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HayqeHne rny6oKo Heynpyrnx nenToH-aApOHHh1X·npoueccoa 

.l!BnHeTCH OAHUM U3 OCHOBHbIX cpeACTB nccneAOBaHnH CTpyKTyph! 

qacTnU Ha ManhIX paccTOHHUHX n noaeneHnH sneKTpOMarHnTHbIX 

n cna6bIX B3aUMOAeil:cTB8ll npn Bh!COKUX 3Hepr1rnx. TTepeqncnnM 

HeKOTOpbie 3KCilepnMeHTanbHO ocyrueCTBUMbl~ rny60KO Heynpyrne 

nenTOH-aApOHHhie npoueCChI, paCCMaTpnaaeMbie B nepBOll n BTOpoll 

rnaaax AnccepTaunn: 

a) aHHnrnnHUUH nenToH-aHTnnenToHHoll naphI B cncTeMy aA

ponoa: 

e+ +e- ➔ anpoHhI , ( 1 ) 

6) rny6oKo Heyrrpyroe pacceHHne sneKTpoHa (nnn MJOOHa) Ha 

rrpoTOHe 

e + p ➔ e + anpoHhI (2) 

n rny6QKO Heynpyroe pacceHHne HellTpllHO n aHTHHellTpllHO Ha hYK

noHax 

vµ+p ➔ µ + anpOHbl (3) 

- + 
V + p ➔ /1 

/1 
+ anpOHbl' (4) 

a) o6pa30BaHne nenTOH-aHTnnenTOHHOll napbl B cnnbHhIX B3aUMO

AellCTl3lHIX 
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p+p· ➔ µ++µ- + 8/lpOHbl , (5) 

a T8KlKe npouecc o6pa30B8HIH! nerrTOH-H
0

ellTp!1HHOH napbl B c11nh

HhIX B38!1MOJleHCTBIISIX: 

p+p'➔ µ +vµ 

,P + p 
+ 

➔ µ +" µ 

+ aJlpOHbl (6) 

+ aJlpOHhl • (7) 

TTepeq11cneHHbJe npouecChl 0Ill!Cb!B8IOTCS! paam1qHb!M!I KaHanaMII. 

0/lHOH II TOH lKe .Jl!larpaMMbl <llellHMaHa, npeJlCTaBneHHOH Ha p11c. 1: 

11snmoHHr#1 nopa 

Ln { ~Jou£ 00/JOHbl 

Pnc. 1. Baa!IMO)leHCTBHe nenTOHHOH napbl, C C!ICTeMoll aJlpOHOB. 

MaTp11qHblH aneMeHT, COOTBeTCTBYIOll!HH 3TOH )l!larpaMMe, qiaKTO

p11ayeTCH Ha nenTOHHyIO II aJlpOHHYIO qaCT!I. fiBHbJH BHJl nenTOHHOH 

qacT!I xoporno !13BeCTeH. AJlpOHHhlH "qepHbIH HIIIIIK" xapaKTep11ay

eTCS! cneJlyIOll!!IM 
0

MaTpllqHblM aneMeHTOM 

< out I J µ (O) I iu ./, 
(8) 

rile J ( x) - orrepaTop noKanbHoro aJlpoHHoro aneKTpoMarH!ITHoro 
µ w 

J e.m{x) HIT!! cna6oro J (x) 
µ µ 

/1/ 
• HecMOTPH Ha To, qTo TOKU 

S!BHbIH BH/l 3Toro MaTpllqHoro aneMeHTa HeH3BeCTeH, TeM He MeHee 

4 

ii 

o ceqeH1111 npoueccoB (1)-( 7) MOlKHo nonyq11Th BrronHe onpeJle

neHHyIO l!HqJOpMaUIIIO, 11cnonb3YSI Tpe6oBaH!IS! penSITIIBlfCTCKOH KO-

Bap!laHTHOCT!I p - ' C - II T -npeo6paaoBaH!ISI II npaB11na 

OT6opa, BbITeKaIOlll!le 113 cymecTBOBaH!IS! SU (2) 11n11 SU(3) 

C!IMMeTp11ll. OcTaeTCH OCHOBHaH TeopeT11qeCKaSI TPYJlHOCTb - OT

cyTCTB!le MeTOJlOB Kon11qeCTBeHHoro on11caH!IH Jl!IH8M!IKII C!lnhHbIX 

B3a!IMOJlellcTBIIH. 3 TO np!IBOJl!IT K IlOHBneH!IIO B Teop1111 He!l3BecT

HhIX qiyHKUIIH - TaK Ha3bJBaeMhIX CTPYKTypHb!X qiyHKU!IH '11n11 qiopM

qiaKTOpOB. no cymeCTBY, OCHOBHOH 3a)laqell Teop1111 11 3Kcnep11MeH

Ta HBnHeTCH 11ayqeH11e 3T!IX qiopMljJaKTOPOB. OHO MOlKeT nponl!Tb 

CBeT Ha TaK!le qiyHJlaMeHTanbHhJe rrpo6neMbI, KaK CTpyKTypa qac

TIIU Ha ManhIX paCCTOS!HIIHX, cymecTBOBaH11e aneMeHTapHblX coc

TaBnHIOll!!IX a)lpOHOB ( KBaPKII, napTOHbl II T.Jl.). MolKHO HaJleHTb

CH, qTo IlOJl06HaSI nenTOHHaH nnnIOMl!HaU!IH Il03BOn!IT OCBeTl!Tb 

aJlpOHHblH "qepHblH Hll!l!K', Il0Jl06Ho TO_MY KaK B CBOe BpeMH 11any

qeH11e CBeTa Il03Bon11no aarnHHYTb BHYTPb aToMa. BalKHOCTb 11ay

qeH!IH rny6oKo Heynpyr11x npoueccoB 6h1na noJlqepKHyTa pHJlOM 

/2-7 11 / 
aBTOpOB ' • 

8 HaCTOHll!ell Jl!ICCepTaU!III JlnH nonyqeHJIH JlHHaM11qeCKOH l!H

qiopMau1111 O CTPYKTypHbIX qJyHKUJIS!X rny60KO Heynpyr11x npouecCOB 

pace Ma Tp11BaIOTCH TPI! TeopeT11qecK11e cxeMhl, OCHOBaHHhle Ha: 

1) aBTOMO)lenbHOCTI! IWH MaCIIITa6Holl IIHBap11aHTHOGTJ1, 

2) anre6pe TOKOB, 

3) BeKTOpHoft JlOMHHaHTHOCTII. 

3Kcnep11MeHThI rpynnh1 SLAC-MIT , B KOTOpbIX H3MepH-

nocb ceqeHHe npouecca (2), BhIS1BHn11 BeCbMa 11HTepecHyIO "Toqeq

hy10" KapT11Hy IlOBe)leHHH aMnnl!TYJl aneKTPOPOlKJleHl!H. OKa3anocb, 

qTo ,q111jJqiepeHU1IanbHoe ceqeH11e k~P 
d q2 

BeITIIK9 n npl!MePHo paBHO 

MOTTOBCKOMY ceqeHHIO JlITH pacceHHIIH Ha 6eCCTPYKTypHOM Toqeq

~/ 
HOM npoTOHe AHanornqHaH ToqeqHaH KapTnHa Ha6n10)lanacb 

B 3KCilepHMeHTaX CERN a no rny6oKo HeynpyroMy paccesi-

HHIO HellTp!!HO Ha HyKnoHax 
191 

B npouecce (3). OTII 3KcnepnMeHTbl 

IlOKaaann, 'ITO nonHoe ceqeHne B3allMOJleHCTBllH HellTpllHO C HyKITOHa

Mll npn JlOCl'llrHyThIX B HaCTOHll!ee BpeMSI 3HeprllHX n11HellHO pacTeT 

cneJlYIOll!llM o6paaoM: 
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VN 
a 

tot 

2 
-38 CM 

(0,8!_0,2)E v 10 ~OH (Ev B raa). (9) 

,L 

C .upyroli cTopom,1, Koa¢<1>111:urnHT HaKnoHa .unn yrrpyroro ( 'TO'le'l-

) - + • 
Horo.' rrpouecca V µ + p ➔µ + n ' Bbl'lHCneHHblli Ha. OCHOBe IIpOCTeil-

weil AHarpaMMbl Teop1rn B03MyllleH11il, nHlllb ci:IerKa OTnH'laeTCSI 

Ii paBeH IIPHMepHO 1,3. npocToe o6~SICHeHHe 8THX <paKTOB.MOMHO 

rrony'lHTb Ha OCHOBe rHIIOTe3bl 8BTOMO.[lenbHOCTH HnH MaCwTa6Hoil 

HHBapHaHTHOCTII, 38Kn!O'l8!0lll9liCSI B cne.uyromeM, npe.urronoMHM, 

'ITO IIpH OIIIICBHHH rny6oKO HeyrrpyrHX aneKTpOMarHHTHblX H cna6bIX 

rrpoueccoB HHKaKHe IIOCTOSIHHble pa3MepHbie BenH'lHHbl - Macca, 

"aneMeHTapHaSI .unHHa" H T,II, - He HrpaJOT cymeCTBeHHOil ponH, 

H, TakHM o6pa30M, <jJopM<paKTOpbl MoryT 3SBHCeTb TOnbKO OT rre

peMeHHbIX KHHeMaTH'leCKHX HHBapHaHTOB, Tor.ua IIpHHUIIII rrp116nH-

• /10-13/ 
MeHHOH aBTOMO.[leIIbHOCTH MOMeT 6b!Tb c<jJopMynHpOBaH TaK : 

IIpH 1!3MeHeHHH lllK8IIbl H3MepeHHSI l!MIIynhCOB. B ,\ pa3 <jJopM<paK-

TOpbl aneKTpoMarHHTHbIX H cna6b!X rrpouecCOB rrpeo6pa3yJOTCSI KaK 

OAHOPOAHble <pYHKUHH COOTBeTCTBYJOllleli pa3MepHOCTH, MoMHO OMH

A8Tb, 'ITO IIpH HH3KHX aaeprHSIX Heo6XOAIIMOCTb y'leTa Mace 'laC

THU. HCKaMaeT KapTHHY CHIIbHbIX B38HMOAeliCTBHli, B TO BpeMSI KaK 

IIpH BblCOKHX aHeprHSIX (H 6onhlllHX 3HS'leHHSIX .upyrHx, HHBapHaHT

HbIX rrepeMeHHbiX)' Kor.ua MaCCaMH pOM.[leHHbIX 'laCTHU MOMHO rrpe

.He6pe'lb, CHTyaUHSI cymecTBeHHO yrrpomaeTCSI Ii aCHMIITOTH'leCKOe 

IIOBe.[leHHe <pOpM<pSKTOpOB rny60KO HeyrrpyrHX aneKTpoMarHHTHblX 

Ii cna6bIX B38HMO.[leilcTBHil HMeeT xapaKTep, aaanorH'lHblil TaK Ha-

3bIBaeMOMY aBTOMO,[leIIbHOMY HnH CaMOIIOA06HOMY IIOBe.[leHH!O pe

weHHil 'pMa 38/:18'1 r11.upo.[1HH8MHKH, HaIIpHMep, 38.[IB'lH CHnbHOro 

/14-15/ 
TO'le'lHOro B3pbIBa , Ka'leCTBeHHO aTa rHIIOTe3a IIOAKperr-

nneTCSI TeM <paKTOM, 'ITO rnaBHbie oco6eHHOCTH CHHrynnpHbIX ¢yHK-
, /1/ 

UHil TeOpHH rronn He 38BHCSIT OT Mace (cM,, HaIIpHMep, ) • 3TH 

IIpOCTbie rrpe.urronoMeHHSI B CO'leTaHHH C 8H8IIH3OM paaM'epHOCTH 

<jJopM<paKTOpOB pa3IIl!'lHbIX KOHKpeTHbIX rrpouecCOB IIO3BOnSIJOT c.uenaTb 

PM rrpeACK838HHil, B 'l8CTHOCTH, .[IIISI rrpouecca (1) aHHHrqnSIUHH 

6 

' 

! 

nenTOH-aHTHnerrTOHHOli napbl B 8/:IPOHbl 113 IIpHHUHIIa 8BTOMO.[leIIbHOC

TH np11 M8Cll1Ta6Hb!X npeo6pa30B8HHSIX lllKanbI HMIIynbCOB q ➔ ,\ q. 

C y'leToM Toro, 'ITO CIIeKTpanbHSSI qiyHKUIISI p ( q 2) 6e3pa3MepHa 

[p(q 2 >l= 1 , cne.uyeT, 'ITO 

p(A2q2) =plq2) cons! ( 10) 

II TSKl!M o6pa30M Ce'leH11e 8HH11rttnS1UHH ( 1) aCHMIITOTH'leCKI! AOIIM

HO BeCTH ce6n aaanortt'lHo cnyqaro "To'le'lHoro" npouecca 

e + + e- ➔µ + +µ-, Bbl'll!CneHHoro Ha OCHOBSHIIII Teop11H BO3Myme

Hllil: 

e +e-

a tot ( q 
2

) = ~ 
q 2 

( 11) 

TaKoe IIOBe.[leH11e COBrra.uaeT C rrpeACKa3aHl!eM anre6pbl KBapKOBb!X 
/16/ 

TOKOB np11 noMOWH o6paTHoro <jJypbe-npeo6pa30BaH11n 11a 

( 11) MOMHO nony'lHTb AIISI cpe.uHero no BaKyyMy OT KOMMyTaTopa 

aneKTpOMarHl!THbIX TOKOB: 

<Ol[J
0

.mh),J
0

·ll!)llO>=i.£...(g □ -a a )o(x)P(l.) 
µ . V Tr µv µ V Xo ' (12) 

OTKYAB cne.uyeT, 'ITO OAHOBpeMeHHblil KOMMyTaTop MeMAy BpeMeHHoil 

II npocTpaHCTBeHHblMH KOMIIOHeHT8MII aneKTpOMarHHTHoro TOKa 

paBeH lllBl!HrepoBCKOMy 'lneHy C KBa.upaTl!'lHO-pacxo.unmnMCSI C 

'lHCnOBblM KOa<p<pllUHeHTOM lim .!.. .!.£._ V O (;) 
T➔ O r 2 'l7 i 

, B Ka'leCTBe 

cne.uyromero IIpHMepa IIpl!MeHeHl!SI IIpl!HUHIIa 8BTOMO.[10IIbHOCTH pac

CMOTpeH rrpouecc ( 5) o6pa30B8Hl!Si M!OOHHOil rrapb! npu rny60KO 

HeynpyroM CTOnKHOBeHl!H ABYX a.upoHOB, Ce'leHHe paccMaTpHBaeMo

ro npouecca MoMeT 6bITb BbipaMeHo np11 IIOMOlllH cne.uyromero TeH-

/ l 7, 18, l 9/ 
3Opa BToporo paara : 

p (p ,p ',q) = ~ (2rr)
4 

o (p+p '-q-pN)<p,p'inl J 0 ""'(U)INout::<NoutlJe.m(O)lp,p'in>0 = 
µv · N . • ,µ , --v 

q q p 
= p (-g + __'..IL'.!L) + p p + p p , p , 

I µv q 2. 2 µ V 3 µ V 
+ p (P P , +P P , ) + 

4 µ V V µ 

( 13) 

+ ip ( p p, - p p, ) , 
5 µ V V µ 
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Oill!CbIB8IOIUero conep,Kl!MOe anpoHHOI'O "qepHoi'o Slllll!Ka v KOMnTOH

acpcpeKTa Ha nayx anpoHax B HanpaaneH1111 anepen (cM. p11c. 2): 

p 
p' 

' -P 
P' 

·" 

P11c. 2. AMnn11Tyna KOMnTOH-3cpcpeKTa Ha ABYX anpoHax B Hanpaane

HIIII Bnepen. 

Pa3MepHOCTI! 3TOI'O TeH30pa II cpOpMcpaKTOpOB paBHhl COOTBeTCTBeH

HO: 

[p (p,p',q)]=[m-21, 
/J.V 

[p ] =Lm-~. [p l=[m- 4] i =2,3,4,5 
I · l 

TTp11 MaCIIITa6HbIX npeo6pa30BaHHHX IIIKailhl HMnynbCOB 

p->Ap ,p',..,\p', q->Aq 

C y'leTOM n~ll!HUl!na aBTOMOAeilbHOCTII cnenyeT, 'ITO 

(,\p ,,\p',,\q)=,\-2p (p,p ',q), 
p' /J.V /J.V 

( 14) 

( 15 ) ' 

( 16) 

OTKyna BbJTeKaeT, 'ITO 113 np11Hu11na aBTOMOAeilbHOCTI! MO,KHO 0)1(11-

naTb cneny10mee ac11MnTOTll'leCKOe noBenemie cpopM<paKTOpOB np11 

6onbllll!X 3Ha'leHl!HX 1!HBap11aHTOB: 

( , , ) .L . ' p•q' q 2 
P

1
P•P ,p •. q,p q,q 2 = F (..e.:_g_,- -) 

l • 
q2 P·p· p•p' p•p' 

p (p,•p',p•q,p '•q,q 2 )~1-F ( p•q ,fi -'L) 1·-2345 I i , ., , , , - , , , 
q4 p•p p•p p•p 

(17} 

8 

't 

rne Fi - 6e3pa3MepHbie cpyHKUIIII 6e3pa3MepHbIX nep.eMeHHhIX. 

3aMeTl!M, 'ITO. aBTOMOAeilbHhltt !!Ill! C~Monono6Hb!H xapaKTep cpopM

cpaKTOpOB aneKTpOMaI'Hl!THhlX II cna6hIX npoueccoB n03BOilHeT B 

ac11MnTOTl!'leCKOii 06nacr11, BO-nepBbIX, yMeHbllll!Tb Ha e1:111H11uy 'IIIC

no He3aBl!Cl!MhIX nepeMeHHhIX, B0-13TOpbIX, 3HaR cpopMcpaKTOpbl np11 

OAHOM Ha6ope IIHBap11aHTOB, npeABl!AeTb !IX 3Ha'leH11e,np11 npyroM, 

C ,YCilOBl!eM, 'ITO !IX onpeneneHHhle ~THOllleHl!H cp!!KC!!pOBaHhI.' He 

l!CKilIO'leHo, 'ITO B neiiCTBl!TeilbHOCTI! MO,KeT OC~IUeCTBilHTbCH 

u'l,aC.Tl!'IHaH" aBTOMOAeilbHOCTb, KOI'Aa OHa IIMeeT ,MeCTO He no 

BCeM nepeMeHHbIM, a Ill!lllb no HeKOTOpbIM H36paHHbIM. B nanbHeii

llleM 6bmo 6bI IIHTepeCHO noHHTb MeXaH1!3M HapyllleHIIH aBTOl\'.10-

nenbHOCTII !!Ill! M8Cll1Ta6Hoii IIHBap11aHTHOCTII. 3TOT BOnpoc TeCHO 

CB,H38H C 11neeii cnOHTaHHOI'O HapyllleHHH KOHcpOpMHOii Cl!MMeTpllll 

/11 20-22/ 
AO Cl!MMeTpllll rpynnhI TTyaHKape ' • B lll!!pOKOM Knacce 

narpaH,KeBbIX Teop11ii nong Al!BepreHUIIII TOKOB cneu11anbHhIX KOH

cpopMHhIX II M8CIIITa6HhlX npeo6pa30BaH11ii CBH3aHhl COOTHOllleH11-

/12 ,21,22/ . 
eM 

fJ.V V fJ. V fJ. a C = 2x a S = x 0/J. , 
/J. /J. (18) 

rne 0 /J. - lllnyp TeH3opa 3Heprm1-11Mnynbca. OTCIOAa BIIAHO, 'ITO 
~ 

Hapy11IeH11e KOHcpOpMHOii CIIMMeTpllll AOil,KHO npO!!CXOAIITb 
6

Ml!HIIM8Ilb-

HhIM"' o6pa30M 113-38 Hapy11IeH11H MaCIIITa6Hoii IIHBap11aHTHOCTII. 

B cny'lae, ecn11 narpaH*llaH He 3aa11c11T OT Mace II npyr11x pa3-

MepHhIX noCTOHHHbIX, cl fJ. =0 • 3To np11BOAIIT, KaK 6bmO npennoJKe-

/J. 
HO Bhlllle, K .. MaCIIITa6Hoii l!HBap11aHTHOCTI!, Eonee AeTailbHOe np11-

MeHeH11e 11neii HapyllleHHOH- KOHcpOpMHOil CIIMMeTp1111, no-BHAl!MOMY, 

n03BOilllT pa3pa6oTaTb MeTO/:lbl Bbl'IIICileH11H nonpaBOK K ac11MnTo

TH'leCKl!M 8BTOMOAeilbHhIM. 3Ha'leHu:HM cpopMcpaKTOpOB Heynpyr11x 

nenToH-anpoHHhIX npoueccoB. 

OTMeTHM, 'ITO B MaC11ITa6HO-IIHBap11aHTHhIX Teop11HX, Hanpn-
4 

Mep, B Teopn11 C B3al!MOAeilcTBl!eM ,\¢ , acnMnTOTl!'leCKOe 

noBeneH11e KOHTpon11pyeTCH cpIIKC!!pOBaHHhIMII cnHrynHpHOCTHMII Tll

na BeTBneH11il, B TO BpeMH KaK CIIIlbHhie B3allMOAeilCTBl!H l!MeIOT 
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peAMeBCKYJO 8CllMilTOTIIKY II noaTOMY np11HUIIIl 8BTOMOAenbHOCTII, 

nO-BIIAIIMOMY, He np11BeAeT K none3HblM peaynhT8T8M np11 113Y,Ie

HIIII 'lllCTO Clln&Hb!X B38IIMOAeHCTBIIH. 
," 

Hcnonb3YSI anre6py TOKOB, AnlI npeAenbHblX aBTOMOAen&Hb!X 

3Ha'leHIIH cpopMcpaKTOpOB MoryT 6bITb nony'leHbl npaa11na cyMM, 

- /11 17/ 
COAepMam11e IIHcpopMaUIIIO O CTpyKType BAPOHHoro TOKa 1 

• 

4>ypbe-o6pa3 All81:'0HanhHOro MaTpll'lHOro aneMeHTa KOMMyTaTopa 

aneKTpOMarHIITHb!X TOKOB 

· -lqx e.m. e.m. c 
R (p,p',q)=fdxe <p;p'inJ[J (x),J (0)]Jp,p'in·> 

µv · µ V • (19) 

CBSI38H aen11'll!HOH p (p, p ', q) , onpeAengromei1 ce'leHne npouecca µv . 

(5) COOTHomeHneM: 

Rµv (p,p ', q) =Pµv (p,p ',q)+ ;µv (p,p',q)-pvµ(p,p,-q)-pvµ (p,p',-q ), (20) 

rAe 'lepea p µv o6o3Ha'leH BKnaA 15 cna60CBlI38HHblX z -Anar-

p8MM, Ha 3aKOHa coxpaHeHlllI IIMnyn&ca H ycnoBHlI cneKTpanbHOC

TH cneAyeT, 'ITO npn q 2 > O: 

2 2 
p (p,p ',q)=0(v)0((y';--v'q2) -m )p (p,p',q) 
~ N ~ 

(21) 

p= (p,p ',q)=0(-v)0(m~-(v';-+v'~>2)p (p,p ',q), 
µv · µv 

(22) 

ll, T8KIIM o6pa30M, B !pll311'leCKOH 06nacT11 BKnaA p (p ,p ,q 
µv 

TO'lHO paBeH Hynro. OAH8KO np11 Bb!BOA·e npaann CYMM ncnon&ayeT-

ClI BCSI o6naCTb, KaK !p113H'leCK8lI, TaK II aecp11an'leCK8lI, II TOrAa 

HeHyneBOH BKnaA MOryT A8Tb z -AnarpaMMbJ ll3 BTOpOH 'l8CTH 

KOMMyTaTopa p= (p,p :-q) • MoMHO ll0K838Tb, 'ITO npn o6b1'1HhlX 
. vµ 

npeAnonmKeHnSIX, o6menpnHSITbIX npn BbIBOAe npaa11n cyMM npn 

llOMomn anre6pbl TOKOB, BKnaA STllX AllarpaMM CTpeMllTCSI K Hynro 

npn 

Ahl 

S ➔ 00 • KaK BHAHO ll3 ycnOBlllI (22), B STOM npeAene BKna-

z -AnarpaMM on~eAenSIJOTCSI npoMeMyTO'lHbIMl! COCTOlIHlllIMII 

BAPOHOB N C 6eCKOHe'lHO TSIMenbJMl! acpcpeKT!!BHb!Ml! M8CC8Ml! 

10 

2 
m • .Uei1CTB11TenbHO, BKnail AllarpaMM onpeAenSieTCSI BbipaMe-

N 

HlleM Tllna: 

00 

1-Jp<->(p,1>',-lq 
TT O TL 

{ 
00 dm; <-> , 

1)=--f-p (p,p ,-lqol ). 
0 TT • 2E TL 

N 

(23) 

TTpeAIJOnaraSI, 'ITO MOMHO 113MeHIITb nopSIAOK 11HTerp11poaaHlllI 11 

nepexoAa K. npeAeny 
S 400 , 11 nepeXOAlI K 9TOMY npeAeny IlOA 

2 
3H8KOM l!HTerpana np11 !pllKCIIPOBaHl!OM 3Ha'leHllll m N. , H8HAeM, 

'ITO aKnaA miarpaMM B npaa11nax cyMM IIC'leaaeT B aTOM npeAene. 

OKOH'laTenbHO STII npaB11na cyMM np11H1IM8JOT BIIA: 

1 euo <-> -fdeuF (a,,8,eu)=B 
1T O TL xz 

(a, ,8)- B (a ,,B ) 
zx 

(24a) 

1 (u 0 

- ( d eu eu FT ( a , ,B , eu ) = C xx ( a , ,B ) 
TT d 1. 

(246) 

euo 
1 . 
- f d eu eu FT ( a , ,B , eu ) = C YY ( a, ,B ) 
TT O 2 

(24a) 

1 euo 
-Jdeu eu F (a, ,B ,eu ) = C (a,,8 ) 
TT L zz 

(24r) 

1 euo C+> 
-Jdeueu F (a,,B,eu)"'C (a,,B)+C (a,,B ), 

1T O TL xz zx 
(24A) 

rAe a ' ,B !I Cu - HeKOTOpbie 6eapa3MOpHbie KOM6l!H8UIIII HH-

aapnaHTOB, a 6eapaaMepHbJe aenn'll!HhI 8
1
; (a,,B) n C11 (a,,B) on

peAeneHh'. cneAyrom11M o6paaoM: 

B Ii (a, ,B) = fi,m P OB IJ ( P• p4'), 
P

0
,P O ➔ oo 

C (a,,8) = £im C (p-;p"" ) 
IJ , Ii 

p ,P ➔ 00 
0 0 , 

(25) 

a /,8 - !pl!KC, a , ,8 ~ !pl!KC. 

➔ ➔ ➔ e.m. ➔ e.m. c 
B (p,p')=-ifdx<p,p'inJ[J (x,O),J (0)]Jp,p'in> 

1; i l 

(26) 

11 



➔ ➔ ➔ • e.m. ➔ e.m. c 
C (p,p ')=,-if dx<p,p'in j[J 1 (x,O), J J (0) ]I p,p 'in> 

IJ . . 
(27) 

npaBbie' 'iaCTH paBeHCTB (24) cymecTBeHHO 3aBHC5IT OT BhI6opa 

KOHKpeTHOll Monenn H noaTOMy MoryT cnylliHTb KpHTepneM nnSI 

Bb16opa Toft !Inn HHofi Monenn, onpenenmomeft cTpyKTypy aneKTpo

MarH11THoro TOKa anpOHOB, B 'iaCTHOCTH, nnSI nonSipH3aUHOHHOro 

qiopMq>aKTopa H3 (24a) cnenY_eT, 'iTo 

lilo C-> 
JdwF (a,{3,lil ),,, 
O TL 

J const 

l o 

(Monenb KaapKoB) 

(anre6pa noneft), 
(28) 

HanelliHYIO HHq>OpMaUHIO 0. cneKTpe Mace AH-MIOOHa MOlliHO nony

_.'iHTb, aocnonb30BaBWHCb rrmoTe30ll BeKTOpHofi AOMHHaHTHOCTH • 

. B uenSIX np11MeHeH1!5I rnnoTe3bl BeKTOPHOll AOMHHaHTHOCTH yno6Ho 

npencTaBHTb TO'iHYIO qiopMyny nnSI cneKTpa Mace B BHAe: 

2 2 2. 2 
_du=!:_ _1_·(1- q -4m /.l) V q -4m/.l .a y*(s, q 2 ), 

2 2 2 2 dq 211 q 3 q q 

y* 
rne: a_ eCTb nonHoe ce'ieH11e polliAeHHH aHpTyanbHoro y* 

(29) 

qioToHa a npouecce p +p ' ➔ y* + anpoHhI, CornacHo r11n0Te3e 

BeKTOpHOll AOMl!Hi;;HTHOCTII, OHO CB5I38HO C nonHhlM Ce'ieHHeM o6pa-

30BaH1!5I peanI,HbIX BeKTOpHblX Me30HOB B. npouecce p+ p '➔ V +anpoHbl 

cneny101IIHM o6pa3oM: 

* 2 2 2 2 2 '2 ,1. 
Y ( 2) a [( m 0 ) 411 p mlil 4 lil m,1. 4 'I'. 

a s,q =4 -"-- --a (s)+(--) --1!...a (s)+(~l~a (s)l ) 
m2-q 2 y t m2-q2 y 2. · m 2_q2 y¢ ,{30 

p <,J <,J ¢ 

. n oncTaanSISI ( 30) B (29) II aocnonb30BaBWHCb 8KCnep11MeHTanhHbIMII 

naHHblMH 06 o6pa30BaHHII BeKTOpHbIX Me30HOB B CHnhHbIX B3al!MO

neficTBHHX, OKOH'iaTenbHO nony'iHM nnH cneKTpa Mace AH-MIOOHa, 

o6pa3y10wero B npOTOH-npoTO_HHblX CTOnKHOBeHHSIX C 

cneny10mee BbipallieHue ( m aa y q2 ·): 

/1/1 

12 

raa 
p lab=28,5-c-

!-

,11 
(\ 
1 

I 

?
;,, 

.. 

:., 
\ 
'1, 
I 

I 

d
. PP a . 

dm 
/1/1 

2,2. 10-34 

·m 5 

/1/1 

2 
.£.?:!_ 
raa 

(31) 

C60TaeTcTay10maSI KPHBaSI npHaeneHa Ha pHc, 3 n xopowo cornacy-
. · /23/ 

eTCSI C npenBapHTenbHbIMH naHHbIMH rpynnhI nenepMaHa • B 

§6 nony'ieHa oueHKa ·nnSI HHlliHero npenena cneKTpa Mace AH-MIOO

Ha, CBSI3b1Ba10waSI ee c aHanHTH'ieCKHM npononllieHHeM nonHoro 

ce'ieHHSI npOTOH-npoTOHHoro B3al!MOAefiCTBll5I a· Heq>H3H'ieCKYIO 06-

naCTb, .. MaTpll'iHblll aneMeHT npouecca. o6pa30BaHl!5I AH-MIOOHa; Kor

na lr'I ➔ oo paaeH: 

e.m. · c p' . e.m. c 1 
<NoutlJ (O)lp.p'in->- !J!<NontlJ (O)I p,p 'in> +0(-) (32) 

/1 ,• fp'l..;;,;,E' ··· 0 IP'I. 

STo 03H_a-qaeT, 'iTO npouecc rnaBHhIM o6pa3oM onpenenSieTCH ay

neaoft KOMilOHeHTOll aneKTpOMarHHTHoro TOKa, T,e. HMeeT 'Kyno

HOBCKHll' xapaKTep. Hcnonb3Y5I (32) B npenene Eb~pKeHa, MOlli-

HO nony'iHTh cneny10my10 np116n11llieHHy10 qiopMyny nm1 cneKTpa Mace 

AH-MIOOHa: 

pp 2 2 0 • . 2 °max 

~=~-m-Jd~ J doyo 
,dq

2 
311

2
·s2q 4

qi..o 0mln 

2_~2a (o.~2 ). 
PP 

(33) 

2 
3necb a PP (o .~ ) npencTaBnSieT co6oft aHan11T11'iecKoe • npononllieHue 

nonaoro Ce'ieHHSI npoTOH-IlpOTOHHoro pacceHHHSI B Heq>l!3H'ieCKYIO 

o6nacTh, rne KBanpaT MaCCbI onnoro H3 npoTOHOB paaeH oTpuua-

Tem,noft aenH'iHHe ~ 2 
a HHBapuaHT o paBeH aHepruu aTo-

ro llie·npoTOHa B na6opaTOpHOll CHCTeMe, EcnH H3 aKCHOMaTl!'ieCKOll 

Teopuu nonSI un11 113 ananHTH'ieCKofi TeopHH s -MaTpHUbl nony-

'iHTh orpaHH'ieHue Ha a 
PP 

BHe MaCCOBOll .noBepx_HOCTH, TO qiop-

Myna (33) ·HeMenneaao nacT orpaHn'ieH11e Ha cneKTP Mace. 

B §7 nepao1i: rnaab1 ·H3y'ieH npouecc aneKTpopollineHHH c 

OAHHM BhIAeneHHblM anpoHOM B KOHe'iHOM COCTOSIHHH: 
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0 2 J 4 5 6 m,1 ras-

P11c. 3. TTpencKaaaH11e Monen11 BeKTdpHoli noM11HaHTH0CTII nmr_ 
CIIeKTpa Mace illl-MIO0Ha, o6paayromerocg B np0T0H-npoT0HH0M 

CT0nKH0BeHIIII c p 
1 

= 28,5· . .IfilL cornaCH0 cpOpMyne (31 ). 
ab C 

3Kcrrep11MeHTanbHbie T0'!KII C00TBeTCTByIOT npenBap11TenbHbIM naH
HhIM flenepMaHa II np. 1231 np11. Tali )Ke na6opaTopaoli aaepr1111 

npoT0H0B nng illl-MIO0H0B c na6opaTopHbIM l!MnynbC0M 

p > 14 ..LfilL 
/1/1 C 

14 

e-+p ➔ C- + p + anp0Hbl , (34) 

npoTeKarom11li B onaocpoTOHHOM np116n11)KeH1111 cornacao n11arpaMMe 

p11c. 4, 

,-
p' 

P11c. 4. rny6oKo aeynpyroe nenToa-anpoaaoe paccega11e c.onH11M 

Bb!ileneHHbIM anp0H0M B K0He'!H0M C0CT0HHl!II, 

Ba11ny Kp0CCl!HI'0BbIX CBOliCTB Teop11H nong 3Ta peaKUl!H TeCH0 CBH38Ha 

C npouecC0M' (5) o6pa30BaH1151 nenT0HHOli napbl B CJWbHbIX B3811M0- . 

neliCTBll51X 

r (p,p:ql=p (p,-p',-q). 
µv µv (35) 

Ha 0CH0Be aBT0M0i:tenbH0CTII Halineaa CBH3b ITHTII CTpyKTypHbIX 

cpyHKUllli npouecca (34) c 0ilH0BpeMeHHbIMII K0MMYT~TopaMII K0M

noHeHT aneKTpoMaI'HIITH0I'0 T0Ka II ee 1Ip0113BOJ.:{iIOli, OTMe'!eHo, 

KaKIIM o6paaoM 'nony'!eHHhie npaa11na cyMM MoryT cny)KIITb KpllTe

p11eM nng BhI6opa paan11'IHbIX Moneneli aneKTpOMaI'HIITHOI'O T0Ka. 

B §1 BTOpoli rnaBhl C00TH0IIleH11e Annepa Me)Kny Ce'leHIIHMll 

B3allM?i:teliCTBll51 HeliTpllHO I! aHTllHeliTpllHO C HyKn0H0M 11ccnenyeT

CH ilBYMH paan11'!HhIMH .. MeToi:taM11: Ha 0CH0BaHllll TeopeMhl <PparMe

Ha-flllHi:tenecpa II npll IT0M0illll caepxcxonHillllXC51 n11cnepCII0HHbIX 

npaa11n cyMM, B n_epB0M nonxone 11cnonbayroTCH ac11MITT0Tl!'leCK11e 
/24/ . 

TeopeMhl A.A. ~oryHOBa C C0TpynHllKaMll nng aMITnllTyn yrr-

pyroro pacceHHIIH HeliTpllH0 ll aHT11HeliTp11Ho aa rrpoToHe .. B Harr-
Vp ·i7p 

paanea1111 Brrepen M . (E) 11 M (E) B paMKax H11a111ero np1I6nll)KP-

15 



HIISI IIO KOHCTaHTe cna6oro B3allMOJlellCTBIISI G • CneAyeT, OAHa-• 

KO, IIOA'IepKHyTh, 'ITO aMIInllTYJlhl rrpoueccoB cna6oro B3allMOAeii

CTBIISI MOI'yT, Boo6me I'OBOpSI, He YAOBneTBOpS!Tb ac11MIITOTll'IeCKO

MY ycnOBll!O 

Re M(E) 
----➔ O 

Im· M(E) 
rrp11 E -➔ ,oo __ , (36) 

KOTopoe Heo6XOAIIMO Jlnll JlOKa3aTenbCTBa TeopeMbl TioMepaH'IyKa 

0 paBeHCTBe rronHhIX Ce'IeHllll 'IaCTIIU II aHTll'IaCTIIU IIpll AaHHOM 

IIOAXOAe. PaaAen11M aMIImiTyAhI Ha ABe 'IaCTII 

VP Vp VP 

M =M +ti (37) 

~{ P;,. Mii'P + ti vp• (38) 

VP · Vp 
I'Ae Benll'IIIHbl ti II ti orrpeAenSIJOTCSI IICKn!O'IIITenbHO scjiqieK-

TaMII c11nbHbIX B3allMOJlellCTBllll II o6paIUa!OTCSl B Hynb, ecn11 IIX 

BbIKn!O'IIITb, a aMrrn11TyA·b1 M VOP II M f P Aa!OTCSI AllarpaMMaMII 

<PettHMaHa, rrp11BeAeHHhIMII Ha p11c. 5 (rrp11 0
0

=0 '): 

~xp 
11,'"t,1= P nJ... :· M?P(E) = 

v e• -

~p 

P11c. 5. l111arpaMMhI ct>efiHMaHa AnH aMrrn11TyA. yrrpyroro paccesiH11si 

HefiTplllIO II aHTIIHefiTpllHO Ha rrpOTOHe B H113IUeM rropSIAKe IIO G . 
rrp11 Bb!Knici'IeHHblX c11nbHbIX B3allMOAellCTBIISIX. 

Vp 

Tipenrronarasi, 'ITO Benll'IIIHhI ti 

TOTll'IeCKOMY Tpe6oBaHIIJO: 

Vp VP 

Rcti ➔ 0, Re ti ➔ O 
Im ti vp Im tiVP 

16 

Vp 

11 ti YAOBneTBOpSI!OT aCIIMII-

IIpll E ➔ oo, (39) 

·( 

rrony'IIIM Ha ocH0BaH1111 TeopeMhI <t>parMeHa-n11Hneneqia rrpo11HTer

p11poBaHHoe COOTHOllleHII~ Annepa: 

Vp lip 
fim ( a - a ) = 
E ➔ oo 

Vp 
a 

0 

2 
G 

= -2m E 
11 (40) 

llnsi Toro, 'IT06hI rrony'IIITb COOTIIOWe_rme MelKAY n11¢¢epeHu11anh

HbIMII Ce'IeHIISIMII, MOlKHO BOCIIOnb30BaTbCSI MeTOAOM CBepXCXOASI-

/25,26/ 
IUIIXCSI AIICIIepCIIOHHhlX rrpaB11n CYMM • BhI'IIITaSI HepeAlKeBCKllll 

BKnan 'IIICTO cna6oro B3allMOAeHCTBIISI, rrpenrronOlKIIM, 'ITO OCTaB

waSICSI 'IaCTb aMIInllTYAhl YAOBneTBOpSieT ycnOBll!O ·cBepXCXOAIIMOC-

TII, 'ITO BeCbMa rrpaBAOIIOA06Ho, TaK KaK C TO'IKII 3peHIISI peAlKIIC

TIIKII ee aCIIMIITOTll'IeCKOe IIOBeAeH11e AOnlKHO orrpenenSITbCSI p -

TpaeKTOp11efi: 

J
oo =ct)-( . 2 - 2 

-oo Im T v, q ) d v = 0, q < 0. 

/6/ 
3To COOTHOllleH11e 9KBIIBaneHTHO rrpaB11ny· cyMM Annepa 

davp da"P 
fim (------) 

E ➔ oo dlq2 I dlq 2 I 

2 
G = -- ( cos 

2
0 c + 2 sin 

2 
0 c). 

11 
(41) 

B §2 paCCMOTpeHbl rrpoueCCbl (6). (7) o6pa30B8HIISI rrap neIITOHOB 

-- + . 
/l v /l 11 /l v 11· B c11nhHbIX B38IIMOAeHCTBIISIX, .KaK cornacHo o6hI'I-

HOll YHIIBepcanhHOll Teop1111 qiepMlleBCKOI'O TIIIIa, TaK II B peaynh

TaTe pOlKAeHIISI 'W -Me30Ha, 

Tpe.ThSI. rnaBa IIOCBSl!UeHa HeKOTOpblM BOIIpocaM Teop1111 BbIC

llIIIX CIIMMeTpllli sneMeHTapHbIX 'IaCTIIU, Y crrex11 Teop1111 SU (6 )

CIIMMeTpllll yc11n11n11 IIHTepec K IIOIICKaM HOBhlX rpyrrrr CIIMMeTpllll 

sneMeHTapHbIX 'IaCTIIU. B §2 TpeTbeli rnaBbI, IIOCBSillleHHOM aHan11-

ay cjill311'IeCKOI'O CMbICna reHepaTOpOB rpyIIIIbl SU(6) • B 'IaCTHoc-

TII, naeTCSI TeopeT11Ko-rpyrrrroBoe orrpeneneH11e orrepaTopy MaI'HIIT

Horo MOMeHTa, 'ITO II03BOnSieT Bhl'IIICnSI'rb ero MaTpll'IHbie sne

MeHThl B nro6hIX rrpencTaBneHIISIX rpyrrIIhl. Tip11 9TOM cnenyeT CBSI3b 

MelKAY MBI'HIITHhIMII MOMeHTaMII 'IaCTIIU 113 56-rrneTa II 35-rrneTa, 

KOTopy!O KpaTKO MOlKHO Bblp8311Tb B BIIAe paBeHCTBa MaI'HIITHblX 

MOMeHTOB rrpOTOHa II p+ -Me3oHa: /l =JI + • 3To II03BOnSieT 
P r p 

17 



Bhlp8311Tb 'lepe3 MarHIITHhlll MOMeHT npoToHa MarHIITHhie MOMeH

Thl II IIIIIPI!Hhl pairnau110HHhIX pacnanoa acex BeKTOpHbIX M830HOB 

113 35-nnern: µ. =µ. + =µ. *+=3µ. ·= y3µ. =µ • CqiopMy-
P p K p ➔ TT P ➔ 1/ W➔ TT 

n11poaaHHaH 3AeCb r11n0Te3a O CBH3ll MarHHTHOro MOMeHTa C re-. 

HepaTopoM rpynnhI SU (6) , KaK 6bmo OTMe'leHo n.,n. Conoabe-
/32 / 

Bb!M , naeT Te lKe pe3ynbTaThI, "ITO II HepenHTIIBIICTCKaH KBap-

KOBaH MOAenb, ecn11 C'IIIT8Tb, "ITO MarH11THblll MOMeHT KBapKa He 

/33/ 
38BIICIIT OT Toro, H8XOAIITCH n11 KBapK B 6ap110He 11n11 Me30He 

OnHaKo aTa r11n0Te3a no3aonneT 06oii.T11Cb 6e3 npennonolKeHIIH 

0 cymeCTBOBaHIIII KBapKOB, 11cnonb3YH numb rpynnoaoii. H3hIK. 

B §3 nnn oimcaHIIH CIIMMeTpllll CIICTeMhl IlOKOHmllXCH anpoHOB 

np11MeHHIOTCH KOMMyTaUIIOHHbie COOTHOIIIeHIIH anre6pbl BeKTOpHbIX 

noneii.. ITp11 3TOM BMeCTO SU ( 6) B03H11KaeT 35-napaMeTpll'lecKaH 

HeKoMnaKTHaH rpynna SU (2) x SU (3). T24 , nann10mancn nonynpHMhIM 

npo113BeAeH11eM rpynnhI SU (2) x SU(3) Ha a6eneay nonrpy1my 

TpaHcnnu11ii. B 24-MepHOM npoCTpaHCTBe T24 • ITp11 aToM nnn 

OTHOIIIeHIIH d - II f -CBH311 B aKc11anbHOM' TOKe Mb! np11xo-

AIIM K pe3ynbTaTy 

d f = 3, {42) 

'!TO 0Tn11qaeTCH OT pe3ynhTaTa SU(6) 11 cornacyeTcH c pe3ynb-

TaTOM AIIC!IepC110HHbIX npaa11n cyMM 

/35/ 

/28/ _ 
C r11n0Te30II HeaAAIITIIB-

HbIX KB8pKOBblX TOKOB 

B §4 nony'leHa MaCCOBaH cjJopMyna nnn npOll3BOnbHoro Mynb

T11nneTa SU (6) 
/36/ 

p1111 

e 

B §5 o6cylKAaeTCH npo6neMa penHTIIBll3aUIIII SU (6) -CIIMMeT-

/31/ /37 I , 
( cM. TaKlKe ) • O6cylKAaeTcn c11MMeTp11n SL (6, C ):'1

36
• , 

8 §6 113Y'l8IOTCH B03MOlKHhie CIIMMeTpllll nenTOHHOll CIICTeMbl 

/1 V 
e 

11 v • Yxa3aHo, "ITO c TeopeTIIKO-rpynno
/1 

BOll TO'IKII 3peHIIH MelKAY IlOHHTIIHMII aneKTp11'18CKOro II MIOOHHOro 

3apHAOB cymecTayeT onpeneneHHOe paBHOilp8Blle, '!TO np11BOAIIT 

K cneny10meii. B03MOlKHOll uenO'IKe HapyllleHHhIX nenTOHHb!X CIIM

MeTp11ii.: 

18 

I 

SU ( 4 ) :) Sp ( 4 ) :) SU (2 ) x SU (2 ) :) SU ( 2) . 
(43) 

ITpennonaran, "ITO a3a11Moneii.cTa11e, np11aonnmee K pacmenne~1110 

Mace nenTOHOB ,npeo6pa3yeTCH KaK T : - KOMilOHeHTa TeH30pa 

I 
T k , np11HannelKamero K 15-MepHOMY np11coen11HeHHOMY npeg-

cTaaneH1110 rpynnh1 SU ( 4) , MOlKHO 'nony'lllTb cneny10my10 Macco

ay10 qiopMyny nnn nenTOHOB 

m =m + m 
0 IQQ/1 • (44) 

rne Q 

nea11e 

30M 

- ·aneKTpll'leCKllll, a Q . - MIOOHHblll 3apMbI. ITpOll3Be-
/1 

QQ OTnll'lHO OT uynn TOnbKO nnn MIOOHa II TaI(IIM o6pa-
/1 /38-40/ . 

OH oTmenmieTCH OT OCTanbHbIX nenTOHOB 

B §7 11ccnenyeTCH aonpoc O IlOCTpOeHIIII penHTIIBIICTCKIIX 

npeACTaBneH11ii. noKanbHOll anre6pbl TOK013 • .Unn 3Toro nonpo6HO 

ll3y'leHhl CBOllCTaa MarpH'lHhIX aneMeHTOB 'TOKOB MelKAY COCTOHHIIH

MII c npOll3BOnbHbIM CilllHOM np11 nopeHUOBCKIIX npeo6pa30B8HIIHX. 

IToKaaauo, '!TO 3TO paCCMOTpea11e cymeCTBeHHO ynpomaeTCH B CIIC

TeMe p =oo II AnH npOll3BOnbHOrO noKanbHoro onepaTopa r (x) 
z 

HMeeT MeCTO cneny10mee COOTHOI1IeH11e MelKAY MaTpll'!HhIMII ane-

MeHTaMII,, Bbl'lllCneHHhlMII B CIICTeMe p z = 00 

Ta: 

II B CII.CTeMe Epeii.-

< m',s';~,'O,p = 00 ,A"lr(O)Jm,s ;-..t,o,p ,,\ > 
2 z . 2 z 

(45) 
, . a q I 

=V_:__f_E' L, d,\,, (w ')<m',s';0,0,-2,µ 'IGr (O)G- Jm,s;0,0,-.!IJ,µ>(\ (w), 
E /1/1 /1 2 , .. ,. 

rne w - yron BllrHepOBCKOro 'BpameHIIH tgw = 2 m k , a tu 

m '~m 2 +k 2 

nony'laeTCH 113 w 3aMeHoii. m '<-➔m, k ➔- k • 11cnonb3YH BhITeKalO-

m11e OTCIOAa yrnOBhie ycnOBIIH, MOlKHO HallTII penHTIIBIICTCKlle npen

CTaaneHIIH noKanbHhIX KOMMyTaUIIOHHbIX COOTHOI1IeH11ii.. AHanorll'lHhie 
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rrpencTanneHHll 6hinH l!CIIOnbaonaHhl nnll HaXoMneHl!ll penl!THBHC'!'CKHX 

rronpanoK K aKCHallhHOii KOHCTaHTe ~ -pacrrana B penl!THBIICKOH 

Monen11 MeaoHOB, IIOCTpOeHHhIX Ha cno6onHOl'O KBapKa II aHTHKBap-
/47 / 

Ka 

TaKl!M o6pa3oM, OCHOBHbIMH peaym,TaTaMJI nnccepTaUHH llB

llll!OTCll: 

a) <iopMYllHPOBKa IIPIIHUHIIa aBTOMonenbHOCTH, rroanOllllIOIUall 

rrpoCTbIM H 9KOHOMHbIM crroco6oM ormca Tb 6ollhlllOe KOllH'leCTBO 

aaKOHOMepHOCTeii B rny60KO Heyrrpyl'HX neIITOH-anpoHHhIX naaHMO

neiiCTBl!llX; 

6) BhIBOn Ha OCHOBe CO'leTaHHll rrpHHUHIIa aBTOMonenbHOCTJI 

H anre6pbi TOKOB crreunanbHhIX rrpaBHll cyMM, noanonll!OIUHX, n IIpHH

UHIIe, ,pellll!Tb qiyHnaMeHTanbHhiii norrpoc O CTPYKType anpoHHOl'O 

sneKTpOMal'HHTHOl'O TOKa; 

a) rrony'leHO 'rrpencKaaaHHe nnll crreKTpa Mace nH-MIOOHa, 

06paay10merocll IIpH rny60KO Heyrrpyl'HX anpoHHhIX CTOllKHOneHHllX 

Ha OCH One I'HIIOTeabI BeKTOpHoii noMHHaHTHOCTI!; 

r) naH HOBhifi nhrnon COOTHOilleHHll Annepa nnll rny6oKO He"." 

yrrpyl'HX HellTpHHHhIX peaKUHll, OCHOBaHHhiii Ha IIpHMeHeHHH TeopeMhl 

¢pal'MeHa-flHHneneqia H MeTona cnepxcxcnllIUHXCll nncrrepCIIOHHhIX 

rrpanHn CYMM; 

n) cqiopMynnponaHa I'HIIOTeaa O IIpllMOil cnllaH onHOI'O Ha 

reHepaTopon rpyIIIIhI SU (6) C MaI'HHTHbIMH MOMeHTaMH anpoHon. 

3THM rryTeM rrony'leHbl COOTHOilleHHll MeMny Mal'HHTHhl~II MOMeH

TaMH 6apHOHOn aa 56-rrneTa H. MeaoHon Ha 35-rrneTa, ynonneTBOpH

TellbHO cornacy10m11ecl1 C 9KCIIepaMeHTallbHhIMH naHHhIMH, 

e) npennmKeHbl paana'IHhie MOnllqJHKaUHH rpyrrnhl SU ( 6). 

Ha116onee IIHTepeCHOll llnnlleTCll CTaTl!'leCKall CHMMeTpl!ll, OCHOnaH

Hall Ha HeKoMnaKTHoii 35-napaMeTpH'leCKoll rpynne SU ( 2) x SU\ 3 ), T 
- 24' 

Ha KOTOpoll BbITeKaeT d/ f = 3 

3TH peaynbTaThl noKnanhIB8llHCb Ha ncecoI03HbIX H MeMny
/5,10-12 17 

HaponHhlX KOHqiepeHUHllX H orry6nHKOnaHhl B pa6oTaX ' • 
29-31, 34,36,39,40,43/ 
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