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C cosznmanuem (Gu3MKN Kak HayKH, OCHOBaAHHOIW Ha OIbITE, YTBEP-
JINJIOCHh MHEHUE, YTO 9JIEKTPUIECKNEe U MarHUTHBIE CBOICTBA TeJ CyIIle-
CTBEHHO Pa3/INYAIOTCsl. DTO MHEHIE ObLIO YETKO BHIPAXKEHO Y MJIbSIMOM
['misbeprom B 1600 romy. Yeranosniennoe Ilapyiem Kymornom Toxkie-
CTBO 3aKOHOB TPUTSI’KEHUSI U OTTAJKUBAHUS JIJII SJIEKTPUUECKUX 3a-
PSIIOB M MarHUTHBIX 3aPsiJIOB — IIOJII0COB MarHUTOB, BHOBb IIOJIHSLIO
BOIIPOC O CXOJICTBE SJIEKTPUIECKUX U MArHUTHBIX CIJI, OJJHAKO K KOHILY
XVIII Beka ObLIO BBISICHEHO, YTO B J1aOOPATOPHBLIX YCJIOBUAX HEBO3-
MOXKHO CO3JIaTh TE€JIO ¢ HEHYJIEBBIM ITOJIHBIM MAarHUTHBIM 3apsijioM. [lo-
HATHE O «MAarHUTHO 3apsyKEeHHO cyOCTaHIUN» OBLIO HAJIONTO M3THAHO
3 dpusukn mocsie paborel Ammepa B 1820, B KOTOpOit OBLIO TOKa3aHO,
YTO KOHTYP C JIEKTPUUECKUM TOKOM CO3/Ia€T TaKoe Ke MarHuTHOE T10-
Jle, KaK MarHuTHbII auiosib. B 1974 roxy t’Hooft u [TossikoB nmokasaJin,
YTO MAIHUTHBIN MOHOIIOJIb MOYKET BOBHUKATH B KaJIMOPOBOUHBIX MOJIE-
JISIX 9JIeKTpocadboro BianmoeiicTus. OIHAKO CyIIeCTBOBaHUE Pellle-
HUsI TUITA MATHUTHOI'O MOHOIIOJIsI TPeOyeT KOMITaKTHO IPYIIIIbI €JINHOiT
CUMMETPHUH, B KOTOPYIO BKJIIOUECHA JIEKTPOMATHUTHAA CUMMETPHUs, UTO
HEe MeeT MeCTa B paMKax CTaHJIaPTHON MOJIe/IN 3JIEKTPOCIa0bIX B3au-
MOJICIICTBUIA.

CdopmysinpoBatntbie MakcBesIioM ypaBHEHUsT KJIACCHIECKO 9J1eK-
TPOJIMHAMUKHN CBA3BIBAIOT 3JIEKTPUIECKOE M MATHUTHOE TOJIS C JIBUZKE-
HUEM 3aps2KeHHBIX YacTUIl, DTU yPaBHEHUS IIOYTH CHMMETPUUHBI OT-
HOCHUTEJIbHO 3JIEKTPUYECTBa U MarfeTusMa. Tak ypaBHEHHSI 3JIEKTPO-
CTATUKU U MarHUTOCTATUKU UMEIOT BUJI;

divE = 47 p; rotE = 0; divH = 0; rotH = 4mj (1)

[Ipocreiimuii crydail MosiBJEHNST MOHOIIO/IS B TEOPUH MOy IAETC CUM-
MeTpu3alieil 3Tux ypapuenuii. Kak nokazas /lupax, 370 npuBouT K
TOMY, 9YTO B IIPUCYTCTBUU MarHUTHOI'O 3apsg/a, JICKTPUICCKUI 3apsT
JIOJIZKEH KBaHTOBATHCS.

ITo anaJiorun ¢ dpopmy.ioit E = T%F onpegeanM MardunuTHDBIN 3apsl,
MEPEHOCUMBIIT MATHUTHBIM MOHOIIOJIEM 110 (bopMyJie H= 7%77. Ine p -

1 €CTb MarHUTHBIN 3apdl.
A Tak ke 3aJ1a/IUM BEKTOPHBII MOTEHINAJ, Yepe3 KOTOPBII BhIparka-



ercst MaruuTHoe nose: H = rot A

B onmckrBaeMoit Mojies i BEKTOPHBIN OTEHIINA HE MOXKET ObITH 3a/1aH
BBUJIE HEITPEPBIBHON (PYHKITUN BCIOJY BHE MATHUTHOI'O 3apsjia. dTOObI
MOKa3aTh 3TO, 3AIlUIIEM MOTOK MArHUTHOTO TOJIA Yepe3 MOBEPXHOCTH
Y1 U X, HATAHYTHIE HA KOHTYD 7:

F = | HdS= j{def F,= | HdS= —fﬁdfz —F (2
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Torma cymmapHbIil TOTOK Yepe3 TMOBEPXHOCTD X = X1 + X9 OKa3biBa-
ercs pasabiM: F' = F) + Fy = 0 ecin ff(?) - HelpepbIBHAsT QYHKIIS
A% —TM.

Oxanako B npucyrcrBun ncrounnka F' = 4wy # 0. To ectb A ue sis-
eTCsl HelIPEePhIBHOM (DyHKIIMEH Ha [TOBEPXHOCTH ..

Yrobbr TOKa3aTh, KaK HaJMINe MarHUTHOTO 3apsja ITPUBOIUT K
KBaHTOBAHUIO 3JIEKTPUIECKOIO - BOCIIOJIb3yeMCs (POPMYINPOBKOIT KBaH-
TOBOIl MeXaHUKU B MHTerpaJiaX 10 TPaeKTOPHUSM, B paMKaxX KOTOpPOil
AMILIUTY/1a Iepexoja 9acTUIlbl 13 TOUKM 1 B TOUKY 2 3a BpeMd ty — tq
BBIPaYKAETCsl CJICYIONUM 00pa30M:

< 21|11 >— /exp(%)l?[ﬂ, S = So+e/ ARdF (3)
1
PaccMoTpuM oTHOCHTE/IBHYIO pas3y BKJIAJIOB JIBYX TPACKTOPHIT Y1 U V!
1 e - .
LSt - Sheh =S4 Aar ()
11U(=2)

Taxum 00pa3oM BKJIAJ B aMILIUTYLY AaHHBIME TPACKTOPUSMU PABEH
mbo 7 Fi, mbo —Fy. Ho ammurysia ne JloKna 3aBHCETh OT Pac-
cMaTpuBaeMoit oTHocuTeIbHON (aspl. Takum 00pa3oM JIerko BUAETD
4TO 3JIEKTPHYECKHIT 32| Ope/IesIsdeTcs CTelleHbIo oTobpaskenus ST —
St (pynpamentanbnoil rpynmoit m1(S1) = Z) sBumy TpeboBaHus HH-
BAPUAHTHOCTH aMILIUTY/bl OTHOCUTEIHHO U3MEHEHUs OTHOCUTEILHOI

dazmbl.
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Torna:

e=— nez (6)

20

DTO U ecTh PaBUJIO KBaHTOBaHUs [lupaka jijisi 3JIEKTPHIECKOro 3apsi-
JIa B IPUCYTCTBUU MArHUTHOI'O MOHOIIOJISI.
MaruuTHblit 3apsji, B OTJIMYNAE OT 3JeKTpuIecKoro nmeer ne Hérepos-
CKYIO, & TOIIOJIOTMYECKYIo Ipupojy. bosiee neraabHOe U3ydeHme 3Toro
sIBJIEHUS IIPUBOJIUT K HMOHsITUIO MOHOIIOJ1ei [TossikoBa-1’XoodTa, KOTO-
pble eCTeCTBEHHBIM 00pa30M BO3HUKAIOT B MPUCYTCTBUU KaJMOPOBOU-
HBIX II0JIefl B TOIOJOINYIECKH HETPUBUAJBHBIX MOJEJISIX TEOPHUH I0JI
CO CIIOHTAQHHO-HAPYIIEHHOIl CUMMeTpUeil.
PaccmoTpum cucTeMy, OIICHIBAEMYIO JIarPDAHZKIAHOM:

1 - . 1 -
=$=§ﬁm@2—Mﬁ—ﬂ5”—-&»2 (7)
EF,=08,A,—8,A, +gA, x A, (8)

F),, - Tenszop KaJaubposouHoro mnojd A, dbjdionierocs npucoenten-
HBIM IIPEACTABICHIEM KaﬂM6pOBqu0H IPYTITBI SO(3), ¢ - uzoBEKTOP-

HOE XUITCOBO II0Jie U Vqu qﬁ + gA X gb Haunmenbiree 3nate-
HHE SHEPIHH TaKOH CHCTeMBbl JIOCTHTAETCs Ha HOJIEBBIX KOH(bHIYpa-
musx ¢ = const, |¢\ = a?. To ecTh Ha BaKyyMHBIX cdeponjax, Ha
koTopbix SO(3) geiicTByeT TpaH3UTHBHO, HO HeI(D(MEKTUBHO (JIEMKO
MOKA3aTh YTO CTAOUIN3aTOPOM JeficTBust TpyIbl siBisieress SO(2)).
Taxum 06pazoM TOIOJIOrMIECKOe ITPCOTPAHCTBO BAKYyyMOB IF'OMEOMOP-
Ho dakTop-tpoctpacHTy S? = SO(3)/SO(2), romeomopdHoOMy 1BY-
MepHoit ccepe S2, siBssioneiicss cdepoil pajuyca a B U30TONMYECKOM
npoctpancTBe. To ecTb oToOparkeHue g; 0 82 — S? na acumnroTnke
T — 00 XapaKTepu3yeTcsi BTOPOl FOMOTOIMNYECKOI IPyIIIIOit 7T2(S2) =
Z.. TakuMm 006pa30M TOJIEBBIM KOH(UTYyPaAIINsIM MOYKHO IIOCTABUTH B CO-
OTBETCTBUE TOIOJIOIMYECKIt 3apsi (), ompejelisds ero Kak 3JIEMEHT

m9(S?) = 7. Hanpumep BbIYEC/IAd HOTOK Yepes BaKyyMHYIO cdepy
S
— = 1 - = 4
F= mm:-/iwm@mgz—lg (9)
sz 2Js2 g
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['oMoTonMIeckne KJacchbl MpU 3TOM OYJIyT pa3jeseHbl MexKy co0oii
OEeCKOHEYHBIM IIOTEHIINAIbHBIM OapbepoM. CpaBHUBas 9TO ¢ (hOPMYJIOil
laycca F' = 4w, IpUXOJIUM K BBIBOJLY, YTO MarHUTHBIN 3apsiji HMeeT
TOIOJIOTUYECKYI0 IIPUPOJLY U OIPEIe/IgeTcsd KaK CTelleHb 0TOOPayKeHust
& : S22 — 5% um p = —% 13 abesieBoCTH BBICIHIMX TOMOTOIMNYECKUX
I'PYIIII, IPUXOAUM K BBIBOJLY, 9TO MATHUTHBIA 3apsi/i alINTHBEH.

PaccMoTrpennbtit mo1xo 1 00001aeTes Ha Cydail Tpon3BOJILHBIX Ka-
JTMOPOBOYHBIX CUMMETPHUI 1 TPOU3BOJIBHBIX MX HapymieHnil. s Toro
9TOOBI BBISICHUTDH - BO3HUKAIOT JII B PACCMATPUBAEMOI TeOpuu Mar-
HITHBIE MOHOIIOJIN - JIOCTATOUHO paccmorperd mo(G/H ), rie G - most-
Hasl rpylia KajanbpoBounoit cummerpun, H - rpyia HeHapyIeHHbIX
cuMmMeTpuii. KpurepueMm cymiecTBOBaHUS B TaKO MOJEIN MOHOIIOJIEIH
SIBJISIETCST HETPUBHATLHOCTD o (G / H).

Ecsin rpynna G ofiHOCBA3HA, TO U3 PACCMOTPEHMs TOYHOI TTOC/IEI0Ba~
tesibHOCTH paccyoenns G — G/H co cioem H

-

DG/ H) S m(H) S mi(@) D mi(G/H) S o (H) S
(10)
u 13 ojHocBsA3HOCTH G

0% m(G/H) S m(H) S 0 (11)
caemyer, aro mo(G/H) =~ m(H). DTa curyaiust XapaKTepHa J[JIs T€O-
puil BeJUKOro obbeauHenus. Hampumep ecim 3jeKTpoMarHuTHas 1
IBETOBAasi CUMMETPHUH He Hapymiatores, 1o ectb H ~ SU(3) x U(1)
torpa m(H) =~ m(U(1)) ~ Z, To ecTh 9TH TEOPUH TIPEJICKA3BIBAIOT
CYIIECTBOBaHNE MAarHUTHLIX MOHOINOJeH. Herpyano nposepurs, 4to B
CTAHJJAPTHON MOJEIM MOHOIOJIM OTCYTCTBYIOT BBUJY TPUBUAILHOCTH
BTOPOIl TOMOTOIMYECKON TPYIIIbI Oa3bl PACCIOECHUS JIIsT KaJInOPOBOU-
HBIX IPYII (DU3UKU CTAHIAPTHON MOJIE/IN.

BazkHo orMeTuTh, 4T 110 Has3s0oBOro Iepexoia MaCCUBHBIX MarHUT-
HBIX MOHOIIOJIEH IIPOCTO HE CYIIECTBYET, IIOCKOJILKY CUMMETPHA BOCCTa-
HosjieHa. OHu Bo3HUKaIOT BO Beesennoii nmocie ¢gaszoBoro mnepexoja.

B Mozes1X BeJIMKOro o0beJuHEeHUs CUMMETPUS 3JIeKTPOMAIHUT-
HBIX B3aMMOJCHCTBUI ObLIa BKJIIOYEHA B KOMIAKTHYIO I'DYIILY CHM-
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MeTpun Beukoro obobennuerust (BO), mesasi, Takum obpasoM, cyiie-
CTBOBaHNE MAIHUTHBIX MOHOIIOJIEH ¢ JUPAKOBCKUM MATrHUTHBIM 3apsi-
JIOM Hen30€KHBIM TOIOJIOIMIECKUM CJIeJACTBUEM HAPYIIEHUs] CHMMET-
pun BO. Macca monomoseil onpenessieTcst 1X BaKyyMHBIM CPEIHIM.
[IpenckaspiBaeMast Macca TaKIX MOHOIIOJIEH MMeJIa HOPSIOK BeJINI-
HBL M ~ %, rie A - XxapakrepHas BeJIMYMHA HAPYIIEHUs] CUMMETPUN
BO. s A ~ 10'GeV macca MoHOIOs oKazbiBaeTcs m ~ 101°GeV
97O OOBSCHSIET OTPHUIATEIbHbIE PE3YJIbTAThl MMOMCKOB MOHOIOJEH Ha
YCKOPUTEJISIX.

B cuHryssipHoM 10Jie MArHUTHOIO MOHOIIOJIST MHIYIUPYETCS pPac-
naJ| ipotoHa (pt — eTe~el) ¢ ceuenmnem, onpesesIeMbIM Pa3MEPOM
npotona (o ~ 1078¢m?)

CortacHo cTapoii Mojiesiu ropsiueil BeesleHHOI 9acTHIbI ¢ Maccoil ra
JIIOOOTO COPTA JIOJIKHBI ObLJIM HAXOJIUTHCS B PABHOBECUU TP TEMIIepa-
Type T > m eciin B3auMoieificTBIEe 9TUX JaCTHIL JOCTATOUHO CUJIbHOE,
YTOOBI BBIOJIHSIIICH YCJIOBUSI UX PABHOBECHUSI C ILIA3MOM M U3JIyIeHH-
eM. DTO 3HAYHUT, YTO CKOPOCTH PeaKIil ov JOCTATOUHO BeJINKa, UTO-
ob1 ObL10 cripaseyuBo yesaosne n(1)(ov) > I'. tae n(T') — mwioTHOCTD
qucsia yactull npu remmeparype T u [ ~ 73;—; TEMIT KOCMOJIOTTIECKOTO
pacmmupennd. Korma Temmneparypa nagaer 1o 1° < m Ilpu Temmepa-
Type ¢ KOIJla TEMII B3aHMOJICHCTBUA YacTUIl CPABHUBACTCS C TEMIIOM
KOCMOJIOPHYECKOI0 PACIINPEHUSI - YACTHUIILI BLIXOISAT U3 PABHOBECHS.
B pesyibraTe mponcxouT 3aKajKa JaCTHIl, U UX OTHOCHTEIbHAS KOH-
HeHTpalist OOJIbIIEe He MEHSAETCs, TIOCKOJILKY ¢ YMEHBIIIEHUEM TeMIIePar-
TYPBI TEMII PACIIUPEHNsT JO0JIKEeH ObLI IPEBBICUTD TEMIT AHHUTUJISIITII
ap MOHOIIO/Ib-aHTUMOHOIIOJIb, ITO JTOJIZKHO OBLIO MPUBECTH K 3aKaJIKe
KOHIIEHTPAI[II PEJTUKTOBBIX MAIHUTHBIX MOHOIIOJIEN.

Ceuenne aHHUTIAIINN OIIPEIEISIETCsT KYJIOHOBCKIM HTPUTSIZKEHIEM
MAIHUTHBIX 3apsIIOB.

HauaJibHast KOHIIEHTpAIA MOHOIOJIEH Ha HECKOJIBKO MOPSIIKOB Be-
JINYUHBI MEHbIIe, YeM KOHICHTPAIUs PeIATUBUCTCKIX YaCTHI B ILIa3-
Me, 1 JJIIHA CBOOOIHOrO Ipobera MOHOIIOJIEH OIpPeIesIsieTcs NX Pacce-
STHIEM Ha 3apsyKeHHBIX JacTHIax

Temir aHHUTUJIAIIANA MOHOITOJIS M AHTUMOHOITOJIST MOYKET ObIThH Haii-



ned B 1ubdy3noHHOM TPUOINKEHNN TPU paccMoTpernn auddy3nn
JACTHI] ¢ MATHUTHBIM 3apsJIOM — (4 K MOTJIOMAroIIeil cepe ¢ pajimy-
coMm a < 'y 1 ¢ MAarHUTHBIM 3apPsIOM /4.

Tornma JyIsi Macchl MACHUTHOrO MoHONOJIA m ~ 10%GeV - mror-
HOCTb MarHUTHBIX MOHOIIOJIEil OKa3bIBaeTCs Ha 16 OPSIJIKOB BEJIMIIHBI
6oJbINe, YeM 6apuOHHAA IOTHOCTD. J[1sT TOro 94T00bI permmTh mpob.ie-
My I1eperpon3BOJICTBA MOHOIIOIEH OblLIa MpejioyKeHa WHQJIAIMOHHAS
KOCMOJIOTMYeCKas MOJIe/Ib, B KOTOPOil HavdabHas KOHIIEHTPAITHS MO-
HOIIOJIEIl CUJIbHO I1I0/1aBJI€HA

PaccmarpuBaeMblil MeXaHU3M TOIMOJOTHIECKOTO 00pa30Balusd MO-
HOTOJIell B Imporiecce (hazoBOro mepexojia MPOUCXOIUT TaK, 9TO CHa-
JaJjia B IIPOCTPaHCTBE (POPMUPYETCS I0JI€ MOHOTOJIS U TOJIBKO 3aTeM
JIOKAJIN3YEeTCA CUHTYJIAPHOCTD ITOTO TMOJd. ZICHO, 9TO JIOKAJbHOE TI0-
Jle, poxkjaeMoe B (paszoBOM Iepexoje, He MMeeT opueHTaruu. Takum
00pa3oM, COBMECTHO C MOHOTOJIAMHU U AHTUMOHOIOJJIAMI MOTYT (hOp-
MUPOBATHCS METIN MarHUTHOTO TOJIsT, 00pa3ysl CTPYKTYPY HePBUIHBIX
MarHUTHBIX ToJieit Bo Beesrennoit (Xoomnos, 1988). CamocoriacoBanHast
9BOJIIOIN 3TUX ITEPBUYHBIX I10JIefl COBMECTHO C IIJIA3MOIl MOHOIIOJICH 1
AHTUMOHOIIOJIC ellle He U3y4eHa.



