
36 Kon. COOdlll8HMR 
Odla8AMH8HHOrO 

MHCTMTYTa 
RA8PHblX 

MCCJl8AOBaHMI 

lYdHa 

PeAalCTOp B. B. Konecoea. MalCeT P • .I1.. (IIOMHHoA. 
Hai50p B. C • PYMHHII:ee OR • 

nOAnMcaHO a nellan 29.03.85. 
$opMaT 60l(90/16. O4IceTHu nellaTl•• YII .-M3A .nMCToa 2,24. 

TMpalll 500. 3aICu 36040. 

M3AaTenbcICMH OTAen OI5~AMHeHHoro MHcTMTyTa RAepHWl( HccneAoaaHM~. 
Qyi5Ha MoClCOaclCoH oI5nacTH. 

,[\2-85-206 

H.H.BorOJII06oB 

UBETHYE KBAPKH 

HOBAH CTynEHb n03HAHHH MHKPOMHPA 

,a01<:/UJO. npOilUTaHHbia Ha 0614eM co6paHUU 
A1<:aOeMUU Hay1<: CCCP 
18 MapTa 1985 zoOa 

I 
1985 


http:29.03.85


IIOIIPABKA 

Orp.S, BroPOH a6s8I( CHH3Y· Cne]J,YeT lIHT8.Tb: 

"I'HnOTesa UBeTHblX J(BapKOB RBunaCb TOH Kap]J.HHaJIbHOH H,]J.eeH, 

KOroPaH OTKPbUla nyn. K peWeHH10 ynOWIHYTbIX Bblwe npHHI.:(Hl'lH8JJt
HblX np06neM TeOpHH 3neMeHTapHbIX UCTHU H, cne]J,OBaTeJIbHO, - K pO

BHTHIO nocne]J.OB8TenbHOH KapTHHbI J(BapKOBOrO cTpoeHHR MarepHH". 

~ 06b~eBHYA HHCTHTYT RAepuwx HCcn~OBaHHA ny6Ha. 1985. 

BY]J,yw,ee q,HSHKH H ycnewHoe pasBHTHe onHp8lOw,nxcR Ha ee ]J,O

CTH:>KeHHR ]J,pyrHx OTpaCneH eCTecTBOSHaHHR B SHa1lHTenbHOH CTeneHH 3aDH

CRT OT nporpecca B nOSHaHHH BHYTpeHHeH CTpYKTYPbI H q,yH]J.8MeHTaJIbHbIX 

SaKOHOB BSaHMO]J,eHCTBHR 3neMeHTapHbIX 'IaCTiW;. 

Bonpoc 0 npHpo]J,e MaTepHH RsnReTcR HSBe'lHblM BonpOCOM eCTeCT

BOSHaHHR. OT aTOMHCTHKH .o;peBHHX .0;0 cOBpeMeHHbIX TeoPHH 3neMeHTap

HbIX lIaCTHU; npOXO.n;HT H.n;eR 0 CYW,ecTBOBaHHH HCTHHHO 3neMeHTapHbIX, 

q,YH.D;aMeHTaJIbHbIX COCTaBnRlOW,HX MaTepHH. 

OKono 220 neT Hasa.n; BenHKHH PYCCKHH yqeHbm M.B.J10MOHocOB 

B Ha'laTblX HM Hesa.n;onro ]J,O CBoeH CMepTH Tpy.o;ax "MHKpOnOrHR" H "CH

CTeMbI BceH q,HSHKH" nbITaJICR cos.o;aTb u;enocmylO q,HsH1IecKYlO KapTHHy 

MHpa Ha OCHOBe CBoeH "KopnYCKynRpHoH q,HnOCOq,HH" H pasBHBaeMbIX 

HM BsrnR.D;ax Ha npHpo.n;y MaTepHH, KOTOPOH "HcnonHeH OKeaH BceMHp

Horo npOCTpaHCTBa" H KOroPaR no.o;1IHHReTCR "HeHapYWHMbIM .n;BIDKeHHR 

saKOHaM" 111. 
HbIHeWHHH BeK, OSHaMeHOBaDWHHCR peBomOU;HOHHhIMH C.n;BHraMH 

B HaWHX BsrnR]J,ax Ha npoCTpaHCTBO H BpeMR, COS]J,aHHeM penRTHBHCTCKOH 

MeXaHHKH H KBaHTOBOH TeopHH, paCKpbITHeM CTPYKTYphI aTOMa H aTOM

Horo R.o;pa, OBna.n;eHHeM R.n;epHOH 3HeprHeH, OTKpbITHeM u;enoro MHpa 

3neMeHTapHblX 'IaCTHU; H OCOSHaHHeM e.n;HHCTBa Bcex OCHOBHbIX CRn npH

PO]J,bI, BnHCaJI HOBYlO CTpaHHI:(y B HCTOPHlO paSBHTHR H,]J.eH 0 npHpo.o;e Ma· 

TepHH. 

TecHo CBR3aHHhIH C pasBHTHeM q,YH.D:aMeHTanbHhIX Hccne.o;OBaHHH 

npou;ecc COS]J,aHHR HOBOH TeXHHKH H TeXHonorHH npHBen K Ka'leCTBeHHO 

HOBOH cTyneHH nOSHaHHR CTpYKTYpbl :,meMeHTapHblx '1aCTHI:( H aTOMHoro 

R.o;pa. 

BOSHHKna HOBaR HaYKa -- q,HSHKa BbICOKHX 3HeprHH, HMelOw,aR 

B CBoeM paCnOpR:>KeHHH MOW,HbIe YCKopHTenH SapR:>KeHHbIX '1acTHU; BbICO

KHX 3HeprHH H HHTeHCHBHOCTeH, KpYnHble YHHKanbHhle q,HSH1IeCKHe yCTa

HOBKH, cOBpeMeHHYlO 3neKTpOHHKY H 6b1CTpo.o;eHCTBYlOW,He 3neKTpOHHO

BbI'IHcnHTenbHble YCTpoHCTBa. 

B pesynbTare nno.o;OTBOpHOrO 061>e.n;HHeHHR penRTHBHCTCKOH 

H KBaHTOBOH MeXaHHKH BOSHHKnO HOBoe MOW,HOe HanpaaneHHe - KBaH

TOBaR TeOpHR nonR, RBnRlOw,aRCR B TetJeHHe HecKOnhKHX .o;eCRTHneTH:H 

TeopeTH1IecKHM q,YH.D:8MeHTOM q,HSHKH BhICOKHX 3HeprHH H R.o;epHoH q,H

SHKH, OCHOBOH TeoPe'I'H1lecKHX nOCTpOeHHH B nOrpaHH'IHhIX o6nacTHX 

q,HSHKH, TaKHX, KaK KBaHTOBaR CTaTHCTHKa, q,HSHKa TBep.o;oro Tena, 6HO

q,HSHKa H .o;PyrHX. 

YCHnHR MHornx BbI.n;8lOW,HXCR TeoPeTHKOB, cpe.n;H KOTOPbIX .o;OCTOH

Hoe MecTO npHHa.n;ne:>KHT COBeTCKHM yqeHblM, npHBenH K nOCTpoeHHlO 

CTpOHHorO H MOW,HOrO annapaTa KBaHTOBOH TeopHH nonR. 
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H, HaKOHeD:, OreyTCTBOB8JlO KaKOe-JIH60 061.1ICHeHHe Y,IUmHTeJIbHO

My q,aKT}" - nOqeMY, HecMOYp1l Ha YCHJIeHHhIe 3KCnepHMeHTam.HhIe nOHC

KH, KBapKH He 06HaPY'KeHhI B CB060,lUlOM, H30JIHPOBaHBOM C0CT01IHHH? 

nOCJIe,lUlJ1.R npo6JIeMa nOJIyqHJIa H3BecTHOcn. KaK npo6neMa KOHcpaAHMeH

ta, HJIH HeBhlJleT8HH.R xsapKOB. 

AHanH3 3THX np~ np06JIeM CPH3HKH 3JIeMeHTapHhIX qac

THU npHBeJI B 1965 ro~ B fa60Te TasXeJIH,U.3e, CYpYMHHcKoro H MOeH, 

BldnOJIHeHHOH B .lly6He -7 a TalOlCe He3asHCHMO B pa60Te XaHa H HaM
6y J81 (CIDA) H MH1IMOTO/91 (.fInOHH1l) , K rHnOTe3e 0 Hammm Y xsapKOB 

HOBoro, HeH3BecTHOrO paHee XSaHTOBOrO ~CJIa HJIH 3ap~, Ha3BaHBOrO 

BnOCJIe.o;CTBHH USeTOM. 

COrJIaCHO 3TOH rHnOTe3e, xsapKH JlBJIRlOTC1I 06~H cpepMHOHa

MH H, CJle.o;OBaTeJIbHO, no.o;~H1IlOTC1I CTaTHCTHKe ~epMH-,UHpaKa. O.o;aaKO 

.o;JI1I Ka>KJJ:,Oro THOa xsapKOB C 3a.o;aHBldMH 3HaqeHH1IMH H30TOfiHqecKoro 

CDHHa, 9JIeKYpH1lecKoro 3apa.o;a H CTPaHBOCTH (TO ecTb .o;JI1I Ka>KJJ:,oro apo

MaTa xsapKOB) HMeeTC1I TpH YHHTapHO 3XSHBaJIeHTHIdX COCT01lHH1l, Pa3

JlHII8lOl.I.UIXCJI 3HalleHH1lMH HOBoro KBaHTOBOrO ~CJla - USeTa (CM. 
UNlIOCTp.5,6). 

TaKHM 06Pa30M, 06mee IIHCJIO xsapKoB, H3 KOTOPIdX CTPOJlTC1I a.o;

POHId, YYpOHJIOCh C BBe.o;eHHeM USeTa, XOTJI IIHCJlO CaMHX a.o;pOHOB, Ha6mo

.o;aeMhIX B npHpo.o;e, .o;OJI)KHO 6hIJIO OCTanC1I npe)ICHHM. 9TO 06CTOJlTeJIbCT

BO 06Pa3HO MO)ICHO BhIpa3HTh TaK: Ha6mo.o;aeMhIe a.o;POHhI - Me30HhI H 6a

PHOHhI - B OTJI~e OT xsapKoB, 6eCuseTHhI. HHIdMH CJlOBaMH, USeTa 

xsapKoB KOMneHcHpYJOT .o;pyr .o;pyra BHYTpH a.o;POHOB aHaJIorHllHO TOMY, 

KaK 3JIeKYpH1lecKHe 3apa.o;Id a.o;pa H OKpy:lK8lOl.I.UIX ero 3JIeKTpOHOB KOM

neHcHpYJOT )J:Pyr .o;pyra B HeiiTpaJIhHhIX aToMax XHMHlIecKHX 3JIeMeHTOB. 

9T0 He 03HallaeT, o,o;aaKO, liTO USeT HHKOHM 06pa30M He np01lBJIJleT ce611 

Ha ODldTe (CM. UNlIOCTp. 7). 
npeKpacHhIH npHMep npJlMOrO 3KCnepHMeHTaJIhHO Ha6JIJO.o;aeMoro 

npOJlBJIeHH1I useTa xsapKoB .o;aeT HaM H3MepeHHe nOJIHOH BepoJITHOCTH 

06Pa30BaHHJI a.o;pOHOB B npOI.'(eccax aHHHrHJIJIQHH CT8JlKHBaJOmHXC1I 

3JIeKYpOH-n03HYpOHHhIX nap npH BhICOKHX 3HeprH1lx. B COOTBeTCTBHH 

C npe.o;cKa3aHHeM TeopHH .o;aHHa1I BepoJiTHOCTh onpe.o;eJIJleTCJI IIHCJlOM 

xsapKoBldx useTOB H BeJIHlIHHaMH 3JIeKYpHlIecKHx 3apa.o;OB KBapKOB, 

06pa3YJOInHXCJI B 3THX npoQeccax. 

rHnOTe3a xsapKOB JlBHJIaCh TOH Kap.o;HH8JlhHOH H.o;eeH, KOTOPa1l 

OTKpIdJIa nyn K pemeHHJO ynOMRayThIX Bldme npHHQHDH8JlhHhIX npo6JIeM 

TeopHH 3JIeMeHTapHhIX lIaCTHU H, CJIe.o;OBaTeJIhHO, - K pa3BHTHIO nOCJIe

.o;OBaTeJIhHOH KapTHHhI xsapKOBoro cYpoeHH1l MaTepHH. 

KaK Y'Ke roBOPHJIOCh BhIme, rJIasHOH npo6JIeMOH Ha 3TOM nyTH 

JlBHJIOCh OTcYTCTBHe xsapKOB B CBo60,lUlOM COCTOJlHHH. 06'h1lCHeHHe JIB

JIeHH1I HeBhIJIeT8HH.R xsapKOB H3 a.o;POHOB JlBJIJleTCJI O,o;aOH H3 HaH60JIee 

Y3JIOBIdX npHHQHDH8JlhHIdX npo6neM, CT01ll.I.UlX nepe.o; COBpeMeHHOH CPH3H

KOH 3JIeMeHTapHhIX lIacTHU. XOTJI H OlleBH,lUIO, liTO OKOHllaTeJIbHOe peme

HHe npo6neMhI "HeBhUIeTaHHJI" OCTaeTCJI Bce :lICe 3KCnepHMeHTOM, 6hUI 

npe.o;npHHllT pJl.o; nODIdTOK .o;an JIOrH1lecKH HenpoTHBO~Oe 061.1ICHeHHe 

"Be1IHOMY 3aKJIJOlIeHHJO" xsapKOB BHYYpH a.o;POHOB.
8 
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TaI<, .IJ,HHaMHlleCI<WI I<Bap I<OBWI MO.IJ,eJIb, pa3pa6oTI<a I<OTOPOH Ma

qaJIRCb B .1ly6He B 1965 ro.ny, OIIHp aJIaCb Ha npe,zmOJlO)KeHBe 0 TOM, qTO 

l<BRpI<H - BecbMa TR)KeJIb I e 06'beI<TbI, CB R3 aH.HhIe B a.u.P OH8X OrpOMHbIMR 

CHJJaMH, I<OTOpble, C O.IJ,HOH CTOPOHbI. 06YCJlOBJlHB8lOT 6 0JIbWOH .IJ,e$eKT 

MacC l<BapI<OB B a.nPOH8X, C .n;pyroH - npeWlTCTBYJOT HX BblJIeTY WlPY
)K}' 15- 71 (CM. U/UIlOcrp.8). 

Y.IJ,ep)fGfBaeMbIe CreHJ<aMH nOTeltllHaJIbHOH RMbI, l<BapI<H B :nOH MO

.IJ,eJJH OI<a3bIBaJIHCb 3$$eI<THBHO CB060.IJ.HbIMH, HJIH I<Ba3HHe3aBHCHMblMH 

BH)'TpH Hee/ l~ 111.. nO'!:(06HOe nOBe,!:(eHHe npHBeJIO I< I<OHUemnm aCHMnTO

mqecI<oii CB060.IJ.bl I<BapI<OB Ha MaJIbIX paCCTOSUnUlX, HrpaJOxueH Ba)l(HeH

WyJO pOJIh B $H3m<:e a.nPOHOB. 

.1lHMaMHqecI<WI I<BapI<OBWI MO.IJ,eJIb n03BOJIBJIa .IJ,aTh CHCTeMaTHlle

CI<oe OlDiCaHHe I<aJ< CTaTHllecI<HX Ha6mO.IJ,aeMbIX xapaI<TepHCTHX 3JJeMeH

TapHbIX ttaC'I'HLt (MarHHTHbIX MOMeHTOB, aI<CHaJIhHO-BeI<TOpHbIX I<OHCTaHT 

CJJa6bIX nepexO.IJ,OB H ,!:(pyrHX) , TaJ< H cPoPM$aI<TopoB a):(POHOB. 3 TH HC

CJJe.IJ,OBaHIDI .IJ,aJIH TOJTqOI< pa3BHTHlO COBpeMeHHhIX I<BapI<OBbIX Mo'!:(eJleH 

3J1eMeHTapHbIX qaCTHU. 

npHHUHIIHaJTbHbxH war Ha nyrn pa3BHTHR ,!:(HHaMHlleCI<OH TeopHH 

a.nPOHOB C,!:(eJlaJI HaM6y / 12< I<OTOPbIH Bnep BbIe BBen B paCCMOTpeHHe BeI<

TopHbIe noJUI - nepesoClIHI<H u.seTOBoro B 3aHMO.IJ,eHCTBWI - TaI< Ha3bIBae

Mble rruooHbI (OT aHrmmCI<oro CJlOBa "glue" , T.e. I<JIeH) (CM . U/I.JlIOCTp. 9). 
B3aHMO.IJ,eHCTBHJJ .D.BYx useTOBbIX 3apRJJ.OB, nepeHOCHMble rJlJOOHa

MH, no aHaJIorIDI C 3J1eI<TpO,!:(HHaMHlJeCI<HM B3aHMo,!:(eHCTBHeM ,!:(ByX 3J1eI<T

pHfJeCI<HX 3apH.IJ,o B, 6f?1JJH Ha3BaHbl XPOMO.IJ,HHaMH'lecI<HMH B3aHMO.IJ,eHCT

BWIMH, a onHCbW8lOXUWl HX Teop IDI - I<BaRTOBOH XPOMO,lJ;HHaMHI<OH. B OT

n HtLHe OT 3neI<TpO.IJ,HHaMHI<H C e,lJ,HHCTBeHHbIM CPOTOHOM, B XpOMO,IUlHaMH

I<e n pHcYTCTByeT BoceMh rruooHHbIX noneH B COOTBeTCTBHH C B o ceMhJO 

pa3nHttHb lMH cIIoco6aMH nepeHoca I<BapI<OBbIX l\BeTOB. ilPH 3TOM OI<a3bl

Bae TeH, 'ITO r l1JOOHb I 06Jla,ua1OT OTl1l1'1HblM aT Hyl1H l\BeTOM, 11, Cne,l1.0Ba

TeJIbIlO , Ca MI1 HBJlHJOTCH I1CTO'lHl1 KOM XPOMO.ll.I1HaMHtteCI<HX B3aHMO,l1.eHCT

BH.H ( CM. U UIIOCTp. l0) . 

3 TO B8.)f(HOe OTJIHttHe OT 3JleI<TpO,l1.HHaMHI<H CBR3bWaeTCH C B03MO)K

HOCTbJO CYXUecTBOB aHHH ClUJ , ,l1.eHCTBYJOlUHX Me)K):(y ,l1.BYMH use TOBbIMH 

3apn.u.aMI1, I<OTOpble He y6b1B8lOT C paCCToIiHHeM . I1HblMH CJlOB aMH, Me)K.IJ.y 

Pa3HOCHMbIMH Ha 6 0nbUlHe paCCTOHIU1R I<BapI<aMH I<aJ< 6bl HaTRrHBaeTCR 

crpYHa, npewlTcTBYJOW.WI ax pa3J1eTy. CTpysa MO)KeT, O,l1.HaI<o, pa30pBaTb

CH B pe3YJIbTaTe pO)K,l1.eHHR H3 BaI<YYMa HOB OH I<Bap I<-aHTHI<BapI<OBOH 

napbl, npHBO.ll.R I< 06Pa30BaHHJO .ItByx HOBbIX 6eCIUJeTHbIX cHcTeM, CJ<a)KeM, 

,l1.Byx Me30HOB (CM. U/I.JlIOCTp.l1). 

Cne.1l,yer 3aMeTHTb, tITO I<BaHTOBWI XPOMO.IJ,HHaMHI<a, pa3BHTHe I<OTO

POM MDt Ha6Juo.1l,aeM B TetteHHe nOCne.IJ,HHX neT, B03HHI<JJa I<aI< pe3 YJIbTaT 

06b e.l1.l1HeSHR rHnOTe3bl D.BeTHbIX I<BapI<OB H l\BeTOBOH YHHTaPHOM CHM

MerpHH C IIpHtmHnOM 110I<aJIbHOH KaJIH6poBO'lHOH HHBapHaHTHOCTH HHra

MWlJlca. B 3TOH CBR3H B 8)KHO nO.IJ,qepI<HYTb, 'ITO rHIlOTe3a rpKH6 epra 

o napa$epMHCTaTHCTHI<e I<BapKOB, BblCI<a3aHHaH KM B 1964 ro.ny/13/, He 

n 0 3B0l1H eT BBecTI1 I<aJIH6 poBOllHYlO yHHTapHYJO CKMMeTp HJO, ne)KllJ.l.{yJO 
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DUHQJHU'IeCKQR cDcmaiJH.OR MoiJeJlb 
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Ha6.nJOBaetJlble COCm09HIJfI (aopOH6!}-OeCu.!JemHIJI , 
001Jelrm61 c om.nU'lHbIM om HYIIR L(8emolJl 
(K!JapKu , i}uK!JapKu U m. n.) 8 c!Jo50dHOIH 
COCmO>lHUU He c!l~ecm8Y){)m . 

» JJ{ol}ellb KBapKo8020 lJIeWKQ ~: DWOHQ (1985)II 

n. D020.nKJOoG 
(1967 ) 

=> 
o 

_L
• 
~ 

5020/JHJ60B 
J 

CmpJI.IJIUHCKUU 

TaGXf!flUBJf! 

K~apKU &lJIeWKe X8aJLJHe30&1) -
CUMbl (acumnmomUCIeCKlJ cHoooiJ
Hb!) HO .IIIO.nbIX paCCm05lHuJ/X U 

CUllbHO !J30uJl(08eJcmBvHJm co 
CmeHKO.IHU HO OOl1bUJUX 

paccmOflHUflX. 

!50J1bWQ>I mocco K8aPKo8 M .. C1JeoaemCJ1" 
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K8oNmo6oQ XP-0MOiJuHollluKa . 

- xo.nuOp..080YHOg meolluR R8ep..HbIX Cu.n 
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r.nIOOHbl - 6eKmopHble 6030Hbl, nepeHOC'IUKU 

~ 830UMoaeucmfJuJi me3ICdy u/Jemo-


66/MU Japsu}QA/U. 

Halil6/1 (1966). 
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-/J )fl'PU pOJlleme ~'f NO oonblJlUe paccmOSIHufi (... 10 tAl 

"CmpYHa", C&J1J6J!JOJOlJJ,OR KSapKU, up6emC9: u 81Jlecme 
pOJp6lBa oopOJ!lemCJlllJ BaX!lIIMa HoSaR napa ~r;J 
I.Imo npuBo8um x BOJHIJ}(H08eHUfO aByx cmpYH {j 5 
peJYAbmame no8mopeHuR - If oopa30lJaHufO cucme
mbl adpoHoR 8 J(OHe'lHOJl( cocmORHUU peOKtJ.U(/. 

B OCHOBe KBaHTOBOH XPOMO.D.HHaMHKH, H flBnReTCR, TaKMM 06Pa30M, lPH3H

qeCKH HenpHeMneMOH MbTepHaTHBOH rHOOTe3e UBeTHhIX lPepMH-KBap
KOB/14/. 

HeB03MO)l(HO B HecKonhKMX cnOBax OCBeTHTb Bce .D.OCTIDI<eHlUI KBaH

TOBOH xpOMO.D.HHaMHKM, pa3BHTHe KOTOPOH 3HaMeHyeT 3Ha'D1TenbHbIH 

rrporpecc TeopHH CHnhHhlX B3aHMO.D.eHCTBHH. 

C Hea6eneBblM, T.e. ReKoMMYTaTHBHblM xapaKTepOM D;BeToBOH Ka

JIH6POBOQHOH cHMMeTpHH H HeTpHBHMbHbIMH TonOJlOrHqeCKHMH CBOHCT

BaMH BaKYYMHblX KOHqlHryparu-m nOnJI B KBaHTOBOH xpoMO)],HHaMHKe 

CBR3hlBaJOTCR Ha.n8)l(.IJ.bl Ha nOCJle.D.OBaTenbHoe TeopeTHllecKoe peWeHHe 

rrp06J1eMbl KOHlPaHHMeHTa. 

BIDKHYIO pom B KBaHTOBOH XPOMO,D.HHaMHKe HrpaJOT pa3pa60TaHHble 

JIorYHOBblM, lllHf,KOBhIM H MHOIO MeTO.D.bl peHOpManH3auHOHHOH rpynIIbI 

B TeOp"" nOJleH 15 - 17/, KOTopbIe JlerJrn B OCROBY .D.OKa3aTeJIbCTBa CBOHCT

Ba aCHMllTOTHqecKOH CBo60.IJ.bI H n03BOJlHJIH pa3BHTb 3lPlPeKTHBHble Me

TO.IJ.b1 paCqeTa BblCWHX npH6J1IDKemm TeopHH B03MymeHHH KBaHTOBOH 

XPOMo)J,HHaMHKH . 3TH MeTO)J,bl, a TaJ()l(e onepaTopHoe pa3J10)l(eHHe BHJlbco

Ha H )J,HcnepCHORHbJe opaBIDla CYMM KBaHTOBOH XPOMO)J,HHaMHKH cn}'IKaT 

B HaCTORLQee BpeMR Ha.ne)l(HOH 6a30H TeOpeTHqecKoro paCqeTa MHorHX 

B3.)I(HeHWRX x apaKTepHCTHK CPH3HKH a.nPOHOB 118- 191 

CJle)J,yeT nO)J,qepI<HYTh, tfTO 06'bRCHeHHe 3aKOHOMepHOCTeH cneKTpo

CKonHH a.nPOROB caMO no ce6e eIl.(e He MOrJlO CJlY:lKHTh peWaJOLQHM apry

MeHTOM B nOJlb3Y rHTIOTe3bI cymeCTBOBaHHR KBapKOB. He06xo)J,HMO 6blno 

HaHTH opfiMoe ,D.HHaMHqeCKOe rrpORBJleHFIe KBapKoB oH CTPYKTYPbI a.npo

HOB . A)J.eKBaTHbIH rryTb K 3TOMY Jle:lKHT qepe3 HCCJle)J,OBaHHe oc06eHHOCTeH 

npoueccoB B 3aHMO)J,eHCTBHR 'IaCTHl] npH BbICOKHX :meprHRX, KOTopble )J,a

lOT HaH60nee Henocpe)J,cTBeHHYIO "'HlPopMal.(HlO a BHYTpeHHeM cTpoeHHH 

3J1eMeHTapHblx qaCTHU H aTOMHbIX R)J,ep (CM . W1.1l10CTp. 12) . 
3aMeTHM, 'ITO eLUe B 1911 rOAY P e3ep¢opn B pe3YJlbTaTe CBOHX 

OnbITOB no paCCeRHl110 3 apfliKeHlibiX a -tJaCHIU Ha T OH K HX Q>OJlbrax, yCTa 

HOBHn HMH'll1e nJlOTHOrO RAP a B aTOMa x XHMI1'1eCKHX 3ne MeHTOB, 'ITO 

rrpHBeJIO K B03HHKHOBeHHIO HOBOH, TaK Ha3blBaeMOH nJIaHeTapHOH MO,D.eJlH 

aTOMa. 

ilOBblweHHe 3HeprHH B3aHMO)J,ei1cTBYIOLQHX 'laCTIm, CBR3aHHOe 

C npOABIDKeHHeM B 06nacTh Bce 60nee M M blX paCCTORHHH, BCKPhlJlO Y)J.H

BHTeJIbHYIO no CBoeMY MHOro06pa3HIO H CnO)l(HOCTH KapTHHY MHKpOMHpa. 

D)J,Ha H3 xapaKTepHbIX qepT n poueccoB, npOTeKaJOlUHX npH CTonKHO

BeRRH ,D.Byx qaCTHll BhICOI<HX 3HeprHH, - HX cYlQeCTBeHHaR HeynpyrocTh, 

CBR3aHHaR C B03MO)I(HOCTblO 06pa30BaHHR HOBbIX, B T OPHtfH.bIX qaCTHll. 

qeM Bblwe 3HeprHR CTaJlKHBaIOLQHXCR qaCTHU, TeM 60JlbWee KOJlH'IeCTBO 

HOBblX qaCTHU MO)l(eT pO)J,HTbCR B pe3YnhTaTe TaKoro CTOJlKHOBeHHR. 

Pa3H006pa3He H cnO)l(HOCTb OnHClUUiR KOHeqHblX npO)J,YKTOB peaKl(HH npH 

,D.OCTaTO'lHO BbICOKHX 3HeprHJlX A eJlaJOT 3)J,eCb HenpHrOAHbIMH Tpa.IJ.HUHOH

Hble MeTO.D.bl Hccne,D.OBaHHR . 

B 1967 ro)J,Y A .A.JIorYHOBhIM 6blJl Bbl)J,BHHyT npHH~nHMbHO HO

Bhm nO,D.XOA K H3yqeHHIO npoueccoB Heynpyroro B3aHMO)J,eHCTBHR qacnru 

16 17 
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K8012/<- 2.flJOOHHOSI cml!.lJKmypa oiJpoHo8 

u ee dUH.OJJlUVeCKOe np05lGneHue B 
cmonKH08eH.lJJlx vacmulI; nllU 8blCOlrtlX 3Hell.ZLlSlX 

On61mb( Pe3eprpopBa (1911) no paCCeSfHUHJ 

Jap5l3ICeHH6IX of - l.Iocmuu, HO mOIiKUX tpollbeax 
=> OOHap!l3lteHUe n.nomHoeo Slopa &amolJ(o.x 

xu.AtUtfeCKU.r :Jl1elZleHn7oB . 

Bblcoxue 3HepWi/ ===- ./IlHo~ecmgeHf{Oe 


pOJlfaeHUe '1ocmuu, . 


f967 
a +!J - c + Bee OCmO/lbfl lJle 

JlO ZYHO fJ 
-- c, + C2 + !Jce OCmO/lbH()le , u camp. 

u m.n. 

UH KJlIO.3u8HIJIJ .J1IemoQ (inc/usilJe -SXJlJOYOIOL/.IuJ 6cebB) 
- n 038o/lu/J BKJ}}{)i{Um b 8pOCCAlompeH.ue Bee KOHOA/JI 

peOKl1,UU u 8amb .IIIOae.nbHo - HeJo8uclI.IJ(oe 
anucalale .IJlH020ll0cmu</Hblx npou,eccoB npu 
Bbl COKUX 3HepZUjlx N O oeNoRe OO/J./lJX npuH
u,unoB KSOHfllOBoJ meopuu nO/lR. 

npH BbICOKHX 3HeprIDIX. B OCHOBe 3Toro no,nxOAa n e)lGlT KOlD.I;emnm TaK 

H8.3bIBaeMoro HHKJII03HBHOro H3MepeHIDI HJlH HHKJIJOSHBHOii peaK
UHH 120,211. 

BMecTO Toro, tIT06bI cneAHTb 3a BceMH BHOBb 06p8.3YJOIIUiMHCH 

qaCUmaMH, B 3TOM nOJ1,XOAe CTIlBHTCH 3anaqa H3yt1eHWI xapaKTepHCTW<: 

nHWb OAHOH HnH HecKonbKHX BbIAeneHHbIX BTOpH~ qacum 38,AaHRor o 

copTa, OnHaKO B3HThIX no COBOKYnHOCTH BO Bcex B03MO>KHbIX KaHanax 

peaKUIDI. 

I1HKnI03HBHhrH (OT aHrn HHCKOro "inclusive", T .e. BKJIIO'lalOUlHH 

B ce6H) n OJ1,XOA n03BOnHn BKJIlOqHTh B paCCMOTpeHHe Bce KaHaJIbI peaK

rum H naTb Mo,n,enbHO-He38BHCHMOe OIIHCaHHe BIDKHeHWHX 3aKOHOMepHO

CTeH M HOrOqaCTH'lHbIX rrpon;ecCOB rrpH B bICOKHX 3HeprHHX Ha OCHOBe 0 6

IUHX rrpHHn;HI10B KBaHTOBOH TOOpHH nonH. 

3 aMeqaTenbHO, qTO KaK anpOHHble HRKm03HBHhle peaKn;HH, TaK 

II peaKn;Jm rny60KoHeynpyroro pacceHHHH neIlTOHOB Ha HYKJIOHax 06Ha

p Y'fGIBaJOT Bceo6w.ee CBOHCTBO npH6nIDKeHHoH IlBTOMonenbHOCTH ( HnH 

caM onon06HH) , YHHBepCaJIbHOe nJlH ~OU;ecCOB CHJIbHOrO, cna6oro 

H 3neKTpOMarHHTHoro B3aHMOneHCTBHH 22/. 3aKJIlOqaeTCH 3TO CBOHCTBO 

B TOM, qTO Bce Ha6nronaeMbIe x apaKTepHCTHKII COOTBeTCTByroIl.(HX npon;ec

COB OK8.3bIBaJOTCH 3IlBHCHI.IJ;HMH n UWb OT 6 e3p8.3M epHhIX KOM6HHau;uH 

60nbWHx KHHeMaTHqeCKHX nepeMeHHbIX THna 3HeprHii, HMnyJIbCOB Q8CTHll 

H T.n. B orrpe,n,eneHHOM CMbIcne MbI HMeeM 3necb 6nH3JCY1O aHanonoo 

C HBneHHeM IlBTOMOneJILHOCTH B r8.30- H rHnponHRaMHKe(CM.UJIJuocTp.13). 
HBneHHe IlBTOMOAenbHOCTH HHKJII03HBHbIX H rny6oKoHey npyrmt 

npOn;eCCOB YK8.3bIBaeT Ha n OKaJIbHbrH, TOqe~rH (T.e. MaCWTa6HO-HHBa

PHaHTHbrH) MeXaHH3M B3aHMOneHCTBHH n p H BblCOKHX 3Hepnm.x B non HOM 

COOTBeTCTBHH C rHnOTe30H 0 KBapK -rnIOOHHOH CTpYKType 8npOHOB H CBOH

CTBOM aCHMnTOTmeCKOH CB060AbI KBaHTOBOH XPOMO,n,HHaMHKH. 

T eopernqeCKHe Hccne,n,OBaHHH, npOBeneHHhle M HOIO COB MeCTHO 

C BnanHMHpOBbIM H TllBxenHA3e, a TalOKe JIoryHOBblM C COTP Y,D,HHKaMH, 

n03B OnHJlH CTporo 060CHOBaTb cymecTBOBaHHe aBTOMOnenbHor o aCHMIlTO

TWlecKo ro nOBe,n,eHHH B KBaHTOBOH TeopHH nonH II Y CTaHOBHTb PM B IDI(

HeHwHX CBOHCTB rn y 6oKoHeynpyrHX H HHKnI03HBHbIX npou;ecc o B 1 28 , 241 . 

O TM eTHM, qTO BnepBble MaCWTa6HO-HHB ap HaHTHOe n OBeneIDle HH

l<JI103HBHblX peaK n;HH CHJlbHOrO B3aHMOneHCTBHH anpoSOB 3K cnepHMeH

TaJIbHO 6 bIDO o6Hap ymeHo B 1969 roA}', Cp8.3y )Ke nocne BBe,n,eHIDl B CTpOH 

npoToHHoro YCKopHTenH I1HCTHTYTa <l>H3Hl<H BbICOKHX 3HeprHH B Cep ny

XOB e, B TO BpeMH KpynHeHWerO B MHpe. MaCWTa6HO-mraapHaHTHOe nOBe

n eHHe npOU;ecCOB rny6 0KoHeynpyr oro B3aHMOn eHCTBHH nenTOMOB C an
pOHaMH BnepBhIe Ha6nlOnaJIOCb B OrIbIT8.X Ha nHHeiiHoM YCKopHTene 3neKT

POHOB B CT3H<I>op,n,e ( C llA). 

HPKHM npHM epo M n HHaMHqecKoro n p OHBJIeHHH KBapKoBoH CTpYK

TYPbI 3neMeHTap HbIX qacrnu; B npo n;eccax B 3aHM OneHCTBHH npH BbICOKHX 

3Hep rnRX HBn HlOTCH YCTaHOBneHHble B 1973 r. MaTBeeBbIM, MYPa,n,RHOM 

H TIlBxenIQ3e TaK H8.3bIBaeMble <l>0pMynbI K B apKoBoro cqeTa, orrpe,n,emno· 

DlHe 38KOH aCHMIlTOTHtJeCKOrO nOB e,n,eHHH H CetfeHHH ynpyroro pacceRHWI 
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Bceo5LL1ee cfJoJcmGo aBmolllotJenb -
HOCmU (CQMonooo6uSI) UHICI1IO.3U8H6IX U 

2Ay6oKOHeynRY2UX npoueccoB 

JUacwmarJHQSI uHBapUQHmHOemb){Q AtO.A6IX pac
cmOS/Ht/IIX - !lHu8epcO/lbHOe cSoocmBo CL/.IIbHblXr If' 

C/lOOIXX U 3IletrmpOJII02H.IJ/TIHIJIX SJot/./IIoueucmSul/ . 

3KCnepPJII.elimO/lbHOe 05HOP!lM"eHU,f, :
~~ :w~,..., ~ __ --.,,-- _ .... 

, CeppyxoB ( 1969)-t/NIrJlIO.3t/8a~. • Pc HtJle cnelrmplJI SmOpII'IHIJIX 

'IOcmul4 • 

x=!!'- 5eJpo.JAlepX09 XOPOK- KO 
Ea 

e e- CmSHtpOlld (1968 )-ZI1!100KO

He!lnp!ltoe POCCeJ1HUe NO H!llrJl0H~ 

} 
 z
p X = 'I/tp .'J - J08UCU.IIIOCmb 

II TO'lellHO- nOdOOHoe "no8eOeHue 
He!Jnp!l2lJX yN 8JOUMOaeucmSuJ. 

./JIapKo8 ( 1961, J. 

DOKOJOme.nbcmGo c!lUJecm8oioHtlJI5020AHJ608 

BnaiJUMupo8 a8mOJllOOe.nbHblX ocu.Alnmomu!r I 
.I10JrO/lbHOO J(SaHmoBod meopul/Ta8xeAUaJe 
no.RSI .* fi02YH08 

II COmpJldHUKU 

Ha 60JlblllHe yrJlbl H <PoPM* a KTOpOB a,nPOHOB B 38.BHCHMOCTH OT 'lHCJJa 

COCTaBJIHIOI.I.J;HX HX KBapK OB 26/ (CM. UlLluoCTp.14,1 5) . 
<I>0PMYJlbl KBapKOBoro Cqe-ra YAHBHTeJlbHO XopOWO OIIHCblBaIOT 

MHorOIUICJleHHble 3KcnepHMeHTaJIbHble AaHHble no p ac ceRBHlO 3JleMeHTap

HbIX tJ:acnm, n03BOJlRR HenOCpeACTBeHHO H3 OllblTa H3BJIeKaTb HH$oPMa' 

UHIO 0 K BapKOBOH cTPYKType a,nPOHOB H JlertJ:aHWHX aTOMHbIX R.Ilep. 

CJIeAyeT OTMeTHTb, qTO B nOCJleAHHe I'0,IJ.b1 H,JJ;eH H npe~CT8.BJJeHHR 

TeopHH rtBeTHbIX KBapK OB Ha'IHHaIOT Bce 6 0 JIee npOHHKaTb B .pH3HK}' aTOM' 

Horo Mpa. rJlaBHaR np0 6 JleMa 3Aecb COCTOHT B TOM, 1IT06b1 06'bRCHHTb 

npHpoAY H OCHOBHble s a KOHOMepHOCTH R,D;epllbIX CHJl, HCXO)J,R H3 4>YHAa

MeHTaJIbHbIX XpOMOAHH3.MHllecKHX B3aHMO~eHCTBHH KBapKOB H r moOHOB. 

B pa60Tax nOCJleJUlero BpeMeHH BecbMa KHTeHCHBHO 06cY>KAaeTCfl npo6ne
Ma yqeTa KBapKOBbIX CTen eHeH CB060,IJ.bI npH OIIHcaHHH CTPYKTypbl Jl)J,ep 

H Am i aMHKH RAepHbIX B3aHMOAeHCTBHH Ha MaJIbIX paCCTORHIDIX., y Ka3b1Ba

eTCR Ha B03MO)l(}lOCTb c YI.I.J;eCTBOBamrn HOBoro mrra BblCOKOBos 6Y>K,ll,eH

HbIX COCT01lllHH RAepHOH MaTepHH, xapaKTepH3YIOI.I.J;HXCfl HaJIH'lHe M CBoe

06Pa3HOH BHYTPeHHeH UBeTOB OH nOJlRpH3anHH - T8.K H83b1BaeMOrO "CKpbl

Tor o llBeTa" 12"61 (CM. UJl/uoCTp .1 6). 
B CTaHOBJIeHHH nOH HOBOH 06JIaCTH H)].ep HbIX HCCJJe~OBaHHH, pac

lllHpRIOI.I.J;eH HanIH npeACTaBJleHlUi 0 CJIO)l(}lOM CTpoeHHH aTOMHOrO RApa 

H Ha3bIBaeMOH ceHlffic peJlRTHBHCTCKOH R.n;epHoH 4>H3HKOH, 601IblllYJO 

POJIb CblrpaJIH TeopeTHllecKHe pa60Thl A.M.E aJI.nmm H HHIIItHHpOBaBHble 

HM MHoro JIeT Ha3a,n lllHp OKHe 3KCnepHMeHTaJIbHhle HCCJlenOBaHHH Ha 

nytIKax peJIHTRBHCTCKHX R.Ilep CHHXP O.pasOTP OHR B ,lly6He, npHBe.n;wue, 

B qaCTHOCTH, K YCTaHOBJleHIOO rpaHHU npHMeHHMOCTH npOTOH-Heih"poHHoH 

MOAeJlH R Ap a 127,28/. 

OAHOH H3 rJIaBHeHlllHX 3aKOHOMep HOCTeH pa3BHTHR TeopHH Ha COB

peMeHHOM :nane RB JIHeTCR TeHAeHUHR K 0 6'beAHHeHlOO Bcex OCHOBHbIX CHJl 

npepoAbl - :meKTpOMarHHTHbIX, CHJlbHbIX, CJla6bIX H rpaBHTau,HOFU:l.bIX 

B paMKax eAHHOH TeopHH. 

B8)KHoe 3HaqeHHe Ha nyTH peaJIH3aI..{HH nOH K ap Al-lHaJIbHOH H.n;eH npH

0 6peJlH nOHRTHe BblpO)l(,lJ;eHHOrO BaKYYMa H npHHUHn CnOHTaHHOrO aapy

llleHHR cHMMeTpHH, CblrpaBlllHe KJllOl.IeBYIO pOJlb npH p a3pa60TKe MHK~O
CKOnHtleCKOH Teop HH RBJleHHH cBepxTeKYtJ:eCTH H cBepXnpOBOAHMOCTH 29( 

HeAaBHee OTKphITHe B EBponeHCKOM ueHTpe R,lJ,epHbIX HCCJleAoBa.runi 

B lllBeiiuapHH TaK Ha3blBaeMbIX Z- H W-np OMe)f()'TOlJHbIX 6030 HOB 3Ha

MeHOBaJIO Kpy nHblH ycnex MOAeJlH rJl3llloy-Bafut6epra-CaJIaMa, 06'beAH

HHBweH OOHCaHHe 3JleKTpOMarHHTHbIX H cna6bIX B3aHMOneH CTBHH B PaM

I<ax eAHROH KaJIH6pOBOtJHOH TeopHH 3JIeK1-P0CJla6hIX B3aHMOAeHCTBmi. 

Ha otJ:epe,D,H CroHT 3a,natJ:a pa3pa6oTlot npHeMJleMOH TeopHH BeJIHXO

ro o 6 1. e.n;HHeHHR, BKJlIOtJ:alOI.I.J;eH B 06tqy1O c xeMY xpOMOAHHaMMqecKHe CR

Jlbl, n eHCTBYIOIWfe Me)l(,lJ;y UBeTHblMH KBapKaMH H r JlIOOHaMH. 

Hae60JlblllHH HHTepec, Ha Halll B3rmm, Bbl3blBaeT npH 3TOM BOnpOC 

o TOM, RBJlReTCR JlM 1{BeTOBaR CHMMeTpHR a6COJIlOTHO TOtUlblM HJIH npH-

6 JlIDKeHHl>IM 3aKOHOM npHPO,IJ.bI. C 3TOH e I.I.J;e He peweHHOH npHHIUUIHaJIb

BOH np06JleMOH TeopHH 3JleMeHTapHbIX q ac THn TecHO CBR3aH Bonpoc 0 3a

PRAax KBap KOB. 
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'e9/lJIIynbl xSapKo!Jo20C'Iema 

CmeneHHoJ JaKOH aM Ce'leHl.lfiI 
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OO/lbUJue !J2/1bl e npu !Jb/COKUX 

3Hep2U5fX £ = rs : 

(1973) ® 
J'HaroSeefJ 
./HypaOS1H 
Ta6xeJluoJe 

do(ab - c rt),.., (.i) na+nb +nc+nd -2. J(8)
dt S 
na,nbl ncl nd - 4UCI1a K8apKo8 8aapOHOX a,b,c,d. 

p 'tp- P+ 

na+ nb+ nc+ nd =10 

~(flP-flP) 'V sa( 
dt 

nQ +nb+nc+ nd = 12 

f116 (PP- PP) ~ S'Odt 

@ 

P.9~lIIl1l1a K6al!lcoBozo c'Iema aPR 

!P..9I!../II~aICmo/lf!.. cocmaBHoJ cucmelll61 

f na- t 
FaCtJ .... Cr) 
nQ -l/UCAD 3J1eJlleHmap

H6IX cocma8,nSllOl.JJ,ux 
cucmelll61 

t I: - ~l - KBaiJpant 

Ffi (t) IV tf 

Fp,n (t),... t f 
2 

Il'ol -c::t-. 
"

~ Fd (t),.., tf S.... 
Ic::" ~-

cOCma8HOJI cucmeMO 
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fipo511eJliQ - OOlJ9C)(eHUe OCHoBHblX 3aI(0"0

AlepHOCmeU SIIJepHblx CUll, LJCXOOf/ 

U3 tpYHdOlJleHmOflbHblX XpOJJlOaI.lHa
JIIu'Ieclrux cUA, 8eJcm!J!I!OLqI.lX 
me3IC8!:1 u,8emH.6I.IJIlJ KBapxoMu " 

2.AHJ OHamlJ . 
"He =ppnn 

Ho8ag 30 001.10 

noueK npo~BfleHuJ ) 
1<8ap K08blX CmeneHeu 
c6050Bbl Slaep 

( II CKp61mIJIJ qSem") 

f 2 - xBapK08 

OnlJlm61 cpenRmuBucmCKlIJIlU JliJPOJl{l/ 

!J 1)!l5He • Pe.nflmuGucmCKQ5I 5l0epHOJI CPU3UKO ~ 

(f9?f) - HoDaR 05.nacmb uccJ1e8oBoH.uu 
~ 

fla 
cmblKe IpUJ UKU Slopa u tpllJIJI(I.I · 5a.niJuH 
~J1e.JlieHmapH6IX '1Qcmuu,. 

UJY'IeNUe K6apK- 2JJHJOHHoJ Cmp!:lKm Yp61 amoJli
H.hlX SI iiep. 

3aMeTHM, lITO y>Ke B nepBhIX pa60Tax, nOCBHllleHHhIX COCT8.BHbIM 

KBapKOBhIM MOAenHM, Y Ka3hmaJIOCL Ha B03MO)K}{OCTL BhI60pa UeJIO'IHC

neHHhQ( 3HalleHHii 3neKTpHlleCKHXi H 6apHOHHhIX 3apHAOB UBeTHbIX KBap

KOB. BBeAeHHe UeJIOllHCneHHbIX 3ap llAOB KBapKOB, 3aBHCHIUHX OT HX UBe

TOBoro COCTOHHHH, npHBOAHT, OlleBHAHO, K HapyweHHIO UBeTOBOH CHM

MeTpHH, no KpaHHeH Mepe, B 3neKTpOMarHHTHhIX B3aHMOAeHCTB WIX 

lIaCTHQ. 

iiCCneAOB8.HHe np0 6 n eMhI cnOHTaHHoro Hap yweHHlI uaeToBoH CHM

M eTp HH npHBeJIO B pa60Tax nOCJIeAHerO BpeMeHH K HHTepeCHhIM H Bll)K

H bIM pe3y nbTanlM, KaCaIOLQHMCH oc06eHHOCTeH CTPYKTyPbI BaryYMa 

B KaJIH 6pOB O'lHbIX TeoPHHX C UBeTHbIMH CKaJIH P HbIMH n onH M H H Bonpoca 

o cyw;e CTBOBaHHH nerKHX CKaJIHPHbIX K BapKOB 130 / . 

llOAlIepKHeM, liTO rHnOTe3a 0 U eJIO'IHCneHHOCTH KBapKOBhIX 3apH

AOB B MeCTe C npeAnOnO)l(eHHeM 0 CnOHTaHBOM HapYUle HHH UBeTOBOH 

H Apyr HX K aJIH6pOBOllHbIX CHM MeTp Hii npHB ella K npeACTaBnem flO 0 He

cTa 6 HJILHbIX KBapKax H nocnYJKHna H CXOAHhIM MOMeHTOM nOCTpoeHHH 

nepBhIX 06'beAHHeHHbIX KaJIH6pOBOl£RblX MOAeneH 3n eMeH TapHbIX lIac
THIJ; 131~ 

llPHHUHIlHaJIbHYIO ponb Ha n y TH n OCTpoeHHH TeopHH B eJI:HKOrO 06'be

A HHeHHH HrpaeT HAeH CHMM e TPIm M e)K,ll;Y KBapKaMH H n e n TOHaMH . OTpa

)l(aR AOCTHrHY ThiH H a cer OAHHIIl.HHH AeHb YPOBeHb 3HaHHH 06 3neMeHTap

HhIX lIaCTHUax, MHp KBapKOB H n e nTOHOB npeACTaeT n e peJJ; H aMH B YAHBH

TeJIbHO cKMMeTpHlUloH cpop M e (CM. U/UI.lOcTp.17). 
<1>ep MHOHHble nonH, COOTBeTCTBYIOlIU'fe K B apKaM H nemOHaM, 06bIll

H O r p y nnHpYIOTCH B Ay6neTbl - n poCTeHurne ABYMepHhle npeACTaBn eHHH 

r pynnhI H30TonHlIeCKoro CIIHHa. 

llOPHAOK, B KOTOPOM p aCCTaBneHbI KBap KH H nenTOHbI , OTBeqaeT 

3aKOHY B03paCTaHHH fIX M a CCh I. OqeBH):(HO, liTO 3TO )l(e 06CTOHTenbCTB O 

onpeA eJmeT H xpoH o n ormo HX OTKpbITHH - 6 0 n ee TR)I(enble K BapK H H nen

TOHhI TPe6ylOT AJIH CBoero 06Hapy>KeHHH 6 0 JILWHX 3HeprHii. Co06111eHHe 

o B03MO)K}{OM 06Hapy>KeHHH HaH60nee TH)I(enOrO H3 H3BeCTHhIX HaM KBap

KOB, - TaK Ha3bIBaeMoro t -KBapKa, nOHBHnOCL nHUlb OKono rOAa Ha3aA. 

O bIJIO 6bI YMeCTHhIM cnpOCHTh: H ClIepnhIBaeTCH mt Y )l(e H3 B eCTHhIMH 

KBapKaMH H nenTOHaMH MHp cpYHAaMeHTaJILHhIX lIaCTHQ, HJIH 3TOT p HA 

6YAeT n pOAOn )l(eH? 0YAYlllee pa3BHTHe CPH 3 H KH B bICOKHX 3Hepf'HH n 0 3BO

JlHT A a TL n paBHJIbHbIH OTBeT Ha 3TOT Aane K O H e cxOnaCTIflIecKHH Bonpoc. 

O TMeTHM TO 3HallHTeJIbHOe B JlH1IHHe, KOTopoe OKa3ana Ha pa3BHTHe 

TeopHH 3neMeHTapHhIX 'IaCTHQ B bICKa3aHH aR MapKOBhIM H n OHTeKopBO 

B 1957 rOAY H nonYIIHBlllaR B nOCneACTBHH DpllMOe 3KcnepHMeHTaJIbHOe 

nOA TBep)l(AeHH e rHnOTe3a 0 cYllleCTBOB8.HHH ABYX TIlnOB HeHTpHHo 

3neKTPo H H o ro H MIOOHHoro 132 ,33/ . B HaCToH~ee BpeMH cYllleCTB YIOT 

OCHOBaHHbIe Ha AaHHhIX aCTpo q)H3 H KH H l(OCMOJIOf'HH C006pll)KeHHH 0 TOM, 

'ITO 'lHCJIO HeHTpHHO - ner llaH WHX Hei1:TpaJIbHbIX nemOHOB - He MO)l(eT 

npeBbIWaTL TpeX-qeTblpex. ilPH 3TOM 6 0 nbUlOH HHTepec KaK TeOpeTIfKOB, 

TaK H 3KcnepBMeHTaTopOB B h I3bIBaeT BbICKa3aHHaR n OHTe KOp BO HAeH 06 

OCUH1lJIHUHRX HeHTPHHO, TO eCTL 0 B03M O)K}{OCTH B 3 aHMOnpeBpameHHH Pa3

JIBlffibIX n mOB HeHTpHHo A Pyr B Apyra 133/ . 
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® IIonwTKH n OCTpoeHHR TeopHH BenSKoro 06'heAHHeHIDl npHBO,lVlT 

K6ap-K - .nenmOHHQSI CUJllllleml!.uS/ 
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K Ha6ruo,naeMblM CJIe,nCTBHHM c:pYH,ll;llMeHTaJIbHOH 3Ha'IHMOCTH - npe,ncKa-

38.HHRM B03M OlKHOH HecTa6H.11bHOCTH npoToHa, HeH1"pOH-aHTliHeHTpoHHhIX 

oc~, KOTopble OTKpbIDaIOT nyn. K TeopenrqecKOH HHTepnpeTaIlHH 

c:paKTa 6 apHoHHo H aCHMMCl"pHH B c eneHHoH. 3 KCnepHMeHTaJlbHaH npoBepxa 

npe,ncKa3aHHH no,no6HhIX TeOpHii RBJlReTCH O,ll;HOH 83 BalKlJeHwHX 3a,naQ 

C:PH3HKH 3JIeMeHTapHbIX qacnll~ , Ha.Il pellleHBeM KOTOPOH pa60TaIOT BO MHO

rHX KpynHeHlllHX JIa60paTOpIDIX M8pa, B TOM 'lHCJIe Ii Y Hac B c1"paHe. 

rOBOpH a nepcneKlHBax nOC1"poeHHH 06'he.u;HHeHHOH TeopHH 

3JIeKTpOMRrHH1Hh!X, CHJlbHbIX, CJIa6bIX H, B03MO)KHO, rpaBHTaIJ;HOHHhIX 

B38HMo,neHCTBHH, HeJJh3H He no,nqepKHYTb, QTO Heo6xo,ll;HMOCn. e,nmwro 

OIIHCaHHH ,zUncrYeTCH BCeR JIOrHKOR pa3BHTIDI TeOpeTH'leCKHX npe,nCTaB

JIemm 06 3neMeHTapHbIX qacnru:ax H CBOHCTBax HX B3aHMo,neHCTBHH:. 

nOHCK e,ll;HHCTBa B OIIHcaHHH CBOHCTB 8 C:PYH)l.llMeHTaJThHbIX B3aHMO

,neHCTBHH 3neMeHTapHbIX qaCTHQ H HX yaimepcam,HbIX COCTaBJUlJOmHX 

xsapKOB Ii n emOHOB - eCTb, no-cymeCTBY, nOliCK rnaBHblX , KpaeyrOJIh

HbIX qepT HBJIeHHil MHKpOMHpa. TIo3HaHHe ynpaBJIHIOID;HX HMB 3aKOHOB 

TaRT B ce6e orpoMHble nOTeHIlHaJIhHble B03MO)f(}lOCTii He TOJIhKO ,Il;JIH ca

MOR HaYKH, HO Ii AJIH pa3BHTHH TeXHBKH Ii TeXHOJIOrHH 6YD;ym:ero. 

Tpy.llHO CKa3an., HaCKOJIbKO 6JlH3KO Mb! CTOHM ce~ac K perneHHlO 

3TOH rpaH,nH03HOH np06n eMbI. HCHO, O,ll;HaKO, 'ITO npOQecc B D;aHHOM Ha
npaBJIeHtm B03MOlKeH JIHIllb npH caMOM IllHPOKOM pa3BHTHH BceCTopOH

HHX TeOpeTIf1lecKHX HCCJle,nOBaHltH H 3KcnepliMeHTOB Ha cym:eCTByroIllHX 

H 6y~tnHX YCKOPHTeJIJlX 3apIDkeHHbIX qaCTHQ, a TalOKe ,npyrmc KpYIIHbIX 

fI,Il;epHo-c:pH3H11eCKHX YCTaHOBKax. 
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