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1. Beaenne

DTa JeKnusi — O MOeM BKJIaJle B JI0Ka3aTeIbCTBO Tepe-
HOPMHUPYEMOCTH KaJuOpPOBOYHBIX Teopuil. Paszymeercs,
HEBO3MOXHO JOCTATOYHO YETKO OTAEIUTH MOH BKJIAJ OT
BKJIaza Moero "cosaypeara" *T XodTa, HO B OTHOILIEHHH TEX
MyOJIMKAIMiA, KOTOPbIE IPUHAJIEKAT eMy OJHOMY, 51 Orpa-
HAYYCh JIUIIb HEKOTOPBIMH KPATKUMHU 3aMeYaHUSIMU.
O6mmpHBIE 0030p BCel TEMBI, BKJIFOYAIOIIMIA OoJiee MOJI-
pOOHBIE CCBUIKM Ha JIUTEPATypy TOIO BPEMEHH, MOXXHO
HAWTH B OTJEIbHOM myOmkanmu [1].

XOopo11Io U3BECTHO, YTO paOOTHI IO NEPEHOPMHUPYEMOCTH
KaJIMOPOBOYHBIX TEOPHIA TPUBEIIH K MOJHON CMEHE TIepCIIeK-
THBBI B (PU3UKE IJIEMEHTAPHBIX YACTUIL. DTH pabOThI BHIBEJIN
HAa TepeTHUI TUIaH KOHKPETHBIE MOJIENIN; ObLIO YCTAHOBJICHO
TpebyeMoe 3TUMU MOJEJISIMH HaJIMYMe HEHTPaIbHBIX TOKOB,
a otkpbiTHe J/W-4acTHIBl OBUIO HEMEIJICHHO MHTEPIPETH-
POBAHO KaK OTKPBITHE 0YapOBaHUsI, TAK)KE COCTABJISIOIIETO
YacTh 3THX Mojejeld. 374ech MBI MMeeM B BUAY MOMEITb
[Ny [2], ee pacmmpeHe ¢ yueToM KBapKOB, MPUHAIIIE-
xamee ooy, Wnmonymocy n Maitann (IT'MUM) [3], u
mopesb BaiinOepra—Canama [4] miist JIESNTOHOB C y4eTOM
cektopa Xwurrca. Cratbs ['MM Bxitouasia oOcyxIcHHE
TpeOyeMBbIX HEHTpaJbHBIX aAPOHHBIX TOKOB, & TAKXE y4eT
ouapoBaHUs, Kak OBUIO BIEpBBIE MpeIOkeHOo Xapa [5].
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IMocne ananmsa, npoBefeHHoro bapauHoM Ha ceMuHape B
Opca (cMm. Takxke [6]), B pabore Bymma, Wnuonynoca u
Maiiepa [7] ObUIO yCTaHOBJICHO OOpAIlleHUE B HYJIb aHOMA-
JIMii U1 TPEeXIBETHBIX KBapkoB. He BmaBasick B aeras,
YIOMSIHY, 4TO BCJEI 3a TeM ObLIa HPUHSTA W KBAHTOBAS
xpoMoanHamuka. Takum oOpa3om, BCero JIUIIb 32 HECKOJIb-
KO JieT OblIa co3nana CTaHmapTHast MOJIEb.

2. OcHOBHBIE dTAINBI

[To3BOJIBTE MHE OCBETHTH 3/I€Ch TO, UTO Sl CUUTAIO CBOUM
BKJIAJIOM B JIaHHBIHN npeaMet. OnucaHue MOXHO pa3OouTh Ha
TPU OCHOBHBIE YacTH. S mocraparoch HACKOJIbKO BO3MOXKHO
YIIPOCTUTD U3JIOKEHHE.

1. ®usnueckne coodpaxenusi. B 1965 r. Amnep [8] u
BaticOeprep [9] BbIBeIM COOTHOILICHHE, U3BECTHOE ceiuac
Kak cooTHoIeHue Ajiepa — BaiicOeprepa. Sl unTepripeTupo-
BaJI 3TO COOTHOLIEHUE, HAXOAUBIIIEECS B YMCIEHHOM COIJIa-
CHM C OKCIIEPUMEHTAJIbHBIMU JTaHHBIMH, KakK CJIEICTBHE
TOXJecTB Yopaa B HeabesieBOW KaJIMOpOBOYHOW TeOopuu
(Taxxe Ha3biBaeMoit Teopueir SlHra—MuJica); B TaKOBOM
Ka4ecTBEe IAHHOE COOTHOIIICHUE yKa3aJl0 MHE IyTh K U3yue-
HUIO 3TUX TEOPHUil.

II. Penopmaiu3auuonnsie coodpaxenusi. [lepBoHavasb-
Hble BBIUUCJCHUS PAJUALMOHHBIX IONPAaBOK K BEPIIMHE
(hOTOH — BeKTOPHBII 0030H MPOJAECMOHCTPUPOBAJIH, YTO TPU
MOAXOMASIIEM BbIOOpE MATHUTHOTO MOMEHTa BEKTOPHOTO
0030Ha MHOTHE PACXOAMMOCTH ucue3aroT. [Ipu u3yuyeHuun
Teopuit SIura—Mmusuica s 3aMeTHII, YTO OHM aBTOMAaTHYECKU
OPUBOJAT K TOSIBJICHHIO HMEHHO TAaKOro MAarHUTHOTO
momeHTa. OTcrona s 3aKJIIOuMi, 4To Teopuu SHra-—
Muiica — 3T0, BO3MOXKHO, JIyUIllee U3 TOTO, YTO HMEETCS B
OTHOIIICHAN TEPEHOPMHUPYEMOCTH. DTO TMPHUBEIO MEHS K
HCCJIEJTOBAHUIO IEPEHOPMUPYEMOCTH TAKUX TEOPHA.

III. Texnnueckuii nporpecc. Ilpuctynus 3ateM Kk usyde-
HUIO quarpaMm B Teopun SIHra—Musuica, s oOHApYXWI,
4TO MHOTHE DPACXOJUMOCTH OOpAIIAOTCS B HYJIb IPU
YCIIOBUM, YTO BHEIIHME XBOCTbI [OMarpamMMm JiexaT Ha
MaccoBoil obosiouke. DToro camoro mo cebe HemocTa-
TOYHO IS TEPEHOPMHUPYEMOCTH, TOCKOJIbKY TIOCIIEIHSS
TpebyeT, 4ToObl quarpaMmsbl U npasuia PeliHMaHa UMeIu
nepeHopMupyeMbIil Tun. Mtak, sl mpUIles K MOUCKY TaKOTO
peoOpa3oBaHus TEOPHH, YTOOBI BO3HUKIIM HOBBIE MPABHIIA
QPeifHMaHa TEPEHOPMUPYEMOTrO THIA, HO S-MaTpula Npu
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9TOM HE MeHsuiach Obl. SI moOwics ycnmexa B 3TOM B
npeaeaax OJHOU MEeTIIU.

Hwu onvH u3 3THX acmeKTOB He SIBJISETCS TPUBHAJIBHBIM,
YTO JIETKO IOHATH, 3Hasl paboThl TOro BpeMenu. Hampumep,
Baitn6epr [10] B cBoeit HoGeneBckoii nexmum 1979 r.
co00I111aeT, YTO OH OTHEC YCIeX COOTHOUICHUs Ajyiepa—
BaiicGeprepa Ha cueT CBOWCTB CHJIBHBIX B3aMMO/ICHCTBUM, a
UMeHHO, Haymuus kupanbHoit SU(2) x SU(2)-cummeTpuu.
I[losToMy OH NPOJOJKUJI 3aHATHS BellAMH THIA T —T-
paccessausi. I'oBopst, uto koraga delHMaH yciaplnuagx o
TaKOM Pa3BUTHU UCCJIETOBAHUM, OH BOCKJIMKHYJI, YTO HUKO-
raa He aymai o0 HM3YYeHHH NEePEeHOPMUPYEMOCTH TEOpHit
Slura—Muwusuica. Hakoselr, cyIiecTBOBaJIO HECKOJIBLKO paboT,
B KOTOPBIX HENEPEHOPMUPYEMOCThb Teopuil S nra —Mmuiuica
6buta "nokaszana", Hanpumep, cratbs Canama [11].

Huxe st cobuparoch NogpoOHO OCBETUTH 3TH TPHU ACHEKTA
B X UCTOPUYECKOM Pa3BUTUH.

3. duznveckue coodopasKeHust

B 1965r. Annep u BaiicOeprep BbIBeIM CBOE€ 3HAMEHUTOE
COOTHOIIIEHUE MEXIY KOHCTAHTOW aKCHaJIbHO-BEKTOPHOTO
B3aUMOJICUCTBHUS B-pacmaza B TepMUHAX JUCICPCHOHHOTO
HMHTETpaja I MHOH-HYKJIIOHHOTO PACCestHUSL. DTO XOPOIIIO
COrJIacyroleecss ¢ 3KCIEPUMEHTOM COOTHOIIEHHE OBLIO
OCHOBAHO Ha mpaBuiax ['eyur-MaHHA U1 TOKOBBIX KOMMY-
taTtopos [12]. 3a aTuM nociemoBaia ooIMpHAsl TUCKYCCHS B
JIUTEpaType O TaK HA3bIBAEMBIX IIBUHIEPOBCKUX HJICHAX,
KOTOpbIe MOTJIA CAEJATh J0KA3aTeJbCTBO HEACUCTBUTEb-
HBIM. S PEII MOMBITATHCS BBIBECTH 3TH XK€ PE3yJIbTATHI,
WCXOMsI M3 APYroro MOIMYIIEHUS, U B KAYeCTBE MCXOMHBIX S
B3sUJ1 XOPOIIIO M3BECTHBIC YPABHEHUSI COXPAHSIFOIIMXCS BEK-
TOPHBIX TOKOB M YaCTHYHO COXPAHSIOIIUXCS AKCHAJBHBIX
TOKOB JIJISI CJIA0BIX TOKOB:

0.t =0,

0 = iar.

OTH ypaBHCHHUs HE BKIIIOYAIOT B ce0sl 3JIEKTPOMATHUTHBIC
i ciiabblie 3G pekThl 00Jiee BLICOKHMX MOPSIKOB. B kavyecTBe
MEPBOTO IIara i MOMBITAJICS YYECTh 3JIEKTPOMATHUTHBIC
3 dexTh TmocpencTBOM XOPOIIO HW3BECTHON 3aMEHBI
0, — 0, —igA,, Tae ¢ — 3apsaj] TOro 0ObeKTa, Ha KOTOPbIi
neiicTByeT O,. ITockosIbKy TOKHM H30BEKTOpHBIE, 3TO JIETKO
c/lesIaTh, UCIOJb3Ysl U30CIUHOBBIE 0003HAaueHUs. [{IIs Bek-
TOPHOT'O TOKA YPaBHEHHE IPUHUMACT BH/T

(0u +ieA,x)J) =0,

MpUYeM 3JIEKTPOMATHUTHOE IOJIE PACCMATPUBACTCS Kak
TpeTbs KOMIIOHEHTa H30BeKTopa. Jlajee s MCHOJIb30BaJ
HJICI0 O TOM, YTO (POTOH U 3apsKCHHBIC BEKTOPHBIE 0O30HBI
MOYHO paccMaTpUBATh KaK U30TPUILIET, U TOT1A BOZHUKAET
TO, YTO Sl HA3bIBAlO OWBEPTreHTHBIMU yciaoBusmu [13]. Hirs
AKCHAJILHOTO BEKTOPHOTO TOKA 3TO JAeT

0ud )} = iam +ieA, x It +igW) x I +igWi x J) .

B nopsiike TeXHIUECKOM T1e51ecO00pa3HOCTH IBA BEKTOPHBIX
06030Ha UCTIOJIB3YIOTCS 17151 0003HAYECHUSI BEKTOP-0030HHOTO
B3aUMOJICUCTBUS C BEKTOPHBIM TOKOM U BEKTOP-0030HHOTO
B3aUMOJCUCTBUSL C aKCHAJIbHBIM TOKOM. DTO ypaBHEHHE
0Ka3ajioCh MOIXOMSIIIMM [JIss BBIBOJA COOTHOIICHUS
Annepa— BaiicOeprepa. [JomoJIHUTEIbHOE MPEUMYIIIECTBO
TAKOTO BBIBOJAA COCTOSUIO B TOM, YTO HE BO3HHUKAJIO CIIOXK-

HOCTEH CO MIBUHTEPOBCKUMH YJICHAMH, & aKCHATHbHO-BEKTOP-
Hasi KOHCTAHTAa B3aUMOJIEHUCTBUS ObLIa HAIPSIMYIO CBSI3aHA C
JUIMHOW THOH-HYKJIOHHOTO paccesiHus. CoOTHOIIEHHe
Annepa— BaiicGeprepa o4eBUIHBIM 00pa3oM HCIIOJIB30-
BaJIO JIOMIOJIHUTEIPHOE COOTHOIIEHHE, B KOTOPOM JIJTMHA
MUOH-HYKJIOHHOTO PACCEeSIHUSI BBIPAXKAJaCh 4epe3 JHUCIep-
CHOHHBII MHTETpaJl.

Haxomgusmmiics torma B IIEPHe dxon benn oTkmmk-
HYJICSI HA 9TO, IPOSIBUB HEMAJIBII HHTEPEC K TAKOMY BBHIBOLY.
OH ucciaenoBall BONPOC O TOM, KaKOTO THUIA TEOPHUs IMOJIS
MPUBEJET K MOJOOHBIM JUBEPIEHTHBIM YCIIOBUSIM, U BBISIC-
HIL, YTO TAKOE€ MOXET CIIyYUThCS B KaJIMOPOBOYHOI Teopuu
[14].

JlanbHeliliee pa3BUTHE HCCIIEIOBAHUN COCTOSIIO TJIAB-
HBIM 00pa30M B MOJIYYCHUH CIIEACTBHIA OJTOOHBIX COOTHO-
MEHUH, BKJIFOYAIONINX TOJIBKO 3JICKTPOMATHUTHBIC IOJIS.
SIcHO, YTO TpH PACCMOTPEHHH TOJIBKO TPEThell KOMIIO-
HEHTBI aKCUAJILHOTO JUBEPreHTHOTO YCJIOBHS HE BO3HUKACT
3JICKTPOMATHUTHBIX momnpaBok. CoryiacHo AJjiepy, paBeH-
cTB0 0, J ,fo = aqn’, mpounTaHHOE HA0BOPOT, HAKJIAAEIBACT HA
MMUOHHOE TI0JIE YCIIOBUE, YUUTHIBAIOIIEE 3JICKTPOMATHUTHBIC
apdexTl. B aTtomM cocrosizio o0obuieHue OoJiee paHHEH
pabotsl Ansepa [15], n3BEeCTHOE KaK YCJIIOBHE COTJIACOBAHHO-
CTH [JI51 IPOIIECCOB C y4acTueM MuOoHOB. OTHUM U3 BBIBOJIOB
B JIAHHOM CIIydae OBUIO TO, uTO pacmam n’ B 1Ba (GOTOHA
3ampenieH, U He BAaBasiCh B OJIPOOHOCTH, MOKHO CKa3aTh,
YTO 3TO MPUBEJIO K MOsBJICHUIO paboThl besuta n JIxokuBa
[16] 06 anomanmu. Amyep [17] OTKpBLT aHOMAJIUIO OJIHO-
BPEMEHHO M (DaKTHYEeCKU HUCIOJIb30BaJ MO (HeomyOJnKo-
BAHHBINA) BBIBOA MJIA HOJYYEHHS CBS3H C TC-pacialoM.
IMo3aHee st HAYAN CHUIBHO TPEBOXKHUTHCS MO MOBOIY TAKOTO
pa3BUTHUSI COOBITUHN, MOCKOJBKY BOCIPUHUMAJ 3Ty aHOMA-
JIUIO KaK TPYTHOCTh B OTHOIICHUH MIEPEHOPMHUPOBKH.

4. Penopmam3anuoHHbie cO00paKeHust

3nech s moJokeH BepHyThes B 1962 roa. Torma JIu u Sar [18],
a no3aHee oauH Jlu [19] Havanm cucreMaTUIecKoe UCCIen0-
BAaHUE BEKTOPHBIX OO30HOB, B3aUMOAEUCTBYIOIIUX C (OTO-
Hamu. B cratbe JIu u SIHra rimaBHoe BHUMAaHUE ObLIO yJIEJICHO
BbIBOJy NpaBuyl PeitHMaHa U BEKTOPHBIX 0030HOB. B TO
BpeMsi TipobJieMa cocTosijia B TOM, YTO B OOBIYHOM KaHOHH-
YEeCKOM BBIBOJIE BCTPEUYAJIHCH OMNpe/IeIeHHbIe KOHTAKTHBIE
4JIeHbl Ul IponaraTopa BeKTOpHOro 6o3oHa. S He Oyay
Jlajiee Ha 3TOM OCTAHABJIMBATLCS; O3/IHEE s HAILeJI IPOCTON
crocob oboiiti 3Tu pobsiembl. OgHAKO B T€ BpeMEHA OHU
CUUTAIIUCH CEPbE3HBIMU.

Benen 3a Tem JIu Hawast ciiosxHOE BEIYUCIICHHE, & IMEHHO,
BBIYUCJICHAE PAAUAIIMOHHBIX MOTPABOK HU3IIETO MOPSIKA K
B3aMMOJCHCTBUIO BEKTOPHOTO 0030HA U (poToHA. OOBIYHON
3aMeHbl 0, — 0, — ied, B JarpaHKuaHe BEKTOPHBIX 0030HOB
HEIOCTATOYHO [IJIsl OIpeNesieHHs] MArHUTHOTO MOMEHTa
BEKTOPHOTO 0030HA, U OH OCTAeTCsS CBOOOIHBIM MapaMeT-
pOM. DTO IPOUCXOTUT U3-3a TOSIBJIICHHS IBYX MPOU3BOIHBIX
BuJa 0,0,; IPU BBHIIOJHEHUH MHHMMAJbHOI IOJCTaHOBKH
cyliecTBeHHo, Oepercst yu 0,0, mim 0,0,, 4TO BelIeT K
MPOU3BOJIYy B ONPEAETICHUN MarHUTHOro MoMeHTa. Kax Obl
TO HH ObLI10, JIN, CKOHIIEHTPUPOBABIIUCH HA 3JIEKTPHIECKOM
KBaJPYIMOJbHOM MOMEHTE BEKTOPHOTO O030HA, BBIYHMCIIHII
COOTBETCTBYIOIIYIO TPEYTOJbHYIO JAMAarpaMmy, UCIOJIb3Ys
npoueaypy oOpe3aHusi, Ha3bIBaeMylo ¢-IpeAeSbHbIM IpPO-
LIECCOM.

MeHs OUeHb 3aMHTEPECOBAJIO 3TO BBIYMCIICHUE, TOTOMY
YTO, KAK ¥ MHOTHE (PU3UKH, SI TTIYyOOKO BEPHII B CYIIECTBO-
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BaHME BEKTOPHBIX OO30HOB KaK MOCPEIHHKOB B CJIAOBIX
B3aUMOJCUCTBUSX. DTa Bepa ObLIa OCHOBAHA HA YCIeXe
BEKTOPHO-AKCHAJIbHOM TEOpHUHM, B KOTOPOHM IMpeajiarajiach
BEKTOPHASI CTPYKTYpa CJIa0bIX TOKOB. JlefcTBUTEIHHO, 9TO
npusesio 3110y k ero 3samenuTol cratsbe 1961 r. 5 perm,
yTo paboty Jlu ciemyer oO6OOLIUTH HA Jpyrue CiIyyau, HO
OBLIO COBEPIIEHHO OYEBHIHO, YTO ITO COBCEM HE MPOCTast
3aga4a. Eciau BRMHCISATH TPEYroJIbHYIO NUATPAMMY MOJI-
HOCTBIO (TOTAa Kak JIu orpaHUYMIICS TOJIBKO CYIIEeCTBEHHON
JUISL HETO YacThiO) B paMkax (-MeToma B ciydyae, Korja
MAarHUTHBIE MOMEHT SIBJISICTCSI TPOU3BOJILHBIM MMapaMeT-
POM, BO3HUKAET YyIOBUIIHOE BBIpAXKEHHE, COAepXKaIlee Ha
MPOMEXYTOUHBIX CTaausix BblumciaeHuid mopsiaka 50000
4JIeHOB. Bompoc o BBIXOJE 32 paMKH TPeyroJbHOW ua-
TpaMMBI IPOCTO HE CTABUIICS.

B 3TOT MOMEHT s pelU HAMHUCATh KOMIIBIOTEPHYIO
IporpaMmy, KOTopasi Morja Obl BBIIOJHATH 3Ty padboty. A
MMEHHO, 51 CKOHIICHTPHUPOBAJICSI HA TPEYroJbHOM rpade, HO
MPOTpaMMYy sl HATIMCAJI TAKUM O00pa3oM, YTO MOXKHO ObLIO
UCCIIeIOBATh W JIPYTHe MpONecchl. JIpyruMu CclIOBamu, s
pa3paboTay mporpaMmy CUMBOJILHBIX BBIYUCIICHUN 0OIIETO
Ha3HaueHus. HampspkeHHO paboTasi, s 3aKOHYMJI IEPBYIO
BEPCUIO MPOTrpaMMBbl NPUOJIM3UTENBHO 3a Tpu Mecsina. S
Ha3BaJ 3Ty mporpamMmy Schoonschip, B yucie Ipovero u Ijst
TOTO, 4TOOBI IOCAJWTH BCceM HeroJulaHanaM. Haszpanwme
nepeBoauTCes Kak "cBepkarommii ynctoToi", 3TO rosutaH-
CKOE MOPCKOE BbIpaXkeHHe, O3HAYAIOIIee HaBeACHHE TOPSIKA
B CUTYyalluy MoJIHOTO Oecniopsika. B suBape 1964 1. st ObL1 B
Hburo-Mopke B cBsI3U ¢ coOGpaHneM AMepUKaHCKOTO (pu3mye-
ckoro obmectBa. S mocetmn Jlu um pacckazal emMy o
nporpamme. OH eiBa OTpearupoBall, HO MO3JHEe s Y3HAI,
4TO MOCJIE TOTO, KaK sl MOKWHYJ KaOWHET, OH HEMEIJICHHO
00paTHJIICS K OJHOMY M3 MECTHBIX (DU3HKOB C TEM, YTOOBI TOT
HaIUCaJ aHAJOTUYHYIO IPOrPAMMY.

3a0aBissiCh C BBIYMCICHUSIMH, S TBITAJICSI YCTAHOBUTD,
KakuM OyJIeT ONTUMAJIbHOE 3HAUeHIEe MAaTHUTHOTO MOMEHTA
BEKTOPHOT'0 OO30HA C TOYKHU 3PEHHUS CYIIECTBOBAHUS PACXO-
muMocTell. IMenoch 0HO 3HAYeHUe, MPU KOTOPOM IMOUTH
BCE PACXOAMMOCTHU UCYE3AJIH, HO S HE 3HAJI, YTO MHE JIEJIaTh C
9TUM pe3ynbTaToM. OH, TeM He MeHee, COXPAHMJIICS B Moel
MIAMSITU U CBITPAJl CBOIO POJIb, KaK OyJeT OOBSICHEHO HUXKE.

5. Texuu4eckmuii mporpecc

YUToObI OOBSICHUTH CUTYALHIO, CICIYCT BEPHYThCS HEMHOTO
Hazaa. B 1959r1. s 3ansuics mpobJieMol HeCcTaOMIIbHBIX
qacTul. DTa mpodjieMa MMeeT HeNepTypOATHBHYIO TpPH-
poay, MOCKOJBbKY YacTHIa HeCTaOMIbHA HE3aBHCHMO OT
TOT0, HACKOJILKO MaJia KOHCTAHTA CBSI3U JIJISI BBI3BIBAIOIIETO
pacnan B3aumogeicTBus. [1oaTomy Takas (HecTaOuiIbHAs)
YacTHIA HE BXOTUT B in- M OUt-COCTOSIHHS S-MaTPHIIBL.
OmHAKO [pH HYJICBOM 3HAYCHUM KOHCTAHTHI CBSI3U YACTHIIA
cTaOWiIbHA ¥ JOJDKHA BXOAMTD B in- 1 out-cocTostHus. Taxum
o0pa3oMm, mpenest HyJeBOH KOHCTAHTHI CBSI3M HE BOCIIPO-
HU3BOJIUT TEOPHIO C HYJICBOW KOHCTAHTOM CBSI3H.

B 1O BpeMsi, B IpUHLUIE, OBLIO XOPOIIO U3BECTHO, KaK
obpamatbcsi ¢ HecTaOWJIbHBIME vacTuliaMu. OOBIYHO
BEITIOJTHSIIM TaK HA3BIBAEMOE TaliCOHOBCKOE CYMMUPOBAHIE
MpoIaraTopa, U 3TO JEHCTBUTEIHLHO YCTPAHSIIO MOJIOC B
nponaratope. U3 npencrasienns Kennena—Jlemanna ms
IpomnaraTopa u3BeCTHO, YTO KaXIbIil MOJIFOC B IPOIaraTope
COOTBETCTBYET in- WK Out-COCTOSIHHIO, TAK YTO CYMMHPO-
BaHHE, IMO-BUIMMOMY, H B CAMOM JieJie COOTBETCTBOBAJIO
yIaJICHUIO YaCTHIIbI U3 iN- B OUt-COCTOSIHUIA.

6*

OJIHAKO TIPU BBINOJHEHUN JTaliCOHOBCKOTO CYMMHpPOBa-
HUsl OOHAPYXKUIIOCH, YTO TEOPUS CTAHOBHUTCS SIBHBIM 00pa-
30M HENepTypOATHBHOM, MOCKOJIbKY JTUArPAMMBI COOCTBEH-
HOU 3HEepruy, a BMECTE C HUMHM M MHOXXUTEJH g (KOHCTaHTa
CBSI3H JIECTAOMITN3UPYIOIIET O B3aNMOICHCTBIS) BOSHUKAJIU B
3HaMEHATeJIe MpoMnaraTopa HecTaOUIbHON yacTuibl. Takon
nponaraTop uMeJs BUJ

1
K2+ M2+ g?F(k)

OueBUAHO, YTO 3TOT MPONAraTOpP HENb3s Pa3JIOKUTH Kak
byHKIUIO g B OKpecTHOCTH k2 4+ M? =0, ecnmu MHHMAas
vyacTh F(k) He paBHa HYJIIO B 3TOW TOUYKE (BEIECTBEHHYIO
YacTh MOXHO ClIeJIaTh PABHOW HYJIFO C IIOMOIIIbIO TIEPEHOP-
MUPOBKHU Macchl). TakuMm o6pa3oM, BMECTO IporaraTopa ¢
MOJIFOCOM JaliCOHOBCKOE CYMMMPOBAHUE 1aBajIo GYHKIIHIO C
pas3pe3oM B MIOCKOCTH KOMIIIEKCHBIX k2. C 3TOr0 MOMEHTA
yXe HEOYEeBHAHO, YTO S-MATpHIA YHUTAPHA, MOCKOJIBKY
o0br4HOe ypaBHeHue st S-matpuisl S = Tlexp(iH)] 6oaee
He BbINOJIHSETCS. JIpyruMu cjIoBaMu, JJIsl JOKa3aTebCTBA
YHUTAPHOCTHU HAJ10 ObLIO PACCMOTPETH CAMH JUArPaMMBbl.

Wrax, s B3suIcs 32 3Ty 3aJ1a4y ¥ B OCHOBHOM 3aBEpILUJI €€
B 1961 1. DTa paboTa BOIILIA B MO0 IUCCEPTAIHIO, KOTOPYIO
s ieJtat o1 pykoBoacTBoM Jleona Ban XoBa. CtaThs OblIa
HalMCaHa B TSDKEJIOBECHOW MaHepe, XapaKTEepHOU I roJi-
JIAaHJICKUX JyiccepTanui, u Obuta onyoaukoBaHa B 1963 1. [20]
B HECKOJIbKO HEOOBIYHOM ISl (PU3MKH BBICOKHUX SHEPruid
xypHasie (Physica). IHTEpecHO, YTO NMPUMEPHO B 3TO XKe
BpeMsi @eitiman [21] paccMmaTpuBai Ty e TpoOJjieMy B
CBSI3HM C JI0KA3aTebCTBOM YHHTAPHOCTH ISl OE3MacCoBOM
Teopun SHra—Mmuica, nuarpamMMbl KOTOPO#l conepxar
yXU. DTH AyXU JIEJa0T YHUTAPHOCTh HeoueBuIHOU. bosee
Toro, BeiBo delitHMaHa, c/ieJIaHHbIN ¢ TOMOIIBIO (DYHKIHO-
HaJIbHBIX MHTEIPAJIOB, HE TapaHTUPOBAJ YHUTApHOCTH. S
COBEPIICHHO YBEPEH B TOM, UYTO OH HUKOTJA HE BHJIET MOEH
CTaThH, U 51 HAKOJA ee ¢ HUM He obOcyxaasl. OH mombITajcs
ceyaTh 3TO HECKOJIBKO APYTUM CIOCOOOM, BECbMa CJIOXK-
HBIM, U BHayajie JOOMJICS ycliexa TOJIbKO B OJHOH IeTJIe.
IMo3znuee HeButt [22] pacnpocTpaHu J10Ka3aTeIbCTBO
dejinmana Ha JIFO00€ YKMCIIO METENb, HO MO€E JOKa3aTellb-
CTBO 3HAYUTEILHO TpOIe U, OoJiee TOro, OYeHb XOPOIIO
corjlacyercss ¢ ¢usndeckoid wuHTyHnueil. PakTHYECKH, W3
MOEI0 J[0Ka3aTeJbCTBA CJIEAOBAJIO, YTO MHUMASl 4acTb
JuarpamMMbl paBHa CyMMe BCEX AMarpaMm, KOTOpbIE U3 Hee
MOJHO TOJIYYUTb, pa3pe3as e BCEMU BO3MOKHBIMH CIIOCO-
O6amu.

3nauenune 3Toi paborhl ObuIO nBOsIKUM. He ToJBKO
VHATApHOCTh CTaJla TIOHSTHOM, HO S TakXe Hay4uJICcs
paccMaTpuBaTh AMAarpaMMbl HE3aBHCUMO OT cIIocoda,
KaKuM OHU ObUIM BBIBEJEHDI, HAIIPUMED C IOMOILBIO KaHO-
Huyeckoro (Gopmamuzma. C y4eToM TOro, Kak HeEJETKO
BbeiBecTH mpaBmia PeiiHmana B Teopun AHra—Muica
KaHOHMYECKUAM CIIOCOOOM, 3TO AaBaji0 MHE IMPEUMYIIECTBA
MpH UCCIeNOBaHUU 3TON Teopuu. Dopmanu3mM (yHKIHO-
HAJILHOTO MHTETpaJia BIIOJIHE aeKBATEH IPU PACCMOTPEHUU
Teopun SHra—Mmwmiica; ecTb TOJBKO OJHA TOHKOCTb, a
UMEHHO TO, YTO 3TOT (GOpMajM3M He TapaHTUPYET YHHTAD-
HOocTH. B 1968 1. hopmann3mM HyHKIIMOHAIBHOTO HHTETpaja
MPAKTUYECKH MCYE3 U3 JINTEPATYPhI, XOTs CTyneHThl [IBUH-
repa BCe K€ M3ydayu (pyHKIMOHAJIbHbIE MeTOIbI. I cam He
3HAJI O HEM POBHBIM CYETOM HHUYETO.

B 1968r. Ilaiic mpuriacuia MeHsS TPOBECTH MeCSI] B
PoxdemnepoBckom yHuBepcutere. S ¢ pagoCTbIO TMPHHSLI
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[pUIJIAIIeHHE U PELIIII IPOAHAIU3UPOBATH CYILLECTBYIOLIYIO
cuTyanuro. Sl OTJIOKWJI CBOM 3aHSATHS U B TEYCHUE ABYX
HeZeJdb TOJBKO OOAYyMBIBAJl BCE, YTO OBLIO U3BECTHO B TO
BpeMsi O cialbIX B3aMMOJIEHCTBUSAX. B KOHIlE KOHIIOB s
penmuI NpuHATH BBIBOIBI besia Bcepbe3 U Mo3ToMy Ipej-
MOJIOXKHUJI, YTO CJIaOble TOKM — 3TO TOKHU KaJIUOPOBOYHOU
teopuu. Utaxk, 51 B3siics 3a u3yuenue teopuun Aura—Muca
W TIOMBITAJICS BBISICHUTH, Kak OHa OymeT paboraTh s
HEKOTOPBIX MPOCTBIX CIa0bIX mporneccoB. [Ipn Hanmcanum
npaui deitHMaHa s 3aMETUJI, YTO U3 3TOU TEOPHUH TOJIY-
YaeTcst MMEHHO Takas "ontumasbHas" BepiurHa (B TOM, Y4TO
KacaeTcsi pacxoJUMOCTel), Kakyro s OOHapyX Wil paHee,
3aHUMASICh OTIMCAHHOM BBIIIe PAOOTOM 1O B3aUMOACUCTBUIO
(HOTOHOB W BEKTOPHBIX OO30HOB. DTO MOOYIMIIO MEHS
COCPeNOTOYUTHCS HA PEHOPMATIN3AIMOHHBIX ACHEKTax Teo-
pun.

HackoJsibko s TOMHIO, 51 HayajJl ¢ PACCMOTPEHUS] OJIHO-
METJIEBbIX TMOMPABOK K PACCESHUIO HEHTPHHO —3JIEKTPOH.
Cutyanus 37ecb OBICTPO OCJIOKHUJIACh. BepIlMHbI Teopuu
Slara— Mwuica ObUIM 3HAYUTENLHO O0Jiee CIIOKHBIMH, YeM
Te, K KOTOPBIM BCE MPUBBIKJIA, U JaXKe MPOCTHIE TUATPAMMBI
IPUBOIMIM K BeCbMa 3allyTaHHBIM BbIpaXEHUSM. B koHIe
KOHIIOB $I PELIMJI OTKa3aThCsl OT BCEro, KPOME OCHOBHOM
TEOPUU BEKTOPHBIX OO30HOB, B3AaUMOACUCTBYIOIIUX IPYT C
npyroMm corjacHo cxeme Snra—Mmmica. Kpome Toro,
pasymeercs, sl MpUall 3TUM BEKTOPHBIM 0030HaAM Maccy,
ITOCKOJIbKY BEKTOPHBIE OO30HBI B CIA0BIX B3aUMOJICHCTBUSIX,
OYEBHIHO, SIBJISIIOTCS MACCUBHBIMIU. 5] IpUCTyNui K paboTe B
0J1a’KCHHOM HEBEJCHUU Yero Obl TO HU OBLIO, OMYOJIMKOBAH-
HOTO 10 [aHHOW TemMe. DTO OBUIO Kak pa3 HEIIoXo,
MOCKOJIbKY B IPOTUBHOM CITy4ae s, BO3MOXKHO, J1aJl ObI ceOst
ybenuThb, uTo Teopuu SHra—Mmusuica HenepeHOPMUPYEMBI.
Kak ckazan ®eiinmaHn B cBoeil HoGeneBckoii Jieknuu, npo-
yutanHoi 8 LIEPHe: "TIockoJIbKy HUKTO HE PN paccMaT-
pUBaeMyro IpoOJeMy, OYEBHIHO, HE CTOUT U3YYaTh TO, YTO
ObuTO creano padee". Sl xouy 3/eCh OTMETHTD, YTO B TO
BpeMsI MeHsI yxke OeCIOKOMIIa AaHOMAJIUSI, HO ST PEIIUI TOTAa
3Ty Npo0JIeMY OTJIOXKHUTD.

PaccMoTpuM nponaratop MacCUBHOT'O BEKTOPHOIO TOJISI

S+ K/ M
K24 M2

HctounmkoM Bcex nmpobieM sBJIsS€TCS, KOHEYHO, YJIEeH,
coaepKamyit k,k,. IlTosToMy Kaxxzablid, KTO Opajics 3a 3Ty
3aJa4y, BCeraa MmeITajcs OT Hero u3baBuThCs. B kBaHTOBOM
9JIEKTPOIMHAMUKE 3TO IEHCTBUTEILHO MOXKHO CIEIaTh, HO B
Teopun Sura—Mumnanca 310 HeBOo3MOXHO. Beerma urto-
HUOY/b 1a ocTaHeTcsl. Ho MOXHO cliesaTh mpocToe 3ameya-
HUE: 3TOT IJIOXOM YJIeH BCeria BXOAUT ¢ MHOKUTeNeM 1/ M2
DaKTUYECKH, MOXXHO NMPOCIEAUTHh 32 BCEMU HAUXYIIIMMHU
pacXogUMOCTSIMU B JuarpamMme, NpOCTO HEePEeCUUTLIBAS
muOoXuTenu 1/ M 2, OnHAKO, €CII OHM HUKOT/IA MOJHOCTDIO
HE COKPAIIAIOTCS (4TO U B CAMOM JeJIe IPOUCXOTUT B TEOPHUU
tuna SJHra—Mmuica), TO OT 3THX PACXOAMMOCTEH HEBO3-
MOXHO M30aBHUTBCS 10 TeX IMOP, MOKa KaKUM-HUOYIb oOpa-
30M MHOkHUTeau 1/M? He cokparsitcsa. Ho oTkyma Bo3b-
MyTCsl HEOOXOMMMEBIE IJIsl 9TOro MHOXHTenun M?? EcTb
TOJILKO OJIMH CIOC00, 2 IMEHHO, TOJYYUTh UX M3 BHEIITHUX
HAMITYJIbCOB, KOTOPBIE JIEKAT Ha MacCcoBO#l 00ojouke. ITO
03HAYaeT, YTO UMIIYJIbC p TAKOM BHENIHEW JIMHUU YHOBJIE-
TBOPSET COOTHOIIEHUIO p> = —M?. B 3TOM-TO M COCTOMT
npooiema.

[TepeHopMupOBKa O3HAYAET, YTO B pacxoasiieMcs rpade
HeJIb3$1 BBIOpATh BHEIIHUM UMITYJIbC JIEXKAIIMM Ha MacCOBOU

000JI0YKE U 3aTEM MPOU3BECTH HEOOXOAMMbBIC BBHIYUTAHUS,
MOCKOJIBKY Tpad) MOXKET 0Ka3aThCsl YaCTbIO JPyroro, 6osee
ciioxHoro rpada. Hanpumep, B SIIMYHOM TUATrpAMME MOXKET
AMEeThCsI COOCTBEHHO-9HEPIeTUYECKasi BCTABKA HA OJTHOW W3
BHYTpeHHUX JMHUN. CBsI3aHHBIE C COOCTBEHHO-3HEPreTHYe-
CKOl BCTaBKOW HMMIIYJIbCHI B 3TOM CJIy4ae HE JIeXaT Ha
MaccoBOi 000JI0UKe, TaK 4YTO HEAOCTATOYHO BBIYUTATH
TOJILKO T€ PACXOJUMOCTH, KOTODPBIE OCTAIOTCS, €CIU ITU
UMIYJIbChI OepyTcsl Ha MaccoBoi obGosiouke. M Hamo ere
MOKa3aTh, YTO JOMOJTHATEIHHBIE PACXOIUMOCTH, BO3HIKAIO-
1e, Korja 3TH JIMHAY He JIe)aT Ha MaccoBOM 000JIouKe, B
JIECTBUTEILHOCTU COKpAIlatoTCs — JXyTKas 3agava. Urto
Ke AeJaTh?

N s cnenan cnenyromiee: nepedopMyTUPOBAT TEOPHIO
TaK, YTO BCE COKpAILEHHS OBLIM TeM WM MHBIM 00pa3om
BOIUIOIICHBI B IpaBmiax. CHavyasa s BOCIOJb30BaJICs MpH-
emom Il trokenbbepra [23]: moGaBwII CKAJISIPHOE 1OJIE U BBEJT
B3aUMOJICUCTBUS C MIPOU3BOIHBIMU TAKUM 00pa3oM, 4TOOBI
9TO TOJIE TMOSIBJISLIIOCH BMECTE C MPOMAaraTopoM BEKTOPHOTO
6030Ha:

Sur + kykey/M? Kk, M?
K2+ M2 I mr

Bropoii ujieH BO3HHMKAET U3 OOMEHA CKAaJSIpHOUN 4acTHIICH.
IMapameTp » BBOAUTCS ISl TOTO, YTOOBI CIIEAUTH 34 KOHTP-
wieHaMu. B caMoM koHIle creryeT mosoxuth x = —1. Ho
TOT/Ia 3TO HOBOE T10JIe CTAHOBUTCS (PU3MUCCKU HEXEIIATEIb-
HBIM, MIOCKOJIbKY 3Ha4yeHHe x¥ = —| Ha caMoM Jejie HeBO3-
MoxHO. CKalsipHOe TOJie B 3TOM CJIydae JOJDKHO HMETh
nHACHUHUTHYIO METPHKY, WJIX HEYTO B PABHOM Mepe OTBpa-
THTEIbHOE. B abeneBoil Teopuu JIerko moxasaThb, YTO 3TO
MoJie SIBJISIETCS HEB3aMMO/ICHCTBYIOIIMM, HO B HeabeJeBOM
ciaydae 3To He Tak. Torga MHe HPUILIO B TOJOBY BBECTH
JIOTIOJIHUTENbHbIE B3aUMOAEUCTBUSI 3TOIO HOBOTO CKAJISIP-
HOT'0 TIOJISl TAKUM 00pa3oM, 4TOOBI OHO CTAJI0 CBOOO/THBIM.
MoOXHO OBUIO HAAESITHCS, YTO B PE3YIbTATE MOJIYIHTCS
HOBasli TEOPHs, COJAEepXKallas MPONmaratop BEKTOPHOTrO
0030Ha C XOpOIIMM IOBEJICHNEM U, 0oJjiee TOTO, COJepKa-
as B3auMOJIecTBYIOIIEE CKAISIPHOE TI0JIE, KOTOPOE TOrda
OKaxxeTcs AyXoM. JleHCTBHUTENbHO, OyIy4r CBOOOIHBIM
MoJiIeM, OHO MOTJIO TOSIBUTHCSI B KOHEYHOM COCTOSIHUH,
TOJILKO €CJIA MPUCYTCTBOBAJIO B HAYAJILHOM. B 3TOT MOMEHT
MmoJIydaTcss HOBble mpaBwia deifHmaHa, BEPOSITHO, 3HAYM-
TEJbHO MEHee pacxojsiuuecsi, 0jarogapsi yTOUYHEHHOMY
IporaraTopy BeKTOpHOTo 6030Ha. Bce onpenensiiocs Tem,
kaxue nmpasuia GeifHMaHa TOTyqIaTCsl 1151 ’TOTO CKAJSIPHOTO
noJist. Eciim OBl OHM OKa3anch MpaBUIIAMHU IS IEPEHOPMHU-
pyemoii Teopuu, TO MbI ObLIH OBl HAa TPABIJIBHOM TyTH!

WTak, BOT BaXXHBII MOMEHT: TEOPHIO Hag0 chOpMYJIH-
poBaTh B TEPMHHAX IUArPAMM, KOTOPBIE JOJDKHBI UMETh
nepeHopMUpyeMblid Tun. HeBaxHo, 4TO MOSIBIISIIOTCS AYyXU;
OHH HE CTAHOBSITCSI MPEMSTCTBUEM IS IPOTPaMMBI TIepe-
HOPMHUPOBOK.

VY 3To0ii mpoteAyphl €CTh TOMOJTHUTEILHBIN ITFOC: MOXHO
HAMKCATh AMIUTATY/Ty, BKJIIOYAFOIIYIO OJTHO TaKOe CKaJsIp-
Hoe noJie. [IockoIbKy 3TO CKaJIIpHOE MOJIe €CTh CBOOOIHOE
noJie, JaHHAS aMIUIATYAa JOJDKHA 00paIaThes B HYJIb, €CJIU
BCE IpyTrHe BHEIIHUE JIMHIH OepyTCsl HA MacCOBOM 000JIOUKE.
Otcrozia moJryyaeTcst HeKoe TOXAECTBO. VIcroib3ysl TEXHUKY
ucroynnkoB IIBHHrepa, MOXHO pacopoCTpaHUTh €ro Ha
ciayyai, xorga oJHa MM OoJsiee OPYIMX BHELIHUX JIMHUM
HAxXOJsTCSl BHE MaccoBoil obomouku. ITozmHee s Ha3Baml
MOJTy4YaIoIIuecss TOXKAECTBA OOOOIICHHBIMH TOXIECTBAMH
Yopna.
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V sT0l mpouenypsl ecTb U Apyroi acmekT. Ilockoabky
KOHEYHbIE JAMArpaMMBI COAEPKAT MPONAraTop BEKTOPHOTO
6030Ha, B KOTOPOM HET k,k,-4acTu, Teopusi He SBJISETCS
SIBHO YHHTapHOH. 37eCh MOXHO WCIOJIb30BATH MpaBUia
0o0pe3aHus, KOTOpble S TOJIyYHJI paHbIIe, W TOKa3aTh,
HCMOJIB3YSl TOXIAECTBA Yopaa il oOpe3aHHbIX CKaJISPHBIX
JIMHUMA, 9TO Teopus yHHTapHa. Jleao B LeIOM AOBOJIBHO
CJIOKHOE, HO BCE K€ HE CIUIIIKOM.

N BoT mpomzonuio uymo. Ha omHOmeTIeBOM ypoBHE
MOYTH BCE PACXOJUMOCTH HCYE3JIM. DTO OBLJIO HE Tak
MPOCTO, KaK $1 OMUCHIBAIO, MOCKOJIBKY J1aXKe C HOBBIMHU
MpaBUJIAMH JJIS TIOJIYYEHMsI )KEJIaeMoro pe3yabTraTta Tpebo-
BaJIach Hekas paboTa ¢ UCMOJb30BAHUEM TOXIECTB YOpaa.
Bo Bcsikom cmywae, s monyumi mpapmia DeifHMaHA IS
OJHOTETJIEBbIX JHArPAMM, KOTOpble B COOTBETCTBUM C
OOBIYHBIMY MPABUJIAMH MOJICUETA CTEMEHEN ObLIN MepeHop-
MUpyeMbIMU. JIJIs1 TeX, KTO XO4eT MOHATb 3TO B TEPMHHAX
coBpeMeHHOI Teopuu: BMecTo AyxoB danmeeBa—Ilomosa
(co 3HAKOM MUHYC JUIS KaX[OW 3aMKHYTOW NETJH) U
XHITCOBCKOTO Jyxa (0e3 3HaKa MUHYC, HO C MHOXHTEJIEM,
YYUTBIBAIOIIIMM CAMMETPUIO) Y MEHS ObLJT TOJLKO OJTUH JyX,
U Ha OJTHOIETJIEBOM yYPOBHE OH (DaKTHUECKH JaBajl Pa3HUILY
MEX/1y 9TUMU JIByMs U3BECTHBIMU HaM TeNepb TyXamHu.

HeBo3moxHO ommcath OypHYIO PagocTb, KOTOPYIO s
WCTBITAJ, KOTJIa MOJIYYHJI 9TOT pe3yibTaT. S Bce emie He
MOT pa3zobpaThbCs C IByMs W Oojiee TETJSIMH, HO S OBLI
YBEPEH, UTO TaM Bce MOJyInTcs. i MeHs 3TOT pe3yJibTaT
SIBJISLICSI IPOCTHIM U IPSIMBIM J1I0Ka3aTEJILCTBOM MIPaBUILHO-
CTH MoUX HJei. brlia ony6rKkoBaHa CTAThsl, ONMUCHIBAIOIIAS
3TH pe3yJIbTATHI [24].

Heyxiroxxue MeTonpl, TpIMEHEHHBIE B [24], HUKaK HeJIb35
Ha3BaTh SICHBIMU M 3JICTAHTHBIMH. Mpaew, omHako, ObLH
scHbI. Sl He MOTy He MPONUTUPOBATHL OTKJIMK [JdII0y U
Wnmomnysoca [25]. [Tocyie TOTo, KaK BBIILIA MOS CTaThsl, OHU
TOXE PELIUIN paboTaTh HAJ JAHHOW HpPOoOJIEeMOW, U Jeii-
CTBUTEJIbHO, OHHM TOKA3aJd, YTO MHOTHE PACXOJUMOCTHU
COKPAIIIAIOTCS, XOTS M HE Be3Jie, Tlie 3TOro TpedboBayia Obl
nepeHOPMUPYEeMOCTh. Hanmpumep, ogHOMETIeBAs SIMYHAS
JMarpaMma pacxoautcs kak A® B yauTaproii kanmu6poske; B
UX CTaTbe mpuBemeH pe3yisTaT A*. 51, KoHedHo, mOTydmI
CTENEeHb PACXOJUMOCTH NEPEHOPMHUPYEMOH TEOpHuH, T.e.
log A. BoT ¢pparMeHT npuMevanus, KOTOPOe OHH TOCBSTHIN
sToMy MoMenTy: "Halienasie M. BesrrMaHOM pacxoaumo-
CTU BBIXOJST 32 PAaMKU TE€OPEMBbI, JOKa3aHHOM B JaHHOMH
CTaThe, HO OHM UMEIOT OTHOIIEHHE TOJILKO K aMIUIUTYAaM
Ha MaccoBoil 06oo0uke ...". BOT yx neiicTBUTEILHO!

Ha coBpeMeHHOM sI3bIKe MOKHO CKa3aTb, YTO s BBIMOJI-
HUJI TPeoOpa3oBaHue OT YHUTAPHOI K "epeHopMupyeMoii"
kamopoBke. [TockoJbKY Yy MeHsT He ObLIO YacTHILI XHITCA,
pe3yiabTaT He ObLT uaeadbHbIM. Ho wumes Oblia sicHa:
BO3MOJXHBI pa3Hble HAOOphl npaBusl deiiHMaHa, PUBOIS-
e K OJHOU U TOH e S-MaTpure.

6. Ilepexoaunlii nepnox

B 1969—-1971rr. s 3aTpaTun HeMaJble YCUIIUS, MBITASICh
BBIATHU 34 paMKH OJIHOIIETJICBOTO pe3yJibTaTa. 31ech ObLIO
MHOT'O HEPEUICHHBIX MPOOJIeM, U UX CIIEOBAJIO PACCMOT-
peth. Bravase 1970 r. st ympocTwi1 BBIBO IO TAKOU CTENIEHH,
YTO OH CTaJ OYEBUIHBIM. DTO OBLIO CIIEIAHO IyTEM BBIBOJIA
TOXJECTB YOp/ia C MPUMEHEHUEM IIIBUHI€POBCKON TEXHUKHU
WCTOYHUKOB [26]. DTO B ACUCTBUTEJILHOCTU BeCbMa OJIM3KO K
TOMY, KaK cefiyac BEIBOIST TOXKIECTBA Y Op/a, Ha3bIBaeMbIe
Tenephb ToxaecTBamu CiaBHoBa— Teinopa. IIpeoGpa3osa-

Hue BRS (Becchi—Rouet—Stora) sBisieTcst cinoxHou ¢op-
MOU MeTo/ia CBOOOAHBIX TOJIeH (C UCIOJb30BAHUEM AHTH-
KOMMYTHPYIOIIUX T0Jjei). Sl MOMHIO, KaK si pacCTpOUIICS,
KOT/Ia B MEPBBIN pa3 ciymal Jiekiuro CTopa 0 TOXIeCTBaxX
CuiaBroBa — Teittopa, kak OH ux Ha3bIBaJI. S ckazanemy, 4To
OHM SIBJISIFOTCS HEKOM pa3HOBUIHOCTHEO MOMX OOOOIIECHHBIX
toxaects Yopaa. Onnako Cropa — He "muarpaMmHbIif"
4eJIOBEK, 1 1 YBEPEH, UYTO OH TaK U HE MOHSUT MOIO CTATBIO.

Hpyroii mpobyieMoii ObLT Tpeaes HyJIEBOW MacChl B
MaccuBHOU Teopuu Anra—Mmica. B saBape 1969T. nipo-
xoauiia koHpepennus B LIEPHe, u s1 00Bs1BUI, 4TO ABYXIIET-
JIEBbIE TMArpaMMbl B MACCUBHOM Teopuu S Hra—Mmusuica He
NepexoasiT B AuarpaMMbl 0€3MaccOBON TEOpPUH, NPYTHUMHU
ciaoBamMu, Oe3maccoBasi TeOpHsl HE SBISIETCS TpeaesioM
HYJIeBO Macchl B MaccuBHOU Teopum [27]. PazBepHyTO€
U3JI0KEHHUE 3TOr0 apryMeHTa JaHO B COBMECTHOM CTaThe C
M. Paiipdom [28]. OcHoOBHOI HesbIO 3TOi CTATBU GBLIO
"moaBs3aTh €lle OAHY CBOOOAHYIO CHACTB" — mpaBuia
®deifHMaHa 111 BEKTOPHBIX OO30HOB B YHHTApHOU KaJuoO-
poBke. JlokazaTelbCcTBO OBLIO BeCchbMa OJJIETAHTHBIM, U
cTaThs [28] 3aHs1a MECTO YIOMSIHYTOM BbIIIIe paboThl JIu n
Snra. MHe cTajg0 COBEPIIEHHO SICHO, YTO JIOKHBIE KOHTAKT-
HBIC WICHBI, CBSI3aHHBIE C ITOW YACTLIO TEOPUH, HE SBIISTFOTCS
OPUYMHOM IBYXMETIECBBIX TPOOIEM.

[me-to B mepBoit momoBune 1970 1. s y3Ham depes
3ymuno, uyrto ®Pamnee (u CrnaBHOB, Kak S y3HAI
mo3aHee) [29] mokazali, 4To yXe Ha OJTHOIIETJIEBOM YpPOBHE
0e3MaccoBasi TEOpUsl HE SBJISICTCS MPEICIOM MACCHBHOM
Teopuu. Paznuuue CKpbIBAJIOCh B MHOXXUTEJE, YUYUTHIBAIO-
IeM CHMMETPHUIO OJHONETJICBBIX AYXOBBIX I'padoB: OHU
MMEIOT MHOXHTENb 1/2 1O CPaBHEHHIO C TyXOBBIMH MET-
aasmu - PanneeBa—IlonoBa B Oe3MaccoBOM  ciiydae.
Jlerom 1970 1. X. Ban [laM u s BOCIpOU3BEH M HOSICHUIIN
9TO 0KA3aTEJbCTBO U MPOABUHYJINUCH JaJIbIlle — K PACCMOT-
penuto rpasutanmu [30]. Mbl 0OHApYXWIM OAMH U3 HAUOO-
Jiee TIOPa3UTENbHBIX (PAKTOB B 9TOM 0OJACTH: JJIsl TPABHUTA-
UM TIPEJIeNbHBI Tepexo] OT MACCHBHBIX TPDAaBUTOHOB K
0e3MaccoBbIM HE COBNaJaeT ¢ 0Oe3MaccoBoi Teopuei
(OitamTeitna). CrieqoBaTesIbHO, TEOPUS TPABUTALMU C Mac-
CHUBHOW YaCTHUIIEH, UMEIOIIEH CITUH 2 ¥ YpEe3BBIYAIHO MAJTyIO
mMaccy (Hanpumep, MopsiIka 00paTHOTO painyca rajakTHKH)
JIacT pe3yJbTaT I OTKJIOHeHHs cBeTa COJHIIEM, 3aMETHO
OTJIMYAIOIINICS (Ha MHOXHTENb 3/4) OT pe3yiabTara be3mac-
coBoif Teopuu. Takum 00pa3om, HAOJIkOas 332 OTKJIOHEHUEM
cBeta B COJTHEUHOI CHCTEME, MBI MOXKEM CYJUTh O BEJTMYMHE
IPABUTAIMOHHOTrO MOJISl HA TAJIAKTHYECKOM MaciiTade U 3a
ero npeneinamMu. MHOruM Gu3ukaM (37ech s MOTY YIOMSI-
HYTh Kabupa) okazanoce TpyTHO MEPEBAPUTH ITOT PE3YJib-
TaT. OTCYTCTBUE HEMPEPHIBHOCTH B TIPEIeIie HYJIEBOW MACCHI
[0 CpaBHEHHIO C O€3MACCOBBIM CIIy4yaeM BCErJa CUYHUTAJIOCH
npoTuBopeyauM (uzndeckoil MHTyuIuH. JeHCTBUTENBHO,
st oroHoB nogo6HOro 3pdexra Het. PaboTa ¢ Ban [lamom
Obl1a (PAaKTHIECKH MOWM IIEPBBIM YIPaKHEHHUEM B KBAHTO-
BOH TEOPHH TPABUTAIIHH.

Nrak, x xonmy 1970 r. y MeHst He ocTajioch BbiOopa. S
IIPUILE K MBICJIM MCCJIEIOBAThH PA3HUILY MEXAY MAaCCUBHBIM
1 0e3MacCOBBIM CIIy4asiMH, TOBODPSI TOYHEE, MOMBITATHCS B
HEKOTOPOM CMBICIIE TOAMArPAMMHO BBIYECTh 0€3MacCOBYIO
TEOPUIO0 U3 MACCUBHOW. DTO aj10 ObI HEKOTOPBIM TMOJIX0/ K
cucreme Xwurrca. JIeWCTBUTENbHO, TEOpHS C YacCTHIEH
Xurrca JiesiaeT BO3MOXHBIM HEMPEPBIBHBIN MOIX0 K 0e3-
MAaccoBO# T€OpUHU, HO TOJIBKO MPU UCIIOJIb30BAHUU YETHIPEX
JIOTIOJIHUTENILHBIX YacTHIl. boJsiee Toro, s 0ObIrphIBa HACIO O
TOM, MOTYT JIM OCTaBIINecsl OECKOHEYHOCTH MMETh TaKOH
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3HAaK, KOTOPBIA IMO3BOJIUJI Obl NMPOM3BECTH BBIYMTAHHE C
MOMONIbIO KAKUX-TO TOTOJHHUTEIbHBIX B3aMMOJEHCTBHIA.
[MpeanonoxuTeNbHO, BCE 3TO MOTJIO OBbI IIPUBECTH K BBEJIe-
HUIO JOMOJHHUTEIHLHOW YaCTUIBI — XHUITCA — C TaKUM
B3aUMOJICCTBUEM, YTOOBI OHO COKPAINAJIO HeXKeJlaTeIbHbIC
PacXOAMMOCTH WJIM TEPEIEJIbIBAJIO OJIHONIETJIEBbIE KOHTP-
4JIeHbl B KAJIMOPOBOYHO MHBAPUAHTHBIE (UE€THIPEXTOUYCYHBIE
KOHTPWIEHBI B MOEH CTaThbe TAKOBBIMH HE SIBJISLIUCH).
Pesyabrar 6ot Gbl mposiBiieHuem "BenrManusma" B Xyi-
IIeM CMBbICIie (TePMUH, MCIOJb30BaHHbIN KoyiManom s
OTIMCAHUS CTHJIS TepBOY cTaThh ‘T Xo¢Ta). OQHAKO 3TOTO HE
CIIYYMJIOCh, & CMOTPETh Ha3ajJ B IPOILIOE BCErJa JIETKO.
PaGora Takoro tuma TpeboBaja Yero-to emie, a UMEHHO,
nporneaypsl  peryispuzanud. OTCYTCTBHE IMOIXOJSILETO
METOJIa PETyJISPU3AIMU He TOJIbKO 3aTPYyIHSIO NaJIbHEH-
IIIFE UCCJICIOBAHUS M TIPUIIOKEHUS YIKE TIOJTYIEHHBIX PE3YJib-
TATOB K KOHKPETHBIM CJIy4asiM, HO UMEJICS €111e ¥ BOIIPOC 00
aHoMaJiusx. FIMEHHO B 3TOT MOMEHT T XO(T BKJIIOUUJICS B
MOIO TIPOTPaMMYy.

I'. ’t XodT cTajs MouM acnupaHTOM T/Ie-TO B Havalie
1969 r. Ero nmepBbIM 3aJ1aHAEM OBLIIO HAMTUCATH SCriptie — Tak
Ha3bIBAIOT YTO-TO BPO/IE NPEAAUCCEPTALIIOHHON PaOOTHI (BO
®pannuu oHa HasbiBaeTcs thése troisiéme cycle). Temoit
OBLTM AHOMAJIMU B 0-MOJIeNb. [IOKOHYUB C 3TUM B TE€UCHHE
1969t., oH pucTyIIII K paboTe Haja auccepraiuei. B To xe
BpeMsl OH MPHHAMAJ YYacTHe B MOeM (PYHKIMOHAIHHO-
MHTETPAJILHOM MPEIIPUSITHH, TaK YTO MO3BOJbTE MHE 3TO
MOCJIeIHEE OMUCATD.

S mposen akagemuueckuiit 1968 —1969 ron B YHuBepcu-
tete Opca 6im3 IMapmka. Jletom 1968T. s yxe GONBIIYIO
YacTh BPEMEHU MPOBOIWI TaM M BCTpedasl Manmencrama,
KOTOpBIA Takke MIaBHO paboTan Ham Teopueir Snra-—
Musuica. ¥V Hero Obl1 cBoit coOcTBeHHBIN popManusm [31],
1 MBI CPABHUJIM €T0 PE3YJIbTATHI C MOUMHU. MBI HE 00pATHIN
BHUMAaHUS Ha YIIOMSIHYTBIH BBIIIIE IPECTIOBY ThIi MHOXHUTEIb
2: Manpesncram u3ydai 6€3MaccoBBIi CIyvail, a MOH Pe3yJib-
TaThl OTHOCWJINCh K MacCHBHOU Teopur. Tam ObLT Takxe U
Byneap. Kak yuenuk llIBunrepa, on pazoupascs B pyHKIIHO-
HAJIbHBIX UHTErpajax; BIOCJIECICTBUM OH IPHUMEHUIT CBOU
HaBBIKM K JaHHOMY mpenmety [32]. MHe cTajio sSICHO, YTO
BBIXO/A HET: MPHUIETCS BBIYYHTH (DYHKIMOHAIBHBIE WHTE-
rpajsl. B koHIle Moero mnpedbiBaHuss B PoxdenepoBckom
YHUBEPCUTETE KTO-TO YK€ TOBOPIJI MHE, YTO CYIIECTBYIOT
pabotrer ®eitnmana [21] m PagneeBa mo Oe3MaccoBoOr
teopun. Cratbst PanneeBa u [lonoa [33] ObuIa, BO BCIKOM
ciyyae JUISI MeEHs, HamucaHa Ha BoJjsimioke. OHa ToXe
conepxaia GYHKIIMOHAIbHBIE HHTETPAJIbL, U, XOTS ST IPHUHSLIT
3Ty CTaThIO B KauecTBe pemaktopa Physics Letters, B TO
BpeMsi (Jieto 1967T1.) 51 peluuTeIbHO HE TO03peBall, O 4YeM
oHa. Sl mpHHSUI ee K MyOJMKAlMU MPOCTO U3 YBAXKEHUS K
paboram ®PanneeBa. Hy u xoporo.

Moi#t Meton u3yueHHs (QYHKIMOHATIHHBIX HHTETPAJIOB
COCTOSIJT B TOM, YTOOBI YHTATH JIEKIIUX Ha 3Ty TeMy B Opca.
CIIy4mioch Tak, 4To Tam ke Obu1 Ber JIn, u ero aTo Taxxke
uHTepecoBasio. He 6e3 Tpya g pa3no6bu1 kaury GeiftHMana u
Xub06ca. (OT0 OBLIO HEJIETKO; CTYJICHTHI ObLIN 3aHSITHI TEM,
4TO yCTPAUBaJId PEBOJIIOLUIO, X Y HUX HE OBLIO BPEMEHHU Ha
TaKue MyCTSKH, Kak (YHKIIMOHAbHBIE HHTETrpajibl. [loaToMy
sI pacpoCTpaHmI oOpaleHne K HUM C MPocb0oil BEPHYTH
KHUTY, TPEXK/IE YeM YCTPAUBATh PEBOJIIOINIO, B Pe3yIbTaTe
4ero U B CaMOM [ieJie MOSIBWICS OJUH 3K3eMIunsp. M3-3a
9TOTO y MEHs CJIOKUJIACH PEIyTalys apXUpeaKknuoHepa,
4TO I paccMaTpUBaJl KaK HEKOe OTJIMYHe, OCOOEHHO eciin
YUYECTh, UTO S TIOJYUIHJI €r0 OT MaoucToB.) Kak-To Bo BpeMst

9TUX JieKuil oiuH moJbckuii pusuk (Puuapa Kepuep, Tenepsb
oH B [Tapmxe) mocran emie oaHy crarbio dajjeesa, Hamu-
CaHHYIO TIO-PYCCKH, U 51 TOIPOCHJI €T0 MepeBecTH ee. S Tak u
HE MPOYMTAJ 3Ty cTaThio, U ben JIu 3abpan ee ¢ coboit. S
MIPOCTO HE ObLI TOTOB K 3TOMY H BCE €I11€ YyBCTBOBAJL, YTO HE
MOHUMAaFO (GYHKIIMOHAbHBIE HHTETpasibl. [109TOMY, BEpHYB-
mch B Hunepsianapl, st pel1 NpuHsATLCS 3a HUX elle pas, u
B coTpyauuuectBe ¢ Huko Ban Kammenom mbl opranuso-
BaJM Kypc MO (YHKIMOHAJIBHBIM HHTEerpajaM (OCeHbIO
1969r.). Moii TormamHuii acmUpaHT 'T XO(PT MMOJYUHT
3aJlaHUE 3aIUCaTh JIEKIIUU, YTO OH U caenan. S Owl ckasal,
4TO TOrJA sl Ha4aJl IOHUMAThb (QYHKIIMOHAJIbHBIE HHTEIPAJIbI,
XOTsI U HUKOTJA HE YyBCTBOBaJ ceOsl ¢ HUMH YIOTHO. S
OTHOIIIYCh K HHUM C mojo3peHueM. ¥ 'T Xodta He ObLIO
TAaKOT0 SMOIMOHAIBHOTO I'PY3a, U OH CTAJl CIIEIAAIUCTOM B
nanHoM nipeamere. Takum 6pazom, k koniy 1969r. 't Xodt
ye ObLT 0O0pa3oBaH B 0O0JIACTH ¢-MOJIEJICH, aHOMAJIMA W
(hyHKIIMOHAJIBHBIX HHTETPAJIOB.

7. T'epapna 't Xo¢t

B ator MmoMeHT 'T XodT BbIpa3uy HEYAOBOJILCTBUE TEMOH,
KOTOPYIO 51 €My NPEABAPUTENLHO NMPEIJIOKUI, & UMEHHO
MMMKOM JBOWHOTO pe3oHaHca Maryimka. OH XOTesl BCTYIUTh
Ha apeny teopun Anra—Mmuica. Toraa s mpeIoXuI emy
HCCIIEI0BATh 0E3MACCOBYIO TeOpuUto, oOpauias ocodoe BHU-
MaHMe Ha HaXOXJICHHE METOJIa PEeryjspu3anuu. ITO OBbLIO
pelIeHO 3a YXHHOM, Ha KOTOPOM NPUCYTCTBOBAJ TaKXKe
Ban Kamrnen.

IMpu uccnenoBanuu 6e3maccoBoro ciayvas ‘T XodT wuc-
MOJIb30BaJI KOMOMHATOPHBIE METOAB! (MAHUTYJISIIIAN C JUa-
rpaMMaMHM) Ui TOTO, YTOOBI BBIBOJIUTH BCEBO3MOXHBIC
ToxaectBa [34]. OH mor Obl HCHOJIB30BATH TOXKIAECCTBA
Vopaa 3 Moeil paHHed cTaTbd, HO, KaK 5 MOJararo, oH
CTpPEMIUICSl MOKAa3aTb, YTO MOXET CAeNaTb Jyuire. Tak u
MOJIyYHJIOCh, YTO OH He Hamucan ToxzaecTtB CraBHOBa—
Teisiopa — OIUIOIIHOCTB, OBICTPO HUCHPABJICHHAS] STUMU
NIByMs JoKeHTJIbMeHaMu [35, 36]; 't XodT BbIBE TOXKAECTBA
Ha MaccoBOi 000JIOUKE, 4ero, Mo-BUAUMOMY, ObLIO JOCTa-
TOYHO [1JIs1 IIeJIel TIEPEeHOPMHUPOBKH.

B03MOXHO, TJIaBHBIM MPEIMETOM HAIIMX CHOPOB ObLIa
HEOOXOAMMOCTh  KaJMOpOBOYHO-MHBAPUAHTHOW  CXEMBI
peryisipu3anuy. OH TPHIEPXKHUBAJICS TOW TOYKH 3pEHUS,
YTO HE3ABUCHMO OT UCIOJIb3YEMON CXEMBI CJIEAYET MPOCTO
MOANPABUTH KOHCTAHTBI BHIYUTAHUS TaK, YTOOBI BBIIOJIHS-
JIUCh TOXJIEeCTBa YOpHaa, U 3TO BCE, YTO HYXXHO IJISI TIepe-
HOPMHUPOBKH Teopuu. Hy 4YTO *ke, 9TO CHpaBeIIMBO TpU
YCIJIOBUH, YTO HET AaHOMAJIMA, U HEKOTOPOE BPEMSI CIIYCTSI OH
NPUHSJT 3Ty TO4YKy 3peHus. OH pa3BWil KaJuOpPOBOYHO-
WHBApUAHTHBIM METOJl, KOTOpbIA paboTan B mpeaesiax
ogHo meriM. Mcmosb3oBajoch NSATOE  U3MEpEHHE.
ITo3aHee, Mpy MONBITKAX BBIXOJA 3a IPEACIIbl OTHOW NETJIH,
MBI Pa3BUJIM CXEMY DPa3MEpPHOW peryJsIpU3aIid; JIETOM
1971 r. y Hac ObUIO MPUOIM3UTEIBHOE NpeACTaBIIEHHE 00
3TOM MeToze. Sl OJKeH cKkazaTb, YTO BO BCEX CIIydasix y
MEHsl OB U CKPBITBIA MOTHB: sI OYEHb XOTEJ] MOJIYYUThb
cXemy, IPUTOIHYIO JJIsI peaibHbIX BhluucieHuid. CyecTBo-
BaBIIME TOrAa Meronbl (Hampumep, cxema Ilaynu—Bui-
Japca), ObITh MOXET, U TIOJIE3HBI B KBAHTOBOU JIEKTPOIMHA-
MUKE, HO COBEPIICHHO OECIOJIE3HbI C MPAKTHYECKONH TOYKHU
3peHust B Teopun Snra—Muiica. MHe xe TpeboaJics
XOPOIINI HHCTPYMEHT.

B npwioxenun k cBoedd craTthe 'T XOPT TpeICTABUI
METOJT BBIOOpa KaJIMOPOBKH B cxeMe (YHKIIMOHAIBLHOTO
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uHTerpaja. 5l 3Toro CoBeplLIEHHO HE OLEHUJI, HO MO3HEe,
OTJISIABIBASICh HA3all, 1 OOHAPYXKWII, YTO 3TO OBLIO pa3BH-
THEM MOEH TepBOHAYAJIBLHOM TMOUBITKH CMEHHTH Kalli-
OGpOBKy, BKJIIOYas U MeToabl "cBoGoaubIX mosei". Pycckue
¢uznku (Dannees, CnaBHoB, @paakun u TIOTHH) IepeHECTN
9TOT MeToA Ha GopMan3M (yHKIMOHATILHBIX HHTETPAJIOB,
BUJOM3MEHIJIM €Tr0, HABEJIM TJISIHEIl M OOOOIIMIN METOJ,
TJIaBHBIM 00pa3oM, Ha 0e3MaccoBbIl city4ail u (Ge3macco-
ByI0) rpaButanuto. OpUTHHAIbHAS CXeMa, MPeIIOKEHHAS
T Xo(pTOM B yIOMSIHYTOM NPUIJIOKEHUU, SBJISIETCS ceiyac
HanOoJIee IMUPOKO MPUMEHSIEMBIM METOIOM.

S He Oymy 3/1eCh ONHUCHIBATH (CYIIECTBEHHBIN) PYCCKUN
BKJIa B 3Ty obOmactb. M 3TO HecMOTps Ha TO, YTO B
CoserckoMm Coro3e, Kak W TOYTH MOBCEMECTHO, 3aHSITHS
Teopueil moJist He 661 0coOeHHO TTonyJsapHbI. S momnarato,
yTo B pabore [1] maHa OecripucTpacTHasi OIEHKA 3TOrO
BOIIpOCa.

Sl Takke OIyCKar0 ONHCaHWE BTOPOU  CTAThU
T XodTa [37], rie OH BBEJ CIIOHTAHHOE HAPYIIICHUE CUMMET-
pUH M TakuM OO0pa3oM MpHINe]T K IEePEeHOPMUPYEMBIM
TEOpHUsIM C MACCHBHBIMU BEKTOPHBIMH OO30HAMH B TOM
BUJE, KOTOPBII u3BecTeH cerogusi. S xoren Obl OTMETUTH
TOJIBKO J1Ba OOCTOSITENIbCTBA: sl HACTAMBAJ HAa TOM, YTOOBI
pe3yJIbTATHL HE 3aBUCEJH, HACKOJIBKO 3TO BO3MOXHO, OT
(dopmanu3ma (YyHKIIMOHAJIBHBIX HMHTErPajioB, T.e. 4TOOBI
YHATApHOCTh MPOBEPSIACH OTACIBHO M, BO-BTOPBIX, YTOOBI
HaJIMYUe 4ero Obl TO HU OBLJIO B BaKyyMe He CTaBUJIOCH BO
rinaBy yria. JleicTBUTENbHO, MOCIE TOT0, KaK JIarpaHXUaH C
y4eTOM CIIOHTAHHOTO HapyIIeHUs CHMMETPUHM HaIMCaH,
HEBaXXHO, OTKyJa OH Oepercsa. S xoTen, YTOOBI TaKMMU
oL HOPMYIMPOBKH B CTaThe. S mogo3peBas, 4To ¢ 3TUM
BaKyyMHBIM IIOJIEM MOTYT BO3HHKHYTH MPOOJIEMBI, U s JI0
CHIX TIOp TaK IyMaro, HO 3TO HUKOUM 00pa3oM He MOBJIHSLIO
Ha BTOpYIO cTaThio 'T XodTa. OH MHOTJa U3JIaraeT BCe 3TO B
TOM CMBICJIE, YTO I BO3pa)kaj MPOTUB KOCMOJIOTHYECKON
MIOCTOSIHHOM, OJHAKO B TO BpeMs S He 3HAJ WA He
0CO3HaBAJ, YTO 3TO BOOOIIE HIMEET OTHOIICHIE K KOCMOJIO-
TUYECKOM MOCTOSIHHOM. I BHEpBBIE OCO3HAJ 3TO BO BpPEMS
ceMuHapa 1o rpasutanuu B Opcas B Hauase 1974 1. (em. [38]).

Hraxk, mo3BosnbTe MHe mepeiitu k ocenu 1971r. Torma
T Xodt yriyouics B 6e3maccoByto Teoputo Sura— Muuica,
nu3yyasi mpodJIeMy aCHMITOTHYECKOW CBOOOIBI, S AyMaro,
4TO Ha 3TOT MyTh ero HacraBwi CumaHumk. S ymensi
MHOTO BHHUMAaHHUS CXeMe pasMepHoU perynsipu3anuu [39]. A
CHOBA OTCHUJIAI0 3aMHTEPECOBAHHOTO YMTaTENs K padore [1]
32 BCEMH MMOAPOOHOCTSIMY, BKJIFOUAS M HE3aBICUMYIO Pa0OTy
Boyumnn u [IKbIMObSIIKH.

ITocine Toro, kak pa3MepHasl peryjspuzanus Oblia
JIOBEJIeHa JIO XOPOIIO pabOTAIOIMIEeH CXEMBI, 51 PEIn, YTO
ObLTO OBl HEIJIOXO HAMMCATH JBE CTATHU: (a) CTAThIO, SICHO
JEMOHCTPUPYIOLIYIO Ha KakoM-IHOO mIpHuMepe, Kak Bce
pabotaeT, u (0) TOCTATOYHO CTPOTYIO CTaThIO, B KOTOPOU
MepeHOPMHUPYEMBIe KaJTUOPOBOYHBIE TEOpPHH ObLIH OBl
MOCTABJICHBI HA CEPHE3HYIO OCHOBY, MPUYEM C UCIIOJIH30BA-
HUEM OJIHON TOJIbKO KOMOWHATOPHON TEXHMKH PAaOOTHI C
auarpamMMamu. B pesynbTaTe MOSIBUIINCH BE CTATbH, 03a-
riasiieHnbie "Tlpumep kanu6poBoyHoit Teopun mos" [40] u
"Kombunatopuka kanubpoBounbix Teopuii nojs" [41]. Tlep-
Basi ObUIa TpejacTaBieHa Ha MapcelnbCkoil KOH(pEepeHIINU
Jgetom 1972r., TaM ke ObLjIa JOJIOXKEHA U NIpeIBapUTeIbHAS
Bepcusi BTOPOH craThu. S He UMero IpeICTaBIeHUs, CKOJIbKO
¢Gu3uKOB npoudTa M nepByro cratbio "IIpumep"; mymaro,
HAIIPACHO MbI ONYOJIMKOBAJIN €€ TOJILKO B TPYAaX KOH(pepeH-
UK, a He B MEPHOAMYECKOM M3JaHMU. B Toi#l craThe Bce

OJIHOTIETJIEBbIE OECKOHEYHOCTH OBLIIM BBIYUCIICHBI B TPOCTOMN
SU(2)-monenu ¢ AByXmapaMeTpUYECKUM BBIOOPOM KaJlu-
OpOoBKH, 1 UHPOPMUPOBAHHBIN YUTATE]Ib MOT ObI 0€3 BCSIKUX
npoOJieM HUCIOJIB30BATh KOHTPWICHHBIA JIATPAHXKUAH W3
9TOH CTaThbU IJIS BBIBOJA f-TIapaMeTpa TeopHuu (C yueToM
XUTTCAa). DTOT MapameTp SBJSETCS CYIIECTBEHHBIM JIJIS
ACUMIOTOTHYECKON cBOOOABI. BbluuciieHuss B TOH craThe
OBLTM TIOJIHOCTHIO ABTOMATHU3UPOBAHBI M BBIMOJHEHBI C
TOMONIBIO porpamMMel Schoonschip. Korana 't Xodt nompo-
CHJT MEHSI PACCUYUTATH PACXOIUMOCTH B 0€3MAaCcCOBOW TEOPHUH
JUUTS. IPOBEPKU CBOMX COOCTBEHHBIX BBIMUCIICHUH, CIIENIaTh
9TO HE COCTABJISIO TpyAa. S He 3HAJI 00 ACUMITOTHYECKOMN
cB0OOOJIC U HE MOHMMAJ B TOT MOMEHT BaXXHOCTH 3TOTO
KOHKPETHOro BbIUUCIeHHs. OH MPEACTABUII CBOU DPE3YJib-
TaThl HA Mapcenbckoit KOHDEpEHIHN.

8. Pagnauuonnbie nonpaBku

ITocne 1972 1. s MHOTO paboTa Ha/l MPUMEHEHHEM TEOPHUH,
T.€. HaJl BBIYUCJIEHUEM paJUAIMOHHBIX nonpaBok. B 1975 r.
ellle MPOJOoJIKalach IIUPOKasl MUCKYCCHUS IO MOBOIY
HEUTpaJbHBIX TOKOB. BOJIBIIMHCTBO CHELMAJIUCTOB CYU-
Tajo, 4TO ToYyHasi KOHUTrypanus, coiepxkaluascs B
Mojenu BaiinGepra, Oblja COBEpIIEHHO HEOOXOAMMAa, HO
OHM HE TOHHMAJId, YTO BBIOMpasl APYroil XUTTCOBCKUIT
CEKTOP, MOXHO TOJOTHATb Maccy Z)-4aCTUIbI K JFOOOMY
3HAYEeHUIO0. DTO ObLI, HECOMHEHHO, KJIFOYeBOH MOMEHT, U
MBI BMecTe ¢ PoccoM MpHUCTYNUiIM K UCCIETOBAHUIO 3TOTO
Borpoca [42]. B pe3yibTaTte ObLI BBEJACH HOBBIM MapameTp,
ceryac Ha3bIBAEMBIN p-MAPAMETPOM, KOTOPBIA NPUHUMAET
3HAYeHWe, paBHOE |, IS TPOCTEHIero cekTopa XHuITca,
BBIOpaHHOTO BaitnOeprom. DT0T p-napameTp, B CYyIIIHOCTH,
SIBJISIETCSl KBAJAPAaTOM OTHOIIEHUS MAacCC 3apsDKEHHOTO U
HEUTPAJIbHOTO BEKTOPHBIX OO30HOB, C MOMPABKOM, CBSI3aH-
HOU cO cJabbIM CMeElIMBAHMEM. DTOT THapaMeTp cTal
BAXKHOM YACTBIO COBPEMEHHOM (PH3MUYECKOil KapTUHBI, MO-
CKOJIbKY OH HamboJiee OIIyTHMBIM O0pa3oM YYHTBHIBAET
pamuanuoHHble 3PQPEKThI TSHKEJBIX YACTHIl, KBAPKOB MU
yactul, Xwurrca. Ha Ilapuxckoit koHdepeHIUH TIO
HeUTpanbHbIM TOKaM B 1974 wmm 1975 rr. g mpencraBui
OYEHb KOPOTKHHU OKJIAl, COCTOSIBIINU, HACKOJBKO S
MOMHIO, Bcero u3 JByX "mpospauek". Bce, uro s ckaszal,
9TO CIIEAYIOIee: Macca HEHTpaJIbHOTO BEKTOPHOTO 0O30HA
MOXET OBITh JIF000Ii; BOT YAO0OHBIN CrIOCO0 ee mapaMeTpu-
3ammu. S 10 CUX MOP MOPaXeH TeM, YTO HUKTO, aOCOIIOTHO
HUKTO Ha 3TOH KOH(EpeHIWH, MO-BHIUMOMY, HE TOHSLI
MO0 Hujaero. Bce mo-mpekHEMY CUMTANU, YTO HAXOXKICHHE
TOYHON KOJIMUECTBEHHOW BEJIMYMHBI 3PPEKTOB HEUTpPAIb-
HBIX TOKOB, IpeACKa3bIBAeMbIX MoOJeJbio BaitnOepra (pac-
LIUPEHHOR AJI KBapKoB coryiacHo [ maiioy, Mnuonysnocy u
Maiianu), UMeeT pellarollee 3HAYCHHE C TOYKU 3PEHUS
MPIMEHUMOCTH KaJIMOPOBOYHBIX Teopuil. B nercTBUTEND-
HOCTH, ecJIi OBl ObLIO HAHAEGHO OTKJIOHEHHE B Pe3yJbTaTax,
€IMHCTBEHHBIM CJICICTBUEM 3TOTO OBLI OBI APYrod CEKTOP
Xwrrca.

B 1976 r. crano mocratouyHo o4eBHIHO, yTo CTaHaapT-
Hasi MOJIeJib, BKJIFOYAIOIIAsl MPOCTEUIINE BO3MOXKHBIE CEK-
TOpbl XWITCA, SIBJsieTCS MpaBuibHOW. Torma cranmm BO3-
MOHBI 000OCHOBAHHBIE BBIYUCIICHUS paIMAIIMOHHBIX MOTIPa-
BOK, ¥ s IpuHsLIcs 3a HUX. [IpencTaBisiiiocs, 4To IMEETCS 110
KpaiiHeil Mepe Tpu nokoJieHusl. MeHsl, B EpBYIO OYepelb,
MHTEPECOBAJIN CJIETYIOIINE BOTIPOCHL:

(a) CxoJbKO UMeeTCsl TOKOJICHUA?

(6) CyiiecTByeT JId BEpXHHIA TIpeJIesT JUTS MacChl Xurrca?
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S1 He Oyny BIaBaThCsl B aCTPO(PU3UUECKUE PACCYKICHUS
HAacYeT KOJIMYeCTBA BUIOB HeUTpuHO. Takoro poaa coobpa-
keHus1 Oosiee 4yeM yOeIuTeNbHBI, MOCKOJIbKY OHH OCHOBAHBI
Ha BceM HameM noHuManuu "Bosbinoro B3peiBa' u 3B0IIO-
[IUH BCeJIEHHOMW. UTo KacaeTcs TpeThero MOKOJICHUs, TO 371eCh
pa3BepHyJach MHTEpecHasl JUCKYCCHs: YeMy paBHa Macca
Tomn-kBapka? M3 cnucka Bcex craTel, colepxkaliux Te WJd
VWHBIE YTBEPXKAEHHUS MO 3TOMY IOBOAY, MOXHO OBLIO OBI
COCTAaBHUThH 3aHATHYIO CTATbhIO, HO s TPEIOCTABIISIFO 3TO
KOMY-HHOYAb Ipyromy. Sl Xopolo moHuMas, 4to 0e3 Tom-
KBapka Teopus ObL1a Obl HEIEPEHOPMUPYEMOU H, CJIeI0Ba-
TEJIbHO, JIOJDKHBI CYIIECTBOBAaTh HalJroaeMbie 3(P(QEKTHI,
KOTOpBIE CTAHOBATCS OECKOHEYHBIMH, KOTJa Macca TOI-
KBapka cTpeMHTcs K OeckoHeuyHocTH. K MoeMy OombIiomy
YIIOBOJILCTBUIO CYIIIECTBOBAJIA TaKasl MOMPAaBKa ISl p-Tiapa-
MeTpa, u, 00jiee TOro, OHa HEOTPAHUYCHHO POCJIA MPOIOP-
UOHAJILHO KBaJApaTy Macchl Tom-kBapka [43]. DTo nepBbiid
npuMep B (HU3MKE YACTHII, KOTIa paaualoHHAas MOMpaBKa
pAaCTeT C yBEJIMUCHHEM MACChl BUPTYAJIbHBIX YaCTHIl. M OXHO
CKa3aTh, YTO 3TO MEPBOE OKHO B MHUpP OYEHb BBICOKHX
sHepruil. B pe3ynbTaTe sKCIepUMEHTABLHBIX HCCIIETOBAHUAN
9Ta paJualMoHHas IONpaBKka cTaja Oojiee MOHSATHOH; B
KOHEYHOM MTOT€, Y4eT 3TOI MONpaBKU MPHUBEJ K IMpeacKas3a-
Huro 3HaveHus 175 I'B mis maccel xurrca. JlaHHOE 3HAUeHNE
corjacyercss ¢ pe3yjbTaTaMu, KOTOpPble ObUIM IOJTYyYeHBI
MOCJIE OTKPBITHSI TOM-KBapKa. DTO COTJIACHE, MTO-BHIUMOMY,
yKa3bIBaeT Ha TO, YTO OOJIbINE MOKOJCHUN HET, MOCKOJIbKY
OCTaeTCs OYeHb MaJyio (MM BOOOIIE HET) OCHOBAHWM s
CYILLIECTBOBAHHS KAKUX-TMOO pa3INyMii B Maccax KBapKoB B
(TUIIOTETUYECKUX) HOBBIX HOKOJICHHSX. [IpM TOM cCriekTpe
Macc, KOTOPBI MBI ceiyac HaOIOJaeM, 3TO KakKeTCs
HEMPaBJIONOIOOHBIM, XOTSI, CTPOTO TOBOPSI, TAKYIO BEpOST-
HOCTb HEJIb3sI HCKJIFOUHTD.

C camoro Hayaja s OYeHb 3aMHTEPECOBAJICS XUTTCOBCKUM
CEeKTOPOM B CIOHTAHHO HApYILICHHBIX Teopwsix. S cran
HCKATh CIOCO0 OMpPEIeINTh BEPXHUI IpeIe]l MacChl XUTTCA,;
B KOHIIE KOHIIOB, €CIIM XHUITC SIBJISIETCS HEOTHEMIIEMOMN
4aCThIO MEPEHOPMHUPOBKH, TO B TEOPUHM BO3IMYIICHHUN OJI-
XHBI OBITh YJIEHBI, KOTOPBIE HEJb3sl yOpaTh C MOMOILIBIO
NEPEHOPMHUPOBKM U KOTOpBbIE MOJDKHBI OBITH YyBCTBH-
TeJbHBl K Macce Xurrca. MOXHO JIeTKO OOKa3aThb, YTO
MECTO, TJIe HaJ[0 UCKATh M0TO0HBIE BEIIN — 3TO PaJIUAINOH-
HBIE MONPABKU K MaccaM BEKTOPHBIX OO30HOB, a CYIIECTBEH-
HBIM IIaPAMETPOM 3/1eCh SIBJISIETCS p-TIapaMeTp, BBEACHHbIH B
Haieil coBMecTHOl paborte ¢ Poccom, o kKoTopoi s yxe
ynomuHall. Kak nHOrga ObIBaeT, XOTsS B IPHUHIMIIE MOT OBl
UMETDb MecTO 3D HEKT, TPONOPIUOHAIBHBIA KBAIPATY MACCHI
XHTTCA, TOJIydaeTcs TakK, YTO 3Ta 4YacTh COKpallaeTcs u
0CTaeTcsl TOJIBKO Jiorapudmuueckast 3aBucumocthb [44]. Tlo
9TOI MPUYMHE OUEHb TPYIHO OLEHUTH MACCY XUITCA, HCXOAS
U3 paauaIoHHBIX MOMPABOK, U B CBSA3M C 3TUM s BBEN
TepmuH "Teopema 00 skpanupoBanun’. Kaxercs, 4To
IpUPOAA OUeHb CTapaeTcs CHPSATATh YACTHUIBI XHUITCA OT
(axTrueckoro HabmroneHUs. DTOT U Apyrue GakThl MpH-
BEJIM MEHS K YOCXKICHUIO, YTO UMEET MECTO HEUTO OTJIUYHOE
OT XHUITCOBCKOT'O CEKTOPA, OOBIYHO COCTABJISIIOLLIETO YacThb
CTaHIapTHOW MOJIETIH.

ITocne sToro 51 HAavas pa3pabaThIBATh CHCTEMATHIECKUIA
MOJXOJT K BBIYUCIICHHUSIM DPAJUAIIMOHHBIX MOMPABOK (COB-
mectHO ¢ [laccapuno). ITockonbky on u bapaun Hanucanu
KHUT'Y, KOTOPasi TOJIbKO YTO BBIIILIA, 51 OTCHLIAIO 3aMHTEPE-
COBAHHOT'O YMTATEJIs K 3TOM KHUTE [45].

MmMenach eme ogHa MOTHBAIMS B BBIYMCICHUM paaua-
MUOHHBIX TONPAaBOK. MHe HYXHBbI ObUIM KakK KOHEYHBIN

pe3yJbTAT paJuallMOHHBbIC TOMPABKU K poXxaeHuo W-map
Ha LEP, nmockoyibky MHe OBLIO SICHO, YTO 3TU TOIpPABKU
OKaXYTCSl 1yBCTBHTEJIbHBIMH K Macce Xurrca. Torma 3To
nmoackasanio 6wl onenky st sHeprun LEP: ona nmomxna
OBITH JOCTATOYHO BBICOKOHU, JUJISI TOTO YTOOBI paTvaIlOH-
HbIe TONMPAaBKH K poxacHuto W-map ObLIA JOCTATOYHO
OOJILIIMMU M UX MOXHO OBLIO HCCIENOBATH IKCIIEPUMEH-
TajabHO. Vi ObLIT OBl HAWICH XUITC, UM OOHAPYKUIUCH ObI
BaXKHBIE PAIMANMOHHBIE TIOMPABKHA. DTO BBIYMCIICHUE OBLIO
BBITIOJTHEHO COBMeCTHO ¢ JlemyanoM [46] 1 OBLI0 3aKOHYCHO
B 1980 r. MHe He ynaoch NpeCTaBUTh CBOU JOBO/IbI BIIOJIHE
yOeAUTEIbHO: B TO BPEMS HUKTO TaK U HE IMOHSJI BaXHOCTU
o00HbIX cooOpaxenuit. [Toatomy sHeprust LEP cocraBuia
200 I3B, a 3TO COBEpIIEHHO HEAOCTATOYHAS BEJIMYUHA IS
nmoctaBieHHo# Tenu. [ToCKoIbKy BEKTOpHBIE OO30HBI BCE
elle JKJIAJM CBOEr0 OTKPBITHS, JIMIIb HEMHOTHE ObLIN
TOTOBBI PA3MBIILIATH O TOM, YTO HAXOJHUTCS 3a ITUM
npenenoM. Kpome Toro, st pemmTeabHO He 3HaJl, BO3MOXKHO
JI ¢ MHXKEHEPHOM TOYKM 3peHHs], He TOBOPSI yKe O (PMHAHCO-
Boii, co3manne LEP na 250300 I'3B.

9. CoBpeMeHHOe COCTOsIHHE

Xwurrcosckuii cektop CTaHIapTHONH MOJEH, O CYIIECTBY,
He mpoBepeH. OOBIYHO HMCHONB3YyeTCsl MpOoCTedinas u3
BO3MOJHBIX XHITCOBCKHX CHCTEM, KOTOpas MPHUBOIHUT
TOJIBKO K OJHOM (pusmueckoii yactune Xurrca. [Ipu Takom
BBIOOpE Macca Z( 3a4aeTcsl paBHOM Macce 3apsiKeHHOTO W,
JleJIeHHOW Ha cos ), rine 6 — yroia cyiiaboro CMeNIMBaHUS.
JaBaiiTe cHavYajia BBISICHUM IMPOCTO# (pakT: BeIOMpas MOj-
XOJISAIINIA XUTTCOBCKUIA CEKTOP, MOKHO OOECIEUYUTH OTCYT-
CTBUE OrpaHUYeHH Ha Maccy Z. boitee Toro, macca ¢poToHa
He 00s3aHa pPaBHATHCS HYJIO U MOXET MMETh Jiroboe
3HAYCHUE.

Ha nepBoM 3Tame oueHb MHOTO CJIOB ObLIO OTPAYEHO HA
3aI0JIHEHUE IpoOeia MeXy BBeleHneM B 1967 r. Moieneit u
0oJtee MO3THUM JTOKA3aTEIBLCTBOM IIepeHOpMUpyeMocTH. 1o
CHX TIOP HEPEAKO UCTIONB3YIOTCS B TEPMUHA — "9JIEKTpPO-
cimaboe oobeauHenue" u "ClIOHTaHHOE HAPYLICHHE CHMMET-
pun". TTOCKOJBKY s CYMTAIO, YTO OTH TEPMUHLI BECbMa
CIOCOOCTBYIOT 3a0JIyKJIEHUIO, S XOTeJd Obl OOCYIUTH MX
HECKOJIBKO IoipoOHee.

B xakoii crenenu ciadble W 3JIEKTPOMATrHATHBIE B3aUMO-
neifictBus o0beauHensl? Mcmonb3dyeMasi IpU X ONUCAHUU
cummeTtpusi ectb SU(2) x U(1), 1 0[JHO 3TO MOKA3BIBAET, YTO
B NIEHCTBUTEILHOCTU HET BOOOIIE HUKAKOTO OOBbEIWHEHUSI.
Hacrosiiee o0beTuHeHNE, KaK B TeOprK MakcBeJL1a, pPUBO-
T K YMEHBIICHHIO YHCJIA MapaMeTpoB; HANpUMep, B
Teopun MakcBeJJla CKOPOCTH PACIPOCTPAHEHHUS] MATHUT-
HBIX U 3JICKTPUYECKHMX IOJIeH PABHBI APYI IPYTYy U PaBHBI
TaK)Xe CKOPOCTH cBeTa. B ajiekTpociaadboii TeOpuu HET TAKOTO
YMEHBIIICHHS YHCIIA TTAPAMETPOB: YTOJ CMEIINBAHMS MOXKET
OBITH JIFOOBIM, W 3TO JAENAeT JJIEKTPHUYECKYI0 KOHCTAHTY
B3aUMOJICUCTBUSL ¢ = gsinf) CBOOOJHBIM HapaMETPOM.
Ecim xurrcoBckuii cekTop He 3aJ1aH, TO Macca Zy U Macca
(oToHa TaKXKke SBISIOTCS CBOOOJHBIMU IapaMeTpPaMHU.
OObeAMHEHUST HA CaMOM JieJie HEeT (32 UCKJIFOUEHHEM TOTrO
00CTOSATENBCTBA, YTO U30BEKTOPHAS YaCTh (DOTOHA JIEKHUT B
OJIHOM MYJIbTHUILIETE C BEKTOPHBIMH OO30HAMMU).

OmHako eciad 3aJaTh MNPOCTEHIIYIO W3 BO3MOXHBIX
XUTTCOBCKUX CHUCTEM, TO YHUCJIO CBOOOIHBIX HapaMeTpOB
yMeHbIaeTcsi. Macca Zy gukcupoBaHa, eciid 3aJaHbl yroJ
c1a00ro CMEIIMBAHUS U Macca 3apsHDKEHHOTO BEKTOPHOTO
6030Ha, a Macca poToHa MOJDKHA OBITH paBHA HyJHO. Tak
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4TO B 3TOM CJIyyae, MO-BUAUMOMY, UIMEET MECTO HEKOTOPOE
o0beanHeHne. MHe Ka)XeTcsl, OTHAKO, YTO B BBICIIIEH CTENEHU
HEJIENOo ToBOPUTL 00 "3jekTpocaaboM o6beauHeHun" mpu
BBIOOpE MPOCTEHINeH N3 BOZMOXHBIX XUTTCOBCKHX CHCTEM.

Borpoc co cioHTaHHBIM HapYIIICHHEM CHMMETPUH OoJiee
cioxeH. C MOuX cOOCTBEHHBIX MO3UIMIA CUTYAIUsI BHITJISIUT
cienyromuM oopazom. B 1968 1. s jokazalt To, 4To s Ha3BaJ
OJHOTETJIEBOM TEPEHOPMUPYEMOCTHIO MACCHBHON TEOpUU
Sara—Munca. TOYHBI CMBICT 3TOTO TEPMHUHA BCKOPE
ctaHet siceH. OTHAKO MMeeTCst IpobieMa Ha JIBYXMETICBOM
yYpOBHE, MO3TOMY B TO BpeMsl s MoJjaraji, 4To HeoOXOIuM
HEKUI MeXaHU3M OOpe3aHus, KOTOPBIA peryjupoBasl Obl
(HaOr01aeMble) PACXOJMMOCTH, BO3HUKAIOIIME 3a Tpee-
JamMu omHOHN meryin. PaKkTHUYeCKH CXeMy XHUITCa MOXHO
paccMaTpUBaTh Kak Takod MexaHu3M oOpesanusi. Macca
XUTTCa CTAHOBHUTCS MapaMeTpOM OOpe3aHus, M 3TOT mapa-
METp peaJibHO HaOJIro1aeM (B YEM M COCTOMUT OIpelesIeHUe
HETNIEPEHOPMUPYEMOCTH TEOPUHM 03 XUTTCOBCKOW CXEMBI).
OTOT mapaMeTp BXOJUT JIOTAPU(PMHUYECKH B HEKOTOPBIC
paauanoHHble TONpaBKu (Hampumep, B Maccy Zj), U U3
U3MEpPEHNs] JTUX TMOMPABOK BBITEKAET MPUOJIMKEHHAS
OlICHKA BEeJIMYMHBI JaHHOro mapamerpa. Ho B mcxonuble
MIOJIOXKEHUS] BXOIUT TO, YTO XUTTCOBCKUH CEKTOP SIBJISETCS
MPOCTEHIIINM U3 BOZMOXHBIX; 0€3 TAKOTO TOMYIIEHHs OTCYT-
CTBYET YYBCTBUTEJILHOCTh Ha OJHOMNETIEBOM YpPOBHE (ITO-
CKOJIbKY TOrJa Mmacca Z, HEM3BeCTHA W paJIMallMOHHBIC
MOTPABKA CTAHOBSATCS TEPESHOPMHUPOBKOW 3TOW Macchl). B
3TOM COCTOMT CMBICII OJJHOTETJIEBOW MEPEHOPMUPYEMOCTH.
IIpeamnonoxuM, OAHAKO, YTO C TOYKH 3PEHHUS] CUMMETPUHU
€10 OOCTOMT TakK, Kak eciim Obl cucremMa Xurrca Oblia
mpocreiiieit 3 Bo3MOXHBIX. Torga mapamerp oOpe3aHus
(Maccy XHITCa) MOXHO OICHUTDH U3 paTUallMOHHBIX MOMpa-
BOK.

C 3TOH TOYKHM 3pEHHS] BOIPOC COCTOUT B TOM, A0 KaKOi
CTENEHN MBI CErOJHSI MOXEM OBITh YBEPEHBbI, YTO CXeMa
o0pe3aHus, HCIOJb3yeMas MPUPOJOHA, SIBISETCS CXeMOM
Xwurrca, kak 310 aekiapupyetcs. Juist aToro Obum ObI BCe
OCHOBAHWUSI, €CJTH OBl IEHCTBUTEIHLHO CYIIIECTBOBAIA YACTHUIIA
€ Maccoii, paBHOU BEJIMYMHE, TIOJIyYEHHON U3 pagualiOHHbIX
monpaBok. Ho ecnu Takoi 4acTHIBI HET, TO 3TO MPOCTO
O3HAYaeT, YTO NPHUPOAA HCIOJIb3YeT KAKYIO-TO PYIYIO
cXeMy, KOTOPYIO HaJIO CCIIEAOBATDH IKCIIEPUMEHTAIIBLHO.

KoHrenmusi CmOHTAaHHOTO HAPYIIEHWS] CHMMETPHH, I10
CYLIECTBY, HE BXOAUT BO Bce 9TH paccyxaenusi. CHavaja 3To
OblT BOIPOC, KOTOPBIM sI HE mepecTaBas cebe 3aJaBaTh.
CrnoHTaHHOE HAPYLICHHE CUMMETPHU OOBIYHO MPHBOIUT K
MTOCTOSIHHOMY TIOJTIO B Bakyyme. [ToaTomy s criparmmBat ceost:
eCTh JIM KaKOW-HUOYAh CIOCOO, TPH MOMOIIA KOTOPOTO
MOXXHO 3aMETUTh HPUCYTCTBUE TAKOr'O MOJISI B Bakyyme?
Takoil xo1 MbICIM IPUBET MEHS K BOIIPOCY O KOCMOJIOTye-
CKOI1 mocTosiHHOM [38]. JIeHiCTBUTEILHO, YTO XKeE eIIle, SCJIM He
rpaBUTANOHHBIE B3AaNMOACHCTBUS, MOXKET PearupoBaTh Ha
HaJIMuue moJjisl B BakyyMe. U 31ech BO3HMKAeT mpoOiema
KOCMOJIOTHYECKON TIOCTOSIHHOM, OCTAOIIAsCs CTOJb XKe
3araJIoyHon, kak u 25 jet Hasax. Hanerock, sICHO, 4TO C
BBEJICHUEM CIIOHTAHHOTO HApYIIEHUs] CUMMETPHU IpoO-
JleMa KOCMOJIOTHYECKOW TMOCTOSIHHON BCTYMAaeT B HOBYIO
¢dazy. A mpuBen apryMeHTHI B MOJIb3Y TOTO, YTO pEIlICHHE
9TOH MPOOIIEMBI MOXHO HAWUTH HA IyTH PEBU3UU MOHSTHS O
(byHIaMEHTAJLHOM peaibHOCTH IPOCTPAHCTBA-BPEMEHH B €€
IPOTUBOIIOCTABJIEHUH UMITYJIbCHOMY IPOCTPaHCTBY [47], HO
3[€Ch ONPENEICHHO HE MECTO ISl TIOJOOHBIX OOCYXKIACHUA.
Kpowme Toro, aTa aprymeHTamnus noka He mpuBesia HA K KAKIM
OIIYTUMBIM TTOCJIEICTBHSIM.

NTrak, XOTsI HA TEOPETUYECKOM YPOBHE HCHOJIb30BAHUE
CIHOHTAHHOTO HApYIIEHUs CUMMETPUU HPUBOAUT K Iepe-
HOPMUPYEMBIM JlarpaHXUaHaM, BOIIPOC, COOTBETCTBYET JIU
3TO TOMY, YTO peajibHO NMPOUCXOAUT B IPUPOJE, OCTAETCS
OTKPBITHIM.

10. 3akarouenne

Ilepexom OT TeOpHid MOJST MIECTUACCATHIX K COBPEMEHHBIM
KaJUOPOBOYHBIM TEOPHSIM, OT KOTOPOrO MOXHO OBLIO
BBIBUXHYTh MO3TH, yX€ HE HaXOJHUTCS Mepe]l HAIIUMU
rjla3aMy, U HBIHEIIHEMY TMOKOJICHUIO (U3MKOB, paboraro-
X B OOJACTH TEOPHUHU MOJIsI, HABEPHSIKA TPYHAHO €ro
oco3HaTh. OHH MOTYT CHPOCHUTH: MOYEMY 3TO 3aHSIJIO
CTOJIbKO BpeMeHHu? BBITh MOXeET, BBIIIE U3JT0XKEHHOE B
KaKOH-TO Mepe AaeT OTBET Ha 3TOT BOIIPOC.
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YBakaemble NOANUCYMKH JKypHAJIa «Ycrnexu GU3n4ecKnx Hayk»!

CoobmaeM Bam, uTo noamucka Ha OOIIMX OCHOBAaHMSX Ha >XypHaa B 2001 r. Oyaer HpoBOAUTHLCS IO LieHAM
OObeauneHHoTO KaTtasnora moutkl Poccum «Ilommmcka-2001» (mena 1800 pyO. 3a roa) B OTACNCHUSIX CBS3U M B
00O «leHTpO3KCH.

JIbrotsl npeocTaBasiioTesi ToabKo npu nogmucke B OO0 «LleHTpo3ke» c/ieAyIOIUM KaTeropusiM Mo MICYHKOB:

1. TocymapcTBeHHBIM OHMOIMOTEKAaM, OMOIMOTEKaM BY30B, OTPACJIEBBLIM HAyYHO-HCCIIENOBATEIbCKAM HHCTHUTYTAM U
nHCcTHTYyTaM Poccniickoit akanemun Hayk. CrieraibHasi TieHa JJIsl YKa3aHHBIX OpraHu3aIii Ha )XypHAT « Y crieXu GU3nIecKux
Hayk» Ha nepBoe noJiyroaue 2001 r. cocraBut 450 py6., a Ha Bech 2001 . — 900 pyO.

2. HnuBUIyaIbHBIM TIOJIIMCYMKAM — COTPYJAHHMKAM YyKa3aHHBIX BbIlle opraHu3anuid (npu mpenbssicaun B OO0
«LIeHTpO3KC» CIIpaBKH € MecTa PabOTHI).

WNuauBuayaibHas oAMUcka 0yret npoBoAuThes ToJbKO B OO0 «LleHTpo3Ke» 10 MPUHITUITY: OJIMH CIIEIHATTUCT — OJTHA
noammucka (300 py6. Ha Bech 2001 Tom). [ aveomnvix kamezopuii noonucuuxos 2000 2. npedcmag.ierue HOBbLX CNPABOK He
mpebyemcs.

Opranuzaimun BAH, BEH, MTHUOH, I'TTHTE CO PAH, BUHUTMU u np., cnienuaiu3upyronmecs Ha KOMILIEKTOBAHUT
HayYYHBIX M BY30BCKUX OuOsmoTex, MoryT odopmuth noamnucky B OOO «lleHTposKC», MpeaBapUTEIBLHO COTJIACOBAB C
Kompnosoit Jlapucoit ApcenTheBHON (Ted. 456-8601, 456-7065) cHMCOK MOJIB3YIOLIMXCS UX YCIYTaMH OPraHU3alufl |
KOJIMYECTBO JIbT OTHBIX MOIIIHACOK.

CrouMocTs JibroTHoi noanucku Ha 2001 r.:

st yupexxaennit Ha Becb 2001 1. cocrasiisier 900 py6., a Ha nepBoe nostyroaue 2001 r. — 450 py0.;

JUIS MHAMBUIYAJbHBIX ToANCcYuKoB — 300 pyO. Ha Bech rof, BKJIIOYAsi TOYTOBBIE PACX0abl. JIeHbI'H ClIe1yeT MePeuncIsaTh
B OO0 «LleHTposKc»:

WHH 7714109278 Ha p/cuet Ne 40702810538300103299 B BoiikoBckom OCB 5282/155

MB AK CB P®, BUK 044525342, x/c 30101810600000000342.

3akasbl HaIpaBJIsATh 1o aapecy: 125493 P®, Mocksa, CmouibHas yi. 14, OO0 «LleHTpo3Kkce», NOANNCKA HA JKYPHAT «Y crexu
(uznyecknx HAYK».

Tenedonsr: 456-8601, 456-7065.

Lens! aetictButenbhbl 10 31 mexabpst 2000 r.

V06enuTebHO MPOCUM BCEX TOIIICUAKOB XKypHAIA «Ycrexu pu3ndeckux Hayk» (Kak YUpexJaeHHs, TaK U WHIUBUIYalIb-
HBIX ITOJIIICYNKOB), IMEIOIINX MPAaBO Ha MOJIMICKY IO CIEIMATBbHBIM [IeHaM, HATIPABUTh CBOM 3aKa3bl M MIChMa (CoepiKaIine
OJ1aHK 3akas3a, KBUTAHIMIO 00 oIuIaTe, 3asBKy OT YUPEXIEHHS MJIM crpaBky ¢ Mecta pabotbl) B OOO «LleHnTposke» ao
31 nexabps 2000 r. [To3nHO momanHas 3asiBka OyaeT 0opOpPMIISITBCS TOJIBKO C COOTBETCTBYIOIIETO MeCsIIa.

Penxonsierns u peraxkuus s;KypHajia
«Ycnexu puznuecknx HAyK»

BJIAHK 3AKA3A

IIpocuM BBICIATD 10 MOJIIIMCKE 9K3eMILISAPOB XypHasa "Ycnexu ¢pusuyeckux Hayk".

Ormrata 3a (NeNe, rom)

B CyMMe pyOell mpou3BelieHa TIATEXKHBIM MOpYUYeHHEM (MMOYTOBBIM IepeBoAoM) Ne

or " " 200 roma ma pacuernpii cder OO0 "HHEHTPOOKC" WMHH 7714109278
p/c 40702810538300103299 B Boiikosckom OCB 5282/155 MB AK CBb P®, BUK 044525342,

k/c 30101810600000000342. Konust miaTexxHOTO MOPYYEHHS (IOYTOBOTO MEPEBO/IA) MPUIIATACTCS.

IMouToBBI# afipec It TOCTABKYU XKypHaja
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