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PaccmarpuBaercs psJ TOYHO HHTErPUPYEMbIX (KBAPKOBBIX) MOJEJEH KBAHTOBOW TEOPHH IO/ C
OECKOHEUHOM KOPPEeJANUOHHON yimHON. OTMedYaeTcsi HEyCTONYINBOCTh CTAHIAPTHOTO BAKYyMHOTO
KBapKOBOTo ancamOia—mops Iupaka (B Cay9ae nIpOCTPAHCTBEHHO-BPEMEHHON Pa3MEPHOCTH BBIIIE
Tpex), CBA3AHHASA C CHJIBHON BBIPOKIEHHOCTHIO COCTOSTHUS, KOTOPas 00yCIOBJIEHA XapaKTEePOM Pac-
npejenenus 10 sHeprun. [Ipu crpemienun napamerpa o6pe3aHus [0 UMITYJIbCY K GECKOHEYHOCTH
pacupeiesienne CTaHOBATCS DECKOHEYHO Y3KUM, TPUBOAAIIMM K OOJIbiM (HEOrDaHWIeHHbBIM ) DIy K-
TyarusM. [IpoBoauTCst cpaBHEHME PA3/IMIHBIX BAKYyMHBIX aHCaMOJIeit: Mops upaka, HEHTpaIHLHOTO
arcambus, nseroBoro cBepxupoBoauuka u BKIII cocTosuus. B ciydae nmBeToBoro KBapKOBOro B3au-
MOZENCTBUS, AeIaeTCsi OTHO3HAYHBIN BHIOOD B 0163y BKIII cocTosimmsi, Kak OCHOBHOTO COCTOSTHUS

KBapKOBOI'O aHCaMOJIs.

PACS numbers: 11.10.-z, 11.15.Tk

I. BBEAEHUE

Ha mepBbiit B3DIS MOXKET TIOKA3ATHCS, 9TO UL PAC-
CMATPUBATh KBAHTOBYIO TEOPHUIO TMOJsI ¢ OECKOHETHOMN
KOPPEJIAINOHHON JJIMHON B KOpHE MPOTHBOPEYHUT OJI-
HOMY W3 HCXOIHBIX MOCTYJATOB TEOPHUM, CBA3AHHOMY C
nopenti(yaHKape)-MHBapUaHTHOCTHIO. Kaxkercs, ojHa-
KO, MPAaBAOMOAOOHBIM, YTO B CJIyYae CHJILHBIX B3aUMO-
JIefCTBUIl MPOSIBJISETCST €CTECTBEHHBIH MacmTad B BUIE
mkadbl Aqep (B 9JEKTPOAHHAMUKE—MACCa ITIEKTPOHA,
B 3JIEKTPOCTIA0O0M TEOPUH—MACIITA0 XUTCOBCKOrO 06030-
Ha). CBHUIETEIBCTBO TOrO, YTO KOPPEJIAIMOHHAN MJIHHA
BaKyyMHOro aHcam0is (pU3NIeCKOro BaKyyMa), CKopee
BCEro, KOHEYHA, MPUXOJAUT U3 ONbITA B JUIE (PEHOMEHO-
JIOTUU CHJIbHBIX B3aUMOAEHCTBUN U U3 PEMIETOYHBIX BbI-
gucsenuii. Ecim OTBiedbcst OT MHOTHX JIDYTUX JleTasiei,
TO IMEHHO BO3HUKHOBEHHUE €CTECTBEHHOTO MACIITada, mo-
BUJIUMOMY, U SIBJISIETCSI KJIIOYEBHIM BOITPOCOM TTOCTPOSHMU ST
OpaBUJIbHOM Teopuu, cM., Hanpumep, [1]. Obperenusbie
HeZaBHO pe3yabrarhl paborst LHC, mo-sugmMomy, cyie-
CTBEHHO OTOJBHIAIOT (3aKPBIBAIOT) CIEHAPUI CYIEPCUM-
MEeTpHuH, Kak crocoba 60pbOLI ¢ OECKOHETHOCTIMU TEO-
pUH, TPECTEAYIONUMA €e ¢ MOMEeHTa OOHAPYKEHUS Pac-
XOAMMOCTEH B Havajie TPUIAIATHIX TOIOB MPOIIJIOro BEKa.
A 4ro ecnm, BMECTO TOTO YTOOBI UCKATH PEIIEHUE ITUX
pobIeM B 7100, TIONYIUTDH MOACKA3KH, AaHATU3UPYS CIEI-
CTBUsI, KOTOPBIE MOTYT MTPOSIBUTHCSA B KBAHTOBOW TEOPUHU
oJIst, ecyin MaciTal BO3HUK. B ciydae cCHIbHBIX B3anMo-
JeACTBUI ONPABIAHHBIM IIPEICTABIAETCA DPACCMOTPETH
Mozeb ¢ "GeckoHeuHOR" KOppealrMoHHOl AIUHOM, KO-
TOpas B JAHHOM KOHKDPETHOM CJIy9ae ONPEeeIseTcs pa3-
MEpPOM XapaKTEepPHOro (BakyyMHOro) Gokca L ~ AééD. B

*Also at THCTHTYT T€OpPETHIECKOH 1 SKCIIePUMEHTATIHHOM (DUBUKH,
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JIPYTOM KOHTEKCTE 3T MOJEIU WU3BECTHBI, U TIJIOIOTBOP-
Hbl B (DU3MKE KOHJIEHCUPOBAHHOIO COCTOsIHUS [2], U Mbl
nazpiBaeM ux nosroMmy KKB monenamu. C umcro Tex-
HUYECKON CTOPOHBI MBI TIOJYYUM CYIIECTBEHHOE YIIPO-
IMeHre MPU PACCMOTPEHHH KBAPKOBBIX aHcambiel, mo-
CKOJIbKY, KaK BBISCHSIETCSI, WHTEPeCcyolne Hac MOIeNn
OKa3bIBAIOTCA TOYHO MHTErpupyeMmbiMu (B cmbicie Tup-
punra, Jlarruuxkepa). 9To CBOICTBO, KAK U3BECTHO, WI-
paer OrpoMHYIO POJib B MMOHUMAHUN TTPOBIEM KBAHTOBOMN
TEOPUM TIOJIsI, CM., HampuMmep, [3], u mosBossier cyiie-
CTBEHHO TPOJBHUHYTHCS 33 PAMKH TEOPUHU BO3MYIIEHUIA.
DakTUIECKN MBI YK€ MOJb30BATUCH ITUM ITPUEMOM B Ha-
X npeapuynux paborax [4] upu conocrasiaenuun Moge-
mu KKB co cnygaem "rodgeunoro" B3ammomeiicTBusd, T.€.
momenn Hamby—MHMona-Jlazunno (HUJI). Ormernm Tak-
Ke, ITO MOAEIN C OECKOHEYHON KOPPEaINOHHON IjIm-
HO¥ JIEJTAIOT BO3MOYKHBIM OLEHUTH POJIb TOJBKO KBAHTO-
BBIX KOPPeJsaluii, Korma, (popMaabHO, B CUCTEME KaK ObI
OTCYTCTBYET CHJIOBOE BO3/IE€HCTBHE B OOBIMHOM MOHUMAa-
HUHU, KaK 9TO MMEET MEeCTO B KJIACCHYECKON IUHAMUKE,
WK JIEKTpOAuHAMuKe, Hanmpumep. Kpome Toro, nac Oy-
JIeT MHTEPeCoBaTh PobJIeMa ONHUCAHNS PEAKITUH CHCTEMbI
Ha BHEIHee BO3aeicTBIE, 1 OBLIO OB XKEJIATETHLHO TIPOBe-
CTU CPABHEHUE C PE3YJIbTATAMH, TOJTYIaeMbIMA B PAMKAX
OJIHOYACTUIHON TEOPUN BO3MYITEHHUH (KapTHHA KOTOPYIO
HO/IPa3yMeBAalOT, MHOTJA TayKe HEOCO3HAHHO, KOIJIA IIbI-
TAIOTCS OMUCATH CUCTEMY, HAXOSIYIOCA BO BHEIITHEM IT0-
ae).

JleiicTBre MHTEPECYIONIErO HAC AHCAMOJIST MOYKET OBITH
3AIIUCAHO B BHJIE

s=[ aaa|gtio - ma-§ it [y it Few|. @

3nechb j,, = qit“7y,q KBAPKOBbIH TOK, C COOTBETCTBYIOITHU-
MH OIepaTopaMd KBapKOBBIX HOJelt ¢, ¢ = 7o, B3d-
TBHIX B IPOCTPAHCTBEHHON TOUKe & (MepeMeHHbIe CO IITPU-
XOM OTHOCHATCSl K TOUYKE YY), M—TOKOBas Macca KBapKa,



t* = A\*/2—TeHepaTophl MBETOBOH KATUOGPOBOTHON TPyTI-
uet SU(N.), n =0,1,2,3,...D. O—4acTHBIE IPOU3BOJ-
HbIE [0 BPEMEHU ¢ ¥ KOOPJUHATAM T, HATAHYTHIE HA CO-
OTBETCTBYIOIKE y-MaTpuilbl. lIBeToBag ¢dpopma B3auMo-
JIEeHCTBUST KBAPKOB CHITPAET HUYKE OUEHBH BAYKHYIO POIIh,
HO MBI HaUHEM 00OcyKIeHue ¢ Oosiee mpocTOrO, abemeBa
Bapuanta. B aBymepun (0fHA KOMIIOHEHTA BPEMEHHAd,
npyrag—upocrpancrsentaa D = 1) sror ancambiib, Kak
W3BECTHO, COOTBETCTBYeT Mogenu Tuppunra, Jlartumike-
pa [3]. F(x,y) npencrapuser coboit dopm-bakTop, KOTo-
PBIH 719 TPOCTOTHI MbI GyIeM MOJAraTh TPAHCISIITHOHHO
uaBapuadTHBIM F(x,y) = F(x — y), U NOI0XKUM €ro, 110
ompeneNieHno, Oe3pa3sMepHbIM, BBIIEINB COOTBETCTBYIO-
IIyI0 KOHCTAHTY ¢. B mHTepecytomem Hac ciaydae "bec-
KOHEYHOH" KOPpPeNAnMOHHON JIMHBI HUKAKAs IIPOCTPAaH-
CTBEHHAs TOYKA HE BblJEJIeHA (CUIIa, KOTOPas OlPeIeisi-
eTCs KaK TPAJMEHT MOTEHIINANA, PABHA HYJIIO), U UMEHHO
9TO MBI TIOJIPA3YMEBAJIHU, TOBOPS 00 OTCYTCTBUU CHJIOBO-
ro Bo3zeiicTBusg. @opManbHO GopM-PAKTOP MOKHO 13-
K€ IPOCTO HOJIOKUTH paBHbiM exunune F(z) = 1. Toraa

dypbe-06pas popu-paxropa F(p) = [dPz eP*F(z) =

§(p) mmeer pasmeprocts [F(p)] = LP. Pasmepnocts
KBapKOBBIX ToJeil pasua [¢] = L™P/2. KoncranTa cpasn
oKazBIBaeTCA pasmepHoit [g] = L~!, u mostomy B ciy-

Jae CUJIbHBIX B3aMMOIEHCTBUI €6 eCTECTBEHHO W3MEPSTH
B M5B, nanpumep. B nanbmetinem Mbl OygeM mHTEpECO-
BAaThCH IJIOTHOCTSAMH "M3MepuMbIX " BeJIMYKH, HAIIPUMED,
sueprim: £ = E/LP, rie E—nonnas sneprus amcamoOs.
YroGel He 3arpoMoKIaTh hopMyssl dakropamu LP/2,
MBI He OyZeM BKJIIOYATh WX B ompemeneHne (hepMuoOH-
HBIX [OJIeHl, MTOCKOJIbKY, BO-IIEPBbIX, OHU JIEIKO BOCCTA-
HABJUBAIOTCS, & BO-BTOPBIX, B HAOJIIOAEMBIX OHU TIPOSB-
JISIIOTCS B BUJIE COOTBETCTBYIOIIEIO MHOXKUTENS 00beMa
6okca V = LP. XapakTepHO# U HEIPUBBIIHON OCODEH-
HOCTBIO MPUHUMAEMO (hOPMBI B3aWMOIEHCTBUST OKA3bI-
BaeTcst (bopMasIbHOE OTCYTCTBHE paccesiHust. B mporecce
paccesHus BXOASAIIUN UMITYIHC KBAPKA COBIATAET C MM-
MyJIbCOM Ha BBIXOJIE.

Crenyer, BUIMMO, HATOMHUTH, KaKUM 00Opa3oM, B
npunnune, n3 KX/ moxer mnossuthes dddexTuBHAS
dbopma B3aumogmeiicrsus Buga (1). Ilpennonaraerca, uro
KBAPKH HAXOIATCS MOJI JEHCTBUEM CHJIBHBIX CTOXACTH-
JEeCKUX BAKYYMHBIX TUIFOOHHBIX ToJieii. Torma mpumenss
HPONEAYPY YCPEJIHEHHOI'O OIUCAHUS KBAPKOBOI'O AHCAM-
6J1s1, MOYKHO TIOJTy9UTh HHTEPECYIOIIEe HAC TPOU3BEICHIE
KBAaPKOBBIX TOKOB, CBSI3AHHBIX COOTBETCTBYIOIIUM KOPPe-
JISTOPOM TJIFOOHHOTO TIOJIS (AZA% B mpocreiimeit dpop-
M€ OH $IBJISI€TCsI CHHTJIETHBIM II0 IIBETOBBIM WHIIEKCAM.
Jlg mpoCTOTHI MBI OTPAHUYIAMCST KOHTAKTHBIM TIO Bpe-
MeHu B3aumozeiicrBuem (6e3 3ana3aplBaHusd )

(A2AL) =G 6" b, F(z—y) (2)

(MBI He BKJIIOYM/IM COOTBETCTBYIOIIYIO AeIbTa-(DYHKIIUIO
o BpeMenu B 31y dopmyiy). Kpome Toro, momnycrumMb
4JI€Hbl, HATAHYTHIE HA BEKTOP OTHOCUTEJIHLHOI'O PaCCTOs-
vua ¢ — y. IlorsitHO, ¥TO ITa HpOCTEias KOppeJsiiu-
OHHAsT (DYHKITUS SIBJISIETCS JIUITHb (DPATMEHTOM COOTBET-
CTBYIOIIEH yNOPANOYEHHON 3KCIOHEHTBI, U IIOMHAMO 4Ye-

THIPEX(EPMUOHHOTO B3aMMOIEHCTBUS BO3ZHUKAET TAKIKE
COMYTCTBYIONMINHA OECKOHETHBIH HAOOP MyIbTH(REPMUOH-
HBIX BepiuH [6].

II. MOAEJIb B IIBYMEPUN

Monesnu Buga (1) HHTEHCUBHO M3yYaJIUCh B JIBY MEPHH,
U IIOCJIY?KUJIM OCHOBOH IEJIOr0 HAIPABJIEHUS HCCJIEI0-
BaHWil [3], U SIBAAIOTCS, MO CYIIECTBY, T€M €WHCTBEH-
HBIM MCTOYHUKOM, A3 KOTOPOTO MOXKHO TOJIYIHTh JOCTO-
BepHyto uadopMaiyio (BHe PAMOK OJHOYACTUYHON TeO-
pUM BO3MYIIEHWI) 00 OMUCAHWU PEAKIMHM CHCTEMBI HA
BHEITHEE BO3JICHCTBHE, MMEHHO KAaK CHCTeMBI. Kypbes-
HBIM IIPEACTABIIAETCA TO, YTO UHTEPECYIONINI HAC CITyYail
JIOMUHUPOBAHUA KOPPEIANUA CHCTEMATHIECKH HCKJIIO-
FasIca W3 PACCMOTDEHWs, TIOCPEICTBOM MPHUMEHEHHS Bhbi-
YUTATEIBHON NPOIELypbl, orOpaceiBatomeii Bkaan F(0).
He menee Kypbe3HO TO, 9TO UM IIPEHEOPEran B CAIY IIPH-
MUTHUBHOCTH 3TOTO Cy4as. Beap ¢ TOUKM 3peHus Teopun
PACCESTHAS Ty KOHCTAHTY MOYKHO TPAKTOBATH KaK HEKO-
TOPBIM HUYETO HE 3HAYAMNNA CABUT (PA3bI, KOTOPHI Jier-
KO YCTPaHSIETCS COOTBETCTBYIOIIUM CABHIOM 3Hepruu. B
JIByMEPUH AHAJIOT CIMHOBBIX IIEPEMEHHBIX BBOJUTCS IO~
cpencrBoM aybiera noneit ¢ = (g1, ¢2) (XOTS MOXKHO pac-
CMOTPETH 1 MOJHONEHHBIE CITIMHOPHI, HO JIJIs HAIIAX HeJTei
510 He nonanoburcd). [loka Mbl orpannuumcs abesneBoii
dbopmoit BzanmMozeiicTrrsI, n onycThM B meiicteun (1) re-
HEepaTophl MBETOBON rpynmnbl t¢. aMMa-MaTprbl BO3bL-
MEM B BUJE: Yo = 02, Y1 = 101, T 01, Oo—MAaTPUIBI
Ilaymu. B pe3yabrare MIOTHOCTH JIATPAHXKHUAHA MOXKHO
npuBecTr K GopMe, THIWIHON 1ist Moaeneit [3]

L=q(i0—-m)g—g (a5 b +ada ¢ ). (3)
Yrobbl He 3arpoMOXKaaTh (OPMYJbI, MBI HE TPUBOAUM
3HAK WHTErPAJIA, ITO KOOPAWHATE Y, TIOAPA3yMeBast ero, mo-
CTaBUB MITPUXH HAJ, COOTBETCTBYIOMUMHU (HEPMUOHHBIMHA
nosisimi. IIIOTHOCTD raMUIBTOHUAHA PACCMATPUBAEMON
CHUCTEMBI MOYKHO MPEJICTABUTH B BUJIE

H=0q pa—a pet+mdetada)+
+ g (gfq a5 db+a3 a2 47 q))

p = 10,. Benen 3a TuppuHroM BBEIEM OIIOPHOE BAKYYM-
Hoe cocrosiue |0), aHHYJIUpYeMOe KOMIIOHeHTaMu (ep-
MHOHHBIX TOJIEH ¢1:]/0) = ¢2.|0) = 0. Tockombky pac-
CMATPHUBAETCSI CHCTEMA, B HOKCE KOHEYIHOM [ TMHBI, TO TIO-
Pa3yMEBAETCA, ITO 3TO YCIOBUE BBHITIOIHACTCA B COOTBET-
CTBYIOIMUX AVUCKPETHLIX MPOCTPAHCTBEHHBIX TOYKAX AJIsA
$EepMUOHOB € TIEPUOANIECKUMU T'PAHUIHBIME yCJIOBHSI-
Mu. PaccMoTpuM CHAaYaIa CHCTEMY B KUPAJTBLHOM IIpeje-
e (m = 0), u onpenenum nBa ¢ypbe-o0pasa mydsera
dbepmu-mioss

aiy = /dﬂc e Qin s Gin = /dE e ag , (5)

(4)

k = k/(27). Korma 5T0 MOHATHO M3 KOHTEKCTA MBI OyieMm
MHOTJIA HE YKA3BIBATH TIPOCTPAHCTBEHHYIO TOYKY (B TIpH-
BEJICHHO# BbIme (HOPMyTIe X), s COKPAINECHUS 3aIACH



dopmyn. Torga mmoTHOCTH CBOOOIHOTO TaMWILTOHHAHA
¥ TJIOTHOCTD 4JIEHA B3AUMOJEHCTBUA MOYKHO 3aIHCATH B
BUJIE

Ho

+ +
E k aj a1k — E k ay.az
k k
E : + } : +
2g9 Ay a1k ag,a2] ,
k l

(TouHee TOC/IEIHEE BLIPAYKEHUE JOJKHO ObITH CHMMET-
PH30BAaHO, HO 3TO HE WUIPACT CYIICCTBEHHOH PO IS
namnpHelmero). PepMUOHHBIE AHTUTIEPECTAHOBOTHBIE CO-
OTHOIITEHNsI TIPUBOJIST, KK W3BECTHO [3], K cTaHIapTHOM
KapTHHE ONpPepaTopoB DOXKJeHUs a', YHUUTOXKEHUS a,
€O CTAHIAPTHBIM aHTHIIEPECTAHOBOYHBIM COOTHOIICHAEM
ata+aat =1 (unzexco omyckaem). JIerko BujieTh, 4To
B CHUJIy OIPEJIEICHUs] OMOPHOE COCTOSHUE SIBJISETCA COD-
CTBEHHBIM cocTostHueM ramusnbronnana H = [ daH, H =
Hy 4+ V ¢ aynesbim coberBernbim 3uHavenuem H|0) = 0,
nockosnbky Hp|0) = 0, V|0) = 0. Eciu opueHTHPOBATHCS
HA TEOPUIO BO3MYIIEHWI, TO ONACEHUE BBI3LIBAIOT COCTO-
SIHMS OTPUNATELHON SHEPIUH CBOGOIHOIO MaMUJILTOHM-
ana. 13 Boipaxkenus (6) BUauM, 9TO /I 9aCTHUIL TIEPBO-
ro COpPTa 3TO COCTOAHMS C OTPULATEIbHBIM HMIIYJILCOM
aik, k < 0, a g 4acTuIl COPTa JBa ONACHBIMYU HDEI-
CTABJISIIOTCA COCTOAHMS C TIOJIOKUTEIbHBIM UMITYJILCOM
aok, k > 0. D1y mpobiemy pemarmT MyTeM 3arOTHEHUs
YACTHUIAMU OTPUIIATEIHHON IHEPTUN JUPAKOBCKOTO MO-
ps. Urak, GyJieM nojararh, 90 OCHOBHOE COCTOSTHUE UME-
eT BUJ,

(6)
1%

—P A
0)= T aix ] a3 10) - (7)

E>—A I>P

B 370it hopmysie Mbl BBEIM HEKOTOPBII HCKYCCTBEHHBIH
UMITYJIbC 0Ope3anus A, KOTOPBIH COIIACHO CTaHAapTaM
KBAHTOBOIl TEOpUU IIOJA CJIEJyeT yCTPEMUTh K Oecko-
HedHOCTH. TakikKe MBI BBEJIM HEKOTOPBIN TPAHUIHBLIN WM-
myJIbC P, CMBICST KOTOPOTO CTaHeT siCeH U3 JAJIhHEHIIero.
"Bapsn" cucrembr

Q= /dﬂﬁ(iﬁfh + q;%) = Z(afkalk + a;k@%) )
k

KOMMYTHpPYeT ¢ ramuiabronnanoM H. Iloatomy cobcrsen-
HBbIE COCTOSHUS TaMWJIHTOHMAHA YI00OHO KJIACCHMUIMPO-
BaTh 1O 3apsay. st cBOOOMHOrO raMUIbTOHNAHA UMEEM

-P A
Ho l0) =D k=D k|0).
—A P

Jg 4iena B3auMONEHCTBUS IOy IUM
2
V [0) = 2gL(A — P)7|0) ,
T.€. IJIOTHOCTD SHEPTUU TAKOro Mops Jlwpaka nMmeer Bu,

Ep=—-AA+1)+P(P+1)+29L(A—P)?, (8)

3

IJIe 10 OIPEIETCHAIO eIMHALCH HMITYJIbCA, SIBIAETC 1 =
27/ L. JIi060nBITHO Cpa3y K€ OTMETHTb, YTO /A Hapa-
MeTpoB cBsizu 2gL > 1 BeTBU mapabosbl, Kak (QYHKIUH
napamerpa obpesanust A, MEHSIIOT HAPABJIEHUE, U MODE
Jupaka MoXKeT Jayke OKa3aThbCAd KOHEYHONH OTHOCUTEb-
Hoit rrybunnl. JeficTBurensHO, 3amoanenne mopsa dupa-
K& UMEET CMBICJI TTPOBOJUTH 10 HEKOTOPOH Touku P mpu
KOTOPO# sHeprus Mops /lupaka MUHUMAJIBHA

12A+1 12A+1 ~
A_‘Pmin =57 5 =~ gmin i —— (2A+1) (9)
22gL+1 4290 +1

ITockosbKy paccmarpuBaercs cucreMa B HOKce, TO pedb
uaeT o OamXKaiiiieM K 3To# Touke 1emoM ducie. Kpome
9TOr0 MHTEPECHO OTMETHUTh, YTO [OYTH JIJIsi BCEX 3HAUE-
HUN KOHCTAHTHI CBA3M ¢ "Bakyymuoe" cocrosinme Mopst
Jupaka 104TH BBIPDOXKJIEHO (Jjisi HEKOTOPOrO JAUCKPET-
HOrO HaBOpPa KOHCTAHT CBA3W ABYKPATHOE BBIPOKICHUE
TOYHOE), MOCKOBKY OJIMKaiiiiee 1e10e Yucyo Jubo mpe-
BocxoauT, 1100 Menbine, ueM (9). (IouarHo, 9To eciu 310
CBOMCTBO COXPAHUTCS ¥ B MHOTOMEPHOM CUTYAIINH, TO BbI-
poxaenne Mops upaka Oymer m3MepsaTbCa ILIOMIAIBI0
cooTBeTcTByOIei cdepbl, cM. Huxke). B aBymepun peunb
HUIeT UMEHHO 00 OTHOCHUTENBHOU ryiybune mops Jlupaka,
MOCKOJBKY yCTpeMmissa mapamerpsl A u P coriacoBan-
HBIM 00PA30M K DECKOHEYHOCTH MOZKHO TIOJIy9aTh HEOTPa-
HUYEHHO Hu3Kue 3uadenus & . [lo-Buanmomy, 310 BCe Ta-
KU CrernuduKa IByMepus, CM. aHAJIu3 MHOTOMEPHOU CH-
ryanun HuKe. Ilpr masnoit koucranTe cBasu gL — 0 mme-
erca cTaHgapTHas kaptrHa Mops upaxa. Ho Bor yxke
qutst 3Hagennit 2gL ~ 1 rpanuynbiit uMnyasc P cranoBuT-
cs cpaBHUM ¢ MaciraboM obpesanns P ~ A/2. Bo30yx-
JleHus Takoro Mops Jupaka BBITISIIAT HECKOJIBKO Mmapa-
JokcanbHo. JlobaBienne, yaaleHne YaCTUIbl C TyI0BUIII-
HBIM UMITYJIBCOM ~ A/2 mpuBOIuT K HEGOJIBLIIOMY YBE-
mmdenmio sueprun ~ d€ /dP|p=p_. , 9TO, TIO-BHAUMOMY,
HUKAK He cOOTBeTcTByeT HabmoaeansM. C TOYKH 3peHust
37PABOTO CMBICJIA PACCMATPUBAEMOE HAMU COCTOSIHUAE Bbl-
TISAUT JOBOJBHO dK30Twdecku. OHO TPenoaraer, Yro
MMeeTCs KAKOM-TO MEXaHW3M Cermapanuy 9acTuil. JacTu-
bl TIEPBOT'O COPTa [TOYEMY TO MPUOOPETAIOT MPEHMYIIe-
CTBEHHO OTPUIIATETBHBIE UMITYJIBCHI, 8 YACTUIIBI BTOPOTO
copra—noJoxkuTeapbHble. Takoe moBeeHne 00yCIOBIEHO
BUJIOM 4JI€HA KMHETUYIECKOH 9Hepruu B Boipakenuu (6) B
HEPEJISITUBUCTCKOM TIPUOIUKEHUH, €CITH PACCMATPUBATH
KHHETHIECKYIO0 SHEPTHIO KAK MAaJIoe OTKJIOHEHUE OT IHep-
run @epvu. Paccmorpum ajist mpumepa ancaMbiab ¢ Oau-
HAKOBBIM YHCJIOM COCTOSTHU C MOJIOXKUTETbHBIMA U € OT-
PHUIATETbHBIMA UMITYJIbCAMHE 115l 0O0OMX COPTOB YACTHII.
Nrak, nmeercst L(A — P) dacTuI] epBoro copra ¢ moJo-
KUTETbHBIMU UMITYJILCAME, W CTOJIBKO K€ JACTHI] TIEPBO-
T'O COpPTa C OTPUIATEHLHBIMU UMITYIbCAMU. AHAIOTHIHO
W JJIsi 9aCTHUI] BTOPOro copra. s 4acTuil mepBoro cop-
Ta HAWHU3INIAS SHEPTHS TOJIYYaeTCs, ec/id 3aloHeHne
COCTOSTHUSIMU C OTPUIIATEJbHBIM HUMITY/THCOM HAIMHAET-
s €O nHA MODs (T.e. HAYMHAS C UMILYJIbCA obpe3anus A).
Cocrosaust e ¢ MOJIOKUTETbHBIMU UMITYJIbCAMHE 3AI10JI-
HSIFOT MOpEe, HAYWHAS OT HANMEHBIIETO TOJOKUTETHHOTO
UMITYJIBCA, T.€. €IMHUIBI. AHATOTHYIHO JIJIst BTOPOTO COPTa,



YaCTHUIl, C OYE€BUTHON MEPECTAHOBKOU MECTAMU COCTOAHUMA
C TOJIOKUTETBHBIMA U OTPUIATETbHBIMI UMITyJIbCaMu. B
UTOTre AJI TIJIOTHOCTU 3HEPTUN MOYKHO TOJIYYHUTH

En=—-AA+1)+P(P+1)+(A-P)(A-P+1)+
+4gL(A — P)?> = —(A — P)2P + 4gL(A — P)? . (10)

Mbr BumM, 9TO [0 CPABHEHUIO C JUPAKOBCKUM MOpEM
anst "HeTpanbHOro" ancam0OIs SHEPrUsT MPOCTO KOHTPO-
JINPYETCS MOJHBIM YUCTIOM YacTull. Tem He MeHee MOXK-
HO TI0Ka3aTh, 9TO W § TAKOr0 MOpPs abCOTIOTHAA TIyOH-
Ha He oupeseseHa (CrpeMuTcs K MUHYC GECKOHEYHOCTH ).
Ob11iee BIIeUATIIEHNE OT PACCMOTPEHUS ITUX KOHKPETHBIX
MIPUMEPOB TAKOBO, YTO CBONUCTBA CHCTEMBI, TO-BUIAMOMY,
OTIPETIENISAIOTCS HE TOJBKO CAMUM TaMUJIBTOHHAHOM, HO
TaKzKe U ONpeIeeHHON (pUKCcAlMel CeKTOpa THIbDepTO-
Ba TPOCTPAHCTBA, AJeKBATHOIO PACCMATPUBAEMON 3312~
4e [7]. Tpyauo TakzKe IOBEPUTH, YTO MOJYUEHHBIE HAME
PEe3yJIbTATHI MOXKHO BBIBECTHU (B OJHOYACTUIHOM PHOIIU-
JKEHUH) TIYTEM BBIUUCICHNS JETEPMUHAHTS, TAMUTHTOHU-
afa. Huke MbI CDaBHUM 3TH PE3YJIbTATHI C PE3YIbTATA-
MU, TOJYyJIaeMbIMHA [Jis MOJe T THUPPUHTA ¢ TOYEITHOM
dbopmoii B3aumoneiicteua F(x) = §(x).

YT0obbI Hallle PACCMOTPEHHE B 3TOM MYHKTE OBLIO 3a-
KOHYEHHBIM, PACCMOTPUM CHUCTEMY BHE KUPAJLHOTO Ipe-
gena. Temepb IJIOTHOCTH CBOOOAHOIO TaMHUIBTOHHAHA
IpuOOpPETAET BUI,

Ho =Yk (af,a1k—ag,aor)+m(afiat+agan) . (11)
k

Huaronanusyem 3Ty GOpMYy IyTeM KAHOHHIECKOTO IMpe-
obpa30BaHMs K HOBBIM OIIEPATOPAM POXKJIEHUS, YHUUITO-
JKEHUS

A = oSy, ary + singy, agy ,

~ (12)
Aol = —sin @y, a1x + €os @, agk -

Bnecs sinb,, = m/k, cosb,, = k/ko, ko = (k* + m?)'/2,
Om = 2¢m. BMecTo BhIpazkeHns (5) pasiioxKeHWe KBap-
KOBBIX OIIEPATOPOB TIO OMEPATOPAM yHHUUTOKEHH Teephb
IpHOOPETAET BUI,

Qjz = Z e’k [ﬁk (4) f~11k~ + Vk(j) leQk-]a (13)
k

7=1,2. llpu k > 0 couHOpPBI UMEIOT BUI,
~ vz N 1/2
Ur(1) = ko +k 01, Up(2) = Ko — k O,
2k0 2kO
~ N - . (14)
Ve(1) = =Ux(2) , Vi(2) = Ux(1)

Or—rera-dbyuruua (0, = 1,k > 0, 6, = 0,k < 0). Ilpu
k < 0, aHAJIOTHYIHO WMeeM

B Ko+ 1\ /2 B o — kI /2
(15)

Vi(1) = —=Uk(2) ,  Vi(2) = Ti(1) .

B xupanbaoMm mpenene m = 0 mbl OyzmeM ynorpedadaTh
oGosmavenns uk(j), vk(j), j = 1,2, Kak npeaenbHbIE BbI-
PaskeHWsT MPEJICTABIEHHBIX (HOPMya. MOXKHO MOKA3ATH,
aro "3apsa" cucTembl

Q= /dx(QIrm + q;%) = Z(gfkgm + Z;kg%) )
k

KOMMYTHPYET C TAMUJILTOHUAHOM H , IO3TOMY COCTOSTHUST
crucTeMbl yA00HO KaaccuduInpoBaTh o 3apsiay. Iomxcuan-
ThiBag dHepruto Mops Jupaka smecro dbopmyiibl (8) ume-
eM

A
En=-2) ko+2g9L(A—P)*,
k=P

(16)

T.e., B MPUHIAIE, MBI TIOJyYaeM Ty ¥Ke KapTHHY, 9TO U
B KHPAJTHHOM TMpEJIese, ¢ TOYHOCTHIO 0 UIEHOB MOPSIIKA
O(m). Ananorn4no m gna "mefirpanbHoro" cocrogHus
dopmynbt Momuduupyores Manbivu O(m) monpaska-
MU.

Paccvorpum emmme cocTogHme, BBEAEHHOE B (DU3BHKY
CcHJIbHBIX B3aumoaeiictsuit Boroaoboseim—Ham6y—omna-
JIM3HHUO, KOTOPOE AHAJOTMYHO COCTOSTHUIO CIAPEHHBIX
BKIII ssekTponos B cBepxuposognuxe [§8], [9], [10]. Mot
MPOBEIEM AHAJIM3 CHAYAJA B KUPATbHOM mpeaene. Iloimo-
JKUM IpaHudHblil umnyiabe P B dopmyde (7) i 3amou-
HEHHOTO BAKYYMHOT'O COCTOSTHUS PABHBIM HYJIIO, U TPUME-
HIMM M3BECTHOE KaHOHMYECKoe mpeobpasosanue [11], BBe-
JisT OMIEPATOPBI YACTHUIL G JIJIsT COCTOSTHUI € TIOJIOKUTETb-
HOIt 3Heprueii, 1 aHTUIACTHIL b 17151 COCTOSIHIM ¢ OTPHUIIa-
TeJILHOH dHeprueit

A 0
qlz:Zeika:ak + Zeikwbtk = Zeﬂ”(gkak -+ Q,kbtk,),
k

k>0 k>—A 17
) . ) ) (17)
Gor= Y e ap + Y M =Y e (O-gar + OxbT ).
E>—A k>0 k

3mecn a™, a u bT, b—onepaTophl POXKICHUA U YHEITO-
JKEHMsl KBAPKOB M aHTHKBApkoB, al0) = 0, bl0) = 0. B
npencrasaenuax (17) yao6HO TakzKe HCIOIB30BATH TeTa-
dbysKIMM 0} HA COOTBETCTBYIOIMX OTPE3KAX, OMPEIEe-
HUS KOTOPBIX, HAJEEMCA, IOHATHBL n3 3anucu. [InoraocTs
cBOGOTHOrO TAMAJIBTOHUAHA TIPUHAMAET BH/T

Ho = kafar(Oc—0_k)+  kb_bT, (0_x—04). (18)
k k

IIpeanonaraercsi, 9T0 TPHU JOCTATOYHO CHIBHOM B3aW-
MOJIEICTBHH OCHOBHOE COCTOSTHHE CHCTEMBI 00pa3oBaHO
KBAPK-aHTUKBAPKOBLIMHU TAPAMHU C TPOTUBOIIOJIOKHBIMY
UMITYJTbCAMH, C KBAHTOBBIMM YHCJIAMHU BaKyyMa, U €ro
BBIOMPAIOT B BH/IE CMEIIAHHOTO COCTOSAHU ¢ OOroI000B-
CKOll TIpOGHOH (DYHKIMK (TeM CAMBIM BBOIUTCS HEKOTO-
past BbLIEJICHHAs CUCTEMa, OTCIETA)

o) =T10), T = [[explep (afbt, + apb_p)]-

p



Hamomunm, uro omepaoiree mpeodbpa3osamue T mpesBpa-
IIIAeT KBAPKOBBIE OMEPATOPHI B OMEPATOPHI POKIECHUS U
yumuToxenus kpazudactun A =T o TT, BY =T b+T7.
Ipeacrasienus (17) npuobperaioT Ternepsb BU

Qo = Y™ (UpAp + U_1BT}) |
k

, (19)
42z = Zezkx (VkAk + kaBiLk) y
k
Ie MCIOJIB30BaHbI CIEIyomye 0003HAYEHUS
Uy =cospugy—sinpu_y,
(20)

U_ =siny up +cose u_g .

Ananoruusnie (GOpMysIBI UMEIOT MECTO JJIsi KOMIIOHEHT
V, ¢ 3amenavu U — V, u — v. B stux ompeaeaennsx
MBI TakKzKe IJjisi eauHo0Opasusa yHu(pUIMPOBAIA 3AIIUCH
¢opMyJ1, BBEAS KOMIIOHEHTBI U, U COLJIACHO OLPEIEJIeHM-
aM (OHU OKaxKyTCs yIOGHBIMY BHE KUPAJIBLHOIO TIPEIEIIa)

(21)

[LnoTHOCTH CBOOOAHOIO raMUIBTOHHAHA ITPEOOPA3yeTCs K
BUJLY

Ho = > kcost (Af Ay — BLyBT) (0 — 0_y) +
k
+ > ksin® (A7 BT, + B_Ay) O — 6_x) .(22)
k

3aeck 0 = 2¢. Yned B3auMomelCTBUS MOXKHO IIpencTa-
BHTb KaK

G adstah = Y (UFAL + U B_) (U + U_ B, x,

k
(23)
< Y (VA + VEBL)(Vide + Vo BY,).
l

Yronm cmapuBaHWs HAXOOUTCA W3 YCJIOBHA MUHUMYMA
cpenneit sueprum (o|H|o). B cmry npmEEMaeMoro mo-
pAIKa CJIeJI0BAHNSI ONEPATOPOB HEHYJIEBbIE BKJIA/IBI B 9TO
CpeJiHee JAI0T TOJIBKO CJIEAYIONINe MATPUYHbIE JJIeMeH-
THI:

(o|B_x BT, o)
(o|B_rAx A BY, F(k—1)|o) ,
(o|B_i,BY, B_;BY, F(k—1)F(0)|o) .

Ms1 ocTaBu/id B 3alUCH MATPUIHBIX 3/IEMEHTOB BKJIAJ,
dopm-paxTopa, ITOOBI MOKHO OBLIO IIPOCIETUTh KAKHE
MOAu(PUKAIINY TOTPEOYIOTCS MIPH HEPEXOe K B3aMMO/IEH-
cTButo obmero suna. [lepBoiil BKIa OPUXOAUT OT CBO-
OOTHOrO TaMUJIBTOHNAHA. BTOPOH MATPUYIHBIN JIEMEHT,

¢ yueroM Buza ¢opm-dakropa i mHTEpECyIomei Hac
mozmenn F (k) = §(k), npuBOIuT K BKIaLy BHIA

sin? ~ ~
(Gk + G_k) .

U Vo UV = —
IlepBblit M BTOPO# MATPUTIHBIE JIEMEHTHI MOTYT TIPUBO-
JUTH K BBIUTPBINTY HEPTUH, B OTJIWYHE BKJIAIA, CBI3aH-
HOTO C TPEThUM MATPHUIHBIM DJIEMEHTOM, KOTOPBIt CTPO-
ro nosioxkuresed. Ho kak 1o ormedanocs B paborax [4],
A KBApPKOBBIX TOKOB, COMEPKAIIMX TE€HEPATOPHI IIBE-
TOBOH Tpymmbl t¢, TpeTwii BKJaJI CTPOro oOpaIiaercs B
HOJIb, TIOCKOJIBKY OH OTBEYAET NOJIOBACTHIHBIM JUArPAM-
MaM, T/Ie B KazKI0i BEPIMUHE CJIe/T 10 NeHEPATOPY IIBETO-
BOIi TpyIIIBI 0OPAITAETCS B HOJIb B CUJTY MOJHOTHI CIIMHOP-
Horo 6asusa (37ech MO 1BETOBLIM HHAEKcaM). Cobupas
BCE BMECTE, MOKHO TOJIYYHUTH CJIEHAYIOIIEe BHIPAXKEHIE
st by HKUMOHAJA cpeHeii sHepruu (Mbl He Oy/1eM BblIIK-
CBIBATH BKJIAILI CJIEJOB MeHEPATOPOB IBETOBON T'DYIITIHI,
TTOCKOJIBKY 3TO CBOJIUTCS K OMPEJEIEHHOMY TI€peoTpeie-
JIEHUIO KOHCTAHTBI CBA3M, W HECYIIECTBEHHO /IS JAJIb-
Heifwero)

A
(o|H|o) = Z(—2k cos — g sin?6) . (24)
k=0

Munnmy™m byHKIMOHAIT, JAETCS PENTEHUSIMU CJIe Ty IOIIe-
ro ypaBHEHUA

sing (—k+gcosf) =0. (25)

HerpuBranbaoe perierune MOTyvaeTcs IS UMITYIbCOB
k<g

cosl =k/g .

He ycnoxusist 3amaum, OrpaHUIUMCST TOJIBKO TAKUMHU CO-
CTOSTHUSIMM W TIOJIOZKUM, (POPMAJIBHO, UMITYILC 0Opes3a-
HUs paBHBIM KoHcTaHTe cBs3u A = ¢g. Bonee croxkuast
KOHCTPYKIIUsI, C MPOJIOJPKEHUEM PEeNIeHHsi € TOMOIIBIO
TpuBHAIBLHON BeTBU 0 = (), 31ech Oyaer wssmmneit. [1om-
CUYUTBHIBAST TJIOTHOCTH YHEPTUH KOHJIEHCATA MMEeM

(olHlo) = —5 & . (26)

CpaBHUBAasi 9TO BBIPAXKEHUE C IIJIOTHOCTHIO YHeprun "Heli-
rpanbaoi" cucrembr (10), MOXKHO BUAETH, 9TO IIPU J0-
CTaTOYHOMN MJIOTHOCTH aHcaMmOst sHeprusa "HeATpaabHO-
ro" ancambJisi CTAHOBHMTCS IIOJIOXKUTEJIBHOMN, T.e. Hepre-
TUYECKU 00Jiee BBIFOJHBIM OKa3bIBAETCsE OOroaob0BCKOe
zamosinerre Mops. CaM ke KOHIEHCAT XapaKTepU3yeTcst

IIJIOTHOCTBIO 3apAlda

wmwz@L,Qz/MMm+@@> (27)

Bre KMpaJgbHOrO Tpefena B MpeaCTABICHHN KBAPKO-
BbIX oneparopos (19) komnonenrsr U, V' umeor By

Ui = Ups0(1) + Vico(1), Uy, = Upco(1) + ‘71@>0(1()28)
Vi = Vieo(2) 4+ U=0(2), Vo = Vis0(2) + Ur<o(2)



Kanonuueckoe n omeBarolee mpeodpa3oBaHNA MPOBOIIT-
cs y2Ke € COOTBeTCTBYMOmuMU oneparopamu A;, i = 1,2,

o) =T)0), T = HeXp[‘PP (sz’)_gjp + gpéfp)]v
P

A=T AT, Bt =T B*T', cm. seipasenne (13). Cso-
GOHBIH TaMUTLTOHUMAH UMeeT BHT

Ho = Z k’oz’f(k) cosf (AZ_Ak — B—k'Bi_k) (gk — g—k) +
k

+ > koe(k) sin (A BY, + B_Ap) (0 — 0_1).(29)
k

Bueck dynkmua e(k) obo3HadaeT 3HAK MMITYJIbCa k.
BkJ1a 1 BTOPOTO MaTPUYHOTO 3JIEMEHTa, TPeobpasyercs K

BHLY
sin(6 — 6,,)
4
OlpeiesIeHre BCIIOMOTATEIBHOTO YTUIa §,y,, CM. B BBIpaIKe-

uun (12). B pesynbrare dyHKimoHan cpenHeil sHepruu
OPUBOIUTCA K BHIY

UL VUV = — (O +6_)

A
(o[H|o) = [~2kcos® — g sin®(0 — 0,)] . (30)
k=0

MOXKHO IIOKa3aTh, YTO B JBYMEPHUHU MBI [IOJIyIMM HE3HA-
qureabHble nonpasku O(m), N0 CPABHEHUIO C PE3YJIbTa-
TaMH, MMOJYIEeHHBIMU B KUPaJbHOM mpenene. Ho yxe B
TPEXMEPHUN CUTYAIUs PASHTEIBHO M3MEHSETCS, KAK ITO
y?Ke OTMedasIoch HaMu B paborax [4].

ITposeem cpasHenue Jisi Mogeau Tuppunra ¢ Toued-
HO# dopmoit BzammoneiicTeus, F(z) = §(z). Cragama
MPUBEIEM PE3YJIBTATHI B KHPAJBHOM MPEIENe, CIeAys
obosnauennsim paborer [10]. Orosopuwm, YTO KOHCTAHTa
B3aNMOIEHCTBHUS B 3TOM ciydae 6e3pasMepHa, M OTINYa-
€TCsL OT KOHCTAHTBI CBSA3M I CIIy9ast JeIbTa-00pasHoro
dopmdakTopa B HMITYJIBCHOM IPOCTpaHcTBe. Kak mu3-
BECTHO, FAMUJIBTOHUAH MOJEIH MOXKHO JUATOHAIU3UPO-
BaTh NMPHU MOMOIIY TOACTAHOBKE Bere

Ny N>
|k17~'~7kN>:/Hdziem’mi/dejglkNﬁrjyj X
=1

Ny No
< [T+ Nije(i —y) [ [ o (2a) [] @5 (wi)lo)
i,j i=1 Jj=1

B KOTODOI, €(x)—dyHKuusa B Buge cryneHpkn €(x) = —1,
npu x < 1, e(x) = 1, mpu = > 1, k;—ummynanc i-oii 4a-
crunel, Gazossii GakTop Ai; = —¢/25,;, Sij = (kE; —
kiE;)/(kik; — E;E; — £?), e—6eckoneuno mabiii uadpa-
KDAaCHBIN perynsapu3arop, F;—sHeprus gactuner, (B pac-
CMATPHBAEMOM cayuae Ge3MaccoBblx dactur, E; = |k|.
VpaBHeHue 1jisd COOCTBEHHBIX (DYHKIUI TaMUJILTOHUAHA,
HOPUBOIUTCSA NIPH 3TOM K BHILY

N
Hlky,....kn) =Y E; |k, ..., ky)
=1

N = Nj + Ns. llepuoauveckue rpaHUIHbIE YCIOBHUS TPU-
BOJAT K YCJIOBUSAM HA UMITYIIHCHI YACTHUI]

2mn 2 N
i
ki = I + Z E arctan(gSij/2) s

J#i
rae n; = 0,%1,...,£Ny, No = (N —1)/2. lIna "cummer-
pu4HOro" BaKyyMHOIO COCTOSHAA 3TH yCIOBHAA BBIIOIHA-
IOTCA U1 CJAEOYIOWEH MTOCAENOBATENbHOCTH MMIIYJIbCOB
YACTHI],

ko=0, (ng=0),
2mn; 2N

ki = 7;11 + Toarctan(g/Q) , (ni=1,2,..., Nop),
9mn; 2N,

k; = i _ 2720 arctan(g/2) , (n; = —1,-2,...,—No).

L L
Jlng sHeprum BaKyyMa MOJydaroT
2N,
By = A |No+1— = arctan(g/2)| . (31)

(3HAK mepej CIaraeMbIM, COIEPIKAIAM B3aMMOIEHCTBHE
MOKET OBITH TOJYYEH TIO COOOPAYKEHUSAM HETPEPHIBHO-
ctu, crapTys ¢ dhopmynl (8), nanpumep). [IpunumMas Bo
BHUMAaHHUE SBHOE BBIPAKEHUE JJIs YHCIIa COCTOSHUIA

No=2 A,
27

JIETKO BUIETH, 9TO, (DAKTUIECKU, MOJIYUALTCS (HOpMY-
Jla JI7Is SHEPTMH OCHOBHOTO COCTOsiHWSA BUaa (8), nMed
BBUJIY CBsI3b IJIOTHOCTH SHEPTUU W DHEPIUH AHCAMOIIS
£ = E/L. arepecHO OTMETHTh, YTO B CJIydae TOded-
HOTO B3aUMOJIEHCTBUS, B CHUITY OUYEBUIHOTO OTPAHAYEHUST
|arctan | < /2, 4nen B3anMOAEHCTBUA HE MOKET H3Me-
HUTH CUTHATYPY Tapaboibl JJjisd S9HEPTUH BAKYYMa, B OT-
Jmgne OT Caydas aebra-obpa3Horo popMmdarTopa B uM-
MYJTBCHOM MPOCTPAHCTBE. AHATOTHYHBIE (GOPMYJIBI UMe-
10T MecTo 1 B caygae Mogenu I'poca—Hesse [5], s mac-
cuBHOM Mozaenu TUPPHUHTA C TOUEUHBIM B3aNMOIEHCTBH-
eM, F(z) = §(z), ussectHo, uro pacnpesenenune mopsa u-
paka orimuaerca 0T cBoboaHoro (g = 0) uinb nepeHop-
MHPOBKO#i GpIcTpoTht &« — 7/ (m+g)a, o = In[(ko—k)/m).
VYcsioBrE KOHEYHOCTH MACCHI (DHU3UIECKOTO BO3OYKIECHUSI
MPUBOJNT K TPEOOBAHUIO MEPEHOPMUPOBKY TOKOBO#H Mac-
cor m = ¢ e 2/ (TF2ON gingp = g/(4 + ¢g*)'/2. B cuek-
TPe MOJEU MOSIBJSIIOTCS CBSI3aHHBIE cOcTOsiHUA. [Tomm-
Mo "cummeTpudHOro" BaKyyMHOIO COCTOsIHUS B paborax
[9], [10], 6bLTO TOKA3AHO, UTO MMEETCST IHEPTETHIECKHN DO-
Jlee BBITOHOE cocrosinue. Mbl He Hyem Hosiee ocraHas-
JIUBATHCA Ha AHAJN3E CUTYAIMH B JIBYMEDPUH, U OUPAHU-
YUMCsI TOJIBKO 9THMHU TIOBEPXHOCTHbIMU cBemeHusmu. C
COBPEMEHHBIM COCTOSHUEM WCCIEIOBAHUN B ITOM 00sa-
CTV MOYKHO TIO3HAKOMHUTHCS B [3].

III. TOYHAYA MHTETPUPYEMOCTDb
MOJEJIN KKBb

IToBenenne KBAPKOBOro aHcaMOIsT ¢ HECKOHETHOH KOp-
PENANMOHHON A IUHON B IPOCTPAHCTBE OOJBIINX Pa3Mep-



HOCTell Mbl TPOWJITIOCTPUPYEM Ha mpumepe 3 4+ 1 Teo-
puM, KaK CIydae, MPeACTaBSIONEeM HAHOOIbINNI WHTe-
pec. Heobxoammblie Monudukaimm mpu nepexone K D + 1
zamadam OyayT oueBuaHbL [Ipex e Bcero crerudunmpy-
eM TIpe/CTaBIeHNE MOl KBAPKOB

o — / 0B P/ (2p0)/? [apatips + BT 0_pis]
(32)

G — / 0B P /(2p0)/? [0 e + bopaTops] -

3aech p = p/(27)3, cUHOPE! U U v UMEIOT CTaHIAPTHLIH
BHJ W HOPMHPOBKM, KOTOpbIE MbI He IpHUBOIUM. Boobime
rOBOpsi, CJeAys PACCMOTPEHHIO ABYMEPHOH CUTYALUH B
IpeapIayIneM maparpade, caemoBaao 66 BMECTO Oepa-
TOpa pOXKIeHus (YHUUTOXKEHU) b BBECTH OEPATOD yYHU-
YTOXKEHUS (POKIAEHUS) JONOJHUTEILHON YACTUILI UHO-
ro copra. MbI BBeIU OIpeeeHns OePaTOPOB YACTHIL 1
AHTU-YACTHULL [I0PA3YMEBasi, YTO COOTBETCTBYIOIIEE Ka-
HOHHYECKOe MpeoOpa30oBaHUe ¢ YACTHUIAMU W JIBIPKAMK
y2Ke BBITTOJTHEHO. DTO YI00HO /i JAJTbHEHIIero mpu pa-
6ore ¢ BKIII cocrostamem. Ham monamoburca ciemyioee
OJIHOBPEMEHHOE 1IEPECTAHOBOYHOE COOTHOILIEHUE

{Giox: Tisy } = Vop 0ij Oxy - (33)

HamomunM popmy ramMuibTOHHAHA B3aUMOIEHCTBHIST

V=gv, v= /dxdy F(x—y) j2®)7() .
F,He HCIIOJIB30BaHbI OHepaTOpr TOKa
jz(x) =qx ' gx , (34>

LIpUYeM Jijisl YIIPOIIEHUs 3alUCU 1I0C/Ie1y0muX HGopMyJl
MBI TIOJTb3yeMcsl COKPAIeHHBIM obo3HadeHneM I = v,t%,
HEeCMOTPS Ha HEKOTOPYIO HEMOCIeOBATEIbHOCTE OIIpe/Ie-
nenusi. MoxkHO 1I0Ka3aTh, YTO TaMHUJIBTOHHAH HHTEPECY-
IOIIEro Hac aHcaMOJIsi KOMMYTHUPYET C OIeparopom bapu-
OHHOT'O 3apsAIa CUCTEMBI

[HaQ]:Oa Q:/dXQX’YO(]x~

[TosTOMY Kak U B CJIydae ABYMEPHS MOXKHO BOCIIOIB30-
BarbCd npueMoM THPPHHIa, M HA3HAYUTH OIOPHOE COCTO-
suue |0), AaHHYIUPYEMOe KBAPKOBLIM OIIEPATOPOM

(leo) =0,

BO BCEX COOTBETCTBYIONIUX JUCKPETHBIX TOUYKAX OOKCA.
(T.€. BCE COCTOsIHMS AHTUYIACTHUII, OMUCHIBAEMBIE OIIPEPA-
ropamu tuna b 3anonauens) CobcrBeHHbIE BEKTOPHI ra-
MUJIBTOHHAHA H Pa3bICKUBAIOTCS IIPU 9TOM B BUJE

|N) =210z - - - Qzn lez2~~-zN|O) . (35)

B sToit dpopmyte mompasyMeBaeTcsi HHTETPUPOBAHHE II0
BCEM KOOPIHHATAM Z;, KOTOPBIE MBI JIJIsI COKPAIIEHUST 3a-
mucu onyckaeM. 110 mHaAyKITnu MOYKHO TIOKa3aTh, 9TO JIeii-
cTBUE CBODOIHOIO raMUJILTOHHAHA Ha COOCTBEHHBIN BEK-
TOP TIPUBEJET K CYMEPTIO3UINN BKJIAJI0B BUIA

Ho|N) = Z ko (gt ax + b_xbT )[N) | (36)
k

rme ko = (k? + m?)'/?—smeprus kBapka. AHAIOTIYIHO
JUISL 9I€HA B3AMMOJIEHCTBAS MOKHO MOJIY THTh

W, 01% .. NI =2N @G- ..qn T9° 5 x +

(37)
+N(N = 1)Gi - gn-1T7°GnTY x + N1 ... g T x.

TMosgcHEM, 9TO B 3TOM 3aIKCH HOAPA3YMEBAIOTCHA COOTBET-
CTBYIOIIAE TIEPECTAHOBKN WHIEKCOB 1...N B TepBOM U
TPEThEM YJIEHAX, & TAKXKE MEPECTAHOBKM 110 BCEM HapaM
HHJEKCOB BO BTOPOM CJIaTraeMOM, HO MBI HX OIIyCKA€M,
IPOCTO yKasbiBagd, 910 BosHukaer N mam N (N — 1) sk-
BHBAJICHTHBIX BKJIAJIO0B. Tak»ke MbI OMyCTHIH TPOCTPAH-
CTBEHHBIE MHJEKCHI Y KBAPKOBBIX ONEPATOPOB, W AHAJIO-
[PMYHO WHJIEKCHI y OliepaTopa KBapkosoro Toka j (34). Ilo
MIOCTPOEHUIO, ONEPATOP TOKA IPU JEUCTBUN HA OMOPHBINI
BekTOp saeT HoJib §|0) = 0. Tlonb3ysch ITUM JIerko Haii-
TH JeWCTBUE ONepaTopa B3auMOJIECTBUA HA PA3bICKUBA-
emblii cobersennbiii Bekrop (35). Ilpamoe npoussenenue
A-MaTpHIl, KOTOPOE CTOUT BO BTOPOM CJIATAEMOM BBIPA-
skerust (37), MOKeT GbITh PA3I0KEHO Ha CUMMETPUYHYIO
U aHTU-CHMMETPUYHYIO IO IBETOBBIM MHIEKCAM CIIMHO-
POB COCTABJIAIOIINE
A®A:§As_§[\a7
rne EpA—enunuanbiii Ter3op. AHAJOTMYHO JIETKO BU-
JETh, YTO TIPSAMOE MPOM3BEICHUE IMPOCTPAHCTBEHHBIX
0
B MaTvpv%H; Ol o= 0@
0 —o o 0
(B kupaabuom (Beils), u B cTanIapTHOM IPEJICTABIEHH-

AaX, (ZOOTBeTCTBeHHO)7 ,HeﬁCTByeT Ha CIIMHOPHBIE MHIEKCHI
TaKzKe, KakK ,ILeI;'ICTByeT opdaMoe IIPpOU3BEACHUE 0-MaTPHI]

Ag+ Ay = FEy (38)

)

0'®0':ES_3EG, Es+za:E27 (39)

rie Ey—enuuuanstii Tenzop. Torma mjist mpsgaMoro mpoms-
BEJIEHUS ’)/M’YO—ManI/IH Oy IUM

1Y’ @77’ =85+ B — (8 —35,) =4 T, . (40)

311echb, aHAJOTUYHO I[BETOBBIM MATPUIAM OAPA3YyMEBaA~
I0TCA CUMMETPUYHBIA U aHTU-CUMMETPUYHBINA TPOEKTOPBI
B NIPOCTPAHCTBE CIIMHOPOB. B pe3ysibrare s uHTEPECY-
0Meil Hac B cirydae (DepMUOHOB aHTHCUMMETPUIHON 1O
IIBETOBBIM ¥ CIIMHOPHBIM WHIEKCAM KOMOWHAIIUU MOXKHO
MOJIYYUTH

16

0 0

AOA @ = 5 A B (41)
Kosddumuent npu cocrapisomeit A,>,, IOHATHO, paB-
nsgerca Hymao. KoopauunarHas BoaHOBag (DYHKINA BBI-
Hbupaerca anru-cummerpuunoil. (Kombunanusa A,, ¥, ¢
CUMMETPUYHON KOODAWHATHON (DyHKIMEH TPUBOIUT K
OTTAJIKUBAHUIO, ¥ MO3TOMY HE [IPEJICTABJIIET UHTEPECA. )
B Tperbem ciaraeMoM, € BCTPEUAETCS TPON3BEICHIE
I'+TAY, 01 cBepTKH IBETOBBIX MATPHIL HMEeM

NZ2—-1 16

:20 —7E N:.
AX=2RE B (V=) (1)



— 30 é ......... 4:

Puc. 1: Ilnorrocts sueprum mops lupaka kak QyHKIHsI 00-
pe3atomero mapamerpa A, npu a = 1.025 mis paga 3HaveHU
rparngHOro mMmyiasca P =1,...10.

AHaJOTHYHO 1715 TTIPOU3BEIeHHS 7Y -MaTPHI] IOy <M
0 0
Yy " =2 By . (43)
Teneps peiicrBue komMmyTaTopa (37) HA OHOPHBINH BEKTOD
|0) MOKHO IIpHBECTH K BHILY

0.1 - anII0) = 5 N [A,Z0(V—3) 20, 5] IN). (44)

Pacemorpum momens B kupasbHOM mpesere. Orpwuia-
TeIbHAs YHEPrus (ILJIOTHOCTH SHEPIUH ), TPUXOAIIAL OT
cBOOOTHOTO TAMUIJIbTOHMAHA OLIEHUBAETCH KAK

A
K2dk k

2N, 1
5(] = —QNC 47T/ e
P

GoP " 2 (A% — PY) . (45)

AHaJIOrMYHO NOJIHOE YKCI0 YaCTUl, C OTPHUIATENLHON
3HEpruell BeIparKaeTcd B BHUJE

N=NL?, (46)

A

k2dk 2N,

N =2N, 47r/ = -
P

(A3_P3)a

wl

(27)® 2w

rme N—1motHOCTh YacTui. Temeph MOYTH BCe TOTOBO,
9TO0bI HAIIMCATH dHEPruio Mopsa JIupaka, aHATOIHTIHO
Bhipakeruio (8). [MogokuM Jjisi TPOCTOTHI OIEHKH, YTO
BKIaabl AgY, u AyY; xKoMOuHAIMI OJUHAKOBLI, TOLIA
IIOTHOCTD SHEPrur Mopa Impaka paBHA

16
SN

Ep=&+yg %N(Nfl)—g
[TomoxkmM, 9TO FHCIa 3amoanennsa Oobiane. Torga mpa-
BOMOYHO MpPEHEOPEYh BKJIAIOM MAJIOr0 TPETHEro jie-
na. Bo Bropom cmaraemom mpenedpexem emunnteii. Te-
epb MOXKHO BUZETH (YTO SICHO U 110 COOOpaKeHUAM Pa3-
MEPHOCTH), 4T0 1IAPAMETPOM B3aUMOJEHCTBUA CILYKUT
a = g L3. Ha puc. 1 noxazana sseprus mops Jlupaxa
kak dyukius napamerpa A, mpu a = 1.025, maa psaa

Ep(A) =

-G 200 400 500
2 p

Puc. 2: HamGosee ycroitamsbie paBHOBECHBIE Ykl O (B Tpa-
nycax) kak pynkmmu ummysnbca p B MaB. Cwomnas smans
ommcerBaeT Momesab HIJI, mrpuxoBasd JIMHUS COOTBETCTBYET
monem KKB.

3HaveHuil rpannanoro ummyabea P = 1,...10. Oka3siBa-
eTCdA, POBHO TAaK¥Ke KaK U B JAByMepuu, abCOTIOTHA TITy-
6una mops Jdupaka He oupejesena (CTpeMUTCsE K MEHYC
OGECKOHETHOCTH MPU YCTPEMJIEHUN TTapaMeTpa 00pe3aHus
K Geckoneunoctu). Ho B cuiy Toro, uro B dhopmyie (47)
00yCIOBIEHHBIN B3AMMOIEHCTBHEM CTAPIINI IJIeH COMAEp-
JKUT BBICOKYIO (IIECTYI0) creleHb napamerpa obpesanus,
a UJeH KUHETUYIECKON YHEPTUM MPOMOPIMOHAJIEH YeTBED-
TOI CTenenu, pacrupeaeeHne SHEPTUn ¢ pOocToM P cuabHO
CXKHUMAETCsI, 9TO JIEFKO BUJETh HA PUC. 1, BBIPOKIAICH
B [peJesie B BEPTUKAJIBHBII OTPE30K, TaK 4910, (akru-
gecku, Mope /lupaka oTBedYaeT MpoCTO, KaK Obl, CBA3aH-
HOMY COCTOAHUIO. [TOCKOMBKY TO TOCTPOSHUIO UMITYJIBC,
MPU KOTOPOM JIOCTHUTAETCS MUHUMYM SHEPIUH, HOTKEH
OBITH IEJIBIM YUCIOM, TOHATHO, UYTO JOJIXKHO BBITIOJHSITh-
Cs OIpeleIeHHOe COOTHOIEHNE, COMEPIKAIEe KOHCTAHTY
cBsa3u. [Ipu GOIBIIOM I'paHMYIHOM HUMITyIbce P npa meit-
CTBUTENbHBIX KOpHs ypasHenus &p = 0, B cayvyae D + 1
U3MEpEeHNnil, PaBHbI

A =P, Ao=P+ Ay, (48)

(D+1) P _D+1
D[aDPP~'—(D+1)/2] ~ aD?

~ 2-D
Ap = P

sneck a = gL”. Bymem XapaKTepm30BaTh pacIpenee-
HUE SHEPruM [MUPUHON, KOTOPas JAeTCsl PA3HOCTHIO ITUX
nByX KopHeir Ay = Ay — A;. MUHUMYM TIJIOTHOCTH 3HEP-
ruu Mops Jlupaka pacmosioKeH MPUMEPHO TOCEePeIUHE
mexay stamu KopHamu A’ &~ (A1 + A3)/2, u onpene-
JISIETCsT COOTHOIIEHUEM

(D +1)2pP+?
4D [appP-1-D 31

(D+1)?

o7 P2 (49)

Coorsercrayioiyto napaboiy (orubarollyio TOUeK MUHU-
MyMa SHEPIUK) U Cy2KEHUE PACIPEIEJIeHUs] SHEPIUU Jier-
KO BUJIeTh Ha puc. 1. B coydae 2 4+ 1 u3mepenns mmpu-
Ha pacupesesienns mocroguua. s pasmepunoctu 1+ 1,



HAMOMHWM, [ITUPUHA TTPOMOPIHOHATLHA TapaMeTpy obpe-
3aHug A. 3Ha"eHme mapamerpa A mpm KOTOPOM IIHPHHA,
pacnpeeieHnsi CTAHOBUTCST CPABHUMOM ¢ MUHUMAJIBHBIM
pa3sMepoM siueliku 10 UMyJabcaM—27 /L, MOXKHO Ha3BAThH
KpUTHIeCKUM A., TIOCKOILKY OPH JOCTUXKEHUU 3TOrO
Mpeiesia BBIPOXK IEHUE MOKET OKA3AThCS YKe CYIIECTBEH-
HbIM. B cayuae 3 + 1 wamepennii A, ~ 2/(97gL L) (B
9TOH 3aIUCH MbI BBLAETUIN 0€3PA3MEPHYIO KOCTAHTY CBsi-
3u gL, KoTOpas, KaK OKa3bIBAETCs, MPOSBISIETCS B BU-
Jie eCTeCTBEHHOIO TIapaMeTpa TEOPUU, CM. HUXKE Pasied,
MOCBSIIEHHBI KOHCTaHTe cBsizn). B paborax [4] mMbr Bu-
e, 9TO U3 (PEHOMEHOJOruu ciaeayer omnenka g ~ 300
M>5>B, u ¢ yueroMm TOro, 9T0 XapaKTepHbIi pasmep L ompe-
Jengercs depe3 Aqep, BuAmuM, 910 A. He MOXKeT ObITH
6osbmuM gucaoMm. OTMETHM OYeHb BAXKHOE 0OCTOSATE k-
c¢tBO. COCTOSHMS, JOCTABJISIONINE OTHOCUTETHHBIN MUHU-
MYM JTHPAKOBCKOTO MOPS, CHIBHO BBIPOXKIEHBI, TOCKOJIb-
KY LEJIOYUCJIEHHAs] PEIIETKA UMILYJIbCOB (HAIIOMHUM, Mbl
paccMaTpUBaeM KBAPKOBBIA aHCaMOJIb ¢ MEPUOAAIECKU-
MU PPAHAYHBIMA YCJIOBUSIMU B OOKCE KOHEIHBIX PA3MEPOB
L) me Bcerma Touno monazaer Ha cdepy pasmyca A’ B
JBYMEPHUH, KAK MBI 3TO OOCYKJAJU BBIIIE, MAKCUMAJIb-
Has CTENeHb BBIPOKIEHWS WHTEPECYIONIUX HAC COCTOS-
ouit, popMupyiomux Mope lmpaka, paBHAIACH TOJIHLKO
AByM. JIerko TMOHATH, YTO CTEmeHb BBIPOXKJeHud ''Ba-
KyyMHOTO" cocTosiHus nipu (DUKCHPOBAHHOM TIapaMeTpe
obpe3aHust TPOMOPITMOHAIBHA TLIOMATN Chephl paanyca
A, Ipu KOTOPOM JTOCTUTaeTCA MUHAMYM 3HEPIMH IWpa-
KOBCKOTO MOpsi. B mpenene P — 0O cTemeHb BBIPOXKIE-
Hust Oeckoneuna. TeopeMbl KBAHTOBOM MEXAHWKH ydUar,
9TO YHEPTUI0 AHCAMOJIsI, IMEIOIIEro BBIPOXKIEHHBIH ypO-
BEHb, MOXHO, B TPUHIINIE, TOHU3UTH, €CJIU CHITH BbI-
POXKJIEHHE IIyTeM HAPYIIeHUsT CAMMeTpur cocTosHust. Te-
mephb MIPUMEM BO BHUMAHUE BTOPOE BAKHOE 0OCTOSATETh-
crBO. B mpocrpancTBe BpemeHu OOJBITEM WU PABHOM
3 + 1 mmpuHa pacupeieieHuss SHEPTUH CTPEMUTCH K HY-
JIIO TIPY CTPEMJIEHHH TapaMerpa 00pe3aHus K OeCKOHed-
HOCTHU. DHEPIUs Ke BaKyyMa CTPEMUTCS K MUHYC OeCKO-
mearnocTn 1o 3akony —A2. (MoKHO BHIETh aHATOTHIO C
pesyabraramu KoHdopmuoit reopun [12].) Iouaruo, uro
dbayxryammn (0IHOBPEMEHHO MOYKHO CKa3aTh CHSTHE BhI-
POKJIEHUS COCTOSIHMSI) BYIyT IPUBOAMTH K PA3PYIIEHUIO
TAKOro HECKOHEYHO TOHKOrO cJios. [louaTHo, 9ro cuarue
BBIPOXKJIEHUST MOXKET OBITh PEATN30BAHO MyTEM KOppe-
JAIMUH MapHBIX cocTosHuit. Bocmonmb3yeMcest Temepb m3-
BeCTHO! KJtaccuduKarmeil, IpuMeHsieMOR [Tt TAKAX UM-
MyJbCHBIX PACIPEIENEHUI TI0 MOJHOMY WMITYJIbCY MTapbI
P. Ilpu HEHYIEBOM HMITY/IHCE THUCIO AP YACTHUIL, KAK W3-
BECTHO, TPOMOPIMOHAIBHO TIEPUMETPY OKPYKHOCTH TIe-
peceuenust 1ByX chep XapaKTepHOro paanyca A, menTpol
KOTODBIX HAXOMATCS Ha paccrognawun |P| apyr ot apyra.
Ilpu HyseBOM MMITy/IbCE YHCIO MAP 3HAYUTETHHO OOJb-
e, ¥ TPOMOPIMOHAIBHO TIomaau cdepbl paauyca A.
IloHsTHO, YTO WUMEHHO TAKON MOMAHCAMOJIbL TAaeT ITOMU-
uupytomiuit Bkaaa. C Apyroil CTOPOHBI MBI 3HAEM, YTO
B AHTU-TPUILIETHOM I[BETOBOM KaHAJIE OOHAPYKHUBAETCS
MPUTSKEHNE KBAPKOB, W BBITOIHBIM MOXKET OKa3aThCs
IVKBAPKOBOE COCTOSTHIE. DTO JAET HAMEK PACCMOTPETDH B

400 e T T T T T T T T T T T T T T T,

—a00b s D

200 300 400 B
p

Puc. 3: Tpu BeTBU pemrennii o IMHAMAUIECKON MACChI KBap-
xa B MaB mia mogesn KKB, kak dbynknusa umiyasca (MaB).
Toukamu MOKa3aHBI MHMMBIE 9ACTU PENIECHUIA.

Ka4eCTBE BAKYYMHOIO aHcaMb/id AUKBAPKOBOE MOpe (Co-
CTOsIHME [[BETOBOT'O CBEPXIIPOBOJIHUKA), NpUdYeM He 00si-
3aTeIbHO CTAPTOBATH C JIMPAKOBCKOI'O, KAK BBIACHIETCH,
ciost. Aty 3anauay u cpasaenue ¢ BKII cocrosuuem (mo-
CKOJIbKY (DEHOMEHOJIOTHS CUTbHBIX B3aUMOIEHCTBUI CBU-
JIeTEIBCTBYET, YTO ITO PA3YMHBIN BHIOOD) MbI IOAPOGHO
paccmorpenu B Haueil pabore [13], u HuxKe Mbl HpuBe-
JeM HYKHBIE JIs Hac cBefeHus. Hawunem ¢ HamoMwHa-
uusi, uro BKIIl cocrosinme He siBisieTcs COOCTBEHHBIM
COCTOSHUEM TaMUJIBTOHUAHA, & IPEICTABISIET CODO0i CMme-
LIAHHOE COCTOgHKE, 0OPA30BAHHOE KOHJIEHCATOM KBapK-
antukBapkoBbix nap. BKII cocrostaus B monenn KKB
6bLIH TOIPOOHO M3YyYeHbI B HAmmX paborax [14]. OyHK-
IIUOHAJI CPEHEN SHEPTUH, TPUXOAAIIEHCH Ha OJUH KBaPK,
w = E/(V7), nmeer Bug

’w:/dﬁpo(l—COSQ)—%/dﬁSin(G—em)]\/[(p), (50)

rae M (p)—vHAyIMpOBAHHAS MACCA KBAPKA

M(p) = QG/da sin (0" —0,,) Fpq (51)

0 = 2¢p, Yp, HATOMHNUM, OBO3HAYAET YIOJ CHAPHBA-
mud, po = (p? + m2)1/2. Mpsbr mpuBen GopMmyry aiis
dopm-dakTopa 00IIero Buga, W MePeMeHHbIE CO MITPH-
XOM, 37IeCh W HWYKE, OTBEYA0T WHTETPUPOBAHUIO TT0 WM-
mysibcy ¢, B uacrHocry, 0 = 2pq. Yroa 6, ounpenens-
ercd u3 coorHomenud sinfb,, = m/py. Eqununa B nep-
BoM csiaraemoM B opmyiie (50) BBOIMIACH B LEJAX HOP-
MUPOBKH TAKOM, 9TOOBI MPU BBLIKJIIOYEHHOM B3anmMOJIeH-
CTBHY 3HEPTUS BAKYYMHOTO COCTOSHUS PABHSIACD HYJIIO.
Ho B mHTEpecyomeM HAC KOHTEKCTE, 3Ta 3aBUCHMOCTH
JoJKHa ObITh BOccTaHoBIeHA. Ha puc. 2 mj1a cpaBHEHUST
MPUBEIEHBl HamboJiee YCTONYMBLIE 3KCTPEMann (QpyHK-
muonasia (50) mus mogenu HUJI (cotommnas juHus) u
mozgenu K (mrpuxoBasi jinHud), NOJIyYEHHbIE JJisi HOP-
manbsbix yeaopuit (I' = 0, p = 0). Heuocpeacrsenno
JUIST TEABTA0OPA3HOTO TIOTEHIINAIA B KOOPIUHATHOM ITPO-
crpanctse (momesns HUJT) Boipaxenue (50) pacxomurcs,



¥ I TOJTy9YeHns Pa3yMHBIX Pe3yJbTaTOB BBOANUTCS 00-
pe3aronrii BEpXHUil mpeaea NHTerPUPOBAHNA IO UMITYJIb-
cy A, KOTOpBIH HapsAy ¢ KOHCTAHTON B3anmMOmeHcTBUS
GG, ¥ TOKOBOIl Maccoil KBapKa m, sBISEeTCs HACTPOEU-
HbIM mapamerpom mojenu. Huke Mbr yoTpebsisem ogua
u3 cTaHaapTHeIX HabopoB Mmomenun HUJI: A = 631 M»B,
GA?%/(2m%) ~ 1.3, m = 5.5 MsB. Ilapamerpnbl Moemu
KKB Bribpanbl TakuMmu, 9TO0BI MPU OIUHAKOBBIX TOKO-
BBIX MACCaX, TUHAMUYIECKHE MACCHI KBAPKOB B 000UX MO-
npensix, HUJI u KKB, coBnajasnu npu HyJI€eBOM HMITYJIbCE
KBapka. Mnysbc py OTBEYAET MAKCHUMATBLHOMY TPUTSI-
JKEHUIO KBapKa M aHTUKBapKa. OOparHas BeIHINHA ITO-
ro ImapaMerpa ONpEeIesieT XapaKTEPHbINH Pa3Mep KBa3u-
qacTunpl. s pacCMOTPEHHBIX MOJIe/Iell OH OKA3bIBAET-
CA TOPSIOKA Py ~ (m]bfq)l/ 2 rme M,—xapakTepHas ju-
HaMHUYECKas Macca KBapKa, TO €CTh pa3Mep KBA3UIaCTHU-
IIbI CPABHUM C pa3MepoMm T-me30Ha. [IpumedaresnsHo, 9T0
pa3Mep KBa3MYACTUIbI, KAK ITO JIEMOHCTPUPYET PuC. 2,
HE 3aBUCUT CYIIECTBEHHBIM 00pa3oM oT BuiIa dhopmbak-
TOpa, MHBIMH CJIOBAMK OT Maclitaba, a OIpeessierTcs,
B OCHOBHOM, KOHCTAHTO! B3anMmojeticreusd. IIpeobpasyem
Tereph BRIPAXKEHNE JJIsT yAeabHON Heprun kBapka (50)
K BUJIy XapaKTEPHOMY JJIs CTAHIAPTHOTO TPUOIAKEHUS
cpeamero moss. TpuroHoMeTpudecKuit (paxTop mpeacTa-
BHM B BuJe HEKOTOPOH JTUHaMHYECKOI Macchl KBapka M,

M,

sin (0 — 0,,) = 7 Py = (p? + M,(p)/? . (52)

[IpoBoas anrebpamdeckne TpeobPaA30BAHNA MOKHO TOKA-
34Th, YTO UMEET MECTO €CTECTBEHHOE COOTHOIIIEHUE MErK-
Ay TOKOBOM HMHIAYIUDPYEMOH W JUHAMHAYECKON MaccaMmu
KBapKa

My(p) = M(p) +m , (53)

npudeM Bbipaxkenue (50) npeobpasyercs K BULY
~ ~ 1 S ~ |~
w= [ b [ dpr+ 1 [ dbdar, 3 @)@, (4

rae M (p)—IIOTHOCTD MHIYUMPOBAHHON MaCChl KBapKa,
Py=[p*+ M, qz(p)]l/ 2 sHeprus KBA3WIACTHIIL KBAPKA C
JUHAMHUYECKOU MacCcoi

My(p) = m+ M(p) = m+ [ 4 Foq 3(a) . (59)

B wactaom caywae mogenn KKB nveem

M(p) = 2G Mj_fip) . (56)

Ha npakTuke okasbiBaeTCs yaoOHee MOJIb30BATHCS 00PAT-
Holt dyukmmeit p(M,). B HacTHOCTH, B KUPAIBHOM Ipe-
nene M, = (4G? — p?)Y/2 upu |p| < 2G, M, = 0, npu
|p| > 2G. OTMeTHM, 9TO COCTOAHMS KBAPKA € MMITYITbCA~
mu |p| < 2G BoIpoKaeHbl 110 3ueprun Py = 2G. Ha puc.
3 NOKa3aHbI TPU BETBU pelenuii ypasuenus (56) st au-
HAMUIECKONW MACChl KBapKa. TOYKaMM TOKA3aHbI MHUMbIE
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YaCTH PEIIeHHi, KOTOpble 00pa3yloTcs B MECTe CIMSHUS
JIBYX BEIIECTBEHHBIX KOpHEH. IlomuATerpanbube <wieHb
B BbIpakeHnn (54) B 3TOM CJiyvae ONEHUBAIOTCS KaK

1 G m?
P4+ — M?~ —
Do O+4G P

" TOTA MJIsT YAEJBHOU SHEPruu ancamois B caydae 3+ 1
U3MEpEeHu IIOJIydaeTcs JIMHEHHO PaCXONAIIuiicss HHTe-
rpaja

/dpp2 G m?
wn~ = 2 2
27 P

B ciry4gae 6oabmiero D41 uncita u3Mepenunit uMmeeM BKJIaT,
nponopuuonaabubii —AP 72, Jlna D = 1 unterpasn cxo-
auTcs, a gy D = 2 uMmeercd morapudMUYecKas pacxo-
auMocTb. Mbl yke ynomunanu, 410 B Bhipaxkenusax (50)
u (54) ucIoIb30BANIACH €CTECTBEHHAs PEryJisdpU3alus, 1
9TOOBI TIOJTYYUThH IJIOTHOCTh IHEPTUH, PUXOISIIENCs Ha,
OJIMH KBapK, Mbl 00S3aHbBI BEPHYTH BKJIA/I

wozf/d5p07

KOTODBIi B cliydae pasmeproctn D + 1 mponoprnuonaien
— AP+ Comocrasnas Bce BMecTe, MBI BUIUM, UTO JIIs
BKIII cocrosmms onpenesaeHHo MOXKHO MOJIYyINTh 3aMeT-
1o Menbuiyto snepruio ~ —APTL (D > 1), yem BkIax
upakoBckoro Mopsa ~ —A2. KoppeasnmoHHBIH BKIaI,
KOTOpbI# B dyHKImMoHaMe (50) IPUXOAUT OT UJEHOB, CO-
nepzammx sin(f — 6, ), CyImecTBEHHO NOMABIEH, TIO CPAB-
nenuto ¢ skaagom A8, (D = 3), aupakosckoro mops (A2P
B ciyuae D+ 1 usmepenuit), v 1yisd HUX HEAKTYAJIbHA PO~
O6reMa Cy>KeHus paclpeneeHus SHepruu. Takke Ipu-
Baekareabubl BKIII cocrosHust u ¢ Touky 3penus peHo-
MEHOJIOTHH, TTOCKOJIBKY XapaKTEPU3YIOTCS OTIWIHBIM OT
HYJIST KADAJBLHBIM KOHICHCATOM, KOHEYHBIM B KAPAJTBHOM
upezene, u pacxousmumces npu m # 0 (rem He MeHee, Me-
30HHBIE HAOIIOMAEMbIE OKA3BIBAIOTCA KOHEYHBIMH [15]).

AnajornunniM 06pa3oM ObLLIO PACCMOTPEHO JUKBAPKO-
Boe cocrosiHue [13], ¥ B aHWTpHIUIETHOM KaHaje OblLia
Haiizena menb (B KUPAIbHOM IIPeJesie)

A= (4GF—p)'?,

csneprueit £ = 2G4 =~ 114 M»sB. 9ra sHeprus npuMepHO
B TPU pa3a MeHble, 9eMm sueprusa kapka B BKIII cocto-
SAHAW, 9TO OOYCJIOBJIEHO YMEHbBIIEHNEM KOHCTAHTHI CBA3U
B aHTU-TPUILIETHOM KaHAaJe. BbIJIO IPOIEMOHCTPHPOBA-
HOo, uT0o BKIII cocrostnmre maa HOpMaJTbHBLIX YCJIOBU MpH
HYJIEBOI TeMIIepaType U Hy/JeBOi OAPUOHHON ILIOTHOCTH
JHEPTeTUYIECKN BBITOJHEE COCTOSHUS I[BETOBOTO CBEPX-
[IPOBOJHUKA.

Tlonpenem HeKOTOpHIE UTOTH. BBIPOXKIEHHOCTH OCHOB-
HOTO COCTOsiHWS B BHIe MOpsi Jlupaka, obycjaoBieHHAsS
CyKEHUEM pacIpesie]IeHns [0 HEPTUH MOXKET IOCITy-
JKUTb IIPUYUHON HEPECTPOAKU BAKYyYMHOI'O COCTOAHUSA.
ViKe Ha 3TOM 3Tale, He BIABASICH B JIETAJHN, MOXKHO CKa-
3aTh maxke Oosbire. Kak TakOBOro OCHOBHOTO COCTOSHUS,
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Puc. 4: ITepBbie wirenb! psifga TeOPUU BO3MYIIIEHUMA /1151 HAOITIO-
JIa€MOM KOHCTAHTbI CBA3H.

B TPAJUIIMOHHOM TIOHUMAHUHU, ¥ TAKWUX KBAPKOBBIX aH-
caMmbJIei He CyIIeCTBYeT BOBCE, CUCTEeMa, KakK Obl, obpede-
Ha daykryuposars. V1 He HAXOAMMCS JIM MBI 110/I HEKOTO-
PBIM THITHO30M TPYIHOCTEH, XapaKTePHBIX st CBOOOI-
HOTO TaMUJIBTOHUAHA, CBA3AHHBIX C COCTOSHUSAME C OT-
pumaTeabHOR dHEeprueil, Korma 3amonngem mope Hwupa-
Ka. BOmpoc 3akIH09aeTcss B TOM, YTOOBI PACTIOPSIUTHCS
pe3epByapoM COCTOSIHUI »KECTKO# YacTh CIeKTpa Hau-
BBITOAHEHIINM 00pa3oM. B 3akaiouenne OTMETHM, €UTO
KBAHTOBBIE (DA3OBBIE IEPEXOIBI, M AHOMAJIBHOE IIOBE/IE-
Hue (bepMu cucTeM SIBISIOTCH B TTOCTEIHEee BpeMs 00heK-
TaMU CAMOTO TPUCTAJBHOTO BHUMAHUS TaK¥XKe B (PU3UKe
KOH/ICHCHPOBAHHOTO cocrognus [16].

IV. KOHCTAHTA CBf3U

Monens KKB mpenocraBiageT HaM eIie OIHY WHTEPeC-
HYI0 BO3MOXKHOCTB, IIPOCIIEIUTD CBA3b MEXKIy HADII0Ia-
€MOH M 3aTPaBOYHOIl KOHCTAHTAMU B3aUMOAEUCTBUA BO
BCEM IMAIa30HE HepenaBaemoil 3neprun. Hecmorpsi Ha
cBO#, Kaxkymmiica "wurpymmeuansim” | Bug momenb KKB
ABJIACTCA BIIOJIHE MOJIHOICHHONH TEOpHei oA, CO BCeMH
MPUCYIIUMHU TAKOBBIM aTPUOYTaMU, B YACTHOCTH, PACXO-
gumocTsivMu. Mer orMedann B paborax [15], 910 moMu-
MO PEryJsipHBIX AMArPAMM MMEIOTCS CHUHTY/ISPHBIE, KO-
TOPBIE PACXOAATCA KaK yIbTPA(PHUOIETOBO, TaK 1 nHppa-
kpacHo. KOHKpeTHO B 3T0# paboTe MBI PACCMOTPUM DS
JVarpaMm, TPUBOAANINX K MOTM(DUKAIINY 3aTPABOYHBIX
KOHCTAHT CBS3U B CKAJIAPHOM U TICEBIOCKATSAPHOM CEKTO-
pax, cMm. puc. 4 Ha KOTOPOM IMOKA3aHbI HAYAJIbHBIE UJIE-
HBI pPsifa TeOpuu BO3MyIeHui. Mbl m300pas3uim deTsbi-
pexdepMuoOHHOe B3anMOAeHCTBIE, TOTIEPKHYB €r0 Helo-
KAJIbHBIM XapaKTep, KaK MPOM3BEIAEHUS JIBYX ITBETOBBIX
TOKOB, COCDE/IOTOYEHHBIX B TOYKaX X u y. Vckirtounresns-
HOI TeXHUYecKol ocobeHHocThI0 Mojaean KKB apasercs
TO, 9TO BCE MHTEIPUPOBAHUS 110 UMITYIbCaM (haKTOPU3y-
I0TCA, U B KQ4ECTBE aKTYaJIbHOH NEePEeMEeHHOH, IO KOTO-
poit B AuarpamMmax MPOU3BOAUTCH MHTEIDUPOBAHUE, BbI-
CTYIAET TOJBKO 3HEPrHsl KBA3HYACTHUILI (BUPTYAJILHOM
KBa3u4yacTuilpl). B pesynbrare 3amaua cranosurcs, dhak-
THYECKH, OMHOMEPHOH, TO €CTh B ITOM CMBICJIE KAXKETCS
CaMO# IIPOCTOH.

Bynem pasee mosararh, 9TO BO BCEX BHUPTYAJIbHBIX
MPOIECCAaX YYACTBYIOT KBA3WYACTUIILI C JIUHAMUIECKOMN
MAacCO#, COOTBETCTBYIOIIEH TIEPEHOCUMOMY YaCTULEH NM-
nynbcy, Hampumep, p, M(p) (B 3TOM pasmeme MbI,
A KpaTkocTu 3amucu popmysa, Oyaem yrmoTpedssaTh
910 of03HAYEHME sl AMHAMHYECKON MAaCChl KBAPKA).
Oro upennonoxenue (NPUOGIUKEHUE) TPEICTABIISAETCS
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BIIOJTHE TIPABJOIOOOHBIM, €CJIM YUeCTh, YTO B MOJEJU
KKB gumammdeckas Macca KBapKa, KaK 9TO JeMOHCTPH-
pyeT puc. 3, HaNMpuUMep, IIaJAKO MEePEeXOAUT K Macce ro-
sioro (TOKOBOro) KBapka. HerpyaHo mokasarb, 9ro psif
TEOPHUH BO3MYINEHUH, N300paKeHHbIH Ha PUC. 4, MOXKET
OBITH BBIPAXKEH MOCPEICTBOM IOJIAPHA3AIMOHHOTO OIepPa-
TOpA,

T 2 2 2
™" — 4N, / % _QE;_Q;;M - M (57)
(rme e—mepenaBaemas smeprus, E = [k? + M?(k)]'/?—
SHEPrUd KBA3UYACTHILL B [IETJIE), B BUJIE:
G, =G+ VGI+ (VGI)? + -+, (58)
3mec V. = L3—06beM, B KOTOPOM 3aK/IOUEHA CHCTe-

Ma. OObeM CHCTeMBbI W €CTh TOT CAMBIH WHpaKpac-
HBIH BKJI4J, O KOTOPOM MBI ynomuHann Boime. O mo-
SABIISAETCA KaK CJIEJICTBHE HEJIOKAJIbHOCTH MOJENU, B BU-
ne gonosHuTenbHoil penbra-bynxuum 6°(0), crammapr-
Hasl PETYJISAPHA3AINA BKIALA KOTOPOH, W MPUBOAAT K 00-
CYXKIAEMOMY MHOXKUTENI0. U3 Bbipaxkenus (57) MOXK-
HO 3aKJIIYHUTh, YTO WHTErPAJ COAEPIKUT CANBHYI) yilb-
TpaduoIeToBy0 pacxonuMocth. OOCYKIasi BBIPAKEHHE
JUIst yaesbHOM aHeprum KBapka (50), (54), Mbl yroMuHa-
JIW €CTECTBEHHBIA CII0CO0 MPUIAHUS CMbICIA (POPMATHHO
PACXOIAIAMCA BBIPAKEHHAM, 3aKIIOYAIOIMANACA B HOP-
MUPOBKE UX Ha CBODOAHBIN JarpaHKuaH (raMujibTOHU-
an). [Mocrynum anamorugubiM obpa3oM (B ayXe Teopuu
[NEePEHOPMUPOBOK) U B PAacCCMaTPUBAEMOM Ciaydae. Byxem
TNOJIATaTh, 9TO B KAYECTBE HABIIOTAEMOT0 TOIAPH3AIIOH-
Horo onepatopa Il BeicTynaer pasmocts 11, m omepaTopa
1Ty, KOTOpBIH TEHEPHUPYETCst TOKOBBIMU KBADKAMH C MaC-
coit m,

=111l . (59)

ITockonbKy anHAMUYECKask Macca KBapKa MpU OOIBITAX
MMITYJIbCAX TVIAJIKO BBIXOJUT Ha TOKOBYIO Maccy KBapkKa,
TO MOHATHO, YTO IIPH JOCTATOYHO OBICTPOM CTPEMIIEHUN K
TOKOBO# Macce, i00as ararpaMmMa TEOPUH BO3MYIITECHUH
Oyaer npuBoAuTh K KoHedHoMYy (!) Bhipaykenuio. B gact-
HOCTH, B KUDAJHHOM [pEJe/ie MHTErpajbl (ABTOMATHYE-
cku) crporo obpesaworcs Ha umnyiabce 2G. Ilocmorpum
Telepb B JIETAJIAX, KAK ITO IPOUCXOAUT LIl PACCMATPHU-
BaeMoOro psjia puc. 4.

Nrak, mpeacrasuM Beipakenne (57) B CIEAYIOMEM BU-
Je:

M=N, (I+]-K™), (60)

TJI€ MCIOIB30BAHBI CIEIYIOMIHE 0DO3HATCHUS:

_ B N 1
T=2|dk=, J==[dk = ——
/ B’ 2/ E E?—2/4°



Macca B momenn KKB cBsi3ana ¢ aHeprueii cOoTHOMIEHN-
eMm M —m = 2GM/E. llpuauMasa BO BHEMAHUE ONpe-
nenenne suepriun B2 = k? 4+ M?, MoxKHO Tpeo6paz3oBaTh
MHTErpaJ 1Mo UMIIYJIbCYy B MHTErpaJ 1m0 SHEPIUU

2G m?
kdk=FEdF ([14+ —
( +<E—2G>3) ’

npudeM k = ﬁ [(E-2G)* - m2)]1/2. Wutrerpa-

aet I, J, K GepyTcs B 37aeMeHTAPHBIX PYHKIUAX. L
TEPBOT0 WHTErPAJIA, MOXKHO TOJTYIUTD:

- 1 |[(E 2\
™ EA

+ - 8

4G2§f’\ m—QnEA+§A
3 E‘i 2

m
— Gm arccos — | ,
m E

e UCIOJIL30BAHLL 0D03HAUCHNS: E=F-— 2G, By =
A2+ M2(M)]Y2 5 = [(Ba—26)2—m?]"?, A
dopMaTbHBIN BEPXHUN TPEIes] WHTETPUPOBAHUS 110 WM-
nyabcy. Kak Mbl y:Ke orMedann, PU3nvIecKn OCMBICTIEH-
HBIE PE3YIBTATHI TIOJTYUIAIOTCS, €CIU BBIYECTh [y, TOCUU-
TaHHBI ¢ "rospiM" KBapKOM

~ 1 1 2
Io=2/dk:2(6ASA —mln(eA—&-s)\)) ,
e

T 2 2

rme e = (k? +m?)'/2, Tlonaras oGpe3aommii TMITyIbC
UHTErpupoBadng Oosbmmm, A > G, m, pacKaagbpIBaeM
MOy YE€HHbIE BLIPAYKEHUsT, BhIICIAS KOHEUHbIH BKIAT

= 1 (1
lim [ = lim I—1Iy— — (30 G2+ggm)

A— o0 A— o0 772

st wvaTerpana J MOXKHO MOJIYIUTh:

4
~ 1 1], . . »
J = a2 |1 T + nz::l?nln ’ (61)
) vy Vo V3 V4
=1— — G )
I+ 2G= | (2G2)  (2G2)° ' (2GL)

J1 = via1 — v2az + v3az — v4a4 ,
J2 = v2a1 — v3a2 + v4a3 ,

J3 = U3a1 — V402 ,

Ja=wna
E\ En
S S
/ Ey E"
m m

rie Ei = EiE/Q, Gi = Gi€/4, v = ZG, Vo = O,
vy = 2Gm?, vy = 4G?*m?, a,, = 1/(2G—)" — 1/(2G+)",
n =1, 2,3, 4, (B Boipaxkenun g K7 nogparcs Tak-
XK€ cjaraemble, cogepxkaime n = 5, 6). Pacxonsmascs
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Puc. 5: Habmomaemasi koucranta cBsa3u G Kak QyHKIus
nepegasaemoii sueprun € (B 6e3pa3sMEPHBIX NEPEMEHHBIX).
IIMTprxoBaa kpuBag momydeHa manga m = 0.9. Toukamm mo-
kazaH ciaydait m = 0.6. CoiomHas TUHAS OTBEYAET CJIydato
m = 0.4. Bciogy mapamerp V = 1. Touka O moka3siBaeT me-
cro, tae G3° = 0. [lITpuxoBas KpuBasi ¢ GOJIBIIMM IIATOM
orBegaer m = 0.01.
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Puc. 6: Habmomaemas koucranTa cBasu G, kak GyHKIu m1e-
penaBaemoit sHeprun €. OO03HAUEHNST AHAJOTUYIHBI CJIYYIAI0
CKAJIIPHOTO ME30HA.

qaCThb MHTErpaJia Jd ornpenesadeTcd aCUMIITOTUKaMu CJIe-
AYIOIMUX THTErPpajaoB:

Ex

2F
lim dE =~ 5 By —2G.In 220
A—oo /o Ei m

EA EA
2F

lim dE 2 5 By, lim dE = —In 228
A— oo m E A— oo m E2 m

Ocranbubie 4ienbl J Ha (QOHE PACXOMANIUXCI ITPEHE-
Opexumo Majbl. VCmonb3yst ONpeneneHue a,, MOMK-
HO BHIETH, YTO B ACUMIOTOTHKE, A — 00, pacxomm-
MOCTh MHTErpajia SBJISEeTCs BCEro JIMIIb JOrapudMute-
cKoit limp o0 J¢ — # In %

Mbr HOpMHEpyeM pe3yJIbTaThl Ha CBOOOAHBL JarpaHKa-
aH, ¥ B TIPUMEHEHWHM K WHTErpaiay J 5To 03HAYAET, 9TO



caeayeT BbIYECTb BKJIA

1 1
Jo = dk — ————
072 / e e —e?/4"
s pacxo;:mmeﬁcg
: d
limp o0 J§ — 47r ln m
mpu A — 00, BHIHM, UTO PACXOIMAININHECd YaCTH B
J = J — Jp B TOUHOCTH KOMTIeHCUPYIOTCs. JIIsT perymsp-

HOM 4acTH MOXKHO TIOJTYYIUTD!:

qacTu MOZKHO TIOTYYIUTH

. YuurwiBasi, uto FEp — ey,

~ ~. 11
Jo= J o Jr, Jr= {7 Al A, —
472
™m O o1
(264 75) — et g 37,2}
/1€ MCIONB3YIOTCS O0O3HATEHHST:
—ag ln‘wiT_ai 2G| >m
Ag =
B+ (arcsin QGWi — arcsin H) 2G 4] < m.
1/2 1/2
oy = [(QGi)Q 7n2} / , Bt = [m 7(2G:I:) } / . s
J§ MOXKHO NOJIYIUTD:
11
Jr - - AO _ AO
07 4r2¢ ( B +)
+5 -
—yin |22 e/2 > m
AY =
+5+m
) arcsinét—ni — arcsin —2 , m>e/2].
’:l:% + m’

2 1/2 271/2
v = [% fmﬂ , 0 = [m2f %d . Anajoruumbie

pe3yabTaThl MOTYT OLITh TIOJIYYIEHbL JJId WHTerpaJa

K = K7 — K. Ucxonusiii narerpan K Moxer ObITH
upejicTaBieH B Bue, aHasorudnom gopmyse (61)

6
~ m? 1 . , .
KU:FE k,Z,—k+Z++anZn 5

n=1
w1 We
ki =1— —+- - 4 ——
* 2G4 (QGi)ﬁ ’
k1 =wia1 — - — weas
ky = weay — -+ + weas ,
ke = wear ,

roe w; = 6G, we = 12G?, w3 = 8G?, wy = 12G?*m?,

ws = 24G3m?, wg = 16G m?. Boigensas peryispHyio

JaCTh, UMEEM:
T o __ ~T T
K, = K, - K, ,

~ m 1
K =
7 2

7T 9

[k A — ki Ay —k <2G+—) -

T 1 2
ks — +k k kg ———
T g TR g T g 3+615m4]’

KT _721 (AO—AO)
0o — ﬂ_zg — +
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ViobHO MOIB30BATHCA OE3PA3MEPHBIMU TEPEMEHHBIMU
m — m/G, e — £/G. MoxKHO BUAETH, ITO TAPAMETPOM
TEOPUH, XapaKTEPUIYIOIIUM CUJIY B3aUMOJAeHCTBuUs, Oy-
JIeT BBICTYIIATH KOMOWHAIHsT 00beMa M KOHCTAHTHI CBSI3U
srga: VG2 (9T0 ACHO B O COOOPasKeHNAM PA3MEPHOCTH).

Habutonaemas koncranra cssizu G, (cymma 6eckoned-
HOTO Psifia puc. 4, B3ATast IJIs KayKJI0T0 KAHAIA OTIehb-
HO) BBIPAXKAETCS YEPe3 PEryJisipU30BAHHBIN TTONSIPU3ALIU-
OHHBII omepaTop Kak

G

Gﬂ,a —
° 1-vaime '

(62)
HPUYEM B HTOM BBIDAXKEHHUU IOJISIPU3ANUOHHBIN Ollepa-
top II npencraBien B 6e3pazMepHOM BHJE, UCXOIHO OH
IIPONOPIUOHAJIEH KBAJIPaTy KOHCTAHTHI cBsazu 11 ~ G2
Nrak, BBeIeHHDIE TTOISIPU3AINOHHBIE OIIEPATOPHI CBODOI-
HBI OT TUIUYHBIX JTOTapUPMUTECKUX OCODEHHOCTEH, U BO-
BCE He CcoJiep:KaT pacxogsnmxcs dacreit. g onpese-
JIEHHOCTU PACCMOTPUM TOJIOXKUTEIBHYIO MEPEeIady IHEp-
ruu € > 0 (cayuail orpuuaTeNbHBIX [epeiad YHEPruu,
HNOHATHO, CUMMeTpuYeH). 3 mpencTaBieHHbx (hopMyIt
CJIe/IyeT, UYTO B HOJISIPHU3AIMOHHOM OIIepaTope COJepIKaT-
Cs CHUIbHBIE TIOJIOCHBIE OCOOEHHOCTH MPH dHEPTHH £ = 4
(B pasmepubix eaununax € = 4G), upu KOTOPOIi 11epe-
Mennas G_ obparaercs B HOb. OKPECTHOCTH 9TOI TOU-
KU, KaK, CODCTBEHHO, U BCE HOJIyYeHHbIE BLIPAXKEHHST, 3a-
CIYKUBAIOT TOrO, YTOOBI JTOCKOHAJIBHO U3YYUTh MX AHA-
autriecku. Ho, 9T00BI HE 3arpoMOXKIATh TEKCT, MBI B
9TOi paboTe OTPAHNTUMCS JIUIIH OETIIBIM KadeCTBEeHHBIM
aHaJIM30M, U TIPUBEJIEM JIJIsl HAIVIATHOCTY s, PUCYHKOB.
HOJIIOCHbIe ocoGeHHOCTH (MaKCUMAJIbHAA CTENEHb PABHA

YeThIPEM B UHTETPAJIE J 1 IIECTH B MHTErPAJIE K 7} npu-
BOIAT K TOMY, 9TO Ipu dHepruum € = 4 Habmomaemast
KoHCcTaHTa cBsi3n G717 obpariaercs B HOMb. [loHSATHO,
9TO B HEIIOCPEICTBEHHON OKPECTHOCTU 3TON TOYKHU MOK-
HO MOJb30BAThCA TEOPUEH BO3MYIIECHUI, I'PAHUIIbI [TPH-
MEHHMOCTH KOTOPOii onpejendorca napamerpamu VG3,
u m. Ho MbI omycTuM oApobHBIH aHAIM3 B 9TOH padore.

Takke MOHATHO, YTO B HEMOCPEICTBEHHON DJIM30CTH K
9TOH 00JaCTH MOTLYT MHPUMBIKATH, (DOPMAJIHHO, CBA3AH-
HBIE COCTOSIHUSI, KOTOPBIE OIMPEIEISIOTCS HYISIMHU 3HA-
MeHaTesst Bhlpaxenus (62), MOCKOJIBbKY BCE OCTAIbHBIE
BKJIQJIBI HUYTOXKHO MAJIBl TI0 CPABHEHUIO C TMOJIOCHBIMEA
OCOOEHHOCTSIMHU, U MOYKET TOSBHTHCS BO3MOMXKHOCTH 3a-
paboraTh HOJIL B 3HaAMeHaTesae, b0 crpasa, Jubo cie-
Ba OT 00CYKIaeMOil 06/1aCTH, B 3aBUCUMOCTH OT YePeio-
BaHMA 3HAKOB B CTAPINHX IOJIIOCHBIX OcoOeHHOCTAX. Ha
puc. 5, 6 mokazanbl HAOIIOIaeMble KOHCTAHTHI cBsA3u G,
G7, cOOTBETCTBEHHO, KaK (hyHKINY TIepegaBaeMoii suep-
ruu £ (B 6e3pazMepHbIx nepemensbix ). [IITpuxoBbie Kpu-
BbIe morydeHbl gt m = 0.9. Toukamu moKazaH caydai
m = 0.6. Cuomsbie jimaun orBevdator ciaydaio m = 0.4.
Bcerony obbem cucTemsbl, s ONPEIeIeHHOCTH, TTOTOXKEH
pasubiM equnune: V = 1. Touka O orMedaer TO MECTO,
e HabIogaeMas KOHCTAHTA, CBA3KM OOpAaIaeTcsa B HOJb:
G7% = 0. ComocTapissa KPUBBIE, MOKHO HAIVISIAHO BU-
JIeTh 3BOJIOIMIO HEeKoToporo Hosoro ("pesonancuoro" )
COCTOSTHVSI, KOTOPOE MPOSBJIAETCA B BUIE OTUETIMBOTO,



JIOCTATOYHO ITUPOKOTO MHUKA, U TPEBPAIAETCA B CBA3AH-
HOE COCTOsIHWE, BMECTE C YMEHBbIIIEHHEM apaMerpa m,
HaunHas ot 3uauenusg m = 0.9, mo m = 0.4. (ITomoc-
HbIE OCODEHHOCTH HA PUCYHKAX HECKOJBKO CIVIAXKEHBI 11O
MacITaby HEKOTOPBIM UCKYCCTBEHHBIM OOPE3aHneM, 9TO0-
Obl Ha uX (POHE HE TEPSAJINCH peryJsapHble 'pesonancHbie”
CTPYKTYDHI). B ciaydae curma kaHana mpu yMEHbIIEHUN
mapaMerpa m MOSBJISETCS CPAa3y HECKOJIbKO CBSI3aHHBIX
COCTOSIHWII, CM. COOTBETCTBYIONIYIO KpuByio ¢ m = 0.4.
Ha pucynkax Takzke [pPOJIEMOHCTPUPOBAH BAPHUAHT, KO-
IIa MapaMeTp M YMEHBIASTCsS 10 3HAUYEHW, XapaKTep-
oeIix g momenn NJL, mopsaka m ~ 0.01. 9tu ganmbie
MTOKA3aHbI KPUBOH CO MITPUXOBKO, BHITTOJTHEHHOHN ¢ O0JTh-
mmM marom. Ha prucyHKax mOKa3aHbl HE BCE CBA3AHHBIE
cocrosiausi. HekoTopbhle U3 HUX HACTOJIBKO Y3KHU, YTO WX
HEyT00HO W300pPa3uTh B 33aHHOM HA PUCYHKE MACIITa-
6e. ABTopaM He W3BECTHA HU OJHA JPYrad TEOPETHKO-
[I0JIEBAs MOJIEJIb, KOTOPAast Obl II03BOJIS/IA AHAJIU3UPOBATH
MIPEBPAITEHNE PE30HAHCA B CBA3AHHOE COCTOSTHUE.

[Ipu ysenumuennu napamerpa VG3 3aBUCHMOCTD OT TIa-
pamerpa m craHoBuTCsa Oosiee pe3koil (kectkoii). B o6-
JIACTU MAaJIbIX JHEPruil HabMIOmaeMasi KOHCTAHTA CBSI3U
CUJIbHO YMEHBIIAeTCs, UTO OTBEYAET MEePEeXOay K Kade-
CTBEHHO JPYroMy Maciraly, HO MbI He TTPUBOIUM 000~
HbIE JAHHBIE B 9T0M pabore. B mesoM, MOXKHO 3aKTI0UNATD,
YTO eCIM OTBETCTBEHHBIN 34 CUJTY B3aMMOISHCTBUS mapa-
merp VG2 man (VG? < 10), To mabmiofaeMas KOHCTaH-
Ta CBSA3HU JOCTATOYHO IJIABHO 3aBUCHT OT MEPEIaBaeMOit
SHEPIUH, BIJIOTH 10 3HAUeHW# € ~ 3,4, r1e HAIMHAET
CKA3BIBATLCS BIIUSIHUE CBA3AHHBIX cocTosgumit. Kak cuen-
CTBUE, HA TAKAX MACIITA0AX MOXKET ObITh MOy YeHa, €K~
BaTHas KAPTHWHA CIIOHTAHHOIO HAPYIIEHUS KHPATHHON
WHBAPUAHTHOCTH, C PA3YMHBIM CIIEKTPOM ME30OHHBIX Ha-
OMIOMAEMBIX, U C TIPABIONOIOOHBIM CIIEHAPUEM TUKBAapP-
KOBOI KOHIEHCAIIUU, YTO BIIOJIHE BIIUCHIBAETC B paM-
KU CEeromHAITHel (heHOMEHOIOIHH CUIBHBIX B3AUMOEH-
crBuit. Mbl paccMOTpesin 3HEPreTHIeCKy0 3aBUCUMOCTD
KOHCTaHTHI B3auMmoaeiictsusg momenu KKB, momydennyro
MyTeM KOMOUHUPOBAHWS NMPUOIUKEHUST CPETHETO OIS U
TEOPUH BO3MYIIEHUH 1718 MATPHUIIBI pacceanusd. Moandn-
KaIWsT 3aTPABOYHOTO B3aUMOMEHCTBUS MOXKET OKA3aTh-
CA BECbMa CYIIECTBEHHON, PAa3JIMYHON 719 PA3HBIX KAaHA-
JIOB, HO HambOJIee 3aMEeTHO B3aUMOAEHCTBUE MOTUQUIII-
pyerca B cKajgpHOM cekTope. IlyTem mpuMeHeHus mpo-
CTO¥ BBIYUTATEIBLHON TIPOIEYPHI YIAIOCH MOJLYIUTE KO-
HEYHOE BBIPAYKEHWE [JIsi MOJISPUIAIUOHHOTO OMEPATOPA
(MOHATHO, Y9TO AHAJIOTUYHBIE JAHHBIE MOLYT ObIThH MOJIY-
YeHbl B BEKTOPHOM U AKCHAJI-BEKTOPHOM KAHAJIAX), Bbl-
paxkeHnHnoe B 3jieMeHTapHbix Gyarmusax. Momeas KKbB
peacTaBsgeT coboit HEJIOKATBHYIO TEOPUIO MO, a ITepe-
XOJI, K JIOKAJbHOM TEOPUW IOJIsT MOMXKET OBbITh, B MPUHIIH-
1€, OCYIIECTBJIEH 110 HEIIPEPBIBHOCTH, MyTeM MOAupUKA-
un popmpakTopa (MOTEHIMANA) B3AUMOIEHACTBUS B UM-
MyJIbCHOM IPOCTPAHCTBE, U KOMOMHUPOBAHUEM (CyTIepIo-
surueii) suemenrapubix 6iokos mogenu KKB. ITonygen-
Hasl YHEPreTHIeCKAs 3aBUCUMOCTD 33/1aeT eCTECTBEeHHBIHN
BpeMEHHOIT MacInTad B3aMMOICHCTBHS, U OBLIO Obl HHTE-
PECHBIM B KQ9YECTBE CJIEAYIONIErO Iara pacCMOTPETH MO~
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CTaBJICHHYIO 337841y B MPUOIUKEHUN CPETHETO OIS YKe
CaMOCOTJIACOBAHHBIM 00PA30M, T.€. C yIeTOM SHEpPreTHYe-
CKOIf 3aBUCUMOCTH KOHCTAHTHI B3aNMOJIECTBIS.

V. 3BAKJIFOYEHUE

Ha nporsizkenuu Harme#t paGoThl MBI BUIENH, 9TO Kap-
THHA OCHOBHOI'O COCTOsHUsI (KBAPKOBOIO) ancambiis dep-
MUOHOB B CJIy4ae pa3BuTUs (JOMHHUDPOBAHUA) CHIIbHBIX
KOPPeJIAINi MOXKeT CYNIECTBEHHBIM 00pa3oM OTIHIaTh-
€1 OT IPUHUMAEMOTO HHTYUTHBHO TPUBBIYHOTO CIIEHADHUS
OOMEHHOTO B3aUMOJEHCTBHSA, BHIHOCHMOTO HAME W3 I10-
BCEJIHEBHOI'O OIbITa (M3 PU3NKU KOH/IEHCHPOBAHHOTO CO-
crosinus ). Mope Jlupaka OKa3bIBaeTCsi KOHEYHOW OTHOCH-
TeILHOM TTyGHHLL, KoTopas yonBaer kak —A2, BMecte ¢
yBeJIuueHueM uMnysibca obpesanus A. B onnomepnoii (o
IPOCTPAHCTBY ) CUTYallUd MMEETCH HEKOTOPOe KPUTHYEe-
CKOe 3HatvieHWe KOHCTAHTHI CBA3W g1, U B ciydae ciaboit
cBa3u g < g1 Mope Jlupaka mMeeT CTaHJAPTHLIN BUJ.
MMupuna mops Hdupaka B omHomepuu (g > g1) auHeil-
HO PACTeT BMECTE C yBeJMYEeHUEM HapaMmerpa obpe3anusi
A. B aBymepun mupuHa nocTosiHHA. B caydae 66abImxK
OpOCTPAHCTBEHHBbIX u3Mepenuil (D) mwmpuna mops du-

paKka cyrKaeTcs Mo 3aKony Aj ~ %AQ*D . Moxmno
yKa3aTh KPUTUIECKOE 3HAMEHHUE KO%CT&HTBI CBSI3M ¢ TIPA
JOCTHXKEHHH KOTOPOTO IupuHa Mopa dupaxa copmama-
eT ¢ pa3MepoM 3meMeHTapHON sweiikn 1 = 27/L (D=3).
Mope dupaka OKa3bIBAETCS CHUIBHO BBIPOXKIEHHBIM, CO
CTENeHbIO BBIPOXK/IEHHST, MTPOTTOPINOHAIHHON TOBEPXHO-
cru D — 1 cdepor. Takoe oCHOBHOE COCTOSTHHE CUJIBHO
HEYCTOUYHUBO, U COIVIACHO TeOpeMaM KBAHTOBOW MEXaHH-
KU UCTHHHOE OCHOBHOE COCTOSIHUE JIOJIZKHO CHUMATH BbI-
poxkaenne. TpyaHO OT/IEIATHCS OT OUIYINEHUsI, 9TO Oy~
Yaloleecss OCHOBHOE COCTOsTHUE CHJIhHO HanoMuHaer "Big
Bang" (Boabmioii B3pbiB).

B ciyuae, ecim BKIIOYEHO 1BETOBOE B3aMMOAECHCTBHE
KBapKOB, OOHAPY’KUBAETCs MPABIONONOOHLIH ClieHApuil
CHATHUS BBIPOXKJIEHUs ([IE€PECTPORKYU BAKYMHOIO COCTO-
sduud) B BuIe GOro060BCKOIO COCTOAHHUSA CIAPEHHBIX
KBapK aHTHU-KBAPKOBBIX MAP C HYJIEBBIM MOJHBIM UMITYJTh-
COM C KBAHTOBBIMU YHCJIAMHU BaKyyMa. DHEpPrus TAKOrO
COCTOSTHUSI B CPEJIHEM OKAa3bIBAaeTCd HawHu3ie. Texwu-
YecKas MPUYINHA TTOSBJIEHUS 9TOW BO3MOKHOCTH COCTOUT
B BaHYJIEHUN BKJIAJA AUMATPAMM TOJIOBACTUIHOTO THIIA.

WHTepecHo OTMETHTH, YTO PACCMATPUBAEMbIE MOJENN
HECMOTPST HA KayKyIIUHCS UTPYIIEIHBIM BHJ, 0DIaIa0T
BCeMHU aTpubyTaMu KBAHTOBOW TEOPUH TOJIs, BKJIIOUYAs
pacxomumoctr. MoykHO yOeauThes, 9TO B TIPOMEXKYTOU-
HBIX BBIKJIA/JIKAX TEOPUU BO3MYINEHHUI MMEIOTCS CHIIHHO
CHUHTYJISIDHBIE THATPAMMBI, HO B KOHEUHBIX BBIDAYKEHU-
sIX, B YACTHOCTH B OCHOBHOM COCTOSHWH, U B COCTOS-
HUSX BO3OYKIEHUs, OT PACXOAMMOCTeH He oCcTaeTcs u
ciena, W, MO-BUIUMOMY, OOUIUI BUJ TEOPHH OIIPEIesi-
erca CIeHapueM 3amnonaHenud Mmopsi dwmpaka. B cayuae
LIBETOBOI'O B3auMOJeficTBuUs 1 OOro/IF000BCKOIO OCHOBHO-
IO COCTOSIHUSI MMeeT CMBICJ IPOBOJINTH BLIYHTAHUS HA
I1KaJjIe CBOOO/HOIO raMUJIbTOHNAHA, BMECTO CTAHAPTHO-



O BBIYUTAHUA Ha ACUMITOTUYECKH OOJIBIION IIKAJIE. HpI/I
9TOM yIAeTCs MPOCTEINTh B aHAIUTHYIECKOH (opme Xa-
PaKTEpHBbIE 3aBUCHMOCTH HADJIIOMAEMO W 3aTPABOYHOMN
KOHCTAQHT CB431 BO BCEM OHAIIa30HE 3H€pFHI?I.
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Pabora BoimoaHena npu (puHAHCOBOM MOAIEPIKKE IPaH-
roB INTAS-04-84-398 v mpoekrom HAH Ykpawunst "®yn-
JIAMEHTAJIbHBIE OCOOEHHOCTH (PU3UIECKUX CHCTEM B IKC-
TPEMAJIBHBIX yCJIOBUSX .
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