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B nocnegHee Bpemsi wumpoko obcyxpaetcs npobnema pasgeneHus CNMHOBOIO W OpbUTaNbLHOrO yrioBOro Mo-
menTa (YM). [o HacTosiwero BpemeHn BCe [MCKYCCUMM O BO3MOXHOCTU OTAeseHust cnuHosoro YM ot opbu-
TanbHoro YM kanumbpoBo4HO-MHBapMaHTHbIM 0OPa30M OCHOBbLIBANACh HA MCMOJL30BAaHMM aH3aua O TOM, YTO
FIFOOHHOE MOoJIE MOXET BbiTh aAANTUBHO NPELCTABIEHO B BUAE Pa3/IOKEHUst HA PU3NYECKME FIHOOHHbIE KOM-
MOHEHTbI N KOMMOHEHTbI, NPeobpasyoLLeiicsi Kak YncTasi kanubposka, T.e. A, = Aﬁhy“" + AL""¢. B paHHoit
CTaTbe MOKa3aHo, Y4TO AN Heabenesoli KanMbpPOBOYHON TEOPUM TaKasi A4EKOMMO3MLNS FIIOOHHOMO MOAs UMeeT
CTPOroe MaTeEMaTUYECKOE AOKA3aTeNbCTBO B paMKax KOHLEMLUN KOHTYPHOR kanubposku. [dpyrumu cnosamu,
aH3al, A4eKOMMO3MLNM FIIOOHHOMO NoAs NepecbOpMyMPYeTCs Kak TEOpeMa O AEKOMMNO3NLNN 1 [OKA3bIBAETCS C
NCNOMb30BaHNEM KOHTYPHOI Kanubpoeku. MokazaHo, 4TO KOHTypHas Kanmbpoeka obnagaer ocobbiM Kaaccom
OCTaTOYHON KanubpoBKM, KOTOpasi CBA3aHa C KOHUrypaumeli Nons Ha rpaHMLE U BbIPaXKAeTCs B TEPMUHAX Yu-
CTbIX KaIMBpOBOYHbIX noneli. B pesynbTaTe Takoro pasnoxeHus TpUBMAbHbIE FPAHNYHbBIE YCIOBUS NPUBOAAT K
TOMY, YTO FJIIOOHHOE NOJIE UMEET TONBKO (DU3NYECKNE FIKOOHHBIE KOHMUIYpaLnm, 3adhnKCUpPOBaHHbIE YCNOBMEM
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1. BBEAEHUE

B TeopermyeckoM U 9KCHEPUMEHTAJIHHOM COODIIE-
CTBaxX BEJYTCs JUCKYCCHU O BO3MOXKHOCTH BBIJIEIUTD
COCTABJIAIONINE CIUHA HYKJIOHA: BHYTPEHHUI MApTOH-
HBI CIOUHOBBIE M OPOUTALHBIN YTJIOBOH MOMEHTBI
[1]. Ha jaHHOM 9Tame MOXKHO BBIJACIUTH JIBE PA3JIHY-
HbIE IMHPOKO OOCYKIaeMbIX Jexommosurun: JM-ie-
komnosunus (Jaffe-Manohar’s) [2] u J-mexommosumums
(Ji’s) [3]. JIM-eKOMIIO3HITHS IPUBOIUT K HOJTHOMY pas3-
JIOYKEHUIO CIIMHA HYKJIOHA Ha CIIUHOBBIE M OPOUTAJIbHBIE
YaCTH KBAPKOB U IVIIOOHOB [0 OTIEILHOCTH. B TO Bpems
KaK J-JIeKOMIIO3UIMsI, HAIPOTUB, HE MPUBOJIUT K BbI-
JIEJICHUIO OT/IETHHBIX BKJIAJIOB OT MAPTOHOB, IIPH STOM
JIAHHOE Pa3JIoKeHune 00/1aJaeT KAJuOPOBOTHONW WHBA-
PUAHTHOCTBIO.

* E-mail: anikin@theor.jinr.ru
** E-mail: zhevlakov@theor.jinr.ru
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B pa6Gorax [4,5] 611 npeIozKeH KaJanOpOBOIHO MH-
BapuaHTHBIN anajor JM-nekomnosumun. B pamkax Ky-
JIOHOBCKO#1 KaJIHUOPOBKH yTBEPIK/IAJIOCH, UYTO TUIIOOHHOE
110J1e MOXKHO (POPMAJIBHO TIPEJICTABUTDH KAK

Ay () = AV (@) + AZT (). (1)
Crout OTMETHTH YTO JaHHAS JEKOMITO3UIINS TJIIOOHHO-
ro TOJIsl BCETJIa PaccMaTpUBajach Kak MEPBbIA Imar B
OOJIBIIIMHCTBE CYIIECTBYIOMNX JIUCKYCCUNR O KaJInOpO-
BOYHO-UHBAPUAHTHOM Pa3/eJIEHUN HA CIIUHOBBINA M Op-
GUTANBHBII YIIIOBbIe MOMEHTHI B HYKJIOHE (CM., HAIIPU-
Mep, [6-17]).

B abenesoii U(1) xamubpoBounoii reopun dusnaec-
K1€ KOMIIOHEHTBI Aﬁhys B (1) cooTBETCTBYIOT HIOTIEPE-
HOI cocTaBJIdIONIeH Af;, KOTOpAas sIBJSIETCS KaJTHOPO-
BOYHO MHBAPUAHTHON B OTJIMYUE OT MPOJIOJIHHONR KOM-
[TOHEHTHI Aﬁ, ceszanHoll ¢ AP, Koropas npeoGpasy-
eTcs KAJIMOPOBOYHO U JIOJI?KHA, OBITH yCTpaHeHa KaJo-
POBOYHBIM YCJOBUEM B PAMKAX JIATPDAHYKEBOT'O ITIOJIXO-
nma. Orcioza ciejtyer, 9To B abesieBoil Teopun pas3iorkKe-
HUe, pejicTaBienHoe B (1), siisiercst abCOIIOTHO ecTe-
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CTBEHHBIM, U B 3aKOHHOCTHU JAHHOT'O PA3JIOXKEHUST HET
COMHEHUIA.

B cayuae neabeseoit SU(3) KaamGpoBOUHOI Teo-
pUU U TOIepevHasi, W IMPOJIOJIbHAS KOMIIOHEHTHI Ka-
JIOPoBOYHO 1peobpasytorcs. CiieroBaTe/IbHO, YIIOMSI-
HYTOE Pa3JIOYKEHUEe CTAHOBUTCS KaK MUHUMYM HEOYe-
BUIHBIM, OCOOEHHO B KOHTEKCTE OIpejeeHus du-
3UYECKUX KOMIIOHEHT. B YacTHOCTH, WMCIOJIL30BaHUE
KaJIMOPOBOYHBIX YCJIOBUI KOBAPUAHTHOIO THUIA HEU3-
GEXKHO JIOJIZKHO TIPUBOJUTH K HEBO3MOXKHOCTU pas-
JIeJICHWsT CIIMHOBBIX W OPOMTAIBHBIX YTJIOBBIX MOMeE-
HOB KaJIUOPOBOYHO-UHBAPUAHTHBIM 0OPA30M, TTOCKOJIb-
Ky 3aBUCUMOCTD DJIIOOHHBIX KOH(MUTYpAIUil 0T KOO/ IU-
HAT HEJIb3sl OIPEJIEUTh HE3aBUCUMO JIJIs KaXKJIOW U3
KOMIIOHEHT TI0JIsA, CM., Harpumep, [18].

Mex 1y Tem, pasJjioxKeHue TJII0OHHOTO MoJis Ha (pu-
3UYecKue U HeMDU3NIECKUE COCTABJIAIONIIE SBJISICTCS
KpaeyroJbHBIM KaMHEM BO MHOI'HX IOJIXOJ/IaX, MOCBs-
MEHHBIX KaJIMOPOBOYHO-UHBAPUAHTHOMY PAa3e/ICHIIO
CIOUHOBBIX U OPOUTAJBHBIX YIJIOBBIX MOMEHTOB.

B nammoit pabore J1eKOMITO3UIsI, TPEICTABICHHAS
B dopmyne (1), paccmMaTpuBaercsi Kak yTBEpIKJIEHUE,
KOTOPOE JIOJI?KHO OBITH JIOKA3AHO, €CJIH ITO BO3MOYKHO
B pamkax HeabejeBoil Teopun. JlokazaTeancTBO mpe-
crapyienust (1) sy HeabeseBOro moJst MoXkKeT ObITh Pe-
aJIN30BAHO B paMKaX KOHTYPHON KaJMOPOBKU, KOTO-
pas 0600IaeT cTaH apTHLIE JIOKAJBHBIE aKCHAIbHBIE
KaJuOPOBKHU, U TPU ITOM SIBJISIETCSI CBOOOIHOM OT I'PH-
6osckux xormii [19,20]. B oramame oT JIOKAIBHON Ka-
JIMOPOBKY, B KOHTYPHOI KaauOpOBKE, KOTOpas sIBJIsi-
eTCsl HeJIOKAJIbHBIM TUIIOM KaJMOPOBKHU, CHavYaJIa (DUK-
CUpyeTCs TpeJICTaBUTE/ b Ha KAaJUOPOBOTHON opOure,
a 3aTeM HAXOJUTCS TOJAXOJSIIEE JOKAIBLHOE KaJIubpOo-
BOYHOE YCJIOBHE JIJId JAHHOIO MPEJICTABUTENS HA Op-
6ure. OCoOOEHHOCTH KOHTYPHON KaJubpPOBKU JIEI'KO 10~
HATH B paMKaX TaMUJIbTOHOBA (hOPMAIU3Ma, IJe YCI0-
BHUE KOHTYDHOU KaJUOPOBKU OJIHO3HAYHO OIPE/IEIAeT
[TOBEPXHOCTHh MHOI00Opa3usi, KOTOPast IepeceKaeT CJIoi
€ TPYHIIOBO OpOUTOI yHUKAIBHBIM 00pa3oM (CM. je-
raqn B [21]). B KauecTBe HOBOrO HabIIONEHUS TTOKA3a~
HO HAJIMYNE CIEUAJIHLHON OCTATOIHON KaanOPOBOIHOM
CcBODOTbI, KOTOPOI 00J1a/]aeT KOHTypHas KaJrnOpOBKA.
Ommaxo mamHasl OCTATOYHAA CBOOOIA JIOKAJIM30BAaHa B
HETPUBUAJIBHBIX TPAHUYHBIX YCJOBUSX, KOTOPbIE CBs-
3aHDI ¢ YUCTHIMU KAJUOPOBOTHBIMY KOH(DUTYPAITUSIMHE,
OTIPEJICTIEHHBIMY Ha GECKOHEIHOCTH.

Ormernm, uT0 DU3MIECKNE BEIUINHBI HE 3aBUCSIT
OT BBIOOpa KaJuOPOBKH. AKCHAJbHBIA THUII KaJuOpo-
BOK CBSI3aH C OIIPE/IEJICHHBIM (DPUKCUPOBAHHBIM HAIIPAB-
JIEHHEM B MPOCTPAHCTBE. B TakoM CjIydae HE3aBUCHU-
MOCTH OT KAJIMOPOBKHU CJIEIYeT PAacCMATPHBATH KaK
HE3aBUCUMOCTDb OT BBIOPAHHOTO HAIPABJIEHUS, KOTO-

poe obecrieunBaeTcs JIOMOJTHUTETLHBIMI TPeOOBAHUSI-
mu [22]. BoJsiee Toro, B pamMkax raMujibTOHOBa (GOp-
MaJIM3Ma UCIOJIb30BaHIE KOHTYPHOU KAJUOPOBKU MO/I-
pas3yMeBaeT, 4To yCJIoBUe KaJaubpoBKY (B KadecTBe J0-
[OJTHUTEJILHOTO YCJIOBHsI) MOXKET ObITh OJHOCTHIO Pa3-
PEIIeHO OTHOCUTEJIFHO KaJauOpOBOYHON (hyHKIUU 3a
UCK/TIOUEHNEM KAJTUOPOBOYHBIX MPEoOPa30BaHMil B KO-
HEeYHOU objiacTu mpocTpaHcTBa. llosTomy B ganHOM
cMbIcyIe PU3MIECKre HabII0IaeMble, PACCMATPUBAEMbIE
B KOHTYDPHOH KaJuOPOBKE, SIBJSIOTCA KAJTHOPOBOTHO-
MHBAPUAHTHBIME TI0 TIOCTPOEHUIO.

2. CB4A3b JIOKAJIBHBIX 11 HEJIOKAJIBHBIX
KAJINMBPOBOYHBIX I[IPEOBPA3OBAHUI

[Ipexk e Bcero, HAIOMHUM COOTBETCTBUE MEYKJTY BU-
JIOM KaJTHOPOBOYHBIX IMPEOOPA30BAHUI U BUJILCOHOB-
CKUM I1yTe3aBUCUMBIM (DYHKIIMOHAJIOM (CM. JEeTaau B
[23]). B nmanbreiimienM, i KPaTKOCTH, HUCHOIb3YETCs
TepMUH «JInHUS Buiibconas He3aBUCUMO OT (DOPMBI ITy-
TH, €CJIU TOJBKO JIAHHBI TEPMUH HE BeJeT K 3a0JIy K-
JIEHUIO.

[Ipeamonokum, 9T0 B pamMKax HeabeaeBoil Kaaubpo-
BOYHOI Teopun (hepMUOHHBIE U KAJTUOPOBOYHBIE TIOJIS
IpeodPa3yIOTCs KaK

P! () = e @y (z) = Uz)y(z), (2)
Al (z) = U(x)Am)U—l(x>+§U<x)8ﬂU‘1<x), (3)

rme 0 = 0T a T® — reHepaTopbl COOTBETCBYIO-
MEro mpejcTaBaeHns. 1Ipn (bUKCHPOBAHHBIX JIOKAIb-
HBIX TIpeobpa30BaHusX, KaK B ypasHeHusix (2) u (3),
MOKHO II0Ka3aTh, YTO KOBAPHAHTHAS [POM3BOJHAS H
KaJMOpPOBOIHO-NHBAPUAHTHBII Ooneparop (hepMUOHHOI
CTPYHBI IPUHAMAET CJIEILYIONHI BUJL:

iDy =10, + gAu(z),

g.—1inv. T . (4)
O (@, y) =v)y; z]ay(2).

BuibconoBckast uHMs onpezaesieHa Kak

[x; 20]a = Pexp | ig dw,Ap(w) p =

P(zo,x)
=g(z[A) =g(P), (5)

rue P(xo,x) obo3HavaeT My Th, KOTOPbIi COeIUHIeT Ha~
YAJbHYI0 TOYKY To U KOHEUHYIO X B I[POCTPAHCTBE
MuHKOBCKOTO.
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BceraBus Touky z¢ B smmau0 Buibcona, omeparop
KaJIMOPOBOYHO-UHBAPUAHTHON CTPYHBI, CM. ypPaBHEHUE
(4), upeobpaszyercs Kak

Q9" (2, y) = P(y)[y; zolalzo; z]avh(z).  (6)

U3 ypasuenus (6) cieiyer, 4ro 3aBucsiinee OT IyTH
HEJIOKAJIbHOE KaJIuOPOBOYHOE ITpeodpasoBanue (hepMu-
OHOB MOXKET OBITH IIPEJICTABIICHO B BUJIE

VE(z) = g7 (2]A)Y (@), (7)

rae ¥8(x) — KaImbpOBOYHO-MHBAPUAHTHOE (hEPMUOH-
HOe 1oJ1e B Tipejicrasiennn Mangeasimrama ¥ (z|A) 3a
HCKJIIOUEHUEM TJI00aJbHBIX KaJUOPOBOYHBIX IIPEOOpa-
30BaHUil, HECYIECTBEHHBIX JIJIsl JAHHBIX PACCMOTDEHMIA
[24,25]. Takoe npeoGpaszoBanue mpuBoAUT (U3 ypaBHe-
Hust (3)) K

A5 (x) = g (2] A) Au()g(a] 4) +
+§g’1($|A)3ug(I|A)- (8)

CrenoBare/ibHO, CBsA3b MEXK/Iy JIOKAJHHBIM U HEJO-
KAJIbHBIM KaJUOPOBOYHBIM MPeoOpa30BaHUEM WMeeT
BU/J,

U(z) & g~' (2]4), 9)

YTO YPE3BBIYANHO BarKHO IS JaJIbHEHIEr0 pacCMOT-
peHusd, I0CKOJIbKY HellPaBU/IbHOE COOTBETCTBHUE IIPUBO-
JIAT K CYIIECTBEHHO HEBEPHBIM BBIBOJAM (CM., HAIPU-

mep, [26]).

3. KOHIEIIIISI KOHTYPHOI
KAJINBPOBKMU

B npencrasiennoit padotre TpOBOIUTCS TEPECMOTP
passiozkenus (1) B KOHTEKCTE BbISBJICHUS TE€X YCJIOBUIA,
JIJISE KOTOPBIX JIEKOMIIO3UIUSI CTAHOBUTCS CIIPABEJIJIN-
BOIt (ecsm 3TO BOOGIIE BO3SMOXKHO OCYIIECTBUTH). Pac-
cmoTpuM paszioxkenue (1) Kax yTBepKIeHUE, KOTOPOE
JOJIZKHO OBITH JIOKA3aHO, IO-KpaiiHeil Mepe, B paMKax
KaJUOPOBOTHOTO YCIOBUS, HANOOIEE TTOIXOISIIETO JIJIst
uposepku (1). C 9700l HesIbio UCHOJIb3yeTCsl KOHIIEIIIUs
KOHTYPHOH KaJIMOPOBKHU.

C camoro Havajia HAIIOMHHM, YTO B IaMUJIBTOHO-
BOIt (bOpMySIMpPOBKe KaIubpoBOUHON Teopun [27], pac-
mupeHHas Mepa QyHKIMOHAJILHOIO MHTErpaJia B Tep-
MUHaX 0DOOIIEHHBIX UMITyJibcax F;, n KoopjauHarax A;
BKJIIOYAET JiBa BUJA (PYHKIMOHAJBHBIX JeIbTa-(yHK-
unii. [lepBolii Bun gesbra-pyHKINA OTParKaeT IepBUd-
Hble (BTOPMYHBIE U T.JI.) CBsi3u Ha F,; u A;, B TO Bpe-
Msl KaK BTOPOI BUJI JieJIbTa~-(DYyHKIIUA OTHOCUTCS K TaK
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HA3BIBAEMBIM JOIOJIHUTEIbHBIM yCIOBUAM (UM KAJIn0-
POBOYHBIM YCJOBULAM), TOUHbIE (POPMBI KOTOPBIX JIHK-
TYIOTCH KaJauOpOBOUHON cBOOOmoit. Ecim mnepBuunbie
(BTOpHYHBIE U T.[I.) CBSI3U HEOOXOJUMBI JIJIST UCKITIOIe-
HUsl He(DU3MIECKUX KOMIIOHEHT KAJIUOPOBOYHOTO MOJIS,
TO KaJIMOPOBOYHBIE YCJIOBUsI, B CAMOM UJEATHLHOM CJTy-
qae, JIOJZKHBI 3apUKCUPOBATH COOTBETCTBYIONIMIT (hpak-
Top Jlarpamzxka, CBI3aHHBIN ¢ KATUOPOBOTHOM OPOUTOII.
B pamkax sarpanzkesoit hbopmyimuposku [28], mockosib-
Ky OecKOHeUYHBI 00beM KaJnOpOBOYIHON opOUTHI (hak-
Topusyercs B (DyHKIMOHATIHLHOW Mepe 0 KOMITOHEH-
TaMU KaJuOPOBOYHOIO MOJIsA, KATUOPOBOYHBIE YCIOBUS
OOBIYHO TIO3BOJISIIOT YCTPAHUTH He(DU3MIECKUE TJIFOOH-
HbIe KOMITOHEHTHI.

B s1o0it cBa31 KOHTYpHAasi KaaubpOBKa TOApa3yMe-
BAET, UTO I ITOJHOTO (DUKCHPOBAHUS KaJIUOPOBOU-
HO#t dyHKIMEU (npejcTaBuTesiss OPOUTHI) WM yCTpa-
HeHUsT HePU3UIECKUX TJIIOOHOB HEOOXOIMMO HOTPe0o-
BaTh, 9TOOBI BUJILCOHOBCKUIT Ty T€3aBUCUMBIH (DYHKIH-
OHAJI Me2K/1y HadaJIbHOU Lo U KOHCYHON & TOYKAMU IIy-
tu P(x0,x) ObLI paBeH eJIuHUIE, T. €.

g(z|A) = [z; mola =1, (10)
rue uytb P(xzg, ) dbukcupoBan, a ToUKa Ty OIPEeis-
er cuenuduIecKyo HAYaJbHYIO TOUKY, KOTOPash MOXKET
3aBHCETh OT KOHEUHOH Toukn 2 (cM. Takxke [29]).

XoporIo u3BecTHad aKCHaIbHasd Kaauoposka, AT =
= 0, aBisiercss (HAKTUIECKA YACTHBIM CJIyIaeM Ham-
boJsiee 0OMIEl HETOKAJHHON KOHTYPHON KaJMOPOBKH,
onpegesennoit ycjposuem (10), rae dbuxkcupoBaHHbIN
IIyTb COOTBETCTBYET IIPAMON JIMHUM, CBA3BIBAIONIEH
TOYKHU £00 U Z.

B mpormiom konTypHast KaanbpoBKa ObLIa 00bHEK-
TOM MHTEHCHUBHOI'O U3y4eHus (CM., K mpumepy, [19,20]).
OueBUIHBIM TPEUMYIIECTBOM HCIOJIB30BAHUS KOHTYP-
HOI KaJIMOPOBKU SIBJISIETCSI TO, YTO KBAHTOBasl KaJuO-
pOBOUHAsT TEOPHUs CBOOOJIHA OT TPUOOBCKUX HEOJHO-
snagnocTeit. [1o cBoeit KOHCTPYKITUN KOHTYPHAsT KaJI0-
pOBKa He 00J1a1aeT OCTATOYHOM KAIMOPOBOIHOI CBOOO-
JIOM M ¢ TEXHUYIECKOW TOYKHU 3PEHUS ABJIAETCS CAMBIM
MIPOCTBIM CIIOCODOM TTOJTHOTO (PUKCUPOBAHUS KAJIUOPOB-
KU B Ipejie/iax KOHEYHOrO MpOCTpaHCTBa. BKparie, B
pPAMKAX KOHIEHIMA KOHTYPHOW KaJMOPOBKU CHAYAJIA
durcupyercs npoussosbHast ToUKa (X, g(2o)) Ha c10e
P(X,7|G) [30]. Tloce onpenensiorcs: apa HApaBIIe-
HUs: OJ[HO HAIIpaBJICHUE onpejessercd na 6aze X (rae
HAIIPABJIEHNE €CTh HE YTO MHOE, KaK KACATEJLHBIN BEK-
TOp K KPUBOI, HIyIIel Yepe3 TaHHYI TOUKY L), JPY-
roe HAIPABJICHUE ONPEJIEJIACTCS Ha CJIOE, TJIe HAIPAB-
JIEHHE MOXKEeT OBITh OJJHO3ZHAYHO OIPEJIEJIeHO KaK Ka-
caTesIbHOE MOJIIIPOCTPAHCTBO, CBA3AHHOE C HaPAJLIC/h-
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HBIM IIEPEHOCOM. DTHU JIBa HAIPABJICHUS (POPMHUPYIOT
POPU30HTAJILHBINA BEKTOD (WM HAIIDABJICHUE)

Hy, =0, —igAf(z) D", (11)

KOTOPBIi, TI0 MOCTPOCHHUIO, HHBAPUAHTEH OTHOCHTE/Ib-
HO CTPYKTYDHI rpytnsl Ha ciioe [30]. B ypasuerun (11)
D“ obo3HagaeT COOTBETCTBYIOIINI T€HEPATOD CIBUTA
BJIOJIb TPYIIIBLI CJIOS U MOKET OBITh IIPEICTABICH KaK
g0/0g. ©yuxkumonan g(z|A) n3 ypasaenus (5), onpe-
JleJIeHHbIH Ha ryaBHOM paccaoernn P (X, 7| G), asis-
eTCcs PelleHneM ypaBHEHHs HapaJlIeJbHOTO IIepPeHoca,
3a/1aBAEMOT0 CJIEAYIONIM 00Pa30M:

dwy(s)

1 2L, (A)g(a(s)]4) = 0,

(12)

ecim p(s) = (x(s),g(z(s))) onpenensiercs Kpusoit x(s)
B X, mapamerpusosanHoii s. [Ipumenenne ycnosus (10)
¢ nenbio BumosmHenns (12) seger mbo x Af(x) = 0
(TpuBHABHBIH ciy4vait), 6o k DI = 0 (uro siBisier-
sl ecTecTBeHHBIM TpeGosannem D = gd/0g).

Takum o0pa3oM, MOXKHO YHUKAJBHBIM 00pa3oM
olpeJIeJIuTh TOUKY Ha pacciaoenun, P(X, 7 | G), ns Ko-
TOPOI'O0 UMEETCsl TOJILKO €JMHCTBEHHBI TOPU30HTAIDb-
HBIII BEKTOP, COOTBETCTBYIOIIUI JIAHHOMY KacaTeJIbHO-
My BEKTOpY B Touke x B X. Hamomunm, 9T0 KacaTeyb-
HBIl BEKTOD B TOYKE X OJHO3HAYHO OIIPEJIEISETCS 3a-
JIAHHBIM Iy TE€M, TTPOXOJISIIIM depe3 x. Takum obpa3om,
B paMKaxX TaMUJIbTOHOBa (popMasm3Ma, OCHOBAHHOIO
Ha T€OMETPHUIECKON MHTEPIIPETAINN TJIFOOHOB, YCJIOBUE
(10) oupenensier nosepxuocrs Ha P(X, 7| G). Dra no-
BEPXHOCTH IapaJLIe/IbHA IIJIOCKOCTH Ha3bl, TJe OIpe/Ie-
JIEH MIyTh, U BBIJEJISET €IUHUIHBIN dJ1eMeHT, g = 1, B
KazKJIOM cj1oe u3 paccoenus P(X, 7| G) [21].

Konrypnas kaimnbpoBKa OTHOCUTCS K HEJTOKAJIbLHO-
My KJIACCY KaJuOPOBOK U €CTECTBEHHBIM 00pa3oM 0600~
IAeT M3BECTHBIE JIOKAJbHBIE KAJTUOPOBKU AKCHUAJIBHO-
ro tuna. TakKe CTOUT 3aMETUTh, YTO JBE PA3HbIE
KOHTYPHBIE KAJMOPOBKH MOTYT COOTBETCTBOBATH OJI-
HOM W TOH »Ke JIOKAJIBHOW aKCHaJbHON KaJuOpPOBKE,
IJIe OcTaToOYHas KaJMOpPOBKa OCTAJaCh He3a(DUKCHPO-
BaHHOM [31,32]. D10 yTBEpKIEHNE OTparkaeT TOT (HaKT,
9TO B OTJINYUE OT JIOKAJbHON aKCHAJIBHON KAJTMOPOBKI
KOHTYpHAas KaJuOpOBKa He 00J/1a/1aeT OCTATOYHON Ka-
JIMOPOBOYHOI CBOOOTO0M B KOHETHOH 00J1aCTH ITPOCTPAH-
crBa. OMHAKO, KAK ITOKA3aHO HUYKE, TPAHIIHBIE TJIFOOH-
Hble KOH(MPUTYpAIUT MOTYT HOPOXK/IATh OCOOLIN KJacc
OCTATOYHBIX KaJIUOPOBOK.
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4. KOHTYPHA{ KAJINBPOBKA 1N
JAEKOMIIO3UIIN A TJTFOOHHOT O ITOJILA

Ilepeitmem K 0OCYXKJIEHUIO KOHTYPHOU KaJnOpPOB-
ku, oupezenennoii yeaosueM (10). Ucnonab3ys myrusa-
BHCUMBIE KaJMOPOBOYHBIE MPEOOPA3OBAHUS IS TJIIO-
OHHOTO TI0Jis1 (CM. ypasHeHme (8)) U BBIYMCJIUB IIPO-
U3BOJIHYIO BUJIbCOHOBCKOH JmHuMU [33] B KaamGpoBKe
[x; —00]a = I, mosyuum, 4TO IJIIOOHHOE HOJIE€ MOXKHO
[IPEJICTABATH KAK JEKOMIIOZHIUIO B CJICILYIONIEM BUJIE:

x
c.g. . c.g. C.G.(
ALY (r) = / dwo Gop(w] A9 )+ ALY (x—n00), (13)
— 00

rae G, — TEH30p HAIPSKEHHOCTH IVIIOOHHOTO IIOJIS

HadaJbHAst TOYKA OIPEJIEJIeHa B —00 ¥ IIyTh IapaMeT-
PH30BaH Kak

- 1—e™

=z —nlim
x e—0 €

w (14)

Jlannasi mapaMeTrpusalius IyTH BKJIIOYAET BEKTOD
N, ONpEJEJICHHBIN 3aJaHHBIM (DUKCUPOBAHHBIM Ha-
npasjeHneM. Hampumep, BEKTOp 1 MOXKHO BBIOpPATH
B MHHYC-HAIPDABJIEHUH HA CBETOBOM KOHYCE, 7
= (0",n7,0,), B pamkax HOpMAIU3MA KBAHTOBAHUS

HA CBETOBOM KOHYCe.

Baxno ormerurs, uro pasnoxkenue (13) cymecr-
BEHHO OT/JIMYAETCS OT PA3JIOKEHHsl, ITPEJICTABICHHOTO
B [34], orcyrcrBuem e-dbyukiuu B Heil. B camom zede,
JaHHAasT KOHTYPHAas KaJHOPOBKA BLIOMPAET JTUOO OJHY
0-byuxnuio, b0 Apyryio, HoApodHOCTH CM. B [32].

U3 ypasuenus (13) ciemyer, 94ro KOHTYpHAs KAJIUO-
POBKa TIO3BOJISIET €CTECTBEHHBIM 0OPA30M pasiie/uTh
rII0OHHOE M0Jie Ha (G-3aBucuMyio u (G-HE3aBUCUMYIO
kommonenTol. Muade rosops, Bmecro dopmyint (13)
YJIOOHO TIPEeJICTABUThL Pasje/eHne TJIIOOHHOIO MOJsT B
suze (em. [17])

AR () = A(2]G) + Ay (—00), (15)

roe A, (z|G) ectp me WTO HHOE KaK IEpBOE Clarae-
moe B (13) u Al¢(—o0) = A9 (z —noo) — kondu-
ryparus ToJisg TVIIooHa Ha Tpanuie. Heobxomumo oT-
METHTb, 4uT0 (G-3aBHCHMAas KOH(MDUIypaIys TIIOOHHOTO
nonst A, (z|G) BO3HHKaeT B pe3ysbTaTe HETPUBHAJIDb-
HO#t nedopmanuu mytn [33] u rIFOOHHOE pasjesneHue,
upejicraBjiennoe ypasaenueM (15), manomunaer ¢op-
Myity [17], HO cilerka oTaIMYaeTCs 0 CMBICILY.

B pamkax xouTypHOil kKasubposku (10) rpannu-
HbIE TJIIOOHHBIE KOH(MDHUIYpAIMH JOJZKHBI YIOBJIETBO-
PATDH YCJIOBUIO BUJIA

x

Pexp igAZ‘C(—oo)/de =1L

— 00

(16)
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Taxum 00pasoM, HOCKOIbKY HHTErPaJI 1o dw, B ypaBs-
Henun (16) pacxoqurcs Kak 1/e€ mpu € crpeMsieMcst
K HyJI0, KOMOWHAIIHSI n#AZ'C(—oo) JIOJIKHA, BECTH Ce-
651 110710610 €2. JleficTBUTENbHO, (DYHKIHS B KCIIOHEH-
re (cMm. (16)) nmeer B (pasMepHOCTb HPOCTPAHCTBA

D = 4)

Aﬁ'c(—oo) / dw, = AZ'C(,T —oon) / dw,, =

=0.

= lim
e—0

<3> A m)m, =0, (17)

CiietoBaTe/IbHO, TPAHIYHBIE TVIIOOHHBIE KOHMDUTY paIin
MIOJTYMHAIOTCS YCJIOBUIO IIOIIEPEYHOCTH

n,(0;, ) AZ‘C(n(@i, gp)) =0.

3/1eChb, TIOCKOJIBKY BEKTOD 7. OlpeesisieT (DUKCUPOBaH-
HOe HallpaBJjeHue, yao0Hee UCI0/Ib30BaTh chepuiecKme
KOODJIMHATHI B €BKJIUJOBOM IIPOCTPAHCTBE (HJIU IICEB-

(18)

JocheputIecKyio CHCTEMY B IMIPOCTPaHcTBe MUHKOBCKO-
ro), IJie BEKTOD N 3aBUCHUT TOJBKO OT YIJIOBBIX KOOD-
nuuat (0;, ), cM. nuxke. Eciu pasMepHoCTb pOCTpaH-
crBa D > 4, To ycoBHe TONEPEIHOCTH, CAEIYIONee 13
ypasuenus (18), He sBisiercss HEOOXOIUMBIM JIJIsl BbI-
[OJIHEHUS YCJIOBUS KOHTYPHO KaJIMOPOBKU.

Temepb MOXKHO MOKA3aTh, 9TO B KOHTYPHOH Ka-
JINOPOBKE I'PAHIIHDIE [JTIOOHHBIE KOH(MDUTYPAIIUU MOT'Y'T
OBITH TIPEJICTABJIEHBI B BUJE YHUCTHIX KAJUOPOBOUHBIX
koudurypanuii. [Ipexke Bcero BaxkHO OTMETUTH, ITO
HadaJIbHAS TOYKA g UTPAET 0COOYIO POJIb B paccMaT-
puBaemMoM (opMasn3Me, MOCKOJIbKY BCe IIyTH HAaIUHA-
0TCsl B 9TOR Touke, n 6a3a X Kacaercs IJIaBHOIO pac-
CJI0€HUST P TOJIBKO B 9TON TOUKE.

Jng mHadaiga paccMOTPHUM TOYKY Tg, B KOTOPOM,
MPEJIIOJIOKIM, HAYUHAIOTCS J[BA PA3HBIX IIyTH, CM.
puc. 1. Takas craproBas TOYKa UMeeT JBa Kacareb-
HBIX BEKTODa, CBsi3aHHBIX ¢ P(zg,21) u P(zg,22). B
CBOIO OY€PE]ib, KaXKIblil KacaTeIbHBI BEKTOD UMEET
CBO#l YHUKAJLHBII TOPU30HTAILHBIH BeKTOD H, ff) otpe-
JIeJICHHBIN Ha cJjioe. Torjia, BOCIOIBL30BaBIINCH YDaBHE-
uueM (10), nmosydaem, 4ro

Pexp | ig / dw, A, (w) p =1, (19)
L(wo)
Pexp ig/dwu A dw, Gy (w) p =1, (20)

£2

rae oy, L(xg) moppasyMeBaeTcst eTIIst ¢ HAYaIoM Ty =
—00 u {2 sBISETCA COOTBETCTBYIOMIEH ITOBEPXHO-
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P (X, 7/G)

X

Ty

Iy

Puc. 1. lonoHomus: Hff) c i = 1,2, obosHavaoWmMmmn co-
OTBETCTBYIOLLME FOPU3OHTANIbHbIE BEKTOPbI, ONpefeseHHble Ha
cnoe P

CTBIO, CBs3aHHOl ¢ metueit L(xp), cm. puc. 1. 3ame-
TUM, 9TO TO4HAs GopMa {2 He BarKHA JIJIF HAIIErO HC-
cienoBanus. Bojee Toro, dbukcupoBannas dopma 2
MOZKET IIPUBECTH K JONOJHATEILHON HEOHO3HATHOCTH
[35], KoTOpAast, oMHAKO, HE OBJINSIET HA BBIBOJBI JTAHHOI
paboTHI.

[pocreiimee pemenue ypasuenus (19) umeer Bug

Au(w)

1

P U(w)8,U™" (w),

(21)
KoTopblit BemeT K G (w) = 0 u, cremoBaTelbHo, K
ypasHeHuto (20) mocste ucnosbp3oBanust TeopeMbl CTOK-
ca (BOmpoOC BBIOOpPA TOBEPXHOCTH {2 TyT He 3aTparu-
saercal)). OTMernm, 4TO HeTpUBHAILHOE (HEHyIeBOE)
pemienue ypasaenus (20) MOXKeT CyIIECTBOBATD AIlIPUO-
pu. OziHAKO Takoe pererne (Beylnee K PABEHCTBY Hy-
JIFO BCErO MHTErpaJia) B JII000M CIydae He MOXKET ObITh
[IpeJICTAaBIeHO B popMe IucToil KaanbpoBku. B reopun
IPYII Iy Tel yTBEPIKIACTCH, ITO JIHOOAS TIETIIST KaK J1e-
MEHT IOJIPYIIIbI [IETEb MOYXKET ObITh FOMOTOIMMYECKN
peoOpa3oBaHa B «HYJIEBOI 3JIEMEHT», KOTOPBI B Ha-
IeM CJIydae saBJsieTcst 6a30BOi TOUKOI 19 = —00.

B pesyabprare uncroe KaanbOpOBOUTHOE MIPEICTABIIC-
HEUe B ypaBHeHUH (21) MOXKeT GBITH CBSI3aHO TOJBKO C
IPAHMYIHBLIMA KOH(DUTYPAIISAMHE, T. €.

AV (1) = é U (0)3,U (o), (22)

1) Beecropornuii ananus Heabemnesoii Teoperbr CTOKCA MOMKHO
Haiitu B [35].
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T
Puc. 2. VYron He 3aBucut oT HayvanbHoii Touku O:

Topbl A (Ra,pa) n B (RB,pB); limgp, 50 A =
=limgy0B =0, e O=(0-cosp;,0-sinp;) ni=A B

BEK-

noromy 4ro kondurypanus A, (z|G) B ypasaennu (15)
IPUBOJAT K HYJIO WHTerpuposanue B (19) mo ompeme-
JICHUIO.

CkoMOMHUpOBaB OKOHYATEILHO ypasHenust (15) u
(22), npuxoguM K J0Ka3aTeJIbCTBY, YTO B KOHTYD-
HOI KaJIMOPOBKE TUIFOOHHOE TI0JI€ IeHCTBUTEIHHO MOYXKET
ObITH PEJCTABJICHO B BUJIE PA3JIOKEHUS

, (23)

To=—00

Az (z) = A#<x|G>+§' U (20)0,U " ()

e oba cJiiaraeMbIX IIePIIEeH/INKYJIAPHBI BbIOPAHHOMY
BEKTODPY HATPABJICHUS 1.

Vpasuenue (23) HOKa3bIBAET, YTO OCTATOYHAs Ka-
JMOPOBKa B KOHTYPHO# KaJIMOPOBKE MOJHOCTHIO JIOKA-
JIn30BaHa Ha rpanwutie. [ljis Toro 9To0bl MOHITH TPUPO-
JIy OCTATOYHON KaJUOPOBKY, CBA3AHHON C IDAHIMIHBI-
MU TVIFOOHHBIMU KOHMUI'YPAIUAMI B PaMKaX KOHTYD-
HO#l KaTuOPOBKY, PACCMOTPUM IIPOCTEHIIIIT IpUMep Ha
R?, rne A u B UMeIOT OIHY U Ty Ke HAYAIbHYIO TOU-
Ky O, cM. puc. 2. Yinobaee paborarh co chepuyeckoil
CHUCTEMOI, T. €.

A(Ra,p4) = (Racospa, Rasinga)

u 1.0 Eciu pammyc-BekTopbl A u B oTamMdYaoTcst or
HyJIS JTayke Ha OECKOHEYHO MAJIOe, 3HAYUT ITH JBa BEK-
topa paziaumunmbl. Omaako, ecim Ry = Rp = 0, o
HadajbHas Touka O TepseT MHPOPMAIMIO O BEKTOPAX
A u B, 0CKOJIBKY

O =(0-cospa,0-sinps) =(0-cospp,0-sinpp).

Baxkno ormerursb, aTo B 00INEM cjydae yryibl MOLYT
OBITH IPOU3BOJILHBIME. B 9TOM CMBbIC/IE HAYAIbHAS TOY-
ka O sIBJIsIeTCsl TOYKOIl, HEe 3aBUCSIIIEH OT yIJia.
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ITockonbKy zo = }l%imOX(R,Hl,Hg,cp), [OJTy 9aeM
—
4TO

AZ’C' (€n(9i, (p))

g U(En(@l, (p))a‘uUil (En(ei; (p))v (24)

rae € — —00, 6; u ¢ He PUKCUPOBAHBI, 9TO OOECIIEUNBA~

€T OCTATOYHYIO KAJMOPOBOYHYIO CBOOO/IY aHAJIOTHIHO
TOIl, 9TO IIPOJIEMOHCTPUPOBAHA Ha PUC. 2.

Hawunbosee ymobmbrii criocod dukcarmum ocTaToIHON
KAJIMOPOBOYHON CBOOOIBI — ITO MPEIIIOJIOKUTH, ITO

(em. [31,32])

Ay (enlbi, ) = A7 (en0r,9)) =0 (25)

B sToMm cityuae JIeKOMIO3UIHS TITIOOHHOTO TOJIsT, IPEe/I-
craBiednas B ypasaenuu (1), OyJer TPUBUAILHOIL.

Taxmm 06pa3oM, UCIIOIHL30BAHNE KOHTYPHOM KAJIIO-
POBKH JjiaeT HanboJiee eCTECTBEHHOE PA3JIOYKEHUE TUII0-
OHHBIX MOJieil Ha (G-3aBUCHMYIO TVIFOOHHYIO KOMIIOHEH-
Ty, KOTOPYIO MOYKHO Ha3BaTh (PUIUIECKON, U HePU3U-
YeCKYIO TUIIOOHHYIO KOMIIOHEHTY, OTHOCSIILYTOCS K 9nC-
TOM KaaubpPoBOUHOM KoHpuryparuu. Bosee Toro, Kou-
TypHas KaJIMOPOBKA He 00JI1a/1aeT OCTATOTHON KAJIOpo-
BOYHOI ¢BOOOIOH B KOHEYTHOI 00IACTH ITPOCTPAHCTBA, &
OCTaBIIIasCs BO3MOXKHAas KaJIMOPOBOYHAs CBODOO/IA T10JI-
HOCTBIO U30JINPOBAaHA HA ODECKOHEYHO! IPAHUIE JTaHHO-
IO TIPOCTPAHCTBA.

5. COOTBETCTBUE MEXK/JY JIOKAJIbHOM
" HEJIOKAJIbHON KAJINBPOBKAMU

[TockosibKy KOHTYpHAs KaJIuOPOBKa KAK HEJIOKAIb-
HBII BUJ KAIUOPOBKU 0000IIAET CTAHIAPTHYIO JIOKAJIb-
HYIO KaJMOPOBKY aKCHAJIHLHOTO THUIA, KPATKO OOCYINM
COOTBETCTBUE MEXKJy JIOKAJBHBIMU U HEJOKAJIHHBIMU
KaJIMOPOBOYHBIMI TTpeobpa3oBannsamu. Kak yxke ymo-
MUHAJIOCh, JIOKAJIbHAsT KAJTHOPOBKA aKCHAJILHOTO THUIIA
He BJISIETCST CBOOOJIHONW OT OCTATOYHDLIX KaJMOPOBOU-
HBIX [Ipeo0pa30BaHUil, B TO BPeMsi KaK HEJOKAJbHAs
KOHTYpHAas KaanOpoBKa (UKCUPYET BCIO KaJIUOPOBOU-
HYIO ¢BODOJIy B KOHEYHOM IIPOCTPAHCTBE IIPH yCJIOBUH,
9TO HadaJbHAas TOYKA Ty = —o0. JleiicTBuresbHO, ec-
JI PACCMOTPETh JIOKAJIBHYIO aKCHAJbHYIO KaJuOpPOB-
Ky, AT ?(z) = 0, kax ypasHenue /1 KaIu6POBOYHOlM
byuxiuu 6(z) (cm. ypaBuenue (3)), To HOIyIUM perie-
HUE 9TOTO yPABHEHUS B BUJIE

Up(z™,%) =C@)U(x™, T),

x

=Pexp —ig/dwaJr(w*,:f:) ,

To

(26)
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rae & = (¢7,07,x1), ¥, — dukcuposana u C(&) —
pou3BoJIbHAs (PYHKIHS, KOTOpasi He 3aBUCUT OT T U
OTIPEJICTIACTCS KaK

Uo(z™ =z, T) (27)
IpouseosnbHOCTh C(Z)-bDyHKIUME TaK?Ke OTPAYKAET TOT
daxT, ITO 37eCh UMeeM JIeJI0 C MPOU3BOJILHON (UK-
CHPOBAHHOU HAYAJBHON TOUKOU Z(. s onpeestenns
OCTATOYHON KAJTHOPOBOYHON CBOOOBI TPEOYeTCsI, ITO-

661 BomosHsnoch AT ?(z) = 0 m AT(z) = 0. Unbivm
CJIOBAMH, IMEEM, 9TO

=U(2)=C(T) = et 0@,

MO(IiaJN:) =1

(28)
Bugno, uro dbyukuua C(Z) onpeieiser ocTaToYHbIE
KaJIMOPOBOYHBIE TPe0OPA30BAHUS.

Hesokanbaast koHTypHass KajuOpoBka 00600IaeT
JIOKAJIBHYIO KAJIMOPOBKY aKCHAJILHOIO TUIA U Tpedyer,
YTOOBI IIOJIHBII HHTErpaJl B 9KCIIOHeHTe ypasHeHus (10)
pasusuics Hymo?) . C IOMOIIBIO KOHTYPHOI KaanGpos-
KJ B PAMKAX FaMUJILTOHOBA (OPMAIU3Ma OCTATOIHAS
KaJuOpoBoUHas (DYHKIUS é(fc) MOZKeT OBIThH CBA3aHa C
koHdurypanusamu A~ u A’ |, KOTOpbIe TaKKe HCUE3AIOT,
YHUUTOZXKAS BCIO KAJIUOPOBOYHYIO CBOGOY (110 1po6HOC-
T cM. B [23,36]). Takum o6pa3oM, BOCCTAHABIMBASI
[IOJIHBIA TIyTh B BUJIbCOHOBCKON JIMHUU, JIJIsi JIAHHOTO
[IPOIIECCa, MOJIYIAeM, 94TO

O(@) = C(ag,zq , Xq)

xJ.

x Pexp ig/dwiAi(xar,xa,wL) X
Xy

zt

x Pexp —ig/derA*(er, Ty ,X1) (29)
zg
U TOT/Ia, UCIIOJIb3Ysl COOTBETCTBYIOILYI0 KOHTYDHYIO Ka-
MUOPOBKY, IIPUXOJUM B KOHIIE K TOMY, ITO
C(z)

= C'(:C(T,:Cg,xé). (30)

c.g.
Vpasuenue (30) o3Hauaer, 4TO KaaubpoOBOUHAST CBOGO-
Ia BooOIe oTcyTcTByeT. ToduHoe 3HaUeHme (PUKCUPO-
BAHHOl HAYAIBHON TOYKH Z( 3ABHCHT OT PACCMATDH-
BaemMoro Hamu dusmaeckoro mnpomnecca [36,37).

2) B sokaIbHOM KaJInOPOBKE COOTBETCTBYIOIIMI SKCIIOHEHIU-
anbHBIA daKTOp McUue3aeT Gaarogaps TOMy, 9YTO 3aHYJIAETCH I0-
npmHTerpabias dyskmms AT = 0.
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6. HEHYJIEBBIE TPAHNYHBIE I'NTFOOHHBIE
KOH®UTYPAIIN

Hamnnas 9acTb pabOTHI TIOCBSIIECHA U3y IEHUIO BJIHSI-
HUS HEHYJIEBBIX TPAHIMYHBIX KOHMDUIYpaluii LIIF00OHHOTO
HOJIS HA OIPEeEICHIs PA3INIHbIX PACIIPeIeICHAN map-
TOHOB. [Ipexk/ie Beero, BazkKHO IMOMIEPKHYTh, 9TO PA3JIO-
»keHne B ypaBHeHUsx (13) u (15) 1o emMbicsty oTHOCHTCSE
K JIEKOMIOBUIMU TIpeijIozkenHoii B padore [17]. eii-
CTBUTEJIbHO, ypasHeHne (15) MOXKHO IepenmcaTh Kak
(3meCch paccMaTpUBaeTCst IpeJiest € — —oo)

AL (K5 7) = Gu(k ™5 2) +
+ 6(kT) AV (en” (/4,0,0);F), (31)

rJe TUIFOOHHOE I10JIe Ha CBETOBOM KOHYCE AL‘C' — 370
bypne-0bpa3 Aif' TOJILKO II0 OTHOIIIEHHIO K T, T. €.

le.f.—. ~\ £ Fl.c. L~
Al (x ;7)) = A, (k™5 3), (32)
U, CJIe/I0BaTEeIbHO,
Gkt ) Z / dw™ G (W™, 7| A%,
(33)

—0o0
+b.c.—7~£b.c.—7~
S(kT) A, (en=;2) = Al (en™; 7).
Baxkuo noguepkuyThb, uro ypasuenue (31), Kak u ypas-
Herre (15), 6BIIO TOMYYEHO TPSMBIM 00Pa30M € yUe-
TOM KOHTYDPHOI Kasubpoeku, cM. ypasaerne (10). Kak
y2Ke OTMEYaJI0Ch PAHEE, BAXKHBIM PE3yJIbTaTOM JIAHHOM
paboThI ABJISETCH TO, YTO HECMOTPS Ha (PAKT TOJHOTO
bukcupoBaHns KaJuOPOBOIHON CBOOOBI B KOHETHOM
00JIaCTH IPOCTPAHCTBA C MIOMOIIBI0 KOHTYPHON Kajn0-
POBKU, TeM He MeHee, OCTaTOUYHAs KaIuOpPOBOIHAS CBO-
60/1a CBsI3aHA C TPAHUIHBIMUA KOH(DUTYPAIUSIMU TTFOOH-
noro tosist. HerpuBnasnbibie Tomosiorutdeckne 3dpdek-
ThI, CBA3AHHDBIE C TPAHUIHBIMU KOH(MDUTYPAIUSME TJTIO-
OHHBIX I0JIEIl, — MPEeJMeT OTIEJIHHOIO PACCMOTPEHNSI.

B paGore [17] npencrasienue, Koropoe dbopmaib-
HO 1oxoxke Ha Hairy (opmyiy (31), no cymecrBy Obl-
JIO yrajaHo Ajigd cjydas JIOKaJbHOW aKCHaJIbHOM Ka-
mubposku AT = 0, rjie cOOTBETCTBYIOMIAs OCTATOYHAS
KaJanOopoOBOIHASA CBOOOIA BKJIIOUEHA B HEOIHOPOIHBIH
qyien ¢ §(kT). B cBoro ouepesin, Kajmbposka AT = 0
¢ (DUKCUPOBAHHOIT OCTATOYHON KaInOPOBOIHOI CBOGO-
JIoif B KOHEYIHOHN 006JIaCTH TPOCTPAHCTBA (DAKTHIECKU
UIEeHTUYHA KOHTYPHOI Kajmbposke [32].

B pamvkax dpopmasimama rpymnmnsl myTeit MOyKHO BOC-
[IOJIB30BATHCS CJIE/IYIONIUM IIyTEe3aBUCUMBIM IIPeodpa-
30BaHIeM, KOTOPOE MOPOXKIAET OOBITHOE ITPeodbpa3oBa-
HUE CJBUTA,
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rie () TpUHAIIEKUT CIUHOPHOMY (DYHIAMEHTAJIb-
HOMY PEJICTABJICHUIO U OIpeJie/ieHa Ha MTPOCTPAHCTBE
Munkosckoro M = P/L (P ofo3nadaer COOTBETCTBY-
IOIyIo Tpymiy myTeif, L — noarpynma neresib Ha P)
KaK MHBAPUAHTHAS (DYHKIIUS KJIACCOB COMPSIZKEHHOCTH

[30], T e.

Y(x) = g(p)¥(p),

Kpowme toro, B ypasaennu (34) oneparop U, neficTsy-
IOIMMil Ha CIIMHOPHOM MHOTI000Da3uu, UMeeT B/

p=(z,g)€P.

z+y
/ dw,D,

x

UP@e+y) — Pexp { —ig (35)

B xouTypnoit kaubpoBKe, rjie BUILCOHOBCKAS JIU-
Hust 3aduKkcHpoBaHa U3 ypasHeHus (34) u pasHa enn-
HuIE, oneparop rpynnst Tpamcsanuit Uy (y) mpuimvaer
TPUBHATBHYIO (HOPMY
T4y
/ dw,, 0y

x

yP@z+ty)
c.g.

=Pexp { —ig (36)
Takoii onepaTop He COIEP:KUT HUKAKOH mHbOpMAIAN
O MPAHUYHBIX KOH(MUIYpAIUax JlaxKe ecjau y — +00,
[IOCKOJIBKY KOH(UTYPAIMU I'PAHUIHBIX TOJIel BCe paB-
Ho noguunsiorcs ypasuenuto (10). Bosee Toro, B nan-
HOM CJIyYae BUJIHCOHOBCKasd JUHUA B ypaHenuu (34)
pPABHA eJIMHUIIE U3-38 PABEHCTBA HYJIIO HHTETDAHTA, T. €.
AT = A~ = 0, u paBeHCTBa HYJIO IIEJIOTO HHTEIPAJIa
mo A 1.

CiiefloBaTe/IbHO, €CJIM  BBEJIEM KBapK-TJIFOOHHbIE
OIIepaTOpbl, OTBETCTBEHHbBIE 3 CIIMHOBBIE U OPOUTAIb-
HbIE YIJIOBbIE MOMEHTBI, KaK OIEePATOPHI, KOTOPHIE WH-
BapUAHTHBI OTHOCUTEIHLHO OCTATOYHBIX KaJUOPOBOU-
HBIX MPeoOpa3oBaHmii, TO HEOOXOIUMO WCIIOJIH30BATH
KOBAPUAHTHYIO MPOU3BOAHYIO B BHJIE

z'DZC' =110, + gAZ'C'(—oo).

B 3TOM CMBIC/IE TIOJIyYeHHBIC 3/1eCh Pe3yIbTAThl U pe-
syabTarhl [17] He cunbHO pacxogsrest. Hanpumep, cie-
mya [17], MOXKHO TONYIUTH CTPYKTYPHYIO (DYHKITHIO,
OTBEYAIONLYIO OIEepPATOPY YTJIOBOIO MOMEHTA KBAPKA:

+oo +oo
qu(x):./\/ /dzfei“ﬁzi /d2yl><

< (Plo(yL )y Tyl iy w(ys +27)P), (37)

rje BBeleHo oboznadenue [i j| 1 aHTUCUMMETPUIHOM
KOMOMHAITN UHEKCOB 4, ] = 1,2 u N — 3T0 HOpMUpO-
BOUHBIN (AKTOD, paHee BBEJIEHHBIH B cTaTbe [17].
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Kax yzxe rosopuiocsh panee, fr, () ato dusmde-
CKasl BEJUYMHA U HE 3aBUCUT OT BHIOOpaA KaJIuOpPOB-
k. B TO ke BpeMms KaJUOPOBKU AKCUAJILHOTO THUIIA
(JIOKAJIbHBIE MJIN HEJIOKAJBHBIE) CBsI3aHBI € (DUKCUPO-
BAHHBIM HAIPABJICHUEM, HEOOXOIUMBIM JJIsl TTPOIEJLy-
pot dbakropusanuu [22]. Tlosromy KagiubpoBOIHYIO UH-
BapPUAHTHOCTH (DU3NIECKON BEJIMIUHBI MOXKHO TPAKTO-
BaTh B TOM YHCJIe KAK HE3ABUCUMOCTH OT BbIOOpaA Ha-
npasJjienus. B paMKax raMuIbTOHOBCKOTO (DOPMAJIA3MA
[PEJIIOJIAraeTCsl, 9TO KAJTNOGPOBOIHOE yCsI0Bre (U J10-
[OJIHUTEJIbHOE YCJIOBUE) MOYKET OBITh IIOJHOCTHIO Pas-
PEIIEHO OTHOCHUTEIHbHO KAJMOPOBOYHON (DyHKIHH, 3a
UCKJTIOUEHNEM KaJuOpPOBOYHBIX TpeobpazoBaHuil B KO-
HeaHoit obyractu. B aToMm cmbIcie, dusndeckne KBapK-
[JTIOOHHBIE OIEPATOPhI, PACCMATPUBAEMbIE B KOHTYD-
HOIl KaJUOPOBKE, SABJIAIOTCS «KAJUOPOBOYHO-UHBAPU-
AHTHBIMI» 110 CBOEHl KOHCTPYKIIUHU, MTOCKOJBKY B JIaH-
HOM CJIydae HeT CBSA3U HU ¢ KAKUMH KaJUOPOBOYHBIMU
peo0pa30BaHUSMU B KOHEYHOI obJiacTu n3-3a (ukca-
uu KaaubpoBouHol dyHKun 07, (Kak 06CyKIa10Ch
BBIIIIE, 9TO CJIEJyeT U3 BeIOOpa g = 1 B cjioe jyist Beei
6a3pl X'), mogpobuocTu cM. B [21].

7. BAKJIFOYEHUE

Bri1o mokazano BaXKHOE COOTBETCTBUE MEXKIY JIO-
KAJIbHBIMU U HEJIOKAJIBHBIMU KAJIUOPOBKAME, ITO IPE3-
BBIYANHO BaXKHO JIJIs n30eKaHus CYIIEeCTBEHHO HEBep-
HBIX BBIBOJOB, KOTOpPBIE T€M HE MEHee MOXKHO HANUTH B
JiaTeparype.

B nmanmoit pabote 66110 TPEJTO?KEHO JTIOKA3ATE/IHCT-
BO CJICIYIOIIErO yTBEPKIEHNUs I HeabeIeBoil Teopun:
B KOHTYPHOI KaJMOPOBKE TJIFOOHHOE IT0JIe MOXKET ObITh
[IPEJICTABJIEHO B BHUJE Pa3JI0KEHUs Ha IVIIOOHHYIO KOH-
duryparmio A, (z|G), asismontyiocs GU3NIECKOi cTe-
[IEHBIO CBOOOIbI, U HA TJIFOOHHYIO KOH(MUIYPAIMIO 9UC-
Toit Kammbposku AP"(z(), KOTOpPasg MOIHOCTHIO H30-
JINPOBaHAa HA TPAHUIE U IPEJICTABJISIET COOOI 0COOBI
THUI OCTATOYHON KaaubpoBovHOI cBOOObI. [Tokazano,
9TO KOHTYDHAsl KAJMOPOBKA HE MOXKET OKOHYATE Ib-
HO YCTPAHUTH HOBBIN BHUJ] OCTATOYHON KaJIUOPOBOIHOI
CBODOJIBI, HANIEHHO U TOAPOOHO TPOUJLTIOCTPUPOBAH-
HOIl B JaHHO# pabdore.

B ciyuae TpuUBHAJIBHBIX ITPAHUYHBIX YCJIOBHIA, T. €.
AZ'C' = 0, B paMKaxX MIpUMeHeHUs] KOHTYPHOM KaTHOPOB-
KH JiekoMro3uiwsi (1) He nMmeer cMbIcsa B HeabeseBoil
TEOpUH, IIOCKOJIbKY TOJILKO I'DAHUYIHBIE [VIIOOHHbIE KOH-
duryparun MoryT ObITh IIPEJICTABIEHbl B BUJIE IUCTHIX
KaJIMOPOBOYHBIX [VIFOOHHBIX KOoHUryparmii. Bosee To-
ro, ecjiu TI'DaHUYHbIE KOH(MUIYypallud IOJIOKUTH PaB-
HBIMU HYJIIO, TO KaJMOPOBOYHAS CBODOA OTCYTCTBYET,
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O Teopeme gekOMNo3nLMmM AJisi FIOOHOB

U, CJIeJIOBATEJIHHO, OIIEPATOPHI KAJINOPOBOYHO-UHBAPU-
AHTHBI 110 MOCTPOEHUIO, 38 UCK/IIOUYEHUEM IJI00aTbHBIX
KaJIMOPOBOYHBIX [TPe00Pa30BaHmil, KOTOPBIE HE CYIIECT-
BEHHDI JJ1s1 OMIMHEHHBIX (hOpM.

B kagecTBe mocsenHero 3aMevyaHusi BayKHO OTMe-
TUTH, YTO JEKOMIIO3UIMS T[JIFOOHHOTO TIOJIs, MTPEJIo-
»KeHHas1 B padore [4] u dopmanbro cxoxkast ¢ (1), nme-
eT CTaTyC aH3alla, a He CTPOTOr0 BBIBOJIA, KaK OBLIO
chOpMyIMPOBAHO U JOKA3aHO B JaHHON pabore. Tak-
Ke, OTJIUIUTETHHON OCOOEHHOCTHIO SIBJISIETCS TO, UTO
[JTIOOHHBIE TOJIsT PA3JIEIAIOTCd Ha (DU3UTECKUe U TU-
CThIe KaJMOPOBOYHBIE TJIIOOHHBIE KOH(MUTYDAIUH EIIe
JI0 TOr0, KaK KaJuOPOBOYHOE yCJIOBHE 3a(DUKCUPOBAHO.
CienoBaresibHO, 4TO0OBI CPOPMYJIMPOBATH aH3all HY K-
HO OBbLJI0 HAJIOXKUTDH JOMOJHUTETLHOE TPEeOOBAHME JIJIs
u3BIedenns cuaraemoro APUT¢(z), xoropoe, B KOHEd-
HOM HTOT€, OIpeJleIsgeTcs yCIOBUEeM folﬁ”(:v) =0.B
CBOIO 0YepeIb, TAaKOe TPEeOOBaHNe eCTeCTBEHHO padoTa-
€T B paMKaX KOHIIEHIMH KOHTYPHOH KaauOpOBKU, CM.
ypasuenue (23). Pasencrso (37) dopmasnbHo HE po-
tusopeunt [4,17], HO B HEKOTOPOM CMBICJIE HE UMEeT
coracus ¢ [3,14], rue ObLI npeacTaBIeH «IMHAMIYE-
CKUI» TUI PA3JIOKEHUN YIJIOBOI'O MOMEHTA.

Baaronapuoctu. Asropsl 6arogapust C. Jlopes,
. I'. I[Taky, M. B. Ilosgkosy u JI. [llumanosckomy 3a
obcyxaenust. 1. B. AHMKuH BbIpazkaeT 0J1arojapHOCThb
O. B. TepsieBy 3a m1oq0TBOpHBIE KOMMEHTAPUHU HA, PAH-
Heit craaun paboTH.

JINTEPATYPA

1. X. Ji, F. Yuan, and Y. Zhao, Nature Rev. Phys. 3,
27 (2021).

2. R. L. Jaffe and A. Manohar, Nucl. Phys. B 337, 509
(1990).

3. X. D. Ji, Phys. Rev. Lett. 78, 610 (1997).

4. X. S. Chen et al.,, Phys. Rev. Lett. 100, 232002
(2008).

5. X. S. Chen et al.,, Phys. Rev. Lett. 103, 062001
(2009).

6. X. Ji, Phys. Rev. Lett. 106, 259101 (2011).

7. M. Wakamatsu, Int. J. Mod. Phys. A 29, 1430012
(2014).

8. M. Wakamatsu, Eur. Phys. J. A 51, 52 (2015).
9. M. Wakamatsu et al., Annals Phys. 392, 287 (2018).

10. C. Lorce, Phys. Lett. B 719, 185 (2013).

95

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

C. Lorcé, Phys. Rev. D 88, 044037 (2013).

E. Leader and C. Lorcé, Phys. Rep. 541, 163 (2014).
M. Wakamatsu, Phys. Rev. D 84, 037501 (2011).
M. Wakamatsu, Phys. Rev. D 83, 014012 (2011).
M. Wakamatsu, Phys. Rev. D 81, 114010 (2010).

P. M. Zhang and D. G. Pak, Eur. Phys. J. A 48, 91
(2012).

S. Bashinsky and R. L. Jaffe, Nucl. Phys. B 536, 303
(1998).

A. V. Belitsky and A. V. Radyushkin, Phys. Rep.
418, 1 (2005).

S. V. Ivanov et al., Yad. Fiz. 44, 230 (1986).

S. V. Ivanov and G. P. Korchemsky, Phys. Lett.
B 154, 197 (1985).

I. V. Anikin, arXiv:2105.09430 [hep-ph)].

I. V. Anikin et al., Nucl. Phys. B 828, 1 (2010).

I. V. Anikin et al., Phys. Rev. D 95, 034032 (2017).
S. Mandelstam, Annals Phys. 19, 1 (1962).

B. S. DeWitt, Phys. Rev. 125, 2189 (1962).

C. Lorce, Phys. Rev. D 87, 034031 (2013).

L. D. Faddeev and A. A. Slavnov, Front. Phys. 50, 1
(1980).

L. D. Faddeev and V. N. Popov, Usp. Fiz. Nauk 111,
427 (1973).

H. Weigert and U. W. Heinz, Z. Phys. C 56, 145
(1992).

M. B. Mensky, Theor. Math. Phys. 173, 1668 (2012).

I. V. Anikin and O. V. Teryaev, Phys. Lett. B 690,
519 (2010).

I. V. Anikin and O. V. Teryaev, Eur. Phys. J. C 75,
184 (2015).

L. Durand and E. Mendel, Phys. Lett. B 85, 241
(1979).

Y. Hatta, Phys. Rev. D 84, 041701 (2011).
Y. A. Simonov, Sov. J. Nucl. Phys. 50, 134 (1989).
A. V. Belitsky et al., Nucl. Phys. B 656, 165 (2003).

M. Burkardt, Phys. Rev. D 88, 014014 (2013).



