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S u m m a r y 

The le'cture by D. V. Volkov delivered for 
the young physicists of the JINR presents 
a.review on the recent progress in the 
problem of vacuum transitions in dual models. 

In the lecture the following questions 
are considered:, 

1. The quark structure of hadron reso
nances as a consequence of the duality prin
ciple. 

2. The role of the induced vacuum tran
sitions in establishing the connection 
between quarks and duality. 

3. The spontaneous vacuum transitions 
in the A ¢3 -theory. 

4. A rearrangement of the dual amplitu
des due to the introduction of the induced 
vacuum transitions. 

5. The perturbation expansion of the 
rearranged dual amplitudes~ 

6. An integral repFesentation for the 
rearranged dual amplitudes. 

7. Analytic continuation of the integ
ral representation and its connection with 
spontaneous vacuum transitions in the Vene
ziano model. 

8. The SU(2)xY1 xY2 x • • • • • • internal symmet
ry as a consequence of a spontaneous vacuum 
transition in the case ofao =1 (the Viraso
ro model) 
and other questions. 

© 1975 O61,eouHeHHbru UHc111u111y111 A0epHblX uccAeooeaHuu ,l(y6'!a 

1. Beeoenue 

B uacTOJIIQeii neKIJ;HH JI nonpo6yro B nonynJ1puoii, uacKonL
KO 3TO BO3MO)KHO, d>opMe C,llenaTL 063op pa6oT' BLmonHeHHLIX 
B nocne,lluee BpeMJI A.A.JKenTyXHHLIM, A.lLilawueBLIM H 
MHoii I 1- 3 /. B 3THX pa6oTax u3y11anHCL pa3nH11HL1e Bonpo

cLI, CBJl3aHHLie C HH,llyu;ilpoBaHHLIMH H CilOHTaHHLIMH nepe
XO,llaMH 11aCTHIJ; B BaKyyM B ,llyanLHLIX MO,llenJIX. PacCMOT

peHHe npoBO,llHnOCL HanpHMepe MO~enH Beueu;HaHO, O,llHaKO 

npe,llcTaBnJleTCJI, 11TO OCHOBHLle BLIBO,llbl npHMeHHMLI K nro6oii 

H3 H3BeCTHLIX B HaCTOJIIQee BpeMJI ,llyanLHLIX MO,lleneii. 

. O6cy)l(,llaeMble B neKIJ;HH BOilpOCLI CBJl3aHLI co CTPYKTypoii 

a,llpOHHLIX pe3oHaHCOB, Il03TOMY JI npe)l(,lle Bcero B o6IQHX 

qepTax HailOMHIO, 11TO cyIQeCTByeT ,llBa OCHOBHLIX T~opeTH

qecKHX IlO,llXO,lla K IlOHHMaHHIO TaKOB CTPYKTYPLI, Co,llep:>KaHHe 

nepBoro H3 3THX IlO,llXO,llOB CBO,llHTCJI K yTBep:>K,lleHHIO, 11TO 

BCe a,llpOHHLle pe30HaHCLI IlOCTpoeHLI H3 KBapKoB; Me30HHble 

pe3oHaHCLI COCTOJIT H3 KBapKa ii aHTHKBapKa, a 6apHOHHLle -

H3 Tpex KBapKOB. YKa3aHHoe YTBep:>K,lleHHe ne:>KHT B 0CHOBe 

WHPOKO HCilOnL3YeMLIX B HaCTOJIIQee BpeMJI pa3nH11HLIX KBap

KOBLIX MO,lleneii. 

Co,llep>KaHHe BToporo no,llXO.Ila ocuoBL1BaeTCJ1 ua cTonL 

>Ke KpaTKOM YTBep)l(,lleHHH, 11TO pe3oHaHCLI IlOCTpoeHLI H3 

pe3oHaHCOB. Ilocne,llHee YTBep:>K,lleHHe HCilOnL3yeTCJI B pa3-

nH11HLIX cxeMax, CBJl3aHHLIX C H,lleonorHeii 6yTCTp3na. HaH-

6onee npeTeHIJ;H03HLIMH H3 TaKHX cxeM JIBnJIIOTCJI pa3nH11Hble 

,llyanLHLle MO,llenH, nony11HBWHe WHpoKoe pacnpocTpaueHHe 

B nocne,llHee BpeMJI. B ,llyanLHLIX Mo,llenJ1x Y!Bep>K,lleHHIO o 

IlOCTpOeHHH PC::30HaHCOB H3 pe30HaHCOB 6L1na npH,llaHa npoc

TaJI H CO,llep>KaTenLHaJl•MaTeMaTHlfecKaJI 4>opMa ,llyanLHOCTH 

BBB.Ile oripe,lleneuuoro paBeHCTBa B aMnnHTy,lle pacceJ1HHJ1 

BKna,llOB OT pe30HaHCOB B pa3nH11HLIX KpOCCHHrOBLIX KaHanax. 
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IIpe,l(CTaBJieHHe O KBapKaX H IlOHBTHe ,l(yanLHOCTH o6Ll'IHO 

npe.l(nonaraIOTCB He3aBHCHMLIMH H qacTO paccMaTpHBaIOTCB 

B pa:~rnax e,l(HHOH MO,l(enH, CO,l(ep:lKa~eii TOT HnH HHOH BapHaHT 

,l(yanLHOCTH O,l(HOBpeMeHHO C HeKOTOpoii KBapKOBOH CTpyKTy

poii, BBO,l(HMOH MeTO,l(OM llaHa-Ila TOHa / 4 / HnH MeTO,l(OM 

,l(HarpaMM XapapH· Po3Hepa /5/. IlpH 3TOM npe.l(nonaraeTCB, 

~TO ,l(nB nro6oii ,l(yanLHOH MO,l(enH BO3MO:lKHO IlO,l(KnroqeHHe 

mo6oro qHcna KBapKOB c TOqHoii HnH HapyweHHoii SU (n) -

CHMMeTpHeii. 

B pa6oTax /I-3
/ Ha npHMepe .l(yanLHoii MO.l(enH BeHe· 

UHaHO IlOKa3aHo, qTo B Ka)K,l(OH KOHKpeTHOH ,l(yanLHOH MO· 

,l(enH y:lKe CO,l(ep:lKHTCB HeKOTOpaB CKPLITaB KBapKOBaB CTpyK

Typa, O,l(HO3HaqHo onpe.l(enBeMaB BHyTpeHHHMH CBOHCTBaMH 

TaKoii MO.l(enH. , 

6 6 /1-31 0 ~aB cxeMa ycTaHOBneHHLIX B pa oTax , OTHO -

weHHH Me)K,l(y IlOHBTHBMH H306pa:lKeHa Ha puc. 1. 

Ha npHBe,l(eHHOH cxeMe ,l(yanLHOCTL BBnBeTCJI OCHOBHLIM 

HCXO,l(HLIM IlOHBTHeM, onpe,l(eilBIOI.l.UIM HanHqHe KBapKOBOH 

CTPYKTYPLI H pe3OHaHCHLIX COCTOBHHH. B nocne,l(Hee BpeMB 

Ha BO3MO:lKHOCTL HanHqHJI CBB3H Me)K.l(y ,l(yanLHOCThlO C 0,l(HOH 

CTOPOHLI H BHyTpeHHHMH CHMMeTpHBMH H KBapKaMH C .l(pyroii 

yKa3LIBanocL B p.11,l(e pa6oT / 6 ,7 / .* · 
CBH3L Me)K.l(y .l(yanLHOCTLIO iI KBapKaMH H3o6pa:lKeHa 

Ha cxeMe puc. 1 nocpe,l(CTBOM c:rpenKH c Ha,l(IlHCLIO "HH.l(y· 

UHPOBaHHble' BaKYYMHLie nepeXO,l(bif'. IloBCHHM, qTo HMeeTCB 

B BH.l(Y, KOr,l(a MLI roBopHM O CBB3H Me)K,l(y .l(yanLHOCTLIO 

H KBapKaMH, qTo TaKaB CBB3h O3HaqaeT H KaK OHa ycTaHaB'

IlHBaeTCJI TeopeTHqecKH. 

' CBB3h Me)K,l(y ,l(yanLHOCTLIO H KBapKaMH JIBnBeTCB cne,l(· 

CTBHeM BhlpO)K,l(eHHJi cneKTpa pe3OHaHCHLIX . COCTOBHHH B 

,l(yanLHLIX MO,l(enBx. KaK H3BeCTHO, cneKTp pe3OHaHCHbIX 

COCTOBHHH B 3THX MO,l(enBX BBnBeTCB CHnLHO BbipO)K.l(eHHLIM. 

CTeneHL BLIPO:lK.l(eHHB onpe.l(enBeTcB H3BeCTHoii TeopeMoii 

·:* IlpHBe,l(eM B KaqecTBe IlP)'lfepa cne.l(yIO~ee BhICKa3LIBa-
HHe ,[l;eTnecl>ceHa H HHilhCOHa : . - . , .. , 

"We believe that there is some deep truth in the statement 
that dualitylike principles imply symmetry - including 

Sl1 <2 )-symmetry". ,, - · 
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Puc. 1. CxeMa ocH06Hb1x iwH.Rmuu, o6cyxoaeMblX e .11eK11uu, 
U C6J13eU Mexoy HUMU. 
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<l>y6HHH-rop.n;oHa-BeHeuHaHO, ,n;na ,IJ;0KaJaTenbCTBa KOTOpoii 

HcnonbJyeTCH Tpe6oBaHHe d>aKTOpHJyeMOCTH ,n;yanbHLIX aMn

nHTy,n;. KaK Il0KaJaH0 B pa6oTe / 3 /. Tpe6oBaHHe d>aKTOpHJye

M0CTH ,n;yanbHLIX aMnnHTY,IJ; co,n;ep)KHT HeHBH0e npe,n;nono)Ke -

HHe 0TCYTCTBHH B Mo.n;enH a,n;,n;HTHBHLIX JaK0H0B coxpaHeHHH. 
IlpH nanH'IHH TaKHX a.n;.n;HTHBHLIX JaK0H0B coxpaHeHHH

MeT0,IJ; <l>y6HHH - rop,n;ona - BeHeuHaHo Il0JBonaeT npoBeCTH 

paCCM0TpeHHe BLlp0)K,Il;eHHLIX COCTOHHHH T0nbK0 BHYTPH He

K0Toporo ceKTopa Mo,n;enH, onpe,n;enHeMoro Ja,n;aHHeM KBaH

T0BLIX 'IHCen BHeWHHX 'laCTHU. KaK cne,IJ;CTBHe, 3T0T MeT0,IJ; 

He B C0CT0HHHH o6Hapy)KHTb KBapK0BYIO CTpyKTYPY ,n;yanbHOH 

Mo.n;enH B cnyqae, ecnH TaKoBaa HMeeTcH. 

,ll;nH 06Hapy)KeHHH B ,n;yanbHLIX Mo,n;enHx BLIP0)K,Il;eHHH pe -

J0HaHC0B, CBHJaHH0ro C HanH'IHeM a,IJ;,IJ;HTHBHLIX JaK0H0B 

coxpaneHHH, B pa6oTe / 3 / HCil0nbJyeTCH MeT0,IJ; BBe,n;eHHH 

,n;ononHHTenbH0ro B0JMymeHHH, CHHMaromero BLlp0)K,Il;eHHe. 

TaKOH MeT(?,II; Il0CT0HHH0 HCil0nbJyeTCH B KBaHTOBOH MexaHHKe 

npH paCCM0TpeHHH Bblp0)K,Il;eHHLIX CO.CTOHHHH. 

B cnyqae ,n;yanbHLIX Mo.n;eneii B Ka'leCTBe ,n;ononHHTenbHo

ro B0JMymeHHH y,n;o6no Hcnon~JoBaTb nepexo.n;LI qacTHU 

B BaKyyM C HeKOTOpoii OTnH'IHOH OT HynH KOHCTaHTOH nepe

xo,n;a f3 /T .H. HH,IJ;YUHpoBaHHLie BaKyyMHble nepexo,n;LI/. 

IlpHMeHenHe MeTo.n;a_ HH.n;yuHpoBaHHLIX BaKyyMHLIX nepe -

X0,IJ;0B Il0JB0nHno Il0KaJaTb, 'ITO cneKTP peJoHaHCHLIX C0CT0JI

HHH B M0,n;enH BeHeuHaHO ,n;eiiCTBHTenbHO HBn.H:eTCH 6onee 

Bblpo)K,Il;eHHLIM, 'leM 3T0 cne,n;yeT HJ d>aKTOPHJaUHOHHOH Teo

peMLI 4>y6HHH - rop,n;oHa - BeHeuHaHo H 'ITO ,n;ononHHTeni.

Hoe BLlp0)K,IJ;eHHe C00TBeTCTByeT KBapKOBOH M0,n;enH c 6ec -

K0He'IHLIM 'IHCn0M KBapK0B BOJpacTaromeii MaCCbl. Ka)K,Il;aJI 

pa3H0BH,IJ;H0CTb KBapK0B CBHJLIBaeTCJI npH 3T0M C JaK0H0M 

coxpaueHHH HeKoToporo rHnepJapa,n;a Yi . KaK cne,n;cTBHe, 

CHMMeTpHH peJynbTHpyromeii KBapKOBOH M0,n;enH JIBnHeTCH 

CHMMeTpHeii YI x Y2 x ••. - rpynnLI /CM. puc. 1/. 
TaKHM o6paJOM, BepXHJIH 'laCTb cxeMLI puc. 1 yKaJLIBa

eT Ha HanH'IHe paCCMOTpeHHOH BLIWe CBJIJH Me)K,Il;y ,n;yanb

H0CTblO H BHyTpeHHeii CHMMeTpHeii H KBapKaMH H Ha Ba)KHY_IO 

ponb HH,IJ;YUHP0BaHHLIX BaKyyMHLIX nepexo.n;oB B ycTaH0BneHHH 

3TOH CBHJH. 

Ilepeii.n;eM K paccM0TpeHHIO Toro, 'ITO 0JHa'laeT CTpenKa 

Ha pdc. 1, COOTBeTCTBYJOJ.U8.H Cil0HTaHHLIM BaKyyMHLIM nepe -

xo,n;aM. 
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B nocne,IJ;HHe ro.n;LI B <}iHJHKe JneMeHTapHLIX 'laCTHU 6Lina 

OC03HaHa Ba:>KHOCTL BonpocoB, CBHJaHHLIX co CBOHCTBaMH 

BaKYYMHLIX COCTOJIHHH, C H8.nH'IHeM HnH OTCYTCTBHeM Cil0H

TaHHLIX BaKYYMHLIX nepexo.n;oB H CBHJaHHLIX C HHMH Cil0H
TaHH0 HapyweHHLIX CHMMeTpHii. 

PaCCMOTpeHHe TaKHX B0ilp0C0B B narpaH:>KeBLIX TeopH.s:x 

nona OCHOBLIBaeTca Ha Ilp0CT0M, J_aHMCTB0BaHHOM HJ Knac

CH'leCKOH ii>HJHKH, MeTo,n;e nepeonpe,n;eneHH.s: noneBLIX nepe

MeHHLIX Henocpe.n;cTBeHHo B narpam1rnaHe H He cTanKHBaeTca 
c KaKHMH-nH6o JaTpy.n;HeHHJIMH. . 

B ,n;yanbHLIX TeopH.s:x, BCne,IJ;CTBHe 0TCYTCTBHJI B TaKHX 

TeopH.s:x narpaH)l(HaHa, paccMoTpeHHe aaanorH'IHLIXBonpo

coB cymecTBeHHO ycn0>KHJleTc.s:. II03TOMy, HeCM0Tp.s: Ha TO, 

'ITO aKTyanbHOCTb YKaJaHHLIX B0ilp0C0B paJBHTHJI ,n;yanbHLIX 

Teopuii JIBn.S:eTCJI HeC0MHeHH0ii \ CK0nbKO-HH6y,n;b nonHoe 

HX peweHHe B HacTo.s:mee BpeM.s: 0TCYTCTByeT, H B nHTepaType 

HMeeTCJI nHWb BeCbMa npe.n;BapHTenbHOe pacCM0TpeHHe 3THX 
BonpocoB /ll,9,.-. . 

' ., ·1 
IlonrteHHLie B pa6oTax -- peJynbTaTLI .n;nH HH,n;ynupo-

BaHHLIX BaKYYMHLIX nepexo.n;oB noJBonunu nony'IHTb nonHoe 

peweHHe Ja,n;aqu o cnoHTaHHLIX BaKYYMHLix nepexo,n;ax B 
,n;yanbHoii Mo,n;enu BeHenuauo. 

OcTaHOBHMCJI HeCKOn.LKO Il0.D;p06Hee Ha TOM, KaKHM 06-

paJOM Ja,n;aqa O Cil0HTaHHLIX BaKYYMHLIX nepexo,n;ax CBJ13aHa 

C 3a.ZJ;a'leii 06 HH,IJ;Yl{HpoBaHHLIX BaKyyMHLIX nepexo,n;ax. KaK 

rOBOpHnOCb BLIWe, 0CH0BHLIM MeT0,IJ;0M Hccne.n;oBaHHJI Cil0H-

. TaHHLIX BaKYYMHLIX nepexo.n;oB B narpaH)KeBLIX Teopu.s:x non.s: 

JIBn.s:eTc.s: MeTo,n; nepeonpe,n;eneHHH noneBLIX nepeMeHHLIX. O,n;

HaKo HapaBHe c MeTo.n;oM nepeonpe,n;eneHH.s: noneBLIX nepe

MeHHLIX B narpamtceBLIX TeopHHX non.s: 'laCT0 HCil0nbJyeTCJI 

MeTo,ZJ; aHanHTH'lecKoro Ilp0.ZJ;0n)KeHHJI no K0HCTaHTe HH.ZJ;Yl{H

poBaHHoro nepexo,ZJ;a 'laCTHI{ B BaKYYM. 3TOT MeT0.ZJ; C0CT0HT 

BO BBe.ZJ;eHHH B paccMaTpHBaeMLIH narpaH:>KHaH .ZJ;0il0nHHTenb

Horo cnaraeMoro, cooTBeTCTBYJOLQero HH,n;ynupoBaHHLIM ne

pexo.ZJ;aM 'laCTHI{ B BaKyyM C HeK0T0poii 0TnH'IHOH 0THyn.s: 

KoHcTaHToii nepexo,ZJ;a {3 . Onpe.ZJ;en.s:eMa.s: B cooTBeTCTBHH c 

* CM., Hanp./7/. 
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o6blqHbIMH npaBHnaMH <l>eiiHMaHa S -MaTpHii;a JIBJUieTC.R npH 
3TOM aHanHTHqecKOH dJyHKUHeii napaMeTpa f3 , COBna.u.aromeii 
npH {3::0 c HCXO.IJ.HOH S -MaTpHueii npH OTCYTCTBHHnepexo
.IJ.OB HaCTHU B BaKyyM. B cnyqae,Kor.u.a S -MaTpHua11BnJ1eTCJI 
MHoro311aqHoii aHanHTHqecKOH diYHKUHeii napaMeTpa f3 , npH 
f3 =0 BO3HHKalOT .D.OilOnHHTem.Hble peweHHJI, COOTBeTCTByro
m:ae CilOHTaHHblM BaKyyMHblM nepexo.u.aM. 

,D;n11 cnyqa11 narpamKeBblX Teopuii non11 MeTO.IJ.bl nepeonpe -
.u.eneHBH noneii B aHanBTHqecKoro npo.u.oIDKeHBH no KOHCTaHTe 
HH.IJ.YUBpOBaHHOro nepexo.u.a qacTHU B BaKyyM JIBilJIIOTCJI 3KBB- , 11 

BaneHTHblMB. ,D;n11 Hccne,IJ.OBaHHJI CilOHTaHHblX BaKyyMHblX / 
I' 

nepeXO.IJ.OB B .u.yanbHblX TeopBJIX B HaCTOJlll\ee BpeMJI MO)KeT ' 
ucnonb3OBaTbCH TOnbKO MeTO.IJ. aHanBTBqecKoro npo.u.oJDKeHBH '( 
no KOHCTaHTe HH.IJ.yUHpoBaHHoro naKyyMHoro nepexo.u.a. ' 

H.u.e11 Hcnonb3OBaHHH MeTo.n;a aHanBTuqecKoro npo.n;oJD1ce- 11 
HBJI no KOHCTaHTe HH.IJ.YUHpOBaHHOro nepexo.u.a qacTBU B Ba- ,, 
KYYM .n;m1 B3yqeHBJI cnouTaHHblX nepexo,IJ.OB qacTBU B BaKyyM , 
B ,n:yam,HblX Mo.n;en11x 6blna npe.u.no)Keua B pa6oTax : 1 JI:. B 

pa6oTe 
121 

npHMeHeHue yKa3aunoro MeTo.n;a K qacTuoMy I' 
cnyqaro Mo.n;enu Beueuuauo c BHTepcenToM TpaeKTOpBH a 0= -1 . 

1 
IlO3BOnBno onpe.n;enBTb xapaKTep BO3HBKaIOUUIX aHanBTBqe- ' 
CKHX dJynKUHii B peWBTb 3a.u.aqy o cnouTaniiblx BaKYYMHblx l 
nepexo.u.ax B paccMaTpBBaeMoM qacTHOM cnyqae. ,D;anbueii- . ', 

l 

wee ycoaepweHCTBOBaHue MeTo.u.a aHanBTBqecKoro npo.u.on-
)KeHHH, npoBe,IJ.eHHOe B pa6oTe 13 -': IlO3BOnBno peWBTb 3a.n;aHy 

, I 
0 CilOHTaHHblX BaKyyMHblX nepexo.u.ax ,IJ.IlJI cnyqaJI MO,IJ.enH 1 

BeHeuHaHO c npoB3BOilbHblM BHTepcenToM a O • Ilpu 3TOM 6blno ' 
noKa3aHO, qTo CilOHTaHHble . BaKyyMHble. nepexO,IJ.bl npHBO,IJ.JIT 
K nepecTpoiiKe .u.yanLHoii aMnnBTY.IJ.bl pacce11HBJ1, npuqeM 
pe3ynbTaT TaKOH nepecTpoiiKH MO)KeT BHTepnpeTBpoBaTbCJI . 
npocTblM o6pa3oM, KaK B3MeHeHB

2
e 3Ha~a y KBa.u.paToB Mace_ . ·; 

OT,IJ.enbHblX KBapKOB /npaBBno Ym ~-µ~ /. B cnyqae, \ 
KOr,IJ.a HCXO,IJ.HaJI .u.yanbHaJI MO,IJ.enb co.u.ep~BT TaXBOHH~e \ 
COCTOJIHBJI ( a o> 0), TaKBe COCTOJIHBJI OTCYTCTBYIOT B aMn~. I, 
nuTy.u.ax, nepecTpoeHHblX Bcne,IJ.CTBBe cnoHTaHHblX BaKYYM~. 
HblX nepexo.u.oB. B Ba)KHOM qacTHOM cnyqae a 0= 1 /Mo,nenL 
BHpacopo/ rnaBHble TpaeKTOPHB BCne,IJ.CTBBe nepecTpoiiKB 
aMilnHTY.IJ. CTaHOBJITCJI ,IJ.ByKpaTHO BblpO)K.IJ.eHHblMH, qTo npa
BO,IJ,BT K yBenuqeHBIO CHMMeTpHH KBapKOBblX COCTOJIHBH H, 
KaK cne,IJ.CTBHe, CHMMeTpHH Bcex paccMaTpBBaeMblX B3aHMO
.u.eiicTBBH ,IJ;O CHMMeTpBH SU (2)x Y 1 x y2 x ... /CM. puc.1/ ~ 

8 

Ha cxeMe puc. 1 H3o6pa)KeHJ.i TaK)Ke HeKOTOpble cne,l:l
CTBHH 06Hap}')KeHHOH B pa6oTax 12 ,31 -KBapKOBOH CTpyK
TYPbl ,l:lyanbHblX aMnnHTy,l:l. 

Cro,l:la OTHOCHTCJI npe)KJ:le Bcero_ TO~a11 CHMMeTpHJI 
SU ( 00) -rpynnbl ,l:lilJI Tpexpe3oHaHCHblX BepllIHHHblX «l>YHKUHH. 
Ilocne):lHee cne):lyeT H3 pe3ynLTaTon pa6oTbl 161,BKoTopoii 
noKa3aHo, qTo npu BBe):leHHH B MO):lenb BeHeuuaHo n KBap
KOB pa3nHqHoii MaCCbl TpexqaCTHqHble KOHCTaHna1 CBJl3H 

Y'AOBneTBOpJIIOT COOTHOWeHHJIM SU (n) - CHMMeTpHH .. 

Cro,l:la )Ke OTHOCJITCH ni.monueHHe npHHUHna. A.zmepa ,l:ln11 
aMllnHTYJ:lbl pacceJIHHJI MJI pe3oHaHCOB, COCTOJlll\HX H3 pa3-

nuqHblX KBapKa H aHTHKBapKa, KBa,l:lpaTHqHaJI MaccoBaJI «l>op
Myna J:lnJI pe30HaHCHblX cocTOJIHHii H ,l:lpyrue cne'ACTBHJI 
npe,J:lcTaBBMOCTH HHTepcenTa TpaeKTOPHH B BH):le CYMMbl 

BKila,l:lOB OT OT.IJ.enLHblX KBapKOB, KOTopag HMeeT MeCTO B 

paccMaTpHBaeMoii MO):lemt B pe3ynbTaTe CHJITHJI BblpO)KJ:leHHJI 
pe3oHaHCHblX COCTOJIHHH. 

YKa3aHHble BblWe cne):lCTBBJI 3aBHCJIT TOilbKO OT BO3HH

Karomeii B MO,l:lenu KBapKoBoii CTpyKTYPbl 6e30THOCHTenLHO 
K xapaKTepy paccMaTpHBaeMblX BaKYYMHblX nepeXO,l:lOB /HH
'AYUHPOBaHHblX BilH CllOHTaHHblx/, llO3TOMy Ha CXeMe puc. 1 
K HHM Be,l:lyT ,l:lBe pa3Hble CTpenKH. 

Ilocne BblJICHeHHJI o6meii CBJ13H Me)KJ:ly OCHOBHblMH no
HJITHHMH nepeii):leM K 6onee no):lpo6HoMy paccM0TpeHu10 
OT.IJ.enbHblX cymeCTBeHHblX MOMeHTOB. 

Ilpe~e Bcero, paccMoTpHM npocTeHIIIHii npHMep nar
pamKeBoii Teopuu, HMeHno >.¢ 3 -Teopuu, 'KOTopag co.u.ep}KHT 
B 3IleMeHTapHOM BH,IJ.e OCHOBHble MOMeHTbl Teopuu BaKyyMHblX 
nepexo.u.oB. KaK Mbl YBH.IJ.HM B .u.anbHeiiweM, BaKYYMHble ne
peXO.IJ.bl B .u.yanbHblX MO.IJ.enJIX BMelOT MHoro o6mero c Ba
KyYMHblMB nepexo.u.aMH B A<p 3 -TeopBB. 

3 
2. >. ¢ - •eopu.11 

06blqHo CllOHTaHHble BaKYYMHble nepexO,D.blpaccMaTpH
BalOTCJI npu B3yq~mHH BOllpOCOB, CBJ13aHHblX co CllOHTaBHblM 

HapyweHHeM KaKoii- JI,H6o CBMMeTpHH H HnJIIOCTPHPYIOTCJI Ha 
xopowo H3BeCTHOM llPHMepe a -Mo.u.enH. 

CyuteCTBYIQT, O.IJ.HaKo, 6onee llPOCTble cny11aH CllOHTaH
llblX BaKYYMHblX nepexo.u.oa, He CBJ13aHHhle C X&KHMH-nH6o 
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I 

CBOHCTBaMH. CHMMe'TpHH. B KaqecTBe np:e:Mepa nocne,nHHX 

paCCMOTPHM >..¢ 3 -TeopHIO. narpamKHaH A¢
3 

-TeOpHHHMe-

eT BH,D;: 

•L=L a¢ a¢.., 'V(¢) 
2 

V (¢) =_!_fl 2¢ 2 -A¢ 3. 
2 

/1/ 

/2/ 

<l>yHKUHH ·v (¢) co,nep:>KHT MaCCOBblB qJieH H qneH B3aHMO,neii-

CTBHH H H306pa:>KeHa Ha puc. 2. 

V\f) 
2.. -r < a 

TaXHOH 

~~, f 
"C,D;BH:>KKa" nOJIH 

qacTuua 

Puc. 2. I'pa,PUK <PYHKIJUU V ( ¢ ). JloKa/lbHble MUHUMYM u 
MaKcUMYM coomeemcmey,om cocmoJ1HWIM co6cmeeHH·o 11acmu-

1Jbl u maxuoHa. 

10 
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Henocpe,ncTBeHHO H3 _pHCYHKa BH,D;HO, qTo KpHBa.H 'V(cp \ 
HMeeT ,naa JIOKaJILHLIX 3KCTpeMyMa B TOqKaX ¢ = 0 H ¢ =3A/ µ • 
IlepBLIB H3 3THX 3KCTpeMYMOB HBJIHeTC.H JIOKaJILHLIM MHHH-

- MYMOM. Pa3JIO>ICeHHe (j,lyHKUHH 'V(cp) B OKpeCTHOCTHX 3Toro 

3KCTpeMyMa npHBO,D;HT K o6LiqHoii TeopHH C noJIO>ICHTeJILHblM 

3HaqeHHeM KBa,npaTa Macchi qacTHU, paBHLIM µ 2 
• 3KCTpe-

MYM B ToqKe ¢ =3A/ µ 2 .HBJIHeTCH JIOKaJILHLIM MaKCHMYMOM. 

Ilpu pa3JIO>ICeHHH (j,lyHKUHH 'V(cp) no. CTeneHHM ¢ ..;.3A /µ 2 

qacTHUa, COOTBeTCTByroll\aH TaKOMY pa3JIO>ICeHHIO, HMeeT 

OTpHUaTeJILHLIB KBa,npaT MaCCLI (-µ 2 ), T.e. HBJIHCTCH Taxu

OHOM. 

B. o6onx cnyqagx / co6cTBeHHO qaCTHUbl u TaXHOHa/ o6blq

Hble npaBHJia <l>eiiHMaHa no3BOJIHIOT nocTpOHTL MaTpHqHble 

3JieMeHTbl S -MaTpHULI ,D;JIH npOH3BOJILHoro qncna B3aHMO-

. ,neiiCTBYIOU\HX qacTHU * · . 
3 

. 

TaKHM o6pa3oM, narpaH>1CHaH A¢· -Teopnn /1-2/ npn

ao,nuT, B00611\e roBOPH, K ABYM pa3JIH'IHLIM s -MaTpuuaM 

,D;n.H co6CTBeHHO qaCTHUbl u ,D;n.H TaXHOHa. Ilepexo.n OT O,D;HOB 

s -MaTpHUbl K ,npyroii COOTBeTCTByeT cnOHTaHHOMY BaKyyM

HOMY nepexo,ny. 

KaK cne,nyeT H3 npHBe.n;eHHoro paccMoTpeHHH, nepexo.n 

OT s - Ma TPHULI ,D;JI.H TaXHOHHblX COCTOHHHB K s -Ma TPHUe ,D;JIH 

co6CTBeHHO l.faCTHU ,D;OCTHraeTCH nepeonpe,neneHHeM nonH 

cp .. ¢~ ¢ - 3A / µ 2 Henocpe.D;CTBeHHO B JiarpaH>ICHaHe; 

Cyll\eCTByeT ,npyroii, 6onee 4>opMaJILHLIH npHeM ycTalioa- . 

neHHH CBH3H Me)l(,ll;y ,D;BYMH paccMOTpeHHLIMH BLIWe 3Haqe

HH.HMH S -MaTpHULI. 3TOT npHeM COCTOHT BO BBe.n;eHHH ,no

noJIHHTeJILHLIX HH.D;YUHPOBaHHLIX nepeio,noB 11aCTHU a BaKyyM 

H MO>ICeT HCnOJIL3OBa TLCH KaK B npHMeHeHHH K narpaH>ICHaHy, 

TaK H Henocpe,nCTBeHHO Ks -MaTpHue. B nepBOM cnyqae 

B narpaH>ICHaH B3aHMO,neiiCTBHH BBO,D;HTC.H ,nononHHTeJILHOe 

cnaraeMoe hep. Bo BTOPOM - HCKOTOpble H3 BHeWHHX qacTHU 

3aMeH.HIOTCH nepexo,noM qaCTHU B BaKyyM H pe3yJILTHPYIOU\a.H 

S -MaTpnua onpe,neJIHCTC.H B BH,D;e CYMMLI no BCeM BO3MO>IC

HLIM BaKyyMHLIM nepexo,naM. B o60HX cnyqa11x aMnJIHTY.D;hl 

pacce.HHH.H CTaHOB.HTCH ABY3Hal.fHLIMH aHB.JIHTHl.feCKHMH ii>YH·K-

* Be3,ne -B HaCTO.Hll\eii neKUHH no.n S -MaTpuueii noHHMa
eTC.H S -MaTpnua B npH6JIH>ICeHHH ,nepeBLeB. 
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U}UIMH napaMeTpa b' a paC(?MOTpeHHble BblWe BapHaHTbl 

co6cTBeHHO 'laCTHUbl H TaXHOIIa COOTBeTCTBYIOT ABYM pa3 -

JIH'IHblM 3Ha'leHH.IIM 3THX cl>YHKUHii npu b =0. 
MaTeMaTH'leCKH OilHCaHHa.11 BblWe cl>opManLHa.11 npoueAypa 

OCHOBblBaeTC.11 Ha TOM o6CTO.IITenLCTBe, 'ITO ypaBHeHHe 

'Ail.11 3KCTpeMailLHblX TO'leK cl>YHKUHH ·v (¢) 

a·v 2 2 
-=µ <p,-3>-.¢ = 0 
a¢ 

npH A06aaneHHH cnaraeMoro b¢ npHHHMaeT BHA 

a·v 2 2 
-=µ ¢ -3>-.¢ -b=O, 
a¢ 

aero KOpHH 

2 . 12>-. b 
¢ =(µ /6A)(l+ v 1- -- ) 

I 2 4 ' µ 

cTaHOB.IITC.11 ABYM.11 3Ha'leHH.IIMH ABYXIlHCTHOH aHanHTH'leCKOH 

cl>YHKUHH _OT napaMeTpa b, B pe3yilLTaTe qero no.11Bn.11eTC.II 

BO3MO)KJIOCTL aHanHTH'leCKOro IlPOAOIDKeHH.11 OT OAHOro 3KCT

peManLHoro 3Ha'leHH.II K APYrOMY. 

C cl>H3H'leCKOH TO'IKH 3peHH.II, KaK rOBOPHilOCL BblWe, AO -

6aaneHue K narpam1rnaHy cnaraeMoro b ¢ cooTBeTcTayeT 

BBeAeHHIO HHAYUHPOBaHHblX nepeXOAOB 'laCTHU B BaKYYM: 

IlpH HanH'IHH npH b= 0 peweHHH, OTilH'IHblX OT pe3yilLTaTOB 

TeOpHH B03MYIUeHHH H CB.113aHHblX C nocneAHHMH aHanHTH'le -

CKHM npoAOIDKeHHeM, B TeOpHH BO3HHKaIOT CilOHTaHHble Ba

KYYMHble nepeXOAbl. 

IIpoBeAeHHOe BblWe paCCMOTpeHHe nepeHOCHTC.11 6e3 cy

iuecTBeHHblX H3MeHeHHH Ha BapHaHTbl TeopHH non.11, COAep

)KaIUHe KaK 6onee BblCOKHe CTeneHH IlOilHHOMOB noneii ¢, TaK 

H HeCKOilLKO TaKHX noneii. 

3aMeTHM, 'ITO Ail.11 A<p 3 -TeOpHH BC.II aHanHTH'leCKa.11 

3aBHCHMOCTL S -MaTpHUbl OT napaMeTpa b noKanH3yeTC.II 

B nepeHOpMHPOBKe MaCCbl qacTHUbl, KOTOpaJI HMeeT BHA: 

/l 2 > µ2 + ti µ2 = µ2 - µ 2(1- V 1-
· 12>-.b 

-~-)·· 
µ4 /3/ 

12 

I 
! 
;i 

PHMaHOBa IlOBepXHOCTL cl>YHKUHH µ 2 +ti µ2 

Ha puc. 3. 

I 

0 

'laCTHUa 

'2 

l 2 
.H(o):: - f1 , 

• 7 
TaXHOH 

:"/ 
t-/12>. 

H3o6pa)KeHa 

I IlHCT 

II IlHCT 

Puc. 3. PuMaHoea noeepXHOC1flb ¢YHKijUU µ2 (b) 

IIepeXOAY OT COCTO.IIHHJI co6cTBeHHO 'laCTHUbl K TaXHOHHOMy 

COCTO.IIHHIO COOTBeTCTByeT Ha 3TOH IlOB~XHOCTH o6XOA TO'IKH 

BeTaneHH.11, pacnono)KeHHOH B TO'IKe µ /12>-.. KaK BHAHO H3 

pucyHKa, cocTOBHHHM co6cTBeHHO qacTHUbl H TaxHoHa cooT

BeTCTBYIOT pa3Hble nHCTbl p11MaH0Boii noaepxH.OCTH. B Aan1>

HeiiweM Mbl YBHAHM, 'ITO HeKOTOpble H3 paccMOTpeHHblX BblWe 

CBOHCTB >-.¢ 3 -T_eOpHH coxpaHHIOTC.11 H B AyanLHblX TeOpHHX. 

3. ,l(yaAbHble aMnAU1flYObl 

Ilpe)l(Ae 'leM nepeXOAHTL K pacCMOTpeHHIO BaKyyMHblX 

nepeXOAOB B AyanLHblX MOAen.11x, HanOMHHM, B 'leM COCTOHT 

OCHOBHOe OTJIH'IHe AyanLHblX TeopHii OT narpaH)KeBblX Teopuii 
non11. 

13 



,I 
t 

{-t 
V 

l.s~>=< + 2 
/ "· 

Js~)=( = 2 
_0 

Puc. 4. Y11e11 eK11aoa e aMn.11u111yoy pacce.11Hu.11 0111 peaoHaH
coe e s - u t - KaHa11ax. BepxHuu pucyHoK coo111ee111c11eye11 
11azpaHxeeou meopuu no.11.11; HUJKHUU - oyaAbHoii meopuu. 

·1; 

Ha puc. 4 H3o6pa:>KeHLI ,naa BO3MO:>KHLIX cnoco6a y'leTa 
BKna,na B aMnnHTy,ny pacceJIHBJI OT pe3OHaHCOB B pa3IlH'IHLIX 
KpOCCHHrOBLIX KaHanax. ,lJ;nJI npocTOTLI pa'.ccMaTpHBalOTCJI 
,naa KpOCCBHrOBLIX KaHana: s - B t -KaHanLI. 

B cnyqae narpaH:>KeBLIX Teopuii nonJI BKna,nLI B aMnnHTYALI 
pacceJIHHJI s - H t -KaHaJILHLIX pe3OHaHCOB npe,ncTaBilJIIOT-, 
CJI B BH,ne CYMMLI ,nayx oT,nenLHLIX cnaraeMLIX, 'ITO COOTBeT
CTByeT nepaoMy H3 u306pa:>KeHHL1x Ha puc. 4 cnyqaea. 

Bo BTOPOM CJiyqae aMnnHTy,na pacceJIHHJI npe,ncTaB.flJICTCJI 
B BHAe BKna,na OT 6eCKOHC'IHOro 'IHCna. pe3OHaHCOB HilH 
TOilLKO B S -KaHane HnH TOilLKO B t -KaHane. Bo3MO)KHOCTL 
TaKoro anLTepHaTHBHoro npe,ncTaBneHBJI aMnnHTYALI pac
ceJ1HHJ1 a a11,ne cyMMLI pe3oHaHcoa Toro Ii.nu HHoro KpoccHH~ 
roaoro KaHana H COCTaBnJleT OCHOBHYIO qepTy ,nyanLHLIX 
Mo,neneii. 

IlpocTeiiiinlii npHMep ,nyanLHOH aMililHTy,nLI pacceJIHHJI 
,naeTCJI aMnnHTy,noii BeHeµuaHo: 

1 -a(s
12 

)-1 . -a(s23 )-:1 . . 
Jdxx (1-x) =B/a12 ,a23 ), /4/ 

I) 

14 

I 

r<) ·--t4 

C\I • 
...-1 

11 
"O - _:...r-

~-
~ 

(\J 

I I 
N) ..;f-

~~-

~ 
C\I "T'! 

II 
I'() 

C\I 
""""1 

~ 
:i: 
QI 
)it 

l 
0 
C') 
::s 
0 
1\1 
0 
:.: 
CJ 
QI 
;,
::s 

'8, 

~ 
~ 
0 
CJ 
0 
s::: 
CJ • 

0 
QI :i: 
:0 g 
:i: ::s
;,- QI 
::s :i: 
~ QI 
C')l:q 
0 
~ :0 

,0 

II)~ 
::s 

u ~ 
::s ~ 
~ 0 

15 



r,D;e a(s)=a 's +a 
0 

a =a (s ) • 
ik ik ' 

2 
a. =a(p. ). 

l l 

Pa3nara.11 B nO,D;bIHTerpanbHOM Bblpa)KeHHH /4/ BTOPOH 

COMHO)KHTenb no CTeneHJIM x, MO)KHO nony'IHTb npe.IJ;CTaane -

HHe ,D;Il.11 aMnnHTY.IJ;bl BeHe:a;HaHO a BH,D;e 6ecKOHe'IHOH CYMMbl 

pe3oHaHCOB a s 
12 

·KaHane. AHanorH11Hoe npe,D;cTaaneHHe a 

BH,D;e cyMMhl no pe3oHaHcaM B s23 ·KaHane BO3HHKaeT npa 

pa3nO)KeHHH nepaoro COMHO)KHTen.11 no.IJ;bIHTerpanbHOro Bbl· 

pa)KeHH.11 / 4/ no cTeneHJIM (1-x) . 
Yxa3aHHOe CBOHCTBO aMnnHTY.IJ;hl BeHe:a;HaHo 11acTo an-

mocTpHpyeTc.11 rpa4la11ecKH / puc. 5/. 
Ha 3TOM pHCYHKe noKa3aHO, 'ITO ,D;HarpaMMa, COOTBeT· 

CTBYIOI:a;a.11 aMnnHTy.IJ;e BeHe:a;HaHo, MO)KeT ,D;e4lopMHPOBaTbCJI 

npOH3BOilbHbIM o6pa30M, He H3MeHJIJI npH 3TOM caoeii Tono

norHH. Pa3nH'IHbIM CTJlrHBaHHJIM ,IJ;HarpaMMbl, npH KOTOpblX 

oHa CTaHOBHTCJI noxoiKeH Ha o6bl'IHYIO ,IJ;HarpaMM}' Cl>eHHMaHa, 

COOTBeTCTBYIOT pa3nB'IHble npe.IJ;CTaaneHHJI aMnnHTY.IJ;bl BeHe • 

:u;HaHO B BH,D;e cyMM no pe3OHaHCaM B s12 HilH S23 ·KaHa· 

nax. n -qacTn11Hoe o6o6meHHe aMnnHTY.IJ;bl BeHe:a;HaHo ,IJ;aeTc.11 

cne,IJ;yIOI:a;eH 4JopMYJIOH /lO,ll /: 

n 

B (a. k )=.L f 
n 1, (! 

TI dx. 
j=l . 

n 
TI (x -x ) . 1 ·+2 . J= J J 

II X -aj,k -1 . 

j<k j,k 
/5/ 

r.IJ;e n - _HHBapHaHTHbIH o6'beM .IJ;Il.11 Tpex nepeMeHHbIX H 

X 
j ,k 

(xk -xi H\+1 -xj-1) 

(x -x )(x -x ) 
k j-1 k+ l j 

/6/ 

- _HHBapHaHTHble aHrapMOHH'leCKHe OTHOWeHHJI. Ilocne.IJ;HHe 

CBJl3aHbl C nepeMeHHblMH a j ,k = a ( S j ,k ), COOTBeTCTBYIOIUH -

MH ,IJ;HaroHanJIM MHOroyronbHHKa, nocTpoeHHOrO Ha HMnynb· 

cax 11acTHU /puc. 6/. 
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) ~~-d. 

Puc. 6. MHozoyzollbHUK OIIJI UMny11bcoa '1ac111u11. IlepeMeH-
Hble X. k ( a. k ) coo111ae111c111ay10111 ouazoHallJIM. 

I, I, 

Pa3nH'IHble npe.IJ;cTaaneHHJI n -qacTH'IHoii ,IJ;yanb~oii aMn· 

nHTY'Abl COOTBeTCTBYIOT pa3Jlll'IHblM BO3MO)KHblM CTJlrHBa

HHJIM .IJ;HarpaMMbl, H306pa)KeHHOii Ha puc. 7. 
BBe,IJ;eHHe BHyTpeHHHX KBaHTOBblX queen B ,IJ;yanbHble aMn • 

nHTY'Ahl MO)KeT 6b1Tb npoae,IJ;eHO .IJ;BYMJI pa3nH'IHblMH cnoco-

6aMH. 

IlepBblH .H3 3THX cnoco6oB /MeTO.IJ; 'llaua-IlaTOHa / 4 / / 

COCTOHT B .IJ;OMHO>KeHHH ,IJ;yanbHblX aMnnHTY'A Ha HeKOTOpblii 

MHO>KHTenb, 3aBHCJIIUHH TOilbKO OT BHyTpeHHHX nepeMeHHblX 

c nocne.IJ;yromeii CHMMeTpH3a:u;ueii nonyqeuuoro awpa>KeHHJI 

no nepecTaHOBKaM Bcex qacTHU. ,ll;ononHHTenbHblH MHO>KH· 

Tenb MJI cnyqaJI SU (n) - CHMMeTpHH HMeeT BH.IJ; mnypa OT 

ynopJI.IJ;O'leHHOro ua6opa n •pJI.IJ;HblX MaTpH:u; r , COOTBeTcT

BYIOIUHX CHHrneTy H (n2 -1 )- MYilbTHnneTy SU(n)-rpynnhl. 

,ll;nJI qeTblpex qacTH:u; BBe,IJ;eHHe BHyTpeHHHX KBaHTOBblX 

'IHCen npHBO.IJ;HT K cne,IJ;yroI:u;eMy Bblpa)KeHHIO 

B4 (al2 '°23 ) ➔ Sp(~ r2 r3 r4 )B4 (~2 '°23 ). 

fi0"bC_lliill0:J~U!t mIC'ffli'fi' 

tmepll!::l:K nec..1enosamr':l 
6MISJlMUTEH:A 

/7/ 
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K-L 1 ~ . ', I I, 

,_.. 
Puc. 7. I'parpu'lecKoe u3o6paJtCeHue n - 'lacmu'IHOU aMnAu
myObl BeHetJUOHO. 

Bropoii cnoco6 BBe.neHHH BHyTpeHHHX l<BaHTOBblX 'IHcen, 

H3BeCTHhIH no.n Ha3BaHHeM Mero.na J<BapKOBblX .D.HarpaMM 

XapapH- Po3Hepa.1 5/, COCTOHT B- COilOCTaaneHHR BHellIHHM 

JIHHHHM .D.Harpa.MM Ha puc. 5 H 7 pa3n~'IHhIX KBapKOBhIX nH: 

HHH, B COOTBeTCTBHH C 'iHCnOM pa3nH'IHhIX KBapKOB, BBO.IJ.H

MblX a TeopHIO / puc. 8/. 
)].m1 3a.naHHOH .IJ.HarpaMMhl XapapH- Po3Hepa BHyTpeHHHe 

KBallTOBble 'IHcna KaK BHellIHHX qacTHU.,· TaK ,H npoMe:>t<yTo'i- ' 

HbIX pe30HaHCHhIX COCTOHHHH .. onpe.IJ.enHIOTCH O.D.1103Ha'IHO H 

COOTBeTCTBYJOT IlOCTpoeHHlO Ka)K.IJ.oro H3 paCCMaTpHBaeMhIX 

• pe30HaHCOB H3 onpe.IJ.ene'HHbIX KBapKa H aHTHKBapKa; KBapKo

BaH CTpyK'rypa npoMe:>t<yTO'IHhIX pe30llaHCllhIX COCTOHHHH ~03 -

HBKaeT npH 3TOM B pe3ynhTaTe T.oro. HnH HHOro CTHrHBaHHH 

BHellIHHX"KBapKOBhIX nHHHB, B COOTBeTCTBHH c· paCCMOTpea

HOB Bhlllle npou.e.nypoii nepexo.na K npe.IJ.cTaBneHHHM .D.YafbHhIX 

aMilnHTY.IJ. B BH.D.e cyMMbl pe30HaHCHhIX BKna,noB B onpe.D.e-
,. · ... '· 

neHHhIX KpOCCHHrOBblX KaHanax. 

3aMeTHM, '{TO BCne.IJ.CTBHe coxpaHeHHH 'IHCna KBapKOB 
' .. . . ' 

Ka:>t<.noro copTa Bo acex aMnnHTy.nax, npe.IJ.cTaBneHHhIX .II.Ha-
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rpaMMaMH XapapH • J:>o3Hepa, TaKHe ,nHarpaMMLI onpe,nen.1110T 
BHyTpeHHIOIO CHMMeTpHIO Y l x Y 2 x ... x Y • rpynnLI, r.ne Y. • 

, Il l 

rHnep3ap.11.n, cooTBeTCTBYIOUUIH 11 ·oMy KBapxy. B cnyqae, 
KOr,na MaCCLI Bcex KBapKOB paBHLI, rpynna BHyTpeHHeii CHM· 
MeTpBH B03pacTaeT .no CHMMeTpHH SU (n) -rpynm,1. B 3TOM 
cnyqae MeTo,n KBapKOBLIX ,nHarpaMM XapapH-P03Hepa H Me· 
TO,n qaHa•!laTOHa CTaHOB.llTC.11 3KBHBaJieHTHLIMH. 

4. Ba1<yyMHble nepexoobi e oyaAbHoii Mooe11u BeHet1uaHo. 
Teopu.R eoaMy111eHuii 

KaK roBOPHJIOCb BO BBe,neHHH, nporpaMMa H3yqeHH.Jl 
aaxyyMHLIX nepexo,noa B ,nyan&HLIX Mo,nen»x 6Lina c;4iopMyJIH• 
poaaHa B pa6oTax I 1,8/. PeaJIH3aUH» TaKoii nporpaMMLI oc
HOBLIBaeTCH Ha 3a,naHHOM Ha6ope n -qacTHqHJ,IX ,nyaJibHLIX 
aMnJIHTY.n /4,opMyJia 5/ n Ha .nonoJIHHTeJibHOM npe,nnoJIO)KeHHH 
0 HaJIHqHH HH,nynHpoBaHHLIX nepexo,noB BHeWHHX qacTHU Baa
KYYM C HeKOTOpoe: KOHCTaHTOH nepexo.na {3. 

CyMMHpoaamie no BaKyyMHLIM nepexo,naM npHBO,nHT K 
nepeonpe,neneHHIO n ·ToqeqHblX B

4 
-4,yHKUHH. ,l].n» cnyqa.11 qe

TLipex BHeWHHX qacTHU nepeonpe,neneHHa» B 4 -4,yHKUH.ll 
npe,ncTaan»eTc.11 rpa4>uqecxu B BH,ne cyMMLI ,nuarpaMM, 
H306pa)KeHHLIX Ha puc. 9. 

IloKa3aHHOe Ha PHCYHKe cyMMHPOBaHHe no BaKyyMHL1¥ 
nepexo,naM y,no6Ho npoBeCTH B HeCKOJlbKO 3TanoB. Ha nepBOM 
H3 3THX 3TanoB cyMMHpoBaHHe npoao,nHTC.Jl TOJibKO no Ba· 
KYYMHLIM nepexo,naM Me)K,ny KaKHMH·JIH6o coce,nHHMH qacTli· 
naMH, HanpuMep, 3-ii H 4-ii /puc. 10/. 

Ha nocne,nyroUUix 3Tanax cyMMHpoaaHue nocne.noaaTen&· 
HO pacnpoc'TpamieTC.Jl Ha BaKyyMHLie nepexo,nLI Me)K,ny 2-H 
H 3-ii. qacTunaMH, Me)K,ny 1-ii u 2-ii qacTHUaMH H Me)K,ny 4-ii 
H 1-e:. qacTHUaMH. 

BLiqHCJieHH.11 Ha Ka)K,nOM H3 yKa3aHHLIX 3TanoB npoao,n»T
C.11 COBepweHHO aHanoruqHLIM o6pa30M, n03TOMY B ,nan&Hee:
weM MLI 6y,neM paCCMaTpHBaTb TOJlbKO nepBLIH H3 3THX 
3TanoB. 

CyMMHpOBaHHe no BaKyyMHLIM nepexo,naM Ha nepBOM 
:nane npHBO,nHT K H3MeHeHHIO no,nLIHTerpaJibHOro BLipa)KeHH.Jl 
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aMDJIHTYAhl BeHel(HaHO, KOTOpoe MO)KeT 6hITL npeACTaBJieHO 

B BHAe: 

2D3 
1 4 

I -a12-1 -a23-I 
= Jdx X {1-x) .R(x,,B;a ,a ) 

o 3 4. 

/8/ 

Bhl'IHCJieHHe cl>YHKUHH R ( x, ,8 ; a 3 , a 4 ) B nepBOM H BTopoM 
npH6JIH)KeHH.llX no KOHCTaHTe HHAYUHpOBaHHoro BaKYYMHOro 

nepexoAa 6hlno npoBeAeHo B pa6oTe / 1 /. · 
B nepBOM npH6JIH)KeHHH Ha KOHCTaHTe ,8 cl>YHKl.(H.11 

R (x, ,8 ;a
3 

,a
4 

) HMeeT cneAYIOll(Hii BHA: 

20 
1 4 

I -a
3 

-1 -a
4 

-I 
R

1
(x,,8;a

3
,a

4
)= ,8 f dyy (1-y) x 

0 
/9/ 

a . 

x (1-xy) 4 =-,8(-1-+..L.+rn(l-x) ... O(a.)), 
U3 a 4 I 

rAe 

a 
3 

=a (p; ) ; a =a (p2 ) 4 4 • 

IlocneAHee· cnaraeMoe B npaBOH qaCTH cl>opMyJihl /9/ 
o6pall(aeTC.ll B HYJIL Ha MaCCOBOH noBepXHOCTH a 3 = a 4 = 0. 

,D;n.11 ycTaHOBJieHH.11 cl>HJH'leCKOro CMblCJia OTAeJILHblX 

cnaraeMhlX B cl>opMyne /9/, 3anHWeM aMnJIHTYAY pacce.11HH.ll 
npH OTCYTCTBHH BaKyyMHblX nepeXOAOB B cneAYIOll(eM BHAe: 

.4 1 
A(p ,p ,P. ,p )=Res fl -IB4 (a 12 ,a 23 )+B 4 (a 12 ,~ 3 )+ 

I 2 3 4 1=1 a . 
• I /10/ 

+B 4(al3'a23) I, 

rAe B npaBOH qacTH cl>opMYnhl /10/ 6epeTC.ll Bbl'leT no BCeM 

nOJIIOCaM npH a . = 0. 
I 
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1· 
'1 

I 

YqHTblBaJI, qTo C ToqH0CTLIO ,1\0 qJieH0B, JIHHCHHbIX no 

napaMCTPY f3 • HH:>KCCJIC,I\YJOUUIC Bblpa:>KCHHJI coana,I\alOT 

1 1 
1 (1-(3-) = a +{3 - a 4 a 4 4 

/11/ 

_1_ (1 _ f3 _1_) "'_.:;..,1 ,...-. 
a3 a3 a 3+{3 

/12/ 

-a23 -a -{3 
(1-x) (l-<uf3&t(l-x)) -=.(1-x) 

23 /13/ 

npHX0,I\HM K BbIB0AY, qTo yqeT BaKYYMH0r0 nepexo,I\a, cooT

BCTCTByro~ero cl>opMyJie /9/, npHB0,I\HT K C,I\BHry TpaeKTOpHH 

BHCWHHX qacTHU a 
3 

H a 
4 

H BHyTpeHHCH TpaeKTOpHH a23 Ha 

0AHY H TY :>Ke aeJIHqHHY, paaHyro f3 • 
BLICWHC qJICHbl pa3JI0:>KCHHJI no napaMeTPY f3 ,I\JIJI nep

aoro 3Tana BblqHcJieHHH, T .e. AJIJI cnyqaJI, K0rAa ace aaKyyM

Hble nepeX0,I\bl npoHCX0,I\JIT T0JILK0 MC:>KAY 3-H H 4-H BHCWHHMH 

qaCTHUaMH, HMCIOT aHaJiorHqHyro CTPYKTYPY H npe,I\CTaBJIJIIOT

CJI HHTerpaJiaMH BH,I\a /9/, c ci>YHKUHJIMH R /x,{3;a3,a4),I<O: 

T0pble C T0qHoCTLIO ,1\0 qJieH0B, paBHblX HYJIIO Ha MaCCOBOH 

noaepXH0CTH, JIBJIJIIOTCJI n0JIHH0MaMH n - OH CTeneHH OT 

aenHqHH L , _l_ H fu (1-x) • CyMMHpoaaHHe acex qJieHOB 

a3 , a4 

paccMaTpHaaeMoro BH,I\a npHB0,I\BT K 0,1\HHaK0BOMY C,I\BHry 

TpaeKT0PBB a 
3

,a
4 

H a
23

, JIBJIJIIO~CMYCJI onpe,I\eJieHHOHci>YHK

nueH OT f3 H ao , a TaK:>Ke K noJIBJICHHIO ,I\On0JIHHTCJILHOrO 

MH0:>KHTCJIJI nepe,I\ BCCH aMnJIHTYAOH, C00TBCTCTBYIO~ero 

nepeH0pMHp0BKC B0JIH0BblX ci>YHKUHH 3-H H 4-H BHCWHHX qac-

TBU. 
TaKHM o6pa30M, C T0qH0CTLIO ,1\0 u:ec~eCTBCHHOrO ,I\JIH'' 

,I\aJILHCB.mero nepeHOPMHP0B0qHoro MH0:>KHTCJIJI Bblpa:>KeHHC 

,I\JIJI nepeonpe,I\CJICHHOH aMnJIHTY.I\bl pacceJIHHJI HMCCT BH,I\: 

-~ 

~ 
24 

1 
= Res -:---:--r--.-,,=""--~ I B ( 

ala2(a3 +L'l(f3))(a
4 

+L'l(f3) 4 al2'a23+ 

+ L'l ( ,8 )) + 0 (a . ) I. 
I /14/ 

3aMeqaTeJILHblM CBOHCTBOM ci>OPMYJibl /14/ JIBJIJICTCJI TO, 

qTo TpaeKT0pHB a3, a4 H a23'n0,I\Bepraro~BCCJI nepeH0PMBpoa

KC, C00TBCTCTBYJOT Ha ,I\yaJILHOH ,I\BarpaMMe /CM. puc. 11/ 
CTJirHBaHHJIM BHCWHHX JIHHHH, B K0T0PbIX BCCr,I\a yqacTByeT 

BHCWHJIJI /KaapKOBaJI/JIHHHJI MC:>KAY 3-H u 4-ii BHCWHHMH. 

qacTHUaMH. II03TOMY BCCL 3cl>4>eKT yqeTa BaKYYMHblX nepexo-. . . ' -.~~ 
,I\0B,C00TBCTCTByro~ero nepB0MY 3Tany,M0:>KCT HHTepnpeTH-

poaa TLC JI KaK "yTJI:>KeJieHHe" T0JILK0 3Toii ,_JIHHHH Ha AYa.JILHoii 

,I\HarpaMMe. B ,I(aJILHeiimeM MLI YBH,I\HM, qio B03H~:fCa~~aJI 

KBapK0BaJI CTPYKTypa, K0T0paJI o6cy:>K,I\aJiacL BO BBC,I\CHHH, 

JIBJIJICTCJI CJIC,I\CTBHCM HMCHH0 3T0ro CBOHCTBa. 

:z 3 ;z 

-
l l 

Puc. 11. Humepnpema11uJ1 pe3yAbmama nepeozo 3.mana cyM
MUpoeauun nocpei)cmeoM "ymJ1J1CeAeHUJ1" eueumeii /1<eap1<0-. 
eoii/ AU1IUU. 

AHaJIOrHqHble BLJqHcJICHHJI Ha. n0CJIC,I\YIOUUIX 3Tanax npu

B0,I\JIT K CJIC,I\yro~e,My BLipa:>KeHHIO ,I\JIJI nepeonpe,I\CJICHHOH 

aMnJIHTYALI BeHenuaHo: 203 
1 4 

4 
= Res II 1 { B (a · + 2L'l ({3 ) , 

i=l a. + 2L'l({3) 4 . 12 
I 

a
23 

+2L'l({3)) + O(ai )I, '/15/ 

25 
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,1 

KOTopoe COOTBeTCTByeT o,nHHaKOBOMY c,nBHry Bcex BHyTpeH
HHX H BHeWHHX TpaeKTOPHH H MO)KeT HHTepnpeTHpOBaTbCJI 
KaK "yTJl)KeneHHe" BCeX 11eTLipex BHeWHHX /KBapKOBbIX/ 
nHHHH Ha ,nyanLHOH .nuarpaMMe / puc. 12/. 

2 
2 - - ~ 

--

L 4 ! ~4 

Puc. 12. HH111epnpe111a11u11 nepeonpeoeAeHHoii B 4 -rj,yHKIIUU 
nocpeOC11160M "y11111J1CeAeHUJI" 6H€UlHUX /KaapK06blX/ AUHUii. 

lfa «l>opMyn /14/ H /15/ cne,nyeT, 11To BBe.neHue u11,ny
JV1pOBaHHblX BaKYYMHblX nepexo,noB npBBO,nHT K o,nuHaKOBOMY 
c,nBBry rnaBHblX TpaeKTOPHH .nn.11 BHeWHHX qacTHU H .nn.11 
BHyTpeHHBX pe3oHaHCHblX COCTOJIHHH B He npHBO,nBT K KaKO
My-nB60 paClllenneHHIO 3TBX TpaeKTOPBH. • 

C,nBBr rnaBHOH TpaeKTOpBH npHBO,nBT, 011eaH,nHblM o6pa-
30M, K c,nBHry Ha TaKyro )Ke BenH'IHHY B .no11epHBX TpaeK
TOpHH. O,nHaKO, KaK 6blnO noKa3aH0 B pa6oTaX :'2 

,
3,', He

KOTOpble B3 .no11epHHX TpaeKTOPHH c,nBHralOTCJI Ha BeilH'IHHY, 
OTilH'IHYIO OT c,nBBra rnaBHOH TpaeKTOpHH. 3TO 06cToJ1-
TeilbCTBO JIBilJleTCJI KpaiiHe CyllleCTBeHHLIM, TaK KaK HMeHHO 
OHO o6ycnoBilHBaeT HailH'IHe .nononHHTeilbHOrO BLIPO)K,neHBJI, 
npuBo.n.1111lero K KBapKOBOH cTpyKType pe3oHaHcoB, o KOTopoM 
roBopunocb BLiwe. TpaeKTOPHH, c,nBHHYTLie TaKHM o6pa3oM 
no OTHOWeHHIO K rnaBHOH TpaeKTOpBH, He l OTCT~JIT OT 
nocne,nHeH Ha :u;eno11HcneHHL1e paCCTOJIHHJI H no3TOMY He. 
JIBilJIIOTCJI BX co6cTBeHHO .no11epHHMH TpaeKTOPHJIMH; npa
BHilbHee 6Lino 6LI Ha3blBaTb TaKHe TpaeKTOpHH TpaeKTO
pHJIMH-npHeMLIWaMB /HnH TpaexTopa.11MB-no,nKH.nLiwaMu/. 
Ka)K,na.11 H3 TaKHX TpaexTopui-npHeMLIWeH,B CBOIO 011epe,nb, 

26 
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l 
I 
,1 

i 
'I 

I 
I 
1. 

'/ 

I 
l 
t,) 
,, 

! 
I 

JIBilJleTCJI po,noHa'lanbHHKOM CeMeHCTBa co6CTBeHHLIX .no
qepHHX TpaeKTopHii. ,l(n.11 o6uapy)KeHHJI TpaeKTopui-npue
MLIWeH MO)KHO 6L1no 6bl BOCnOilb30BaTbCJI TeopHeH B03MYllle
HHH, BLI,nen.11.11. MJI 3Toro B Bblpa)KeHHJIX THna /9/ npOCTble 
B KpaTHble nonroca «l>YHKUHH O (a. ) B TO'IKax a. =fl (n=l,2 ... ), 

I I 
a 3aTeM nepecTpaBBa.11 pa3no)KeHHJ1 no TaKHM nonrocaM K 
o,nHOKpaTHblM nonrocaM co CMellleHHblMH BHTepcenTaMH Tpa
eKTOPBH. O,nHaKO C yBenH11eHHeM n TaKaJI npoue,nypa 
CTaHOBHTCJI 011eHb rpOM03,nKOH. B cne,nyIOllleM naparpa«l>e 
MLI paccMOTPBM HHTerpanLHOe npe,ncTaBneHHe ,nn.11 nepeon
pe.neneHHOH ,nyanbHOH aMnnHTy,nbl pacceJIHHJI, COOTBeT
CTBYIOlllee cyMMe p.11.na Teopui B03MYllleHuii no napaMeTpy 
(3. PaCCMOTpeHHOe BblWe paClllenneHHe ,noqepHHX TpaeKTO

pHH 6y~eT np0CTblM o6pa30M cne,noBaTb H3 npuBe,neHHOro 
BHTerpanbHoronpe,ncTaBneHHJI. 

5. BaKYYMHble nepexoObl 6 c)yaAbHOii M00€AU BeHe11uaHO. 
HH111ezpaAbHOe npec)c111aa11eHUe ~MnAU1IIYObl pacceJIHUJI 

.L{n.11 11acTHoro cny11a.11 BHTepcenTa TpaeKTopuii a
1 

=-1 
V V ' CYMMHpOBaHHe p.11.na TeOpHH B03MYllleHHH .nn.11 HH,nyuupoBaH-

HLIX BaKyyMHLIX nepexo,noB 6L1no npoBe,neuo B pa6oTax:'2/. 
.L{n.11 BenH'IBHLI /'l(/3) /«l>opMyna / 11/ /, onpe.nen.11101.Qeii 

c,nBHr rnaBHLIX 'TpaeKTOpHH Mo.nenu, 6L1no nony11eHo cne
'AYJOlllee Bblpa)l(eHHe: 

Ii ( f3) = - ..larcsin TT {3. /16/ 
TT 

Bcne,nCTBBe MHOr03Ha'IHOCTH «l>YHKUHH apKCHHyca nepe-
HOPMHpOBKa TpaeKTOPHH HMeeT npu f3 =o OTilH'IHLie OT Hyn.11 
3Ha'leHHJI Ha Bcex IlHCTaX puMaHOBOB noBepXHOCTH, 'ITO 
npaBo,nuT K Hanu11B10 B. paccMaTpuilaeMOM cny11ae cnoHTaH
HLIX BaKyyMHblX nepexo,noB. 

B cny11ae npoe3BOnbHOfO BHTepcenTa 'Tpae1CTopue,a 0 
CYMMHpoBaHHe p.11,na TeOpHH B03MyllleHHH, COOTBeTCTBYIOJQee 
nepBoMy 3Tany, npHBO,nHT K cne.ny1011leMy Bblpa)KeHHIO: / 3/ 

203 
1 4 

r.ne 

· 1 1 . X .·.· 
R ( X , f3 ; a 3, a 4) = 2 TT i r (-a 3) r (- a 4 ) 

xf K(s,f3)¢(s,x;a
3

,a
4

), 
y 

/17/ 
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·i 

::I 

1,i 

'I 

'-I 
I 

I 

H 

K(s-,,8)= (ao-2s) r(-s)r(s-ao) 

1- ,8 B (-s , s - a ) 
0 

00 r(s-a 3 +n) r(s-a 4 + n) s+n 
¢(s,x;a ,a )= I ----------(1-x) 

3 4 n=O r(2s -a +n +1 )n! 
' 0 

/18/ 

/19/ 

KoHTYP HHTerpupoBaHH.R y B npe,D;cTaBneHHH / 17 /, u30-
6pameHHblii ua puc. 13, o6xo,D;HT Bee KOPHH s (/3) ypaBue-

. m 
HHJI 

1- ,8B(-s ,s-a ) = 0, 
0 

/20/ 

KOTOP_ble npH HenpepbIBHOM ll3MeHeHHH {3 B,D;Onb KOHTypa, 
ua•rnuaroll{eroc.11 :e To_qKe f3 = 0, npH ,8,= 0 coana,D;aJOT c Kop

H.RMH 
s (O)=m (m=0,1,2, •.. ). 

m 
HJiTerpan /17 / Mo:>KeT 6b1Tb npeo6pa3oaau K cyMMe 

C 6eCKOHeqHblM qucnoM cnaraeMblX no BblqeTaM B nomocax 
sm (,8 ). OT,D;en&11ble cnaraeMble B 3Toii cyMMe c ToquocTLio 
,D;O uecyll{eCTBelIHblX nepeHOPMHPOBOqHblX MHO:>KHTeneii 
HMelOT cne,D;yroll{Hii BH,D;: 

r (sm ({3)- a 3 +n) r (s m(/3 )-a4 +n) 8 m(J3)+n 
_______ __:=...._ _ __.:!.,_ (1- X ) 

a3r(-a )ar(-a .) 3 ;t, 4 
/21/ 

B Bblpa:>KeHHe /21/ BKnroqeHbl MHO:>KHTenH _l_· , _l_< 
BXO,D;.Rll{He B onpe,D;e.iieuae /10/. · · a3 a4 

PaccMOTpHM xapaKTep pacll{enneHH.ff pe30HaHCHblX co
CTO.HHHH, cne,D;YJOll{HX H3 Bblpa:>KeHH.H /21/. )];nil 3Toro 3aMe
THM, qTo nonroca no nepeMeHHblM a 3 H a4 co,D;ep:>KaTc.H 
TOnbKO .B r ·.:4iyul(UH.RX B qucnuTene Bblpa:>KeHH.ff /21/ * npH 
3HaqeHH.HX 

* CpaBHH c 4>opMynaMH /11-12/ B n.4. 
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TpaeKTOPBB BC~O,llHOH MO,llenu; 

C,llBBHYTble rnaBHaJI u co6cTBeHHO , 
,lloqepHBe TpaeKTopuu; 

t,TpaeKTOPBB-npueMbIWB B BX ,llOqepHBe 

i=:========~j TpaeKTOPBB. • 

lllllillllillliiil 

Puc. 14. CxeMa pac111en.,1eHUJ1 mpaeKmopuii. 

·-

(-It r(m-a-0) /3 
a(p~ )=m+n+r+ ID! r(-ao) 

.i = 3, 4; r = 0, 1,2, ... 

/22/ 

Ilpu nepexo,lle OT Bhlpa:>KeHHJI /21/ K cl>opMyne /22/ 
o Bhlpa:>KeHBB ,llilJI KOpHeii s m(/3) • 6blnB y,llep:>KaHbl TOilhKO 
qneHbl, nnHeiiHhle no napaMeTpy /3 ': 

m r(m-a ) 
(-1) 0 /3. 

s (/3) = m + ~ r ( -ao ) m 
/23/ 

BhlqeTbl o nomocax ~pu JHaqeHBJIX /22/ u npH m+n+r = 0 
COOTBeTCTBYJOT BHeWHBM qacTHUaM, HaXO,llJlll\HMCJI Ha C,llBH
HYTOH rnaoHoii TpaeKTopuu. 

C,llBBrB )loqepHBX TpaeKTOpuii onpe,lleilJIIOTCJI Bhlpa)Ke -
HBeM /22/ npu m+n+r =k ( k = 1, 2 , ... ). Benu~HHa CABHra 
onpe,llenseTCJI nocne,llHBM cnaraeMblM o Bblpa:>KeHHH /22/. 
3aBBCBMOCTh 3Toro cnaraeMoro OT m npHBO,llHT K (k + 1) -
KpaTHOMY pacll{enneHBIO KBa,llpaTOB Mace BHeWHHX qacTHU, 
npuHa,llne)Kall\HX ,lloqepHBM TpaeKTOPBJIM "'· 

AHanorBqHoe pacll{enneHBe HMeeT MeCTO B ,llilJI BHyT
peHHHX TpaeKTopuii a 23 . Ilocne,llHee cne,llyeT HJ HanuqHs 

sm(/3 )+ n 
MHO)KHTeneii (1-x) o Bblpa)KeHHH /21/ H MHO-

-a23-l 
)KBTeneii (1-x) . o IlO,llhIHTerpanhHOM Bblpa:>Ke-

HHB aMnnBT}',llbl BeHeuuaHO /4/. 

CxeMa CMemeHHblX TpaeKTOpBii B306pa:>KeHa Ha puc. 14. 

* Ilpu a = -1 4>opMyna /23/ npuo6peTaeT BBA sm (/3) = 
= m+(-l)m ~' qTO npBBO,llBT K ABYXKpaTHOMY pacmenneHBIO 
)loqepHux TpaeKTopuii. 
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Puc. 15. Pac~enAeHue eHewHeu KeapKoeou AUHUU e aM
n.11ur.zyoe BeHe11uaHo, coomeer.zcney10~ee nepeoMy 3r,any cyM
MUpoeaHuR no UHOYllUP06QHHblM eaKyyMHblM nepexooaM. 

2~3 2 ~3 
2 

+ + 
i 4 :t~.4 i 

+ .. + + 

Puc. 16. Pac~enAeHue KeapKoeblx AuHuu e aMnAumyoe Be
He11uaHo, coomeemcmey10~ee CYMMUpoeaHu10 no eceM UHoy-
11upoeaHHblM eaKYYMHblM nepexooaM. 
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TaK KaK Ka)KJJ.oe cnaraeMoe BHAa /21/ n cyMMe no BhlqeTaM 

npHBO,l{HT K OAHOBpeMeHHOMY H OAHHaKOBOMY CMellleHHIO 

TpaeKTOpHH 3-ii n 4-ii BHeWHHX qacTHU u BHyTpeHHeii TpaeK • 
Topnn a 23 , TO cMellleHne TpaeKTopnn AilJl Ka)KJJ.oro cnarae

Moro MO>KeT paccMaTpHBaTLCJI KaK HJMeHe1rne Macchi KBapKa 

Ha KBapKOBOii IlHHHH Me)KJJ.y 3--ii n 4- ii qacTHUaMH / puc. 15/. 
B COOTBeTCTBHH c 6ecKOHe'IHhlM qncnoM cnaraeMhlX B 

cyMMe no Bhl'IeTaM KBapKonan IlHHH.11 Me)KJJ.y 3- ii n 4- ii BHew

HHMH qacTHUaMH 6eCKOHeqHO·KpaTHO pacl1lenmieTCJl H COOT· 

BeTCTBYeT 6eCKOHe'IHOMY qucny paJnnqHhlX KBapKOB BOJpa

CTa101qeii Macchi. 

Ilpu cyMMnponaHHH no na1<yyMHhlM nepexo,l{aM Me)KJJ.y 

2-ii u 3-ii BHCWHHMH qaCTHUaMH BOJHHKaeT ,l{OnonHHTeilLHOe 

paciqennenne TpaeKTopaii, KoTopoe MO>KeT HHTepnpeTnpo

naTLCJl KaK aHanorH'IHOC paciqenneHHe KBapKOBOii IlHHHH 

Me>KAY 2-ii n 3-ii qacTHUaMH. B peJyilLTaTe cyMMHPOBaJIHJl 

acex BaKyyMHhlX nepeXOAOB npoHCXOAHT paclllenneHHe Bcex 

KBapKOBhlX IlHHHii AHarpaMMhl Ha puc. 16. 

Henocpe.l{CTBeHHO HJ 1rnapKOBhlX AHarpaMM / puc. 16/ 
cne.l{yeT, 'ITO qHcno 1<Bap1<OB Ka)KJJ.oro copTa coxpaHJ1eTCJ1. 

TaKHM o6paJoM, B paccMaTpHBaeMoii AYailLHoii MOAenH 

CO,l{ep>KHTCJI 6ecxouequoe qacno aMHTHBHhlX JaKOHOB co

xpaHeHHJl, Ka>K,l{OMY HJ KOTOPhlX COOTBeTCTByeT onpe.l{enen

Hhlii BHA rHnepJapH.l{a. 

CBJIJL iliopMyn BH,l{a /17-19/ H /21/ c KBapKOBoiicTpyK".' 

Typoii peJOHaHCOB ellle 6onee OT'IeTilHBO npOJIBnneTCH npu 

pacCMOTpeHHH BKila.l{a BaKYYMHhlX nepeXOAOB B n-qacTH'IHhle 

aMnilBTYALI BeHeuna110 /iliopMyna /5/ /. . 
IlpH cyMMHpOBaHHH BaKyyMHhlX nepeXOAOB MC>KJJ.Y i -ii 

H (i+l)·ii qacTHUaMH n JTOM cnyqae nonyqaeTCJI BLipa>Ke·. 

HHe 

o'. .. 
34 

= l. I n 

n 
k!Jldxj n -ake-

1 

n n X e X 
TI (x -x , kd k, · 

k=1 k+2 k 

x R(X ,p,a .,a ·+J ), 
i,i+ I I I 

/24/ 

! 

1 

B KoTopoM iiiYHKUHJl R (Xi,i+I ,{3 ;a i ,a i+1)ne JaBHCHT OT qHcna 

BHeWHHX qacTHU a ,l{aeTCJl BLipa>KeHHeM /17-19/. 

3aBHCHMOCTL OT nepeMeHHOii X . . 1 n BLipa>KeHHH 
1,1 + stn 

/ 19 / CO,l{ep:lKHTCJl TOilLKO B MHO:lKHTeilHX BH,l{a (1-X. . 1 )' . 
1,1+ 

HnH nocne npeo6paJoBaHHJl HHTerpana K CYMMe no BLiqeTaM 

B MHO:lKHTeilJIX BH,l{a (1-Xi i+I )
8

m(f3)+ 
0 

• HcnonLJYJl 

HJBeCTHLie cBoiicTBa aHrapMOHH'IeCKHX OTHoweHHu/6/,no

cneAHHe MHO:lKHTenH MoryT 6LITL npeo6paJoBaH,bl K cne.l{yro

iqeMy BH.l{y: 

sm(fJ)+n n-2 sm(/J)+n 
(1-X ) = TI X 

i,i+I · £=2 i+l, i+f 
/25/ 

KaK cne,l{CTBHe COOTlIOWeHHH /25/, OT,l{eilLHLle cnarae

MLIC B. cyMMe no BLI'IeTaM ,l{IlH iiiYHKUHH R (X .. I 'p; a. ,a. ' ) 
. 1,1+ I 1+ 

npHHHMaJOT BH.l{: * 

f'(s ({J)-a.+n))r(s ({3)-a. I -tn) 
m I m 1+ 

a.1'(-a. )a. I f'(-a.+I) 
I I It I 

n-2 sm(/J)+n 
:n X · . 
I' =2 i ~,,it f · /26/ 

Ka>K,l{OC HJ TaKHX cnaraeMLIX npHBOAHT K O,l{HOBpCMCH -

HOMY H OAHHaKOBOMY c,neery TpaeKTOpHH AilH i • H H 

(i+l) -ii BHeWHHX qacTHU H DCCX BHyTpeHHHX TpaeKTOPHH, 

COOTBCTCTBYIOiqHX ,nuaroHailHM AHarpaMMbl, HJo6pa:lKCHHOH 

Ha puc. 17. 

Ha KBapKOBOii AHarpaMMC puc. 18 AHaroHailHM ,l{Har

paMMbl puc .' 17 COOTBCTCTBYIOT CTHrHBaHHH, B KOTOPLIX 

acer,l{a yqaCTByeT KBapKOBaH IlHHHH Me)KJJ.y i-ii u i + 1 -ii 

qacTHUaMH. Ka>KAOMY JHa'IeHHIO , m n BLipa:lKeHHH /26/ 

COOTBCTCTByeT Ha . .l{HarpaMMe puc. 18 CBOH paJHOBH.l{HOCTL 

KBapKOBOii IlHHHH'. 'TaKHM o6paJOM, paccMOTpeHHe n -qac

TH'IHOii aMnilHTYALI BeneuuaHO noKa3LIBaeT, 'ITO yqeT na

KYYMHLIX nepeXO,l{OB Me)f(Jly ABYMH ripOH3BOilhHhlMH coce,l{· 

HHMH qacTBUaMH npBBOABT K C,l{BHry B paciqenneHHIO peJo-

* CpairnH ·c iliopMynoii /21/. 
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Puc. 17. MHOZOYZO./lbHUK UMnyAbCOB 0./1.R n .; 11ac11U'IHOU 

aMnAU11YObl BeHe11uaHO. H3o6paxeHHble Ha MHOZOYZO./lbHUKe 

OUaZOHaAU C00116e1IIC116Y10111 nepeMeHHblM X. . 0 (e =2, ... ,n-2) 
1+I, 1+i. 

1 2 ... 

n 

' t 

• t+1 
Puc. 18. KaapKoaaa ouazpaMMa 0.11a n -11ac111u11Hoii aMn.11u-
11yo1,1 BeHe11uaHO. CuzuaaHU.R K6apK06blX AUHUU C001116em
C116YIO~ ouazoHa./1.RM MH0Z0YZ0./lbHUKa, U30OpaxeHHblM Ha 
puc. 17. 

36 

j 
_\ 

HaHCHblX COCTO.RHHH, KOTOpble nonHOCThlO onpe,l(eJI.RIOTC.fl 

cneKTpOM KBapKOBhIX Mace Ha KBapKOBOH IlHHHH Me~y 

paccMaTpHBaeMblMH coce,l(HHMH 11aCTHUaMH, H He 3aBHC.flT 

OT CTPYKTYPbI OCTanLHOH 11aCTH ,l(HarpaMMbl. 

6. CnoHmaHHbte aaKyyMHble nepexoobt 

,D;n.R paCCMOTpeHH.fl CilOHTaHHblX BaKyyMHblX nepeXOAOB 

B MO.l(enH BeHe:u;HaHo HCilOilh3yeM HHTerpanLHOe npe.l(CTaB

neHHe /17 /. 
B 3TOM npe.l(CTaBneHHH IlOillOCa IlOAblHTerpanLHOro Bbl

pa:>KeHH.fl .flBil.fllOTC.fl <}>yHKUHHMH napaMCTpa fJ ' onpe,l(en.Re

MblMH H3 ycnoBH.R: 

1-{JB(-s, s-~ )=0. /27/ 
0 

IJpH fJ =0 ypaBHeHHe /27 / npHBO,l(HT K 'ABYM COBOKYITHO

. CT.RM KopneH 

S (0) = m 
rn 

(m =0,1,2, ... ) /28/ 

H 

S' (0) = a - m 
rn 0 

(m =0,1, 2 , ... ), /29/ 

KOTOphle Ha S -nnoCKOCTH pa3,l(eneHhl KOHTYPOM HHTer

PHPOBaHH.ll y. 
IlpH H3MeHeHHH napaMeTpa fJ KOPHH S (fJ) H S' (fJ) 

• m rn 
ABH:>KYTC.11 nenpephIBHhIM o6pa30M B nnoCKOCTH s. Pac-

CMOTpHM KaKoii- n.H6o 3aMKHYTLiii KOHTYP C B nnocKOCTH f3 , 
npoxoAHillHH 11epe3 T011KY fJ= 0. Ilocne o6xo,l(a KOHTypa C 
KOpHH Sm (fJ) H s ~(fJ)' KOTOphle npH fJ =0 HMenH 3Ha11eHH.fl 

/28/ H /29/, CHOBa npHMYT KaKHe-TO H3 B03MO)K}lhlX 

3Ha11eHHH /28/ H /29/, npH 3TOM 3Ha11eHH.fl HeKOTOphlX H3 

KOpHeH S (fJ) H S' (fJ) nocne o6XO,l(a KOHTypa C MOryT m m 
He COBila,l(aTh C HX HCXO,l(HhIMH 3Ha11eHH.flMH /28/ H /29/. 
B o6i:ueM cny11ae o6XOAY npOH3BOilhHOro 3aMKHyToro KOH

Typa C B nnoCKOCTH ({3) COOTBeTCTByeT HeKOTopa.R nepecTa

HOBKa KOpHeii /28/ H /29/. Ha puc. 19 H 20 H306pa:>KeHhl 

ABa THilH'IHhlX cny11a.R ABH:>KeHH.fl KOpHeii ypaBHeHH.fl /27 / 
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Puc. 19. ,l(auxeHue KopHeil ypaaHeHwi /27/ a S • nAocKoc•u, npoucxoo111qee 6e3 nepe
ce'leHUJI KoHmypa uH11ezpupoaaHu11 y. C11pe11Ku pa3HblX 11runoa coomae111c11ray10111 cMe111eH
HblM apaeKlllOpUJIM puc. 14. Kaaopa111aM Mace K6apK06blX COC1110.JIHUU µ !<.B) /,j)op-

... My11a /33// coomae11rcaay10a aeKaopw, npoaeoeHHbie U3 11fO'IKU a 
O 

/ 2 e IIIO'IKU · ·s rn (,B ). 

0 

Puc. 20. ,l(auxeHue KOpHeil ypaaHeHUR /27 I c nepece'leHueM 
KOH111ypa UHlllezpupoaaHUJI )'. H06blU KOH111yp UH11tezpupoaaHUJI 

. COC1110U11f U3 . KOHaypoa Y , }' l U Y 
2 

• 



B nnocKOCTH S npn· H3MeHeHHH napaMeTpa /3 no 3aMKHYTO -
MY KOHTypy. 

B nepBOM H3 3THX cny11aeB / puc. 19/ nee Te KOPHH 
ypaBHeHH.11 /27 /, KOTOpble J.J,O o6xoJ.J,a KOHTypa C 6i.mH 
cnpaaa /cneaa/ OT KOHTypa HHTerpnpoaaHH.11 y, nocne 
o6xoJ.J,a KOHTypa C TaK:>Ke HaxoJ.J,.11Tc.11 cnpaaa /cneaa/ OT 
3Toro KOHTypa. KaK cneJ.J,CTBHe, J.J,BH:>KeHHe KOpHeii Sm (/3) H 

S :n(/3) B nnocKOCTH S He 3a TparHBaeT KOHTyp HHTerpHpo-
BaHH.11 y , H HHTerpan /17 / nocne o6xoJ.J,a KOHTypa C ao3-
apa~aeTc.11 K CBOeMy HCXOJ.J,HOMY 3Ha'leHHIO. 3aMeTHM, 'ITO 
paCCMOTpeHHOMY BLIWe o6XOJ.J.Y KOHTypa C MO:>KeT COOTBeT
CTBOBaTb HeKOTopa.11 nepecTaHOBKa KOpHeii Sm (0). TaKa.11 
nepecTaHOBKa npHBOJ.J,HT K Hecy~eCTBeHHOH nepeHyMepa.uHH 
KBapKOBLIX COCTO.IIHHH. 

Ha puc. 20 H3o6pa:>KeH J.J,pyroii B03MO:>KHblii cny11aii 
J.J,BH:>KeHH.11 KOpHeii Sm (/3) H S ~(/3). B 3TOM cny11ae, npH 
o6xoJ.J,e no 3aMKHYTOMY KOHTYPY C B nnocKOCTH /3 HeKo-
TopLie H3 KOpHeii S (O) /28/ nepecTaBn&IOTC.11 MeCTaMH m . 
C HeKOTOPLIMH H3 KOpHeii s, (0) /29/. IlpH HenpepblBHOM m . .. 
H3MeHeHHH napaMeTpa /3 TaKHe KOPHH CTanKHBalOTC.11 C 
KOHTypoM HHTerpupoaa11n.11 y, B pe3yn&T.aTe 11ero nocne 
o6xoJ.J,a KOHTypa C KOHTYP HHTerpHpOBaHH.11 y J.J,e4>opMHpy
eTc.11, a HHTerpan /17 / nony11aeT HeK0Topy10 J.J,o6aBKY no 
cpaBHeHHIO C ero HCXOJ.J,HLIM 3Ha'leHHeM. 

EcnH TaKHe o6XOJ.J,bl c~eCTBYIOT, TO HHTerpan /17/ 
.IIBn.lleTC.11 MHOr03Ha'IHOH 4>YHK.l{Heii napaMeTpa /3 , a ero 
3ila11eHH.II npH /3=0,He COBilaJ.J,aJO~e C HCXOJ.J,HLIM 3Ha'leHHeM, 
COOTBeTCTBYJOT pa3IlH'IHLIM CilOHTaHHLIM BaKyyMHblM nepe -
XOJ.J,aM. 

,D;n.11 Bbl.llCHeHH.11 CB.113H o6xOJ.J,OB no pa3nH'IHblM KOHTy
paM C nepecTaHOBKaMH KOpHeii s m(O) H S~(O) pacCMOT
PHM PHMaHOBY IlOBepXHOCTb 4>YHK.UHH s (/3), onpeJ.J,en.11eMoii 
ypaBHe~HeM /27/. 

,D;n.1111acTHoro cny11a.11 a 0=-1 ypaBHeHne/27/npHHHMaeT 
BHJ.J,: 

1 + /3 . 77 = 0, 
sin 11S 

/30/ 

H ero peweHHe COOTBeTCTByeT 4>YHK.UHH apKCHHyca: 

40 

h 

S ( /3) = - l.. arc sin 11 /3 • 
1T 

/31/ 

rpa4>n11ecKoe H3o6pa:>KeHHe KOpHeii ypaeHeHH.11 /30/ 
npeJ.J,cTaeneHo Ha puc. 21. 

" 
'"'-- '#•. . _. ,.., 'll lli6 -S 

Puc. 21. I'pa¢u'lecKoe peweHue ypaeHeHUR f3 = _l._ sin11S. 
1T 

Ilpn ManLix 

f! 
f. 51/ L. - I J S l(p) ~ ) JI: 

0 I z C 

.. I a -1, 7 J:. dJJucmry 
So(/!,}i . d 7 C 

l C 

~(f->) .... I t. Q -J I j. tkm-f 
) --< 8 t_ e /; 

-t.r,,>7 L ►-J 7 J, e Jlucm-2j 

L -c 
f ·/ 

Puc. 22. PUMQH06Q noeepxHOC■b gjyHKIIUU S(/3)=-l..arcsin11/3. 
1T 
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Ha puc. 22 H306pa)KeHa pHMaH0Ba Il0BepXH0CTh ~YHK

UHH S( f3) /31/. 3Ta Il0BepxH0CTh .S:BJUleTC.H: 6ecKOHeqHo

nHCTHOH pHMaHOBOH rroBepXH0CThlO, Ka)KJJ.a.a napa ee coce,IJ,

HBX IlHCT0B CllIHBaeTCH B,II.0Jlh npaBoro /HnH neBoro/ pa3pe3a, 

npoBe,IJ,eHH0ro H3 KOpHeBOH ToqKH BeTBJieHHH npH f3 = -1.((3 =-l) 
B 6eCKOHeqH0CTh. 

77 77 

IlpH /3 "~ 0 Ka)K,II.0MY JIHCTY C00TBeTCTByeT onpe,IJ,eneHHhIH 

KopeHL s m(O) BJIH s ~(O), o603HaqeHHhIH Ha puc. 22. 
1 1 

TaK KaK nono:>KeHHe ToqeK BeTBJieHHH npH f3 = 77 ({3 ~- 77 ) 
C0Bila,IJ,aeT Ha BCex JIHCTaX pBMaHOBOH Il0BepXH0CTH Ha 

puc. 22, TO o6xo,IJ,y B nnocK0CTB f3TaKoii ToqKH BeTBneHHH 

C00TBeTCTByeT, KaK Henocpe,II.CTBeHH0 BH,II.H0 H3 puc. 22, 
nepeXO,II. C Ka)K,Il.oro qeTHoro IlBCTa puMaHOBOH Il0BepXH0CTH 

Ha coce,IJ,HHii BepxHHii /HH:>KHHii/ nucT. CooTBeTCTBYIOl.l.\ee 

,II.BH:>KeHHe KopHeii ypaeHeHHH /30/ a Ilil0CK0CTH S npe,II.CTae

neHO Ha puc. 23. 

H3 puc. 23 BH,II.H0, qTo CHTyauu11, paccM0TpeHIIaH Ha 

puc. 2O,HMeeT Mee To npu o6xo,IJ,e npaeoii ToqKu BeTeneHHH. 

Ilpu - Cs a < 0 rpa~uqecKoe Haxo:>K,IJ,eHue KOpHeii 

ypaBHeHHH /21J u puMaHoBa noeepx11ocTL ~YHKUHH S ((i) 
npe.IJ.cTaBnem.r Ha puc. 24 H 25. 

______ ts 
·fl p,-., · •Yf_' 1 "x ;., , "" - ,~ . < .. . ., -· ' 

Puc. 24. I'pa(Ju'lecKoe pewe11ue ypae11e11uJ1 /27/ npu 
-1 <a <0. 

0 
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d. 7 
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S,{f,) ~ L 7 ,A, t /lucm -I / : 13, 
) 

L ' 7 L e 

z /J, e .l!ucm-2 7 s {fo)-+' .bs 

-~- L 7 f I 
Puc. 25. PuMaH'oea noeepXHOC111b fPYHKl#UU S(/3) OAJI ypaeHe-
HUJI /27/. 

r(-ao) 
O6XO'AY 6nH)ICaiiweii TO'IKH BeTBneHH.11 npH /3 

0 . . . r(-ao/2)r(-a/2) 
COOTBeTCTByeT 'ABH)ICeHHe KOpHeii ypaBHeHH.11 /27/ B nnoc

KOCTH s, H3o6pa)ICeHHOe Ha puc. 26. 

Kax cne'AyeT H3 puc. 25, npoH3BOnLHOMY o6xO'AY B 

IlHOCKOCTH /3 COOTBeTCTByeT HeKOTopa.11 onpe'AeneHHa.11 ne

pecTaHOBKa KOpHeii ypaBHeHH.11 /27/. Bcne'ACTBHe CHMMeT-: 

PHH ypaBHeHH.11 /27 / OTHOCHTenLHO 3aMeHl:,l s ➔ a O -S, 
Ka)IC'Aa.11 TaKa.11 nepecTaHOBKa C TO'IHOCTLIO 'AO HyMepa:QHH 

KOpHeii CBO'AHTC.11 I( TOMY, 'ITO HeKOTOpLle H3 KOpHeii s m (0) 
/28/ nepeXO'AJIT B TO'IKH, CHMMeTpH'IHLle OTHOCHTenLHO TO'I

KH S=ao/2, HnH, roBop.11 'APYrHMH cnoBaMH, Ka)IC'ALlii o6xo'A 

no: 3aMKHYTOMY KOHTypy CBO'AHTC.11 K nepecTaHOBKe xaxoro

TO 'IHCna KOpHeii Sm(O) C KOPH.IIMH S 'm(O) npn Tex )Ke 3Ha
'leHHJIX m. 

IIpaeUAo µ 2 ➔ - µ 2 
m m 

Hcxo'A.11 H3 c«l>opMynHpoBaHHoro BLlWe npaBHna nepecTa-
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i. 
HOBKB KOpHeH ypaBHCHBJI /27/ npu o6XOAe no npQB3BOnb· 
HOMY 3aMKHYTOMY KOHTYPY B nnOCKOCTH f3 , nerKO nony'IBTb 
3Ha'ICHBJI nepeonpeAeneHHLIX B pe3ynLTaTe cnOHTaHHLIX 
BaKYYMHLIX nepeXOAOB BHTepcenTOB rnaBHOH TpaeKTOPBB 
u acex TpaeKTopuu-npueMLiweu. 

KaK noKa3aHo B n.5, paCCMOTpeuue BHAY~BpoBaHHLIX 
• BaKyyMHLIX nepeXOAOB nO3BOnJieT o6uapy)KBTb BLIPO)K'AeHBe 

pe3OHaHCHLIX COCTOJIHBH, CBJl3aHHOe C BX KBapKOBOH CTpyx
Typo_H. 

IlpB MaJlblx 3Ha'ICHBJIX napaMeTpa f3 BHTepcenTbl Tpa
eKTOpBB Ans pe3OHaHCOB, COCTaBneHHLIX B3 m ·:ro KBapKa 
B n -r.o aHTBKBapKa, BMCIOT BHA: 

a (m,n)= a -S ({3)-S (f3) 
0 O m n /32/ 

B npu f3= 0 

· a (m,n) = -µ 2 _ µ 2 
0 m n' /33/ 

rAe 

2 a 
µm =-y +m - ·/34/ 

- KBaApaT MaCcbl m·ro KBapKa. 

KaK roeopunocL BLIWe, npu o6xoAe no 3aMKHYTOMY 
KOHTYPY B nnocKoCTB f3, cooTBeTCTBYIOIQeMy onpeAeneHHOMY 
cnOHTaHHOMY eaxyyMHOMY nepeXOAY, KaKue • To B3. 3Ha'leHBH 
S mCO) ==m nepexoAJIT B CBMMeTpB'IHLie OTHOCBTenLHO TO'IKB 
S= a O / 2 3Ha'leHBJI' TO eCTL 

m ➔ a 
0

-m , /35/ 

B pe3ynLTaTe 11ero COOTBCTCTBYIOIQBe AaHHLIM 3Ha'leHBJIM 
m KBaApaTbl Mace KBapKOB MCHJIIOT 3HaK: 

µ 2 ➔ -µ2 • 
m m 

Kax 6Lino noKa3aHo B n.2, auanorB11HaJ1 CBTya~us BMeeT 
MCCTO B >..¢ 3 

·T_eopuu, rAe BcneACTBBe cnOHTaHHLIX ea
KYYMHLIX nepexOAOB MCHJICT 3HaK KBaApaT MaCCLI 'laCTB~. 
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Ycmpaueuue maxuouoe 

IlycTL 2n ·> a O 
1> 2(n-1), n = 1,2, ... , TOrAa µ ~ < 0 

npB m <n , ( n =0, 1,2 ... ), u B HCXOAHOH MOAenH BeHe~HaHo 
HMCIOTCJI TaXHOHbl. 

Bb16Hpag KOHTYP o6XOAa B nnocKOCTII f3 TaK, 'IT06bl 
acneACTBHe cnOHTaHHOrO BaKYYMHOro nepeXOAa µ; ➔ -µ~= 
= µ ' 2 •> 0 ( m < n ) , nony11HM cneAYIOIQBe 3Ha11eHHJ1 Ami 

m u . 

HHTepcenTa rnaBHOH TpaeKTOPHH H HHTepcenTOB TpaeKTO· 

pHH • npueMblweu 

a (k,f)=a -k -f 
0 0 

a (k,e) =-(k- e) 
0 

a (k,f)=-U -k) 
0 

a (k,f)=-a +k+f 
0 (I 

( k ,e > n) 

(k ~ n; f < n) 

/36/ 

(f ~ n ; k < n) 

( k, f < n ), 

T.e. BO Bcex cny11aJ1X ao<k, e )::::. 0,. H, KaK· cneACTBHe, B 
pe3ynLTHPYIOIQBX AYanLHblX aMnnHTYAaX TaXHOHbl OTCyT· 

CTBYIOT. 

a
0 

= 1; SU(2)x Y1 xY2 x ..• -cuMMempuR 

IlpH a 
O 

= 1 Ans 11eTblpex uaH6onee BLICOKO pacnono)KeH -
HLIX TpaeKTOpHii, KaK cneACTBHe COOTHOWCHHH /36/, nony-
11a10TCJI cneAYIOIQBe 3Ha'leHH.ff HHTepcenTOB 

a 0 (0,0)= aJ0,l)=ao<I,0)= a 0 (1,1)=-1, /37/ 

T.e. BCneACTBHe cnoHTaHHOro BaKyyMHoro nepexoAa TpaeK· 
TOpHH C k , f =0, 1 npHHHMalOT OAHHaKOBOe nonO)KCHHe H 
.ffBn.fflOTC.ff BblpO)l(ACHHblMH. 

BLlpO)l(ACHHe TpaeKTOpHH /37 / o6ycnoaneHO TeM, 'ITO 
KBaApaTLI Mace KBapKOB C m =o H m=l nocne cnOHTaHHoro 
BaKyyMHOro nepeXOAa npHo6peTalOT OAHHaKOBLie 3Ha'leHHJI. 
IlocneAHee o6CTOJITenLCTBO CB.ff3aHO C noBeACHHeM KOpHeii 
S0(/3) H S1 (/3) B nnoCKOCTH S. KaK HenocpeACTBCHHO 
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BH,IUIO H3 puc. 26, npu . a O = 1 KOHe"IHLle Iiono)KeHHS 

xopHee: S0 ({3) H S 1 ({3) coBna.1taroT. CoBna.1teHue nono)Ke'

HHs KOpHee: So ({3) H S1(f3) npHBOJtHT B CBOIO 011epe,ItL K COB

na,IteHHIO Bcex CBOHCTB, COOTBeTCTBYIOlllHX 3THM KOPHSM 

KBapKOBLIX COCTOSHHH H K noBLIWeHHIO CHMMeTpHH ,ItyanL

HLIX aMnnHTYJt JtO CHMMeTpHH SU (2) x Y 1 x Y 
2 

x •••• rpyn

Ilbl. IlpH 3TOM O -ii:. H 1-e:. KBapKH OTHOCSTCS K Jty6neTHOMY 

npeJtcTaBneHH«l SU (2) - rpynnLI, a 11acTHULI, npuHa.1tne)Ka-

11lHe TpaeKTOpHSM /37/, COOTBeTCTBYIOT SU(2) -cuHrneT

HLIM H TpHnneTHLIM COCTOSHHSM. B cny11ae, KOr,Ita BHemHHe 

11aCTHULI B ,ItyanLHLIX aMnnHTYJtax npHHa,Itne)KaT TpaeKTO

PHSM /37/, 3aBHCHMOCTL ,ItyanLHLIX aMnnHTYJt OT BHYTpeH

HHX KBaHTOBLIX 11ucen $aKTOPH3yeTCS B BHJte mnypa OT 

H30CnHHOBLIX MaTpHu r i (.i =0' 1 '2 '3 ) H COOTBeTCTByeT 

o6LI11HOMY BBe,IteHHIO B ,ItyanLHLie aMnnHTYJtLI H30CilHHOBLIX 

COCTOSHHH no MeTOJtY qaua-IlaTOHa. 

7. HeKomopbie. c.11eocmeu.11 u oa.11bHeiiiuue nepcneKmuebl 

IlpoBeJteHHOe BLime paccMoTpeHue noxa3ano, 11To u3y-

11eHHe BaxyyMHLIX nepeXOJtOB B ,ItyanLHLIX MO,Itensx no3Bons -

eT ycTaHOBHTL onpe,IteneHHLie COOTHOWeHHS Me)l(Ay ,ItyanL

HOCTLIO C OJtHOH CTOpOHLI H KBapKOBOH CTpyKTypoe: pe30-

HaHCOB H BHyTpeHHHMH CHMMeTpHSMH C ,Itpyroe:. 

~ns MO,Itenu BeHeUHaHo C npOH3BOHLHLIM HHTepcenTOM 

TpaeKTOPHH a o COOTBeTCTBYIOlllaS KBapKoBaS CTPYKTypa 

pe3oHaHCOB onpe,ItenseTCS 6eCKOHe11HLIM 11HCHOM KBapKOB 

B03pacTaIOllleii: MaccLI. HHTepcenTLI rnaBHOH TpaeKTopuu 

H Bcex TpaeKTOpue:-npueMLime:ii npu 3TOM aMHTHBHLI no 

OTHOWeHHIO K KBa,ItpaTaM Mace o6pa3YIOlllHX KBapKOB /«l>op

Myna /33//. 
Ilocne,ItHee o6CTOSTenLCTBO npHBOJtHT K PRAY Ba)KHLJX 

cne,ItCTBHH, TaKHX, KaK: a/ u:anH'IHe KBa,ItpaTH'IHLIX MaCCOBLIX 

«l>opMyn JtHS pe30HaHCHLIX COCTOJUIHH; 6/ T011Has SU (oo) -
CHMMeTpHS JtHS Tpexpe30HaHCHldX KOHCTaHT CBS3H; B/ BLI

nonueHHe npHHuuna caMocornacoBaHHOCTH A.1tnepa .1tns BHem

HHx 11aCTHU, COCTaBneHHLIX H3 pa3HLIX KBapKa H aHTH

KBapxa H T.Jt. 
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B pa3HH11HLIX MOJtH4iHKauusx Ka)l(Aoe H3 yKa3aHHLIX 

BLIWe cne,ItCTBHH HeOJtHOKpaTHO o6cy)l(AanocL B nHTepaType 

KaK C TO'IKH 3peHHH COOTBeTCTBHS pa3nH11HLIM BapHaHTaM 

TO'IHLIX H HapymeHHLIX CHMMeTpHH, TaK H C TO'IKH 3peHHH 

COOTBeTCTBHS 3KcnepHMeHTanLHLIM ,ItaHHLIM BIie KaKoe:-nu6o 

CBH3H C ,ItyanLHOCTLIO * • 
CBS3L cne,ItCTBHH a/ H 6/ C ,ItyanLHOCTLIO npu ycnoBHH 

npe,ItBapHTenLHOro BBe,IteHHH KBapKOBOH CTPYKTYPLI B ,ItyanL

HYIO MO,ItenL 6Lina ycTaHOBneHa He,ItaBHO B pa6oTe 16 1. Ha 

B03MO)KHYIO CBS3L npuuuuna A.1tnepa C ,ItyanLHOCTLIO o6pallla

JIOCL BHHMaHHe B ps,Ite pa6oT 112- 141. 0.1tHaKO B 3THX pa6o

TaX npHHUHil A.1tnepa paccMaTpuaanca xax HeKoTopoe JtO

nonHHTeJILHOe Tpe6oBaHue Ha aMnnHTYJtY paccesHHS, 6e3oT

uocuTeJILHO K KBapKOBOH CTPYICType paccMaTpHBaeMLIX pe-

30HaHCOB. 

HaJIB'IHe cne,ItCTBHH ·THila a-B/ He CBS3aHO C KOHK-

peTHOH 4>opMo:ii paccMaTpHBaeMoe: ,ItyanLHoe: Mo.1tenu. Ka,x 

noKa3LIBaeT npe,ItaapHTeJILHOe paCCMOTpeHHe ,ItyanLHLIX M0-

.1tene:ii, OTHH"IHLIX OT MO,ItenH BeHeuuaHO, Ka)KAOH H3 TaKHX 

MO,Itenee: COOTBeTCTByeT CBOH cneKTP KaapKOBLIX COCToH

HHH u· CBOH cnoco6 nocTpoeHHH H3 KaapKOB pe3oHaHCHLIX 

COCTOSHHH. 

B 3axnro11eHue 3aMeTHM, 11To .1tanLHee:mee u3y11euue 

aonpocoa, CBH3aHHLIX C TeMOH HaCTOHllleH neKUHH, B03MO)K

HO, npHBe,IteT B He'AaneKOM 6YJtYllleM K nocTpoeHHIO 6onee 

peanucTu11ecxou ,ItyanLHoe: xaapxoBoe: Mo.1tenu, co.1tep)Kallleii: 

KBapKH co CilHHOM nonoBHHa u cnoco6HOH OilHCLIBaTL KaK 

Me30HHLie, TaK H 6apuoHHble pe30HaHCHLie COCTOSHHH. 

* 3aMeTHM, 'ITO «tiopMynupOBKa paccMaTpHBa.eMLIX BLime 
cne,ItCTBHH 6LIJia npe'AHOllCeHa B TO BpeMJI, xor,Ita npHHUHil 
JtYMLHOCTH ellle He 6LIJI H3BeCTeH. 
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