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HHCTHTyTa 

$1,11;8pHl,I X HCCJI e,Jl;OBall HI ( r .,Uy6Ha., MOCKOBCKOI o6JI ~). . 

. . . 
·c .n;uccepTauuea MOSHO osHaKOMHThCR B 6H6JIMorexe OMHI1. 

YtteHHI cexpeTap1, CoBeTa 
B .U.ilYPABJIEB 

YcrrexH 3KC!ISpIDISHTaJII,HUX pa6oT, npOBS,ll;SHHUX B IlOCJIS,ll;Hee 

Bpeua Ha xpynHelmmc YCKOpHTSJIHX MHpa, npHBSJIH K 06RapyxeHHD 

pa.n;a HOBUX CBOICTB 3JISMSHTapHHX qacTHI(. Bee pa3H006pa3HS 3Kcne

pHMSHT8JII,HOfO MaTepHaJia B HaCTOHlll88 BpeMa HS uo:a:eT 6UTh O!IHCaHO 

B paMKaX xaKOI-JIH60·0,1J;HOI TSOpHH. Teu He MSHee !IOCTOHHHOS co -

aepmeHCTBOBaHHe CY!IISCTBYlllllmt H BHOBI, !IOHBJIHDlllHXCH TeopeTH\ISCKHX 

npe.n;cTaBJISHHI Il03BOJIHST B pQe cnyqaeB ycraHOBHTI, CB$13I, wex.n;y 

pa3J!HtIHUMH CBOACTB8llH 3JISMSHTapHHX qacTHI( H noJiyqHTb 60JII,moe 

\IHCJ!O Ba:&:HUX COOTHOmSHHI ue:a:.n;y Ha6JID,l(a8JWMH Ha OIIIlTe BSJIHtlHHIUIH, 

xapaKTSpH3YDlllIDIH B3amro.n;elcTBHH qacTHI(. 

0.n;HHM H3 HaH6oJiee Ba:&:HUX cnoco60B CHCTeMaTH3aI(HH 60Jihmoro 

\IHCJ!a H3B8CTHUX qacTHI( HBJ!HSTCH 06'.oS,ll;HHSHHe HX npH !IOMO!IIH CHM -

ueTpHllHUX apryueHTOB B yYJlhTH!IJISTU; co.n;ep:a:aJ11H8 noxo:a:He no CBOHM 

CBOllCTBaM qacTHI(U. HaH6onee ycnemHUMH !IOIIIlTKaMH B 3TOM Hanpaane

HHH HBHJIHci. ·SU(3) H SU(6) cxew. He.n;aaHee orKpUTHe cynep

KaJIH6poBoqHux npeo6pa30BaHHI !I03B0Jl$18T Ha.n;eaThCH Taxxe Ha TO, 

qTO 6030HU H qiepMHOHU woryT 6UTI, 06'.oS,ll;HHSHH B 8,ll;HHUR MYJihTH!IJieT. 

C .n;pyrol CTOpOHU, XOTH H3B8CTHU8 qacTHI(U H 06Jia.n;aDT onpe.n;e

JISHHHMH npH3HaK8.MH cmmerpHH, H3BSCTHO, qTo 3Ta CHMMeTpHH ,ll;OBOJII,

HO CHJII,HO HapymeHa. 3TOT q>aKT HBHJICH OCHOBHOI npHtJHHOll B03HHKHO

BSHHH aJire6pu TOKOB, q>OpMyJIHpYDIIISlt T80pHD HapymeHHOll CHJ.IMSTpHH 

H !I03B0JlHBmel C HSKOTopoa e.n;HHOlt TQqKH speHHH no.n;oltTH K pac -

CMOTpSHHD CHJlhHOro, CJia6oro H 3JISKTpOMarHHTHOrO B3amio.n;eiicTBHI. 

B ocHoae anre6panqecioa qiopuyJIHpOBKH KHpaJihHDI cHMMeTpHH, 

npe.n;JIOJ:~H~ollrenn.:.Ma.iiHoM, JieXHT npeinoJIOlltElHHS o'ToM, qro~ XOTH 

cHMMeTpHH a,D;pbHOB HapymeHa, Tell He MSHee a.i{poame TOKH, ytiacT
BYDlllH~ B 3Jl8lt?JlO~arkH~Jdu H CJI~60M B38.HMO,!J;el!cTBHSIX,· y.n;OBJ!ST~"o

paDT,:TeJ.t°~e nepecT~Ho1oiiiluM C<>OTHOlll~~iii~, ~TO -~ B
1 cnyqae TO\IHOll 

CtM~!inem_.1~ u;iC'.!L'Tyf~
~,napr.uz m:beno~mril 
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cmrneTpHH. K HaH60Jiee H3B8CTHHM pesyJibTaTaM, nonyqeHHHM B 

paMKaX aJire6pH TOKOB,MOlltHO OTH8CTH COOTHomeHHe A.ivtepa-Ba.ncaep~ 

repa ,lOIH nepeaop.1111pOBKH aKCllaJlbHO-B8KTOpHOll KOHCTaHTH CBH3H 

J?, -pacna;i;a u ansKosneprenqec1rne TeopeMH .ll;JIH nnoHOB. By.l(Yl!ll 

npID48H8HHHMH K a.MilJillTY.ll:8 B3aID.IO.ll;ellcTBHH C yqacTneM TOJlbKO .11830-

HOB, 3Tll Teopew npHBO.ll;HT K TaK Ha3HBa8.MO.My npnannny A.ll;Jiepa: 

aMilJlllTy;i;a B3aHMo;i;ellcTBHH Me30HOB CTpeMHTCH K HYJID npn cTpe.MJie

Hllll K HYJID mtnyJibCa O.ll;HOll H3 l!aCTHU, npn ycJIOBllll, l!TO HMnyJlbCH 

ocTaJibHHX qacTHU nexa.i Ha .11~ccoi~n noBepxao~TM. 

BMecTe C Te.II rpO.M03)(i6cn H MOlltHOCTb sa;i;aqn O IlOJiyqeHHH 

cne;i;cTBHll anre6pH TOKOB .lOIH nponeccoB c yqacTne.11 60Jibmoro qnc

Jia ue30HOB npHBeJia K TO.My, qTO B pn;i;e paOOT 6HJia BHCKa3aHa 

H,ll;eH o TOM, qTQ Te Jle CJie.ll;CTBHH .MOryT 6HTb saaqnTeJibHO 6onee 

KO:unaKTHO nonyqeHH nocpe;i;CTBOM HCil0Jlb30B8.HHH _cpeHOMeHOJiornqecinx 

JiarpaHJB:HaHOB H 6HJIH IlOC!pOeHH KOHKpeTHHe JiarpaHJJtllaHH, Il03BO -

JIHBmne B npocTon cpopue npe;i;cTaBHTb pesyJibTaTH anreapu TOKOB 

.ll;JIH irnpaJibHHX Sl.((2)XSU(2.) H 5U(l)x5ll(?>) rpynn. Han6-~Jiee 

IlOJIHO HCCJle.ll;OBaHHe CBH3H cpeHO.MeHOJIOrnqecKHX JiarpaHllHaHOB C 

Tpe60BaHlllnlll CHMMe!pHll H COOTBeTCTBeHHO C anreapon TOKOB H rHno-
. ~ ' . ' 

Teson O l!aCTHqHQM coxpaHeHllll aKCRa.JlbHO-BeKTOpHoro TOKa (PCAC) 

6HJIO npoBe.ll;SHO lameHOM H Ba.llamTeitHOM. 

B HaCTonmee BpeMH MeTO.ll; cpeHO.MeHOJIOrHqecKHX narpaHlltHaHOB 

oaoameH Ha npoHsBOJibHYD rpynny c1WMeTpHH G , a T~ue ua 

npOH3BOJlbHYD CTeneHb HUilYJlbCOB BHemHHX qacTHUo Il03TO.My npe;i;cTaB

naeT HHTepec Hccne;i;oBaHne CBH3ll cpeHoueaonornqecKHX narpaHlltllaHOB' 

C npHHUHnOM A.ivtepa 6e30THOCHTeJlbHO K anredpe TOKOB H PCAC. 

B nepBOH rna~e pecpepnpyeuon ;i;uccepTaUHH Hccne;i;yeTcH Bon -

poc o Bsam.iocBH3H .11ez;i;y cm.iueTpHelt cpeaoueaonorHqecxoro narpaa-
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zuaaa u npHHnnno.11 A.ivtepa. B11;i; narpanxnaaa B nenou He KOHKpe

THsnpyeTcH. 3aueT:ma: TOJlbKO, l!TO OH co;i;epXllT npOH3BOJlbHYD CTe

neHb :m,nyJibCOB BHemHHX qacTHUo CymeCTBeHHOlt .ll;JIH Bcero paccMOT

peanH HBJIHeTcH TOJlbKO CHK.MeTpllH narpaHlltHaHa OTHOCllTeJlbHO.npeo6-

pa30BaHllll aexoT.opon rpynnu G 

lf ~. ➔ 'fi + fl + f i.('f','c-) 

q,c1. ➔ ty" + Xe(.( lf, 4', e: >, (I) 

r;i;e <fa: -ll ll'J.. 0603HaqaD:r COOTBeTCTBeHHO IlOJIH rOJI.ll;CTOYHOB-

CKHX Me30HQ~ ll ;i;pyrnx tiaCTHU, a fL - IlOCTOHHHaH, KOTopon npn

;i;aeTCH CMHCJI IlOJlH ueaoHa, IDIIlYJlbC KOTOporo CTpeMll~C~ K ~YJID. 

Bee HCCJie.ll;OBaHHH npOBO.ll;HTCH B paMKaX KBa3HKJiaccnqecxoro no;i;xo

;i;a K S -uaTpnne, pa3BHToro Ha.May n oaoameHHoro BonKOBHM. 

lnn nponeccoB c yqacT11e.11 TOJibKO uesonoB ~oKasaHa Teopeua 

3KBHBaJieHTHOCTH cmnrnTpnn cpeno.11eHoJiornqecKoro narpan:a:nana npnH

n11ny A.ll;nepa B cnyqae aesuacco~ilx lieaoaoB,- xoTopaii oKa3HBaeTcsi 

Bepaon TaKxe H .lOIH cnyt1aH qacTHU c .11accon, oana;i;anmnx HeKOTo -
~- ' .· :,. ' 

pHM coxpaHHDmllMCH OTpnnaTeJlb!IHM MYJibTllilJIHKaTHBHHM qncJIOM THITa 

G -qeTHO~TH. j"3 ITOCJie.ll;HeM CJiyqae Hapymeane CHMMeTpHH qieHpMeHO

JIOr~qe.CKOrO Xar~HXHa.Ha -'oaycnoB~~Ho npncyTc-;~~,~~- ToniKo 11accri11~~ 

ro· qnemi ;µa ueaoaoB, qTo co·oTBeTcTBYeT r1m0Teae PCAC. lna npo -

neccoB :a:e c yqacT11eu qiepunoaoB nonyt1eHH oaoanieaaue ycJIOBHH cauo

cornacoBaHHOCTH A.ll;nepa, ·c 1foMOl!lbD K·oTopux aimnmy;i;a nponecca c 

.ll;OllOJIHHTeJlbHWl ~HrKHM Me30HO.M BHpaxaeTCH qepe3 ~MITJIHTY.ll:Y HCXO.ll;

HOrO nponecca.. 

IlocJie.ll;HHlt naparpaqi rJiaBH nocBamea ocoaouy BH.ll:Y cmmeTpnn -

cynepcH.M.MeTpllll, 06HapyxeHHOll_B ITOCJie.ll;HHe ro.ll;H. Ilpll ;i;eltcTBHH reHe-
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paTopon cynepcmweTpnn nona npeodpasyvrca TaKIDI odpasou, qTo 

d030Hll nepexo~aTB ¢epMHOHll,H Haodopor. ,llJ!a onncaHHa ron~C!OY

HOBCKHX qacTHU co CilHHOM ,I/2 BonKOBllM n AKynOBllM duno 

nocTpOeHO ~eRCTBHe, IDIBapHaHTHOe OTHOCHrenLHO npeodpa30BaHHll 

cynepcID!Merpnn 

r ➔ 111'=4'+s (2) 

Xr ➔ x; = Xr + -f;r( s~Gj.l' - iv*6r ~), 

nepenyTUBaD~HX npocTpaHCTBeHHO-BpeMeHHlle KOOp~HHaTu C noneM 

ron~CTOYHOBCKOro ¢epMHOHa. 

B ~nccepTannn noKasaHo, qTo ecnn ~eAcTBHe BonKo»a-AKynona 

HHBapHaHTHO OTHOCHTenLHO npeodpa30BaJJHA (2), TO COOTBeTCTBYD -

~HA narpaHXHaH HHBapHaHTeH OTHOCHTenLHO cne~DlllHX npeodpa30Ba

HHll nona ron~CTOYHOBCKOro ~epMHOHa 

4.J' ➔ lJ''= lJ'+ i- 4(dvo/)(~*(5'~ty-4'H-()'VS) (J) ~' , 

npe~cTannaD~Hx codon aennHeAayD peann3aUHD npeodpa3oBaHHA cy

nepcHMMerpnn. Ilonyqeaaaa pea.JIH3artxrn ouW1aeTca OT pean1rnaitHH. 

cy¥epcmi:uerpHH npeodpa3o»aHHJIMH (2), T.K. aBnaerca CYJJteCTBeaaq 

aen1.menaon n donee dnnsKa no cnoeuy ~xy K peann3artHSM KnpanL~ 

HUX cmwerpHH. 0.ItHaKO B OTnHllHe OT nocne.ItHHX npeodpa30BWJHJI 

nona Ip. (J) co~epmT 3aBHClDIOCTL OT npOH3BO,ltHllX 3TOro nona 

no npoc?paHCTBeHHO-BpeMeHHllM xoop~HHaTaM. 3axoa npeodpa30BaBHH 

nonen ~yrmc qacTHit weer B~ 

Cf ➔ lf''= Cf- i,\ Ov'f(}*6'vlf-tp*6'V ~)., (4) 
,. 

BnOnHe aHanorHtJaua (J). Cpanaeane (J) H (4) c ~opuynaun (I) 

IlOKa3UBaex, qTO nee BUBO~ OTHOCHTenLHO CBa3H CHlO,le?pHH narpaa-
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xnaHa C npHHUHilOM A,nnepa MOryr dUTL npID!eHeHll H B laHHOM cny-_ 

qae, c TeM nnmL ornmneM, qro ron~croyHOBCKOe none aBnaerca 

cnHHOpHUM. 
B qacrHOCTH, B ~nccepTaUHH noxa3aao, qTO ronlCTOYHOBCKOe 

aeffTpmro BonKOBa-AKynoBa y~oBneTBOp~er npnaunny A,l{nepa lna npo

ueccoB c npoH3BOnLHHM qncnou qacrnu. 
] nocne~aee BpeMa B a~pOHHOll ~H3HKe HHTeHCHBHO n3yqaDrca 

~aJILHlle MOlenn. IIepBllM npHMepoM ~a.JILHOH aunnnry~ aBMaCL 

aun~nry~a BeHertnaao ~na B3aHMo~ellcTBHa qeTupex qacTHit, odod~eH

Hast B lMLHellmeM Ha npoueccu c yqacrneM npo1rnBonLaoro qncna 

qacTnu. IIocne~Dlllee nsyq·eane uo~enn BeaeunaHo no3Bonnno B1rnc

HHTL pa~ TaKnx,ee Ba.XHllX CBOllCTB,ItaK ¢aKTOpH3yeMOCTL, B03MOX -

HOCTL BBeleHHJI BHyrpeHHHX KBaHTOBllX qncen, B03MOXHOCTL HCKnD -

qeHHa ~XOBllX COCTOJIHHI H ~P• 

Rapa~ c ~ocrnrHYXHMH y~nexaun dunn odHapyxeau TaKxe sHa-

qHTenLHue Tpy.ItHOCTH, B03HmtaDlllHe Ha nyrH od~elHHeHHJI KOHuenunn 

~anLHOCXHC ~pyrHMH ~n3nqecKHMH TpedoBaHHJILIH, TaKHMH,.KaK npod

neMa yHnxapH3aUHH S -MaTpnnu, OTCYTCTBHe TaXHOHOB H ~p. 

.UononHnTenbHHe Tpy.ItHocxn B03HmtaDX npn nonuuax pacnpocTpa

Heana Koanennnn ~anLHocxn Ha nponeccu c yqacxneM sneKrpouar -

HHTHllX H ~nadux B3aHMO~ellCTBHll npH nocTpoeHHH ~yaJILHUX allnnHTYl, 

co~epxaJllHX Hapa~y c naemHHMH qacTHUaMH sneKxpouaranraue n cna

due TOKH H YlOBneTBOpaDJllHe TpedoBaHHaM anredpll XOKOB. PaccuoT-

peHne aHanornqaux nonpocon B narpaaxenoM ~opuanH3Me oduqHoR 

reopnn nona OCHOBUBaeTca Ha npelCTaBneHHH O BllpOx~eHHH BaKyyMHO

ro coc.To·aana, npHBO~alllero K noanneanri roJI~croyHo»cKHX qacrnu n 

Ha 11cnonb°sonaii11n aenHHellaux peann3annn rpynn c:HMMerpnn ~nsi nx 

~eHoueaonormec·Koro onncairna. 
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KaK rroKa3aHo B HacToameil AllccepTannn, JVJa n3yqeHna Borrpo -

COB, CBR3aHHUX co CBOllCTBaMn BaKYYMHOro COCTORHHR,B ~aJILHUX 
,;MOAenax MOXHO HCITOJlI,30BaTI, Te xe MeTO.ltH, qTo ll rrpn ll3yqeHHH 

aHanornqaux BOITpOCOB B (S" -MOAeJIH ll Acf? -TeOpHH. Ilpn 3TOM 

BCR rrpone~pa pacc110Tpemrn pacrra,1taeTca ecTecTBeHHWJ oopa3011 ua 

Ana 3Tana: cuaqana Hccne~eTca rrepecTpoMKa PRAa TeopHH B03Myme

unn BCJleACTBHe 3aAaHHI,(X H3BHe rrepeXOAOB qacTnn B BaKyy11, 3aTeM 

H3yqaJOTCR_B oomeM cnyqae HeJinHel!Hue ypaBHeHHR JVJR BaKYYMHUX 

cpeMnx OT ITOJieil H YCTaHaBJlllBaeTCR B03MOlltHO_CTL HaJiilqllR y 3TllX 

ypaBHeHnil pemeHnn, He COAepJJtamnxca B Teopnn B03MJmeHnn. B cny

qae (S ·-MOAeJin HaJinqne Ta&nx pemeH~H ITPHBOART K CITOHTaHHOMy 

uapymeHHD CllMMeTpnn, B cnyqae }i<f 3 -Teopnn - K uecTa6nnL11ocTH 
BaKYYMHoro COCTORHlla. 

BTopaa qacTL AHccepTannn nocBameHa nepBouy n3 HaMeqeHHux 

Bume :nanoB. Ha npHMepe. _Af 3 -Teopnn _ITO!t8;.3aHo, qTo H3yqe

HHe 5. -MaTpnnu c ITOMOmI,D HH~nnpoBaHHUX nepeXOAOB qacTHn B 

BaKYYM IT03BOJiaeT onpeAeJIHTI, CBOilCTBa,BaKyyMHoro COCTOHHHa 

TeopnH, He HCITOJlI,3ya npH 3TOM HBHO CBOilCTB narpaHXHaHa. 

Ilo&a3auo, qTo B cnyqae .,\1f 3 -Teop:1rn nepecTpOi1Ka S -MaTpH-_ 

nu C yqeTOM BaKYYMHUX nepeXOAOB 3aKJIDqaeTca TOJl!,KO B nepeHopun-· 
pOBKe Maccu qacTnnu 

11·2.=11'11- ~ 
'· 

rAe 8 - KOHCTaHTa HH~nHpOBaHHoro BaKYYMHoro nepeXOAa. 

3gaqemn:i K=o cooTBeTcTBYJOT ABa 3HaqeHna KBa~paTa Maccu 

j1
12:ft'l. H _r''l.= -r'l. , KalltAOMy H3 KOTOpUX B CBO!J 

(5) 

oqepeAI, COOTBeTCTByeT CBOH s -MaTpnna, OITHCUBaDmaa B nepBOM 

6 

cnyqae BSaID.lo~eltcTBHe qacTHn, a BO BTOpOM - TaXHOHOB. IIepeXOA 

OT o~Holt S -uaTpHnu K .Jq>yrolt ocymecrnnaeTca nyreu ooxo~a B 
~ 

ITJIOCKOCTH g TOq&H nerBJ1eH11a 1pyHKnm1 (5) go== --.ii- H 

coornercrByer cnoaTaHHOMY BaKYYJilHOMy nepexo~. He&oTopue H3 

paccuoTpemwx cnoltcTB A 1{~ -reopHH coxpaHaDTca, KaK noKasaao 

B ~aJILBettmeu, H B AYaJILHHX MO~enax. 

Ha np:mrepe paccuorpeana ~yanLHOff vo~eJlH )Via cKaJiapHHx qac

rnn oe3 BHyrpeHBHX RBaHTOBHX queen oOcyx~aeTca npone~ypa noc -

rpoeHHa nepeaopunponaaHolt ncne~crnHe BaRYYMHHX nepexo~oB ~aJIL

aott allITJIHTY.ltH• fuqHcJieHH nepBHe ITOPHAKH pasnoxeHHH ~YaJILHOil 

aMITJIHTY.JtH C qeTHpLMH BHemHIDIH JIHHHSJVH no creneHaM ROHCTaHTH 

nepexo~a qacrnn B BaRYYM H nonyqem saaqeaua nepeHopunponaaHHX 

Mace naemHHX qacTun 

M 2 : M 2 + R- -4 (4) 2
(1/'hlo)-'l-(il)\_i_, .. 

1 _·R.. 1 ° -f:iif'l. 2 /1 'r (6) 

napauerpoB rpaexropHH Pe~e 
I 1I 

cl.P,. ==· ~ 
(7) 

'( :i. 2-) d. .. P.. = d.a -J. fP.. -r 
H MYJILTHITJIHKaTHBHOff nepeaopMHpOB~H aMITJIHTY.ltH, KOTOpaa AJIH npo

necca c yqacrueu qerupex qacrnn woxer TpaKronaTLCa HJIH Kax 

nepeaopMHpOBita KOHCTaHTH CBH3H ft . HJIH KaK nepeHOpMHpOBKa 

BOJlHOBHX q>yaRnmt BHemHHX qacnn. Pa3pemeaHe ITOCJie~Jielt Heonpe•;_ 

~eneaaocrH ~ocruraerca B nocne~lllltHX rnanax AHccepranun npH 

paccuorpemrn nponeccon c npons!ioJILIIHM qncJioM qacrun H cno~HTca 

x rouy, ~to·peanusyerca nropaa any,repHarHna. 

Ka1t HSBecrHo, ~yanLaaa uo~eny, JVJH c1tanapHux qacrHn B npe~e

Jie crpeM.HI11eroca K aynv HaKJIOHa rpae&ropHH Pe~xe d...
1 

nepexo~HT B 
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Iloaxouy nepeuopunpooouuaa .nyan&Haa Teopna .nonxua .na:ea.T& pesyn&-

TaTu, nepeXO,D;Hll!He npH d..'-.o B COOTBeTCTBYllll!He pesynuaTU 

nepeHOpMllpOBaHHOll ~'f3 -TeOpHH. 3TOT nepexo,n ,D;OCTHraeTca nyxeu 

y.nepxaHHH B Bupaxeunnx (6)n (7) cnaraewx, ·nHHelluux no napa.YeTpy 

6 
Ilpodneua yqexa Ba.ityyuuux nepexo.noB B .nyan&HHX uo.nenax, 

c¢opuynnpoBaauaa Taxxe Eap.naKqn,·ue.naBHO duna nonaocT&ll pemeua 

.nna cnyqaeB .JtYM&Holl uo.nenn Beaenooao OLMB) c HHTepcenToM«o=-I, 

lMB c nponsBon&aw HHTepcenxou H qacxuoro cnyqaa ,nyan&aon M -uo

.nenJJr. 

0,D;Holl ,JJr3 HaHdonee HHTepecaux H HHTeHCHBHO pa3BHBallll!HXCa 

B aacTOH!llee Bpeua aanaeTca .JtYM&Haa uo,nen&.HeB&D-illBapll8, (nMHm) • 
Y.D;OBneTBOpaa uapa.ny C MO,nen&D BeaenHaHo TeopeMe od OTCYTCTBHH 

.nyxoa, 3Ta uo,nen& odna,naeT ellle nenuu pa,noM nonoxHTen&uux caoncra, 

cpe,D;H KOTOpux aeodXO,D;HMO OTMeTHT& 6onee peaJIHCTHqaun cneKTp 

pesoaaacoa, odycnoaneaaun aanmneM B uo,nenH uyn&THnnmtarHBaoro 

coxpaHHDll!eroca KBaHTOBOro qncn~ ( G- _qeTHOCTH). EesycnOBHO, 

O,D;HHM H3 Ball:HellmIDC CBORCTB lMHill HBJiaerca B03MOXHOCT& nocTpOeHHH 

B MO,nenn ¢epMHOHHOro ceKTOpa, qTo Il03BOnaeT nepeuecTH IlOHHTHe 
. ~ 

.nyan&HOCTH Ha nponeccu C yqacTHeM ¢epMHOHOB H, B qacTHOCTH, 

nocTpOHT& .nyan&HYD 8.MilJIHTY.JtY B3amm,nellcTBHa qexupex ¢epMHOHOB. , 

Kpoue Toro,nMHill OilHCHBaeT B3aHMO,D;ellCTBHe qacxan·B npocTpaHCTBe

BpeueHH, qHcno H3MepeHHll KOTOporo paBHO IO, qTO npe,ncTaanaeT 

codon Ta.icxe suaqnren&uun nporpecc_ no cpaaHeHHD c uo,nen&D Beae -

nim.uo, r.ne aro qHcno paauaerca 26. 
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TpeT&a qacT& .D;HccepranHH nOCBHllleHa H3yqeHHD BaKYYMHUX 

nepeXO,D;OB B .nyan&HOll MO,D;eJIH HeB&D-illBapna H CBH3H nocne,D;HHX C 

ee BHYTpeaaen cTpyitrypon. IloKasa~o, qxo cyuynpoaaune no BaKY -

YMHW nepexo.na.u npHBO,D;HT K IlOHBJleHHD ,D;OilOJlHHTeJI&HOll ¢YHKqHH B 

npe,ncTaBJieHHH %pJIH-Ma.pT3Ha a.unJIHTY.D; B3aHUo,nellcTBHH qacTHn B . 
.JJ.M.Hm. nna axon .nononuHTen&aon ¢YaKnHH nonyqeao HHTerpan&aoe 

ypaaaeaHe. Kpoue Toro, B .nnccepxannH ,noKaaaao, qTo npe,ncxaaneane 

%pnn-Ma.ptaaa HHBapHaHTHO oxaocHTen&ao pacmHpe_aaon rpymm npo -

eKTHBHHX npeodpaaoBaHHll - rpynnu cynepnpoeKTHBHUX npeodpasoaa -

HHit nepeMeHHHX HHTerpHpOBaHHH X, H 

HMemca H aHTHKOMMYTHPYDll!He nepeueaaue 

p, 'cpe,D;H KOTOpHX 

tf'i • B qacTHOCTH, 

rpynna cynepnpoeKTHBHHX npeodpaaoBaHHll: co.ne~xwr npeodpaaoBaHHa 

BH,D;a. 

xl ➔ x:.' =- x~ + 'f ( ( ~ + i xd 

i:p, ....,:ip/ = ft·+ ~+~Xt+t<f~s~; 
(9) 

. nepenyTHBaDll!He nepeueaHHe )(c: C aHTHKOMMYTlfPYDlllIDIJJr nepeMeH -

HHMH 'f i:. • 3,nec& } H '2 - ,D;Ba uesaBHCHMUX aHTHKOM-

MYTlfPYDlllHX napaMeTpa npeodpa30BaHHff.• 

llcnon&30BaHHe HHBapHaHTHOCTH HHTerpan&aoro ypaBHeHHH OT -

HOCHTen&HO npeodpa30BaHHH (9) Il03BOJiaer sanHcaT& ero B BH,D;e 

donee npocxon cHCrew H3 qerupex HHTerpan&aux yp8.llHeHHll, a raK

xe CYlllecraeuuo ynpo!llaeT uero.n pemeHHH nocne,naen. 

Ilonyqeaaoe pemeaHe uoxer dun npe.ncraaneuo B BH.D;e KOHTYP

uoro · HHT erpana no uertoropon nepeueaaon s , auanornquo npe.n

craaneHJJrD 3owepq,en&.na.-Barcoaa. IlpJJr 3TOM BCH 3aBHCIDlOCT& OT KOH-

CTaHTH HH.JU'nlipOBaHHOro nepexo.na B BaKyyM fo 
IlO,D;HHTerpan&HOM BHpaXeHHH B BH,D;e MHOXHTena 
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K(S)cl.o,p)= 1- zu..+35;Az f'(-2S)r(2S-2olo-f) 
J' . r2(-Jo-!) 

z2M3JI _[_(-2s)I'(2S-Z«o-O 
(IO) 

~-

a KOHTYP UHTerpHpOBaHllSI 06XO.l{UT Bee KOpHU Sh(p'J.) ypaBHeHUSI 

1_ 2 2.o1oT3fl'. 'J. rc-2s>n.2s-2o1.-1> = 0 
. f> r 2c-c1o-½) ' 

(II) 

KOTopue npu HenpepHBHOM U3MeHeHUH f3 B,ll;OJII, KOHTypa, HaqUHaD -

merocsi B roqKe f>=O ' COBITa.n;aIOT npH 13= 0 C KOPHS!Llll 

$h ( 0 }n( h = 01 I, f
1 
!, , • • ) • TaKUM 06pa30M1 pemeHUe llHTer-

paJibHOrO ypaBHeHHSI Moxer 6HTI, npe.n;cTaBJieHO B BHAe 6eCKOHeqHOH 

CYMMH BHqeTOB IlO,ll;llHTerpanbHOrO BHpaxeHHSI B TOlJKaX Sh(p?) 
lfcnon1,30Bamre nonyqeHHOro pemeHHSI iiosBonsieT BHnonHUTb cyM

MnpoBaHue no BaKYYMHHM nepeXO.l{aM u nonyllHTb aHannrnqecKoe no 

KOHCTaHTe nepeXO.l{a B BaKyyM npe.n;cTaBneHne .l{nSI nepecTpOeHHOH 

aMnJIHTYAH B ~MHlli. IloKa3aHo, qro CTpJKTYpa nepecTpOeHHOH ru.rnnu

TYAH CO.l{epxuT .n;ononHttTeJibHOe CKpHTOe BHpox.n;eHHe TpaeKTOpHH 

Pe~e H .l{OnycKaeT npocTyIO KBapKOBYIO llHTepnpeTaUHD pe30HaHCOB 

B ~MHlli. KBapKOBaSI CTpyKTypa pe30HaHCOB npH 3TOM co.n;epXHT 6eCKO

HeqHoe qucno KBapKOB, KaXAUH ll3.KOTOpHX HaXO.l{HTCSI B COOTBeTCTBUH 

C onpe.l{eneHHHM KOpHeM Sn ( p 2 ) ypaBHeHHSI (II) H :mrneT onpe.n;e

neHHOe COXpaHSIIOmeecSI KBaHTOBOe lJHCJIO THna runep::iapSI.n;a Hnll 

mapua. Maccu KBapKOB npOCTHM COOTHOmeHHeM CBSl3aHH co 3Haqe -

HH.f!MH Sn (/3 '2.) • 

3HaqureJibHOe MeCTO B .l{UCCeprauuu OTBO,ll;UTCSI H3yqeHHD nepe

CTpOeHHOH,aMilJlllTYAH KaK aHaJIUTHIJeCKOH ¢YHKUHH KOHCTaHTH nepe

xo.n;a B BaKYYM• IlpH 3TOM noKa3aHO, qro 3Ta ¢YHKUHSI SIBJISieTCSI MHO

r03HaqHOH H nepexo.n;y C OAHOrO JIHCTa 3TOH ¢yHKUHH Ha KaKOH-JIH60 

.l{pyron COOTBeTCTBYeT cnOHTaHHHH BaKYYMHHH nepexo.n;. 
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Kax.n;ouy cnOHTaHHOMY BaKyyMHOMy nepexo.n;y COOTBCTCTByer 

onpe.n;eneHHaSI nepecraHOBKa KOpHeti S11 (D) n CBSiaaumiSI c Hen 

nepecTpOilKa TpaeKTopun Pe.n;xe. Ilocne.n;Hee 06CTOSITCJII,CTBO CBSl3aHO 

C Tell, llTO nepecTpOeHHaSI a.MITJIHTY.Ita CO.l{epllCHT nonIOca no MaH,n:enb-

CTa.MOBCKUM nepeMeHHHM SiK B TOqKaX 

clo +ol'Si:,c-S.,,(o)-5.,(o)- K = 0 , 

3aBHcSimux OT ::iuaqeHUll KOpHett ' COOTBCTCTBYIOmux ,ll;BYM 

KBapKaM, U3 KOTOpux COCTaBneH )(aHHUH pe::ioaaac. 

Sh(O) 

. ' 

Ha Sl3UKe KBapKOB KallC,ll;aSI nepecTaHOBKa KOpHeil npUBO)(UT 
I 

c 

roqaocTbD,n:o nepeHyuepa~uu KnapKoa, K uaMeHeauIO 3HaKa KBa.Itpara 

Macchi HeKOTOplilX KBapKOB .Jf;,'l. ➔ .~ /1t1'l. T, e, B03HUKaer TaKaSI li:e curya

QUSI,KaK u B Alf' -Teopnu, TOJlbKO Ha ypOBHe Mace KBapKOB, a He qac

THU. TaK llCe~ KaK n B .,\ cp3 -Teopnu ,cnOHTaHHhlti BaKyyMHlilll nepexo.n; ' 

npHBO,ll;HT K TOMY, qro KBa.n;paTlil Mace acex qacTUQ CTaHOBSITCSI 

nOJIOllCHTeJII,HlilMU H B MO.l{enu OTCYTCTBYDT Taxuoau. 
('.. 

B BallC"!OM qacTHOM cnyqae, KOr,n:a HHTepcenr JI -Me30HHOH 

TpaeKTOpHH d..} = ½ , TaK qTo JI -Me30H SIBnHeTCSI TaXUOHOM, 

cnOHTaHHlilH BaKyyMHUH nepeXO.l{ npUBO.l{UT K TOMY, qTo KBa.n;paT Mac -

cu Jf.-MeaoHa craHOBHTca nonoxurenLauu, a'uaccu .n;Byx nerqan

mnx KBapKOB coana.n;aIOT, CoBna.l{eHue xe Mace KBapKOB BlilprutaeTcSI 

H B COBna.n;eHHU acex OCTaJibHlilX UX CBOHCTB, qTo rrpHBO,ll;HT K B03 -

HHKHOBCHHD 5~(2)J<SU(7.)xU(011.llf.t)i< .. , - CIDAMeTpUH .n;yanI,-
HUX aMITJlliTJ,11;. 

Bo3HHKHoaeaue cUMMerpuu Tnna Sl/{2.) x SU(2) B .l{JaJII,-

aon MO.l{enu HeBI,D-lliBapua He SIBJISleTCSI COBepmeaao ueOllCR.n;aHHlilM. 
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IlepBUM yKa3aHHeM Ha TO, qTO B nMHm MOllteT CO.IJ;epxa.TLCH IlO,IJ;OdHaH 

cmweTpHH,HBWICH TOT ¢a.KT, qro :r -Me3OB B 3TOtt MO,IJ;en.11 yioB- ~ 

JleTBOpneT np.llHUHTIY A.iviepa, KOTOpun, KaK 6HJ10 noKa3aBO B nepBOtt 

qacTn ,IJ;nccepTannn, 3KBnaaneHTeH HenHHeHHOH peannsannn HeKoTopon 

rpynnu cIDJ11eTpHH • 

Eonee no,IJ;po6HOMY nsyqeHHD BOnpoca o npuanune A.Ilnepa .JVIH 

CKanHpHHX H nceB,IJ;OCKanHpBHX qacTHU H CBH3aHHOH B ~MLHOH MO,IJ;enH 

HeabD-lliBapna c HMM rpynnu cmmeTpHH nocBnmeHa qeTBepraa rnaBa 

.IJ;HCcepranHn. 

Ha np1wepe paccuoTpeHHH KOBKpeTHUX nponeccoB B3aHMO.IJ;encr-
. . -

BHH qeTupex qacTun, onncuBaewx nepecrpoeHHUMH c yqeTOM BaKyyu-

uux nepexo,IJ;OB aMilHliTY.IJ;a.MH, noKa3ano, qTo 3TH aMilnliTY.IU1 Y.IJ;OBneT

BOpHDT npHHUHnY A.Ilnepa. TaK, n cnyqae .lfiJtli - nponecca, om1-

cuBaeuoro aunnnTy.IJ;on 

B(p1,P,,f3,p.,)::: . r(-S+2So)f(-t+2So) 
r(-1-s-t +lfSo) 

(12) 

npn crpeunemrn mmynLca p-, ➔ O 

nponopnuoHaJtLHa aupru,;enun 

aunnHTy.IJ;a oKasuaaercn 

KOTOpoe paBHO 

nna nponecca 

nt>r{t> 
r<o) 

HYJ!D sa cqer Han.11q1rn r (O) 

.'.liflu<i'" c aunn.ury.IJ;oil 

r(-S+lSo)rc½-t-+2Sa) . 
f(-f- S-i +ltSo) 

C.IITyaU.IIH OK~3HBa6TC8 6.Hanor.11qHOH. 

12'. 

(IJ) 

B 3HaMenarene: 

(14) 

KaK o6o6menne aroro qaKra, B .IJ;Hccepran.11.11 TaKXe noKasano, 

qro aunnHTy.IJ;a B3aHMO,IJ;eilcTB.IIH npOH3BOHbHOro q.11cna BHeillHHX qac

THU odpamaeTCH B HYJ!b He TOHLKO npu crpeW1eH.llll K HynD HMnynLca 

OMOrO .113 Ji -J.!e3OHOB, HO TaKllte H npll CTpm.meHHH K HYJ!D HMilYJlb

ca KaKOH-JtH6o ns qacr.un, nexamux Ha pacmenneHHHX ,IJ;oqepHHX rpaeK

ropuax Ji -uesoaa. Ilp.11 nou, ec;rn npe.IJ;nonox.urL,. qro qacT.una, 

mmynLC KOTOpon crpeMHTCH K HYJ!D, COCTO.IIT H3 KBapKa C HOJ.rnpoM 

, .11 aHTmtBapKa c aouepou J 

BaeTCH nponopn.11OHMLHOH BHpalCeHHD 

B npe,IJ;ene aunnHTy.IJ;a oKasu-

n½•~-~>nt+~-~> 
-naj , (15) 

KOTopoe odpalll8.etca B aynL sa ctter aanwrna r(o) B saaueHarene. 

TaKHM o6pasow,· B MO,IJ;eJ!H HeBLD-lliBapna HMeeTCH 6ecKOHetJHHH aadop 

tJaCTHU, Y.IJ;OBJleTBOPHDD!HX npHHUHny !J(Jlepa, tJTO IlO3BOnaer c,IJ;enaTL 

3aKHDqeHHe O TOM, tJTO rpynnon CHMMetpHll ~MLHOA MO,IJ;enn HeBLD

lliaapna aBnaerca rpynna cmwerpHH 6ecKOHettaoro paHra, aapymeHHaa 

MaCCaMH l:BapKOB; . 

B 3aKJ!Dtteane nepettHCJ!HM OCHOBHHe pesyJtLTaTH, nonytJeHHHe 

B .IJ;HccepranHR. 

I. B palllt8.X EBasHltJ.laCCJlll8CEOro IlO.JC(O~a E $ -warpmte, T.e. 

C ytt8TOM TOJlbEO ,JJJ)8B8CHHX ~HarpallK, ,ll;O1t8.3aHa reopewa O row; qro 

seoOxO.IJ;JDllilll H ~OcTaTOtJHEDI YCXOBH8M ,ltJIH BJ,1IlOllH8HHll np:run:uma 

AJviepa HBJlaerca rpe6oBaHK8 CIDO,l8TpHH narpaHZHaHa OTHOCHT8llbHO 

aexoropol rpynnu G- , peaHsyewolt aeJnmeltHWIH npeo6paaonaHH -

aMH nollel. Ilolt8.saao, qro reopewa sepaa raxze • B Cllyqae cHMMer

pmH, aapymeaaol nyrew BBe.IJ;eHaa·:uaccosoro ttneaa'npH ycnOBHH, ttro 

qacrxnu 06lla.itai>r H8lt0TOPEDI orpxnareJlbHIDI MYJlHHIIJIHitaTHBHEDI cox

pa.Hanmnwca tJHCJlOM r.11na G-tt8THOCTH. 
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2~ IIocrpoeH qacrH11l!: BHJt ueinmel!:liol!: peaiurna1tRH cynepclDl -
:'-MeTpHH C npOH3BO,lUI!ll,IH or ¢epMHOHIWX nonen. lOEa.38.HO, qro 

ronACTOYHOBCXOe aelrpHHO BonxoBa H AxynoBa Y~OBneTBOpaeT IIpHH-

ItmIY A,!tJiepa .itna npo1teccoB c npo~3BOnLHI:IM qucnoM BHell!Hmc uel!:TpH

ao. 

J. B paMKaX reopHH B03MJllteHHl!: paccMorpeaa B03MOXHOCTL H3Y

qeHHH BaKYYJ(HUX nepeXOAOB B .ltYB.nLHUX MO,Jtenax. Iloxasaaa COBMecT

HOCTL TpeOoBaHHH JtYMLHOCTH H npe.1monoxeHHH o-BaxYYJ,IHUX nepexo

)(8.X. B nepBUX nopSJtitax reopHH B03MYllleHHl!: BuqHcneHa nepecrpoeH

Haa .ltYMLH8.H aMnnH?y.1(8., OIIHCUBallll!aH B3a~o~elCTBHe qerupex 

qacrHit. 

4. Ilonyqeuo HHTerpanLHOe ypaBHeHHe .itnH .ltOUOnHHTenLHOro 

HHBapma.HTHOro ,,MHOXHTens, B03Hmtalllllero B AYMLHOA almnHTy~e 

HeBLD-!llBapil,6. B pe3ynLTaTe CylQ,lHpOB8.HHH no BaitYYMHWl nepeXOA8ll. 

Iloxa3aao, qro HcnonL30B8.HHe HHBapHaBTHOCTH HHTerpanLBOro ypaB

B8HHH OTBOCH?enLHO rpynnu cynepnpoexTHBHUX npeo6pa30BaijHl!:.cy.

lileCTBeHHO ynpomaer Jtalt npOJ:t8.JtYPY BUBO,Jta 3Toro YPaBHeHHH, TaK H 

Me:ro.it ero pemeHHH. 

5. Ilonyqeuuoe HHrerpanLuoe ypaBaeaHe pemeHo B HBHOM BHJJ;e. 

Ha ocaoBe nonyqeaaoro pemeaHa,HeJl.iteuo auannuqecxoe no xoucrau

re nepexo.ita B BaKYYJ.I. BupaseHHe .IUI~ nepecrp_o~H~QR ~a, C'!e;, Baxy -:. 

YMBHX nepeXO.JtOB 8llllnHTYAU B ,JtyanLHOA MO,JtenH BeBLD-IJIBapil,6.. 
,_ ~ "'· 

.6. Ha ocuoBe HsyqeHHH nono:a:euH,a ocooeuuocrel!: n.epecrpoeaaoa_ 

6llILIIHTY.ltli B xounnexcuol nnocxocTH mmynLcoB BH8DIHHX qacTHit 

OOHapyxeao .JtOIIOnHH?enLH08 CKpUTO~ BUpOX,Jt8HHe TpaeKTOpHl!:J?e,JtXe 

B JtYMLBOl!: MOAenH BeBLD-filBapil,6.. IIoxasauo, qro yxa3auaoe Bupox

~euue 1101:er HHrepnpenpoBa?Lcsi .. nocpe.itcTBOII uexoropol napxoBol 

crpyxrypu pe3oaaucoB c Oec1toaeqBWL qHcno11 XBapxoB B03paqraJ)llteU 

14 

uaccu. IlpH 3?011 JtaXAOMY H3 KBapKOB COOTBeTCTByeT CBOI!: BH,11; 

coxpa~HD1I1eroca XBaHTOBOro qHcna rmia rmiep3aplI.1(8.. 

7. IisyqeHu cnoaraaaue Baxyymme nepexo.ItU H nepectpollxa 

cne1ttpa pesoHaHCOB B pesynLrare taxmc nepexo.itoB B .JtYMLHOl!: 

MO~enH lieBLD-illBapil,6.. IlOKa.38.HO, qTO ~ Ba.JltHOM cnyqae 

OpHrHHaJILHOl!: 110.itenH HeBLD-filBapil,6., B xoropol!: :Ji -Me30H aBnH

eTCH TaXHOHOM, cnoaTaHHUl!: Baxyyuaul!: nepexo.it npHBO.JtHT K H3Me

aeaHD 3Haxa·xBa;qiara Ma.CCU Jr -11830Ha H, KaK cneACTBHe, K 
B03HHKHOBeHHD SU(2.)J<5U(2)xU{f)J/.U(0 X • • • - cHMMer·pHH ;tyaJIL-

HllX aMIInHTY.lt• 
8. Iloxa3aHO, qro·nepecrpoeaaue c yqerou BrutYYMHUX nepexo.itOB 

8llnnHTY.ltll B3aHUo~el!:CTBH~ oopa,maDTCH B aynL He ronLKO npH crpeu

neHHH X aynD mi:nynLCa O,lUIOrO H3. JI -Me30HOB, HO rape H npH 

crpeWieHHH x aynD mmynLca xaxott-n~oo us qacTHit, nelml!lmc aa 

pac111enneaaux rpaexropHax l" -11esoaa. Teu ca.MUii noiasauo, qro 

B MO~enH HMe8TCB 6ecxoaeqaoe qHcno qacTHit, YAOBneTBOPHlllllHX 

npHHitHIIY A,lt.uepa, qTO CBHJt8TenLCTBY8T B nonL3Y cymecTBOB8.HHH B 

.JtYallLHOR 1.o~enu HeBLD-lllBapil,6. ~exoropoa uapymeauon rpynnu cm.1 -

11erpHH oecxoaeqaoro paara, co.iteplml!lel!: B xaqecrBe no.itrpynnu 

rpynny SUl2) xSU(Z)xU(t) J<U(1)x • .. , 

Oc~OBHU8 pesynLT8.Tll ,JtHccepTa.ItHH ,Jtoxna,ItUBaJIHCL aa ceccHHX 

or.iteneaua HAepaol!: ¢H3mtH AH CCCP, Ha Yxropo.itcxol!: oceHael!: 

mxone (Yxropo.it, 1973), Hay MexJtYHapO.JtHOII Cm.lII03HYM8 IIO ¢H3Hlt8 

BUCOKHX saeprmi (Ba.pma.Ba,1975), Ha lY Me3:JtYHapO.JtHOM coBe1118.HHH 

no aenoxaJILHIDil H aenrutel!:~ reopHHK (AJiymra, 1976), aa XYlll Me:a:

JtYHapo.JtHol!: xoa¢epeHitHH IIO ¢H3HXe BUCOXHX saeprHl!: (TOHnHCH,1976), 

aa ceuHHapax naOoparopHH reopernqecxol!: ~H3mtH OWili. 
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