIH II3 pat3ITII'IHhlX IIOITO)KeHHH, orry6rrIIKOBaHHhIX B xop;e MHOI'OITeT

Hero 06cy2Kp;eHHJI y'IeHhIMII cyll.\HOCTII KBaHToBon: MexaHIIKII. Ho cocTanrremre 

TaKOH MOGaII'IHOM KapTIIHhI Bt3l'ITJI)J;OB Ut3 pa6oT He corrracHhIX Me2Kp;y co6on: aB

TOpon Tpe6yeT rrry6oKOI'O KpIITII'IeCKOI'O aHarruGa, IIOCKOllhKY paIIIIOHaITbHbie 

IIOITO2KeHHJI y Ka2Kp;oro aBTopa TeCHO rreperrrreTeHbI C ux He'IeTKUMII II p;a2Ke 

ornu6o'IHbIMII BhICKat3hlBaHIIJIMII. IlpIIBep;eHHbie Bhlille BhIBO)J;hI O pacxmKp;eHHJIX 

Me2Kp;y 8n:HWTeHHOM II BopoM MOI'YT crry2KIITh rrpIIMepoM CllO2KHOCTII TaKOI'O 

aHaITIIGa, Tpe6yroll_\ero, KaK 61,mo OTMe'IeHo MUOIO B pa6oTe [2], He TOllhKO 6orrh

IIlOII caMocToJITeIThHOCTII cy2Kp;enIIn:, Ho II orrpep;erreHHOII HecKpoMHOCTII pacxo

:lKp;emrn C IIMeHUThlMII y'IaCTHHKaMH GTOII )J;IICKyccnII. Anarrol'II'IHaJI HerrpoCTaJI 

CHTyaIIUJI BO3HIIKaeT II rrpu pat36ope pacxo2Kp;eHIIH Me2Kp;y COBeTCKIIMII y'Ie

HbIMII .IJ:. II. BrroxIIHIIeDhIM II B. A. <f>oKOM. 

2.1. 0 npHOHaHHH BKna~a COBeTCKHX yqeHblX B 
u 

~anhHeHwee paOBHTHe HHTep.npeTaIJ;HH 
u 

KBaHTOBOH MexaHHKH 

Borr1,rnon: MaTepIIarr )J;ITJI qiopMHpoBaHIIJI "pearrIICTII'IeCKOH" TpaKTOBKII KDaH

TOBOH MexaHIIKII MO2KHO HaMTII B pa6oTax COBeTCKIIX q>II3IIKOB. B KHIII'e II3Be

CTHOI'O IICTOpIIKa q>II3IIKII MaKca .IJ:2KeMMepa, IIOCDJIIl_\eHHOH pat3DHTIIIO IIHTep

npeTaIIIIII KDaHTOBOH MeXaHIIKII [7], cneIIIIaITbHO 61,ma nop;-qepKHyTa 60IThlllaJI 

porrh COBeTCKIIX q>II3HKOB, BhICTYITIIBIIlHX C KpIITHKOH MHOI'IIX IlOIT02KeHIIH KO

neHrareHCKOM HHTeprrpeTaI~IIII. 8Ta KpIITIIKa, no MHeHIIIO aBTopa, nocrry:lKIIITa 

TOIT'IKOM K ITOIICKY p;pyrux rryTeII BhlJICHeHIIJI nop;mIHHOH CYil.\HOCTII Heo6hl'!HhIX 

q>II3II'IeCKIIX GaKOHOB aTOMHOI'O MIIpa .. CBOIO KHHI'Y aBTOp 3aKOH'IIIIT npm:rna

HIIeM Toro, 'ITO na:iKHen:rnaJI pa6oTa no coGp;aHIIIO IICKOMon: TpaKTODKII GTon: 

TeopIIII p;arreKo ell_\e He Ganepmena. 

B KHnre aMepIIKaHcKoro IICTOpIIKa nayKu JiopeHa P. I'pGXGMa "HayKa n 

qi1rnocoq>uJI B CoBeTcKOM Coro3e" [8] OTp;err1,HaJI rrraBa 6hlrra nocDJIIl.\eHa 06-

cy2Kp;eHIIIO CTaTeII COBeTCKIIX y'IeIIhIX HO npo6rreMaM HHTepnpeTaIIHII KBaHTO

BOH MeXaHIIKII. :3Ta rrraBa Ha'IIIHarrac1, C OilIICaHIIH 06Il_\en: IlOITIITII'IeCKOM 06-

CTaHOBKII nponep;emrn Hay'!HhlX p;ncKyccun: B Harnen: cTpaHe nocrre paGrpoM

Horo BhlCTynrreHHJI n 1947 r. rrraBHoro uapTHHHoro IIp;eorrora A. A. )Kp;aHOBa, 

n KOTopoM cop;ep2KarrcJI KpaTKIIM, no BecnMa peGKIIH Bhlnap; B ap;pec 6yp2Ky-
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a::iHbIX aTOMHbIX qmmIKOB. B 0TOll o6cTaHOBKe IIOJIBHBlllaJICJI B Ha'!arre 1947 r. 
B 2KypHarre "BorrpoCbl qmrrocoqiuu" CTaTbJI ImBeCTHoro COBCTCKoro q>H::lUKa

TeopeTHKa M.A. MapKoBa "O npupoµ;e q>H::lH'!ecKoro ::iHaHHJI" [9], HarrucaHHaJI 

B ::ialll,HTY KBaHTOBOll MeXaHHKH Hee KOIIeHrareHCKOH HHTeprrpeTau;uu, He Morna 

CTaTb rrpep;MeTOM µ;erroBoro 06cy2Kp;eHHJI /];lIJI BbIJICHCHHJI HCTHHbI. HecMOTpJI Ha 

IIOJIBHBUIHCCJI B Ha'!arre IIOlI02KHTCllbHhle OT::lbIBhl HCCKOllbKHX a11TopoB, CTaTbJI 

M. A. MapKoBa cTarra 061.eKTOM 2KecTKOH KpHTHKH H curroBoro p;aBrreHHJI "rro

lIHTH'IeCKHX aKTHilHCTOB". B KHHre 06cy2Kp;aIOTCJI .oco6eHHO pe::iKHe Harrap;KH 

Ha aDTOpa CTaTbH H pep;aKD;HIO 2KypHarra co CTOpOHbl "JIIlHOro npep;cTaBHTClIJI 

rrceBp;oHayKu" qiurrocoqia A. A. MaKCHMODa. 

JI. P. fp0x0M roBopHT 06 HTorax µ;ucKyccnn, Dhl::lDaHHon: cTaTben: Map

KODa, crrep;yIOlll,HMH ClIOBaMH: "TaKHM o6pa::ioM, B pe::iyrrhTaTe "µ;erra Map

KOBa" _rro6eµ;y oµ;ep2Karrn nµ;eorroru-µ;orMaTIIKH. Mµ;eorror MaKCHMOB oµ;ep2Karr 

Bepx Hap; TBOp'IeCKHM qlH\3HKOM-TeopeTHKOM H\3 AKap;eMHH HayK MapKOilbIM" 

([8a], C. 323). Ho aBTOpa HCCKOllbKO yp;HlllIJICT TOT q>aKT, 'ITO IlpOTHil y'IeHoro, 

BllHOilHOro Il H\3MeHe MaTepnarrHCTH'ICCKHM B\3rlIJip;aM, He 6blll0 rrpIIHJITO HIIKa

KllX ap;MHHIICTpaTHBHbIX Mep, a B TO 2Ke BpeMJI rrraDHhlll pep;aKTOp 2KypHarra 

B. M. Keµ;poB 6hlrr ycTpaHeH c 0Toro nocTa ::ia rroTepIO 6p;nTellbHocTH. B CDJI::in 

C 0TIIM aBTOp cµ;errarr crrep;yIOlll,Hll IlblBOp;: "Ho Bee )KC q>aKTOpOM, orrpeµ;errJIIO

lll,IIM_ KOHC'IHOe neoµ;o6peHIIe CTaTbII MapKODa, CTarra /J;HCKYCCIIJI, HCCOMHCHHO, 

ycTpoeHHaJI rrapTnen, c u;errhIO \3aMeHHTh B. M. Keµ;poBa Ha nocTy rrraBHoro pe

p;aKTopa "BorrpocoB qinrrocoqinn" Jl M. qecHOKOBhlM" ([8a], c. 324). KoHe•mo, 

0Ta OCDep;OMlICHHOCTb aMepnKaHCKoro aBTOpa BO MHOI'IIX Cll02KHbIX co6bITIIJIX 

HaUiell 2KH3HH Tex rreT He M02KCT He yp;IIBlIJITb COBCTCKHX 'IHTaTerren:. Ho Bee 

2KC IIM OCTaITCJI He OTMC'ICH TOT q>aKT, 'ITO orry6rrHKOBaHHOll B q>IIlIOCOqlCKOM 

2KypHarre cTaTbe MapKoBa rrpep;UiecTDOBarro KopoTKoe ncTyrrrreHne rrpemrµ;eHTa 

AKap;eMHII HayK C. M. BaBIIlIOBa. M MHe xopOUIO ImBeCTHO, 'ITO Ha caMOM µ;erre 

n::i6e2KaTh oprDhlBop;oB ocHOBHOMY BHHOBHIIKY 0Ton: µ;ncKyccnu yµ;arrocb TOllhKO 

6rraroµ;apJI 3acTynHII'!eCTBY caMoro rrpet3np;eHTa AKap;eMHII nayK u µ;1ipeKTopa 

<t>MAH C. M. BaBurroBa.3 

OcHOBHYIO np;eIO 06cy2Kp;aeMon: cTaThH aBTop pemoMupyeT crrep;yIOlll,HMH crro

BaMn: "TaKHM o6pat3oM, corrracHo MapKoBy, naUie rrpep;cTaDrrenue pearrLno-

3B KOHI.(e 1948 r. npo<Peccop II. E. TaMM (pyKoBO/IHTellb TeopoT11e11a <l>IIAH, B KOTopoM pa60Ta11 

M. A. MapKos) y6e)l(11a11 MeHJI, cTy11eHTa lIH)l(eHepHo-<PaoH'!ecKoro <PaKyllbTeTa, He TepJITb csoero 

speMeHH Ha pacKoBaHHYIO "nollHTH'!ecKyJO" lleJITellbHOCTb, CBJI0aHHYIO c <1>a11oco<PcKHMH /IHCKyccn

JIMH. OnacHOCTb TaKoro po11a oaHJITHH OH y6e11aTellbHO npo11eMOHCTpHposa11 npHMepoM apecTa B 

1938 r. B. A. <l>oKa, KOToporo ocso6011a11H 'lepeo HeCKOllbKO /IHeii 611aro11ap,r tmepm'IHOMY BMe

rnaTellbCTBY II. JI. KanHI.\bI, H npHMepoM npo111e11111eii 611arono11y'IHO llllJI M. A. MapKoBa )l(eCTKOH 

/IHCKyccHH. Tor11a )l(e OH paccyaoa11 o csoeM 011apeHHOM COTPYIIHHKe A. Caxapose, KOTOpbiii, no ero 

rny6oKOMY y6e)l(11eHHIO, HHKor11a He BBJl)l(eTCJI B IlOllHTH'leCKYIO /IHCKYCCHIO. MHoro IlO0)l(e, KaK H0-

BeCTHO, Y,'leHHK He onpas11a11 nporHO0 CBOero Y'IIITellJI, IlOKaoaB BCeM HaM npHMep rpa)l(11aHCKOro 

My)l(eCTBa B HCil0llHCHHH 11011ra y'leHoro. 
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CTII cyfrLeKTIInHO IIOT<lMJ, 'ITO OHO BLipa2KaeTC.iI MaKpOCKOIIH'feCKIIM .iI3LIKOM 

II "rrop;rOTOBJIJ'.IeTc.a" B aKTe II3MepeHII.iI~HO OHO ofrLeKTIInHO n TOM CMLICJie, 

'ITO q>II31I'IeCKalI pearrLHOCTI, B KBaIITOnoH MeXaHIIKe eCTI, MaKpOCKOIIII'IeCKaH 

cpopMa pearrLHOCTII MIIKpo11upa" ([8a], c. 323). K GTOMY KpaTKOMY pemoMe 

MLI p;o6an1IM el.J..\e op;Ho yTnep2Kp;eHne M. A. MapKona o TOM, 'ITO M1IKpocy6'h

eKTY He rrpIIIIJlIOCI, 61,1 conp;anaTL KBaHTOBJIO MexaIIIIKy. B xop;e cpopM1IpOBaHII.iI 

"peaJIIICTII'feCKOH" TpaKTOBKII Teopmt MLI JBII/J;IIM IIOJIHJIO Heo6ocHonaHIIOCTb 

rrocrrep;Hero YTBep2Kp;emrn, XOT.il Te31I~ 0 MaKpOCKOIIII'feCKOH cpopMe peaJibHOCTII 

MIIKpOMIIpa OCTaHeTC.iI B CIIJie. 

JI. P. f'pGXGM cnpanep;JIIIBO OTMe'IaeT II np1Icym..ue CTaTbe M. A. MapKona 

Hep;ocTaTKII cp1IrrococpcKoro xapaKTepa, 06rrer•mn1m1e nap;a•Iy "Ha'fanrnei'rc.a IIp;e

orrorI,I,ecKoH KaMnaHIIII". TaK, aMep1IKaHcKIIH anTop rrncarr: "He TOJibKo To'!Ka 

opeHII.iI MapKOBa ... 6Lirra TIIIIII'fHa p;rr.a KOIIeHrareHCKOH WKOJibI, HO n ero rrop;xop; 

K ecTecTn03HaHIIIO IIMerr Marro p;uarreKTIIKO-MaTep1IaJIIICTIPieCKIIX 'IepT, HeCMO

Tp.iI na ero orrurpacp1,1 un KrraccuKon MapKCII3Ma." ([8a], c. 323). ,Il;arree anTop 

KHIIrII 06cy2Kp;aeT nonM02KHbie rrpII'IIIHbI, rro6yp;nnume M. A. MapKona BbICTY-
' mrTb c OTOH cTaTLeH n cpnrrococpcKoM 2Kypnarre n CTOJib IIerrop;xop;.all.\IIH rrepIIop;. 

,Il;yMaIO, 'ITO Hau6orree 6rrunKIIM K IICTIIHe 6Lirro rrpep;rrorro2Kemrn o 2Kerramrn 

"3al.J..\IITIITI, "KBaHTonyIO MexaIIIIKy" OT 02KIIp;anwuxc.a Harrap;OK co CTOpOHLI q>II

rrococpon. ,UeHCTBIITeJibHO, n Te rrocrrenoeHHLie rop;hl co CTOp0Hhl gprMaTIIKOB 

OT MaTepuarrIIoMa y2Ke r0Tonurruc1, rrop; rronynroM rrapTIIHHOC'l'Il HayKII IIene

:lKecTneHHbI-e nLirrap;LI rrpoTIIn conpeMCHHbIX q>II3II'feCKIIX TeopIIH. Op;HaKo, ITO 

rrpunHaHIIIO caMoro M. A. MapKona, oH Harrucarr oTy cTaTbIO no HacTO.iIHIIIO 

C.I-I.Banurrona, KoTopbIH crreD;narrbHo narrrraHnponarr n 1946- I\ OTOT yrrpe2Kp;a

IOI.J..\IIM xop; n nall.\IITY KBaHTonon MexaHIIKII [10]. IIy6mIKaD;II.a 2Ke GTOH cTaTbII 

C pao'b.iICHeHIIlIMII no3HIIKWeH n q>II3IIKe MIIKpoMupa Heo6bI'IHOH rHoceorrorn'fe

CKOll CIITyaD;IIII nonce He Morna panopy2KIITb rrpOTHBHIIKOB OTOH TeopIIII. 

Ilpanp;a, opraHII30BaHHaH naTeM OCTpaH p;ncKycc1rn, KaK IIOKa3alIOCI, aMepII

KaHCKOMY aBTopy, Cblrparra porrb rpOMOOTBOp;a. Ha caMOM )Ke p;erre HeKOTopoe 

naTIIWbe Ha IIp;eorrorII•IeCKOM cppOHTe 6op1,61,r c q>II3IIKaMII rrocrre 1948 r. 6LIJIO 

cn.anaHO C rrop;roTOBKOH II3BeCTHbIX q>IIlIOCoc;pon-p;orMaTOB K panrpoMHOMy co

Bell.\aHIIIO Ha nceCOI03IIOM yponHe, HaMe'faeMoMy Ha KOHeI.J; 1949 r., HO OTMC

HeHHOMY B CD.il3II C rrepBLIMII ycrrexaMII c;pII3HKOn n conp;aHIIII .ap;epHoro I.J..\IITa. 

Ilocrre OToro IIOlIHOCTbIO rrpexpaTHlIHCI, rpy6Lie Harrap;KII Ha COBeTCKIIX c;pnou

KOB C 06B1IHeH1I.iIMII IIX n HII3KOIIOKJIOHCTBe rrepep; 6yp2Kya3HOH HayKoH. Ho B 

nepn1,re rop;1,r rrocrre rronopHo nHaMeHIITOH ceccIIII BACXHIIJI (anrycT, 1948) 
peaKD;IIOHHLie rrpep;cTanIITelIII rrcenp;oMapKCIICTCKOH c;p1rnococ;p1rn aKTIInHo na

H.iIJIIICb nanep;eHIIeM "rrop.ap;xa" n co6cTneHHOM p;oMe, nop;neprHyn np;eorrorII

'IecxoMy rrpeccnHry cnonx rrporpeccIInHo MhlClIHI.J..\IIX Korrrrer B. M. Kep;pona, 

I-I. B. Ky::meD;ona II M. 8. OMerrL.aHoncxoro. Ilocrrep;HIIM, xax He rrpuK,pLITLIM 
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JIµ;epHbIM lll,IITOM, npHWlIOCb cpo'IHO "nepeCMOTpeTb" CBOII B3l'lI.ll;D;bl H BblCTY

IllITb He TOlibKO c pe3KOII KpIITHKOM qmrrococpcKHX II03HQHM co3µ;aTerre11 conpe

MeHHbIX q>H3II~rncKHX Tcopn:ii:, HO H C 11pH3bIBOM "11cpecTpOMKH 0TIIX o6rracTeii 

HayKII Ha OCHOBC µ;nalICKTH'leCKOI'O MaTepnaITH3Ma" ([11], C. 45).4 B TOT 11e

pnoµ; 11pOTIIBOCTO.llHIIH MY:lKCCTBe1my10 aKTIIBHOCTb co CTOpOHbl q>II3HKOB 11po

Hmrn aKaµ;eMHK B. A. <PoK, BbICTYIIHB 11poTHB A. A. MaKCHMOBa co cTaTbeii 

110µ; 6oeBbIM Ha3BaHHeM "IIpoTHB HCBe:lKeCTBeHHOll KpIITHKH conpcMeHHbIX cpn-

3II'leCKHX TeopII:ii:" [13]. 

Borree acpcpeKTIIBHo:ii: B 3alll,HTe KBaHTono:ii: MexaHIIKH, 110 MHCHHIO JI. I):mxm-.ra, 

61:,rna no3HQH.ll, 3aHHTaH .[(. M. BrroxnHQeBbIM H B. A. <PoKoM: OHII 3amnmam1 

cpn::rn'leCKOe coµ;ep:lKaHIIC 0TOII Te~pnn, KpIITIIKYH MHOI'lle qmrrococpcKIIe ycTa

HOBKll KOlleHrareIICKOll WKOlibl. Iloµ;po6HOMY II3lIO:lKeHIIIO BblCKa3blBaHIIll 0TIIX 

II3BeCTHblX COBeTCKHX q>II3IIKOB-TeopeTIIKOB aBTOp KHIII'll IlOCBHTHlI OTµ;errbHble 

pa3µ;errb1, 03arrranrreHHbie nx HMeHaMn. B11orrue o6ocuonaHHblM 6blrro BbIµ;erreune 

II3 cpeµ;bl qJII3HKOB TOlibKO 0TIIX y'leHbIX, IIOCKOlibKY OHII IlOCTOHHHO 11y6mIKO

narrn cnoII coo6pa:iKeHIIH 110 cpnrrocoq>cKIIM no11pocaM TeopIIII II y11opHo npnrra

rarrn ycnmrn K BblHCHCHIIIO o6'beKTHBHOI'O coµ;ep:lKaHH.ll KBaHTOBOll MexaHIIKII.5 

B HacTOHlll,eM cTaTbC Mbl TO:lKe o6pamacMcH K B3l'ITHµ;aM BTIIX Kpy11ue:ii:wIIx y-qe

HbIX, HO He µ;ITH IIOBTOpHOI'O 11epecKa3a coµ;ep:lKaHH.ll IIX pa6oT, a C cµ;IIHCTBeHHoii 

QeliblO B KpIITII'leCKOM auarrn3e IIX 1103IIQIIII Bblµ;errIITb Te QeHHbie IIOlIO:lKeHIIH, 

KOTOpble ;D;OlI:lKHbl o6H3aTelibHO COCTaBIITb OCHOBY pearrIICTII'leCKOM, OHTOlIOI'II

'leCKII 011peµ;erreuuon TpaKTOBKII cymecTBYIOlll,ell TeopIIII KBaHTOBbIX HBITeHIIll. 

IIocrreµ;HIIll pa3µ;err o6cy:lKµ;aeMon rrranbr KHIII'II 6blrr 11ocBHlll,eH M. 8. 0Merrb

HHOBCKOMY KaK O;D;HOMY "II3 Han6orree BlIIIHTelibHblX COBeTCKIIX q>nrrococpon cc

TeCTB03HaHH.ll n 60-70-x roµ;ax". AnTop OTMeTmr oco6o ero yc11ewHbie ycnrrn11 i 

"110 ITIIKBnµ;aQIIII ypoua, uauecenHoro q>IIrrocoq>IIII ecTecTB03HaHIIH cTarrIIHII3-

MOM, II B µ;erre yKpe11rreHH.ll co103a ecTecTBOIICllblTaTerre:ii: II q;IIrrocoqion"([8a], 

c. 338). Ilo IIOBoµ;y 1103IIQIIII q>nrrocoq>a no KBaHTOBOll MexaHIIKe aBTOp OTMeTIIlI 

ee II3MeHeHIIe II B O_THOWeHIIIl 11epBOHa'lallbHOll KpIITIIKH 11pIIHQIIIIa ;D;OIIOlIHII

TelibHOCTII, II B OTHOWeHIIIl ero nepexoµ;a OT 11oµ;µ;ep:lKKil KBaHTOBblX aHCaM6rreii 

BrroXIIHQena K IIHTep11peTaQIIII TOH :lKe TeopIIII, pa3BIITOM <PoKoM ua ocHone 

KOHQellQIIIl IIOTeHQIIallbHblX B03MO:lKHOCTell. 

B 3aKJIIO'lIITellbHOll 'laCTil 0TOI'O pa3µ;crra IIOlITOpbI CTpaHIIQbl TeKCTa aBTOp 

4Ilo11po6Hee 06 GT0M 11paMaTH'!eCK0M nepuo11e pa6oTLI <I>nnocoqioe B o6nacTH <I>noHKH 6Lino pac· 
cKaoaHo e 6po11nope [12]. 

5lfo q>HOHKOB cTapmero noKoneHHJI, no>Kanyii, eme .ll. Il. TepneuKnii npoJ1enJ1n nocToJIHHLIH HH· 
Tepee K eonpocaM TpaKT0BKH KBaHToeoii MexaHHKH. OH TaK >Ke, KaK H aeTop HaCTOJlllleii cTaTbH, 
6ecnpe11enbH0 eepun B cy111ecTeoeam1e CKpLIT0ro /IBH>KeHllJI MllKp0'!aCTlll\, HO OH BMeCTe C q>paH• 

uyocKoii rpynnoii q>HOHKOB no1111ep>Kan JIBHo ne coeMecTHMLIH c KaanToeoii MexaHHKoii 11eTepMeHH· 

CTCKHII no11xo11 ,[(. BoMa. O11naKo eme a 1937 r. oH c11enan o'!eHi, aa>KHYIO pa6oTy no npe11enbH0MY 
nepexo11y OT KBaHToaoii MexanHKll K Knaccu'!eCKoii aepoJITHOCTHOH MexaHl!Ke, o 'leM 11anee 6y11eT 

cKaoano 6onee no11po6Ho. 
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yµ;emrn Moe:ii: pa6oTe [2].6 JI 6rraroµ;apeH aMepIIKaHCKOMY IICTOpIIKY HayKn 3a 
.apKyIO II TO'IHYIO xapaKTepIICTIIKy Moe:ii: Il03IIIJ;HII. A:sTop rrpaBIIJihHO OTHec 
MeH.H K TeM IIHTeprrpeTaTopaM KBaHTOBOH Teopllll, KTO, 'HeCMOTp.a Ha rrpe
µ;ocTaBJieHIIe "COBeTCKIIM p;IICKYCCIIJlM no KBaHTOBOII MexaHIIKe Bee 6orr1,we:ii: 
CBo6oµ;hl" He BKJIIO'IHJICJl B 06ll.lYIO KaMrraHIIIO IlO'ITII ITOJIHOH rroµ;µ;ep2KKII KO
rreHrareHCKOH HHTeprrpeTau;uu KBaHTOBo:ii: MexaHIIKII. JiopeH P. rp0x0M 3aTeM 
KpaTKO paCCKa3arr O D3JITOM B MOeII CTaTbe Kypce Ha Bhl.HCHeHIIC 06'1,eKTIIDHOro 
coµ;ep2Kamrn cyll\eCTBYIOll\eH KBaHTOBOH MexaHIIKII II Ha µ;arrhHe:ii:wee yrrry6rre
HHe TCOpHII 3a C'leT C03)];aHII.H CTaTIICTII'!eCKoro orrncaHH.H nerrocpeµ;cTBCHHO 
HeHa6rr10µ;aeMhlX q>H3H'leCKIIX BCJUI'IHH. "Ee (TaKOH TeopIIu) rrraBHhlM )J;OCTO
IIHCTDOM 6hlJIO 61,1 TO, 'ITO OHa IIOMorrra 6hl y6paTI, II3 q>II3IIKII II03IITIIBIICTCKIIH 
rro3yHr: "He Ha6rr10µ;aeTc.a - 3Ha'IIIT He cyll.leCTByeT" ([Sa], c. 343). 

3aKrrIO'IIITellhHa.a cTaTh.H B. C. CTeIIIIHa K pyccKoMy II3)];aHIIIO KHIIrII 
JI. P. rp0x0Ma 3aKaH'IIInaeTCJI crreµ;yIOll\IIM npu3HaHIIeM: "AHarrora TaKo:ii: pa-
6oThl, K C02KaJieHIIIO, IIOKa neT D nawe:ii: JIIITepaType no lICTOpIIII HayKn, II 0TO 
i:1erraeT KHIIry TarraHTlIIIDOro aMepnKaHCKoro y'leHoro IIO-CBOeMy yHIIKaJibHOH, 
... " ([Sa], c. 440). ABTOphl peu;eH3IIII Ha BTopoe aMepIIKaHcKoe II3p;amre 0To:ii: 
KHIIrII ell.IC 6orree CaMOKpIITII'IHO OTMeTIIJIII q>aKT OTCYTCTBIIJI rroµ;o6HOH KHIIrII 
B OTe'!CCTBeHHOH lIIITepaType, µ;o6aDIIB crrona "K HameMy CTbip;y" [16]. II OHII 
rrpanhl, KOHe'IHO, B 0TOM OTKpOBeHHOM rrpII3HaHIIII, IIOCKOllhKY y Hae y2Ke 6orree, 
rrorrneKa cyll.leCTBYIOT rrpII AKaµ;eMIIII HayK IIHcTIITYT ucTopIIII ecTecTB03Ha
HII.a II TexmIKII (IIIIET) II IIHcTIITYT <j>urrocoq>IIII (II<t>AH), KOTOphle µ;a2Ke ne 
IIhITaJIIICI, cµ;erraTb Torµ;a XOTI, KaKOH-HII6yµ;1, 063op npoweµ;we:ii: norreMIIKII ITO 
q>IIJIOCOq>CKIIM rrpo 6rreMaM ecTeCTD03HaHIIJI. B rrocrreµ;mre roµ;hl IIOJIQ)KCHIIe 0TO 
Ha'!arro IICrrpaBJIJIThCJI. TaK, KpOMe OTMe'!eHHOH Dhlllie 6pow10phl II3)];aTCJihCTBa 
"3naHIIe" [12], IIncTIITYTOM HaJ'IHOH IIHq>OpMaIJ;IIII no 06ll.leCTBCHHhlM HayKaM 
n 1992 r. 6hlna orry6rrIIKOBaHa IIHTepeCHa.a 6pow10pa [17] 06 IIccrreµ;OBaHIIJIX 
COBeTCKIIX Y'ICHhlX 20-SO-x roµ;on no q>IIJIOCOq>CKIIM npo6rreMaM KBaHTOBOH q>II-
3IIKII, B KOTopo:ii: npeµ;cTaBJICHhl TpII rrepnoi:1a 0TOH µ;eJITeJihHOCTII (20-30 roµ;hl, 
rrocrrenoeHHhIH rrepIIoµ; II 70-SO-e roµ;hl), onIIcaHHhle cooTBCTCTDCHHO K. X. ,Il;e
rraKapoBhlM, B. JI. IlaxoMOBhlM II A. II. IlaH'!eHKo. KpIITII'lecKoe paccMoTpenue 
rry6rrIIKaIJ;IIH µ;ano TOllhKO B rrepBOH 'laCTII o6o3peHIIJI, HO DCJI 6pow10pa BeCbMa 

68Ta pa6oTa np1106pe11a onpe11eneHHYlO HtlBeCTHOCTb oa py6e>KOM. OHa 6wna 11011o>KeHa MHO!O B 

11exa6pe 1966 r. B Ay6He Ha KOH<pepeH111111, noce,nl(eHHoii 40-neTlllO KBaHToeoii MexaHIIKII. C6opHIIK 

CTaTeii Ha OCHOBe /IOK1Ja110B, c11enaHHbIX Ha 9TOll KOH<pepeH111111, 6wn ony611IIKOBaH B MocKBe 11011a

Ten!,CTBOM "Hayxa" B 1970 ro11y [2). Ho Hecxom,Ko paHbrne (1968) 9Ta cTaTh>I 6wna Hane'!aTaHa B 

Ay6He B Ka'!eCTBe nvenp11HTa OIUUI Ha aHr1111iicKoM ,rowKe. 3aTeM B 1972 r. B M1111ane 6wn 11011aH 

c6opHIIK nepese11eHHbIX Ha IITailb>IHCKllll >lt3bIK CTaTeii COBeTCKIIX aBTOpOB no npo6neMe IIHTepnpe

Taljllll KBaHTOBOll MexaHIIKII, B KOTopwii B0lll1Ja II MO>! CTaTb>I ([14), C. 413). B IlO>IBIIBlllllXC>I BCKope 

0T0bIBax 11Ta1Jb>IHCKIIX ipllt311KOB MO>! CTaTb>I OTMe'Ianacb nepeoii B 'IIIC11e pa6oT "1111cc1111eHTCKoro" 

HanpaeneH11>1, paoBIIBalOlI(IIX /111>1 cylI(eCTBJ!OlI(eii Teop1111 HOBJ!O IIHTepnpeTaljlllO II o6ocHOBbIBalO

lllYlO Heo6XO/IIIMOCTb coo11aH11>1 CTaTIICTll'IecKoii Teop1111 cKpbITOro /IBll>KeHll>I MIIKp0'IaCTIII( [15). 
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none::ma XOT.lI 6bl nIHIBC'ACHHbIM o6wrrpHbIM cnIICKOM Aanuux pa6oT (179 Hau
MCHOnaHuii). 

2.2. 0 nepeMHpHH H COTPY~HHqeCTBe Ha 

cpmmcocpCKOM cppOHTe q>Hl3HKH 

"3aTIIWbe"' B03HIIKWee Ha :)TOM cppOHTC nocne 1949 r., CTano nocTeneHHO 
nepepacTaTb n MIIpHoe cocyw.ecTnonaHUC. A naTeM y.lKe n rOAhI "xpyw.eBCKon" 
OTTenemr OKOH''IaTC/IbHO ycTaHOnII/IC.lI COI03 Me.lKAY cpunococpaMU II qJII3UKaMII. 
IIepeMIIpIIe 6h!no npono3rnaweuo Ha IIepnoM Bceco10nuoM conew.aHIIII no qm
nococpcKIIM nonpocaM ecTecTnonuaHIIJI ( oKT.lI6ph_ 1958). Ocuonon AIIJI npnMn
peunJI CTano OCY.lKACHIIC AOnyw.eHHhIX n HeAaBHCM npownoM nepern6on, 3aKnIO
'!aBIIIIIXC.lI n HCKOMIICTCHTHOM nMewaTCilbCTne cpnnococpon n AC/Ia ecTecTneu
HhIX HayK, n nonhITKax cnnonoro BHCApeHII.lI MapKCIICTCKoro MIIpOB033pCHII.lI B_ 
cpeAy y'IeHhIX. IlpanAa, :lTa KpIITIIKa nenacb 6enhIMJIHHo, II rnaBHhIX mrnonHn
Kon npe.lKHHX neperu6on MO.lKHO 6brno nIIAeTb n COCTane npe3IIAilYMa nhICOKOro 
cpopyMa y'IeHhIX . .D:ucKyccnn Ha conew.amrn nennch 6e3 npe.lKnero nanewnna
HHJI IIO/IIITII'IeCKIIX .!IpiibIKOn cnoIIM OIIIIOHCHTaM [18]. KpoMe Toro, ncpeCMOTp 
no3IIIIIIU cpnnococpon OTHOCIIilC.lI cpaKTII'ICCKII TO/IbKO K qJIItlIIKe II KII6epHCTIIKC, 
oH nonce He pacnpocTpaHJIITC.lI Ha 6nonormo, TaK 'ITO Ao pa3o6na'!eHIIJI peaK
IIIIOHHOH "/IhICeHKOBW.IIHbI" 6bl/IO ew.c Aa/IeKo. 

Ilocne :)Toro BcecOI03HOro cpopyMa 6bICTpo ycTaHOnIInacb HOpMa/IhHaJI pa6o
'laJI o6cTaHOnKa cpeAII cpnnococpon, naHIIMaIOW.IIXC.lI npo6neMaMII qJIItlIIKIL Bo:1-
rnaBnJieMbie aKap;eMIIKOM M. B. MuTIIHhIM arronoreThI nynhrapHoro MaTepu
anII3Ma, µ;encTnyrow.IIe npe)Kµ;e noµ; qmaroM µ;naneKTII'IecKoro MaTepuairnnMa, 
nenaMCTHO yIII/III co cu;eHhI cp1rnococpcKOII IIO/IeMIIKII. B ceKTOpe q>IliIOCOqJIIII ec
TeCTn03HaHI1lI B HncTnTyTe cp1rnococpnn AH CCCP aKTIInIInIIponanacb npo
rpecc1rnHaJI µ;eJITenhHOCTh Konner II y'IeHIIKon H. B. Kynnerrona - H: <I>. On
'IIIHHIIKOBa, r. A. CnewmIKona, IO. B. Ca'!Kona II H. B. HonuK. Ilo3p;nce K 
HIIM nop;KiIIO'III/IaCh rpynna ~101IOp;bIX Ta/IaHTilllBhIX COTpyp;HIIKOB (JI. B. Ba
.lKCHon, H. A. AK'IYPIIH, JI. r. AnTimenKo, IO. B. Mon'!aHon, E. A. MaM•ryp, 
M. ,n. Axyuµ;on, B. H. Apwunon), KOTopbre pannepuynu rrnoµ;0Tnopny10 p;eJI
TenhHOCTh IIOA p;eMOKpaTII'leCKIIM PYKOBOp;CTBOM M. 8. OMC/Ih.lIHOBCKOro. To
rµ;a .lKC aKTIIBHOII ;a;eJITe/IhHOCTbIO B o6nacTII qJII/IOCO<pCKIIX norrpocon <pII3IlKII 
0 ce6e tlaJIBII/Ill MO/IO)l;hIC rrperro;a;anaTenII' Kaq>e;a;p <pIIIIOCO<pIIII y1mnepcIITeTOB 
II ny3on pa31III'IHhIX ropo;a;on: 8. M. 'l!y;a;nuon (.D:onrorrpyp;Hhln), B. H. Kyrrn;on 
(l\ffY), H. C. AneKceen (MrY, HHET), B. II. Bnnrirn II A. A. Ile'ICHKIIH 
(MocKna, HHET) C. T. Menroxna (Jiemrnrpa;a;, MocKna), A. C. Kpanen; (Bo
poueM), B. JI. IlaxoMOB (ErreIIK, BniicK, BopoHe)K, MocKna), M. B. MocTerra
ueuKo (Jlemrnrpa;a;), P. A. Aponon (Knwenen, MocKna), JI. <I>. AcKIIH (Capa-
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Ton), Il. C. CTemrn (MIIHcK, MocKna), M. B. BnrrbHHQKHH II IT. C . .il:hlllIJieBbI:n: 
(KIIcn). 

JI ncpc•mcrrIIrr oµ;cch Tex cpurrocoq>0n, KOTOphic, na µ;orrrne roµ;hl cn.iman c 
TOH nophl CBOIO cyµ;h6y c cpnrrococpcKHMH npo6rreMaMH q>IInHKH, noJIJ'IHJIH OHa
'IHTeJihHble peoyJibTaTbI n GTOll o6rracTH, nanncamr HHTepeCHble MOHorpaq>HII, 
ycnewno Oalll,HTIIJIII )l;OKTOpCKHe µ;nccepTaQIIH. Bee OHH 6bIJIII npOBO)l;HHKaMII 
µ;eMOKpaTII'IeCKOro CTIIJI.ll pa60TbI, )l;JI.ll KOToporo xapaKTepllbI 6bIJIH cno6o;n;a 
MHeHIIll II nrr10palIIIOM B Bbl6ope pellleHIIH, HO npII O;D;HOM 06.llOaTeJibHOM ycrro
Ill:III - norrnoro nenMelllaTeJibCTBa B 'IHCTO npocpeccuoHaJibHhle nonpocbl cpnon
KOB. 0KoHTJaTeJibHO 6blrra HO.lKIITa npaKTIIKa Heµ;annero npolllrroro - nponepxn 
q>IInII'IeCKIIX Teopu:n: Ha COOTBeTCTBIIe KpIITepIIIO q>IIJIOCOq>CKOll CTporocTIIj Ha
npoTHB, OCHOBHOH oaµ;aTJelI q>IIlIOCOqJCKOro aHaJIIIOa conpeMeHHbIX q>HOH'IeCKIIX 
TeopIIll CTarro IIX OCMbICJieHIIEl C QeJibIO BHeCeHII.ll He06XO)l;HMbIX KOppeK~H B 
IICXO)l;Hble ycTaHOBKII MaTepIIaJIIICTH'Ie~KOll q>HJIOCOqJIIH. 

MHornc Im nepe'IIIClleHHbIX Ilblllle q>nrrococpon rrpIIll.llJIII aKTIIBHOe y'IaCTile 
n opran11oa11Hu TeMaTII'IeCKIIX Hay<IIIbIX COBelll,aHIIII C nocrreµ;yIOlll,eH ny6mIKa
I1IIe:n: c6opHHKOB ;n;oxrraµ;on II n IIO)l;aHIIII COBMeCTHhlX c q>IIOIIKaMII c6opHIIKOil 
cTaTeii'. 3a rrpollleµ;lllne ro;n;hl Bceco100Hoe conelll,aHirn no q>nrrococpcKIIM norrpo
caM ecTecTnooHaHII.ll rrponoµ;Hrroch 'IeTbipe paoa: n 1958, 1970, 1981 II 1987 
roµ;ax. II TOJihKO rrocrre;n;Hee no HIIX, rrpoxo;n;11nlllee y.lKe no npeM.ll "rop6aTJe
ncxo:ii nepecTpOHKII", He ocTanIIrro o ce6e naM.llTII n nII;n;e ne'IaTllbIX Tpy;n;on. 
Ilpan;n;a, npollle;n;llIIIH n Mocxne ncero TJepeo norrro;n;a Me.lK;n;yHapo;n;HhlII KOH
rpecc no rrorIIKe, MeTo;n;orrorIIII II q>IIrrocoq>IIII HayKII (anrycT 1987), Ha KOTO
poM MHOrIIe coneTCKIIe yTJeHhle IIOBTOpIIlIII CBOII 1wxrra;n;hl, orry6rrIIKOBaJI MHO
roTOMHIIK aHHOTaQIIII ;n;oxrra;n;on yTJaCTHIIKOB KoHrpecca. CpanIIIIB rrporpaMMY 
;n;oxrra;n;on, c;n;erraHHhIX Ha lfeTnepToM BcecoIOOHOM conelll,aHIIII, c orrrµrreHIIeM 
c6opmIKa ;n;oxrra;n;on Ilepnoro Bceco100Horo coBelll,aHII.ll [18], .ll Tor;n;a ycTaHOBIIll 
nem1rn;n;annhIH ;n;ll.ll ce6.ll H rre'IallbHhIH ;D;ll.ll ncex cpaKT: .ll oxaoarrc.ll e;n;IIHCTBeH
HhIM HO y'IaCTHIIKOB, BbICTynanllIIIM Ha ncex 'ICTbipex BcecOIOOHbIX cpopyMax. 
IIpoCTO no'ITII y2Ke HIIKOro He OC'l1all0Cb B 2KIIBbIX IIO J'IaCTHIIKOB BbICTYillIC
HIIII Ha IIepBOM, M02KHO CKaOaTb nonopOTHOM ;D;ll.ll q>IIlIOCOqJIIII ecTeCTBOOHaHII.ll, 
BcecOIOOHOM COBelll,aHIIH, 

<PIIOIIKH 6rraro;n;apHbI CBOIIM KOlllleraM q>HlIOCOq>aM oa TO, 'ITO n uo;n;anaeMhle 
c6opHIIKII OHII IIPIIIIIIMalIII II CTaThII, He IIMeIOlll,IIe TJaCTO rrp.llMoro. OTHOllle
HIIH K q>HIIOCOqJHII.7 .Il:erro B TOM, 'ITO ;D;ll.ll q>HOIIKOB Moero IIOKOlICHIIH TaKIIe 

7TaK, Hanp11Mep, .MOJI 60/11,lllaJI cTaTbJI, ony6JIHKOBaHllaJI B c6opHHKe "<l>11noco<I>cKHe BonpocLI 

KBaHTOBOH <1>11011K11"' cop,ep:lKana 'IIICTO TeopeTH'leCKIIH paop,en ((2], c. 155-166), B KOTOpOM Bnep

BL!e 6LIJia pelllella oap,a'!a CTaTIICTll'leCKOH <l>HDIIKII no onpep,eneHHIO B <I>aooBOM npocTpaHCTBe Tpa

eKTOpllll ABH:lKeHIIJI MaTepHanbHOH TO'l,KII no IIDBeCTHLIM P,JIJI OToro ABH:lKeHHJI cTaTHCTH'leCKIIM pac

npe11eneHIIJ!M OTP,eJibHO KOOpp,11HaT II CKOpOCTeii, COOTBeTCTBYIOlllllX cny'laHHOMY BLI6opy MOMeHTa 

apeMe1111. 
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c6opHIIKII µ;oKrrap;oB npeµ;ocTaBIT.lllIII nO'ITII ep;IIHCTBeHHYIO BOt3MO:lKHOCTh ny-

6rrIIKaQIIII CBOIIX coo6pa:lKeHIIII II norry'IeHHhIX KOHKpeTHhIX pet3JllhTaTOB no 

<pyHp;aMeHTallhHhIM BonpocaM TeopeTII'IeCKOII <pIIt3IIKII, t3aTparIIBaIOrn;IIM cnop

Hhle npo6rreMhl IIHTepnpeTaQIIII COBpeMeHHhIX· <pIIt3II'IeCKIIX TeopnII, IIt3-t3a OT

CJTCTBII.ll y Hae B CTpaHe cneQIIallhHOro :lKJpHarra Tllna "OcHOBaHII.ll (pIIt3IIKII". 

Hepep;KO no TaKIIM npo6rreMaM ne'IaTalIIICh CTaThll B :lKJpHarre "YcneXII <pIIt3ll'Ie

CKIIX HayK" (Y<I>H), HO TOllhKO OCHOBOnOITO:lKHIIKOB II BeChMa MaCTIIThIX y'IeHhIX, 

KOTOphle; ecTeCTBeHHO, :lKIIlIII II pa6oTalIII_ npenMyw;ecTBeHHO B µ;pyrIIX CTpa

Hax. Ileptrnop;hl CTaTeII OCHOBOnOITO:lKHIIKOB COBpeMeHHhIX <pIIt3II'IeCKIIX TeopIIII, 

6et3JClIOBl!_O, ChlrparrII Ba:lKHeIIIIJYIO porrh B pacnpocTpaHeHIIII II CTaHOBITeHIIII 

HOBhIX nµ;eII B cpeµ;e COBeTCKIIX <pIIt3HKOB II COCTaBIIlIII, TaK CKat3aTh, t30lIOTOII 

<poHµ; ny6rrIIKaQIIII Y<I>H. Mhl ITIIIIJh OTMe'!aeM Hep;ocTaTO'IHOCTh nocTO.l!HHo 

npoBop;IIMOII :lKJpHarroM pa6oThl no µ;arrhHeIIIIJeMy pat3BIITIIIO IIHTepnpeTaQnII 

TeopIIII C npIIBlle'IeHIIeM II MOlIOp;hIX y'IeHhIX. 

B 1969-1972 roµ;ax MHe, Torµ;a Morrop;oMy npo<peccopy IIt3 ,ny6Hhl, Ha co6-

CTBeHHOM onh!Te npeµ;ocTaBIIrrach BOt3MO:lKHOCTh y6ep;IIThC.ll, HaCKOllbKO ClIO:lKHO 

6h!rro ony6rrIIKOBaTh B Y<I>H cTaThIO, coµ;ep2Kaw;y10 coo6pa:iKemrn, BeChMa npo

CThle, HO He BOIIJep;IIJIIe CBOeBpeMeHHO B µ;orMaTII'IeCKIIe OCHOBhl npIIH.l!Toro 

CTaHp;apTa IIt3lIO:lKeHII.ll II TpaKTOBKII <pIIt3II'IeCKoro coµ;ep:lKaHII.ll cneQIIallhHOII' 

TeopIIII OTHOCIITellhHOCTII. CTaTh.ll t3Ta, IIMeBIIJa.ll np.aMoe OTHOIIJeHne K MOeMy 

BhICTynrreHIIIO Ha IIepBOM BcecOIOt3HOM COBew;aHIIII no <pIIlIOCO(pCKIIM Bonpo

·caM ecTeCTBOt3HaHII.ll ([181, C; 446-449), 6h!rra nanIICaHa MHOIO no t3aKat3y 'IlleHa 

pep;KorrrrerIIII Y<I>H aKaµ;. B. JI. ThHt36ypra B 1969 r.,8 a ony6rrnKoBaHHOII o~a 

oKatlarrach ITIIIIJh B anperrhcKOM HOMepe Y<I>H 1972 r. [19]. II, Ha'IHHa.a IIMeHHO c 
. ' 

t3TOro HOMepa, IIt3 COCTaBa pep;aKQIIOHHOII KorrrrerIIII :lKJpHarra B t3HaK npoTeCTa 

BhIIIJerr BII/:\HhIII II BeChMa t3acrry:iKeHHhIII ( TPII:lK/:\hl repoII CoQIIarrncTII'IecKoro 

'Ipyµ;a) coBeTCKHII y'IeHhIII aKap;. R. B. 3em".p;OBH'I. R npnBo:iKy 3TH <popMarrh

Hhle CBep;eHH.ll "0 ClIOMaHHhIX KOnh.ax"' 'IT06hl 6hlrr .aceH MaCIIJTa6 II cepbet3HOCTh 

6opb6hl t3a npoXO:lKp;eHne CTaThII B ne'!aTh. 

8B. JI. I\rno6ypr, xoporno 1msecTeH csoeii CKJIOHHOCThlO K rny6oKHMII paccy)l(l\eHH.llM no OCHOBaM 

<pHOIIKII II MaJIOH CKOBaHHOCThlO 11orMaT1I'leCKIIM OTHOllleHHeM K HayKaM. Y MeH.ll BOOHIIKlla BOOMOJK

HOCTh cnoKOHHOro II I\OCTaTO'lHO l\llHTellhHOro paorosopa C HIIM B Eonrap1111. JI Tor11a pacCKaoall 

BHTaJIIIIO JlaoapeBH'lY O BCeo6rneM He11onoH1IMaHHII npocToro <plIOH'leCKOro CMh!Clla OTHOCHTellhHO

CTII 01\HOBpeMeHHOCTII paoHOMeCTHhIX co6h!THH, JleJKarneii B OCHOBe caMoro npHHQHna OTHOCHTellh

HOCTII Hosoi\ pell.l!THBHCTCKOH <pHOHKH. MHe y11anoch y6e1111Th co6ece11H11Ka B TOM, 'ITO npaBHllhHa.ll 

TpaKTOBKa 0TOH npocTeiirneii HO co11peMeHHhIX <plIOH'leCKIIX Teop11ii I\OlllKHa o6'b.l!CH.l!Th, 'ITO CMh!Cll 

HOBoro npHHQHna OTHOCHTellhHOCTII COCTOIIT BOBCe He B OTCYTCTBIIII TaK HaDh!BaeMoro "04>11pHoro 

BeTpa" (KoTopoe OTBe'laJIO 6bl npHHQHny OTHOCHTellhHOCTII fanHlle.ll), a BO Bllll.l!HIIII 0Toro BeTpa Ha 

see 4>11011qecK11e npoQecch! B I\BHlKYllleHC.ll c11cTeMe OTHOCHTellhHO 11cxo11Hoii c11cTeMi.i, r11e npHH.llTO 

HOOTponHoe on11caH11e CKOpOCTeii. 8To BllH.l!HHe npHBOI\IIT K TOMY, 'ITO BCe <pHOH'leCKHe npoQeCChl 

pacnpocTpaHeHH.ll no I\BHJKeHHIO CIICTeMbl oanaDl\h!BalOT no cpaBHeHHIO C. pacnpocTpaHeHHeM IIX B 

npoT11sonoJ1olKHOM HanpaslleHHH Ha OI\HY II TY lKe BellH'lHHY, npe11cKaoaHHy10 KJ1acc11qecKoii 4>11011Koii 

lllllllh l\ll.ll CBeTa. B Bhl.l!BlleHHOM TaKHM o6paooM BCeo6rneM xapaKTepe oanaol\h!BaHH.ll <pHOII'leCKIIX 

npoQeCCOB II COCTOIIT <pHOH'leCKIIH CMh!Cll nOH.llTII.ll OTHOCHTellhHOCTII 01\HOBpeMeHHOCTII II ee mys 

6oKoe <pllllOCO<pCKOe 060CHOBaH11e sceo6rn11MH CBOHCTBaMH I\BHlKeHH.ll MaTep1111. 
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Ca11,10ii ny61mKaIJIIII cTaTI,u upcgwccrnonano gnyx'mco~oc o6cy,KgcHnc Ha 

TcopcTII'IccKoM ccMnuapc aKag. II. E. TaMMa9 IJCIITpanhHoro nuno)l(eHirn 

cTaThH o cymccTnonmnm ncco6mcii ammcnponnn cKopocTCII qm::rn:'!ecKIIX npo

neccon, IIplIHIJIIIlIIanhHO He UTnII'Illl\IOii HIIKaKIIMII :JKCIIepIIMeHTaMH OT II:JO

Tpo1rnoro napuanTa orrucaHirn cKopocTe11 Tex )KC rrponeccon. IloToM oKOH'Ia

TC/lhHhIII napnaHT aToii cTaThII, gonorrHeHHhIII cchrnK011 Ha Haiiµ;enHJIO MHOIO 

Torga ::m6bITYIO CTaTbIO nemIKoro npegwccTDeHHIIKa D IIOCTaHOBKe 0TOI'O BO

rrpoca AHpu IlyaHKapc, na naccgamm pcgKorrrrermr ,Kypnarra ncTpeTirn no::ipa

,KeHne 'IIICHa-KoppccnoHgcuTa AH CCCP JI. B. 0KyH.a, Ha GTOT pa:J n cn.a:JII 

Tp1rnua11bHOCThIO o6cy)l(gacMoii n cTaTbC rrpo6rrcMbI. 06 :JTOM KOMIPieCKOM no

nopoTe gcrra .a ynoM.auyrr n CDUCM DhICTJil/lCHIUI n geKa6pe 1970 r. Ha BTo

poM BcccoIO:JHOM cuncmamm no cp1rnococpcKn111 norrpocaM ecTeCTBo:Jnann.a n 

CDH:JH C no:Jpa)l(eHHCM MaTC!\HtTIIKa aKag. A . .IJ:. ArreKCaHgpona rrpOTIIB MOCI'O 

yTnep)l(gCHillI O DO:JMO)l(HOCTII IICIIU/lh:JODaHII.ll pa:JnII'IHbIX .orrpegerreHIUI ogHo

npcMeHHOCTII pa3HOMCCTHbIX co6bITIIIi, CC/III TO/lbKO D rrpupoge OTCJTCTDyeT 

pearrhHhIC gmrncenn.a c 6ecKoHc'rnoii cKopocTbIO pacrrpocTpaneHirn (l20] c. 281). 
Ii, HaKoHeIJ, rrocrregHee OC1IO)KHCHIIC c rrpoXO)l(ACHIICM :JTOII CTaTbll 6bl/lO CDH

:JaHO C ,YllbTIIMaTyMoM JI.B.3errbp;ODII'Ia, 10 KOTUJ>bIH C'!e/1 He yna)l(IITC/lhHhIM 

no OTHOWeHIIIO K De/lIIKOMY 8i"mwTeiiny rry6mIKanmo n IJeHTpallbHOM )l(ypuarre 

q>II:JIIKOD CTpaHbl CTaTbII, o6cy)Kµ;aromeii acrrCKTbl Teopmr, He OCBel.QCHHbie ec 

co:JgaTelleM. ThaBHhIH pegaKTOp )l(JpHarra, CBOUM 1'0/IOCOM peUIIIBWllH cygh6y 

. MOeII CTaThH D II01Ib3J' ee rry6rrnKaIJIIII, nee )KC C'IC/1 Heo6xogIIMhIM D CBH:JII C 

yrrhTIIMaTyMoM nIIp;Horo coneTcKoro y<IeHoro o6paTIIThc.a n IIpe:Jnµ;nyM AH 
CCCP µ;11.a OKOH'!aTenhHoro pewemrn norrpoca o rry6m1Kann11 :JToii CTaThn. 11 

9:Cho 06cy}l{Aeu11e 6wno opra1111ooaauo ll. JI. l'111106yproM n coJ1011 c nocTy1111eweii 0Tp1tl(aTenb-

110H peQcnone1'i: Ha pyKonttcb MoeH cTaTbH BH)~Horo y 11e11oro, a KoTopoii oTpHQanocb ocuonnoe Moe 
YTBep}KAell11e O cyll(eCTBOBallllll a111100Tpon1111 cxopocTe11 11po11ccc0B nplllll(llllllanb!IO He OTnll'IIIMOH 

OT 11n0Tpon11oro on11ca1111J1, Me}KAY npo'IIIM, anre6py IIOA061rn 0T11owe1111J1 cKopocTeii, ne}Kall(yJO a 
ocuoee Moero yTnep)KAeHHJI, cne,11,oaano 6hl ycTaHOBHTh TpttcTa ne'l· naoaA nocne Toro, KaK 0. Pe-

, Mep 11oxana11 Ko11e'l11ocTb cKopoCTII pacnpoeTpa11e1111J1 coeTa. Tor11a 11a ceM1111ape II. E. TaMM 11a 

'. caMoM 11cne y}Ke nTopoii pan cnywan Moe 11oxanaTenbcTeo DToii npocToii IICTl!Hld, Ilepowii pan " 

paccxanuoan eMy 06 OTOM o 1949 r. y uero AOMa, na yn11Qe 'hanooa. Ho TorAa npocpeccop 11c no

, HJln Ba>l<HOCTH YTBep>KAeHHJI caoero CTYAeHTa, H OTO pew11110 MOH Bbl6op OKcnepHMeHTaJJbllOii 1'eMhl 

11nnn0Ma a H11cT11TyTe H. B. Kyp'laToBa, a npo6ncMLI 11cT011Koeam1J1 cp11n11'!ecx11x Teopnii ocTan11cb 

MOIIM lll0611Mb1M BHecny}Ke6111dM OaltllTIICM. . 
10B c6opHl!Ke CTaTeii (21) '11tTaTen11 uaiiAYT TPII pannH'lllblX BepCHII MOTHBa BldXO/la aKa/1, 

JI. B. 3enbAOBll'la no cocTaBa peAKonnernu Y<l>H, KoTopuc cyll(ecToc11110 0Tn1t'!aeTCJ1 11 11pyr oT 

11pyra, 11 oT 11nnaraeMOH MHOJO OAecb no CBeACHHJIM necxonbKIIX 'lneuoo peAKonneru11 Y<l>H, aKTIIBIIO 

. no1111ep}Ka8WIIX MOIO CTaTblO (cM. c. 82, 185 11 235). 
11 Ilonara,o, •1To rnaeuwii peAaKTop no11an caoii pewa10Ll(11ii ronoc oa MOIO CTaTbJO 110-na IIOJ1-

BHBllleHc11 BOtlMO}f{HOCTH ocao6oAHTh p~xonner1no OT Henpc;~cxaoycMhIX lllYTOK HMCHHToro '·tneaa 
pe11Konner1111. A nncbMO n·Ilpeo11AIIYM AxaAeMHII uayx IIM 6wno nocnauo, uaaepu.11Ka, c QenbJO 011ecT11 

11eo6paT11MoCTb 11neell(e11neM pyxoBOACTBa o AaHHOM OTHM y'leHldM 06ell(a111rn noKIIHYTb PeAKonne

rHIO }Kypuana a cny'lae nono}KIITCJ1hm1ro pewenu-11 eonpoca o ny6nuKal(llH cTaTbH, ,Ueno B TOM, '!TO 
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JI paccKa3aJI 06 0TIIX KOJIJIII3IIKX C npoxo:llqi;eHIIeM B ne'IaTh Moeii: CTaTbII, 

'IT06J,1 CTaJIO KCHO, ~rTO IICCJiego:BaHIIKM q>YHIJ;aMeHTaJibHbIX npo6neM ecTe

CTBeHHblX HayK, _B OTJIH'Ille OT cori;HaJibHhIX HayK, He CTOJibKO MeUiaeT npe

MeHHhIH nonHTH'IeCKHH npeccnHr, CKOJihKO IIOCTOKHHO npHcyTcTBYioll.lHH go

rMaTH3M ycTOKBUierocK orpaHH'IeHHOro IIOHHMaHHJl CaMHMII aBTOpHTeTaMH B 

HayKe rny6oKoro cogep:lKaHIIK OTKpbITblX B naUieM BeKe BeJIHKHX HCTHH ycTpoii:

CTBa IIpHpOIJ;hl. IIpnBegeliHhIH npHMep IIOKa3aTeJieH TeM, 'ITO B neM pe'Ib IIIJ;eT 

o KBHOM npo6ene B nonnMaHHH Ba:iKHeii:Uiero nyHKTa nepBoii: H npocTeii:Uieii: H3 

COBpeMeHHbIX q>II3II'IeCKHX Teopnii:. 

"9:To6hl ne 3aTKrHBaTh IJ;OIIYI11eHnoe OTKJIOHeHHe OT OCHOBHOH TeMbl paaro

Bopa, Mhl BepneMCK K 06cy:iKgeHIIIO COTPYIJ;HH'IeCTBa q>H3HKOB C q>nnocoqiairn, 

o6paTHB BHHMaHHe Ha 0TOT pa3 Ha TpYIJ;HOCTH II HeiJ;OCTaTKH 0Toro COTpYIJ;HII

'IeCTBa. 

2.3. 0 He04>cpeKTHBHOCTH TBopqecKoi 

µ;e.nTeJibHOCTH BOOHHKWero COTPYAHH"ieCTBa 

<PHOHKOB H <PHJiococf>oB 

Cepbe3Hoii noMexoii B coBMecTnoii pa6oTe q>IIJiocoq>oB II q>II3IIKOB co BpeMe

HeM CTaJIO OTCYTCTBIIe IIOCTOKHHoro cneri;IIaJihHOro :lKypnana no q>IIJIOCOq>CKHM 

BOIIpQCaM ecTeCTB03HaHIIK, KOTOpbIH IIOMOr 6bl opraHH3aIJ;IIOHHO HanpaBlIKTb 

II cIIcTeMaTII3IIpoBaTh 0Ty pa6oTy. IIepBoHa'IanhHhIH nn10panmJM MiienII:ii no 

KruKIJ;OMY KOHKpeTHOMY Bonpocy IJ;OJI:lKeH 6blJI co BpeMeHeM nepepacTn B CIJ;II

HYIO TO'IKY 3peHIIK,'IT06hl CTaTb HeKOTOpbIM KOJIJieKTIIBHhIM 3aBOeBaHIIeM cog

py:iKeCTBa Ha nyTII K 6onee rny6oKoMy IIOHIIMaHHIO conpeMeHHhIX q>IIOII'Iecn1x 

TeopIIii: •. 

CTonh ·peoKoe IIOMeHeHIIe npelimero CTIIJIK pa6oThl, 6eoycnonHo, IIMeno II 

CDOII IIogep:lKKII: npIITYIIJIKJIO KpIITIIKY II03IITIIDIICTCKIIX IICKYCCTBeHHblX Hacnoe

HIIH B qiopMynnpoBKax, npII3BaHHhIX no.ircHIITh cnoeo6paoIIe rHoceonorII'IecKon 

CIITYaIJ;IIII q>IIOII'IeCKHX nccnegoBaHIIii: MHKpOMIIpa. Ilepexog OT npe)I(ge npaK

,TIIKODaBUieii:c.H HeBe:lKeCTDeHHOH KpIITIIKII K gpyroii: KpaHHOCTII IIOJIHoro gone

pIIK KO DCeM YTBep:lKgeHIIKM coogaTeneii: TeOpIIII He TaK CIIJihHO Melllan q>JilIO

COq>aM D IIX CTpeMJieHIIII OCMhICJIIITI, HOBble q>II3II'IeCKIIe 3aKOHbl no cpaBHeHIIIO 

c npe2Imeii: aHTIIHay'l:Hoii: npaKTIIKoii: oryn1,Horo oTpIID;aHIIK caMo:ii CYil.lHOCTII .. 

BMeHHO Tor11a rnaBHLIH p~aKTOp )KypHana TOJJLKO 'ITO nepe)KBJJ HenpBJITHOCTL C H0.116pLCKBM llOMe

poM )KypHana, B KOTopoM JI. B. 3enL/IOBB'I nooBOJJBJJ ce6e HenpBJJB'IHYK> lllYTKY, noMeCTBB B cBoK> 

Hay'IHYK> CTaTLK> DO/I BB)IOM co6CTBeHHLIX BOLICKa1rnii BO DOOTH'leCICOro HacJJ~HJI BeneMHpa Xne61JB

ICOBa aKpocTHX HO )IBYX cTpoK, ny6JJH'IHO YHB)KaK>IIIBH cBoero JCOJJJJery aKa11. A. B. MBr11ana. Mo)KHO 

np~CTaBBTL ce6e,11aCKOJlLKO 
0

HenpHJITHLI 6LIJJB TOr)la oa60TLI no HCDpaBJJel!HK> O11Horo CJJOBa B yx<e 

oTne'laTal!HOM 11OMepe )KypHana )Ill.II np"4>eccopa 3. B. llnonLcKoro - O1111oro BO ocHoBaTe,,ei'i 

0Toro coJJB)IHOro )Kyp11ana, cTaBlllero ~Boeo6paonoii 0HJ.1BKJJon~Beii ecex )IOCTH)Ke1mii «!mmr'lecKoii 

HayKH (cM. B c6opmrnc [21], c. 185). 
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0TIIX naKOHOB. Ho ;IJ;llil q>IIt3IIKOB npaKTII'IeeKaJI n;em, o6paw;eHIIJI K ;a;naJieKTIIKO

MaTepIIaJIIIeTII'IeeKOH TeopIIII IIOt3HaHIIJI eoeTOIIT B IIOJIJ'IeHUII peaJibHOH no

MOll.lII }J;JIJI YTO'IHeHHJI IIeTOJIKO.iJaHIIJI HOBblX q>IIt3U'!eeKUX naKOHOMepHOeTeii:. II 
Te pe;a;KIIe q>IIt3IIKII, eKJIOHHble npOJIBIITb ;a;epnoeTb eBOIIMII IlOIIblTKaMII YTO'I

HIITb q>opMJJIIIpOBKII eaMIIX eon;a;aTerre:n: HOBblX q>IIt3II'IeeKHX KOHD;enn;n::n:, BIIpaBe 

fo,IJIII Ha;a;eJITbeJI IlOJIJ'IIITb IIOMOll.lb II no;a;;a;ep.lKKY OT eBOilX KOJIJier - enen;II

arrn:eTOB B q>n:rroeoq>eKIIX Bonpoeax Teopn:n: nonHaHHJI. Ho no BeeMy BH;IJ;HO, Ha 

TaKyIO IIOMOll.lb eMoryT paee'!HTblBaTb TOJibKO eeTeeTBOIIenblTaTeJin: erre;a;y10-

ru;IIX IIOKOJieHHH, KOr;a;a y 6y;a;yw;n:x q>n:rroeocf>o~ He 6y;a;eT B naMJITII, KaK y HbIHe

llIHHX, eBe.lKero IIpIIMepa peaKD;llOHHOrO IIeIIOJibt30BaHHJI nepe;IJ;OBOH q>HJIOeOq>HII 

IIX npe;a;IUeeTBeHHHKaMII. 

C i:1pyro:n: eTOpOHbl, q>IlJIOeOq>bI B eBOIIX IIOIIbITKax OeMbleJIIITb ;a;oeTH.lKeHHJI 

eoBpeMeHHOH q>llt3II'!eeKOH TeOpIIH Kpa:n:He Hy.lK;a;a10TeJI B IIOMOll.lII KpllTH'IeeKII 

MbICJIJill.lllX q>Ilt3HKOB, noeKOJibKY eaMoeTOJITeJibHO He MoryT OT;IJ;eJIHTb pan;n:o

HaJibHOe JI;a;po eJIO.lKIIBIUIIXeJI TpaKTOBOK OT JIIlIUHero 6arrrraeTa nyTaHblX q>OpMy

JIIlpOBOK n: p;a.lKe Hepe;a;Ko ourn6o'!HblX YTBep.lK;a;eHHH KpynHeil:IUHX aBTopn:TeTOB 

B q>IIt3IIKe. HanpIIMep, KaK 6bl He 6blJI orpoMeH aBTopn:TeT H. Bopa, Henmmo

JIHTeJibHO B HaIUe BpeMJI IIOBTOPJITb ;a;onyw;eHHOe HM orpy6JieHn:e II Hat3blBaTb 

npII6opaMII Ha6rr10;a;emrn Bee yeTaHOBKH, IleIIOJibnyeMbie B <pllt3II'IeeKIIX 0Kene

pIIMeHTaX. Ha eaMOM ;a;erre B q>Ht3IIKe BO Bee BpeMeHa IleIIOJibt30BaJin:_Cb B OCHO

BHOM He Ilt3MepI1TeJibHble npu6opbl II He npI160pbl .O:JIJI Ha6rr10;a;eHRll, a npn:6opb1 

/];llil Boe11po1mBe;a;eHIIJI q>Ilt3H'IeeKHX JIBJieHIIH B KOHTpOJIIlpyeMbIX rra6opaTOpHbIX 

yeJIOBIIJIX. TaKOBblMII 6blJIII HaKJIOHHble IlJIOeKOeTII e wapaMII II ;a;a.lKe, eorJiaCHO 

rrereH;a;e, II CaMa IlIIt3aHCKaJI 6awHJI B MexaHH'IeCKIIX OilblTax raJIIIJICJI, a TaK.lKe 

MeXaHil'IeCKIIH npeec B OllbITax fyKa. TaKOBbIMll .lKe JIBJIJIIOTCJI COBpeMeHHble 

ycKopuTelIII 'IaCTHD; II cynepKOJIIIaII;a;epbI, 06ecne'IIIBa10w;n:e CTOJIKHOBeHHJI "<J:a

CTIID; BCTpe'IHbIX IlJ'IKOB. 

IIo0ToMy 6en rHoceorroril'!ecKoro aHarrI1na, ycTaHaBJIIIBa10w;ero HanHa'Iemrn 

oT;a;errbHbIX '!acTe:n: <pllt3Il'IecKo:n: ycTaHOBKII, IICilOJibnyeMo:n: ;a;llil nccrre;a;onaHIIH 

KBaHTOB.hlX JIBJieHIIH, HeBOt3MO.lKHO npo;a;BIIHJTbCJI HU B YJICHeHUII <pIIt3Il'IeCKOH 

cyru;HOCTII 0TUX JIBIIeHIIH, HU TeM 6orree B <pUJIOCOtpCKOM aHarrune He06bI'IHOH 

CUTyan;UII B npo6JieMe nonHaHHJI MIIKpOMIIpa. To, 'ITO 6bIJIO IIOt3BOJIIITeJibHO 

UCCJie,a;oBaTellilM-IIepBOilpOXO;IJ;D;aM, eOt3.0:aBillllM nepB.bIH BapuaHT llRTepnpe-ra

D;IIU Teopn:n: }J;JIJI n;eMeHTHpoBaHHJI OT;a;eJibHbIX 0JieMeHTOB MaTeMaTII'IeeKoro 

an11apaTa B e;a;n:Hoe q>Ut3U'IeeKoe IlOCTpoeHue, TO eonepweHHO He;a;oeTaTO'IHO 

.O:JIJI crre;a;y10w;IIX IIOKOJieHHH IIeerre;a;oBaTeJie:n:, IIpIIt3BaHHblX IIpOHllKHJTb B ca.MyIO 

eyTb OTKp.bIT.hlX paHee KBaHTOB.hlX JIBIIeHUH II TeM eon;a;aTb OCHOBY .O:JIJI IlOIICKa 

cy6KBaHTOBOH Teopun CKp.bIT.hlX OT Henoepe;a;C'l'BeHHOro Ha6rr10;a;eHHJI eno:n:eTB 

.O:BII.lKeHHJI MHKpoo 6'beKTOB. 

Ho ;a;llil yeneIUHoro peweHHJI no;a;o6Ho:n: na;a;a'In npe.lK;a;e Beero Heo6xo;a;IIMO 
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OTipe)];eITeHHOH '!aeTH Hay'IHOro o6UieeTBa eepbe::mo TipOHHKHYTbeH Ba2KHOeTbIO 

::ia)];a'IH HeTipaBITeHU H 11:opa60TKH TiepBOHa'!aITbHOH TpaKTOBKH KBaHTOBhIX ::ia

KOHOB. B TIPOTHBHOM eITy'Iae HaXOl];KH OT)];eITbHhIX HeeITegoBaTeITeH oeTaHyTeH 

pa::ipo::ineHHhIMH pe::iyIThTaTaMH, He HeTIOITh:JOBaHHhIMH l];M Bblpa60TKH e)];H

noro B:JrMga. Ka::iaIToeb 6bl, goeTaTO'IHO ITHlllh o6paTHTh BHHMaHHe Ha l];OTiy

UieHHOe orpy6ITenHe, KaK Bee HeeITe11:onaTeITH Tipo6ITeMhl o6paTHTeH K TiepecMo

TPY eBoHx TIO:JHIIHH nenaBHeHMO OT aBTopHTeToB eTiopHUIHX eTopon. K eo-

2KaITeHHIO·, q>aKThl eBH)];eTeITheTBYIOT, 'ITO c;yUieeTBYIOUiee y Hae eo11:py2KeeTBO 

q>H:JHKOB n q>HITOeoq>OB He Tipe)];eTaBMeT eo6on: TaKoro Hay'IHOro eo11:py2KeeTBa, 

eTioeo6110:c.o BOeTipHHHTh HOBhie H)];eH H OTpellIHTbeH OT ne11:opa60TOK yKopeHH

BllleroeH HeTOITKOBaHHH KBaHTOBhIX HBITeHHH. 

B HOpMaIThHOM Hay'IHOM o6UieeTBe apryMeHTHpOBaHHOe pa:J'bHeneHHe Ta

KOro negopa::iyMeHu, KaK TipH'IHeITenu Beex HeTIOITh:JyeMbIX B q>H:JH'IeCKOH 

yeTaHOBKe :meMeHTOB K Tipn60py na6ITIO)];eHHH, TIOl];06Ho KpHKy pe6enKa B 06-

UieeTBe TpyeITHBhIX TipoeTaKOB: "A KOpOITh-TO roITbIH!" ,/J:OIT2KHO TipHBeeTH K 

eepbe:JHhIM TIOeITegeTBHHM: K TiepeeMOTPY Tipe2Kge YTBepgHBllIHXeH TIOIT02Kenri, 

K TIOITHOMY H:J'hHTHIO H:J gaITbHCHlllero o6paUieHU q>HITOeoq>eKHX eTieKyITHI(HH, 

BhlpOellIHX na neyga'IHhIX H OllIH60'!HhIX BbleKa:JbIBaHHHX oeHOBOTIOITO2KHHKOB 

HOBhIX q>H:JH'ICeKHX Bo::i::ipeHHH. Ho y nae Tipo::ipeHHH OT)];eITbHhIX y'IeHbIX B ea

MhIX Ba2KHeHllIHX BOTipoeax HeTOITKOBaHHH naKOHOB KBaHTOBOH MexaHHKH '!aeTO 

B006Uie oeTaIOTeH ne::iaMe'IeHHhIMH nay'IHhIM o6UieeTBOM HITH B ITY'IllleM eITy'Iae 

TipoeTo TipHHIIMaIOTeH K eBegenHIO 6e::i neo6xognMoro TicpeeMoTpa Tipe)];llleeT

nyIOUIHX TpaKTOBOK oeHOBHhIX oeo6ennoeTeH TeopHH. 

TaK, HaTipHMep, eonepllleHHO ne BhI:JBaIT l];OIT2KHOH peaKIIHH HeO)];HOKpaTHO 

oTiy6ITHKOBaHHhIH B 6O-x ro11:ax nhrnog .IJ:. II. BITOXHHIIena o TOM, 'ITO q>H:JII'Ie

eKHM o6'beKTOM n KBaHTOBOH MeXaHHKe HBITHeTeH He eaM TIO ee6e MHKpoo6'b

eKT, a MHKpoo6'beKT B OTipegeITeHHhIX MaKp_oeKOTIH'!eeKH nagaHHhIX yeITOBHHX 

[22, 23, 24]. Mna'!e rOBOpH, B o6UieM eITy'Iae o6'beKTOM OTIIIeaHHH B KnaHTO

BOH MexaHHKe HBITHeTeH MaTepnaITbHaH eneTeMa (M + µ), eoeTOHUiaH nn /IBYX 

pa::inopOl];HhIX TIO eBoen: Tipnpoge '!aeTeH. IlepnaH II:J HHX M IIMeeT OTipegeITHIO

Uiee ::ina'!eHne KaK MaKpoeKOTIII'!eeKHe yeITOBH_ll Hexognoro eoeTOHHIIH, KOTOpbIM 

OTBe'!aeT OTipe)];eITeHHaH BOITHOBaH <PYHKIIU. B Tipe2KHeM neTOITKOBaHHII KI!aH

TOBOH MexaHHKII oeHOBHOe BHIIMaHHe o6paUiaITOeb Ha MIIKpoo6'beKT µ, a Ma

KpoyeITOBH_ll ero eyUieeTBOBaHU OTHOeHITHeb K MaKpoeKOTIII'IeeKOMY TipII6opy. 

8To HBHOe negopanyMeHIIe BO:JHHKITO n::i-na Toro, 'ITO n TIOITHOeTbIO ITa6opa

TOpHOM OTibITe e TIY'IKaMH MIIKpO'IaeTIIII Ha'!aITbHble MaKpoyeITOBIIH eoeTOHHH_ll 

::ia11:anam1eh TipnroTOBITHIOUieH '!aeThIO · q>II:JH'!eeKon: yeTanonKII. Ho ga2Ke B Ta

KOM llKeTiepIIMeHTe OTHOeIITh llTY '!aeTb yeTaHOBKII K Tipn6opy na6ITIO)];eHHH 

BhirM)];eITO rpy6hIM HeKa2KeH1IeM eyTII geITa. A )];ITH TIITIH'IHOro )];ITH KBaHTOBOII 

MexaHIIKH TipIIMepa aTOMa BOl];Opoga MaKpoeKOTIH'!eeKOH '!aeTbIO M paecMa-
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TpimaeMOH CIICTeMhl JilllleTCJI CaMO JI;a:po aTOMa - npoTOH KaK Heno;a:BII2KHl,Ili 

ClllIOBOH n;eHTp, KOTOphlH na;a:aeT MaKpOCKOnII'IeCKIIe ycrroBHJI COCTOJIHllJI. OT

HeCTll 2Ke JI;a:po aToMa K mo6oir 'IacTu q>HtlII'IecKoro npu6opa CTOllh 2Ke Herreno, 

KaK II npu paccMoTpeHHII cnyTHIIKOB IOnIITepa caMy nrraJieTy C'IHTaTh 'Iac'rhIO 

q>II3II'IeCKOro npII6opa. KcTaTII, Y2K ecrru roBopIITh O KOCMII'IeCKIIX MaCIIITa6ax, 

TO K HIIM OTHOCJITCJI II acTpOq>lltlII'IeCKIIe KBaHTOBhle GKcnepIIMeHThl no lltlMe

peHIIIO lIIIHeli'IaThlX cneKTpOB q>OTOHHoro IItllIJ'IeHIIJI CorrHn;a ll 3Ben;a:. B GTIIX 

onhlTax, TaK CKanaTh, "npuroTOBll.lIIOll.\aJI 'IaCTh" KBaHTOBOMexaHH'IeCKoro GKC

nepIIMeHTa rrerrHKOM ;a:oBepeHa MaTJIIIKe npupo;a:e - pacKarreHHOH aTMocqiepe 

He6eCHhlX CBeTlllI. 

IlocKOllhKY MaKpOCKOnH'IeCKII na;a:aJIHaJI 'IaCTh M Bxo;a:IIT B Ka'IeCTBe onpe

;a:ellllIOll.\eH 'IaCTll B CaMY uccrre;a:yeMyIO CIICTeMy ( M + µ)' TO CTaHOBIITCJI 0'Ie

BII;a:HOH Heo6ocHoBaHHocTh OTMe'Iemrnro HaMII JTBep2K;a:eHIIJI M. A. MapKoBa 

0 TOM, 'ITO MIIKpocyfrI,eKTY He npllllllIOCh 6hl con;a:aBaTh KBaHTOBJIO MexamIKy. 

Ilpu 11ccrre;a:0BaJIIIII TOH 2Ke crro2KHOH cIIcTeMhl (M +µ)OH 6hlrr 6b1 ocB0602K;a:en 

lllllllh OT 11cnollhtlOBaHIIJI JCIIlIIITeJihHOro ycTpOHCTBa B ;a:eTeKTope MHKp0'Ia

CTIIII, OTCJTCTBlle KOToporo He M02KeT IItlMCHllTh ycTaHOBJICHHI:,Ie KBaJITOBOH 

MexaHIIKOH tlaKOHhl. A BOT cy6KBaHTOBJIO TeopuIO CKphlTOro OT Hae ;a:B112KeHIIJI 

MIIKpo'IaCTIIII eMy con;a:aTh 6hlll0 6hl tlHa'IIITeJihHO rrer'Ie, 'IeM HaM, 2KIITellllM 

MaKp0Mllpa. 

Pan'hJICHeHIIJI ,I(. IL BrroxuHn;eBa no GTOMY noBo;a:y ;a:orr2KHhl 61,rnu 61,1 BHecTII 

Heo6paTIIMhle lltlMeHeHIIJI B TpaKTOBKY TeOpllII B 'IaCTII onpe;a:erreHIIJI 11cxo;a:noro 

IIccrre;a:yeMoro o6'beKTa B KBaHTODOH MexaHHKe u CBJitlaHHhIX c GTIIM q>OPMYJIII

p0BOK IIOHJITHJI "q>II3ll'IeCKOH peallbHOCTH". 12 Bo BCJIKOM crry'Iae ;a:oJI)KHI:,I 6hlJill 

IIC'IetlHJTh 6et3B03BpaTHO co CTpaHHII Hay'IHOH ne'IaTII q>llJIOCOq>CKIIe IIOCTpo

eHIIJI, BOtlHIIKIIIIIe Ha BeCbMa 3hl6KOM C TO'IKII npeHHJI q>IItlllKII norro2KeHll11 0 

TOM, 'ITO MaKpOCKOilll'IHOCTh 11cxo;a:HoH CIICTeMI:,I npe;a:onpe;a:erreHa IICnOJihtl0Ba

HIIeM MaKponpII6opa. Ho HII'Iero GToro He CJIJ'IIIJIOCh. IlpII'IeM B 60JihllIIIHCTBe 

ny6rr11Kan;uir Ha GTy TeMy Bhlµ;DHHJTOe ,I(. II. BrroXHHD;eBI:,IM IlOJIO)KeHue npo

C,TO Il0JIHOCThlO IIrHopuponarroc1, 6en KaKoro-rr1160 06cy2K;a:eHIIJI. TaK, OCHOBHI:,Ie 

anorroreThl cy6'heKTIIDHo-np116opHoro HanpaBrreHIIJI - q>11rrocoq>hl IT. C. ,I(1,1IIIrre

BLirr, 
1II. C. ArreKce_eB u naTeM rpynna q>IIrrocoq>on 1m Y 2Kropo;a:a, BonrrraBlllle

MaJI q>II3IIKOM-TeopeTHKOM IO. M. JioMca;a:ne ((26], [27], [28], [29] u [30]), -

12Bnepa1,re t>Ta H,l\eJI 6w1a BLICKaoaaa ,U.11. BrroxHHQeBLIM a 1951 r. B cTaTLe [23a]; oaTeM ona npo

MeJILKHyrra Bero BLICTynrreHHH B 1958 r. Ha IIepBOM BcetOI<>t3HOM coaeniaHHH B CBJ!t3H C 06cy)K,11e1rneM 

npwrnaLI JIO.BBJICHH.B cTaTHCTH'IHOCTH KBaHTOBLIX .BBJieHHH: "B Moen: KOHQenQHH ,11erraeTC.B nom,ITxa 

yxaoaTL npH'IHHY nooarreHH.B 0Toro crry'lan:aoro xax crre,11cTBH.B BOOMO)KHOH CB.HOH MHKpO.BBJICHHM H 

MaKpOCKOilH'leCKOM o6cTaHOBKH." ([18], c. 422). ConocTaBHB t>TO BLICKaDLIBaHHe c enie 6orree pal!HHM 

YTBep)K,IICHHCM aaTopa B ero yqe6noM Kypce 1949 r. 0 TOM, '!TO "cTaTHCTH'leCKa.B OaKOHOMepHOCTL 

cyniecTByeT HeOaBHCHMO OT Ht3MepeHHM KaK o6'LCKTHBHa.B OaKOHOMepHOCTL npHpO)ILI" ([25], c. ,348), 

MLI y6e)K11aeMC.B a ,11aBHeM oapO)K,IICHHH y aBTOpa H)ICH, OKOH'laTeJILHO cqiopMyJIHpoaaHHOM HM e 

KHHre 1966 r. [22]. 
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rrpoµ;mrnmrrn rre'IaTaTb cBon crreKyrr.HTIIBHble Haµ;cTpOHKII, He o6paw;a.H HIIKa

Koro BHIIMaHII.lI Ha Heoµ;HOKpaTHO orry6rrIIKOBaHHOe OTKJIOHCHlle BrroxnH:u;enblM 

ncxoµ;Horo rryHKTa IIX aHTIIHay'IHhlX rrocTpoeHIIH. CoTpyµ;HIIKII HHcTIITyTa IIC

Topun ecTeCTBo::rnaHII.lI n TeXHIIKll BO rrraBe C ArreKceeBbIM yMyµ;pnJIIICb rrpo

µ;eMOHCTpIIpOBaTb KOJIJieKTIIIIHYIO Heo6'beKTIIBHOCTh, noo6w;e HC yrroM.lIHYII Hll 

oµ;Hoir pa6oTbl BrroxnH:a;eBa, B rroo)Ke HarrncaHHOM o6'beMHOM Tpyµ;e Ha TeMy 

o 6ocHonaHlI.lI KBaHTOBOH ·Teopnn [31]. 
O6ornerr MOJI'IaHIIeM na)KHCHIIIIIII BhlBoµ; .IJ:.H.BrroxnH:a;eBa o µ;BoHCTBeHHOH 

rrpnpoµ;e IICxoµ;Horo o6'beKTa (M + µ) II B . .fl. IlaxoMoB - eµ;niicTBCHHhlH II0 

qmrrocoq>oB, µ;enCTBIITCJibHO paonimaBIIIIIH Torµ;a o6'hCKTIIBHYIO IIHTepnpeTa

IJ;IIIO KBaHTOBOH MexaHIIKII Ha OCHOBe q>ll3IIKII arreMeHTapHbIX 'IaCTIIIJ; [32, 3:3]. 13 

Peµ;KnM, HO BeCbMa IIOKa0aTCJibHblM llCKJIIO'ICHHCM ll3 3Toro oaronopa IIrHopn

ponaH~ Ba)KHCliIIIero µ;JI.II Bbl.lICHCHH.lI o6'beKTHBHOro coµ;ep)KaHlI.lI KBaHTOBOH 

MexaHIIKII peoyrrhTaTa oKaoarracb MoHorpaq>rrn rrIIµ;epa q>IIrrocoq>oB no Borrpo

caM ecTecTnooHaHII.lI M. 8. OMeJib.lIHOBCKoro [34]. B llTOH KHnre B rrraBe 2, rro

CB.lirn;eHHOH rrpo6rreMe o6'beKTIIBHOH peaJibH0CTII n KBaHTOBOII Teopuu, aBT0p 

TaK)Ke o6xoµ;IITC.II 6eo yrroMHHaHlI.lI nµ;en BrroxnH:a;eBa 06 ucxoµ;Hon cIIcTeMe, 

HO n KoH:u;e KHnrn n paoµ;erre, rrocB.Hrn;eHH0M Teopnn noMepeHnir, norraraeTC.lI 

aTa IIp;e.lI KaK rrpnMep aHTnµ;narreKTII'IecKoro noµ;xoµ;a, oTpn:u;aIOw;ero 0THocn

TeJibH0CTh K cpeµ;cTBaM Ha6rrIOµ;eHn.lI (cM. c. 258-260). Bhlnoµ; .IJ:. H. BrroxnH

:u;ena 0CH0BaH Ha K0HCTaTa:u;Hll q>aKTOB µ;encTBHTeJibHOro rrpnMeHeHII!I KDaHT0-

BOH MeXaHIIKH K Ha'!aJibHblM CHCTeMaM, BKJIIO'IaIOrn;nM, Kp0Me MHKp0'IaCTHIJ;hl, 

ll K0HKpeTHble MaKp0CKOIIH'IeCKIIe oaµ;aHHble ycJI0BlI.lI ee µ;BH)KeHH.lI. IloaToMy 

TaKOH BblB0µ; He M0)KeT 6b1Tb 0TKJI0HeH q>nrrocoq>cKHMH coo6pa)KeHlI.lIMH. <l>n

rrocoq>cKHe )KC CHMIIaTHll anTopa KHnrn [34] Ha 3T0T pao IIp0.lIBUJIHCb BeCbMa 

'IeTKo. 14 

Iloµ;o6:iihln "rrrrIOparrHoM", Ha µ;ec.lITH!IeTll.lI OaMaJI'IUBaIOrn;nn Heyr(_)µ;Hhle 

DaMHble peoyrrhTaTbl, M0)KCT B03HUKHYTb TOJibK0 B TaK0M o6w;ecTDe CB06o

µ;Ho o6cy)Kµ;arow;nx q>Hrrocoq>cKne rrpo6rreMbl q>nonKn, KoTopoe µ;arreKo ew;1i He 

µ;ocTnrrro rroµ;rrnHH0 Hay'IHOH o6w;nocTn nccrreµ;oBaTerren GTHX rrpo6rreM. 

13Ho ero yMOJl'JaHlle JIBHO He 6bIJIO IlPE\IIHaMepeHHLIM, a JIBllllOCb peoyllbTaTOM yny111e1111.11 ca,mro 

aBTopa, KOTopLIH B csoeM nocTpoeH1111 o&beKTIIBHOH IIHTepnpeTaq1111 KBaHTOBoii MexaH11K11 He Y'III· 

TLIBM onpe11en.1110111ee OHa'!eH11e Ha'!anbHOH MaKpoo6cTaHOBKII. 
14TaK, B oTmt'llle OT csoeii npe,1nleii peoKoii Kp11T11K11 n1111ep0B KoneHrareHCKOH wKdnLI 011ecb 

M. 8. 0MellbJIHOBCKIIH 1111wb cnerKa Kp11T111CyeT feiioeH6epra, HO y>Ke c 11pyroii, npoT11Bonon0>KHoii 

CTOpOHLI: "TaKIIM o6paooM, B npoqecce IlOOHaHIIJI (o&beKTIIBHO peanbHOH) np11po11LI o6'belCTIIBHOe II 

cy6'beKTIIBHOe He I\Oll>KHLI npoTIIBOilOCTaBll.llTbCJI II OTPLI1laTbCJI 11pyr OT 11pyra, KaK B CBOeo6pa'3HOH 

<J>opMe nony'!aeTCJI y feiioeH6epra ... " ([33], c. 37). Csoe >Ke 11aoHa'!eH11e KaK <J>unoco<J>a asTop B111\IIT 

B 1111aneKTll'!eCKOM ocMLicneHHII <J>opMyn11p0B0K KonenrareHCKOH WKOllLI, a 11x nocl!E\IIHlle yTo'IHeH11.11 

npe11cTaB11TellJIMH 0TOH WKOllLI, no ero MHe111110, "cBlll\eTCllbCTBYIOT O HOBOM TOp>KeCTBe MaTep11a

llHCTll'leCKOH 1111aneKTHKII B <J>11011Ke." (c. 33). II011.11TH0, '!TO BLIBOI\ Brrox11Hqesa 1111waeT oc110BaH11B 

BCIO 0TY 11flaneKTH'leCKYIO, HO .HBHO He MaTep11arrllCTll'leCKYIO KOIICTpyKqlllO. 
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Ilp1rne;a;eHHhIIl D ;a;oKa3aTCllhCTBO 3Toro BhIBOp;a npIIMep BOBCC -He ep;IIHII':ICH. 

Mo11 OCHOBHa1! pa6oTa no npo6rreMe IIHTepnpeTaIIIIII KBaHTOBOH MexaHIIKII [2] 
noo6ll.\e He 06cy2Kp;arrach B coneTcKon: qmrrocoqicKo:ii: JIIITepaType, xoT11 Ha 3a

nap;e Ha ee gomo Bhlnarr onpegerrenHhln: ycnex. 15 TaKa11 2Ke r-1eCTh norrHoro 

3aMalI'IIIBaHII1! noCTIIrJia II MOII pa60Thl [35], [36]' Henocpep;CTBCHHO npo/~OJI

)KIIBUIIIC IIp;eII ,U.lI.BrroxIInIIena no nepecMoTpy npo6rreMhl II3Mepenuii II co/~ep

)KaBUIIIe pa3'hHCHCHII.H Heo6ocHOBaHHOCTII pa6oT yKa3aHHhlX BhIUIC anorroreTOB 

cy6'beKTIIBHo-npu6opHoro nanpanrrenII11. 

TaK 'ITO Ba)KHCHilla1! pa6oTa no ycTaHOBJICHIIIO o6'bCKTIIBHOro CTaTyca KHaH

TOBOil MCXaHIIKII npoBO)J;IIJiaCh COBCTCKIIMII qJII3IIKaMII 6c3 np.HMOH nop;gep)KKII 

co CTOpOHhl qJIIlIOCOqJOD, XOT11, KOHC'-IHO, HCKOTOphIC II3 HIIX CBOIIMII 3a6rry:iK;a;e

HII1!Mil n gyxe cy6'hCKTIIBHO-npII6opHOil KOHIICnIIIIII 3Ha'IIITCllhHO CTIIMYlIHpo

BalIII CaMII nOIICKII npaBIIllhHoro o6'b1!CHCHII.H DCCX oco6CHHOCTCH KBaHTOBhlX 

3aKOHOB. BbI11CHCIIIIIO 06'bCKTIIBHoro CTaTyca KBaHTOBOII Tcopun, JIC)Kall(Cro 

B OCHOBC CO3p;amrn peaJIIICTII'ICCKOH IIIITepnpeTaIJIIII KBaHTOBhIX 3aKOHOB, Mhl 

cnCIIIIaJihHO noCB11lI_\aeM CaMOCTO.HTCllh!IhllI pa3)];Cll. 

3. 06'heKTHBHhlH cTaTyc KBaHTOBOH 

MexaHHKH 

IlpC,K)];C ncero YTO'IHIIM, 'ITO rrro6oc Hay'IIIOC nocTpOeHIIC BCcr;a;a HCCCT n 

cc6c cy6'hCKTIIDHhIC '-ICpThl CBOIIX C03p;aTcrren, IIX 3IIaIIIIH II y6e2Kp;CHIIH. Tc

opCTII'ICCKa1! MO)];Cllh rrro6oro qJIIOII'-ICCKOro .HBlICHII11 !IC MO)KCT 6bITh IICKlIIO

'ICHIICM 1m aToro npamma. Ilo;a;o6no CKYJihnTopy, BhlfiIIparolI_\eMy no cnoeMy 

ycMOTpCHIIIO MaTcpnarr )];Jlj[ cnoero TBopenn11, J'ICHhlC )];ll.H nocTpOCHIIH Teo

peTlI'ICCKOH MO!);Cllll MoryT Bhr6paTh paolJII'-IHhlC MaTCMaTll'-ICCKIIC cpC)];CTBcL II3 

apcenarra IIOBCCTIIhlX D ;a;aHIIYIO anoxy. B 3TOM crry'-Iae TeopeTH'-ICCKIIC MO!];Cllll 

O):\HOro II Toro )KC 11BJICHII1! I\WryT OTllll'-IaThC.H B ropaoµ;o 6orrhlllCil CTCIICHII, 'ICM 

CKYIThnTypIIhle nopTpCThl oµ;IIoro JIHIIa, BhlnOITHCHHhIC B paOHhIX MaTCpIIarrax. 

CaMhlll .apKIIII npIIMep aToMy - MaTpII'-IHa11 McXaHHKa rci'men6cpra II norr

nona11 MeXaHIIKa IIIpeµ;IIIIrepa. l.JepThl cy6'heTIIBH3Ma HecyT, CCTCCTBCHHO, II 

TOlIKOBamrn OTKphIThlX 3ara;a;o'IHhlX 3aKOHOMCpIIOCTCH, nocKOllhKY IIX aBTOphl 

. nhITaIOTCH Bhlµ;mrnyTh norrHOC 06'h.HCHCHIIC 6co DIIl];IIMhIX npo6crroB II TCM ca

MhIM BhlIIOlIHIITh pa6oTy, 6hlTh MO)KCT, IICCKOJihKIIX noKOJICHIIH IICClICl];OBaTClICH. 

15TaK, 6naro11ap.11 aToii cTaThe [2] 11 cTaTbe e Y<PH [19] .11 6hlJJ np11rnarneH e cocTae pe)1KOJJJ1er1111 

coo11auHoro e 1988 r. MeJK)1yHapo11Horo JKyp11ana "Foundations of Physics Letters", a M1rnaHcKoe 

Htl/laTeJJbCTBo Jaca Book e a1111HKJ1011e11H'IecKOlI cepHH EDO BhlllYCTHJJO MOIO KHHry, HtlJJOlKHBllIYIO 

HOBhlM Btlrill!/1 Ha cne11HaJJbHYIO TeOpHIO OTHOCH'.I'.eJJhHOC'NI [37]. 
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A GTO HCB03M02KHO cµ;crraTb, HC 3arrorrmur rrpo6crrhl cy6'hCKTHBHbIMH coo6pa

)KCHH1IMH, MITH, rrpolll,C roBOp1I, co6CTBCHHbIMH )l;OMbICITaMH. 

TaK 'ITO B o6lll,CM crry'!aC pC'Ib MO)KCT H)l;TH mUIIb 06 OTHOCHTC/lhHOM ypoBHC 

o6'beKTHBHOCTH IICTOITKOBaHH1I Hay'IHOro TBOpCHH1I H B03MO)KHOCTH µ;arrhHCH

wero cro IIOBbIIIICHH1I. Hay'IHO-CCTCCTBCHHhlC TBOpCHH1I 'ICITOBCKa TCM II OTITII

'!aIOTC1I OT rrpoll3BO/lbHhlX q>aHTa3HH, 'ITO B HHX o6'hCKTHBHOC COOTBCTCTBHe 

BHCIIIHCMY MHPY nccrµ;a 3Ha'IHTCIThHO rrpco6rraµ;acT Haµ; cy6'hCKTHBHhlM. Conµ;a

TCITh cTa'rHCTH'ICCKOH HHTeprrpcTau;HH KBaHTOBOH McxaHHKH MaKc BopH GTY 

MbIC/lh B@pa3HIT TaKHMH CITOBaMH: "ToT, KTO C'IHTacT, 'ITO cp;HHCTBCHHOH cy

lll,CCTBCHH.()H pcarrbHOCTbIO 1IB/11ICTC1I o6rracTh Hµ;cii, µ;yxa, HC 6yµ;cT 3aHHMaTbC1I 

CCTCCTB03HaHHCM. EcTCCTBOHCIIbITaTC/lb )KC )];0/l)KCH 6bITb pcaITHCTOM, OH /\0/1-

)KCH BH/J;CTb B CBOHX 'IJBCTBCHHhlX BIIC'!aTITCHH1IX HC'ITO 6orrhIIICe, 'ICM rarr

ITIOil;IIHau;nH, a HMCHHO HmpopMau;HIO, H/J;Yll.lYIO OT pcarrhHoro BHCIIIHero MHpa." 

([38], C. 207). B OTHOIIICHHH )KC KBaHTOBOH MCXaHHKH 3a 70 /ICT ce CJlll,CCT!30-

BaHH1I MHOroc rrp01ICHH/IOCb H B IIOHIIMaHIIII cc CJlll,HOCTII, II B Bhl1ICHCHIIII ee 

o6'bCKTIIBHOro CTaTyca. 

.il:cHCTBIITC/lbHO, H~ Bop, HarrpnMcp, II01ICH1ICT, 'ITO KBaHTOBOMCXaHH'ICCKOC 

OIIHCaHIIC HMCCT "coBepIIICHHO o6'hCKTHBHbIH xapaKTCp B TOM CMbICITe, 'ITO OHO 

o6xop;HTC1I 6c3 1IBHOH cchlITKH Ha KaKoro-rrn6o Ha6rr10µ;aTcrr1I" ([39], c. 142). 
B. I'cH3CH6epr TaK2KC IIO)l;'ICpKHBarr, 'ITO "KBaHTOBaJI TCOpH1I HC coµ;cp2KHT HH

KaKHX i];CIICTBIITC/lhHO cy6'hCKTHBHhlX 'ICpT, u OHa BOBCC HC paccMaTpnnacT 

C03HaHHe q>II3IIKa KaK '!aCTb aTOMHOro co6hlTII1I" ([40], C. '34). 16 

3.1. 0 TaK Ha3bIBaeMoe: oTHOCHTeJibHOCTH 

CBOHCTB MHKpoo6'beKTOB K cpe~cTBaM 

Ha6JIIO~eHHJI 

KorrcHrareHCKaJI IIHTeprrpcTau;H1I KBaHTOBOH MCXaHHKH, IIOMHMO rrry6oKoro 

q>II3H'ICCKOro coµ;cp2Kamrn GTOH TCOpHH, BKITIO'laCT HCKOTopyIO q>IIITOCOqlCKYIO 

Hap;cTpOHKY, 1IBHO 3aTCH1IIOlll,JIO 06'bCKTHBHhIH xapaKTCp GTHX 3aKOHOMCJ>HO

CTCH. lIMCHHo GTY II03HTIIBIICTCKYIO Hap;cTpo11Ky IIhlTaIOTC1I "p;Ha~CKTH'IecKn" 

OCMbICITHTh 6orrbIIIHHCTBO HaIIIHX q>IIrrocoq>oB, pa3BHBaIOlll,HX cy6'hCKTHBH0-

1103HTHBHCTCKHH B3r/11I)l; Ha TCOpIIIO. 

Cµ;crranHhlH ,r:i:. II. Brrox1rnu;cBhlM H3 aHamma q>aKTH'ICCKoro coµ;ep2KaHH1I 

KBaHTOBOII MCXaHHKH BhlBO)l; 06 HCXO/J;HOH CHCTCMC, OIIHCbIBaCMOH BOITHOBOH 

q>yHKu;neii, 1103B0/11ICT OCB06op;HTbC1I OT BCC06lll,cro 3a6rry2Kp;CHH1I 06 06.lma-

16B aTOM nyHKTe imgepoa KoneHrareHcKoii lllKonw <f,aKTH'<eCKH cy111ecTBeHHo nognpaamnoT uaurn 

"MapKCIICThI" 11'3 Y)Kropoga (29), (30), ynopHO HaCTal!BaJI Ha pe1lla10111eM t3Ha'leHl!II IIMeHHO <f,11K

ca111111 Ha6n10,1aTeneM IIOJIO)l(eHIIJI CTpeJJKII Ha np116ope. IloKaoaTeJlhHa TaK)l(e np110e,1eHHaJI Bblllle 

Kpl!Tl!Ka feiioeH6epra cnpaaa, ITOCKOJlhKY oHa CBl!AeTeJJhCTBYeT 06 onepe)l(aI0111eM pat3BIITIIII HiLilleii 

<f,11noco<f,1111 B HanpaBJJeHl!II CJ!IIJIHIIJI cy6'heKTIIBHOro II o6'heKTIIBHOro ([34), C. 37). 
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TelU,HOH IIpIPiaCTHOCTH H3MepHT€/IhHOro MaKponpu6opa K qiopMIIpOBaHHIO 

HaTJ:a/IhHOro COCTOHHIUI MHKpoofrheKTa. ::ho YTO'!HeHHe Brrox1mu;eBa /J;0IT)KHO 

6h1Th rrorro,KeHo B OCH0BY o6cyJKµ;aeMoH o6'beKTHBHOH TpaKT0BKII µ;aHHOH Teo

pIIH, HO ero BOBCe Heµ;ocTaTO'IHO /!;ITH OTKiIOHeHHH 0CHOBHoro II0/IO)KeHirn O pe

IIIaIOIIl,eH pomr rrpu6opa Ha OCTa/IhHhlX CTaµ;irnx 3KCIIepIIMeHTa C KBaHTOBhIMH 

CIICTeMaMH. 

O6111enpIIHHThllI ceHTJ:ac BhlB0/1; 06 OTHOCIITe/IhHOCTII CBOIICTB MIIKpoo6'beKTa 

K cpeµ;cTBaM Ha6rr10µ;eHIIH OCHOBhIBaeTCH Ha IIpII3HaHIIII pcrnaIOII.l,CH porrII rro

crreµ;y10111ero Bhl6opa TIIIIa BHelllHero B03/J;eHCTBHH Ha IICXO/J;Hhle KBaHTOBhie 

CHCTeMhI. OT 3TOro BhI6opa D;CJIHKOM 3aBHCIIT THI! q>IIKCIIpyeMhlX KOHeTJ:HhlX 

COCTOHHHH CHCTeM. To eCTh 6yµ;yT ITH qnIKcnpoBaThCH KOOp/J;HHaThl MHKp0'Ia

CTHD;hI B KOHeTJ:HOM COCTOHHIIII, II CO0TBeTCTBeHHO 6yµ;eT lI3MepHThCH rrpeµ;

CKa3aHHOe KBaHTOBOII MexaHIIKOH cTaTHCTIITJ:ecKoe pacrrpeµ;erreHue no 3TOM rre

peMeHHo:ii:, II/III )Ke 6yµ;eT IIpOBO/J;IITbCH He COBMCCTIIMhIH C rrepBhlM 3Kcrrepn

MeHT C qnIKcau;ue11 3HaTJ:eHIIH IIMIIYIThCOB MIIKPO'IaCTIID;hI B K0He'IHOM COCTOH

HIIH rrpn IIO/IHOM OTCYTCTBIIeM 1rnqiop1rau;nn O KOOpµ;irnaTe TJ:aCTIID;hI B 3TOM 

KOHe'!H0M COCTOHHHII. Cylll,eCTBOBaHHe TaKHX B3aHMOHCKiIIO'IaIOII.l,HX 3Kcrrepu

MeHTOB,, OTHOCHIIl,HXCH K <pHKCaD;IIH B KOHe'!HOM COCTOHHIIH lplI3HTJ:eCKlIX Be/IH

'IIIH ( COOTBeTCTBYIOIIl,He orrepaTOphl KOTOphlX He KOMMYTHPYIOT ), COCTaBJIHeT 

rrry6oxoe <plI3UTJ:eCKOe coµ;ep)KaHHe rrpIIHD;IIIIa /J;OIIO/IHIITerrhHOCTH, II HII oµ;Ha 

)];OCTaTO'IHO ITO/IHM IIHTeprrpeTaD;HH TeopHH He /J;OlI)KHa IIrHopnpoBaTh 3TY Ha

J'IHJIO IICTIIHJ. 17 

C µ;pyroH CTOpOHhl, IICTO/IKOBaHIIe yKa3aHHhIX HaJTJ:HhlX q>aKTOB B KaTJ:eCTBC 

)];OKa3aTC/IhCTBa OTH0CHTe/IhH0CTH CBOHCTB MIIKpoo6'heKTa K cpeµ;cTBaM Ha-

6moµ;eHIIH Bhl3hlBaeT ecTeCTBeIIHOe COMHCHIIe y CT0pOIIHHKOB BH/J;eTh BO BCJIKOM 

HaYTJ:HOH TeopmI OTpa)KeIIHe o6'hCKTHBHhIX CBOHCTB MaTepnarr1:,:ii:oro o6'beKTa. 

CchIJIKH Ha To, 'ITO <pII3IITJ:ecKHH rrpn6op ecTh orrpeµ;erreHIIM MaTepHarrhHM 

CIICTeMa, BCTJIIIIBlllaJI BO B3aHMoµ;eHCTBIIC C MIIKpoo6'heKTOM, He MoryT yc

TpaHIITh B03pa)KeHIIH IIO/J;iIIIHIIOro MaTepuarrIICTa no TOH npocTOM rrpII'IIIIIe, 

'ITO <pII3II'ICCKaJI TeopIIH B TaKOH TpaKTOBKC OKam,rnaeTCH He IIpIIMCHIIMOM K 

OIIHCaHIIIO TCX )KC rrpou;eccoB II3iIJ'ICHIIH aTOMOB, npoIICXO/J;Hlll,IIX B /J;OIICTOpII

'ICCKIIe BpeMeHa. 8To /J;ClICTBIITC/IhHO rrpunu;umrarrhIIaJI TPYAHOCTh OJ)TOIJ;OK

caJihHOM TpaKTOBKII. H µ;rrH ycTpaneHIIH 3To:ii: Tpyµ;nocTII nonce neµ;ocTaTOTJ:Ho 

17
CnegyeT yTO'IHllTb, 'ITO 11eocnop11MhIM cpaKTOM .HBJI.HeTc.H cyI.QeCTBOBaHne BtlallMOHCKJIIO'IakHl\eH 

CHTyaQttll no-oa HeCOBMeCTHMOCTH co6CTBeHHhIX BOJIHOBhlX 4>ynK1..v1H AffH TaKHX BeJHPlllH. <t>aKTOM 

TaK)Ke .HBII.lleTC.H 11 TO, 'ITO cpopMaJilltlM KBaHTOBOH Teopnn B COOTBeTCTBllll c npllHl\llilOM Ha6nI0-

11aeMOCTII cTporo patirpaHl!'IllBaeT tlTII paorrl!'IHhie acneK'rhI TeopeTl!'IecKoro on11cam1.H KaK gonon-

1111TerrbH1,1e gpyr K gpyry. OgHaKo oanpeI.QaTb 6ygyI.QeH cy6KBaHTOBOH Teop1m cKphIToro /IBl!)KeHl!.H 

Ml!Kpo'IaCTl!l\ 06'beg11H.HTb 0T11 gonomrnTeJibHhie cp11011'IeCK11e BeJIH'IIIHhI B eg11m,1i, TeopeTH'IeCKl!H 

o6pao 11eT II He MO)KeT 6bITb mrnaKl!X cepbetJHhIX ocHoBaHHH. CaMo pacnpocTpaHeHne Ha'Iana npirn

l\l!HHarrbHOH 11a6JII0/1aeMOCTH Ha 6ygyI.QyIO TeOpHIO 6bIJIO 6u paBHOCHJibHO oanpeTy Ha Hay<IHblll 

HOIICK Teop1111 CKpbITOro /IBl!)KeHII.H MHKpO'IaCTl!l\. 
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061.J.J,eII Bephl B o6'beKTIIBHOCTb :JaK0H0B MIIKp0MIIpa, Heo6xoµ;IIMO Ha:liTII µ;e11-

CTBIITellhHbie apryMeHThl rrpoTIIB na6rry:lKµ;eHIIH B rrpo6rreMe II:JMepemra B KBaH

T0BhlX .!IBlleHII.!IX. 

,Ue:acTBIITellbHO, BOt3pa:lKeHIIH qmrrocoq>cKoro xapaKTepa, KaK 6hl. HII, Ka:Ja

lIIICb 0HII HaM y6eµ;IITellhHhlMII, B0BCe Heµ;ocTaT0'IH0 /];ll.!I 0TKlI0HeHII.11 mo6oro 

YTBep:lKp;eHH.!I, BbIB0/];IIM0ro IIt3 ecTeCTBeHH0-Hay'IHhlX q>aKTOB. 18 Bo:JHIIKIIIIIe no· 

q>IIlIOCOqJCKIIM coo 6pa:lKeii:II.HM C0MHeHH.!I MoryT 6hlTb lllIIIlb II0B0/];0M µ;rr.11 6orree 

TJ.J.J,aTellbH0ro paCCM0TpeHH.!I Borrpoca C u;errbIO npoBepKII o60CHOBaHHOCTII pa

Hee cµ;erraHHoro BhlBoµ;a. 

,Urr.11 3Toro HaM npIIµ;eTC.11 o6paTIITbC.!I K µ;eTallbH0MY pacCM0TpeHHIO II 

cepbenHoMy nepecMoTpy Bce:a rrpo6rreMhl II:JMepeHIIH B KBaHToBo:a Mexamue. 

OTMeTIIM npII 3T0M, 'ITO MIIq> 06 IIC'IepllhlBaIOJ.J.J,eM II:Jy'leHIIII 3TOH npo6rreMbl 

npII c9nµ;aHIIII KOIIeHrareHCKOH IIHTepnpeTau;nu TeopIIII rrp0CT0 He C00TBeT

CTByeT µ;e:aCTBIITellbHOCTII, X0T.11 6hl B CB.!lt3II c npIIBeµ;eHHhlM BhlIIIe HaMII q>aK

T0M 0T0:lKp;eCTBlleHII.11 C npu6opoM Ha6rr10µ;eHH.!I Bcex '!aCTe:a 3KCIIepIIMeHTallb

HOH ycTaH0BKII, rrpeµ;Ha:JHa'leHHOH B 0CH0BH0M /];ll.!I B0Cilp0IIt3Beµ;emra q>ImII'le

CK0ro .!IBlleHII.11 B K0HTporrIIpyeMhlX rra6opaTOpHhlX ycrr0BII.!IX. B KpIITII'leCK0M 

aHalIII:Je HaM He npuµ;eTC.11 opIIeHTHp0BaTbC.11 HII Ha anTopIITeThl, HH Ha 061.J.J,e

npIIH.!IT0CTb 0T/];ellbHhlX YTBep:lKµ;eHHH. 

,U~IICTBHTellbHO, o6cy:lKµ;aeMhlll IlhlB0/]; 06 0TH0CIITellbH0CTII CBOHCTB MIIKpo

MIIpa K cpeµ;cTBaM Ha6rr10µ;eHII.!I µ;erraJIC.11 II rrnµ;epaMH KOileHrareHCKOH IIIK0llhl, H 

Ha HeM Heoµ;HoKpaTH0 HaCTaIIBall aKaµ;eMHK B. A. <DOK BO Bcex CB0IIX IlhlCTy

nrreHII.HX, Ha'IHHaR co cTaThII 1957 r. B Y<t>H [42]. A rruµ;ep HaIIInx q>nrrocoq>oB 

II:J H<t> AH CCCP M. 8. OMellb.!IHOBCKHH, BOnpeKII 0:lKHp;aHII.HM CTIIXIIHHhlX 

MaTepnalIIICT0B, TaK CKa:JaTb, 0CB.!ITIIll 3T0T BhlB0/J; cneu;IIaJIHCT0B OT IIMeIIII 

rrepeµ;ono:a q>IIlIOCOq>IIII: "OmICaHIIe q>IIt3II'leCKIIX .!IBlleHIIU Ha 0CH0Be uµ;e:a 0TH0-

CIITellbHOCTII K ycrronll.!IM (IIrrrr cpeµ;cTnaM) Ha6rr10µ;eHWI onHa'!aeT, 'ITO KBaHTo

Ban Teopu.11 conepIIIaeT HOBhl:a.IIIar n nonHamm o6'beKTIIBHO:a peaJihHOCTH npII

poµ;hl ... " ([34], c. 37). _Ilo nonoµ;y 061.J.J,ero npIIDHaHH.!I 06cy2Kµ;aeMoro Tennca 

n 1981 r. Ha TpeTbeM BcecoIO:JHOM COBeJ.J.J,aHIIH no q>IIlIOCOqJCKHM nonpocaM ec

TeCTB0:JHaHH.!I n cnoeM BbICTynrreHIIII .11 oco6o rroµ;'lepKHDaJI, 'ITO KpIITHKYCMa.K 

MHOIO "q>IIlIOCOqJCKa.H KOHu;enu;H.!I OTH0CIITCllbHOCTII CDOHCTD MIIKpoo 6'beKTOil K 

cpeµ;cTnaM aa6rr10µ;earur nocrre µ;rrnTellbHoro nepnoµ;a xorre6aan:a na nocrreµ;ane 

12-13 rreT 6blrra npHH.HTa IlO/];aBll.!1101.J.J,HM 60llbIIIHHCTDOM CODeTCKIIX y'leHhlx." 

([36), c. 386). 
18Mhl He 11on>KHhl cne11onaTb npHMepy IO. M. Jl0Mca11oe, KOTophlii cch!nKaMH Ha 11HaneKTH"IecK11ii 

MaTep11an110M paC"IHlllaIT MeCTO AIT.H csoeii HHTepnpeTaUHH KBaHTOBOii MexamtKH. TaK, B 1972 r. co

BCeM He s 11yxe /ICMOKpaTHOMa, ycTaHOBHBllleroc.H Tor11a Ha qmnoc0<pCKOM q>pOHTC OH IlHCan: "06e 

0TH KOHUeilUHH, 01111aKo, /IOIT>KHhl 6bITb OTBeprnyTbI KaK npOTHBOpe"IalllHe q>y1111aMeHTaITbHOMY no

no>KeHHIO•/IHaITCKTH"ICCKOro MaTepHanHOMa ... " ([41], c. 45). 
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3.2. 0 Heo6XOJ:lHMOCTH nepeCMOTpa npo6neMbl 
H:JMepeHHH B_ KBaHToBo:e: MexaHHKe 

K co2Kanemuo, H n pa6oTax .I(. II. BnoxHHIJ;eBa Mhl He Hair;a;eM np.llMhlX nonpa-

2KeHHH npoTHB 0Toir 06U1eIIpHIDITOH KoHn;enn;HH, 'ITO 6hlno CBH3aHo, KaK 6y;a;eT 

IlOKa3aHO HH2Ke, C ero KOHKpeTHOH He;a;opa6oTKOH B 'IaCTH npo6neMhl H3Mepe

HIIH n KBaHTonoir MeXaHHKe. Ilpan;a;a, oH Heo;a;HoKpaTHO H B necbMa o6panHhlX 

Bhlpa2KeHH.llX yKa3bIBan CTOpOHHiiKaM cy6'heKTHBHO-IIpH6opHoro no;a;xo;a;a Ha 

HeB03MO)KHOCTh B paMKaX opTO)];OKCaIThHOH TpaKTOBKH TeOpHH OilHCaTh KilaH

TOBhle npon;ecchl, npOHCXO)];HU\He n )J;OHCTOpH'ICCKHe npeMeHa ([22], c. 122; [24], 

c. 133). 8THM OH Bhl3hlBan .llBHOe 3aMeIIIaTe1IhCTBO B pH;a;ax CBOHX onnoHeHTOB, 

IIbITaBIIIHXC.ll OTK1IOHHTh nonpoc KaK HeKoppeKTHO IlOCTanneHHhlll H1IH npe;i;na

ranwiix MhlcneHHO nepeHeCTH Ha6mo;a;aTen.ll no npeMeHa ;a;HHonanpon. 

O;a;HaKO KyphetiHOCTh nceir c11Tya~H cocToHna B TOM, 'ITO n caM anTop 0Ton 

KpIITHKH, IlOX02Ke, He no;a;onpenan O HCBOGM02KHOCTH TaK2Ke H Ha OCHOBe panBH

TOH HM KoHn;enn;nn ;a;aTh nocne;a;onaTenhHoe onucaHIIe KBaHTOBhlX npon;eccon n 

;a;oIIcTopu'!ecKIIe npeMeHa . .I(nH 0Toro nonce He;a;ocTaTo'IHo ;a;eKnapaTHBHhlX na

anneHHH o npHnHaHHII o6'beKTHBHOCTII ;a;aHHOH HaJ'IHOii: TeopHH - neo6xo;a;HMO 

_IIMeTb ee BOil1IOU\eHHOH B CaMOM HaJ'IHOM J'IeHim, IIpH'IeM nocne;a;onaTe1IhHO 

BO nee CTa;a;1rn IIOBeCTBOBaHH.ll 06 0TOM Hay'IHOM 3HaHIIH. A TaKHM_ ·ucTO:IKO~ 

naHneM KnanTonoii Teop1rn .I(. II. Bnoxnnn;en He o6na;a;arr. IfonecTHo, KaKoii 

6onhlllOH ny_Th pan;a;yMHH npHlllnoch npoiiTH anTopy o;a;noro Hn nepnhlx y Hae 

y'Ie6HhIX Kypcon no KBaHTOBOH MexaHHKe 1944 r. [43]19 ;a;o OKOH'IaTenhHOro oco-

3HaHH.ll IIM B 1966 r. o6'beKTHBHOI'O CTaTyca HCXO)];HOH KBaHTOBOH CHCTeMhl. 

On npeo;a;onen Tor;a;a nHlllh nepnhlii: "6acTHOH" II03HTHBHCTCKon naµ;cTpOHKII 

KonenrarencKoii: lllKOIThl o npH6opnoM npoucxo2K;a;eunu MaKpooKpy2KeHH.ll ;a;nH 

MHKpoo6'beKTa. Ou IIOH.lln, 'ITO npHne;a;eHHhlX IIM elJ.le BO 2-M, paclllHpeHHOM, 

1m;a;annH cnoero Kypca20 npHMepon ancaM6neii ( aHcaM6n.ll KOCMH'IeCKIIX ny'IeH 

19Bi.mymeHHhlii eme 110 OKOH'laHHJ1·OTe'lecTBem1oii aoii11hl 0T0T Kypc ~- IL Bnox11H11eaa 11Men 

6onee 'lCM cKpOMHhlii B11/1 (e MJlrKoii ueaopa'lHoii o6no>KKe II Ha cepoii, no'lTH raoeTHoii 6yMare), 

HO IIJIJI MeHJI, KaK II /IJIJI Mnor11x ).fOJI0/lhlX JJIO/leii Moero epeMeHII, OH CTaJJ nyTeB0/IIITeneM B MHp 

oara/l0'lHhlX, He IIMelOII.IIIX paQH0HaJJLHoro o6'L.llcHeHIIJI aT0MHLIX JIBJJeHHH. clTy pe/lKYIO KHHry, 6y

/lY'lH CTy/leHT0M MocKOBCKoro IIH>KeHep110-cTpo11TeJJLH0ro IIHCTHTyTa, JI xo1111n B 1945 r. 11oy'laTL B 

'IIITaJJhHLIH oan B116n110TeK11 HM. A. C. IIyrnK1111a Ha CnapTaKoecKoH. Xopomo noMnro, '!TO y MeHJI 

', 6una II0CT0JIHHaJt TPY/IH0CTL oaana11eTL Tor11a e11HHCTBeHHhlM 0K0eMnJJJtp0M OTOH KH11r11, IlOCKOJl!,KY 

,, ee perynJtpH0 II0J'laJJ MOH K0JJJJera II IlOCTOJIHHLIH K0HKypeHT no IIIICTHTJTCKIIM K0HxypcaM CTy11e11T 

CepreH Bo>KH'I, KOTopLIH, a OTJJll'l11e OT MeHJt, TaK II He pem11nCJ1 6pocHTL IIHCTHTYT II cMeHl!TL 

cne1111anLH0CTL. KH11ra >Ke~- H. Bnox11H11eaa II c6opHHK CTaTeH KJJaCCIIK0B peJJJITIIBII0Ma (no11 pe-

11aK1111eH B. K. <l>pe11ep11Kca H ~- ~- HeaHeHKO) 0K0H'laTeJJhH0 Il0/1T0JJKHyn11 MeHJI Ha pem11Tem,HLIH 

' war JHTII e cepe/lHHe TpeTLero Kypca Ha HH>Ke11epHo-cfmo11qecK11H cf>aKyJJhTeT MMH. 
20Tor11a e 1949 r. MHe 11oaenoc1, anepalde ya1111eTL aeTopa y'!e6H11Ka, cLirpaernero CT0JJh ealfrnyro 

, ponL e M0eM Bld6ope nyTH na aero >KH0HL. Harn npocf>eccop H. E. TaMM CTaJJ np11rnamaTL CTJ/leHTOB 

CTaprn11x Kypcoe Ha CBOH 11ay'IHhlH ceM11Hap Ha M11yccLI, r11e Tor11a noMell.laJJCJI <l>HAH. JI y>Ke xo

porno tlHaJJ aero 0JIHTY 0Toro Hay'lHoro ceM1111apa. KpoMe npeno11aeaam11x y nae B HHCTIITJTe aKa/1. 
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II aHcaM6lllI paµ;IIOaKTIIBHhlX aTo:.mB) y,Ke µ;ocTaTO'IHO µ;me OTKlIOHeHIIJI Tpe-

6oBaHIIJI o6JI[3aTellhHOCTII yqacTIIH rrpIII'OTOBlIJIIOII.J;e:U: 'IaCTII rrpII6opa. B :)TOM 

pacurn:peHHOM II3µ;aHIIII Kypca KBaHTOBOH MexaHIIKII aBTOp B KOHIJ;e µ;o6aBIIJI 

crreu;IIallhHhl:U: rraparpaq> "HeKOTOpbie l'HOCeOJIOI'II'leCKIIe BOIIpochl", II3 KOTO

poro MhI, cTyµ;eHThl, BrrepBhle Y3HarrII o pe3KOM pacxo:iKµ;eHIIII aBTopa c H. Bo

poM n BOIIpocax IICTOlIKODaHIIJI KBaHTOBOH TeOpIIII. ,Il;rrH MeHJI, Trn;eTHO IIhITa

Blllel'OCJI IIOHJITh cyrn;HOCTh KBaHTOBOH MexaHIIKII, :)TO OTCYTCTBIIe corrraCIIJI 

Me:iKµ;y aBTOpOM yqe6HIIKa II co3µ;aTerreM _TeOpIIII O3Ha'IallO Ol];HOBpeMeHHO II 

OTCYTCTBIIe JICHOCTH cpeµ;II caMhlX KpyIIHhIX aBTOpIITeTOB B q>II3IIKe, a, crreµ;o

BaTellhHO,-II BO3MO:lKHOCTh MOlIOl];hlM q>H3IIKaM yqacTnonaTh B Ol];HO:U: II3 caMh!X 

IIHTepecHhIX, no MOeMy rrry6oKOMY y6e:iKp;eHHIO, o6rracTeH HayKII - n IIOIICKe 

o6'bJICHeHIIJI y:iKe OTKphlThIX, HO p;arreKO He OCO3HaHHhIX 3aKOHOB q>II3II'leCKOI'O 

MIIpa. 

B MOIIX pa6oTaX ([2], c. 146, [35] II [36]) IIOl];'IepKIIBaJIOCh, 'ITO II B crryqae 

CTaHp;apTHOI'O rrponcpO'IHOI'O OllhlTa B KBaHTOBOH q>II3IIKe COBepllleHHO Henpa

BOMCpHO rrpIII'OTOBlIJIIOII.J;yIO 'laCTh rrpII6opa OTO:lKl];eCTBlIJITh c IIpII6opoM Ha-

6rrrop;emrn. cha 'laCTh IIpII6opa OTHOCIITCJI K BOCIIpOII3Dep;eHIIIO o6'heKTa Iiccrre

l];OBaHIIJI n rra6opaTOpHhlX ycrromrnx, K Bhlp;erreHIIIO MaKpOCKOIIII'leCKIIMII cpep;

CTBaMII "'IIICTOI'O" KBaHTOBOI'O aHCaM6JIJI. Ha rrpaKTIIKe KBaHTODhle II3MepeHIIJI 

qaw;e ncero IIpO!3Ol];JITCJI co CMelllaHHhlM aHCaM6rreM. TaK, crreKTpOMeTpII'IeCKIIe 

H3MepeHHJI o6Hapy:iKIIBaIOT Mellb'la:U:ll!IIe rrpnMeCII aTOMOD HaTpIIH IIO xapaK

TepHOH :iKerrTo:u: JIIIHIIH Ha q>oHc II3JIY'leHIIH p;pyrrrx 0rreMeHTon, n P. Byp; 6h!rr 

nepBhlM, KTO rrpuMeHHll crreKTpoMeTpHIO B KpHMIIHaJIIICTIIKe. Bee 0TH 6aHallh-

M. A. JieoHToaw1a, npocp. r. C. JiaHp;c6epra H npocp. E. JI. <PeiiH6epra, nocTO.HHHoe .11p;po Teope

TH'lecKoro ceMHHapa cocTaBJI.HJil'I TaK>Ke npocp. M. A. MapKoB l'I npocp. B. JI. ThHo6ypr. Op;HalKp;hl, 

oanoop;aa K Ha'laJIY ceMm1apa, .11 npHOTKphln cnerKa p;aep1,, 'IT06h! p;o>Kp;aBIIIl'ICb nayoh! a paorosope 

Ha ceMHHape, BORTH B He6on1,1II0H no cospeMeHHhlM MaC1IITa6aM oan. B npocseTe npHOTKpldTOH 

p;aepH BldpHC0Bh!BaJ1c.11 .11pKoii BHelIIHOCTl'I HeHoBecTHhlH' MHe Torp;a y'leHhlH, OH ysepeHHO soccep;an 

Ha oTp;ellbHOM cTyne B caMoM QeHTpe Hay'IHoro OJIHMna. Ilpo1IIMhlr11ya na oap;Hl'IH p.1111 ayp;HTopHH, 

.. cpaoy >Ke HaBell cnpaBKY 06 0TOM y'leHOM C BHelIIHOCT!,10 pHMCKoro naTpl'IQl'I.H. YoHaB, 'ITO 0TO 

- BlIOXl'IH{1eB, .. 61dll npH.HTHO yp;HBlleH BCTpe'IeH C aBTOpOM y'le6HHKa O BOJIHOBaBIIIl'IX MeH.H Torp;a 

oarap;o'IHhlX oaKonax MHKpoMHpa. 

Mnoro noop;Hee B L(y6He .11 ysHp;ell yp;HBHTellbHYIO <PoTorpacpH10 L(MHTpH.11 HaaHOBH'la, Bhlnoll

HeHHYIO oaMe'laTeJibHhlM <PoTorpacpoM-nopTpeTHCTOM IO. A. TyMaHOBh!M. Ha 0TOH cp0Torpacp1m 

L(. H. BlloXHHQeB CH.HT CTO.Hll11'1M nop; nopTpeTOM M. JioMonocoaa cpep;H p;pyrHx Cl'II\.Hll11'1X Ha nepB!dX 

p.11p;ax l'IOBeCTHhlX y'leHh!X. <PoTorpacp IlOHMaJI MOMeHT, Korp;a IlOBO]lOT roJIOBhl BhlCTynaBIIIero co

BilaJI C noBO]lOTOM roJIOBhl Ha nopTpeTe. 8<P<tieKT nony'IHJIC.H n0Tp.11ca10111Hii: l\ll.H IlOJIHoro cxop;CTBa 

He XBaTalIO TOJl!,KO 6eJ1oro napHKa. <PoTorpa<l>H.H 0Ta 0KCilOHl'li>OBaJiac1, Ha BhlCTaBKe nop; HaDBaHl'leM 

"IloTOMKl'I JloMoHocoaa", .11 >Ke BhlnpocHJI ee y <tioTorpacpa K ceoei\ cTaTbe o L(MHT]ll'IH HeaHOBH'le a 

raoeTe "MocKOBCKl'IH YHHBepCHTeT" MapT, 1993), B KOTopoi\ ecT1, TaKHe ClIOBa o BHyTpeHHeM cxop;

CTBe c Belll'IKHM YHHeepcanHCTOM pyccKoii HayKH: "Ho p;a>Ke npocToe nepe'Il'ICJienHe paoH006patrn1,1x 

HanpaBJieHl'IH, B KOTO]lh!X nolly'leHhl 0TH I\OCTl'llKeHl'I.H, xapaKTepHoyeT nopaoHTellbHYIO MHOrorpaH

HOCT!, ero TallaHTa, IlOOBOll.HeT C'll'ITaT!, L(MHT]ll'I.H HeaHOBl'lqa I\OCTOHHhlM IlOCllep;oBaTeJieM BeCbMa 

pep;Koro yHHBepcanHoMa TBOp'IecTea, HI\Yll1ero B pyccKoii nayKe OT eenHKoro M. JioMonocoea H npo

p;on>KeHnoro TaKHMl'I y'leHh!MH, KaK L(. H. Menp;eJ1eee, B. H. BepHap;cKHH H C. H. BaBHlIOB." 

IIpnMe'laHne. 8Ta cpoTorpa<l>H.11 noMemeHa B HacTo.11meM c6opHHKe. 
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Hhle IICTIIHhl rrpIIX0):J;IITCK np;ecb rrpIIB0p;IITb, 'IT06hl II0Ka3aTb He0TBpaTIIM0CTb 

rrap;eHIIK rrepnoro "6acTIIOHa" KorreHrareHcKOH Hap;cTpoi'rKII. 

Op;HaKo caMhlH rrranHhlH rryHKT 3TOH Hap;cTpoHKII 06 0TH0CIITeJII.H0CTII 

CBOHCTB MIIKpoofroeKTa K cpep;CTBaM Ha6mop;eHIIK 0CTaBaJICK II0'ITII He 3aTpo

HJThlM rrap;emieM rrepnoro "6acTIIoHa". Ilpanp;a, rrponep;eHHoe B. A. <l>oKoM 

pac'!JieHeHIIe p;anI.Heiiweii q>II3II'IeCKOH ycTaHoBKII Ha ananumi:pyIOruyIO II peru

cTpupyroruyIO 'IaCTII 0TKphlBaJio IIJTI, K p;aJII.Heiiweii ofrI,eKTHBH3aD;IIII KBaHT0-

BOH TeopIIH H3MepeHIIH. Ho .IJ:. If. BrroxHHn;eny ncTaTI. Ha aToT rryTI. rroMewana 

ero TBepp;aJI ynepeHH0CTb, 'ITO JCHJIHTeJII,HhlH rrpou;ecc B p;eTeKT0pe rrpHHD;H

IIHaJibH0 Heo6xop;HM KaK arreMeHT Heo6paTHMOCTH KBaHT0Boro rrepexop;a n K0-

He'IH0e C0CT0KHIIe.21 If B CBK3II C 3TIIM OH p;a:arn IICKaJI npIIMep Toro, 'ITO "n 

npnpop;e M0)KeT ocy~eCTBlIKTl,Cj[ "AeTeKTOpHM CIITya~1f.H" ([24), c. 135). 3a

Me'!aHIIe ,n:. If. BrroxIIHn;ena O Hep;ocTaTO'IHOCTII p;nK HapyweHIIK KOrepeHTHO

CTII BOJIH TOJibKO pa3JIO)KeHIIK nop; p;eHCTBIIeM orrpep;erreHHOro aHaJIII3aTopa Ha 

CO0TBeTCTBJIO~IIe co6CTBeHHhle COCTOKHIIK IIMeeT BeCI.Ma Ba)KHOe 3Ha'!eHIIe 

p;nK ncero rrepecMoTpa TeopnII II3MepeHIIH B KBaHTOBOH MexaHIIKe. Y'IIIThlBM 

3TO 3aMe'!aHIIe, Mhl p;o6aBJIKeM, 'ITO Ha caMOM p;erre Heo6xop;IIM8JI Heo6paTII

MOCTI, BHOCIITCK Ha'IaJibHhlM aKTOB B3aIIMOp;eHCTBIIK MIIKpO'laCTIID;hl, a nonce 

ne ycumrTeJibHhlM rrpou;eccoM B p;eTeKTOpe. B IICKpOBI,IX KaMepax JCIIJIIITeJII,

HhlH npou;ecc nap;ep2KaH rrop;a'IeH BhlCOKOro HarrpK2KeHIIK, II OH He MO)KeT 0Ka

t3aTI, HIIKaKoro BJIIIKHIIK Ha p;aBH0 rrpowep;wyro MIIKp0'IaCTIID;y. Heo6xop;IIM8JI 

neo6paTIIMOCTI, M02KeT BH0CIITI,Cj[ TaK2Ke aKT0M pacrrap;a MIIKpO;IaCTIID;hl IIJIII 

CII0HTaHHhlM II3JIJ'IeHIIeM qJOTOHa non6y2Kp;eHHI,IM aT0M0M. MnKpoco6bITIIeM 

c Bhlp;erreHIIeM aneprIIII p;orr2KeH naK0H'IIITbCK rrpou;ecc pearrnnau;uu nepexop;a 

II3 B03M0)KH0ro B p;eHCTBHTeJII.Hoe, II3 ucxop;noro C0CT0KHIIK B op;Ho II3 B03-

M0)KHI,IX K0He'IHhlX COCTOKHIIH. 8TIIM )Ke MIIKpoco6bITIIeM 3aKaH'IIIBaIOTCK II 

. BCe KBaHT0Bhle npou;ecCI,I B npnpop;e KaK B p;oIICT0pII'IeCKIIe npeMena, TaK lI BO 

npeMeHa cy~ecTnonaHHK nonHaro~ero cyfr1,eKTa, rrocK0JII.KY rrpou;ecc1,r nponc

xop;KT, He p;o2KIIp;Mcb conp;aHIIK "p;eTeKTopHoii cuTyau;uu". TorrI.KO n cneu;uan1,

H0M nponepo'IH0M aKcrrepuMeHTe MaKpocy~eCTBY IIOTpe6yeTCK lICII0Jib30BaTb 

ycIIJIIITeJII, MIIKpoco6bITIIK p;o MaKp0CK0IIII'IeCKoro MacwTa6a. 

IIpuHn;umrnn1,HM cxeMa p;eTeKTopa 6hlrra paccMoTpena .IJ:. If. BrroxuHn;e

BhlM [22), (236]. On II0Ka3aJI, 'ITO p;eTeKTop ):J;0JI)KeH rrpep;cTaBJIKTI, co6oIO KBa-

21 B CBOeM OTBeTe Ha MOID pe11eHt1Hl() [44] Ha ero KHHry [22] ,[(. II. BlIOXHHQeB mtcan: "B 3TOH 

peQeHOHH B Qe/IOM IIO/IO)l(HTe/IhHO OQeHHBaeTC.11 MO.II pa6oTa, H, HaCKO/IhKO JI Mory CY/IHTh, peQeHoeHT 

'·cKnoHeH H,ll;TH µ;aJJhllle MeHJI B TOJJKOBaHHH KBaHTOBOrO aHCaM6n.H KaK 06'heKTHBHOlI peanhHOCTH . ... 

A. A. T.11nKHH C'IHTaeT, '!TO 11eTeKTop He JIB/IJleTC.11 06.11t1aTellhHh!M □BeHoM B npo11ecce npeo6paoo

BaHHJI HCXO/IHOro aHcaM6lIJI (KOTOphlH Mhl pa/lH IIpOCTOThl 6y/leM C'IHTaTh "'IHCThlM") B aHcaM6llh 

, cMernaHHhlH, BOOHHKaIDll\HH no1111e0cTBHeM a11anH□aTopa .... 01111aKo HMeeTCJI cyll\eCTBeHHaB TOH-

KOCTh, KOTOpaB see )Ke roBOpHT B IIO/Ih[IY MOeH TpaKTOBKH, ... TollhKO IIOC/Ie cpa6aTh!BaHHJI /ICTeK-

Topa '!aCTlU\a IIO/IIIOCThl() Tep.11eT CBO!() CBJl[lh C HCXO/IHhIM a11caM6/IeM H BMecTe C TeM cnoco6HOCTh 

.K IIHTepcf,epeHQIIH" ([24], c. 133 H 135). 
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3IIYCTOWIIIBYIO MaKpOCIICTeMy, B KOTopoii rro;a; ;a;eiicTBIIeM MIIKpO'IaCTIIIJ;hl pan

BIIBaeTC.11 MaKpoco6hITIIe rrepexo;a;a CIICTeMhI B HOBOe yeTOWIIIBOe IIOITO2KeHI:Ie. 

.Il:eTeKTOp II eCTI, TOT rrpII6op, K KOTOpOMY B IIOITHOlI Mepe OTHOCIITC.11 Tep

MIIH "rrpII6op Ha6n10;a;eHII.II". OH q>IIKCIIpyeT !paKT rrepexo;a;a KBaHTOBOlI CII

CTeMhl B KOHe'IHOe COCTOHHI:Ie. IlpII MHOroKpaTHOM ero IICIIOITb3OBaHIIII ;a;eTeK

TOp cTaHOBIITCH "rrpn6opoM 1mMepeHI:IH", rrocKon1,Ky c ero rr0Moru;1,10 orrpe;a;e

nHIOTC.11 BepOHTHOCTII rrepexo;a;oB B pa3ITII'IHbie KOHe'l:Hhie COCTO.IIHIIH. Ho ;a;eTeK

TOp He IIMeeT HIIKaKoro OTHOWeHillI K crreu;IIq>IIKe KBaHTOBhIX HBITeHIIH, K TeM 

oco6eHHOCTHM KBaHTOBhIX rrpou;eccoB, KOTOphle Ha3hlBaIOT OTHOCIITeITbHOCTbIO 

CBOHCTB MIIKpoo frbeKTOB. 22 

8TOT rrpou;ecc rrepexo;a;a KBaHTOBOlI CIICTeMhl (M + µ) II3 Ha'l:aITbHOro co

CTO.IIHI:IH, orrnchIBaeMoro BOITHOBOH q>yHKIJ;IIeii WM, B o;a;no 1rn BO3MO2KHhIX co6-

CTBeH~hIX cocTOJIHIIH <I>(L) ;a;nH Ha6n10;a;aeMoii LB KBaHTOBOH MexaHIIKe BO Bcex 

BapIIaHTax ee TpaKTOBOK rrpIIHHTO Ha3hIBaTb II3MepeHI:IeM. 8Ta enO2KIIBWcLHCH 

TepMIIHOITOrl:IH Ha caMOM ;a;ene IIMeeT IIOITHOe orrpaB;a;aHIIe TOITbKO B rrpe;a;enbHOM 

cny'Iae h _, 0. B KBaHTOBOM cny'Iae y Hae HeT OCHOBaHIIH C'IIITaTb, 'ITO )l;aHHOe 

nHa'Iem1e A; rrepeMeHHOII L 6hlno rrpIIcyru;e aToii BeITII'IIIHe L ;a;o Bon;a;eIICTBI:IH, 

BhI3BaBwero rrepexo;a; B HOBoe cocTO.IIHIIe WM -+ <I>;(L). ,n:o Bon;a;eiieTBIIH Ha 

IIexo;a;HyIO eI:IcTeMy ( M + µ) MIIKpO'IaeTIIu;a O 6na;a;ana TOITbKO IIOTeHu;nanbHOlI 

BO3~O2KHOeTbIO rrepexo;a;a B eoeTOHHIIe e ;a;aHIIhIM 311a'l:elllleM A;. 
Ha 0TOM yTo'l:11e11IIII neer;a;a HaeTaIIBan B. A. cf>oK B panBIITOH IIM IIIITepnpe

TaIJ;IIII TeopIIII 11a oeHOBe IIOTe11u;nanb1IhIX B03M02KIIOeTelI. JI yBepeH, 'ITO Bee 

11ey;a;a~m IIOIIhITOK rroeTpoeIIIIJI eTaTIIeTII'l:eeKOH TeopIIII eKphITOro )l;BII2KeHI:IH 

MIIKpo.'l:aeTIIIJ;hI o6yenonneHhI IIMeIIIIO rrpene6pe2KeHIIeM 0TIIM Ba2KllhIM YTO'Ille

IIIIeM B. A. cf>oKa. KnaceII'l:eeKyIO 6poy11oneKy10 'l:aeTIIn;y Mhl q>oTorpaq>IIpyeM 

MrllOBellHOH BeIIhIWKOII eBeTa IIMeIIHO B TOH TO'l:Ke IIOIT.lI MIIKpoeKona, B KOTO

poiI OHa 
0

6hlna ;a;o MrHOBerrnoro BKITIO'IeHI:IH eBeTa. ,Il;IT.ll KBaHTOBOH 'l:aeTIIIIhI B 

o6ru;eM eny'l:ae y Hae He MO2KeT 6hITI, yBepeUHOeTII B TaKOM ~3MepeHIIH p;a2Ke 

o;a;HoiI nepeMeHHOH. To~bKo B o;a;HoM eny'l:ae TaKalt yBepe11HoeTb no.imITJieTe.11, 

Kor;a;a Ha'l:aITbHOe eoeTOJIHIIe eIIeTeMbI y:lKe eonna;a;aeT e eo6eTBeHIIhlM eoeTO.!1-

HIIeM npII L = A;. K eo)Kanemno, B. A. cf>ox. He e;a;enan II3 Bcero aToro BhlBo;a;. 

0 BeebMa yenoBHOM IIpIIMeHeHmI TepMIIHa "II3MepeHIIe" B KBaHTOBOH MexaHIIKe . 

;a;rur !pIIKCIIpOBaHIIJI 3Ha'l:eHIIJI nepeMeHHOII ITIIWI, )l;IT.lI 6y;a;yru;ero coeTO.IIHI:IH MII

KpO'IaeTIID;hI if>;(L = A;) 

22311ecL MLI /IOlllKHLI OTMeTHTI, cnpaBe,lllHDOCTI, oaMe'iaHH.B <t>nnoco<t>a M. 0. OMeJib.BHOBCKoro, 
KOTOpLili nncan no noso,1y yTsepJK,1eHH.B ,II;. II. Bnoxnm1esa o BlIH.BHHH MHKpoo&!,eKTa Ha npn6op: 
"Ho paose KBaHTOBaJI MexaHHKa noy'iaeT TaKoro po11a aoo11elicTBH.B MHKpoo&!,eKTa Ha npn6op?" 
([34), c. 260). 
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3.3. KoHn;enn;HJI KBaHTOBblX nepexo~OB 

Eerrn He rrpn6eraTI, K urnpoKo paerrpoeTpaHeHHo:n:, Ho BeeoMa HeeTporo:n: 

TepMHHOITOrHH KBaHTOBbIX, lI3MepeHHH, TO pewaeMyIO KBaHTOBOH MexaHHKOH 

• naµ;a'Iy MO:lKHO 'IeTKO eqiopMyrrnpoBaTb KaK TeopeTH'IeeKoe rrpeµ;eKanaHne Be

poHTHOeTe:n: rrepexoµ;a H3 orrpeµ;erreHHOro MaKpoeKOIIH'IeeKH naµ;aHHoro Hexo

µ;Horo eoeTOHHHH KBaHTOBOH eneTeMbI B panrrH'IHble KOHe'IHble eoeTOHHHH e 

q>IlKeHpoBaHHbIMH 3Ha'IeHHHMH q>H3H'IeeKHX BeITH'IHH, HatlbIBaeMbIMH IIOGTOMY 

eo6eTBeHHbIMH eoeTOHHHHMH )];ITH µ;aHHOH qJH3H'IeeKOH BeITH'IlIHbI. Ilepexoµ;bl 

GTH rrponexoµ;HT B penyrroTaTe orrpeµ;erreHHoro .. BIIelIIHero Bonµ;e:n:eTBIIH Ha KBaH

ToBy10 eneTeMy' KOTOpbIM orrpeµ;eITHeTeH Kllaee q>H3H'IeeKHX BeITH'IHH, rrpno 6pe

TaIOIIl,HX qJHKeHpOBaHHble 3Ha'IeHHH B KOHe'IHbIX eoeTOHHHHX. 

Ho iiepexoµ;bI B KBaHTOBbIX eneTeMax MoryT rrponexoµ;HTI, lI eIIOHTaHHO noµ; 

BlllIHHHeM rrponeeeoB BtlaHMOµ;e:n:eTBHH rrn6o BHYTPH Been KBaHTOBOH eneTeM, 

KaK, HarrpHMep, B erry'Iae eIIOHTaHHoro Htllly'IeHillI q>OTOHOB Bon6y2Kµ;eHHbIMH 

aTOMaMH, rrn6o BHYTPH O)J;HOH H3 'IaeTe:n: eHeTeMbI, KaK B erry'Iae paerraµ;a Me-

30HOB B MenoaTOMax. <l>H3HKa arreMeHTapHbIX 'IaeTIID; µ;aeT MHOro rrpHMepoB 

errOHTaHHbIX rrepexoµ;oB KBaHTOBbIX eHeTeM, Korµ;a B penyrrnTaTe paerraµ;a 'Ia

eTHD;bI rr~ orrpeµ;erreHHbIM K~arraM rrpoIIexoµ;HT q>HKeau;HH eooTBeTeTBYK>lll,IIX 

BHyTpeHHHX KBaHTOBbIX 'IHeerr. 

TaK, rrpn paerraµ;e He:n:TparroHbIX K-MetlOHOB Ha µ;Ba rrnoHa BHyTpeii:Hee KBaH

TOBoe 'IHerro CP-'IeTHOeTH q>HKenpyeTCH paBHbIM +1, a rrpn paerraµ;e Ha Tpn 

IIHOHa OHO pa.BRO -1. lI 6eeeMblerreHHO errpalIIHBaTb, KaKoe :lKe 'IHerro 'IeTHOeTH 

rrpneyrn.e K-MenoHaM µ;o paerraµ;a. 0Ho y HIIX Heorrpeµ;erreHo: B TOM eMblerre, 

. 'ITO e orrpeµ;erreHHOH BepoHTHOeTbIO lc+l2 o6Hapy:lKHBaeT 3Ha'IeHHe 'IeTHOeTH 

+1 II eooTBeTeTBeHHo e BepoHTHoeTbIO jc-12 = 1 - lc+l2 o6Hapy:lKHBaeT 3Ha

'IeHne 'IeTHOeTH -1 . HerrbtlH ee6e rrpeµ;eTaBIITb, 'ITO B IIY'IKe y Hae µ;Ba eopTa 

K-MenoHoB: e CP-'IeTHOeTbIO +1 n -1 . .IJ:orrorrHHTeITbHhl:n: GKerrepIIMeHT no 

neerreµ;oBaHHIO BtlaHMoµ;e:n:eTBHH K-Me30HOB e Bern.eeTBOM o6Hapy)KIIT y HHX 

KBaHTOBble '!Herra eTpaHHoeTn S +1 n -1 . IIpnMeeI, aHTH'IaeTHD; {S = -1) 
o6HnaTeITbHO 06Hapy2KnT aKerrepHMeHT, eerrn TOITbKO lc+l2 -:/= lc-12 -:/= 1/2. -B 
OIIbITax e He:n:TparrbHbIMII K-MetlOHaMII HBHO BbleTyIIaIOT KBaHTOBble rrepexoµ;bl 

B BHµ;e paerraµ;oB 'IaeTnu;. CaM paerraµ; 'IaeTHD;bl q>HKCIIpyeT KBaHTOBOe 'IHCITO 

CP-'IeTHoeTH, Korµ;a K 0-MenoHa y.2Ke He cyrn;ecTByeT. AHarrorn'IHO n co eTpaH

HOCTbIO K 0-Me3oHa. Ee MO.:lKHO q>IIKCHpOBaTb He TOllbKO rrpH CHllbHOM BtlaHMO

µ;encTBHII MetlOHa C IIpOTOHOM, HO H rrpII peµ;KHX norryrrenTOHHbIX pacnaµ;ax. 

BeH npn6opHaH 'IaCTb 3p;ecb BbICTynaeT TOllbKO IlpH q>HKCan;HII IlpO)];)'KTOB pac

rraµ;a. AHarrntla.TopoM nµ;ecb BbICTYilaIOT CaMH rrn6o crra6ble BtlaHMoµ;e:n:CTBHH, 

q>IIKenpy10lll,lie pacnaµ; Ha 'IeTHOe IIITH He'IeTHOe 'IIICITO IllIOHOB H COOTBeTeTny-

10rn;y10 KOM6HHHpOBaHHYIO 'IeTHOCTb 'IaeTHD;hl, ITH60 CIIllbHble·nnaHMO)];eHCTBHH, 

q>IIKCHpy10lll,lie CTpaHHOCTI, 'IacTHD;bI . .IJ:onoITHHTellbHhle acneKTbI nµ;ecb He na-
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TeMHeHhI npII6opHOH CIITyau;IIei'r. IloaToMy conepUie1rno npaBIIllbHO oµ;ec1, ro

nopIITb 06 OTHOCIITenbHOCTII K noanMoµ;eHCTDII.llM, cneµ;y.H B . .H. IlaxoMony.23 

Ho, KOHe'IHO, II B aTOMHOH cpHOIIKe aHalIIIOaTOphI, BhIObIBaIOr.u;He KBaHTOBhle 

nepexop;hl, IIMeIOT TaKy10 )Ke ofrbeKTIIBHYIO npnpoµ;y. CnoHTaHHhle IIony'IeHII.lI 

non6y)Kµ;eHHhIX aTOMOB IIMeIOT er.u;e 6onee Hal'll.lil];HYIO ofrbeKTHBHYIO npnpoµ;y, 

Korµ;a B na6opaTOpIIII IIOY'IaIOT cneKTpbI <f>oTOHOD, npHUiel];IIIIIX OT µ;aneKHX 

onenµ;. TonbKO n IlOlIHOCTblO na6opaTopHOM OilhITe no npoBepKe KBaHTODhIX 

npep;CKaOaHIIH BOOHIIKlla TepMIIHOlIOI'II'IeCKaJI nyTaHIIIJ;a, KOI'p;a K npII6opy Ha-

6mop;eHII.lt OTHeClIII II aHalIIIOIIpy10r.u;y10 '!aCTb ycTaHOBKII, KOTOpaJI Bhlt3bIBaeT 

npeµ;cKaOaHHhle TeOpIIeH KBaHTOBhle nepexop;bI. 

KnaHTOBaH MeXaHIIKa Yl];IIBIITellbHhIM o6pat30M µ;aeT OITIICaHIIe BepO.lITHOCTeH 

TaKIIX rrepexoµ;on, OCTaBll.lI.lI na 'IepTOH CBOeH KOMIIeTeHIJ;IIII OIIIICaHIIe CaMIIX rre

pexoµ;on MIIKpO'IaCTIIIJ;hI B HOBOe COCTO.lIHIIe II COOTBeTCTBy10r.u;y10 rrepecTpOHKY 

Ha'!allbHOH BOlIHOBOH <PYHKD;IIII B BOlIHOBYIO' <PYHKIJ;IIIO KOHe'IHOI'O COCTO.lIHII.lI 

(npou;ecc peµ;yKIJ;lIII BOllllOBOI'O IIaKeTa). IlpII. :)TOM IICXOl];.lIT IIO paOlIO)KeHlIJI 

BOlIHOBOH <PYHKIJ;IIII Ha'!allbHOI'O COCTO.lIHII.ll WM n cynepIIOOIIIJ;IIIO co6CTBeHHhIX 

cocTo.lIHIIH <I>;(L) IIlIII <I>;(K) p;ll.lI paonII'IHhIX nenII'IIIH L IIlIII K: 

W; = I:c;<I>;(L) = I:a;<I>;(K), (3.1) 

rµ;e KoacpcpIIu;IIeHThI paono)KeHII.ll C; II a; µ;aIOT nepO.lITHOCTII COOTBeTCTBYIOI.IJ;IIX 

nepexoµ;on W;(L = A;) = lc;l2 II W;(K = K:;) = la;l2. Co6cTBeHHhle cpyHKIJ;IIII 

pat3lIO)KeHII.ll HaxOp;.lIT llt3 cneµ;y10r.u;IIX ypaBHeHIIH: 

L <I>; = .A; <I>; II K <I>; = K:; <I>;' (3.2) 

rµ;e L II K ecTb lIIIHeHHhle caMoconpJI)KeHHhle onepaTophI cooTBeTCTBy10r.u;IIX 

nenII'IIIH L II K. Co6cTn·eHHhle <f>YHKIJ;IIII Ka)K;i];OH nenII'IIIHhI 06pany10T rronHhIH 

Ha6op OpTOI'OHallbHhIX <PYHKIJ;IIH, 'ITO Ot3Ha'!aeT DOOMO)KHOCTb n106oii BeKTOp 

B rIIn1,6epT0BoM npocTpaHCTBe npeµ;cTaBIITb cyneprrooIIu;IIeH (3.1). 
KaK II BC.lIKaJI TeopeTII'IeCKaJI Moµ;en1,, KBaHTOBaH MexaHIIKa IIOllbt3yeTC.lI IIp;e

anIInau;IIeH µ;eHCTBIITellbHOCTII. ThK, KBaHTOBaH MeXaHIIKa IICXOi];IIT IIt3 BOt3MO)K

HOCTII CKOllb yrop;HO TO'IHOI'O orrpeµ;eneHII.ll MaKpOCKOITII'IeCKIIMII cpeµ;cTBaMII 

23Ho B onLITax c ny'IKaMn 0neMeHTapHLIX 'IaCTlfl1 HecKOJihKo TPYIIHee yBn11eT1, npncyTCTBne Ha
'IaJihHOH MaKpoo6cTaHoBKn, oa11a10meii Ha'IanbHoe cocTOJIHne nyqKa. K Hett OTHocnTCJI MecTo re
Hepa11nn HeHTpaJibHLIX K-MeooHOB n HaJilf'Ilfe BemecTBa nep~ perncTpnpyromeii ycTaHOBKOH, Y'IeT 

t>Tnx 06cTOJ1Ten1,cTB Heo6xo11nMo 1106aBnT1, K aHannoy, npoB~eHHoMy B.11. IlaxoMoBLIM (33]. ,I(py

roe 1106aBJieHne K GTOMY aHannoy cocTonT B paccMoTpeHnn 11eiicTBlfJ1 pereHepaTopa (BemecTBa 
nep~ ycTaHoBKoii) Ha ny'IoK, cocToJ1mnii Tonuo no 11onrm1mBymnx MeDoHOB (GP = -1). Ilpn

'IeM 6y11eM MLICJilfTh npoxo>K11eHne '!epeo ycTaHOBKY no O/IHOMY K-MeooHy. MLI yBnllnM, 'ITO B tlTOM 
onLITe, KaK B 0KcnepnMeHTe c nHTep<J>epeHQneii 011nHO'IHLIX <f>oToHoB, 1111J1 06'l,JICHeHnJ1 peoy111,TaTos 
He 06ottTnc1, 6eo rnnoTeoLI "nycToii" B011HLI. 
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0Tp;eJU,HhlX co6cTBeHHhlX ::maqemrii Aj IIlIII OTp;eJU,H0 K;.24 Ho KBaHTOBaJI Mexa

HHKa BHOCIIT II rrpmrr:i;mrnam,Hhle orpaHII'IeHII.lI, CBH3aHHhle C HeCOBMeCTIIMO

CTblO co6CTBeHHhlX <PYHKD;IIH HeKOTOphlX KllaCCOB q>II3II'IeCKIIX BelIII'IIIH. Ka

H0HH'IeCKH corrpH.lKeHHhle p;IIHaMII'IeCKIIe BelIII'IIIHhl KOopp;IIHaThl II IIMIIYllbCa 

"laCTHD;hl, KOTOphle B KllaCCII'IeCKOH MeXaHIIKe IIOlIHOCTblO xapaKTepII30Bal!II ee 

p;BH.lKeHue, B KBaHTOBOH MexaHIIKe rrorra;a;aroT B pa3lIII'IHhle KllaCChl HeCOBMe

CTHMhlX Me.lKp;y co6o:ii KBaHTOBhlX rrepexo;a;crn. OrrepaTOphl GTIIX q>II3II'IeCKIIX 

BelIH'IHH He KOMMYTIIpyroT, H II3-3a GToro HX co6CTBeHHhle COCTOHHIIH He co

BMeCTHMhl Me.lKp;y co6o:ii. 

tho 3Ha'IIIT, 'ITO rrpII rrepexo;a;e CIICTeMhl B KBaHTOBoe COCTO.lfHIIe C orrpe;a;e

JieHHhlM 3Ha'!eHIIeM HMIIYllbCa Pi (Llp; = 0) Mhl rrorryqaeM IIOlIHOCTbIO Heorrpe

;a;erreHHYIO KOOp)J;IIHaTy (Llq; = oo) B GTOM KOHe'IHOM COCTOHHIIII MOHOXpOMaTII

"leCKOH BOlIHhl <I>; = (21rh)-112 exp{ip;q;/h}. AHarrorII'IHaJI cIITyau;IIH rrorryqa

eTCH u IIPII q>HKCIIpOBaHIIII Koopp;IIHaThl q; (Llq; = 0). ,Il,lI.lf COOTBeTCTBYIOll.lero 

nepexo;a;a rrorry'IIIM KoHe'IHOe cocTO.lfHIIe c Llp; = oo. TaK 'ITO BO:JHIIKaIOll\IIe 

orpaHII'IeHII.lI - BIIOlIHe yMepeHHaJI rrrraTa na OTKphlBIIIeeC.l[ IIO:JHaHIIe rrepexo

p;oB cIIcTeMhl ( M + µ) B KOHe'IHhle CIIcTeMhl ( Ap + µ) IIlIII ( Aq + µ). BBep;eHHhlMII 

060:JHa'!eHH.lfMII Mhl XOTelIH rrop;'IepKHYTb, 'ITO rrorryqaeMhlM KOHe'IHhlM C0CTO

HHH.lfM C BOlIH0BhlMII <PYHKD;H.lfMH <I>;(p) II <I>;(q) OTBe'IaIOT CBOII MaKpoycrroBII.l[ 

Ap H Aq. 
HaM OCTaeTC.lf rrorry'IIITb CBep;eHIIH O Ha'IallbHOH CIICTeMe, II:JMepKH CTaTII-

. CTH'IeCKHe pacrrpe;a;erreHIIH f (p;) II p(q;). EcrrII OIIIIChlBaeTC.lf HeCTaD;IIOHapHoe 

C0CT0.lfHIIe, TO B COOTBeTCTBIIII c ypaBHeHIIeM illpep;IIHrepa 6y;a;yT BO BpeMeHII 

IIGM(lH.lfTbC.l[ II rrpe;a;cKa:JaHHhle pacrrpe;a;erreHII.lf. B GTOM crryqae II3MepeHIIH Be

poHTHOCTe:ii )];OlI.lKHO rrpoBO)];IITC.l[ B op;Ho II TO .lKe BpeMK )];ll.lf IIH)];IIBIIp;yarrbHhlX 

· co6hlTHH. 

3.4. CTaTHCTH"<IHOCTb KBaHTOBOro OilHCaHHJI 

. Ilpe.lK;a;e Bcero crre;a;yeT He rryTaTb GTOT TepMHH c KBaHToBo:ii cTaTIICTIIKo:ii, 

K0TOpaJI 0:JHa'IaeT IIpIIMeHeHIIe MeTO)];OB CTaTIICTII'IeCKOH q>II3IIKII K CIICTeMaM 

II3 HeCKOllbKIIX TO.lK)J;eCTBeHHhlX IIlIII B006ll\e II3 MHO.lKeCTBa KBaHTOBhlX qa

CTIID;, TO eCTb CTaTIICTIIKa <l>epMII - ,Il,IIpaKa )];lI.lf IIp;earrbHOro rana 'IaCTIID; C 

noJiyu;errhlM CIIIIHOM n CTaTIICTIIKa Bone - 8:iimnTenHa p;lI.lf IIp;eallbHOro rana 

. "laCTIIri C HyrreBhlM IIlIII C u;errhlM CIIIIHOM. 25 Hae n;a;ecb 6y;a;eT IIHTepecoBaTb 

24 II. ~HpaK no oToMy noso11y oco6o now1epKHsa.rr, "ITo 11n.11 npaKTH"leCKoro HcnonM3oBaHHJI aToii 

'a6cTpaKqHH KBaHTOBOH MexaHHKH noTpe6oBaJJOCb 6bt 6ecKOHe"IHOe npocTpaHCTBO npH HOMepeHHH 

.HMnyn&ca MHKpO"lacTHI\bt H 6ecKoHe"IHa.ll OHeprHJI 11n.11 noKaJJHOal\HH MHKpo"laCTHI\bt s TO"IKe. ([4], 
c. 145). Ho HMeHHO TaKHe Hl\eaJJHOHposaHHbte nepexOl\bt Mbt 6y11eM 11a.rree paccMaTpHBaTb, noCKOllbKY 

OHH nooaon.1110T HaH6onee nonHo cqiopMynHposaT& orpaHH"leHH.11 KBaHTOBOMexaHH"leCKoro onHcaHH.11. 
25Mbt o6paII\aeM BHHMaHHe Ha paonH"IHOe q>HOH"leCKOe co11eplKaHHe OTHX I\BYX 6nHOKHX no osy

KOBbIM npHOHaKaM TepMHHOB, HMe.11 B BHI\Y neaKKypaTHOCTb HX HcnonbOOBaHHJI B qimmcoq>CKHX Bbl-
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CTaTIICTII'1HOCTh IIOBeµ;emlll IIH;D;IIBIIµ;yarrhHhlX MIIKpoo6'beKTOB B oaµ;aHHhIX Ma

KpoycrroBiilIX. KorrII'1eCTBeHHhle xapaKTepIICTIIKII pearrIIt3YIOTC.ll ;D;lI.ll TaKIIX IIH

µ;1rnIIµ;yarrhHhlX KBaHTOBhlX CIICTeM B aHCaM6rre Het3aBIICIIMhlX IIOBTOpHbIX IIC

IlblTaHII:ll. ,IIcrrblTaHII.ll ;a;omKHhl IIpOBO;D;IIThC.ll C T02K;D;eCTBeHHhlMII KBaHTOBhlMII 

CIICTeMaMII (M + µ), KOTOpble COCTaBlI.llIOT HeKOTOpbIH KBaHTOBhlH aHCaM6ITb. 

To2Kµ;ecTBeHHOCTh TaKIIX CIICTeM, ecTeCTBeHHO, oatr;aeTC.ll lIIIlllh MaKpOCKOIIII'1e

CKII Bbl6opoM oµ;nHaKOBhl'.X MaKpoycrroBIIH M. TaK 'ITO KBaHTOBhlH aHcaM6rrh He 

eCTh KaKaJI-ITII6o eµ;IIHall q>IIt3II'1eCK8.ll CIICTeMa 1It3 MHorux '1aCTIID;, KaK B KBaH

TOBOH CTaTIICTHKe. B TeopIIII BepO.llTHOCTII TaKOMY aHCaM6ITIO GKBIIBarreHTHO 

6y;a;eT rraparrrrerrhHoe IIlill nocrreµ;oBaTerrhHOe 6pocanne IIrparrhHhlX KOCTe:ii. 

TaKIIM o6pat3oM, KOHD;CII~ KBaHTOBhlX nepexoµ;oB OCHOBblBaCTC.H Ha IIC

IIOliht30BaHIIII He TOlihKO KOHD;CIID;IIII IIOTeHD;IIalibHhIX BOt3M02KHOCTe:ii, HO II KOH

D;CIID;IPI KBaHTOBhlX aHCaM6rre:ii, KOTOpble B HallleH llIITepaType npIIH.HTO C'1II

TaTb Bt3aHMOIICKlII0'1aIO~IIMII. 8TOMY Heµ;opaoyMeHIIIO 6blrr IIOCB.ll~CH MOH ;a;o

Krra;a; Ha KOHq>epeHD;lIH B I'pen;IIH [45], B KOTOpOM 6blrra IIOKat3aHa BOt3M02KHOCTh 

IIX O 6'be;D;IIHCHII.H. 

KoHn;errn;u.a KBaHTOBhlX aHca.M6rre:ii 6Mrra Bhl;D;BIIHyTa II. q>oH He:iiMaHoM [46] 
B 1932 r. u t3aTeM pat3BIITa COBeTCKHl\m Y'1CHhlMH JI. II. MaHµ;errhllITaMOM [47], 
K. B. HIIKOlihCKIIM [48], [49] II ,II;. II. BrroxIIHD;eBhlM [25], [22] II [23]. B. A. <l>oK 

;a;e:iic;TBIITelibHO HCO;D;HOKpaTHO BhlCTynarr npoTHB yKat3aHHhlX Bblllle pa6oT co

BCTCKIIX y'1eHhlX, no;a;;a;ep2KaBllIIIX GTY KOHD;CIID;IIIO, Ho, npaBµ;a, CBOIO KpIITIIKY 

OH He pacnpocTpaH.Hrr Ha OCHOBOIIOITO)KHJIKa GTOH KOHD;CIID;IIII KpyIIHCHlllero Ma

TeMaTIIKa IIoranHa q>oH HenMana. MHe Bcer;a;a Kaoarruch Heµ;opaoyMeHIIeM Bhl

cTynrreHII.H B. A. <l>oKa, paoµ;elI.llIO~ero Bepo.llTHOCTHYIO TpaKTOBKY KBaHToBo:ii 

MCXaHIIKH, IIpOTIIB o6paoa MaTeMaTII'1CCKoro MHO)KCCTBa, Hat3blBaeMoro KBaH

TOBhlM aHCaM6rreM, Ha KOTOpOM pearrnoyeTC.ll GTa Bepo.!!THOCTHall TpaKTOBKa. 

JlIIlllh
0 

nocrre yxo;a;a IIt3 )Kllt3HII Bcex y'1aCTHIIKOB :lTOH ;a;ucKyccun .ll BHHMa

TClihHO paccMoTperr BOt3pa2KeHII.ll B. A. <l>oKa II HC02Kll;D;aHHO µ;lI.ll ce6.a 0·6Hapy-

2KIIrr B HIIX orrpe;a;erreHHOe pan;HOHalibHOe oepHO. True, OKat3aITOCh, 'ITO ·Be.!! apry

MeHTaD;II.ll B. A. <l>oKa B ;a;e:iiCTBIITelibHOCTH HaIIpaBrreHa He npoTHB caMoro 

KBaHTOBoro aHCaM6lI.ll KaK Ha'1aIThHOro KorrrreKTHBa, a rrpoTHB Toro, '1T06bl 

C'1HTaTh ero CTaTHCTH'1eCKHM KorrrreKTIIBOM. <PaKTH'1CCKH CTaTHCTH'IeCKIIe co

BOKJIIHOCTH, Ha KOTOphlX oa;a;ano pacnpe;a;erreHIIe Bepo.HTHOCTH, BOt3HHKaIOT B 

KBaHTOBo:ii MexanHKe Ha 6orree noo;a;ue:ii cTaµ;IIII oaBepllleHII.H rrepexo;a;a B KOHe'1- · 

Hoe cocTo.llHIIe. II, KaK rrpaBHlihHO OTMe'1arr B. A. <l>ox, norry'IaeMoe pacnpe;a;e

rreHne f(p;) HlIH p(q;) t3aBHCHT OT TIIIIa pearrIIt30BaHHoro B OllblTe aHaITHt3aTopa; 

TaK 'ITO Mhl ce:ii'!ac ;a;omKHhl corrracnThC.!I c B. A. <l>oKoM TOlihKO B TOM, '1T06LI 

BC Hat3bIBaTb IICXO;D;HLIH aHCaM6lib B KBaHTOBOH MCXaHIIKe CTaTIICTH'ICCKHM aH

caM6IT~M, HO He B TOM, 'IT06bl IIt3'h.llTh Ht3 paCCMOTpeHU.!I lICXO/J;Hblil aHCaM6lib,. 

C'l'YilDCHHJIX MHOl'HX aBTOpOB. 
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c,OCTO.HI.IJ,HII II3 MaKpOCKOIIII'leCKl'I To.aqi;ecTBeHHhlX He:JaBIICIIMhlX IIH)];IIBIIµ;yarrh

HbIX CIICTeM (M + µ), K KOTOphlM OTHOCIITC.H BOITHOBaJI cpyHKD;II.H IJ.i M· 

~eHCTBIITeITbHO, He BC.HKOe MHO:lKeCTBO .HBIT.HeTCJl CTaTIICTII'leCKIIM, a TOIThKO 

TaKoe MHO:lKeCTBO, Ha KOTOpOM oaµ;aHO pacrrpeµ;erreHIIe BepoJt:THOCTII. A Ha'III

HaJI C cpoH He:n:MaHa, Bee CTOpOHHIIKII KOHn;erru;1rn KBaHTOBhlX aHcaM6rre11 TpaK

TOBaITII IIX CTaTIICTII'leCKIIMII. B pa6oTe [45] K rrpep;ITO:lKIIIT KB<!-HTOilhie aHcaM-

6rru C'IIITaTb aHcaM6ITJlMII IIOTeHu;narrhHOll BO3MO:lKHOCTII, IIOCKOIThKY OHII rrpeµ;

CTaBITJlIOT co6o:n: MHO:lKeCTDa, )];ITH KOTOphlX oaµ;aHhl orrpeµ;erreHHhle IIOTeHD;IIaITh

Hble BO3MO:lKHOCTII rrepexoµ;?' IIX B p;eHCTBIITeIThHhle CTaTIICTII'leCKIIe pacnpe

gerreHIIJl paorrII'IHhlX q>II3II'!eCKIIX BelIII'llIH. TaKIIM o6pa30M, Mb! ITIIIIIHIIH pao 

IIO)J;'IepKHYITII Ba:lKHOCTh IIp;eII noTeHn;IIaITbHOii IlO3MO:lKHOCTII , pearrIIoyeMOII B 

xoge caMoro npou;ecca, naohrnaeMoro no Heµ;opaoyMeHuro "rmMepenIIeM". KaK 

BblnageHIIe KpIICTarrrra II3 nepechll.IJ,eHHOrO paCTBopa eCTh q>II3II'leCKHII npo

ri;ecc o6paooBaHII.H HODOII cpopMhl cy1.IJ,eCTDOBaHIIJl MOITeKyrr µ;anHoro Bel.Il,eCTBa, • 

TaK II KnaHTOBhle COCTO.HHII.H C q>IIKCIIpoBaHHhIM 3Ha'leHIIeM IIMIIYITbCa <f>(p;) 

eCTh uonoe KDaHTODOe COCTOJlHIIe, pearrII:JODaHHOe HO ncxoµ;Horo COCTOJlHIIJl 

'¥ M BecbMa crro,KHhlM npou;eccoM, rre,Kal.IJ,IIM oa rrpeµ;erral\rn KOMIIeTem.1:im co

BpeMeuno:n: TeopIIII. 

~arrhHe11IIIee pacxmKµ;eHIIe B. A. <l>oKa co cToponHIIKaMII KDaHTODhIX ancaM-

6rre:n: 6hlITO no Bonpocy, OTHOCIITCJl ITII DOITHOBM <PYHKD;IIH '1.i M K, O)];HQH 'laCTIIn;e 

urru K KBaHTOBOMY aHcaM6rrro. B 3TOM BOIIpoce o6e CTOpOHhI /:(orrycKarru ne

rrpOCTIITeITbHYIO orpaHII'IeHHOCTh no µ;aBHO peIIIeHHOH B Krraccn'!eCKOH. CTaTII

cruKe rrpo6rreMe. MbI Mo:lKeM aHarrorII'IHhlII nonpoc rrocTaBIITh II Ha rrpIIMepe 

nrparrhHhIX KOCTe11. Beµ;h cTaTIICTII'leCKoe cno:n:CTBO nh!naµ;emrn Ka,Kp;o:n: rpaHu 

B cpeµ;neM OKOITO 1/6 pearruoyeTCJl B CTaTIICTII'ICCKOM aHcaM6rre HC:JaBIICIIMhlX 

IIOBTOpHI,IX IICIIhlTaHIIH. Ho BMCCTe C TCM OHO onpe;a;errKCTCH II KOHCTPYKU:IICH 

caMOII IIrparrbHOH KOCTII, IIICCTIIrpanno:n: cTpyKTypoii ee Ky6II'!ecKoii cpopMhl. 

KocTb B DIIp;e OKTa3p;pa IIMerra 6hI µ;pyryro CTaTIICTIIKy 1/8. 
Crreµ;onaTCIThHO, II Il crry'!ae KDaHTOBOH MCXaHIIKII MhI )];O11,KHhl C'IIITaTb norr

HOBYIO cpyHKD;IIIO OTHOCHI.Il,eHC.H K O)];HOII 'laCTIID;C B MaKpOCKOIIII'ICCKII oap;aHHhlX 

ycrroBIIHX, HO K01III'ICCTDCHHO IIpO.HBITHIOI.Il,CH ce6H B aHcaM6rre noTCHD;liaIThHhlX 

BOOMO:lKHOCTeii, IIOCKOIThKY ancaM6rrh COCTOH'I' II3 HH)];HDIIp;yarrhHhlX MaKpOCKO

IIll'ICCKII TO:lK)];CCTDCHHhlX CHCTCM. B 3TOH cpopMyrrnponKe Mhl IIO)];'ICpKIIBaeM, 

.'ITO KOlIII'ICCTBCHHhlC xapaKTepIICTIIKII, II3DITeKaeMhIC II3 BOITHOBOH <PYHKU:IIH, 

OTHOC.HTCH TOIThKO K CTaTIICTII'ICCKIIM rrop;aHCaM6ITHM IIX pearrnoyIOI.Il,IIM, KOTO

pb!e DO3HIIKaIOT II3 Ha'!aITbHOro aucaM6ITH IIOTenu;uarrhHhlX BOOMO,KHOCTCH. Ho 

CaMII CTaTIICTII'ICCKIIe CBOHCTBa rrpuHap;rre:lKaT, KOHC'IHO, Irnp;unnµ;yarrhHhIM ClI

CTCMaM (M + µ) II B03)];CIICTillIIO Ha HlIX anarrnoaTopon panITH'IHOro Tnna :Ap 
II Aq.26 
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,U. II. BrroXHHIJ;eB rrpaBHJII,H0 Il0l];'iepKIIBaJI, 'ITO "cy6'beKTHBHaJI TpaKT0BKa 

BOlIHOBOH <PYHK~HH IIOKOHTCJI Ha □a6BeHHH ee CTaTHCTH'leCKOH cyll{HOCTH" ([25], 
C. 551). O/];HaKo OH qacTO Ha B0IIpOChl, II0CTaBJieHHhle HM 06 Ol];HOH MHKpoqa

CTHIJ;e, l];aBaJI 0TBeT, OTHOC.HIIJ;HHC.ll K aHCaM6mo qacTHIJ;. ThK, OH nHcarr: " ... 

K0Jib CKopo C00TH0llleHHe l];e BpoHJI.ll npH□HaeTC.ll npaBHJihHhlM, TO HMIIYlibC 

'!aCTH~hl p He MO)KeT 6bITb <PYHK~HeH KOOPAHHaTbI 'laCTH~hl x". ([25], c. 59). 
Ho COOTH0llleHHe Me:lKl];Y HMIIJJibC0M qacTHIJ;hl Il l];lIHHOH B0JIHhl l];0JI:lKH0 IlJI

JIIOCTpHp(>BaTbC.ll Ha ri:pn:Mepe KBaHT0Boro aHCaM6JI.H. B l];aHHOM crryqae GT0 -

noT0K M0H0Xp0MaTH'ieCKIIX 'iaCTilll; C HMnyJihC0M p He M0:lKeT xapaKTepII30-

BaTbC.ll KOOpl];HHaTOH x, KaK, BnpoqeM, Il noT0K KJiaCCII'ieCKIIX qacTIIIJ;. 

C l];pyro:i\: CT0p0Hhl, n. II. Brrmarnn;eB qacTo MaCKIIponarr IlCTIIHHhIH CMhlCJI 

KDaHT0Boro aHcaM6JI.H KaK C0B0KynHOCTil IIHl];IlBIIl];yarrhH0 npoBel];eHHhIX IIC

nhlTaHIIH C 0Tl];eJibHhlMil KBaHT0BhIMII CIICTeMaMII. IloGTOMY l];a:lKe ero l];pyr 

M.A.MapKoB n cBoe:i\: nocrrel];HeH pa6oTe no KBaHTOBOH MexaHuKe npu 06cy2Kl];e

HIIH cTaTIICTII'ieCKOH IIHTepnpeTan;m1 3al];aeT crrel];yIOIIJ;IIH nonpoc: "Ho KaK 

6hlTh C rrpel];eJibHhIMil CJIJ'ia.HMII "aHCaM6rr.H"' C0CT0.HIIJ;ero Il3 Ol];HOH CIICTeMbI, 

l];a:lKe Il3 Ol];HOH MIIKpoqacTIIIJ;bI?" ([50], C. 83). B GT0M Bonpoce 3BJ'IIIT JIB

Hoe HenoHIIMaHIIe Toro, 'ITO KBaHTOBa.H MexaHIIKa T0JihKO TaKIIe "aHcaM6rru" 

Il3 Ol];HOH qacTIIIJ;hl II paccMaTpIIBaeT. TaKIIM :lKe Hen0HIIMaHIIeM npoHII3aHa 

BC.II l];IICKJCCII.ll n. II. BrroXIIHn;ena C B. A. <POKOM no Bonpocy, OTH0CIITC.ll JIII 

KBaHT0Ba.H MexaHn:Ka K IIHl];IIDIIl];yarrhHOH MIIKpoqacTn:n;e.27 B cBoe:i\: pa6oTe no 

IIHTepnpeTaIJ;IIII KBaHTOBOH Teopuu, nOl];l];ep:lKIIDa.H .ll3hlK MaTeMaTII'leCKOH CTa

TIICTIIKII, HCnOJih30naHHhlH D KHHrax K. B. HHKOJihCKoro II n. II. Brroxn:Hn;ena, 

JI nee 2Ke Cl];errarr B ux al];pec crrel];yIOIIJ;ee 3aMe'iaHue: "O1];HaKo GTIIMH anTo

paMII 0CTarracb .HDH0 Hel];OOIJ;eHeHHOH OCH0nHa.H oco6eHHOCTh CTaTIICTil'iCCKIIX 

ancaM6rre:i\:, C0CTanrreHHhlX Im He n3aHMOl];eHCTnyIOIIJ;IIX Me:lKl];Y co6o:i\: qacTIIIJ;, 

KaK cpel];CTna nhl.HDJieHII.ll cnOHCTB 1];nI12KeHirn ·IIHl];IInIIl];yarrhHhlX o6'beKTOn." ([2], 
c. 160]. ,UyMaIO, nee nocrrel];yIOIIJ;Ile B03pa:lKeHH.ll n. II. BrroXIIHIJ;eBa npoTHn 

26
IIo noao11y aHammaTopoa 011ecb yMeCTHO 6y11eT HanoMHl!Tb cne11y101.Qee cnpaae11rrnaoe oaMe'IaHne 

,[\. II. BrroxnHQeaa: "8n1 cneKTparrbHble aHarrnoaTopbI He crre11yeT npe11cTaam1Tb ce6e 06,maTeJibHO 

B cI>opMe rra6opaTopHoro npn6opa" ((25], c. 77). 
27B 1952-53 ro11ax B. A. <l>oK npnKaooM BbICOKoro Ha'IaJibCTBa 6blrr HaoHa'IeH no coaMecTnTeJib· · 

CTBY Ha'IaJibHllKOM TeopeTl!'IeCKoro ceKTOpa B ,[\y6He. 'lepeo Ka)K/IYIO ue11err10 Ha HeCKOllbKO /IHeH OH 

npneo)KaJI HO JleHHHrpa11a a Tor11aumee IIaaHbKOBO 11 pa6oTarr, e OCHOBHOM, a HOMepe llHCTllTYTCKOH 

roCTl!Hllljbl. B OTllll'Ille OT Hae - MOlIO/le)KH, OH JIBHO TJI)KeJIO nepeHOCllll noceI.QeHl!e Teppl!Topm, 

IIucTnTyTa oa KOJIIO'IeH npoaorroKOH. B111111Mo, OTO 6blrro CBJIOaHo c ero TJI)KeJibIMll aocnoMl!HaHHJIMII · 

1938 ro11a. 

JI Tor11a qacTo np11eo)KaJI no MocKBhI 11 )Kl!JI B TOH )Ke rocT11H1111e. HecKOllbKO pao JI 11Merr aooMo"';· 

HOCTb 6ece11oaaTb c Brra1111MnpoM ArreKcaH11p0B11'IeM, npaa11a, He no aonpocaM KBaHTOBOH MexaHl!KII, 

a no TeOpllll OTHOCl!TeJibHOCTll, noCKOllbKY JI JI Mell aoopa)KeHl!e no noBO/IY YTBep)K11eHJIJI aKa11eMJ1Ka. 

a ony6rr11KoBaHHOH Tor11a B "Bonpocax <I>nrrococI>1111" cTaTbe 06 onpe11erreH1111 MeTpHKH Ha ocHoaaumi 

OHaHl!JI OaKOHa pacnpocTpaHeHJIJI CBeTa. 
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COOTHeCeHIIJI BOJIHOBOH q>YHKD;IIII K OIJ;HOH qacTIID;e IIO/J;TBep:iKp;aIOT crrpanep;rru

BOCTb cp;erraHHoro MHOIO Torp;a naMe'!aHIIH. 

4. 3aKJII0"9:eau:e 

PeaJIIICTII'!ecKoe IICTOJIKOBaHIIe KBaHTOBOH MCXaHIIKII, OIIIIpa.HCb Ha II3JIO-

2KeHHYIO Bhlllle 061,eKTIIBHYIO IIHTeprrpeTaD;IIIO 0TOH TcopmI, IJ;Oll2KHO CTaBIITb 

o6w;IIe rrpo6rreMhl, BhlXOIJ;Hll.lIIe na paMKII CTaHp;apTHOH KnaHTOBOH MCXaHIIKII. 

Ilepna.H nn TaKIIX rrpo6rreM eCTb IIpIIpop;a BO3HIIKHOBeHIIH caMOH CTaTIICTII'I- _I 

HOCTII KBaHTOBOMexauuqecKoro OIIIICaHIIH. B naBHCIIMOCTII OT perneHIIH 0TOH 

rrpo6rreMhl rro-panHoMy II/J;YT p;arrbHen:rnIIe rryTn IIOIICKOB CKpbITOro /J;BII:iKemrn 

MIIKpoqacTIID;, rre:iKaw;ero B ocHonc conpeMeHHOH opTop;oKcarrhHOH KBaHTonoii 

MCXaHIIKII. 

4.1. IlpHpo~a CTaTHCTHqHOCTH KBaHTOBhIX 

3aKOHOB 

8Ta 'rrpo6rreMa p;eHCTBIITerrhHo rre:iKIIT na rrpep;erraMII cTaHp;apTHOH Teopun, 

HO rrpep;rrorro:iKeHIIH OTHOCIITeJihHO ee perneHIIH ncerp;a rrpIICYTCTBOBaJIII rrpII 06-

cy:iKp;eHIIH HHTeprrpeTau;nn KBaHTOBOH MCXaHIIKII. He1rnom1ponaHHOCTb MIIKpO

o 6'beKTa OT MaKporrpn6opa BbIIJ;BIIrarracb rrpII'IIIHOH CTaTIICTII'IHOCTII KBaHTO

BhlX naKOHOB B KOIIeHrareHCKOH IIHTeprrpeTaD;IIII 0TOH Tcopnn . .IJ:pyry10 Kpaii

HIOIO TO'IKY npeHIIH BbICKa3bIBarrn CTOpOHHIIKII p;eTepIIMHHCTCKoro IJ;BII)KCHIIH 

MIIKp06'beKTOB: OHH C'IIITarrn, 'ITO CTaTIICTH'IHOCTb u;errHKOM o6ycrronrreHa rrpn

HHTbIM n KBaHTOBOH MexaHIIKC crroco6oM TeopeTII'ICCKoro orrncamrn. CTopoH

HHKII )KC o6'bCKTIIBHOH TpaKTOBKH TeopnII rrpIIllllIII K IIO'ITH ep;IIHOIJ;YlllHOMY 

MHCHHIO O IIpIIHD;HIIIIaJibHOH HeycTpaHHMOCTH CTaTHCTH'IHOCTH KBaHTOBOH Me

xaHUKH II O BaKyyMHOM rrpoIICXO:iKIJ;eHHH 0TOH CTaTIICTH'IHOCTH. 

ff Hep;aBHO HarrncaHHOH pa6oTe [51] JI IIOKanarr BO3MO2KHOCTb panpelllHTb 

0TOT KJiy6oK norrpocOB Ha OCHOBC paCCMOTpCHHH rrpep;CllbHOro rrepexop;a 1,, --, 0 . 
.IJ:en:CTBIITCJibHO, rrplI TaKOM rrepexop;e /J;OlI:iKHhl HC'!e3HYTb nee 'IIICTO KBaH

TOBbie rrpII'IHHbI CTaTHCTH'IHOCTH, CBH3aHHhlC C KOHC'IHOCTbIO KBaHTa p;eii

CTBIIH, II B TO )KC BpCMH /J;OJI)KHbI OCTaTbCH CTaTHCTH'IeCKHe 0q>q>CKTbI, o6ycrro

BlleHHhlC Bhl60pOM TeopeTII'!eCKOH cxeMhI OIIIICaHIIH. Ha BO3MO)KHOCTb TaKoro 

rrop;xop;a K Bhl.HCHCHHIO rrpII'IIIH CTaTHCTH'IHOCTII yKanhlnaeT p;aBHHH pa6oTa 

JI. II. Tepuen;KOro [52]. B 1937 rop;y OH orry6rrIIKoBau cnoe rrepnoe nccrrep;onaHne, 

BbIIIOJIHCHHOC rrop; PYKOBOIJ;CTBOM JI. M. MaHp;CliblllTaMa. B HCM aBTOp paCCMO

Tpeu rrpep;errhHhlH rrepexop; 1,, --, 0 p;rrH perneHnH ypanHeHIIH IIlpep;nHrepa, rro

CKOlihKY caMo 0To ypanHeHne He p;orrycKaeT TaKoro rrepexop;a. JI. II. Teprreu;Knii 

rroKanau, 'ITO caMo perncHne B rrpep;errhHOM crry'Ia.H 1,, --, 0 rrpenpaw;aeTcH B 
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BepOlITHOCTHYIO cxeMy orrncamrn ;a;nn:iKemrn KllaCCil'ieCKOII 'iaCTilll;hI, LJ:irn He

CTau;nonapnoro µ;BmKeHnlI BOlIHOBoro rraKeTa rrpII h --> 0 MbI IIMeeM nepo

lITHOCTHOe OIIIICaHne poll KllaCCII'ieCKIIX 'iaCTIIIJ; C pa3lIII'iHbIMII Ha'iallbHhIMII 

;a;anHhIMII. B 1927 r. IT. 8pempecT IIOKanarr, 'ITO u;eHTp BOlIHOBoro rraKeTa 

B npe;a;errbHOM nepexo;a;e h __, 0 ;IJ;BII:lKeTClI no TpaeKTOpIIII KllaCCII'ieCKOH 'ia

CTIIIJ;hI [53]. Ha caMOM :iKe ;a;erre II rrro6aH TO'iKa BOlIHOBoro naKeTa npII h --, 0 
COOTBeTCTByeT ;IJ;BII:lKeHIIIO 'iaCTIIIJ;hI ITO KllaCCII'ieCKOH TpaeKTOpIIII TOllbKO C 

;a;pyrIIMII Ha'iallbllhIMII ;a;aHHhIMII II COOTileTCTByIOr.u;eii: nlIOTHOCTbIO BepOlITHO

CTII. Ho, K co:lKarreHnIO, Ha pa6oTy JI. IT. Teprreu;Koro He 6brno o6par.u;eno ;a;orr

:lKHoro BHIIMaHillI. II n uayKe YTBepµ;IIlIOCb lIO:lKHOe MHeHIIe, 'ITO npe;a;errbHhIH 

rrepexo;a; h --> 0 6yµ;To 6bI 06ecne'i1rnaeT rrepexo;a; OT cTaTIICTII'iecKoro omrca

mrn KnaHTOBOH MexaHIIKII K ;IJ;IIHaMUKe KllaCCII'ieCKOH MexaHIIKII. 

B pa6oTe [51] MHOIO 6h!rro o6'blICHeno, 'ITO n crry'iae cTau;noHapHoro µ;BII

:lKeHIIlI. BepolITHOCTHall KllaCCII'ieCKall MeXaHIIKa, K KOTOpoii: B npe;a;errhHOM crry

•rne h --> 0 npmuerr JI. IT. Teprreu;KIIH, ;a;aeT pan;a;errhnoe onucaHIIe cTaTIICTII'ie

CKIIX pacnpe;a;errenIIit KOOp;IJ;IIHaT II IIMnyllhCOB 'iaCTIIIJ;hI, Il3lIThIX B ClIY,IaMHbie 

MOMeHThI npeMeHII C paBHOMepnoii: nrroTHOCTbIO pacnpe;a;erreHIIlI. ITepexo;a; OT 

TaKIIX nrroTHOCTCH pacrrpe;a;erreHII.lI p( q) II f (p) K TpaeKTOpIIll Il q>a30BOM npo

CTpaHCTBC npe;a;cTaBlllleT co6oii: cneu;IIallbHYIO naµ;a'Iy, KOTOpall BIIepBbie 6blrra 

nocTanrrena II peweHa MHOIO ;a;rrll oµ;HoMepnoro crry'iaH n pa6oTe [2]. ITpIIBe;a;en-

HOC HII)KC COOTHOWeHIIe: 
p2(q) 

IPlf(p) = lp'(q)I' ( 4.1) 

onpe;a;errlleT TpaeKTOpIIIO B qianoBOM npocTpaHCTBe ( q, p) no IIoneCTHhIM 'ia

CTHbIM pacnpe;a;erreHlllIM p(q) II f(p) ([2], c. 161). ThK, ecrru no;a;cTaBIIM ~ COOT

nowenIIe ( 4.1) pacrrpe;a;erreHIIlI ;IJ;llll Krraccn'l:ecKoro 

1 
p(q) = 1rfq{ - q2 II 

1 
f(p) = 1rJp5 - P2 ' 

r;a;e Qo II Po o6onHa'iaIOT MaKCIIMallbHhIC 3Ha'iCHIIlI rrepeMCHHhIX, TO IIOlIY'illM 

ypaBHCHIIe 3llllllnca ;IJ;llll qianOBOH TpaeKTOplllI KllaCClI'iCCKoro 

p2 q2 
2= 1 -2· 
Po Qo 

TaKIIM o6panoM, npe;a;errhHhIH rrepexo;a; h --> 0 rronBOlIIIll HaM ycTaHOBIITh, 'ITO 

KBaHTOBOMCXaHII'iCCKOC OIIlICaHlIC ;a;e:ii:cTBlITCllbHO co;a;ep:lKIIT npucyr.u;yro Bepo

.llTHOCTHOH KllaCClI'iCCKOH MCXaHJIKC 'IIICTO ycrrOBHYIO CTOXaCTlI'iHOCTh, CB.ll3aH

HYIO co crry'iaHHhIM BbI6opoM, Ha'iallbHhIX ;a;aHHhIX IllIII MOMCHTa ua6rrro;a;eHIIlI 

qianoBhIX nepeMeHHhIX. Ho K 3To:ii: ycrroBno:ii: cToxacTII'iHOCTII, CB.llnattno:ii: c np11-

HlITon: oxeMOH OIIIICaHIIlI, B KBaHTOBOM crry'iae h -:/= 0 ;a;o6aBll.!IeTC.lI npmm;urrn

allbHO IIHall CTOXaCTil'iHOCTh, o6ycrrOBlICHHall KOHC'iHOCTbIO KBaHTa ;a;en:CTBIIlI. 
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II B 0TOM MO)KHO y6ep;IITI,C1l pa3lIII'IH!>lMII cnoco6aMII. Ilpe2Kp;e Bcero Ha OCHOBe 

COOTHOllleHII.lI ( 4.1 ), KOTopoe 1:1orry'IeHO 6en KaKIIX-JIII6o )];IIHaMH'IeCKIIX npep;

noJIO)KeHirn: 0 TpaeKTOpirn. Ilo0TOMY, norry'IIIB C noMOII.lbIO 0TOI'O COOTHOllleHII.lI 

0lIJIHnC )];JI1I q>a:JOBOll TpaeKTOpIIII KrraccII'IeCKOI'O OCQIIlIJIHTOpa, MO)KeM Tenepb 

nonhlTaTbC1I npIIMeHIITI, ero )];JI1I TOH )Ke QeJrn, IICnOJII,:JOBaB p( q) II f (p) )];ITH 

KBaHTOBOI'O OCQIIJIJI1ITOpa B OCHOBHOM COCTOHHIIH, a TaK)Ke II )];JIH 6poynoBCKOI'O 

OCQIIITJIHTopa, BnepBhle paccMoTpeHHoro H. H. Bororrro6oBhlM (54]. 0Kan1,rna

eTc1I o6a 0TII crry'IaJI He p;aIOT COBMeCTIIMhlX '!aCTell COOTHOllleHH1I ( 4.1). 8To 

03Ha'!aeT TOJII,KO op;Ho: CTaTJICTH'IeCKHe aHcaM6JIII p(q) II f(p) He COBMeCTlIMhl C 

npep;nolIO)KeHIIeM, 'ITO OHR norry•IeHhl npII p;BH)KeHIIII '!aCTII~ no O)J;HOll TpaeK

TOplIH D q>a:JOBOM npocTpaHCTBe. ,II;rrH 6poyHOBCKOI'O OCQIIJilIHTOpa 0TO nnomie 

ecTeC'l'BeHHOe :JaKlIIO'!eHire, IIOCKOJII,KY OH npep;cTaBJIHeT co6oii: p;BlI)KYlllJIOC1I n 

norre mw5 q •racTney, IICnhlThlBaIOlllJIO nenaDIICIIMhle crry'!allHhle TOJI'IKH, MCH1I

IOII.1He nOITHYIO 0HeprHIO II CaMY 0JIJIIInTII'IeCKYIO TpaeKTOpIIIO D q>a:JOBOM npo

CTpaHCTBe. 

,Il;rrH KBaHTOBOI'O OCQHlIJIHTOpa norry,reHHI,Ill BhlBOp; nop;TBep2Kp;aeT InJBe

CTHYIO TeopeMy q>OH Heii:MaHa O HeB03M02KHOCTII BBep;eHH1I CKpbIThlX napa

MeTpOBj no KOTOphlM MO)KHO 6@rro 6hl cenapnponaTI, p;BmKem1e no CKphlTOll 

TpaeKTOpIIII. 8To :JaKlIIO'IeHHe y2Ke He CTOJII, TpIIDHaJibHO, KaK n crry'!ae 6po

yuoBCKOI'O OCQIIlIJI1ITOpa, nocKOJibKY Tecipel\rn q>OH He:iiMaHa nop;neprarracb COM

HeHIIIO. 3p;eCI, )Ke Mhl IIMeeM :JaKJIIO'!eune, OCHOBanuoe Ha 06II.1IIX nOJIO)KeHII1IX 

MaTeMaTH'it)CKOll CTaTIICTIIKH, nOCKOllbKY COOTHOllleHIIe ( 4.1) 6hlJIO norryTJ:eHo 

6e3 lICnOlII,30BaHII1I naKOHOB KJiaCCH'IeCKOll IIlllI KBaHTODOll MexaHHKII. 

B pa6oTe (2] 6@rr paccMoTpen 6orree crro2KHhlll crry'!ai'1 pellleHIIH 06paTH011 na

p;a'!n orrpep;erreHII1I no nap;aHHhlM TJ:acTHhlM pacnpeµ;erreHII.lIM p(q) II f(p) cTaTII

CTn'IecKoro pacnpeµ;eJICHlI1I no pa3lllI'IHhlM TpaeKTOpII.lIM B q>a:JODOM npocTpan

CTBe. ,Il;JI1I 6poynoBCKOI'O OCQlIJIJIHTopa norry'IeHHOe COOTHOllleHUe npIIBOl];IIT K 

ecTecTBennoMy KaHOHHTJ:ecKoMy pacnpeµ;errennro no 0neprIIII. 0 penyrroTaTax 

l];ll1I KBaHTOBOI'O OCQIIJllIHTOpa MI,I noronopIIM HeCKOJII,KO no:J)Ke. 

,IJ;pyroii: MeTOI]; cpaBHeHH1I CTaTHCTII'IHOCTII KBaHTOBOII MeXaHIIKII II 6poyno

BCKOI'O l];BlI2KeHH1I µ;aeT paCCMOTpenne neo6hl'!HhlX q>opM npep;cTanrreHR1I OCHO

DHhlX ypanneHIIll COOTBeTCTBYIOII.IIIX npoQeCCOB. ,Il;JI1I KBaHTOBOH MeXaHIIKII B 

1927 r. Jlyn µ;e Bpon:rr1, npeµ;rro)KIIJI noByro qiopMy npeµ;cTanrreHIIH, oCHonaH

nyro Ha nop;cTaHOBKe B ypanHeHHe illpeµ;unrepa BOlIHOBOll q>yHKQIIII B BIIp;e 

'V = R exp(iS/h) [55]. On norry'IIIJI 0KBHBarrenTHYIO qiopMy npep;cTaBITeHR1I 

OCHOBHOI'O ypanHeHH1I KBaHTOBOII MexaHIIKII B BIIp;C crrep;yrorr1eII CHCTCMbI ypa

BHeHnn:: ypaBHeHne HenpephlBHOCTII 

op . ( vs) 7H + div pm = 0 
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II KnaHTOBhIH anarror ypannemur 51Ko6II - ThMIIJII.TOHa 

8S + (v1S)2 - !!:_ ['v2p - _!_ ('vp)2] = 0 
at 2m 4m p 2 p2 

C ;a;orrOJIHIITeJII.HhIM KBaHTOBhIM IIOTeHii;IIaJIOM 

_ 1,,2 ['v2p _ ('v p)2] 
VQ - - 4 m p 2 p2 ' 

r;a;e p = R2, a R II S eCTI, ;a;enCTBIITeJII,Hble cpyHKD;IIII. 

B 1947 r. coneTCKIIH «pII3IIK B. T. rerrIIKMaH (cM. [51]) rroKa3arr, 'ITO ypanHe

HIIe cl>OKKepa - 3HHlllTenHa µ;llil 6poyHOBCKOH 'IaCTIID;hI M02KHO rrpe;a;cTaBIITI, 

aHarrorII'IHOH cIIcTeMon ypanHeHIIH, HO c ;a;orrorrHIITerr1,HhIM rroTeHn;IIarroM ;a;mp

q>y3IIII 

Vv = mD2 ['v
2
P _ _!_ ('vp)

2
] 

p 2 p2 ' 

r;a;e D ecTI. Koacpq>IIn;IIeHT ;a;IIq>«py3IIII. 

0TJIII'IIIe 3HaKa rroTeHn;IIarron VQ II Vv TaIIT n ce6e rrry6oKIIH CMhICJI rrpIIHD;II

rrIIarr1,noro pa3JIII'III.H n rrpIIpo;a;e cToxacTII'IHOCTII aTIIX ;a;nyx rrpon;eccon. ,UnII-

2KeHIIe 6poyHOBCKOH 'IaCTIIIJ;I,I B03Myrn;aeTC.ll TOJI'IKaMII MOJieKyrr.HpHOH cpe;a;hl, 

;a;BII2KeHIIe )Ke KBaHTOBOH 'IaCTIID;hl B03Myrn;eHO CTOXaCTII'IHOCTI,IO IIHOH rrpII

po;a;hI, KOTOpa.H MaTeMaTII'IeCKII Bb!pa2KaeTC.ll MHIIMhIM KoacpcpIID;IIeHTOM D = 
i h /2 m. 3;a;ec1, Ba2KHO OTMeTIITI, y6h!naHIIe OT MaCChI 'IaCTIID;hI m aqiq>eKTa 

CTOXaCTII'IHOCTII, o6ycrronrreHHOro KBaHTOM ;a;encTBII.ll h. 

4.2. He~aqHble IlOilblTKH ycTaHOBHTb CKpblTOe 

)];BH:>KeHHe 

3;a;ec1, Mb! He 6y;a;eM ronopIITb o Hey;a;a'Iax ipaeKTopHoro orrIIcaHII.H ;a;nII2KeHII.H 

KBaHTOBhIX 'IaCTIID;, KaK HeCOBMeCTIIMhIX c caMOH KBaHTOBOH MeXaHIIKOH. 0lllII-

6o'IHOCTl, rro;a;xo;a;a ,U. BoMa rro;a;po6Ho 06cy2K;a;aeTc.H HaMII B pa6oTe [51]. 3;a;ec1, 

Mb! KpaTKO OTMeTIIM Tpy;a;HOCTII IIOIIbITOK CTaTIICTII'IeCKOro OIIIICaHII.H CKpbI

Toro ;a;BII)KeHII.ll KBaHTOBhIX 'IaCTIID;. 3TII IIOIIhITKII OCHOBaHhI Ha OThICKaHIIII 

Herrocpe;a;cTBeHHO HeHa6rr10;a;aeMOH cpyHKD;IIII IIJIOTHOCTII Bepo.HTHOCTII F(p, q) 
B q>a30BOM rrpocTpaHCTBe, IICXO;a;.H II3 rrpe;a;cKa3aHIIH KBaHTOBOH MexaHIIKII ;a;rr.H 

na6rr10;a;aeMhIX pacrrpe;a;erreHIIH f (p) II p( q). · 
HMeHHO TaKOH IIYTb IIOCTpoeHII.ll cpyHKD;IIII COBMeCTHOro pacrrpe;a;erre'HII.ll no 

IIMIIYJII.CaM II Koop;a;IIHaTaM IIJIII CMelllaHHOH MaTpIID;hI IIJIOTHOCTII 6hIJI B pa3-

Hble ro;a;h! II36paH, BOIIpeKII narrpeTaM H. Bopa, B pa6oTax neCI.Ma aBTOpIITeT

HhIX y'IeHhIX: E. BIIrHepa (1932), r. Benllil (1936), ,U. H. BrroXIIHn;ena (1940) 
II II. ,I(IIpaKa (1945) ( CM. JIIITepaTypy n pa6oTe [21). O;a;HaKo aBTOpaM 0TIIX 

pa6oT, KaK II IIX rrocrre;a;onaTelliIM, He y;a;arroc1, rrorry'IIITI. orrIIcaHIIe cKphIToro 
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ABII:li(eHIIJI MIIKpO'IaCTIID;, IIOCKOllbKY HangeHHhle IllIOTHOCTII BepOJITHOCTII B q>a-

3OBOM npocTpaHCTBe Bhlpa21rnJIIICI, qiopMaJII,HO JIII6o KOMIIJieKCHOH q>yHKD;IIen, 

mr6o B HeKOTopon o6rraCTII q>a30BhlX nepeMeHHhIX rrpIIHIIMalIII OTpHIIaTelII,HOe 

aHa':leHIIe. 

B npoBegeHHOM MHOIO aHaJIII3e KBaHTOBoro OCD;IIlllIJITopa B B036y2KgeHHOM 

COCTOJIHHH TaK2Ke IIOJIBIIlIIICI, OTpnn;aTeJII,HI,Ie BepOJITHOCTII grrJI HeKOTOphlX arr

JIIIIlTII':leCKIIX TpaeKTOpIIH ([2], CM. C. 173). 
IloJIBJieHne OTpIIn;aTelII,HI,IX BelIII'fIIH )J;lIJI CKphlTOII IIlIOTHOCTII BepoJITHOCTII, 

IIJIII B 06llieM crry':lae )J;lIJI HeHa6rr10;a;aeMOH IIlIOTHOCTII BepoJITHOCTII B q>a30BOM 

rrpocTpaHCTBe F(p, q), JIBHO CBn;a;eTelII,CTByeT O HeKoppeKTHOCTII, ;a;onyllieHHOH 

B caMoi'r q>opMyrrnpoBKe o6paTHOH aa;a;a':lu orrpe;a;errenHJI cKphlTOH BeJIII':IIIHhl 

F(p, q) Ha OCHOBe pacrrpe;a;erreHIIH p(q) II f(p), II3MepeHHhlX B MHoroKpaTHO 

IIOBTOpJieMhlX OKcrrepuMeHTax . .JJ:encTBIITeJibHO, IICXO)J;Hhie COOTHOUieHIIJI Krrac

CII':leCKOH cTaTIICTII'fecKon q>II3IIKII 

p(q) = j F(p, q) dp II f(p) = j F(p, q) dq ( 4.2) 

He COOTBeTCTBYIOT cyllieCTBY KBaHTOBOH MexaHIIKII, Bhlpa2KeHHOMY Hau6orree 

IIOJIHO II '"ieTKO B TaK Ha3hlBaeMOH KOHn;enn;IIII IIOTeHD;IIalII,Hl,IX B03M02KHOCTe:U. 

8Ta KOHD;errn;HJI 61,rna pa3BIITa COBeTCKIIM y'feHhlM B. A. <l>OKOM, a ee OCHOBI,I 

61,rnn aarro2KeHhl A. 8:uHUITenHoM II B. I'enaeH6eproM. 

4.3. Ha~e)K~bI Ha peweane npooneMbI 

CTaTHCT:HqecKoro Oll:HCaHHJI CKpbITOro 

~BH)KeHHJI KBaHTOBblX qacTHD; 

B pa6oTe [2] Mhl IlOKa3aJIII, 'ITO IIOHJITIIe CKphlToro )J;BII2KeHIIJI MIIKpo':la

CTIII.J;I,I BAOJII, HeKOTOpo:u TpaeKTOpIIII B q>a30BOM npocTpaHCTBe HeCOBMeCTIIMO 

B paMKaX o6llIIIX Tpe6oBaHIIH MaTeMaTII'feCKOH CTaTIICTIIKII c pacrrpe;a;errenn

: :j[MII BepoJITHOCTII, ;a;aBaeMbIMII KBaHTOBOH Teopne:u )J;lIJI Ha6rr10;a;aeMbIX BeJIII

~IIH. 8TO O3Ha':laeT, 'ITO IlOilbITKII pa3BIITHJI KBaHTOBOH TeopIIII Ha OCHOBe 

gIIHaMII'feCKoro ABII2KeHHJI O 6pe':leHI,I Ha npoBalI. 

Ho II CTaTIICTII'feCKIIH rro;a;xo;a; K IIOIICKY CKpbIToro )J;BII2KeHIIJI HaTalIKIIBaeTCJI 

:aa rrpIIHIIIIIIIIaJibHOe npenJITCTBIIe. IIonbITKII onncaTI, cnen;nq>II'feCKII KBaHTO

Bhle cBoHCTBa ( IIHTepqiepeHD;IIOHHhle oqiq>eKThI) B TepMIIHax KJiaccn-qecKon cTa

TIICTIIKII Bcer;a;a npIIBO)J;JIT K OTpIIn;aTeJII,HhlM 3Ha':leHHJIM )J;JIJ[ IIlIOTHOCTII Bepo

j[THOCTII, Han;a;eI.IHOH q>OpMaJihHO II3 CTaTIICTII'feCKOH TeOpIIII. JI Ha;a;eIOCh, 'ITO 

MI,I CMO2KeM npeo;a;orreTI, OTY Tpy;a;HOCTI,, IICilOlII,tJYJI cnen;IIaJII,Hhlll CTaTIICTII

':leCKIIH nogxo;a;, corrracoBaHHhlH c KoHn;errn;IIen noTeHn;narr1,Hux B03M02KHOCTen. 

lfaa':le roBopJI, Tpe6yeTcJI HOBhlH cTaTIICTII':lecKIIH no;a;xo;a;, B KOTopoM Y':IIIThl-

• 'BaJIOCI, 6hl, ':ITO norry-qaeMOe B KOHe'fHOM COCTOJIHIIII 3Ha'feHIIe "II3MepJieMoH" 
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BelIH'IlIHhl B o6rn;eM crry-ciae Hellbtlll C'IHTaTb COBiraµ;arorn;HM co ::rna-cieHHeM, rrpH

cyrn;nM aTOH Ha6moµ;aeMoH µ;o Booµ;encTBH.11 Ha cncTeMy, Bhl:JBaBinero p;aHHhlH 

KBaHTOBhlH rrepexoµ; 

B rrpeoµ;orreHHH Tpyp;HocTen perneHH.11 0TOH oaµ;a-cin Hae µ;orr2KeH Booµ;y

rneBll.llTh rrpnMep p;Byx BerrHKHX y-cieHhlX - Arrh6epTa 8nHIIITeHHa n_ Jlyn 

µ;e Bponrr.11, lIX rrry6oKa.ll yBepeHHOCTb B peallbHOCTb p;BH2KeHH.11 KBaHTOBhlX o6'b

eKTOB, CKphlTOro OT Herrocpep;CTBeHHoro Ha6mop;eHHH, HO He lIX yBepeHHOCTb 

B CKphlThlH p;eTepMHHli:JM B KBaHTOBhlX rrpon;eccax. 

lIµ;yrn;a11 OT 8nHIIITenHa Bepa B Heo6xop;HMOCTh coop;aHH.11 cy6KB.aHTOBOH Te

opnn CKphlTOro p;BH2KeHH.II KDaHTOBhlX -ciacTHD; eCTb Ba2KHeHIIIa!I lICXO/J;Ha!I rrpeµ;

IIOChllIKa µ;arrhnenrnero rrpop;BH2KeHH.11 no aToMy crro2KHenrneMy rryTn yrrry6rreHHH 

cyrn;ecTByrorn;en TeopHH. Ho CaMa BO:JMO)KHOCTb perneHH.11 0TOH rrpo6rreMhl He 

p;Oll2Kl!a, KOHe'IHO, 6aonpoBaTbC.II TOllbKO na Bepe n qmrrocoq>CKHX y6e2Kp;eH1I.11X. 

Kpanne Ba2Kno 6hlrro 6hl ern;e µ;o paccMoTpenn.11 KaKoro-rrn6o BapnanTa perneHn.11 

IlOCTaBlleHHOH rrpo6rreMhl IIOlIY'IlITb CTporoe p;oKa:JaTellbCTBO ep;HHCTBeHHOCTlI 

perneHH.11 oaµ;a-cili O cKphlTOM p;BH2KeHHlI MlIKpo-ciaCTlID;. 

HarrpOTHB, p;oKa:JaTellbCTBO MHOrO:JHa'IHOCTlI BO:JMO)KHI,IX perneunn, TO eCTb 

p;OKa:JaTellbCTDO COBMeCTlIMOCTlI co Been COBOKYIIHOCTbIO rrpep;cKa:JaHHH conpe

MeHHOH KBaHTOBOH TeopHH HeCKOllbKlIX pa:JlllI'IHhlX µ;orryrn;eHHH O cphlTOM /J;Bli

)Kell~H KBaHTOBhlX o6'beKTOB, oona-ciarro 6hl KpyrneHHe BCeH IlOCTaHODKlI rrpo-

6rreMhI ~rrn, B rry-cirneM crry-cia.11, nerrpmop;HOCTh cµ;erraHHhlX o6rn;nx p;ll.11 rrorry

-ciennhlx perneHHH TeopeTH'!eCKHX IIOChllIOK. B 0TOM OTHOIIIeHHlI BeCbMa rroy

'IHTerreH lICTOpH'IeCKHH rrpnMep C MexaHH'!eCKlIM o60CHOBaHHeM KllaCCH'IeCKOH 

arreKTpOp;HHaMHKH. B KOHD;e rrpornrroro BeKa Beneµ; oa BelIHKHM MaKcBelllIOM 0TY 

rrpo6rreMy IIhlTaJIHCh pernaTb H µ;pyrne y-cieHhle. Ho oaTeM IlyaHKape cTporo 

p;oKa:Jall M_HorooHa'!HOCTb perneHH.11 IIOCTaBrreHHOH rrpo6rreMLI n TeM CaMLIM Ha

Bcerµ;a ncKrrro-cinrr aTy oaµ;a-ciy no Hay-ciHOH rrporpaMMLI crreµ;yrorn;nx rroKorreHHH 

y-cieHHLIX. 

MaTepnarrHCTH'!eCKa!I Teopll.11 IlO:JHaHH.11 IIO:JBOll.lleT HaM Hap;e.llTbC.11, 'ITO B 

crry-ciae c KBaHTOBOH Teopne:0: MLI Bee 2Ke HMeeM µ;pyryro cnTyaQHro, rroµ;o6-

Hyro cpeHOMenorrorn-cieCKOH TepMOp;llHaMHKe n ee CTaTHCTH'IeCKOMY 060CHOBa

HIII00 KaK rrpeµ;ellbHOMY rrpu6JlIDKeHHIO B Teopuu MOlleKyll.llpHoro µ;BIDKeHII.11. Ilo-

0TOMY p;a:lKe eclIH H IIO.IIBHTC.11 Ta.Koe µ;oKa:JaTellbCTBO MHOrO:JHa'IHOCTH perne

Hli.11 oaµ;a-ciu O CKpLITOM µ;nmKeHim, TO OH µ;omKHO 6Y7J;eT pacn;eHHBaTbC.11 ne 

B Ka'!eCTBe OTpHQaHli.11 cyrn;ecTBOBaHli.11 CKpLITOro p;BH)KeHH.11 MHKpoo6'beKTOB, 

a rr1160 KaK rrpuHQHIIHarrbnoe orpaHH-cieHue p;ll.11 TeopeTH'!ecxoro rrpoHHKHOBe

Hli.11 D TaHHLI 0Toro p;BH2KeHII.11, rru6o KaK YKa:JaHHe Ha IlpHHQHIIHaJibayIO ne

rrpnrop;HOCTb HCIIOllb:JQDaHHLIX B TeopeTH'IeCKOM aHaJIH:Je MexaHHCTH'!eCKHX 

npeµ;cTaBrreHIIH. Ilocrreµ;mm napHaHT, ycTpaH.11.11 arHOCTHD;H:JM, npnoLIBaeT Hae 

K nouciy HOBLIX, 6orree paµ;uxarrhHLIX uoMeHeHim q>H:JJI-ciecxux npeµ;cTaBrreHHi 
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0 CKphITOM OT Herrocpe;a;cTDeHHOI'O Ha6mo;a;emrn ;a;nmirnHHH KBaHTODI,IX 'laCTHII, 
B IIelIOM )Ke 06cy2K;a;aeMaJI n;a;ecb IIPHHIIHIIHalihHaJI B03M02KHOCTh 0ClI02KHe

HHJI D crry'lae IIOJIBJieHHH ;a;oKatlaTelII,CTBa MH0I'0tlHa'lH0CTH peureHHH ce:ii:'lac, 
K0He'lH0, C0BCeM He aKTyarrhHa, II0CK0lihKY II0Ka He Han;a;eHO HH 0/];H0I'0 peure
mrn, C0BMeCTIIM0I'0 c KBaHTOBOII MexanIIKOH. II 6orree yMeCTHO 6y;a;eT HaII0M
HIITh n K0HIIe GTOH cTaThH o IIerrn, pa;a;n KOTopoii crre;a;yeT, He 2Karre.s: ycmum, 
HCKaTh perneHIIe IIOCTanrreHHOH na;a;a'IJI. 

TaK, CTporoe MaTel\rnTII'leCKOe peuremie rrpo6rreMhI 0IIIICaHirn CKpbITOI'0 
;a;nn2KeHirn B 0 61lleM crry'lae µ;ITH KBaHTOD0I'O C0CT0.lIHIIJI OTKpoeT YHIIKarrb
HYIO DOtlM02KHOCTh o6'hJICHIITh MeXaHIItlM II0JIBlieHII.lI lIHTepq>epeHIIIIOHHbIX 3q>
q>eKTOil ;a;rrJI oT;a;errhHhIX 'laCTIIII II II0HJI'I'h rrry6oKoe q>IItlII'leCKOe co;a;ep2KaHIIe 
KoprrycKyiI.HpH0-DOlIH0D0I'0 ;a;ya}IIItlMa ;a;e BpoH]IJI /];lIJI IIII;D;IIBIIp;yarrhHhIX o6'beK
TOD, a TaK2Ke II0lIH0CThIO 0C0tlHaTh rrpII'IJIHY IIpIIIIIl;HIIIIaJihHOli CTaTIICTII'IH0-
CTII JIDITemrn MIIKp0MIIpa, rrorpy2KeHH0I'0 ncer;a;a D MaKp0K0CMOC pearrhH0I'O 
MHpa. 
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KoJIJieKTHBHhle MO;r:J;bI KX,[(, 

HHp;yn;Hp OBaHHbie O)];HO po )J;HbIM 

caMo;a;yaJibHbIM 

BaKyyMHblM I' JIIOOHHblM IIOJieM 

r .B. EqmMOB, C.H. He,n;eJibKO 
Jia6opaTopHH TeopeTH'IeCKoii tpH:JHKH HM. H.H. Boromo6ona 

06'be,l{HHeHHbIH HHCTHTYT H~epHbIX HCCJie,l{OBaHrrii, ,l{y6Ha 

.H.B. Bypp;aHoa, C.A. Corrymrn 
HnaHOBCKHH rocyHHBepcrrTeT 

CcpopMynnpo»a.Ho o6o6~eHne Moµ;enu HRM6y - lioHa-Jlamnmo, yTIHT~Bl!,IO~ee 

HaJIH'IHe BaKYYMHoro oµ;Hopoµ;Horo CaMoµ;yanhHOro rlIIOOHHOro nollll. ThKaJI IlaKYYM

HllJI KOHq>Hrypa.q:wr o6ecneqHBaeT aHMHTH'leCUIH KOHq>amIMeHT KBapKOB. YTieT cpo

HOBOro nollll B rnIOOHHOM nponaraTOpe »eµ;eT K TOMY, 'ITO 6eci.»eTHhle KOJIJieKTH

BHhle MO~hl onHCh!Ba.IOTCJI HeJIOKMhHhlMH KBapKOBhlMH TOKaMH C noJIHhlM HaoopoM 

KBaHTOBhlX '!HCeJI, BKJIJO'lllJI paµ;HanhHOe u op6HTMhHOe 'IHCJia. ScpcpeKTHBHllJI Me

OOHHllJI Teop:wr YlihTpacpuoneTOBO KOHe'JHa. IloKaoaHo, 'ITO BOaHMoµ;eHCTBHe cnHHa 

KBapKOB C BaKYYMHhlM rlIJOOHHhlM noneM Beµ;eT K pac~enneHHJO Mace nceBµ;OCKa

llllpHhlX H BeKTOpHhlX MeDOHOB C Ol];HHaKOBhlM KBapKOBhlM COCTaBOM (p-1r, K-K·). 
CneKTphl paµ;HMhHhlX u op6HTMhHhlX Boo6yllCµ;eHHH MeDOHOB, npeµ;cKaoh!BaeMh!e 

MOµ;eJihJO, JIBJil!JOTCJI 0KBHl];HCTll.HTHhlMH, T.e. HMeJOT peµ;llCeBCKHil xapa.xTep. Ta
Koe no»eµ;eIIHe cneKTpOB cneµ;yeT HO HeJIOKMhHOCTH KBapKOBoro nponaraTopa H 

MeDOH-KBapKOBhlX BepWHH, o6ycnoBlieHHOH BaKYYMHhlM rJIIOOHHhlM noneM. JJ:pyruM 

CJieµ;CTBHeM HeJIOKaJihHOCTH JIBlIJleTCJI TO, 'ITO B npeµ;ene TJlllCelih!X KBapKOB Macca 

KBapltOHHll CTpeMHTCJI It CYMMe Mace COCTaBJil!JO~HX 11:BapKoB, a Macca MeDOHa, co

CTOJl~ero HO ner1:oro u TJlllCenoro 1tBapwB, acHMnToTHTiecui pa»Ha uacce TllllCeJIOro 

1tBap1:a. 

,I:(MBTpmi HuauoBH'I Bno~eu, yqemmoM xoToporo noc'1acTmmmxoc1:, 

6MTI:, nepBOMY no aBTOpOB µ;aHHOH CT&TI:.ll, ueoµ;poxpaTHO rouopnn, 'ITO J:lIIO'I 

X JIOHBMaHlllO <1>nonx11 alleMeHTRplll,IX 'lacT~ lle)KHT, o6paouo BI:,IpruKMCL, "ua 

p;He a;a;poHHoro Ba.JtYYMa". IIHI:,IMll ClIOBaMH, ap;pOHHlull, mm, JIO COBp_eMeHHLIM 
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IIOHJITIIJIM, KBapK-rlIIOOHHhlH Ba.KyyM .l[BlIJieTCJI TOH cpeµ;oii, B KOTopoii reHe

pnpyeTCSI Bee MHoroo6pa3IIe Ha6rrroµ;aeMhlX arreMeH'i'apHhlx '!acTm:i;. II, crre

µ;oBaTelibHO, IIOHIIMaHIIe q>II3IIKII II yµ;a'!HaJI Moµ;errb BaKyyMa µ;omKHhl rrpIIBe

CTII K Ka'JeCTBeHHOMY II KOlIII'IeCTBeHHOMY OIIIICaHIIIO q>II3IIKII aµ;poHOB. B µ;aH

HOH pa6oTe Mhl XOTIIM IIccrreµ;oBaTb q>II3II'IeCKYIO KapTIIHY, KOTOpaJI crreµ;yeT II3 

rrpeµ;rrorro2KeHIIJI, 'ITO KBapK-rlIIOOHHhlH BaKYYM o6pa30BaH BaeyyMHhlMII caMO

µ;yarrbHhlMII rlIIOOHHhlMII IIOlIJIMII. Mhl He 6yµ;eM 06cy2Kµ;aTb BOIIpoc, KaK MoryT 

B03HIIKHYTb TaKIIe IIOlIJI, a IICCrreµ;yeM crreµ;~TBIIJI 3Toro rrpeµ;rrorro2KeHIIJI. 

BaKYYMHhle caMoµ;yalibHhle rlIIOOHHhle IIOlIJI, TaKIIe, KaK IIHCTaHTOHHble pe

rneHIIJI [1]:[4], CTOXaCTII'JeCKIIe IIOlIJI (5] IIlIII IIOlIJI c IIOCTOJIHHOH HarrpJI2KeHHO

CTbIO [ 6, 7, 8], IIIIIpoKo IICIIOlib3YIOTCJI µ;rrJI o 6'bJICHeHIIJI pa3lIII'IHhlX JIBrreHIIH 

HII3KOGHepreTH'!ecKoii q>II3IIKII aµ;poHOB. B '!aCTHOCTII, JieyTBIIrrepoM 6hlrro rro

Ka3aHo, 'ITO ( aHTII)caMoµ;yarrbHoe oµ;Hopoµ;Hoe rrrrooHHoe rrorre o6ecrre'IIIBaeT 

aHalIIITII'IeCKIIH KOHq>aiiHMeHT KBapKOB [6]. K co2KalieHII10, MHoro'!IIcrreHHhle rro

IIhlTKII on;eHIITb HaIIpJI2KeHHOCTb IIOlIJI, COOTBeTCTByrouzyro MIIHIIMYMY aq>q>eK

TIIBHOro rroTeHD;IIarra KX,Il;, He µ;arrII oµ;Ho3Ha'!Horo OTBeTa Ha Borrpoc o cyll\e

CTBOBaHIIII oµ;Hopoµ;Horo BaKyyMHOro rlIIOOHHOro IIOlIJI. IlpII'IIIHa 3Toro BIIOlIHe 

IIOHJITHa: q>a30Bhle rrepexoµ;hl B KBaHTOBOIIOlieBhlX CIICTeMax, corrpoB02Kµ;a10-

ll\IIeCJI IIOJIBlieHIIeM HeHyrreBoro BaKYYMHOro IIOlIJI, IIpOIICXO/J;JIT, KaK rrpaBIIlIO, 

B o6rracTII CIIlibHOH CBJl3II. MeTO/J;hl CIIlibHOH CBJI3II Heµ;ocTaTO'IHO pa3BIIThl, 

·'ITO II rrpeIIJITCTByeT ycrreIIIHOMY IICcrreµ;oBaHIIIO q>a30BhlX rrepexoµ;oB B rrorre

BbIX CIICTeMax. ,il;OKa3aTelibCTBO cyll\eCTBOBaHIIJI BaKyyMHOro IIOlIJI II on;eHKa 

ero HaIIpJI2KeHHOCTII II3 "rrepBhlX rrpIIHD;IIIIOB" rrpeµ;cTaBlIJieTCJI B" HaCTOJII.l.\ee 

BpeMJI· BeCbMa crro2KHoii 3aµ;a'Ieii. 

Mhl 6yµ;eM crreµ;oBaTb IIHoii, BO MHoroM q>eHoMeHorrorII'!ecKoii, TO'!Ke 3pe

HIIJI. A IIMeHHO, rrpeµ;rrorro2KIIM, 'ITO caMO- IIlIII aHTIICaMoµ;yarrbHOe oµ;Hopoµ;Hoe 

rrrrooHHOe rrorre pealIII3yeT BaKyyM KX,Il; rrp~ HII3KIIX 3HeprIIJix, II IIOIIbITaeMCJI 

HaHTII TaKIIe JIBlieHIIJI B q>II3IIKe aµ;poHOB, D KOTOphlX 3TO rrorre M02KeT IIrpaTb 

Ba2KHYIO porrb. TaKoii rroµ;xoµ; M02KHO pearrII30BaTb Ha ocHoBe rrpon;eµ;yphl 6030- -

HII3aD;IIII cTaHµ;apTHOH Moµ;errII HaM6y- lloHa-Jiamnmo (NJL) [9, 10]. BMecTe c 

TeM y'IeT BaKYYMHoro IIOlIJI B KBapKOBOM II rrrIOOHHOM nporraraTopax Tpe6yeT, 

BO-rrepBhlX, HelIOKaJibHOro 06061.l.\eHII.11 MOµ;errII NJL II, BO-BTOphlx, cyll\eCTBeH

HOH Moµ;IIq>IIKaD;IIII caMoii rrpon;eµ;yphl 6o30HII3aD;IIII. 

BepJI 3a ocHoBy npoH3BO/J;JII.l.\HH q>ymcn;noHan KX,Il; c DaKYYMHhlM rmooum,IM 

rrorreM B eBKlill/J;OBOH MCTpllKC [2, 111, Mhl CTpOllM 6ecn;BCTULie 6HlIOKaJibIILIC 

KBapKOBLie TOKll. 3aTeM, llCXO/J;Jl ll3 BUµ;a rlIIOOHHOro nponaraTopa BO BHeIIIHCM 

rrorre, rrpOH3BO/J;llTCJI pa3lIOXCUlle 6HlIOKaJibHLIX TOKOB no HClIOKaJlJ>HblM KBap

KOBLIM TOKaM c IIOlIHI,IM ua6opoM KBaHTOBLIX 'IllCCll, BKlIIO'laJl op6HTalll,HOe 

f ll paµ;HaJibHOe n 'IHClla. IIµ;e.s: TaKoro pa3lIOXeHIIJI B 061.l.\eM BHµ;e o6cy:iKµ;a- . 

rracb B pa6oTe (12]. Ee pean1man;HJI npeµ;rrorraraeT cyll\eCTBODaHne HeKoToporo 
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Ha6opa opTOHOpMHpOBaHHbIX q>yHKD;Hn, .llBHblll BH;a; KOTOpbIX ;a;orr)KeH onpe

;a;elI.llT:bC.ll q>Hmr1ecKHMH CBOHCTBaMH CHCTeMbl. MbI noKa:JbIBaeM, 'ITO o;a;Ho

po;a;Hoe (aHTn)caMo;a;yam,Hoe BaKJJMHOe norre Be;a;eT K BnorrHe onpe;a;erreHHbIM 

q)JHKD;H.llM - o6o6w;eHHbIM nolIHHOMaM Jiareppa. B penym,TaTe TaKOI'O panrro

)KeHH.ll rrarpaH)KHaH Bt3aHMo;a;encTBH.ll KBapKOB npHHHMaeT BH;a; npOHt3Be;a;eHH.ll 

µ;Byx HelIOKalII,HbIX KBapKOBbIX TOKOB, HMerow;nx nolIHblll na6op KBaHTOBbIX 'IH

cerr. B oTlIH'IHe ·oT HenepenopMnpyeMon rroKam,Hon Mo;a;errn NJL, 0606w;enna.11 

Mo;a;em, oKanbIBaeTc.ll cynepnepenopMnpyeMon, npH'IHHon 'Iero .llBlI.lleTc.ll Herro

xam,nocTh KBapK-KBapKOBOI'O Bt3aHMOp;enCTBH.ll. 

Crre;a;y.ll cTaHµ;apTHon npon;e;a;ype 6ononunan;nn, Mhl norry'!aeM npe;a;cTaBrre

HHe npoHt3BOp;.llw;ero q>yHKD;HOHarra B TepMHHax lIOKallhHbIX Met30HHbIX norren, 

Bt3aHMo;a;en:cTByrow;nx C HelIOKallhHbIMH KBapKOBbIMH TOKaMH. Haxonen;, HHTe

rpHpOBaHHe no nolI.llM KBapKOB ;a;aeT aq>q>eKTHBHYIO Met30HHYIO Teopnro, B KO

Topon Met30H-Met30HHble Bt3aHMOp;encTBH.ll onHCbIBaIOTC.ll KBapKOBbIMH neTlI.llMH, 

co;a;ep)Kaw;HMH HerroKallhHhle Met30H-KBapKOBhle BepIIIHHbl H nponaraTOpbI KBap

KOB BO BHeIIIHeM o;a;Hopoµ;HOM I'lIIOOHHOM norre. B CBOIO O'Iepe;a;o, OTa TeopH.ll 

yrroTpaq>HolleTOBO KOHe'!Ha 6rraro;a;ap.ll nerroKallhHOCTH Met30H-Met30HHbIX Bt3aH

Mo;a;en:CTBHH. 

Ilpe;a;cTaBlleHHe npoHt3BOp;.llw;ero q>JHKD;HOHarra Kx,r:t;, lle)Kaw;ee B OCHOBe MO

;a;errn, no;a;pat3JMeBaeT ycpe;a;neHHe Bcex aMnlIHTy;a; no HeKoTopbIM napaMeTpaM 

BaKYYMHOI'O noll.ll (no;a;po6Ho CM. B [2, 11]). B crry'Iae o;a;Hopo;a;HoI'O no~ ycpe

;a;HeHHe npOHt3BOp;HTC.ll no ero HanpaBlleHH.llM H no CaMO- H aHTHCaMo;a;yarrhHbIM 

KOHq>nrypan;uM a-roro noll.ll. B penyrroTaTe ycpe;a;HeHH.ll Bee a;a;poHHble aMnrrn

Ty;a;hl HHBapHaHTHbl OTHOCHTellhHO D;BeTOBbIX npeo6panoBaHHH H npocTpaH

CTBeHHbIX Bpaw;eHnn. 

O6o6w;eHHaJ[ Mo;a;errh HMeeT MHHHMallhHblll Ha6op CB06oµ;HhlX napaMeTpOB. 

llMH .llBlI.llIOTC.ll MaCCbl KBapKOB, KOHCTaHTa 'IeTbipexq>epMHOHHOI'O Bt3aHMO

µ;en:cTBH.ll (Karrn6pOBO'IHaJI KOHCTaHTa KX.IJ:) H Hanp.ll)KeHHoCTh BaKYYMHoro 

I'lIIOOHHOI'O noll.ll. 

Pac'!eT Mace rrerKHX Met30HOB noKat3bIBaeT, 'ITO Bt3aHMo;a;en:cTBHe cnHHa KBap

KOB C BaKYJMHbIM I'lIIOOHHbIM norreM, KOTopoe J'IHTbIBaeTC.ll B KBapKOBOM npo

naraTope, Bep;eT K pacw;enrremno Me)KJl;y MaccaMH nceB;a;ocKalI.llpHbIX H BeKTop

HhIX Met30HOB c op;HHaKOBOH KBapKoBoii cTpyKTypoii (p-1r, K-K•). Y'IeT aTon 

AHHaMFieCKOH IIplPIJIJILI pacw;elllleHJIII Mace II0llB0lIJleT coi:paTIITI, "IIICJI0 CB0-

6oµ;HLIX napaMeTpoB Mop;em no cpaanemno co cTanµ;apTnoii JIOXaJihHoii Mo

µ;em,10 NJL [14). 
CnexTp pa;a;nam.HLIX. 11 op611TaJihm.lX Boo6y)KJl;eHHH acHMIIT0Tll'leci:11 a:a:BH

;a;ncTaHTeH IIpH f, > n II n > i, T.e. HMeeT Ka'IeCTBeHH0 IlpaBHllhH0e pep;:lKe

BCKoe noBe;a;enue. Ilpn peallhHLIX. nHa'leHll.llX i = 1, 2 norry'Ieno xorrn'IeCTBeHHoe 

,OIIHCaHHe 0KCIIepnMeHTallhHbIX p;aHHbIX C T0'IH0CThIO OKOlI0 ;a;ec.llTH npon;eHTOB. 
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Peµ;:aceBCKHH xapaxTep cneKTpa cneµ;yeT H:J HenoKaJII,HOCTH Me:JOH-KBapKOBbIX 

BepWHH H KBapKOBOro nponaraTopa, o6ycnoBneHHOH xapaKTepoM BaKyyMHOro 

norur. 

Macca KBapKOHH.ll B cny<Jae TJDKenbIX KBapKOB paBHa cyMMe Mace COCTaBillI

IOWHX KBapKoB M-+ 2mo- BMecTe c TeM µ;rur Me:JoHoB, coµ;ep:amwHX nerKHH q 
H TH2Kenhlii: Q KBapKH, nony<JaeM M -+ m 0 npH m 0 ~ mq . 8TH acHMnTOTIIKH 

TaK2Ke o6ycnoBneHbI Heno'K:anbHOCTblO BepwHH H nponaraTopoB H xopowo co

rnacyIOTCH C cywecTBYIOWHMH npeµ;cTaBneHH.llMH O cneKTpOCKOnHH TH2Kenhlx 

KBapKOB. 

2 11poH3Bop;.Hm;Hi «l>YHKQHOHa.JI KX,II; 

Ilocrre HHTerpHpOBaHHH no KBaHTOBOMY rnIOOHHOMY nonIO npoH:JBOµ;HWHH 

q>yHKD;HOHan KX.ll: c BaKYYMHhIM rnIOOHHbIM noneM Bi B eBKnHµ;oBoii: MeTpIIKe 

MO2KeT 6bITJ, :JaITHCaH B BHµ;e [2, 11]: 

{ 
N1 oo } 

Z = N j duvacDqDij exp j d4x'5iA1(x)(i,µVµ-mJ)q1(x)+ E
2 
Ln , (2.1) :_ 

rµ;e 

Ln = ~ f d4
Yl··· 1 d4

ynji:(Y1) · ··· • ji~(Yn)G~L-~':.(Yi, ···,Yn I B), 
ji(y) = if1(x)'Yµtaq1(x). 

IIpeµ;cTaBneHHe (2.1) noµ;paoyMeBaeT, 'ITO none Bi xapaKTepHoyeTcH HeKoTo

pbIM Ha6opoM napaMeTpOB {Uvac}, no OTHOWeHHIO K KOTOpbIM BaKYYMHOe co

CTOHHlie Bbipo2Kµ;eHo. MHTerpnpoBaHlie no Mepe duvac O:JHa'!aeT, 'ITO Bee aM

nrrHTJµ;hl ~On2KHbI 6bITb ycpe;1.weHbI no {Uvac}. <l>yHKziH.ll Gj,i:::~';. - TO'IHaH (6e:j . 

y'IeTa KBapKOBbIX neTenb) n-TO'Ie'IHaH rnIOOHHaH <PYHKD;H.ll lpnHa BO BHe~IIHeM 

none Bi. 3µ;ecb lI µ;anee ncnonh:JYIOTCH 060:JHa'IeHHH: · 

V µ = Oµ - igBµ ' Bµ = Bita ' \7 µ = Oµ - igBµ ' Bµ = Bica ' 

rµ;e ta n ca - reHepaTOpbI rpynnhI SUc(3) B q>yHµ;aMeHTaJibHOM n npncoeµ;:e:- -

HeHHOM npeµ;cTaBneHHHX. 

.ll:mr lI3Y'JeHH.ll ( qij) KonneKTlIBHhIX MOµ; paccMaTplIBaIOT yce'leHeyIO q>OpM}' 

q>yuKD;lIOHarra (2.1), TaK 'ITO B:JaHMoµ;eii:cTBlie KBapKOB onnchIBaeTCH TOJibKO, 

cnaraeMhIM L2: 

Z=N jduvacDqDijexp{f d4x~q1(x)(i1µVµ-m 1)q1(x)+L2}, (2.2) 

L2 = ~
2 

/ d4x / d4yj;(x)Gtt(x,y I B)jt(y) · 
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CTaII;a;apTHaJI Mo;a;em, NJL cooTBeTcTnyeT rrpe;a;cTaBrremno (2.2)-c 

M1,1 6y;a;eM arrrrpoKCIIMIIpOBaTI, ;a;nyx:To'Je'JHyIO <l>YHKD;IIIO lpIIHa B (2.2) rlIIOOH

HhlM rrporraraTopoM Bo BHeumeM rrorre. Hna'le ronop.H, rrpe;a;rraraeMoe o6o6~e

Hne COCTOlIT B Y':IeTe BaKyyMHoro ITOll.H lI B rlIIOOHHOM II B KBapKOBOM rrporra

raTopax. 

3 KBapKH H rrrrooHbl B op;Hopoµ;HoM 
c}>oHOBOM none 

O;a;Hopo;a;noe ( aIITII )caMo;a;yarr1,Hoe rrrroonnoe rrorre IIMeeT crre;a;yrol.Qlln BII;IJ; [6, 
7, 16, 17]: 

r;a;e BeKTOp n oa;a;aeT HarrpanrreHHe B n;BeTOBOM rrpocTpaHCTBe, a IIOCTO.HHHhlH 
Tenoop Bµ11 y;a;onrreTBop.HeT ycrroBII.HM: 

- 1 . 
Bµ11 = -B,,µ ' BµpBpv = -B2Dµ11 ' Bµ11 = 'j/µ110,fJBo,p = ±BfJII ' (3.1) 

r;a;e B - Hanp.H2KeHHOCTb q>OHOBOro UOll.H. 

Jlro6aJI MaTpIIn;a n°t0 E SUc(3) M02KeT 61,1T1, rrpHBe;a;ena K nn;a;y 

n°t0 = t3 cos,+ t8 sin, , 0::;, < 27T • (3.2) 

IIocKOlll,Ky xpoMoMarHHTHoe .ii II xpoMoarreKTpII'Iecxoe E rroITK y;a;onrreTBO

p.HIOT ycrronnro .ii = ±E, To narrpanrrenne rroll.H B x-rrpocTpancTBe orrpe;a;eITK

eTCK Torr1,xo ;a;nyMK c<f>epn'IeCKHMII yrrraMn ( 0, <p). Hcxo;a;K no aToro Mepa du vac 
t3aIIIIChlBaeTC.H B nn;a;e 

l " . 21r 21r 

j duvac = (4 )2 j d0sm0 j drp j dfE, 
7T O O O ± 

(3.3) 

r;a;e t3HaK E± COOTBeTCTByeT ycpe;a;HeHHIO ITO Ca.MO- II aJITHCaMO;a;yaill,HOH KOH

<f>Hrypan;wlM, KOTOpLie rrpe;a;rrorraraIOTC.H paBHOBepo.HTBLIMH. 

KBapxoBLIH H rJIIOoHHLIH rrporraraTopLI y;a;onrreTBop.lllOT ypanHeHnJIM ( gBµ = 
Bµ): 

(i')'µV µ - m1)SJ(x,y I B) = -o(x -y) , 

(V20u11 + 4i.Bu,,)G,,o(x,y I B) = -OuoO(x - y) , 
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KOTOphle MoryT 6@Tb pellleHLI MeTO)];OM co6CTBeHHoro BpeMeHII Illmrnrepa -

<PoKa (cM., HarrpIIMep, [11]). IlporraraTop KBapKa IIMeeT BII)J; 

S1(x, y I B) = , i~ µ;µ+mt, 8(x -y) = e½(xiiv) Ht(x - y I B)e½(xiivtq.6) 
v'2 - m1 + <lµvBµv 
. 5-

- 11
1 

,s.(1-s)•v[ 1 1 ] H1(plB)=vA dse-2vA 8 l+s a,+x_Pµ'Yµ-isx_(,fp) 
. 0 

[ 
1 + s2 i - s ] 

x P±+P~l-s2 -2(,/,)1-s2 ' 

rµ;e IICilOJib30BaHLI crreµ;yIO~IIe O 6o3Ha'IeHIIJI ( CM .. TaK2Ke ( 3.1)) 

P± = ½(1 ± 15), Cit= i , (xBy) = xµBµvYv, 
tB 

(pf,)= Pµfµv'Yv , /µv = vA2Bµv , /µpfpv = -Dµv , 

A2 _ "' _ d' ( 1 1 2) - v3B, v - iag 3, 3, 3 . 

(3.7) 

3HaKII + II - y MaTpIII:J;hl P COOTBeTCTBYIOT caMO- II aHTIICaMoµ;yaJibHOH KOH

qmrypaIJ;IIJIM. 

BBeµ;eM nepeMeHeyIO µ = Pv'Yv• <PyHKIJ;IIJI fI,(µ I B) JIBJIJieTCJI IJ;erroii: aHa

JIIITII'IeCKOH q>yHKIJ;IIeH B KOMITJieKCHOH µ-rrJIOCKOCTII. ,UpyrIIMII CJIOBaMII, npona

raTop He IIMeeT IlOJIIOCOB, COOTBeTCTBYIO~IIX CBo6op;HLIM KBapKaM, 'ITO 03Ha

'!aeT TaK Ha3@BaeMbIH aHaJIIITII'IeCKIIH KOHq>aHHMeHT KnapKOB. IIapaMe:rp A 
(HanpJ12KeHHOCTb B) onpeµ;eJIJieT xapaKTepHyIO o6rracTb II3MeHeHIIJI fI1(plB) 
IIJIII, IIHa'Ie, MaClllTa6 KOHq>aHHMeHTa. 

CrraraeMoe <TµvBµv B nponaraTope KBapKa (3.6) M02KeT TpaKTOBaTbCJI KaK 

BoanMoµ;eii:cTBIIe cnnHa KBapKa c naKyyMHLIM norreM. BTopaJI cTpoKa B (3.7) 
cooTBeTCTByeT crraraeMoMy <T µvBµv B (3.6)., BrrIIJIHIIe TaKoro crrIIH-rrorrenoro 

B3aIIMO)];eHCTBIIJI Ha cneKTp Me30HOB 06cy2Kµ;aeTCJI_HII2Ke. 

Th100HHLIH nporraraTop Mo2KeT 6@Tb rrpeµ;cTaBrreH B Bnµ;e ( CM. (3.5)): 

Gµv(x,ylB)=ef(xBv)Dµv(x-ylB)eHxhv), (3.8) 

nit(z I B) = 8µv[K2
]
06 D(z I A2

) + Rit(z), 
Rit(z I B) = 8µv[(l - K 2)D(z I 0) + K 2 Do(z I A2)]1°6 + 2ifµvK 06 D1(z I A2) , 

1 { A2z2} D(zjA2) = (21r)2z2 exp --4- (3.9) 

3µ;ecb K - MaTpIIIJ;a Bnµ;a 

K54 = -K45 = K15 = -K51 = i, K 2 = diag(0,010, 1, 1, 1, 1,0) , 
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a ocTam,Hhle :meMenTI.r K pann@ nymo. <I>yp1,e-06pan cpynKn;nn D(z I A2) -

n;errrur anarrnTn'lecKrur cpynKn;rur KBa;a;paTa nMnyrr1,ca. "CJacT1, nponaraTopa, co

;a;ep2Karn;rur ee, onnc@BaeT pacnpocTpaneHHe KoncpaiinMnpoBanHhlx Mo;a; rmoon

Horo IlOll.JI. M@ 6y;a;eM lICXO;IJ;lITI, Il:3 Toro, 'ITO :lTil MO;IJ;hl nrparoT KlIIO'leByIO 

polII, B cpopMHpOBaHillI a;a;poHHhlX CB.H3aHHhlX COCTO.HHlIH, a OCTalII,Hhle crrara

eMhle (~t(z)) B nepBoM npn6rrn2KenlllI MoryT 6@T1, onyrn;en@. 

4 Becn;BeTHhle KOJIJieKTHBHble COCTO.HHH.H 

Corrracno ypanHenlIIO (3.8) crraraeMoe L2 B (2.2) namrc@BaeTc.H B Bn;a;e 

IlolIMlJ.HCI, TO2Kp;eCTBOM 

MO2KHO IlOlIJ'llITI, 

2 

L2 = ~ ff d4xd4yJ;(x,y)Dit(x-y I B)J;(y,x) , 

J;(x,y) = Q1(x,y)'yµtaQj(x,y) , 

rµ;e Q1(x,y) = e-½(:z:By)qJ(x), Q1(x,y) = if1(x)e½(:z:By)_ 
3aTeM nponnBo;a;nTc.H npeo6panoBanne <I>npn;a no n;BeTOBhlM, cprre:n:BopHhlM 

(N1 = 3) n rropenn;eBCKlIM nnp;eKcaM. Y;a;ep2KHBa.H TOlII,KO cKarr.HpHhlH JaS, nce

Bp;ocKarr.HpHhlH JaP, BeKTOpHhlH JaV n aKcnarr1,n@:n: JaA 6ecn;BeTHhle TOKn, Ha

xop;nM 

2 

L2=~ "f:,CJff d4xd4yD(x-yjA2)J:;(x,y)JaJ(x,y), (4.1) 
aJ 

JaJ(x,y) = ii1(y)Mj/'rJei(yilx)q/'(x) , 
rs = 1 , r p = i-y5 , rv = 'Yµ , rA = 'Ys'Yµ , 

1 1 
Cs=Cp=g, Cv=CA=1s, 

Ma - MaTplln;hl rem1-ManHa ).a HlIIl irx mmeHHLie IOM6HH~ (a= o, ... , 8). 
· 'lb2Kp;ecTBeHHoii mw:enoii: nepeMeHBLIX 
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ypaBHeHIIe ( 4.1) TipIIBO)J;IITC.ll x BII)];Y 

L2 = g2~CJ ff d4x~4yD(y I A2)J:;(x,y)JaJ(x,y), 

JaJ(x,y) = q(x)M0 rJe-½YV(x)q(x) ' 

vµ (x) =v~ (x)- vµ (x) , Vµ (x) =8µ (x)- iBµ(x), 
+- +- •• {) 

v'µ (x) =aµ (x) + iBµ{x) , aµ(x) =-=- . 
UXµ 

(4.3) 

Crrep;yIOJ.~llli mar COCTOIIT B Bbl'IIIClieHllll IIHTerparra TIO TiepeMeHHOll ·Y C TIO

MO~bIO patllI02KeHII.ll TOKOB TIO HeKOTOpOH TIO)];XO)];.ll~ell OpTOHOpMIIpOBaHHOll 

CIICTe~e TIOlIIIHOMOB. C KBaHTOBOMeXaHII'IeCKOll TO'!Kll npeHII.ll Taxoe panrro

)KeHIIe COOTBeTCTByeT OTIHCaHHIO pap;uarrbHhlX n op6uTalibHhlX Bon6y2Kp;eHIIll 

CIICTeMhl. 3annmeM pa3lIO)KeHIIe 6nrroKalibHhlX TOKOB B Bllp;e 

JaJ(x,y) = ~(y2)lf2 J;f...µiy)Jif~-~ix) ' (4.4) 
nl 

Jt ... µt(y) = Lnt(Y2)TJ!! .. µt(ny) (ny = y/#) . 

HeTipIIBO)];IIMhle TeHnophl '!eThlpeXMepHon rpyTIIIhl Bpa~eHnn TJ~! .. µt opToro-

HalibHhl 

f dw (l) ( ) (k) ( ) _ 1 lk . 21r2Tµ1 ... µt ny Tv1.,.11t ny - 2l(f + l)° 0µ1111•·•0µt11t 
n 

( 4.5) 

II Y)J;OBlieTBOp.llIOT crrep;yro~ ycrrOBII.llM 

TJ~? .. µ ... v ... µt(ny) = TJ~? .. v ... µ ... µt(ny) , TJ~!.µ ... µt(ny) = 0, 

r,(l) ( )T.(l) ( ) _ 1 c·(l)( ) 
µ1 ... µ, ny µ1 ... µ, ny1 - 2l t nyny1 • -(4.6) 

Mepa dw B ( 4.5) COOTBeTCTByeT HHTerpupoBaHHIO TIO cqiepn'IeCKHM yrrraM BeK

Topa n 11 , a C;1) B ( 4.6) - IIOlIHHOMhl reren6ay0pa (yrrbTpacgiepII'IeCKHe). fioJUI

HOMhl Ln1( u) Y)J;OBlieTBOp.llIOT ycJIOBHD 

00 

j dup,(u)Ln1(u)Ln•t(u} = Onn' . 
0 

<l>ynx~ D(ylA2) npeµ;onpeµ;erureT m.t6op neconoi <I>~ n BHµ;e 

P,(u) = u'e-u , 

'ITO COOTBeTCTByeT o6o6~emnw IIODHOMa.M Jiareppa Ln1( u ). ~yrBe CJiarae

MUe rmoounoro IIJ)onaraTopa ue o6eme'IHBaroT 1:a.1:oro-im60 paoJIO)l(emu TJma · 
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(4.4). tho 11orro.:iKenne 11oµ;TBep.:iKµ;aeT To, 'ITO KOH<paHHMnponanm,ie rmooHHhle 

Moµ;hl (T.e., D(y!A2)) µ;a10T rrraBHhIH BKrra;a; B qiopMHponanne cBJl:::JaHHoro co

CTO.HHWI. BMecTe c TeM HMeHHO <f>ynKqrur D aKKJMyrrnpyeT nea6eneB xapaKTep 

rmooHOB - caMop;e:iiCTBne rmooHHoro 11orr.lt. B penym,TaTe pammJKeHHJI 11orry

'1aeM [13} 

L2 = L 2l2 Gjln j d4x[J;tr;,t(x)]2 
, 

aJln 

G2 -C 2 (l+l) JaJln ( )- -( )VaJln () () 
Jin- Jg 2ln!(f+n)!, µ, ... µt X -q X µ, ... µl X q X , 

vaJln (x) = vaJln (V (x)) 
µ, ... µl - µ,.,.µl A 

.... 2 .... 

=MarJIJp ('v' (x))r.(l) (~v(x))ll 
ll nl A2 µ, ... µl i A ff, 

l 

Fnt(s) = (ir j dttl+nexp{¼st} . 
0 

(4.7) 

(4.8) 

(4.9) 

(4.10) 

,!J;BoHHble CK06KH B (4.9) OtJHa'laIOT, 'ITO .I.OBapllaHTHJ,Ie IIpOHtJBOµ;Hhle KOMMy

THPYJOT. <l>yHKqHH Fnt(s) - qellhle ana.rrHTH'lecKHe <f>YHKI.1HH B KOMIIlleKcHon 

S-lllIOCXOCTH, T.e. yµ;onrreTBOp.llIOT ycrroBmo aHaJIHTH'lecxoro KOH<paHHMeHTa. 

Ilpn 60llhWHX eBKlIH)];OBCKHX llMIIYllhCax BepWHHHhle <l>YHKqHH HMeIDT aCHM

llTOTlllY 

(4.11) 

Bcrreµ;CTBHe aToro pacxo;rr;.11ll.UIMHC.lt .l[BlIHIDTC.11 TOJII,KO "rorroBaCTHKOBble" ;a;n

arpaMMhl. TaKHe pacxop;HMOCTH rrerKo yCTpaHJIIOTCH C IIOMOI.IJ;I,IO KOHTp'lrreHOB 

Bnµ;a -2J(x)TrVS. IIpoHnBo~ nepenopMllpoBKY, 11orry'!aeM BMpruKenne 

Z = j d(!vacDqDqexp {jj d4xd4 yq(x)S-1(x,y1B)q(y) 

+ L 2l2G3tn I d4x [J;;.~';,ix)-TrV,,~~!;lsJ2}c4.12) 
aJln 

Moµ;elih '(( 4.12),(4.8)-( 4.10)) HMeeT cne;a;yro~e OCHOBH1,Ie CBORCTBa. BaKyyM

noe norre o6ecne"IHBaeT KOHq>airHMenT KBapKoB. Herroxarr1,n1,1e 1rnapxonLie Toxn 

( 4.8) .UlllllOTCS qneTOBLWH CHHl'JieTa.MH. _3TH TOXR necyr IIOJIBJ.,IH na6op KBaH

TOBNX '!:e:cerr, BXJIIO'laJI pa;rr;na.m.noe n H op6HTalihHOe l 'Illcrra. Mo;a:,em. YlThTp<f:

<JmorreToBo KOHe'llla 6rraro;rr;apJI HeJIOKaJihHOCTH BepW:mml,IX cp~ii (4.9). 
Macchl K»ap1mB m1, KOHCTaHTa CB.lltJH g H Mac1I1Ta6 A (nanpIDKex

HOCTh BaxyyMHOro noll.11) - cno6oµ;Hble 11apaMeTphI 3q><peXTHBHOH TeOpHH 

(( 4.12),( 4.8)-( 4.10) ). . 
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C noMo~bIO cTaHµ;apTHOH npou;eµ;yphl 6onoHH3aIJ;IIII [9, 10, 14] Mhl nepe

xoµ;IIM n (J>opMyrre ( 4.12) K KOJIJieKTIIBHhlM nepeMeHHhlM (Me::lOHHhlM noJIJIM) n 

norry'!aeM npeµ;cTanrreHne µ;JIJI nponnnoµ;11:~ero lf>YHKil;HOHarra B TepMHHax Me

noHHhlX norreii if?1," (t. = (JCn), µ = (µ1 ... µt)): 

Z = N j II Dif?~" exp{½ j j d4xd4yif?~"( x) [ ( □ - M;")8( x - y) 
a1< 

-h~"rri(x - y)]if?i"(y) :+ l;nt[if?] }, (4.13) 

l;nt = -½ j j d4xd4yha"ha'"' 

xif?~"(x) [rr:;:a'"' (x - y) - o;;:a'"'II(x - y )]if?t"' (y) 

1 J r m - L m d4x1••·I d4xm II hak"kif?~t"k(xk) r~~~.'.:;;.-:,'.'m"m(x1, ... ,xmH4.14) 
m=3 k=l 

ra11<1, ... ,am1<m(x X ) 
µ1, .. -,µm 1, ... , m 

= J duvacTr{vµat 1(x1)S(x1,x2 I B) . .... vµa;"m(xm)S(xm,X1 I B:X}L15) 

3aMeTIIM, 'ITO IIHTerparr no d<Tvac B ( 4.13) nepeHeCeH B GKCnoHeHTy. cho KOp

peKTHO llIIlllb Ha ypoBHe oµ;HoneTrrenoro npII6JIII)l(eHHK, KOTOphlM Mhl II orpa- • 

HII'IIIBaeMCK n GTOH pa6oTe. 3aMeTIIM, 'ITO llIIHeHHhle no noJIJIM if?~" crraraeMhle 

B µ;eHCTBIIII (4.14) He B03HIIKJIII. OHII COKpa~aIOTCK KOHTp'IlleHaMII, coµ;ep)Ka

~IIMHCK B ( 4.12). Macchl Me::lOHOB Ma" onpeµ;err11:10TcK ypanHeHIIeM 

2 2 - 2 
A + G"IIa"( .. Mal<)= 0 , ( 4.16) 

rµ;e IIa"(-M;") - p;IIaroHaJibHaK '!aCTb noJIJipIInan;IIOHHoro onepaTopa 

rr:7f"
1

(x -y) = j duvacTr{V,:'"(x)S(x,y I B)Vi"'(y)S(y,x I B)}. (4.17) 

IloJIJipII3aIJ;HOHHhlli onepaTop ( 4.17) YllbTpa(J>IIorreTOBO KOHe'!eH, 'ITO crreµ;yeT 

II::l aCIIMnTOTIIKII (4.11). KoHCTaHThl 

ha" = 1/JfI~"(-M]") . (4.18) 

HrpaIOT pOllb a(J>(J>eKTHBHhlX KOHCTaHT Me::lOH-KBapKoBoro B::laIIMoµ;eiicTBHK. Co

OTHOWeHHe (4.18) corrracyeTCK c ycJIOBHCM CBK::lH0CTII B KBaHTOBOH TeOpIIII 

ITOJI.ll (18]; 
84>4>eKTIIBHaK Te0pHK ( 4.13) monneTBOpKeT BCeM Tpe6oBaHHKM Herro

KaJibHOa KTII (19] II neµ;eT x yHIITapHou S-MaTpun;e. CornacHo lf>OPMYJia.M 

( 4.13)-( 4.15) Me30H-Me30HHOe B::laIIMoµ;eiicTBIIe onIIChlBaeTCK BepUIIIHHhlMH 
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-------------------------------:, 

. cpyiIKD;IDIMll r ( 4.15). OHII - ym,Tpaq>HoJieTOBO XOHe'IHhl H MoryT fo.ITh Bhl

'IHClleHhl, 
CBo6oµ;~hle napaMeTphl acpcpeKTHBHOH - MeooHHoH TeopHH { 4.13)-( 4.15) 

HMeIOT JICHhlH <pHOH'IeCKHH CMhlCJI. 8To - Macchl KBapKoB m 1, MacuJTa6 A (aa

rrpJ12KeHHOCTh BaKJYMHoro rrmrn) H KOHCTanTa CB.HOH g. IIocrreµ;aHH napaMeTp 

BXOµ;llT B Moµ;errh TOllhKO 'Iepeo MaCChl MeOOHOB, Bhl'IHCJI.lICMhle rrocpeµ;cTBOM 

ypanaeHHJI ( 4.16). 

5 Maccw JierKHX MeooHoB 

B 3TOM paoµ;erre Mhl rrpHMeHHM Moµ;err1, ( 4.13)-( 4.16) µ;nH pac'!eTa Mace; rrer

KHX MeOOHOB. llMeeTC.lI MHOro pa6oT (20]-(23], B KOTOphlX Macchl nerKHX Me

OOHOB Bhl'IHCll.lIIOTC.lI B paMKax cTaaµ;apTao:ir (rr0Kan1,ao:ir) Moµ;errH NJL. Ilpn: 

aTOM ycrreurnoe orrn:cauHe 6orrMno:ir paoaHn;hl Mace rrceBµ;ocKan.HpHhlX H BeK

'TopHbIX MeOOHOB ;a;ocTHraeTC.lI 6naro;a;ap.lI HCIIOlII,OOBaHHIO aeoaBIICHMhIX 'Ie

ThlpexcpepMHOHHhlX KOHOTaHT CB.HOH gp =/=- 9v ;IJ;ll.lI ncen;a;ocKall.lipHhlX n BeKTOp

HhlX HOHeTOB (14]. C HallieH TO'IKII ·opeHII.lI, 6onee nocrre;a;oBaTellhHhlM 6hlll0 

6hl c'InTaTh nx panHhlMII ;a;pyr ;a;pyry gp = 9v = g. KoucTaHTa g onHchl

BaeT 'IeThlpexcpepMHOHHOe noanMo;a;e:ircTBHe L2 B (2.2), H HeT HHKaKoH .lIBHOH 

npH'IlIHhl ;a;rrH paorrH'IH.lI Me2K;a;y gp H 9v- ,Ull.lI 06'1>.lICHeHII.lI pacllienrreulI.lI Mace 

IICeB;a;ocKall.lipHhlX H BeKTOpHhlX MeOOHOB HY2KHO npHBrre'Ih HeKOTOphlH ;IJ;HHaMH

'IeCKIIH MexaHHOM. B uepenJITHBHCTCKOH KBaHTOBOH Mexaume TaKM p;HHaMHKa 

orrpe;a;ell.lieTC.lI CllHH-CIIHHOBhlM BOaHMo;a;e:ircTBIIeM KBapKOB. ,UpyrIIMII crronaMH, 

Heo6xo;a;HMO y'IeCTI, CllHHOBYIO CTeneHh cno6o;a;hl KBapKOB. KaK y2Ke 6hlJIO oa

Me'IeHo, crraraeMoe aµ,.,Bµ,., B rrponaraTope (3.4) onHchlnaeT noaHMo;a;e:ircTnne 

crrnua KBapKa c BaKYYMHhlM norreM. Mccne;a;yeM, KaK :no cnna-norrenoe-noanMo

;a;e:ircTnHe CKaOhlBaeTC.lI Ha Maccax MeOOHOB. 

Ta6JIHn;a 1. IlapaMeTphI Moµ;emr. L!.. 

- Bapn~llil napaMeTpoB, o6ecne'InBaio~air 

onncrurne Mace c norpell!HOCTbIO MeHbll!e 

10% 

I napaMeTphl I oaa'leHllll: I A 
mu,M:JB 300 50 
m., M:JB 452 100 
A, M:JB 425 75 

Os=~ 1.84 1 

Ilpe2Kµ;e ncero onpe;a;enHM 'IHCJieHHI>Ie oua'!eHHJI napaMeTpon Moµ;eJIH. ,UnH 

3Toro pellIIIM ypaBHeHH.lI ( 4.16), no;a;cTaBIIB B HIIX aa6rr10;a;aeMhle MaCChl 7f-, P-, 
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K- II K*-MetlOHOB. 3aTeM BhPIHClIJ[IOTC.ll Mace@¢, 'f/ II 'f/1
• IIolIJ[pIIt1an;IIoHH:blll 

orrepaTop fi01 orrpeµ;elIJ[eTcJI ypannenIIeM ( 4.17) c KBapKOB:blM rrporraraTopoM 

(3.6), BKJIIO'laIOI.IJ,HM BtlaHMOp;eii:CTBIIe CIIIIHa c BaKYYMH:blM IIOJieM. OrrTIIMaJI:b

H:ble t1Ha'leHH.ll rrapaMeTpoB rrpHBep;eH:bl B Ta6mn;e 1. B Ta6rrnn;e 2 co6pan@ 

0KCIIepHMeHTaJI:bH:ble II .B:bl'IIICJieHH:ble tlHa'leHH.ll Mace MaJ MetlOHOB II KOHCTaHT 

haJ MetlOH-KBapKOBoro BtlaHMoµ;eii:CTBH.ll ( CM. ( 4.18) ). 

Ma; 

ha; 

Ta6rrIIn;a 2. MaccbI nerKRX MWOHOB 

(M0B) n KOHCTaHTbI haJ MeaoH-KBapKoBoro 

ooaRMoµ;eiicTBIDI 

7r I K 'f/ 
,,,, 

p I K* I w 

140 496 578 923 757 921 757 
(140) (496) (550) (960) (770) (890) (783) 
3.12 3.29 3.31 2.88 1.59 1.78 1.59 

<P 

1087 
(1020) 
1.96 

BIIµ;HM, 'ITO OIIIICaHIIe Mace MetlOHOB .llBlIJ[eTC.ll Ka'leCTBeHHO IIpaBIIJI:bH:blM H 

KOJIII'leCTBeHHO IIpIIeMJieM:bIM, eCJIII IICIIOJI:btlyeTC.ll KOHCTaHTa CB.lltlII g, o6w;ruc 

µ;lIJ[ o6onx HOHeTOB, II Y'JIIT:blBaeTC.ll CIIHH-IIOJieBoe BtlaHMoµ;eii:cTBIIe B rrporra

raTope KBapKOB. B TO :>Ke BpeM.ll IICKJIIO'leHIIe crraraeMoro <T µvBµv B ypanHeHHH 

(3.6)) T.e. rrpene6pe:>KeHIIe BtlaHMoµ;eii:CTBIIeM CIIHHa KBapKOB c IIOJieM, pat1py

waeT 0TY KapTIIHY - pat1HHD;a Me:>Kp;y MaCCaMII rrcen;a;ocKall.llpH:bIX II BeKTOpH:bIX 

MetlOHOB CTaHOBIITC.ll ney;a;onrreTBOpIITell:bHO MaJIOH. 

6 Pe;a;)KeBcxoe noBeµ;eHHe 

KaK IIpaBIIJio, pap;IIall:bH:ble II op6IITaJII,H:ble BOt16y:>Kp;eHH.ll MetlOHOB IItly'la

IOTC.ll n paMKax nepelIJ[TIIBIICTCKlIX IIOTeHD;Hall:bH:blX Mo;a;erreii: [24, 25], OCHOBaH

H:blX Ha ypannemm illpe;a;HHrepa. IlpII 0TOM p;ll.ll o6ecrre'!eHH.ll 0KBII;a;IICTaHTHO

CTII crreKTpa B IIOTeHD;IIaJI BBOp;IITC.ll crraraeMoe BII;a;a r 2/ 3 [24]. IIocKOJil,KY 0TII 

Mo;a;errII - nepelIJ[TIIBIICTCKIIe, TO o6rraCTI, nx rrpHMeHIIMOCTII orpaHII'leHa Metlo

HaMH, co;a;ep)Kal.lJ,HMH TOJI:bKO T.ll)KeJI:ble KBapKII. Bot16y:>Kp;eHH:ble COCTO.llHH.ll rrer

KlIX MetlOHOB OIIHC:blBaIOTCJ[ C IIOMOIIUtJO Ta.JC Hatl:blBaeMoro pell.llTHBIItlOBaHHOro 

ypanaeHHJI illpe;a;HHrepa [25). B 0«1>«1>exTHBHOH Met10HHoi Mop;em (4.13)-(4.15) 
peamroyeTCJI TeopeTHKo-norrenoi, T.e. peJIJlTHBBCTcxni no c~ecTBy, no;a;xoµ; 

X OIIHCaHIIIO Mace MetlOHOB, BXlIIO'laJI waccLI pap;uam.HLIX B op6uTam.HLIX B00-

6y:xcp;eHIIH. 

Ilpe)K;D;e ncero naii:µ;eM acUMIITOTJriecxue peweHH.ll ypannemu: ( 4.16), y;a;o- • 

BJieTBOpHIOI.IJ,He ycJIOBHJIM: 

M;Jtn>A2 , ecJIH n>l (nrrIIl>n). (6.1) 
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ilHTerpn:py.!! IIO HMIIJllbCHbIM rrepeMeHHhlM H Bhl'IHClI.l!.l! OCTaB1.1rnec.l! 

rparrhl IIO rrapaMeTpaM MeTO;r\OM CTaD;IIOHapH~H cpanhl, II3 ypaBHeHII.ll 

MO:lKHO IlOlIJ'IIITb crre;r1y101n;ee Bhlpa:iKeHIIe ;!Ill.!! IIaJfo: 

fiaJl'n( M2 )~ A2(2n+f)!21' {!iMJJl'n} - aJl'n - 52n+1' exp 4 A2. ' 

IIHTe-

( 4.17) 

(6.2) 

r;r1e Y.;ITeHhl TOllbKO cpaKTOpIIallbHhle H CTeneHHhle no n H f 'IlleHbI, TaK KaK 

nMeHHO OHH orrpe;r1elI.lIIOT acIIMITTOTII'IecKoe none;r1eHIIe crreKTpa. <I>opMyrra (6.2) 
CTaHOBIITC.l! IIO'ITII O'IeBU;!IHOII, ecrrII 3aMeTIITb, 'ITO II KBapKOBblH nponaraTop 

(3.4), II Bep1.IIIIHHaJ£ q>JHKD;II.l! ( 4.9) IIMeIOT llKCilOHeHD;IIallbHhlH xapaKTep n <l>II

nn:'IeCKOH o6rracTH nHa'IeHIIH IIMnyrrhcHoii nepeMeHHoii. Ifa ypanHeHHII (6.2), 
(4.8) U (4.16) HaxO;!IIIM 

(2n+f)! {3MJJl'n} 1 
n!(n + f)!52n+I' exp 41\2 ~ · (6.3) 

PaccMOTpIIM ;!\Ba npe;r1errbHhlX ClIJ'IaJ[. 

• n » f YpanHeHIIe (6.3) npIIHIIMaeT BIIA 

{
3MJJl'n} (n!)

2
52n (5)

2
n 

exp 41\2' ~ (2n)! ~ 2 ' 

mrn 

MJnn = ;1n rn) · A2 
· n + O(Inn) . (6.4) 

• f » n B llTOM crry'Iae (6.3) Bhlrll.l!;!IHT crre;r1yIOID;IIM o6pa3oM: 

'Ha ypanHeHIIH (6.4) u (6.5) BH;r\Ho, 'ITO ;r\lI.lI 6orrhl.IIHX n II f cneKTp llKBH;!IHCTaH

T.eH. IIo;r1'IepKHeM, 'ITO norry<J:eHHoe pe;r1:iKeBcKoe none;r1eHn:e .l!BlI.lieTc.l! npo.irnrre

HneM HelIOKaJibHOCTH nporraraTopa (3.4) II nepl.IIHHIIOH <l>YHKD;HII ( 4.9), o6ycrro

BJieHHOll HaJIU'IHCM IlOCTO.llHHOro BaKYYMHOro rlIIOOHHoro IIOlI.lI. 

llcnollhOY.ll oHa'!eHH.ll mu, m,, g H A no Ta6rrull;hl 1, MO)KHO 'IHcrreHHo pe

WHTL ypanHeHHe { 4.16) µ;u HHOI.IIIIX COCTOJUUIII. liMeIOTC.ll 6oraTLie a:rccnepu

MeBTallhm.Ie ;l];a.HHl,Ie ;ll;lI.9: op6nTam.ma noo6y)Kµ;eHlill 7!'-, f>- n K*-MellOHOB [25]. 
0xcnepmleHTallbm.Ie H DLI'IlICJieHlll,IC C IIOMOID;I,IO (4.16) MacCLI co6paBLI B Ta-

6llllll;e 3, HO KOTOpoii: BHµ;HO, 'ITO MO~em. OIIHChIDaeT ua6moµ;aeMLie MaccLt :rco

lllr'IeCTDeHHO (c TO'IHOCTI,IO OKOlIO µ;eCJlTH npo~eHTOD). 
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Ta6mui;a 3. Macchl Boo6y)Kµ;eHHhlX co

CTOHHHH 

II Meson I£ I MaJfO, MaB I M~~~0 , MaB II 
Jr 0 140 140 

b1 1 1206 1235 

Jr2 2 1599 1670 
p 0 770 770 

a2 1 1248 1320 

p3 2 1514 1690 
I{* 0 892 892 
Iq 1 1367 1430 
I{* 

3 2 1623 1780 

7 Macchi T.H)KeJibIX KBapKOHHeB 

Ew;e o;a;xrn acIIMITTOTII'!ecKIIH pe)KIIM, KOTOphlH MO)KHO JierKo nccrre;a;onaTb,

GTo rrpe;a;err T1l)KellbIX KBapKOHIIeB. B GTOM crry'Iae Heo6xo;a;IIMO peWIITb ypa

BHeHIIe ( 4.16), rrpep;rrorrarair, 'ITO MaCCbI KBapKOHII_l[ M n COCTaBIT1lIOI.IJ;IIX ero 

T1l)KellbIX KBapKOB mQ MHOI'O 60llbWe, 'ICM MaCWTa6 KOHq>aHHMCHTa A: 

M~A, mQ~A. 

IIorr1lpII3aIJ;IIOHHbIII orrepaTop B GTOM rrpep;erre rrpIIHIIMaCT Blip; 

- ~ 1 1 M2 · mQ 
IIaJtn~-Jfo dt1dt2jfo ds1ds2 A(s1,s2,t1,t2)A2+B(s1,s2,t1,t2)A2 [ 

2 ] 

x exp { 2s1s2 + v(t1 + t2)(s1 + s2) M 2 
_ mb ln (1 + s1 . 1 + s2)} . (7.l) 

. 2v(t1+t2)+s1+s2 4vA2 4vA2 1-s1 1-s2 

JJ:rr1l onpe;a;erremrn rrn;a;npyroru;ero npn M ~ A II mQ ~ A rroncp;emrn IIaJtn(-M2) 
1lBHhlH nn;a; q>yHKIIIIH A > 0 II B > 0 He Ba)Keu. AcIIMIITOTIIKa IIHTerparron n 

(7.1) rrerKO Haxop;IITC_l[ MeTO;ll;OM CTari;noHapHOH q>a3hl. IloKa3aTellb GKCIIOHeHThl 

n (7.1) MaKClIMarreH npII 

~ 
s1 = S2 = Smax = ~ l - -,;::if ' 

TaK 'ITO 

_ { M2 mb (.1 + Smax)} IIaJfn(-M2)~-exp 4vA2Smax-2vA2ln 1-Smax (7.2) 
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I I [ M
2 mi] x Jfo dt1dt2Jfo ds1ds2 A(s1,s2,t1,t2)A2+B(s1,s2,t1,t2)A2 

x exp {-½F;j( S; - Smax)(si - Smax)}, 

r11;e F;j - IlOJIO)KHTelU,HO onpegerreHHaJI MaTpHn;a. JierKO naMeTHTb, 'ITO Smax ----t 

O npH M 2 ----> 4mi. CrregoBaTerr1,Ho, B npe11;erre TJI)Kem,rx KBapKOB ypaBHeHHe 

(4.16) c IIaun(-M2), onpegerreHHhlM qiopMyrroii: (7.2), HMeeT acn:MnTOTH'IecKoe 

perneHn:e BIIga 

(7.3) 

Jln:gn:pyroru;ee crraraeMoe 4mi BonHn:KaeT Hn aKcnoHeHThl nepeg HHTerparroM B 

(7.2). "tfacrro p B (7.3) naBIICHT OT Bn:ga A H B n: onpegerrJieT crre11;y10ru;n:e na 

lIIIl);IIpyIOlll;MM 'IlleHhl. AHarrorII'IHO GTOMY pac'!eTy' C IlOMOlll;bIO Toro )Ke Me Toga 

CTaD;HOHapHOH qianhl MO)KHO HaHTII acIIMilTOTIIKY MaCChl MenoHa, COCTOJilll;ero 

n:tJ rrerKoro q n: TJI)Kerroro Q KBapKon B npegerre mQ ~ mq. Acn:MnToTn:Ka IIMeeT 

BIII); 

(7.4) 

TaKn:M o6panoM, BIIl);HO, 'ITO HerroKalII,HOCTl, KBapKonoro n: rrrIOOIIHOro npona

raTopoB, o6ycrroBlleHHaJI BaKyyMHhlM rlIIOOHHhlM norreM paccMaTpn:BaeMOH KOH

qmrypan;n:H, BegeT K COOTHOIIJeIIHJIM 

M----> 2mQ, npn: mQ ~ A (QQ), 
M----> mQ, npn: mQ ~ mq (Qij) , 

KOTOphle xopowo corrracyIOTCJI c o6ru;enpn:HJIThlMH npegcTaBrreHIIJIMII o cneK

TpocKonn:n: TJI)KellhlX KBapKOB. Ba)KHO nog'IepKHYTb, 'ITO tlTII COOTHOIIJeHIIJI 

norry'IeHI,l B paMKax KBaHTOBOilOlleBOH pell.lITIIBHCTCKOH Mogerrn:, He anerrrrupy

roru;eii: K xaxoii:-rru6o n0Tenn;narr1,noii: xapTn:He. 

8 3aKJnoqeaue 

Ilepe'IHClIIIM caMhle Ba)KHLie CBOBCTBa o6o6ru;eHHOll MogeJm NJL, paCCMO

TpeHHOH B aToii: cTaToe. 

• KoHqiaii:HMeHT KBapKOBj o6hl'IHOe (rroKallbHOe) IlOBegeHHe nponaraTopa 

KBapKOB B rrry6oKO eBKlIHl);OBOII o6rraCTII. 
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• CynepnepeHopMIIpyeMaJI acpcpeKTIIBHaJI 'IeTbipexcpepMIIOHHaJI TeopII.H ( 4.8) 
- ( 4.12) c HelIOKallbHhIMII 6eCQBeTHhIMH KBapKOBhIMII TOKaMII, UMeIOIJ.J,IIMII 
IIOllllhlli Ha6op KBaHTOBhIX 'iHCerr. 

• YrrhTpacpuorreTOBO KOHe'IllaJl MeOOllllaJI TCOJHI.H ( 4.13). 

• EcTeCTBeHHOCTh napaMCTpIIOaQIHI : MaCChI KBapKOB m1, uanp.H)KellHOCTh 
q>OHOBOro IlOlIJI B (A) u KOHCTaHTa cmr::rn g (Karru6pOBO'iHaJI). 

• Paclll,enrreHIIe Mace ncenµ;ocKarr.HpllbIX II BCKTOpllbIX Me30HOB oa C'ieT BOa
IIMOµ;eHCTBIIJI cmrna KBapKOB C BaKyyMHhIM IlOlICM. 

• 8KBII}];IICTaHTHOCTh CIICKTpa paµ;uarrhHhIX II op6nTallbHhIX B036y)Kµ;enuii 
MC30HOB . 

• B npe;a;erre TJI)KellbIX KBapKOB Macca KBapKOHII.H aCIIMIITOTII'ieCKII panua 
cyMMe Mace cocTaBITJIIOIJ.J,IIX KBapKon, a Macca Meooua, coµ;ep,Ka1J.J,ero oµ;IIH 
TJI)Kellhlli KBapK,CTpeMIITCJI K Macce T.H)Kelloro KBapKa (cM. (7.3,7.4)). 
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Weyl Connection as a New Gauge Field 
B.M. Barbashov and A.B. Pestov 

Bogoliubov Laboratory of Theoretical Physics, 
Joint Institute for Nuclear Research, SU-141980 Dubna, RUSSIA 

Abstract 

It is shown that the congruent transference introduced by Wey! in 1921 defines a non
Abelian gauge field. The simplest gauge-invariant equations are proposed for this field. 
Connection with the Riemann- Cartan geometry is discussed. 

1 Introduction 

As soon as the general relativity was developed, Hermann Weyl undertook 
an attempt at unifying the gravity and electromagnetism [1]. Inasmuch as 
the invariance under the group of general transformations of coordinates ( the . 

~ group of diffeomorphisms [2]) determines the laws of gravitational interactions, 
Weyl suggested that the scale invariance, he introduced, should correspond 
to electromagnetism. The Weyl theory was not further developed because 
upon· the construction of quantum mechanics it became conventional that 
just local phase invariance, rather than the Weyl geometrical invariance, is 
related to the electromagnetic field. However, the Weyl's idea has led to that 
what is at present called "the gauge theory". Besides, in 1921, Weyl in his 
book .[3] introduced the law of parallel transport, he called the congruent 
trans(~rence (kongruente Verpflanzung)and, as will be shown below, he thus 
introduced a non-Abelian gauge field for the first time. In this paper, we 
·will try to show that this important result by Weyl is of undoubted interest 
b·oth for the nontrivial unification of space-time and gauge symmetry and 
for numerous attempts of giving a physical interpretation for the Riemann
Cartan geometry. 

· Expounding new aspects of the connection of space-time with the gauge· 
field ·theory in the collection of papers devoted to the distinguished physi
ci.st D.I.Blokhintsev, we followed the geometrical analysis of physical reality 
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thoroughly studied by ;).l.Blokhintsev in his book "Space and Time in Mi
croworld." 

2, Weyl Connection 

The Weyl connection giving the congruent transference is of the form [3],[4] 

(1) 

where {~k} are Christoffel symbols of the Riemann connection of the metric 

(2) 

and Fjkl are components of the third rank tensor that is skew-symmetric in 
the last two indices 

(.3) 

From (1) it follows• that the vector components under the congruent trans
ference change according to the law 

(4) 

t~at consists of the displacement belonging to the Riemann geometry (the 
first term in( 4)) and rotation defined by the metric li and bi vector of rotation 
Fikl dxi .. 

Congruent transference does not vary the vector length because 
d(9;j-_vivi) = 0 in accordance with the law (4). We denote the covariant 
derivative with respect to the connection qk by v';. Since 

'\l;gjk = 9ik;i + Fijlg'mgmk + F;k/g'mgmj, 

where the semicolon means the covariant derivative with respect to (2), using 
(3) we obtain 

(-5) 

This· is just the general characteristic. of the Weyl connection. Now we will 
analy'.'e the group-theoretical meaning of that connection. 
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3 Gauge Group 

Let SJ be components of the tensor field S of type (1,1) obeying the condition 
det(S}) #- 0. Then, there exists the tensor field s-1 with components Tj 
satis_fying the condition 

i k i SkTi = 8i. 

The tensor field S can be considered as a linear transformation 

ii= s! vi 
J (6) 

in the· space of vector fields; whereas s-1, as an inverse transformation. As 
the length of a vector under the congruent transference remains constant, of 
the transformations (6) we pick out those leaving the vector length constant. 
FrQni the condition g;/ifvi = 9iivivi it follows that 

9k1Sf SJ = 9ii. (7) 

Transformations of the form (6) and (7) form a group that is defined by 
the quadratic form <.p = 9iivivi. It is natural to denote this group by O9 (r, s), 
where r and s are indices of the inertia of the quadratic form <.p, and r + s = n . . · · 

We• will demonstrate that if the vector vi undergoes the congruent trans
ference ( 4), the transformed vector ii will also undergo the congruent trans
ference. From (4) and (6) we obtain 

dii = (dS}) vi+ Sj dvi = 

= (8 s! Ti - s! {i } Tm) dx1 il + s! (Fl gim) TP dx1 il I J k J Im k J /pm k • 

Since 
S};t Tf = 81S} Tf + {;k} - S} {fm} T;:', 

then 
df/ = {i } dx1 vk + (S! Ti + s! F1 gmi TP) dx1 il lk J;I k J /pm k • 

Therefore, 
dvi = -{i1.:} dx1 vk + Fl1.:m9mi dx1 vk, 

where 
F'ikm = F'iii Tl T/,, + 9ij T!,.;I Tf • (8) 

From (6) it follows that the tensor Fl1.:m obeys equation (3), and, consequently, 
the Weyl connection 

-; i - Ii 
rik = {jJ.:} - Fik/9 

defines the congruent transference, as well. 
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The transformation (8) can be written as a relation between the connections 
f'}k and qk in the following form · 

Indeed, 

r- i Si rl rpm + Si .!l rp/ ri + Si r, rp/ 
jk= I jm 1 k JUj-LA,= jk JVj.LA,. 

S i r, rp/ Si rp/ Si (F pl) rpm + F mi 
I v j.LA, = / .Lk;j - I jmp9 .LA, jkm9 · 

(9) 

Int_roducing the matrix notation ri = (qk), S = (SJ), s-1 = (Tj), we 
can write the relation (9) in the conventional form [5] 

f'i = s ri s-1 + s ais-1. (10) 

Let Bii = (Bii/) be the R:iemann tensor of the connection (1) 

(11) 

and B;i = (B;j/) be the Riemann tensor of the connection f\. Then from 
(10) and (11) it follows that the tensors B;j and B;i are connected by a 
homogeneous transformation 

(12) 

From -(1) and (11) it follows that the Riemann tensor can be written in the 
form 

B;jicl = Rijkl + H;jkl, (13) 

where Riikl. is the tensor of Riemann curvature of the metric 9ii, and 

H;jkl = Fjk/;i - F;k/;j + Fimk Fjlp gmp - Fjmk Filp gmp. (14) 

Note that in a flat space-time the tensor of Riemann curvature equals zero, 
and in this case in Cartesian coordinates we have 

where F; = (Fiik9
1
k) . 

. Th~~, the tensor field Fijk entering into the Weyl connection is a gauge 
field, whereas the tensor Hijkl is the tensor of strength of that field. It is 
to ht stressed that the gauge group in the case under consideration is de

.. fitted by the metric, whereas the gauge field has a geometrical meaning (the 
, Weyl congruent transference) and no extra internal or isotopic space is to he 

introduced. 
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ii 
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i: 
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4 Field Equations 

The field Fijk can be described by gauge-invariant equations derived by the 
variational method from the conventional Lagrangian 

1 .. 
L := - 4Tr(B;jB'1 ). (1-5) 

By variation we obtain the following equations 

D;( .J="gBii) = 0, (16) 

where g is the determinant of the metric tensor and 

~D;( .J="gBii) = ~8;( .J="gBii) + [f;, Bii]. 
y-g y-g 

Tl;te gauge-invariant tensor of the energy-momentum corresponding to the 
Lagrangian (15) can easy be obtained by the method proposed in ref. [6]. So, 
we have 

T;j = Tr(B;kBj1 l 1) + 9ij L. (17) 

If equations (16) hold valid, T;j obeys the equationTii;i = 0. Varying the 
action A = J ALd4x with respect to the metric gii we obtain the tensor 
0;j = 8A/8ii that is not gauge-invariant. Therefore, the equations 0;j = 0 
can be considered as equations fixing the gauge. The reason for 0;j being not 
gauge invariant is as follows: When varying in ii we change the metric, and 
because the groups 0 9 (r, s ). and 0 9+og(r, s) do not coincide, the variation in 
metric is not a gauge-invariant operation. 

5 Conclusion 

The'._interpretation given here for the Weyl congruent transference actually 
leads to the Lagrangian (15) quadratic in the strength tensor and, conse
quently, to equations (16) for the non-Abelian gauge field determining this 
tr;msference. It is to be stressed that in the case under consideration, no 
abstract gauge space is to be introduced. 

. As . is known, the attempts of physical interpretation of the Riemann
Cartan geometry run into problems [7] that can, probably, be overcome in the 
Weyl approach that opens new possibilities for studi~s because the geometry 
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and gauge principle are there related in a natural way. And finally we note 
that the connection can be established between the Weyl non-Abelian gauge 
field and torsion that is the central object of study in the Riemann-Carfan 
geometry, however, this connection is not gauge-invariant. 

Note also that when W = 0, there appears a Lagrangian of the gravitational 
field,_ renormalized according to (8],(9], as a particular case of the Lagrangian 
(15) 
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Gaugeless Quantization 
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(HISTORY, DEFINITIONS, PERSPECTIVES) 
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Abstract 

The method of "gaugeless" construction of physical variables for gauge theory 
and gravity, based on the explicit resolution of the constraints for the fields with zero 
canonical momentum, is discussed. 

1 PREAMBLE 

This paper is offered to pay a tribute to the memory of Dmitriy Ivanovich 
Blokhintsev, with the hope that he would have found our notes on the quan
tization of theories with constrained dynamics interesting. 

The problem of the consistent quantization of gauge theories was in the area 
of interests of Dmitriy Ivanovich Blokhintsev in the last years of his life. He 
recognized that the difficulties of quantization lie not only in the calculation 
of the corresponding functional integral but also in its correct definition. The 
new trends in this direction were always supported by him. In particular, 
together with N.N. Bogoliubov, he encouraged the investigation of one of the 
authors of this article devoted to the quantization of gauge theories without 
using a gauge - fixing condition [1]. In reference [1], using the non-Abelian , 
gauge theory as an example, it was shown that for the identification of the 
physical deegres of freedom it is enough to resolve explicitly the constraints 
with respect to the fields with zero canonical momenta. 

During the last 15 years this "minimal" or "gaugeless" method has been · 
applied to the quantization of Abelian and non-Abelian gauge theories [2]-[7] · 
and to the consistent formulation of the bound state problem in gauge theories ' 
[5],[8]-[10]. In this framework, we introduce the notions of the spectral energy · 

*Permanent address: Tbilisi Mathematical Institute, Tbilisi, Georgia 
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and observable time in quantum cosmology [11)-[13]. Today we can say that 
the gaugeless reduction method has turned out useful for the investigation of 
the following topics: 

• zero modes of constraints and non-trivial gauge symmetry structure [1], 
[14]; 

• the problem of operator ordering in the Wheeler - DeWitt equation [11], 
[12]; 

• correct description of the asymptotically·nonfree (bound) states [5], [10], 
and asymptotically nonflat space-time [11]-[13]. 

For understanding physical phenomena hidden in gauge theories it is very 
crucial to have correct definitions of such important notions as the gauge 
and relativistic covariance, choice of gauge, gauge independence, and change 
of variables. Below, we will try to give these definitions and to illustrate the 
gaugeless approach to gauge theories - electrodynamics and SU(2) Yang-Mills 

I 

theory. We would like also to develop here the description of gravity in the 
frame~ork of the gaugeless method [13]. 

2 NOTIONS and DEFINITIONS 

2.1 Evolution of quantum relativistic system 

The method of canonical quantization based on the Hamiltonian form of the 
classical field theory- Poisson's bracket of the classical system corresponds 
to the commutator of the quantum one. The Hamiltonian formulation implies 
the use of some preferred time variable. Under the assumption of fixed geom
etry of space-time, this background geometry gives us physical interpretation 
of the preferred time for the Hamiltonian system. The Newtonian causality 
leads to the definition of the unique time variable for describing the evolu
tion of a nonrelativistic system because in the background Euclidean space 
only the surface xo = constant possesses the property to intersect every world 
line once and only once. This uniqueness of the nonrelativistic Hamiltonian 
mechanics is lost in the relativistic case [15]. The Einstein causality in the 
Minkowskian space-time allows a larger class of time variables. In principle, 
any hypersurface that does not contain the time like direction can be used 
as a variable associated with fixed time. According to the generalization of 
the Schrodinger representation of nonrelativistic quantum theory, in quantum 
field theory the state vector <J?(a) is a functional of three-dimensional space
like surfaces a that can foliate the Minkowskian space time. The variable 
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labeling the surface is time and the variation of state vector from one space 
- like surface to another describes the evolution of the relativistic system in 
Minkowskian space. The corresponding equation was obtained by Dirac in 
1948 [16]. 
' Owing to symmetry properties of the Minkowskian space-time (the exis

tence of time - like Killing vectors ), there are few possibilities of choosing 
surfaces admitting the introduction of global time parameters. As has been 
shown by Dirac, in the Minkowskian space--time we can deal with three forms 
of dynamics, different from each other by the definitions of the time vari
able [15]. In these cases, the state vector transforms from the functional for 
surface a to the function of some time parameter. In particular, for the in
stant forin of dynamics we have the plane surface characterized by the unit 
space - like vector T/µ ( ry2 = 1) 

TJ • X = T, 

and the state vector <I>(ry, T) now is the function of the surface parameters 
T/ and T. The dependence of the state vector on this variables is governed by 
the Bogoliubov equation [17]. After fixing the evolution parameters - time 
variables (for the instant form we have the set T/, T), it is possible to define 
the dynamical variables as quantities whose time dependence is governed by 
the equations of motion. 

2.2 Constrained dynamics 

The ;Euler - Lagrange equation is the, equation of motion for dynamical 
variables,if it contains their acceleration. In the opposite case these equations 
are treated as some constraints [18]. The form of the constraints is very closely 
related with the choice of a form of dynamics. To clear up this observation, 
let us remind the well - known example of a Maxwell field Aµ interacting with 
a matter spinor field 1/J 

W[A, 1/J, ¢) = j d4x (-¾Fµ 11 Fµ 11 + t,b(i8- m)tJ, + e¢1'µ1PAµ) , 8 = 8µ1'µ, 

(1) 
Fµ., = 8µA., - 8.,Aw 

In terms of the vector potential Aµ the Euler - Lagrange equations are 

82Aµ - 8µ(8 · A) = Jµ, Jµ = ei[l,,,,¢. (2) 

These equations do not determine the field configuration in the unique way: if 
the function Au is a solution, then the function Au + 8uA with the arbitrary 
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function A, also satisfies it. This means that not all components of the elec
tromagnetic field are independent and we can express one of them through 
another. In the Lagrange approach due to the manifest Lorentz invariance of 
eq.(2) there are no preferred independent components. But if we pass to the 
Hamiltonian form with some preferred time we immediately get them. After 
fixing the time axis 'T/, instead of dealing with the fields Aµ we introduce the 
following variables : 

A.1 = µ 

<I> = 
and eq.(2) results in the equation for <I> 

(3) 

(4) 

This equation does not contain a derivative of <I> with respect to the time 
variable 7 = 'T/ • x, and thus represents the Lagrangian constraint. For a 
usual choice of a time axis 'T/ = (1, 0, 0, 0), equation ( 4) transforms to the 
well - known form of the Gauss law 

(5) 

2.3 Reduction to unconstrained dynamics 

The procedure of identification of physical variables and their separation 
from nonphysical ones has been called the reduction procedure. There are two 
ways for the realization of the reduction in the classical and quantum theories: 
gaugeless and gauge-fixing. In the former, independent physical variables are 
constructed by the explicit resolution of constraints. In this case nonphysical 
variables disappear from gauge invariant quantities and the remaining physical 
variables describe a usual unconstrained system. To avoid the difficulties 
with the resolution of complete constraints, one commonly uses the general 

.method of Dirac [19], gauge -fixing approach, based on the introduction 
into the theory of some new "gauge constraints" and on replacement of the 
Poisson bracket by the Dirac's one. However, due to the nonlinear character of 

· non -Abelian gauge theory and gravitation such coordinate fixation faces the 
problem of determination of the class of "admissible gauges" [18]. It seems to 
us that the problem of definition of admissible gauges is not easier than that of 
resolution of constraints. We would like to demostrate here, that the gaugeless 
method of quantization allows us to take into account boundary effects in 
constrained systems, e.g., zero mode excitations and surface dynamics in QCD 
and gravity, which can be lost in conventional gauge - fixing approach. 
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2.3.1 Reduction without gauge fixing 

To introduce the method of gaugeless reduction, let us begin with an ex
ample of electrodynamics in the instant form 

W[A, '¢, 'ljj] = j d4x (~[(80Ai - 8;A0)
2 

- Bl]+ 'ljj(i8- m)'lj; + eJµAµ), 

(6) 
. k 

B; = Eijka1 A . 

In the action (6) in accordance with the choice of time axis, the time compo
nent of vector field is distinguished. The main point of gaugeless reduction 
for electrodynamics is to resolve explicitly the Lagrangian constraint 

~Ao = 8i8oA; + Jo. (7) 

Within the zero modes of operator ~ we can write down the solution for (7) 
in the form of the following decomposition of A0: 

Ao = Ar + At, Ar = ! (8o8iAi) 

whe~e A1r is varied under the gauge transformations 

Aµ -+ A'µ = Aµ + 8µA, 

AJ 
0 

1 
~Jo, (8) 

while A5 remains invariant. The kinetic term in eq.(6) can be diagonalized 
by thi~ decomposition, after introducing the new variables (1): · 

where 

Ak[A] 

'lj;I[A] 

v[A](Ak - i~8k)( v[A])- 1
, 

e 

= v[A]'lj;, 

v[A] = exp{ i ft dt'At{} =. exp{ie ! ai A;} . 

(9) 

(10) 

(11) 

These variables are the gauge invariant functionals from initial gauge fields 

A1(A + 8A) = A1[A] 

and satisfy, by the construction, the identity 

8;Af(A] = 0. 

108 

(12) 



Note that this identity is the consequence of the explicit resolution (8). Thus 
the functional AI[A] contains only two observable transverse fields without 
selecting the Coulomb gauge 

AI_~ aAI 
i - ~ e; a· 

a=l,2 

The initial action (6) on the constraint shell (7) in terms of the new variables 
gets the form: 

wRed[AI, ¢I]= J d4x~ L (8µA!8µ A!)+ ~J& !1& - jf A[+ if/(i8- m)'lf,I. 
a=l,2 

(13) 
So we· are ready to pass to the Hamiltonian form for our theory by using 
the conventional Legandre transformation for physical coordinates A!. The 
quantization is achieved by imposing the canonical equal-time commutation 
relation between conjugate variables: 

One can write down the generating functional for Green's function of the 
obtained unconstrained system in the form 

z:ed[s, SI, JI] = J II DA!D¢I Dif/e;wR•d[A1,,;l,,f/]+iSI' (14) 
a 

with external source term 

(15) 

2.3.2 Gauge and relativistic covariance 

Electrodynamics has two symmetries : global and local. The first is asso
cia_ted with the space - time Poincare transformations 

xµ -+ x~ = x,. +aµ+ L(>.)~x,,, 

and the second with the fields gauge transformations 

Aµ(x) -+ Aµ(x) = exp(ieA(z)) ( A,,(x) - ~8µ) exp(-ieA(x)), 

'If, -+ '1/./(x) = exp(ieA(x))'lf,(x). 
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Relativistic and gauge invariances on classical level mean that the action (6) 
remains invariant under these transformations. The simplest way of realiza
tion of the relativistic invariance in the quantum theory is the following: the 
fields operators are transformed via some unitary operator 

Ui 1?/J(x)UL = S(L)?/J(Lx), 
Ui1Aµ(x)UL = (L)~Av(Lx). 

(16) 
(17) 

In the gauge theory there is more subtle realization of Poincare symmetry.It 
can be also considered as some mixing of rigid symmetry (Poincare) with 
gauge one 

Ui 1?/J(x)UL = S(L)exp(ieA(x,L))?/J(Lx), (18) 

Ui 1Aµ(x)UL = (L)~exp(ieA(x,L)) ( Av(Lx) + ~aµ) exp(-ieA(x,L)) 
(19) 

Just this way of representation of symmetry is realized fo~ reduced gauge sys-
tem. In particular, it has been proved that the infinitesimal Lorentz transfor
mation of coordinates with parameters ck corresponds to the transformation 
law for physical variables [4]: 

A{[A + bLA] - A{[A] = bLAI + 8;A[AI] , 

with the conventional variation bLA = LA supplemented by the gauge one: 

I kl[ I ] A[A , J] = s ~ (8oAk) + 8kJo . (20) 

This form was interpreted by Heisenberg and Pauli [20] ( with reference to 
the unpublished note by von Neumann) as the transition from the Coulomb 
gauge with respect to the time axis in the rest frame ryz = (1, 0, 0, 0) to the 
Coulomb gauge with respect to the time axis in the moving frame 

'r/µ = 'r/z + bL'r/µ 0 = (Lryo)µ-

The Lorentz covariance of the reduced theory was proved in quantum theory 
by B.Zumino [21] and means 

zRed[s SI JI] - zRed[Ls LsI LJI] 
Lf/ ' ' - 'I ' ' • 

(21) 

2.3.3 Gauge equivalence theorem 

The usual form of the gauge - fixing Faddeev-Popov integral for generating 
functional of Green functions in the gauge F(A) = 0 is 

zF[sF' sF, JF] = J IT DA: Dtt,' DiV ~:pb(F(AF))eiW(A',,N,')+S'' 
µ 

sF = I d4x (sF 1/JF + iV SF+ J: A:]) (22) 
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where W is the initial action and 6.FP is the Faddeev - Popov (FP) determi
nant. 

As was proved (22] by the changing variables of integration of the type of 
(9,10), this representation coincides with the gauge invariant reduced result 
(14) only for the choice of the following form of source term 

SF= (v[AF]t1s1 , SF= (v[AF]t1s1 , J[ = 0, a;J{ = 0 (23) 

with the gauge transformation v[AF] defined in (11). 
In the Feynman diagrams for Green function this gauge factor v[AF] leads 

to so-called spurious diagrams (SD). Just these spurious diagrams restore the 
Feynman rules (FR) for the reduced functional (14). Thus, one can present 
the identity 

(FRl + (SD) = (FR/ (For Green's functions) (24) 

as a consequence of independence of the functional integral (14) of the choice 
of variables. It can be verified that in calculation of the elements of S- ma
trix transition between the elementary asymptotical states these spurious di
agrams disappear on the mass shell surface. As a result,we get 

(FRl = (FR) 1 (For elementary particles S- matrix ). (25) 

This statement is known as the gauge equivalence or independence theorem 
[22]. When the asymptotic states contain a composite particle or some col
lective excitations, the equation (25) is quite problematic. There we are sure 
only in the identity (24) 

(FRl + (SD) = (FRf (For S - matrix with composite particles). (26) 

The violation of the gauge equivalence theorem (25) in this case does not 
mean the gauge noninvariance and relativistic noncovariance. This violation 
can reflect the nonequivalence of the different definitions of the sources (15) 
and (22) because of nontrivial boundary conditions and residual interactions 
forming asymptotical composite, or collective states.In this context, the notion 
"gauge", in fact, is the gauge of sources in the FP-functional integral, but 
not only the choice of definite Feynman rules. As the gaugeless scheme takes 
into account explicitly whole physical information from constraints, it is more 
correct to use this gauge - invariant and relativistic - covariant scheme for 
description of composite particles and collective excitations,then the Dirac 
approach with an arbitrary relativistic invariant "gauge of sources". Below, 
we would like to demonstrate the preference of the gaugeless scheme with an 
example of collective excitations in the Yang - Mills theory and gravity. 
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3 GAUGELESS REDUCTION of YANG 
MILLS THEORY 

3.1 Zero modes of Gauss' law 

Now we pass to the reduction of the Yang - Mills theory with the local 
SU(2) group in four - dimensional Minkowskian space - time 

W[ A ] = _! J d4xFa pµv = ! J d4x (F.a.2 - B'!-2) µ 4 µv a 2 01 1 , 
(27) 

with the usual definitions of non-Abelian electric tension Fo; 
· F, · = a A'! - v'(A)~6 A6 y''!6 = (8a68· + eEacb A~) 01 Q I I Q) I I I ) 

and magnetic one Bf 

B't = Eijk ( aiAk + i Eabc A! A%). 

The reduction consists in the explicit resolution of non-Abelian Gauss' law 

6W = O ==> [v'2 (A)]ac Ac = vac. (A)a A~ 8Aa O • 0 1 

0 
(28) 

and next in dealing with the initial action (27) on surface _of these solutions 

wRed = W[ Aµ] l~=O. 
6A 0 

(29) 

Let us choose some particular solution of the constraint (28) with the prop
erty 

_lim ag(x, t) = 0 
,.,, -+ 00 

(30) 

and write down the general solution as a sum of this particular solution and 
the general solution cl> ( zero mode field) of homogeneous equation 

A0 = -cI>c + a0, [v'2 (A)]°c cl>c = 0. (31) 

In the next step the QED gauge invariant variables (9),(10) can be generalized 
as in ref. [1]: 

Ai = v1[A](Ak + 8k)(v1[A]t1, 

~r = vr[A]~(vl[A]tl' 
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where the generating transformation v1 [A] is given with the hel{l:Qf the "good" 
solution a0(x, t) 

(33) 

In terms of these variables the reduced action takes the form 

WRed[A1 <1.>1] = ~ J d4x [ (ooA{ + v';(~1)<I>1)2 - Bl]. (34) 

As the fields 80A;, <I>1 , B; satisfy the geometrical constraints 

v'fb(A1
) 80Af = 0, 

v'fb (AI)vtc (AI) <I>Ic = 0' 

v'fb(AI)BNAI) = 0' (35) 

it is clear that the reduced action depends on the zero mode field <I> only 
through the surface terms on spatial infinity : le and 1<11 

IE = j d3x80A{v';<I> = j d3x8;(8oA;<I>) = f ds;(8oA{<I>)l
1
;
1 

_ 

1<11 = ½ J d3x(v';<I>)°(v';<I>)° = i J d3x~(<I>a)2 = if ds;8;(<I>)2l1;; 

00 
, (36) 

.(37) 
00 

(38) 

The following progress can be implemented if we note that in accordance 
with the property (30) we have 

A{(i,t)j_ =b;(x), oob{=0. 
lxl - oo 

(39) 

As the consequence, it than follows the diagonalization of the action (34) 
(IE = 0) and the factorizable form for the zero mode field : 

(40) 

To clear up the meaning of <po(t) recall that according to the definition of vari
ables A1 they describe local excitation, while zero mode field <I> is associated 
with some global (collective) dynamics of gauge fields. Such global properties 
of theory are connected with the well-known topological invariant [23,24] 

e2 r d4 pvµp- . 
V = --2 X µv· 

641r . 
( 41) 
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On the constraint shell the quantity v can be represented as 

V =V . - 4 J Red I / constraint - d x ( 8oA; + 'v ;<I>) B;, 
-a e2 a 

B; = 81r2 B;. ( 42) 

We can find the connection between the time dependent part of the zero mode 
cp0(t) and this topological invariant after using the following decomposition 
for v on the local and global parts: 

vRed = J dt80Nr[A1, <I>I], Nr[A1, <I>] = NL[A1] + N0, 

NL[A] e
2 J d3 (Aa !'l Aa + 1 abc Aa Ab Ac) -2 XEijk i Uj k - E i j k , 

l61r 3 

8oNo = J d3xB;'v; <I> = J ds; ( <I>B;) I ~ J lxl _, oo 

Comparing ( 40) and ( 45) we get the desirable connection 

'Po = 8oNoTjj1, 

(43) 

(44) 

( 45) 

(46) 

where the constant IB is determined via the stationary part of fields at spatial 
infinity 

IB = f ds; (<I>oB;) llxl 
00 

Finally, our reduced action gets the form: 

wRed[AI,No] = Wfed[AI] + w§ed, 

wfed[A1] = ~ J d4
x [ (BoA{)

2 
- (Bl] 

w§ed = J dt(8oNo) 2I, I = Iif>/I1. 

(47) 

( 48) 

(49) 

From the reduced action ( 48) with zero mode we get an unexpected result: 
There is a static solution of pure Yang - Mills theory with finite energy in four 
- dimensional Minkowskian space - time (14]. 

One can show, that one of such the static solutions coincides with the well 
- known Bogomoln'yi - Prasad - Sommerfield monopole solution of the Yang .. 
- Mills - Higgs system (25]. To prove this statement, it is enough to observe 
that the zero mode in the action {34) plays the role of Higgs stationary field.· 
Indeed, the Prasad - Sommerfield solution of the Bogomoln'yi equation 

v'f°(A)<I>oc = 21r Bf(A), 
/J, 
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A':' 1 abi e [ µ l] ' = ;E m sinh(µr) - ;: ; 

<I>0 = 2
7f ma [coth (µr) - __!_] , 
e µr 

x' 
m

1 = -; r =I x I , 
r 

(51) 

with µ being the parameter of the mass dimension automatically satisfies 
the zero mode equation (31) and our boundary conditions. For these field 
configurations, the constants (47), (49) are the following 

I= l<t> = 2(21r)3. 
µe2 

(52) 

There are arguments (26], (27] in favour of stability of this perturbation 
theory under small deformations around this vacuum background. 

3.2 Zero mode and homotopy group 

It is usually assumed, that all nontrivial topological properties of the gauge 
theory are connected with the existence of classical solutions of the Euclidean 
Euler - Lagrange equations with finite action - instantons. Recall that in
stanton calculations are based on consideration of topological nontrivial gauge 
symmetry group (23]: 

. with restriction on the class of stationary transformations {g(x)} with the 
asymptotical property 

lim g(x) = 1. 
Iii _, oo 

One can used the assumption of compactification of three - dimensional space 
into a three-sphere S3 . In this case all maps {g(x)} : S3 -+ SU(2) can be 
split into the disjoint homotopy classes characterized by the integer index n: 

l J 3 i'I: [ A A A ] A -} n = 
24

7!"2 d x E 1 tr Vi V; Vi, ; Vi = g 8 ;g . 

Thus, we can speak about the homotopy group 1Ia(SU(2)) = Z. The config
. urations belonging to the different cl~ses cannot be deformed continuously 
• into each other. ·The gauge transformations which are deformable to identity 
are called small, while homotopically nontrivial ones n ¥- 0 are large. For 

· large gauge transformations the local topological variable NL[A] ( 45) varies 
as 

NLfA9 ] ·. = NLfA] + n. 
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The correct formulation of the problem of quantization of the Yang-,Mills 
theory with the nontrivial homotopy group is given in refs. [23] and consists 
in solving the set of equations 

HLW< = 
v';E; w< 

TL w f 

EWf, 

0, 
ei0 wf. 

(54) 

(55) 

(56) 

The first equation is the stationary Schrodinger equation with the Hamiltonian 

HL[A, E] = J d3
x~ (E't2 + Bf2

). 

Eq.(55) reflects the invariance of the theory under the small gauge transfor
mations, and Eq.(56) describes the covariant properties of the wave function 
under a large gauge transformation. The topological shift operator TL has the 
form: 

TL= exp { dN~[A]}' 

where NL is the functional ( 44). This form is justified in refs. [23] by repre
senting the solution of (54)-(56) in the form of the Bloch wave function 

w<(NL, A)= ek p NL w<(A) 

and by the exact nonphysical solution with energy E = 0 

{ 
871"

2 
} W0 =exp ±~NL[A] . 

No-go theorem: There are no physical solutions for equations (54)
(56). 

The Proof: It is easy to check that the operators HL, TL do not commute 

[Hi, TL] ,:/ O; [[Hi[Hi, Tl] ,:/ O; 

therefore they cannot have a common system of physical eigenstates. 
In our gaugeless consideration the winding number is represented as a sum 

of the local functional NL and some collective variable No: Introduction of this 
new variable allows a consistent description of the representation of the ho
motopy group. Indeed, starting with reduced action one can get the following 
Hamiltonian: 

HRed[Po, E, AI, EI] = ?1 /'5 + HL[AI' EI], 
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as the sum of the local Hamiltonian HL and the global one with canonical 
momentum conjugated to the global variable N0 

p, _ 8wged(No) _ 
0 

N, , 
o = 88oNo - o o (58) 

The requarement of the invariance under the large gauge transformations (53) 
leads to the region of definition of the variable No : [0, 1). In this case eqs. 
(54)-(56) transform to the following 

HRed \]if 

'\l ;.E; \]if = 
Ta'1i, = 

where 

EWf 

0, 
ei9 \]if• 

(59) 
(60) 

(61) 

These equations admit the factorization of the wave function on the plane wave 
describing the topological collective motion, with the momentum spectrum: 

Po= 21rk + 0, 

•. and on the oscillator like part depending on transverse variables : 

(62) 

The oscillator like part of the wave function \Ji L[A1] is described by the Hamil
, tonian H£. 

Thus, the consistent solution of the problem of the quantization of the Yang 
•• · - Mills theory with nontrivial homotopy group is achieved by introducing an 
· additional global variable arising in the procedure of reduction as zero mode 
' of Gauss' constraint. 

3.3 Zero mode and topological confinement 

Generally speaking, for constrained system in the "gauge" 

(63) 

· the generating functional for Green's function can be constructed [2] by using 
the conventional Faddeev - Popov functional integral : 

Z[J] = j IT D4Aµ[det ('fil2(A;))]8('\l;(A) 8oA;)eiW[A]+S[J]_ 
/J 

117 



After the integration over Ao it can b.e rewritten as 

Z[J] = J D 3 A;[det (V2(A;))J 1l28(v';(A) ooA;)e;wRed[A]+S[J]_ (64) 

The calculation of this functional integral faces the problems of the existence 
of zeros of FP determinant well known as the Gribov's ambiguity of fixing of 
variables [28]. In gaugeless approach this ambiguity corresponds to the exis
tence of the zero mode sector (31) and, accordingly, of two types of variables 
(32) and 

A<I> 
k 

v<I> 

v<I>(Af + ok)(v<I>)-1 , 

T exp{j
1 

dt'<I> 1
}, (65) 

satisfing one and the same gauge constraint (63). The above introduced vari
ables A1 (32) are invariant under the small gauge transformations, while the 
variables A<I> are invariant against the large one. By the construction the 
gauge factor v<I> neutralizes the large gauge transformation, as the factor v1 

neutralized the small one in (32). 
It is important to note, that in the conventional Hamiltonian approach 

Gauss' constraint is considered as the generator of small gauge transforma
tions (59). In the gaugeless approach one can convince, that Gauss' con
straint is responsible for both gauge transformations: small and large. The 
small time independent gauge transformation generated by Gauss' constraint 
without zero mode, while the large - by the zero mode (61). 

In the gaugeless approach the requirement of gauge invariance of the ob
servable quantities under the whole group of transformations (small and large) 
means that we should work in terms of variables A <I>. The gaugeless : reduced 
configuration space besides the variables A <I> contains also above introduced 
topological variable No and, therefore, in the expression of the corresponding 
generating functional there is additional functional integral over it. To write 
down the generating functional we must separate the stationary asymptotic 
part b, which accompanies with N 0 , from the dynamical one 

_AT (x, t) = v<I> (bi(x) +Ok+ ar(x, t)) v<I> = v<I> (bi(x) +Ok) v4> + a<I>(x, t), 

where 
(a<I>t = ncd(xlNo(t))(a1

/' 

the matrix ncd(xlN0(t)), realizes the transformation (65) in the adjoint repre
sentation of the color group 

V<I> fa( v<I>)-1 = 0abTb, 
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In the following we shall call b the condensate and a - quasiparticle excitation. 
Thus, instead of (64) in the gaugeless reduce scheme we have the represen

tation for the generating functional of Green's functions 

z:cf[J~] = {P(O)=Q DPoDNoeW/J'd[Po,No] J [D3a;] eiWf'd[b1+a]+S~' 

h0~P . 

j [D3a;] = j D3a;[det (v'2(b1 ~ a))] 1126(v';(b1 + a)8oa;) (66) 

with 

s~[J~, <I>] = J d4xJt a~ = J d4xJt acncb(xlNo(t)) . 

The generating functional (66) is free from zeroes of FP determinant and 
corresponds to gauge invariant Green's functions of quasiparticles 

In eq.(67) the vacuum vector lvacQ > means the state without quasiparticles 
and with definite topological momentum Q. 

The perturbation theory with respect to the quasiparticles in the back
ground b is constructed by the decomposition of action 

where Li is the differential operator 

After the introducing the complete set of eigenfuctions 

we can write the following expansion for the field a1 

w 

In canonical operator quantization the coefficient a+( w)(a-(w )) is the creation 
(annihilation) operator of quasiparticles with the asymptotical Hamiltonian 

n 

H Asympt '°' + 
L = ~ w;a;a; , 
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The function J;ii(x/w) is the amplitude of probability to find the quasipar
ticle with the energy w at the point x. For observable quasiparticle a<I> this 
amplitude has the form 

< vac, P/a<I>c(x, O)lw, Q >= J dNeiN(P-Q)ncd(x/No(O) = N)f~j(x/w). 

The factor n reflects the degeneration of quasiparticle energy under the 
topological variable and leads to the sum of Kronecker symbols oP,Q±<I>cx)· This 
result can be treated as confinement of color states [2,6] . For colorless 
states topological degeneration factors disappear and we get the conventional 
expressions for corresponding matrix elements. 

4 RELATIVISTIC MECHANICS 
WITHOUT GAUGE FIXING 

We have demonstrated the procedure of the gaugeless reduction for the 
singular theory with the Lagrangian constraint by example of electrodynamics 
and SU(2) Yang- Mills theory. Now let us study this method for the singular 
theory without the Lagrangian constraint. The well-known example of such 
a theory is relativistic particle with the action 

T 

W[x] = -m j dr/±f,. 
0 

This action is invariant under reparametrization of time 

r--.r' = s(r), 

x(r)--. x(r')' = x(r) 

(68) 

(69) 

with ds / dr > 0. Therefore, there is an arbitrary function in the solution 
of equation of motion. So, beside fixing initial conditions, it is necessary to 
eliminate this function from the solution. The usual manner is gauge choosing. 
For example, the proper time fixing xo(r) = T leads to the instant form of 
dynamics for relativistic particle [4] . However, let us act in the spirit of the 
previous section and try to solve the problem without gauge fixing. For our 
final aim - gaugeless reduction of the Einstein gravity - it is more transparent 
to rewrite action (68) in the following form 

T ( ·2 ) 
W[x,e] = 1/2 / dr x: +em2 

• (70) 
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The phase space corresponding to the system (70) contains five variables 
(e,x0,x;) and their five canonical momenta (Pe,Po,p;). From (70) we obtain 
the primary constraint 

Pe= 0, (71) 

and the canonical Hamiltonian is H = e1i, with 1i = ½(-p5 +Pt+ m2). The 
Poisson bracket of this constraint and the Hamiltonian gives the secondary 
constraint 

{Pe,H} = 1i = 0. 

Thus the initial action (70) is rewritten in the Hamiltonian form 

T 

W[x, e,p] = j dT(po±o - p;:i:; - e1i). 
0 

(72) 

(73) 

In accordance with the case of electromagnetic field let us express one of 
the momenta (Po,p;) in terms of the others 

Po= =i=w(p); (74) 

we shall call this quantity the "spectral energy", to distinguish it from (72) ( in 
the Einstein theory of gravity (72) corresponds to the "energy density"). Note 
that the resolution of constraint with respect to Po corresponds to choice of 
the instant form of dynamics. In the present paper, we shall restrict ourselves 
only to this form of dynamics. As a result we get the following reduced action 

zo(T) 

Red ] J ( dx;(xo)) W [x;,p; = dxo =i=w(p) - p; dxo . {75) 

zo(O) 

The reduced phase space contains only x;,p; as dynamical functions of x0• 

The initial action (73), which is the functional from xo(T), transformed into 
the action {75) as the function from the boundary values xa{O), xa(T). To 
elucidate this dependence, we can exploit the following equations of motion 

6W&d 
- = 0 => 
6x; 

d 
-d p;=O. 

XQ 

The reduced action (75) on classical equations {76) is the function 

W__f(X,p) = =i=w(p)Xo + p;X; 
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ij 

of the global reparametrization invariants 

Xµ = xµ(T) - xµ(0). (78) 

From the point of view of the Hamilton - Jaco bi theory just these invariants 
represent the observable time and coordinates. In the following we shall call 
them the spectral time and coordinates. 

Now we can immediately write down ~he spectral representation for the 
wave function for our reduced system 

'lj;(X;, Xo) = j d
3
jl ffw {a(+)(p)iW{!J + aH(p)eiWc':)}. (79) 

(21r) 3/ 2 2w 

Note that in the initial theory (70) there is a geometrical invariant of the 
proper time 

dTp = medr; (Tp(r') = Tp(r)), (80) 

which coincides with the spectral one for the lowest values of the spectral 
energy w = m. We would like to emphasize that the spectral time (unlike the 
mathematical one ) has the absolute origin. 

5 GAUGELESS REDUCTION of 
GRAVITY 

The creation of Einstein's gravitational theory as general relativity theory 
was based on analogy with the special one . In the papers [11-13] we tried 
to follow this analogy at the quantum level, using the gaugeless method. By 
this way one can define : 

• the constraint shell "spectral energy" as the analogy of the mass shell one 
for relativistic particle, 

• the spectral representation for the wave function of the Universe with the 
absolute beginning of the "spectral time". 

5.1 The Hamiltonian form 

We start with the conventional scalar curvature action including the elec-
tromagnetic field to control the reduction procedure . 

W[g, A] = - J d4XA (2~/4lR(g) + ¼FµvFµv). (81) 
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It is well known that the Einstein equations 

are the Lagrange constraints. In the Hamiltonian approach they correspond to 
the secondary constraints, and the reduction consists in their explicit resolving 
with respect to the definite momentum and coordinate. 

The Hamiltonian approach with the instant form of dynamics enforces us 
to assume that the space time manifold M can be represented as M = RxE, 
where E is three dimensional surface. The space time foliation is realized by 
introducing the so-called embedding variables X(x, t) (29] which are maps 
from a point x of the surface E to a space time point X of the manifold M, 
and t labels the leaves of the foliation. This foliation leads to the well-known 
Dirac-Arnowitt-Deser-Misner ( Dirac-ADM) metric [19], (30] 

ds2 = N 2(dt) 2 - a2h;k(dxi + Nidx0)(dxk + Nkdx0), (82) 

where lf is the lapse function, Ni is the shift vector , a the "scale-space" 
component of metric, hik is the "graviton component" with determinant equal 
to unity: 

FY= Na3
, det(hik) = l, a= expµ. (83) 

The Einstein -Hilbert action (81) in terms of this metric possesses the 
manifest symmetry under the following group of transformations (31] 

t ---t t' = t'(t) 
xi ---+ xi'= xi'(t,xl,x2,x3). (84) 

Let us rewrite the action (81) in terms of the embeddings. The scalar curva
ture can be decomposed in three terms: a "kinetic" JC, the three dimensional 
curvature (3) R, and "surface" E: 

(4)R = -JC + (3)R + 2E, 

a3 µ . 0 l 
- 380( N 2 ) 
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where 
0 . 1 3 k 
µ = µ - -8k(a N ) 

3a3 ' 
0 

ht ·1 (· 2 ·) h' hk1 - 'v1Nk - 'vkNI + 3hk/8;N' 

1 k · I I . kl 
R(h) = 48;h 1(8'h k - w h'k) + 8k81h . 

The canonical momenta conjugated to µ, h, and A are the following 

8£ 6a311:2 0 
P(µ) = 8µ = - ~µ, 

k 8£ a3K2 0k 
p(h)I = -.-1 = 4N h1 ' 

8hk 

8.C a ( · I ) Ek = 8.A.k = N Ak - 8kAo - N Fik 
a 0 

= NAk-

(89) 

(90) 

(91) : 

(92) 

(93) 

(94) 

Here 8;hk1 = hki8;hil, N1 = huNi and 'v1 is a covariant derivative in metric 
h;k, 

In terms of these variables the action (81) has the following form 

/ 

3 J: ·1 J:. J: 
W = d xdtPc_µ)µ + P(h)lhk + E AJ: + Ao8J:E 

NH+ N"P" - P(µJ - 8"s" 
2 

with the surface action term 

(95) 

k a k J: I 1 J: . J: 
S = - 11:/J N + 21(.h)IN - 6N P(µ) + AoE . . (96) 

In (95) 1{ is the Einstein energy density: 

1{ = a3 -~__M + (h) + - + T 0o(E) ; 
. [ 2 P,2 411:2 P,2 (3) R l 

2 · 6 a6 2a6 2K2 (97) 

and P is the momentum density: 

a3 (P(µ)) pf I 
A = 381: ~ + 2'v1 (h)k - E FiJ:, (98) 

T0
0(E) is the electromagnetic energy density 

To (E) = ! (E;Ei F;;Fii) 
0 2 a4 + 2a4 • 

(99) 
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Now it is clear that the action (95) describes the generalized Hamiltonian 
dynamics for (µ, hkl, Ak) and P(µ), P(h)kt, Ek with Lagrange factors A 0, Nk, N. 
and the constraints 

(100) 

Note, that the action (95) differs from the ADM a,ction by the surface terms, 
as will be seen latter, they will be important for the definition of the spectral 
energy. 

5.2 Reduction of phase space 

We .shall act in the direct analogy with the relativistic particle case and 
QED. As we convinced the resolution of constraints leads to the construction 
of gauge invariant variables (QED) and to the observable time as the global 
invariant of the reparametrization group (relativistic particle). This program 
for gravity has been realized in the framework of the cosmological perturbation 
theory on the level of the classical equations, with the choice of the conformal 
time (32]. Here we discuss the dynamical aspect of this program connected 
with the construction of " spectral Hamiltonian " and "spectral time". The 
main point is the resolution of the "energy" constraint 1{ = 0 against the 
space scale momentum 

[ 

2p2 l 1/2 - aa/6 4K (h) (3) R o 
w - -- 6 + - 2 + 2T o . 

K a K 
(101) 

The explicit resolution of constraints (100) generally allows one to express P(µ) 
and µ as functionals from the physical variables <I> = (A, h), P(<I>) = (E, Ph) 
within the zero mode sector 

(102) 

The explicit time dependence of µ is not defined in the same way as for 
the particle case, where the xo dependence remains unknown. Recall that 

. the notion of observable time appears only after the resolving Hamiltonian 
constraints and motion equations. 
· On the constraints (100) the initial action (95) has the following reduced 
form 
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This expression is the basis for construction \of the Hamiltonian scheme in · 
terms of gauge invariant variables P(~), <I>1 

Red J 3 1T,(T) [ I c)<J>l [ J I] w± = d x dT. P(<f>laT ~H. P (<I>),<I> l • 
T,(O) s 

(104). 

For the zero mode sector (in the homogeneous approximation) the global 
observable time can be introduced from t~e following condition 

81{. = 0-
aT. 

(105) 

The representation for the wave function of the reduced homogeneous sys
tem in terms of eigen functions of the spectral Hamiltonian 

H.w. = £.w. 
IS 

if!( <I>1
) = I: ( A~+) exp (-i£.T.(µo) )if! s( <I>1

) + A~-) exp ( i£8 T8 (µo) )if!* s( <I>1
)) • 

8 

(106) 
Here T.(µo) describes the evolution of the quantum Universe with the ab

solute beginning of time T.(µo)- Below we consider the simplest examples of 
this evolution. 

Before we would like to note that the surface term (88) (time derivative) and 
0 
µP(µ) on the constraints gives us the following part of the spectral Hamiltonian 

0 
0 1 6a6

µ [4K2 Pf o] 
µP(µ) - 2I; = -2 - ~ + To · 

K KW Ka 
(107) 

In the fl.at space time limit from (107) we get the conventional action for 
electromagnetic field in contrast with the ADM approach, where the full time 
derivative is neglected. 

5.3 Cosmological consequences 

In the limit of the small space scale factor a , (101) transforms to 

w(P(h)) = 2✓6I'(h)2 , 
From (104), (106) we conclude that 

£8 = w(P1h\) and Ts 
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and the small earlier Universe is described by the action 

W(!)d = J dx3 [P(h)7 (h1k(T, x) - h~(0, x)) =F w(P(h)) (µ(T, x) - µ(0, x))]. 

(110) 
The constraint Pk in this limit reduces to the condition of homogeneity 

'fil1P/h)k = 0 

So, we get the Misner anisotropic model [33] -[35] with the following spec
tral representation for the wave function 

The spectral time coincides with the logarithm of space scale 

Ts = log ( :~~?) , 
and nas absolute beginning. The positive sign of time corresponds to the 
expansion of the Universe and negative sign to the contraction of (anti) Uni
verse. The "Observer" is seeing that the small Universe is created with finite 
volume and density and undergoes the inflation with respect to the "spectral 
time". 

The inflation lasts till the size becomes so large that the next radiation 
term dominates. 

At the radiation dominance stage 
P(ll = 0 

the Universe is described by the following reduced action 

Red. J 3 JT [ j • E
2 + B 2 

· ] W(±) = d x dt E A; =F 
2 

Ts , (112) 

0 

where the spectral energy density coincides with the conventional Hamiltonian 
electromagnetic density, and spectral time T8 in the homogeneous limit 

(3)R = 

is the conformal one r, 

k 
- a2r2 

0 
(k = ±1,0) ;aka = 0 

6aa 

""2""' 
roiJ 

within the factor of the size of the Universe [11] - [13]. 
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In the flat space limit T. = 1 and the spectral Hamiltonian 

H. = J d3xE2~B2 (114) 

represents the generator of evolution . Recall that this Hamiltonian is ob
tained from wµ, - fin the reduced action (103). The latter term is omitted 
in the ADM scheme.This\s the reason why the flat limit for radiation Gannot 
be reproduced in ADM approach. 

Finally, at the classical dust dominance stage 

T. o _ M(d) 
(d)o - ½(ro)a3 

it is easy to see (11] -(13] that the reduced action (103) has the following 
form 

Here the spectral time 

w± Red = =f M(d)TF(a). 
2 

TF(a) = [T dt6a
2a 

Jo K2w 

(115) 

(116) 

coincides with the Friedmann (proper) time for any type of the Universe 
k = 0, ±1, as in the case of relativistic particle. Due to considering only 
the localizable part of the spectral energy in the representation (106) we got 
only one half the mass of the Universe in accordance with Tolman's result of 
1930 (36]. In the quantum theory (106) the spectral energy Es = l/2M(d) 
is a conserved quantity and represents the relict of the age of creation of 
the Universe. It is natural to suppose that at this moment the Universe 
had the size of its Compton length M(d)-1

, which defined the minimal scale 
a(0) = (r.M(d)r1 ~ 10-50 in eq.(111). 

5.4 Universe and "Observer" 

The main peculiarity of "gaugeless" reduction of gravity is the appearance 
of the concepts of the spectral energy and spectral time. These quantities 
arise- from the surface terms of the initial Einstein action (including the total 
time derivative). In the quantum theory they correspond to the nonzero 
phases of the wave function. Just from these phases an "Observer" forms the 
spectral energy and spectral time. 

For the set of simplest examples we get the following conclusions 
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• In the limit of a small space scale component a of the metric the "Ob
server" is observing that the creating Universe expands from the finite 
volume and density and it is filled with only the Misner anisotropic gravi
tons [24]. This Universe undergoes the inflation under the spectral time. 
The inflation corresponds to the energy density 1/a6, but not the de Sitter 
one. 

• In the radiation stage, the reduced action has two correct limits. At 
, the large cosmological scale limit the spectral time coincides with the 
conformal one. For the small scale (in the flat space time limit) the 
spectral energy is nothing else as the energy of transverse photons, m 
contrast with ADM scheme. 

• In the stage of dust filled Universe, the "Observer" discovers that his 
spectral time, as the phase of the wave function, transforms to the classical 
Friedmann time, as the invariant interval (like the observable time for 
relativistic particle at rest transforms to the proper one). 

The "Observer" sees the changes of the character of spectral time Ts in the 
process of the evolution of the Universe. Who is the "Observer ", whose 
conclusions strongly differ from the conclusions of a modern scientist [37]? 

6 PERSPECTIVES 

The usual gauge -fixing scheme is based on the gauge equivalence theorem 
that has been proved for the asymptotical flat space - time and asymptot
ically free elementary particles [22]. This theorem becomes problematic in 
the general case of composite particles, collective excitations or nonflat space 
- time. The extension to the general case is quite nontrivial and interesting 
problem. Our work represents an attempt to advance in this direction but 

. in the framework of the gaugeless scheme, based on construction of gauge in
•. variant variables by explicitly resolving the Euler -Lagrange equations for the 

gauge fields component with zero canonical momentum ( compare also with 
the approach in refs. [38]). In this note we have considered effects of exhibi
tion of nonvanishing interaction in the asymptotic regions: QCD at spatial 
infinity and gravity at time infinity. The method of gaugeless reduction allows 
a correct description of this surface dynamics. We hope that the solution of 
problems of quantum gravity and low energy QCD including the hadroniza
tion and confinement [6] will be more effective in the scheme of gaugeless 
description. 
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KBaHTOBOMexaHrr"T.JecKaa rrpo 6JieMa 

JIOKaJIH30BaHHOI'O COCTOHHHH B O 6m;eiI 

Teoprrrr OTHOCHTeJibHOCTH 

8. A. Tarnpoa 

061,eiJu11e111tblU u11cmumym aiJep1tblX ucCJ1eiJoaa11uu, 4y611a 

1 Ba~;a;eHHe 

"MbI IIpilBbIKJIH C'IHTaTb X rrpocTpaHCTBeHHOH 

KOOpl(HHaToii, a t - BpeMeHeM, 11 yrroTpe6JIHeM 

HX B rJTOM CMbICJie _ l(ruKe BHYTPH aJieMeHTap

HbIX 'laCTIII.{. Ol(HaKo 'lT0 C00TBeTCTByeT HM 

B l(eHCTBHTeJibHOCTH?" 

,I(.ll.Brrox1rnn;eB 

«Ilpocmpa11cmao u apeMSI a MUKpoMupe» 

Ilpo6rreMa ycTaHOBJiemur IIpOC'l'paHCTBeHHO-BpeMeHHOro IIOJIO.lKemur 0JieMeH

TapHo:n: "!aCTHD;hl (rrpo6rreMa JIOKamman;1rn) B ee HepeilllTIIBIICTCKIIX II peilllTII

BlICTCKIIX acrreKTax OaHIIMaJia oaMeTHOe MeCTO B pHµ;y Hay"!HhIX IIHTepecoB 

,I(.ll.BrroXIIHn;ena B TeopeTII"Iecxo:n: qmouxe. XoTJI o.lK11µ;aHIIJ1 xapµ;11Ham,Horo 

11::lMeHeHIIJI reoMeTpll"IeCKIIX rrpeµ;cTaBJICHII:n: B MlIKpOMIIpe, 6hITOBaBUIIIe Tpll 

µ;ecJITIIJICTIIJI Haoaµ;,cMeHIIJIIICb ce:n:"!ac 6oJibllle:n: nrrn MCHbllle:n: ynepeHHOCTbIO B 

JIOKaJibHOCTII q>yHµ;aMeHTaJibHhIX B::laIIMoµ;e:n:cTBIIll BIIJIOTb µ;o MaClllTa6oB IIJiaH

KOBCKOll l);JIIIHhl, Bee )KC Borrpoc, rrpIIBeµ;eHHhlll B 0IIIIrpaqie, He TepHeT CBoe:n: aK

TYaJihHOCTII KaK OTHOCJllWIHCJI K CaMhIM OCHOBaM ern;e µ;arrexo He aanepllleHHOH 

B IIOCTpoeHIIII peilllTIIBIICTCKOll KBaHTOBOll TeopIIII. 

Borree Toro, B TeopIIn KBaHTOBaHHhIX rrorre:n: c BHelllHeii 0HHlllTeiiHoncxoii: 

rpaBIITan;ueii: (T.e.B pIIMaHOBOM rrpocTpaHCTBe-BpeMeHII ¼), Ha"IaJIO rrocrreµ;y

rorn;eMy BIIe"!aTJI.llIOUJ;eMy paoDIITIIIO KOTOpoii: 6hIJIII IIOJIO)KCHO B Jia6opaTop1111 

TeopeTII"!ecxo:n: q>II::lIIKII OllJlll B 6LITHOCTh ,I(.ll.Brrox11Hn;ena ee µ;npexTopoM, 

BO::lHIIKaeT BOIIpoc O TOM, "ITO TaKoe "!aCTHD;a BOo6rn;e, IIOCKOJibKY Tpaµ;nn;uoH

HOe ee orrpeµ;erreHIIe KaK KBaHTa 0Heprnn IIOJI.ll B crry"Iae HCCTaTII"ICCKIIX MeTpIIK, 

IIO MeHblllCll Mepe, TCpJleT CBOIO O)];HO::lHa"IHOCTb. 
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He MeHee Tpaµ;HIJ;HOHHOe, HO HeCKOJibKO 6orree HHT)'HTHBHOe rrpeµ;cTanrreHHe 

o -qacTn:n;e KaK rroKarrn:oonaHHOM n rrpocTpaHcTne-npeJeHn: o6'beKTe ncTpe'IaeT 

Tp}'µ;HOCTH y)Ke Ha yponHe crre:u;n:aJibHOH TeOpHH OTHOCHTeJibHOCTH B nn:µ;e 

HeBOOMO.iKHOCTH IIOCTpOHTb TO'IHO JIOKarrn:oonaHHOe COCTOHHHe B rrpocTpaH

CTBe IIOJIO)KHTellbHO-'IaCTOTHbIX pellleHHH cno6op;HbIX peJIHTHBHCTCKHX ypa~ 

BHeHHII IIOJIH, OTCJTCTBHH IIOJIO)KHTeJibHO-OIIpeiwrreHHOro CKalIHpHoro rrpomme

µ;eHHH B 0TOM rrpocTpaHCTBe, TPYl];HOCTeH orrpeµ;erreHHH orrepaTopon KOopµ;nHaT 

'IaCTHIJ;bI. (cho, KOHe'IHO, HIIOCTaCH Ol];HOH-IIpo6rreMbI.) 

B Han:6orree µ;eTaJibHOM H KOHIJ;eHTpHponaHHOM nn:µ;e 0TH Tpyµ;HOCTH C JIOKa

mma:u;n:eu 'IaCTHIJ;bl B paMKaX crren;IIaJibHOH TeOpIIII OTHOCHTeJibHOCTH pacCMO

TpeHbI n Monorpaqmn: .IJ:.ll.Brroxn:Hn;ena [1]. B pa6oTe [2] OH rroKaoarr, 'ITO n 

rrpocTpaHCTBe IIOJIO)KIITellbHO-'IaCTOTHbIX pellleHHII MO.iKHO IIOCTpOIITb COCTO

HHHe, B. KOTOpOM µ;n:crrepCHH Knaµ;paTa (µ;eKapTonou) KOOpp;HHaTbI CKOJib yro

l];HO Marra, T.e. JIOKarrn:oan;HH BOOMO)KHa B 0TOM rrpn:6JIII1KeHHOM CMbICJie. 3To 

0 6CTOHTellbCTBO H paccMOTpeHHe MbICJieHHbIX OIIbITOB no HOMepeHHIO KOOp

µ;n:HaT -qacTHIJ;bI rrpunerrII .IJ:.ll.Brroxn:Hn;ena K Bblnoµ;y o rrpeµ;rro'ITHTeJibHOCTH 

IICIIOllbOOBaHHH II B perrHTHBIICTCKOM crry-qae C-'IHCJIOBbIX orrepaTopon X' y' z' t 
nMeCTO uonecTHbIX orrepaTopon HbIOTOHa-Bn:rnepa [3]. Oµ;HaKo n TaKoM crry

-qae nooHIIKaeT norrpoc o cpanueHHH peoyrrhTaTon n:oMepeun:u, rrpon:oneµ;eHHbIX 

B paOHbIX, IIJCTb µ;a1Ke 1mep:u;nallbHbIX CIICTeMaX OTC'IeTa, a neµ;b cyI:a;eCTBYIOT 

eIIJ;e H HeHHepn;HallbHble. B pa6oTax [4-6] anTopa HaCTOHIIJ;eH CTaTbH,B 'IaCTHO

CTII,IIOKaoaHo, 'ITO na caMOM µ;erre aTn µ;na rroµ;xoµ;a K orrepaTopaM Koopµ;n:HaT, 

a TaK)Ke nneµ;eHHble ll.B.Ilorry6apHHOBbIM [7] BTOpH'IHO-KBaHTOBaHHble orrepa

TOpbI µ;eKapTOBbIX Koopµ;n:HaT B HOBeCTHOM CMbICJie 0KBIInarreHTHbI µ;a1Ke 6yµ;y'IH 

o6o6In;eHbI Ha KpHBOJIImeHHble Koopµ;n:HaTbI. 

To, 'ITO TaKHe OCJIO)KHeHHH ne BOOHilKaIOT C Ha6rr10µ;aeMbIMII, rropo.iKp;eHHbIMH 

arrre6poH COOTBeTCTBJIOIIJ;ero IIpeµ;cTaBJieHliJI rpyIIIIbI IlyaHKape, HaIIpHMep, C 

0Heprn:eu H rrpoeKIJ;HHMH HMIIJJibCa, HBJIHeTCH, noo6In;e ronopH, 'IaCTHbIM crreµ;

CTBHeM cyIIJ;eCTBOBaHHH 0TOH CHMMeTpIIH H coxpaueHHH 0THX Ha6rr10µ;aeMbIX. 

Ilepexoµ; K pIIMaHony rrpocTpaHCTBeHHO-BpeMeHHOMY <poHy n o6In;eM crry'Iae 

ypanun:naeT nee ua6moµ;aeMble n IIX HecoxpaHeHHH 1 ), II rrpo6rreMa orrpeµ;erre

HHH orrepaTopon JII06bIX Ha6rr10µ;aeMbIX CTaHOBHTCH 'IaCTbIO rrpo6rreMbI KBaH

TOBaHHH MeXaHHKH n: rrorreu n o6In;eH TeOpHH OTHOCHTeJibHOCTH 6eo rrpHnJie'Ie

HHH TeopeTHKo-rpyrrrronhlx coo6pa1KeHHH. Ilpn: :JTOM auepreTIPieCKHH rroµ;xoµ; K 

orrpeµ;erreHHIO Toro, 'ITO ecTb -qacTH:a;a, pearrHoyeTcH n MeToµ;e µ;n:aroHarrn:oan;n:H • 

raMIIJibTOHHaHa, cqiopMyrrn:ponaHHOM l];JIH KBaHTOBO-IIOJieBbIX oaµ;a-q B HeCTa-

1KoHe•rno, HaJio>KeHlle mo6LIX HeCTaQIIOHapHLIX II He0)1HOp0)1HLIX BHellIHIIX ycnoBIIH Ha KBaHTO

BYIO CIICTeMy, Hanp11Mep, B B11)1e BHellIHIIX noneii np11B0)1IIT K IlOTepe HeKOTOpLIX llllll Bcex oaKOHOB 

coxpaneu11.11, HO Kor11a t>T<> npo11cxo1111T B nnocKoM npocTpaucTse-speMeu11, KaK npas11110, npe11nona

raeTCll 111111 no11pa.oyMeBaeTCll BOOMO>KHOCTb BKJIIO'IeHIIJI II BLIKJIIO'IeHIIJI t>TIIX ycnoBIIH C BOCCTano

BlleHlleM OaKOHOB coxpaHeHII.H II CTan11apTHOH TpaKTOBKII Bcex Ha6JII0)1aeMLIX. 
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D;HOHapHOM BHemHeM :meKTpoMarHHTHOM none M.li.IlfapoKOBbIM [8] H OaTeM 

illHpOKO rrpHMerurnmeMCJ£ rrpH KBaHTOBaHHH rrorreii: B KOCMOJIOrH'leCKHX rpaBHTa

D;HOHHbIX rroJIJix A.A.I}m6oM [9] H µ;pyrHMH. 0µ:Haxo rrpnMeHeHHe aToro MeToµ;a 

He BbIXO)];HT oa rrpeµ;errhl µ;ocTaTO'IHO CHMMeTpH'IHbIX KOCMOJIOrH'JeCKHX Moµ;e

rreii. B mo6oM crry'lae OH rrpHBO)];HT JIHillI, K rrpeµ;cTaBrreHmo O KBaOH'laCTHn;ax, 

tlaBHC.lIIIJ;eMy OT "MoMeHTa BpeMeHH"' B KOTOpbIH rrpOHOBO)];HTC.lI HOMepeHHe 

HecoxpaHHrow;encJI :meprHH non.JI. 

EcTeCTBeHHO o6paTHTI,C.lI B 0TOH CHTyan;HH K rrpeµ;cTaBJieHHIO O 'JaCTHD;e KaK 

0 JIOKaJIHOOBaHHOM ofroeKTe II Bhl.lICHHTo,HaCKOJII,KO MoryT 6bITI, pacrrpocTpa

HeHbI H o6o6w;eHhl cTaHµ;apTHhle rrpeµ;cTaBJieHHJI o rroxarrn::ian;nn Ha o6w;epe

JIJITHBHCTCKHH crry'laii. Bhlme y)Ke yrrOMHHarroco, 'ITO )];a)Ke B rrpocTpaHCTBe

BpeMeHH MHHKOBCKoro M4, µ;a)Ke C µ;exapTOBbIMH KOopµ;HHaTaMII oµ;eco ecTI, 

He.HCHOCTH, H II00TOMY rrepBoe, 'ITO crreµ;yeT cµ;erraTI, - 0TO IIOIIbITaToC.H BOC

rrpoHOBeCTH B ¼ CTaHµ;apTiryIO CTpy:icTypy HepeJIJITHBHCTCKOH KBaHTOBOH Me

xaHHKH ( B KapTime ffipeµ;HHrepa): ypanHeHHe :JBOJIIOI{HH BOJIHOBbIX <PYHKI{HH 

.. Hx cKamrpHoe rrpomJBe~eHHe, orrepaTopbI rmeprrm- HMlIYJibca H rroao2KeH1ra 'Ia

CTHI{bI. IIocrreµ;HIIe Tpe6yIOTC.H B COOTBeTCTBHH c rrpoeKTIIBHbIM nocTyrraTOM 

KBaHTOBon MexaHHKII )];JIJI oaµ;aHHJI Ha'laJioHhlX ycrroBHH µ;rr.H ypaBHeHHH aBo

JIIOD;HH rryTeM peµ;yKD;HH BOJIHOBOH <pyHKD;HH. 

B HacTo.Hw;eii: CTaToe BeCoMa cxeMaTH'lecKH n::irraraeTC.lI o6w;exoBapnaHTHhlH 

noµ;xoµ; K TaKon peKOHCTPYKD;HH Ha ocHoBe pa6oT aBTopa [4 - 6], c yrropoM 

Ha Te petiyrroTaThl, KOTOpbie, Ha Ham BtlrJIJIµ;, BHOCJlT orrpeµ;erreHHYIO .HCHOCTI, 

B yrroM.HHYThle Bhlille BOIIpOChl. 

2 HepeJI.HTHBHCTCKruI aCHMTITOTHKa 

o 6m;epeJI.HTHBHCTCKHX ypaBHeH:u:u :u 

6opHOBCKruI HHTepnpeTaD;H.H BOJIHOBhIX 

<l>YHKD;HH 

YpaBHeHHJI ffipeµ;nurepa H IIayrrH ( c rrorrpaBKaMH rrro6oro rrop.Hµ;Ka no 

c-2) COOTBeTCTBeHHO )];JIJI CKaJIJipHOH IIJIII (µ;ByXKOMIIOHeHTHOH) CIIHHOpHOH 

· BOJIHOBOH <pyHKD;HH 7/J B ¼ c MeTpH'leCKHM TeHoopOM o6w;ero IIOJIO)KeHII.H 

g013(x), a,{J, .. : = 0,1,2,3, x E ¼, rropo)Kµ;aroTc.H nepexoµ;oM B o6o6w;e

HH.HX Ha ¼ ypaBHeHIIH KrrenHa-fopµ;oHa H .IJ:npaxa K xrraccy nx pemeHnn Bnµ;a 

(Bhlµ;erreHHe 6McTpo HOMeH.Hrow;enc.H 'JaCTH qiaoM): 

'1>(x) =canst. exp(-i"t S(x)) V(x) • 7/J(x), 
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rµ;e S(x) - cpyHKD;IIJI, yµ;om1eTDOpJI10mrur KaK0My-1rn60 ypaDHeHHIO raMIIJihTOHa 
- JIKo6II (HarrpIIMep, /J;lIJI reoµ;e::rn'IeCKIIX aas 80,S = 1), II ycrrODIIIO "6h!cTpOThl 
" Dhlp;erreHHOH '!acTII <pruJhl: 

2mc 2 
I 8aarg(V VJ) aa S I «: (-,;,-) 8aS aa S, (2) 

a V(x) - HeKoTophln:, noo6me ronopJI, HerroKaJihHhIH orrepaTop (oµ;HoKoMrro
HeHTHhIH n crry'!ae CIIIIHa O II 2 x 4-MaTpim;a c orrepaTOpHhIMII :meMeHTaMII n 
crry'!ae CIIIIHa 1/2). IlpII rroµ;cTaHODKe (1) n ypaDHeHIIJI /l;JIJI <I> IIOJIO)KIIM, 'ITO 

neKTOpHoe rrorre Ta(x) d~ c 8aS(x) = 0(1) (aTo neChMa HeTpIIBIIaJihHhIH IIIar, 
otma'!aIOmIIH rrepexoµ; K '!eJIOBe'!eCKIIM MaClllTa6aM BpeMeHII), II rrorry'IIIM /l;JIJI 
VJ ypaBHeHIIe TIIIIa illpeµ;IIHrepa-IlayrrII: 

ihTVJ = H VJ, (3) 

rµ;e B crry'!ae crrIIHa O (n crrIIHopHoM crrrrne IIMeeTcJI eme oµ;IIH 'IJieH, coµ;ep,Ka
mu:ii: MaTpu~ Ilayrru ak) 

- def ail 1..., o, 
T = r Vo, + 2 var (4) 

- o.6o6mennrur npounnoµ;nrur B nanpanrrenuII npeMenIInoµ;o6noro BeKTopHoro 
noJIJI r0t(x), KOTOpoe, pa3BllDaH µ;ocTaTO'IHO ycTaHOBIIBlllYIOCJI TepMIIHOJIOI'llIO; 
yMeCTHO Ha3BaTh HOpMaJibHOH raMHJibTOHOBOH CHCTeMOH OTC'ieTa; BTOpoe 
crrarae1rne B cpopMyrre ( 4) OTCJie)KUBaeT II3MenenIIe n nanpanrreHIIII Ta arre- . 
MeHTa o6'heMa HOpMaJII,HOH npocTpaHCTBeHHo-noµ;o6HOH runepnonepXHOCTII 
TaK, 'IT06hl 0TO II3MeHeHIIe CaMO no ce6e He Memmo nrrOTHOCTI, BepoJITHOCTII 
o6Hapy)KeHIIJI '!aCTII~ n ep;IIH~e o6'heMa, CM [3]. 

ThMIIJI~TonuaH H Dhlpa,KaeTcJI 'Iepen orrepaTop V(x), na KOTop1,1n:, ~ cnoro 
o'!epeµ;1,, naKJraµ;hlnaIOTcJI, coxpaHJ{J{ onpeµ;erreHHhl:ii: npoII3Borr, aeirnneHHh!e 
ypanneHIIJI,II noToMy o6a aTH onepaTopa, ecrrII cymecTDYIOT B TO'IHOM CMhlcrre, 
TO nerroKaJihHhl. Oµ;naKo., nepexoµ; K KBaHTOBOH MexanIIKe cocTOIIT B acIIMnTo
TII'IeCKOM no c-2 npII6JIII)KellllII 0TIIX onepaTopoB, 'ITO /J;OCTIIraeTCJI npoCTOH ' 
IITepan;noHHon: npon;eµ;ypon. (IIpu aToM B crry'Iae BHelllnero rpannTan;noHHoro . 
noJIJI "npaKTII'!ecKnn" IIHTepec MO)KeT 6hITh orpanII'!eH nopJIµ;KoM O(c-2)). B 
penyrr1,TaTe aCIIMilTOTII'IeCKIIe npII6JIII)KCHIIJI V II H JIBJIJIIOTCJI µ;mJ>cpepeHD;II- ' 
aJihHhIMII onepaTopaMu, coµ;ep.:iKamm,m B npocTpancTBe pellleHIIH ypanHeHIIJI 
( 4) TOllhKO npOII3DO/J;Hhle B/J;Olll, npocTpaHCTBeHHO-noµ;o 6HOll rIInepnonepxno-' 
CTH S = {x E ¼ : S(x) = canst} II TOllhKO KOHC'IHOe IIX 'IIICJIO, T.e. B 0TOM 
CMhICJie Teop1rn llOKaJihHa, a <I>( X) BIIµ;a (1) JIBJIJieTCJI aCIIMnTOTII'!eCKIIM peme~ 
HIIeM o6mepellJITIIBIICTCKIIX ypaBHCHIIH noJIJI. 
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Ilpommon, ocTaromu:iic.ll npu aTOM B onpeµ;enemrn onepaTopa nepexoµ;a V(x), 
MO:lKHO Hcnon1,30BaTb µ;n.ll TOI'O, '!Tofo,1 lI3BeCTHbie coxpaH.llIOI.I.\HeC.ll (Ha pellle

HlIHX nonem,rx ypaBHeHu:ii) nonyTopanuHeHHI,Ie q>opMhl: 

{¢1,¢2} = kdao: (¢1 80:¢2-80:¢1 ¢2) (cnHHO), 

= kdao: ¢1"10:¢2, (cnHH 1/2), 

(5) 

(6) 

rµ;e E - npoH:Jnon1,Ha11 npocTpaHCTBenHo-noµ;o6HaH runepnonepxnocTb (06-

mero nono:iKeHlI.ll) H dao: ( x) - ee HOpManhHhlH aneMeHT, npuBoµ;unu npu E = S 
u <I> BHµ;a (1) K acHMnTOTH'IeCKOMY COOTHO!lleHHIO 

(7) 

Ilocne llTOI'O onepaTop V(x) (acHMnTOTJl'IeCKH) onpeµ;eneH C TO'IHOCTl,IO µ;o 
.ynuTapHOI'O npeo6pa30BaHlI.ll, a I'aMHnbTOHHan H (acHMnTOTll'IeCKII) :JpMIITOD 

n o6hl'!HOM CMhlcne: 

(8) 

HopMHpOBKa "+' coxpaH.lleTC1l BO BpeMeHll, T .e. B HanpanneHlllI To:. TaKHM O 6-

pa30M, xoT.ll nonyTopan11HeHHa11 q>opMa {'111, '112} ne .llBll.lleTc.H,noo6me r0Bop11, 

rronO:lKHTen1,no-onpeµ;enenno:ii, HO .llBll.lleTC.ll TaKODOH Ha acnMnTOTH'I.eCKIIX pe

llleHHHX nuµ;a (1). 8TH pe3yn1,TaThl cny:lKaT ocnonanueM p;ll.ll 6opHODCKOH ne

po.HTHOCTHOH HHTeprrpeTanuu nonnonoii cfJYHKnun t/J(x). 
IIocne llT.OI'O ocTaeTC.ll eme yµ;onneTBOplITl, npoeKTlIDHOMY nocTynaTy KBaH

TODOH MexaHHKH nneµ;eHHeM neo6xo):i;HMhlX onepaTopon na6nroµ;aeMhlX. 

3 OnepaTop aaepr:u:n-HMnynbca 

IIpe:iKµ;e 'IeM nepei'rrH K npo6neMe rroKann:Jao;un 'IaCTHD;I,I, p;ll.ll onpanµ;a

HII.ll yTnep:iKµ;eHHH, Kacaromnxc.ll llToro, ny:iKno_ Ha'!aT1, c 6onee npo3pa'!Horo 

nonpoca 06 aHepruu II HMnyrr1,ce. 

,I(ll.ll Krraccn'!ecKoro noll.ll <I>(x), x E l'4 npoex:o;u11 PK(<I>;E) 4-11Mnyrr1,ca noll.ll 

Ha :Jaµ;rurnoe neKTOpHoe none Ko: ( x) ( xapaKTepH3YIDmee no ecTeCTBeHHoMy 

npeµ;norrm1wHlII() cnoIIcTna H3MepHTen1,noro ycTpo:iicTBa) 11:JnecTno: 

(9) 

rµ;e To:,a(<I>) - {MeTpH'IecKn:ii:) TeH3op aHeprn11-nMnyrr1,ca. Ilpn noµ;cTaHOBKe 

croµ;a <I> H3 (1) n E·= S Mhl nony'IHM, cneµ;onaTen1,no, µ;naronanbHhlII MaTpH'I

n1,1:ii: aneMeHT HeH3BeCTHOI'O HaM noKa apMHTOBa KBaHTOBOMeXaHH'!eCKOI'O one

paTopa pr< ( x) npoeKD;HH HMnyn1,ca '!acTno;1,1 Ha ( eµ;nHH'IHOe) neKTopnoe none 
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K"'(x ),, T.e. ( aCIIMIITOTll'leCKII) 

PK(fP;S) = (VJ,PK(x)i/J). (10) 

.IJ:rrH orrpeµ;erreHIIH Hep;1IaroHallbHhlX MaTpliqHhlx :meMeHTOB orrepaTopa PK(x) 
Terrepb MO)KHO IICIIOllb3OBaTb TOT II3BeCTHI,IH q>aKT, qTo BCHKIIII µ;eHCTBIITellb

HbIH Knaµ;paTIIqHI,IH q>yHKI.J;IIOHarr Z(cp) Ha KOMrrrreKCHhlX q>yHKI.J;IIHX fP(x) el{HH

<;TBeHHbIM o6paooM orrpeµ;eITHeT apMHTon rrorryToparr1IHeHHbIH q>yHKI.J;IIOHarr 

Z(w1, w2) d.;J Z(w1 + w2) - z(w1 - w2) - iZ(w1 + iw2) + iZ(w1 - iw2), (11) 

Ha:JhlnaeMbIH rrorrHp1I:1au;1IeH Z(fP). !Ioµ; apMIITOBOCTbIO Z(Wt', w2) rroµ;pa:JyMe

naeTCH crreµ;y1011.J;ee CBOHCTBO 

Z(W1, W2) = Z(W2, W1)- (12) 

.IJ:rrH rrorrHpH3aI.J;IIII PK(fP1;S) rrplI rroµ;cTaHOBKe (1) c yqeTOM ypanHeHIIH (3) 
IIMeeM 

PK(fP1,fP2;S) = (i/J1,PK(x)i/J2), (13) 

OTKyp;a MO)KHO rrorryqlITb HBHoe Bhlpa)KeHHe µ;ITH orrepaTopa PK(x) qepe:1 orre

paTopbI VII H (KoTopbie nhlqHcITHIOTCH B BIIp;e acHMIITOTIIqecKHX pa:1rro)KeHHH 

no c-2) [5, 6] 2). 8pM1ITOBOCTb IlOITHp1I3aI.J;IIII B CMbIClle (12) aBTOMaT1IqecKH 

o6ecrre~rnnaeT (acHMIITOTll'lecKyro) apMIITOBOCTb onepaTopa PK(x) n rrro6oM 

rropHµ;Ke c-2. 

B qacTHOCTH , n HyneBOM rrpH6lI1I)KeHII1I µ;ITH crryqaJI CIIHHa O n BeKTOpHoro 

IIOITH K"' ( X)' KacaTellbHOro K rlirreprronepXHOCTII s' HMeeM: 

PK(x) = in(K"'ao + ½vo.K"') + O(c2). (14) 

EcrrlI )Ke Mhl BbI6epeM K"' = r"' / c, To rrorryqlIM orrepaTop aHeprlIII cf>r;c, rrpll'leM 

yHHTapHbIH rrpo1I:1non n BbI6ope orrepaTopa nepexoµ;a V(x) MO)KHO ncrronb:Jo

BaTb TaK, qTo6bI IIMeno MeCTO paBeHCTBO 

cf>r/c = H. (15) 

8To cnnµ;eTellbCTnyeT o BHyTpeHHeH cornaconaHHOCTII onnchlnaeMoro noµ;xoµ;a 

II CTHMynnpyeT npHMeHeHIIe ero K µ;pyrlIM Ha6rrroµ;aeMbIM. 

20TMeTHM, 'ITO HH PK(4>1; S), HH PK(4>1, «Ji2; S) He MoryT, aoo6me rosop.!!, 6LITh npeJ:iCTasnem,1 

B BH/le Ma'.l'PH'fHLIX 0JieMeHTOB KaKoro-JI1160 /IH«p«pepeH!JHaJihHOro onepaTopa no "cKan.!!pHOMY npo

HOBe11eHHIO" {·,·} oa HCKJIIO'feHHeM Toro CJIJ'fa.H, Kor11a K"(x) eCTh BeKTOpHoe none KHJIJIHHra. 
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4 OrrepaTopbI (KpHBOJIHHffHHb1x) Koop~llHaT 

,n:.M.Brrox1rnn;eB [1] HaCTOJITerrhHO noµ;'IepKIIBarr patmIIIzy Me)Kµ;y apmpMeTII

nan;IIeii ¼, KOTOpaH eCTh npoIItlBOllhHaJI MapKIIpOBKa TO'IeK ¼ nyTeM KaKoro

rrII6o lIOKallbHoro OT06pa)KeHIIJI Ha E4, II Ha6moµ;eHIIeM IIOllO)KeHIIJI 'IaCTIID;hl 

(xoTJI 6hl n yMotlpHTellhHhlM) , penyrrhTaTOM KOToporo 6yµ;yT KOHKpeTHhle 

nHa'IeHHJI cKaITJipHhlX q>JHKD;IIH qA(x) A,B, ... = 1,2,3, BH/1; KOTophlx onpeµ;e

rrJieTcJI npIIMeHJieMhlMII HtlMepIITellhHhlMH ycTpOHCTBaMII (BKlllO'IaJI xapaKTep 

IIX /J;BII)KeHIIJI), HO, KOHe'IHO, He CIIOC060M apH<pMeTHtlaD;IIH l'4. chH q>JHKD;HH 

O/J;HOtlHa'IHO onpeµ;eITJIIOT TO'IKY Ha rnnepnoBepXHOCTH s, ecrrn OHII Y/J;OBlleTBO

pHIOT ycrroBHJIM: 

(16) 

B Ka'!eCTBe KBaµ;paTH'IHoro <pYHKD;HOHarra "cpeµ;Hero tlHa'IeHHJI Kp1rnorrnHeiiHoii 

KOOpp;IIHaThl qA(x)" npIIMeM npocTe:iirnee Bhipa)KeHHe 

(17) 

rµ;e j,,(x) - COOTBeTCTBJIOIIJ;HH TOK. B '!aCTHOM crry'!ae µ;eKapTOBhlX KOOp/J;HHaT 

B M4 H I:: ~ x0 = canst noµ;o6Hoe Bhlpa)KeHHe /l;llJI BTOpH'IHO-KBaHTOBaHHoro 

onepaTopa KOopµ;IIHaThl KBaHTa IIOlIJI <I> 6hllIO BBeµ;eHO IIorry6apIIHOBhlM [7] Htl 

coo 6pa)KeHIIH npH'IHHHOCTII. IIoµ;cTaBHB B noITJipnnan;IIro QA (<I>; S) acHMITTO

TII'IecKHe perneHHJI (1) ypaBHeHIIH IIOITJI, IIMeeM: 

(18) 

rµ;e (apMIITOB) onepaTop qA(x) MO)KeT 6hlTh Bhl'IlIClleH c TO'IHOCThIO µ;o rrro6oro 

nop11µ;Ka no CTeneHJIM c-2. B 'IacTHOCTII, 

rµ;e I - onepaTop yMHo)KeHHJI 1Ia eµ;HHHD;Y, h(i) ( i,j, ... = 1, 2, 3) - BeKTOpHhle 

IlOllJI opTOHOpMIIpOBaHHOro penepa Ha s ' 1:(ijk) - IlOlIHOCThlO aHTIICHMMe

TpII'IHhlli TeHnop (1:( 123) = -1) II {)(i) ~ h(i){),, . 
TaKIIM o6pao-oM, B OTllH'IIIe npoeKD;HH HMilJllhCa, KOTOphle p;aMe B Hyrre

BOM npII6llII)KeHHH MoryT 6b!Th Bhl6paHhl KOMMJTIIPYIOIIJ;IIMII TOllhKO B npo

CTpaHCTBeHHO-IllIOCKIIX KOCMorrorn'IeCKIIX Moµ;eITJIX Po6epTCOHa-YoKepa, one

paTOphl Koopµ;1maT qA CKarrJipHOH 'IaCTlfD;hl BCerµ;a KOMMJTIIpJIOT C TO'IHOCThlO 

µ;o 0( c-4). IloJIBrreHne 'IlleHoB nop11µ;Ka 0( c-2) B crry'Iae cnnHopHoII '!aCTIID;hl 
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OTpruKaeT, rro-BII;IJ;HMOMY, HOBCCTHOC ".11pmKaHHe" GUCKTpOHa, ( ;IJ;lI.H. GUCK

TpOHa n MarHHTHOM IIOJie GTO .HBJieHHC paCCMOTpeHO n pa6oTe [101). B crryqae 

cno6oµ;Horo ;a;nmKeHH.H 6eccrrHHono:ii YJ:aCTHD;hI n M4 n HHepn;Ham,Ho:ii cHcTeMe 

0°TCYJ:CTa , Bhl6pan qA(x) = xA, r;a;e xA - µ;eKapTOBhI KOOp;IJ;HHaThI, IIOJIYYJ:HM, 

'ITO 

i;A = xA I, (I - eµ;HHHYJ:HhIH orrepaTop) (21) 

B mo6oM rrpH6JIH:lKeHHH no c-2' T.e. B GTOM IIpOCTCHIIICM ( CHMMeTpII'IHCHIIICM) 

crryqae pelI.HTIIBIICTCKIIC (!) onepaTophI npocTpaHCTBeHHhIX KOOp;IJ;IIHaT IIMCHHO 

Te, KOToph!e rrpe;a;rrararr .IJ:.M.BrroXIImi;en, CM [1], cTp.101. 

BMecTe c TCM ( acIIMilTOTIIYJ:eCKIIC) pellleHH.H ypanHeHIIH IlOJI.H <I>( x) BIIµ;a (1) c 

q>IIKcHponanHo:ii q>yHKn;IIe:ii S(x) (T.e. c q>IIKCIIpOBaHHo:ii raMIIJibTOHono:ii cIIcTe

Mo:ii OTCYJ:eTa) H onpeµ;eJICHHhIM c TOYJ:HOCTbIO ;a;o YHIITapHoro npeo6paoonaHH.H 

onepa:ropoM nepexo;a;a V ( X) MO:lKHO paccMaTpIIBaTb KaK IIHOe rrpocTpaHCTBO 

npeµ;cTaBJICHH.H O;IJ;HOYJ:aCTIIYJ:HhIX COCTO.HHIIH, aCHMilTOTIIYJ:eCKII GKBHBaJieHTHOe 

npocTpaHcTny noJIHOBhIX q>yHKU:IIH t/J(x). Tor;a;a cooTHOllleHH.H, aHarrorHYJ:Hhle 

paneHCTBaM (6) II (17) npIIneµ;yT K ;a;pyroMy µ;IIq>q>epeHn;IIaJibHOMY orrepaTopy, 

CM [5], KOTOpOe B ynoM.HHYTOM IlpOCTeHllleM CJiyqae COBnaµ;aeT C IIOBCCTHhIM 

orrepaTopoM HbIOTOHa-BIIrHepa [3], norryYJ:eHHOMY nepnoHaYJ:aJibHO IIO IIHhIX, 

TeopeTIIKo-rpynnonhlx coo6pruKeHIIH. Mo:lKHO ronopIITb ncrreµ;cTnHe GToro, 

'ITO n pa6oTax [5, 6) nony'leHo 06061.D;eHIIe onepaTopa HbIOTOHa-BIIrHepa Ha 

cnyqa:ii npoIIOBOllbHhIX BHCIIIHHX none:ii, CIICTeM OTC'ICTa II KplIBOJIHHeHHhIX KO

opµ;IIHaT. 

AHanorII'IHO nony'laIOTC.H H onepaTophI npoeKn;IIII crnma Ha JIOKaJibHhI:ii op

TOHOpMIIpOBaHHhIH penep. 

5 HeKOTOpble BblBOp;bl 

Ilo TeMe HaCTO.HI.D;e:ii CTaTbII cyI.D;ec·rneHHhIMII npeµ;cTaBJI.HIOTC.H cne;a;y101.D;ne 

BhIBO;IJ;hI, K KOTOphIM npIIBO;IJ;IIT IIOJIO:lKeHHhIH O;IJ;Cfb. no;a;xo;a;. 

L PellleHII.H ypanueuII.H I'aM11JibTOHa-JIK06II n KaKo:ii-n1160 ra.MIIJibTOHono:ii 

;IJ;IIHaMIIKC onpeµ;eJI.HIOT CIICTeMJ OTC'ICTa, nneµ;eHIIe KOTOpo:ii BhI;IJ;ClI.HCT 113 06-

1.D;epell.HTIIBIICTCKIIX ypanuelllIH noJI.H n COOTHOIIICHIIH (5), (9), (17) CTaHµ;ap

THYIO CTPYKTYPY KBaHTonon MexaHIIKn: ypanueuH.H illpeµ;IIHrepa IIJIII Ilaynn 

c apMIITOBhIM raMIIJibTOHIIaHOM 11 6opHOBCKOH nepO.HTHOCTHOH IIHTepnpeTa

n;IIeii nx pelllCHIIH tf; ll GpMHTOBhI onepaTOphI npocTpaHCTBeHHhIX KOOp;IJ;IIHaT H 

npoeKn;IIii IIMnyrrbca II cnIIHa ua npoIIOBOJibHoe none uanpanneuIIii. IlpII GTOM 

npeµ;rimb6epTOBO npocTpaHCTBO 1IIpe;a;1mrepoBhIX BOJIHOBhIX q>JHKD;IIH tf; onpe

µ;eJI.HeT Knacc W<1>s (acIIMnToTII'Iecx11x no c-2 ) pellleuII:ii ypanueunii noJI.H. 
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2. Boo6~e ronop.H, pa::3mPrnhle KJiacchl W<1>s coornercrnywT. pa::3JIII'IHhlM 
onpegeneHII.HM ogHO'laCTII'IHhlX COCTO.HHIIH, nog'IIIHeHHbIX pa::3JIII'IHhlM KBaHTO
BhlM MeXaHIIKaM, II cynepnomm;II.H peIIIeHIIH 4> , B::3.HThlX 11::3 p.a::3HhlX KJiaCCOB He 
IIMeeT CMhlCJia c TO'IKII ::3peHII.H 6opHOBCKOH BepO.HTHOCTHOH IIHTepnpeTan;IIII, 
'ITO OTHOCIITC.H II K np11Mepy' npIIBegeHHOMY .IJ:.ll.BnoXIIHD;eBbIM B [1], CTp. 90 
glI.ll geMoHcTpan;IIII TpJAHOCTeH (cnen;)pen.HTIIBIICTCKOH KBaHTOBOH MexanIIKII 
( cy~eCTBOBaHIIe cynepno::3IID;IIII IIOJI02KIITeJibHO-'!aCTOTHhlX peIIIeHIIH, gJI.H KO-

. ~Topo:ii KBagpaTII'IHaJI cpopMa {4>, 4>} norro2KIITeJibHO He onpegerreHa ). TaKIIM 
o6pa::30M, HOpMaJibHhle raMIIJibTOHOBhl CIICTeMhl OTC'IeTa nopo2Kga10T HeKOTO
poe nogo6IIe npan11rra cynepoT6opa. 

3. Ecn11, op;HaKo, ypanHeHIIe gJIK 4> 11 ypanHeHIIe I'aM11rrbT0Ha-JlK0611 o6na
p;awT CIIMMeTpIIeH II IIpIITOM ogIIHaKOBOH, TO CIICTeMhl OTC'IeTa II onpegerr.He
Mhle MMII KJiacchl W<1>s o6'hegIIH.HIOTC.H B 6orree IIIIIpoKIIe Krracchl GKBIIBaneHTHo
CTII no npep;cTaBrreHIIKM GTOH rpynnhl. QqenngHhlH II npocTeHIIIIIH npIIMep: 
CB06ogHhle ypanHeHII.H IIOJIK B M4, II IIHepn;naJibHhle CIICTeMhl OTC'IeTa, T.e. 
S( X) = CoX0

' rge x 0 
- geKapTOBhl KoopgIIHaThl II Co - IIOCTO.HHHhlej TOllbKO B 

GTOM crryqae HepeJIKTIIBIICTCKOe ogHO'IaCTII'IHOe COCTO.HHIIe M02KeT 6bITb "6y
CTIIpoBaHo" B peJIKTIIBIICTCKOe ogHO'IaCTII'IHOe 2Ke COCTO.HHIIe . 

4. B Ka2Kp;o:ii oTgeJibHO B::3.HTOH raMIIJibTOHOBOH cIIcTeMe oTC'leTa M02KHO 
BBecTII ac11MnTOTII'lecK11H no c 2 onepa Top qA ( x) KpIIBOJIIIHeHHOH KoopgnHa Thl 
qA(x) Ha npocTpaHCTBeHHo-nogo6HoH r11nepnonepxnocTII ropoga S, KOTOphlH 
lIOKarreH B foM CMhlCJie, 'ITO cogep2KIIT KOHe'IHOe 'IIICJIO (npocTpaHCTBeHHbIX) 
npoII::3BOgHhlX. 8ToT onepaTop IIMeeT co6cTBeHHhle cpyHKD;Im Ha q>IIKCIIpOBaH
HOH rIInepnonepxnocTII S BIIga 

(22) 

JIIIlllb C TO'IHOCTbIO go O(c-4) (a B M4 npII qA = xA C JII06o:ii TO'IHOCTbIO) B 
crryqae cn11Ha O II c TO'IHOCTbIO go c-2 B crryqae cn11Ha 1/2 . 
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Handedness of Jets 
as a Measure of Quark and Gluon 

Polarization 

Anatoli V. Efremov 
Joint Institute for Nuclear Research, Dubna, 141980 Russia 

Abstract 

An introduction to the handedness and handedness correlation is given. The ex
perimental situation in the handednes measurement is presented. We would like to draw 
attention to a new puzzling phenomena of the jet handedness correlation discovered 
in zo ----+ 2j et events. The sign of the correlation contradicts either to charge conju
gation of the two jets or to factorization of q and ij fragmentation into hadrons._ A 
theoretical significance of the effect is discussed. 

I Preface 

The idea of work in this direction in many respect was influenced by excel
lent but sorrily not very wide known paper of Dmitry Ivanovich Blokhintsev 
in 1950 "Uspehi" [1] named "Elementary Particles and Fields". Investigating 
the relation of elementary particles and quantum fields he concluded that the 
main feature of particles as excitation of a quantum fields is the relation of 
momentum and energy of the excitation 

This feature,, natural for linear fields (though not always), is fare from 
evident for nonlinear ones. "Other words,an excitation in such case in gen
eral is not reducible to a particle form. It was written 15 - 20 years before 
discovery of quarks and gluons with it's sticking feature of confinement. The 
excitations of highly nonlinear quark-gluon fields are quarks and gluons not as 
particles with a,_ definite momentum-energy relation but as a jets of particles. 

The jets in spite of the absence of the energy-momentum relation have 
however characterized all the other quantum numbers of the field as spin, 
charge, baryon number,etc. except for the color since all our devise are color 
blind. And we really can measure almost all this characteristics. _ Spin -



by angular distribution of jets, charge and other flavor - by average flavor of 
particles in jets. The exception was the polarization determined by projection 
of spin in some direction. What feature of jets does correspond to it? 

This question captured me yet in 1978 when we were together with D.I. 
at Tokyo Conference on High Energy Physics and where seems for the first 
time a detailed data on jets and strikingly large high-PT A-polarization and 
left-right pion asymmetry from polarized target were presented and widely 
discussed. Some later such characteristic was found and much later it was 
named the HANDEDNESS. 

2 Introduction to the Handedness 

Th~ handedness was proposed [2] as a new property of the multiparticle 
parton fragmentation function for experimental measurement of partons po
larization. It is an asymmetry with respect to pseudoscalar variable 

X=(k1 ... xk~-J 
lkil lk2I 

(1) 

in Lab frame of reference. (It was named the longitudinal handedness ). Here 
k1, k2 are momenta of two particles of jet, selected according to some crite
ria. The vector J is a unit vector in jet direction defined by thrust axis or by 
total jet momenta 1• Concerning the particle "1" one can discriminate be
tween a charge independent criteria Z (e.g. the particle "1" is the leading one 
in pair) and a charge dependent criteria Q (e.g. the particle "1" is positive 
one in (+-)-pair )2

• In this paper some results of experimental search of the 
longitudinal.handedness correlation in 2-jet events in e+e- annihilation in the 
region of :Z0-peak is discussed. 

The asymmetry with respect to X is interesting due to the following reason. 
The dependence on the pseudoscalar X can appear only in pair with another 
pseudoscalar. The only one characterizing the two particle fragmentation 
of an object (quark, gluon or resonance) is a longitudinal polarization P. 
Indeed, let a probability of a right (left) handed quark (with helicity h = ±l) 
to fragment into a right handed jet (X > 0) or (assuming the P-invariance 
of fragmentation) a probability of left (right) handed quark to fragment into 
left handed jet (X < 0) be 

NR _ NL = ~(l ± o 9) • 
-- q 2 
nl n'f 

(2) 

1Siinilarly one can define two transversal component of the handednes using two unite transversal 
vectors instead of J. So the handedness is in fact a pseudovector like polarization. 

2Instead of jet axis one can use a unit vector in direction of momenta of a triple of particles. 
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. where nl and N R,L are numbers of right and left handed quarks and jets 
correspondingly. (The latter one and a could acquire also the label Z or Q 
depending on chosen criteria on particle "1"). Then for jet handedness of 
definite flavor quark (antiquark) one can obtain from (2) 

- NR-NL -
H q,q - ---- - ,..,q,qp_ -- N - .._. q,q. (3) 

where Pq = (n+ - n'l_)/N is a quark polarization and N = NR +NL= n+ + 
n'l_: So the knowledge of the analyzing power a allows to measure the quark 
polarization.The value of a naturally depends on the chosen criteria and on 
cuts implied. 

Charge conjugation transforms quarks into antiquarks with the same helic
ities and negative particle of the pair into positive one. So it does not change 

· the handedness of jet in the criteria Z but change it for opposite in the criteria 
Q. As a consequence one has [2, 3] 

(4) 

Anothe~ relation follows from SU(2) flavor symmetry which transforms 
u-quarks into d-quarks and if the (+-)-pair is chosen as piol\ pair the 
handedness of jets does not change in the criteria Z but changes for the op
posite in the criteria Q, i.e 

(5) 

Notice however that SU(2) invariance and the relation (5) could be broken 
· for heavy flavors. 

In fact, an idea very similar to the handedness was first proposed by Nacht
mann [4], and independently mentioned in an early work by one of us [5]. Its 
application to certain heavy-quark decays was studied in Ref. [6]. Similar 
techniques are also discussed in a recent work of Collins et al. [7]. Most of 
these papers deal with the asymmetries, which can be identified as longitudi
nal handedness Ht with t being thrust or sphericity axis. 

The theoretical estimates for the value of jet handedness are rather uncer
tain. A few very general statements however could give useful indications for 
the search. The handedness just as a polarization is an interference phenom
ena [2]. So it is most probable when a pair of particles in the resonance region 
interferes with a nonresonant background. Since in parton fragmentation we 
have to deal mostly with pions, the most prominent resonances are in a region 
of 1 GeV/c in invariant mass of a pair ( e.g. in the region of the p-resonance). 
One can expect also that the most leading particles are the most informative 
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about parton spin state (just as about its charge or flavor) and that the hand
edness will be more pronounced for large kr where the variable X is large due 
to the fragmentation function have to be linear in P and thus in PX. 

Concerning the value of the handedness one can state that the commonly 
used QCD Monte-Carlo models like JETSET or HERWIG deal with proba
bilities rather than with amplitude and so does not contain any interference 
phenomena like the handedness. The lowest order perturbative QCD dia
grams give an effect proportional to squared quark mass. This should mean 
that partons transmit their helicity to hadrons at a very late nonperturba
tive stage of fragmentation. All this makes the problem of estimation of the 
handedness rather uncertain. Simplest estimations of a using an effective 
Feynmann diagramms of p-background interference give the value of few per
cent [8]. That allows to hope for applications of the handedness in measuring 
the quark polarization if the analyzing power is obtained from a process with 
known quark polarization. 

3 Handedness in e+ e--annihilation 

The e+ e--annihilation in the region of the z0-peak seems at the first sight as 
one of the best places for searching the handedness of quark jets and measuring 
the analyzing power a. This is due to the fact that the quarks from zo_ 
decay are strongly polarized as a result of the interference of vector and axial 
couplings. 

In the Standard Model the quark polarization and production ratio are 
Pu= -0.67, Pd= -0.93 and au/ad= 0.78 and opposite sign polarization for 
the antiquarks. If one does not distinguish between quark and antiquark jet one 
can easily find from ( 4) that H! = - Hf and the total handedness cancels to 
zero. However Hi= Hb and the handedness for q and iJ. add to each other. 

With no distinction between quark flavor also one has 

H e+e- ~ q P. d He+e-
Q = ~ Wql¥Q q an z = 0 , (6) 

q 

where the probabilities w's consist of a flavor rate production and of proba
bility of the flavor to fragment into a pair obeying the applied cuts3, 

Wq = aqw~utf (L aqW~ut) • 
q 

(7) 

Now it is clear from (5) that different terms in (6) could be of different 
signs and some cancellation is possible. It could be a reason that only a 

3It could be calculated using a Monte-Carlo generated events with the same cuts. 
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rather small value of the handedness was observed experimentally [9] in e+e--
annihilation via z0• The best value H0+e- = 1.19±0.48% was seen for leading 
( + + - ) and (- - +) pion triples in the p-resonance region of invariant mass 
of (+-)-pairs. This agrees with SLD observation [10] HQ < 2.4%. 

It was the reason of turning to the search for handedness correlation in 2-jet 
events 

C = t!.N,,,, = NnL + NLR - Nnn - NLi, . 
N,,,, NnL + NLR + Nnn + NLL 

{8) 

Since at the production level e+e- -+ qij the helicities of quark and antiquark 
are always correlated (GP-conjugation), i.e. n1+ = n~if- = 0, one can write 
using {2) 

and similar expressions for NLL, NnL and NLR· An important assumption 
used here is that each quark in Z 0 decay fragments independently of its part
ner. Substituting this into the correlation {8) and making a sum over the 
quark flavors one obtains4 

{9) 

The probabilities w's here have to contain probabilities of both quark and 
antiquark to fragment into desired pairs in addition to the flayor production 
rate wq = (wi,,1)2aq/[Z:q(wi,,1)

2aq]. Using the relation {4) one can obtain for 
different criteria (numbering) · 

{10) 
q q 

So, the correlations are sign definite and no cancellation is expected. Moreover 
it has to be negative in charge criteria Q and positive in no charge criteria Z. 

4 Puzzling handedness correlation 

The first observation of handedness correlation using the DELPHI data 
collection was reported at Moriond-94 workshop [11]. 

An initial statistics of about 1 MZ0 hadronic events selected by a standard 
cuts[12] was used. According to JADE method with jet resolution parameter 

41n more general case of quark helicity correlation Cqq the r.h.s. of the expression should be 
multiplied by this number. 
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Ycut = 0.08 a number of jets for each event was determined. Only 2-jet events 
were remained for the following analysis. In addition, acollinearity of two jets 
less than 15° was implied. 

The unit vector t along thrust axis was taken as a jet axis vector. The jet 
axis J was chosen as ±t depending on sign of rapidity of the pair. In each 
event a nonintersecting pairs of pions were selected satisfying one-particle and 
two-particle cuts: 

i. The rapidity with respect to the thrust axis IYtl > Ymin > 1 to be in a 
leading (assumed the most informative) group of particles. 

ii. The transversal momenta kr > k?J!in > 0.5 GeV/c - an average kr in jet 
- to get rid of low kr hadrons created by hadronization of soft gluons. 

iii. The difference in rapidity of pions in pair 16.Ytl < 6.Yma:r to select 
correlated pions created mostly from the same breaking of the q{j string. 

iv. ·The invariant mass of the pair Mpair ~ M[:.";;; ~ 1 GeV/c2 to be in 
resonance region. 

v. The absolute value of X defined by (1) is greater than 0.01. For each 
given track among different pairs which satisfy the above cuts only the pair 
with largest value of !XI was selected. (The last cut is due to limited mo
mentum resolution of the DELPHI apparatus and off-line analysis procedure 
[13].) 

The handedness correlation (8) of two pairs in the same events both in 
the same and in opposite jets was investigated for the charge and for the 
rapidity criteria for particle "1". For the former case only (+-)-pairs were 
taken into account. For the sake of control approximately the same number 
(about 1 MZ0) of Monte Carlo events produced by JETSET7.3 PS and by 
HERWIG5. 7 generators were used with the same cuts for hadronic 2-jet events 
and pair selection. 

For the opposite jets an increasing positive CQ correlation was observed in 
the region of 1 < Ymin < 2 and M[:.";;; = 0.75 GeV/c2, 6.Y ~ 1, k';in = 0.65 
GeV /c, !XI 2:: 0.01. It shows that left handed pair in one jet prefers a right 
handed pair in opposite jet. Maximal value of the correlation about 20 ± 5% 
is obtained at Ymin = 1.75. Some indication to a negative correlation can 
be seen for pairs in the same jet. Neither JETSET7.3 PS nor HERWIG 5.7 
Monte Carlo programs show this effect at the whole domain of the given cuts 
variation. No correlation was also seen for the pairs from different events 
with the same cuts including the back-to-back acollinearity cut of the two 
jets. This should convince that it is not an apparatus effect. 

The mass cut dependence M[:.";;; of the CQ correlation for opposite jets 
was investigated also. It is difficult to say something about the effect in the 
region below 0.5 Ge V because of decrease of statistics. The most definitely 
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the correlation is seen at the p-meson mass region and clearly.decreases for 
the higher masses. Such behavior confirms the above mentioned theoreti
cal expectation that for handedness phenomena manifestation one needs an 
interference of the different amplitude. 

As a function of kpin the CQ correlation disappeared for small kpi" < 
0.6 GeV/c and seems saturated at kpi" > 0.65 GeV/c. 

The Cz handedness correlation with rapidity ordering was also investigated. 
Both neutral and double charge pairs were taken into account with the same 
cuts. The correlation in opposite jet is also positive and has the same behav
ior on the cut parameters but about two times smaller in magnitude. The 
maximal value obtained is about 10 ± 4% at approximately the same cut 
parameters. 

So,· a clear evidence for the jet handedness correlations was found. The 
puzzling thing however is that the CQ correlation of selected pairs from op
posite jets has a sign which contradicts to predicted one according to (10) 
based on the standard parton picture. It includes the helicity correlation of 
Z 0-decay, independence of q and ij fragmentation and the charge conjugation 
of the two jets. The question now is which of the statement is broken. 

Same helicity contribution first seems suppressed by mq/Mzo factor and 
second would give a negative charge independent correlation Cz in contra
diction with observation. 

Break of factorization due to a high twist contribution seems also unreliable 
since the o·pposite jet correlation should decrease with increase of rapidity 
interval between pairs. Indeed, from a dimensional argument one can see that 

(11) 

where </> and </>' are an azimuthal angle between transversal momenta of par
ticles in pairs. In contrast with this the observed correlation increases with 
Ymin• 

A positive sign of the correlation would be natural if some longitudinal 
chromo-magnetic field in the color tube between q and ij would exists. It is 
close to idea of origin of jet handedness proposed recently by M.Ryskin in 
Ref. (14] according to which the handedness arises due to turning of q and ij 
produced in breaking of string in longitudinal chromo-magnetic field from 
chromo-magnetic moments of parent q and ij. The model predicts negative 
sign correlation for pairs in the same jet what seems supported by observa
tion. For the opposite jet handedness correlation this would lead however to 
the normal (negative) sign since the chromo-magnetic moments q and ij are 
opposite to each other. For to produce the observed positive sign one needs 
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an universal chromo-magnetic field as if quarks were monopoles rather than 

dipoles. One can now only guess what is a true physical reason for the field. 
It is clear however that there is no one in QED or Perturbative QCD. It is a 
question whether it could arise as a non-perturbative ( topological?) effect. So 
aside of the nature of the field is rather obscure it is hardly connected with 
spins of quarks. 

In conclusion, a very nontrivial effect in handedness correlation seems ob
served which has no simple explanation ·in present theory. It is of special 
interest to study jet handedness correlations in the other LEP experimental 
data and also in data for smaller energy e+e--collider. 
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RBaHTOBaJI xpOMO,lJ;MHaMMKa 

:0 pacnpe,n;eJieHMe -c:racTMIJ; no 

MHOJReCTBeHHOCTM 

11. M. ,LJ;peMllH 

Cl>H3HlleCKHii: HHCTHTyr HM. II.H.Jie6e,D;eBa PAH, MocKBa 

AHHOTaQHJI 

B paMKax KBaHTOBofi xpoMo,n;11aaMHKH (KX.D:) paccMoTpeaa npo6neMa pacnpe,n;ene

HHfi BTOpi!'lHhlX 'laCTl!l\ IIO MHOJI(eC'rBeHHOCTI! IIpi! coy,napeHl!HX 'laCTl!l\ B11COKl!X :rnep

ml!. Tip11Be,n;eH11 perueHl!H KX.ll:-ypaBHeHHfi ,D;JIH IIp01!3BOMmHx <pJHKI\Hll pacnpe,n;e

JieHHll IIO MJIOJI(eCTBeHHOCTI! B rJIIOOHHhlX I! KBapKOBhlX CTpynx KaK ,!(JIH <pHKC!!pOBaH

HOfi, TaK I! ,D;JIH 6erymel! KOHCTaHThl CBH31!. Hal!,n;eaa HOBaH xapaKTepHCTl!Ka, BeCLMa 

'lJBCTBHTeJibHaH K <popMe pacnpe,neJieHl!H. Tipe,n;CKa3aHl!H COIIOCTaBJIHIOTCH C :rncnep11-

MeHTaJibH1IMI! ,n;aHHhlMI!. YKa3aHO 1!3MeHeHl!e pacnpe,n;eJieHHfi IIO MHOJI(eCTBeHHOCTI! IIpi! 

yM~HblIIeHHH o6nacTH aaan11311pyeMoro <pa30Boro o6'beMa. Oao o6cyll{,D;aeTcH B CBH3H c 

IIOHHTl!HMI! 0 nepeMemaeMOCTI! I! <ppaKTaJibHOCTI!. KpaTKO Olll!CaH11 I! HeKOTop11e .npy

me aqi<peKT11, npe,n;CKaaaaa11e KX.n;. 

1 BBe,n;eHHe 

RBaHTOBaH xpoMo,n;irnaMHRa (RX,Z::i:) yme ~aBH0 npn3HaHa Teopneil: CHJibHhlX 

BaanMo~eficTBH:iL HecoMHeHHhl ee ycrrexn B orrncaHHH cTaTH'lecRnx xapaRTe

pncTHR a~poH0B (oco6eHHO, THiKeJihlX RBapROHHeB), CllMMeTpHHHhlX CBOHCTB llX 

B3aHMO~eil:CTBHil:, rrpaBHJI cyMM. C 0TRphlTHeM CBOflCTBa aCHMilTOTH'leCROH CB0-

60~ RBaHTOBOH xpoM0~HaMHRH 6:hIJIH 3aJI0iKeHhl TeopeTH'leCRHe 0CH0Bhl ~0T0Jie 

<peHOMeHOJIOrH'leCR0H napT0HH0H M0~eJIH li 0TRphlT nyTo R liCII0Jib30BaHHIO Te

opnn B03Myrn;eHHH B rrpnMeHeHHH R yrrpyrnM ll HeyrrpyrHM a~p0HHhlM rrponec

caM C 60JII,IDHMH nepe~a'laMH HMIIYJibCa, r~e p0JII, rrapT0H0B nrpaIOT RBapRH 

n rJIIO0Hhl [1-5]. HecOMHeHHO, Ha KOHe'IHOH CTa~H Heo6xo~MO Y'lllThlBaTb 

rrpeBparn;eHHe RBapR0B n rJIIO0H0B B Ha6JIIO~aeMhle a~p0Hhl,li Il0Ra eme Mhl He 

crroco6Hhl H3BJie'lb o~03Ha'!Hhlil: penenT 3Toro nepexo~a H3 RBaHTOBOil: xpoMo~

HaMHKH, Il0CR0JibRY He 3HaeM pemeHHH rrpo6JieMhl y~epmaHHH (RoH<pafiHMeHTa) 

KBapKoB, XOTH TeopeTH'leCRHe pac'leThl Ha pemeTKax ~aIOT HaM 0CH0BaHHH CRa-

3aTb, 'ITO 3T0 cBoficTB0 3aJiomeHo B JiarpaHiKliaHe RXLI:. O~aRo npocTefimne 
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oneHRll noRa3I,IBaIOT, qTo 3aqacTyIO JIH6o 3T0T 3Tan He MeHJieT cym;eCTBeHH0 

R0HeqHJ,IX xapaRTepHCTHR, JIH6o ero BJillJIHlle 0Ra3LIBaeTCJI He 3aBHCJIIIl;llM OT 

3Hepruu u no3T0MY oneHHBaeMfilM H3 ,n:pyrux nponeccon npu pa3JIHqHhlX 3Hep

ru11x. Ha q>eHoMeHoJioruqecROM yponHe pacnpe,n:eJieHHJI napT0H0B u a,n:poHoB 

oRa3hlBaIOTCJI BeCLMa CX0)KHMll. B 3TOH CHTyanHH llCCJie,n:oBaHHe napTOHHOH 

cTa,n:uu nponecca npuo6peTaeT peIIIarom;ee 3HaqeHue, nocR0JILRY HMeHH0 ero B 

3HaqllTCJII,H0H CTeneHll onpe,n:eJIJIIOTCJI R0HeqHI,Ie xapaRTepHCTllRll a,n:poHoB, po

)R,!l;aIOIIl;llXCJI B Heynpyrux nponeccax npu BfilC0RHX 3Heprll1Ix. 

,Il;JIJI BI,IJICIIeHHJI ,n:HHaMHRll nponeccoB nepB0CTeneIIHYIO p0JII, urpaeT pacnpe

,n:eJICHlle Heynpyr:u:x C06filTllH no qncJiy po)R,!l;aIOm;llXCJI B HllX qacTHD; (HJIH, RaR 

roBopJIT, pacnpe,n:eJie1me no MIIomecrneHIIOCTH). <l>eHoMeHoJioruqecme no,n:xo,n:hl 

R ero onucaHHIO ofifilqHo orpaHuqunaIOTCJI npocTeii:IIIHMH u,n:eJIMH 06 u3eyqeHHH 

0T,n:eJII,HI,IMll llCT0qHHRaMH C npHMCHeHlleM IIIllp0R0 llCn0JII,3yeMI,IX B Teopuu Be

poJITH0CTll pacnpe,n:eJieHHH (cM., HanpHMep, [61). 
Cpe.n:u HllX HaH60JII,IIICH nonyJIJipH0CTI,IO noJIL3yeTCJI 0TpunaTCJII,H0e 6HHOMll

aJII,H0e pacnpe,n:eJieHue, 06I,IqHo HenJI0X0 onHChlBarom;ee 0CH0BHhlC qepThl 3RC

nepHMCHTaJII,HI,IX ,n:aHHI,IX 0 pacnpe,n:eJICHllJIX qacTHU no MH0.lReCTBeHH0CTll B 

pa3HhlX peaRD;llJIX B ,n:ocTaTOqHo IIIllp0R0M llHTepBaJie 3Hepruii: npu Bhl6ope co-

0TBCTCTBYIOllIHX 3Haqenuii: napaMeTp0B, X0TJI ll 0TMeqeHo HeR0T0poe pa3H0rJia

cue npu HallBhlClllllX ,n:ocTynHfilX 3HeprHJix. IlpHBJieRaTeJII,HOH qepTOH 0Tpuna

TeJII,Irnro 6HHOMllaJII,HOro pacnpe,n:eJieHHJI JIBJIJieTCJI HaJillqlle aCHMIIT0THqecRoro 

KHO-c&ettJimrra npu BhlC0RHX 3HeprHJix, T.e. npu cTpeMJim;eii:c11 R 6ecRoHeq

H0CTII cpe.n;Heii: MHomecTBeHH0CTH. CorJiacHo KHO-r:u:noTe3e (Ha3BaHHoii: TaR 

no HaqaJILHLI:M 6yRBaM q>aMHJillii ee anTOpoB [71) pacnpe,n:eJieHHJI no MH0.lRe

CTBeHH0CTH 3aBHCJIT JIHIIII, OT 0TH0IIIeHHJI qncJia qacTnn R MX cpe,n:HeMy qncJiy 

(no.n:po6Hee CM. HIDRe). B o6m;ux qepTax 3T0 CBOiiCTBO TaR.lRe ,!l;0B0JII,H0 xop0III0 

no,n:TBepm.n:aeTCJI 3RCIIepHMeHT0M ( 3a llCRJIIOqenueM, .nomaJiyil:, JlllllII, .n:aHHI,IX 

npn caMI,IX BI,IC0RllX 3Heprll1IX). 

qTo me roBopnT RBaHT0BaJI xpoM0,n:HHaMHRa o pacnpe,n:eJieHHJIX no MH0JHe

CTBeHHOCTn? IlonhlTRe 0TBeTa Ha 3T0T Bonpoc n II0CBJIIIl;eHI,I Te pa6oTH, R0T0phle 

C0CTaBHJill 0CH0BY npe,n:JiaraeMoii o63opHoil: CTaTLH. ORa3aJIOCL, qTo B BHClllllX 

npn6JIH.lReHHJIX Teopnn B03Mym;enntt RBaHT0BaJI xpoM0,n:HHaMHRa Ha napT0HH0M 

ypoBHe cnoco6Ha npe,n:cRa3aTL BeCLMa T0HRHe oco6eHHOCTH pacnpe.n:eJieHHil: no 

1rnomecTBeHH0CTH, R0T0pHe coxpaHJIIOT 0CH0BHHe RaqecTBeHHHe qepThl ll ,!l;JIJI 

a.n:p0HHHX pacnpe,n:eJieHHH. Ilpe,n:BapJIJI ,n:eTaJII,H0e ll3JI0.lReHHe noJiyqeHHHX BI,I

B0,!l;0B, yRameM Ha Jiemam;ne Ha 3T0M nyTH "no,n:BO,n:HI,Ie RaMHll" lI RpaTR0 0llHllleM 

llCT0pHIO pa3BHTHJI Bonpoca. 

Ilpe)R.!l:e Bcero cJie.n:yeT no,n:qepRHyTL, RaR 3T0 yme ,n:eJiaJioci, BHIIIe, qTo RBaH

T0BaJI Xp0M0,n:HHaMHRa npHB0,n:HT R BHBo,n:aM 0 pacnpe,n:eJieHHJIX napT0H0B, a 

He R0HeqHI,IX a,n:p0H0B. Hy.lRHH ,!l;0ll0JIHHTeJII,HI,Ie rnnoTe3H, qTo6fil c,n:eJiaTI, 3a-
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KJIIOtICHMJI 06 a.n:poHHhlX pacrrpe.n:eJieHMJIX. O.n:Ho.tt II3 HMX JIBJIJieTCJI fMIIOTeaa 

0 JIOKUJibHO:it rrapTOH-a,llpOHHO:it .n:yaJibHOCTH [8), KOTopaJI CBO,llMT rrpo6JieMy K 

rrpocTO:it rrepeHop1rnpoBKe pacrrpe.n:eJieHu:it, He MeHJIIOm;e.tt MX <popMLI. OHa 

BOCXO,llMT K M,llee O "MJirKOM rrpeKOH<pa:itHMeHTe" [9), 1wr.n:a rrapTOHhl rpyrrrrM

PYIOTCJI B 6ecn;BeTHhle KJiaCTephl, He MeHJIJI lI3HatJ:aJibHhlX crreKTpOB. CJie.n:yeT 

IIO,lltICpKHYTb, 'ITO ,na rMIIOTe3a o6hltJ:HO IIpMMeHJieTCJI JIHIIIJ, K MHI<JII03MBHhlM 

pacrrpe.n:eJI~HMJIM, a ne K KOppeJIJID;lIOHHhlM xapaKTepIICTMKaM, r.n:e, KaK IIOJia

raIOT, neo6xo,llMMa 3HatJ:MTeJibH0 6oJibIIIaJI OCT0pOlRHOCTb. <I>eHOMeHOJIOfMtJ:CCKHe 

M0,lleJIM rrpou;ecca a.n:poHM3aD;MM rrapTOHOB MCIIOJib3YIOTCJI B MOHTe-KapJIOBCKMX 

BepcMJIX HeyrrpyrMx rrpou;eccon M, tJ:am;e ncero, II0MeplRIIBaIOT rrpM6JIMlReHnoe 

cno:itCTilO JIOKaJibHOM rrapTOH-a.n:ponno.tt .uyaJibHOCTM, XOTJI, KaK 6y.n:eT yKa3aHo 

HlllRe, KOe-r.n:e 3aMeTHhl K0JllI'IeCTBeIIHhlC OTJIMtJ:MJI OT CJie,llCTBMH 3TO:it rMIIOTe3hl . 

.ll;pyro:li rrpo6JieMo:it, n KOHetJ:HOM CtJ:eTe TeCHO CBJI3aHHOM C rrepno:it, JIBJIJI

IOTCJI rrpe,llCJihl rrpIIMCHllMOCTII MCIIOJib3yeMoro IIpM6JIHlRCHHJI TeopMM B03Mym;e

Hll:it. <I>opMaJibHO MO)i(HO MCIIOJib30ilaTb TeopMIO Il03MYIIICHMM JIMIIII, Il CJiytJ:ae, 

Kor.n:a KOHCTaHTa CBJI3M OtICHI, MaJia, a 3TO ycJIOBMe IlhlIIOJIHJICTCJI B KBaHTOBOH 

xpoMO,llMHaM:rrKe TOJibKO npM otJ:eHb 60JibIIIMX nepe.n:aHHhlX MMrrymcax. Ho B Ka

JK,llOM rrpou;ecce no Mepe 3IlOJIIOIJ;IIM _napTOHOB MX 3HeprHH YMCHbIIIaIOTCJI M Heo6-

XO,llllM KoppeKTHhlM ytJ:eT MJifKMX napTOHOB, MX OT,llatIM Il npou;ecce B3aMMO,lle:li

CTBIIJI M 3aKOH0B coxpaHeHllJI. B HM3IIIeM nopJI,llKe TeOpMM B03MYIIICHM:it IlCCMM 

3TllMM 3<p<peKTaMM npeHe6peraIOT, paccMaTpIIBaJI JIMIIIb npou;ecchl, B KOTOphlX 

3HeprMM M yrJihl M3JiytJ:eHMJI CMJibHO MCHJIIOTCJI Ha KalR,llOM 3Tane 3BOJIIOD;MM (TaK 

Ha3hlBaeMoe .n:nalR,n;hlJIOrapM<pMMtJ:CCKOe npM6JIHlRCHMe). YtJ:eT MJifKHX napTOHOil 

:rr cTpororo yrnonoro ynopJI,n;otJ:eHHJI npoMcxo,n;:rrT n cJie.n;yIOIIIMX tJ:Jienax paaJiolR~

HMJI. 8TO - MOJJ;M<pHI~HpoBaHHOe rrpM6JIHli(CHMe ne.n;ym;ux JiorapM<pMOB u tJ:JICHhl 

6oJiee BhlCOKoro nopJI.n;Ka no KOHCTaIITe CDJI3M, n KOTOphlX CKa3LIBaIOTCJI TaKlRe 

3tp<peKThl OT,n;atrn M aaKOHOB coxpaHeHHJI. llam:e BCeto 3TII nonpaBKM ,ll;OilOJII,HO 

xopoIIIO KOHTpOJIMpyIOTCJI M OKa3LIBaIOTCJI nopJI.n;Ka .n;ecJITKa npon;eHTOil. O.n;HaKo, 

HCCMOTPJI Ha MX OTIIOCIITeJIJ,HO He60JII,IIIOM HHTerpaJIJ,Hhlll BKJia.n;, OHM 3atJ:aCTYIO 

OI{a3hlilaIOTCJI necbMa BaliffihlMM M MeHJIIOT KapTMHY Ha KatJ:eCTBCHHOM ypoBHe 

B TOI! o6JiaCTM, r.n;e COOTBCTCTny10m:ue <pyHKil;MlI MaJihl. TaK, 6e3 npanMJIJ,HOro 

ytJ:eTa 3TMX tJ:JICHOB HCJII,31! noHJITl, HCTMHIIYIO KapTMHY npoTeKaIIMJI npou;eccoB 

C 6oJibIIIOM MHOlReCTileHHOCTbIO. :t-.1aTeMaTIItJ:eCKH 3TO CKa3LIBaeTCJI n noJinJie

HlIH HOBoro napaMeTpa pa3JI0li(eIIIIJI, paBHoro np0M3Be.n;eHMIO KOHCTaHThl CBJI3H 

( TOtJ:Hee, KBa.n;paTHoro K0PHJI H3 Hee) Ha paHr M0MeHTa pacnpe,n;eJieHHJI. 8TOT 

napaMeTp neJIMK npn 60JibIIIOM panre (T.e. 6omIIIOM MHO}KeCTBeHHOCTn). Cn11-

3aHHhle c HMM npo6JieMhl MLI o6cy,n;MM rro.n;po6Hee B paa,n;eJiax 3-5. 
TaKHM o6paaoM, ecTeCTBenuo, 'ITO nepBLie peayJI1,TaTLI o pacnpe.n;eJieHnM rro 

MHOlRCCTilCIIHOCTII rrapTOHOB B RBaHTOilOM xpoMo.n;nuaMMKe 6LIJIH noJiytJ:eIIhl n 

.n;Ba)K.n;IrnorapM<pMMtICCKOM rrpn6JinlReHHM ( CM. o63opbI n [5,10]). OHM OKa3aJIMCI, 
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HaCTOJII,l{O )I{e BTie1:J:aTJIJIIOI1IHMn, rraCKOJII,KO n o6ecKypa)I{Hnarom;HMH. Ilpe)I{,n:e 

ncero, H3 HHX cJie,n:oBaJio cBoitcTno acHMTITOTH-.:i:ecKoro RHO-cKeitJIHHra pacTipe

,n:eJieHHH TIO MHO)I{eCTBeHHOCTH. Ilpn 3TOM· caMO pacTipe,n:eJieHHe He 3aBHCeJIO OT 

KOHCTaHTbl CBJI3H [11]. 8To HaTaJIRHBaJio Ha Mblcm o 60Jib11Ieit o6m;HocTH noJiy

-.:i:eHHoro pe3yJibTaTa. PocT cpe.n:neit MHO)I{ecTBeHHOCTH c 3Heprneit (npn 6ery

m;eit KOHCTaHTe CBJI3H) 6bIJI 6blcTpee JII06oro JIOrapHq>MH"!eCKOro 3aKona H Me

,n:JieHnee JII06oro CTeTiennoro, "ITO HeITJIOXO corJiaCOBbIBaJIOCI, C 3KCnepHMeHTOM. 

BMecTe c TeM, KOHKpeTHaJI q>opMa RHO-q>yHirn;nn TioJiy-.:i:nJiac1, JIBHo npoTnno

pe-.:i:am;eit BceM 3KcnepnMenTaJibHbIM ,n:aHHbIM - TeopeTn-.:i:ecKoe pacnpe,n:eJieHne 

6bIJIO naMHOro IIIHpe Bcex, H3BeCTHbIX H3 3KCnepHMeHTa. JlHIIIb ne,n:aBHO y,n:a

JIOCI, CHJITI, OCTpOTY ,n:aHHOH Tipo6JieMbl [12, 13] nyTeM y-.:i:eTa 3q>q>eKTOB IlhlCIIIero 

TIOpJI.D:Ka, 0 KOTOphlX Mhl ynoMHHaJIH Bhlllle. Bo BCJIKOM CJiy-.:i:ae, ceit-.:i:ac MO)I{HO 

yTnep)I{.D:aTb, "ITO corJiacne C 3KCTiepHMeHTOM .D:OCTHrnyTo, TIO KpaitHeit Mepe, Ha 

Ka-.:i:eCTBeHHOM yponHe. BMecTe C TeM, HeKOTOphle npe,n:cKa3aHHJI, noJiy-.:i:eHHhle 

C IlOMOIIIblO nepTyp6aTHBHOH KBaHTOBOH xpoMO.D:HHaMHRH, OKa3hlBaIOTCJI Heo

)I{H,n:aHHO xopOIIIO onpaB,n:hlBaIOm;HMHCJI H .D:JIJI "MJirRHx" npo:u;eccoB a.n:poHHhlX 

B3aHMO,n:eitCTBHH. C O,n:HOH CTOpOHhl, 3TO 03a,n:a-.:i:nBaeT, XOTJI H IlOHJITHO, "ITO BhlC

IIIIl:e noTipanKH ,n:OJI)I{Hbl 611JIH 6bl y-.:i:nT11naT1, nocJie,n:onaTeJibHO BKJia,n: nee 6oJiee 

"MJirKoit" KOMilOHeHTbl, a C .n:pyro:il:, yKa3hlBaeT Ha 60JibIIIYIO o6m;HOCTI, MJirKHX H 

)I{eCTRHX Tipo:u;eccoB, He)I{eJIH 3TO npe,n:noJiaraeTCJI B pa3HbIX TeopeTH"leCRHX MO

,n:eJibHhlX IlOCTpoeHHJIX, H 3acTaBJIJieT 3a,n:yMaTbCJI Ha,n: o6m;HM npoHCXO)I{.D:eHHeM 

1rny-.:i:aeMbIX 3q>q>eRTOB (npHBO,n:JIIIIHX, B -.:i:aCTHOCTH, K Ha6Jiro,n:aeMhlM pacnpe.n:e-

. JieHHJIM no -.:i:ncJiy -.:i:acTn:u;). RpoMe Toro, pellleHHe ypaBHeHnit RXLJ: no,n:cKa3aJio. 

HOBYIO xapaKTepHCTHKY, BeCbMa -.:i:yBCTBHTeJII,HYIO K TOHKHM oco6eHHOCTJIM q>yn

R:u;HH pacTipe,n:eJieHHJI. CoBpeMeHHoe cocTOJIHHe Bonpoca o pacnpe,n:eJieHHJIX no . 

MHO)I{eCTBeHHOCTH B RBapKOBhlX H rJIIOOHHhlX CTPYJIX, OilHChlBaeMhlX RBaHTOBOll . 

xpoM0,0:HHaMHKOH, CJIY)I{HT OCHOBHhlM Tipe,n:MeTOM H3JIO)I{eHHJI B ,n:aHHOM o63ope . 

( CM. pa3,n:eJihl 5-8). 
qTO RacaeTCJI 3Ha"!eHHH cpe,n:Heit MHO)I{eCTBeHHOCTH, TO 3,n:ecb 6oJibIIIHe ,O:HC

KyccHH Bbl3bIBaeT BeJIH"IHHa OTHOIIIeHHJI MHO)I{eCTBeHHOCTeit -.:i:aCTHIJ; B rJIIOOHHhlX . 

H RBapKOBhlX CTPYJIX. IlepBOHa-.:i:aJibHOe Tipe,n:cKa3aHHe, TIOJiy-.:i:eHHOe H3 ,n:na

)I{,0:hlJIOrapHq>MH"leCROro npH6JIH)I{eHHJI, ,n:aBaJIO .D:JIJI OTHOIIIeHHJI MHO)I{eCTBeHHO- • 

CTeit rrapTOHOB 3Ha1:J:eHHe 9/4, "ITO cym;ecTBeHHO rrpeBOCXO,O:HJIO Bee 3I{cnepHMeH

TaJibHble o:u;eHKH. Y-.:i:eT npocTeHIIIHX nonpanoK HeCKOJibKO CHH)I{aeT 3TH BeJIH-

1:J:HHY, a BhlCIIIHe IlOTipaBKH, KaK H TO"IHOe pellleHHe ypaBHeHHH npH q>HKCHpo- . 

BaHHOH KOHCTaHTe CBJI3H TipHBO,n:JIT K em;e MeHbllleMy 3Ha1:J:eHHIO. 8TH BhlBO,n:11 ll 
HX COOTBeTCTBHe 3KCnepHMeHTY o6cy)I{.D:aIOTCJI n paa,n:eJiax 6, 7. 3.n:ecb )I{e 6y,n:er 

o6cy)I{.D:eHa H 3aBHCHMOCTb cpe,n:Heit MIIO)I{eCTneHIIOCTH OT 3HeprHH. 

Ll:JIJI TIOJIHOTbl KapTHHhl CJie.n:yeT CKa3aTb H O ,n:pyrnx HHTepeCHhlX q>aKTax H3 .· 

q>H3HKH HeyTipyrnx B3aHMO,n:eitCTBHH -.:i:aCTHIJ; BhlCOKHX 3Heprnit, B OilHCaHHH ( a 
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3a<JaCTYlO II D npc.n:cI<a3aHIIII) ROTOphlX RDaHT0DaJI Xp0M0,n:IIHa.MIIRa TaIOKC 0Ra-

3aJiaCh nccbMa ycnenrnoii. 3cp<l>eRThl, npc.n:c1<aa11naeM11e RDaHTOBoii xpoMo,n:IIHa

MIIKoii, 0lJCHh ll3JIIl(Hhl, nopolO He0JKll,n:aHHhl II ncer.n:a II0YlJIITCJihllhl. Tipo.n:oJDKan 

ll3YlJCHlle pacIIpc.n:cJICHllll no MH0JKCCTDCHH0CTII, M0JKH0 nocTaBllTh D0IIJ)0C 06 llX 

none,n:cHIIII HC T0JihRO D Il0JIH0M <1Ja30DOM 061,cMe, HO II D orpaHlllJCHHhlX (n .n:aJKe 

l\WJI1IX) cro o6JiaCTJIX. KaK II3DCCTH0, 3Tll llCCJie.n:onaHllJI BeCbMa nonyJIJipHhl B 

nocJie,n:HllC ro.n:11 II CDJI3bIDalOTCJI C JIDJieHllCM nepeMeJKaeM0CTll ll C qipaKTaJihHO

CThlO pacnpe,n:eJiennii <JacTm:i: D <liaaonoM 061,eMc, 06ycJIODJillBaromnx 6oJihllille 

q>JIYKTyaUIIll n MaJihlX o6JiaCTJIX ( CM. o63op n [14]). 3To CBOM~TBO IIp0JIDJIJI

eTCJI D 0TH0CIITCJihH0M YllIIIpemrn pacIIpc,n:eJICHIIJI IIpII yMeHbIIIeHllll 061,eMa 06-

JiaCTll, 'ITO npIID0.ll:llT R pocTy M0MeHTOD pacnpe,n:CJICHllJI, npnlleM CTeneHHOil: 

pocT HanpJIMYlO ronopllT 0 ncpcMeJKaeM0CTII II cppaRTaJihHOCTll. TaRlle 3aR0H0-

MepH0CTll 6hlJIII ua6JilO.ll:CHhl Ha onhlTC. KnaHTOBaJI xpoM0,n:IIHaMnRa onIIChIBaeT 

JIDJICHllC pocTa M0MeHT0D, HeJiocpe,n:cTDeHHO CDJI3hlDaeT noRa_3aTeJill nepeMeJKa

eM0CTll ( qipaKTaJibHOCTh) C aHoMaJihIIOit pa3MCpH0CThlO II yRa3I.IDaeT npe,n:eJihI 

npnMeHHM0CTII 3TIIX 3aR0H0D, <JeTR0 Dhl.ll:CJIJIJI Te pa3Mep11, r.n:e BaJKHo YlIUThI

naTb 6crymyro K0HCTaHTY CDJI3ll II r.n:c 3TUM CDOUCTD0M M0JKH0 npeHe6pellh. M11 

KpaTR0 o6cy,n:IIM 3TII peayJihTaTbl D paa,n:eJic 8. 
RnaHTODOMCXaHIIlJCCRYlO npIIpo.n:y D3aIIMo.n:eiic±nyromnx napT0H0D no.n:<JcpKII

DHIOT lIHTCpcpepeHIJ;IIOHHhIC 3<l>qJCRThl, npuno.n:nmuc R "rop6aToMy" nJiaT0 B pac

npe,n:eJICHlllI no 61ICTIJOTaM, R0ppeJIJIUIIJIM lJaCTIIU no 3HeprUJIM u a3uMyTaJih

H0MY yrny, TaR Ha31IBHeMoMy 3qJqJCRTY CTJJYHhI (uJIU "yBJielJeHllJI" lJaCTu.u;) D 

TpexcTpyil:HhIX co61ITIIJIX II npu poJK,neHUII TJI)l{CJlhIX 6030HOB u JienT0H0D, no.n:a

DJieHIIlO II3JIY'lCHlUI DIIepe.n; npu poJK,neHIIII TJI)l{CJlhlX ( 61IcTpo pacna,n:alOil(lIXCJI) 

KDapK0D. MLI KpaTR0 o6cy,m:M ux D pa3,n:CJIC 9. . 
Bue noJIJI HaIIIero 3pCHUJI, R C0)KaJieHIIIO, 0CTaHyTCJI UHTepeCHhle oco6eHHOCTU 

D3an110.n:eitCTDllJI C n.n;paMU, a TaRJi{e B3anMo,n:eil:CTBlIJI II0JIJipll30BaHHhIX RBapR0B, 

K0T0phle aacJiy)l{UBalOT 0T.ll:CJihHOro paccMorpeHllJI. 

Hallleii OCHODHOH .u;eJiblO JIDJIJICTCJI II3YlJCHIIC pacnpe,n:eJieHU.it no MH0lKCCTDeH

H0CTII II CDJI3aHHhIX C HlIMU xapaRTepIICTllR. JI npoIIIy npomeHllJI y n'cex an

T0p0D MH0r0'lUCJICHHhIX CTaTe.it no 3T0MY IIpe,n:McTy, qeii DRJia,n: ne 6y.n:er yno

MJIIIyT. MeHJI M0JKeT U3DUHllTb T0Jibl{O TO, 'qTo 3.ll:CCh paccM0TpeH Jllllllh II0,n:xo.n: 

D paMKax RDaHTODOit xpoMo,n:nHaMUKll. O.n:naKo, R CO)l{aJieHUIO, .n;ame npu 3T0:ll 

orpaHII'l:CHH0fi II0CTaII0DKC aa.n;aqn D03M0)l{Hbl ynymeHlIJI, 3a KOT0phie JI npIIH0llIY 

M0ll ll3DIIHCHlIJI. 

2 OI1PE,[(EJIEHl1H M OB03HAqEHvIH 

Pacnpe,n:eJieHHe HeynpyrHX co6LITllil: no lJHCJIY po)I{,!J;CHHLIX B HHX qacrH.u; 

Ha311DaeTCJI pacnpe,n:eJICHHCM no MHO)l{CCTBCHHOCTH ll 3a.n;aeTCJI qiopMyJioil: 
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i 
H 

O'n 

- ' Pn = L:,o an (1) 

r.n:e O'n - ceqemrn pom,n:eHIDI n qacnn:i; (TaK Ha31,rnaeMoe TonoJiorRqecKoe ceqe

HRe) lI cyMMRpoBaHRe Be,n:eTCJI no BCeM BO3MO)I{HhlM n, TaK qTo 

00 

LPn = l. (2) 
n=O 

3aqacTyIO pacnpe,n:eJieHRe no MHO.H<eCTBeHHOCTlI Pn y,n:o6HO xapaKTepR3OBaTL 

ero MoMeIITaMR, <paKTRqecKR 3aMeHJIJI pJI,n: qRceJI Pn Ha ,n:pyroii: pJI,n: qRceJI no 

onpe,n:eJieHHOMY aJiropRTMy. Bee OHR MoryT 6hlTL noeyqeHI,I c nOMOIULIO TaK 

Ha3hlBaeMoii: npoR3BO,n:JIIUeii: <pyHKU:RR, onpe,n:eJIJieMoii: no <popMyJie 

00 

G(z) = L Pn(l + zt, (3) 
n=O 

lI no3BOJIJIIOIUeii: R3yqaTL aHaJIRTRqecKyIO <pyHKU:RIO BMeCTO pJI,n:a qRceJI P~. B 

,n:aJILHeii:meM Mhl 6y,n:eM RCnOJIL3OBaTL qame Bcero (HopMRpOBaHHhle) <paKTOpR

aJILIIhle MoMeHThl Fq H KYMYJIJIHThl Kq, 3a,n:aBaeMhle cooTHomeHRJIMR 

F = Ln Pnn(n - l) ... (n - q + 1) = _l_dqG(z) I 
q (Ln Pnn)q (n)q dzq z=O, 

(4) 

y _ l dqnG(z)I 
\q - (n)q dzq z=O, (5) 

r,n:e 
00 

(n) = L Pnn (6) 
n=O 

- cpe,n:HJIJI MHoJ«eCTBeHHOCTL. BhlpameHRe ,n:JIJI G( z) MOiKHo nepenRcaTL B m1.n:e 

00 q 

G(z) = L ;(n)qFq (Fo = F1 = 1), 
q=O q. 

(7) 

00 q 

lnG(z) = L ;(n)qKq (K1 = 1). 
q=l q. 

(8) 

CaMo pacnpe,n:eJieHRe Pn H ero o6hlqHhle MOMeHThl Cq MoryT 6hlTL BLipamemr 

qepe3 npoR3BO,n:JIIUYIO q>YHKURIO G(z) cJie,n:yIOIURM o6pa3oM: 

Pn = _!__ dnG(z) 
n! dzn lz=-1, (9) 
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C _ L~=O Pnnq _ l dqG(ez - 1) 
q - . (n)q - (n)q dzq lz=O· (10) 

Bee MOMeHThl en113aHhl ,n:pyr e ,n:pyroM onpe,n:eJieHHhlMll COOTHOIIIeHllJIMll, JierKO 

II0JiytrneMhlMll nyTeM llCITOJib30ilaHHJI llX onpe,n:eJieHllH qepe3 npOll3IlO.n:JIIUYIO 

<pyHKUlllO. TaK, Hanpm,rep, cpaKTOpllaJibHhle MOMeHThl ll KYMYJIJIHThl 0)]:H03Ha'IHO 

m.rpamalOTCJI ,n:pyr qepe3 ,n:pyra C IlOMOIUblO cpopMyJihl 

q-1 

F4 = L C';,-1Kq-mFm, 
m=O 

(11) 

yKa3hlBarom;eit Ha eBJI31, npoll3IlO)];HhlX OT HeKoTopoit cpyHKUllll ll OT ee JIOra

pllq>M.a B TO'!Ke, r.n:e 3Ta cpyHKUllJI o6pam;aeTCJI B e)];IIHIIUY, 3.n:ecb 

cm = (q -1)! 
q-l m!(q - m - 1)! 

f(q) 1 
---:------,~-,----c- = -----
r( m + l)f(q - m) mB(q, m) 

(12) 

- 6IIHOMllaJibHhle K03q>q>llIJ;lleHThl, a f ll B - raMMa- ll 6eTa-cpyHK:u;llll, COOT

BeTeTBe~IHO. TaKIIM o6pa30M, B COOTHOIIIeHllJIX (11) co,n:epmaTCJI JillIIII, 'IllCJIO

BIJe K03q>q>llIJ;lleHThl, H nocJie,n:onaTeJibHaJI llTepaTllBHaJI npone,n:ypa HX peIIICHllJI 

(y,n:o6HaJI npll KOMilblOTepHhlX pactieTax) Il03BOJIJICT BOCilpOll3BeCTll nee KYMY

JIJIHThl, ecm1 H3BeCTHhl cpaKTOpHaJibHhle MOMCHThl (u Hao6opoT). B 3TOM CMhlCJie 

<paKTOpllaJibHhle MOMeHThl H KYMYJIJIHThl panHonpaBHhl. <l>II3ll'IeCKllH CMhlCJI TeX 

II .n:pyrux OITJITb-TaKU JierKo ITOHJITI, ll3 llX onpe,n:eJieHuit, ecJIII Bhlpa3HTI, llX B 

nu,n:e llHTerpaJIOll OT KoppeJIJIIJ;llOHHhlX cpyHKUUH. O,n:HaKo, Mhl He 6y,n:eM 3_n:ec1, 

noro ,n:eJiaTb ( CM., HanpHMep, o63op [14]), a COIIIJieMCJI .T'...HIIII, Ha IlOXOJ-KRe co-

0THOIIIeHHJI n KBaHTOBOH TeOpllH ITOJIJI, r.n:e cpopMyJihl, aHaJIOrH'IHhle ( 4) H (5), 
orrpe,n:eJIJIIOT, COOTBeTCTBeHHO, BCCI, Ha6op cpeitHMaHOBCKHX )];llarpaMM H no.u

eIICTeMy CBJI3aHHhlX rpacpon (CM.' HarrpHMep, [1]). Ilo3TOMY HeTpy,n:Ho IIOHJITb, 

'ITO cpaKTOpHaJibHhle MOMCHThl JIBJIJIIOTCJI llHTerpaJibHhlMH xapaKTepHCTHKaMll 

· neeB03MO)l{HhlX KoppeJIJIIJ;HH qacTHU, a KYMYJIJIHThl q-ro paHra OTBe'IalOT "IICTHH

HhlM" q-qacTH'IHhlM KOppeJIJIIJ;HJIM, He CilO)];IIMhlM K rrpoH3Be,n:eHHJIM KoppeJIJI:a;Hit 

6oJiee HH3Koro rrop11,llKa
1 

TotIHee, Il q-TOM KYMYJIJIHTe nee q qacTIIU en113aHhl 

.upyr C .upyroM H He MoryT 6bITI, pa36HThl Ha rpyrrnhl, Mem,n:y KOTOphlMH HeT 

RoppeJIJIUHH. Ilo aHaJIOriill C MaiteponCKHM KJiaCTepHhlM pa3JIO)l{eHIIeM Il CTaTH

eTH'IeCROit MeXaHHKe MO)l{HO CKa3aTb, 'ITO OHH o6pa3ylOT q-qacTll'IHhlit KJiacTep, 

HC .ueJIJIIUHHCJI Ha MCHbIIIHe KJiaCTephl. 

18Ta HHTeprrpeTallliJI crrpaBe.nmma, q>aKTli'leCIUI, mmrr, 11:JJJI M0MeHT0B, Il0pH/1:0K (pa!IT) K0T0phlx q 
Memrrre cpe.l(Hefi MH0JKecTBeHH0CTII rrp11 11:am10tt 3Hepr1111 ( CM. rro.npo6Hee B o63ope (14]). 
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Ofo.1qHo <paKTOpliaJII>H~e MOMeHThl lI KYMYJIJIHThl paenpe.n;eJieHHfi, e KOTOpl>IMlI 

lIMeIOT ,n;eJIO B <plI3lIKe qaeTH:U:, ,lJ;OBOJll>HO 6ueTpo paeTyT e yBeJinqem'[eM paHra. 

ITo3TOMY y.n;o6Ho paeeMaTpHBaTI> TaKJKe llX OTHOIIIeHHe 

H 
_ Kq 

q - ' Fq 
(13) 

KOTOpoe o6Jia,n;aeT 6oJiee "enoKOHHl>IM" noBe,D;eHHeM nplI 6oJII>IlllIX paHrax q, 
no,n;qepKHBaH BMeeTe e TeM xapaKTepHhle K~qeeTBeHHhle oeo6eHHOeTH B 3aBHClI

MOeTH KYMYJIHHTOB OT lIX paHra. 

I-fa onpe,n;eJieHHH cpaKTOpHaJII>Hl>IX MOMeHTOB ( 4) JierKo yeMOTpeTI>, qTo lIX 

MOJKHO Bhlpa3lITl> qepe3 o6uqHI,Ie MOMeHThl Cq Toro JKe ll HlI3IIIero paHrOB, HO C 

K03<p<plI:U:HeHTaMH, 3aBHeHIIJ;lIMlI OT epe.n;Hefi MHOJKeeTDeHHOeTH. HanpHMep, 

D = (n(n - 1)) = C _ ( )-1 
r2 (n)2 2 n . (14) 

8To npHBO,lJ;lIT K yeJIOJKHeHHHM, eBH3aHHl>IM e Heo6XO.n;HMOeTI>IO nepecqeTa npH 

KaJK,n;ofi 3a.n;aHHOll 3HeprHH. ITo3TOMY Mhl He 6y,n;eM HenOJil>30BaTI> o6uqHI,Ie MO

MeHThl B ,n;aJII>HefirueM. O,n;HaKo, B aCHMIITOTHKe o6uqHI,Ie n <paKTOpHaJll>Hhle 

MOMeHThl COBna,n;aIOT. 

CJie.n;yeT OTMeTHTl>, qTo Beel> ofo,eM <plI3HqeeKofi lIHq>OpMa:a;HH, eo.n;epJKa

IIJ;lIHCH B paenpe,n;eJieHlllI no MHOJKeeTBeHHOeTlI Pn, MOJKeT 6l>ITI, npe.n;cTaBJieH B 

BH.n;e npoH3BO.n;Hrn;efi <pyHK:U:HH G(z) HJIH 3a.n;aHHeM MOMeHTOB Cq, Fq, Kq (Jin6o 

llX OTHOIIIeHlIH Hq) nplI onpe,n;eJieHHOll epe,n;Hefi MHOJKeeTBeHHOeTH (n). BaJKHo 

OTMeTllTl>, qTo MOMeHThl Dl>ICIIIero paHra no,n;qepKHBaIOT oeo6eHHOeTH paenpe.n;e

JieHlIH -npH Bee 6oJiee BhleOKlIX MHOJKeeTBeHHOeTHX. ToJII>KO MHo.meeTBeHHOeTlI 

n > q ,n;aIOT DKJia,n; B <paKTOpllaJII>Hhlll MOMeHT ( :a;eJioqneJieHHOro) paHra q' KaK 

rne.nyeT lI3 q>OPMYJlhl ( 4). 
EeJIH paenpe,n;eJieHHe o6pe3aHO Ha MHOJKeeTBeHHOCTll n = nmax, TO Bee <paK

TOpllaJII>Hhle MOMeHThl paHra q > nmax paBHhl HYJIIO. ITpn MeHI>IlllIX q OHH 

neer.n;a noJIOJKlITeJll>Hhl. RyMyJIHHTl>I JKe MoryT 6l>ITI, KaK IIOJIOJKHTeJII>Hl>IMlI, TaK 

lI OTpu:a;aTeJII>Hl>IMlI. 

JJ:o enx nop, He oroBapnBaH 3Toro oeo6o, Ml>I npe,n;noJiaraJIH, qTo nopH,n;oK 

(paHr) MOMeHTa HBJIHeTeH :a;eJll>IM noJIOJKHTeJII>Hl>IM queJIOM. O,n;HaKo, lIX onpe

,n;eJieHHH (4), (5), (10) MOJKHO o6o6rn;HTI, [15] n Ha He:a;eJioqneJieHHl>Ie MOMeHTl>I. 

8To JierKo noHHTl>, eeJIH 3anncaTI>, HanpHMep, Fq B BH,D;e q>OpMyJihl 

1 
00 

f(n+l) 
Fq = (n)q ~Pnf(n - q+ 1)' (15) 

npnMeHllMOll nplI JII060M Bern;eeTBeHHOM q ll n03BOJIHIOrn;efi BI,IqlleJIHTI, .n;po6mre 

cpaKTOpHaJII>Hl>Ie MOMeHTl>I no 3KenepHMeHTaJII>Hl>IM .n;aHHl>IM O Pn. 
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C ~pyroit CTOpOHIJ, 3TH neJIH"IHHhl MO)KHO Haxo~HTI, no q>opMyJiaM 0606-

meHHOro (~po6Horo) ~Hq>q>epenu:nponamm, ecJIH nanecTHa rrponanoMmaJI q>yH-

1rn;nJI. ITpannJia o6o6meHHoro ~Hq>q>epeHu;naJII.Horo HC"IHCJieHHJI nhlpalliaIOT 

rrpOH3BO~HYIO rrpOH3BOJII,HOro ( nemecTBeHHOro) rropJI~Ra -qepe3 IIpOH3BOMhle u;e

JIOro rropJI~Ra CJie~IOIUHM o6pa30M [16] 

(16) 

r~e G(m)(-1) - rrponano~Hhle u;eJioro rropJI~Ra m OT q>yHRD;HH G(z ), orrpe~eJieH

HOit q>opMyJioit (3), n TO"IRe z = -l. 
HeTpYMO BH~eTb, 'ITO orrpe~eJieHHe q>aRTOpnaJII,HhlX MOMeHTOB ( 4) rreperrn

meTCJI ~JIJI Heu;eJihlX q n BH~e 

(17) 

RaR BH~HO, q>OpMyJihl (9), (15), (17) JierRO TpaHcq>opMnpyIOTCJI ~pyr n ~pyra. 

TeM caMhlM ycTaHaBJIHBaeTCJI O~H03Ha"IHOe COOTBeTCTBHe 3RCIIepHMeHTaJibHOrO 

orrpe~eJieHHJI Fq no q>opMyJie (15) ero TeopeTH"IeCROMY orrpe~eJieHHIO (17) RaR 

~po6Hoit rrpoH3BO~HOit OT rrpoH3BO,ll/IIUeit q>yHRD;HH. ITpn u;eJIO"IHCJieHHhlX 3Ha

-qeHHJIX q 3TH MOMeHThl conrra~aIOT C o6hl"IHhlMH MOMeHTaMH u;eJioro rropJI~Ra. 

IToaTOMY n o6meM CJiy1Iae HX -qacTO Ha3hlBaIOT ~po6HhlMH MOMeHTaMH. I1crroJib-

30BaHHe ~po6HhlX MOMeHTOB II03BOJIJieT n HeROTOphlx CJiy"IaJIX 6oJiee ~eTaJibHO 

paaJIH1IaTI. pa3Hoo6pa3Hhle pacrrpe~eJieHHJI, RaR aTo 6y.n;eT nn~Ho Ha rrpocTeit

mnx rrpnMepax, rrpnne~eHHhlx n paa~eJie 3.2. 

Orrpe~eJieHHe ~po6HhlX RYMYJIJIHTOB no nanecTnoit rrpon3BOMIUeit q>YHRD;HH, 

COOTBeTCTBeHHO, MO)KHO IIpOH3BO~HTb C IIOMOJUI,IO q>OPMYJihl [17] 

I( = _l_DqnG(z)I - = _1_ ~ (lnG(z))(m)lz=-1. (18) 
q {n)q z z_Q (n)q~ r(m-q+l) 

I{ CO)KaJieHHIO, IIpH 3TOM 3aMeTHO ycJIO)KHJieTCJI CBJI3b Me~ ~po6HhlMH q>aR

TOpHaJibHhlMH MOMeHTaMH H ~po6HhlMH RYMYJIJIHTaMH. I1MeHHO 3Ta CBJI3I, rrpn 

u;eJihlX panrax ( CM. (11)) CJiy)KHT ~JIJI Bhl"IHCJieHHJI RYMYJIJIHTOB no 3RcrrepnMen

TaJibHO orrpe~eJieHHhlM q>aRTOpHaJII,HhlM MQMeHTaM. 

ITaMJITYJI o TOM, 'ITO RYMYJIJIHThl oRa3hlBaIOTCJI 01IeHb -qyncTBHTeJII.Hoit q,yn

Ru;neit nn~a pacrrpe~eJieHHit rrpn HH3RHX panrax (RaR aTo 6y.n;eT rro~po6no 06-

cy~aTI.CJI HH)Ke), MO)KHO IIOIIhlTaTbCJI IIOJIY"IHTI, aHaJIOrH1IHhle q>yHRD;HH H3. 3RC

rrepnMeHTa, aaMeHJIJI CBJI3I, (11), HaIIpHMep, TaROH q>OpMyJioit 
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[q-1] 

Fq = L(mB(q,m)t1K~'.'.!mFm, (19) 
m=O 

r,n;e cyMMHpOBaHHe n,n;eT ,n;o u;eJIOH 'laCTH BeJIH'IHHLI q-1, a J(~'.'.!m MOJRH\) Ha3BaTI, 

"aHaJIHTH'IeCRHM npo,n;OJDi<eHHeM" RYMYJIJIHTOB Ha Heu;eJILie paHrH. 8Ty q>op

MYJIY y,n;o6Ho ncnoJTh30BaTb H :mcnepHMeHTaTopaM, H TeopeTHRaM (xoTJI 3,ll;eCb 

HMeeTCII HeO,n;H03Ha'IHOCTb C onpe,n;eJieHHeM RYMYJIJIHTOB OROJIO TO'IRH q = l). 
ITpaB.n;a, npH 3TOM TepHeTCII TeopeTH'leCRM OCHOBa B BH,n;e q>OpMyJILI (18). 

3 · <l>EHOMEHOJIOrM.H 

3.1 RHO-CKEHJIMHr M F-CKEHJIHHr 

O.n;HHM H3 Han6oJiee ycnemHLIX npe.n;rroJioJReHH:il: o q>opMe pacnpe.n;eJieHH:il: no 

MHOJReCTBeHHOCTH npH BLICORHX 3HeprHHX 6LIJia rnnoTe3a O TOM, 'ITO BC/I 3Hep

reTH'leCRa1I 3aBHCHMOCTb onpe.n;eJIJieTCII noBe,n;eHHeM cpe.n;He:il: MHOJReCTBeHHOCTH 

TaRHM o6pa30M, 'ITO Pn HMeeT BH,ll; 

l n 
Pn = (n) f ( (n) ). (20) 

8TO CBOHCTBO 6LIJIO Ha3BaHo RHO-cRe:il:JIHHroM no HMeHH aBTopoB [7], ROTO

pLie o6ocHOBbIBaJIH ero nyTeM H3y'leHHJI q>e:il:HMaHOBCRoro nJiaTO B 6LICTpOTHLIX 

pacnpe;n:eJieHHJIX 'laCTHD;. HopMHpOBO'IHOe ycJIOBHe (2) OTBe'laeT COOTHOIIICHH!O 

100 

f(x)dx = l. (21) 

.HcHo, 'ITO o6bl'IHLie MOMCHTbI RHO-pacnpe.n;eJieHHJI (20) He 3aBHCIIT OT 3Hepr:rr:rr, 

a IIBJIJIIOTCII JIHIIlb q>YHRD;HIIMH HX paHra q: 

Cq = 100 

xqf(x)dx = const(E). (22) 

B TO me BpeMII q>aRTOpHaJThHble MOMCHTbI 3TOro pacnpe.n;eJieHHJI MCHII!OTCII C 

3Heprne:ll:, noCROJibRY OHH OTJIH'laIOTCII (cM. q>OpMyJiy (14)) OT o6LI'IHbIX MOMCH

TOB IWppeJIJID;HJIMH HH3IIIero nopJI.n;Ra, no.n;aBJieHHLIMH cpe.n;He:il: MHOJReCTBeHHO

CTblO B COOTBeTCTBYIO~e:ll: CTeneHH. ITo3TOMY nonpaBO'IHble 'IJieHLI BbIMHpa!OT C 

pOCTOM 3HeprHH H q>aRTOpHaJThiible MOMeHTbI COBna,n;aIOT C o6bI'lllbIMH npH acHM

nTOTH'leCRH BLICORHX 3HeprHHX. ITocTOIIHCTBO q>aRTOpHaJThHLIX MOMeHTOB MbI 

6y.n:eM Ha3LIBaTb F-cReHJIHHrOM. F-cRe:il:mrnr H RHO-cRe:il:JIHHr 3IIBHBaJieHTHIJ 

160 



B acnMIITOTIH{e. RaR IICHO Bll,LUIO H3 Bcero BliIIIIecRa3aHHOro H H3 orrpe,n:eJieHn:it 

(3), (7), (8), rrpOH3BO,n:JIIUa/I cpyHIUI;HII B o6onx CJIY1la/IX 3aBHCHT OT Haqam,Ho:it 

:meprnn TOJihRO <Iepe3 (n). ·· 

B RBaHTOBOH xpoMO,n:HHaMHRe C q>HRcnpoBaBHOH ROHCTaHTOH CBII3H ( CM. pa3-

,n:eJI 7) rrpe,n:rroqTnTeJihHliIM RameTCII F-cRe:itJIHHr. O,n:HaRo, IIOCROJihRY TeopeTn

qecRne pacqeTliI rrpoBO,n:JITCII o6JiiqHo B rrpe,n:IIOJIO)l{eHHH oqeHb BliICOROH ,meprnn, 

oTJinqneM OT RHO-cRe:itJIHHra rrpeHe6peraIOT. Ilpe,n:acnMIITOTnqecRne rrorrpa

BKn .ll:JIII BTOporo MOMeHTa n3yqaJIHCh B pa6oTe [18]. 
B ,n:Ba)l{.ll:liIJIOrapnq>MnqecROM rrpn6JIHmeHHH ypaBHeHHJI .ll:JIII cpaRTOpHaJibHliIX 

MOMeHTOB ORa3JiIBaIOTCII He 3aBHCIIIUllMH OT . 3Heprnn H OT ROHCTaHTliI CBII3H. 

<l>yHRIIHII f(x) 3RCIIOHenu;naJihHO crra.n:aeT [5] npn 60JihlIIHX x: 

f(x) ~ 2C(Cx - 1 + 
3
~x + ... )e-0

"; 

r.n:e C ~ 2.553, a npn MaJiliIX x Be,n:eT ce61I RaR 

f(x) ~ x-1 exp(- ln2 x/2). 

Cx~ 1, (23) 

(24) 

XoTJI ,neMOHCTpau;HJI acnMnToTnqecRoro I{HO-cRe:itJinHra (nJIH F-cReitJIHHra) 

H ero Be3aBHCHMOCTH OT ROHCTaHTliI CBII3H B HH3IIIeM nopJI,n:Re IIBJIIIIOTCII caMn 

no ce6e 6oJihIIIHM ,n;ocTnmeHneM RBaHTOBO:it xpoMo,n:nHaMHRll [11], R0HRpeTHaJI 

cpopMa CRe:itJIHHrOBOfi cpyHRIIHH (23), (24) ORa3JiIBaeTCII He y.n:oBJieTBOplIIOIUe:it 

3RCIIepnMeHTaJihHliIM .n:aHHliIM. Ha 3RcnepnMeHTe cpyHRU:HII f ( X) ORa3JiIBaeTCII 

aaMeTHO yme TeopeTnqecRofi. Y<IeT rrorrpaBOR C noMOIUhIO Mo,n:ncpnu;npoBaHHOro 

rrpn6JIHmeHHJI Be.n:ymnx JiorapncpMoB yRa3liIBaJI Ha To, qTo pe3yJihTnpyromee Teo

peTnqecRoe pacnpe,n;eJieHne ,D;OJI)l{BO 6hITh MeBee IIInpoRnM [19]. BHcIIIne nonpa

BRH, ,n:e:itCTBHTeJibHO, MeH/IIOT cpopMy <l>YHRIIHH f(x), HO Tenepb OHa CTaHOBHTCII 

3aBHCIIIUeii: OT ROHCTaHTliI CBII3H. 8TH Bonpocbl paCCMOTpeHliI no.n:po6Hee B pa3-

,n:eJiaX 5 - 7 . 
.LJ:o CHX nop, rOBOplI O pacrrpe,n:eJieHH/IX no MHO)l{eCTBeHHOCTH, Mhl He/IBHO 

HMeJin B BH.n:y pacrrpe,n:eJieHH/I co6bITHii: no noJIHOMY qncJiy qacTHU: BO BCeM 

cpa30BOM 061,eMe. BMeCTe C TeM, 3aROHOMepHO nocTaBHTh Bonpoc O TOM, RaR 

6y.n:yT MeHIIThCII 3TH pacnpe,n:eJieHH/I rrpn HaJiomeHHH Tex HJIH HHhIX orpaHH

'!eHnii: Ha n3yqaeMy10 o6JiaCTh cpa3oBoro 061,eMa, nanpnMep, npn pa36neHnn 

noJIHoro HHTepBaJia 6I,1cTpOT Ha MeHbIIIHe HHTepBaJiliI. B 3TOM ceyqae MOMeHThI 

pacrrpe,n:eJieHHII CTaHOBIITCII, BOo6me roBOplI, cpyHRIIHIIMH He TOJihRO paHra, HO n 

paaMepa paccMaTpnnaeMoro HHTepnaJia ( CM. 063op [14]). B qacTHOCTH, nx no

Be,n:eHne Ha oqeHh MaJiliIX HHTepBaJiax Cil/I3hIBaIOT C IIBJieHHCM nepeMemaeMOCTH 

H cppaRTaJihHOCThIO, ROTOpbie Mhl RpaTRO o6cy.n:nM Il pa3,n:~Jie 9. Ilpn6JinmeHHhlft 

F-cReii:JIHHr coxpaHJieTCII n n 3TOM cJiyqae. 
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3.2 ITPOCTEMIIIME PACITPE,lJ;EJIEHM.H 

Mhl pacCMOTpIIM TPII IIpIIMepa pacrrpe,n;eJieHIIH, ,ll;JIJI KOTOphIX MOJRHO IIOJIY
'IIITI, aHaJIIITIIi:recKHe Bhlpamemrn ,ll;JIJI IIpOII3BO,ll;JIIIJ;IIX q>ymrn;IIil: II Bcex MOMeHTOB 
(20, 21]. OHII IIOCJIY.lKaT HaM "oTrrpaBHhIMII TO'!KaMII" rrpII .n;afilHeil:IIIeM aHaJIH3e 
K,X,n:-pacrrpe,n;eJieHIIil:. B KaJR,n;oM rro.n;pa3,n;eJie BHai:raJie Mhl 6y;n;eM paccMaTpII
BaTL :u;eJIO'lIICJieHHhle MOMeHThI, a IIOTOM IIOKaJReM, K i:reMy rrpIIBO.n;HT o6o6meHIIe 
Ha .n;po6Hhle MOMeHThI. 

3.2.1 TIYACCOHOBCKOEPACTIPE~EnEHHE 
~ 

HaJIII'!IIe KoppeJIJI:u;IIil: B rrpo:u;ecce o6h!i:rHo rrpIIHJITO xapaKTepII30BaTL Mepoil: 
oTJIII'lIIJI TIIIIII'!Horo ,n;JIJI Hero pacrrpe,n;eJieHIIJI OT pacrrpe,n;eJremrn IlyaccoHa, KO
Topoe 3a,n;aeTcJI q>opMyJioil: 

P. = (nte-(n) 
n I • n. 

II poII3Bo.n;n:maJI q>YHKUHJI HMeeT BII.n; { cM. { 3)): 

G(z) = exp((n)z) 

II cornacHo { 4), ( 5) rroJiyi:raeM 

Fq = l, I<q = Hq = c5ql· 

(25) 

{26) 

(27) 

3Ha'!IIT, Mepoii KOppeJIJIIJ;IIil: CJIY.lKHT OTJIII'!IIe q>aKTOpIIaJILHhIX MOMeHTOB OT e.n;H
HIIIJ;hl II KYMYJIJIHTOB {KpoMe TpIIBIIaJII,HOro rrepBoro ), a TaKJRe OTHOilieHIIJI Hq 
OT HyJIJi:. I1MeeT MecTo F-cI<eHJIIIHr II acIIMIITOTIIi:recKHil: KHO-cKeil:JIIIHI'. 

,n:po6Hhle q>aKTOpIIafilHhle MOMeHThI rryacCOHOBCKoro pacrrpe,n;eJieHIIJI BhlrJIJI
,n;JIT CJie.n;yIOIJlIIM o6pa30M [15] 

F, - e-(n) 
q - (n)qr{l - q) <I>{l, 1 - q; (n) ), (28) 

r.n;e <I> - BhlpOJR,n;eHHaJI rIIrrepreoMeTpIIi:reCKaJI q>yHKIJ;HJI. IlpII :u;eJIO'!IICJieHHhIX 
3Hai:reHHJIX q, KaK II CJie.n;yeT, OHII o6pamaIOTCJI B e.n;HHII:UY, a B rrpoMeJRyTKax 
OCIJ;IIJIJIHPYIOT C rrepeMeHHoil: aMIIJIHTy;n;oil:, 3aBIICJilll;eH OT q II OT ( n), KaK 3TO 
IIOKa3aHO Ha pIIc.l {KpIIBaJI e). , 

MoJRHo 3aIIIICaTL II Bhlpamenne ,n;JIJI KYMYJIJIHTOB [17] corJiacHo qiopMyJie (18): 

q 
J{q = (n)q-lr(2 - q). {29) 

CooTBeTCTBeHHo, OTHoIIIeHIIe Hq IIMeeT BII.n; 
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q (n)e(n) 

Hq = l - q<I>(l, 1- q; (n))" 
(30) 

IlplI u;eJII,IX 3Haqemurx q BHpallieHIUI (28), (29), (30) rrepexo,nn:T B (27). AMIIJIII

Ty,n;a OCD;IIJIJIJID;IIH MOMeHTOB B rrpoMelliyTRax Me)l{)]y u;eJIHMII q 6HCTpo na.n;aeT 

C pOCTOM cpe,n;Heii: MHO)l{eCTBeHHOCTII. CaMII "OCD;IIJIJIJID;IIII" BH3BaHH BeCLMa 

rrpocTLIM o6CTOJITeJII,CTBOM - IIOBe,n;eHIIeM raMMa-<pyHRD;IIH B 3HaMeHaTeJIJix Fq II 

Kq. 

I - N.B.k = SO, 
2-N.B:k = 100, 
3- N.B.k=200, 1---+---+--t-,l'-t---t--'I 

4-N.B.k=400, 1---,,+--t----t--r--t---t 
5-Ilyaccon 

l,0l<>i"-r'"l"liid:~r-i--4~-t-7t"--f-, 
0,9'Q-i-TTTr-mr-n-i"TTTrlTTTT+-n-n+rrrir+T1rrrf"TTTriTn-rl-TTim 

0 0,5 1.0 1,5 2,0. 2,5 3,0 3,S 4,0 4,5 5,0 
(BemecrnellllLlli) pam MOMCHTa q 

Pnc. I. J-0,o61D,1C lj>arropua.m,11L1C MOMCHTLI (15] nyaccoBOBCJ:Oro (xpu-
8aJI 5) H OT))llllaTCJll,BOro 611llOMHaJlhllOro pacnpe,11enemrli (xpHBLIC 1-4, 
COOTBCTCTBYJOlllHC pa:mLIM 3Ba'ICIIIDIM napaMCT))a k) JI.PH cpemteii 
"dllOlKCCTBCHBOCTH (n) = 2. OcIIIIJIJIJllIIIH pC3XO JlaJW<)T c pocroM {n) u 
YMCHhWCHBCM k 

3.2.2 OTPMQATEJibHOE BMHOMMAJibHOE 
PACTIPE,z::t;EJIEHME 

OTp1Iu;aTeJILHOe 61IHOM1IafilHoe pacrrpe.n;eJieHIIe 3acJiy)l{IIBaeT oco6oro BHIIMa

HlUI, TaR RaR B TeqeHIIe HeCROJILRIIX IIOCJie,n;HIIX JieT OHO nrnpoRO IICIIOJII,30BaJIOCI, 

.D;JIJI <plITIIpOBaHIIJI :mcrreplIMeHTaJILHHX pacrrpe.n;eJieHIIH no MHO)l{eCTBeHHOCTII 

II ORa3aJIOCL .D;OBOJILHO ycrrellIHHM. B qacTHOCTII, cym;eCTByeT llIIIpORO pacrrpo

CTpaHeHHOe MHeHIIe, qTo 3TO pacrrpe.n;eJieHIIe OIIIICHBaeT rrpII BI,ICORIIX 3HeprIIJIX 

Heyrrpyr1Ie peaJSD;IIII B3alIMO,n;eii:CTBIIJI qacTIID; (3a IICRJIIOqeHIIeM .n;aHHI,IX rrplI ca

MLIX BHCORIIX 3HeprIIJix: e+e--B3alIMO.n;eii:CTBIIJI IIplI 91 r3B (.D:EJI<l>H; OIIAJI) 

II rrpoTOH-aHTIIIIpOTOHHI,Ie B3alIMo.n;eii:CTBIIJI IIplI 3HeprIIJIX OT 200 .n;o 900 r3B 

(UA5), ROTOpHe 6y,n;yT o6cy)l{.D;eHH HIIllie). OHo IIMeeT BH.n; 
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= r{n + k) ((n})" ( (n))-n-k 
Pn r(n + l)r(k) k l + k ' (31) 

r.n;e k - rro,n;roHotJ:HLiii: rrapaMeTp. B tJ:aCTHOCTH, rrpn k = 1 rroJiytJ:aeTcJI ofo.ItJ:

HOe pacrrpe,n;eJieHne Bo3e-8ii:HIIITeii:Ha. Pacrrpe,n;eJieHne IlyaccoHa rroJiytJ:nTcJI 

H3 {31) B rrpe,n;eJie k-+ oo. Ilpon3Bo.n;Hm;M q:iymrn;HJI HMeeT Bn,n; 

G(z) = (l- zt})-k 
a MOMeHThl rrpn :u;eJihIX 3HatJ:eHHJIX q 3aIIHChIBaIOTCJI l{aK 

r{k + q) 
Fq = r(k)kq 

r(q) 
Kq = kq-1' 

r(q)r(k + l) = kB(q, k). 
Hq = r(k + q) 

{32) 

(33) 

(34) 

(35) 

Ilpn 3a,n;aHHOM 311atJ:emm k q:iaKTopnam.HLie MOMeHTLI pacTyT c pocTOM q 6LI

CTpee 3KCIIOHeHTLI. KyMyJIJIHThl Bcer.n;a IIOJIO»rn:Tem.HLI, CllatJ:aJia 6LicTpo rra

.n;aIOT, .n;ocTnraroT MHHHMyMa rrpn q ~ kn pacTyT rrpn 6om,IIInx 3HatJ:eHHJIX q. 
l1HTepeCHO OTMeTHTL, tJ:TO KYMYJIJIHThl OCTaIOTCJI IIOJIO)KHTeJll,HhIMH .n;ame .D:JIJI 

rrpOH3Be,n;eHHJI rrpoH3BO,n;JIIIl;HX q:>yHK:u;Hii: OTpn:u;aTeJILllhIX 6HHOMHaJILHI.IX pac

rrpe.n;eJieHHii: C pa3HLIMH rrapaMeTpaMH. OTHOIIIeHne Hq MOHOTOHHO rra.n;aeT C 

pocTOM q (rrporrop:u;noHam.Ho q-k rrpn 6oJILIIIHX q) n Tome Bcer.n;a rroJio»rn:TeJILHo. 

Bee 3TH xapaKTepHLie oco6eHHOCTH .n;eMOHCTpnpyroTcJI Ha pnc.2, r.n;e rrp1rne

.n;eHH q:>yHKUHH ln Fq, ln Kq, ln Hq rrpn q $ 20 ,n;JIJI .n;Byx 3HatJ:eHHii: rrapaMeTpa 

k=5 n 10. IlocKom.Ky yBeJIHtJ:eHne rrapaMeTpa k rrpHBO.n;HT K 6oJiee y3KoMy pac

rrpe.n;eJieHnro, pocT Fq rrpn k=lO, KaK n o)Kll,n;aeTcJI, oKa3LIBaeTcJI Me,n;JieHHee, 

HemeJIH rrpn k=5. 3aBHCHMOCTL OT k em;e 6oJiee HpKM B rroBe.n;eHnn KYMYJIJIHT0B 

Kq n qacTHtIHo KOMrreHcnpyeTCJI B Hq, Ho 3TH oco6eHHOCTH crre:u;Hq:>HtJ:HLI .n;JIJI 

oTpn:u;aTem.Horo 6nHoMnam.Horo pacrrpe,n;eJieHHJI n He cTom. rrpoJIBJIJIIOT ce6JI B 

KBaHTOBOii: XpOMO,n;HHaMHKe. 

Ilo,n;tJ:epKHeM, tJ:TO OTpn:u;aTCJll,HOe 6HHOMHam.Hoe pacrrpe.n;eJieHHe rrpH q:>HK

CHpOBaHHOM rrapaMeTpe k o6Jia.n;aeT F-cKeii:JIHHrOM {MOMCHTLI HC 3aBHCJIT OT 

( n)) n acm.rnToTntJ:ecKHM ( rrpn 6om.IIIHX n) KH O-cKeii:JIHHroM. IT pn n -+ oo 11 

q:>nKcnpoBaHHLIX 3HatieHHJIX k HMeeM ,n;JIJI KHO-q:iynK:u;Hn 

kk xk-le-kz 
f(x) = (k - l)! (36) 
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lnFq 

15 

s 

lnKq 

-5,0 

-7,5 

-10,0 
:..12,5 

-15,0 

lnll9 

q 

q 
20 

II 

Puc. 2. 3aBBCHMOCT1, (UCJIO'IHCJJCHHLIX) 4'a11:Top11am.HL1x MOMCIITOB [21) 
(a), l:}'MYJIJIIITOB (6) H HX OTIIOWCHHll (11) (B norapHljJMH"ICCl:Oii llll:aJIC) 

JI.IIJI OTpllllaTem,noro 611HoMHanL11oro pacnpc.llcne11W1 npu k- 5 H 10 OT 

palll'a MOMCIITOB q. KpHBLIC l!naBHO COCJUIBlllOT UCJILle TO"ll:H H npu
BCJICIILI nHWL .llJlJI narnllIDIOCTH 

TipoH3BoWJma11 q>ymm;HJI (32) o6Jia,n:aeT CHHryJIJipHocTbIO B TO'lRe z = k/{n)----. 
0 npH (n) ----. oo H k = canst. TaRHM o6pa3oM, BLI'lIICJIJIJI ee rrpoH3BO.UIILie B 

TOl:JRe z = 0 (<PaRTOpHaJII,HJ,re MOMeHTbt!), MLI pa6oTaeM B aenocpe.n;cTBeHHOH 

6JIH30CTH R 3TOH CHHryJIJipHOCTH, Bee 6oJiee npH6JIH)I{aJOll.leftc11 R TOl:!Re z = 0 ITO 
Mepe pocTa 3HeprHH. 

06mHe BLipameHHJI ,n;JIJI MOMeHTOB, cnpaBe.UJIHBLie RaR IIPH neJILIX, TUR H IIpH 
HeneJILix panrax q, HMeIOT BH.U 

F, _ (kv/ F(l, k; l - q; v) 
q - {n)q+k f(l - q) ' (37) 
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K = k [ v ] q (n)qr(l-q) 1-qF(l,1;2-q;v)+ln(kv/(n))' (38) 

Hq = k ((n))k I=qF(l, 1; 2 - q; v) + ln(kv/(n)) 
kv F(l,k; l - q;v) ' 

(39) 

r.n;e v = (n) /( (n) +k ). Ocn;HJIJI/Ill;IIH MOMeHTOB Me)l{,Zl;y n;eJiotJncJieHHhlMH q BhlMH

pa10T C yBeJIH'leHneM cpe.n;Heil: MHOJI(eCTBeHHOCTlI (T.e. OHM MaJihl npn BhlCOKlIX 

3Heprmrx) lI yMeHI,IIIeHneM napaMeTpa k . .IlocJie,n;Hee CBOHCTBO .n;eMOHCTpnpy

eTCJI Ha pnc .1 ( a-d). Ocn;nJIJI/ID;lllI q>aKTOpHaJII,HhlX MOMeHTOB lI.lJ:YT Ha <pOHe lIX 

6hlcTporo pOCTa c q. 

3.2.3 cl>MKCMPOBAHHA.H MH01KECTBEHHOCTh 

9TOT npnMep Mhl paCCMOTplIM 3.n;eci, .ll:JIII Toro, 1IT06hl noKa3aTb, 'ITO IlOBe

.n;eHne MOMeHTOB (.n:a,Ke npn lIX n;eJIO'llICJieHHhlX paHrax) MOllieT Kap.n;nHaJII,HO 

OTJIH'laTbCJI OT Toro, 'ITO Ha6JI10.n;aeTCJI .ll:JI/I H3y'leHHhlX BhlIIIe pacnpe.n;eJieHlIH. 

KpoMe Toro, OH npo.n;eMOHCTpnpyeT HaM, CKOJII, BalliHOH :tvrnmeT OKa3aTbCJI npo

n:e.n;ypa OT6opa co6hlTlIH Ha 3KcnepnMeHTe. ,lJ;eJIO B TOM, 'ITO lIHor.n;a Bhl6npaIOT 

.ll:JI/I aHaJIH3a TOJII,KO co6hlTlIJI C 3a.n;aHHhlM 'llICJIOM KOHetJHhlX qacTnn: (TaK Ha-

3hlBaeMhle IlOJIYlIHKJil03lIBHhle co6hlTlIJI), T.e. lIMeIOT .n;eJIO C pacnpe.n;eJienneM 

BH,n;a 

Pn = bnno (no= canst). 

Tor.n:a 

G(z) = (1 + zt". 

IlocKOJibKY npn 3TOM (n) == no, nMeeM npn n;eJIO'llICJieHHhlX q 

I r( . ) 1-q F, _ no. _ no n0 . 

q - n5(n0 - q)! - r(n0 - q + l)' 1 < q::; no, 

Fq = 0, q > no, 

Kq = (-no)1-q(q-1)! = (-n0) 1-qr(q), 

Hq = (-1) 1-qnoB(q, no - q + 1). 

( 40) 

( 41) 

( 42) 

(43) 

( 44) 

( 45) 

Bee Fq 06pama10TcJI B HYJib npn q > no, n noToMy Hq MOlliHO Bhl'IHCJI/ITb JIHllib 

npn q ::; no. XapaKTepHoil: qepTOil: 3Toro 6ecKoHetJHo Y3Koro pacnpe.n;eJieHlIJI 

JIBJI/IIOTCJI OCD;lIJIJI/ID;UlI KYMYJI/IHTOB ( B n;eJihlX TO'!Kax!)' KOTOphle IlOJIOlliUTeJibHLI 

npu HetJeTHhlX 3HatJeHUJIX q lI OTpun;aTeJII,Hhl - npn 'leTHhlX. AMilJilITy.n;a OCD;lIJI

JIJID;lIH yMeHblliaeTCJI npn pocTe q OT 1 .n;o no, a 3aTeM MOHOTOHHO pacTeT. B 
.n;aJibHeil:ureM, HetJTO no.n;o6uoe Mhl 6y.n:eM Ha6JI10.n;aT1, n npn anaJilI3e pacnpe.n;e

Jiem1il:, B03HIIKa10mnx B pe3yJII,TaTe peureHHJI ypaBHeHUH KBaHTOBOH XpOMO.n;ll

HaMUKlI, XOTJI "nepuo,n;IJ" OCD;lIJIJIJID;lIH 6y.n;yT cymecTBeHHO pa3HhlMU. B TO me 
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npeMJI, cpaKTOpHaJU,HI,Ie MOMeHThl 3,n;ec1, na.n;aIOT MOHOTOHHO C pOCTOM q .n;o no, 
'ITO COBCeM He THIIH'IHO ,n;JIJI KBaHTOBOii: xpoMO,n;HHaMHKH. 

BmnecKa3aHHoe .n;eMOHCTpnpyeTcJI Ha pnc.3, r.n;e npnne,n;eHhl 3HatJ:eHHJI 

Fq, Kq, Hq npn no=lO, a Ha BCTaBKax H3o6pa}I{eHhl cpymrn;nn ln IKql H ln IHql 
rrpH neJihlX 3HatJ:eHHJIX q. CmIOIIIHhle JIHHHH JIHIIIJ, coe,n;HHJIIOT 3HatJ:eHHJI cpyH

RnHii: npH neJIO'IHCJieHHhlX q H npone.n;eHhl TOJibKO ,IJ;JIJI HarJIJI,IJ;HOCTH. XoTe

JIOCb 61,1 rro,n;tiepKHYTb, 'ITO IlOJIBJieHHe OCilHJIJIJIIlHH MOJReT 61JTJ, CBJI3aHO B .n;aH

HOM CJIYtiae TOJibKO c npone.n;ypoii: OT6opa co6hlTHii:, a OTHIO,IJ;l, He c ,n;HHaMHKOii: 

HX B3aHMO,n;eii:CTBHJ.I. cho JierKO IIOHJITb 1 ecJIH, CKaJReM, OT06paTb Jmlllb 10-

tJ:aCTH'IHhle co61JTHJI H3 Ha6opa, rro,n;tIHHJIIOJUerocJI pacrrpe,n;eJieHHIO IlyaccoHa 

(HJIH KaKoMy-Jin6o .n;pyroMy). BMeCTO CTporo paBHhlX HYJIIO KYMYJIJIHTOB Mhl 

IIOJIY'IHM OCilHJIJIHpyromne 3HatJ:eHHJI, MeHJIIO}UHe 3HaK Ha KaJR,n;OM IIOCJie,n;ona

TeJibHOM 3HatJ:eHHH q. ToJibKO aMIIJIHTy,n;a 3THX OCilHJIJIJIIlHH CBJI3aHa C HCXO,IJ;HhlM 

pacnpe,n;eJieHHeM, ecJIH coxpaHHTb ero HopMHponKy. 

3HaKorrepeMeHHOCTb MOMeHTOB rrpH neJioqncJieHHhlX q .n;eii:CTBHTeJibHO J.IBJIJI

eTCJI rrpoJIBJieHHeM OCilHJIJIJIIlHii:, KaK 3TO uarJIJI.n;HO BH.n;HO, ecJIH Bhl'IHCJIHTJ, HX 

H rrpn ueneJihlx q: 
F. _ 1-qB(no, 1- q) 

q - no r(l - q) ' (46) 

K _ 1-q?/J(l)-1/J(l-q) 
q - no r(l - q) ' (47) 

H _ 1/J(l) - 1/J(l - q) 
q - B(no, 1 - q) · (48) 

Ilpn no ----+ oo Fq ----+ l, Kq ----+ 0, Hq ----+ 0 (,n;JIJI cpnKcnponaHHoro q). XoTeJioc1, 

61,1 no,n;tiepKHyTb 3,n;ec1,, qTo BO ncex paCCMOTpeHHhlX BhlIIIe cJiytJ:aJIX 3HatJ:eHHJ.I 

MOMeHTOB npn HeneJihlX q OTHIO,IJ;l, He noJiytJ:aIOTCJ.I "npJIMOJIHHeii:HhlM" (corJia

CHO (19)) anaJIHTHqecKHM npo,n;oJIJReHHeM cpopMyJI, BhlBe,n;eHHhlX rrpH neJihlX q, 
a ,n;aIOTCJI COBepIIIeHHO .n;pyrHMH BhlpaJReHHJIMH (cpaBHHM (27) c (28)-(30), (33)

(35) c (37)-(39) HJIH (42)-(45) c (46)-(48), rroeyqaromHMHCJ.I npH BIJqHcJieHHH 

npoH3BO.n;HhlX .n;po6Horo nopJI.n;Ka cornacuo cpopMyJiaM (17), (18). O6mnM cBoii:

CTBOM paCCMOTpeHHhlX OCilHJIJIJIIlHH J.IBJIJieTCJ.I CMeHa MaKCHMyMa Ha MHHHMYM 

npn H3MeHeHHH paHra Bcero Ha e,n;HHHilY. O.n;HaKo ecJIH ,n;JIJI nyaccoHoBcKoro H 

OTpnnaTeJibHOro 6HHOMHaJibHOro pacrrpe,n;eJieHHii: B neJioqncJieHH~X TOtJ:KaX Ha

XO,n;JITCJI Y3Jihl, TO npH <pHKCHponaHHOii: MHOJReCTBeHHOCTH - HMeHHO MaKCHMYMhl 

H MHHHMYMhl. R COJRaJieHHIO, yKa3aHHhle OCilHJIJIJIIlHH MaJihl npn 6oJibIIIHX MHO

mecTBeHHOCTJ.IX ir MoryT peaJibHO 61JTJ, IIOJie3HhlMH JIHIIIJ, ,IJ;JIJI pacrrpe.n;eJieHHii: C 

MaJioii: cpe.n;Heii: MHOJReCTBeHHOCTblO (T.e. B MaJihlX o6JiaCTJ.IX cpa30Boro 061,eMa, 

paCCMOTpeHHhlX B pa3,D;eJie 9). 
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3.3 <1>113J1qECRME MO,It;EJIM 

TeopeTlP'IeCI{Oe onHcami:e npo:n;eccoB MHO.lKeCTBeHHOro po.lK,Zl;eHH/1 Ha .D;H

arpaMMHOM JI3I.IRe Ra.lKeTcJI pa3JUI'IHIJM .n;JIJI. e+e- H hh-npo:n;eccoB. B nep

BOM c.rry•rae ocHoBHIJMH oRa31.rna10TcJI ,n;HarpaMMIJ .n;pcBecHoro THna (6peMc

IIITpaJiyHr), Ror.n;a 3BOJIIOD;H/I Ha'IHHaeTCJI C CHJII.HO-BHpTyaJII.HOro napTOHa, a BO 

BTOpOM - nocJie.n;oBaTeJII.HOCTI, JieCTHH'IHIJX ,n;HarpaMM MYJII.THnepmpepH'!eCROro 

:rima, r.n;e BHpTyaJII,HOCTH MaJIIJ. BoJII,IliaJI o6ID;HOCTI. 3THX npo:n;eccoB npOJIBJIJI.

eTCJI npH pacCMOTpeHHH CTPYH, HaTJirHBaIOID;HXCJI Mem.n;y D;BeTHIJMH 3apJI.n;aMH 

:e .rrpon;ecce B3aHMo,n;eil:cTBHII (Mo,n;eJII, JlyH,n;a (22, 23], .n;yaJII.HaJI TonoJiorHqecRaJI 

Mo,n;efil (24, 25] HJIH MO.D;eJII. RBapR-rJIIOOHHIJX CTPYH [26, 27]), a TaR.lKe npH H3y

·tJemrn I{JiaCTepH3aD;HH I{OHe'IHii!X 'IaCTHD; (MYJII.THnepmpepH'IeCRaJI RJiacTepHaJI 

MO,n;em. [28], I{JiaHIJ (6, 29] H T.n.). Pacnpe,n;eJieHHJI qacTHD; no MHO.lKecTBeHHOCTH 

B 9THX MO.D;eJIJI.x qam;e Bcero He CBO,n;JITCJI I{ RaROMY-JIH6o O.D;HOMY pacnpe,n;eJieHHIO 

H3BeCTHoro THna, a JIBJIJI.IOTCJI HaJio.lKeHHeM TaRHx pacrrpe.n;eJieHHH. HanpHMep, 

MYfilTlIIIepmpeplI'IecRaJI MO.D;eJII, C O.n;HOH "JieCTHHn;e:ii" nplIBO,n;HT I{ rryacCOHO

BCROMY pacrrpe,n;eJieHHIO :n;eHTpOB po.lK,Zl;eHHJI '!aCTHD; (pe3oHaHCOB, <pa:iip60JIOB, 

m1aCTepoB, RJiaHOB •.• ). B o6ID;eM CJIY'!ae, ROHe'IHOe pacnpe,n;eJieHJie noJiy'IaCTCJI 

rryTeM CBepTR,nyaccOHOBCROro pacnpe.n;eJieHHJI lICTO'IHHROB C pacnpe.n;eJieHHeM_ 

HX rrpH pacna.n;e H MO.lKeT 6Ii!TI. BeCI.Ma 6JIJI3RHM I{ 3RCnepHMeHTaJII.HOMY npH 

y,na'IHOii: .n;ora,n;Re o cBoii:cTBax pacna,n;oB. EcJIH, cRa.lKeM, 3a.n;aTI. JiorapmpMH'Ie

cRoe pacnpe,n;eJieHHe qacTHD; no MHO.lKeCTBeHHOCTll BHYTPH I{a.lK,Zl;oro RJiaCTepa, 

TO cnepTRa ·ero C nyacCOHOBCRHM pacnpe.n;eJieHHeM npHBe.n;eT I{ OTpHD;aTeJII.HOMY 

6HHOMHaJII.HOMY pacnpe,n;eJieHHIO I{OHe'IHii!X 'IaCTHD; no MHO.lKeCTBeHHOCTH. B 

TO JKe BpeMJI, nocJie.D;OBaTeJII.HOe po.lK,Zl;eHJi:e HeCROJII,I{lIX TaRHX JieCTHHD; ( HJIH 

CTpyH) C HHTerpHpoBaHHeM no .n;ocTynHOMY ,n;JIJI. HHX cneRTPY 3HeprHH npHBO,n;HT 

yJKe R CJIOJKHOMY pacnpe.n;eJieHJIIO, rpy6o annpoRCHMHpyeMOMY cyMMOH OTplI

uaTeJII.Hii!X 6HHOMHaJII,HI,IX pacnpe.n;eJieHHH C pa3JIH'IaIOill;HMHCJI napaMeTpaMH. 

3aMeTHM, 'ITO B pe3yJII.TaTe MoryT noJiy'IaTI.CJI pacnpe.n;eJieHH/1 c "nJie'IaMH" 

lIJilI "RBa3H-OCD;lIJIJIJI.D;H/IMH" BORpyr 6oJice rJia,n;RHX pacnpe,n;eJieHHH. Bo3MO.lK

Ha/l CBJI3I, TaRHX OCD;HJIJIJI.D;HH C o6cy.lK,Zl;aeMii!M B 3TOM o63ope noBe.n;eHJieM OT

HOIIIeHH/1 Hq paCCMOTpeHa B pa6oTe (30]. AHaJiorH'IHIJM o6pa30M, OT.D;eJII,HaJI 

cTpy11 B e+ e- -aHHHrHJIJI.D;HlI Mo.lKeT npHBO.n;HTI. R OTpH:n;aTeJII,HOMY 6HHOMHaJII,

HOMY pacnpe,n;eJieHHIO no MHO.lKeCTBeHHOCTH, a HaJIO.lKeHJie HeCROJII.RHX CTpy:tt 

OIIJICUBaTJ, OTRJIOHeHH/1 OT Hero B noJIHOM pacnpe,n;eJieHJIH qacTHD; (31]. ,ll;eTaJII.

noe H3y'IeHHe 3THX MO.D;eJie:it npoBO,n;HTCJI o6Ii!'IHO C IIOMOill;I.10 MOHTe-RapJIOBCRHX 

nporpaMM Ha ROMnI.IOTepax. 
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._, 
4 YPABHEHiiIJI KBAHTOBOH 

XPOMO,l1;11:HAMl1Kl1 

B KBaHTOBOH xpoMo,zurnaMHKe npon;ecchl MHOJRecTBeHHoro pom,n:emur 06ycJ10-

BJ1eHhl B3aHMO,!l;e:ii:CTBHJIMH KBapKOB H rJIIOOHOB, IIpHBO,ll)IlIJ;HMH K po,R,neHHIO HO

BhlX KBapKOB H rJIIOOHOB, H3 KOTOphlX, B KOHD;e KOHD;OB, H <)JopMHpyIOTCJI KO

HeqHI,Ie a,!l;pOHhl. XapaKTepHhle qepThl 3THX npon;eccoB CBJI3aHhl c BeKTOpHoH 

IIpHpO,!l;O:ii: rJIIOOHOB II 6e3pa3MepHOCTbIO KOHCTaHThl CBJl3H. HaJIHqHe D;BeTO

Boro 3ap11,!1;a y rJIIOOHOB IIpHBO,!l;HT K TOMY, qTo OHII, B OTJIHque OT qJOTOHOB B 

KBaHTOBOH 3JieKTpO,!l;HHaMHKe, cnoco6Hhl caMU HCIIYCKaTb rJIIOOHhl, a He TOJlbKO 

npeBpam;aTbCJI n KBapK-aHTHKBapKonyro rrapy. ITo3TOMY OCHOBHhlMH ofrbeKTaMH 

rrpH H3yqemrn MHOJRecrneHHblX npon;eccon n KBaHTonoii xpoMO,!l;HHaMHKe JinJIJI

IOTCJI KBapKOnhle H rJIIOOHHhle CTpyH. Mx pa3nHTHe OilHChlnaeTCJI ypaBHeHHJIMH 

3BOJIIOD;HH. B KaqecTne rrapaMeTpa 3nOJIIOD;HH IICIIOJlb3yeTCJI yrJIOBO:ii: pacTBop 

CTPYH, HJIH, TOqHee, IIpOH3Be)];eHHe HMIIYJlbCa CTpyn Ha yroJI paCTBOpa KOHyca, 

BHYTPH KOToporo JieTJIT ero napTOHhl. ITocJie)];oBaTeJlbHhle H3JiyqeHHJI rJIIOOHOB 

H,!J;YT n11yTpH KOHycon co nee MeHbIIIHM pacTnopoM, OHH He rrepeKpbIBaIOTCJI, 

H 3TO o6cTOJITeJlbCTBO IIO3noJIJleT c<)JopMyJIHpOBaTb nepoJITHOCTHYIO cxeMy pa3-

nHTHJI CTPYH, ypanHeHHJI 3nOJIIOD;HH KOTopoii HaIIOMHHaIOT xopoIIIO H3necTHhle 

cxeMhl "pom,n:e11HJI H cMepTH" ("MaTepn-)];oqepH"). l1o,!1;po6Hoe o6ocHonaHHe 

3TO:ii: cxeMhl, 6a3Hpyrom;eec11 Ha JinJieHHH KorepeHTHOCTH, qnTaTeJlb MOJReT Ha:ii:nr 

n KHHre [5]. 
CHcTeMa 'ABYX ypanHeHH:ii: )];JIJI rrpon3no,ll)Im;Hx <)JyHKD;H:ii: G F H Ge KBapKonoH 

H rJIIOOHHO:ii: cTpyH, cooTBeTcTneHHo, 3aIIHChlBaeTcJI n nH)];e (A, B, C = F, G) [1, 
5]: 

l iv · 11 GA(Y, z) = e-wA(Y) z + 2 L dyl dxe-wA(Y)+wA(y1) 
B,C O 

as BC 

2
7fKA (x)GB(x,yi)Gc((l - x),y1), (49) 

r,!l;e y = lnp0/Qo, p - HaqaJII,Hblli HMIIYJlbC, 0 - yroJI pacTBopa CTPYH, 

Qo = canst, as - KoHcTaHTa cnJI3H. ITepnoe cJiaraeMoe n rrpaBo:ii qacTH paBe11-

cTna OTBeqaeT pacrrpocTpaHeHHIO rrapTO11a-rrpapo,!1;HTeJIJI 6e3 H3Jiyqe11HJI, rro.n;a

BJleHHoMy q>OpMq>aKTOpOM . exp[-wA(Y)], a nTopo:ii: qJieH OIIHChlnaeT polR,!l;eHne 

,!l;ByX HOBhlX CTpy:ii: B H C C )];OJIJIMH 3HeprHH X H 1 - x, IIOCJie Toro KaK rrpapo

)];HTeJlb pacm;eIIHJICJI Ha HHX n BepIIIHHe K 1 C Ha yponHe rrapaMeTpa 3BOJIIOD;HH 

yl, )];O KOTOporo OH )];OIIIeJI, He )];eJIJICI, (<PaKTOp exp[-wA(Y) + WA(y1)]). 
YMHOJRHn o6e qacTH ypanHeHHJI Ha exp[wA(Y)] n IIpO,!l;HqJqJepeHD;HpOBan ITO.· 

y, Mhl IIOJIHOCTbIO HCKJIJOqHM H3 paccMOTpeHHJI nee q>opMq>aKTOphl H IIOJIYtJHM 
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OROH'IaTeJII,HO CIICTeMy ypaBHeHIIH B JIBHOM BII)];e [1, 5]: 

G~ = 11 

dxKg(x),5[Ga(Y +_ lnx)Ga(Y + ln(l - x)) - Ga(y)] + 

n1 11 

dxKf (x),5[GF(Y + lnx)GF(Y + ln(l - x)) - Ga(y)], (50) 

G~ = 11 

dxK¥(x),5[Ga(Y + lnx)GF(Y + ln(l - x)) - GF(y)], (51) 

r.n:e G'(y) = dG/dy, n1 - 'IIICJIO aRTIIBHhlX apoMaToB, 

a H.n;pa ypaBHeHIIH IIMeIOT Bil)]; 

2 6as 
'Yo=--, 

7r 

Kg(x) = .!_ - (1 - x)[2 - x(l - x)], 
X 

Kf (x) = Nl [x2 + (1 - x)2], 
4 C 

K¥ ( x) = CF [ .!_ - 1 + .:. ] , 
Ne X 2 

r.n:e Nc=3 - 'IIICJIO D;BeTOB II CF= Nc[l - Nc-21/2 = 4/3 B RX)X. 

(52) 

(53) 

(54) 

(55) 

Mu onycTIIJIII nepeMeHHyro z B npOII3BOMIUIIX <pyHRIIIIJIX. O)];HaRO CJie.n:yeT 

IIOMHIITh, 'ITO npII IIOJiy'IeHIIII II3 ( 50)' ( 51) COOTBeTCTBYIOIUIIX ypaBHeHIIH )];JIJI 

MOMeHTOB Heo6XO)];IIMO IICIIOJih30BaTb pa3JIO.)I{eHIIJI (7), (8) II npIIpaBHIIBaTb R0-

3<p<pIID;IIeHThl npII 'IJieHaX O)];IIHaROBOH CTeneIDI Z. 

XapaRTepHOH qepTOH TeopIIII IIOJIJI C 6e3pa3MepHOH ROHCTaHTOH CBJI3II, R 'III

CJIY ROTOphlx npIIHa.n;Jie.lRIIT II RBaHTOBaJI xpoMO)];IIHaMIIRa, JIBJIJieTCJI HaJIII'IIIe 

CIIHryJIJipHhlX no x 'IJieHOB (npII x -+ 0) B JI.n;pax (53), (55). OHII IIO)];'IepRII

BaIOT HepaBHOIIpaBHhlH .n;eJie)R 3HeprIIII Mem.n:y BHOBh 06pa3yrorn;IIMIICJI CTPYJIMII 

II IIrpaIOT Ba)RHyIO p0Jih B 3BOJIIOD;IIII CTPYII, RaR 3TO 6:y.n;eT BII)];HO II3 .n:am,He:i1-

mero. 

Xorn CIICTeMa ypaBHeHIIH )];JIJI np0II3B0)];JIIUIIX <pyHRD;IIH (50), (51) BhlrJIJI)];IIT 

BeCLMa y6e)];IITeJihHO, 0Ha He JIBJIJieTCJI a6coJIIOTHO TO'IHOH, BhlBe.n;eHH0H II3 nep

BhlX npIIHD;IIIIOB RBaHTOBOH xpoM0)];IIHaMIIRII. JierRo y6e.n;IIThCJI B 3T0M, XOTJI 

6hl 3aMeTIIB, 'ITO 0Ha He co.n;epmIIT 'IeThlpexrJIIOOHH0ro B3aIIMO)];eHCTBIIJI, IIMeIO

merocJI B JiarpaH)RIIaHe RX)X. cho onpaB.n;aHo B HII3llIIIX npII6JIII)ReHIIJIX Teo

p1rn: B03Myrn;eHIIH, TaR RaR TaROH 'IJieH He npIIB0)];IIT R CIIHryJIJipH0CTJIM B JI.n;pax 

ypaBHeHIIH. BMecTe C TeM, 3Ta CIICTeMa )];0CTaT0'IH0 xoporuo B0CIIpOII3B0)];IIT MO

)];II<plID;IIpoBaHHhlH pJI.n; Te0pIIII B03Myrn;eHIIH ( C TpexnapT0HHhlMII BepIIIIIHaMII) 
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BIIJIOTb .n:o i:rneHOB BbICOROro IIOpJI.n;Ka Ha ypoBHe ~yx- n TpexIIeTJieBbIX nonpa

BOK. )],o6aBO'!Hbie '!JieHLI, KOTOpbie MOrJIH 6LI IIOJIBllTbCJI B ypaBHeHllJIX (50), 
(51), ,n:oJDKHLI co,n:epmaTL, KaK noKa3aHo B [5], no Kpa:il:Heii: Mepe, npoll3ne.n:eHiie 

IIJITll IIpon:3BO,n:JIIIIllX <pymuurii:. <I>n:3ni:i:ecK_aJI llHTepIIpeTann:JI COOTBeTCTBYIOIIIHX 

,n:n:arpaMM OTBei:i:aeT IIOJIBJieHHIO "nBeTOBOii: IIOJIJipn3yeMOCTn" CTpyn:. l1MeIOTCJI 

TaKJKe npo6JieMLI c onpe,n:eJieHneM IIapaMeTpa aBoJironn:n, IIpe,n:acn:MIITO'.rn:i:i:e

cKnx IIOIIpaBOK n: T.II. (cM., Hanpn:Mep, [32]). XoTJI Bee BLIIIIecKa3aHHoe He 

ncKJIIOi:i:aeT Heo6xo,n:n:MocTn: ,n:aJILHe:il:IIIero KOJin:i:i:ecrneHHoro n:3yi:i:eHHJI pa3Hoo6-

pa3HLIX IIOIIpaBOK K ypaBHeHllJIM ( 50)' ( 51)' o,n:HaKO npe,n:cTaBJIJieTCJI pa3yMHLIM 

HCCJie,n:oBaTb n:x peIIIeHllJI C BO3MO)I{HO 6oJILIIIeil: TO'IHOCTLIO, IIOCKOJILKY HMeIOTCJI 

y6e,n:n:TeJILHbie OCHOBaHllJI C'IHTaTL, 'ITO IIOIIpaBO'!Hbie '!JieHLI, onyIIIeHHLie IIpH 

BbIBO,ZJ;e ypaBHeHllJI, OKamyTCJI MaJILIMn. 

5 rJIIOO,[(HHAM:HKA 

EcTeCTBeHHO Ha'!aTb c Han6oJiee npocToro CJIY'laJI rJIIOO,n:n:HaMHKH, Kor.n:a 

KBapKOB HeT, a paccMaTp1:rnaIOTCJI B3anMo,n:e:il:CTBllJI rJIIOOHOB. IIpn 3TOM CH

cTeMa ypaBHeHn:fi ( 50), ( 51) CBO,n:n:TCJI K O,n:HOMY ypaBHemrro 

G'(y) = fo 1 

dxI<(x)'yg[G(y + lnx)G(y + ln(l - x)) - G(y)] (56) 

c G(y) = Ga(Y),I<(x) = I<8(x). 
9TO ,- HemrnettHoe llHTerpo,n:n:<p<pepeHnHaJibHOe ypaBHeHne co CMeIII~llllbIMH 

apryMeHTaMH B IICJIHHeHHOM 'IJieHe, yi:i:nTLIBaIOIIIHMH 3aKOII coxpaneHHJI 3Hep

rnn:. IIpoCTCHIIIee ,n:na)I{,ZJ;I,IJIOrapHq>MH'ICCKOC npn6JIH)I{CHHC OTBei:i:aeT yi:i:eTy Ha

n:6oJiee cn:HryJIJipHbIX 'IJICHOB n JI.n;pe I< n: n Bbipamemm, CTOJIIIICM n KBa.n:paTHbIX 

cKo6Kax. Tor.n:a B JI.n:pe coxpanJieTCJI JIHIIIL 'IJieH 1 / x, a B ln( 1 - x) Jio,n:cxaBJIJI

eTCJI X = 0 n ,6 BbI6npaeTCJI IIOCTOJIHHO:il:2 

5.1 IIPHBJIMJKEHHOE PEIIIEHHE ,lJ;JI.H 
u 

ct>HRCHPOBAHHOH ROHCTAHTbl 
CB.H311 11 cI>OPMA RHO-<l>YHRUHH 

<I>opMaJILHo, ,ll;OIIYIIICHllJI ,n:na)I{.ZJ;bIJiorapnq>MnqecKoro npn6Jlll)I{eHHJI, c,n:eJiaH- ' 

HbIC B Kam,ll;OM H3 Tpex 'IJICHOB IIO,ll; 3HaKOM llHTerpaJia B (56), paBHOIIpaBHLI 

n TOM CMLICJIC, 'ITO BO BCCX CJIY'IMX npene6peraeTCJI BKJia,n:aMn, HC JIBJIJIIOIIlll

MllCJI BC,ll;yIIlllMll. Bo MHOrn:x pa60TaX [9-13, 21, 32-37] 6LIJI npoBC,ll;CH anamra 

2HeCKOJibKO nerrocJie.l(0BaTeJibH0 m10r.11a pacCMaTpHUaIOT 6erynzy10 K0IICTaHTY CBH311 B 3T0M rrp116JIH

m:eH1111 ( CM. [5]). 
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Ka}I{,ll;oro ll3 3TllX .n;onymenn:il: TIO OT,Zl;eJibHOCTll llJill me B pa3HbIX KOM6Irnau:1rnx. 

Ilpll 3TOM qame Bcero paccMaTpllBaJillCb Jlllllib Hll3llille MOMeHTbI pacnpe.n;eJieHllH 

- cpe.n;rurn MHO.lReCTBeHHOCTb ll .n;ncnepcIIJI. BbIJIO OTMe'Ieno, 'ITO pOJib 3aKOHOB 

coxpanennH, BbipamaromaHCH B C.n;Bllre apryMeHTOB IIpOll3BO.n;HIIIllX <pyHKU:llH, 

nomaJiy:il:, nan6oJiee cy111ecn1enna. B pa6oTe [12] 6bIJio 1rnepBhle noKa3ano, 'ITO 

llX MO.lRHO yqecTb TO'IIIO. O.n;naKO npn 3TOM 6bIJIO coxpaIIeIIO npe.n;IIOJI0.lReIIlle 

O II0CTOHIICTBe KOHCTaIITbI CBH3ll ll OCTaDJieII Jlllllib cnnryJIHpHbIH 'IJieII B H.n;pe 

K. K comaJiennIO, 6bIJill onymenhl neKOTOpbie .n;pyrne 'IJieIIhI n npene6pemeno 

OTJill'IllCM BCJill'IllH 'Yo (52) ll "anoMaJibHOH pa3MepHOCTll" 'Y' onpe.n;eJIHIOIIICH 

pocT cpe.n;ne:il: MIIO.lRCCTDCHIIOCTll C 3Heprne:il: corJiaCIIO <popMyJie 

(57) 

B pa3.n;eJie 7 Mb! II0Ka.lReM, 'ITO ypanneHIIJI (50), (51) llMeIOT TO'Illble pemeHllH 

npn <pllKCllpOBaHHOH KOHCTaHTe CBH3ll 6e3 Bcex 3THX ,Zl;OIIOJIIlllTeJibHbIX npe.n;no

JIO.lRellllH. BMeCTe C TeM, llMeeT CMbICJI o6cy,zuITb H npn6m1mennoe peIUCIIHe, TaK 

KaK D paMKax TaKllX .n;onymeIIllH IIOJiyqaeTCH aHaJillTll'ICCKOC Bbipa.lRCIIlle ,Zl;JIH 

KHO-<pyIIKU:nn, BeCbMa narJIH.n;no .n;eMoIIcTpnpyromee BJIHHIIne 3aKOIIOB coxpa

nennn n OTJinqaromeecH OT <popMyJibI .n;Ba.lR,Zl;bIJiorapn<pMnqecKoro npn6Jinmennn 

(23) 3aMeTHO MCHbmeii mnpnno:il:, 'ITO KaqecTBeHHO c6Jin.lRaeT ee c· .n;aHIIbIMll 

3Kcnepm.ie11Ta. lfro6bl DbIDeCTll ero, 3ailllIUeM CHCTeMy peKyppeHTHbIX COOTHO

IIIeIIIIH ,Zl;JIH.<paKTOpllaJibHbIX MOMCHTOB, npnpaDHHB l{03<p<pHU:llCHTbI npn 0,Zl;HHa

KODbIX CTeneHHX z IlOCJie no.n;cTaHOBKll COOTHOIUellllH (7) n ypaBIIeIIne (56): 

q-1 

(q - q-1)Fq = 'Y L C!B('Yl, 1(q - l) + l)Fq~tFi- (58) 
1==1 

::)Ty CllCTeMy MO.lRHO pellillTb qncJieHHo3 C yqeTOM HaqaJibHbIX ycJIOBllH Fo = 
F1 = l. Ha npe3Ke K pnc. 4a npnBe.n;eno OTHomenne noJiy'IeHHhIX TaKnM cno

co6oM <paKTOpllaJibHbIX MOMeHTOB K acm,mTOTllqecKOMY peIUeHHIO COOTHOIUCilllH 

(58), llMeromeMy Bll,ZI; [12] 

Fas= [f(l + 'Y)]q 2qf(q + 1) 
q r(l+1q) Cq (59) 

Ilpn q'}' ~ l neTpy.n;no noeyqnTh 

F. ~ 2µD-qr (~ + 1) 
q ../EFi 2 µ ' 

(60) 

r.n;e µ = (l - 1)-1, D = C17(l :.._ 1)1- 7 /f(l + 1). 

3 IIonnoe perue1rn:e CHCTeM11 ypaBIIe!lllli J(JJJ! rJJIOOHIIl,lX ll KBapKOBLIX CTpyfi CM. B pa3J(eJJe 7.2. 
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PHc. 4. MoMeHTLI paCDpeJleneHllll no MHO:ICCCTBelDIOCTH, Bbl'IUCJtelDILIC ll 
COOTIICTCTBHH c pll3JD111Hl,1MJ1 4>opMynaMU pa60TLt (12). lluCJteHHoe 
pellJeHBe ypasneHHll (S) JlJJ1' 4>anopuanLm.IX MoMeHTos, BX acUMitTom
'lecJ:oe 3H8'1eUBe (7) ii KHO-4'yunu11 (15) C Y'!eTOM noseJ(eHBII npu 
Mam.ix :,; JllUOT pll3HWe noseJ(eHBII omowemdt H,. HoMepa 4>opMYn 
npBBCllCHLI no pa6oTe (12). a-OmoweHBe 4>anopuanLHLIX MoMeHToB 

. F,; BLl'IBCIIeBHLIX no 4>opMYne (5), It BX BCHMDTOffl'ICCltOMY 3HB'ICHUIO (7) 
R DpBBCJlCHO Ha JICI'llBJte, a 0TII0WCHBC 4>anopuanLHWX MOMCHT0B 
KHO-4'yim1IBH Ha puc. s It aCHMDTOTBlte (7) DpBBCJ(CHO 8 OCHOBHOii 
'IBCTH pucyua. 6 - OmowenHe H9 Jtnll o-rpunaTenLHoro 6u110Muani.
uoro pacnpeJleneHUII (k = 7, (n) = 30 - CM0WHBII nHHHII) u Taxoe :a:e 
omowenue, BLl'IUCIIeHHOe no KHO-4'yu1tnuu puc.5, DpRBCJlCHO a BRJ(C 
D}'DTRpHOii JDIHHU 
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3HaH acHMIITOTHKY Fq, MOJRHO BoccTaHOBHTb H acHMIITOTHKY RHO-q:>yHKUHH 

f(x) B BH)];e 

2µ2(Dx) 3µf 2 

f(x) ~ ..,fFiFy exp[-(Dxll, 
X 27r1' 

(61) 

OTCIO)];a BH)];HO, 'ITO XBOCT q:>yHRUHH pacrrpe)];eJieHHH rrpH 60JiblIIHX MHOJReCTBeH

HOCTHX IIO)];aBJieH 3Ha'IHTeJibHO CHJibHee, HeJReJIH B )];Ba.JR,lU,IJIOrapHq:>MH'leCKOM . 

rrpH6JIHJReHHH. BMeCTO ofo.r'IHO:il: 3KCIIOHeHThl rrpoHCXO)];HT "rro'ITH rayccoBo" IIO

)];aBJieHHe, eCJIH yqecTb, 'ITO npaKTH'leCRII cym;eCTBeHHhle 3Ha'leHHH IlOKa3aTeJIH 

3aMeTHO 60JibIIIe e)];HHHU:hl µ ~ 1.6. TaRHM o6pa30M, rrpH yqeTe 3aKOHOB co

xpaHeHHH pacrrpe)];eJieHHe rrapTOHOB no MHOJReCTBeHHOCTH CTaHOBHTCH 3aMeTHO 

6oJiee Y3KHM. 8To HarJIH)];HO BH)];HO Ha pHc.5, r)];e MO)];Hq:>HU:HpOBaHHOe pacnpe

)];eJieHHe ( c yqeTOM IlOBe)];eHHH rrpH MaJihlX MHOJReCTBeHHOCTJIX [12]-cnJIOIIIHaH 

KpHBaH) COIIOCTaBJIHeTCH C TeM, 'ITO 6hlJIO IIOJiyqeHo B HH3IIIeM npH6JIHJReHHH 

(rryHKTHp) , a TaKJRe annpOKCHMHpyeTCH OTPHU:aTeJibHhlM 6HHOMHaJibHhlM pac

rrpe)];eJieHHeM c napaMeTpOM k=7 (TO'IKH). IIo CIIJIOIIIHO:il: KpHBO:il: pHc.5 MOJRHO 

Bhl'IHCJIHTb ,, HCTHHHhle" ( C yqeTOM rrorrpaBOK npH MaJihlX MHOJReCTBeHHOCTHX) 

<jJaKToimaJILHhle MOMeHThl, Hx OTHOIIIeHHe K aCHMIITOTH'lecKHM 3Ha'leHHHM (59) 

rrpHBe)];eHO Ha OCHOBHOM IIOJie pHc.4a. CpaBHeHHe )];BYX KpHBhlX Ha 3TOM pH

cyHKe IlOKa3hlBaeT poJib H3MeHeHH:il:, BHeceHHhlX yqeToM MaJihlX MHOJReCTBeHHO

CTe:il:. 3HaH "HCTHHHhle" q:>aKTOpHaJibHhle MOMeHThl, HeTpy)];Ho Bhl'IHCJIHTb KyMy

JIHHThl H OTHOIIIeHHe Hq ( OHO npHBe)];eHO Ha pHc.46 - nyHKTHp - H COilOCTaBJieHo 

c OTpHnaTeJibHhlM 6HHOMHaJibHhlM pacrrpe)];eJieHHeM - CITJIOIIIHaH JIHHHH). 

HHTepeCHO OTMeTHTb, 'ITO XOTH OTJIH'IHe OT OTpHnaTeJibHOro 6HHOMHaJibHOro 

pacrrpe)];eJieHHH B caMOM pacrrpe)];eJieHHH oqeHb He6oJILIIIoe, pa3HHna B noBe

)];eHHH OTHOIIIeHHH Hq HCKJIIO'IHTeJibHO BeJIHKa H rrpoHBJIHeTCJI )];aJRe Ha Kaqe

CTBeHHOM ypoBHe. BMeCTO ITJiaBHoro MOHOTOHHOro noBe)];eHHH Hq IlOJiyqaeTCH 

KpirnaH c OCUHJIJIHUHHMH, <l>yHKUHH TaKoro THila Mhl eme 6y)];eM HeO)];HOKpaTHO 

o6cy)I{)];aTb B IlOCJie)];yIOIUeM. 

5.2 BhICIDHE IIPHBJIHJKEHMJI C .., .., 
BErYII(EH KOHCTAHTOH CBJI3H 

YpaBHeHHe )];JIH npoH3BOMIUe:il: q:>yHRUHH B rJIIOO)];HHaMHKe MOJRHO peIIIHTb H 

B HeCKOJibKO HHhlX npH6JIHJReHHHX [13], IlOJIHOCTbIO YlIHThlBaH Bee 'IJieHhl (B TOM 

'IHCJie HeCHHryJIHpHhle) JI)];pa K, npHHHMaJI BO BHHMaHHe, 'ITO KOHCTaHTa CBH3H 

3aBHCHT OT rrapaMeTpa 3BOJIIOUHH H 10 He paBHa "aHOMaJibHOH pa3MepHOCTH" I, 
HO npH6JIHJReHHO YlIHThlBaH 3aBHCHMOCTb OT X rrpOH3BOMIUHX q:>yHKUHH nyTeM 

II0CJie)];OBaTeJibHOro paccMOTpeHHH BhlCIIIHX qJieHOB pa3JIOJReHHJI HX B pH)]; Te:il:-
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JI0pa rrpH 6oJII,illHX y: 

1 
G(y + E) ~ G(y) + G'(y)E + 2G"(y)E2 + ... (62) 

Ha 3T0M rrym 0T•IeTJIHB0 BH,ll;H0 paaJIHqHe Mem,ny BCeB03M0}I{HfilMH paHee HC

II0Jih30BaHHLIMH rrpe,n;rroJI0JKeHIDIMH, HX 0TH0CHTeJihH0e BJIIDIHHe H RaqecTBeH

HLie H3MeHeHIDI, rrp0H3B0.n;HMLie C yqeT0M BhIClliHX rrorrpasox • 

3aMeHHB B ypaBHeHHH (56) rrp0H3BO,ZVIID;He q>yHiill;HH B'II0,llblHTerpaJihH0M BLI

paJKeHHH Ha nx pH.n;u Teil:Jiopa, rro,n;eJIHB o6e qacrn: ypaBHeHHH Ha G(y) H rrpo

.n;Hq>q>epemi;nponaB no y, rroJiyqn:M· 

[lnG(y)]" = ,6 [ G(y) - 1 - 2hiG'(y) + ~(-lthnG<~l(y)+ 

00 

m+n (G(mlc(nl)'] L (-1) hnm G , 
m,n=l 

(63) 

r.n;e 

00 

hi = 11/24, hn = 12 - rn - 3-n - ((n)I; ((n) = L m-n, n 2'.'. 2; (64) 
m=i 

hmn = 1--i, [1 dxK(x)lnn xlnm(l - x)I. 
m.n.}0 

(65) 

OrpaHnqnBaHCh rrepBLIMH .n;ByMH qJieHaMH B CR06Rax C rrpaBo:il: CTOpOHLI pa

BeHCTBa, HMeeM xopomo H3BeCTHOe [5] ypaBHeHHe .n;Ba)K.n;LIJIOrapHq>MHqecRoro 

rrpn6JIHJKE;HIDI, rroJiyqarom;eecH rrpn: onncaHHOii Burne npofie.n;ype coxpaHeHirn 

caMHX CHHryJIHpHLIX qJieH0B. qJieH C hi COOTBeTcTByeT MO,ll;Hq>HlWpOBaJIHOMY 

rrpH6JIHJKeHHIO :iie.n;ym;n:x JIOrapHq>MOB, a qJieH C h2 yqHTHBaeT rronpaB_RH 6oJiee 

BLIC0Roro nopH,n;Ra no cpaBHeHHIO c Be.n;ym;UMH JIOrapHq>MaMH. OTMeTHM, qTQ 

3alJHCHM0CThlO 1'0 no.n; 3HaROM HHTerpaJia OT y MU 3,n;ec1, rrpeHe6peraeM, T.R. OHa 

npHBO.n;HT R nonpaBKaM rropH,n;Ra O(,~) R BHnncaHHI,IM BHille qJieHaM, HO yqTeM 

ee B ,n;aJihHeil:meM, r.n;e oHa BX0.n;HT B rrponane.n;eHHe c paHroM M0MeHTa q. 
Henocpe.n;crBeHHoe pemeHne ypaBHeHIDI (63) npe,n;craBJIHeTcH aaTpy.n;mneJII,

HHM, .n;aJKe ecJIH yqHTLIBalOTCH T0JihRO qJieHH C hi H h2. O.n;HaRo 3T0 BLirJIH,n;HT 

oqeHb npoCT0 ,ll;JIH MOMeHTOB pacnpe,n;eJieHHii, CBH3aHHLIX C rrp0H3BO,ll;HIIl;eil: q>yH

Ka;neil: q>opMyJiaMn (7), (8). l1cnoJih3YH 3TH q>0pMyJILI c yqeT0M npn6JIHJKeHHoro 

F-cReil:mrnra H npnpanHHBaH R03q>q>HI:J;HeHTI,I npn 0,n;HHaR0BHX CTerreHHX z, no-

JIYqHM 

H _ Kq _ 1'8[1 - 2hiq, + h2(q21'2 + n')] 
q - Fq - q2,2 + q,' (66) 
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3nech nneneHa "aHOMaJihHaJI pa3MepHOCTh" "Y corJiaCHO COOTHOIIIeHIIIO (57). :[,fa 

yrnonIIJI Fi = I( 1 = 1 HeTPYlIHO IIOJIJ'IIITh cnJI3h "'( c "Yo: 

1 2 1 2 3 4 
"Y ~ "Yo - 2hno + 8(4h2 - h1ho + Oba), (67) 

KOTopaJI rroKa3hIDaeT' 'ITO pocT cpenHeH MHO)KeCTBeHHOCTII C 3HeprIIeH ( CM. ( 57)) 
. B MOJIII<pIIIlIIponaHHOM rrpII6JIII)KeHIIII nenym:IIx JIOrapII<pMOB CJia6ee, HeiKeJIII B 

. .n:namm,morapII<pMII'IeCKOM rrpII6JIIIiKCHIIII, T.K. 'IJieH C h1 nXOlIIIT C OTPIIIlaTeJih

. HhlM 3HaKOM n (67). OnnaKO nhlCIIIIIe IIpII6JIIIiKeHIIJI OIIJITh CJierKa IIOBhlIIIaIOT ero 

( 4h2 - ht > 0), rrpII<IeM nee rrorrpanKII oKa3hlBaIOTCJI ne6oJihIIIIIMII. B q:iopMyJie 

(67) yme yqTeHo, 'ITO "Yo JinJIJieTCJI 6erym:e:i1: KOHCTaHTOH CBJI3II: 

(68) 

II IIOTOMJ 

(69) 

Iloy<IIITeJihHhlM ypoKOM, nhlTeKarom:IIM II3 q:iopMJJihl (66), JinJIJieTCJI TOT <paKT, 

tJ:To no ncex TaK Ha3hlnaeMhlX "rrorrpanotIHhlx" <IJienax ( conepmam:IIx h1, h2 , ... ) 

rrapaMeTp pa3JIOiKCHIIJI "'( BXOJIIIT B IllIJie rrpOII3Be1IeHIIJI q"'(, KOTopoe CTanonIITCJI 

6oJihllHIM C pocTOM panra q. '.:ho 03HaqaeT, 'ITO rrpII 6oJihIIIIIX MHOiKCCTBeuuo

CTJIX Hano rrpIIHIIMaTh n pactieT 'IJieHhl nee 6oJiee nhlCOKOro IIOPJIJIKa no "Y. Ha 

3TO o6cTOJITCJihCTno o6pam:aJIII nHIIMaHIIe yme nanHO [5], HO JIIIIIIh Terreph HatiaTo 

ero neTaJihHOe n3yqenIIe. 

<I>opMyJia nnaiKllhlJIOrapII<pMII'IeCKOro rrpII6JIIIil{eHIIJI IIOJiyqaeTCJI II3 ( 63)' ecJIII 

. noJioiKIITh h1 = h2 = 0, "Y = "Yo II "Y' = 0. B 3TOM cJiyqae 

(70) 

T.e. HaIIOMIIHaeT aCIIMIITOTIIKY OTPIIIlaTeJihHOro 6IIHOMIIaJihHOro pacnpe,l(eJic

;mrn co cpanHIITCJihHO MaJihlM napaMeTpOM k, a, 3Ha'IIIT, lIOBOJihHO IIIIIp0KIIM 

pacnpeneJICHIIeM no MHOiKeCTBeHHOCTII . ( CM. ( 23))' T .K.' HanpIIMep' 3Kcncpn

MeHTaJihHhlC 1IaHHhle naroT 3HaqeuIIJI k n IIHTepnaJie OT 3,5 lIO ~ 100. 
Ho, nomaJiy:i1:, 6oJiee IIHTepeCHhlM npeJICTanJIJieTCJI II3MeHeHIIe Ka'IeCTBeHHOII 

KapTIIHhl noneneHIIJI Hq npII y<IeTe BhlCIIIIIX <IJienon. CoxpaHIIB <IJieH c h1 (npII 

h2 = 0) n q:iopMyJie (63), Mhl o6Hapymmi, 'ITO Hq nepeceKaeT och a6cuIIcc, 

rrpno6pcTaeT MIIHIIMYM npII 

1 1 
qmin ~ -h + -2 ~ 5 

no 
(71) 

II aCIIMnTOTII'IeCKII npII6JIII)KaeTCJI CHII3Y K OCII a6CllIICC no 3aKOHY -q- 1. Y<ICT 

tJ:Jieua c h2 He MeHJieT noJIOiKCHIIJI MIIHIIMJMa, HO npIIBOJIIIT K noJinJieHIIIO nTO

poro HYJIJI y cpyHKillIU Hq u aCIIMnTOTII'IeCKOMY CTpeMJICHUIO ee K noJIO}KIITeJih

IIOMY IIOCTOJIHHOMY 3HatieHIIIO hnJ. 
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1,2.------------------, 

/(x) 

1,0 

0,8 

0,6 

0,4 

0,2 

X 

PHc. S. Mo.llllcl>HI1HPOBaHHallKHO-4>y111:UHJ1 (12] (crmowuanpHBaa) npH 
'Y = 0,4 3aMCTH0 }'llCC 4>ywaum HHJWero np116JlilllCCIIHJI (nymtTHpHall 
J:pHBall} n conoCTaBHMa c pe3}'JILTaTaMH 0YpltllaTCJILH0ro 6HHOMll3JIL
H0ro pacnpe,nCJICHllll npH k = 7 (TO'IICH) 

H, 

0,3 

0,2 

o.~r \ 1~ .A'\. I q S 10 /\ l S'-\-1-t-t 
. '-"~ \/ 

-0,l 

-0,2 

-0,3 

Puc. 6. Iloue,nc:Hlle oruowenusi H, B cl>YHKUHH OT q npH06peTaeT 
:U.paKTCp "J:Ba3HOCIDIJIJilllDlii" B DLICWUX npH6JIHlKCHHJIX Teop1111 B03-
M}'IllCHHH KXJ{ [39) (i:pHBllll npone.neua .nJill 3Hepmii Z-60Jo11a, 91 r3B). 
IlepnLiii MIIIIIIM)'M cm:ri:a CMewen,: q=4 
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C aHaJioruquoii CI:ITyauueii MLI CT0JIKHYJIHCh 6LI, IlLITaJich pa3JiaraTb B pJI.n: 

TeiiJiopa cos x. Tio,noMy ucy.n:umITeJibHo, qTo yqeT no_cJie.n:y10mux qJieHon 

pa3JI0}KCHHJI c Ko::HlHlmuuenrnMu h3 u h11 B <lrnpMyJie (63) npuneJI (39] K nuno.n:y 

06 ocunJIJIJIUH0HH0M none.n:cnuu <l>YHKUHH Hq, nepnLIM npoJIDJICHHeM K0Toporo 

npu cpaDHHTCJibH0 MaJILIX q II CJiymIIT 06m1pyJIWHHLiii DLillIC MllHIIMJM. cho 

II3o6pamcno na pnc.G. Ho 3.D:Cch MIIHIIMy111 oKa3LinaeTCJI CMem:eHHLIM K q = 4, 

qTo yKa3LIDaCT na qyncTDIITCJlhH0CTh Hq K pa3HLIM npn6JIII}KCHIIJIM. 3aMCTIIM, 

qTo DCJIIIqIIHhl cll\lIIJIIITY.D: n '.·:lRCTpcMyMaX u qacT0Ta KOJie6aHnii TaKme cyme

CTDCHH0 nnue, qcM Ha puc.1-4. A1rnJiornqHoc nonc.n:enne Hq Mhl 06napymu111 

npu ToqnoM pcmcnnu ypanHcm1ii KXD: c <lnrncuponanHoii KoHcTaHToii CBJI3H 

(c111. pa3.n;CJI 7.2). 
MTaK, Mhl npo.n;eM0HCTJHiponaJIII D 3T0J\I pa3.D:CJIC, qTo yqeT 3aK0H0D coxpane

HIIJI II .n:pyrux DKJia.n:on DhlCllICro nopJI.n:Ra D paMKaX rJIIO0.n;HHaMHRH npHB0.n;HT 

K pe3K0MY cymcHUIO pacnpc.n;eJICHHii no MHomecTDCHH0CTII ll KaqecTDCHHLIM o6-

pa30l\I l\ICHJICT KapTHHY none.n;CHUJI OTHOllICHUJI KYMYJIJIHTHhlX ll q>aKTOpIIaJibHbIX 

M0MCHT0D. 

6 IlPl1BJil1lli.EHHbIE PEIIIEHMJI 
~ ~ 

YPABHEHl111: KX,IJ; C BErYJI(EM 
~ 

KOHCTAHTOM CBJI311: 

Tiepcxo.n;JI DHODh OT rJIIO0.D:llHaMUKll K KDaHTODOii xpoMO.ll:llHUMllKe, r.n:c nOMlll\IO 

rmoonon pom.n;a10TcJI KDapK-aHTHKBapKonhle naphl, Ha.no nMecTo o.n:noro ypanne

HHJI (56) ucnOJib30DaTb CUCTeMy .n:nyx ypaDHCHHil: (50), (51) .ll:JIJI IIpOll3DOMIUHX 

<pyHKUUH KDapKOD H rJIIOOHOD. O.n:naKO llX CTpyKTypa npunuunuaJibHO He OT

JiuqacTCJI OT yaw llCCJie.n;onanHoro ypaDHCHHJI rJIIO0.ll:HHaMURH. Tio3TOl\IY Mhl He 

6y.n;el\I 3aHHMaTbCJI 3.D:CCh .n;eTaJlhHLIM onucaun:eM IIOJiyqaeMbIX CO0THOllICHHil: ( CM. 

no.n:po6Hee D (40, 41]), a ll3JIOmllM DKpaTue Jlllillh pe3yJihTaTUDHYIO qacTb. 

OnJITh-TaKn: c yqeToM Dhlcmn:x qJieHon paJJiomcnn:JI n p1I.n; TeiiJiopa noJiyqa

eTcJI CllCTCMa JauenJIJilOIIl:llXCJI COOTHOllICHllii: .ll:JIJI KYMYJIJIHT0D ll q>aKTOpIIaJibllhIX 

M0MCHT0D, KOTopaJI 'IHCJICHHO pemaJiaCb (40] D nomrnii: aHaJioruu C TCM, KaK 3TO 

onn:caH0 DhlllIC n cJiyqae rmoo.n:uuaMHKH. OKaJaJIOCh, qTo CB0il:CTBa rJIJOOHHbIX 

CTpyil: 0CTaJOTCJI npaKTUqecRH TC.MU me. Mx <paKTopuaJlhHbIC M0MCHThl H KyMy

JIJIHTbl MCHJIIOTCJI oqeuh CJia6o npu yqeTe KDapKoD. rJIIOOHHOe 0TH0llieHn:e Hq 
llMCCT MHHllMYM nee npu TOM me Juaqeuun: q. O.n:uaKo KDapKOBhle q>aKTOpllaJlh

HhlC M0MCHTbl OKaJbIBUIOTCJI JaMCTHO 6oJihlUC rJIIOOHHhIX, T.e. pacnpc.n;eJieHllC 

no qucJiy napTOH0D D KBUpKODOH CTpye IUn:pe, qeM D rJIIOOHHOH. Tiepnblii Mll

HllMYM KDapKoBI.IX KYMYJIJIHTOD u ux OTH0IUCHHJI K <I>aKTopnaJlhHhIM M0MCHTaM 

II0JIDJIJIIOTCJI npu 60JihlllHX 3HatJCHl!JIX q. 
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EcJIH IlhlTaTbCJI rrpIIMeHIITb II0JIY'IeHHhle pe3yJibTaThl K peaJibH0MY rrpou;eccy 

:meKTpOH-II03IITpOHHO:il: amrnrIIJIJID;IIII, TO Ha.n;o w.n;aTb CBJl3b ero rrpoII3B0.n;JIIUe:il: 

cpyHKD;IIII C TeM, 'ITO II3BCCTH0 0 CTPYJIX. l1MeJI B BII.LIY cpe:il:HMaHOBCKYIO .D;II

arpaMMY C poJR,D;eHIIeM .LIBYX KBapK0B, o6hl'!HO 3TY CBJl3b 3a.n;aIOT B rrpocTe:il:m:e:il: 

cpopMe 

Ge+e- ~ ci, (72) 

X0TJI II yKa3hlBaIOT Ha .n;aJibHe:il:urne rrorrpaBKII [32]. B 3T0M CJiyqae KYMYJIJIHThl 

KBapKono:il: CTPYII II e+e--aHHIIrHJIJID;IIII rrporropu;IIoHaJibHhl .n;pyr .n;pyry II IIX 

HYJIII .D;0IDKHhl conrra.n;aTh, TaK KaK JIOrapII<pMhl rrp0II3B0.n;JIIUIIX cpyHKD;II:il:, orrpe

.n;eJIJIIOIUIIe KYMYJIJIHThl, rrporropu;II0HaJibHhl. ITocKOJibKY .D;JIJI KBapKOilhl:X CTpy:il: 

rrepnhl:il: HYJib II0JIBJIJieTCJI rrpII 5 < q < 6, TO MHHIIMYM He MO)l{eT JiemaTb rrpII 

q < 6. KaK 6y.n;eT BII.D;H0 B .n;aJibHe:il:m:eM rrpII o6cyJR,D;eHIIII 3KCIIepIIMeHTaJibHhlX 

.n;aHHhlX, Ha:M IIOHa.n;o6IITCJI JIII6o II3MeHIITb C00TH0IIIeHIIe (72), JIII6o yqecTb IlhlC

IIIIIe '!JieHhl pa3JI0)I{eHIIJI no cpanHeHIIIO C rrpIIHJIThlMII BO BHIIMaHIIe. ITocJie.n;HJIJI 

B03M0)I{H0CTb rrpe.n;cTanJIJieTCJI MaJionepoJITH0:il:, II0CI{0JibKY T0'lH0e peIIIeHIIe ypa

BHeHIIH C <pHKCIIpoBaHHOH KOHCTaHTO:il: rrpHB0.D;IIT K aHaJiorII'lH0MY pe3yJibTaTy 

( CM. CJie.n;yromH:il: pa3.n;eJI). He3aBIICIIMO OT 3Toro, rrpe.n;cTaBJIJieTCJI, 'ITO IIpH 

C0BpeMeHH0M COCT0JIHHII rrpo6JieMhl HaH60Jiee cymecTBeHHhlM Bee me JIBJIJieTCJI 

BhlB0.D; 0 HaJIII'lIIII MIIHIIMYM0B H MaKCIIMYM0B y 0TH0IIIeHHJI Hq, K0T0phle qepe

.n;yIOTCJI qepe3 HeCKOJibK0 u;eJI0'lIICJieHHhlX paHrOB, a He CMeHJIIOT .n;pyr .n;pyra Ha 

KaJR,D;0M q. 
YpaBHeHIIJI .D;JIJI HII3IIIIIX M0MeHT0B II03B0JIJIIOT c.n;eJiaTb BhlB0.n;hl 06 aH0MaJib

HO:il: pa3MCpH0CTII I II OTHOIIIeHHH cpe;:urnx MH0)I{eCTBeHH0CTe:il: B rJIIO0HHhlX H 

KBapK0ilhlX CTpy11x r ~ (na)/(np)[41]. OHH 6hlJIII rrpe.n;CTaBJieHhl Il BII.n;e 

, = ,o(l - ano - a2,5), (73) 

Ne ( 2) r = CF 1- rno - rno . (74) 

Km><p<pIID;IIeHThl a;, r; 6hlJIH BLI'lIICJieHhl [41]. OHH rrpHBe.n;eHhl B Ta6JI.1 BMCCTe 

co 3Ha'!eHHJIMH r II ,o rrpH pa3HhlX 3Ha'!eHHJIX 'lIICJia apoMaTOB n I = 3, 4, 5 . 
Ha pIIc. 7 II0Ka3aH0 II0Be.n;eHHe I' II0JIY'leHH0e Il pe3yJibTaTe peIIIeHHJI ypa

BHeHHH n o6cyJR,D;aBIIIeMCJI Bhlllle rrpII6JIIDKeHIIII, a Ha pHc.8 C00TBeTcTByromee 

3HepreTII'leCKOe II0Be.n;emie cpe.n;Hei1: MH0)I{eCTBeHH0CTH. 

.ll:JIJI cpaBHeHHJI Mhl IIOKa3hlBaeM, KaK Be.n;eT ce611 cpe.n;HJIJI MH0)I{eCTBeHH0CTb 

rrpII <pIIKCIIponaHHOH K0HCTaHTe CBJl3II. CHa'!aJia 0Ha pacTeT Me.n;JieHH0 C p0CT0M 

y, a II0T0M ee aCIIMIITOTII'leCK0e II0Be.n;eHIIe CKa3LIBaeTCJI II 0Ha rrpeB0CX0.D;HT 

MH0)I{eCTBeHH0CTb rrpII 6erymei1: K0HCTaHTe. 

cho II0HJITH0, TaK KaK K0HCTaHTa 6IJJia <pIIKCHpOBaHa Ha .D;0B0JibH0 60JibIIIOH 

aHepnrn (Macce z0 ) npII yzo=r6.67, T.e. ee neJIII'lIIHa irnJia •. B peaJibHoii: CIITya-
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q 

PHC. 7. q-3aBHCHMOCTb aHOMaJU,HOH pll3MCpHOCTH "/ {CIJJIOWHl,IC JIBJIIIB) 
.AllJI CJl}"lllll 6crymcii ICOHCTIUITLI CBJl3H Yo {nymTBp) [41). llarf>pLI y 
xpHBLIX YJCll3LIBIUOT 'IHCJIO IIJCTIIBHLIX apoMaTOB 
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Pac. 8. lf'"3aBHCHMOCTL cpe,IUICH MIIOllCCCTIICHHOCTH [41). CwiolUHLle 

JlHHHH - .AllJI 6el}'llleii JCOHCTaHTLI, ll!TPHXOBLIC - 1IJII rf>HJCCHpoBau

HOii. Uarf>pLI y xpHBLIX YJCll3LIBalOT 'IHCJIO llJCTHBHLIX apOMaTOB 
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nn:n OHa ~OJDRHa paCTH no Mepe 3BOJIIonn:n: CTpyn, HO 'IHCJIO aKTllBHhIX apoMaTOB 

IIa,®eT. chn ~e TeH~eHnnH HeCKOJII,KO KOMIIeHCHpyIOT ~yr ~pyra. 

OTHOIIIeHHe cpe~HX MHOJKeCTDeHHOC'reH n rJIIOOHHHX n KDapKOBHX CTPYJIX 

oKa3hIBaeTCJI 3aMeTHO MeHI,IIIHM (41), qeM ero BeJIH'IHHa B ~~Jiorapm:pMH

qecKOM rrpn:6JIHJKeHHII, panHaJI 9/4 (n cpe~eM npIIMepHo Ha 20 nponeHTon). 

AHaJIOrJiqHaJI CIITyanHJI JIMeeT MeCTO npu <}>HKCHponaHHO:U: KOHCTaHTe CBJI3H. 

Ilo3TOMY Mhl paCCMOTpHM 3TO OTHOIIIeHHe 6oJiee no~po6Ho D CJie~romeM pa3-

~eJie. 

._, <· .. 
7 TQqHbIE PEIDEHMH YPABHEHMM ._, 

KX,I( C <I>MKCMPOBAHHOM ._, 
KOHCTAHTOM CBH311 

Om.rT pa6oTH c ypanHeHHJIMH RX.LJ: n pa3JIH~Hx npn6JIHJKeHHJIX, on11caHHHX 

BhIIIIe,no~cKa3HBaeT, <ITO naJKHee yqecTI, ToqHo aaKOHH coxpaHeHHJI II HeCIIHry

JIJipm.re '!JieHH JI~pa, HeJKeJIH 3aBHCHMOCTh KOHCTaHTI,l CBJI3H OT napaMeTpa 3BO

JIIOnIIII. B 3TOM pa3~eJie Mhl IIOKaJKeM, 'ITO CHCTeMa ypaBHeHHH (50), (51) IIMeeT 

TO'IHOe peIIIeHHe (21, 42], ecJIH <:plIKCIIponaTh KOHCTaHTY CBJI3H 1'0· HIIKaKHX ~o

IIOJIHIITeJII,HhIX npe~OJIOJKeHII:U: npII 3TOM He Tpe6yeTCJI. PeIIIeHHJI IIOJiyqaroTCJI 

~JIJI MOMeHTOB IIpOII3BOJII,HOf0 paHra, HO Mhl Ha'!HeM C HH3IIIHX. 

7.1 HM3IIH1E MOMEHTbl M OTHOIDEHMH 
u 

CPE,[J;HMX MHOlliECTBEHHOCTEM B 
rJIIOOHHbIX M RBAPROBbIX CTPYHX 

YpanHeHHJI ~JIJI cpe~HX MHOJKecTBeHHOC,TeH (HeHopMHponaHHHX M0MeHTOB 

rrepnoro nopJI~a) noeyqaIOTCJI II3 cncTeMH ypanHeH11:iI (50), (51), ecJIH IIOk 

CTaBIITh Ty~a IIpOII3BOMIUIIe <:pYHKnIIII B BII~e PJI~OB (7) II npIIpaBHJITI, 'IJieHH, 

JIIIHeiIHHe rro z, yqJITHBaJI, <ITO Fa = F1 = <I>o = <1> 1 = 1. (<l>aKTOpIIaJihHhie 

MOMeHThI KDapKOBO:U: CTpyII Mhl 6y.z:i:eM o6o3HaqaTh KaK <I>q, a IIX KYMYJIJIHTI,l KaK 

\]i q). I1 pH <:pHKCHpoBaHHO:U: KOHCTaHTe CBJI31I cpe~He MHOJKeCTBeHHOCTII Be~T 

ce6JI [1, 5] KaK 

(nc(Y)) = e'YY; (nF(Y)) = e'YY /r, (75) 

r~e aHOMaJihHaJI pa3MepHOCTI, 1' II 0THOIIIeHJie r IIOCTOJIHHH. 8TH CBOHCTBa BhI

TeKalOT 113 ypaBHeHIIH (50), (51), eCJIH MI,I 3aMeTIIM, qTQ 

(nc,F(Y + lnx))/(nc,F(Y)) = x', 

(nc,F(Y))' = ,(nc,F) 
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H rreperrmneM 3TH ypaBHeHIDI B BH,D;e CHCTeMLI .n;Byx aJll'e6paHqecrurx ypaBHeHHH 

. JJ,JIH .n;Byx BeJIHql{H 'Y H r 

'Y = 15[Mf + n1r(M[ - M{)], 

'Y = 15[L2 - Lo+ rLi], 

Mf = 11 

dxKg[x7 + (1 - x)7 - 1], 

M[ = 11 

dxK&[x7 + (1 - x)7], 

M{ = 11 

dxK~ = M[('Y = 0)/2, 

L1 =· 11 

dxK<jx7 , 

L2 = 11 

dxK<j(l - x)7, 

Lo= 11 

dxK<j = L1("! = 0). 

(78) 

(79) 

Ro::,q:iqmn;HeHTLI M;, L; BLiqHcJIHIOTCJI JIBHO qepe3 6eTa-q:>ymrn;HH 8:iiJiepa H IICH

qiymrn;HH H 3aBHCJIT JIHIIII, OT 'Y· IlpH q:>HKCHpOBaHHOM 'Yo KaK 'Y, TaK Hr IIOCTO

JIHHLI. CJie,n;yeT cpa3y .me no,n;qepKHyTL, qTo 'Y oTmrquo OT 'Yo ,n;a.me B rJiroo,z:urna-

: MHKe rrpH n1 = 0, TaK KaK Mf OTJIHqaeTCJI OT 1/'Y- IlpH6mr.meHHOe paBeHCTBO 

crrpa,Be,D;JIHBO IIpH 'Yo ~ 1, HO nepTyp6aTHBHOe pa3JIO.lReHHe ,ll;JIH 'Y OTJIHqaeTCJI 

. OT COOTBeTCTByrome:tt q:>opMyJILI (67) ,ll;JIH 6eryme:tt KOHCTaHTLI CBJI3H H HMeeT BH,ll; 

(80) 

T.e. nepBM rronpaBKa oKa3LIBaeTcJI B,n;Boe 6om1IIe:ii. 

IlocKOJII,Ky OTHOIIIeHHe r BXO,n;HT JIHHeHHLIM o6pa30M B COOTHOIIIeHIDI (78), 
. (79), a 3aBHCHMOCTI, OT 'Y ,ll;OBOJII,HO CJIO.lRHaJI, y,n;o6Ho nepenHcaTL HX B uarJIJI

. JJ,HOM BH,n;e 

r('Y) = b(1)/ [ ;fi -a(1)], 

r('Y) = [ ;
3 

- d('Y)] /c('Y), 
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a= '1/J(l) - '1/J(, + 1) + B(,, 1) - 2B(1 + 1,2) - 2B(1 + 2, 1) + 

B(, + 2,3) + B(, + 3, 2) + 11/12 - nJ/6Nc, 

b= 
2
~)B(,+3,l)+B(,+1,3)], 

CF 
c = N.[B(,, 1) - B(, + 1, 1) + B(, + 2, 1)/2], 

' C . C . 
d = ;:['1/J(l) - '1/J(, + 1) - B(, + 1, 1) + B(, + 1, 2)/2 + 3/4]. 

3aMeTHM, 'ITO nee 6eTa-q:iy1uu~uu JierRo nepenuc1rnaroTcJI B nu.n;e o6paTHliIX no

JIHHOMOB no I' HO 3Ta 3aIIHCI, ORa3LIBaeTCJI IIpOCTO 6oJiee rpOM03,ZU{Oll. ConMe

CTHOe pemeHHe aJire6paH'1eCRHX ypaBHeHHH (81), (82) Il03BOJIJieT HaHTH I H r 
RaR q>yHRUHU ,o u n I. 

Ha puc.9 rroRaaaHo rrone.n;eHue I B q>YHRUUU OT ,o ,n;JIJI n I = 3, 4, 5. Pa3HHUa 

.ZJ:JIJI pa3HliIX n f e,n;na 3aMeTHa, YRJia,n;liIBaJICI, B TOJIIUHHY JIHHHH Ha pHcyHRe. 

OTMeTHM, 'ITO , cymecTBeHHO OTJIH'!aeTCJI OT 'Yo, 'ITO eme paa IIO.ZJ:TBepm,n;aeT 

CRa3aHHOe BliIIIIe. Ylx MO.lruIO CBJI3aTL rrpu6JIIDKeHHO rro,n;roH0'1HO:il: JIHHe:iiHOH 

q:>opMyJiofi 

1 = 0.077 + 0.62,o. (83) 

YiJIH me, HMeJI B BH.ZJ:Y TeopeTH'leCRYlO CBJI3L (80), 6JiIJia IIOJiy'1eHa ROMIILlOTepHaH 

q:>opMyJia 

, = 0.97,o - 0.48,~ + 0.2,3, (84) 

B HHTepBaJie 'Yo OT 0.48 ,no 0.6 .ZJ:OCTaT0'1HO xopomo COOTBeTcTByromaH q>OpMyJie 

(80). OnieTHM TaIOKe, 'ITO rrpn H3MeiieHHH ,o BCJIH'1UHa I MeHJieTCJI OTHOCH

TeJILHO 'c~a6o. CaMa no ce6e aTa BeJIH'1UHa He oco6eHHo HHTepecHa, xoTJI oHa 

CBJI3LIBaeTCJI C 3HepreTH'1eCRHM p0CT0M cpe,n;He:il: MHOJl{eCTBeHHOCTH. O.n;HaRo, 

CTeIIeHHO:il: pocT C 3Heprneii, .n;anaeMLI:il: q>OpMyJiaMH (75} IIpH qJHRCHP.OBaHHOli 

ROHCTaHTe CBJI3II, 3aMeHJieTCJI 6oJiee Me,n;JieH1II,IM npH 6eryme:il: ROHCTaHTe ( CM. 

puc. 8). XoTJI IIOHIDKeHHoe 3Haqe1me I H oTpruKaeT aTOT q>aRT, no aaBHCHMOCTH 

(75) .HeJII,311 UCilOJ!I,30BaTL aCHMIITOTH'IeCRH, a (MoiKeT 6LITL ?) TOJII,l{O JIHIIIL B 

orpa1m1IeHH1,IX HHTepnaJiax aHeprHH. 

BOJThIIIOH lIHTepec BliI3liIBaeT OTH0IIIeHHe r cpe,n;HHX MlIOJl(eCTBeHHOCTe:ii B 

rJilOOHHOH H RBapR0BO:ii CTPYJIX, IlOCKOJII,Ry BCe 3HepreTH'leCRHe 3aBHCHMOCTH 

3,n;ecL CORpamaroTCJI, RaR Toro H CJie.n:yeT omu.n;aTL B aCHMilT0THRe. IloaTOMY ee 

BLI1IHCJiem1e npH q>HRCHpOBaHHO:ii ROHCTaHTe CBJl3H BLI3LIBaeT 60JThIIIe ,l(OBepHH. 

CooTBeTcTByromne peayJII,TaTLI npHBe,l(eHLI Ha pHc.10. OIlJITL-TaRH aaBHCHMOCTb 

OT n I O'leHL CJia6aJI. BoJiee Ba.HCHO, 'ITO 3aBHCHMOCTL OT 'Yo 0Ra3LIBaeTCJI eme 
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0,3.__ ___ _._ ___ ...,__ ___ __,_ ___ __, 

0;45 0,50 0,55 0,60 0,65 
Y, 

Puc. 9. Y EaJ: cliynuuu1 OT Yo ,IIJIJI nr-3,4,5 (42) 

2,2 

r 
2,0 nr 

--3 
--4 

1,8 ....__5 

1,6 
0,45 o.so 0,55 0,60 0,65 

0,50 

0,45 

0,40 

0,35 

0,30 

0,25 

7, 

Pnc. 10. r iwc ctiymmu OT Yo .aJlll nr-3,4,5 (42] 

7 

Mz 

I 
2,5 3,0 3,5 4,0 4,5 5,0 

lnQ 
Puc. 11. 71[lll[ cli}'IIEnllll OT!nQ .aJlll n,•3,4,5 HQ= mz/1: (k = 1, 2,4,8) 
(42] . 
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CJia6ee, HeJReJIH )l;a)Re )];JUI 'Y' lI noToMy M0.lRH0 roB0pHTI, 0 HeK0T0p0M cpe;i;HeM 

3q>q>eKTHBHOM 3HaqeHHH 3Toro 0TH0illeHHJI, paBH0M 

r = 1.84 ± 0.02. (85) 

CTOJII, MaJiaJI BeJIHq11na, ecTeCTBeHH0, )l;0JI.lRHa BLl3BaTI> lIHTepec y Bcex, KT0 

6L!JI 3HaK0M C 3TOH npo6JieMOH no peayJil>TaTaM pacqeT0B B )l;BaJR,ZU,IJIOrapH<p

MIIqecK0M npII6JIIIJReHIIII, r;i;e Olia 0Ka3L!BaeTC11 paBH0H [5] 9 / 4. IlonpaBKII B 

MO)l;IIq>IID;IIpOBaHHOM npII6JIIIJReHHII Be;i;y:m;ux JIOrapIIq>MOB CHIIJRaJIII ee [43, 44] 
)];0 3HaqeHIIJI, paBH0ro npIIMepH0 2.05. IloJiyqeHHOe BL!ille 3HaqeHIIe yKa3L!

BaeT Ha TO, qTo TOqHL!H yqeT 3aK0H0B coxpaHeHIIJI npIIB0)l;IIT K ;i;aJil>Heii:rneMy 

yMeHI>illeHIIJO 3Toro 0TH0meHIIJI. 

RoHeqno, B peaJII>H0M npou;ecce no Mepe 3B0JIJOIJ;IIII CTPYII BIIpTyaJII>H0CTI> 

napT0H0B yMeHI>maeTCJI, a IIX K0HCTaHTa CB113II pacTeT II yMeHI>maeTCJI 3q>q>eK

TIIBH0e qIICJI0 B0BJieqeHHLIX B npou;ecc apoMaT0B. B paMKax HamIIX BLlqIIcJieHIIH 

C q>IIKCIIpOBaHHOH 'Yo 3TY 3B0JIJOIJ;IIJO M0.lRH0 6L!JIO 6L1 npII6JIIIJReHHO CM0)l;eJIIIpo

BaTb, BL16IIpa11 anaqenIIJI 'Yo no qiopMyJie 

12 2 ___ ' 
'Yo - f3oY 

f3o = 11 - 2n1 
3 

(86) 

npII y = ln Q/Qo, Qo = 0.65/ A Ms, r;i;e BA Ms yqTeHa ;i;onoJIHIITeJII>Ha11 aaBIICII

M0CTb [45] OT n, B nponopu;IIII 63: 100: 130 )];JUI n, = 5: 4: 3, C00TBeTCTBeHHo, 

npII BL16ope AM8 =175 M3B )];JUI n1 = 5. BL16paB 3HaqeHIIJI Q = Mz/k (Mz 
- Macca Z-6oaoHa) npII k=l, 2, 4, 8, ML! nocyqIIM npIIBe;i;eHHYJO Ha pIIc.11 

aaBIICIIM0CTl> 'Y OT ln Q. BJIIIJIHIIe BeJIH~HLI n I, KaK II npelR)l;e, oqeHb MaJio II 

yKaaaH0 B BII)l;e KopoTKIIX 0Tpe3K0B, BMe:m;aro:m;IIX B ce611 BCJO B03M0JRHYIO 3aBII

CIIM0CTl> npII yKa3aHHLIX BL!me anaqeHIIJIX n I. ML! BII)l;IIM, qTo II3MeHeHIIe q11cJia 

aKTIIBHLIX apoMaT0B He IIrpaeT poJIH, a yMeii:1,meHHe BIIpTyaJII>H0CTII napT0H0B 

npIIB0)l;IIT K HaCT0Jil>K0 CJia6oMy pocTy 'Y, qTQ npaKTIIqecKH Hecy:m;ecTBeHH0 )];JUI 

HaillIIX BLIB0)l;0B. Oco6eHHO 3T0 KacaeTCJI 0THomeHIIJI r' r;i;e Bee 3HepreTIIqecKIIe 

3aBHCIIM0CTII Boo6:m;e C0Kpa:m;aJOTCJI, qTo npIIB0)l;IIT K CTa6IIJil>HOMY peayJil>TaTy. 

BJIH3KIIe K 3T0MY BLIB0)l;Ll noJiyqeHLI [41] II B ccyqae npII6JIIIJReHHOro pemeHIIJI 

ypaBHeHHH C 6ery:m;eii: KOHCTaHTOH CB113II, ynoMJIHyToro B npe)l;Ll;i;y:m;eM paa;i;eJie 

(ra6n. I). 

7.2 illHPHHbl PACITPE,l(EJIEHHR B 
CTPYRX 11 BbICIDHE MOMEHTbl 

,l1;11cnepcII11 pacnpe;i;eJieHIIJI no MH0JRecTBeHH0CTH onpe;i;eJUieTCJI BTopL!M M0-

MeHT0M, II: noT0MY )];JUI ee II3yqeHWI Heo6XO)l;IIMO pemaTI> CIICTeMy ypaBHeHH:ii: 

(50), (51), orpaHHqlIBaJICI, qJieHaMII c q=2. O)l;HaKO C00TH0illeHIIJI (76), (77) 
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no.n;cKa3LrnaroT naM, 'ITO TaKoe pernenIIe cyrn;ecTnyeT npII npoII3BOJILHOM panre 

q. LJ:eiJ.CTBIITem.no, npIIpaBHIIBaJI 'IJiem,r, co.n;epmarn;He zq' IlOCJie no.n;cTaHOBKII B 

(50), (51) npOII3BO,LVIIIJ;IIX cpyHKITIIH n BII.n;e pJI,ll;OB (7), HeTpy,n;no IlOJIY'IIITI, [21) 
CIICTeMy 3an;enJIJIIOIIJ;HXCJI ypanneHIIH ,ll;JIJI MOMeHTOB, npII'IeM BLICI11He MOMeHTLI 

BLipamaIOTCJI -.:i:epe3 HII3I11He II CIICTeMa pernaeTCJI IITepan;IIJIMII, 'ITO y,n;o6no npII 

I{OMITLIOTepHLIX pac-.:i:eTax. MLI He 6y.n;eM npIIBO.n;IITI, 3.n;ec1, 3TY CHCTeMy, a 3aITII

meM JIIII1II, OKOH'laTeJILHLie anaJIIITII'leCKIIe BLipameHIIJI ,ll;JIJI MOMeHTOB panra q 

tJepe3 MOMeHTLI HII3I1Iero nopJI.n;Ka. .ll:JIJI 3Toro nne.n;eM 

PemeHIIe cIIcTeMLI ypanneHIIH .n;aeT [21) 
' 

r.n;e 
q-1 

Sq= 'I)Niifdq-1 + n1N{,i¢1¢q-iJ, 
l=l 

q-1 

Tq = I: Lq,1¢dq-l, 
l=l 

d q, MG N,F 
q = 'Y5 - q +n1 o,o, 

Mf = 1/J(l) -1/J(q, + 1) + B(q,, 1) - 2B(q1 + 1, 2) -
- 2B(q1 + 2, 1) + B(q, + 2, 3) + B(q, + 3, 2) + 11/12, 
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(87) 

(88) 

(89) 

(90) 

(91) 

(92) 

(93) 

(94) 

(95) 

(96) 



1 M{ = N)B(q'Y+3,l)+B(q,+1,3)], 

N~ = B(Z,,,(q-l)'Y+l)-2B(Z,,+l,(q-l)'Y+2)+ 
+B(l'Y + 2, (q- l)'Y + 3), 

F l 
Nq,t = 4Nc [B(Z,, + 3, (q- l)'Y + 1) + 

+B(l'Y + 1, (q- l)'Y + 3)], 

Lq,t = ~[B(Z,,+l,(q-l)'Y)-B(Z,,+l,(q-l)'Y+l)+ 

+B(Z,, + 1, (q - lh + 2)]. 

XoTJI rrp1rne.u;eHHI,Ie BLipameHIDI KruI{YTCJI rpoMo3,zurn:MII,4 IIX CTpyKTypa rrpocTa 

II HarJUI,D;Ha. IloHJITHO, 'ITO OHII JIBJUIIOTCJI o6o6meHIIeM Ha IIpOII3BOJII,Hhle q 
cpopMyJI rrpe.u;hl.u;ymero pa3.u;eJia. IlpII 3a.u;aHHhlX ')'o II n1, 3HM 'Y II r II3 cooTHO

meH~tt rrpe.u;hl.u;ymero pa3.u;eJia, HeTpy.u;Ho HaHTII F2 II <1>2, IIcrrom,3y11 (88), (89). 
3aTel,l 3Ha'leHIIe q IIOCJie.u;oBaTeJII,HO yBeJIII'IIIBaeTCJI Ha 1. 

CJie.u;yeT OTMeTIITL, 'ITO HII B O,!l;HOH II3 BLIIIIICaHHI,IX Bhlllie cpopMyJI He qmry

pIIpyeT rrapaMeTp 3BOJIIOD;IIII y. Ilpe.u;rroJIO>KeHIIe O TOM, 'ITO BCJI y-3aBIICIIMOCTL 

rrpoII3BO.u;JimIIx q>yHRD;IIfi rrpII q>IIKCIIpOBaHHOit KOHCTaHTe CBJI3II 'Yo 3aKJIIO'leHa B 

cpe,D;HIIX MHO)KeCTBeHHOCTJIX ' rrp1rneJio K caMOCOrJiaCOBaHHOit CIICTeMe aJire6pa

II'leCRIIX ypaBHeH:e:tt, r.u;e Bee BeJIII'IIIHI,I, BKJIIO'laJI MOMeHTLI Fq II <Pq, IIOCTOJIHHhl, 

T.e. IIMeeT MeCTO F-cKeil:JIIIHr. Ilo.u;qepRHeM, 'ITO ttpII q>HKCHpOBaHHOtt KOH

CTaHTe CBJI3II F-cKettJIIIHr JIBJUieTCJI TO'IHHM B Tott Mepe, B KaKott TO'IHii caMH 

ypaBHeHIDI (50), (51). B .u;eitCTBHTeJII,HOCTII, Ha.u;o roBOpIITI, 06 aCHMIITOTH'le

CKOM F-cKettJIIIHre, TaK KaK rrpe.u;eJihl HHTerpIIpoBaHIIJI IIO x B ypaBHeHIDIX (50), 
(51) yme BH6paHH acIIMIITOTH'leCKIIMH. 

CoBMeCTHOCTI, IIOJIY'leHHhlX Bhlpa>KeHHtt IIpII IIOCTOJIHHI,IX MOMeHTax JIBJUieTCJI 

arrocTepHopHLIM orrpaB.u;aHHeM rrpoBe.u;eHHHX rrpeo6pa3oBaH:e:tt. 

4<l>opM)'m,i rmoQ!U!Ha.MHRH nonyqaIOTCJI B npe.Qem.110M cnyqae, ecim nonolKHTL n1 =CF= 0, a B Mf 
H Ni, ocTaeHTL Tom.Ko ee.nynnre 'IneHI,I B(rn, 1) = 1/qr H B(l-y, (q-1)1 + 1). 
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PRC, 12. MOMCHTLI pacnpeACJIC!llrli no MH0lKCCTBCHH0CTH n KXJ:t c 

cjllmCHponaHHoi1 xo11CTa1rroii CBRJH npu l'o = 0,48,nr = 5 [21]. a -
In F9, In rf>9 H 6- ln IK9 1, In 1'1'91 

MoMeHTLI Fq H <I>q, BLiqHcJieHHLie IIO 3THM q>OpMyJiaM, rrpHBe.n:eHLI Ha pHc.12 

,n:JIJI ,o = 0.48 H n1 = 5. OHH oqeHL 6LICTpo pacTyT c yneJIHqeHHeM q, 1IpHqeM 

BH,n:eH oco6eHHO 6LICTpLiii pocT <l>q ITO cpaBHeHHIO C Fq, TaK KaK 3TO - HOp

MHponaiIHLie MOMeHTLI, MOJRHO aaKJIJOqHTL, qTO pacrrpe,n:eJieHHC rrapTOHOB IIO 

MHOJKCCTBCHHOCTH B KBapKOBOii CTpye nrnpe, qeM B rJIIOOHHOH, XOTJI HX cpe,n:HJIJI 

MHOJKeCTBeHHOCTL TaM HHJKe. 8TH peayJILTaTLI rrpaKTHqecKH He qyncTBHTCJILHLI 

K qffcJiy apoMaTOB. OHH CJia6o 3aBHCJIT OT BeJIHqHHLI KOHCTaHTLI CBJI3H, a IIO

CKOJILKY BLIIIIC 6LIJIO IIOKa3aHo, qTo aHOMaJILHaJI paaMepHOCTL IIpH 3TOM MCHJICTCJI 

MC.ZJ:JICHHee, qeM ,o, H ee aaBHCHMOCTL OT rrapaMeTpa 3BOJIIOIJ;HH em;e CJia6ee, TO 

3TO yKa3LIBaCT Ha rrpaKTHtJ:CCKYIO HC3aBHCHMOCTL IIOJiytJ:eHHLIX BLIBO.ZJ:OB OT Toro, 

JIBJIJICTCJI JIH KOHCTaHTa CBJI3H q>HKCHponaHHOH HJIH 6erym;eil:. 

CpaBHHM TenepL RX.LI;-KpHBLie pnc.12 c cpeHOMeHoJiorHqecKHMH pacrrpe,n:e

JieHHJIMH pHc.2 H 3. RcHo, 'ITO OHH BLirJIJI,n:JIT IIOXOlKHMH na OTpHn;aTeJILHOC 

6HHOMHaJILHOC pacnpe,n:eJieHHe H pe3KO OTJIHqHLIMH OT cJiytJ:aJI q>HKCHpOBaIIHOH 

MIIOJKeCTBCHHOCTH. BoJiee TOro, Fq Ha pHc.12 MOJRHO xopOIIIO annpoKCHMHpo

BaTL OTpHn;aTeJILHLIM 6HHOMHaJILHLIM pacnpe,n:eJieHHeM C k==-5. O,n:HaKO 3TO co-
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Brra,n;eHIIe TOJILKO m1mymeeCH. XoTJI q>aKTOpHaJILHLie MOMeHTLI Fq OIIHeLIBaIOTeJI 

Bpo,n;e 6LI xoponrn, MLI IIOKameM, 'ITO OHH MaJIO tiyBeTBHTeJILHLI K TOHKHM ,n;eTa

JIJIM paerrpe,n;eJieHHJI H yKa3aHHaJI BLIIIIe arrrrpoKeHMaIUUI nea,n;eKBaTHa. 

HaIIOMHHM, 'ITO KYMYJIJIHTLI OTpHn;aTeJILHOro 6HHOMHaJILHoro paerrpe,n;eJieHHJI 

ena11aJia MOHOTOHHO rra,n;aIOT, a 3aTeM paeTyT. ITpn: 3TOM OTHOIIIeHHe Hq na,n;aeT 

MOHOTOHHO e yBeJIH'leHHeM panra q. 
Orrpe,n;eJIHM 3TH OTHOIIIeHHJI ,ll;JIJI rJIIOOH:HLIX H KBapKOBLIX eTpyii KaK 

Hq = I<qfFq, 

T/q = iJlq/<I!q, 

(97) 

(98) 

r,n;e I<q(iI!q) BLipamaIOTeJI 11epe3 Fq{if!q) e IIOMOill;LIO eOOTHOIIIeHHJI (11). Pe3yJIL

TaTLI BLI'IHeJieHHii B RX,n: e q>HKeHpoBaHHOii KOHeTaHTOii eBJI3H rrpn:Be,n;eHLI Ha 

pHe.13 H 14. 

XapaKTepnoii oeo6eHHOeTLIO 3THX KpHBLIX, neeOMHeHHo, JIBJIJieTeJI oen;HJIJIJI

II;HOHHOe rroBe,n;enn:e Hq. Ono o,n;no3na11no eBn:,n;eTeJILeTByeT B IIOJIL3Y Toro, 'ITO 

OTpn:n;aTeJILHOe 6HHOMHaJILHOe paerrpe,n;eJieHHe He HMeeT MeeTa, XOTJI n: erroeo6Ho 

,ll;OBOJILHO TO'IHO BOeIIpOH3BeeTH BTOpoii H TpeTHii MOMeHTLI. Reno BH.n;HO, 'ITO H 

q>HKeHpOBaHHaJI MHO)KeeTBeHHOCTL, yKa3aBIIIaJI HaM Ha B03MO,KHLie oen;HJIJIJIII;HH 

e H3MeHeHHeM 3HaKa rrpn: Ka)K,ll;OM rroeJie,n;yromeM n;eJIOM 3Ha1IeHHH q, eoBepIIIeHHO 

He IIO,ll;XO.n;HT, JIBHO He OIIHeLIBaJI ,n;ame HH3IIIHX MOMeHTOB, He rOBOpJI yme O ne

pn:o,n;e oen;HJIJIJIII;Hii. 

qyBeTBHTeJILHOeTL OTHOIIIeHHJI Hq K pa3HLIM THIIaM paerrpe.n;eJieHHii, IIOJIY

tieHHLIM rrpH pa3JIH'IHLIX rrpe,n;rroJIO)KeHHJIX B paMKax KBaHTOBOii XpOMO,n;HHa

MHKH, ,ll;eMOHeTpHpyeT TOT q>aKT, 'ITO, KaK o6eym,n;aJioeL BLIIIIe, B ,n;Ba)K,ll;LI.Jiora

pHq>MH'leeKOM rrpn:6JIH,KeHHH OHO rra,n;aeT MOHOTOHHO KaK q-2 ' rrpn: y11eTe Jiora

pHq>MH1IeeKHX 'IJieHOB IIOJIBJIJieTeJI MHHHMYM H aeHMIITOTH1IeeKoe eTpeMJieHHe K 

HYJIIO enn:3y no 3aKoHy -q-1, cJie,n;yromn:e 'lJieHLI rrpn:Bo,n;JIT K rroJIBJieHHIO BToporo 

HYJIJI y Hq, a 'lJieHLI 6oJiee' BLICOKOro rropJI,n;Ka rrpHBO,n;JIT-TaKH K OCII;HJIJIJIII;HOH

HOMY IIOBe,n;eHHIO. 

CJie,n;yeT IIO,ll;'lepKHyTL, 'ITO IIOBe.n;enn:e Hq eHJILHO 3aBHeHT OT KOHKpeTHoro 

BH,n;a rrpe,n;aeHMIITOTH'leCKHX BKJia,ll;OB B c;paKTOpHaJILHLie MOMeHTLI. Y6e,n;n:TLeJI B 

3TOM MO)KHo, rrpo,n;eJiaB cJie,n;yromee rrpocToe ynpa,KHenn:e. J,faBeeTHo (19], 'ITO B 

,n;Ba)K,ll;LIJIOrapHq>MH'lecKoM rrpn:6JIH)KeHHH ( CM. (23)) q>aKTopn:aJILHLie MoMeHThl 

Be,n;yT ce6JI aeHMIITOTH'leCKH Ka~ 

F. ~ 2qr(q + 1) 
q - . cq • ., 

(99) 

EeJIH rroMHMO aen:MIITOTHKH Mhl rr9TP_!!6yeM BhlrroJIHeHHJI TaKme n: yeJioBHJI F0 = 
1, TO MO)KHO ,n;o6aBHTL rrpe,n;acm.1IITOTH1IeeKHii tIJieH, 3aMeHHB 2q B 'IHCJIHTeJie 

na 2q + 1 (rrpn: 3TOM ycJioBHe F1 = 1 Bee eme napYIIIeno!). IToeytieHHhlii rrpn: 
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3T0M 3q>q>eKT nopaa1neJieH - Ha MOHOTOHHLIH cna.n; Tirna q-2 HaKJia,n;LIBaIOTCJI .n;o

noJIHHTeJII,HLie 0CD;HJIJIJID;HH THna 3q>q>eRTa q>HKCHpoBaHHOH MH0)KeCTBeHH0CTII, 

noCK0JII>KY 0TH0IIIeHHe Hq HMeeT TenepL BH)]; 

Hq= 2 +(-l)q-1 
q(2q+ 1) ' 

{100) 

r.n;e BT0poe CJiaraeMoe B 'IHCJIHTeJie o6ycJIOBJieHO .n;o6aBJieHHLIM npe.n;acHMnT0-

TH'leCKHM 'IJieH0M. 

Bee 3TH q>aRTLI .n;eMOHCTplipyroT, HaCR0JII,R0 'IYBCTBHTeJII,H0 0TH0IIIeHHe Hq 
R pa3HLIM T0HKHM .n;eTaJIJIM pacnpe.n;eJieHHii:. JierKo y6e.n;HTLCJI B 3T0M, cpa

IJHHBaJI Ra'leCTBeHHO paaHoe noBe.n;eHHe 0TH0IIIeHHJI )];JIJI q>eHOMeHOJIOrH'leCKHX 

pacnpe.n;eJieHHH (pnc.2,3) H )];JIJI pa3HLIX no.n;xo.n;oB R HX BLI'IHCJieHHIO B KBaH

TOBOii:-xpoM0.n;HHaMHKe (pnc.4,6,13,14). KpoMe Toro, Ha none.n;eHHH Hq MomeT 

CRa3LIBaTLCJI H q>aKT o6pe3aHHJI XBOCTa pacnpe.n;eJieHH:it no MHO,KeCTBeHHOCTH 

aa C'leT R0He'IHOCTH 3HeprHH. O.n;naRo 3TH nonpaBKH )];OJI,KHLI BLIMHpaTL C yne

JIH'leHHeM 3HeprHH.· I{ comaJieHHIO, em;e He noHJITLI noJIHOCTLIO nepHo,n;HqHOCTL 

OCD;HJIJIJID;H:it, HX aMnJIHTy.n;a, a TaRme HX H3MeHeHHe C pocTOM paHra q ( TaK KaK 

npe.n;cTaBJIJieTCJI, 'ITO aMnJIHTy.n;a paCTeT, a nepno.n; yMeHLmaeTCJI C pOCTOM q). 
BMeCTe C TeM, npHBe,n;eHHOe BLIIIIe TO'IHOe peIIIeHHe no.n;cRa3LIBaeT RJIIOq K Ha

XO)I(,IJ;eHHIO peaJIHCTH'leCKOro noBe.n;eHHJI Hq, n0CK0JII>RY OHO noeyqeHO C e,n;HH

CTBeHHLIM npe.n;rroJIO,KeHHeM O q>HKCHpOBaHHO:it ROHCTaHTe CBJI3H. BoaMO)KHO, 

HMeHHO Hq yRameT HaM H nYTH R o6o6m;eHHIO ypaBHeHH:it )];JIJI npOH3BO.IIJlIIl;HX 

q>yHR:a;H:it, Y'IHTLIBarom;eMy 6oJiee TOHKHe 3q>q>eRTLI B3aHMo.n;e:itcTBHJI ":a;BeTHLIX 

MOHCTJ>OB" (5, 19, 46]. 

Ilo.n;qepRHeM, 'ITO o6cym.naBIIIHeCJI BLIIIIe OCD;HJIJIJID;HH HMeIOT MeCTO npn :a;e

JioqncJie:I~HLIX q H He CBJI3aHLI C .n;po6HLIMH MOMeHTa~H, ROTOpLie HaKJia,n;LIBaIOT 

Ha HHX rapMOHHRY C MeHLIIIHM nepHO)];OM H BeCLMa MaJioil: aMnJIHTy.n;ojt npn 

6om,Iirnx MHO)KeCTBeHHOCTJIX. 

8 9KCTIEPHMEHT 

l-'haR, BLIIIIe 6LIJIH noJIY'leHLI peaym,rnn,1 .n;JIJI KHO-q>yHR:a;HH f(x), 3Hepre

TnqecRoil: 3aBHCHM0CTH cpe.n;neil: MHO)KeCTBeHH0CTH, noBe.n;eHHJI MOMeHTOB pac

npe.n;eJieHHJI no MHOlKeCTBeHHOCTH Kq, Fq H HX OTHOIIIeHHJI Hq, a TaRme .n;JIJI 

OTHOIIIeHHH MHO)KeC'rBeHHOCTeil: B rJIIOOHHLIX H KBapROBLIX CTPYJIX. O.n;naRo, 

npem.ne qeM cpaBHHBaTL HX C 3KcnepHMeHTaJII,HLIMH .n;aHHLIMH, CJie.n;yeT HanoM

HHTL, qTo Bee 3TH peaym,TaTLI RacaIOTCJI pacrrpe.n;eJieHHil: napTOHOB (rJIIOOHOB H 

RBapROB), Tor.n;a RaR Ha 3RCnepHMeHTe HMeIOT .n;eJIO C a.n;poHaMH. qT06LI CBJI3aTL 

TeopeTHqecKHe npe.n;CRa3aHHJI napTOHHLIX MHO)KeCTBeHHOCTeil: C 3RCnepHMeH

TaJII,HLIMH H3MepeHHJIMH a.n;pOHHLIX pacnpe.n;eJieHHH, Heo6XO)];HMO ncnom,aonaTL . 
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ROHRpeTHYIO MO,D;eJil> a,npomrnan1m: - npeBpam:eHHJI napTOHOB B a,npOHJ,I. Bhl-

6paB TaRyIO MO,D;eJil>, MO.lKHO IlOJIJ'IHTI, ROJIH'IeCTBeHHJ,Ie pe3JJibTaThl C IlOMOID:bIO 

MOHTe-RapJIOBCRHX pac1IeTOB. ·3a'IaCTYIO np:0:HHMaIOT rnnoTe3y O JIORaJil>HO:il: 

napTOH-a,D;pOHHO:il: .nyaJII,HOCTH, corJiaCHO ROTopo:il: 3TH pacnpe,neJieHHJI MoryT 

OTJIH'IaTbCJI JIHIIII, Ha 'IHCJIOBO:il: MHO.lKHTeJib, CBJI3aHHhlll C 'IHCJIOM napTOHOB, pe

ROM6HHHpyrom:nx B cpe,nHeM B O,ll;HH a,npoH, a IlOTOMY MeHee cym:ecTBeHHhlM, 

ecJIH paccMaTpHBaIOTCJI HOpMHpOBaHHhle pacrrpe,neJieHHJI. CJie,D;OBaTeJibHO, ,ll;JIJI 

MOMeHTOB pacrrpe,neJieHHll Heo6XO,ll;HM JIHIIII, rrepec1IeT OT 0,ll;HHO'IHhlX RBapROBhlX 

H rJIIOOHHhlX CTpy:il: I( ROHRpeTHhlM rrponeccaM C pO.lK)J;eHHeM HeCROJibRHX CTpy:il: 

(cRalKeM, R 3JieRTpOH-Il03HTJ)OHHO:il: aHHHrHJIJII(HH). B TO .lKe BpeMJI ,ll;JIJI MHO

)KeCTBeHHOCTe:il: B rJIIOOHHhlX H RBapROBhlX CTPYJIX 3TH MHO.lKHTeJIH MoryT 6hlTI, 

pa3JIH,.'IHhlMH, a IIOTOMY H3MeHHTI, H caMO OTHOIIIeHHe HX, T.e. 3,D;eCb Ha.no HC

IIOJib30BaTI, ROHRpeTHYIO MOHTe-RapJIOBCRYIO BepCHIO a,npoHH3aI(HH. O,nua H3 

TaRHX Bepcn:il:, X~pBHr [47], rro,npo6Ho o6cy)K,ll;eHHaJI B pa6oTe [48] B CBJI3H C 

OTHOIIIeHHeM MHO.lKeCTBeHHOCTe:il: r (75), rrpHBO,ll;HT R pe3JJibTaTaM, H3o6palKeH

HhlM ua pnc.15. Orm OTBe'IaIOT acm,!IITOTH'IeCRO:il: JIORaJibHO:il: rrapTou-a,npOHHO:il: 

.nyaJibHOCTH JIHIIII, npn O'Ie,Hb 6oJiblIIHX 3HeprHJIX Q. Ilpn 3TOM ua napTOHHOM 

ypoBHe OTHOIIIeHUe MHO.lKeCTBeHHOCTe:il: ORa3hlBaeTCJI paBHhlM r;!;:;_on ~ l.9. cha 

BeJIH'IHHa IIORa3hlBaeT' 'ITO B MO,D;eJIH XepBHr BhlCIIIHe rronpaBRH YlITeHhl 6oJiee 

TO'IHO, He.lKeJIH B MO,D;Hq>HU:HpOBaHHOM JiorapHq>MH'IeCROM npH6JIH.lKe~HH, ROTO

poe npHBO,ll;HT R 3Ha'IeHHIO ~ 2.05, RaR o6cy)K,ll;aJIOCI, BhlIIIe • .lI:JUI a,npoHOB 3TO 

OTHOIIIeHHe JieCROJII,I(O MeHbIIIe H MeHJieTCJI C 3Heprne:il: ne TaR, RaI( napTOHHOe 

OTHOIIIemrn. .Uame Ha ypomre 3Heprutt, OTBe1Ia10m:nx Macce Z-6o3oHa, a,npoH

HOe OTHOIIIenne BCe em:e 3aMeTHO MeHI,IIIe (paBHO 1.44), npo,D;OJI.lKaJI paCTH, T.e. 

rrapTOH-a,npOHHaJI .nyaJII,HOCTI, em:e He ,ll;OCTHrHyTa. Mo,neJII, XepBHr ,ll;OBOJibHO 

xopOIIIO OilHChlBaeT COBORJIIHOCTI, 3RCnepHMeIITaJibHhlX .D;aHHhlX, XOTJI, ROHe'IHO, 

,nonycRaeT neRoTophle rrorrpaBRH. 

B 'IaCTHOCTH, eCJIH CHH3HTI, B Heil: OTHOIIIenne r .no ypOBHJI Ttheor = 1.84±0.02, 

IlOJIJ'IeHHOro corJiaCHO (85), coxpaHHB npH 3TOM COOTHOIIIeHHe Me.JK.ny a,npoHaMH 

Ii rrapTOHaMH, paBHOe TaM [48] r{:;,;i,.0 n/ r:!fton = 1.44/1.92 ( CM. pnc.15), T.e. 

HCilOJII,30BaTI, cpopMyJiy 

( MC I MC ) 
Texp = Ttheor Thadron Tparton , (101) 

TO IlOJIJ'IHM 

Texp ~ 1.38 ± 0.02. (102) 

cho 3ua1IeHne xopoIIIo cornacyeTcJI c H3MepeHHo:il: He,naBno [49] BeJIH'IHHO:il: 

1.27 ± 0.04 ± 0.06. TaRHM o6pa30M, cpaRTH'ICCRH JIHRBH.D;HpyeTCJI pa3nornacne 

Me)K.D;y TeopeTH'ICCRHM H 3RcnepHMCHTaJil>HhlM 3Ha'ICHHJIMH OTHOIIICHHJI cpe,D;HHX 

MHO.lKeCTBeHHOCTe:il: B rJIIOOHHhlX H RBapROBhlX CTPYJIX. 
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PHc.16. IlOBCltCHHC H9 no J:taHHLIM JCOJIJia6opai¼Hll ,llEJl<l>H O e+e-
aHHHrnJilll.\HH npu 311eprn11 91 r3B'[51] 
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qTo KacaeTCH KHO-cpymrn;nn f(x), To, KaK MLI y.lKe ITo.n;~iepKHnaJIH n pa3-

,!J;eJie 5.1, oHa CTaHOBHTCH 3HaqnTeJII,HO y.lKe ITpll yqeTe 3aKOHOB coxpaHeHHH ITO 

cpanHeHHIO c cpopMoit, ITOJiyqeHHOit n .n;na.lK.n;LIJiorapH<pMHqecKOM ITpH6JIH.lKeHHH, 

II ,!l;OCTaToqHO xopOIIIO aITITpOKCHMIIpyeTCH o6J.IqHo IICITOJin3yeMLIMII <pOpMyJiaMII 

OTpIIUaTeJibHOro 6IIHOMJiaJibHOro pacITpe.n;eJieHIIH co 311aqJITeJibHO 6oJibllllIM ITa

paMeTpOM k ( OITHTb-TaKII ITO cpanueHJIIO c k = 2 n .n;na.lK.n;LIJIOrapII<pMJiqecKOM 

rrpII6JIJI.lKeHIIII), KaK 3TO BII.n;HO II3 pIIc.5. ,l];JIH ITpone.n;eHHH KOJIJiqecTBeHHOro 

cpanneHIIH C 3KCITepIIMeHTOM, KoneqHo, HY.lKHLI MOHTe-KapJIOBCKIIe pacqeTLI, II 

0HII, .n;citCTBIITeJibHO, BOCITpOII3BO.n;HT 3KCITepIIMeHT. O.n;uaKo CJie.n;yeT em:e pa3 

rro.n;qepKHyTn, qTQ ITPII OITIICaHIIII c IToMom:1,10 KHO-cpyHKUIIII Mo.lKHo yITycTIITb 

ue60JibIIIIIe OTJIJiqJIH, KOTOpLie 6oJiec HarJIH.n;HO ITpOHBJIHIOTCH B ITOne.n;eHIIII OTHO

IIIeHIIH KYMYJIHHTHLIX II cpaKTOpIIaJibHLIX MOMeHTOB Hq. 
KcTaTH, KaK BII,!J;HO ll3 pIIc.13 II 14, 3TH OTHOIIIeHHH ne.n;yT ce6H pa3HLIM o6-

pa30M ,!J;JIH rJIIOOHHLIX II KBapKOBLIX CTpyit II ITOTOMY MoryT 6LITb IICITOJib30BaHLI 

JIII60 ,!J;JIH IIX BLI6opa, JIII6o ,!J;JIH ITponepKH ITpaBIIJibHOCTII OT6opa 3TIIX CTpyit, 

l(Of,!J;a OT6op ITpOBO.n;HTCJI ITO conepIIIeHHO .n;pyrIIM KpIITepIIHM (CM., HaITpIIMCp, 

[49, 50]). A.n;pomrnauIIH npH.n; JIil MO.lKeT cym:ecTBCHHO II3MeHIITb xapaKTep KpII

BLIX, ITOJiyqeHHLIX ,!J;JIH ITapTOHOB, XOTH 3TO TaK.lKe Tpe6yeT ITponepKII B ·MOHTe

KapJIOBCKIIX Mo.n;eJIHx. TaKaH ITpoue.n;ypa ITOKa em:e He 6LIJia ITpo.n;eJiaHa. 

IIepexo.n; OT ITpOII3BO,!J;HllIIIX <pyHKUIIit CTpyit K peaJibHLIM ITpoueccaM HeTpIIBII

aJieH .n;a.lKe ,!J;JIH CJiyqaH e+ e- -aHHIIfHJIHUllll, KaK MLI y.lKe o6cy.lK.n;aJIII BLIIIIe, II TeM 

6oJiee CJIO.lKeH ,n;JIH .n;pyrIIX ITpoueccon. OcTaeTCH Ha.n;eHTbCH JIIIIIII, Ha YHIIBep

CaJibHOCTb KaqecTneHHLIX qepT B ITOBe.n;eHIIII MOMeHTOB pacITpe.n;eJieHIIit CTpyit II 

IIOITLITaTbCH COITOCTaBIITb IIX C COOTBeTCTBYIOllIIIMII xapaKTepIICTIIKaMII ITpouec

COB MHmKeCTBeHHoro po.lK.n;eHIIH a.n;pOHOB, qTo6LI ITOHHTb BJIIIHHIIe ITepexo.n;a OT 

CTpyit K 3TIIM ITpoueccaM (II, B qaCTHOCTII, a.n;poHII3aUHII ITapTOHon). 

TaKoit aHaJIII3 6LIJI ITpone.n;eH [51] HC TOJibKO .n;JIH e+ e- -aHHHrIIJIHUIIII, HO II 

)];JIH pp- II pp-n3aIIMO.n;eitCTBIIit B IIIIIpOKOit o6JiaCTII 3HeprIIit C ueJibIO o6Hapy

iRIITb TaK.lKe B03MO.lKHLie OTJIIIqIIH ITpoueccon, IIHIIUIIIIPOBaHHLIX JieITTOHaMII II 

a.n;poHaMH. CITIICOK ITpoaHaJIII3IIponaHHLIX n pa6oTe [51] ::>KCITepIIMeHTaJibHLIX 

.n;aHHLIX (52-65] co.n;ep.lKIITCH n Ta6JI.II, ITpJiqeM paccMaTpIIBaJIIICb TOJibKO .n;aH

HLie C 60JibIIIOit CTaTIICTIIKOit II .n;eTaJibHLIM pa3.n;eJieH1IeM yITpyrIIX II HeyITpyrIIX 

co6LITIIit ITPII MaJILIX MHO.lKeCTBeHHOCTHX. ,l];JIH Ka.lK.n;oro II3 3KCITepIIMeHTaJibHLIX 

pacnpe.n;eJieHIIit BTOpIIqHLIX a.n;pOHOB 6LIJIII BLiqJicJieHI,I OTHOIIIeHIIH Hq BITJIOTb 

.n;o 16-ro nopH.n;Ka BKJIJOqHTeJibHO. 

XoTH .n;eTaJibHOe no_ne.n;euJie Hq 3aBHCIIT OT l'IIITa B3aIIMo.n;eitCTBIIH, 3HeprIIII II 

(.n;ame!) MeTo.n;o:B OT6opa B TOM IIJIII IIHOM 3KcnepIIMeHTe, KaqeCTBeHHLie qepTLI 

3Toro none.n;eHIIH necbMa 6JIII3KH n o6oIIx THnax B3aIIMo.n;eitcTnIIit npII ncex ::>Hep

rIIHX. 

B KaqecTBe nepnoro npIIMepa MO.lKHO B3HTb .n;aHHLie KOJIJia6opan;IIII ,l(EJI<I>M 
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Ta6mma II. lliy,rcRHLle rulHHLIC 

BJaHMo- 3s:cnepHMCHT, 3Hepmll a c.~.M. HJIH lfaCJIO 
ncli- CllCETpOMCTJ> HJIH lndll)'JihCll)"IEa co6L1• 
CTBHC s:o.JIJia6op= nlii 
e .... c-: TASSO[52] 22 r:iB 1913 

HRS[53] 29 29649 
TASSO[52] - 34,8 52832 
TASSO[52] 43,6 8620 
ALEPH[54] 91 90000 

I DELPHI[55] 91 47400 

I L3 (56] 91 169700 
OPAL[57] 91 82941 

pp: FNAL[61] 300 r:iB/c, ,/i - 23,8 r:iB 8477 
SMF-ne-renop 30,4 37069 
CERN[63] 
E743 FNAL (62] 800 faB/c ,,/i = 38,8 10217 
SMF-,nCTCIITOp 
CERN(63] 52,6 26842 
SMF-;tCTCIITOp 
CERN[63] 62,2 58196 
UAS(64] 200 4156 
UA5[65) 546 7775 
UAS[64] 900 6839 
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Puc.17. I1oae.nem1e Hq no ;taHHLIM JCOJUJa6opawm UA5 o pp-113a.1111to
J\CHCTBHII npu :meprnu 546 r3D [51] 
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[55] 0 e+C-B3alIMO,Zl;CHCTBHJIX nplI 3HCprHII 91 raB, nplIBC,Zl;CHHhIC Ha p1Ic.16. 

BBII)zy 6om.moro pa3Jili'IHJI B tJIICJIOBOH BCJIHtJIIHC, ,n;aHHhIC nplI MaJihIX q Bhl,Zl;C

JICHhl B BH,n;e BIJC3RH, r,n;e aaMe±eH 61,1cTphlft cna,n; OTHOIIICHIIJI Hq. B ocHOBHoft 

'laCTII plICYHRa Bll,n;Hhl ,n;Ba OTpmi;aTCJil.HhIX MllHHMYMa (nplI q ~5 II 12) ll ,Zl;Ba no

JIO)KIITCJil.HhIX MaRCIIMyMa (nplI q ~s II 15). Ilpe,n;cRa3aHHJI OTpmi;aTCJihHOro 61I

HOM1Iam.Horo pacnpe,n;eJICHHJI npn 3HatJCHIIII napaMeTpa k-1 = 0.0411 ±0.0012, 

B3JITOro ll3 op1Ir1IHaJihHOH pa60Thl [55]' noRa3aHhl nyHRTIIpHOH JIHHHCH. Ec

TCCTBCHHO, HIIRaRIIX MHHIIMYMOB II MaRCHMYMOB 3,Zl;CCh HeT, II noTOMY MO)KHO 

yTBep)K,Zl;aTh, tJTO oTpm:i;aTCJihHoe 6nHoMnam.aoe pacnpe,n;eJieHne cnoco6Ho Boc

npo1IaBeCTII Jm:IIIh OCHOBHhIC ,n;eTaJIH 3Hcnep1IMCHTaJihHhIX pacnpe,n;eJieHIIH no 

MHO)KCCTBCHHOCTH (MaJihle 3HatJCHHJI q), HO He IIX 6oJiee TOHRHC oco6eHHOCTH 

(ocnwrJIJIU:IIII npn 6om.m1Ix q). 
Ha plic.17 npHBC,Zl;CHhl peayJI»TaThl aHaJIOrlitJHOro aHamrna .n;aHHhIX U A5 ROJI

Jia6opannlI [65] o pp-Baa1IMo,n;eftcTBHJIX npn 3Heprnn 546 raB. HecMoTpJI Ha 

OtJCBH,n;Hhlil: pocT aMnJIHTY.Zl:hl OCU:llJIJIJIU:IIH nplIMCpHo na nopJI,n;OR no cpaBHCHIIIO 

C e+ e- -aHHHrHJIJIU:llCH, OCHOBHhIC xapaRTCpHhIC qepThl noBC,Zl;CHHJI OTHOIIICHIIJI 

Hq coxpaHJIIOTCJI: 6bICTpoe na,n;eHHC Ha MaJihlx q c nOCJIC)zyIOII(llM MIIHHMYMOM 

(ROTOphIH paCIIOJIO)KCH TCIICph rrpn q ~6) II ,n;am.He:ltIIIIIMII OCD;IIJIJIJIIJ;HJIMII. 

9TII )KC HatJCCTBCHHhIC oco6eHHOCTII Ha6JIIO,Zl;aIOTCJI ll IIplI .n:pyrnx 3HeprIDix, 

RaR BII,n;HO II3 pnc.18 ll 19. B TO )KC BpeMJI HMCCTCJI ROJilltJCCTBCHH·,vi pa3HIIU:a 

,n;a,Ke B peaym.TaTaX 3RCIICp1IMCHTOB rrplI O,n;HO:lt lI TO:lt )KC 3Hepr1III 91 raB B 

e+ e- -aHHHFHJIJIU:HH, npoBC,Zl;CIIHhlX pa3HhIMII ROJIJia6opau;HJIMll ( CM. HH)KHIIC tJe

Thlpe rpaq>IIRa Ha pHc.18). Ilo-BH,n;HMOMY, 3TO CBJI3aHO C HCCROJil,RO pa3HhIM OT-

6opoM co6bITII:lt II CIICTeMaTIItJCCRHMII OIIIH6RaMH. Bom.maJI tJYBCTBHTCJihHOCTh 

OTHOIIICHHJI Hq MOrJia 61,1 6bITh lICIIOJil,30BaHa ,Zl;JIJI paapa60TRH, HarrpnMep, OIITII

MaJihHOH rrpone,n;yphl OT6opa co6bITII:lt. 

BHJIO rrpoBepeHo, HaCROJil.RO xopomo MOHTC-RapJIOBCRHe CXCMhl OllllChIBaIOT 

rroBe,n;eHIIe OTHOIIIeHHJI Hq. Peaym.Tan,1 oRa3aJIHch_ y.n:HBHTem.HhIMII. CxeMa 

APHA.ll;HE, co,n;epiRaBmaJI .n;eTaJIH oT6opa co6HTII:lt ROJIJia6opann1I OIIAJI, ,n;o

nom.Ho xopomo Bocnpo1I3BeJia .n;aHHhle 3TO:lt ROJIJia6opann1I, rrplIBe,n;eHHhle Ha 

p1Ic.18g, a cxeMa .[VKETCET 7.3, rrpe,n;HaaHatJeHHaJI ,n;JIJI .ll;EJI<I>H, CTOJih llie 

xopomo q>HTHpOBaJia ,n;aHHhIC 3TOll ROJIJia6opau;HH ( CM. pnc.18f). IIocROm.Ry 

ROJIHtJCCTBCHHO RplIBHC Ha pnc.18g H 18f 3aMCTHO OTJIHtJaIOTCJI, CJIC)zyCT 3aRJIIO

tJHTh, tJTO 3TO OTJIHtJHC CBJI3aHO-TaRH ,n;eil:CTBIITCJil.HO C ,n;eTaJIJIMII Toro HJIH 1rnoro 

3RCIIepHMCHTa, a He C o6mett ,n;HHaMHROii nponecca Ha rrapTOHHOM ypoBHe. I{ 

CO)KaJICHIIIO, He 6UJIO npoBe,n;eHO cpaBHCHHC 3THX MO,Zl;CJieil: HMCHHO Ha rrapTOH

HOM ypoBHe. 

3aMCTHM, tJTO OTJIHtJHe 3RCIIepHMCHTaJihHl,lX pacnpe,n;eJieHIIll OT OTpHna

TCJihHOro 6HHOMHaJihHOrO 6bIJIO OTMCtJCHO B pa6ornx ROJIJia6opannil: UA5 [65], 

.l(EJI<I>H [55] H OIIAJI [57]. BoJiee TOro, B pa6oTe [57] 61,1JI0 noRaaaHo nyTeM 
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BI,I'I:IITamrn 3THX .llBYX pacrrpe,n;eJICHHH, qTQ HX pa3HOCTI, OCD;HJIJIBpyeT. BH

,ll;HMO C 3THM CBJI3aHI,I H OCD;HJIJIJID;HH q>yHKD;Irn Hq, <l>H3HqecRaJI HHTeprrpeTa

D;HJI TaRHX OCD;HJIJIJID;HH MOrJia 6J.1 6filTI, CBJI3aHa C PQ}R,ll;eHHeM pa3Horo 'Bl:CJia 

"rro,n;cTpyil:" B e+e--aHHHrHJIJID;HH (cM., HarrpHMep, l31]) II.JIB me pa3JIHqHfilX 

"JieCTHHD;-CTpyH" B a.n;poHHfilX rrponeccax (CM., HaIIpHMep, (27]) . 
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Pnc, 18. Iloae.11.emte H9 B e+e--aHHHrllJIJIItHH B WHpoJCoii o6naCTH 

3Heprnii [SI] (31CCllCpHMCHT3.JILHLIC rpyllllLI II.II.YI' B TOM nopJl.ll,Ke, l[aJC 

O!Ill DpHBC.11,CHLI B Ta6n. II, T.e. 3Heprllll paCTCT DO MCpe nepexo.11,a caepxy 

BHH3). Cneua - HH3WHC MOMCHTLI B norapmf>MH'lecKOH WKane, cnpaaa 
- BLICWHC MOMCHTLI D nHHCHHOM MaCWTa6e 
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Puc. 19. Ilose.neaue H9 n pp-u pji-nJaHMo.neii.CTDWIX D wupoxoii. o6nac-m 
JHepnm [SI] (Te :ace ltOMMCIITapuu, 'ITO u Ha puc. 18) 

B TO me BpeMR MO)KeT CRa3aTLCJI H 6oJiee TpHBHaJII,HiiI:fi 3<p<peRT o6peaaHHJI 

9KCilepHMeHTaJibHiiIX pacnpe,n;eJieHH:fi npH 60JibIIIHX MHOJi(eCTBeHHOCTJIX, ROTO

piiI:fi TaRme BiiI3IiIBaeT ocn;HJIJIJID;HH Hq. O.n;HaRo B oTJinqne OT KX,n: 3TOT acp

<peRT ,Zl;OJI)KeH BiiIMHpaTI, C pocTOM 9Heprnn. TeM He MeHee OH Tpe6yeT e~e 

KomrqecTBeHHoro aHaJIHaa. 

B aaRmoqeHne aToro paa,n;eJia xoTeJIOCL 6IiI no,n;qepRHyTL, qTO aa npoIIIe,n;IIIH:fi 

ro,n; ,n;ocTnrHyTo aaMeTHoe c6JIHmeHHe Ha RaqecTBeHHoM ypoBHe npe.n;cRaaaHn:fi 

KBaHTOBOH XpOMO.n;HHaMHRH C 3RCilepHMeHTaJILHiiIMH .n;aHHiiIMH O pacnpe,n;eJie

HHH no MHO)KeCTBeIIHOCTH qacTHD;, ,Zl;OCTHrHyTo IlOHHMaHHe Toro, CROJII, Ba)KHiiI 
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Te mm: HHhle npH6Jrnmemrn B TeopeTHqec1rnx no.n:xo.n:ax H ,n:eTa.J:i:H oT6opa :mc

nepHMeHTaJibHhlX ,n:aHHhlX LJ:JIJI npoBe,n:eHHJI KoRHqecTBeHHOro COITOCTaBJieHIUI. 

TeM caMhlM coa.n:aHa peaJibHaJI ocHoBa ,n:JIJI npeUH3HOHHoro no.n:xo.n:a K rrpo6neMe 

D ueJIOM. 

u 
9 8BOJIIOQM.fl PACIIPE,[(EJIEHMM C 

YMEHhillEHMEM <I>A30BOro 
QBri,EMA - IIEPEMElli.AEMOCTh l1 
<I>PAKTAJihHOCTh 

Pacnpe,n:eJieHHJI qacTHU: no MHOJReCTBeHHOCTH MOJRHO H3MepJITI, He TOJibKO B 

rroJIHoM cpaaonoM 06'1,eMe, KaK 06cym.n:anoc1, DhlIIIe (r.n:e, 6onee Toro, paccMa

TpHnanc11 cnyqaft oqeHb 6ofilnroro 06'1,eMa), HO H B rrpoH3BOJibHoft qacTH ero. 

IlpH aToM B cnyqae paBHOMepHoro (B cpe.n:neM) pacnpe.n:eneHHJI qacTHU cpe,n:HJIJI 

MHOJReCTBeHHOCTI, y6hlBaeT nporropUHOHaJibHO yMeHbIIIeHHIO ofrbeMa, HO OTHOCH

TeJII,Hhle <pJiyKTyaUHH, KoneqHo, B03pacTaIOT. HaH6onee HHTepeCHhlM BorrpocoM 

rrpn 3TOM JIBJIJieTCJI 3aKOH pocTa <pJIYKTyauHft, ero D03MOJRHOe OTJIIiqHe OT qHCTO 

CTaTHCTHqecKoro 3aKOHa, o6ycJIOBJieHHOro yMeHbIIIeHHeM cpe.n:neft MHOJRecTBeH

IIOCTH. TaKOe OTRHqHe LJ:OJIJRHO 6hlTb CBJI3aHO C ,n:HHaMHKOH D3aHMO,n:eil:CTBHJI. B 

qacTHOCTH, n pa6oTe [66) 6hlJIO npe,n:rroJIOJReHo, qTo cpaKTOpHaJibHhle MOMeHThl 

pacTyT CTerreHHhlM o6pa30M C yMeHbIIIeHHeM HHTepBaJia 6hlcTpOT oy KaK 

Fq ~ (oy)-,p(q), ( oy - o), (103) 

r.n:e ¢,(q) > 0. cho npe.n:rronomemrn 6HJIO HHHUHHpOBaHo anaJiorneii c Typ6ynen

THOCTbIO B rH,n:po,n:HHaMHKe, r.n:e no.n:o6Hoe CDOfiCTBO Ha3hlDaeTCJI rrepeMeJRaeMo

CTbIO, a ¢,(q) - ITOKaaaTeJIJIMH nepeMeJRaeMOCTH. <l>nanqecKH OHO 03naqaeT, qTQ. 

cpaBHHTeJII,HO "CIIOKOHHHe" o6JiaCTH rrepeMeJRaIOTCJI c o6JiaCTJIMH, n "KOTOpLIX 

<pJIYKTyaunn BemKH, lI 3TO CTaHOBHTCJI TeM 3aMeTHee, qeM Men1,mero pa3Mepa 

BhlfinpaIOTCJI yKa3aHHbie o6JiaCTH. C ToqKH 3peHHJI ITOBe,n:eHlIJI pacnpe.n:eJieHHH 

TaKoe CBOHCTBO o6ycJIOBJieHO yBemqeHHeM HX IIIHpHHhl u 6oJiee Me,n:JieHHbIM crra

LJ:OM npn ( OTHOCHTeJII,HO) 60JII,IIIHX MHOJReCTBeHHOCTJIX. 

9KcnepnMeHTaJII,Hhle .n:aHHhle no pa3Hoo6pa3HLIM npoueccaM MHOJRecrneH

Horo poJR,n:eHHJI npH BbICOKHX 3HeprHJIX no.n:.n:epmam 3TY rHIIOTeay, BCIOLJ:Y rro.n:

rnep,n:HB Hamqne cTeneHHoro aaKoHa (103). EcTecTBeHHo, fihlm npe.n:nomeHhl 

pa3Hhle TeopeTHqecKHe 061,11cHeHHJI Ha6Jiro,n:aeMoro JIBJieHHJI. Bec1, 3TOT Kpyr 

BOIIpOCOB no.n:po6110 p~CCMOTpe11 B o6aopHOH CTaTbe [14). 3.n:ecb Mhl OCTaHo

BHMCJI RHIIII, Ha TOM, KaK CBOikTBO nepeMeJRaeMOCTH (103) OIIHCbIBaeTCJI n paM

Kax KBUIITOBOH xpoMOLJ:HHaMHKH [38, 67-71). 
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Heo6xo.n;HMO ern:e paa rro.n;qepRHyn,, 'ITO :=mcrrepHMCHTaJII,Hhle cne.n;eHHH HMe

I0TCH O MOMeHTax pacrrpe.n;eJieHHH tJaCTHU, Tor.n;a KaK KBaHTonaH XpOMO.D;HHaMHKa 

IIMeeT .n;eJIO C rrapTOHaMH (KBapKaMH H rJIIOOHaMH). Tom,Ko HCIIOJIL3YH rHIIOTe3y 

JIOKaJinHOH napTOH-a.n;poHHOH .n;yaJILHOCTH, Mhl MO)KeM C'IHTaTn <pYHKUHOHaJIL

Hhle 3aBHCHMOCTH HHKJII03HBHhlX pacrrpe.n;eJieHHH O.D;HHaKOBhlMH B o6oHx CJiy

tJaHX. O.n;HaKO CJie.n;yeT ncer.n;a HMeTn B BH.n;y, 'ITO 3TO yTnep.m.n;eHHe He CTOJII, 

O.D;H03HatJHO .D;JIH KoppeJIHUHOHHhlX xapaKTepHCTHK H, KpOMe Toro, He ncer.n;a Bhl

IIO'JIHHeTCH KOJIH'IeCTBeHHO B pa3BHThlX MOHTe-ImpJIOBCKHX cxeMaX. ITo3TOMy H 

3.z:i;ec1, Mhl rrpeTeH.n;yeM JIHIIII, Ha OIIHCaHHe KatJeCTBeHHhlX xapaKTepHCTHK, a He 

Ha KOJIH'IeCTBeHHOe cpanHeHHe C :=mcrrepHMeHTOM. 

B OTJIH'IHe OT npe.n;IJ.n;yrn:Hx pa3.n;eJIOB Mhl 6y.n;eM HCIIOJil>30BaTn 3.z:i;ec1, .n;HarpaM

MHhlH .rro.n;xo.n;, a He ypaIJHeHHH .D;JIH rrpOH3BO.n;HID:HX <pyHKUHH. J];eJio B TOM, 'ITO 

IIpH pacCMOTpeHHll pacrrpe.n;eJieHHH no MHO)KeCTBeHHOCTH B MaJIOH tJaCTH qia

aonoro 061.eMa rrpHXO.D;HTCH HMeTn .n;eJIO He co nceMH tJaCTHUaMH (rrapTOHaMn) 

pa3BHTOH CTPYH, a TOJILKO C He60Jil>IIIOH tJaCTl>IO HX, rrorranIIIeil: B 3a.n;aHHhlH HH

TepnaJI ( CKameM, yrJIOB 0) H np1rna.n;Jiemarn:eil:, ecTeCTBeHHO, HeKOH IIO.D;CTpye 

BHYTPH .n;aHHOH cTpy.i:. KoHetJHo, HCTopmr 3BOJIIOUIIH nceil: cTpyH 6y.n;eT cKa-

3hlBaTLCH H Ha .n;aHHOH Bhl6paHHOH IIO.D;CTpye, KaK 3TO H3o6pameHo Ha pHc.20. 

3.n;ec1, 

1) HatJaJILHhlH KBapK ( CIIJIOIIIHaH JIIIHHH) HCIIYCKaeT )KeCTKHH rJIIOOH ~ .3Heprneil: 

EB HarrpanJieHHH HHTepnaJia yrJIOB 0 (Ho He o6H3aTeJinHO TO'IHO HaUeJieH B 

Hero), 

2) rJIIOOH pa3BIIBaeTCH B CTpyro rrapTOHOB C yrJIOBhlM pacTBopoM, IIOKphlBarorn:HM 

yroJI 0, 
3) cpe.D;H 3THX rrapTOHOB HMeeTCH rrapTOH C 3Heprn:eil: k, KOTOphlH TO'IHO rrorra

.n;aeT B 3TOT HHTepnaJI yrJIOB, 

4) BCH IIO.D;CTPYH, o6pa30BaHHaH 3THM rrapTOHOM, IlOKphlBaeT HHTepBaJI yrnon 0. 

0 

B 

PHc. 20. H3JI)"leHHe napxoM (CIIJiowna11 JIHHID1) 

rmoonnoii crpyu H ee :JeonIOilHJI [38] 
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CooTBeTCTBeHHO 3TOil: Rapnurn BhlqIICJlemre q-ro ROppeJIJITopa Bceil: CTPYH 

CBO.[(HTCH I{ ycpe,n;HeHIIIO q-ro RO~peJIHTOpa 3a,[(aHHoro napTOHa f)..N(q)(k0) ITO 

BCeM ,[(OCTYITHhlM ,[(JIH Hero BO3MO)RHOCTHM, T.e. ITO IIHRJII03IIBHhlM 3HepreTIIqe

CI{IIM CITeRTpaM TaRIIX napTOHOB B IlOJIHOil: CTpye n° II no BepOHTHOCTHM BO3-

HIIRHOBeHIIH CTPYII Boo6me (asI(<j?). AHaJIIITHqecRH, 3Ta RapTIIHa OITIIChlBaeTCH 

q.>OPMYJIOM 

f)..N(q) ( Q00, ~o) ex JQ ~;:K<j? (~) JE dkkno (!;E00,k0) f)..N(q)(k0), 

· (104) 
r.n;e f)..N(q) ·= Fq(n)q - HeHOpMIIpOBaHHhlll q.>aRTOpIIaJII,HhllI MOMeHT ( CJleBa - BCeil: 

CTPYII, cnpaBa - IIO,[(CTpyII napTOHa C HMilJJlbCOM k, IlOITa,n:aromero B HHTepBaJI 

yrJIOB 0). EcTeCTBeHHO, HeHOpMIIponaHHhle MOMeHThl pacTyT C 3HeprIIeil:, Tor.n;a 

RaR cneRTp napTOIIOB na.n:aeT, II B pe3yJlbTaTe npOII3Be.[(eime n° f)..N(q)(k0) IIMeeT 

MaRCIIMYM ITPII HeROTOpoil: 3HeprIIII, a ITOTOMY IIHTerpaJI no IIMITYJlbCaM k MO)l{HO 

BhlqIICJIIITb MeTO.[(OM CRopeil:IIIero cnycRa. He BXO.[(H B ,[(eTaJIII BhlqIICJleHHil: ( CM. 

rro.n;po6Hee [38]), yRameM Ha o6myro CTPYRTYPY noJ1yqaromerocJI Bhlpamemrn .n;JIH 
ROppeJIHTOpa BCeil: CTPYII rrpII q.>IIRCIIponaHHOil: I{OHCTaHTe CBJI3II ,o = canst: 

f)..N(q) ex f)..0 (~) 7f ( ~0) m (c = canst), (105) 

r.n:e Tpn COMHO)l{HTeJIH OTBeqaroT BRJ!a,n:y B HHTerpaJlhl (104) q.>a30BOro ofrI,eMa, 

aHepreTnqecRoro crreRTpa ( cJierRa rro.n;anJ1Hromero 60J1hIIIne MHomecTBeHuocTn 

HJIH paurII q) II q-Toil: cTeneHn cpe.n;ueil: MHO)l{eCTBeHHOCTII. .n:JIH Toro, qTQfihl 

IIOJiyqnTI, HOpMnpoBaHHIJil: q.>aRTopnaJihHhlil: MOMeHT, ua.n;o pa3,[(eJIUTb (105) Ha 

q-Tyro CTeneHb cpe.n;ueil: MHO)l{eCTBeHHOCTH B HHTepnaJle 0 OT BCeil: CTpyn, T.e. 

,[(OJIIO IIOJIHOM cpe,n;Heil: MHOllieCTBeHHOCTII, COOTBeTCTByromyro q.>a30BOMY ofo,eMy 

f)..0: 

f)..N(0) ~ f)..0!)..N(0o). (106) 

Ecmr aHaJIH3 rrpoBO.[(HTCJI B n-MepUOM rrpocTpaHCTBe, TO q.>a30Bhlil: 061,eM MO)l{HO 

YCJIOBHO 3amrcaTI, B BII.[(e 

/),.f1 ~ 0D, (107) 

_r.n:e 0 yRa3hlBaeT MHHIIMaJlbHYIO CTopoHy n-Mepuoil: Hqeil:Rn. cho CBOMCTBO Bhl

IlOJIUHeTCJI B CIIJIY CIIHryJ1Hpuoro xapaRTepa nponaraTopa rrapTOHOB B RBaHTOBOil: 

xpoMO.[(IIHaMIIRe ( CM. [38]). 11MeHHO IIO3TOMY q.>aRTOpIIaJlbHhle MOMeHThl MOlliHO 

3aIIIICaTb B BII,[(e IIpOII3Be,[(eHHJI qIICTO RHHeMaTIIqecRoro q.>aRTopa, 3aBIICHrn;ero 

OT pa3MepHOCTII aHaJIII3IIpyeMoro rrpocTpaHCTBa, II ,[(IIHm.rnqecRoro MHO)l{IITeJIH, 

He CBJI3auuoro C 3TOil: pa3MepHOCThIO, a orrpe,n:eJ1HeMoro neJIIIqIIHOM ROHCTaHThl 
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CBH3II, T.e. 
2 I 

F. 0 -D(q-1)0=10 q rv q • (108) 

3aMe<ornH, qTQ ,IJ,JIJI MaJII>IX IIHTepI1aJIOB yrJIOB 0 ~ Dy, II yqIITJ,IBaH <pOpMyJiy 

(103), IIOJiyqaeM noKa3aTeJIII nepeMemaeMOCTII n BII,JJ,e 

q2 - 1 
¢(q) = D(q - 1) - --10-

q 
(109) 

8Ta <pOpMyJia nepHa ,IJ,JIJI yMepeHHO MaJILIX IIHTepnaJIOB yrJioB, KOr,JJ,a BLIITOJI

HeHO ycJionIIe as ln 00/0 < 1. EcJIII me yrJILI cTaHOBHTCH nacTOJILKO MaJII,IMII, 

qTo 3TO ycJIOIIIIe HapymaeTCH, TO Heo6xo,JJ,IIMO yme yqIITLIIlaTL, qTo KOHCTaHTa 

CBH3II 6erym;aH. Sho npIIBe,JJ,eT K TOMY, qTo 'Yo Ha,JJ,o 3aMeHIITL Ha HeKoTopoe 

3<p<peKTIIIIHOe 3Haqemie (1), JiorapII<pl\rnqecKII MeHHIOm;eecH C yrJIOM 0 II rrpII-

6JIIIllieHIIO 3aIIIICLIBaeMoe II BII,JJ,e [38] 

(110) 

q2 + 1 ln00/0 
E = ------ < l, 

q2 ln(E0o/µ) -

B pe3yJILTaTe IIOKa3aTeJIII rrepeMemaeMOCTII cym;ecTBeHHO yMeHLIIIaIOTCH rrpII Ma

JILIX yrJiax II, 6oJiee Toro, rrpOCTOH CTerreHHOH 3aKOH (103) HapymaeTCH, IIO

CKOfilKY IIOKa3aTemr nepeMemaeMOCTII Terrep1, caMII 3aBIICHT OT BeJIIIqIIHLI BLI-

6pamrnro IIHTepI1aJia. Pe3yJILTIIpyrom;IIii: rpa<pIIK ln Fq KaK <pyHKUIIH - ln 0 6y,JJ,eT 

CO,II,epmaTI, ,JJ,Be BeTBII: cpaBHIITeJII,HO 6filCTpopacTym;yro, JIIIHeii:HyIO rrpII yMe

peHHLIX yrJiax 0, HaKJIOH KOTopoii: 3a,JJ,aeTCH <popMyJIOH (109), II pacTym;yro Me

,JJ,JieHHee co CJia6LIM HapymeHIIeM mrHeHHOCTII cornaCHO (110), (111). HeTpy,JJ,HO 

BLiqIICJIIITI, ToqKy rrepexo,JJ,a C O,JJ,Horo pe)RIIMa Ha ,II,pyroii: II rrpIIHTII K BLIIIO,JJ,y, 

qTo IIpII yneJIIIqeHIIII q rrepexo,JJ, KO BTopoMy pelliIIMY rrpoIICXO,JJ,IIT Ha nee MeHL

IIIIIX yrJiax 0. TeM He MeHee pocT <paKTOpIIafilHLIX MOMeHTOB IICex panron 

C yMeHLIIIeHIIeM IIHTepnaJia yrJIOII OCTaeTCH, a, 3HaqIIT, <pJIYKTyau;IIII pacrrpe

,JJ,eJieHIIH no MHOJI(eCTBeHHOCTII n MaJILIX yrJIOBLIX IIHTepBaJiax 6oJILIIIe, HemeJIII 

COOTBeTCTByIOm;IIe <pJiyKTyaIJ;IIII II 60JILIIIIIX IIHTepI1aJiax, II, qTo caMoe namnoe, 

3aMeTHO rrpeIILIIIIaIOT rryaccOHOBCI{IIe <pJIYKTyaIJ;IIII. 

l13JIO)ReHHLie BLIIIIe pe3yfilTaTLI 6Limr noJiyqeHLI B ,JJ,Balli,IJ,LIJIOrapII<pMIIqecKOM 

rrpII6JIII)ReHIIII. Ilepexo.n; K MO,JJ,II<pIIUIIpoBaHHOMY rrpII6mrmeHIIIO ne.n;ym;IIX Jiora

pII<pMOB BHOCIIT tJIICJieHHO ne6oJILIIIIIe rrorrpaIIKII. HarrpIIMep, TOqKa rrepexo,JJ,a 

OT CTeIIeHHOro K "KBa3II-CTerreHHOMy" pe)RIIMY CJierKa C,IJ,BIIraeTCH K em;e MeHI,

IIIIIM yrJiaM ,IJ,JIJI IICex MOMeHTOB, Kpol\rn IITOporo, r,JJ,e OHa, Hao6opoT, CMem;aeTCH K 

6oJILIIIIIM yrJiaM no cpaBHeHIIIO C rrpe,II,cKa3aHHLIMII B ,JJ,Ba)R,JJ,J,IJIOrapII<pMIIqecKOM 
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rrpII6mrnwmrn, qTo 11nHo o6ycJionJieHo n3a:rrMHoil: pom,ro nII,n;a 3HepreTIIqeciwro 

crreRTpa n° II pocTa cpe,n;Heil: MHOJReCTDeHHOCTII. 

B1iecTe C TeM, II 3,n;ecb BIJCUiee IIpII6JIIIJRenIIe rrpIIDO,ll;IIT R RaqecTneHHO HODOR 

aanIICIIMOCTII MOMeHTOD OT rrapaMeTpa q, em:e paa yRa3I,IDaJI Ha IIOJIDJieHIIe cy

m:ecTneHHI,IX nRJia,n;on, rrporropIIIIOHaJibHI,IX npoIIane,n;eHIIIO q1 . HanpIIMep, npII 

ITOITI,ITRax IICITOJib3ODaTb anaJIOrIIII II3 CTaTIICTIIqecROH MexaHIIRII [38] neJIIIqIIHa 

1 - ( cp( q) + 1) / q IIHTepnpeTIIpyeTcJI RaR "cno60,n;na11 3HeprII11" , a paHr MOMeHrn 

q RaR 06paTHa11 TeMrrepaTypa f3 = l/T. B HII3UieM npII6JIIIJReHIIII 3Ta neJIIIqIIHa 

MOHOTOHHO pacTeT C q, a DI,ICUIIIe nonpaDRII npIIDO,n;JIT R IlOJIDJieHIIIO Mat{CIIMyMa 

cno6o,n;HOH 3HCprIIII RaR pa3 Ha 3HaqeHIIJIX, r,n;e IIMeeTCJI MIIHHMYM D Hq (71), 
IIayqanUIIIHCJI DI,Illle 

1 ~ 5. 
qcr ~ hno (112) 

C TOql{II apeHIIJI CTaTIICTIIqecROH MeXaHIIRII, 3TO o6cTOJITeJibCTDO CDII,ll;eTeJibCTDO

naJIO 6I,I o HaJIIIqIIII cpaaonoro nepexo,n;a n 3Toil: ToqRe. 3,n;ecb me 3TO 11nJIJieTc11 

yRa3aHIIeM Ha IlOJIDJieHIIe naJRHoro napaMeTpa q, D RDaHTODOH xpoMO,ll;IUiaMIIRe, 

poJib ROTOporo no,n;po6HO OITIICI,IBaJiaCb BI,IUie. 

YRaJReM em:e na cDJI3b npone,n;eHHoro paccMoTpeIIIIH c <ppaRTaJibIIocTbIO. CTe

ne1rnoe rrone,n;e1rne q>aRTopIIaJibHI,IX MOMeIITOD yRa3I,IBaeT na cppaRTaJibHI,Ie cnoil:

crna pacnpc,n;eJieHIIJI qacTIIII n cpaaonoM 061,eMe. ITpII 3TOM corJiacHo o6meil: 

TeopIIII <ppaRTaJIOD ( CM. no,n;po6Hee B [14] II CCI,IJIRII TaM) ITORa3aTCJIII nepcMe

JRaCMOCTII CDJI3aHI,I C cppaRTaJiblll,IMII pa3MCpHOCTJIMH (pa3MCf>HOCTJIMII PeHbH) 

Dq cpopMyJioil: 

cp(q) = (q - l)(D - Dg), (113) 

OTRy,n;a c yqeTOM (109) IIMCCM n ,n;na)R,ll;I,IJIOrapH<pMIIqecROM npII6JIIIlRClIIIII 

q + l 'Yo -
D = --,o = 'Yo + -. 

q q q _ (114) 

3,n;ecb ncpnoe CJiaraeMOC ( OTBeqarom:ee MOIIO<ppaRTaJiy) o6ycJIOBJICHO poCTOM 

cpe,n;neil: MHOlRCCTBClllIOCTII, a DTOpoe (npnno,n;Jim:ee R MYJibTII<ppaRTaJibHOCTH) 

CDJI3aIIO co cna,n;OM 3HepreTIIqecRoro cneRTpa, RaR 3TO o6'bJICIIJIJIOCb BbIUie. 

HeTpy,n;no BI,IBeCTII II MYJibTII<ppaRTaJibHYIO CITCRTpaJibnyro <pyHRlllIIO D 3TOM CJIY

qae ( cM. [38]). 
Reno BII,ll;IIO, qTo <ppaRTaJibHOCTb D RBaHTODOH xpoMO,ll;lIIIaMIIRe lIMeeT qeTRO 

BI,IpalRCHHYIO ,ll;lIIIaMIIqecRyIO npIIpo,n;y Dq ~ 'Yo, a RIIHeMaT11qecRIIii: MlIOlRIITCJib 

- o6I,Iqm,r:li" D(q - 1). 
Ham1qne cppaRTaJibIIOCTH B pacnpc,n;eJICHIIHX qacTlill BIIYTPII <pa3onoro 061,

eMa MOrJIO 6hl cJiylRlITb CBII,ll;CTCJibCTDOM B noJibay cppaRTaJibIIOCTII rcoMeTpn

qecRott CTPYRTYPhl caMIIX qacTIIII n o6I,IqnoM npocTpaIIcTne. lfoHeqHo, 3Ta 

CTpyRTypa 6hlJia 6bI )];lIIIaMIIqecRoii:, HcnpephlDHO MeHJIIOIIl;CHCJI. B IlOJlb3Y TaRofr. 
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B03MO)RHOCTH roBOpHT J];Ba q>aKTa. Bo-rrepm.rx, KacKa,z:uILIH rrpon;ecc pa3BHTHH 

rrapTOHHOro JIHBHJI B o6HtIHOM npocTpaHCTBe ,n;oJDKeH npHBO,zniTI, K ".D;peBeCHOH" 

CTPYKType q>paKTaJIJ,HOrO THila H B CHJiy ero HenpepHBHOCTH 3Ta CTPYKTypa 

,n;oJDKHa 6HTl> Bec1,Ma HaMeHtIHBOH. Bo-BTopHx, pactieTH Ha perueTKe B SU(2)
rJIIOO,zniHaMHKe [72] IlOKa3aJIH, 'ITO B6JIH3H TO'IKH q>aaoBoro nepexo,n;a CHCTeMa 

rra.pTOHOB /iBJI/IeTC/i q>paKTaJIJ,HOH B TOM CMHCJie, 'ITO 3aHJITI,IH eIO 061,eM OKa-

31,rnaeTC/i nponopn;HOHaJIJ,HI,IM ero IlOBepXHOCTH B CTeneHH 1,12, a He 1,5, KaK 

MO)RHO 6HJIO 6H O}l{H,ll;aTI, .D;JI/I o6HtIHOro TpexMepHoro ofrl>eKTa. 

OT06pameHHeM reoMeTpHtieCKOH q>paKTafil_HOCTH MaKpOCKOilHtieCKoro TeJia B 

o6HtIHOM npocTpaHCTBe CJIY)KHT CTeneHHoe none,n;eHHe CTpyKTypHHX <l>YHKD;HH 

rrpH pacceHHHH Ha ,n;aHHOM q>paKTaJIJ,HOM 061,e1<Te KaKHX-JIH6o TOtietIHI,IX qacTHD; 

(q>OTQHH, 3JieKTpOHH, HeHTpOHH H T.rr.). no ·aHaJiorHH C 3THM 6HJIO npe,n;JIO

meHO [73] H3MepHTI, CTpyKTYPHHe q>YHKD;HH B r.rry6oKOHeyrrpyrnx npon;eccax H 

orrpe,n;eJIJITI, COOTBeTCTByIOmHe q>paKTaJIJ,HHe pa3MepHOCTH. O.D;HaKo, MO,D;eJII,

HOCTI, TeopeTH'IeCKHX pactieTOB H 3KCilepHMeHTaJIJ,HHe Tpy,n;HOCTH IlOKa He rro-

3BOJIHJIH c,n;eJiaTI, KOHKpeTHHX BI,IBO.D;OB, H rrpo6Jie:r,rn B03MO)RHOH q>paKTaJIJ,HOH 

reoMeTpHH (HMeromett ,zniHaMHtieCKYIO npHpo.n;y) BHYTPH 3JieMeHTapHHX qacTHD; 

OCTaeTC/i IlOKa OTKpHTOtt. 

B KOHD;e paa,n;eJia OTMeTHM, 'ITO aHaJIHaa MOMeHTOB Hen;eJioro panra npH Ma

JII,IX 6Hnax noKa npone,n;eno He 6HJIO H o6cy)I{.D;eHHe HX B paa,n;eJiax 2_ il: 3 MomHo 

paccMaTpHBaTl> JIHilll> KaK py)I{I,e B qexoncKott n1,ece, I<OTopaa aa:ae,n;oMo eme He 

IIO,ll;XO,zniT K KOHD;y. 

10 KPATI{OE OBCYJK,ll;EHHE ,ll;PYrHX 
8(J)cl> EKTOB KX,Il; 

TeopeTHtieCKHC OCHOB!'l KBaHTOBOil xpoMO,zniHaMHKH KaK Hea6eJieBOH KaJIH-

6pOBO'IHOtt TeOpHH, OIIHCI,IBaIOmett B3aHMO.D;eilCTBIDI KBapKOB H rJIIOOHOB, ceH

qac He BH3I,tBaIOT COMHeHmt, XOT/i rrpo6JieMa KOHq>ailHMeHTa eme He pemeHa. 

BMecTe C TeM, npe,n;cKa3aHlle aCHMilT0THtieCK0tt cno6o.D;H, T.e. OCJia6JieHHe naa

mrn,n;ettCTBIDI Ha MaJIHX paCCTOHHWIX, Il03BOJIHJIO illHpOKO HCilOJIJ,30BaTI, MeTO,ll;U 

Teopuu B03MymeHHtt. HapH.n;y C 3TllM npOBO,ll;HTC/i pactieTH B paMKaX peme

TO'IH0tt TeopmI, paccMaTpHBaIOTC/i 'IHCTO CHMMeTputtHHe CBO:HCTBa H npaBHJia 

cyMM, npmteHHeTCH noTeHn;HafilHHit no,n;xo,n;. Tipon;ecc nepexo,n;a OT KBapKoB H 

rJIIO0HOB I( a.D;pOHaM 'lame Bcero 0llHCI,IBaeTC/i Ha M0,D;eJIJ,H0M ypoBHe, H .D;JI/I KO

JIH'IeCTBeHHoro conocranJieHHH C 3KcnepHMeHTaJIJ,HHMH ,n;aHHHMH HCII0JIJ,3YIOTC/i 

MOHTe-KapJI0BCKHe pacqeTH Ha K0MilbIOTepax. Beeb 3TOT apceHaJI TeopeTII'Ie

CKHX cpe,n;CTB Il03BOJIHJI npe,n;cKa3aTb H BO MHOrIIX CJIY'IaHX KOJIHtieCTBeHHO 0llH

caTI, 6om,moe 'IHCJI0 3q>q>eKT~B, Ha6JIIO,n;eHHHX Ha 3Kcnepm1~HTe. Yme ,n;anHo 

II3BeCTHH ycneXH I<BaHTOBOH xpoMo.D;HHaMHKH B OllIICaHHII none,n;eHHH 0THOme-
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HID! ceqeHH:il: e+e- -aHmrrHJIJin;:mi: B a.n;pom.r H B MIOOHHYIO rrapy, B rrpe.n;cKa3a

HHH rrpaBHJI cyMM, CBH3I,IBaIOIIl;liX BKJia,IJ;I,I KBapKOB pa3Horo nma, B .n;eTaJII,HOM 

paCCMOTpeHHli CBOHCTB TJDKeJII,IX KBapKOHHen, B COOTHOIUeHIDIX, KacaIOIIl;HXCH 

oco6eHHOCTe:il: rrone.n;eHIDI IIOJIJipll:3OBaHHhlX qacTHD;. 

YcrreXH rrepTyp6aTHBHhlX MeTO,ll;OB 6hlJIH CBH3aHhl rrpe»<,n;e Bcero C )KeCTKHMH 

rrpon;eccaMH B3aHMo.n;e:il:cTBIDI qacTHD;, KOr,n:a rrepe,n:aHHhle HMIIYJII,Cl,I BeJIHKH. I{ 

HHM OTHOCHTCH e+e--aHHHrHJIJID;IDI rrpH BhlCOKHX 3HeprIDix, rey60KOHeyrrpyroe 

pacceHHHe JieIITOHOB H He:il:TpHHO Ha a.n:pom~x, a.n:pOHHhle rrpon;ecchl c 6om.IUHMH 

rrorrepeqnhlMH HMrrym,caMH, po»<,n;eHHe TJDKem.rx KBapKon, rrpon;ecc .LJ:peJIJia

HHa (pollip;eHHe MIOOHHhlX nap c 6om.IUo:il: "Macco:ii:"). Mcrrom,3onaHHe e,n:HHhlX 

CTPYKTypHhlX q:>yHKD;H:il: B 3THX rrpon;eccax, COOTBeTCTBHe rrapTOHHO:il: MO,n:eJIH 

HH3IIIeMy rrpH6JIH)KeHHIO KBaHTOBO:il: XpOMO,n:HHaMHKH IIpH ycTaHOBJieHHH cno:il:

CTBa CKe:il:JIHHra H 3aTeM H3yqeHHe ero HapyIIIeHIDI B BhlCIIIHX rrpH6JIH)KeHIDIX 

C yqeTOM 6eryme:il: KOHCTaHThl CBH3H 6hlJIH HpKHMH nexaMH Ha rryTH pa3BHTHH 

TeOpHH H COIIOCTaBJieHHJI ee C 3KCIIepHMeHTOM. 

HecKOJII,KO IIO3,n:Hee CTaJIH paccMaTpHnaTI, HHTepq:iepeHD;HOHHhle 3q:>q:>eKThl. 

Cpe,n:H HHX OTMeTHM rrpem,n;e ncero TaK Ha3unaeMu:ii:, aq:iq:>eKT CTPYHhl (HJIH 

3q:>q:>eKT ynJieqeHIDI) (74 - 78), KOTOphl:il: xapaKTepeH TeM, qTQ, HarrpHMep, B 

TpexcTpy:il:HhlX co6hlTIDIX e+ e--aHHHrHJIJID;HH qliCJIO qacTHD;, Hcrrym;eHHhlX B 06-

JiaCTH Melli.n:y .ll:BYMH KBapKOBhlMH CTPYHMH, OKa3hlBaeTCH MeHI,IIIe no cpaBHeHHIO 

C aHaJiorHqHhlM rrpon;eccoM, r.n:e BMeCTO rJIIOOHHO:il: CTPYH HCrrycKaeTCJI q:>OTOH. 

8TO CBH3aHO C .n:ecTpyKTHBHO:il: HHTepq:iepeHn;He:il: B o6JiaCTH Melli.n:y KBapKOBhlMH 

CTPYHMH n TpexrJIIOOHHhlX co6hlTIDIX H rrpHBO,n:HT K "ynJieqeHHIO" qacTHD; n,n:om, 

HarrpanJieHHJI rJIIOOHHO:il: CTpyH. AHaJIOrHqHl,Ie HBJieHIDI MO)KHO 3aMeTHTL B rrpo

n;eccax po»<,n;eHIDI q:>OTOHOB, MIOOHHhlX nap, TJDKem.rx 6o30HOB. 

ConceM He,n:aBHO 6hlJI 3KCIIepHMeHTaJILHO rro,n:TBep»<,n;eH (79] KpaCHBhl:il: 3q:>

q:>eKT rro,n:anJieHIDI TaK Ha3HnaeMo:il: corrpono~arome:il: MHOllieCTBeHHocTH a.n:po

HOB B rrpon;eccax C po»<,n;eHHeM TH)KeJII,IX KBapKoB, ecJIH ll:X cpaBHHBaTL C aHa

JIOrHqHl,IMH p~aKD;IDIMH C po»<,n;eHHeM JierKHX KBapKOB. Ilo.n: corrponom,n;arome:il: 

MHO)KeCTBeHHOCTLIO IIOHHMaIOTCH Te a.n:poHhl, KOTOphle BO3HHKaIOT B pe3ym,TaTe 

a.n:pOHH3aD;HH TOpMO3HhlX rJIIOOHOB, HCIIymeHHhlX COOTBeTCTBYIOIIl;ll:M KBapKOM .n:o 

ero a,n:poHH3aD;HH. Bee orrpe,n:eJIJieTCH cpanHHTem.Ho 6om,f.rio:il: Macco:il: TJDKeJioro 

KBapKa. B 3TOM ceyqae, KaK ll:3BeCTHO yllie ll:3 KJiaCCHqecKo:il: TeopHH pacceHHHH 

(80], H3JIYqeHHe ITO HarrpanJieHHIO ,n:BH)KeHIDI rro.n:anJieHo, H IIOTOMY liHTerpam,

HOe H3~eHHe yMeHLIUaeTCH. MHTepeCHO 6hlJIO 6u ,n:OIIOJIHHTeJII,HO rrponepHTI, 

noT acpq:>eKT, H3MepHH yrnonoe pacrrpe.n;eJieHHe pom,n;arom;HxcH "TOpM03Hux" 

a.n:pOHOB, KOTopoe ,IJ;OJI)KHO o6Jia,n:aTL KOJII,D;eno:il: CTPYKTypo:il: [81, 82] c "rrycThlM 

KOHYCOM" BHYTPH (83]. 
M.n;eH 3KpaHHpOBKH n;neTa H KorepeHTHOCTH (yrnoBoro yrropH.n;oqeHIDI) B 

KBapK-rJIIOOHHhlX CTPYHX, CBH3aHHM C HHTepq:>epeHD;HOHHhlMH 3q:>q:>eKTaMH, 
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np1rneJia K ¢opMyJin:ponKe ypanHemm JJ,JIR npon:3noJJ,1Imn:x <pyHKn;n:il: pacnpe

JJ,eJieHn:il: napTOHOD no MHOiKeCTDeHHOCTH, noJJ,po6Ho 06cy}l{J1,aDI1IHXCJI D npe,m.r

JJ,ymn:x pa3JJ,eJiax. 

11 BbIBO,[(bl 

Ilpn:Hn;n:nn:am.HLIM OTJIH'!HeM TaKOH xapaKTepHCTHKH, KaK pacnpeJJ,eJieHn:e no 

MHOiKeCTDeHIIOCTH, OT 3<p<peKTOD, CDJI3aHHLIX C iKeCTKHMH npon;eccaMH, JIDJIR

eTCJI npeo6JiaJJ,aromn:il: DKJiaJJ, MJirKn:x '!acTn:n;, D03HHKaromn:x Ha no3JJ,HeM aTane 

3DOJIIOD;HH xopOIIIO pa3DHTLIX CTpyil:. IIoaToMy ycnex, JJ,OCTHrHyTLIH D npHMeHe

HHH KX,l( I{ pacnpeJJ,eJieHHJIM no MHOiKecTDeHHOCTH, cymecTDeHHO paCIIIHpJieT 

ee npeTeH3HH, Y'leT DLICIIIHX npn:6JIHiKeHHH Teopn:n: D03MymeHHH D CJiy'!ae 6e

rymeil: KOHCTaHTLI CDJl3H H TO'!HI.Ie pe11IeHHJI ypanHeHHil: KX,l( npn: <pHKCHpO

DaHHOH KOHCTaHTe CDJl3H, onn:caHHLie DLIIIIe, yKa3aJIH Ha Ka'!eCTDeHHO HODI.Ie 

xapaKTepHCTHKH pacnpeJJ,eJieHHH no MHOiKeCTDeHHOCTH no cpaDHeHHIO C TeM, 

'ITO noJiy'laJIOCI, D HH311IeM JJ,DaiK.n;LIJIOrapn:<pMH'!eCKOM npn:6JIHiKeHHH. C <pH3H

qecKOH TO'!KH 3peHHJI 3TH nOJJ,XO.n;LI OTDe'!aIOT paCCMOTpeHHIO nee 6oJiee MJirKHX 

3Tano:e 3DOJIIOD;HH KDapKODLIX H rJIIOOHHLIX CTpyil:. ToT <paKT, 'ITO Ka'leC'.rDeHHLie 

qepTLI HODLIX npeJJ,cKa3aHHil: DLinOJIHJIIOTCJI Ha onLITe He TOJII,KO D 3JieKTpOH

n03HTpOHHOH aHHHrHJIRD;HH, HO H npOJIDJIRIOTCJI D aJJ,pOHHLIX D3aHMOJJ,eHCTDHJIX, 

n03DOJIReT CJJ,eJiaTI, DLIDOJJ, 0 D03MOiKHOCTH y'leTa MJirKOH CTaJJ,HH pa3DHTHJI CTpyil: 

D DhlCIIIHX nopJIJJ,KaX C n0Mom1,ro H3y'leHHHX DLIIIIe ypanHeHn:il:, a TaKiKe, no

BHJJ,HMOMY, ronopJIT o 6om.11Ieil: o6mHoCTH <pH3HKH npon;eccon poiKJJ,eHHJI aJJ,po

HOD D peaKD;HJIX, HHHD;HHponaHHhlX '!aCTHD;aMH pa3JIH'IHOH npnpo.m.r, HeiKeJIH 

C'lHTaJIOCI, JJ,O CHX nop. 

8DOJIIOD;HJI TO'IKH 3peHHJI Ha D03MOiKHOCTH nepTyp6aTHDHOH KDaHTODOH xpo

MOJJ,HHaMHKH HatJIRJJ,HO DHJJ,Ha Il3 HCTOpHH peIIIeHHJI 3TOH npo6JieMhl, H3JIO}l{eH

HOH no BneJJ,eHHH. IIepnoHa'!aJihHM ail:<popn11 D CDJI3H c npeJJ.CKa3aHneM aHepre

TH'!ecKoro pocTa cpeJJ,Heil: MHoiKecTDeHHOCTH n KHO-cKeil:JIHHra, He 3annc11mero 

OT KOHCTaHTI,I CDJl3H, CMeHHJiacb HeKHM YHLIHHeM H3-3a CJIHIIIKOM IIIHpOKOro pac

npeJJ,eJieHHJI n JJ,Da}K.n;LIJIOrapH<pMH'leCKOM npn6JIHiKeHHH, XOTJI n 6LIJIO DCKope 

BI,IJICHeHo, 'ITO cJieJJ.Yromne nonpanKH oqeHh 6om.11Ine. Ceil:qac cTaJio JICHo, 'ITO 

tIJieHhl eme 6oJiee DLICOKoro nopJIJJ,Ka TaKiKe cymecrneHHH, n nx ytieT D03MoiKeH. 

8TO npHDOJJ.HT K npn6JIHiKeHHOMY KHO-cKeil:JIHHry c <popMoil: pacnpeJJ,eJieHHJI, 

3ann:c11meil: Tenep1, yiKe OT KOHCTaHThl CDJl3H (nJIH aHOMafil>HOH pa3MepHOCTH 

KX,l(). IlpeJJ,cK.a3aHLI H 3KcnepnMeHTaJII>HO noJJ,TDepiKJJ,eHLI Ka'leCTDeHHO HODhle 

oco6eHHOCTH n noneJJ,eHHH MOMeHTOD pacnpeJJ,eJieHHJI. cl>aKTH'leCKH CTaJIH JICHI,I 

n xapaKTepHLie tiepTLI H3MeHeHHJI nn:JJ,a pacnpeJJ,eJieHHil: npn: nepexoJJ,e K MaJILIM 

o6JiacTJIM <pa3onoro 061,eMa. 

YcTpaHeHo 3aMeTHoe pacxoiKJJ,eHHe TeopeTn:qecKoro npeJJ,cKa3aHHJI n: 3Kcne-
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pHMeHTaJI1,HhIX pe3yJI1>TaTOB no BeJIH'lHHe OTHOIJieHHJI cpe,z:umx MHOJReCTiieHHO

CTeH B rJIJOOHHhIX H RBapROBhIX CTpy11x. IloRa3aHO TaRJRe BJIHJIHHe BhICllIHX 

nonpaBOR Ha pocT cpe,llHeH MHOJReCTBeHHOCTH C 3Heprneil:. Bee 3TH yJiy'lllleHHJI 

yRa3hIBaJOT B CTOpOHY 6om.IJiero corJiaCHJI C 3RCnepnMeHTOM. 

B coi:i:eTaHHH c ,n;ocTHJReHHJIMH B onncaHHn HHRJIJ03HBHoro pacnpe,n;eJieHHJI 

B 3JieRTpOH-no3HTpOHHOH aHHHrHJIJIIJ;HH (Ta!{ Ha3hIBaeMoe "rop6aToe" nJiaTo) 

H pa3JIH'!HhIX RoppeJIJIIJ;HH 3HepreTH'leCRHX nOTOI{OB H MHOJReCTBeHHOCTH 3TO 

no3BOJIJieT roBOpHTb O B03MOJRHOCTH npnMeHeHHJI RBaHTOBOH XpOMO,n;HHaMHRH 

I{ onncaHHJO I{al!eCTBeHHhIX i:i:epT MJirRHX npou;eccoB. RoHel!HO, ,n;JIJI I{OJIH'le

CTBeHHOro cpaBHeHHJI C 3RcnepnMeHTOM Heo6xo,n;nMa MO,n;em, a,n;pOHH3aIJ;HH ( i:i:a

CTO 3aMeHJieMM npoCTO rnnoTe30H O JIOI{am,HOH napTOH-a,n;pOHHOH ,n;yam.HOCTH) 

H pa3BHThle MOHTe-RapJIOBCRHe cxeMhl. R He,n;ocTaTRY nocJie,llHHX, I{ COJRaJieHHIO, 

CJie,n;yeT OTHeCTH HaJIH'!He 6om.IJioro 'lHCJia Bap1,npyeMhIX napaMeTpOB, BJIHJIHHe 

ROTopLix ROHTpoJIHpoBaTI> ,n;oBom.Ho CJIOJRHo. HMeHHO no3TOMY aHaJIHTni:i:ecRHe 

npe,n;cRa3aHHJI HOBhIX Ra'leCTBeHHhIX oco6eHHOCTeH H 3q>q>eRTOB CTOJI1, Heo6xo

,n;HMhl. OnncaHHhIH BhIIJie nporpecc B 3TOM HanpaBJieHHH no3BOJIJieT Ha,n;eJITl>CJI 

Ha ,n;am.Heil:IJine ycnexn. 
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COBPEMEHHOE COCTOSIHME M IlEPCIIEKTMBbI 
, MCCJIE.[(OBATEJihCKMti_SI,[(EPHhIX PEAKTOPOB 

B.JI.AKceHOB 

061,e,!(HHeHHhIH HHCTHT)'T smepHhIX HCCJie,!(OBHHHH, ,n:y6H~ 

PaCCMOTpeHO COCTO.IIHHe H nepcneKTHBU peaKTOpHUX HCTO'IHHKOB 
He8TpOHOB B MHpe an.11 HCCneaonaHHH B 3KCnepHM8HTax no pacce.llHHD. 
o6cylK.l{aDTC.II o6naCTH npHM8H8HH.II pacce.llHH.11 He8TpOHOB B cpanHeHHH C 
CHHXpOTpOHHUM H3RY'l8HHeM, 3Tanu CO3aaHH.11 peaKTopon (c nOCTO.IIHHUM 
noTOKOJl H HMnym,CHUX). HX nonoxceHHe B HaCTO.lllll8M H o6o3pHMOM 
6yayl!leJ.I n cpaBHeHHH c HCTO'IHHKaMH HCHTpOHOB na OCHOBe 
ycKopHTenen. Bonee noapo6Ho paccwoTpeHu nyn&cHpyDl!lHe peaKTopu 
THna HBP, npeanoxeHHUe H B aan&He8weM CKOHCTpyHponaH~Ue noa 
pyKonoacTBOM ~.H.6nOXHHUeBa. 

t. BaeaeHue 

HccneaoBaTeRbCKHe .11aepuue peaKTOpU KaK HCTO'IHHKH Heii:TpOHOB 
nony'IHRH WHpOKOe pacnpocTpaHeHHe c KOHUa 5O-X roaoa. B 
3Ha'IHT8RbHO8 CTeneHH 3TOMY cnoco5CTBOBana ae.11TenbHOCTb 
MeJK.nyHapoaHoro areHTCTBa no aTOMHOlt 3HeprHH, 06pa3oea1rnoro 
opraHH3anHe8 061,eaHneHnux HanH8 B 1957 roay. MAfAT3 npoaeno 
6on&wyD pa6oTy no nponaranae ncnon&3oBaHH.II npHpoaHoro ypana an.11 
npOH3BOaCTBa .11aep11oro TonnHBa, CO3aaHH.11 .11aepHUX peaKTOpOB, 
opraHH3aUHH HX 6e39nacH08 pa6oTU, a TaKlKe HCnonb3OBaHH.11 an.11 
npOH3BoacTBa H3OTonoB an.11 MeaHUHHU, cen&cKoro XO3.IIHCTBa, 
npcwuwneHHOCTH II apyrHx uenea. B pe3yn&TaTe B 6O-x roaax KallC,lla.11 
HHaycTpHaRbHO pa3BHTa.ll CTpana HMena HRH CTpeMHnacb HM8Tb .11aepHue 
peaKTOpU. 

IlOMHMO paaHaUHOHHUX HCcneaoBaHHH H npOH3DoacTBa H3OTOnOB, 
.11aep11ue peaKTOpU C caMoro Haqana Hcnonb3OBanHCL an.11 !pH3H.fecKHX 
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HCCJie,llOBaHHH Ha BUBe,lleHHllX nyqKaX Hell:TpOHOB. 3TH HCCJie,llOBaHHll 

OKa3aJIHCb HaCTOJibKO HH<!JOpMaTHBHUMH H cyiuecTBeHHUMH ,llJill 3a,llaq 

Sl,llepHOH <!JH3HKH H !pH3HKH KOH,lleHCHpOBaHHUX cpe,ll, qTo C cepe,llHHU 

60-X ro,llOB HaqaJIH C03,llaBaTb HCTOqHHKH Hell:TpOHOB yJKe cneuHaJibHO 

onTHMH3HpOBaHHUe ,llJISI nyqxoBUX HCCJie,llOBaHHH. Oco6eHHO 60JibWOe 

pacnpocTpaHeHHe noJiyqHJIH Hell:TpOHHUe HCCJie,llOBaHHSI B o6nacTH 

!pH3HKH KOH,ll8HCHpOBaHHUX cpe,ll. B HaCTOSl(Uee BpeMSI ,llHana30H 

,llOCTynuux ,llJISI HCCJie,llOBaHHH nepe,llau,ux 3HeprHll: COCTaBJISleT OT 100 

H3B ,llO ,ll8CSITKOB 3B, a nepe,llaHHUX MOM8HTOB HMilYJibCOB OT 10-
4 i- 1 

,llO 10
2 _i- 1

• B03MOllCHOCTb H3MeHeHHll ,llaHHUX napaMeTpOB B HHTepBaJie 

wecTH nopll,llKOD ll03BOJilleT npoBO,llHTb HCCJie,llOBaHHR <!>YH,llal!eHTaJibHUX 

B3aHMO,ll8HCTBHH, CBOltCTB TBep,llUX TeJI H llCH,llKOCTell:, 6HOJIOrHqecKHX 

o6~eKTOB, XHMHqecKHX peaKUHH. 3a nocJie,llHHe ,llBa ,lleCllTKa JieT 6UJI 

noJiyqeu ueJIUH Pll.ll HO BUX uayquux pe3 y Jib Ta TOB, He,llOCTYllHUX ,llJill 

noJiyqeHHll .llpyrHMH 3KcnepHMeHTaJihHUMH MeTO,llaHH. 

BMecTe c TeM c uaqaJia 90-x ro,llOB qffCJIO HCTOqHHKOB Hell:TpOHOB 

B MHpe HaqaJIO HeyKJIOHHO yweHbWaTbCll, H B HaqaJie CJl8.llYl01Uero 

CTOJieTHll OHO MOllCeT ,llOCTHrHyTb ypoBHll 60-X ro,llOB. 
0

3TOT npouecc 

o6ycJIOBJieH ueJIUH Pll.llOH npHqHH. Bo-nepBUX, BUBO,llllTCll H3 

3KCnJiyaTaUHH peaKTOpu, llOCTpoeHHUe B KOHUe 50-X - HaqaJie 60-X 

ro,llOB, a npOTHB CTpOHTeJibCTBa HOBUX HaCTpOeHa o6iuecTB8HHOCTb 

MHOrHX CTpaH. BO-BTOpux, 6UJIH C03,llaHU HCToqHHKH Hell:TpOHOB 

HcnapHT8JlbHOro THna Ha 6a3e npoTOHHUX ycKOpHTeJielt. 3TH 

HCTQqHHKH, XOTll C03,llaHHe HX Tpe6yeT 60JibWHX cpe,llCTB H BpeMeHH, 

llBJilllOTCll BeCbMa 3cpcpeKTHBHUMH. B-TpeTbHX, WHpOKOe pacnpocTpaHeHHe 

noJiyqHJIH HCCJie,lloBaHHll Ha HCTQqHHKax CHHXpOTpOHHOro CBeTa. 3TH 

HCCJie,llOBaHHll llBJllllOTCll cyiuecTBeHHUM _.llOllOJIHeHHeM K HeATpOHHUM: H 

HeCKOJibKO yMeHbWalOT noTpe6HOCTb B nocJie,llHHX. 

TaKHM o6pa30M, cerO,llHllWHee llOJIOllCeHHe C HCTOqHHKallH 

HeATpOHOB B0061Ue H peaKTOpHUMH HCTOqHHKaMH B qacTHOCTH Tpe6yeT 

o6cyX(JleHHll H KOOp,llHHaUHH Ha MellC,llyuapo,llHOM ypoBHe, OOCKOJILKY 

yKa3aHHUe BUWe npuquHU yHeHbWeHHll qucJia HeltTpOHHUX HCToqHHKOB 

CBSl3aHU C 061UHNH HayqHU)lH H o6iuecTB8HHUNH npoueccaNH. Oco6oe 

3HaqeHHe npHo6peTaeT yueHbW8HHe !pHHaHcHpQBaHHll Ha Hayqaue 

HCCJl8,llOBaHHll. 

B 3TOA CBll3H oco6ult HHTepec npe,llCTaBJilleT OllUT pa60TU Ha 

nyJibCHpy101UHX peaKTopax HBP B na6opaTOpHH HeATpOHHOlt !pH3HKH 

HM. H. M. oi>panKa, B oco6eHHOCTH ,ll8CllTHJieTHHll: OllUT 3KCnJiyaTaUHH 
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caworo sucoKonoTO'IHOro s 11Hpe, B To llCe speMR ca11oro ,newesoro 
HMnyn&cHoro HCToqHHKa He8TpOHOB peaKTOpa HBP-2. H,neg 

nyn&cHpyK>mero peaKTopa 6una npe,nnollCeHa n.H.BnoxHHuesuw s 

1955 r. , a yllCe s 1960 r. nepsu8 TaKo8 peaKTop 6un co3,naH B 

ny6Hec 11 . B ,nan&He8wew nMHTpH8 HBaHOBHq 6un HayqH!,111 

PYKOBO,ltHTenew H Henocpe,ncTBeHHUII yqacTHHKOM scex pa60T no 

nyn&cHpyK>mHw peaKTopaw s ny6He. Bnaro,napit n. H. BnoxHHuesy ny6Ha 

cTana po,1tHH08 Hosoro H nepcneKTHBHoro HanpasneHHR s o6nacTH 
C03,ltaHHR HCTOqHHKOB He8TpOHOB ,nnR ~H3HqecKHX Hccne,nosaHH8. 

B .naHHOM coo6meHHH c,nenaHa nonuTKa aHanH3a o6me8 cHTyaUHH c 

peaKTOpHUMH HCToqHHKaMH He8TpOHOB B MHpe H nepcneKTHB 

nyn&cHpyK>mHx peaKTOPOB. 

B cospeMeHH08 ~H3HKe He8TpOHU HCnonb3YKlTCR ,nnR H3yqeHHR 
~yH,naweHTan&HUX B3aHMO,ne8cTBHR (BpeMR llCH3HH He8TpOHa, HapyweHHe 

npocTpaHCTBeHH08 qeTHOCTH H CHMMeTpHH o6pameHHR speMeHH) H 

CTPYKTypu R,npa, HO 6onee WHpOKO B o6naCTH ~H3HKH 

KOH,lteHcHpOBaHHUX cpe,n, 6HonorHH, XHMHH, Hepa3pywaK>mero KOHTponR 

MaTepHanos H npowuwneHHUX H3,nenH8. 

Mo•Ho su,nenHTb cne,nyK>mHe KpynHue pa3,nenu s 3THX o6nacTitx: 

KpHcTannorpa~HR, 

awop~Hwe Tena, 

warHeTH3M, 

nosepXHOCTH 

llCH,ltKOCTH, 

H cnOHCTWe 

u:e116pauu, 

11aTep11anos, 

Heo6xo,nHMO 

6enKH, XH)(HqecKHe 

3neMeHTHU8 aHanH3, 
no,nqepKHYTb, qTo 

peaKUHH, nonHMepu, cTapeHHe 

BHyTpeHHHe HanpRllCeHHR, TeKcTypa. 

6on&WHHCTBO 3THX Hccne,nosaHH8 
H~npasneHO Ha H3yqeHHe He npOCTO CB08CTB HOBUX MaTepHanos, XOTR 

H 3TO sa:11mo, a HOBUX ~H3HqecKHX RBneHH8, KOTOpm,rn noCTORHHO 

CHa6:rraeT eCTCCTB03HaHHe ~H3HKa KOH,lteHCHposaHHUX cpe,n. 0,ltHHM H3 

nocne,nHHX npHu:epos pewaIOmea ponH He8TpOHOB s H3yqeHHH uosoro 

~H3HqecKoro RBneHHR MOllCeT cnyllCHTb paCWH~pOBKa CTPYKTypu 

BUCOKOTeunepaTypHUX csepxnpOBO,ltHHKOB. 

B nocne,nHee speMR B yKa3aHHUX o6nacTRX Hccne,nosaHH8 see 

6on&wee pacnpocTpaHeHHe nonyqaKJT HCTOqHHKH CHHXpOTpOHHoro CBeTa, 

rnaBHUMH ,ltOCTOHHCTBaMH KOTOpux RBnRKlTCR BUCOKaR cseTOCHna H 

nepecTpaHsaeMOCTb no 3HeprHH. 0,nHaKO 3TO He 03HaqaeT, qTo 
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HCTO'IHIIKH c1rnxpoTpOIU1Oro H3JIY'l8HHll DLITSCIISIKJT HeilTpOlm - 3TU ,nsa 

MeTO,lla llBJillIDTCll B3aHHO,llOIIOJIHllD~HMH. HeilTpOHll HM81:JT pn,n CBOiCTB, 

HeCOKl!eHHO Bll,ll8JlllDQUX HX cpe,nH ,npyrux 'laCTJUI, HCIIOJIL3Y8MlilC B 

¢JH3HKe KOH,lleHCHPOBaHHUX cpe,n, cpe,nn KOTOpux !pOTOHU, 3JIOKTpOHU, 

MDOIIU, llpOTOl!U. 

HeATpOHll D B81lt8CTBe HClll-lTllBalOT B3aHIIO,lle8CTBHll JtaK C ll,llpaMH, 

TaK II co CIIHHaHH 3JI8KTPOHOD aTOKOB. 0'18HL Ba~Hoe, o6cTOllT8JILCTDO 

COCTOIIT D TOH, 'ITO 3TH 83aHUO,lle8cTBHll llBJilllOTCll OTHOCHT8JILHO 

cna61am: HeATpOHll He HapywaDT CTPYKTYPY H XHIIH'l8CJrne CBORCT!la 

Be~eCTBa, Kalt 3TO npoHCXO,llHT, HanpH11ep, D !pOTO311HCCHH, IIO3TOUY 

npH Bl,l'IHCJieHHH ceqeHHll pacceSIHHll ,llOCTaTO'IHO orpaHH'IHTbCSI nepBNM 

nopll,llKOll TeopHH BO3Hy~eHHlL cna6oe B3aHHO,lle8CTBHe 06ycJiaBJI11BaeT 

H 60JILWYD rny6HHY npoHHKHOB8HHll neRTpOHOB B o6pa38U, D OTJIH'IHe 

OT !pOTOHOB, 'ITO 11O3BOJilleT HCCJie,llOBaTL 061,euHue CTPYKTypnue ii 

,llHHaHH'leCKHe CBORCTBa B 3KCnepHll8HTax no ynpyroKy H HeynpyroKy 

paccenHHIO. B TO ~e epellll HeRTpOHll 11O3BOJilllOT HCCJie,llODaTL H 

CBORCTBa noeepXHOCTeR, 'ITO llBJilleTC.11 cy~eCTB8HHllll ,llOIIOJIH8HH811 K 

HCCJie,noaaHH.1111 C IIOIIO~LIO peHTreHOBCKHX nyqeR, oco6eHHO 11arHHTHWX 

CHCTeu. AU!IJIHTy.na g,nepaoro paccellHHll onpe,neJIReTCll CBORCTBaUH 

ll,llepHUX CHJI H HHeeT H3OTOIIHYD 3aDHCHHOCTL. Mo:eT llllTL Tait, 'ITO 

H3OTOIIH o.naoro 3JI8H8HTa 6y,nyT Hll8TL a11nJIUTy.nu pa3Horo 3Haxa, 'ITO 

,naeT YHUltaJILHYI> BO311OlltllOCTL l~3OTOIIHOro KOIITpacTUpOBaHHll II 

uccne.nyeuou 06pa3ue. Kpoue Toro, a11nnnTy.na paccellHHll 11e 3&BHCHT 

OT aTOIIHOro HOHepa perynnpHLIH o6pa30K, KaK ,llJill !pOTOHOB. n?rKHe 

3JielieHTU:, HanpHKep 1O.nopo.n. HKSDT 3Ha'IHTCJILHO 6on1,wy10 

aunJIHTYAY, 'ITO 11O3BOJI.R8T HCRTpOHau 3(!lltleKTHBHO, B OTJIH'IHC OT 

!pOTOHOB, "BUCB8'1HBaTL" HX B CTPYKType. 

nepe'IHCJieHHHe CBORCTBa ,llOIIOJIHlll>TC.11 TCII 3&HC'laTeJILHHH 

OIJCTO.RTCJILCTDOH, 'ITO ,llJIIIHa BOJIHH TCIIJIOBHX H8liTpOHOD ;\ - 1-10 J!. H 

HX 3HeprH.R En= 1-100 113B B TO'IHOCTH COOTBCTCTBYl>T THIIH'IHHl4'. 

ue:aTOHHHH paCCTOllHHSIII D TBep.nwx Tenax II :H,llKOCT.RX H xapaltT8pHHU 

311.eprH.RH B036yQeHH8. Ta1mu o6pa30H, HCTO'IHHIC T811JIOBUX HCATpOHOB 

.naeT BO3HOlltHOCTL HCCJIC,llOBaTL H CTpy1tTypy, H ,llHHa1m1:y seinecTBa. 

BO311Ol!IHOCTH HCCJIC,llOBaHHA c neATponaun pacwHpHl>TCR Ha 6onee 
HHT8IICHBHHX HCTO'lllllltaX, IlpOHCXO,llHT 3TO 3a C'l8T He 

TOJILICO yseJIH'ICHHR cxopoCTH npose,neHH.11 3KCnepHHCHTOB, HO H 

OTKpLIBall!?UIXCR IIOBUlt BO3lfOllHOCTe8, It ICOTopuu UO:XHO OTll8CTII 

yaeJIH'ICHHe TO'IHOC.TH H3Uepe11nA, DO3UOlnlOCTL H3Y'ICHHll 06-.eKTOB 

216 



HaJIUX pa3Hepou, B03HOllHOCTb H3yqeHHR CJIOllHUX o6~eKTOB-H 0~~8KTOB 

C HaJIUlfH ceqeHHRMH pacceRHHR, 

aHaJIH30H nonRpH3aUHH HeATpOHa no 

npoueneHne 3KcnepHHBHTOB c 

H nocne pacceRHHR. Il03TOHY 

8CT8CTB8HHO CTpeHJIBHHe HeATpOHHoro C0061llBCTBa HM8Tb 6onee 

HHTBHCHBHUe HCTOqHHKH HeATpOHOB, 

B Ta6n.1 noKa3a11u 11aH6onee wnpoKo npHue11ReHue cnoco6u 

nonyqeHHR HeATpOHOB._ HCTOpHqecKH nepBUMH HHT8HCHBHUHH 

HCTOqHHKaMH HBATpOHOB 6UJIH Rnep11ue peaKTopw, B KOTopux 

OOCTORHHUA noTOK HeATpOHOB re~epHpOBaJICR B npouecce 

cauonpoH3BOJl&Horo neneHHR ypaHa. RnepHue peaKTopu c nocTORHHWK 

DOTOKOK HHBllT orpaHHqe1111R no B03110ll:HO nonycTHKOHY nOTOKy 

HBA!POHOB, o6ycJIOBJl8HHUe TBXHOJIOrHqecKHKH npHqHHaHH, CBR3aHHUKH 

rnaBHUK o6pa301( C OTBOAOH Tenna. B 3TOK CHUCJle onpeneneHHYll 

nepcneKTHBY OTKpUBallT HKnyn&CHWe peaKTOpH nepHOAHqecKoro 

neACTBHR, B KOTOpHX HOAYJIRUHR peaKTHBHOCTH nosuwaeT BHXOA 

TIOJl83HUX AJIR nyqKODHX HCCJIBAOBaHHA HeATpOHOB B 100-200 pa3 npH 

TOA ze cpen11eA HOlllHOCTH. 

, 8 CJIBAYlllllBK THne HCTOqHHKa HCOOJlb3YBTCR cpoToRnepHaR peaKUHR 

H JIHHeAHue 3Jl8KTpOHHU8 YCKOpHTBJIH. nocKOJlbKY B «poTORnepHOA 

peaKUHH BWXOA HBATpOHOB wan: 1 HeATpOH Ha 20 3Jl8KTJ?OHOB C 

3HeprHeA 100 M3B, TO AJIR noBWWBHHR BWXOAa 11eATpOHOB 3qxp8KTHBHWHH 

OKa3aJIHCI, pa311ll0Jml)IJ\aR MHW8Hb ( 6ycTep) II pa3KHOllalll!laR HHW8llb C 

KOAYJIRUHBA peaKTHBHOCTH (cynep6ycTep), AJIR C03AaHHR KOTOpux 6un 

HCTIOJl1,30DaH onUT pa6oTw HKDYJILCHoro peaKTOpa nep11onHqecKoro 

neACTBHR. 

Han6onee nponyKTHBH08 C Toqxu 3p8HHR npOH3BOACTDa HBRTpOHOB 

RBJIRCTCR peaKUHR HcnapeHHR C 

CHHXpOTPOHa: -30 HeltTpOHOB Ha 1 

HCOOJlb30B aHHCH npoTOHHOro 

npoTOH C 3HeprHeA -soo M3B. 

HcnOJIL30BaHH8 pa3KHOllall!llHX HHW8HeA 110ll8T ysennqHTb 

HeATpOHOI em.e npHH8pHo B 20 pa3. 

auxon 

co1peKeHH8R T8HA8HUHR I C03AaHHH BHCOKOTIOTOqHHX HCTOqHHXOB 

HeATpOHOB OpllOHTHpoBaHa Ha HCTOqHHKH HcnapHT8JlbHOro THna. 8 TO 

lie 1peHR pa3BHTH8 peaKTOpHUX HCTOqHHKOB coxpaHReT CBOI) 

a1tTyaJ11>HOCTI, no PRAY npHqHH. Bo-nepaux, npOTOHHUe CHHXpOTpOHW C 

Heo6xonHHUHH napaHeTpaHH RBJIRllTCR nocTaToqHo CJIOllHUHH H noporHHH 

11amHHa11H. BO-BTopwx, npa1tTHqec1taR peaJIH3aUHR IIHWBHHUX ycTpOACTB 

BUCO~OA KOlllHOCTH CTaJIKHBaeTCR C THnHqHJlllH peaXTOpHWHH 

npo6neuaHH, TaXHIIH Kalt OTBOA Tenna H panHaUHOHHaR CTOAKOCTb 
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Ta6nnna 1. Han60Jiee nmporco ncnOJihJyeMLie cnoco6h1 nOJiyqeHIDI aeirrpoaon AID! 

cpmnqecKHX HCCJie,!IOBaHHll 

Reaction Number of Examples Target Neutron flux, 
neutrons power,MW n·cm-2-s-1 

Fission -2/ fission HFR, Grenoble 57 2-1015 

Modulation of X 100-200 IBR-2, Dubna 2 1016 
reactivity, reflector ·(pulsed) 

( e;y), (y .n) in a heavy -5· 1 o-2 /1 oo MsB ORELA, 0.05 1.3-1014 
metal target Oak Ridge 

Multiplicating target, x20 IBR-30, Dubna 0.oJ 5.1014 
Pu IREN,Dubna 0.01 1015 

(project) 

Proton spallation -30/S00MsB ISIS, London 0.2 1.3-1015 

Multiplicating target x20 IN-0.6, 2 2-1016 
233u Moscow 

(project) 

KOHCTPYKUHH, onpeaenlleMall IlJIOTHOCTbD IlOTOKa 6HCTpHX HeATpOHOB n 

cneKTpe aKTHBHOA 30HH HJIH NHWeHH. H, HaKOHeU, B nacTollmee BpeMll 

HNeeTCll eme aocTaToqHQ HHOro pa6oTaDmHx peaKTOpOB, HNeDmHX 

nepcneKTHBH pa3BHTHll, nanee NH pacCNOTPHN coepeNeHHOe COCTOllHHe 

peaKTOpHHX HCTQqHHKOB HeATpOHOB anll ~H3HqecKHX HccneaoeaHHA. 

3. PeaKTopw c DOCTOllHHUN DOTOKOK 

(_ 

0 peaKTopax c DOCTOllHHUN DOTOKON HNeeTCll ,more o63opHHX 

uaTepHanoe.aypnan "Neutron News" HaqHHall .c 1990 roaa perynllpHo 

ny6JIHKyeT noapo6HHe o63opw O HeATpOHHHX HCTQqHHKax. Ha 

Mez.nyHapoaHoA KOH~peHUHH no paccellHHD HeATpOHOB B Bow6ee B 1991 
roay 6HJIH npeacTaBJieHH o63opu o peaKTopax A3HH[ 2 lH Eeponu[ 3 l , a 
TaKllte SIDOHHH[ 4], POCCHH[S, 61 H CDIA[ 7 , Bl, OTCHJiall qHTaTeJill 3a 

aeTaJillNH K 3THN ny6JIHKaUHllN, 3aecb NH o6cyaHN KaqecTBeHHYD 

KapTHHY H TeHaeHUHH. 
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I HaH6onLwee 'IHcno peaKTOpoB 6uno co3,naHo B nepHo.n c 1955 no 
1960 rr. 3To 6unH peaKTopu nepBoro no1toneHHll, 1t0Topue 

C03.!{8BanHCL .nn11 o6ny'leHH8 H pa,nHaUHOHHHX Hccne,nOB8HHlL nocne 
1960 r. HaqanocL co3,naHHe pea1tTopoB BToporo noKoneHHll, 1t0Top1,1e 
yze npe,nHa3H8'1anHCL Kalt .nn11 pa,nHaUHOHHHX Hccne,noBaHHA, Tait H . .nn11 
Hccne,noBaHHA Ha ueATpOHHHX ny'IKax. nepBHA peaKTOp TpeTLero 
no1toneHHll, T.e. pea1tTOp, npe,nHa3Ha'leHHH8 ,nnll ny'IKOBHX 
Hccne,noBaHHA, 61,1n C03,naH B 1965 r. B BpyKxeABeHe - pea1tTOp HFBR 
HO~HOCTLD 60 MBT. IlpHHepHo .no 1960 r. ysenH'leHHe OOTOlta 
HeATpOHOB npoHcxo,nHno B TOA ze CTeneHH, 'ITO H ysenH'leHHe 

HOIIUIOCTH peaKTOpOB, 38TeH ,nanLHeAwee ysenH'leHHe OOTOKa HeATpOHOB 
cTano onepezaTL ysenH'leHHe HOIIUIOCTH pea1tTopos. 3To onepezeHHe 
Ha'lano npo11sn11TLc11 oco6eHHO c Ha'lana 70-x ro.nos, 1tor.na cTanH 
3«pq>eKTHBHO HCOOnL30BaTLCll peaKTopu TpeTLero no1toneHHll, TaKHe Kalt 
HFR B ILL ( rpeHo6nL, 41paHUHll) , ORPHEE B LLB ( Ca1tne, 41paHUHll) , 

HP-8 B PO~CHACKOH Hay'IHOH ueHTpe "Kyp'laTOBCKHA HHCTHTYT" 
(MOCKBa, POCCHll), HBP-2 RH~ OHRH (ly6Ha, POCCHll) H ,llp. 

B HaCTOll~ee Bp8Hll B HHpe pa6oTaeT OKono OllTH,neCllTH 
Hccne,noBaTenLCICHX pea1tTOpOB, Ha ltOTOpHX npoBO,llllTCll ny'IKOBWe 
Hc,cne.noBaHHll. IlpH 3TOH !SonLWHHCTBO H3 HHX - 3TO peaKTOpW, 
npopa!S0Taaw11e 6onee 30 neT, 'ITO !SnH3KO K ecTeCTBeHHOHY apeHeH11 
ZH3HH peaKTOpa, T.e. (SonLWHHCTBO peaKTOpOB HyQaDTCll I 

uo,nepHH3aUHH HnH 3&HeHe Ha HOBHe. 
B KOHe'IHOH C'leTe 3«pq>eKTHBHOCTL pa60TY peaKTopa onpe.nen11eTCH 

pa!SOTOA 3KcnepHH8HT&nLHHX ycT&HOBOK. B Ta!Sn.2 npHae.neHY npHHepu 
peaKTOpOB Tp8TLero no1toneHHll H 'l&CTH'IHO BToporo, OpHCHTHpOB&HHWX 

B ocHOBHOH Ha ny'IKOBHe Hccne,no1aH1111. H3HepHTenLJUJe npH6opu 
,neJiliTCR cornacno o6utenpHHRTo8 xnacc1111)H1t&UHH Ha OHTlt nmo1: 
,nHq,pa1tT011eTpH .nn11 ynpyroro H .n11q>qiy3Horo ynpyroro pacce1111Hs, 
ycTaHOBKH .nn11 uanoyrnoBoro pacceHHHll, peqi,Jo1tT0HeTpw, 

cnexTpoHeTpH .nn11 Heynpyroro II o!SpaTHoro pacce11HHJ1 H cneuuanLHYe 
npH!Sopw. nocne.nHHe BKnoqam B ce!S11 see, 'ITO ue nxo.nHT a 
npe.nu.nyll{He 'IOTUpe K&TeropHH. YCT&HOBICH .nn11 o!Sny'IOHIIA H 
&ltTHD&UHOHHOro aHanH3a 3,llQCI, He paccKaTpHB&DTCll. 

Kalt BH.nHo H3 3T08 Ta6nuuu, H&H6onee 3«pq>eKTHBHUHH no BC8K 
OOlt&SaTennH RBnllDTCll pea1tTopu HFR cpe,nH pealtTOpOB BUCOICOA 
IIOIIUIOCTH H pe&ltTOp ORPHEE - cpe,llH peaxTopoa cpe.n11eA HOl!UIOCTH. 
PeaKTOp HFR HHOOT· HaH!SonLWHA a!SconoTHHA H y.nenLHUA (npHBO,lleHHUA 
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1956-60 1961-65 HFR-ILL ORPHEE IBR-2 1991-95 

PHc.l. qHCJIO npu6opoB (I), TeIIJI0BruI M0ll{H0CTb (P) u np0H3Be,!leHHe 

I* IIJIOTH0CTb IlOTOKal p ycpe,11HeHH0ro peaKT0pa B pa3Hble nepH0,!lbl BpeMeHH B 

cpastteHHH c peaKTopaMH HFR, ORPHEE H HEP-2 

IBR-2 
FLNP, JINR 
Dubna, M.R., Russia 

<W> =2 MW 16 2 
pulse: 1500 MW, 10 h/cmi'sec 
Rep. rate: 5 Hz 

PHc.2. IlpHHQHilHaJibHruI cxeMa HMnyJibCH0ro peaKT0pa nepH0,!IH'l:eCK0ro ,11eli:CTBIDI 

HEP-2 
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K MOIUHOeTH) IlOTOK He8TpOHOB H HaHCioJiee pa3BHTYIO HH!ppaeTpyKTYPY 

JtJIH npoBe.zteHHH 3KenepHMeHTOB. OpraHH3aUHH pa60TU ILL MOEeT 

eJiyEHTb xopoWHM npHMepoM Mem.ztyHapo.ztHOro eOTPY.ltHH'leeTBa. KeTaTH 

roBOpH, O.ztHa H3 oeHOBHUX npH'IHH yenexa ILL eoeTOHT B TOM, 'ITO B 

3TOM HHeTHTyTe Ka~ue 10-12 JieT o6HOBJIHIOTeH H3MepHTeJibHUe 

npH6opu, 'ITO, XOTH H Tpe6yeT 6oJibWHX 3aTpaT, o6eene'IHBaeT 

BUeOKH8 ypoBeHb Heene.ztOBaHH8. PeaKTOp ORPHEE, TaK me, KaK H 

peaKTOp HP-8, HBJIHeTeH, IlO-BH.ItHMOMY, OilTHMaJibHUM JtJIH peaKTOPOB 

epe.ztHe8 MOIUHOeTH H MOEeT eJiyEHTb xopOWHM npHMepoM opraHH3aUHH 

pa6oTU HaUHOHaJibHOro ueHTpa. 

KpoMe TeXHH'leeKHX xapaKTepHeTHK Bee&Ma eymeeTBeHHUM 

noKa3aTeJieM HBJIHeTeH eTOHMOeTb yeTaHOBOK, CTOHMOeTb peaKTOpa B 

3Ha'IHTeJibH08 Mepe onpe.zteJIHeTeH ero epe.ztHe8 MOIUHOeTblO, Il03TOMY 

yeJIOBH08 xapaKTepHeTHK08, onpe.zteJIHIOIUe8 eTOHMOeTb npoH3BO.ltHMOro 

He8TpOHa, MOEHO e'IHTaTb OTHOWeHHe IlJIOTHOeTH IlOTOKa K epe.ztHe8 

MOIUHOeTH. YeJIOBH08 xapaKTepHeTHK08 scp!peKTHBHOeTH HeilOJib30BaHHH 

HeTO'IHHKa MOEeT enymHTb 3TO OTHOWeHHe, YMHOEeHHOe Ha 'IHeJio 

3KenepHMeHTaJibHUX yeTaHOBOK. Ha pHe.1 IlOKa3aHU 3TH 

xapaKTepHeTHKH .ztJIH "yepe.ztHeHHOro" peaKTOpa B pa3HUe nepHO.ltU 

BpeMeHH H JtJIH peaKTOpOB HFR, ORPHEE H HBP-2. PHe. 1 HarJIH.ltHO 

IlOKa3UBaeT npeHMyIUeeTBa peaKTOpOB HFR H ORPHEE epe.ztH 

eTaUHOHapHUX peaKTOpOB, no o6eym.ztaeMUM noKa3aTeJIHM 3aMeTHO 

BU.zteJIHeTeH peaKTOp HBP-2, Il03TOMY MU o6ey.ztHM ero OT.zteJibHO B 

eJie.ztYIOIUeM pa3.ztene. 

HTaK, Ha nepBu8 B3rJIH.It KameTeH, 'ITO 'IHeJio peaK~OpOB B MHpe 

.ztOeTaTO'IHO BeJIHKO, 0.ztHaKO He Bee H3 HHX BilOJIHe YJtOBJieTBOpHIOT 

Tpe6oBaHHHM eoBpeMeHHUX yeTaHOBOK JtJIH !pH3H'leeKHX HeeJie.ztOBaHH8. 

noene eo3.ztaHHH nepBoro eneuHaJIH3HpoBaHHoro peaKTopa TpeTbero 

IlOKOJieHHH HFBR ( BNL, BpyKxe8BeH) B 1965 ro.zty 6UJIO npHHHTO B 

3KenJiyaTaUHIO JIHWb OKOJIO .zteeHTKa eoBpeMeHHUX peaKTOpOB TaKoro ~e 

THna. B ueJIOM, HeeMOTpH Ha Bee&Ma pa3BHBWHeeH B noeJie.ztHHe ro.ztu 

epe.zteTBa IlOBUWeHHH scpcpeKTHBHOeTH HenOJib30BaHHH peaKTOPOB 

3aMe.ztJIHTeJIH, He8TpOHOBO.ItHUe eHeTeMu, eoBpeMeHHue eneKTpOMeTpu, 

'IHeJIO eoBpeMeHHUX peaKTOPOB .ltJIH !pH3H'leeKHX HeeJie.ztOBaHH8 B MHpe 

HBHO He.ztoeTaTO'IHO .ltJIH Y.ztOBJieTBOpeHHH Bee B03paeTalOIUHX 

IlOTpe6HOeTe8 !pH3HKOB, CiHOJIOroB, XHMHKOB H MaTepHaJIOBe.ztOB. 
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4. HllllfJibCHWe peaxTopw 

HCTOpHH HKllfJibCHWX peaxTopos 6epeT csoe uaqaJIO c 1945 roAa, 
co speKeH MaHX3TTeHCKoro npoexTa. BWAeJIHDT TpH Tuna HKnfJibCHWX 

peaKTopos[ 9l: HKnyJibCHWe peaKTOpW cauoracgmero AeACTBHH (HPCn). 

HKnfJibCHWe peaxTopw nepHOAHqecxoro AeACTBHH (HPnn> u 6ycTepw. 
Hau6onee pacnpocTpaueuw peaxTopw nepsoro THna, rnasuwu 

o6pa30K AJIH paAHaQHOHHWX HCCJieAOBaHHA no npaqaue B03KOZHoro 
orpouuoro nHKOBoro nOTOKa. B CHCTeKaTuqecKHX nyqxoswx 

HCCJIBAOBaHHHX TaKHe peaxTopw H3-3a anepHOAHqHOCTH HKnfJibCOB H, 
COOTBeTCTBeHHO, HH3KOro cpeAHero noTOKa, HCDOJib3fDTCH PBAKO. B 

xaqecTBe npHKepa HCnOJib30BaHHH csepxuomuoro HPcn KOZHO npHBeCTH 
3KCnepHKBHT no H3KepeHHD speKeHH ZH3HH Ha ycTaHOBKe AJIH 

fJibTpaXOJIOAHWX ueATpOHOB C peKOPAHOA OJIOTHOCTbD AO 105 

H/CK3,rOTOBHmHACH B BHHH3~ (Ap3aKac-16, POCCHH) Ha peaKTope BHrP 
rpynnoA H3 JIH~ uu. ~pauxa. ( nJIH cpasueirnH, ua HCToquuxe ILL oua 
COCTaBJIHJia 102 HICK3). HCKJIDqeuHe COCTaBJIHDT peaKTOPW THna TRIGA, 
KOTopwe HKBDT 6oJibWOA, npaxTuqecKH uruoseHHWA OTpHUaTeJibHWA 
TeKnepaTypuwA K03qxJlHUHeHT, qTo o6ecnequsaeT BWCOKYD CTeneHb 
6e3onacuocTH. Il03TOKY 3TH peaxTopw noJiyqHJIH wupoxoe 
pacnpocTpaueuue. nepswA peaKTop TRIGA I uaqaJI pa6oTaTb s 1958 r. 

B CUIA, B HaCTORmee speug TaKHX peaKTopos B uupe 65 H 

HCOOJib3YDTCH OHH rJiaBHWK o6pa30K B pezuwe uenpepwsuoro AeACTBHR, 
a Taxze s yqe6uwx neJIRX. 

HAeR uunyJibCHoro peaxTopa nepHOAHqecxoro AeAc'TBHR 6wJia 
npe,llJIOZeHa B 1955 r. B 06HHHCKe (POCCHH)c 101 . PeaKTOp uaqaJI 

coopyzaTbCR B ny6ue B 1957 rOAY noA PYKOBOACTBOK n.H.BJIOXHHQesa, 
au· 6wJI BBeAeH B 3KCnJiyaTaUHD 23 HDHR 1960 r. Ha cpeAHeA uomHOCTH 
1 KBT H c qacTOTOA nosTopeHHSI ueATpOHHWX HKnyJibCOB OT 5 AO 50 

rn~ 1l. C 1964 roAa peaKTOP HBP uaqaJI HCnOJib30BaTbCR KaK 
cpoTORABPHWA cynep6ycTep. T. e. peaKTOp HrpaJI pOJib pa3KHOZaDui.eA 
KHWBHH C KOAYJIRUHeA peaKTHBHOCTH B KOMnJieKce C ycxopuTeJieK 

3JieKTpOHOB. B 1969 r. uomHOCTb peaKTOpa 6wJia AOBeAeHa AO 25 KBT, 

H ycxopHTeJib 3aKeHeH Ha JIHHeAuwA ycxopHTeJI& 3JieKTpOHOB C 
3HeprueA 40 M3B, YcTauosxa nonyquJia ua3sauue HBP-30. c 1986 r. 

HBP-30 pa6oTaeT 6e3 KOAfJIRUHH peaKTHBHOCTH, T.e. KaK cpoTORABPHWA 
HCToqHHK C pa3KHOZaDmeA KHWeHbD ((SycTep) cocpeAHeA uomHOCTbD 10 
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KBT H nJIOTHOCTbD noTOKa TenJIOBUX He8TpOHOB B HMnyn&ce 

5'10
14

H/CM
2

c npH WHpHHe HMnyn&ca 3-4 MKC. 

B 1984 I". . B .ny6He 6un npHHllT B 3KCnnyaTa[tHD HOBU8 

HMnyJibCHU8 peaKTOp HBP-2, OTJIHqaDmH8Cll no KOHCTPYKltHH OT nepBOl'O 

HBP H ,llaDmH8 npH cpe,llHe8 MomHOCTH 2 MBT peKOPJtHU8 nOTOK TenJIOBUX 

He8TpOHOB B HMnyn&ce C noeepXHOCTH 3aMe,llJIHTeJill: 1016 H/cM2 C.3TOT 

peaKTOp TaKxce C03,llaBaJICll no,ll PYKOBO,llCTBOM .n. H. 6JIOXHH[teBa, 

KOTOpu8 JtO nocJie,llHHX ,llHe8 lKH3HH yJteJillJI euy 6oJibWOe BHHMaHHe. 

npHHitHnHaJibHall cxeMa peaKTOpa HBP-2 noKa3aHa Ha PHC.2. AKTHBHall 

30Ha peaKTopa o6'beMOM 22 JI CO,llepllCHT 82 Kl' JtBYOKHCH nnyTOHHll. 

MOJtYJill[tHll peaKTHBHOCTH ocymecTBJilleTCll CTaJibHUM nOJtBHlKHUM 

OTpaxcaTeJieM, COCTOllmHM H3 JlBYX epamaDmHXCll C pa3HUMH CKOpOCTllMH 

(1500 H 300 06/MHH) qacTe8. KOl',lla o6e qacTH OTpaxcaTeJill npoXO,llllT 

30HY, l'eHepHpyeTCll HMnyJibC MOmHOCTH (1500 MBT). IlpH pel'yJillpHOM 

pelKHMe pa60TU peaKTopa - 2500 qacoB B l'O,ll Ha 3KCnepHMeHT - cpOK 

pa60TU 30HU 6e3 3aMeHU TOnJIHBa COCTaBJilleT He MeHee 15 JieT, 5-7 

JieT - cpoK 3KCnJiyaTa[tHH no,llBHlKHOl'O OTpallCaTeJill. TaKHM o6pa30M, 

peaKTOp HBP-2 llBJilleTCll oqeHb .1teweeo8 H 3KOHOMllqHo8, · qTo 

onpe.1teJIS1eTCll cpe.1t11e8 MomHoCTbD, H, KaK noKa3aJI omn 10-JieTHe8 

pa6oTU, npOCT08 H 6e3onacHo8 B 3KCnJiyaTa[tHH MaWHH08. 

Tenno;u3uqecKHe xapaKTepllCTHKH H KHHeTHKa peaKTOpa THna HBP 

oqeHb 6JIH3KH K TaKOBUM y peaKTOpOB CTa[tHOHapHOl'O .1te8CTBHll. 

Il03TOMY HPil.ll CTOllT K HHM l'Opa3,ll0 6JIHlKe, qeM HPC.ll, H B 3TOll 

CMUCJie 6oJiee npaBHJlbHO 6UJIO 6u Ha3UBaTb HX nyJibCHPYDmHMH 

peaKTOpaMH. 

HMell caMU8 BUCOKH8 B MHpe noTOK TenJIOBUX 11e8TpOHOB B 

HMnyn&ce, peaKTOp HBP-2 ycTynaeT HcnapHTeJibHUM HCTOqHHKaM 

He8TpOHOB no WllpHHe HMnyJI&ca c-300 MKC), qTo qacTO on1eqaDT B 

HMnyJibCHOl'O 

xapaKTepHCTHKa HCToqHHKa BJIHlleT 

peaKTopa, nocKOJibKY 9Ta 

Ha pa3pewaDmyD cnoco6HocTb 

H3MepHTeJibHUX npH6opOB. 0,llllaKO pa3BHTHe TeXHHKH 9KCnepHlleHTa Ha 

peaKTOpe HBP-2 noKa3UBaeT, qTo C03,llaHHe COBpeMeHHUX npH6opoB 

n03BOJilleT noJiyqHTb pa3peweHHe Ha YPOBHe nyqwux HMnyJibCHUX 

HCToqHHKOB KaK JtJill ynpyl'Ol'O, TaK H ,llJill Heynpyl'Ol'O paccellHHll. B 

no,llTBeplK,lleHHe MOlKHO npHBeCTH pe3 y Jib Ta TU H3MepeHHl!: ynpyl'Ol'O [ 11 ] 

(pHC.3) H Heynpyl'Ol'0[ 121 (pHC.4) paccellHHll, npoBe,lleHHUe Ha O,llHHX 

H Tex xce o6pa3itax Ha HBP-2 H ISIS - O,llHOM H3 Jiyqwux cpe,llH 

HcnapHTeJibHUX HCTOqHHKOB (Ra6opaTOpHll HM.Pe3ep;op,lla-AnnJieTOHa, 
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BenHKo6pHTaHHH). ~nH Manoyrnosoro pacceHHHH H pe~neKTOMeTpHH 

WHpHHa He8TpOHHOro HMnynbca He HBnHeTCH onpe'AenHDllle8. 

Oco6eHHO BallCHllM 6uno CO3'AaHHe ~ypbe-'AH~paKTOMeTpa BllCOKoro 

pa3peweHHH[ii] (~~BP), pocKOnbKY 'AH~paKTOMeTpHH HBnHeTCH 

HaH6onee npO'AYKTHBHllM HanpasneHHeM Hcnonb3OBaHHH HMnynhCHllX 

HCTOqHHKOB,-qj HaCTOHlllee speMH s MHpe HMeeTCH TPH npH6opa TaKoro 

Knacca - 3TO HRPD Ha ISIS, DN-2 Ha HFR H ~~BP Ha HBP-2. 

BO3MOJICHOCTH nynhCHPYDlllHX peaK~OpOB 'AaneKO He HcqepnusaDTCH 

napaMeTpauH peaKTOpa HBP-2. OnllT CO3'AaHHH H 3KcnnyaTaUHH TaKHX 

peaKTO~OB B ~y6He noKa3llBaeT, qTo IlO'A06HaH ycTaHOBKa MOllteT 6UTb 

cnpoeKTHposaHa c nyqwHMH, qeM y HBP-2, xapa~TepHCTHKaMH, KaK 

He8TpOHHO-~H3HqecKHMH, TaK H 3KcnnyaTaUHOHHllMH[t3 ]_ HanpHMep, B 

HaCTOHlllee npeMH roTOB K peanH3aUHH npoeKT HOBoro IlO'ABHllCHOro 

oTpaJKaTenH H3 HHKenesoro cnnasa, 

6Y'AYT spamaTbCH HaBcTpeqy 'Apyr 

y KOToporo IlO'ABHllCHlle qacTH 

'Apyry H KOTOpll8 IlO3BOnHT 

ysenHqHTb noTOK B 'ABa pa3a npH yMeHbWeHHH B nonTopa pa3a WHpHHll 

HMnynhca. 

TaKHM o6pa30M, OilllT 3KcnnyaTaUHH peaKTOpOB TRIGA H HBP-2 

noKa3UBaeT, qTo B pacnopHllCeHHH ~H3HKOB HMeDTCH 'Aewesue, 

6e3onacHlle H 3qxpeKTHBHlle HMnynhCHlle HCTOqHHKH He8TpOHOB. 

Oco6eHHO 3TO OTHOCHTCH K BllCOKOilOTOqHoMy peaKTopy HBP-2, KOTopua 

no CBOHM BO3MOJICHOCTHM secbMa 6nH30K K HcnapHTenhHllM HCToqHHKaM 

He8TpOHOB H MOJKeT cnyJKHTb xopOWHM K HHM 'AOilOnHeHHeM. Bonee Toro, 

onllT _ pa60Tll peaKTOpa HBP-2 noKa3llBaeT, qTo WHPHHa He8TPO,HHOro 

HMnynbca He HBnHeTCH CTOnb KpHTHqHllM napaMeTpOM B 'AOCTHllCeHHH 

KaqecTsa HCToqnHKa H eD snonHe MOJICHO noJKepTBOBaTb 'AnH 'AOCTHJCeHHH 

6onee BllCOKoro noTOKa. Haw OilllT noKa3UBaeT, qTo sunonHHeTCH 

npe'AnonoJKeHHe[t 4 ] O TOM, qTo 'AnH H'AeanbHO CKOHCTpyHpOBaHHllX 

npH6opos, Tpe6yDlllHX He8TpOHHO8 MOHoxpowaTH3aUHH, ycpe'AHeHHH8 no 

speweHH He8TpOHHll8 noTOK 'AnH HMnynhCHllX wawHH paseH HX nHKOBOMY 

noTOKY. 0611lH8 BllBO'A COCTOHT s TOM, qTo HMnynhCHlle HCTOqHHKH 

He8TpOHOB C 6onbW08 WHPHHO8 HMnynbca MoryT OKa3aTbCH HaH6onee 

nepcneKTHBHllNH BBH'AY HX BllCOKOnOToqHOCTH H OTHOCHTenbHO8 

'AeWeBH3Hll. K TaKHM HCTOqHHKaM MU OTHOCHM nynhCHPYl>lllHe peaKTOpll 

THna HBP H HCnapHTenbHlle HCTOqHHKH Ha 6a3e nHHe8HllX npoTOHHllX 

YCKOpHTenea. 
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5. o6o3pHMWe nepcneKTHBW 

o6mee qHcno peaKTOpOB B MHpe yMeHbwaeTCH, H 3Ta TeHaeHUHH 

coxpaHHTCH, ITOCKOnbKY 6onbWHHCTBO pa6oTaDmHX peaKTOPOB yxe 

npH6nHJKaDTCH K ecTeCTBeHHOMY OKOHqaHHD cpoKa 3KCITnyaTa!lliH·. MOJKHO 

oJKHaaTb, qTo H3 cymecTBYDmHx peaKTopoe nocne 2005 roaa 

coxpaHHTCH peaKTOPH ORPHEE (~paHUHH), DHRUVA (HHaHH), BER-2 

crepMaHHH), JRR-3M (HITOHHH), BRR (BeHrpHH), HFR (~paHUHH), MARIA 

(nonbwa), HBP-2 (POCCHH).H3 HHX weCTb pacnonoJKeHH B Eepone H aea 

B A3HH, 

B Eepone B KOHUe 3Toro roaa CHO Ba aomKeH 

<PYHKUHOHHpOBaTb nocne peMOHTa peaKTOp HFR (ILL). OH coxpaHHT 

CBOH nHaHpyDmHe IT03HUHH KaK Me~ayHapoaHH8 ueHTP eme neT 10-20. B 

cne~yDmeM roay, ITO-BHaHMOMY, HaqHyT pa6oTaTb He8TpOHHHe 

HCTOqHHKH HCITapHTenbHoro THna C ITOCTOHHHHM ITOTOKOM SINQ B PSI 

(BHnnHreH, Wee8uapHH[J]) H HMnynbCHH8 HCTOqHHK Ha nHHe8HOM 

npOTOHHOM ycKOpHTene MOCKOBCK08 Me30HH08 cpa6pHKH (HHCTHTYT 

HaepHHX HccneaoeaHH8 POCCH8CK08 aKaaeMHH HayK, TpOHUK, 

PodcHH[l 5 l). YnyqweHHH napaMeTpoe (noeuweHHe noToKa H yweHbWeHHe 

WHPHHH HMnynbca) MOJKHO OlKHaaTb OT 3annaHHPOBaHH08 woaepHH3aUHH 

peaKTopa HBP-2 B 1997-1998 rr. B 6onee aaneKo8 nepcneKTHBe 

MOlKHO paccqHTHBaTb Ha pa3pa6aTHBaeMue B HaCTOHmee BpeMH 

EBponefiCKHe npoeKTH HMnynbCIIHX HCToqHHKOB HcnapHTenbHOro THITa 

AUSTRON HESS. 

K COJKaneHHD, OCTaeTCH He peanH30BaHHHM npoeKT peaKTopa ITHK 

B raTqHHe (POCCHH)[S)_ 3TO npoeKT COBpeMeHHOro peaKTOpa TpeTbero 

ITOKoneHHH, paccqHTaHHoro Ha MOmHOCTb 100 MBT, ITOTOK He8Tp0HOB 

4,5 x10 15HICM2 c, C aByMH xonoaHHMH H aBYMH ropffqHMH HCTOqHHKaMH, 

3KcnepHMeHTanbHHM (OKono peaKTOpa) H He8TpOHOBoaHHM 3anawH C 

o6mHM B03MOlKHHM . qHcnoM ycTaHOBOK ao 50. B HaCTOHmee BpeMH 

BHITOnHeHo ITPHMepHo 807. Bcex pa60T c yqeTOM HOBHX Tpe6oBaHHA no 

6e30ITaCHOCTH, BBeaeHHHX B POCCHH nocne 1986 r. EcnH 6u npoeKT 

6un 3aeepweH ( anH 3Toro Heo6xoaHMO oKono 30 wnH. aonn. CWA), 

peaKTop ITHK Mor 6u HrpaTb ponb eepone8cKoro He8TpOHHoro ueHTpa, 

yqHTHBaH ero yao6Hoe pacnonoJKe11He (40 KM OT CaHKT-ITeTep6ypra co 

cTopoHH MeJKayHapoaHoro a3ponopTa) H 11anHqHe 

BHCOKOKBanHq>HUHPOBaHHoro H oqeHb OITHTHOro KonneKTHBa ITHH~ PAH. 
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qTO KacaeTCR peaKTOpOB cpenHe8 MOllJ.HOCTH, TO MOB:HO o:a:HnaTb 
nan&Hel!.wero 

OTMe'leHHUX 

pacwHpeHHR MeJK.nyHaponnoro COTpynHH'leCTBa Ha 
BUWe ~~aKTopax C uenbll COBepweHCTBOBaHHR HX 

t5onee 3~8KTHBHOrO HCnOnb30BaHHR. H3 HOBUX HH~pacTpyKTypu H 

npoeKTOB 

peaKTopa 

C y'leTOM 

BeCbMa npHBneKaTenbHUM RBnReTCR npoeKT coanaHHR 

Ha 20 MBT B rapxHHre (MllHXeH, repMaHHR), paapat5oTaHHUl!. 

onuTa peaKTOpa ORPHEE. B03MO~HO, 'ITO Bonpoc O ero 

coananHH p~WHTCR B 3TOM rony. 

B· ClllA nepcneKTHBa pa3BHTHll HccnenoBaHHl!. Ha peaKTOpax 

CBR3aHa C COBepweHCTBOBaHHeK cym.ecTBYlllll.llX peaKTOpOB H C npoeKTOII 
Advanced Neutron Source (ANS)[B] B OK-PHn:a:e, npencTaBnR1>m.eu 

cot5ol!. TR:a:enoBonHHl!. peaKTOp c KOlll.HOCTbll 350 MBT H noTOKOM 

TennOBUX Hel!.TpOHOB no 1016H/cw2 c. HOBHl!. peaKTOp t5yneT HHeTb 
noTOK B 10 pa3 Duwe, 'leK HKeeT cym.ecTBYllllJ.Hl!. B OK-PHn:a:e peaKTOp 
HFIR, H B 5+6 pa3 BUWe, 'leK HMeeT peaKTOp HFR B rpeHo't5ne. no 

CBOeKy Ha3Ha'leHHll peaKTOp ANS RBnReTCR MHoroueneBUK, HO 

t5naronapg BUCOKOl!. IIOlll.~OCTH H nnoTHOCTH noTOKa OH t5yneT B 

COCTORHHH ot5ecne'IHTb HCCnenoBaHHR t5onee 'lell 1000 nonb30BaTenel!. B 

ron. CTOHKOCTb npoeKTa oueHHBaeTCR B ueHax 1992 rona B 1500 MnH. 

nonn. ClllA. HweeTCR em.e HecKon&Ko npenno:a:eHHl!. no coanaHHll 
peaKTOpa THna HFR ILL H HKnyn&cHoro IICTO'IHHKa HcnapHTen&Horo 

THna MOlll.HOCTbll 1 H 5 MBT. XOTR Bee 3TH npenno:a:eHHR HaxonllTCR B 
CTanHH pa3 pat50TOK, RCHO, 'ITO B ClllA D t5nHiral!.wHe ronu nomirna 

Ha'laTbCll peanH3aUHll HOBHX npoeKTOB Hel!.TpOHHUX HCTO'IHHKOB, .T. It. 

cym.ecTBYIOlll.He peaKTopu t5unH npHHRTU B 3KcnnyaTaUHll B cepenHHe 
60-x ronoB . 

e· KaHane npeot5nanaeT Koauenu1111 Hcnon&aoBaHHR ueli,llyaaponaux 

weraycTaHOBOK npH HanH'IHH cot5CTB8HHUX onHoro-nBYX peaKTOpOB 
cpenHero 1tnacca. PaccuaTpHBallTCR nBa npoexTa: wonepHH3aUHR 

peaxTopa MNR c yBenH'leHHell IIOllJ.HOCTH no 12 MBT, 'ITO t5yneT CTOHTb 

OT 70 unH. no 120 HnH. nonn. ClllA, H aaKeHa peaxTopa NRU B 
qoK-PHBepe Ha HOBUl!. peaKTOp c MOlll.HOCTbll 20 MBT, 'ITO t5yneT CTOHTb 
150 - 200 11nH. nonn. ClllA. 

B A3HH Hel!.TpOHHUe HCCnenoBaHHR B 6nH:cal!.w11e ronu t5ynyT B 

3Ha'IHTenbHOA uepe KOHUeHTpHpoBaTbCR Ha peaKTopax JRR-3H 
(To1taH11ypH) H DHRUVA (Bout5el!.). qTo·xacaeTCll HOBUX npoeKTOB, TO B 

.llnOHHH ot5cyJ[JtallTCR nor.a npoexTu HCTO'IHHKOB Ha OCHOBe 
ycxopHTenel!.. 
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B ASCTpaJIHH o6cy~allTCR nJiaHl:l peKOHCTPYKUHH cyw.ecTSYllll(ero 

peaKTOpa H C03,llaHHR HOSoro HCTQqHHKa. 

B ErHnTe HaqaTU pa6oTU no C03,llaHHIJ Hosoro 

HCCJie,llosaTeJibCKOro peaKTOpa MOmHOCTbll 22 MBT s opraHH3aUHH 

ATOHHOR 3HeprHH s KaHpe. 

HTaK, HaH6onee no.11roTosneHa K nepexo.11y Ha cne.11y1JmHR :nan 

pa3SHTHR (nocJie 2000 ro.11a) peaKTOpHUX HCTQqHHKOS HeRTpOHOS 

Espana, r.11e s 70-80-e ro.11u npoH30WJio cymecTseHHOe pa3SHTHe xax 

pea1tTOpHoR TeXHOJIOrHH, Tait H MeTO,llHKH 3KCnepHMeHTa. XOTR H 3,lleCb 

Tpe6yllTCR 3HaqHTeJibHUe YCHJIHR ,llJIR coxpaHeHHR nocTynaTeJibHoro 

.llSHJteHHR. 3TO CSR3aHO He TOJibltO C TeXHHqecKHMH H !pHHaHCOSUMH 

Tpy~HOCTRMH. BOJibWaR npo6Jiewa COCTOHT S S03pocweR S nocJie,llHHe 

ro.11w 60R3HH R,llepHWX asapHR H pHCKa pacnpocTpaHeHHR R,llepHoro 

opyJtHR. Cepb93HYll poJib MOJteT cwrpaTb sse,lleHHOe S COIA orpaHHqeHHe 

Ha o6orameHHe 
235

U .llO 207.. IlOCKOJibKY COIA RSJIReTCR O,llHHM H3 

OCHOSIIWX nocTasmHKOS R,llepHoro TOnJIHSa, TO 3TO orpaHHqeHHe 

aSTOMaTHqecKH se,lleT It CHHJt9IIHIJ womHOCTH 'H, CJI9,llOBaTeJibHO, 

nJIOTIIOCTH noT01ta HeRTpOHOS Kalt Ha cymecTSYlllllHX peaKTOpax, TaK H 

Ha 6y.11ymHx. Il03TOMY 9CJIH '3aHH:epecosaHHUe coo6UleCTSa He 

npe.11npHHYT aKTHBIIWX .11eRcTSH8, TO nepcneKTHDU y pealtTOp~s 6y.11yT 

B9CbMa CltpOMHWUH. 

6. 3a1tJJ11qeHHe 

HenoJib30BaHHe HeRTpOHOS .llJIR !pH3H'leeKHX HCeJie,llOBaHHR HUeeT 

HaeTOJlbltO Sal!:1109 3HaqeHHe, qTo, HeeMOTpR Ha see TPY.llHOeTH: 

B03paeTalJlllaR eTOHMOeTb 3KennyaTaUHH eymeeTSYIJlllHX, npoeKTHpOBaHHR 

H CTpOHT9JibeTSa HOSWX peaKTOpos, orpaHHqeHHR Ha TOITJIHSO, 

conpOTHSJieHHe "39JI9HOro ,llSHJteHHR", OHO HaXO,llHT see 6oJibWe 

eTOpOHHHKOB. ~HeJio nOJib30BaTCJJe8 HeRTpOHHWX nyqxos, S TOM quene 

H peaKTOPHWX, paeTeT. CorJiaeHO ,llaHHWM, npe.11eTaSJI8HHWM Ha 

Co&elllaHHH 3KenepTOS no HeToqHHKaM eHHXpOTpOHHoro H3JiyqeHHR H 

HeATpOHHWM nyqxau ~opy11a weraHayx, npose.11eHHOK 29 HOR6pR - 1 

.11exa6pR 1993 r. s PH30 (laHHR) OpraHH3aUHeA 31COHO)(Hqecxoro 

eoTpy.llHHqeeTsa H pa3BHTHR, o6mee qHeJio nOJib30SaTeJieR oueHHSaeTeR 

TOJibKO B eTpaHaX OpraHH3aUHH 3KOHOKHqeexoR xoonepaUHH H pa3BHTHR 

-4000 B 1993 r. H, xax ozH.11aexoe, -1000 s 2000 ro.11y. B noeJie.llHHe 

229 



roau 6unH C03AaHU o6wecTBa no pacceRHHD HeATpOHOB B pRAe CTpaH: 

B ABCTpanHH, KaHaae, .llnoHHH, WBeAuapHH, CIIIA, HTanHH. B repMaHHII 

HeATpOHHOe coo6wecTBO opraHH30BaHO KOMHTeTOM no HccneaoBaHHSIK C 

HeRTpOHallH npH BMFT, B POCCHH - Hay,rnm,1 COBeTOM HaUHOHanbH08 

nporpaMMU "He8TpOHHUe HCCneaoBaHHSI BewecTBa", o6pa30BaHHOA B 

3TOM roay MHHHCTepcTBOM HayKH H T8XHHqecKoA nonHTHKH PoccHACK08 

ctleaepaUHH. 06cylK.llaeTCSI BOnpoc O C03AaHHH EBponeitCKOA ctleaepauHH 

coo6wecTB no pacceRHHD HeATpOHOB. _TaKHM o6pa30K, 
0

He06XOAHIIOCTb 

He8TpOHOB anR HayKH o6ycnaBnHBaeT He06XOAHMOCTb HKeTb 

COOTBe~CTBYDWee qHcno HCTOqHHKOB HeATpOHOB. 

.llaepHUe peaKTOpU B HaCTORwee BpeMSI RBnRDTCSI HaH6onee 

pacnpOCTpaHeHHUMH HCToqm1KaMH HeRTpOHOB anR !pH3HqecKHX 

HccneaoBaHHA H He06XOAHMOCTb B HHX coxpaHHTCSI ewe aonro. 

CTpeuneHHe yRTH OT B03MOllCHUX RAepHUX aBapHA o6ycnaBnHBaeT o6wyD 

T8HAeHUHD K pa3BHTHD HCnapHTenbHUX HCTOqHHKOB. C 3T08 TOqKH 

3peHHSI HaH6onee onTHManLHUM, no-BHAHMOMY, RBnReTCSI 6onee aeweeua 

npoTOHHUR 6ycTep, T. e. MOWHUR nHHe8HU8 npOTOHHUit ycKopHTenb c 

pa3MHOllCaDll188 MHW8HbD. B 3TOM cuucne 6onbwoe 3HaqeHHe HMeeT onUT 

Hcnonb30BaHHSI nynbCHPYDWHX peaKTOpOB THna HBP KaK B nnaHe pa60TU 

C pa3MHOllCaDWHMH MHW8HSIMH, TaK 

3KcnepHMeHTa Ha HMnynbCHOM 

HeitTpOHHoro HMnynbca. 

H B nnaHe 

lJCTOqHHKe C 

pa3BHTHSI 

6onbwo8 

MeTOAHKH 

WHpHHOit 

nyqKoBue HCcneaoBaHHSI C HeitTpoHaMH RBnRDTCSI npHMepoK 

"Manoit" (small-scale) HayKH Ha KpynHOMacwTa6HUX ycTaHOBKax, 

Koraa THnHqHaSI rpynna nonb30BaTenea COCTOHT H3 HeCKOnbKHX 

eeaywHx COTPYAHHKOB, acnHpaHTOB H cTyaeHTOB. THOH'IHUit 

3KcnepHMeHT npOXOAHT B TeqeHHe HeC~OnbKHX AHeit. IlOCKOnbltY Ha 

MeraycTaHOBitax BpeMSI anR 3KCnepHMeHTa MOllCIIO nonyqHTb He Tait 

qacTo, HanpHMep, BILL 3aJ1BKH npHHHMaDTCSI aea pa3a B roa, TO anR 
ueneA: o6pa3oDaHHR H noaroToBKH 3ItcnepHM8HTOB (nOMHMO 

caMOCTOSITenbHoro 3HaqeHHSI) oco6oe 3Haqe11ue HMeDT peaKTopu 

cpeaHero Knacca ( 10-20 MBT) anR noitanbHOro. nonb30BaHHR. B nnaHe 

o6wea cTpaTerHH HaH6onee onTHManbHUM 6~no 6u Hanuque 2-3 

MeQyHapOAHUX UCHTPOB Ha 6a3e MOWHUX cneuHanH3HpoBaHHUX 

peaKTOPOB THna HFR ILL H CCTH peaKTOpOB THna ORPHEE. B HaeanbHOM 

cnyqae 6uno 6u .3KOHOMHqHee 3aKpUTb cTapue peaKTopu nepeoro H 

BTOporo noKoneHHSI H cocpeAOToqHTbCSI Ha 6onee 3qxpeitTHBHOII 

Hcnonb30BaHHH peaKTOpOB TpeTbero noKoneHHSI H CTpOHTenbCTBe 
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HOBUX. O~HaKO peanbHaR •H3Hb He IlO3BOnReT 3TOro c~enaTb, IlO3TOKY 

npe~cTaBnReTcR uenecoo6pa3HUM no~~ep•aTL cymecTBYDmHe npoeKTU H 

~aTL cTapuK peaKTopaK ~opa6oTaTL ocTaBweecR HM BpeNR. 

CoBpeweHHUe KpynHue ycTaHOBKH CTORT oqeHb ~oporo. 

TaK, CTpOHTenbCTBO COBpeMeHHoro peaKTOpa IlOCTORHHOro ~eACTBHR 

CTOHT HeCKORbKO COTeH NHnnHOHOB ~onn. CWA npH e~ero~HOA onnaTe 

3KcnnyaTaUHH nopR~Ka HeCKORbKHX ~eCRTKOB MHRRHOHOB ~onnapoB. 

IlO3TOMY peWHTb Bee BOnpocu CO3~aHHR peaKTOpa, ero 

HH~paCTPYKTypu, o6ecneqeHHR npH6opHoA 6a3U, opraHH3aUHH pa60TU 

nonb3OBaTeneA H T.~. KO.HO TORbKO B pe3ynLTaTe KOOP~HHHpOBaHHO.A 

~eRTenbHOCTH H B KeQyHapo~HOA KOonepaUHH. 
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)];MHTpHH MnaHonuq BrroxuHn;en 
"(1908 - 1979) 

O'!epK nay'!Ho:n: ;a;e.HTeJihHOCTH 

HHKTO Ha CBeTe He pan6yp;HT 

,Uynm, yme;a;me:n: na noKo:n:, 

Ho Ha neMrre, Te6e· 'Iy)Ko:n:, 

Thou .CKHTaThC.ll necnu 6yµ;yT. 

J(.H. BnoXHHI~eB1 

Ec-r1, B name:n: cTpane xopoma.H Tpa;a;u:qH.H: nam,maTh yrrHQhI ropo;a;oB HMe

naMH CBOHX IJHaMeHHThIX rpa)K;a;an. K HX 'IHCJIY npuna;a;rre)KaT H yrrHQhI Brro

XHHQeBa B ,Uy6ne u B O6HHHCKe, HalJBaHHhie B '!eCTI, BhI;IJ;aIO~eroc.ll COBeT

CKOro <pIInmm, uno6peTaTell.ll, Kpynne:n:mero opranunaTopa nayKir, copaTHHKa 

H.B. Kyp'IaToBa no con;a;amno,_ CTaHOBJieHHIO II pat1BIITHIO aTOMHO:n: nayKn, Te

XHHK~ lI .llp;epHOH anepreTHKH B Hame:n: CTpaHe lI CTpanax COQllaJIHCTH'IeCKOro 

co;a;py)KeCTBa, con;a;aTell.ll Ilepnoii B MHpe A8C, <I>unuKo-:mepreTH'IeCKoro HH

cTHTyTa B O6HHHCKe u Me)K;a;ynapo;a;noro O6'bep;HHCHHOro lIHCTHTyTa: .llp;epHhIX 

IIccrre;a;oBanuii n ,Uy6ne. · 

"HM.ll ,U?.!«TpH.ll Hnanonu'!a Brroxun:qeBa CT0HT B o;a;noM p.H;a;y c HMeHaMH 

Ce'!enona, 'Iln.mp.Hnena, YMona, Jle6e;a;ena, Bepna;a;cKoro, BanurroBa, Xoxrrona 

u MHornMH ;a;pyrIIMII, cocTaDJI.llIO~HMH rop;a;ocTh namero napo;a;a" 2 

11 .llHBap.ll 1993 r. eMy 6hI IICII0JIHIIJIOCI, 85 JICT. 

,Il;MHTpu:n: HnanoBH'I Brroxun:qeB o6oraTnrr MHponyro HayKy <pyn;a;aMeHTarr1,

HhIMH pa6oTaMlI n o6rraCTlI q>lIIJlIKII Tnep;a;oro Terra, Hemrne:imoii OIITHKII, HeJIH

HCHHOH aKycTnKII, cTaTHCTH'IeCKOII <punuKu, <pnnnKn DhICOKHX u HHIJKHX :mep

rIIH, arreMeHTapHhIX 'IaCTIIQ lI aTOMHOro .llp;pa, KOCMOJIOrIIH, KBaHTOBOII Mexa

HlIKH, KBaHTOBOH TeopIIII IIOJI.ll n KBaHTOBOll arreKTpo;a;nHaMHKII, <l>HIJlIKH peaK

TOpOB II aTOMHOH anepreTHKH, <pHIJllKH KOH;IJ;CHCllpODaHHhIX cpe;a;, pell.llTHBlICT

CKOH .ll;IJ;CpHOH <pll13llKH, <pHJIOCO<pIIH II MeTo;a;orrorIIH eCTCCTBOIJHaHII.llj ero p0lII, 

B B0CIIHTaHlllI Hay'IHhlx Ka;a;pon <plll3lIKOB II lIH)KCHepon B Hameii: CTpane lI B 

CTpanax co:qnammMa llIIIp0KO IIIJBCCTHa II Il0JIY'IlIJia nacJiy)KeHHOe rrpH13HaHHe. 

,Il;MnTpn:ii Hnanonn'I BrroxnHQen - ocuonaTerr1, Mnornx Hay'IHhIX Harrpanrre

mm, HO npe)K;a;e ncero OH 6hIJI JIII'IH0CTI,IO - cpeHOMeHaJII,HO MH0rorpaHHhIM n 

pa13H0CT0p0HHHM 'IeJI0BCKOM, o6~eHne c KOT0phIM ;IJ;0CTaDJI.llJI0 pa;a;ocTb. / 

Curr1,Hoe Blill.llHHe Ha MIIpononnpeHIIe ,II;. II. BrroxnH:qena oKanarro ero nHa

KOMCTBO c Tpyp;aMII K. 8. IJ;IIOJIKoncKoro II JIII'IHa.H rreperrIIcKa c HIIM. OT ll;II-

1B C6. "Myoa B xpaMe HayKn", 1982. M., "CoseTCKaJI Poccn.n" 
2"1Ipas11a" oT 23 .HHBap.n 1980 r. 
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onKOBCKoro ,Il;MIITpIIH lfoaHOBII'I Boc11pIImm TOT µ;yx pyccKon: HayKII Ha'Iana 

xx BeKa, KOTOphln: llpO.lIBllllllC.lI He TOllbKO B CTpeMneHIIII K /J;OCTIDKeHIIIO KOH

KpeTHhlX Hay'IHhlX petlyn1,TaTOB, HO II B COtl/J;aHIIII n;enoCTHoro rapMOHII'IeCKoro 

MIIpOBOt3t3peHII.lI. MIIpOBOCIIplI.lITIIIO Il;IIOllKOBCKoro 6hlll0 llpIIcyrn;e 11peKllOHeHIJe 

rrepeµ; KpacoTon: II ThpMOHIIen: MIIpa, a TaK2Ke BhlCO'Ian:lliaJI cTe11em, JBa2KeHII.lI 

K IlpIIpoµ;e II "lfenoBeKy. IIMeHHO 110 aTon: llplI'IlIHe, - nro6IIn 11oµ;'IepKHYTh 

,Il;MIITpIIn: IIBaHOBII'I, - Il;IIonKOBCKIIH HIIKorµ;a He yrroTpe6nJin TaKIIX cnoBo

co'IeTa1mn:, KaK tlaBOeBaHIIe IInII 110KopeHI!e KOcMoca, a Bcerµ;a r0Bop1In o ero 

OCBOeHH:q. ,r:i:. II. BnoXHHD;eB cyMen µ;o KOHD;a 2KIIt3HII coxpaHIITb 0TII IDHOllieCKIJe 

1Iµ;eanhl BQCllplI.lITIIJI MIIpa. C aToro Ha'Ian1,Horo 11ep1Ioµ;a ocTanocb y Hero Bee 

yBelllI'IIIBaIDIIJ;eecJI C roµ;aMII CTpeMneHIIe K IICTIIHe, KOTOpoe tlaCTaBJI.llllO ero He 

TOllbKO 6hlTb B Kypce Bcex OCHOBHhlX HaJ'IHhlX µ;ocT1I2KeH1IH KaK B <plitllIKe, TaK 

II B µ;pyrlIX o6naCTJIX tlHaHIIH, HO II pat3BIIBaTb co6cTBeHHhle opHrlIHallbHhle 

Btlrll.lI/J;hl II cy2Kµ;eHII.lI, CBoe M1IpOBOt3t3peHIJe. 

,Il;MIITpIIH IIBaHOBII'I C'IIITan, 'ITO /J;OBOllbHO nerKO Hay'IIITbC.lI pewaTb y2Ke 

IIOCTaBneHHhle tlaµ;a'III B KaKOH-HII6yµ;1, MO/J;HOH o6naCTII COBpeMeHHOH <pIItlIIKII. 

Ilo'ITII nro6on: 'IenoBeK, o6naµ;arorn;IIn: µ;ocTaTO'IHO y11op.lI/J;O'IeHHhlM YMOM, M0-

2KeT CTaTb HellllOXII:M <pIItlIIKOM-TeopeTIIKOM. 'Ipyµ;Hee CTaBIITb tlaµ;a'III CaMOMy, 

<l>IItlIIKOB, KOTOphle orrpeµ;enJIIDT CBOII IIHTepechl co6CTBeHHhlM MIIpOBOt3t3pe

HIIeM, tlHa'IIITellbHO MeHbllie, HO IIMeHHO OHII 'Iarn;e Bcero CTaHOB.lITC.lI aBTOpaMII 

Tex CaMhlX "MO/J;HhlX" HarrpaBneHnii: B HayKe, KOTOphle µ;aroT lIIIID;y II pa6oTy 

YMaM MHOrIIX. 

3HaMeHIIThle OllhlThl Petlepcpopµ;a 110 pacrn;e11neHIIID aTOMa tlacTaBIIllII 

K>Horo ,Il;MIITplI.lI IIBaHOBII'Ia, BhllIYCKHIIKa McicKOBCKoro llpOMhlllilleHHO-
' 0KOHOMH'IeCKoro TexHIIKyMa o6paTIITb BHIIMaHIIe Ha Te tlaBII/J;Hhle B0t3M02K-

HOCTII, KOTOphle cynIIT JIµ;epHall aHeprlI.lI, II aTo 011peµ;en1Ino ero µ;annHen:wIIii: 

lIYTb. B 1926 roµ;y OH lIOCTJIIIIll Ha <pIItlII'Ie~KIIH <paKyllhTeT MrY, rµ;e Y'IIIllC.lI 

y TaKIIX tlaMe'IaTellbHhlX J'Iellhlx, KaK JI. II. MaHµ;enhllITaM, C. II. BaBIInoB, 

H. II. JlytlIIH, ,Il;. <I>. EropoB. To 6hllllI roµ;hl cTaHoBneHII.lI KBaHTOBOH Mexa

HIIKII II o6'bJICHeHII.lI C ee lIOMOIIJ;bID 3araµ;O'IHhlX JIBlleHIIH. Y2Ke paHHIIe pa60Thl 

,r:i:. II. BnOXlIHD;eBa 6hlnII OTMe'IeHhl 6ollbllIIIM MaCTepCTBOM II rny6IIHOH <pIItlII'Ie

CKOH MhlCllII. 3a cBon: ac111IpaHTCKIIH n;IIKn pa6oT OH BrrepBhle B CCCP rrony'IIIIT 

CTe11em, µ;oKTopa HayK (1934 r.). 
l 

".IJ:; II. BnoXHHD;eB, HecoMHeHHo, 11p1IHaµ;ne2KIIT K 'IIIcny Ha1I6onee Bhlµ;aro-

IIJ;IIXCJI coBeTcKIIX <pIItlIIKoB, - 111Ican II. E. 'Ta.MM. - Ero pa6oThl, IIMeK>rn;IIe 

IICKllID'Il!TellbHYID Hay'IHyID n;eHHOCTb, llplIHecnII c co6on: Bhl.lICHeHIIe II peweHIIe 

pJIµ;a cyrn;ecTBemµ,rx BOllpOCOB, IIMeK>ID;IIX 6on1,woe tlHa'IeHIJe, B oco6eHHOCTII 

B TeOpIIII MeTannoB II B TeOpIIII TBepµ;oro Tena BOo6rn;e". 

"Bhlno OT'IeTnIIBO BIIµ;:e:o, - Bc110M1IHan II. M. <I>panK, - 'ITO ,Il;MIITpIIH 

IIBanOBIPI - 6eccrropHo cno2KH:BllIIIHCJI y'Iellhln:, y2Ke BHecwIIn: BeCOMhlH BKnaµ; 
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B HayKy, ••• nepeµ; KOTOphIM OTKpbITa nrnpOKaJI µ;opora B 6yµ;yw.ee HayKII. Mhl 

3HaeM, 'ITO 0TO Bne'IaTJieH11e OKa3alIOCI, npaBIIllhHhlM". 

,II;. M. Brroxmm;eB yµ;ernm orpoMHOe BHIIMaHIIe npIIMeHeHIIIO MeTOl];OB KBaH

TOBOH MeXaHIIKII B 4>II3IIKe TBepµ;oro Terra II onTIIKe. 

,II;. M. BrroXIIHD;eB Bhl'IIIClIIIlI pa6oTy Bhlxoµ;a arreKTpOHOB II3 MeTarrrra; OCHO

BhlBaJICI, Ha He:ii:, OH nepBhlH µ;aeT o6'1>JICHeHIIe aHOMallhHhlM MarHIITHhlM II Tep

M00lleKTpII'IeCKIIM CBOHCTBaM p;ByXBarreHTHhlX MeTaJilIOB, npII'IIIHOH KOTOphlX 

JIBIIlIOCI, TO o6CTOJITellbCTBO, 'ITO B 0TIIX MeTaJillax 0HeprIIJI arreKTpOHa 3aBII

CIIT He TOllhKO OT a6comOTHOH BelIII'IIIHhl ero IIMnyllhca, HO II OT HanpanrreHIIJI 

IIMnyrr1,ca no oTHollleHIIIO K ocJIM KpIIcTarrrra. OH o6o6w.aeT Teopmo Brroxa 

Ha ClIY'IaH nepeKphlBaIOll.l,IIXCJI 30H. Oco6oe 3Ha'IeHIIe IIMeeT norry'IeHHaJI IIM 

cpopMyrra l];lIJI 0HeprIIII nepeKphlBaIOll.l,IIXCJI 30H. 

,II;. M. BrroXIIHD;eB paapa6oTalI Teopmo aHOMaJII,HhlX MarHIITHhlX II. TepMO

arreKTpII'IeCKIIX a4>4>eKTOB B MeTarrrrax, noKaaarr, 'ITO aHOMallhHhle a4>4>eKThl 

npoIICXOl];JIT 3a C'IeT BlIIIJIHlIJI O'I;'l];ellhHhlX CBOHCTB pacnpeµ;erreHIIJI co6CTBeHHhlX 

3Ha'IeHIIH. OH coaµ;arr TeopIIIO TeMnepaTypHoii: 3aBIICIIMOCTII 4>0Toa4>4>eKTa B 

'IIICThlX MeT~llax, conocTaBIIlI ee C COOTBeTCTBYIOW.IIMII peayJII.TaTaMII II3MC

peHIIH, onpeµ;elIIIlI rpaHIID;Y 4>0Toa4>4>eKTa l];lIJI pa3lIII'IHhlX MCTalllIOB .. 

. B TO 2Ke npeMJI (1933 r.) ,II;. M. BrroXIIHD;CB OTKphlBaeT HelIIIHeii:Hyro aaBIICII

MOCTh II3lly'IaeMoro aTOMaMII CBCTa (B a4>4>eKTe IIITapKa) OT IIHTCHCIIBHOCTII 

naµ;arow.ero. Ero pa6oTa 6hlrra nepBhlM IIccrreµ;onaHIICM no HelIIIHe:ii:Hoii: onTIIKe, 

norry'IIIBIIICH HhlHC CTOllh cyw.ecTBCHHOC pa3BIITIIC B 4>II3IIKC rraaepoB. 

B nocrreµ;yrow.IIe rop;hl (1934-1937 rr.) ,II;. M. BrroXIIHn;eB nepBhlM µ;arr 06'1>

JICHCHIIe MexaHII3MY aarap;O'IHOro JIBlICHIIJI 4>oc4>opecn;emi;IIII. OcHOBHaJI IIp;eJI 

0TOH pa6oThl npeKpacHO IIlllIIOCTpIIpyeT o6pa3HOCTh MhlllllICHIIJI y'IeHoro. OH 

3aMC'IaeT, 'ITO HaJIII'IIIC lIOKaJihHhlX npIIMece:ii: B 4>oc4>opocoµ;ep2Kall.l,IIX coeµ;II

HCHIIJIX npIIBOl];IIT K noJIBlleHIIIO lIOKallhHhlX ypoBHCH Me2Kµ;y HII2KHe:ii: 30HOH 

II aoHo:ii: nponoµ;IIMOCTII. HoaToMy arreKTpoH, nonaBIIIIIH Ha aToT ypoBeHI., II 

"p;hlpKa" B HII2KHCH 30He. OKa3hlBaIOTCJI npocTpaHCTBeHHO paaµ;erreHHhlMII, 'ITO 

cyw.ecTBeHHO yMeHI.lllaeT BepoJITHOCTI, IIX peKOM6IIHan;IIII II npIIBOl];IIT K aHO

MallhHO 6ollhllIOMY BpeMeHII BhlCBe'IIIBaHIIJI. 

B nocrreµ;yrow.IIX pa6oTax ,II;. M. BrroXIIHD;CB noµ;po6Ho pa3BIIlI aTy IIµ;ero, B 

'IaCTHOCTII c noMOW.hIO CBOeo6pa3HhlX MeTOl];OB TeopIIII HClIIIHeHHhlX ypaBHC

HIIH IICCllep;OBaJI KIIHCTIIKY q>occpopecn;eHn;IIII, nepBhlH o6'1>JICHIIlI aKcnepIIMeH

TallhHO Ha6rrroµ;aeMhlH xoµ; BhlCBe'IIIBaHIIJI no BpeMeHII. 3TII pa60Thl HallllIII 

npJIMOe npIIlI02KeHIIe B TeXHIIKe llaMn p;HeBHOro CBeTa II µ;pyrIIX lIIOMIIHecn;II

PYIOW.IIX IICTO'IHIIKOB CBCTa II BCCI.Ma noMOrlIII aKcnepIIMeHTaTopaM. 3TII IIµ;eII 

,II;. M. BrroXIIHD;CBa HallllIII µ;arr1,He:ii:11Iee pa3BIITIIe B pa6oTax ,Il;2KOHCOHa B 1939 r. 
II B pa6oTax 3e:ii:Tn;a II MoTTa. 

,II;arree ,II;. M. BrroXIIHD;eB o6paw.aeTcJI K a4>4>eKTY BhlnpJIMJieHIIJI ToKa norry-
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npOBO)];HlIKaMII II nepBhIH Haxo;a;IIT npocToe II npaBIIJII,Hoe 06'b1ICHCHIIe 0TOMy 

11BJICHIIIO. CyTb ero 06'b1ICHCHII11 COCTOIIT B TOM, 'ITO B6JIII3II KOHTaKTa ;a;Byx 

norrynpOBO)];HIIKOB rpa;a;IIeHT 0JICKTpII'ICCKoro noJI11 npIIBO)];IIT K no11BJieHIIIO o6'b

eMHoro oap11;a;a, a CTaJIO 6hJTb, II K. II3MCHCHIIIO 0JieKTponpoBO)];IIMOCTII. 3HaK )KC 

0TOro II3MeHCHII11 3aBIICIIT OT HanpaBJICHII11 TOKa, 'ITO II o6ycrroBJIIIBaeT Bhlnp11-

MJI11IO~ee ;a;eii:CTBIIe CIICTCMhl. 

8TII II nocrre;a;yro~IIe ·ocHoBonorrararo~IIe pa6oThl ,II;. II. BrroXIIHIJ;eBa, 'B 

'IaCTHOCTII, paopa6oTaHHM IIM TeopII11 reTeponolI11pHhlx II OKpaIIIeHHhIX 

KpIICTaJIJIOB II TeOpII11 arreKTpII'ICCKoro npo6011 )];II0JICKTpIIKOB, ChlrparrII orpoM

HYIO pOJII, B paoBIITIIII IICCJie;a;OBaHlIH B o6rraCTII KBaHTOBOH TeOpHII TBep;a;hIX 

Terr II npaKTII'IeCKOro IICnOJib30BaHII11 IIX peoyJibTaTOB. 

y )KC B paHHIIX pa6oTax ,Il;MIITpII11 IIBaHOBII'Ia np011JlIIJIOCb rrry6oKoe nOHII

MaHIIe. cynwOCTH KBaHTOBOH Mexamurn, CBexecn, H CfileJIOCTb B3rJISl'AOB, opnrIIHaJibHOCTI, 

MhIUIJieHII11, npe;a;BoCXIITIIBUIIIe ;a;arrbHCHUiee paOBIITIIe q>II3IIKII. Oco6eHHO xa

paKTepHa B 0TOM OTHOIIICHHII pa6oTa no Bhl'IIICJICHIIIO "CMe~eHII11 cneKTparrb

HhIX JIIIHHH, Bhl3BaHHoro o6paTHhIM ;a;eii:CTBIICM noJI11 II3JIY'ICHII11"' KOTOpaJI no 

cy~ecTBY COAepxana Teopmo I JI3M60BCKoro CABHra, l 

IIOCJIYlltHBmero aaqaJI_OM C03AaHHll KDaHTOBOH 3JieKTPOAHHaMHKH, 0Ha 

6hlrra ;a;orro)KeHa B 1938 r. Ha ceMHHape B cf>IIOII'!ecKoM IIHCTIITyTe AH CCCP 

II c;a;~a B 1938 r. B pe;a;aKD;IIIO )Kc)T<f>. IIorry'IeHHM ,II;. II. BrroXIIHD;CBhIM 

qiopMyrra )];ll11 lI0M60BCKOro CMe~eHII11, CTaBlllaJI 3HaMCHIITOH, OTlIII'IaeTC11 OT 

<popMyllhl r. BeTe lIIIlllb 'IIIClIOBhIMMHOXHTeJieM, IIOllBHBIDeMCll B 1948 r. BCJieACTBHe 

yrr1,Tpa<p1IorreT0Boro 06peoaHII11. K co:iKarreHIIIO, aTo Ba:lKHeii:UJee OTKphITIIe He 

6hllIO Tor;a;a ony6rrIIKOBaHO B )Kc)T<f>. ,Il;pyrIIX B03MO:lKHOCTeii: )];ll11 ny61I1IKa

D;IIII He oxaoarrocb. 8Ta pa6oTa 6hlrra ony6rrIIKOBaHa lIIIUJb B 1958 r. B Tpy

;a;ax ,II;. II. BrroXIIHD;eBa, xoT11 peoyrr1,TaThl ee 6hlrrII IIOlIO:lKeHhl paHee B o6oope 

.H. A. CMopo;a;IIHCKoro (Y<I>H, 1949, T. 39, Bhln. 1, c. 325). 

B 1935 ro;a;y, B BoopacTe 27 rreT, ,II;. II. BrroXHHD;CB II061IpaeTC1I rrpo<peccopoM 

Ka<pe;a;phl TeopeTII'lecxoii: q>IIOIIKII MrY. C 1926 r. II ;a;o nocrre;a;HIIX ;a;Heii :lKIIOHII 

ero )];C11TCllbHOCTb HepaophIBHO CB113aHa C q>II3II'ICCKIIM <paKyllbTCTOM MrY, r;a;e 

,II;. II. BrroXIIHD;eB OaBe;a;oBarr Ka<pe;a;poii 11;a;epHOH q>IIOIIKII II no;a;roToBIIlI MnorHe 

noKOlICHII11 cnen;naJIIICTOB, Heo6xo;a;HMOCTb u KOTOphlx OCTpo o~~arrac1, B Ha

UJCH cTpaHe. 

BrrecT11~e rreKn;nII II ceMHHaphl Bhl;a;aro~eroe11 ne;a;arora ,II;. II. BrroXHHn;eBa 

(B TC]ICHlle 6orree 50-TII rreT) no KBaJiTOBOH MCXaHIIKe II ;a;pyrHM xypca14 Ha BCIO 

)KII3Hb OCTaJIIICb B naM11TII CTy;a;eHTOB, acnnpaHTOB II Bcex Tex, KOMY nOC'la

CTJIIIBIIJIOCb IIX crryUJaTb. Ilo ero y'!e6HIIKaM II KHIIraM 6y;a;eT 06Y'faTbC11 e~e He 

o;a;Ho noKOlICHlle CTy;a;eHU'OB B Mrrpe. Heoa6hJBaeMhl ero ;a;oKrra;a;hl II BhICTynrremrn 

Ha MeTo;a;orrorn'!eCKOM ce:mmape <pll3II'ICCKOrO <paKYJibTCTa, Y'JaCTHIIKOM II py

KOBO)];IITerreM xoToporo oH 6hlrr ;a;o caMhIX nocrre;a;Hnx ;a;ueii: cBoeii: :lKIIOHII. Ilopa-
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:lKarra m11p0Ta TarranTa ,ll;MHTpII.lI IIBanoBH'Ia. <I>110HK-TeopeTHK, on o6rra;a;arr 

cnoco6nocTbIO rrry6oKO pao611paTbCH B TeXHJI'IeCKHX TOHKOCTHX lI 6rreCTHrn;e 

pemaTb 'IHCTO lIH:lKeHepm.re Bo'npocbl. 

,ll;. IL BrroXHn:a;eB 6hIJI HHHD;HaTopoM-opran11oaTopoM HIUIR<I> (pHOH'IecKoro 

(paKJJibTeTa MrY lI coo;a;aTeJieM (plIJIHaJia MrY, (plIJIHaJia HIIIIR<I> MrY lI (plI

JIHaJia MocKOBCKOro HHCTHTyTa pa;a;110TeXHHKH, :meKTpOHHKH lI aBTOMaTHKH B 

,ll;y6ne, a B 06HHHCKe (B 1950-x ro;a;ax) - Be'Iepnero oT;a;erreHHH MocKOBCKoro 

HH2Kenepno-4>11011'IecKoro IIHCTHTJTa, oaTeM np11 <I>8II - 4>11rr11arra MII<I>II 

c ;a;neBHhIM OTp;erreHHeM, npeo6paooBaHHhIM B. 06HHHCKHH HHCTHTYT aTOMHOH 

:mepreTHKH (r;a;e ,n:. II. Brroxn:n:a;eB 'IIITaJI MHOrHe Kypchl), oa;a;a'IH KOTOpbIX -

npH6JIJI)KeHHe CTyp;eH'IeCKOH ayp;HTOpHH K rra6opaTopHH lICCJieµ;oBaTeJIH. 3;a;ecb 

CTyp;el!ThI Ii ac1rnpaHThI MOrJIH J'IlIThCH nenocpe;a;cTBeHHO B aTMOCq>epe Ha

J'IHOro IlOHCKa, aKTHBHO y'IaCTBOBaTh B q>opMJlIHpOBKe lI paopa60TKe HOBhIX 

nanpaBrrenHii:. TaKOII npHMep opran11oa:a;1111 y'Ie6noro npo:a;ecca na 6aoe Kpyn

neii:mHX Hccrre;a;oBaTeJibCKHX :a;eHTpOB 6bIJI HOBaTOpCKHM 11 'IpeOBbI'IaHHO Ba)K

HhIM µ;ITH IlOBblilleHJIH ypoBHH o6paooBaHJIH lI ;a;oKaoaJI CBOIO 0q>q>eKTHBHOCTh oa 

npome;a;m11e 40 rreTv,ll;. II. BrroXHn:a;eB npe;a;BoCXIITHJI nporpaMMY nepecTpoi'rKH 

o6paooBaHHH. 

,ll;MHTplIH IIBaHOBH'I O'IeHh JII06HJI CTyp;eII'IeCKJIO ayp;HTOpHIO: Ha Ka2K;a;yro 

rreKD;HIO merr KaK na npaop;HHK, nepe;a;anaH 0cTacpeTy onan11:n: Morrop;hl~. On 6hIJI 

'IaCThIM rocTeM B CTyp;eH'IeCKOM o6rn;e.:lKHTHH, ;a;pyroM 11 HaCTaBHHKOM MOJIO/J;hIX, 

B/J;OXHOBJIHJI. Ha 6ecKOpbICTHOe CJIJ.:lKeHHe nayKe, Ha cBepmeHHH, Ha rapMOHH'Ie

CKOe paOBlITHe JIH'IHOCTII. 

Cpe;a;H ero y'IeHHKOB MHOro lIOBeCTHhIX y'IeHhIX, BHOCHlll;HX ;a;ocTOHHhIH BKJia;a; 

B paoBHTHe aayKH. 

,n:. II. BrroXJIHD;eBhIM coop;aHhI lI npO'IHTaHhI MHorne q,yn;a;aMeHTalihHbie Te

opeTH'IecKne Kypchl, cpe;a;11 KOTophIX oco6o crre;a;yeT Bhlp;eJIHTh ero onaMeIIH

ThIH eypc "OcHOBhI KBaHTOBOH MeXaHHKH", KOTOphlii cTarr nepBhIM B MHpe 

YHHBepcnTeTCKllM J'Ie6HllKOM, Bome;a;mHM B OOJIOTOH q>on;a; MHpOBOH HayKH 

II Bhlp;ep)KaBWHM c 1944 ro;a;a 24 no;a;aau: mecTh 11o;a;aa11:n: B CCCP n 18 B 

;a;pyrHX CTpanax MHpa Ha ;a;eBHTH HOhIKax. Ha HeM BOCilHTaIIO He o;a;no no

KOJieHHe CTyp;eHTOB-q>ImHKOB. IlplI'IHHa CTOJih WHpOKOro npHOHaHJIH KHHrH B 

TOM, 'ITO OHa HanJicana CTOJih HCHhIM HOhIKOM, KaK C (plIOH'IeCKOH, TaK lI C 

MaTeMaTH'IeCKOH, MeTo;a;orrorH'IeCKOH TO'IeK openu, 'ITO ;a;ocTynna He TOJihKO 

CTyp;eHTaM-<PHOHKaM, HO XlIMHKaM 11 llH)KenepaM, 'ITO oco6eHHO 6hIJIO Ba)KHO B 

0noxy OCBOeHHH aTOMHOH 0HeprHH, Kor;a;a KBaHTOBaH TeXHHKa CTaHOBHJiaCb lIH

:lKeHepnoii naJKoii. Bolihmoe BHHManne y'Ie6HHK yµ;errHeT MeTo;a;orror11'IecK11M 

OCHOBaM KBaHTOBOH MCXaHHKH, lIX nocrre;a;oBaTeJibHOH TpaKTOBKe, ee CBHOH C 

Krracc11'1ecKoii Teop11eii. 3a Tpyp;hl no KBaHTOBOH Mexan11Ke ,n:. II. BrroXHn:a;eBy 

6blrra np11cy)K;a;ena rocyµ;apcTBeHHM npeMHH CCCP {1945 r.). 
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06o6~eHHeM ;a;am,Heii:urnx nccne;a;oBaHHH ,IJ;. II. Bnoxnm:~eBa no KBaHTOBOH 

MeXaHHKe JIBllllIOTCJI ero MOHOI'paqmn: "IlpHHQHIIHaIThHhle BonpocI,I· KBaHTOBOH 

MeXaHHKH" (M.: "HayKa", 1966, 1987 r.) H "KBaHTOBaJI MexaHHKa. JleKD;HH no 

H36paHHhlM BOnpocaM" (M.: ,, ATOMH3}l;aT"' 1981; "IIo;a;-Bo MrY"' 1988 r.), B 

KOTOphlX ,n:. II. BnoXHHD;eB oanonHHIT Bee npo6enI,I B "MOCKOBCKOM" noHHMaHHH 

KBaHTOBOH MeXaHHKH, ;a;ononHHB ee Teopneii: H3MepeHHH H ee MaTeMaTHTJeCKHM 

annapaTOM. 

C 1935;--1950 rr. ,IJ;. II. BnoXHHD;eB, HapJI;a;y c HayTJHo-npeno;a;aBaTenhcKoii: ;a;e

JITenhHOCThIO B MrY, pa6oTaeT B <PnonTJecKoM HHCTHTyTe HM. II.H.Jle6eµ;eBa 

AH CCC~. B 0TH )Ke roµ;hl ,n:. II. BnoXHHn;eB JIBlllleTcJI H TJneHOM YTJeHoro 

coBeTa H HayTJHhlM KOHcynhTaHTOM <PH3HTJecKoro HHCTHTyTa AH YCCP, r;a;e 

OH PYKOBO/];HT pa6oTaMH MOITO/];hlX yKpaHHCKHX «pH3HKOB. Ilocne OCBo6o)Kµ;eHHJI 

KneBa oT cpaIIIHCTOB ,n:. II. BnoxnHn;eB c nepBhlX )Ke µ;Heii: npHHHMaeT aKTHBHoe 

yTJaCTHe B BOCCTaHOBneHHH HayKH Ha YKpaHHe. 

B nocneBoeHHhle roµ;hl BHHMaHHe ,Il;MHTPHJI IIBaHOBH'Ia 6hlno cocpe;a;oTo'IeHo 

Ha npHHQHIIHallI,HI,IX Bonpocax KBaHTOBOH MexaHHKH. cha ero ;a;eJITeITI,HOCTI, 

npo;a;on)Kanac1, ;a;o KOHn;a )KH3HH. ,IJ;. II. BnoXHHn;eB ycTaHaBITHBaeT cooTBeT

CTBHe Me)K;a;y KBaHTOBI,IM onHCaHHeM CHCTeMhl TJaCTHD; B cpa30BOM npocTpaH

CTBe H KnaccHTJeCKOH cpyHKD;HeH pacnpe;a;eneHHJI TJaCTHD;, npH 0TOM, B TJaCTHO

CTH, BI,IJIBlllleT HeB03MO)KHOCTI, Henocpeµ;CTBeHHOl'O nepeHoca B Knaccney KBaH

TOBOl'O ycnoBHJI, Bhlpa,KaIO~ero Hepa3ITH'IHMOCTI, 0/];HHaKOBI,IX TJaCTHD;. 

,n:. II. BnoXHHn;eB nepBhlH BBO}l;HT noHJITHe "KBa3HBepoJITHOCTH" (1940 r.) -
OCHOBY CBJI3H KBaHTOBOH H KnaCCHTJeCKOH TeopHH - K KOTopm.iy MHOl'O no3)Ke 

npHIIIen H ,Il;HpaK. 

,n:. II. BnoXHHD;eB ycTaHaBITHBaeT, 'ITO ;a;ncppaKD;HOHHaJI KapTHHa He Bcer;a;a 

;a;aeT B03MO,KHOCTI, oµ;H03HaTJHOl'O cy)K;a;eHHJI O cpopMe Ha6n10;a;aeMOl'O 06'1,eKTa, 

'ITO pa3ITH'IHhle cpopMI,I ofrheKTOB MOl'YT p;aBaTh CXO}l;HI,Ie ;a;ncppaKD;HOHHhle 

KapTHHhl; BnepBhle nOKa3hlBaeT, 'ITO C nOMO~l,IO 0neKTpOHHOl'O MHKpOCKOna 

MO)KHO, npH HeKOTOphlX ycnOBHJIX, BHµ;eTI, aToM, OH nepBhlH noKa3I,IBae'i', 'ITO, 

HeCMOTPJI Ha o6paTHMOCTh BpeMeHH, "npHHD;HII µ;eTanhHOl'O 6anaHca" MO)KeT 

H He co6n10µ;aTI,CJI B COBpeMeHHOH TeopHH. 

,n:. II. BnoxnHn;eB - aBTop KOHn;enQHH KBaHTOBhlX aHcaM6neii:. Ha ocHoBe 

0TOH KOHn;enn;HH OH nepBhlM µ;an o6'beKTHBHYIO TpaKTOBKY BOITHOBOH cpyHKD;HH 

KaK xapaKTepHCTHKH MaKCHMaIThHO ynopJI/J;OTJeHHOl'O aHCaM6nJI. ThKOH no;a;xo;a;, 

o6naµ;aJI 6onhIIIOH 0BpHCTHTJeCKOH cnnoii:, noMoraeT ycTpaHHTh pJI;a; BHyTpeH

HHX npoTHBOpeTJHH B Tpa;a;HQHOHHOH HHTepnpeTaQHH KBaHTOBOH MexaHHKH, 

ecTeCTBeHHO BKITIOTJaeT B KBaHTOBYIO MexaHHKY TeopHIO H3MepeHHH, H ycTa

HaBITHBaeT TecHy10 CBJI3h Me)K;a;y KBaHTOBoii: MeXaHHKOH H cTaTHCTHTJecKoir ·qin-

3HKOH. cha KOHn;enn;HJI "MOCKOBCKOH IIIKOITI,I" OTBO/];HT 6onee CKpOMHYIO pon1, 

Ha6n10;a;aTen10 H no;a;TJepKHBaeT BCIOµ;y ofrheKTHBHhlH xapaKTep KBaHTOBI,IX aH-
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CaM6neii H ynpaBJllIIOw;HX HMH OaKOHOMepHOCTeii. OH nepBI,IM OCOOHan oco6yro 

pom, xnaccH11ecxoro npH60pa B KBaHTOBOH Mexairnxe KaK HeycTOH'IHBoro co

CTO.llHID£ MaKpOCKOnH'IeCKOH CHCTeMhl H TeM ca.MhlM HCKllIO'IHll Ha6nrop;aTelllI HO 

qiopMynHpOBKH ee ocHoB. TeM caMhlM HM 6hln cµ;enaH Ba:arneiirnnii mar B npe

oµ;oneHHJ 6ap1,epa, nocTaBneHHOro aBTOpHTeTOM HHnLca Bopa, C'IHTaBlIIero, 

'ITO HeT CMhlcna 06'1,ep;HH.RTI, HOMepHTellI.HhlH npH6op C MHKpOCKOnH'IeCKOH 

CHCTeMoii, TaK KaK Torµ;a noTpe6yeTC.l[ KllaCCH'IeCKHH npH6op p;lllI HOy'IeHH.l[ 

06'1,ep;HHeHHOH CHCTeMhl. 

Pa6oThl ,II;. II. BnoxnmJ;eBa chlrpanH orpoMHyro pon1, B Bhlpa6oTKe MeTop;o

norH'IeCKHX ocHOB coBpeMeHHOH KBaHTOBOH TeopHH. B Ilpep;IIcnoBHH K cBoen 

KHHre "OcHOBhl KBaHTOBOH MexaHHKH" (M.: "HayKa", 5-e Hop;aHHe, 1976) 
OH IIHcan: "R Bcerp;a npHp;aBan 6on1,rnoe oHa'IeHHe npaBHllLHOH MeTop;onorHH, 

6eo Bnap;eHH.ll KOTopon p;aJKe CaMhlH OTllII'IHhlH yM npHo6peTaeT OTTeHoK pe

MecneHHH'IeCTBa. Ilo3TOMY MaTepHallHCTH'IeCKaJI MeTop;onorH.R rp;e .llBHO, rµ;e 

MeHee .llBHO npOHHOhlBaeT BCIO KHHry". 

Oco6eHHO nop;po6Ho Ha 3THX Bonpocax ,II;. II. Bnoxnmi;eB ocTaHaBllHBaeTC.ll 

B CBOHX MOHorpaq>H.RX: "IlpHHIJ;Hn~anI.Hhle Bonpochl KBaHTOBOH MexaHHKH" H. 

"KBaHTOBaJI MeXaHHKa. JleKD;HH no H06paHHhlM BonpocaM". 

B rop;hl BOHHhl ,II;. II. BnoxnHn;eB no'ITH nonHOCTLIO nepexnro11aeTC.ll Ha pa-

6oTy no o6opOHHOH TeMaTHKe B o6naCTII aKyCTHKII H BCKOpe CTaHOBHTC.l[ Be

µ;yw;HM cnen;HallHCTOM B 3TOH o6nacTII, coop;aTeneM aKyCTHKH Heop;Hopop;HhlX II 

p;BH.lKyw;HXC.l[ cpeµ;. 

IIcxop;.R HO ypaBHeHHH raoorHp;pop;HHaMHKH, ,II;. II. BnoxHHD;eB nony11aeT 

ypaBHeHH.R aKycTHKH p;lllI ca.Moro o6w;ero cny11aJI (ypaBHeHH.R ,Il;.BnoXHHn;eBa), 

Ha OCHOBe KOTOphlX OH BhlBO/J;IIT p.llp; aKyCTH'IeCKIIX oaKOHOB (3aKOHhI 

,Il;.BnoXHHD;eBa)' 0 6'b.llCH.lleT H pacC'IHThlBaeT paOHOO 6pa3Hhle axycTII'IeCKHe .l[B

neHH.ll B p;BH.lKyw;HXC.l[ H HeOp;Hopop;HhlX cpep;ax (B TOM 'IHClle Typ6yneHTHhlx), 

xacarow;Hxc.R, c op;Hon cTopoHhl, MeXaHHOMa reHepan;nH rnyMa,. a c µ;pyron - Me

Top;oB H cpep;CTB ero npHeMa. Croµ;a OTHOC.llTC.ll, B 'IaCTHOCTH, IIony'IeHHe OByKa 

nponennepoB, pacnpocTpaHeHIIe OByKa B Typ6yneHTHOH cpep;e, B006y.lKp;eHHe 

peooHaTopoB noTOKOM II MeTOp;hl CHH.lKeHH.ll TaKoro Boo6y.lKp;eHH.R, BeTpooa

w;HTa npHeMHHKOB oByxa OT KpynHo- H MellKOMacrnTa6HhlX qinyxTyan;HH Ha6e

rarow;ero noT0Ka H p.Rp; µ;pyrIIx, COCTaBll.llIOw;Hx OCHOBY TeopHH aKyCTH'IeCKoro 

nepexnaTa CaMOlleTOB H nop;BOp;HhlX nop;OK. ,II;. II. BnoXHHD;eB BBen oaKOH BllH

.llHH.ll peooHaTopa Ha Hony'IeHHe HCTO'IHIIKa OByKa, oaKOH BHXpeBoro OBYK006-

paooBaHH.ll H Boo6y.lKp;eHH.ll OBy'IaHH.ll peooHaTopa noTOKOM BOOp;yxa. 

,II;. II. Bnoxnlin;eBhlM cqiopMynHpoBaHhl ypaBHeHH.ll reoMeTpH'IecKoH axy

CTHKH. 

OcHoBy HOBOH axycTHKH cocTaBJllleT H BaJKHeHlIIaH o6w;aH "qiopMyna ,II;. Bno

. XHHD;eBa p;lllI 3q>q>eKTa ,JJ;onnepa" H ycTaHoBneHHhle ,II;. II. BnoXHHn;eBhlM Heo6-
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xo;a;IIMhie ycrroBH.ll ;a;lI.ll cyw,ecTBOBaHH.ll :lToro aqiq>eKTa: IIOMeHeHIIe aMilJIIITyp;hl 
A nByxa ;a;oJDKHo rrpoIIcxo;a;IITh ;a;ocTaTo'IHo Me;a;rreHHo no cpanHeHH10 c IIOMe
ueuIIeM 'laCTOTbl. "06o6w,eHIIe ua p;BII2Kylll,Hec.H 2KIIp;KOCTII, o;a;uaxo, HeTpIIBII
aJibHO II BrrepBhle 6hlrro ycrrewuo c;a;errau~ Brroxnun;eBblM. Ero OaKJIIO'leHH.ll, xo- · 
TOphle HHKor;a;a ue 6blJIII O'leHb xopowo II3BeCTHhl, COBCeM yp;IIBIITeJibHhl, B 
oco6eHHOCTII B OTHOWeHHH CBH3II <paKTopa .IJ:onrrepa co cpeµ;HHMII IIOTOKaMII 
0ueprIIII", - cxaoarr cap ,IJ;2KeMa Jlaii:Txnrr ua Me2K;a;yuapo;a;uoii wxorre q>IIOIIKOB 
B 1972 r . .IJ:. IL BrroXHHn;eB cqiopMyrrIIpoBarr TeopeMy, orrpe;a;elI.ll10w,y10 ycrroBIIe, 
ueo6xo;a;IIMoe II ;a;ocTaTo'IHOe ;a;lI.ll reuepnpoBaHH.ll nByKa rrpII ;a;nII2KeHIIII Terra B 
2KIIp;KOCTII IIJIII IIpII p;BII2KeHHII CaMOH 2KIIp;KOCTII . .IJ:arr1,ue:iiwee pa3BIITIIe 0Toro 
Bonpoca npHBerro K BhIBo;a;y O TOM, 'ITO B OCHOBe BCHKoro II3JIY'leHH.ll, B TOM 
'IIIcrre axycTII'lecxoro, rre2KaT HBrreuH.ll, auarrorII'IHhle aqiqieKTY BaBIIJIOBa - qe
peHKOI~a. II;a;eII ,IJ;MIITpH.ll IIBaHOBII'la Brroxnun;eBa, no;a;qepxuymnero e;a;IIHCTBo 
qJII3II'leCKIIX rrpe;a;cTaBJieHHH a0po;a;HHaMIIKII, aKJCTIIKII II arreKTpo;a;IIHaMIIKII, no
JIO)KIIJIII Ha'laJIO BeCbMa nrro;a;oTBOpuoii axyc'NIK0-0JieKTpo;a;IIHaMII'leCKOH auarro
rHH, II CTaJIH OCHOBOH HOBOH TeopIIII reuepan;HH 3ByKa II MHOrIIx TexHH'leCKIIX 
npIIrro2KeHHii. 

.IJ:. II. Brroxnun;en BBerr qpe3Bhl'laHHo 11rro;a;oTBopuoe noHHTHe o nceB;a;ooByKe 
KaK HBJieHHlI, 06rra;a;a10w,eM qiopMaJibHblMlI nplI3HaKaMlI 3Byxa, HO He HBJl.ll
lOlll,HMc.H axycTH'leCKlIM npon;eccoM. B oT;a;errhHblX CBOlIX IIpOHBJieHH.lIX nce
B;a;oo~yK ou 0To2K;a;ecTBlI.lleT c BOJIHaMH PerreH HJIH c qipeuerreBcxo:ii oouoii no
rryqeHH.ll B arreKTpo;a;IIHaMlIKe (xoTH lI He CBOp;lIT K 0THM HBJieHH.lIM). 

Pa6oThl ,IJ;. II. Brroxnun;ena no axycTIIKe JIBlIJIHCh TeopeTnqecxoii ocuoBoii 
B peweHHH npo6rreMbl 6opb6bl c WYMaMlI n CaMOM WlipOKOM lIX ;a;IIanaooue,. 
Ha'IHHaH OT wyMa KOMHaTuoro :s:ou;a;nn;IIouepa, ;a;o wyMa, nponoBo;a;IIMoro IIC
Te'leHHeM raooBblX cTpy:ii no ;a;BIIraTerren KocMn'lecxoro xopa6lI.ll. Ou cqiop
MYJIHpOBlirr IIplIHD;lIIIbl onTIIMH3an;HH napaMeTpOB rrrywnTerreii wyMa CIIJIOBhlX 
ycTaHOBOK CaMOJieToB, norryqIIBWIIX wnpoKOe npaKTH'leCKOe npIIMeHeHiie npII 
coo;a;aunn HoBoro rroxorreuHJI Marrowyimblx naccruKnpcxnx caMorreTon; pewIIrr 
aKTYaJihHYIO pa;a;aqy O WyMe BOO;a;yWHhIX BIIHTOB CaMOJieTOB, BepToJieTOB lI 
no;a;Bo;a;HhIX rro;a;oK. 

,r:i:: II. BrroXHHD;eB ew,e ;a;o 1946 r. nepBhlM pewIIrr oa;a;aqy o pa6oTe npIIeMHIIKa 
3Byxa, ;a;BH:lKylll,eroc.H co CBepX3BYKOBOH CKOpOCThlO, a crre;a;oBaTeJibHO, O qJII3II
'leCKIIX xapaxTepncTHKax nByxoBoii BOJIHbl, npowe;a;weii qepeo yµ;apuy10 rorro
BHYID BOJIHY, nnepBble B MHpe o6uapy)KHJI, 'ITO oa yµ;apuoii BOJIHoii, noMIIMO 
ycII1leHHoii no aMilJIHTyµ;e axycTII'lecxoii norrHhl, pacnpocTpaHHeTcH BOJIHa, B 
KOTOpoii HMelOT MeCTO lI3MeHeHIIH 0HTpOIIHII lI nJIOTHOCTII, HO HeT lI3MeHeHH.ll 
;a;anrreHH.ll. ::ha BOJIHa, nepeHOc.Hlll,aHc.H co CKOpOCThlO cpe;a;hl, 6blrra HM Ha3BaHa 
"0HTpomriiuoii". 8TO OTKpblTlie 6blJIO c;a;errauo Ha 12 JieT paHbIIIe ny6JIHKan;HH 
no 0TOMY Bonpocy oa py6e2KoM. 
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"CoBoxynuocTh pa6oT .IJ:. II. Brroxnun;eBa no axycn1xe, - micarr axa;a;eMnK 
_ H. H. Au;a;peeB, - npe;a;cTanlI.lleT cyw,ecTBeHHhill II xpynuhl:ii BKrra;a; B uanMeuee 

paopa6oTaHHble ee o6rracTIIj o·6w,ne peoyrr1,TaThl, norryqeuHble HM, HBJIHIOTCH 

ncxo;a;uhl1m TO'IKaMn ;a;lI.ll ;a;arr1,Heiiwnx pa6oT 6orree qacTHoro xapaKTepa". 3a 
pa6oThl no axycTHKe ,IJ;. II. BrroxnHn;en HarpruK;a;eu Op;a;euoM JleHnHa (1946 r.). 
HeKOTOpble pa60TI,1 BOWJIII B ero MOHOrpaqm10 "AxycTIIKa Heo;a;uopo;a;uoii lI 
;a;Bn2Kyw,encH cpe;a;hl" (M.: "Hayxa", 1946 r. II 1981 r.), no;a;auuoii ;a;na2K;a;hl B 
CCCP n ;a;na2K;a;hl oa py6e2KOM. 

IIuTepecua cyµ;1,6a 0TOH K.HIIrlI. Y 2Ke K xoun;y BOHEhl Bce cnen;namICThl oT;a;a
Barrn ;a;orr2Kuoe ee TeopeTw1ecK0My yponH10, Ho MHOrIIe He nII;a;errn ee npaK
TII'lecxoii n;eHHOCTll. O;a;HaKO y:iKe B Ha'laJie 50-x ro;a;oB B CBH3II C 6ypHb1M 
pocToM cxopocTeii: peaxTnnHon annan;nn n ynerrII'leHIIeM ~po;a;IIHaMH'lecxoro 
wyMa II npoMhlWJieHHblX WYMOB n;a;pyr 06Hapy2KIIJiac1, IICKJIIO'IIITeJibHaK nep
cneKTIIBHOCTb IIOJI02KeHHblX n ueii u;a;eii B ;a;ecHTKax uanpanrreuri. C 1946 r. 
HII o;a;ua oTe'lecTneuurur IIJIII oapy6e)KHaH pa6oTa n o6rracTn q>IIOIIKII wyMa 
Typ6yrreHTHoro norpaHH'IHoro crroH, BOOHIIKa10w,ero Ha qi10oerrH2Kax coBpeMen
ui.1x rraii:uepoB, IIJIII wyMa peaKTIIBHhlX cTpyii ux ;a;BIIraTerreii:, ue o6xo;a;IITCH 
6eo cc@rroK ua ocuoBonorrara1011~IIe Tpyp;hl II xuury .IJ:. II. Brroxnun;eBa, xax na 
ocuoBy uoBoii axycTIIKII. Borree Toro, "AapoaxycTIIKa" MapBHHa E. forr;a;cTei'rna 
(nepeBo;a; c aurrr., M.: MawIIHOCTpoeHne, 1981 r.) rrocTpoeua n qiop~e paoBu
TH.ll rrorro2KeHHii: pa6oT .IJ:. ll. Brroxnun;eBa. 

"Kuura ,Il;. II. Brroxnun;eBa, - KaK IIIIWYT rrpoqieccopa B. C. IleTpoBcKIIii: II 
E. M. )KMyrrnu, - Bowrra B 3mioTon qiou;a; MnpoBoii uayKII, cTarra xrraccIIxoii 
6orr1,woro IIHTeHCUBHO paoBnna10w,erocH pao;a;erra q>IIOIIKH, a HMH .IJ:. II. Brroxnu
n;ena - nIIoHepa aopoaxycTIIKII, 6y;a;eT BHeceuo n ncToplIIO coneTCKoii uayxu II 
TeXHIIKII". 

B nocrre;a;une ;a;un 2KII3HII .IJ:. II. Brroxnnn;eBbIM fo,1rru c;a;erranhl ;a;onoJIHenIIH 
K xnure n Bhlne;a;eubl na:iKueii:wne ypaBueHIIH pacnpocTpaueuH.ll n reuepan;HH 
onyrm IIOTOKOM. 

B 1945 ro;a;y ,IJ;. II. Brroxnun;en HaoHa'laeTCH naMecTnTerreM II. B. Kyp•ia
Tona, noorrranrrHnwero opraunoan;n10, oaunMa10IIzy10cH aTOMHhIMII npo6rreMaMII 
n CCCP, yqacTnyeT n coo;a;aunII II pac'leTax Ba)l(HhIX rocy;a;apcTneHHhIX rrpoeK
TOB, B onrra;a;eHIIII aTOMHOil aueprneii, )KII3HeHHO na2KHOH ;a;lI.ll uaweii CTpaHbl, 
pyKOBOp;IIT 60JibWIIMII uay'IHhIMII KOJIJieKTIIBaMn II rrpoexTaMII, aKTIIBHO yqa
CTByeT B coo;a;aHHH aTOMHOH uayKII II TeXHIIKII. 

II. B. Kyp'laToB yn1I;a;err n Bhl;a;a10w,eMCH <pIIOIIKe---TeopeTHKe TaJiaHT Kpyn
uoro opraHHnaTopa II 1IH2Keuepa-1Iccrre;a;onaTeJIH, rmo6peTaTeJIH. C Tex rrop 
~ra .IJ:. II. Brroxnun;ena uepaopbIBHo cnHoauo c IICTOpIIeii Mnpuoro aToMa. 
BMecTe c Kyp'IaTOBhlM BrroXIIHD;en cTarr IIHIID;IIaTopm,1 coo;a;auHJI IlepBoii: n 

; Mnpe aTOMHOH 0rreKTpocTaHD;1III CCCP (06HIIHcK). Hropb Bacurr1,en1I'I oxa-
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3arr 6oJibllloe BJIIIJIHIIe Ha qiopMIIpoBaHIIe .IJ:. II. Brrox1rn:a;eBa KaK pyxoBO)J;IITeJIJI 
Kpy1rneiimIIX Hay'IHo-TeY..HWieCKlIX npoeKTOB, cnoco6Horo cnJIOTlITb KOJIJieKTlIB 
lI B)J;OXHOBlITb ero Ha BhlnOJIHeHIIe rocy;a;apcTBeHHhlX 3aµ;aHIIIl. 

B cBoeiI KHIIre "Po.lK;a;eHIIe MIIpHoro aTOMa" .IJ:. II. BrroXIIH:a;eB mrcarr, '!To eMy 
"Bhlnarro C'laCTbe J'laCTBOBaTb B BeJIIIKOil anoree C03}J;aHIIJI COBeTCKOll aTOMHOll 
aHepreTUKII". 

B 1947 r . .Il:MIITpIIiI IIBaHOBII'l BrroxIIH:a;eB co3µ;aeT HaJ'IHJIO rra6opaTopIIro 
B O6HlIHCKe n CTaHOBHTCJI ee ;a;npeKTOpOM n Hay'!HhlM PYKOBO)J;lITeJieM. 

B 1950 r. OH Ha3Ha'!aeTCJI nepBhlM ;a;npeKTOpOM H HaJ'!IIhlM PYKOBO)J;HTe
JieM co3;a;aHHOro HM <l>H3lIKO-aHepreTU'leCKoro HHCTlITJTa B O6HIIHCKe, a B 
1951 r. II IIaJ'!HhlM pyKoBo;a;nTerreM 16-ro pa3;a;erra CBo;a;Horo nrraHa HaJ'!Ho
nccrre;a;oBaTeJibCKnx, onhlTHhlX, npoeKTHbIX n KOIICTPYKTOpCKHX pa6oT, no co-
3}J;aHIIIO II nycKy IIepBon B Mnpe A8C CCCP (pa6oT no arperaTy AM -
ATOM MIIPHbIM). 

"Bbl CTaJIII aKTHBHellllIHM C03)J;aTerreM lI opraHn3aTopoM COBeTCKOll aTOMHOil 
q>H3HKII n JI;a;epHoi'r aHepreTnKn, HayKII n TeXHIIKII. C }3alllnM, .IJ:MnTpHiI IIBa
HOBII'l, nMeHeM II Tpy;a;oM, - nIIcarrII aKa;a;eMIIKH A. II. ArreKcaH;a;poB, E. II. Be
rrIIxoB, A. A. JioryHoB, r. K. CKpJI6IIH, - cBJI3aHhl IIepBaJI II MIIpe aTOMIIaJI 
arreKTpOCTaH:a;lIJI, ChlrpaBlllaJI orpOMHJIO pollb B ;a;erre HCnOJib30BaHIIJI aTOMHOil 
aHeprIIH, IIMnyrrbCHhle peaKTOphl - IIBP, pa3BHTHe TeopHH 6bicTpbIX peaK
TopoB. BaMH npo;a;errana orpoMHaJI HaJ'!HaJI n opraHH3aTopcKaJI pa6oTa Ha 
nocTy nepBoro ;a;IIpeKTOpa <l>H3IIKO-aHepreTWiecKoro HHCTIITJTa B r. O6HIIH
CKe. BemrKH BallIII 3acrryrII B co3;a;amrn II pa3BHTHII O6'be)J;IIHeIIIIOro HHCTHTJTa 
JI}l;epHbIX HCCrre;a;oBaHHil KaK Be;a;yw;ero lIHCTHTJTa B o6rraCTlI JI;a;epnoii q>H3IIKH 
H q>H3IIKII BhlCOKIIX aneprniI CTpaH co:a;naJIHCTH'leCKOro co;a;py:arncTBa" . 

.IJ:. II. BrroXIIHD;eBy npIIHa;a;rre2KaT q>II3H~ecKIIe pac'!eThl peaKTopoB IIepBon 
B MIIpe A8C. On JIBJIJieTcJI IIHH:a;HaTopoM,. y'laCTHHK0M n nay'!HbIM pyKoBo
)J;IITerreM ne TOJibKO B nOHCKOBhlX pa6oTax no A8C, HO H no ocyrn;eCTBJieHIIIO 
KIIneHIIJI BO}J;hl B peaKTOpax n no;a;roTOBIITeJibHhlX pa6oTax no OCBOeHHIO pe
)KlIMOB neperpeBa napa B peaKTope. B cepe;a;Hne 1954 r. IIepBaJI B MHpe A8C 
;a;arra TOK. IIo'!TII 40-rreTHHll nepIIo;a; ycnerrrnon 6e3aBapmIHOll ee aKCIIJiyaTaD;HII 
IIO)J;TBep2K;a;aeT npaBHJibHOCTb H na;a;e.lKHOCTb c;a;erraHHoro .IJ:. II. BrroXIIn:a;eBbIM 
Bhl6opa Tima peaKTopa n ocHOBHhlX napaMeTpOB IIepBoiI B MIIpe A8C. 3a aTy 
pa6oTy .IJ:. II. BrroXIIn:a;eB y;a;oc•roeH JleIIHHCKOH npeMIIH CCCP (1955 r.). 

. .IJ:oKrra;a; .IJ:. II. BrroXIIn:a;eBa o IIepBon B Mnpe aToMnon arreKTpOCTaH:a;nn CCCP 
B O6HIIIICKe 6bIJI OCHOBHhlM )J;OKJia;a;oM Ha IIepBOil Me.lK;a;yHapo;a;non KOHq>epen
D;Hll no MIIpHOMY ncnoJib30BaHHIO aTOMHOil aneprHH B )KeneBe (1955 r.) H Bhl-
3BaJI 6ypro He3anrrannpoBaHHhlX oBa:a;IIiI. 

B nocrre;a;yrorn;IIe ro;a;hl .IJ:. II. BrroXIIn:a;eB npoBop;IIT pac'!eThl, ;a;aeT nx Me
To;a;orrornro n ocyrn;ecTBJIJieT narrnoe pyKoBo;a;cTBO pa3pa6oTKoiI npoeKTa II 
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coopy.lKeHIIJI nepBhlX B EBpone peaKTOpOB HOBoro TIIna - nepcneKTlIBHhlX 
B IIpOMhlllllICHHOM OTHOllleHnn peaKTOpOB na 6bICTpbIX ne11Tponax C )KlI)J;KO
MeTaJIJIII'leCKlIM TenJIOHOCHTeJieM. Ceii:'!ac Taime peaKTOphl y2Ke aKcnrryaTH
PYIOTCJI n Ha ;a;pyrnx aToMIIhlX arreKTpocTan:a;IIJI:x. On pa3pa6aThlBaeT II aqi
q>eKTHBHhle MeTO}J;hl pac'!eTOB peaKTOpOB Ha Me;a;rreHHhlX lI IIpOMe2KJTO'!HhlX 
neiITponax. 

B 1954 r. ITO):\ llilyqHl>IM PYKOBO):\CTBOM ,ri:.11.B;mxmru;eBa 6bLIIH llillJllThl pa6oThI no HCC1Ie):\O-

B3HHIO B03MO:lKHocm: C03):\8HHSI SI,!lepHoro paicernoro ):\BHiaren:sI (3aSIBKe rrpHCBQeH IIpHOpHrer 

NQ 1536956 or 10.06. 71 Bceco10SHoro Hl111 rocy).'lllpcrneHHoiirrareIITHoiisKcrrepm3b1) .IlpoeKT 6blll 

rrpHHllT rrpaBHTeJibCTBeHHOH KOMHCCHeii, Jl:.11.BJimam~eB Harpa}K}:\eH IlpaBHTeJ!bCTBeHHOH 

npeMneiI, KOTopy10 .Il:MIITpnn IIBaHOBII'l nepe;a;arr B qion;a; ;a;eTCKIIX )J;OMOB. 3a 
BhlIIOJIHenne Ba2KHhlX rocy;a;apcTBeHHbIX 3a;a;annii: no C03)J;aHHIO aTOMHOil :rnep
reTHKlI .IJ:. II. BrroXIIn:a;eB y;a;ocToen 3orroToiI 3Be3}J;hl II 3BaHHJI repoJI Co:a;Ha
rrncTII'lecKoro 'Ipy;a;a (1956 r.). 

PeaKTOphl npHBrreKJIH BHHMaHIIe .IJ:. II. BlIOXlIHD;eBa He TOllbKO KaK OCHOBa 
aHepreTWieCKI:IX ycTaHOBOK, HO H KaK lIHTeHCIIBHblll HCTO'IHHK nenTpOIIOB }J;JIJI 
caMhlX pa3noo6pa3HhlX nay'!HbIX IIccrre;a;OBaHHH . .IJ:. IL BrroXIIn:a;eB - aBTop 
Bhl)J;aIOrn;erOCJI lI306peTeHIIJI (1955 r.) - HMnJJibCHhlX 6bICTpoµ;eHCTBJIOII.J;HX 
peaKTOpoB (IIBP-1, IIBP-30, IIBP-2), ;a;aBlllnx Ha'!arro npnn:a;HIInarrbHO no
BoMy IIOKOJieHHIO MOII.J;Hhl:X lIMnJJibCHhlX lICTO'!HlIKOB HellTpOHOB. Morn;HOCTb 
HMnyrrbca TaKIIX peaKTOpOB npn BeCbMa Marron cpe;a;neiI MOII.J;HOCTII He ycTynaeT 
CaMhlM MOII.J;HhlM peaKTOpaM noCTOJIHHOro ;a;eiICTBIIJI. IIepBhlll peaKTOp TaKoro 
TIIna - IIBP-1 6blrr coopy2Ken H nyrn;eH B .IJ:y6He (1960 r.) B Jia6opaTopHH 
neii:TpOHHOll q>II3HKlI no lIHH:a;HaTIIBe II no;a; nay'!HhlM PYKOBO)J;CTBOM, npn Heno
cpe;a;cTBeHHOM y'laCTIIH .IJ:. II. BrroXIIn:a;eBa. "XoTJI B aToii: pa6oTe y<IaCTBOBarrn 
MHOrIIe cne:a;narrlICThl, - BCnOMHHarr II. M. <l>paHK, - HO OT B03HlIKHOBeHirn 
n;a;en II ;a;o ocyw;ecTBJieHIIJI ee B .IJ:y6ne aToT peaKTop 6hlrr ;a;eTnrn;eM .IJ:MIITPHJI 
IIBanoBn'la". (.IJ:. II. BrroXIIn:a;eB '!acTo Ha3hlBarr ero CBOHM "npII;a;anHbIM")" . 

"JI BOCXIIII.J;eH MJ)KeCTBOM rr10;a;eii:, pelIIHBIIIlIXCJI Ha coopy2KeHHe TaKOll 3aMe
'laTeJibllOll ycTaHOBKH", - cKa3arr HHrrbc Bop, noceTnBIIInn .IJ:y6Hy B 1962 r. 

PyKOBO)J;HMaJI .Il:MIITpneM IIBaHOBII'leM rpynna no npoeKTHpoBaHHIO, coo~ 
py2KeHHIO n nycKy IIBP-1 cocToJirra B ocnoBnoM H3 coTpy;a;nHKoB <l>n3IIKo
anepreTWieCKoro lIHCTIITyTa. B pe3JllbTaTe MHororreTHen pa60Thl 3TOT pe
aKTOp 3apeK0MeH;a;oBarr ce6JI KaK arperaT ;a;JIJI nccrre;a;oBannn B JI;a;epHon qin-
3nKe, q>H3HKe KOH}J;eHCHpoBaHHhlX cpe;a; II arreMenTapHbIX 'laCTlI. 3a aTy pa6oTy 
.IJ:. II. BrroXIIH:a;eB 6hlrr y;a;ocToen focy;a;apcTBennon npeMIIH CCCP (1971 r.). 

"PeaKTOphl Tnna "IIBP", IIMeJI Marry10 cpe;a;HIOIO Morn;nocTb, no'!TII ne pac
xo;a;yroT ;a;oporoe aTOMHOe TOIIJIHBO - IIJIJTOHHll, B TO BpeMJI KaK peaKTOp BO 
<l>pan:a;nn, B Ipeno6rrc, npe;a;HMHa'!eHHbIH npHMepno ;a;rrJI Tex 2Ke :a;erreii, Tpe-
6yeT neperpy3KH aToMnoro TOIIJIHBa Ka2K;a;hle Tpn ne;a;errn. PeaKTop 2Ke IIBP 
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MO)KeT pa6oTaTh MHOrIIe rop;hl Ha OIJ;HOH, nepBoHa'laJihHOll :::iarpyt3Ke, K TOMY :lKe 
MHoro MeHbrneii:, 'leM :::iarpy:::iKa peaKTOpa C nocTOHHHbIM nOTOKOM HeHTpOHOB. 
B IIBPax aTOMHhlll B:JphlB norrHOCThIO IICKJIIO'leH. Ilo cyIII.eCTBY aTo annapaT, 
npoII:JBOIJ;HIII.IIH MarreHhKIIe B:Jphmhl ThlCH~II pan B MIIHYTY- Onh!Ta ynpaBrreHlliI 
IIBPoM eIII.e He 6h!rro. BecnoKOIIJIII qmyKTyau;IIII Hp;epHoii: peaKD;HII, onacHoCTh 
nepexop;a II:J MIIKpOMIIpa B MaKpm.rnp. ,II;a II B caMOM p;erre 0/J;HO Bpe:M.H Ka:JaJIOCh, 
'ITO yMonoMpa'IIITeJibHhlll xaoc MIIKpOMIIpa BOT-BOT BOpBeTCH B MIIp nopHp;Ka, 
B MaKpOMIIp, II pa:::ipyrnIIT HaIIIII nrraHhl, a MO:lKeT 6b!Th II Hae caMIIX", - nIIcarr 
,II;. II. BrroXIIHD;eB B cBoeii KHIIre "Po:lKp;eHIIe MIIpHoro aToMa" (M., AToMII:Jp;aT, 
1977r.). 

B nocrrep;yroIII.IIe rop;hl ,II;. II. BrroXIIHD;eB 6hrn aBTopoM II Hay'IHhlM pyKoBo
/J;IITerreM npoeKTa, coopy)KeHlliI II<nycKa 6orree coBeprneHHoro II MOIII.Horo pe
aKTopa IIBP-2, pyKOBOIJ;IIlI ero q>II:JII'leCKIIM nycKoM (1977 r.) II p;o nocrrep;HIIX 
p;Heii cBoeii :lKII:JHII (1979 r.) - nop;roTOBKOll ero K aHepreTII'leCKOMY nycKy. 
8To nocrrep;Hee p;eTnIII.e ,il;MIITPIIH IIBaHOBII'la BrroXIIHu;ena o6ecne'IIIBaeT IIH
TeHCMBHhle IICcrrep;oBaHlliI B q>II:JIIKe KOHIJ;eHCIIpOBaHHhlX cpep; II aTOMHoro Hp;pa, 
arreMeHTapHbIX 'laCTIID; II MOJieKylIHpHOH 6IIOXIIMIIII IIHTepHaD;IIOHaJibHOro KOJI
rreKTIIBa y'leHbIX OfrI,ep;IIHeHHOro IIHCTIITyTa Hp;epHbIX IICCllep;OBaHIIH B ,Il;y6He. 

Cpep;HHH MOIII.EOCTh IIBP-2 npeBt1oii:p;eT cpep;Hroro MOIII.HOCTh IIBP-30, a B 
OTp;er,rbHhlX IIMnyrrhcax OHa B03pacTeT p;o KOJIOCCaJibHhlX :JHa'leHIIH - OKOJIO 
700 000 KBT! B HeM HeT orpaHn'leHIIii npep;erra noToKa HeiiTpOHOB. 

"IIBP-2, B co:::ip;aHIIe KOToporo ,il;MIITpIIii IIBaHOBII'I BJIO:lKIIJI TaK MHoro 
Tpyp;a, no CBOeMy IIMnyrrhCHOMY IlOTOKy npeBOCXOIJ;IIT B HeCKOJihKO pa3 Bee, 
'IeM pacnorrararoT q>Il3IIKII B APY1:IIX cTpaHax, - BcnoMIIHarr II. M. <PpaHK. -
B aToii p;eHTeJihHOCTn y ,II;. H. BrroXIIHD;eBa npoHBilJIIICh TaKIIe oco6eHHOCTH 
xapaKTepa, KOTOpbie IJ;OBOJibHO pep;KO CO'leTaIOTCH B 0/J;HOM 'leJIODeKe. OH yMeJI 
Tpe:JBO OQCHilTh cnTyau;nro, HilKOrp;a He npHyMeHbIIIaH TPYIJ;HOCTeii: Il p;a:iKe, 
no:lKarryii:, IlX nop;'lepKHBaH. BMeCTC c TeM, OH o6rrap;arr Y/J;IlBIITeJibHhlM onTII
Mil:JMOM n HaXOIJ;'IIIBOCThIO, nO:JBOJIHBIIIIlMII eMy npep;rraraTb onTIIMaJlhHblll Dhl
xop; 113 TpYIJ;HhlX norro:lKeHIIH. Ilpn 3TOM ero IICKlIIO'IHTeJibHO TO'IHOe II MeTKOe 
OCTPOYMIIC nop;p;ep:lKMBaJIII 6op;poCTh II o6rrer'laJIII pa6oTy KOJilieKTHBy". 

,II;. II. BrroXIIHD;eB 6hlrr opraHII3aTopoM' II Hay'IHhlM pyKOBOIJ;IITerreM O6'h
eµ;nHeHHoro IIJICTIITyTa Hp;epHhlX IIccrrep;onaHIIH (n ,Il;y6He). B 1956 r. Ko
MIITeT IloJIHOMO'IHhlX IIpep;CTaBIITerreii op;IIJIHap;u;aTII CTpaH CIJ;IIHOrrracHO II3-
6parr ,II;. II. BrroXIIHD;eBa nepBhlM p;IIpeKTopoM aToro Me:lKp;yHapoµ;Horo u;eHTpa. 
,II;. II. BrroXIIHu;en pat1pa60Tarr YcTaB I! cTpyKTYPY aToro u;eHTpa. 

"BHyTpeHHim p;ap ,il;MIITpnn IIBaHOBII'la HaxO)J;IITh npaBIIJibHhle noµ;xop;hl K 
pemeHnro npo6rreM Me:lKp;yHapoµ;Horo coTpYIJ;Hn'lecTBa II ero p;IInrroMaTII'lecicIIe 
cnoco6HocTn, - ncnoMIIHaeT B. II. ,Il;:lKerrenon, - :::iaMeTIIJI B HeM :::iopKIIH rrra:::i 
II. B. Kyp'IaToBa, o6rraµ;aBrnero yp;IInnTeJihHhlM yMeHneM nnµ;eTh B JIIO/J;HX noµ;-
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'lac eIII.e He OTKpbIBIIIYIOCH cnoco6HOCTh DhlnOJIHIITb TO IIJIII IIHOe KpynHoe II 
BhlCOKO OTBCTCTBCHHOe ;r:i;erro. 8To IIropb BacIIJibeBII'I peKOMeHµ;onarr 11:::i6paTb 
,il;MIITplliI HBaHOBII'la nepBbIM ;r:i;npeKTOpOM Harnero Me:lKp;yHapoµ;Horo Hp;ep
Horo u;eHTpa B ,Il;y6He - O6'bC)J;IIHeHHoro IIHCTllTyTa Hµ;epHbIX IICcrreµ;oBaHllll. 
Bee Mhl, pa6oTaBIIIllC c ,il;MIITplleM IIBaHOBil'ICl\I n B nepIIoµ;, Korµ;a OH 6bIJI )J;II
peKTOpOM IIHCTIITyTa, n no3p;Hee, Korµ;a pyKOBO)J;IIJI pa6oToii: Jla6opaTOpIIll 
TeopeTII'ICCKoii: q>nmnm IIHcTnTyTa, c 6orrhrnoii TenrroToii ncnoMnHaeM llTII 
rop;hl". 

K pa6oTe B OIIJ.lII 6hlrrn npMBrre'leHhl KpynHhle y'leHhle CoBeTcKoro Co
I03a II COD;llaJIIICTII'leCKllX CTpaH. B µ;onorrHeHIIe K )J;BYM cyIII.eCTBOBaBIIIIlM B 
,Il;y6He rra6opaTopIIHM: Jla6opaTopnn Hµ;epHhlX npo6rreM II Jla6opaTopnn Bhlco
KlIX 3HeprIIii:, 6bIJIII co:::iµ;aHhl 'leTbipe HOBhle Jla6opaTopIIn: Jla6opaTOPIIH Hµ;ep
HhlX peaKD;IIH, Jla6opaTopnH Heii:TpOHHoii: qin:::inKII, Jla6opaTopIIH TeopeTn'le
cKoii q>II:JIIKll, Jla6opaTopIIH Bhl'IIICJIIITCJihHOH TCXHilKII II aBTOMaTIIKII, npll'ICM 
nocrreµ;HIIe TPII - no HHIID;IIaTime ,II;. II. BrroXIIHu;ena. ,II;. II. BrroXIIHD;eB IIHIID;II~ 

IIponarr II C03)J;aHIIe B ,Il;y6He IJ;eHTpallbHhlX llKCnepIIMeHTaJibHbIX MaCTepCKllX 
OIIJ.lII. 

3a rrep,ro~ rrpe6h!B8HlISI ,n:.U.E.no~eea Ha rrociy )W)eKTOpa H Hay•nmro PYK0BO~rrerni O IIJ.lII 
(1956-1965 rr.) IIHCTlITYT OKOH'laTellbHO oqiopMlllICH opraHII3aD;IIOHHO, npe
BpaTIIJICH B KpynHeii:rnri Me:lKp;yHapop;HhlH Hay'IHO-IIccrrep;oBaTerr_hcK'nii: u;eHTp, 
3anoenanrnnii CBOllMil nay'IHhlMil IICCJIC)J;OBaHlliIMII DLICOKllll anTopIITeT ll Me:lK
µ;ynapoµ;Hoe npn3HaHIIe, CTaJI Kyt1nnu;eii Hay'IHhIX Kaµ;poB cou;riarrIICTll'leCKlIX 
cTpaH. B nocrre;r:i;yroIII.ne roµ;hl (1965-1979 rr.) ,II;. II. BrroXIIHD;eB - ;r:i;npeKTop 
Jla6opaTopIIn TeopeTn'lecKoll q>IItlnKn Me:lKp;yHapoµ;noro O6'bep;nHeHHoro nH
cTnTyTa H)J;CpHbIX IICClIC)J;OBaHnn, a TaK:lKe aay'IHhlll PYKOBO)J;HTem, rrpoeKTOB, 
coopy1Kemrn: II nycKa IIMIIYJihCilbIX peaKTopon, ero µ;eTIIIII.. ,II;. II. Brroxirnu;eB 
nnec TaK:lKe orpoMHhlll JIIl'IHhlll nay'IHhlH DKrra;r:i; n o6ecne'leHirn MIIponoro Ha
y'lnoro aBTOPIITCTa ,Il;y6Hhl. 

",II;. II. BrroXIIHu;en cµ;enarr orpoMHhlll BKnap; B pa:::innTIIe OHJ.lH II MIIpoBon 
HayKII. 8TOT BKiJ:aµ; 6yp;eT n OCTaHeTCH p;o CKOH'lalllliI MIIpa", - nncau IIpeµ;
cep;aTeJib rocyp;apcTBeHHoro KOMIITeTa no AToMnoii: aHepr11n KH,II;P Tcoii: IlaK 
fyH. 

"Ilpoqieccop BnoXIIHD;eB BHec Bhl/J;aIOIII.IIHC.lI BKnap; KaK B q>II3HKY, TaK II B pa3-
BIITne HaY'JHoro coTpYIJ;HII'leCTBa Me:lK;r:i;y CoBeTCKIIM Coro:::ioM n <PpaHu;neii", 
- IIIICaJIII <PaH <PoKo n JlYII )KoHo II:J Hau;IIoHaJihHoro lIHCTnTyTa II IIHcTII
TyTa .lIµ;epHOII q>II:JlIKII II q>II3IIKll 'laCTIID; ( <l>paHD;IIH). 

HecMOTp.lI Ha 6orrhrnyro opraHn:::iau;noHHyro pa6oTy, ,II;. II. BrroxnHu;en He npe
KpaIII.aeT IIHTeHCMBHhlX Hay'IHhlX IICCJiep;oBamrii: B o6rraCTII q>Il3IIKII arreMCHTap
HbIX 'laCTIID;, q>yH)J;aMCHTaJibllhlX npo6rreM TeopeTII'leCKOil q>II:JIIKil. 

IIMeHHO K 3TOMY rrepnop;y O'.rHOC.lITC.lI. ero pa60Thl no IICCITe)J;OBaHlIIO rrpo-
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CTpaIICTBeIIIIOH CTPYKTYPhl aJie:MCIITapHhlX "<J:aCTIUJ; II pa6oThl IIO <prryKTyan;llllM 

IIJIOTil~CTII .Rµ;ep11oro BeID;CCTBa. 

Ern;e B 1948 r. B pa6oTe "Met101111oe TOpMot111oe IIt1Jiy'le11IIe µ;eiiT011a" 

,U. IL Brroxmm;eB rrepBhlM µ;0Kat1arr, 'ITO _rrpII B3aIIMoµ;eiicTBIIII µ;eiiToIIoB c Be

rn;ecTBOM 3a C'ICT KOrepe11T110ro B3aIIMOµ;eiicTBlll[ o6oIIX IIYKJIOIIOB MoryT po

:iKµ;aTbC.ll TOpM03IlhlC IIIIOilhl C ;meprIIeii~ rrpeBhlIIIaIOrn;eii ;meprIIIO, IIpIIXoµ;.ll

rn;yroc.ll 11a oµ;IIII IIYKJIOH µ;eiiT011a, TaK 11at1hlBaCMhlC KYMYJI.llTIIBilhlC MC30Ilhlj 

rrpeµ;cKat1arr po2Kµ;e11IIe "KrracTepoB" B 11yKrro11-.Rµ;epHhlx coyµ;apeilllllx ( 06pat10-

BaIIIIe "cy6'b.Rµ;ep" BIIYTPII Kµ;pa), Bhlµ;BIIIIyrr IIµ;ero, 'ITO aTOMIIhle Kµ;pa 06pa

t10BaIIhl BJ>CMCIIIIO B03IIIIKaIOrn;IIMII BIIYTPII IIIIX "cy6'b.llµ;paMII". Coo6pa:iKCilllll 

o cyrn;ecTBOBaIIIIII TaKIIX "cy6'b.Rµ;ep" rroµ;BeJIII ,U. II. BrroXIIIID;eBa K o 6'bHCIIe

IIHIO CTpa1111oro HBJICIIllll Bhl6_IIBaIIIIH II3 Hµ;ep CJIO:lKilhlX OCKOJIKOB. ,UMIITpIIH 

IIBaIIOB~'l YTBCp:iKµ;arr, 'ITO "cyrn;ecTBOBaIIIIC KOMrray11µ;-"<J:aCTIID; MO:lKCT 6hlTl, 

TaK:lKe oTBCTCTBCIIHhlM t1a 06pat10Ba11IIe 11aµ;6ap1,ep11Mx ocKorrKoB He, Li, Be, 

B03IIIIKaIOID;IIX rrpII coyµ;apCIIIIII 011eprII'IIIOro IIYKJIOIIa C aTOMilhlM Hµ;poM. Ta~ 

KIIC KOMrrayµ;-coCTOHilllll MoryT B03IIIIKaTI, B Hµ;pe B pet1yrr1,TaTe qirryKTyan;IIii 

{KOIIC'IIIO, 11a O'ICHb KOpOTKOC BpCMH). Torµ;a CTOJIKIIOBCIIIIC IIYKJIOIIa C TaKIIM 

KpaTKOBpCMCIIIlhlM KOMrrayµ;-coCTOHIIIICM II MO:lKCT IIOBCCTII K Bhl6IIBaIIIIIO TH

:lKCJIOro OCKOJIKa. IlpII3IlaKOM TaKoro COCTOHilllll "KoMrrayµ;-"<J:aCTIID;hl" HBJIHCTCH 

TO o6CTOHTCJII,CTBO, 'ITO 011eprllll "<J:aCTIID; cocpeµ;oTa'IIIBaCTCH B 011eprIIII B3a

IIMoµ;eiicTBllll, a IIC B co6CTBCIIIIOH 011eprIIII "<J:aCTIID;". 

B 1957 r., OCIIOBhlBaHCb Ila 0611apy2KCHHhlX B TO BpeM.ll B ,Uy611e rpyrrrroii 

M. r. Mern;epHKOBa "µ;eiiTOIIIlhlX IIIIKax" B peaKD;llllX KBat1IIyrrpyroro pacceHIIllll 

rrpoTOIIOB BhlCOKOH 011eprIIII 11a Hµ;pax, ,II;. II. BrroXIIIID;CB µ;erraeT 3aKJIIO'ICIIIIe, 

'ITO IIpII'IIIHOH IIX HBJI.lllOTC.ll <plIYKTyan;IIII IIJIOTIIOCTII Hµ;ep11oro BCID;CCTBa -

rpyrrllhl CTOXaCTII'ICCKII B3aIIMOµ;eiicTBYIOID;IIX B Hµ;pe "<J:aCTIID;, crroco611hlX KaK 

eµ;IIIIOC n;erroe BOCIIpIIIIIIMaTI, 6orr1,rnoii lIMIIYJibC lI OTpa:iKaTb rrpoTOII 11a3aµ;. 

Pac"<J:CThl BepoHTIIOCTII 06pat10Ba1Illll TaKiiX IIJIOTHhlX qirryKTyan;IIii Hµ;epIIOH 

MaTepIIII, rrpoBeµ;eIIIIhlC ,U. II. BrroXIIIID;CBhlM C IICIIOJII,30BaHIICM rrepeKphlTIIH 

oµ;IIO'laCTII'IHhlX <pyIIKD;IIH pacrrpeµ;erreilllll, o6'bHCIIIIJIII IIOpHµ;OK BCJIII'IIIHhl 0<p

qJCKTa. "8To KatJaJIOCb CTOJII, )KC IICB03MO:lKilhlM, - IIJICaJI ,U. II. BrroXIIIID;CB, -

KaK II rryrre Bhl6IITI, OKIIO, BMCCTO Toro, 'IT06hl rrpo6IITI, MaJICilbKYIO AhlpO'IKy". 

Ern;e B 60-x roµ;ax ,U. II. BrroXII11n;eB yKat1aJI 11a B03MO:lKIIOCTb rrpocrreµ;IITb rrepe

xoµ; OT o6hl"<J:IIOro Hµ;ep11oro BCID;CCTBa K aµ;poHHOMY BCID;CCTBY, IICCJieµ;yH B3aII

Moµ;eiicTBIIC 6hlCTphlX "<J:aCTIID; c <plIJKTYaD;llllMII IIJIOTIIOCTII :s aTOMilhlX Hµ;pax, 

,U. II. BrroXIIIID;CB IIIICaJI: "EcrrII µ;a1111hle 0KCIICpIIMCIITOB rrpCBhlCHT OD;CIIKII, 

rrpeµ;cKa3hlBaeMhlC II3 o6In;IIX IIpIIIIIJ;IIIIOB KBaHTOBOH MexaIIIIKII, 6at1IIpyrorn;II

CCH Ila rrpeµ;cTaBJICIIIIII O Hµ;pe KaK O CIICTCMC B3aIIMoµ;eiicTBJIOID;IIX IIYKJIOIIOB, 

TO 0To 6yµ;eT crry:lKIITb yKat1a11IIe 11a TOT q>JHµ;aMeIITaJibIIhlH <paKT, 'ITO aTOM-

11oe Hµ;po B "COCTOHillIII q>JIYKTyan;IIII" .. . IIC HBJI.llCTCH CJIO:lKIIOH CIICTCMOH, a 
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rrpeµ;CTaBJI.llCT co6oii oµ;ey 'laCTIID;y C Maccoii A, KOTOpaH, 0µ;11aKo, 6hlCTpo pac

rraµ;aeTCH 11a Z rrpoTOIIOB II A -'-- Z IICHTpOIIOB". <I>rryKTOilhl II qirryKTyan;IIOIIIlaH 

Moµ;err1, ,U. II. Brrmarnn;ena HBJI.llIOTC.ll q>II3II'ICCKoii rrpII'IIIHOH KYMYll.llTIIBIIhlX "<J:a

CTIID;, a caMII <plIJKTOilhl - 0TO MIIOrOKBapKOBhlC COCTOHillll[ B Hµ;pax - cno60-

µ;11hle crycTKII KnapK-rrr1001111oii 1mat1Mhl. IIMe11110 IIM 6Mrr rrocnHrn;e11 rrocrreµ;IIIIH 

µ;oKrraµ; ,U. II. BrroXII11n;ena n 1978 r. n ToKJIO 11a Me2Kµ;y11apoµ;11oii Ko11qiepe11n;IIII 

no q>II3IIKe BhlCOKIIX 011eprIIii- "0 rrpon;eccax 06pat10Bailllll aµ;po110B 11a Hµ;pax 

C IIMIIyrr1,caMII, BhlXOµ;HID;IIMII 3a rrpeµ;err o6rracTII, KIIIICMaTII'ICCKII pat1perne11-

IIOH µ;JIH coyµ;apeIIllll C oµ;IIIIM IlOKOHID;lIMCH IIYKJIOIIOM Hµ;pa". 

IIµ;eH qirryKTOIIOB ,U. II. BrroXII11n;ena 11axoµ;IIT Bee 6orr1,rnee IIO)J;TBep2Kµ;e11IIe, 

oco6e11110 B rrpon;eccax rrry6oKo 11eynpyroro pacceHIIllll rrenT011on 11a aToMIIhlX 

Hµ;pax. IIMeIIIIO 0TH 0KcrrepIIMCIIThl µ;aIOT IIaII6orree 11aµ;e2KI1hlC )J;OKa3aTCJII,CTBa 

B IlOJib3Y Toro, 'ITO H)J;pO COCTOlIT Ile TOJibKO II3 rrpOTOIIOB II IICHTpOIIOB, KaK 

0TO 6hlJIO rrpIIIIHTO C'IIITaTb BIIJIOTI, )J;O rrocrreµ;11ero BpCMCIIII, 110 B 3IIa'IIITCJil,

IIOH CTCilCilll - II3 MIIOrOKBapKOBhlX qirryKTOIIOB. M11orOKBapKOBhlC <plIYKTOilbI 

ceii"<J:aC CTaJIII IIC TOJibKO OCIIOBOII )];JIH o6'bHCIICIIIIH KYMYJI.llTIIBilhlX "<J:aCTIID;, 110 

II q>II3II'ICCKOll npII'IIIIIOH "Kopa" H)J;CpIIhlX ClIJI II MIIOro"<J:aCTII'IHhlX B3aIIMO)J;CH

CTBIIH n Hµ;pax. 

8TII pa6oThl 3aJIO:lKIIJIII OCIIOBbl IIOBOrO 11arrpaBJICilllll - pell.llTIIBIICTCKOH 

Hµ;ep11oii <pll3IIKII, II3Y'laIOID;CH B3aIIMO)J;CHCTBllll 0JICMCIITapHhlX "<J:aCTIID; II Hµ;ep 

BhlCOKoii 011epr11n c H)];paMII. 8To 11ay'llloe 11anpanrrem1e nepe6pacMBaeT MOCT 

MC:lKAY q>II3IlKOH 0rreMe11Tap11Mx "<J:aCTIID; II TeopIIeii H)];pa. KyMyJIHTHBIIhlH 0qi

q>eKT Il03BOJI.llCT ~IICClIC)J;OBaTb H)J;CpIIoe BCID;CCTBO rrpn TaKIIX BhlCOKHX IlJIOTIIO

CTHX, KOTOphle B npnpoµ;e )];OCTII:lKIIMbI, BIIµ;IIMO, 'I'OJibKO B IICKJIIO'lIITCJibllhlX 

KOCMII'ICCKHX o6'bCKTax. TeM caMbIM 0TO 11anpaBJICIIIIC ycTaIIaBJIIIBaeT CBH3l, II 

c ac'l;'pO<pII3IIKOH. 

<I>rryKTOilhl II qirryKTyan;IIOIIIlaH MO)J;Clll, ,U. II. BrroXIIIID;ena HIIIID;IIIIpOBaJIII B 

,Uy611e, B OlUIII, pHµ; 0KcnepIIMCIIToB, cMrpanrnIIx Ba2K11y10 porr1, n pa3BIITIIII 

rrpeµ;cTaBJICIIIIH O MCXaHII3MC Hµ;epIIhlX npon;eccon npII 60JII,IIIHX npe)];CJiaX IIM

rryrr1,con. B TC"<J:eIIIIe µ;rrHTerr1,11oro npeMeIIII 0To OTKphlTIIe ,U. II. BrroXII11n;eBa 

6hlJIO C)J;IIHCTBCHHhlM CTIIMYJIOM II opIICIITIIpOM µ;ll.ll 0KCnepIIMCIITaTopoB, TaK 

KaK rrpo6rreMa B3aIIMOµ;eHCTBllll C MaJIOIIYKJIOIIIlhlMII CIICTCMaMII B ycJIOBllllX Bhl

COKIIX nepeµ;a-q IIMilYJibCa B TO BpCM.ll IIC TOJII,KO HC rrpII3IIaBaJiac1, aKTyarr1,110:ii, 

110, 3a pe)];KIIM IICKJIIO'ICIIIICM, noo6rn;e IIC IIplIBlICKarra BHIIMaIIllll q>II3IIKOB. Ceii

-qac no qirryKTyan;II011110:ii MO)];eJIII ,U. II. BrroXII11n;ena pa6oTaIOT 11a MIIorIIx ycKo

pIITCJIHX B MIIpe. 

B Te :iKe roµ;hl ,U. II. BrroXII11n;en IICCJie)];yeT (11a oc11one onTII'ICCKOH "0:iiKo-

11arr1,11on" Moµ;errII) CTPYKTYPY 11yKrro110B II ycTaIIaBJIIInaeT ee )];erre11IIe 11a n;e11-

Tparr1,11y10 II nepII<pepII'ICCKyro "<J:aCTII, KOTOphlM q>II3IIKII IlOJib3YIOTCH II no ceii 

)];Cllb, IIpIIXOµ;IIT K 3aKJII0'lCIIHIO O )J;OMIIIIIIpyIOID;CH poJIII IlCpIIq>CpII'ICCKIIX B3a

IIMO)J;CHCTBIIH n rrpon;eccax pacceHIIllll. 
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B ocHOBe D;lIKrra pa6oT ,II;. II. Brrox1rnn;eBa no CTpJKType :meMeHTapHhIX 'Ia

CTIID; rre)KllT yTBep)Kµ;em1e ,Il;MIITplllI IIBaHOBII'Ia o npocTpaHCTBeHHoH npoT.H

)KeHHOCTII :meMeHTapHhIX 'IaCTIIn;. Eme B 1947 r. ,II;. II. Brrmarnn;eB BnepBhle 

yKanarr Ha HaJIII'IIIe "KepHa" BHJTPII HJKJIOHa, OKpy)KeHHoro nII0HHOH 060J10'I

KOH, npeµ;rro)KIIJI II panBIIJI "onTII'IeCKYIO Mop;em, HJKJIOHa", panpa6oTarr TeopIIIO 

npIIMeHIIMOCTII :)TOH Mo,a;errII K pacce.HHIIIO arreMeHTapHhIX -qacTnn;, µ;arr Mop;em,~ 

HOe onIICaHIIe pacnpeµ;erreHillI BemecTBa B HJKJIOHe, norry'IIIJI panMephI o6rraKa 

II "KepHa"' noKanarr corrracoBaHHOCTb :)TOH KapTIIHhl C mtcnepIIMeHTaJlbHhIMII 

p;aHHhIMII no IIccrrep;oBaHIIIO arreKTpOMarHIITHoro qwpM<paKTopa HJKJIOHa, o6'b

.HCHIIJI HyrreBoH arreKTpII'IecKIIH pap;IIyc HeHTpoHa, Bhl'IIICJIIIJI Koaq>q>IID;IIeHT no

rrromeHH.H nHOHOB B HJKJIOHax, nocTpOIIJI TeopIIIO arreKTpOMarHIITHOH CTpyK

TJphI npoTOHa Il ae:iiTpOHa. 

Eme B 1950 r. ,II;. II. BrroxnHn;eB nepBhIM npeµ;rro)KHJI MexaHII3M 'IepeHKOBcKoro 

Il3JIJ'IeHillI IICnOJlb30B,:i.To p;J1.lr onHCaHillI MHO)KeCTBeHaoro po)Kµ;eHH.l[ Me30HOB 

- aTo ero OTKphITHe o6paTIIJIO aa ce6.H BHHMaane JIIIIIIb B nocrreµ;aee µ;ec.HTH

rreTIIe. 

Ilonp;Hee (1957 r.) OH nOKa3bIBaeT npOTHBOpe'IHBOCTb CTaTIICTH'IecKoro II 

rnµ;pop;HHaMII'IeCKoro noµ;xop;oB K npon;eccaM MHO)KeCTBeHHoro po)Kµ;eHII.l[ 'Ia

CTIID; c ocHOBHhIMII npnan;nnaMII KBaHTOBoii: MexaHIIKH (1957 r.). CIIrra aToii: 

KpIITIIKII Bee 6orroIIIe Ha'IIIHaeT npo.HBJl.llTb ce6.11 ceii:'Iac no Mepe pacIIInpeHillI 

KOppeJ1.lrD;IIOHHhIX II cnIIHOBbIX II3MepeHIIH. 

B 1960 r. ,Il;MnTpIIeM IIBaHOBII'IeM Brroxnan;eBbIM 6blrra BnepBble npeµ;rro)KeHa 

np;e.H II Mop;errb cymecTBOBaHII.l[ HeCKOJlbKlIX BaKYYMOB B KBaHTOBC>_H TeopIIII noJl.lr 

lI cnoHTaHHOro nepexoµ;a Me)Kµ;y HIIMH. cha ero Mop;erro lIHTeHClIBHO IICnOJlb3J-. 

eTC.ll B COBpeMeHHhlX ep;lIHbIX TeoplllIX arreMeHTapHbIX -qaCTlID;. ,II;. II. Brroxnan;eB 

Bblp;BHHJJI "cyMaCIIIep;IIIJIO np;eIO", 'ITO 6orree pearrncTII'IeCKOe nOHlIMaHlie q>II-

3lI'IeCKOro BaKyyMa µ;aeT HOBble p;OBOp;bI B nom,ny cymecTBOBaHillI q>Il3ll'IeCKlI 

Bblp;erreHHOll CllCTeMbl OTC'IeTa. PanBIITne TaKOro BaKJJMa, Ha'IIIHa.H c_o CTap;mI 

BemIKoro Bnporna, - OCHOBa µ;Jl.l[ :)BOJIIOD;IIOHHOro nOHlIMaHillI B03HlIKHOBeHillI 

arreMeHTapHhIX 'IaCTIID;. 

B 1957 r. B pa6oTe "Korµ;a crra6oe B3aIIMoµ;eiicTBIIe cTaHOBlITC.ll cnrroHh.TM?" 

(Y<t>H, T. 62, B. 3, c. 381) ,II;. II. Brroxnan;eB BnepBble yxanarr aa cymecTBOBaane 

TaK Ha3bIBaeMoro "ymITapHoro npeµ;erra" B crra6bIX B3aIIMoµ;eiicTBII.l[X n yxanarr 

aa pocT ce'IeHillI crra6oro BnaIIMop;eHCTBillI npn Bl>ICOKIIX aHeprII.l[X. 8To norr

HOCTbIO nop;TBepp;IIJIOCb B ae:iiTpIIHHbIX :)KCnepIIMeHTax Ha COBpeMeHHbIX ycKo

pnTeJl.llX. Ou onpeµ;eJ1IIrr Bxn;aµ; crra6oro B3aIIMop;eHCTBillI B arreKTpoMarHIITHble ·

npon;ecchl Il yxanarr Ha rpaHnn;y npIIMeHIIMOCTII KBaHTOBOH arreKTpOp;lIHaMIIKII 

(1957 r.). 8To µ;arro noBop; aMepnKaHCKOMY axcnepIIMeHTaTopy B. IlaHoq>cKoMY, 

nocrre µ;oxrraµ;a ,II;. II. Brroxnan;eBa B BepKJIII (1957 r.) 3aMeTIITo: "Bbl, BIIp;IIMo, 
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pa6oTaeTe p;J1.lr µ;arreKoro 6yµ;ymero". "CJepen 20 rreT, q>II3IIKII nop;OIIIITII K "yan

TapaoMy npeµ;erry". 8TII nµ;en .J];MIITplllI IIBaHOBII'Ia pearrII30BaJIIICb B HaCTO.l[

mee BpeM.l[ B ep;IIHOH TeOpIIII crra6bIX Il arreKTpOMarHHTHhIX B3aIIMOp;eii:cTBIIH. 

B 1973 r. OH npep;JIO)KIIJI n o6ocHOBaJI CTponTeJlbCTBO ycKOpIITeJleH, KOTOpble 

nepeIIIamyrrII 6bl "yHIITapHorii: npeµ;err", 'ITO 6blrro oµ;o6peHo AH CCCP. 

BorroIIIoii: II Ba)KHbIH D;IIKJI pa6oT ,II;. II, Bnoxnan;eBa nocn.11meH KBaHTO

BOH TeOpIIII norr.H, HemrneHHbIM II HeJIOKaJlbHbIM TeOplI.lIM, HeraMHJlbTOHOBY 

noµ;xoµ;y, CTOXaCTII'IeCKOH reoMeTpIIH npocTpaHCTBa-Bpe11eHH, npH'IIIHHOCTH. 

,II;. II. BrroxnHn;eB nepBbIM Btlerr "r-reoMeTpnIO"-- H3Mepeuue rem.-ieTprm MH

KpoMnpa . .n;Jl.l[ HeJIOKaJlbHbIX norreH ,II:MnTpuii: IIBaHOBII'I BnepBbie noKa3aJI B03-

MO)KH?CTb OTKa3a OT KOHe'IHOll CKOpOCTll pacnpocTpaHeHillI curaarra "B Ma

JIOM" 6en cymecTBeHaoro aapyIIIeHll.l[ aToro cpyHp;aMeHTaJll>Horo naxoaa B Ma

KpOMHpe. 

OH npep;JIO)KHJI npHHD;IIIlliaJlbHO HOBhlll noµ;xoµ; K HeJIOKaJlbHbIM non.HM, OClIO

BaHHblll Ha ero MOp;erre CTOXaCTH'IeCKIIX cprryKTyan;nii MeTpHKlI npocTpaHCTBa

BpeMeHII, noKanarr, 'ITO BaKyyMHble q>rryKTyan;HH KBaH'rOBbIX norreii p;aIOT cyme

CTBeHHblll BKrraµ; Jllllllb H o6rraCTII p;ITIIll n npoMe)KyTKOB BpeMeHn, onpeµ;e~e

MLIX H3BeCTHbIMH MaCIIITa6aMn. 

"Ilopa)Karro HCKJIIO'IHTeJlbHO o6pa::rnoe MbIIIIJleHIIe ,,II;. II. Brrox1rnn;eBa, -

BCnOMIIHaeT r. B. Eq>IIMOB - Op;HH ll3 y'IeHIIKOB ,II;. II. BrroXIIHn;eµa. -_ BcHKIIH 

npon;ecc C ~JleMeHTapHbTMH 'IaCTIID;aMII OH ncerµ;a paccMaTpHBa.'l BO BpeMeHH II 

npocTpaHCTBe . .]];ITH MeH.H :)TO 6bIJIO oco6eHHO yp;uBHTerrbiIO, noTOMY 'ITO B Te 

BpeMcHa (BTopan norroBUHa 50-x rop;oB) cymecTBOBarro y6eJKµ;eHue, 'ITO arre

MeHTapHhle 'IaCTIID;bl l];0Jl:lKHbl 6bITb TO'Ie'IHhIMU. ,Il;rr.11 .J];MIITpII.l[ IIBaHOBlI'Ia, 

op;HaKo, arreMeHTapHble 'IacTIID;hl npeµ;cTaBJ1.lrJIHCb KaK pacnpeµ;eneHue BemecTBa 

B npocTpaHCTBe C napHp;OM II TOKOM. II 'ITO yp;IIBHTeJlbHO: Te pac'IeTbl, KOTO

pble OH µ;errarr Ha OCHOBe TaKIIX npep;CTa3JleHHH IIpIIBOp;HJlll K TeM )Ke OTBeTaM, 

'ITO Il B KBaHTOBonorreBOH TeOplIII. 8Ta o6pa3HOCTb MbllllJICHII.l[, cnoco6aocTb 

npep;cTaBIITb, KaK npoTeKaIOT B npocTpaHCTBe 'npo:a;eccbl B3aIIMOp;encTBII.!l -qa

CTHD;, BerrII ,II;. II. BrroxnHn;eBa K y6exqi;eHIIIO, 'ITO Tpyp;aocTII KBaHToBoiI Teoprm 

noJl.l[, CBH3aHHble C npep;cTaBrreHIIeM O TO'Ie'IHOCTH B3aIIMOp;en:cTBillI, .llBlllIIOTCH 

crrep;cTBHeM HMeHHo aToro nµ;earrnmrpoBaHHoro npeµ;cTaBrreHillI". 

IIccrreµ;yH cymecTBeHHO-HeITIIHeHHble IIOJ1.lr, ,II;. II. BrroxnHn;eB ·npnxop;IIT K 

Ba)KHOMY 3aKJIIO'IeHIIIO O TOM, 'ITO noHHTHe TO'Ie'IllbIX KOOpp;IIHaT Tep.aeT 

CMbIC:l Il Tpe6yeT II3MeHeHll.l[ reotieTpIIII MUKpOMIIpa, ecrrn CIIeKTp Mace 'Ia

CTHD; OKa3bIBaeTC.ll orpaHH'IeHHbIM CBepxy' nOKa3bIBaeT' 'ITO Tpyp;HOCTII coBpe

MeHHOll TeopIIII CB.!l3aHbl C HenpaBIIJlbHbIMil reoMeTpll'IeCKHMII npep;cTaBJleHII

.llMII npn OlllICaHIIIl B3aIIMOp;eiicTBIIH arreMeHTapHbIX 'IaCTHD; Ha MarrbIX pac

CTOHHII.l[X, µ;aeT rrry6oKuii: noµ;po6Hblll aHarrnn aTnx Tpyµ;aocTeii n nnrra

raeT p.11µ; HOBbIX HanpaBrreHHH, cmmaHHbIX C pa3JIII'IHbIMII MOp;Ilq>IIKaD;Il.llMII 

npocTpaHCTBeHHo-BpeMeHHbIX COCTOHHlIH. 
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,II;. M. ·Bnoxnmi;eB rrepBbIM rroKa3bIBaeT, 'ITO ofr1,eµ;1rneHHaJI reoMeTplll[ 

rrpo&rpaHCTBa-BpeMeHlI IT03BOnHeT paccMaTpHBaTb coceµ;cTBO co6bITlIIl He 

TOnbKO B rrpocTpaHCTBe, HO lI BO BpeMeHlI. IloGTOMY OKa3bIBaeTCH B03MO.lK

HbIM rrono.lKlITb B OCHOBY yrropHµ;o'leHlll[ co6bITlIIl IIplI'IlIHHOCTh, T.e. cpopMy 

reHeTII'leCKOil CBH31I Me.lKµ;y co6bITlll[MlI. 
HarnHµ;HaJI' q>lI3lI'leCKa.Jl KapTHHa rrpoTeKaHlIH BCHKOrO B3alIMOµ;encTBlll[ ane

MeHTapHbIX 'laCTIIp; B HeKOTOpOM rrpocTpaHCTBeHHOM ofrheMe lI rrpl!Bena 

,II;. M. Bnoxirnn;eBa 'i Hµ;ee HenoKanhHOH KBaHTOBOH Teopnn rroITH KaK K ecTe

CTBeHHOMY o6o6rn;emno cyrn;ecTBOBaBllllIX i'orµ;a KBaHTOBbIX rrpeµ;cTaBneHnn. 

CorrocTaBnHH o6naCTb O'IeHb 6onbllllIX MaCII1Ta60B - KOCMlI'IeCKlie rrpo

CTpaHCTBa (KOCMonormo) lI o6naCTb O'IeHh ManbIX MaCII1Ta60B - Mllp ane

MeHTapHbIX '!aCTlID;, BbIITOnHlIB rny60K1IH aHanlI3 rrpo6neM rrpocTpaHCTBa, Bpe~ 

MeHII, rrplI'IIIHHOCTlI B03HlIKaIOI.I.l;lIX B MlIKpOKOCMOCe, ,II;. M. BnoxnHn;eB YTBep

.lKµ;an, 'ITO rrpocTpaHCTBeHHO-BpeMeHHhle OTHOllleHlll[ µ;on.lKHbI paµ;HKanhHO 113-

MeHlIThCH B o6nacTlI CTOnh ManbIX MaCII1Ta60B, KOTOpbie xapaKTepHbI µ;ITH Mnpa 

aneMeHTapHbIX 'IaCTlID;, 
8Tn Borrpochl HalllnlI CBOe oTpruKeHne B KHnre ,II;. M. BnoXIIHn;eBa "Ilpo-

cTpaHCTBO 11 BpeMH B MlIKpOMIIpe", (M.: "HayKa", 1970, 1982 rr.), MHoro

KpaTHO rrepe1I3µ;aHHOil 3a py6e.lKOM. 
HeMano BpeMeHlI 6blno oTµ;aHo ,Il;MHTpneM MBaHoBn'IeM Bnoxnmi;eBbIM rronc

KaM HeraMIIIlbTOHOBa S-MaTplI'IHOro MeToµ;a B TeOplilI IIOITH, KOTOpbIH 3aMe

Hlln 6hl Tpaµ;mi;noHHbIH raMnnhTOHOB cpopManH3M. ,II;. M. BnoxnHn;eB rrepBbIM 

rrpeµ;no.lKIIn KOHKpeTHbIIl MaTeMaTII'leCKlIIl arrrrapaT TaKoro HeraM1InhTOH0Ba 

MeToµ;a (1946 r.), OCHOBaHHOro Ha BBeµ;eHlllI lIM HOBOro IIOHHTlll[ "aneMeHTap

HOil MaTplIIJ;bI pacceHHlll[". 8TOT arrrrapaT µ;an pe3yn1,TaTbI, COBIIaµ;a10rn;11e C 

rrp116n11.lKeHlll[MlI o6bl'IHOH peITHTIIBlICTCKlI-lIHBapnaHTHOil Teop1111 B03Myrn;e

HlIH. 8To 6bln cyrn;ecTBeHHbIIl Illar B panBIITlilI KBaHTOBOil TeOplllI IIOITH. 

Thop'IeCKaH aKTIIBHOCTh ,Il;MnTplll[ MBaHOBII'Ia He yracana µ;o caMbIX rrocne

µ;Hnx µ;Hen ero .lKlI3Hll. B rrocneµ;Hne roµ;hl OH cHoBa BepHyncH 11 K BorrpocaM 

Teop1111 TBepµ;oro Tena, nccneµ;yH rrpo6neMy aHoMallbHO Manoro BpeMenn yµ;ep

.lKaHIIH, XpaHeHlll[ ynbTpaxonoµ;HbIX HenTpOHOB (YXH), rrepBbIM IIOCTaBIIn lI 

pe1I111n Borrpoc o xapaKTepe B3anMoµ;eiicTBlll[ YXH co cTeHKon cocyµ;a, rrpOBen 

pHµ; pac'IeTOB lI Ha OCHOBe rrony'IeHHbIX IIM CTpOrlIX ypaBHeHlIIl rrepBbIM rrpe;a;

no.lK11n rrpocTon MexaHII3M o6'hHCHeHlll[ GToro acpcpeKTa - HarpeBaHlll[ YXH 

3a C'IeT CTOnKHOBeHlll[ lIX C a;a;cop611poBaHHh!M B IIOBepXHOCTHOM cnoe Bo;a;o

poµ;oM, KOTOphlH Hax:Op;lIT Bee 6onblllee 3KCUep11MeHTan1,noe rroµ;TBep.lKµ;eHIIe, 

B 'IaCTHOCTII, rrony'leHbI HOBble µ;aHHble no TeMrrepaTypHOH 3aBlIClIMOCTlI Bpe

MeHlI xpaHeHlll[ YXH, KOTOpbie 6necTHrn;e cornacyIOTCH c pac'IeTaMII, y'IHTbI

BaIOIIJ;IIMlI BlllIJflIHIIe aro:;op611poBaHHOro Boµ;opo;a;a. Ba.lKHbIM rroµ;TBep.lKµ;EmneM 
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11µ;e11 ,Il;MlITPlll[ MBaHOBlI'Ia HBlinOCI, Ha6n10µ;eH1Ie ynen1I'IeH1IH BpeMeHII XpaHe

Hlll[ YXH n cocyµ;e rrocne HarrhlneHlll[ Ha ero rronepXHocTh cnoH TH.lKenon noµ;bl 

D20 TOnrn;IIHOil 2000 A, KOTOpbIIl 06ecrre'I11n µ;enCTDlITenbHO 'llICTYIO rronep

XHOCTI, 11 rronnonnn rrony'IlITh µ;ocTaTo'IHO 6on1,II1oe npeMH xpaHeHlll[ YXH, 

cpaDHlIMOe C npeMeHeM ,8-pacrraµ;a HenTpOHOD. TaKlIM o6pa30M, OKOH'laTenbHO 

rroµ;Tnepµ;Hnocb OTKpbITIIe ,II;. M. Bnoxnnn;eBa o no;a;opoµ;HoM 3arpHnHeHIIlI CTe

HOK cocyµ;on µ;ITH XpaHeHlll[ ynhTpaxonoµ;HbIX HenTpOHOD. ,II;. M. Bnoximn;en OT

Me'lan: "MHe yµ;anoc1, co3µ;aTb Teop1110 "rn6en1I ynhTpaxonoµ;HhIX HenTpoHon", 

OCHOBaHHYIO Ha DnlIHHlllI Meµ;neHHbIX p;DlI.lKeHnn KplICTannlI'IeCKOil pellleTKlI Ha 

COCTOHHlie HenTpOHOD, KaK aneMeHTapHOil 'laCTlID;bI". 8To IIMeeT orpOMHOe 

cpyHµ;aMeHTanbHOe II IIplIKnaµ;Hoe 3Ha'IeH11e, TaK KaK MO.lKeT 6bITb IICIIOnhtlO

BaHo µ;nH lICcne;a;onaHlIH TDepp;bIX Ten 1I oco6eHHO lIX rronepXHOCTen. 

,II;. M. BnoxnHn;en pa6oTaeT Haµ; oµ;Hon 11n Han6onee cno.lKHbIX rrpo6neM conpe

MeHHon Teopnn - rrpo6neMon yµ;ep.lKaHIIH KnapKoD 11 rrpe;a;naraeT op11r1IHan1,

Hy10 rIIIIOTe3y IIplI'IlIHbl 3TOro HDnCHlIH. OH rrpeµ;naraeT KDapKODYIO Moµ;enb 

aµ;poHa, 6a311py10rn;y10cH Ha CTOXaCTlI'IeCKOil I' -reoMeTplilI lI II03DOnHIOIIJ;yIO 

paccMaTpHBaTb CDH3aHHble KDapKII KaK cno6oµ;Hble KorepeHTHbie 'IaCTIIIJ;bl. B 

1978 r. ,II;. M. BnoxnHn;en paccMaTpIInaeT cneµ;cTDlIH rrpeµ;rrono.lKeHlll[ o KDaHTo

naHIIII rrpocTpaHCTDa µ;nH KIIHeMaTIIKII KnapKoB; IIOKa3bIDaeT, 'ITO cyrn;ecTDYIOT 

TOnhKO µ;ne yrropHµ;o'IeHHble D rrpocTpaHCTDe CTPYKTypbI II3 ;a;nyx IInII Tpex 'Ia

CTIID;. Ha 3TOH OCHODe OH rrpe;a;naraeT reoMeTpII'IecKyIO lIHTeprrpeTaIJ;IIIO IJ;BeTa 
KDapKOB. 

B µ;oKna;a;e 1978 r. ,II;. M. BnoxnHn;en IIIIcan: "BonnIIKaeT D03MO.lKHOCTh 

cyrn;ecTBODaHlll[ "GK30TII'IeCKIIX" 'IaCTIIIJ; II DOtlMO.lKHOCTb o6panonaHlll[ 

"cpnyKTOHOD"-KnapKODbIX CIICTeM C 6onblllIIM 'IIIcnoM KDapKOD. B11µ;11Mo, TaKoro" 

po;a;a ~6pa30DaHlll[ o6Hapy.lKHBaIOTCH B KYMJnHTIIDHblX acpq>eKTax". 

B pa6oTe 1974 r. "KBapKOBbIH DaKYYM, aµ;ponbl II neIITOHbI" ,II;. M. Bno

XlIHIJ;en paCCMOTpen CIICTeMaTIIKY '!aCTIID;, OCHODaHHYIO Ha rrpeµ;cTaBneHnn O 

KDapKODOM DaKyyMe, rrepBbIM rrpeµ;no.lKIIn KDapKonyIO DaKyyMHYIO Moµ;enh, KO

TOpaJI II03BOITHeT aµ;poHaM II neIITOHaM o6'bep;1IHIITbCH B eµ;IIHyIO q>II3II'IeCKYIO 

KapTIIHy, 8Ta YffIIq>IIKaD;IIH OCHOBana Ha aHanOrIIII c TDepµ;oTenbHbIM KpIICTan~ 

noM, II ponb aTOMOD KPIICTannon nrpaIOT KBapKII u, d II s, T.e. DaKyyM yrroµ;o-

6neH KpIICTanny co cno6op;HbIMII aTOMaMII. <l>II3II'IeCKIIe 'IaCTIID;bI paccMaTpII

nan ,II;. IL BnoxnHn;eB KaK non6y.lKµ;eHlll[ KnapKonoro BaKyyMa. Cyrn;ecTBenno, 

'ITO 3Ta cxeMa CODMeCTIIMa C roMoreHHbIMII II30TpOIIHb1MlI Tpe60DaHlll[M1I, 

nanaraeMbIMII rrpocTpaHCTBeHHO-DpeMeHHbIMII COOTHOllleHlll[MlI crren;IIanhHOil 

TeopIIII OTHOCIITenbHOCTII. 

B pa6oTe 1975 r. "O co6cTnennon Macce ne1ITonon" ,n:. M. Bnoxnnn;eB DbI'III

cnIIn co6CTDeHHble MaCCbI 3apH.lKeHHbIX neIITOHOD B rrpeµ;rrono.lKeHIIII, 'ITO oµ;Ho 

nenTpIIHO IIMeeT Macey, oTnII'IHYIO OT HynH. Pacrn;errneHIIe Mace napH.lKeHHbIX 
neIITOHOB OKa3bIDaeTCH ManbIM. 
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Teopn.11 rpaBUTan;IIII c pannnx rreT npnBrreKarra ,n:. II. BrroXIIHn;eBa. Er.ue B 
1932 r. UM 61,rna BhICKaoana rnnoTe:Ja o 1mrr}"IeHUII rrpII ,8-pacrraµ;e neiiTpona 
KBaHTa rpaBUTan;IIOHHoro IIOllll - "rpaBIITOHa". 8TII rpaBIITOHhl, - nucarr 
,n:. II. Brroxnnn;eB, - p;omKHhl noµ;o6no KBaHTaM cBeTa o6rraµ;aTh Maccon TOIThKO 
B COCTO.IIHllll )];BU)KeHII.II co CKOpOCThIO clleTa. OHII He necyT arreKTpIIqecKoro 
3ap.11p;a. C 3TOil ToqKII npeHII.II OHII CXO)KII C BBep;eHHhIMII <t>epMII neiiTpIIHO". 
XoT.II 3KCnepIIMeHThl II He IIO)];TBepp;IIl1II 3TOil rIInOTe:Jhl, HO, no CBIIµ;eTellbCTBY 
r. E. roperrnKa, aTo 6@rro nepBoe ynoTpe6rrenrre TepMIIHa "rpaBrrTon". 

B rrocrrep;HIIe roµ;@ M@crru ,n:. II. Brroxnnn;eBa nocTO.IIHHO 06par.uarrrrc1, K "Be
rruKoMy Bnp@By" B KocMorrorIIII, nopoµ;rrmneMy namy Bcerrennyro. AnarrunIIpy.11 
Mop;errh <t>puµ;Mana, ,n:. II. Brroxnnn;eB rrpIImerr K OTKphITUIO, qTo BU)];IIMaJI 'IaCTh 
nameii Bcerrennoii He Morrra 06pat10BaThC.II B rrpeµ;errax 'IeT@peXMepnoro Mupa, 
II npeµ;rro)KHl1 runoTeny o cyr.uecTBoBaHirn 6orree o6mIIpnoro, MeTarrpocTpan
CTBa Mn, rp;e n > 4, B KOTopoM CBo6oµ;no p;BII)KYTC.II II coyµ;ap.1110TC.1I "MeTa
Terra" II "AHTUTerra". !Io opnrIIHaIThHOII rnnoTe:Je ,n:. II. Brroxnnn;eBa u nama 
BcerreHHaJI 06pat10Barrac1, rrpII CTOl1KHOBeHIIII TaKUX MeTaTerr. IIn 3TOil rnno
Te:Jbl B@TeKaeT Ba)Knoe crrep;cTBUe - BO:JMO)KHOCTh narreTa MeTaTerr II:J MeTa
rrpocTpaHCTBa B nam, 'IeT@peXMepHhlll MIIp, II TeM caMhIM - BO:JHUKHOBeHIIe 
BtlphIBOB 6orr1,moii aneprnII. BonMO)KHO, II 3TII "epeTII'IeCKue" IIµ;en ,n:. II. Brro

x1rn:a;eBa o)Kuµ;aeT xopomee 6yµ;yr.uee. 
,n:. II. Brroxnnn;eB Bcerp;a rrpo.1IBlllll1 6orr1,moii IIHTepec K qmrrocoqmII II Me

Top;orroruu nayKII. Oco6enno 6orr1,moe nnaqenne .il:MIITpIIH IIBaHOBIIq rrpup;a
Barr rrpHHn;Hilllal1hHhIM OCHOBaM KBaHTOBOil TeopnII, ee MaTepIIal1IICTuqeCKOil 
unTepnpeTan;uu II MeTop;orroruII nayKII. ,n:. II. Brroxnnn;eB noMoraeT cBoen Me
Toµ;orrorneii BhIHTII na rpannn;@ o6r.uerrpHH.1IThIX rrpep;cTaBrrenun, pacmnp.11eT 
name CO:J_HaHHe II µ;erraeT -qerroBeKa HpaBCTBeHHO CB0_6op;HhIM OT CTepeoTUnOB 
rrpomrroro, OT µ;orMaTU:JMa. He pan rrpnxo~IIrroc1, eMy oTcTaIIBaTh B p;IIcKyccunx 
up;en p;IIarreKTII'IecKoro MaTepIIarrII:JMa, KaK rrepeµ; ero rrpoTHBHIIKaMII, TaK urre
peµ; ero rrpIIMIITIIBHhIMII :JaI.UHTHIIKaMII. Mnoro DHIIMaHII.II IIM 6bll10 yµ;erreHo 
6op1,6e na :JaKOH coxpaneHII.II aneprIDI KaK ocHOBY MaTepnarrncTll'!ecKoro ec
TecTBO:JHaHII.II, :Ja MaTepuarrIICTU'IeCKOe IIOHIIMaHIIe Teopnu OTHOCIITel1hHOCTII 
II conpeMeHHOll aTOMIICTIIKII. Tax, B cnoen KHIIre "qTO TaKoe Teopll.lI OTHOCII
Tel1hHOCTII" ,n:. II. Brroxnnn;eB µ;aeT ne TOl1hKO MaKCIIMaIThHO p;ocTynnoe II:JITO)Ke
nne aTon Teopnu, Ho II rrepBoe npaBIIIThHOe ee ocBer.uenIIe, na ocnoBe µ;uarreKTII
qecKoro MaTepnarrIIm,i:a. Oco6oe nnaqenne on rrpuµ;aBarr TaKIIM cBOIIM pa6oTaM, 
KaK "JleHIIH II q>II:JIIKa", "0 COOTHomeHIIII npIIKrrap;HhIX II q>yHµ;aMeHTal1hHhIX 
uccrreµ;oBanun", rp;e, ocHOBhIDaJICh Ha oco6ennocT.1IX -qerroBeka KaK 6IIorroru'Ie
cKoro BIIµ;a: a) rrro6onnaTel1hHOCTII, 6) pacmrrpennoii nepep;a'Ie unqiopMan;HII OT 
IIOKOrrea:ll.lI K noKorreHIIIO, KOTOpaJI o6ycrronnrra OTphID 'ICl10BeKa OT OCTarrhHOro 
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)KIIBoro Mnpa, D) noTpe6HOCTII B 0MOn;HOHarrhHOM KOHTaKTe C BHemHIIM MIIpOM, 
,n:. II. Brroxnnn;eB npnxoµ;IIT K Ba2KH0My :JaKITIO'IeHIIIO o nenn6e)KHOCTII rrpeIIMY
r.uecTBeHHoro pocTa aKTIIDHOCTII rrroµ;eii B npoII:JBOl];CTBe nµ;eii, µ;aeT OCHOBHYIO 
qiopMyrry conpeMennon nay'IHO-TexHII'IecKon penorrron;IIII. Ba)KHhIMII II IIHTe
pecHhIMH .IIDllllIOTC.II TpY)];hl ,n:. II. Brroxnnn;eBa "Q-qepKU no ryMaHIICTII'IeCKOMY 
MaTepIIal1II3MY"' ".Il:Be neTBII IIO:JHaHII.II MIIpa - nayKa II IICKYCCTBO". 

"JI HIIKorp;a He OT)];el1.1Il1 MIIpOB033peHII.II OT nayKII, oco6eHHO OT TeopeTII'Ie
CKOll q>n:JIIKII", - nrrcarr ,n:. II.· Brroxnnn;eB 

<l>IIrrococpcKIIe II MeTop;orrorII'IeCKHe Tpyµ;@ ,n:. II. Brroxnnn;eBa 0Tpa2KaIOT cBo
eo 6paoH@n IIYTh Kpynnenmero ecTeCTBOHCIIh!TaTel1.II K p;narreKTII'IeCKOMY Ma
Tepuarrn:JMY, ero n;errocTHOe MIIpOBOCIIpll.lITIIe, KOTOporo TaK He XBaTaeT co
BpeMeHHhIM IIccrreµ;oBaTel1.IIM. 

,n:. II. Brroxnnn;en rrry6oKO nccrreµ;oBarr BO:JMO)KHOCTh Bepo.lITHOCTHOI'O onIIca
Hll.lI MIIpa. B KaKon cTerreHII Ham Mnp Bepo.11TnocTeH no cBoen npnpoµ;e? KaKoBo 
COOTHomenne µ;eTepMIIHIIpOBaHHOro II BepO.IITHOCTHOI'O Ha'Iarra? KaKODa aHTO
rrorll.lI Crry'IaJI IIt106peTaTerr1,cTBa? B KaKon cTeneHII cnpaBeµ;rrnBo MHenrre o 
TOM, 'ITO CaMO npep;CTaBrrenne O nepO.IITHOCTII rrpnBHOCHTC.II TOl1hKO Ha6rrrop;e
HIIeM? Cyr.uecTBODalIII ITH KYl1hTYPhl, MllpOB033peHIIe KOTOpbIX 6bll10 B 6orr1,meii 
cTerreHII BepO.IITHOCTHO opneHTIIpODaHO, 'IeM "narrap;Hoe"? KaKODa ;)D0l1IOD;ll.lI 
Bcerrennon? On uny'Iarr MHorue Kyrr1,Typ@, oco6enno .il:pennen IInµ;nn. Kyrr1,
Typa .Il:pennen IInµ;nII )];IT.II ,n:. II. Brroxnnn;eBa rrpeµ;cTaBl1.IIrra oco6@n nHTepec, 
C ee OTKpbITOCTbIO K nepo.lITHOCTHOMY BOCnpII.IITiris peallbHOCTII,- XOT.II caMoro 
noH.IITll.lI "nepo.lITHOCTh" n 0Ton eyrr1,Type He cyr.uecTBOBarro. IIn nnµ;nncKoii 
qinrrocoqinu on ycBoIIrr "KapMy", "rrurry" u "6pa:,a.1y". ,n:. II. Brroxnnn;eB nncarr: 
"B cnoux pa6oTax no KBaHTonon MeXaHIIKe, oco6enno B rrocrreµ;nIIe roµ;@, .11 Bee 
OT'IeTmrnee rrpoTHDOnocTaBl1.IIIO µ;eTepMHHIICTII'IeCKOe onncanne q>ll:JII'IeCKIIX 
.IIBl1eHIIll BepOJITHOCTHOMy . .il:l1.II MHOI'HX 6yµ;eT OTKpOBenneM TOT q>aKT, 'ITO q>H
rrocoq>aM .Il:peBnen IInµ;nn TaKoii nop;xoµ; 6@rr 6@ 6orree IIOH.IITen, He)Kerrn rrarrrra
concKIIii µ;eTepMIIHH:JM, orpaHn'IeHHOCTh KOToporo Mhl Tenepb nonnMaeM. Haµ;o 
cKaoaTh, 'ITO c neKoToporo npeMeHH .II na-qarr npoc'i'O nenaBIIµ;eTh rorrhlll p;e

TepMHHil3M, TaK KaK .II ero COBepmenno He DII)KY B pearr1,non )Kll:JHII: µ;eTep
MllHII:JM B ero Kl1aCCII'ICCKOll qiopMe ynoµ;o6l1.IIeT Mllp 'llllCOBOMY MeXaHll:JMY, 
ucnorrnennoMy c neorpaHH'ICHHOll TO'IHOCThIO (aTO OII.IITh a6cTpaKn;II.1I!). JI 
noKaoarr, 'ITO KBaHTOBaJI MexaHIIKa MO)KeT paccMaTpirnaTbC.II KaK o6o6r.uenIIe 
xrraccu'!ecKoii cTaTHCTII'IeCKon MexaHIIKn. qIICThlll Dhlllrp@m OT aToro: Teopll.lI 
ll:JMepemm B KBaHTODOll o6rracTII CTarra npep;MeTOM pac'!eTa. BMec,i,e c TeM· 
rrapoµ;oKCarrhHOe II:JMeHeHIIe BOl1HOBOll q>ynKn;nn rrpII Il:JMepennII, Olla CKa'IKOM 
MeH.IIeTCK tp --+ <p, CTalIO npep;MeTOM Bhl'IIICl1eHim. MHOIO noKa:JaHO, 'ITO MIIKpo
.lIBITeHll.lI cnoco6Hh! nopo)K)];aTh MaKpo.1IBrreHH.1I, ecrrn B MaKpoMrrpe conµ;aeTC.II 
neycTOH'IllDaJI CIITyan;ll.lI. Ta.Kan CIITyan;ll.lI, B 'IaCTHOCTH, DO:JHIIKaeT BCerµ;a B 
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IInMepIITeiu,HhlX npn6opax:, npeµ;HanHa'leHHbIX )];llll IInMepemrii Haµ; MIIXpO'Ia
cTnt:J;aMH. B~rro MHOIO noxanano ( TO'!Hee: noxanano, KaK OCTaBaHCb B paMKax: 
KBaHTOBOll :i.iexaHHKII, M02KH0 BbI'IHCJllITb .llBJieHWI, CB.llnbIBaIOmne MIIKpo- II 
MaKpO-.llBJieHII.ll), 'ITO B 0TOM CJI}"Iae npoIIcxoµ;nT He'ITO Jipoµ;e BnphIBa (rrpo-
6eraeT ncxpa, BcxnnaeT nym.rpeK B neperpeTo:ii 2Knµ;xocTH n T.n.). Ilpn OTOM 
BCerµ;a nµ;eT pom.rrphllll, noJIHOCTblO Heµ;eTepMIIHIIpOBamn.rn. HarrpHMep: co
CTO.llHIIe MIIKpocncTe'Mhl onIIChlBaeTC.ll BOJIHOBOH qiynxn;ne:ii W = a '111 + bw2• 

"tJacTH'IHble cocTO.!lHII.ll Wi II '112 MoryT nopoµ;IITh B MaKpoMIIpe .llBJieHH.ll A II 
B, c Bepo.llTHOCThIO lal2 II ibl2, cooTBeTCTBeirno. IIcxrrro'IIITb :>Ke cTaTHCTIIKY II3 

KBaHTOBOll MeXaHIIKII HeB03MO)KHO , 3TO 0THOCHTCSI K «mme•. 
IlpIIcyuiri ,U. II. BrroXIIHIJ;CBY µ;ap npe)];BIIp;eHII.ll rrpo.llBlllllIC.ll He TOJibKO B ero 

Hay'IHhlX II qinrrocoq>cKIIX, MeToµ;orrorII'leCKIIX pa6oTax:, HO II B opranIIn~ 
IIM Me2Kp;yHapop;HbIX HaY<JHhlX KOHq>epeHIJ;IIH, coBemaHIIn, B 'laCTHOCTII, coBe
manIIH no HerroKam,Ho:ii KBaHTOBo:ii TeopIDI nollll (xoTopbie no cymecTBY, 6hIJIII 
COBemanll.llMII no q>yHµ;aMeHTaJibHhlM npo6rreMaM TeOpIDI nollll) B nepIIoµ; ee 
IIO'ITII norrnoro oTpnn;aHH.ll, IIMeHHO B TO BpeM.ll, Korµ;a ny2KH0 6hlJIO o6rraµ;aTb 
µ;apoM npoBnµ;emrn, 'IT06hl npeµ;Bnµ;eTb penoHanc oT Tex IIµ;e:ii B TeopeTII'le
cKon q>IInIIKe, xoTOpbie µ;oMIIHIIpyroT B HacTo.llmee BpeM.ll. ,U. II. BrroXIIHD;eB 6hlrr 
6eccMeHHhlM Ilpeµ;ceµ;aTerreM 0TIIX ynIIKallhHhlX coBemanri B 1964-1979 rr. 

B COOTBeTCTBIIII co CBOIIM noHIIMaHIIeM TBOp'IeCKOH p;e.llTeJihHOCTil, 
,UMIITpII:ii IIBaHoBII'I npeµ;rrararr TaKyro opranIIt1an;II10 Hay<JHoro coBemaHII.ll, KO
TOpa.ll p;aBarra 6bl ero y<JaCTHIIKaM KaK M02KHO 6orrbUJe µ;ocyra (He oTµ;hlxa, a 
µ;ocyra - B TOM CMbICJie oToro ci:roBa, KaKOll B Hero BKJiap;bIBaJIII µ;peBHIIe rpeKII 
II KOToporo TaK Marro B coBpeMeHHOH :>KIInHII). OH C'lnTarr, 'ITO norrenno He 
TOJihKO cJIYlllaTb µ;oKrraµ;hl, HO eme norrenHee 6eceµ;oBaTh c IIHTepecHhlMII co6e

ceµ;HIIKru.rn, KOTOphlX peµ;xo BIIp;IIlllb. 
KoHq>epeHD;IIII II coBemaHH.ll, IIHIID;IIIIpOBaHHble II oprammoBaHHble ,UMIITp-

IIeM IIBaHOBII'leM BrroXIIHD;eBbIM II noµ; ero npeµ;ceµ;aTellbCTBOM, TmaTellbHO IIM 
cnrranIIpOBaHHble II npoµ;yMaHHble, p;aBarrII y'laCTHIIKaM BOnM02KHOCTb MaKCII
MaJibHOll caMooTµ;a'III. B 0TOM oµ;Ha IIn npII'IIIH HcyxrroHHOro pocTa IIX nony-

llllpHOCTII II aBTOpIITeTa. 
,U. II. BrroXIIHn;eBy npIIHaµ;rre}KlIT rrraBHa.ll porrb B ycTaHOBJieHnn nepBbIX Ha-

Y'IHhIX o6MeHoB Me2Kµ;y IJ;EPHoM ()KeHeBa) II OII.HII (,Uy6Ha), B opranII3a
D;IIII MHOrIIX Me2Kµ;yHapop;HbIX KOHq>epeHn;IIH II cIIMnot1IIyMoB, B TOM 'IIICrre Po
'lecTepcKIIX KOHq>epeHIJ;IIH - KpynHeHUJIIX KOHq>epeHn;IIH no q>IInIIKe BhlCOKIIX 

:rneprII:ii. 
"Ilpoqieccop BrroXIIHn;eB IIrparr Beµ;yrnyro porrb B ycTaHOBrreHIIII nepBhlX Ha-

Y'IHhIX o6MeHOB Me:>Kµ;y O6'hep;IIHeHHhlM IIHCTIITYTOM II IJ;EPHoM, - rrncarr 
,U2K. B. Aµ;aMc II JI. Ban XoB, - KOTOpbie OTKpbIJIII nyTh p;llll µ;arrhHe:iiUJero co
Tpyp;HII'IeCTBa Me2Kµ;y IJ;EPHoM n MHOrIIMII IIccrreµ;onaTeJihCKIIMII nHCTIITYTaMII 
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ConeTcxoro Corona. Mb! noMHIIM ero nHa'IIIMhIH BKrraµ; n Me)Kµ;yHapop;Hbie KoH
q>epeHn;IIII n nepnbie CIIMnonIIyMhl TIIna PII2KCKoro, IIHIIn;nrrpoBaHHhle OII.HII II 
IJ;EPHoM". 

,n:. II. BrroXIIHD;eB 6bIJI Bhlµ;aromIIMC.ll rocyµ;apcTBeHHbIM II o6mecTBeHHbIM µ;e
.llTeJieM; HaY<JHbIM coneTHIIKOM Hay'IHoro ConeTa npII reHeparrhHOM cexpeTape 
OOH, BIIn;e-npenIIµ;eHTOM (1963-1966 rr.) II IlpenIIµ;eHTOM (1966-1969 rr.) 
Me)Kµ;yHapoµ;Horo Corona 'IIICTOH n npIIKrra'µ;Ho:ii q>IInnKII (IIIOIIAII, IOHE
CKO, OOH), Ilpeµ;ceµ;aTerreM IIcnorrHnTeJibHoro KOMIITeTa IIIOIIAII, IOHE
CKO, OOH, oxcnepToM no Ho6errencKnM npeMH.llM, 'lrreHoM KOMIITeTa no Jie
HIIHCKIIM n rocyµ;apcTBeHHhIM npeMH.llM npII ConeTa MIIHIIcTpoB CCCP, 'lrre
HOM BbicUJe:ii ATTecTan;IIoHHOH KoMnccnn npn ConeTe MIIHIICTpon CCCP, 'IJie
HOM MHornx rocyµ;apcTBeHHhIX KoMnccII:ii, Y'leHbIX ConeToB n Peµ;KorrrrerII:ii, 
pyxonoµ;nTerreM MHorIIx µ;erreran;II:ii y'leHhlX, npeµ;ceµ;aTerreM MHornx Me2Kµ;yHa
pop;HhlX Hay'IHbIX KOHq>epeHD;llll lI OCHOBHbIM µ;oKrrap;'IIIKOM Ha HIIX, 'IJleHOM Co
BeTCKoro KoMIITeTa 3amnThl MIIpa, µ;erreraTOM XXII C'henµ;a KIICC. 

O6mecTneHHa.ll µ;eKTeJihHOCTh ,U. II. BrroXIInn;ena, aKTIIBHoro 6opn;a na MIIP, 
OTMe'leHa Ilo'leTHo:ii IpaMoTo:ii BceMnpHoro COBeTa MIIpa na Bbip;aromII:rrc.ll 
nxrraµ; B µ;erro yKpenrrenll.ll MIIpa, na IIHIIn;naTIIBY, opraHnnan;IIro n panBinne 
Me)Kµ;yHapo;a;Horo coTpyp;HII'IecTBa y'leHbIX (1969 r.). 

,U. II. BrroXIIHn;en 6hlrr II36pan axaµ;eMIIKOM Axaµ;eMIIH HayK MHorIIx cTpaH 
Mnpa II Ilo'leTHhlM µ;oKTOpOM p.llµ;a YHIIBepcIITeTOB. 

,U. II. BrroXIIHn;en - repo:rr Con;narrncTII'lecxoro 'Ipyµ;a, Harpa)Kµ;eH 3orroTo:rr 
3nenµ;on, JiaypeaT JleHIIHCKOH n µ;nyx rocyµ;apcTBeHHbIX npeMIIH CCCP, Ha
rpa2Kp;eH IIMeHHOH 3orroTo:ii Me;a;arrhro "3a HayKy n "tJerroBe'IHOCTh" AKap;eMneii: 
Hayx "tJexocrronaKIIII, opµ;eHoM KIIpIIrrrra II Meqioµ;II.ll 1-ii: cTeneHII (BorrrapcKoii: 
AKaµ;eMIIeii: Hayic), BhICWIIMII opµ;eHaMII PyMhIHIIII, MoHrorrIIII II MHOrIIMII µ;py
rIIMII op;a;enaMII II Mep;allllMII CCCP II con;narrIICTII'lecKIIX cTpaH, n TOM 'IIIcrre 
n 'leTbiphM.ll opµ;enaMII JleHnHa, opµ;eHoM OKT.ll6pbcxo:ii Penorrron;IIII, opµ;eHoM 
'Ipyµ;onoro KpacHoro 3HaMeHII, 3orroThlMII II cepe6p.llHHbIMII Mep;allllMII Jiaype
aTa B,UHX, MHorIIMII µ;IInrroMaMII 3a Hay'IHble Tpyp;hl. 

Y'leHhlH, rpa2Kp;aHIIH, TpII6yn, cTpacTHbIH 6open; 3a MIIp, nerrnKII::rr ryMaHIICT 
.u. II. BrroXIIHD;eB B CBOIIX CTaTb.llX n BbIC,:rynrremrnx nocTO.llHHO noµ;'IepKIIBarr, 
'ITO " ... y'leHhlH He ;a;on)KeH 3aMhlKaTbCSI B yt1KonpoqieccII0HaJibHOH cKoprryne. 
Kaxono 6bl He 6hlrro 6yµ;ymee norre coTpyp;HII'IecTna rrro;a;e:ii HayxII II IIH)KeHe
pon, Mbl p;OJI)KHbI noMHIITb, 'ITO eme He MIIHOBarra onaCHOCTb Toro, 'ITO nrrop;bI 
HaUJIIX Tpyµ;on norrero KY'IKII 6enyMHbIX rrroµ;eii: MoryT 6bITb onpOKIIHYTbI Ha 
"tJerrone<JecTBO noToKOM y2Kaca II Hec<JaCTII::rr. IIooToMy Halli µ;orrr, nerrIIKIIn µ;orrr 
Y<JeHhlX n IIH)KeHepoB Halllero npeMeHII, HIIKTO He µ;oJI)KeH OT Hero YKJI0H.llTbC.ll, 
COCTOIIT B TOM, 'IT06hl panb.llCH.llTb BCeM JIIOp;.llM, KaKa.ll yrpo3a BIICIIT Haµ; MII
poM II nycTb Torµ;a rHeB Bcero 'leJIOBe'leCTBa OCTaHOBIIT 6enyMn;en aTOMHOH 

BOHHhl. 
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TorrbKO · Torµ;a MbI eMoiKeM eKMaTb "Hlillle oTrryrn;aewn", Korµ;a 6yµ;eM YI3e
peHbI, 'ITO Hawn nµ;en II Hallin TBOpeHIIH 6yµ;yT IIeIIOJib30BaHbl Ha 6rraro moµ;eii 

II TOJibKO )l;JIJl IIX e'IaeTb.ll. 
Y'IeHble n xyµ;oiKHUKII µ;oJI,KHbI: a) 6opoTbC.ll npoTlIB aHTil'IeJioBe'IeeKoro ea-

TaHIIHeKoro neIIOJib30BaHil.ll HaYKII II neKYeCTBa, 6) 6opoTbC.ll IIpOTlIB <I>allbeII
<I>nKan;IllI HayKII n neKYeeTBa, B) 6opoTbC.ll IIpOTlIB JI,KeHayKII n JI,KeIIeKyeeTBa, 
r) 6opoTbe.H npoTlIB µ;orMaTII3Ma, n6o µ;orMaTII3M - 0TO aHTlIHaYKa". 

MHororpaHHOeTb rrn'IHoeTn ,II;. II. Brroxmm;eBa, ero <I>eHoMeHallbHaH yHHBep
eaJibHOeTb npo.HBJIJlJIIIeb He TOJibKO B HaJ'IHOM, HO II B aeTeTil'IeeKOM BOeIIplI.ll
TIIII MIIP~- OH 6blJI oplII'lIHaJibHblM II00TOM II xyµ;o)KHlIKOM, KapTlIHbl ero Heoµ;
HOKpaTHO µ;eMoHeTpnpoBarrIIeb Ha BbleTaBKax, penpoµ;yKD;IllI IIX ne'IaTarrIIeb B 
iKypHarrax n rMeTax. qepe3 Bero ,KU3Hb npoHee ,l];MHTpri IIBaHOBII'I mo6oBb 
K II003IIII, MHOrIIe ero eTIIXIl ne'IaTarrueb B iKypHarrax II ony6JIIIKOBaHbl B C6op
HIIKax "My:Ja B xpaMe HayKn" (M.: "COBeTeKaH PoeelI.ll", 1982, 1985 rr.). Ho 

6orrbWaH 'IaeTb ero eTIIXOB ew;e iK)l;eT ny6rrnKan;nii. 
B eBonx KapTIIHax II eTnxax ,l];MHTpnii IIBaHOBII'I - TOHKri, XII:JHeyTBep

iK)l;aIOrn;nii nenxorror, BHIIMaTeJibHblH Ha6moµ;aTeJib, pa:JMblWJI.l[lOlll;IIH <1>nrroeo<1>. 
"B MOIIX KapTUHax OTpaiKaeTe.H MOe )l;BOHeTBeHHOe OTHOWeHile K HayKe, 

Boexnrn;eHne ero :Ja oTKpbITIIe HaM -BEJIIIKOH KPACOThl MIIPA n TPE
BOr A :Ja B03MO)KHOeTb ee aHTII'IeJioBe'IeeKoro neIIOJibtlOBaHII.H", -yTBepiKµ;arr 

,II;. II. Brroxnm:i;eB. 
,n:. II. Brroxmm;eB rrry6oKO IIOHlIMaJI n oeotlHaBaJI eJIOiKHOeTb npon;eeea TBOp-

'IeeKoro MbIII1JieHil.ll npn eOtl)l;aHillI HOBOro B HaYKe II neKYeeTBe. 
"Thop'IeeTBO, - yTBepiK;ll;aJI ,n:. II. BrroXUHn;eB, - aTo He BOJieBoii aKT, a oeo-

6oe eoeTo.HHile µ;yxa II pa3yMa, BOBJieKarorn;ee B npon;eee MbIWJieHil.ll 6oraTble 
aeTeTII'IeeKne nepeiKlIBaHil.ll. Crreµ;yeT .HeHO BIIµ;eTb pa3JIII'Ille MeiKµ;y IIeKYe
eTBOM II HayKoH. KpaeoTy B MaTeMaTil'IeeKOM noeTpOeHillI Mb! BlI;ll;lIM noerre 
Toro, KaK IIOH.HlIIl ero rrorn'IeeKYIO eTPYKTYPYi B:iI:µ;eHne KpaeoTbl BO:JHUKaeT B 
pe3yJibTaTe MblWJieHIIH. B IIeKYeeTBe iKe, HaIIpOTlIB, MbIWJieHIIe B03HUKaeT KaK 
crreµ;eTBne np.HMoro BOenplI.HTil.ll KpaeoTbl. HaYKa n neKYeeTBO eyTb epeµ;eTBa K 
IIO:JHaHlIIO )Kll:JHil, HO nyTII, KOTOpblMil OHil )l;OXO)l;.HT µ;o pa3YMa II- eepµ;n;a 'Ierro
BeKa, pa3JIII'IHbI II µ;aiKe npoTUBOIIOJIO)KHbl. Ho Bee ,Ke µ;Ba BIIµ;a 'IeJIOBe'IeeKOH 
µ;e.HTeJibHOeTII, eµ;lIHble e rrry6oKOH µ;peBHOeTII, BtlalIMOIIpOHlIKaIOT n B Hawe 
BpeM.H. 0HlI He aHTlIIIO;ll;bl, OHil µ;onoJIH.HIOT µ;pyr µ;pyra n 6yµ;yT eyw;eeTBOBaTb, 

IIOKa eyw;eeTByeT poµ; 'IeJIOBe'IeeKnii" •. 
IIexoµ;Hoii n;o;eeii ,II;. II. Brroxmm;eBa B ero Hay'IHOH II neµ;arorlI'IeeKoii npo

<I>eeeopeKoii )l;e.HTeJibHOeTII 6bIJIO "yenrreHne UHTeJIJieKTa" - TBOp'IeeKOH eno

eo6HOCTII 'IeJioBeKa, ero rapMOHII'IeeKoro pa3BIITil.ll. 
JlII'IHOe o6aHHile <I>moopeen;upyrow;ero, B)l;OXHOBeHHOrO n OCTPOYMHOrO eo6e-
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eeµ;HUKa, HeIIOBTOpUMOe eo'IeTaHIIe enOKOHeTBil.ll II KlIIIY'Ie:ii TBOp'leeKo:ii 0Hep
rlIIl; KoTopoii .D:MHTpri IIBaHOBil'I Brroxmm;eB Beer;o;a w;e;o;po µ;elIIlrrC.H, B)l;OXHo
BlI.llK Ha eBepweHIIH, OCTaBJIJlJIII HeII:Jrrraµ;UMoe BIIe'IaTJieHUe. CyTb ero JIIl'IHO
eTII MO,KHO Bbipa3IITb O)l;HlIM eJIOBOM - TBOp'IeCTBO, n eaMo o6rn;eHUe e HIIM 
µ;oeTaBJIJlJIO BeJilIKYlO paµ;oeTb TBOp'IeeTBa. 

Co6eeeµ;HnK .D:MHTplI.ll IIBaHoBII'Ia Ha'IUHarr 'IYI3CTB0BaTb ee6.H TBOp'IeeKoii 
JIII'IHOeTbIO n npno6peTarr Bepy B eo6cTBeHHhle en~. JIY'Iwe:ii Hawe:ii 6rraro
µ;apHOCTbIO eMy II JIY'IWe:ii IlaM.HTbIO O HeM 6yµ;eT Bawa TBOp'IeeKaH pa6oTa B 
IIOIICKax neTlIHbI, K KOTopoii,Bcer;o;a eTpeMUJie.H Halli BelilIKri eoBpeMeHHIIK -
.D:MHTpn:ii lIBaHOBil'I BrroxnHD;eB. 

Morroµ;blM y'IeHblM n BeeM, KTO Bb16parr Tpyµ;Hyro ;o;opory TBOp'IeeTBa, 
,n:. II. Brroxmm;eB oeTaBIIJI 3ABET "BEJihlE )KYP ABJIII": "HayKa - ;o;erro 
TaJiaHTa II IIpIItlBaHil.ll. Tenepb HayKa ew;e II µ;erro KOJIJieKTlIBHOe. Ho Bee ,Ke 
epeµ;n y'IeHblX HetlaBIIelIMO OT tlHaHIIH, HetlaBHelIMO OT Toro, KTO OHII -
)l;IIIIJIOMHIIKII, aennpaHTbl - eeTb oeo6aH KaTeroplI.ll moµ;e:ii, oµ;epiKlIMblX eTpa
eTbIO K HayKe, Y'IeHblX, BeJIHKIIH TaJiaHT KOTOpbIX JIIlillb IItlpeµ;Ka µ;ocTaBJI.HeT 
lIM pa;o;oeTb, HO IIpII'IIIH.HeT noeTO.HHHyro MYKY Heyµ;oBrreTBopeHHOCTII µ;oeTH
rHyTblM. IIMeHHO Ha 0TIIX xpyIIKIIX, HeMHOrIIX JIIOµ;.HX ;o;epiKHTe.H Beeb yenex 
Toro IIJIII lIHOrO lIHeTIITyTa. 

8TII JIIO)l;II o6bl'IHO HenpaKTII'IHbI, OHII rrerKopaHIIMbI II Y.H3BlIMbl, - IIX 
HyiKHo 6epe'Ib, IIX HYiKHO oxpaH.HTb, oHII - "BEJihIE )KYPABJIII." 

"JI 3Haro, 'ITO npo<I>eceopa .D:MIITplI.ll BrroxuHn;eBa He 6yµ;eT XBaTaTb B .I1:y6He, 
He 6yµ;eT XBaTaTb ero II KOJIJieraM BO BeeM MIIpe, TaK BeJIIIK 6blJI ero BKJiaµ; B 
HayKy. MHe TaKiKe He 6yµ;eT XBaTaTb ero KaK <l>II:JIIKa, TOBapIIrn;a II µ;pyra. A 
,l];y6Ha 6e:J Hero 6yµ;eT eoBeeM ·He Ta", - IIIIearr 8µ;BIIH JI. rorrµ;Baceep, IlpetlII
µ;eHT IIIOITAIT (IOHECKO, OOH) . 

"JI xopowo IIOMHIO Hawe TeeHoe eoTpyµ;HII'IeeTBO, Korµ;a ,II;. BrroXlIHD;eB 6blJI 
µ;IIpeKTOpoM 06'be)l;lIHCHHOI'O IIHeTIITyTa .H)l;epHbIX ncerreµ;oBaHri, a .H µ;IIpeKTO
poM D;EPHa. 

OH 6blrr :JaMe'IaTeJibHblM Korrrrero:ii II y'IeHblM-aHTY:JIIaeToM. 
Mb! IlbITaJIIIeb MHoroe eµ;erraTb )l;JIJl yrry'IWCHil.ll eoTpyµ;HH'IeeTBa MeiKµ;y Co

eµ;IIHeHHblMII lliTaTaMU, 3anaµ;Hoii EBponoii II CoBeTeKIIM Coro:JoM. 
JI Haµ;eroeb, 'ITO e ero aHeprlI'IHOH IIOMOlll;bIO Mbl µ;oeTIII'JIII tlHa'IIITeJibHOI'O 

nporpeeea B 0TOM OTHOWeHillI. CoBeTeKIIe <l>II:JIIKII, KaK II <l>II:JIIKII Beero MIIpa, 
IIeIIblTbIBaIOT 6oJibWYIO IIOTepro e ero CMepTbIO, II Mb! 6yµ;eM eTapaTbC.ll npo;o;orr
iKaTb ero yeIIJIIl.ll B <l>II:JlI'IeeKo:ii HayKe II B MeiK;o;YHapoµ;HOM eoTpyµ;HII'IeeTBe", 
- nnearr BnKTop BaiieKon<I> (KeM6pIIµ;iK, Macea'IyeeTe, CIDA). 

"I'paiKµ;aHe CIDA eKop6.HT 06 yxoµ;e Hawero KorrrrerII, 6rreeT.Hrn;ero pyecKoro 
$II:JIIKa ,n:. BrroxuHn;eBa", - IIIIearr H. <I>. PaMceii, Ilpe:Jnµ;eHT AMepIIKaHcKoro 
<l>II3II'IeeKoro o6w;eeTBa. 
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"IloTep.!l rrpoqieccopa ,Il;MnTpIDI Bnoxmm;eBa, xoTopaK rrocTIIl'lia Hae, He 

Tom,xo Hawa, HO n Bcero HaY'ffioro Mnpa B n;enoM", - rrncan TeTcII HIIWII

KaBa, reHepam,m,m µ;IIpeKTOp KEK, .HrroHII.!l. 

qneH Coro::m xypHanIICTOB, 

peq>epeHT ,II;. H. BJIOXHHIJ;EBA 

H. (,D;.) A. KOHEHKOBA (BJIOXHHI.J;EBA) 

Ilo;a; pe;a;axn;IIeii 
KaHµ;IIµ;aTa q>n::mxo-MaTeMaTII'IecKIIX Hayx 

B. K. -CYCJIEHKO. 
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CnoBo o 6 y11eHOM 

B. M. Bap6arnoa 
06'be,qHHeHHbIH HHCTHTYT .H,qepHbIX HccJie,qoBaHHH, py6Ha 

11 .!lHBap.!l 1993 r. IICIIOlIHlilIOCb 85 neT co p;H.!l pox;a;eHIDI ,Il;MHTplI.![ HBa

HOBH'Ia BnoXIIHn;eBa - Bhl;a;aro~eroc.1£ coBeTcxoro qimmxa, xpyrrHoro opra

HH:Ja'topa coBeTcxon aTOMHon HayxH lI TeXHIIKII, rrepBoro µ;HpexTopa OfrJ,e

µ;IIHeHHoro IIHCTIITyTa JIµ;epHbIX JICcne;a;oBaHIIH, a paHee ;a;IIpeKTOpa <l>II:JIIKO

tmepreTII'Iecxoro HHCTHTyTa B r.06HIIHcxe, r;a;e rrpoeKTIIpoBanac1,, II co::1;a;aBa

nac1,, rrepBa.!l B MHpe aTOMHa.!£ anexTpOCTaHIJ;lI.![, KOTOpa.H B 1954 r. ;a;ana TOK .B 

aHepreTII'Iecxyro CIICTeMy CTpaHbI. 

B CBOeM ClIOBe JI He 6y;a;y xapaxTepII:JoBaTb Bhlµ;aro~IIeC.!£ Hay'IHhle ;a;ocTII

:>KeHJI.![ ,Il;MIITplI.![ HBaHOBJI'Ia, OCTaBlieHHble HaM B Hacne;a;cTBO, cxaxy lIHWb, 

'ITO OH o6oraTIIlI Hayxy q>yH;a;ru.rnHTalibHhlMII pa60TaMn B TaKHX o6na,cT.!lX, KaK 

q>lI:JHKa TBep;a;oro Tena, axycTIIKa, q>lI:JlIKa peaKTOpoB II aTOMHa.!l 0HepreTIIKa, 

KBaHTOBa.!l MeXaHIIKa, q>II:JlIKa BhlCOKlIX aHeprun lI q>II:JIIKa aTOMHOro JI;a;pa, Me

To;a;onorll.![ HayKH. 

illHpOKO m:lBeCTHa ero orpoMHa.H pom, B BOCIIIITaHHlI Hay"'!HhlX xa;a;poB q>lI

:JlIKOB II IIH)KeHepoB y Hae B CTpaHe H, KaK Terrepb roBop.!lT, B CTpaHaX 6lIII)K

Hero ::1apy6e)Kb.![. 8TO 6bllI q>eHOMeHalibHO pa3HOCTOpOHHHH 'IelIOBeK - y'Ie

Hhlll, lI:J06peTaTelib, rre;a;aror, o6~eCTBeHHhlll ;a;e.!lTem, H, HaKOHen;, xy;a;O)KHIIK 

lI II00T. 

Cen'Iac, xor;a;a rrpowno 14 neT, xax HeT c HaMH ,Il;MnTpIDI HBaHOBII'Ia Bno

XIIHD;eBa, C paccTOJIHlI.![ 0TlIX neT - neT IIOlIHhlX ;a;paMaTII'IeCKIIX lI:JMeHeHJIH B 

HaweM o6~eCTBe, B IIOlIO:>KeHlilI HayKH u y'IeHoro, B on;eHKa.ic Hay"'!Horo Tpy;a;a, 

Kor;a;a ClihlWaTC.![ ronoca, YTBep)K;a;aIO~He, 'ITO 6y;a;To 6bl :JaH.!lTHe <l>YH;a;aMeH

TalibHOH Hayxon .!lBlI.!leTC.!l 'IYTb lilI HeIIO:JBOlIIITelibHOH poCKOWbIOj Kor;a;a B o6e

µ;HeBwen CTpaHe BCe B:30phl ycTpeMlieHhl Ha 3arraµ; II Ka:>Kp;hlll Ha"'IHHaIO~ µ;a II 

MaCTlIThlll y'IeHbIH )Ka:>Kµ;eT YClihlWaTb ClIOBO IIOXBalibl, a MO)KeT 6bITb lI MaTe

plialibHOH rro;a;;a;ep)KKJI OTTy;a;a, xor;a;a Bcro;a;y :JBY"'!aT Tpe6oBaHJI.![ axcrrepTII:Jhl II 

KOHxypCHOH on;eHKlI µ;e.JITelll,HOCTlI HaY'ffioro COTpy;a;HIIKa, - XOTelIOCb 6hl IIplI

BeCTII HeKOTOphle MbIClIII II BhlCKa3hlBaHil.![ ,Il;MHTplI.![ HBaHOBII'Ia, Kacaro~eC.![ 

ponII HayxII u Y"'!eHoro B o6~ecTBe .. 

8To ceii'Iac axTyanbHO u lIHTepeCHO XOT.![ 6bl IIOTOMY, 'ITO Ha ero B:JrlI.!l;a;hl u 

q>opMHpOBaHue KaK lIII'IHOCTlI lI y'IeHoro OKa3alIII BlIIl.![HIIe Tpaµ;lID;lIII pyccxon 
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HayKII II -irurne Bhl;IJ;aIOlll.IIee.11 ruop;H Ha'lana Harnero BeKa KaIC ll;IIoJIKoBeKlIH, e 

KOTOphIM OH, Ha'IHHaH e 1925 r., eoeTO.lllI B nepenHeKe, B MoeKOBCKOM ymmep

eIITeTe ero y'!IITell.llMH 6hIJIII C.lI.BanIInoB, H.H.Jly:nm, JI.H.Manp;em,rnTaM, 

H.E.TaMM. Y'le6a ,II:MIITpH.ll Hna110BH'la B ymmepeIITeTe eonnana e ro;a;aMH 

TpHYMcpam,Itoro yenexa KBaHTOBOH MeXaHHKII B o6'b.HeHemm MHOrHX nara;a;o'I-

HhIX B To npeM.ll q>IIDII'lecKnx .HBJieHIIH. 
B 1934 r. ero aenIIpaHTeKaH pa6oTa 6hlna npIIDHaHa ;a;oeToHHOH npIIey,iqi.e

HH.ll ee anTopy eTeneHII ;a;oKTopa HayK, a B 1936 r. Bnmamn;en IID6IIpaeTC.H npo

cpeecopoM Kacpe;a;phl TeopeTH'leeKOH q>IIDIIKH MrY II e Tex nop C MrY eB.HDaHa 

ne;a;arorII--iecKaH pa6oTa ,IJ:MIITpH.ll HBaHOBII'la Ha BeIO )Kll:)Hl,. 
B ro;a;hl .BOHHhl, Kor;a;a n0Tpe6onanoe1, nepeKillO'IIITb ;IJ;e.HTelll>HOeTb MHOrlIX 

IIHeTIITYTOB Ha perneHIIe npaKTH'leeKIIX o6opoHHhIX na;a;a'I, Bno:xmmeB npo;a;e

MOHCTpIIpoBan DHa'IIIMOCTb cpyH;a;aMeHTallbHOH HaYKII B npaKTII'leeKilX npIIMe

HeHH.llX. Hexo;a;.11 IID ypanHeHIIH ra:1o;a;IIHaMIIKII, OH nolly'!lllI 06111.lie ypanHeHH.ll 

aKyeTIIKII II Ha IIX oeHoBe pace'IIITall II 06'1>.RCHIIJI paDH006pa:1m,Je aKJeTH'le

CKIIe .11nneHH.ll B Heo;a;Hopo;a;HhIX II p;BIDKYlll.lIXC.ll epe;a;ax, KaK npII ;a;onBYKOBOH, 

TaK II npII enepxnnyKOBOH eKopoeT.llX. 
B KoHn;e eopoKOBhIX II II.HTII;a;ee.llThIX ro;a;on ,II:MIITPIIH Hna110BH'I aKTIIBHO y'!a-

eTnyeT B paDBIITIIII eoBeTeKOH aTOMHOH HaYKII II Ha npaKTIIKe oeyrn.eeTBJI.lleT 

ee ;a;ocTII2KeHII.ll. 
TaKIIM o6paDOM, BDrll.ll;IJ;hl aToro 'leJioBeKa Ha pom, HaYKII II y'!eHoro B 06-

111.eeTBe oeHOBaHhl Ha orpoMHOM onh!Te pa6oThl B cpyn;a;aMeHTalII>HhIX II npII

Knap;HhIX o6naeT.llX HayKII II npe;a;eTaBJI.lllOT ;IJ;ll.ll Hae HenpeXO;IJ;.!1111.YIO n;eHHOeTb. 

3;a;eeb .ll XO'IY npIIBeeTII II o6cy;a;IITb e noDIIn;IIII eoeTOfillll.ll HaYKII B narnen 

eTpaHe HeKOTOphle MhleJIII, BhleKaDaHHhle ,n:.H.BnoXIIHD;eBhlM B eTaTbe ,, ,II:ne 

BeTBII nonHaHH.ll MIIpa", ony6nIIKOBaHHOH y2Ke noene ero eMepTII n 2KypHane 

"TeXHIIKa Mono;a;e2KII" na 1982 ro;a;. BoT 'ITO OH nHean o rny6IIHHhIX MOTIIBax 

TBOp'leeKOH ;a;e.11TeJI1>HOeTII 'lenoBeKa: 
"IlepBaH eyTb 'leJIOBeKa - GTO Heo;a;oJIIIMoe eTpeMJielllle K noDHaHIIIO OKpy-

2KaI0111.ero MIIpa - ero n1060My;a;pIIe, JII060:1HaTelll>HOeT1>. HMeHHo aTa oeo6eH

HOCTb 'leJioBeKa .llBJI.llJiacb ;a;o Hep;anHero npeMellll eTIIMYlIOM paDBIITII.ll HayKII. 

CaMa no ee6e enoeo6HoeTb K noDHaHIIIO BHernHero MIIpa eeTb, O'leBII;IJ;HO, Heo6-

XO;IJ;IIMOe yenoBIIe eyrn.eeTBOBaHII.ll )Kll:lllll, O;IJ;HaKO, .Ta eTenem. GTOH enoeo6HO

eTII, KoTopyIO npo.HBll.lleT 'lenoBeK, Bhlrll.ll;IJ;IIT KaK 'IY;IJ;O, ern.e O)Kll;IJ;aIOlll.ee enoer<> 

paD'b.lleHeHII.ll, II TeM 6onee HenpH.HTHO BII;IJ;eTb ;IJ;e.HTenen OT HaYKII, ;a;rur KOTO

phIX TaHHhl MIIpOD;IJ;aHII.ll HH'ICM He OTJIII'laIOTC.ll OT "TaiIH" y'!e6HIIKa, KOTO-

. phIH OHII noKa ern.e He y;a;oey)KllJIIIeb npollITY;IJ;IIpOBa~b. ,IJ:ll.ll HilX HaY'IHaH ;a;e

.llTeJibHOeTb npenpaTIInae1> na noene;a;Hee npeM.ll Im npIIDBaHII.ll B npocpeeemo, 

KOTOpOH M02KHO nerKo onna;a;eTb, a TBOp'leeTBO B BOJieBOH aKT, a He oeo6oe 

eoeTO.llHIIe ;a;yxa II pa:1yMa 'leJIOBeKa" - II ;a;anee OH rmrneT: 
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"HayKa - ;a;o6hIT'IIID;a IIeTIIHhl, HO IIeTIIHa ;a;o6h!BaeTC.ll He Ha no'IBe ro

JIOH GMIIIIpIIII IIJIII OTOpBaHHoro OT 2KlI3HII TeopeTIIDIIpOBaHH.ll, a II3 epanHe_

HII.ll Toro, 'ITO npn;a;yMaHo, e TeM, 'ITO Ha6ruo;a;eHo". 3Ta, necoMHeimo, npa

BIIJil>HaH rHoceonorII'leeKaH noehlnKa aKTYalll>Ha Tenep1>, KaK HIIKor;a;a, II6o B 

6op1>6e na Bhl)KllBaHIIe B HallIIIX yenOBII.llX HaYKII II Hay'!HhIM pa6oTHIIKaM npII

XO;IJ;IITC.ll BeTaBaTb Ha 'llleTO nparMaTH'lee!(YIO TO'J:KY npeHII.ll II no;a;xo;a;IITb K 

on;eHKe eBoen p;e.HTellbHOeTII e noDIID;IIII nony'leHH.ll MaTepIIallbHOH no;a;;a;ep2KKII 

B eTpaHe II na py6e2KoM;. MHorIIe HaY'IHhIC pa6oTHIIKII Tenep1> npenparn.aroTe.11 

B BOJIOHTepoB, roTOBhIX naHIIMaTbC.ll 'leM yro;a;Ho II r;a;e yro;a;Ho pa;a;II MaTepII

anl>HhIX coo6paxeHHH, II aTo, KOHe'IHo, He Harna BIIHa, a Harna 6e,qa. 

Cne;a;yrolll.lie enona ,IJ:MIITplI.ll Hna110BII'la o "6enhIX 2Kypanll.llx" B HaYKe penKo 

KOHTpaeTIIpyroT e BhlllieeKMaHHhIM O HallieH p;eneTBIITeJibHOeTII. OH nIIean: 

,, HayKa - ;a;eno TanaHTa II npIIDBaHH.H, a TaK2Ke ;a;eno KOJIJieKTIIBHOe. Ho Bee )Ke 

epe;a;II y'!eHhIX HenanIIeIIMo OT DBaHIIH II ;a;on2KHOeTen eeTb KaTeroplI.ll JIIO;a;en, 

o;a;ep2KHMhIX eTpaeTbIO K HayKe, Tana.HT KOTOphIX JIIIllIJ, II3pe;a;Ka ;a;oeTaBJI.lleT 

IIM pa;a;oeTb, HO IIplI'IIIH.lleT noeTO.llHHYIO Hey;a;onneTBOpeHHOeTb ;a;oeTIIrHyThIM. 

HMeHHO Ha HIIX no;a;'lae ;a;ep2KIITe.11 yenex Toro IIJIII IIHoro Hay'IHoro Ha'IIIHaHII.ll. 

OHII o6~HO HenpaKTII'IHhl, nerKopaHIIMhl - nx HY2KHO 6epe'lb, OHII - 6enhle 

2KypanJIII". Tenep1, GTII "6eJihle 2KypannII" IIe'leDaIOT y Hae KaK BII;IJ;, JIII6o yne

TaH B "TenJihle Kpan", JIII6o, He nony'IIIIB no;a;;a;ep2KKII, II111.YT ee6e ;a;pyroe none 

;IJ;e.HTeJibHOeTII. 

H He XOTen 6hl eon;a;aTb n;a;eeb eB0IIMII naMe'laHII.llMII HaeTpoeHIIe neceII

MII3Ma, eonoeTaBJI.ll.ll ;a;eneTBIITeJibHOeTb II MhleJIII BnoXIIHD;eBa O H~Y'IHOH ;a;e.11-

TCJibHOeTII. Ero ;a;eTIIlll.e - O6'l>e;IJ;IIHeHHhlll IIHeTIITYT .11;a;epHhIX IIeene;a;oBaHIIH 

- npoxo;a;IIT IIenhITaHIIe BpeMeHeM, 2KIIBeT II pa6oTaeT B GTIIX HenpoeThIX yeno

BII.llX, non1,nyeTe.ll naeny2KeHHO Me2Kp;yHapop;HhIM aBTOpIITeTOM, eTpOIIT nnaHhl. 

Ha 6y;a;yrn.ee. OnTIIMIIDM Mhl M02KeM no'IepneyTb II y BnoXIIHD;eBa, o6paTIIBllIIIeb 

OII.llTb K eTaTbe ",IJ:Be BeTBII noDHaHII.ll MIIpa", B KOTOpOH OH nIIean: "BTopaH 

eyTb 'ICJIOBe'leeKoro po;a;a eoeTOIIT B enoco6HoeTII K HaKOnJieHIIIO II paenpo

eTpaHeHIIIO npIIo6peTeHHhIX 3HaHIIH, KaK B npe;a;enax o;a;Horo noKOJieHII.ll, TaK II 

OT noKoJieHII.ll K noKOJieHIIIO B paernIIpeHHOM o6'beMe, 'ITO He Ha6nro;a;aeTe.ll HII

Kor;a;a y ;a;pyrIIX 2KIIBhIX eyrn.eeTB Ha 3eMne". 3;a;eeb HIIKTO He B03pa3IIT TOMY, 

'ITO Harn HHeTIITYT e ero lIY'lllieH TexHII'leeKOH 6II6JIIIOTeKOH B eTpaHax CHr 

IIrpaeT IIeKJIIO'IIITeJibHYIO pon1, B paenpoeTpaHeHIIII q>II3II'leeKIIX 3HaHIIH. 

A TpeTb.ll eyTb 'leJioBeKa no BnoXIIHD;eBy - ;)TO "HCO;IJ;OlIIIMaH noTpe6HoeTb 

'ICJIOBeKa B GMOD;IIOHanbHOM KOHTaKTe e OKPY2KaIOlll.IIM MIIpOM. C rny6oKOH 

;a;peBHOeTII Mhl•HaxOp;HM HaeKaJibHhle pIIeyHKII II npIIMIITIIBHhle eoopy2KeHII.ll, 

He IIMeIOrn.IIe npaKTII'leeKOH u;eHHOeTII, a Bnoene;a;eTBIIII xpaMbI II TBOpeHII.ll 

eeyn1>nTyphl II 2KIIBOnIIeII. Tonl>KO B3aIIMOOTHOllieHIIe e OKPY2KaIOI.QIIM MIIpOM 

enoeo6Ho ;a;aTb 'lenoBeKy orn.yI.QeHIIe enoen DHa'IIIMoeTII, BhIXO;IJ;.HI.Qen na npe-
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ACJibl pyrmmoii pa6oThI no Aofil,mamuo Xlle6a Ha.cyi.unoro. B Hen, 0Toii cyTn, 

OTPruKaeTCli noTPe6HOCTb yCTaH0DIITb OTHoweHIIe Me,KAY "xoHe"'IHhThl" ('IellO-

nex) n 6ecxoHe'IHhlM (Bcerrelilffill). 
IlpexrroHeHIIe nepeA rapMoHIIeii n xpacoToii BcerreHHoii, nepa B ee 6rraroHaMe-

peHHoCTI> ncerAa 6hillll n 6)'AYT Hll'IeM He naMeHllMl,TM rormenHhIM 6oraTCTBOM 

JIIOAeii. 3AeCb AMn'rpnii llnaHODR'I cchinaeTCJI Ha K.Unommncxoro n ~TnpyeT 

Ilea.a.Ka HblO'I'OHa, xoTophIH nncarr: "He :JHaIO, 'IeM .II Mory xaoaTbCJI MJIPY, 

HO ca.M ce6e lI Ka,K)'Cb TOJibKO MaJib'IllK0M, nrparo~ Ha MOpCKOM 6epery n 

pannrreKaIOIII,llMCJI TeM, 'ITO npeM.!I OT npeMeHll OThICXlIBaIO Ka.MellleK 6orree iwe

THCThIH, 'IeM 061,nrnoneHHo, mmxpa.clIByIO paxywxy, B TO npeM.II xax nenmrnii 
oxean nCTllHhI pacCTHrraeTC.II nepeAO MHOII HenccrreAOBa.HHhIM". 'fa.KRM o6pa

:JOM, nophIB K TBOp'IeCTBY B nayxe H B lIC'KJCCTBe y 'IeJioBexa lI 'IellOBe'IeCTBa 

HencTpe6mn,r Ha nee npe:1,,rnira. 
Cnoe crrono o Jl;MHTPne liBanoBn'Ie Brrmanm;ene :JaKOH'IY nwraToii lI:3 ero 

HllrAe •.He onyOJIRXOBaHBoro: KPE,Il;O, oH nncarr: ".H nepro B cnny panyMa II noo
MmKHOCTb rapM0HillI Me,KAY HlIM lI 3M0~- Ha.M, mo)VIM, HY.lKHa nepa B 6na

rona.\1epelIHOCTb BYro'll\ero, TBopm.mro npnpOAOH n 'IenonexoM, noTep.!I TaKOii 

nepbl onHa'IaJia 6hl yB.!IAaime 'IeJioBe'Iecxoro poAa". 
OT ce6.1I A06anmo, 'ITO o6Il\eHile c :lTlIM 'IerronexoM; oCTpOy?.mhIM co6eceAHII

K0M, .C0'IeTaBllllIM OAH0BpeMeHH0 CIIOKOHCTBHe n OllTIIMlIDM n mo6bIX ycrroBIDIX 

lI KlIIIY'IYlO TB0p'Iecx:yIO 3Heprmo, - 3T0 BA0XH0Bll.lill0, AOCTaBIIlDIO paAOCTb H 

nepy B co6cTBeHJThle cnllhI. 
Jlf'Illlell Ila.MlITbIO O neM 6)1AeT Hallla TB0p'IeCKa.H pa6oTa B noncxax HCTIIHhI. 
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A.v1.6JIOXv1HUEB - Y4EHbl~, Y4v1TEJlb, 4EJIOBEI{ 

M.K.BOJlKOB 

01,rn~ . .Qy6Ha 

B 3TOM KPOTKOM BOcnoMl-1HOHl-1l-1 MHB XOTeJlOCb ()bl OTM8Tl-1Tb OAHY l-13 MHornx 

HPKl-1X 48PT A.v1.DJ10Xl-1HU8B0 - TOJlOHTJll-1BOrO l-1 MHOrorp□HHoro 48Jl0B8KQ. Pe4b 

noL1ABT O AMl-1TPl-1l-1 vlBOHOBl-148 KOKO neA□rore l-1 TOHKOM HOY4HOM PYKOBOAl-1TeJle. 

}1 noMHIO, KOK B JITII> JlBT ABCHTb H030A, BO BpBMBHO H040Jl0 "nepecTpoL1Kl-1 11 

MOJlOAemb nOAHHJlO 6ypHylO K□Mn□ Hl-1!0 npOTl-1B H040JlbHl-1KOB CBKTOPOB B nonb3Y 
11 l-1CTl-1HHblX 11 HOY4Hb!X PYKOBOAl-1T8Jl8L1 l-1 Jll-1ABPOB HOY4Hb!X TeM. KOH4l-1Jl0Cb 3TO 

K□Mn□ Hl-1H, KOK l-1 CJlBAOBOJlO oml-1A□Tb, Jll,1llib nepepacnpeABI18Hl-18M pyKOBOAHm1-1x 

AOI1mHOCTBL1, noCJ18 4ero "6opubl 30 HOBYIO Jll-1Hl-1!0 noBBABHl-1H B HOYKB" 6b!CTPO 

ycnoKOl-1Jll-1Cb, no11y41,1s TB me CTOPblB AOJlmHOCTl-1 11 H040JlbHl-1KOB ceKTOPOB" l-1 Tpe-. 

6yH eme 6011ee CKpyny11e3HOL1 IDOPMOJlbHOL1 OT48THOCTl-1 H□ -CBOl-1X HOBblX MBCTOX, 

48M B CT□ Pbl8 11HBA06poK048CTBBHHbl8 11 apeMeHa. 

CoseprneHHO l-1Hb!M CTl,1Jl8M HOY4Horo PYKOBOACTBQ OTJll-140JlCH A.v1.6JlOXl-1HU8B. 

3□Hl-1MOH AOBOJlbHO BblCOKl-18 OAMl-1Hl-1CTPOTl-1BHbl8 AOJlmHOCTl-1 - l-1 Al-1PBKTOPO ·Qv111v1, 

l-1 Al-1PBKTOPO JITQ, l-1, HOKOHBU, H040JlbHl-1KO ceKTOP□, OH Hl-1KOrA□ He anaian B 

OAMl-1Hl-1CTp□ Tl-1BH0-6yM□mHoe pBBHl-18 B PYKOBOACTBB HOY4Hb1Ml-1 COTPYAHl-1KOMl-1, pa-

60T□ IOml-1Ml-1 B ero C8KTOpe. (BCHKoro POAO ot1-1u1-1 □ J1bHbl8 AOKYMBHTbl l-1 OT48Tbl OH 

H03b1B0Jl 0606maiom1-1M CJlOBOM "ryMara"). HonpoTl-1B, OH BCH48CKl-1 noompHn CB060A

HblL1 no1-1cK HOBblX H□y4Hb!X TBM de3 KOKOL1-n1-160 M8Jl04HOL1 oneKl-1 l,1Jll,1 HOBH3b1B0Hl-1H 

csoel,1 TBMOTl-1Kl-1. 048Hb BHl-1MOT8JlbHO l-1 C l-1CKPBHHl-1M l-1HT8PBCOM OTHOCl-1JlCH K Jll0-

6b!M HOBblM pa3pa60TKOM A□me B TeX 06JlOCTHX, KOTOPblMl-1 COM HenocpeACTBBHHO 

He 30Hl-1MOJ1CH. Hl-1KOrA□ He HOBH3b1B0Jl csoero MH8Hl-1H l-1 B TO me BPBMH 11erKo 

30M840Jl nepcneKTl-1BHW8 H□np□ BJ18Hl-1H l-1 ml-1B0 l-1X flOAABPml-1B □ Jl. OH CTOPOJlCH BHl,11{

HYTb B HOBblB AI1R Hero H□y4Hbl8 po3pa60TKl-1 l-1 l-1CKP8HH8 rOPAl-1JlCH T8Ml-1 AOCTl-1me

Hl-1HMl-1, KOTOPblB 6b!Jll,1 nony48Hbl ero MOJlOAb!Ml-1 COTPYAHl-1KOMl-1. 

KcT□Tl-1, YABJlHH MHoro Jll-14Horo BP8M8Hl-1 o6cymABHl-1!0 HOBblX pa6oT CBOl-1X 

KOJlJler, OH Hl-1KOrA□ He HOBH3b1B0Jl caoero COOBTOPCTBO, 6YAY4l-1 BnOJlHB YAOBJlBT

BOPBHHblM yme TOJlbKO TBM, 4TO Bero rpynne BblnOJlHBHbl Te l,1Jll,1 l-1Hbl8 BnOJlHB 

l-1HTBPBCHbl8 po60Tbl, nony4l-1Bllil-18 pe30HOHC B APYrl-1X l-1HCTl-1TyTOX CCCP l,1Jll,1 30 

py6emoM. A□me He 6YAY4l-1 COOBTOPOM, OH HBMOJlO cnoco6CTBOBOJ1 PBKJl□Me MHOrl-1X 

TOKl-1X pa6oT, BblCTyn□H HQ OT848CTBBHHblX l-1 3□py6emHblX HOHQBPBHUl-1HX l-1 1-1cno11b-

3YH Jll-14Hb18 KOHTOKTbl C Y48Hb!Ml-1 MHOrl-1X CTPOH. 
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n·c4MTOID, 4TO MHe 04eHb noBe3flO B MOflOAYe fOAY B TOM, 4TO H pa6oT□n 
noA pyKOBOACTBOM T□Koro 4enoBeKa. 6e3ycnQBHO, rn□BHYM CTMMYflOM AflH Mono

AOfO y4eHOf0 HBflHeTCH nID60Bb K CBOe~ nfoOeccMM M POAOCTb HOBYX MHTepeCHYX 

60flbWMX M MOflYX HOY4HYX OTKPYTMn. Ho ecnM TY 3H□ewb, 4TO M TBO~ HOY4HY~ 

pyKOBOAMTeflb 6yAeT MCKpeHHe o6pOAOBOH M A□me B KOKO~-TO cTeneHM roPA 30 

Te6H, ecnM Te6e YAOCTCH nony4MTb KOKO~-TO MHTepecHY~ HOY4HYA pe3ynbTOT -

3TO eme 6onbwe CTMMYflMpyeT TBOID HOY4Hf~ AeHTeflbHOCTb. M H Mory TOflbKO OT 

BceA AYWM nomen□Tb H04MH□IDmMM MOflOAYM y4eHYM H□ATM ce6e TOKMX pyKOBOAMTene~. 

K OKTMBHO pa6oT□IDmMM MOflOAYM y4eHYM 4.M.6noXMHUeB OTHOCMflCH 04eHb 6e

pemHO M A□me HemHO, H03YBOH MX B CBOeM Kpyry "6enYMM ne6eAHMM", KOTopwe 

Tpe6ymT oco6oro BHMMOHMH M 3060TY, 4T06Y BYmMTb B TeX A□me He CflMWKOM cy

poBYX (no cpasHeHMID C HYHeWHMMM) ycnoBMHMM H□WeA peanbHOA mM3HM. 

3□KOH4MTb 3TY KOPOTKYID 3□MeTKY H xoTen 6w eme OAHMM BOCnOMMHOHMeM 0 

4MMTPMM ~BOHOBM4e KOKO npoCTOM M A06poM 4enoBeKe, B KOMn□HMM KOTOporo Mom

HO 6wno scerA□ 4YBCTBOB0Tb ce6H YIDTHO M MHTepecHO. OH 6wn He TOflbKO 6onb

WMM 0M3MKOM C rny6oKoA MHTYMUMe~. HOM TOflOHTflMBblM XYAOmHMKOM, no3TOM M 

pacCK034MKOM. MY HeCKOflbKO pa3 nyTewecTBOBOflM C HMM HO QBTOM06MflHX M H0-

4eB□nM B nan□TKOX HO 6epery Ay6Hbl MB BePXOBbHX BonrM. M scerA□ 3TM nyTe

weCTBMH OCTOBflHflM r ny6oKM~ cneA M 6n□roA□PHble BOCnOMMHOHMH O 30XBOTblB□IDmMX 
paccK030X Y KOCTPO MO APYmecKO~ npMHTHO~ KOMn□HMM C MHTepeCHblM 4enoBeKOM, 

npomMBWMM HenpoCTyID M HOCb1meHHYID co6blTMHMM mM3Hb. 
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MHOI'OI'paHHOCTb TaJiaHTa 

A. A. T.anKHH 

06'be,l{HH€HHbIH HHCTHTYT H,l{epHbIX HCCJI€,l{OBaHHH, J(y6Ha 
-, 

B .llHBape 1994 roµ;a .JJ:MnTpmo llBaHoBn'ly Brroxnmi;eBy - Bn1µ;aro~eMyc11 

coBeTCKoMy q>n:JnKy n KpynHoMy opraHn:JaTopy coBeTcKo:n: aTOMHo:n: HayKn -

lICil0JIHlIJIOCl, 61,1 86 rreT. B 1979 roµ;y BIIe:JanHo 06opBarrac1, 2KlI3Hb y'leH0ro, -

norrHoro TBop'IecKnx :Ja.\inICJioB n Ii:ap;e2Kp; Ha ycneurnoe nx :JaBeprneHne. MHo

rne xoporno IlOMH.llT pap;oCTI, o6~eHn.ll c [}TlIM B@p;aIO~lIMC.ll y'leHhlM n :JaMe

'laTeJibHl,IM 'leJI0BeKOM. Ero Hay'IHa.ll p;e.llTeJII,HOCTb Ha'laJiaCb nocrre 0K0H'laHll.ll 

yHnBepcnTeTa B 193Q_roµ;y B Ka'leCTBe acnnpaHTa npoq>eccopa H.E.ThMMa. B 

1934 roµ;y HalllICaHHa.ll lIM no 0K0H'laHHH acnnpaHTyphl µ;nccepTannoHHall pa-

6oTa 6n1rra npn:JHaHa µ;ocTOHHOH npncy2Kp;eHll.ll p;oKTopcKo:n: cTeneHH, a 'Iepe:J 

p;Ba roµ;a OH n:J6npaeTC.ll npoqieccopoM Ka<f>eµ;p1,1 TeopeTn'leCKOH q>n:JnKn. C Tex 

nop µ;o KOHD;a 2Kll3HlI neµ;arorn'leCKa.ll p;e.llTelibH0CTb .JJ:MnTpll.ll HBaHOBH'la 6n1rra 

CB.ll3aHa C MrY. Hn1HellIHeMy MOJIO)J;OMY IlOKOJieHlIIO y'leHhlX lIHTepeCHO 6yµ;eT 

J3HaTb, 'ITO . CTpeMJieHne Y'llITl,C.ll B YHHBepcnTeTe y 6yµ;y~ero· y'leHoro Il0.ll

BlIJIOCb nocrre nepenncKn c K.8.ll;noJIKOBCKHM, a Ha ero OKOH'laTeJII,Hl,IH Bbl6op 

q>lI3lI'leCKOro q>aKJJibTeTa IlOBJilI.llJIO 3HaK0MCTB0 C yp;nBnTeJibHhlMlI pe3JJibTa

TaMlI on@TOB Pe:Jepqiopµ;a. 

Hay'IHa.H n opraHn:JannoHHa.H µ;e11TeJibH0CTb .JJ:.H.BrroxnHn;eBa norr1,3yeTC.ll 

rnnpoKo:n: lI:JBeCTHOCTbIO. B K'opoTKOH cTaT1,e Herreno o6'b.llCHlITb :JHa'leHHe 

ero HaJ'IHhlX )];OCTlI2KeHn:n:. Op;HaKO y2Ke CaMO nepe'IlICJieHHe pa3HOo6pa3HblX 

HanpaBrreHn:n:, B K0TOphlX norry'leHhl aTn )J;OCTlI2KeHll.ll, xapaKTepIDyeT Y)];lIBlI

TelibHYIO MHororpaHHOCTb ero .llpKOH Hay'IHOH n o6~ecTBeHHOH µ;e11Terr1,HocTn, 

K0TOpa.H Il03BOJI.lleT C'llITaTb .Il:MnTpll.ll HBaHOBlI'la )];OCTOHHhlM nocrreµ;oBaTe

rreM Bec1,Ma pep;Koro yHnBepcarrn:JMa TBop'IeCTBa, nµ;y~ero B pyccKo:n: aayKe 

OT BeJinKoro M.JloMOHOCOBa lI npoµ;orr2KeHH0ro :JaTeM TaKlIMlI Bblp;aIO~lIMlIC.ll 

y'leH@Mn, KaK .JJ:.H.MeHp;erreeB, B.H.BepHap;cKnH n C.H.BaBnrroB. 

.JJ:.H.BrroxnHn;eB 61,1n µ;e:n:CTBlITeJibHO q>eHOMeHaJibHO pa3HOCTOp0HHlIM y'le

HhlM. TarraHT q>lI3lIKa-TeopeTHKa opraHn'leCKlI CO'leTaJIC.ll B HeM lI C He:Ja

YP.ll)J;HhlMlI cnoco6HocT.llMlI K qinrroco<f>cKoMy o6o6~eHnIO HOBeii:rnnx µ;ocTn2Ke

HHH ecTecTBeHHhlX HayK, n c peµ;KnM µ;apoM KpynHoro neµ;arora, cnoco6aoro 

B CBOlIX rreKD;ll.llX lI KHlirax np0CTO o6'b.llCH.llTI, ClI02KHe:n:rnne BOilp0Cl,I C0Bpe

MeHHOH. TeopeTII'leCKOH q>II:JlIKII. OH 61,1n TaK2Ke TaJiaHTJilIBnIM lIH2KeHepoM-
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nno6peTaTerreM, xpynHhlM o6w;ecTBeHHhIM µ;e.lITerreM. K TOMY :lKe ero aMo:u;no

HaIThH011 HaType nOCTO.IIHHO Tpe60BalIOCb II caMOBhlpa:lKeHne B xyµ;o:lKeCTBeH

HOM II noaTII'IeCKOM TBOp'IeCTBe. 

B o6rracTn TeopeTn'lecKoii qinnHKII ,U.II.BrroXHH:u;eBy npIIHaµ;rre:lKaT Bhlµ;a10-

w;IIeC.lI Hay'IHble µ;oCTII:lKeHII.lI B caMhlX panrrII'IHhlX panµ;errax 3TOH o6urn:pHOH 

HayKII. B µ;oBOeHHhle ro_µ;hl OH panBIIll KBaHTOBYIO TeOpIIIO q>ocqiopec:u;eHIIIIII 

TBepµ;hlX Tell II µ;arr KOlIII'leCTBeHHOe o6'b.lICHeHIIe aqiq>eKTY Bhlnp.lIMlleHirn TOKa 

Ha rpaHn:u;e µ;Byx norrynpoBoµ;HIIKOB. OH paCCMOTperr aq>q>eKT illTapKa B CII!Ib

HOM nepeMeHHOM MarHHTHOM none II npeµ;cxanarr aqiq>eKT HelIIIHeHHOII naBII

CIIMOCTII µ;rr.ir IIHTeHcIIBHOCTII unrry<IaeMoro cBeTa. Ilonµ;Hee panBIITIIe TaKnx 

uccrreµ;oBaHIIII npnBerro K BOnHIIKHOBeHIIIO HOBOH HayKII - HerrnHeiiHo:ii onTIIKII. 

B 1938 roµ;y ,U.II.Brrox1rn:u;en norry<Inrr HOBhlH penyrrhTaT q>yHµ;aMeHTarrhHoro 

nHa'leHIIJI, npeµ;cKanaB CMew;eHIIe cneKTparrbHhlX lIIlHIIH aTOMOB, Bhl3BaHHOe 

o6paTHhlM µ;ei'ICTBIICM H31IY'ICHII.lI. :.:ho .lIBlICHIIC 6hlll0 3KCIICpIIMCHTallbHO 06-

Hapy:lKeiio B 1947 roµ;y aMeptIKaHCKIIMII Y'ICHhlMII II HanBaHO 6hl!IO ll3M60BCKIIM 

cµ;BnroM no IIMCHII nepBoro aBTopa. 

B ·roµ;hl OTe'!eCTBeHHOH BOHHhl ,UMnTpII:ii llBaHOBII'l conµ;arr TeopIIIO nByKo

BhlX .lIBlleHIIH µ;II.ll Heoµ;Hopoµ;HhlX II µ;mI:lKYlil;IIXC.lI cpeµ;, paCCMOTpeB panHoo6-

panHhIC· naµ;a'ln 6orrhIIIoro rrpIIKrraµ;Horo nHa'!eHH.lI. 

Brrocrreµ;cTBIIII ero TCOpCTII'ICCKIIe IICCITeµ;oBaHII.lI :u;errIIKOM COcpeµ;OTO'IIIlIIICb 

Ha Tpyµ;HCHIIIIIX BOIIpocax TCOpIIII IIOII.ll II qmnIIKII 3lICMCHTapHhlX '!aCTIIII. B 

3TOH o6rraCTII IIM 6hlll riorry'ICH q>yHµ;aMeHTallbHhlH penyrrhTaT - ycTaHOBlleH 

TaK HanhrnaeMhlH "yHnTapHhlH npeµ;err" KaK aHepreTII'IecKn:ii py6e:lK, rrpn Ko

TopoM OTBCTCTBeHHOC na pacnaµ;hl arreMCHTapHhlX '!aCTHII crra6oe B3aIIMOµ;e:ii

CTBIIe cpaBHIIBaCTC.lI C CllllbHhlM nnanMoµ;eIICTBIICM, 'ITO onHa'!alIO OTKphlTIIC 

HeO:lKIIµ;a~HhlX rrepcneKTIIB nepeµ; 6yµ;yw;e:ii qmnnKOH CBCpXBhlCOKIIX 3Heprnn:. 

AHarrm:mpyH 3KcnepnMeHTallbHhlC µ;aHHhle, OH• npIIIIICll K BhlBoµ;y O Heo6xoµ;n

MOCTII panµ;erreHil.lI _cTpyKTYPhl HYKlIOHa Ha :u;eHTparrbHYIO II nepuqiepn'IeCKYIO 

'!aCTII, 'ITO J!BIIlIOGb rrepBhlM UiaroM nocrreµ;oBaBIIIero naTeM Bhl.lICHCHII.II ClIO:lK

HOH CTpyKTYPhl HyKrroHon, ycTaHonrreHII.lI BHYTPII HYKIIOHa cnrronhlx :u;eHTpon -

rrapTOHOB. Ew;e oµ;Ha Ba:lKHaJI IIµ;e.11 ,UMIITpII.!I lIBaHOBII'Ia O q>rryKTya:u;IIII IIlIOTHO

CTII new;ecTBa D .11µ;pax IIOlIO:lKHlla Ha'!alIO :u;erroMy HanpaBlleHIIIO IICcrreµ;oBaHIIH 

TaK HanhlBaCMhlX KYMYII.lITIIBHhlX rrpo:u;eccon B perr.11TIIBHCTCK0:ii .11µ;epHo:ii q>II

nIIKe (1957). IlpII IIccrreµ;oBaHIIII pacxoµ;IIMOCTCH B KBaHTOBOll TCOpHII norr.11 OH 

npIIIIICll K µ;arreKO onepe:lKaI01Il;II1vl COBpeMeHHhlH ypoBCHb HayKn paµ;IIKallbHbIM 

BhlBOµ;aM O Heo6xoµ;nMOCTII IIt3MeHeHII.ll reoMCTpIIII MIIKpoMnpa (1970). 
Cnon TeopeTII'!CcKne IIccrreµ;onaHII.lI B .Te'!eHIIe nocrreµ;HIIX Tpex µ;ec.irTIIrre

TIIll ,U.II.BrroXIIHIICBY ·npnxoµ;Hrrocb coBMern;aTh c 6orrhmoii opraHunaTopcKon 

µ;e.11Ten;bHOCTbIO B Ka'ICCTBC pyKonoµ;IITCll.lI KpyIIHhlX Hay'IHO-TCXlill'ICCKIIX KOll

rreKTIIBOB. B 1950 roµ;y OH nonrrrannrr KOlllICKTIIB no npoeKTIIpOBaHllIO II co-
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opy:lKf'HIIIO D 06HIIHCKC aTo.:-.rnoii: 3:JCKTJ)0CTaH:u;un. YcnelllHblII nanycK D 1954 
rori:y ncpDoii D l\Hipe aTmrnoii oileKTpocTaHunu, y;:i:ocToCHHhifr JlemrncK011 npe

:1nm 1957 roµ;a, HaDcerµ;a cn.11narr n:1rn B:i-oxnnueDa c ncTopne11 :1mpuoro aTol\ra. 

n~ICHHO :J;J;CCb D 06mrncKe D no:rnofr ~Icpe npO.!IDII:JCJI IIH:lKCHCpHbIII Ta:JaHT 

P.YKOBO;J;IITC:JJI 60:IbIIIoro IIH)KCHCpHO-TCXHII'ICCKoro KOil:JCKTIIBa. IfanecTHO~IY 

TeopeTnKy IlJ)IIIll:JOCb npIIHII.:\IaTb 0TBCTCTBCHHhIC IIIDKCHCpHbIC pelllemrn no 

BbI6opy OKOH'IaTC:JbHOII CXC.:\fbl aT0MHoro peaKTOpa II 0CHOBHbIX napa:-.teTpon 

3:If'KTJ)OCTam:i:nu, a :JaTeI 3q>q>f'KTIIDHO B:IIC'IllIIBaTbCJI II D TCXHIPICCKIIe pellle

HIIJI Il03HIIKaIOIIIIIX nan:a•1. Ta:i-aHT KpynHoro nno6pcTaTe;rn D o6rraCTII aTo:--1-

Hoii TCXHIIKII OKOH'IaTf'llbHO IIp0JIBII:ICJI D f'ro opunrnanhHO:'\I rrpr;:i::i-0)KC'HIUI II:11-

II.YiIM:noro IICTO'IHIIKa HeiiTpouon -- IICCllf'i!:0BaTerrbcKoro pcaKTopa C 60:IbllIOII 

Il:JOTHOC:TbR> Hf'iITIJOHOD. Brrf'pBbie n MIIpe TaKoii IIl\IIT.YllbCHhlII peaKTop 6bI;J 

coopyn.::PH D ,Uy6Hc no;ri: pyKoDoµ;cTDo:11 ,U.II.Brroxnmwna u II.M.<l>paHKa. 

n 1956 rop;y .UMIITJmii IInaHOBIPI 6brn nn6paH Ilf'J>Dhll\I ;i:npeKTopo:--1 :IICjK

µ;yttapoµ;Horo IICCllC,IJ;ODaTCllbCKoro U<'HTpa 0;J;IIHHaµ;uaTir CTpan. 3µ;f'Cb yn.::e Ha 

Mcn.::µ;yttapoµ;HOM ypoDHC Hay•rnoro PYK0Do;:i:cTna 6bICTpo paCT.YIIIIIl\I UCHTpo:11 

rrorrHoCTbIO panDcpttyrracb opraHn:JaTopcK,lH cTopotta cro MHororpanttoro Ta

:i:attTa. Crreµ;ycT OTMCTIITh, 'ITO II0Ka:JaHHhrii DIH'J>Dbie Tt'0l)<'TIIKO.:\I B:i-ox1rn

Uf'DbIM IIJ>IIMCJ> ycIICillHoro PYK0D0µ;CTDa KJ>.YIIHbl;:IHI 3KCIIcpu:1wnTa:JbHbLMII IIH

CTIITyTaMu IIOllY,IIIil IllIIJHlKO(' pacnpocTpam•Huc: KJ>YIIHf'IIIlllI!' q>IIt3IPI!'CKII(' IIH

CTIITYTbI DO:Jrllc1DlIJilIIICb TitKIIMII II:JDf'CTHbIMII TC0J>C'TIIKil:IIII. KaK B. BaiiCKOIIq>, 

A.A. JioryttoD, H.H. Boromo6oD II A.H. TaDxf'rrn;ri::1e. 

,U.I1. Brrox1rnucD Dcerµ;a .YA<'illlll 6ollblll0f' DHIIMaHII(' D0CIIIITilHIIIO Hay•rnoii 

1vrorroµ;c)Kn, 6brn oµ;HnM 1m umrri:mtTopoD co:1µ;amrn D ,Uy6Hc Y,I<'6Horo U<'HTpa 

MI'Y (1960). Tcrrcpb TaKoe o6y•rettne cTyµ;<'HToD cTaplllux KypcoD upn Kpyrr

Hhrx Hay<IHbIX IIHCTIIT.YTax rrpaKTIIKJCTCJI MHoru1m D}":JilMII CTpclHbI. 

IlpnDcµ;cHHyIO DbIIllC xapaKTCJJIICTIIKY HpKoii Ha_y,rnoii A<'lIT<'ilbHOCTII J:.II. 
BrroXJIHIJ;CDa Heo6xop;IIMO gOIIOlIHIITb X0TJI 6bl KpaTKIIl\HI CDPµ;f'HIIlfam 0 Pro rro

CTOlIHHOM HHTcpcce K q>nrrocoq>cKHM rrpo6rreMaM CCT('CTD03HclHillI. ?IIaTepuarru

CTII'ICCKOC MII}HlDO:J3pCHIIC IIJ)OHII:JbIDarro DC(' Hit_}"IH0(' II m•;ri:aroriPIC("KO(' TDop

'ICCTDO Y'ICHoro. Y:lKc D IICJJDOM Imp;aHuu f'ro Y,I<'6HIIKa no KDaHTODoii .:\It'XilHIIK(' 

(1944) 6brno .IIDHO o6o3Hct'ICHO CTJ)C_Mll<'HII<' ,[\itTb MitTCJ>IIclJIIICTIPH'CKOC' IICT0il

KODaHire HC06bPIHbIM q>IInIPICCKIIM :JilK0HaM MIIKpoMnpa. OToii npo6:JPMoii OH 

YCIICillHO naHIIMarrc.ir II DCC rrocm•µ;y10muc roµ;br. EMy .YAcllI0Cb Ha 0CH0DC' K0H

Il;CIIIJ;IUI KDaHTODhlX itHCaM6rreii u J.IICHCHII.lI IlJJIIHIJ;IIIImtrrbHOii porrn MilKJ>0CK0-

IIIPICCKUX ycrromrii: ;rl;DII.lKCHIIJI MIIKpoo 6'bCKTa DCKpbITb 0 6'bCKTIIBHoe C0A<'p:lKa
HHC aToii Teop1m. 

KaK Kpyrrnhrii Hay<rnuii J>YKOD0AIITf'llh ,U.II. BrroxnHIJ;<'D rrocTolIHHo rrprm:rc

KarrcJI K aKTIIDHoii o6mecTDf'HHoii µ;f'lIT<'llhHocTn: 6brn 'Ill<'H0M KoMHTeTa no .1<'
HIIHCKIIM II}H'MillIM, 'Ill<'HOM CODPTCKoro K0MIITl'Ta namnThl MIIpa II C0D<'THII-
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KOM npn feHeparrbHOM ceKpeTape OOH; n:J6IIparrc.H npemiµ;eHTOM Me2Kµ;yHa

poµ;Horo coro:Ja 'IHCTOII II npnKrrap;HOII q>II:JIIKII npII OOH . .il:PY:Jb.lIM .il:MIITpII.lI 

llBaHOBII'Ia xoporno II:JBecTHO, 'ITO, noMIIMO 6orrblIIOII oq>II:o;IIarrbHOH o6me

cTBeHHOII pa6oThl, OH 6parr Ha ce6.H II µ;onorrHIITelibHhlC :Ja6oTbl. TaK, Ha

npnMep, nocrre oTp;bIXa B ropax oH oKa:Jarr coµ;eucTBIIe pacrnnpeHIIIO pa6oThl 

arrbnrrarepe11 B :JIIMHee BpeM.H, a nocrre nocer:u;eHirn cneKTaKIT.lI lll,yKIIHCKoro y'III

rrnma OH o6paTIIlIC.lI B MoccOBCT c mICbMeHHhlM npeµ;rro2KCHIICM co:Jµ;aTb B Moc

KBe µ;paMaTII'ICCKHH TeaTp BO rrraBe c IO.II. Jlro6nMOBhlM - pyKOBOi];IITerreM 

aToH rpynnhl BbmycKHIIKOB y'InrrIIr:u;a. 
BorrblIIOH 1rnTepec Bcerµ;a Bhl:JhlBalIII BhlCTy1rneHirn ,r:i:.II.BrroxnH:u;eBa Ha 06-

r:u;ecTBeHHbIX co6paHII.lIX. B HIIX '!eTKO npocTynarrII rpa2Kµ;aHCKa.lI no:JIIIJ;IDI py

KOBOi];IITelI.lI, Myµ;pocTb II npoqieccIIoHalilmM aBTop1ITeTHOrO y'IeHoro, a TaK)Ke 

ocTpoyMIIe II KpacHope'IIIe 6orrbrnoro MaCTepa 2KIIBoro crroBa. Te 2Ke '!epTbI 

xapaKTepHbl 6hllIII II µ;rr.H ero BbICTynrremm B :u;eHTparrbHOll ne'IaTII Ha TeMbl 0 

q>yHµ;aMeHTalibHOll II npIIKlial];HOll HayKe, 0 cyr:u;HOCTII Hay<moro TBOp'IeCTBa II 

porrII y'IeHoro B coBpeMeHHOM o6mecTBe. 
B :u;err.HX coKpar:u;eHIDI .lI OTKa:JhlilaIOCb OT Tpap;IIIJ;IIOHHOrO l);lI.lI noµ;o6HhlX cTa-

TeH nepe'Incrremrn oqin:u;narrbHhlX np1mHaHIIII. 3acrryr y'IeHoro II :JaKaH'IIIBaIO 

cBoH paccKa:J o nb1µ;aror:u;eMC.lI y'IeHoM ero 2Ke crroBaMn: "JI BepIO B curry pa:JyMa 

II Il03M0)KHOCTb rapMOHilII Me2Kµ;y HIIM II 3MOIJ;II.l!Mll. HaM, lIIOl);.lIM, HY)KHa Bepa 

B 6rraroHaMepeHHOCTb Byµ;ymero, TBOpIIMOrO npHpoµ;on H 'IelIOBeKOM, noTep.lI 

TaKOll Bepbl O:JHa'Iarra 6bl yB.Hp;aHHe '!elIOBC'IeCKOrO poµ;a". 
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BocnoMn:HaH1u1 
o ,I];Mn:Tpn:n: MBaHOBH"tfe BJioxn:H:a;eBe 

P. M. Jle6ep;eB 

06'be4HHeHHbIH HHCTHTYT H4epHbIX HCCJie40BaHHH, ,Uy6Ha 

BnepBbie .lI IIO:JHaKOMlllIC.lI C .I(MnTpIIeM llBaHOBII'IeM, KaK C npoqieccopoM 

qmsnt1ecKoro q>aKyITbTeTa MfY npII cµ;a'Ie 3K:JaMeHa no KBaHTOBon MexaHIIKe. 

,IJ:MIITpIIH llnaHoBII'I OTHOCIIlIC.H K TOMY TIIny "cTapoi" npocpeccypbl, KOTO

pa.H Ha aK:Jal\rnHax rrraBHoe BHIIMaHIIe o6pamarra He Ha cpopMarrbHO nonyt1eHHble 

:JifaHII.lI, a Ha :JHaHII.lI, CB.lI:JaHHhle C coo6pa3IITelibHOCTbIO CTyµ;eHTa, C yMeHIIeM 

MbIClIIITb. TaKoH noµ;xoµ; no:JBorrIIrr .il:MIITpIIIO llBaHoBII'IY :JaBoeBaTb y cTy;a;eH

TOM oco6hlll aBTOpIITCT II yBa2KeHIIe. 

Bnocrreµ;cTBIUI, Ha'IIIHa.lI c 1956 roµ;a, .lI IIMelI Y;D;OBOlibCTBIIe pa6oTaTb noµ; 

pyKoBogcTBOM .il:MIITpII.H llBaHOBII'Ia Ha nonpIIr:u;e <<MMHHHCTpaTHBHOH q>H3HKH» 

B O6'bC)J;IIHCHHOM IIHCTIITyTe .Hµ;epHbIX IICcrreµ;oBaHIIll, ,qnpeKTOPOM,K0TOporo OH 

6blJI H36paH. 

l.JacbI, npoBeµ;eHHbie C .I(MIITpIIeM llBaHOBII'IeM npII noµ;roTOBKe ero OT'IeT

HbIX µ;oKrragoB Y'IeHoMy CoBeTy OIIJIII o Hay'!Hon µ;e.HTeilbHOCTII rra6opaTo

pIIH .lI Bcerµ;a BCIIOMIIHaIO c 'IYBCTBOM rrry6oKon yµ;oBrreTBopeHH0CTII II 6rraro

µ;apHocTII .il:MIITpIIIO llBaHOBII'IY :Ja TO, 'ITO µ;ocTaTO'IHO 'CKY'IHCie 3aH.lITIIe no 

rroµ;roTOBKe ro,q0Bblx OT'IeToB .I(MIITpIIn llBaHOBII'I npeBpar:u;arr B IIHTepecHen

IIIIIII no:JHaBaTeilbHhlII npo:u;ecc. Byµ;y'III µ;HpeKTopoM, ,IJ:MIITpIIH IIBaHOBII'I µ;o

norrbH0 '!aCTO OTBlieKarrc.H, µ;erra.H )KIIBOilIICHhle Ha6poCKII. )KIIBOill!Cb-pIIcyHoK, 

Il02Karryn, .lIIllIHlIIICb XO 66II 11:MIITpII1I llBaHOBII'Ia. OH UM ell OCTpblll npOHIIKaIO

IIJ;IIH B3rJrnµ; xyp;o2KHIIKa, OT06pa2KaIOr:u;ero TO II/III lIHOe C06hlTIIe. 

KaK y'IeHbIH-q>II3IIK .il:MHTpn11 llBaHOBII'I rrro6Hrr II noq>aHTa3IIponaTb: oµ;Ha

)K)J;bI OH :Jagarr MHe BOnpoc: «A 'ITO 6yµ;eT, ecrrll rµ;e-TO B KOCMll'IeCKOM npo

CTpaHCTBe npoTOH C 3HeprlleH 10 B Tpngn:aTb Il.lITOH CTeneHII arreKTpOHBOlibT 

CTOiIKHCTC.lI C IlOKO.llli.(IIMC.lI npOTOHOM?» II TYT )Ke CaM OTBeTIIil Ha :)TOT Bonpoc . 

.il:MIITpIIll llBaHOilII'I cµ;errarr HeKOTOphle on;eHKII II CKa:Jarr: 'ITO TaKOe CTOlIKHO

BCHIIe IlilO/IHe MO)KCT npIIBeCTII K po2Kl];eHIIIO MIIpa II aHTIIMitpa. BnocrregcTBIIII 

3TII coo6pa)KeHirn 6hliIII ony6rrIIKOBaHhl B )KypHarre "YcnexII q>II3II'IeCKIIX HayK". 

BoT K KaKIIM yµ;nBIITeilbHhlM crreµ;cTBII.lIM MO)KeT npIIBCCTII rnyTKa TarraHTlIH

'Boro r1eHoro-cpum1Ka. 
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KpoMe HayKII II )KIIBOIIIICII ,UMIITpIIH liBaHOBII'l o'!eHh mo6IIrr rrpIIpoµ;y, B 

oco6eHHOCTII rophl. OH C'lIITall, 'ITO rry'lIIIe rop MoryT 6bITh TOllhKO· rophl. 

,UMIITpIIH FlBaHOBII'l perylI.lipHo oTp;hlxarr B arrhIIllarep.llx "}J:oM6aii" II "ArrII-

6eK". B "ArrII6eKe" OH 3a6IIparrC.lI Ha ropHhIX llhI)KaX IIO'ITII Ha caMyIO BepIIIIIHY 

"CeMeHoB 6aurn" II rrocTerreHHO crrycKarrc.lI K rrarepIO "ArrII6eK". 

BorrhIIIOe )KII3HerrI06IIe II T.llra K II03HaHII.lIM HOBOro, BOT, IIO)Karryir, OCHOBHhle 

'lepThl xapaKTepa ,UMIITpll.lI liBaHOBII'la. 

" 
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