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3KCI'IEPI/IMEI:ITA/\beII;I METOA, INPOBEPKH
HEABEAEBON MOAEAU TEMHOU MATEPHUU

B AaHHOI cTaTbe NpeaAaraeTcs MeToA 3KCMEPUMEHTAAbHOM MPOBEPKN OAHOM M3 MOAEAEN TEMHOW
matepum, B KOTOPOM TEMHOM MaTepueit IBASETCS KAaccnyeckoe HeabeaeBo SU(3) KaAMbBpoBOYHOE No-
Ae SHra-Muanca. [Npeanaraembiii METOA OCHOBAH Ha aHaAM3e ABMXKEHMS LIBETHbBIX 3apsS>KEHHbIX YacTu,
B HeabereBOM SU(3) KaAMOPOBOYHOM MOAe SlHra — MuAAca. AAs aHaAM3a TaKOro ABMXKEHMS MC-
MOAb3YIOTCSl ypaBHeHus BoHra, koTopble gBAsi0TCS 0606LeHMeM 2-0ro 3akoHa HbloToHa AAs YacTuu,
MMEIOLLIMX LIBETHOW 3apsia. PaccMOTpeH MexaHm3m AAs o6pe3aHusi KAACCMUYECKMX KaAMOPOBOYHbIX
MoAel B MPOCTPAHCTBE, yunTbiBasi KBAHTOBble 3hpeKkTbl. [1poBeAeHa OLeHKa 3Ha4YeHMs HanpPsSXKeHHOC-
TW, @ TaK>Ke NOTEHLMaAQ LLBETHOMO SIAEKTPUUYECKOT0 MOAS B raAakTuKe. [ToAyyeHo pelleHne ypaBHeHW
BoHra, onucbiBaiollee ABM>KEHME LIBETHOMO 3apsiaa B HeabeAeBOn MOAEAM TEMHOM MaTepun. Ha aTon
OCHOBE MPeAAaraeTCst METOA IKCMEePUMEHTAAbLHOM MPOBEPKU HEaBEAEBON MOAEAM TEMHOI MaTEPUM.

KAtoueBble cAoBa: TemMHas maTepus, ypaBHeHWst BoHra, ypaBHeHus AHra — MuAAca, UBeTHble
YacTuULbl, HeabeAeBO KaAMBPOBOYHOE MOAE.
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The experimental method for testing a non-Abelian dark matter model

A method of experimental verifcation of non — Abelian dark matter model where the dark matter is
a classic non-Abelian SU (3) gauge field Yang — Mills is proposed. The method is based on the analysis
of motion of charged particles in the colored non — Abelian gauge field. For the analysis of the motion
we use Wong equations that are the generalization of the second Newton law for particles with a color
charge. The field strengths values were evaluated in the colored electric field in the galaxy. A mechanism
for cutting off classical gauge fields in space is considered, taking into account quantum effects. The
value of the strength, as well as the potential of the colored electric field in the galaxy, is estimated. A
solution of the Wong equations describing the motion of a color charge in a non-Abelian model of dark
matter is obtained. On this basis, a method is proposed for experimental verification of a non-Abelian
model of dark matter.

Key words: dark matter, Yang — Mills equations, colored particles, non-Abelian gauge field.
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Kapa maTtepusiHbiH, HeabeAbAi YATiCiH TeKcepyre apHaAfaH Taxipubeci
ByA MakaAaaa Kapa MatepusiHbiH, 0ip MOAEAIH 3KCMEPUMEHTTIK SAICMEH TeKCepy YCbiHbIAFaH. Kapa

AeHe Aen TypraH SIHra-MUAACTIH Kaaccukanbik, Heabeaes SU(3) KaAMOpAIK epici. YCbIHbIAFaH 9AiC SHra-
MwuaacTin, Heabeae SU(3) KaAMOPAIK epiCiHAErT TYPAI-TYCTi 3apsiaATaAFaH BOALLEKTEPAIH KO3FaAbICbIH
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TanAQyFa HerispeAreH. MyHAQM KO3FaAbICTbl TaAAQY YUIIH, TYPAI-TYCTi 3apsiaTapra ve GeallekTepre
apHaAFaH HblOTOHHbIH 2-3aHbIHbIH, TOAIKTbIPMAChl GOAbIN TabblAaTbiH, BOHra TeHAeyi KOAAQHBIAAADI.
KeHicTikTe KAaCCMKaAbIK, KaAMOPAIK epicTi, KBaHTTbIK, 3)(DeKTTi eckepe OTbIpbin, GEAY MexaHM3MiI
KapacTbipbiAFaH. KepHeyAik MoHiHIH 6aracbl MeH TraAaKTMKaAaFbl TYPAI-TYCTI 3AEKTP OpiCiHiH

NMOTEeHUMaAbl  KapacTbipbiAfaH. Ocbl
SKCMEPUMEHTTIK TEKCEPY BAICI YCbIHbIAFaH.

Herispe Kapasfbl

MaTePUSIHbIH  SAEMAIK eMeC MOAEAIH

Ty#in ce3aep: BoHr Tenaeyaepi, SHr — MUAAC TeHAEYAEpI, HeaBeAbAiK epic, TYCTi OeALleK, Kapa

mMartepum4.

BBenenune

B nacrosimee Bpemsi cumMTaeTcs, 9TO TMOMHMO
00BIYHOTO BUAMMOTO BellecTBa BO BceneHHou
JIOJDKHO TIPUCYTCTBOBATH W HEKOTOpPOE IpPyToe
rpaBuTaliioHHoe BemecTBo. CyImiecTByeT psin
ACTPOHOMHUYECKHX JIOKa3aTeIbCTB B TOJIB3Y €ro
cymectBoBanus [1]. B wacTHOCTH, 3TO KacaeTcs
WU3MEPEHHS KPUBBIX TaJlaKTUYECKOTO BpPAICHUS.
CortacHO HBIOTOHOBCKOW TEOpHHM TPABHUTAIIUU,
KpyTroBas CKOpPOCTh U OOBEKTa Ha yCTOWYUBOI
KEIJICPOBCKOW OpOUTE C pajuycoM 7T SBISIETCS

u(r) < \/M(r)/r, rne M(r) sto Macca, 3aKJIFOUCH-
Has B cdepe paamyca r.Torma mpu BBIIOTHEHHUU
HaOJIFOICHUA B 00JIacTH, JICKAIEH 3a IpemeaamMu
BUJIUMOM TpaHULIBl TalakTHKW, rae M = const.,
MO>KHO GBLIO 0XKHIATh, 4TO CKOpocTh U (1) o 1//T.
OmHAaKo acTPOHOMHYECKHE HAOMIONEHUS IOKAa3bI-
BalOT, YTO BO BHEMIHWX OOJACTAX TallaKTUK U
CTaHOBUTCS MPHOIU3UTENBHO TOCTOSHHOM. ITO
03HAYAET, YTO BOKPYT TaJAKTHK CYIIECTBYET OPEO,
BHYTPH KOTOPOTO TUIOTHOCTh MACChI BEZIET ce0s Kak
p(r) x 1/r? u wmacca M(r) < r. Kpome Toro,
M3MEpPEHUs TEKYJSIPHBIX CKOPOCTEH TalaKTUKH B
Kimacrepax W 3QQEKTH, CBA3aHHBIE C TpaBUTa-
[IMOHHBIM JINH3UPOBAaHNEM 0€3YCIIOBHO, YKA3bIBAIOT
Ha TO, YTO 3TU HAONIOJIATEIILHBIEC CIEACTBHUS TAKXKE
HE MOTYT OBITb OOBSICHCHBI TOJBKO HATUIHEM
00BIYHOTO BHIUMOTO BEIIECTBA.

Teoperudyeckoe MOAECTUPOBAHUE YKA3aHHBIX
HaOMroAaTeNbHBIX () (PEKTOB OOBIYHO BBITOTHICTCS
B paMKax JBYX OCHOBHBEIX IOJXO0JIOB. Bo-mepBhIX,
MpEeoiaraeTcsi, 4T0 B TaJlAKTUKaX W UX CKOII-
JEHUSAX JOMHHHpPYIOMIEH (opMol  BelecTBa
SIBJIICTCS HEKOTOpas HeBuauMmas ¢opma, Hasbl-
BaeMasi TeMHOW Matepueidl (s obmiero o63opa,
MTOCBSAIIEHHOTO NaHHOH Teme, cM. [2]). Cauraercs,
4TO B Hacrosiee BpeMsa Bo Bcenennoir TM coc-
TaBJsieT mopsaka 25% OT MoTHON MacChl BceX GopM
Marepud. VIcTHHHas npUpoAa TEMHOM MaTepuu
ocTaeTcs JIo CUX Mmop Heu3BecTHOU. [Ipennonaraer-
Cs, 9TO OHA COCTOUT M3 KAKWUX-TO OJKCIICPHUMECH-
TaTbHO MOKAa HEOTKPHITHIX uacTull [3, 4]. D10 He
MOTYT OBITh OapHOHBI, TIOCKOIBKY B 3TOM CIIydae
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KOCMHYECKHHA MHUKPOBOJHOBOM (OH W KPYIHO-
MacmraOHas cTpyKTypa Beenennoii Obiiu Obl paau-
KanbHO npyrumMu. [loaTomy, B kKauecTBe KaHAUIATOB
Ha ponb yactull TM mnpemuararorcs pa3ivuydHbIC
YaCTHIIBI, KOTOphIe OO clabo, MO0 COBCEM HE
B3aUMOJICHCTBYIOT C JJICKTPOMArHUTHBIM H3ITy4e-
HUEM (aKCHOHBI, CTEPUJIbHBIC HEUTPUHO, TPABUTH-
HO, cnab0 B3aMMOJICHCTBYIOIINE MacCCHUBHBIC Yac-
TUIIBL, ¥ T.11). [Ipu 5TOM mpenonaraercs, 4To Takue
YaCTHIIBI MOTYT KIIACTEPUPOBATHCS Ha MacmTadax,
TOpSIKa pa3MEPOB TAJITAKTHK M X CKOIUICHHA [5].

Bropoe nanpaBieHue MoAeIUpOBaHUS TEMHOU
MaTepuy CBA3aHO C MPEAIOJIOKEHHEM, YTO Ha ra-
JAKTHYECKUX MaciTabax caMu TEOPHH TPaBUTAIHN
(HPIOTOHOBCKAsI WJIM DUHIITEHHOBCKAst) TpeOYIOT
onpenencHHoON Moaudukanuu [6, 7]. 3a cdeT 3Toro
yaaercsi OOBSCHSATh OTMEUCHHBIC BBIIIE HAOIIO/a-
TenbHbIe 3 dexTrl 0e3 MpUBICUEHUS TUMIOTE3BI O
HaJIMYuM B rajaktukax TM.

B utore BumHO, 4TO 00BACHEHHE HAOTIOAATEIH-
HBIX (akTOB HEWM30ekKHO TpedyeT OO0 BBEACHIHS
HOBBIX, DKCICPUMEHTAIHLHO IOKAa HE OTKPBITHIX
¢$hopm MaTepu, 1060 MOANPUKALIMN CAMOM TEOpUU
rpaBuTanuu.B ngaHHONW cTathe MBI paboTaeM B
paMKax TepBOro NOAXOoJa, MpeAroyiaras, 4To B
raylakTUKax MOYKET WMEThCS CIenraibHas Gopma
TM, moxenupyemasi uBeTHbIMU TofisiMu [8-10] B
paMKax Kjaccuueckoi HeabeneBoi KaImOpoBOUYHON
teopun Slara — Mumica [11-13]. B [8-10] mokasaso,
YTO MOYKHO MOJYYHTh TaKOE pacrpeelieHre Kaauo-
POBOYHOTO TIOJNS, KOTOPOE aJeKBAaTHO OIHIIET
YHUBEPCAIBHYIO KPUBYIO BpAICHUS CIUPATBHBIX
ranaktuk. Pabotas B paMkax 3TOH MOJIENH, MBI
uccienyeM BiusiHue 1BeTHOM TM Ha JBHXKEHUE
NpOOHBIX [BETHBIX 4YacTUI] (MOHOIIONIEH WK
kBapkoB) [14, 15]. llBerHas TemHas MaTepus
OTHCHIBACTCS CIENHATbHBIM aH3aIleM, IT03BOJISIO-
VM TIOJTy4aTh PETyJIPHbIE CTATUYECKUE PEIICHUS
SU(3) ypaeuenwmit Slara-Mmmica [16, 17]. Heuau-
MocTh Takoi TM oOecrneuyuBaeTcs TEM, YTO I[BET-
HbI€ YacTUIBI B3aWMOJCUCTBYIOT C OOBIYHBIM
(6apnOHHBIM) BEIIECTBOM H 3JIEKTPOMATHUTHBIM
M3IIy4eHHEeM TOJbKO IpaBuTanvoHHo [18, 19]. Ha-
e [ENBI0 SABISETCS OIEHKA BIMSHUS TAKOTO POAa
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TM Ha nBM>XKeHHe TPOOHBIX YACTHI TUIIA MOHOIIOJIS
’r Xoodta — [lomsikoBa Wi yeAWHEHHOTO KBapKa
[20]. dns ommcaHWsl ABUXKEHUS JTHUX YACTHI] MBI
ucrnonb3yeMm ypaBHenust Bonra [21-25], B KOTOpBIX
MBI HCIIOJIb3YEM HAIPSHKEHHOCTH I[BETHBIX JJIEK-
TPUYECKUX W MarHUTHBIX IIOJIeH, 3Ha4YeHHd
KOTOPBIX MBI OLIEHHUIIN ITyTeM cpaBHEHMsI Macchl TM
¢ Maccoll HeabeseBbIX IoIeH.

Crarbs opraHu3oBaHa ciieyromum oopasom. B
pasnene 11, mpemcraBieHo ob1Iee ONMMCAHNE MOIEITH
HeaOeneBold TemMHON Matepuu. B pasgene 11,
paccMOTpeH croco0 TECTHPOBAHMS TaKOW MOJAEIH
TM, B npenenax KOTOPOU HANPSKEHHHOCTH CHJIb-
HBIX TOJEH OLIEHWBAIOTCA Ha Kparw TaJaKTUKU
(pazmen III A) a Takke IpeaCTaBICHBI aHAIUTH-
Yyeckue pelreHus ypasaeHuit Bonra (pazgen 111 B).
Hakoneu, B pazgene 1V, mMbl cymmupyem moiy-
YEHHBIE PEe3yNbTaThl M J1aéM HEKOTOphle KOMMEH-
Tapuu K paccMmarpusaeMoi monenu TM.

HeaGesneBa Moaesib TEMHOI MaTepuu

B aToMm pasnene mul ciiemyem ctaTthsam [8-10], B
koTopbix TM omnmuceiBaeTcs Kak KIIaCCUYECKOE
HeabemneBo More.

A. Obwue ypaenenus

MeI nipeqnonaraeM, 4To rajakTHKa MOTPYKeHa
B chepy, cocrosmryo u3 SU(3) kaJInOpOBOYHOIO
noyit. Mogenuposanue TM  ocymiectBisieTcs ¢
HCIOJIb30BaHueM kiaccuaeckoro SU(3) ypaBHEHHS
Sura-Muiica

D,E% =0, (1)

rae Ff = 9,A% — 0,A% + gf P°A)AS  smsercs

poBouHbI noteHuuai, i, v = 0,1,2,3 — npoctpanc-
TBEHHO-BPEMEHHBIC UHJCKCHI, § — KOHCTaHTAa CBSI3U
u ¢ — gpumorca SU(3) CTPyKTypHBIMH KOHC-
TaHTaMH.

UT0o0Bl 3KCHEPUMEHTAIBHO MPOBEPHUTH TaKyIO
Mozaenb TM, paccMOTpUM JBMXKCHHE IIBETHBIX
3apsHKEHHBIX YacTHIl (MOHOTIONEH WM OJMHOYHBIX
KBapKOB), TIOMEIIEHHBIX B JTO KaJHOPOBOYHOE
noJie. 3apsDKEHHBIC 1[BETHBIC YAaCTHUIIBI SIBIISTHOTCS
HeabeneBbIM 0000IIEHNEM KIIACCUYECKOTO DJIEK-
TPUUECKOTO 3apsijia B KaTUOPOBOYHBIX TEOPHIX
Aura-Musica. OHM XapaKTepU3YIOTCS LIBETHBIM
3apsiaom T,, tae a = 1,2, ...,8 — 11BeTHON HMHJEKC.
JIBr>keHuEe IIBETHOM YacTHIBI C Maccod m mon
JIEHCTBHEM BHEIITHETO [BETHOTO JIEKTPHYECKOTO U
MAarHUTHOTO TIOJIEH ONHCHIBACTCS YpPaBHEHUSMHU
Bownra [21]

dzx“ dx
_anptvr. B
mc g5z = ghE; "T, 75 )
T, , dxt
a5 = IaehiTgoTe 3)

IIpaBast gacTe ypaBHeHUS (2) sSBISETCS IIBET-
HBIM 00OOmeHneM cuibl JlopeHna W3 3JeKTpo-
nuHaMuKN  MakcBenmna, a mpaBas 4acTh, (3)
ONMCHIBAaeT BpallleHue BekTopa T,; B MPOCTPAHCTBE
LIBETHBIX 3apsIIOB.

B. Pacnpeoenenue
Mamepuu

Jnsa pemenwnst ypaBHeHui SHra-Muuica (1) Met
WCIOJIBb3yeM CJEIYIOMNNA CTaTUYeCKU aH3all s
knaccuueckoro SU(3) kalmOpOBOYHOTO OIS Aﬁ

ueemHou memHoll

TeH3opoM nons Snra-Mumnca, A — SU(3) kamu6-  [22]:
A2=—2—)((r) 5 _ o Y _
0 e A} = gr2 —x() Al = grz — x(r) 4)
A2 = 263” [h( ) + 1] €%
i A5 = 2= [h(r) + 1] Al =2 [h(r) +1] (5
X!
= Aaji(€px? + €jx ) v(r) A9 = (r) (6)

3,Z[CCL KOMITIOHCHTBI KaJ'II/I6pOBO‘IHOFO T10JIs
A7 € SU(2) € SU®B); i),k =123 — npocr-

PAHCTBCHHBIC HHICKCHI; Eijk — €CTh IIOJIHOCTBIO

(Aau + /'la]l)x x/ P

AHTHUCUMMETPHYHBINA cuMBOJI JleBu-Yusuta; Aqj, —
Mmatpuubl ['enn-Manna; y(r), h(r),v(r), u w(r)-
HEKOTOpPBIE HEM3BECTHBIE (YHKIIMH. DTOT aH3all
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HalKCcaH B IeKapTOBOM CHCTEME KOOPAMHAT X, Y, Z C
r2=x%+y%+ 2%

[loncraBuB (4)-(6) B (1) m g HPOCTOTHI
npuHsB  y(r) = h(r) =0, MOXHO TOJYYHTh
CIeMYIONMNH Ha0Op ypaBHEHUH Tt QYHKIIANA UV U W

(7
®)

x’w" = 6wv?
x%v" =v3 — v —vw?

3nech WTpux 00603HauaeT nuddepeHIrpoBaHHE

HEKOTOpasi KOHCTAHTA. ACHMITTOTHYECKOE MOBEIC-
nue Gyukuuii v(x) u w(x) npu x > 1 cneayroriee:

v(x) = Asin(x® + ¢,), )
w(x) (10)
.+ [ax“ N a ; 1 cos(Zxxa+ 2¢0) ‘

rie ¢, ¥ a — nocrosinubie, U A2 = a(a — 1)/3.
CoOTBETCTBYIOMIAS TUIOTHOCTH dHEPTHH TM 115
CHCTEMBI, KOTOpas ONMUCHIBaeTCsl ypaBHeHUsIMH (7)

no Oe3pasMepHOMY paauycy X =71/ry, To — 1 (8) uMeer cienyomuii BUI:
o1 y V2 20w —w)?2 (w?P-1)2% viw?
— 0 -
SDM(T)——F&Fal-FZFi(]I-FaU—gZ—r(;} x—z § o +2 o +4 o (1)

T/Ie BBIpaXEHHE B KBaJIPAaTHBIX CKOOKaX COOTBET-
CTBYeT 0e3pa3MepHOI TNIOTHOCTH YHEPTUH.

YuuteiBas acUMNTOTHYECKUE pemeHus (9) u
(10), MO>XKHO TIOKa3aTh, YTO paccMaTpHUBAEMOE pac-
npeescHue KaJuOpOBOYHOTO TONS HMeeT Oec-
KOHEUHYI0 JHEPTUI0, KaK CIIEACTBHE aCUMITOTH-
YECKOT0 MOBEeACHUS TUIoTHOCTH SHeprun (11) (mms
nonpooHocteir cMm. [10]). CremoBartenbHO, AJs
TaKOTO TPOCTPAHCTBEHHOTO paclpeneleHns Kiac-
CHUECKMX KaJIMOPOBOYHBIX TIOJNEH HEoOXOJUMO
UMETh HEKOTOPBIA MEXaHU3M O0pE3aHMsL.

[lo Hamemy MHEHHIO, 3TO MOXKET OBITH CIEIIaHO
crexyromuM oopazom. Kak BumHO u3 ypaBHeHHH (9)
1 (10), kanmuOpOBOYHBIC MTOTEHITHAIBI ATO OCITHIIIN-
pyromire QyHKIMN, YaCTOTa KOTOPBIX BO3PACTAET C
yBeNMYeHHEM paccTossHus. Ha Oonpmumx paccros-
HUSAX OT IIEHTPa YacTOoTa TaKkWX KoyeOaHWid cTa-
HOBHUTCS HACTOJBKO OOJIBIIOW, 4YTO YXKEe HEoO-
XOJIUMO YYHTHIBAaTh KBAaHTOBBIE (uIyKTyarmu. Ta-
KM 00pa3oM, Ha HEKOTOPOM PAacCTOSIHUH OT Havyalia
KOOPAHMHAT KaJTMOPOBOYHOTO TOJIE JOKHO TPOUTH
Mepexo]] OT KIACCHYECKOTO COCTOSHHUS K KBAaHTO-
BoMY. B CBOIO OYepe/ib, KBAHTOBAHHBIE TOJISI OUCHb
OBICTPO TEPEXOJAT K CBOEMY HYJIEBOMY BaKyyM-
HOMY OXXKHJaeMOMy 3Ha4eHHUI0. Toraa, paccTosHue,

IIPH KOTOPOM IEPEXO0Jl OT KIACCHYECKOTO COCTOSI-
HUS K KBaHTOBOMY, MOYXHO pPacCMaTpHBaTh Kak
pamuyc obpe3aHusi, 10 KOTOPOTO PEUICHUS ypaB-
HeHuti (7) u (8) ocTaroTcs AecTBUTENLHEIMU. Kpo-
M€ TOro, OYeHb Ba)XXHO 3aMETHUTh, YTO KaJIMOPO-
BOYHOE II0JIE B BaKyyMHOM COCTOSIHHH JOJDKHO
OBITh OMHCaHO HemepTypOaTUBHBIM 00pazoM (CM.
Huxe B I D).

C. Hesuoumocms yeemogvix nonei

CkaxeM HECKOJBKO CIIOB 00 OCHOBHOI uepre
M000H TEeMHOW MaTepuu — €€ HEeBHIUMOCTH. B
paMKax paccmaTpuBaeMoi MOJISTTH ™
HEBUJUMOCTh  JIOCTUTA€TCS  OYCHb  MPOCTHIM
cocobom: 1BeTHOe BemectBo SU(3) (temHas
MaTepusi B KOHTEKCTE JAHHOW CTaThbU) SIBIISCTCS
HEBUJMMBIM, TTOCKOJIBKY IIBETHOE KaJIMOPOBOYHOE
0JIe B3aUMOJICHCTBYET C IBETHBIMU 3aPSDKEHHBIMU
yactuamMiu. Ho B HacTosIiee BpeMsl YaCTHIIBI,
obnanatormiie SU(3) IIBETHBIM 3apsoM TIOKa ellle
IKCIIEPUMEHTAIbHO HE 3aperucTpupoBaHbl. B
MPUHLMIE, B KadecTBE KaHAWAATa I TaKuX
JaCTHI] MOXHO paccMaTpuBaTh SU(3) MOHOITONH.

SU(3) narpanxuaH, ONMCHIBAIOUINM KBapKH,
B3anmmopelicTeyromue ¢ SU(3) HeabeneBbIM Ka-
JTUOPOBOYHBIM TOJIEM UMEET CIICIYFOIINN BUI:

ne
1 — /.
Lgocp = — ETr(FPﬁ,F‘”“’) + z qx (l]/”D# - mk)qk, (12)
k
rae
8 ﬂ,b
— : — b
D,q = (6u — lgAu)q, A, = Z Au? (13)
b=1
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(3mech  KanMOpOBOYHBIA MoTeHuman A, mpen-
CTaBjieH B MaTpuuHoi popme). Crnaraemoe igA, q B
ypaBHenuu (13) moxkaseiBaer, uro SU(3) mBeTHOe
MoJie B3aUMOJICHCTBYET TOJBKO ¢ KBapkamu. Ho,
KaK MBI 3HaeM, CBOOOJHBIC KBapKU B MPHUPOJE HE
HaOmronaroTces. Bee apyrue  ¢Gopmbl  Matepuu
OeCILIBETHBI, BKJIOUask OApUOHHYIO MaTEePHIO (BCIIEI-
CTBHE YyJepKaHUsI KBAPKOB B aJpOHaX) ¥ (HOTOHHI.
ITosTomy, paccMaTpuBaemas 37ech 11BeTHas TM He
B3aMMOJICHCTBYET C HHMH HAIPSIMYIO H MOXET
HaOJIOIaThCs TONBKO OJarojaps B3aMMOJICHCTBUIO
C I'paBUTAallMOHHBIM I10JIEM. I/IHTepeCHO, YTO B 3TOM
OTHOIICHUH MPoOJIeMa TEMHOW MAaTepud B acTpo-
(hm3mke cBsA3aHa ¢ TpolOiieMolt KoH(paHMEHTa B
(hm3HKe BBICOKHX 3HEPTHUH.

D.Ilepexo0 om Knaccuueckoit ¢ha3zvl
Ke8anmoeou

Panee Mbl YOOMHHAIA, YTO IJIAd OIMMMCAaHUA TCM-
HOM MaTepHH MbI UCIIONIBb3yeM Kinaccuueckoe SU(3)
KaTMOpPOBOYHOE MMOJIE, KOTOPOE Ha HEKOTOPOM pac-
CTOSTHUH OT IIEHTPA MEPEXOIUT B KBAHTOBYIO (a3y.
be3 Takoro nepexona nosHas sHeprus TM B 3TOM

K

Mojenu, Opta Obl OeckoHeuHna. Hmke MBI XOTHM
MOKa3aTh, YTO TMPHU Yy4YeTe HeNnepTypOaTHBHBIX
KBAaHTOBBIX J((PEKTOB, IHEPTHUS CTAHOBUTCS KO-
HeuHoU. B 3ToM pazzene paccMaTpuBaeTcs BO3MOXK-
HOCTh BBEJICHWS MEXaHW3Ma il oOpe3aHus pac-
MPeICIICHUs KIIACCHUECKUX KaTUOPOBOYHBIX MOJIeH
HA HEKOTOPOM PACCTOSHHUH OT LIEHTPA TaJaKTHKH.

Jlist  3TOrO  BOCITOJIB3yeMCSl  TIPUHITATIOM
HEOIPEIEIEHHOCTH [eiizenbepra, COTJIACHO
KOTOPOMY

1 a )
— AFf AA" AV = h. (14)
c

3nech AFf; — KBaHTOBBIE (ITyKTYaLMH BETHOTO
3JIEKTpHYECKOro mois, F; AA% KBAHTOBEIC
(IIyKTyanuy IBETHOTO TMOTEHIHANIA, Aai; AV - 310
00BbeM, B KOTOPOM IPOUCXOJISAT KBAHTOBBIE (DITyK-
tyatmn AFf u AAY

Ucnons3ys anzanl (4) — (6), MBI moIy4yaeM cle-
IyIOITHE KOMITOHEHTHI KaJMOPOBOYHOTO IIOTCH-
1[MaJia, 3akCaHHbIe B CHEPUUSCKUX KOOPAMHATAX:

1
A} = E{w(r)sinZHSin(Zw); —2x(r)cosh; w(r)sin?fcos(2¢); w(r)sin(26)cosy;
o _ _ _ 1 + 3cos(26) (15)
2x(r)sinfsing; w(r)sin(260)sing; —2y(r)sinfcosp; —w(r) T};
A% = 0; (16)
a 1 : . .
Ag = E{—Zv(r)cos(ZqJ) sinf; 0; 2v(r)sinfsin(2¢);
2v(r)cosOsing; 2[1 + h(r)]cosy; 17)
—2v(r)cosfOcosp; 2[1+ h(r)]sing; 0}
a 1 . . . . 2 . 2
Ap = 5{v(r)sm951n(29)51n(2<p); —2[+h(r)]sin“0; 2v(r)sin“OcosOcos(2¢);
v(r)cosp(sin(30) — sinf); —[1 + h(r)]sin(20)sing; 2v(r)cos(20)sinbsing; (18)
[1+ h(r)]sin(20)cosp; V3v(r)sinfsin(26)}.

Hcnonb3yst 3TM KOMIOHEHTHI U YUUTHIBas, 4YTO
B HameMm ciydae h(r) = y(r) =0, MoxHO
YBUJETH, YTO CYIIECTBYIOT BCEr0 TPU HEHYJIEBBIE
KOMIIOHEHTBI TEH30pa L[BETHOT'O
3JIEKTPOMArHUTHOIO MOJIS thg, Ft5(p,1/1 Ft7(p KOTOpBIE
MOTYT BXOJUThH B JIEBYIO 4acCTh COOTHoIeHus (14),

60

npudeM Bce oHM X vw/(gr). Jng Hammx 1enen
MO’KHO HCIIOJIb30BaTh JTHOO BCE TPU KOMIIOHEHTHI,
100 BBIOPATH JIFOOYIO OJHY U3 HUX, YTO MMO3BOJUT
VOPOCTUTh BBIKIAIKH U JaTh TPeOyeMyro HaM
rpyOyto oneHky. Iloatomy Bocmonb3yemcs B (14)
CIeAyroUIel KOMIIOHEHTOM:
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E2 = F2 = — Zging 2 (19)
= = ——sinf —.
7] to g r
~2
BBoaum puznueckyro KOMIIOHEHTY F g,
~2 2 vw
|Ft9| = ’|Ft26F2f9| = —sinf —-. (20)
g r
Torma, omyckas YHCIEHHBIH MHOXHUTEIb,

¢nykryanuu snextpuueckoro nons SU(3) Oyayt
CIIEAYIOIIUMH

e2y)

~ 11
AF?G zgr—z(Av w+ v Aw).

B cBoro ouepens, u3 ypaBHeruit (15)-(18), mbr
nMeeM

1
2 _ 1,3,4,6
A2 =0, AP oy, (22)
BBoauM (pu3HYECKHE KOMIIOHEHTEI
~1,3,4,6 1lv
|A9 | — /Aé’3’416A1,3,4,6 0~ —— (23)
qr
MBI TIPEATONAraeM, 9TO
~2 ~1346 14v
Ady =~ AAg" " ~——. (24)
gr

Janee, mepuosl mpOCTPAaHCTBEHHBIX KOJICOAHUH
BT >> Iy MOKHO ONIPEJICNUTH CIEAYIONINM 00pa3oM

0

I
)
3

x+D*—x*=a =

r (25)
X =—.

[Ipenmnosiokum, 4TO PacCTOSIHUE, HA KOTOPOM
KJ1accnueckoe IBeroBoe moje SU(3) craHoOBUTCS
KBaHTOBBIM, OIPEICIIAETCS KaK Paguyc, II€ BEJIH-
YHHA KBAHTOBBIX (DIYKTyaluii O, 3aKII0YEHHOTO
B 00BbEME

AV = Anr?Ar
Ar 1 2m
with — ~ 1~ —— (26)
Ty axa1

CTaHOBSATCS CPaBHUMBIMH C BEJIWYMHAMH 3TOTO
KJlaccuyeckoro mond. To ecTh, Ha pacCTOSHUU
Hepexoa, Mbl IPEII0IaraeM, 4ro
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Av = v, Aw = w. (27)
Ioncrasnss ypaBuenus (9), (10), (21), (24),

(26), u (27) B (14), MBI TONTy9aeM
Z) ~o2n, (28)

rne g = . hc/4mg — Oe3pasmepHas KOHCTaHTa
CBSI3HU, TTOJOOHO MOCTOSIHHOW TOHKOW CTPYKTYpHI B
KBAaHTOBOH  dJeKkTpoauHamuke a =e?/hc. B
KBaHTOBOM XpoMoauHamuke, B = 1/g'? = 1. Ecin
Mbl BbiOupaeM g' =1 u A = 0.4 (310 3HaueHHe
cleayeT W3 YHCIeHHBIX pacderoB [8-10]), Torma
nojyvyaeM

=] =~ 6.25, (29)

A

YTO COMOCTABHUMO C 27 = 6.28.

Takum o00pa3oMm, MBI TIOKa3ald, YTO €CJIH
yciaoBue (28) BBIMONHSETCS HAa  HEKOTOPOM
paccTOsSTHUM OT LIEHTPA, TO IPOUCXOAUT IIEPEXO OT
KJTaccnueckoit (a3l k kBaHTOBOH. K cokanmeHuio,
MoJlyueHHas:  NpUOJIM3UTENbHAs  OICHKAa  HE
MO3BOJISIET HAM BBIYUCIHTH PagUyC, Ha KOTOPOM
MPOUCXOANT TaKoW mepexox. Iy momcka Takoro
pamuyca, HeoOXOIUMO WMETh nonperturbative
KBaHTOBBIE METONbI, KOTOpPHIE OTCYTCTBYIOT Ha
NAHHBIA MOMEHT.

Pacuer naBMKeHHMSI LBETHOW 3apsizKeHHOI
YacTUIbI AJA TNPOBepPKH HeabesieBO Mojaenau
TeMHOI MaTepuHn

A. Ouenka 3HaueHUIl HARPANCEHHOCMU U
nomeHyuana KaiubpPo8oOUHO20 NONA

Msl mpejiaraeM  37€ch IOJAXOJ, KOTOPBIH
MO3BOJISIET HAM TECTHPOBAaTh Monueinb TM, omu-
CaHHYIO BBbIII€, OCHOBAHHBIM JIBMKEHWUU IBETHOMU
3apsDKEHHOM YacTUIIb! (MOHOTIONS WIIM OJUHOYHOTO
KBapKa) TIOJ[ JEWCTBHUEM IIBETHBIX OJJIEKTPOMATr-
HUTHBIX T0JIeH. J[j1st TOro MbI OyJIeM UCIOIB30BaTh
ypaBHeHus Bonra (2) u (3). UToOBI yIpoCTUTH WX,
MBI OTPAaHHYUMCS PACCMOTPEHHEM TPACKTOPHH
YacTHUIIBI, ABWXKYIICHCS B 3KBATOPHAJIBHOHN ILIOC-
koctd (T.e., mpu O = m/2) Ha (UKCHPOBAHHOM
paccrosiHuM OT 1eHTpa r = const. Ilpu atom, mo-
CKOJIbKY pa3Mepbl SKCIIEPUMEHTAILHON YCTaHOBKH
MHOTO MEHBIIIE pa3MEPOB TAJTAKTHKH, MOKHO TaKKe
MIOJIOKUTh YIJIOBYIO KoopauHaty ¢ = 0. B arom
Clly4ae TIOTEHIMANbl M HAIMpPsDKEHHOCTH IOJIed
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OyIyT BBINJISIIETH OCOOCHHO MPOCTO. Y UUTHIBAS BCE
3TO, BBIIUIIEM HMEIOLIUECS HEHYJEBBIE KOMIIO-
HEHTHI HANPSHKEHHOCTH DJIEKTPOMArHUTHOTO I[BET-
HOTO TOJISL U KAJTMOPOBOYHOTO MOTEHIUAIA;

2vw 30
Ef=Ep=——"0, 30)
gr
w —w
E} =\3Ef = e
2v' 31
9
PRI
r _gTZ v )
w (32)

2v
Ap=Ab=——, A} =+34F=—,
g gr

riae GQYyHKIUU ¥ 1 W BO3HUKAIOIINE 371ECh, SIBIISIOTCS
ACHUMIITOTHYECKUMHU PEICHUSIMHU ypaBHeHUH fIHra-
Munca, 3agaHabix ypasHeHusME (9) u (10) .

YroObl OILIEHHUTh BEJIWYMHBI I[BETHBHIX ITOJICH,
MIPUMEHSIEM 3aKOH TAroTeHus HbIOTOHA, KOTOpHII
JIaeT ClIeIyrolee COOTHOIIEHUE Il TPOOHOM yac-
THUIBI, PACIIOJIOXKCHHON BOJNM3M Kpasl TaJlaKTUKU H
BpAILAIOLIEICA BOKPYI €ro LEHTpa C KpyroBOu
CKOpOCTBIO U:

M

= (33)

uZ
Tg

3nech Y-HbIOTOHOBCKasi rpaBUTAIIMOHHAS TTOC-
tostHHas M = M, + Mpy — o0mas macca ramak-
TUKHW, BKJIIOYas Maccy BUAUMOHN, M,, U TEMHOH,
Mpy, Matepu; 1; — paauyc ranaktuky . M3 storo
COOTHOILIECHMSI HaxoauM Maccy TM kak

uZ
MDM = 7Tg — MU' (34)

PagnansHOE pacmpenesieHHE NIOTHOCTH JHEP-
TMH I[BETHOTO 3JIEKTPOMArHUTHOIO IIOJIS, OMMCHI-
Batouiero TM, paBHO

1 . . 1 (35)
— ~ 21720 55 33 88 417460 11
Eom = —E(E;ZE‘” + HEHY) =~ —E(EBE + ESES? + EZES + EFE® + HyH* + HLH'?)
~ ! E(rw’ —w)? +4r2v'? + 4v2w2] .
g*rt 13
a_ rpa ~ ~5 =3 =8 ~4 1
3nece E; = Fy;- 1SIBn;{eTCH XPOMO3JIEKTpHYEC- Eg~E,~E,~E, ~Hy~H,~ 37
a_ - [, . rajk _ _
KuM noneMm u H; = 21/ geijFY XpoMomar 3 4
HUTHOEe TIoNe. Bwipaxkenme (35) cooTBeTcTBYET ~B ¢ = |—c—,
wiotHoCcTH SHepruu (11), B KOTOPOH UCTIONB3YHOTCS iy 1
acuMmrrrotraeckue pemrenns (9) u (10) u ocTaBIeHBI
TOJIBKO CJIaraeMble, JArOIIUe JTHIUPYIOIINA BKIIaI. rzae Gu3nuecKre KOMIIOHEHTHI ToJIei
C npyroil CTOpOHBI, IUNIOTHOCTH »Hepruu TM
MOYKHO OIEHUTh U3 CJICAYIONIECTO BBIPAXKECHUS (15t 2w
MPOCTOTHI MPEINOJIOKUM, YTO 3IIEKTPUYECKOE M Ez = |EZE?0 = =,
MarHuTHOE TOJISl PacIpe/IeNIeHbI OTHOPOJIHO) gr
4 € (36) ~5 2vw
~ —y3 DM E> = |ESESe = —,
Mpm = 37T7”g o2 @ ® gr?
(38)

CpasuuBas Bolpaxenus (34) u (36) u, mpe-
HeOperasg Maccod BHIMMONH KOMIOHEHTHl M, 1o
CPaBHEHUIO ¢ Mpp, MBI MOKEM ITOJTyYUTH CIELYIO-
e NpUONMU3UTENbHBIE OLEHKH HampsHKeHHOCTH
MOJIS:
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i = [apme =22
P 4 gr

B cBoro ouepens, ucnonsiys ypaBHenue (32),
MOXKHO BBECTH CIEAYIOUIHE (PU3UUYCSCKHE KOMIIO-
HEHTHI JJIsl MOTEHIUaNa:

~1 v

Ag = |A§A0 = —,
6 2] gr
~4 4 _ v
(72 A(PA4(p - Et

(39)

ITonyueHHBIC OIICHOYHBIC BBIPAXKCHUS OyIyT
HCIIOJIb30BaHbl HIDKE MPU PaCCMOTPEHUHU Tpolecca
JBHYKEHUS POOHBIX YaCTHI B 33JJaHHBIX IIBETOBBIX
TTOJISIX.

B. Pewenue ypasuenuit Bonza

Kak ynmomuHanoce paHee, Mbl IpEIIOJaraem,
YTO pa3Mep SKCIEePHUMEHTANBHON YCTaHOBKH IS
M3YUYCHUS ABIKCHUSI IIBETHBIX 3aPSDKCHHBIX YACTHI]
HaMHOTO MEHbILIE, YeM paauyc ranaktuku. [Ipu
3TOM, WCXOZS M3 IPENIONIOKEHUS, YTO CKOPOCTH
TECTOBBIX YaCTHI] MHOTO MCHBIIIE CKOPOCTH CBETA,

HaM JOCTaTOYHO PAacCCMOTPETh HEPEISITUBUCTCKUN
npezaen ypaBHeHuit Bonra. B atom cnydae ds =
cdt, mbl uMeeM ypaBHernus (2) u (3) :

d?xt .
m— = —ghcF!°T,, (40)
drT,

dta = _gcfabcAch- (41)

Kak u mpexnme 3mece i = 1,23 sBmsercs
MIPOCTPAaHCTBEHHBIM HHAEKcoM. Kak ykasaHo B
pasnene III A MBI paccMarpuBaeM cilydal, Koria
HaIPsHKEHHOCTH XPOMOBIIEKTPUUECKOTO U XPOMO-
MarHuTHOTO TOJIS UMEIOT OJMH U TOT e MOPAIOK.
OTO TO3BONMWIO HaM MpeHeOpeyb MpoCcTpaHc-
TBEHHBIMU KOMITIOHEHTaMH CKOPOCTH B YPAaBHEHUSIX,
KOTOpBIE TpUBEACHHBI BbIEe. (COOTBETCTBEHHO,
ypaBHenue (40) Teneps COnePKUT KOMIOHEHTHI F.0
OIHCHIBAIOIIHE TOIBKO XPOMOINEKTPHUIECKOE T0JIE,
HO HE UIEHBl C XPOMOMArHMTHBIM mojieM. [lms
MIPOCTOTHI YAOOHO pemarts ypaBHeHus (40) u (41) B
JIEKapTOBOM CHCTeME KOOpAMHAT X,Y,Z, KOraa
KOOpAWHATAa X HaIlpaBlieHa BIOIb paauyca T,
KOOpJMHATA Y U Z — BJIOJIb YTIIOBOM TIepeMeHHOH 6
U (@, COOTBETCTBEHHO. B pe3yibpTrare mnomydum
CIIEIYIONIYI0 CUCTEMY YPaBHEHHS, ONMHCHIBAIOIIYIO
IBIDKEHUE TIPOOHOW YAaCTHUIBI C Maccou m u
JUHAMUKY BEKTOpa LIBETHOTO 3apsiaa T:

d?x s 1 d?y 5 d?z .
mﬁ = —ghCEr (T3 + ﬁTg), F —ghCEQTZ, mﬁ = —gflCE(pTS, (42)
dTl dTZ dT4 dT5 dT3,6,7,8

B »5THX ypaBHEHMSIX YHCJIEHHBIE 3HAYEHUSA
BXOJAIIMX CHOJAa KOMIIOHEHT Eﬁ,Eg,Eg, u A?

_ 1 ghc
X = Xg + Vpgyt 2 m
2

h Ej
Y=Y+ voyt+ m—gC@Tz(t),

T, (t) = T,;(0)coswt + T,(0)sinwt,
T, (t) = T4(0)coswt + T5(0)sinwt,
Ty =T, =T, = Tqg = const.,

ISSN 1563-0315

6epytesa u3 oneHok (37) u (39). YpaBuenus (42) u
(43) umeroT creayroniee ooIee pelieHue:

B} (75 + %Tg) t2,

5 44

ES (
= 7o + Vot + ——

2T R et gy

T,(t) = T,(0)coswt — T; (0)sinwt,
Ts(t) = T5(0)coswt — T, (0)sinwt,

(45)
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rue
X0, Y0, Z0» Vox» Yoy Yoz, T1 (0), T2(0), T, (0), Ts(0)
SBISIIOTCA ~ KOHCTAaHTaMH  MHTErPHUPOBaHUS.OTH
peIIeHuUs OMMCHIBAIOT OCHMIIIAIIMH OIS C YaCTOTOM
w = gcA? WIOC MepeHOCHOE JBMXEHUE C 3a/1aH-
HBIMH ~ HAYaJbHBIMU  CKOPOCTAMH  Vgy, Voy, Vo
HalpaBJIEHHBIMH BOUIb OCEH X,Y,Z COOTBETCTBCH-
Ho. O1leHUM Teneph YCKOpPEHHE I[BETHOTO 3apsja.
Jus sTOorO BOCTONB3yeMcsi ypaBHeHHeM (44) , u3
KOTOpPOTO UMEEM:
1. X-KOMIIOHEHTa YCKOPEHUS

(46)

[MoxcTammisiss B 3TO BBIPAKCHHUE YHCICHHYIO
ounenky st B2 = — E i ~ —B [cM. ypaBaenus (30),
(37) , u (38) ] u yuursiBas, uro g = /4m/(hc)g’,
MOy IUM

~ /3hc3ﬂ( L )
Ay = Y mr, T3+ﬁT8 .

Ecnm B xauecTBe MpOOHONW TECTOBOW YaCTHITHI
BbIOpaTe Monomons T Xoodra — IlomskoBa c
maccoit m ~ 1078g, To yuurTeBas, uTto paamyc
HaIlleH TAIAKTHKA PaBeH T, =~ 1023 ¢M u ckopocTh
gacturu TM Ha Kpam TalakTUKa U = 2.5 X
107 cm cex™ L, MBI momy4anum

(47)

a, ~ 0.03 g’ (T3 + %Tg) oM cex2, (48)

ITpu BBIOOPE g’ ~ 1 ¥ B MPEANONIOKEHUHU, YTO
BBIpOKCHHE B CKOOKax Toxke ~ 1,0ymemM uMeTh
BEJIMYUHY J1I00ABOYHOTO YCKOPEHHMS, CBSI3aHHOTO C
HaJIMYMeM IBETHOTO TOJII B OKPECTHOCTH 3eMIIH,
nopsiaka 3 X 1073% yckopeHusi cBOOOAHOTO Maje-
Hus Ha 3emuie. OYEBHIHO, YTO JJISI MOHOIIOJNCH ¢
MEHBIIMMH MaccaMH YCKOpeHue OyneT ele
OodpItIe.

2. JInst olleHKH YCKOPEHUM BJIOJIb KOOPIUHAT
U Z, HEOOXOIUMO BBIYHCIUTH YACTOTY OCITMIIIISIIHIA
w w3 (45). Ins 5Toro mpearnonokuM, 9YTO YUCIICH-
HBIE 3HAYEHUA KOMIIOHEHT E 5, E qso BXOISIIHX B (44)
MPHUOIMKEHHO PaBHBI YUCIIEHHBIM 3HAUEHUSIM COOT-

~2 ~5
BETCTBYIOUIMX (U3NYECKUX KOMIIOHEHT Eg, E, 13

(37) m (38) . To ecThb, MBI IpeAIIONATACM, YTO Eg =
Eg;;, ~ B. Taxxe yunthiBas (32) u (39) ,B xauecTBe
rpy0oOif  OIIEHKH MOXHO TPEINOI0KUTh, YTO

KOMIIOHEHTA BEKTOPHOTO ToTeHIMana A3 ~ ,B. B
pe3ynpTaTe Uil 4aCTOTHl UMEEM

3.
w = gcA} =
3c3 49
=g y_hu ~ g' x 10*%sec™L. )

W3 sTOTO BRIpaskE€HUS BUIHO, YTO IIBETHOE ITOJIC
OCITIULTUPYET ¢ YPE3BBIYAHHO OOJBITION YaCTOTOM.
CoOTBETCTBEHHO, 3a BpeMsI IPOBEACHNS U3MEPEHUS
MPOU30MIET HACTOINBKO MHOTO KOJeOaHUil,uTo
Mo3BOJICT ycpenHuTh GyHKuuu T,, T u3 (45) no
3TUM KosiebanusM. B pesynbrare momyuaem, T, =
Ts = 0, ¥, COOTBETCTBEHHO, W3 YypaBHeHUs (44)
nMeeM

Y =Yo +Voyt, Z =25+ Vgt (50)
T. €. PaBHOMEPHOE NBIDKCHHUE MPOOHOW YaCTHIIBI
BJIOJIb KOOPIIMHAT ¥, Z € Ay, = a, = 0.

3aKJII0uYeHne U 3aMeYaHus

[Ipupoga TM sBnseTcs OOHUM M3 KIIOUEBBIX
BOIIPOCOB COBPEMEHHBIX KOCMOJIOTHH H acTpoO-
¢u3uku. Hanbonee monynsipHOi rTMIOTE30H SBIISIET-
cs MOpEennojoxxeHue o ToMm, 4to TM cocTouT u3
HEKHX YacTHIl, HAMPSMYIO ClIad0 WJIM COBCEM HE
B3aMMOJICHCTBYIOIIUX C OOBIYHBIM (OapUOHHEIM)
BEIIECTBOM W 3JEKTPOMATHUTHBIM H3TyUYCHUEM.
OTO IPUBOJIUT K TOMY, YTO UX DKCIECPUMEHTAIEHOE
oOHapyXEHHE COMPSHKEHO C OOJBIIUMHU TPYI-
HOCTSIMHU. B HacTosimiee BpeMst TPOBOIATCS Pa3iInd-
HBbI€ JKCIEPUMEHTHI 10 MPSIMOMY U HENPSIMOMY
JNETEKTHPOBAHUIO YACTHI[ TEMHOW MaTepuu (CM.,
HanpumMmep, [20, 23]) HO UX pe3yIbTaThl HOKa TPYIHO
Ha3BaTh OOHAJEKMBAKIIMMU. B pamkax maHHOWM
CTaThH MBI TIpEJUIaraeM METOJ] TECTUPOBAHMS
mogenu TM, cocTosimiell U3 LBETHBIX AIIEKTPU-
YeCKUX W MarHUTHBIX Mojei omucaHHBIX B SU(3)
teopun Anra-Mwica. [loMuMoO rpaBUTalIMOHHOTO
B3aUMOJICUCTBUSl C APYTUMH THUIIAMHU BEILIECTBA,
TaK¥e TOJs MOTYT B3aMMOJICHCTBOBATH HAIIPSIMYIO
TOJIBKO C IIBETHBIMU 3apSOKEHHBIMH YaCTUIIAMU
THTIa MOHOITIOJICH WJIM OJXMHOYHBIX KBapKoB. Ecmu
IIPH 3TOM HUCCIICIOBATH ABMKCHHE TAKUX YACTHI] B
nabopatopuu Ha 3emie, TO B JIOTOJHEHHE K Tpa-
BUTAIIHOHHOMY YCKOPEHHUI0O HAJIMYHUE TaKOTO
MpsIMOTO  B3aUMOJICHCTBUS OyAeT TNPUBOIUTH K
MTOSIBJICHUIO JKCTPa YCKOPEHUH, 00ECIICUMBACMBIX
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[BETHBIMU TofisiMu. st pacueTa BETMYMHBI yKa-
3aHHBIX [IOTIOJIHUTENFHBIX YCKOPEHHH MBI BOC-
MTOJTH30BAIMCH M3BECTHBIMH ypaBHEHHSAMHU Bomra,
KOTOpPBIE OIKCHIBAIOT KIACCHYECKOE JIBHXKEHUE
HeaOeNeBBIX YaCTHI] IOA JCHCTBHEM I[BETHBIX
nosneil. [Ipu 3TOM BaXKHBIM MOMEHTOM SIBJISIETCS
OTpE/ICTICHHE BEIUYMHBI HAIPSDKEHHOCTEH IIBET-
HBIX TIOJIEH B OKPECTHOCTH 3eMiu. J[is ux rpy0oit
OIICHKH MBI PAaCCMOTPENN JIBUKCHHE MPOOHBIX
YaCTHI] O ACUCTBUEM FPaBUTALIMOHHOTO ot TM
B OKPECTHOCTH Kpas TaIaKTHUKU. VICTIONB3yS MOTy-
YCHHBIC OICHKH IS HAINPSHKEHHOCTH, MBI HAllUTH
o0Imue aHAMWTHYECKHE PEHICHUS  ypaBHEHHM
Bonra, KoTopbIe O3BOJISIOT PACCYUTATH BEJTHIUHY
JIOTIOJIHUTENILHOTO ycKopeHus. [loka3zaHo, 4yTo oHa
MOXET COCTaBJISAThH JIONH TPOICHTA OT YCKOPEHUS
CBOOOJIHOTO MajicHusI Ha 3eMJie, YTO, B IPUHIIHIIE,
MOXET OBITh 3apereCTPHPOBAHO DKCIIEPUMEH-
TaJIbHO.

OTMETHM Tenepb CUJIbHBIE M CIA0ble CTOPOHBI
HCIIOJIB3yeMOU 37eCh HeabelleBOi MOAEd TeMHOMH
martepun. [Ipexe Bcero 3aMeTiM, 9TO MpaKTHIeC-
KM BCE M3BECTHBIC MOJIECTTH TEMHOU MaTepHH TIPeI-
JIaraloT B Ka4eCTBE TaKOBOUW HOBBIE M HEU3BECTHEIC
(hopMBbI MaTepuu, A0 CUX IMOp HE OOHApYKEHHBIC
JKCIepUMEHTaIbHO. OYEBUIHO, YTO 3TO SBIACTCS
cnaboit ctopoHOW 5THX Moxened. [lostomy TOT
(akT, 9TO B paccMaTpUBacMOW HaMH MOJICTH
TEMHOI MaTeprH B €€ Ka4eCTBE BHICTYIIACT XOPOIIIO
n3BectHOe HeaOeneBo SU(3) kamuOpoBOYHOE TOIE
HECOMHEHHO SIBIIIETCS CHUJILHOW CTOPOHOM Takou
monenu. K cmaboit cropoHe paccmarpuBaeMoi
3aech Moaenu TM OTHOCHUTCS MpPEANoiOXKEHUE O
caMoil BO3MOXHOCTH TPUCYTCTBHUS KIIACCHIECKOTO

HeabelreBoro 1o B Macmrabax ["anakTuku.31ech,
MOKHO CKa3aTh, YTO NPHUHLMIHAIBHBIX BO3paxe-
HUH JUIA CYIIECTBOBAaHMS TaKWX IOJIEH He CyIec-
TByeT. Tak, HanpuMep, CyIECTBYIOT KIaCCHYECKHe
abenesl U(1) xammOpOBOYHBIE DIEKTPUYECKUE U
MarHuTHele moJs. [lodToMy mpennojokeHue o
CYLIECTBOBAaHMH KJIACCHUECKMX HeaOeIeBhIX MoJieit
HUYEeM TNPUHIWINHAAIGHO HE  OTIMYaeTcs OT
MPEMOIIOKEHHS O CYIIECTBOBAHHH KJIACCHUECKUX
abeneBbIx mosieil. Ha camoM nesne mpuHIMTTHAEHAS
pasHMIa 3aKIF0YaeTCs B aCHMITOTHYECKOM ITOBE-
JCHUU OSTHX TOJIeH. ACHMIITOTHYECKH a0eeBbl
TOJIS1 UMEIOT KYJIOHOBCKOE TIOBEJICHHE, & HeaOeIeBbI
MOJISl — HEKYJOHOBCKOE TOBEICHHE: OHU MaJaioT
MeIJIEHHEE YEM 1/7"2. B oT0o#i cBA3M MBI Ha
KauyeCTBEHHOM YypOBHE 0OCyXJaeM BO3MOXKHOE
pewenne stoi mpobaemsl (cm. II D). C skcnepu-
MEHTAJBLHOW TOYKH 3pEHHUS TIPOBEPKH CiIaboit
CTOpPOHOM HeabeneBoil MoJenu TEeMHOW MaTepuu
SBIIIETCS  (PaKTHUECKOE OTCYTCTBHE TECTOBBIX
YaCcTHI[: MOHOTIONHM DJKCIIEPUMEHTAJIbHO MOKa HE
3apeTUCTPUPOBAHBI, CBOOOAHBIE KBapku (TIpH Ma-
JIBIX DJHEPTHUAX/TEMIIepaTypax) HE CYIIECTBYIOT.
TeMm He MeHee, TOUCK MOHOTIONIEH MPOI0IIKACTCSI U,
BO3MOXXHO, B OyIylieM OHH OYIyT 3KCHEpUMEH-
TaTLHO OOHAPYKEHBI.

BaaropapHocTn
Asmopwr ¢ 6razooaprocmvio  ommeuaiom
n000EPIHCKY, npedoCcmasisnemyro eparmom

BR05236322 Munucmepcmsea Obpazosanus u
Hayxu Pecnyonruxu Kazaxcman.
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