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BBE/IEHIE

Ckpbitast Macca (B JJOCIOBHOM TI€PEBOJIE ¢ AHNJIUICKOrO S3bIKA — TeMHAsT
matepus — Dark Matter, DM) — runorerudeckasi (hopma Marepun, KOTOpast
110 COBPEMEHHBIM OIICHKAM COCTAB/ISIET ITOPSIJIKA YeTBEPTHU IIJIOTHOCTH BEIIECTBA
Bceil Beesrennoit.

CoryiacHO COBPEMEHHOI KOCMOJIOITYeCKO MO, CYIIeCTBYeT TPU BUIA
CKPBITOI MACCBI: XOJIOJIHAS, TeIlJIas U ropsivas, KOTOPbIe KJIaCCUPUIUPYIOTCs
obpa3oMm, ornucaHHbIM, Harnpumep, B [1]. [Ipejmnookum, 4T0 U3HAYAJBHO I'ii-
MOTETHYECKIE JaCTHUIbI X CKPBITOI MaCChl HAXOAUJINCH B TEPMOJIMHAMITIECKOM
paBHOBecuHU ¢ OOBIYHBIM BelllecTBOM B paHHeil Beesennoii. I1pu HekoTopoii TeM-
neparype Ty T 4acTHIbl BBIILIM U3 PABHOBECHA U CTaIM PACIPOCTPAHATLCH
cBobomo. B ciryuae, ecin Ty < mx, roBopsIT 0 X0J10/4H0it ckpbiToil Macce (Cold
Dark Matter, CDM). B sTom ciryuae gactuibl X siBJISIOTCST HEPEIATUBUCTCKI-
mu. B nporusonosoxkuom ciydae Ty > mx paccMaTpUBalOTCA JiBa BapUaHTa:
myx = 13B u myx < 15B, coorBercTBytorniue Teioi n ropsyeil CKpbITOI Mac-
ce. Pasnuiia Mex 1y HuMu 3ak/iodaercsd B ToM, 9To ipu 1’ ~ 1 3B, mpu koTopoit
peanusyercss RD-MD-1iepexos, T.e. mepexo/i 0T paJualioHHO- IOMIHIPOBAHHOM
CTaJINN K IBLIEBUJIHOM, Topsadast CKPbITash MacCa siBJISETCsT PEISITUBUCTCKOI, a
TerIas - HePeIsITUBUCTCKOI.

HauboJiee nepcreKTUBHBIM pacCcMaTPUBAEMbIM BapUaHTOM CKPBITOI Mac-
CBI SIBJISIETCsT XOJIO/IHAS CKPBITas Macca B pamkax mojenan ACDM. Dt1o obbsic-
HSIETCS TE€M, UTO YaCTUIbI TOpsveil CKPBITOH MACChl MOI'YT COCTABJISATDH JIUIIIh
HEOOJIBIIYIO ee YacTh, UYTO CJIEYET M3 OIEHOK BO3MYIIEHUS IIJIOTHOCTH ITPO-
cTpaHcTBeHHBIX paszmepoB ~ 100 Muk. CoBpeMeHHBIE OLIEHKHM OTHOCUTEIbHOII
IUIOTHOCTH XOJIOJIHOf CKPBITON Macchl nafor 3uadenue (). = 0,258 [2]. [Ipn
9TOM, OJIHAKO, BO3MOYKHOCTH CYIIECTBOBAHUS TEILION U ropsiueil CKpbITONH Mac-
Chl UCKJII0YAThL HeJb3sl. Bee paccyzKjieHnsi, IpuBejeHHbIe BhIIlle, OCHOBAHBI HA
IIPEJITOJIOYKEHNN, YTO B HaUaJIbHBIII MOMEHT BPpEMEHU YaCTHUI[bl CKPBITONH MaCChI

1 OOBLIYHOTO BellleCTBa HaxXOJAMWJINChb B TEPMOINHaAMNYICCKOM PaBHOBECHMN. Ecan



YCJIOBUTLCs, UTO YACTUII HE HAXO/ATCS B PABHOBECHH, TO OIIEHKa MACChHI JIaH-
HBIX YacTHI OyJIeT CyIIECTBEHHO cjadee.

Brepsble ruroresa o CyLIeCTBOBAHHH CKPBITONH MacChl ObLIa BbIJIBHHY-
Ta emie B 1933 1. ®@. [IBUKKM B pe3ysibTaTe UCC/IeI0BaAHNS CKOILJIEHNS TaJaKTUK
Kowma B cozsesuu Bostocskr Beponukn. [IBUKKM, m3MepuB aucriepcnu CKOPoCTeit
OT/JEJIbHBIX TAJAKTUK, TTPEITOJI0XKIII, YTO JIJIA yIepyKaHUd TaJaKTUK B COCTaBe
CKOILJIGHUS CHJIAMU I'PaBUTAIINKA HEOOXOIUMO OOJIbIIOE KOJUIECTBO HEBUIUMOIT
marepun [3]. B 1936 1. mocse myGinkanum cratbi A. DRHIITEiHA O IPABITAI-
OHOM JIMH3UpOBaHUM, [IBUKKI MPeIoKII TPOBEpITh HAJIYINE CKPBHITONH Mac-
cbl TIpu oMo 3pdeKTa rpaBUTAIIMOHHO JIMH3bI, YTO HbIHE HOCUT Ha3BaHUE
MaKpOJIMH3UPOBaHus |1].

[Tocsie aToro Ha npoTsizkeHnn XX B. IPEANPUHITO MHOYKECTBO PA3INIHBIX
MONBITOK BBLISICHEHUS CYIIHOCTH CKPBLITOM Macchl, €e IMPOUCXOXKICHUS U PAIa
JNIPYTHX IIPO0JIEM, OCTAIOMINXCS OTKPLITBIMKA 1 Ha CEIOJHAIIHUN JIeHb.

CyIecTBYIOT MOJIE/IA, B KOTOPBIX YaCTUIIAMU CKPBITONH MACCHI sIBJISIOT-
¢ Kak dactuibl CTaHZapTHON MOJIEIN, TaK U BBIXOJAAININE 3a ee Ipeaesbl. B
JIAHHBIIT MOMEHT HauboJjiee aKTyaJIbHBIMU TEOPUSIMEI B 9TOM BOIIPOCE SABJISIIOTCS:

e CrabomsanmojieiicTytorine MaccuBable dacTuilbl — BumMibl (WIMPs —
Weakly Interacting Massive Particles), obiaatorniue mogaxoasgmmumu 3Ha-
YEHUSIMU MacChl 1 CeUeHUs] aHHUTUJIAIMN JIJIsl UX BbIXO/Ia, 13 PABHOBECHSI
B paHHell BeesleHHO ¢ IJIOTHOCTBHIO, XapaKTePHOI JIJIT CKPBITOII MacChI.

e CTabu/ibHble YaCTUIBI B CYIIEPCUMMETPUIHBIX TEOPUSIX — YACTHUIIbI, Ya-
CTO OTHOCSIINECH K KJIACCY BUMIIOB, SABJIAIONINECT TaK HA3BIBACMBIMU CY-
neprapTuepaMi K OObITHBIM JacTHUIaM. JacTHula-cyneprnapTHep odJaia-
eT JIPYyroil CTATUCKTHUKON 10 CpaBHEHUIO ¢ MCXOJIHON JacTuieil, Ho obJa-
JlaeT 10 OTHOMIEHNTO K Heil TeMU Ke caMbIMU B3anMO/IeCTBUSIMU.

e AKCHOHBI — 3JIEKTPUUIECKH HeATpabHbIE ICeBIOCKAJISIPHBIE SJIeMEHTap-
Hble YaCTHUIbI, BBEJEHUE KOTOPBIX OObLSICHSIET IHpobJieMy HaOJ/II0LaeMO-
ro Ha sKcrepuMenTe coxpanennsi C'P-mHBapHAHTHOCTU B CUJIbHBIX B3a-
UMOJICCTBUSAX TIOCPEJICTBOM J100aBJIEHIS HOBOI'O YJIeHA B JlarpaHyKuaH
KX/I, obecrieunBaroiiero MHBAPUAHTHOCTb OTHOCUTEILHO IIPeodpa3oBa-
auit rpynmst U(1) [5].

BouJtee nmogpobdumlit 0030p nepeuns KaHIIaToB Ha POJIb YaCTUIL CKPBITOM MacChl

MOKHO HaiiTw, Harnpumep, B 1] u [3].



1 MOJEJIb SEPKAJIBHOI'O CEKTOPA

B pamkax nacTosiieit paboThbl paccMaTpUBAETCsI TaK HAa3bIBaeMasi MOJIEJIb
3epPKaJIbHOI CKPBITOI MacChl, KOTOpasl, SIBJIASCH OJHOM U3 CAMBIX IIEPBBIX MO-
Jesiell CKpbIToit Macchl, 6bi1a copmynnpoana B paborax Y. fura, Y. Jlu [0],
a Takxke B paborax M. FO. Ko6zapena, JI. . Oxkyus u W. . ITomepanuyka
[7] B 50-x — 60-x rojax MpOIIIOrO CTOJETHs, a Takxke B paborax [3] u [I].
B nanmnoit Moesn jijist KaxKJ10i M3BECTHOM 9JIeMEHTAPHON IaCTUIBI (IJIEKTPO-
Ha, GOTOHA, MO3UTPOHA, MIOOHA U T.J.) JOJKEH CYIeCTBOBATH «3ePKaJbHbIN»
napTHep, T.e. JacTuIa, 00JIaIafoIass TEMI YKe MacCoil 1 CBOMCTBAME B3aMMO-
JeficTBHUS, HO MPaBOil KNPaIbHOCTHIO. KIpaJIbHOCTD 11 INPAKOBCKIX YaCTHIL
olpejiesigeTcsa Kak coOCTBEHHOe 3Hauenye MaTpuibl Jupaxa 7°, KOTopble, Kak
U3BECTHO 13 KBAHTOBOI Teopun 1oJist, paBHbl +1. /laHHast BeJMdmHa TOKA3bI-
BaeT, 110 KaKOMYy IIpejcTapjeHnio rpyimmbl [lyankape npeobdpasyercsi BOJHOBAasI
dyukus yactuipl. Motupanueit st Takoro pacimmperns CTaHIpaTHONR MOjIe-
JIN MOYKeT CJIY’KHUTh BOCCTAHOBJIEHHE CUMMETPHUN CJ1abbIX B3auMojeiicTBuil: P-
npeoOpazoBanue OyjIeT MepeBOJIUTD JIEBbIe YaCTIIbl B 3€pKaJIbHbIE TIPABbIE, UTO
ornucano, HarnpuMep, B [10]. B Takom ciydae 3epKajibHbIe YaCTUIIBI — CTAOUIIb-
HbIE U MACCHUBHBIE — MOTYT CJIYKUTb KaHJIIaTaMI Ha POJIb CKPBITONH MACCHI.

BekTopHble KaJmOpOBOUHBIE Teopun ¢ Oe3MaccoBbiMu hepmuonamu -
paka MpOSIBJISIIOT KHUpaJbHyto cummverputo |1 1]. B sTom ciyuae kupanbHOCTH
pPaBHOCUJIbHA, CHIUPAJIBLHOCTH — IIPOEKIUST CIUHA JACTUIlBl Ha HaIpaBJeHUE ee
nBuzKenust. Kak u jiist 6oJjiee o0IIero MoHATHsT KUPAJIbHOCTH, CIIMPAJILHOCTh MO-
»KeT ObITh JIeBOI 1 IpaBoil. B skcrepuMmenTax HabJ/II0aI0TCs YaCTUIIBI ¢ 00EIMU
BUJIAMU CIINPAJIbHOCTH.

B ciyuae, ecim paccmarpuBaercss dpepmuon dnpaka, mMmeromnumii Mmaccy,
KHUPAJILHOCTD U CIIUPAJIBLHOCTD CJICJIYET Pa3/inydaTh, MOCKOJIbKY TaKHe JacTUIIbI
HE IPOSIBJIAIOT KUPAJbHON CHMMETPUHU B CHJIY HAJMYMI MACCOBOIO UJI€HA B
JarpaHKuaHe, 9To OyJIeT PacCMOTPEHO HUZKE.

Ha s3bike Teopun rpyIm moJis B3anMoeiicTsuit Bo Beenennoit B paMkax



JIAHHOM MOJIEJIN MOI'YT OBbITh OIIMCAHBbI KaK
[SU(3) x SU(2) x U(1)] x [SU3) x SU(2)" x U(1)] (1.1)

WK, ¢ TOYKN 3peHust Teopunt Bemnkoro obbemuuenus, SU(5) x SU(H)', rue
IITPUX O3HAYAET IPYIIIBI CUMMETPUN B 3ePKAIBLHOM cekTope [12].

[Tpesmoaraercst, 910 3epKaJbHBIM YaCTUIIAM COOTBETCTBYET TPUBUAJIb-
HOeE IIpeJiCTaB/IeHIe OOBITHON KaJMOPOBOYHOI IPYIIIIBI, & OObIYHBIM JaCTHIIAM —
TpUBUAJIbHOE IIPeJICTaB/IeHIE 3ePKAJIbHOI KaJInOPOBOIHOMN IPYIIIIBI. DTO IIPUBO-
JAT K TOMY, 9TO YaCTHUIIBI ONPEJICJICHHON 3¢PKAJIbHOCTH (T.€. OOBITHDBIEC UJIH 3€P-
KAJIbHBIE) SIBJISAIOTCST CTEPUJIBHBIMU 110 OTHOIIEHNIO K B3AUMOJIEICTBUSIM JPYTOIt
3epKaJibHOCTH. Takum obpa3oM, HAITpUMeEp, POTOHBI OOBIYHOTO CEKTOPa MOTYT
B3aMMO/IeiCTBOBATDL ¢ (POTOHAMU 3€PKAJIbHOIO, OOBITHBIE HEHTPUHO — C 3€ep-
KAJbHBIME 1 T.JI., OJIHAKO 3ePKAJILHBII 9JIEKTPOH HE MOYKET B3aUMOJIEeiCTBOBATE
¢ 0OBIYHBIM (POTOHOM, PABHO KaK U OOBIUHBII 3JIEKTPOH HE MOYKET BCTYIIaTh BO
B3alMO/IefICTBUE C 3epPKaJIbHBIM.

[Tpu aTOM CcocTOsTHMS, COOTBETCTBYIOIINE HETPUBUAJILHOMY IIPE/ICTaB/Ie-
HIIO KaJIMOPOBOUYHBIX I'PYIII 00€NX 3epPKAIbHOCTE, JT0KHBI COOTBETCTBOBATE

OHpe,ZLeJIeHHbIM TUIIOTETUYECKUM YaCTUIaM. I‘IaHpI/IMep7 COCTOdHUE
X(2,1/3,1;1,1,3)

IUIOTETHYeCcKOro X -JIeNTOHa, OTBeJatoIee mpe/icTaBieHnto rpybr (1.1),; nme-
eT CBOICTBa OOBIYHOTO JICNITOHA W 3€PKAJILHOIO KBapka. OHO sgBjsgeTcs j1yoJie-
TOM II0 OOBIYHOI 3JIEKTPOCIa00il KaJanOpPOBOYHOM TI'PyIIIe U TPHUILIETOM OTHO-
CUTEJILHO 3epKaJIbHBIX 1IBETOBLIX IpeoOpa3oBanuii. Besejicrrue kondaiinmenta
10 3ePKAJHLHOMY TIBETY TaKOE COCTOSHIE JIOJIZKHO CBA3BIBATHCS C JIPYTHMU I[Be-
TOBBIMU 3€PKAJbHBIMI COCTOSHUSMEI, YTO JIACT COCTOSHMWA, BBITJISISAIINE KaK
aHoOMaJIbHBIN JienToH. [Iog00HbIe cocTosiHUSI BeayT cebsi Kak OecIiBeTHbIe da-
CTUIIBI C JIDOOHBIMU JEKTPUICCKUMU 3apsijiaMi B OOBITHBIX 3JIEKTPOMATHUT-
HBIX B3aHMO/IEHICTBUAX U HOCAT Ha3BaHue (pPaKTOHOB.

(DpaKTOHbI TaK2K€ BOSHUKaAIOT KaK COCTOAHNA

X(1,1,3:2,1/3,1)



X-KBapKOB, COOTBETCTBYOIINX PEJICTABICHIIO KaInOPOBOUHO# rpybl (1.1).
OHu uMeroT JPOOHBII 3epKAJIBHBIN JEKTPUIECKIIT 3apsi)i 1 HeHTpaIbHbl OTHO-

CHTEHHO OOBITMHOTO 9JIEKTPOMATHUTHOTO B3anmojeiicTsust |13; 14].

1.1 TEPMOJVMHAMWYECKHNE ACIIEKTDI
KNHETUYECKOI'O CMEIHINBAHNA

B paMkax mojienn JI0ImycKaeTcs, 9TO B yCJIOBUAX paHHell Bceenennoit cy-
IIECTBOBAJIA, ACCUMETPHS MEXKTy TeMIepaTypoil 1" 0OBITHOrO CEeKTOpa U TeMIIe-
parypoii T 3epKaJbHOrO CEKTOpa, IPUUEM TeMIIEpaTypPa 3ePKAILHOIO CEKTOPA,
JIOJIZKHA OBITH MaJia 110 CPaBHEHUIO ¢ TeMITepaTypoil 0OBITHOIO CeKTOpa Ha MO-
MEHT HadaJja Mepruoja MepBUIHOrO HYKJIEOCHHTe3a (orpaHmdenne Oyaer ornpe-
neneHo Hike). [lepBUTHbI HYK/ICOCHHTE3 TyBCTBUTENICH K IJIOTHOCTH SHEPIHN
Bceenennoit mpu T ~ 1 M»3B, koropas 00bIMHO NapaMeTpu3yeTcs B TePMUHAX
schbdexTusHOrO UNCIA CTenenel CBOGOIb! g = gl + Agur, Tie Ag.r — BRI
JIIOOBIX JIOTIOJTHUTE/IbHBIX BUJIOB YaCTHUIL B JIOTIOJIHEHNE K CTaHJIaPTHOMY 3Hade-
HUIO gjtT = 10, 75, BHOCUMBIiT (pOTOHAMU, FJIEKTPOHAMHU, TO3UTPOHAMU U TPEMs
coOpTaMM HEUTPUHO TTPHU YKa3aHHOI TeMIepaTrype. BKiiaj 3epKaabHBIX apTHe-

POB K JaHHbLIM YacCTUllaM IIPHUBOAUT K COOTHOIIIEHUIO

4
p/ T
— — | . 1.2
S\ T (1.2)

Pasznocrs Temneparyp T u 1" B X0/ KOCMOJIOIMUECKO SBOJIIOINN MOYKET BO3-
HUKHYTb, €CJIN I0Ce MHMJIAINN OObIYHBIN U 3epKaJbHBII CEKTOPhI HarpeBa-
I0TCSI LIPU Pa3HOil TeMmileparype; 3aTeM OHU PACIIMPSIOTCH ailadaTUuIecKu C
pacimupenneMm Bceesennoil, 6e3 ($ha30BbIX IepPexo 0B IIEPBOrO Pojia, TakK 4YTO B
000MX CEeKTOPax HTPOINN COXPAHSIOTCA 110 OTAeabHOCTH. [IoaTOMY cooTHOIIIE-
aue T /T 10/IKHO OBITH MOCTOSIHHBIM BO BDEMEHH. DTO BBIIOJIHIETCS, €C/n
BO BpeMs U 1ocjie MHQJISINNT HEeT CYyIIeCTBEHHOIO U3MeHeHust SHTponun. Ecin
MEYK]1y JIByMsI CEKTOPaMU CYIIEeCTBYET B3auMOJEHCTBHIE, TO OHO JIOJIZKHO OBITH
JIOCTATOYHO CJIa0bIM, YTOOBI HE IIPUBECTH JIBa CEKTOPa B TEILIOBOE PABHOBECHE

MeXK Ty coboit [12].



Pucynox 1.1 — J[Imarpamma @eifinmana a8 aHHUTHISAIAA  JIEKTPOH-
MO3UTPOHHOI MTaphI C MOCETYIONTIM TEPEXOIOM MTPOIYKTOB PACIa/ia B 3epKaIb-
HbBIII CEKTOP

1.2 ITAPAMETP KUHETUYECKOI'O
CMEILINBAHNA

[Ipocreiiieit BOBMOXKHOCTHIO OOHAPYKUTH B3aIMOJICIICTBIE YACTULL O0bIU-
HOT'O CEKTOPa C 3ePKaJIbHBIM sIBJISICTCS KUHETHIECKOE CMEITuBaHne PpOTOHOB U
3epKaJibHbIX (hoTOHOB. C UCIIOJIB30BAHIEM JTHarPAMMHON TEXHUKN JaHHBII IIPO-
1IeCC MOXKET OBITH IPOJAEMOHCTPUPOBAH OJIHOIIETICBOI JIrarpaMMoil, ITpejcTaB-
JIeHHOI1 Ha puc. 1.1.

Bormpoc o ToM, mocpeIcTBOM KaKNUX YaCTHUI] OCYIIECTBIISETCS JTaHHbIN TTPO-
IIECC, YeMY COOTBETCTBYET IIET/Isi Ha IPEJICTaBJICHHON JuarpaMme, BOOOIIe Io-
BOPSI, ABJIACTCA JTUCKYCCUOHHBIM 1 BBIBOJUT 34 PAMKN PacCMaTpUBaeMON B Ha-
crosieit padbore 3aaun. [TonbITKN OTBETUTH Ha HErO MPUBOJAT K Oojiee pyH-
JJlaMEHTaJILHOMY BOIIPOCY O TOM, 3a CYeT KaKOI'o MMEHHO B3aMMOJECHCTBUA OCY-
IIECTBJISETCS TIEPEX0/T YACTUIL 13 OOBITHOIO CEKTOPa B 3epKaJjIbHbIi. Hocure)is-
MU TaKOI'0 B3aUMOJEHCTBHUSI MOT'YT BBICTYIIATh, K IPUMEPY, (PpaKTOHBI, peUb O
KOTOPBIX IILJIa BBIIIIE.

Kunernvecknii 4jien jjarpamkKuana 3JIeKTPOMArHUTHOTO TI0JIs, OTBETCTBEH-

HBIIT 3a TaKoe BSaI/IMOILeIt/)ICTBI/Ie7 3alllICbIBa€TCA B BUIEC

€ /
Lopiz = §F/WF;LV7 <1'3)



rjie € — napamMerp KnHerndeckoro cMmeruBanus, FH = oFAY — 0¥ A¥ - tensop
/ / !/
9JeKTpoMaruuTuoro mojst, F'* = OFAY — 0V A*. TlosHoe BblpaykeHue [1Jist

Jlal'PpaH>KHaHa NMeeT BUJI

1 ’ ’ 4 r avyary !
L= _Z(FWFW+FWF W 2eF FY) —eqr Au(fA" ) —ear A ('Y f), (14)

riae f u f' obozHauaoT YacTUIbl OOLIYHOTO U 3€PKAILHOIO CEKTOPOB COOTBET-
creenno; A, A;l — BEKTOPHbIE IIOTEHIUAJIbI B OOBIYHOM U 3€KpPaJbHOM CEK-
Topax. IlyTeM HeC/I0KHBIX MPeodpa3s0BaHUil 9TOrO JarpaHzKuaHa, ONUCAHHBIX
B [12], mokasbiBaeTCs, UTO 3a CUET KUHETHYECKOIO CMENINBAHUS 3epKajibHbIE
YACTUILBI C 3ePKa/IbHBIM 3JIEKTPUYECKUM 3apAJIOM ¢y IIPUOOPETalOT TaKxKe JIo-
HOJIHUTEJIbHBII 3apa /i, paBHblil €qr. Takum odpasom ceueHne JJaHHOIO Ipolecca

olpezaeJrdeTcd MMEHHO ITapaMeTpOM KMHETHUYCCKOI'O CMCEIINBaHUA €.

1.3 HEJIb 1 AKTYAJIbHOCTDb PABOTHI

HecMmoTpst Ha TO 9TO MOJIe/Ib 3epKaIbHOI CKPBITOH Macchl Oblia BBe/Ie-
Ha eme B 60-X rojax IpOILIOr0 BeKa, OHA OCTAETCs aKTYaJbHOH 1M Ha cero-
JHANIHAN 1eHb. PesybTarhl HEKOTOPBIX KPYIHBIX 9KCIEPUMEHTOB, TAKIUX KaK
DAMA /Libra, DAMA /Nal, CDMS 1 XENONI10, M0XKHO HHTEpIPETHPOBATE
B TEPMUHAX CYIIECTBOBAHUSI 3EPKAJILHOIO CEKTOPA, T.€. BBEJCHUST 3CPKAJbHDBIX
YacTHIL, Mpejroaras UX KHHETHIECKOe CMENINBaHKe ¢ Y9aCTUIaME OOBITHOIO
ceKTopa ¢ mapamMerpoM €. [Ipu 5ToM Kak B 9KCIEPUMEHTAJIbHBIX, TaK U Teope-
TUYECKUX paboTax, HOCBSIIEHHBIX JAHHON TeMaTHKe, 3HAYCHHS € CUJILHO Pa3Jii-
qatoTCst (BILIOTH JIO PA3HUIBI B TIOPSJIKE JIAHHON BeinunHbl). Tak, Hampumep, B
[15] paccmaTpuBaeTcst BOIIpOC pactajia OPTOMO3UTPOHUST KaK CBI3YIOMIEH peak-
K MeKLy OOBIYHBIM 1 3epKaJIbHBIM ceKTopamit. Inarpamma Takoro mporecca
npuse/ieHa Ha puc. 2.1 [16]. Oxkugaercs, 9To B crydae, KOTJIa B Pe3yJIbTaTe 9KC-
[epuMeHTa OTCYTCTBYIOT IPOAYKTHI paciala, CyIIeCTBYeT BEPOATHOCTH TOIO,
9TO OHU IEPEIUId B 3epKajbHbI ceKTOp. B pesyibrare onmucanHoro SKCIepu-
MeHTa Ha HapamMerp KHHeTHYECKOTO CMENIMBAHKs YCTAHOBJIEHO OTPAHIYEHIEe
€ < 3,1-1077. B [16] nokazano, 4To 3HaueHne NapaMeTpa CMeNINBAHUS, YCTa-
HaBJINBAEMOE B PE3YJILTATE SKCIIEPUMEHTOB, MOKET OBITH YTOUHEHO J10 € ~ 1077,

HpI/I TaKOM ZK€ IIOpAAKE € B TEpPMUHAX PaCCeAHNA 3€PKAJIbHBIX fIJEP MO2KHO 00b-



o—-Ps

Pucynok 1.2 — Pacnaj opTono3uTpoHusI ¢ IOCJEAYIONINM IIEPEXOJIOM B 3ep-
KaJIBHDBIN CEeKTOP

SICHUTH pe3ysbrarhl sxcrepumenta DAMA /Nal, nocssrmennoro obnapyKeHuo
YaCTHUI[ CKPBITOI MaCCHI.

Kpowme Toro, anamns pesysnbratos sxcrnepumentos DAMA /Libra, CDMS,
XENON10 u DAMA /Nal, npuBesennsiit B |1 7], mokasbBaer, 9T0 pe3yibTaThl
srcrepuMenToB DAMA MoryT ObITh HHTEPIIPETHPOBAHBI IMEHHO KaK PacCestHie
3epKaJIbHbIX SIIEp C 3apsiJIoM X €, Ha YaCTHIaxX BeIecTBa OOBIYHOIO CEKTOPA.
B wacTHOCTH, JIyUIIIM KaHIIJIATOM Ha BOCIpom3BejaeHne pesyibraroB DAMA
ABJISIETCS 3ePKAJILHBIN KICJI0pojl. Pazdpoc Mace 3epKaIbHOTO KUCJIOPO/Ia MTpH-

BO,ZLI/IT K pa36pocy B ILOHYCTI/IMI)IX SHAYEHUAX HapaMeTpa CMEIIIUBaHNUA:
e~10"% = 1077,

Haxowner, B 18] Ha ocHOBaHNN OrpaHUYeHnil, 06ECIICUeHHBIX TEPBUTHBIM
HYKJIEOCHTE30M, IIPUBEJICHa BEPXHsisl OlIEHKa ITapaMeTpa KHHETHYECKOI'0 CMe-
muBaHus: € < 3 - 107°.

Ha ocHoBanmm npupeJieHHBIX (DAKTOB MOYKHO 3aKJIIOYUThL, UTO Ha, CEIo-
JIHSITHUN JIeHb B 3HAYEHUAX IIapaMeTpa CMelInBaHUs IIPUCYTCTBYET Heolpeie-
JIEHHOCTb, KOTOpPAasl, ObITh MOXKET, OTPUIIATEIbHO BJIMSIET HA SKCIEPUMEHTA/Ib-
HbIe BOBMOXKHOCTH OOHAPYKEHUs 3ePKaJIbHOI0 cekTopa. I1o aToit npuunne Hau-

OoJtee TOUHAS OIEHKA € TIPEJICTABIIAET cOO0N 0COOEHHO BaXKHYIO KaK TeOpeTHe-
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CKYIO, TaK U SKCIEPUMEHTAJILHYIO 3a/1a4y. KoppeKIys OlnCAHHBIX BBIIIE OIpa-
HUYEHUI BaykKHa JIJISI HHTEPIPETAIINN Pe3YIbTATOB y2Ke IIPOBEIEHHbBIX YKCIIepPH-
MEHTOB B paMKaX pacCMaTpUBaeMOil MOJIE/IN 3ePKAJILHOIO BEIECTBa, & TaKrKe
JUIst OYAYIIUX SKCIIEPUMEHTOB B 3TOi 00J1acTH.

[esibio HacToOsAIIEl PAOOTHI SIBJIIETC YTOUHEHIEe KOCMOJIOTMIECKIX Orpa-
HUYEHUI Ha [apaMeTp KUHETHYeCKOro CMeIInBaHUs Ha ocHoBaHuU [l12], rje
npusejena orenka € = 3 - 10710 u [19], tne € = 8,5 - 107 5 pamkax orpanu-
YEHHSI TEMITEPATYP OOBITHOIO I 36PKAJILHOIO CEKTOPOB, YCTAHOBJIEHHOI'O HITZKE.
JanHple mapaMerpbl MOJIyYeHbl Ha OCHOBAHUHU TEOPETUYECKUX PACIeTOB, BOC-
[IPOU3BEIEHHBIX HIKe. BUIHO, 9TO mpeicraBieHHble B JaHHbIX paboTax 3Hade-
HUsI [TapaMeTpa CMENINBaHUs OTJINYAIOTCSA IIOUTH B TPU pas3a, YTO UMEET 101
co0oil orpeie/IeHHbIe IPUINHBI ¢ TOYKN 3PEHHs pacdeTa, KOTOpble OyIyT pac-
cMOTpeHb! Jastee. Kak y2Ke ObLIO cKa3aHO, MOI00HOE Pa3Indne B OIeHKe Iapa-
MeTpa HeJIOIMYCTHMO ¢ TOUYKN 3PEHUsI IIOCTAHOBKU SKCIIEPUMEHTOB, HaIIPaBJIeH-

HbIX Ha 06Hapy>KeH1/Ie CKprTOfI MaCChl, a TaK>K€ aHaJilu3a UX PE3YJIbTaTOB.
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2 YPABHEHN A 9BOJIFOLINN
SEPKAJIbBHOTI'O CEKTOPA

[Ipocreiiniast BOBMOKHOCTh OOHAPYKUTh B3aUMO/JIEHCTBIE 3€PKAJIHLHOIO
BEIEeCTBA C YaCTUIAMU OOBITHOTO CEKTOpa 3aKII0UAETCAd B PACCMOTPEHUN pe-
aKINU AHHUTUJIAIAN JIEKTPOH-TIO3UTPOHHON Haphbl € MOCJIC/IYIOMNM [IePeX0I0M
IIPOJIYKTOB B 3€PKaJILHBII CEKTOP, T.€. KWHETHUECKOE CMeNnBaHne (DOTOHOB MO-
JKeT 3all0JIHATh 3epKaJibHbBII CeKTOp B paHHel BeesreHHOI mocpeacTBOM IpoIiec-
ca [19)]

— 1=1
ee — ee€.

B nacrosiieit pabore paccMaTpuBaeTCss IMEHHO TaKOI IIPOIECC 3aIl0THEHUS 3ep-
KAJBHOIO CeKTOpa. B Jylarpamxkuane sjeKTpoMarauTHoro mosist (1.4) 3a pealu-
3AIMI0 9TOTO TPOTecca OTBevYaeT Kunerndeckuii wien (1.3). B sTux mepmmmax
IIPOIECC AHHUTUJISIIIUN IIPUBOJIAT K OOMEHY dHeprueil Mex 1y CeKTOpaMim, Mpu-
qeM 3 PEeKTUBHOCTD JTAHHOTO IPOTIecca o< €2. B TakoM ciIyuac 3epKaJsbHbIH CeK-
TOp HarpeBaercs, T.e. coorHorienune remmeparyp 17 /T pacrer. [To sToit npuanne
MOYKHO YCTAHOBUTH KOCMOJIOI'MYECKIE OI'PaHUYEeHHsI Ha IIapaMeTp CMeIlnBaHuIsI
e|12].

Kax yke ObLIO YIIOMSIHYTO BBIIIE, B yCJIOBUsIX paHHeil Beenennoit jiis
TeMIIepaTyp OOBIYHOTO U 3ePKAJIbHOTO CEKTOPOB JIOJIZKHO BBITIOJTHSATHCST COOTHO-
merne T > T'. OrpaHmdenne OTHOMIEHNST JAHHBIX TEMIIEPATYD, 00YCIOBIEHHOE
nepBUIHBIM HyKseocuiTesoM, nmeet B 17 /T < 0.6 [20]. Kpowme Toro, anasu-
3bl, ODA3UPYIONINECS HA OCHOBE MaTEMAaTHIECKOI'O MOJICTUPOBAHUS PEJTUNKTOBOIO

U3JIy4deHusA C IIPpUMEHEHHEM YHUCJICHHBLIX METOJ0B, yCTaHaBJ/JIMBalOT APYIroe €ro

3HAUEHIE:
T/
— <03 2.1
T ~Y ? ( )
aro mogpodree onucano B [21] n [22]. Orpamntdenne (2.1) apisiercs Kiaccmte-

CKUM B paMKaxX paccMaTpuBaeMoil Mojiesin n OyaeT HeOJHOKPATHO UCIIOJIH30Ba-
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HO B JlaJIbHEHIIEeM.

CymecTBoBaHNe OIpaHNYEHUI HA COOTHOIIIECHUE TEMIIEPaTyp B KOHEUHOM
ATOre MPUBOJAUT K YBEJIMYCHUIO IJIOTHOCTU SHEPIrUun p’ B 3€pKaJLHOM CEKTOpe.
Taxum 00pa3zoM, MOXKHO I'OBOPUTH 00 9BOJIIOLNH 3€PKAJIBLHOIO CEKTOPA, KOTOPAast
B caMOM OOIIIEM CJIydae OIUCHIBACTCA YpaBHEHUEM

/
P ), (22)
ot
rae & (T ) — HeKOoTOopasl M3BecTHas (DYHKIIMSA, KOHKPETHas JJIsi KayKJIOro CJIy-
Jas, XapakKTepu3ylolas MPoIecc 3aloJHeHnd 3epKaJbHoro cekTopa. /lasee B
HacTodIeil pabore OYIyT paccMaTpUBATBLCA Pa3INIHBIC YaCTHBIE CIydal ypaB-

HeHusi (2.2), KOToOpoe MbI OyJeM 3a9acTyi0 HA3bIBATH YPABHEHUEM 3BOJIONNN

(3aroJtHEHNST 3ePKAJIBHOTO CEKTOPA.).

2.1 CJIVUAU ITPEHEBPEKEHIU ST MACCOI
SJIEKTPOHA

st Toro atober onpeaenutsb Buj dyakimun (1) u3 ypasHenus (2.2),
MOKHO WMCXOJUTh M3 CJAETYIONMMIX coobparkennii. Briosme ovdeBniHo, 910 CKO-
POCTDL 3allOJIHEHU 3€PKAJIBHOIO CEKTOpa OIIPe/esideTCsd KOJINIeCTBOM B3anuMO-
JeiicTBuil B enuaUIy Bpemenn. Ilociaeanee, B cBOO ouepeb, ONpPeIe/IsdeTcs n3-
HAYAJIbHBIM YUCJIOM NMe- U Me+ B3AUMOJCHCTBYIONINX B JaHHOM CJIydae 3JICK-
TPOHOB M MO3UTPOHOB. [lycTh HaHHBIN IIpoIecc UMeeT cedeHne o, U B ero pe-
3YJIbTATE 3epPKAJTLHOMY CEKTOPY TepefaeTces sueprus £, KOTopas MpeJICTaB/IsieT
coboit cymmy suepruit £ n Ey HajeTalonmx 9acTull B pacCMaTpPUBaEMOIl JIBYX-
JACTUYHON peakiun aHHurusinun. Torjga ypaBHeHue sBoonnu (2.2) MOKeT

OBITH 3aIICAHO B BHUJIE

p'
E = NetNe- < O_UMolg >, (23)
KOTOpI)Iﬁ ABJIAETCA O6IHI/IM IIpn pacCMOTPpeHNH [ ] B,ZLGCI)

Vol = V/|V1 — Va|2 — |[v1 X Va2

13



Ha3bIBAETCsl CKOPOCTbIO MEJiepa n sIBJIsIeTCsl OTHOCUTEILHON PeJIATHBUCTCKOM
CKOPOCTBIO CTOJIKHOBEHMS JIBYX HAJICTAIONIMX ITOTOKOB YaCTHII, 00JIaIa0IINX
CKOPOCTSIMHE V1 U Vg [23; 24]. B obiriem ciydae Bbipakernne < ovpE > UMeeT

BUJI
f UUMol(El + Ez)efEl/TeiEQ/ngpldgpg
[ e Bi/Te~Ba/T B, ddp, ’

IJIe P1 U Py — 3-MMITYJILCHI B3auMoieiicTByommux dactuil. [lojodHas cTpykTypa

< oV >= (2.4)

MOSIBJIACTCA IIPU pacdeTe CeYeHUsT aHHUTUIIAINY JIBYXYACTUYHBIX PEAKIINIT C 110-
CJICJIYIONINM TIEPEXOJ0M K TEIJIOBOMY CPEJIHEMY B BbIDAyKCHUU JIJId UHTErpaJsa
CTOJIKHOBEHUIT, BO3HUKAIOIIETO IIPU PACCMOTPEHUN KUHETUYECKOTO YDPaBHEHUS
Bosibnimana. IIpu sTomM yuurThiBaeTcs, 4TO (QYHKIUs paclpeie/ieHIs JaCTHull
npu remuepatype T aBJjIsgeTcst MaKCBELJIOBCKO-00JILIIMaHOBCKOI, T.€. UMeeT BU/I
J(T) o eap(~E/T) [21].

B nanbueitniem B ypaBaennn (2.3), ucrosib3yst 3akon Credana-Bosbiivana

I YABTPapeIATUBUCTCKUX YaCTULl C HYJIEBBIM XUMWYCCKUM IIOTCHIIMaJIOM

7T2gT4
P= Q5
30
yiobHee repeiit K Besinauue p /p, 9T00bl HCKIIOTUTD BDEMEHHYO 3aBUCHMOCTb

BCJIEJCTBUE pacimupeHns: BeegeHHoil, a TakxKe MCI0Ib30BaTh CBA3b, MOJIYyYeH-

HYIO Ha, OCHOBAQHHU M3BECTHOI'O BhIparKeHUsl JJIs ITapaMerpa Xaboia:

Mpy

= 0.39_1/2 T

rie Mp; =~ 1.22 - 10?2 MsB — wmacca [lnanka. B TakoM ciayuae nveem

8p’/p — NetNe— < 0V > 0.6Mpy 95
ar w2gT*/30 NG (2:5)

Paccmorpum ypasrenue (2.5), HCrosib3ys craTucTuky Makcesesia u uruo-
pupys npunnui 3anpera Ilaysm. Torma, npenedperas B Iipejiesie Maccoii 3J1eK-
TpOHA, NMeeM PeIITUBUCTCKIIT TTpejiesl paccMaTpuBaeMoil Mojiestn. B sTom ciry-

qae

K(3),

Net+ = Ne- =~ 972 )
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rie ((3) — nocrostunast Aniepu. B pesisiTHBUCTCKOM CJiydae cedeHre aHHuILIsI-

1IN UMeeT BUJL
Aol e
3s

C ydeTom 3TOro, BblpaxkeHnune st < ovyo& > npuHuMaer hopmy

g =

P 2male? 56
< OUpMolC >= S—T, ( . )

rie o = 1/137 — sjilekTpoMarHuTHas KOHCTaHTa CBsA3u. BoJiee 10 poOHBIi Bbi-
BO/I JIAHHOT'O COOTHOIIEHUs, OCHOBAHHBIII Ha KNHEMATHYECKIX COOOparKeHUsIX,
npencrasied B [19]. C y94eToMm onmcaHHbIX BbIIIE Mpeobpa30BaHmii ypaBHEHMe

(2.5) MoKeT OBITH 3aIICAHO B BH/IE

a'lp A
=—— 2.
rae
27C(3)2042€2Mpl

T9\/9

Bosbiras 9acTh 3epKabHBIX (DOTOHOB 1 3JIEKTPOHOB POXKJIAETCA B 0018~
cru Husknx Temieparyp (17 < 5 MsB), crenoBarenbHo, ciaboe B3anMoeii-
CTBHE B 3€PKAJLHOM CEKTOPE He CMOXKeT 00eCIIeYUTh €ro 3alloJHEHUe TPEeMs
COpTaMU 3ePKaJbHBLIX HefiTpuHo. I103ToMy B J0CTATOYHO XOPOIIEM HPUOJINZKE-
HIN PAJIUAIOHHAA COCTAB/ISIONIANA 3€PKAJLHOIO CEKTOPA COCTOUT U3 3ePKAJIhb-
HBIX 9JIEKTPOHOB, TIO3UTPOHOB U (POTOHOB. DTO MPUBOUT K 3HadeHuto ¢’ = 11/2
1, CJIC/IOBATENIbHO, K TPeobpa3oBaHiio BeipazkeHust (1.2) s mepexoja oT cooT-
HOILEHUsI TJIOTHOCTEH 3ePKAJBLHOIO 1 OOBIYHOIO CEKTOPOB K COOTHOIIEHUIO MX

TeMIIEpPaTyp K BUJLY
4

pl B g/ T/ (2 8)
p g\T)" '
rie ¢'/g = 22/43.
Busito, 910 B pesisiTUBUCTCKOM TIpejiesie ypaBHuenue (2.3), mpeodpa3oBaH-
HOe B ypaBHeHUe (2.7), AB/IAeTCd YyPABHEHUEM C PA3JIeJIsIIOIINMUCS TI€PEMEHHbI-

MU H, cJjeJ0BaTe/JIbHO, NMEEeT aHaJUTUYIECKOE pPCEIIeHre, KOTOPOE OIIMCBLIBAECTCA
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dopmyiioit
1/4 1/4
T’ g 1 1

U SIBJISIETCsT PerieHneM 3ajaqdn s anddepernnaabaoro ypasuenuns (2.7) ¢
wadasbubiM yestosueM T7(T;) = 0, rne T; — mauasbHast Temieparypa. ['paduk

9TOI'O pellleHns IpejacTaB/ieH Ha puc. 2.1.

0404
0351

030+

0.15

0 5 10 15 20
T, MeV

Pucynok 2.1 — I'pacduk 3aBUCHMOCTH OTHOIIEHUS TEMIIEpaTyp B 3epKaJIbHOM
1 OOBITHOM CEKTOpaxX OT TeMIEPATypPhl B TpeHeOPEXKEHNN Maccoil 3JIeKTPOoHa
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2.2 CJIVUAN YVUETA MACCBHI QJIEKTPOHA
YCPEJIHEHUIA I10 CEYEHNIO, CKOPOCTU
MEJIJIEPA I TIEPEIABAEMON SYHEPTUN

C Y49€TOM MacCChI 9JIEKTPOHa BbIpazKeHUe JId KOHLEHTPpalonun 3JICKTPOHOB

U TIO3UTPOHOB NpuobpeTaeT Bu pactupeienenus Pepmu-/lupaka

—m2E
Net R Ne- —/ [ eBiT dE. (2.10)

PaccMmoTpuM Tenepb BeMUNHY, XapaKTepU3YIOIYI0 CKOPOCTh 3aIl0JIeHIs
3epKaJIbHOrO cekTopa (2.4), yauTbiBask Maccy 9JeKTpoHa. B 9ToM ciydae Bbi-

paxkenue JiJis Hee TpuodOpeTaeT Oojiee CJIOXKHBIN BT

1 i 2 i —ET EX
< oy >= STATZR (o) T) / dsa(s—4me)\/§/dE+e E, ?—1
4dm? NG
(2.11)

rie Ko(me/T) — momudurmposantas dbyHKimsa Beccesst 2-ro pojga 2-10 110-
psiaka. CedeHune 3j1eCh
4 5 1

0:?ae§(3+2m )2

BbIBOj1 JIAHHOIO BhIpaKeHUs aHAJIOTHYeH BbIBOLY (2.6) (¢ y4eToM Macchl 9JieK-
tpona) u npejcrasieH B [19]. C yuerom Buja Beamaunb (2.11), craHoBuTes
SICHBIM, 9TO ypaBHeHue (2.5) B JaHHOM CJIydae He MOYKET OBbITh PEIieHO aHa -

TUYCCKU.

2.2.1 PEIITEHUE YPABHEHU Y DBOJIIOIIUN 3EPKAJIBHOTI'O
CEKTOPA B CJIVUAE VCPEJIHEHU 110 CEYEHUIO,
CKOPOCTU MEJIJIEPA U ITIEPEIABAEMON SYHEPTUU

Paccmorpum 6ostee 1ojipobHO Botpoc o periennu ypasHenusi (2.5). Kak

yzKe OBLIO YIIOMAHYTO, JJAHHOE YpaBHEHUE He MOYKET ObITh PEIIeHO aHaIuTIIe-
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CKU, TIOTOMY JIJIsl €0 pellleHns UCII0JIb30BaHbl YUCIEHHbIE METO/Ibl, 3aK/I04at0-
IIUecs B aIlllIPOKCUMAIINN 1TPaBOil YacTH ypaBHEHUA NHTEIPUPYEMbIMU (DYHKIIN-
aviu. [Ipu aTom A4 pentennsd JaHHOTO ypaBHEHHUS B IIEPEMEHHBIX TeMIIEPATY PhI
JOJIZKHO BBITOJIHATHCsE orpatnyenne 77 /T < 0.3, a Takzke JI0/2KHA IMETH MECTO

acUMITOTHKa oc T /4

1Ipu OOJILIINX 3HAUYCHUSIX TeMIIEPATyPhl, T.€. ¢ HEKOTOPOIil
TOYHOCTBIO CXOJUTHCs C PEIIeHNEM B PEJISITUBICTCKOM CJIydae IPeHeOperKeHns
MaCCOil JIEKTPOHA.

Bee neiictBust mo pertiernio ypaBHeHust (2.5) TPOU3BE/ICHBI B TIPOTPAMM-
noMm rnakere Maple. BugHo, 9T0o mpaBasi 9acTb UMeET CJIOXKHYIO CTPYKTYPY C
TOYKHN 3peHust pererust uddepeHiuaibHoro ypasaenns (2.5), 1Mo npudnHe
Yero BO3ZHUKAET BOIPOC BHIOOpA HAMJIYUIIEH allliPOKCUMUPYIOIIei (PyHKITNN.

BosbMmeM B KauecTBe alpoKCUMUPYIOIIeil pyHKIUN [IpaBoil 4acT ypaB-

HEHNA 3BOJJIIOONN KYCOYHO-HEIIPEPBIBHYIO beHKHI/HO BHUIa

(100
> Coe TV T < 4
Fo(T) ={ n—t (2.12)
a
o T >4
\

3nech a - napamerp. [Ipu uHTerpmpoBaHun ypaBHEHHUsI C IIOJ00HOMN IpaBoil
YaCcThIO TIOJIYUEHO pellieHne, MpejicraBjieHHoe Ha puc. 2.2a u 2.20. Bujano, 1ro B
JAHHOM cJiydae pelenne od/1aaeT TpedyeMoil acCHMITOTHKOM, T.e. CTPEMUTCS
K PeJITUBUCTCKOMY CJIydalo.

HOHy‘{eHHaﬂ I[IpY IIOMOIIIM OIIMCaHHOI'O pacdeTa OLEHKa COCTaBUJIa
e~8,5-1071

9TO COBIAJACT C MpuBeeHHoi B [19].
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0304

0184

0.16

0.144

] 2 4 6 g 10
T.MeV

(a) pemenne ypaBrenus (2.5) ¢ mpaBoii 9acTbio B Buje (2.12)
B unrepsaje 0 < T < 10

0.6
054
T 4
T
034
02+
0.1
i) 20 40 60 g0 100

T. MeV

(6) pemenne ypaBrenus (2.5) ¢ mpaBoii 9acTbio B Buje (2.12)
B mHTepBase 0 < T < 100

Pucynok 2.2 — Permenne ypaBrenus sposorun u3 | 19)]
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2.3 CJIVUAN YUETA MACCBHI QJIEKTPOHA "1
YCPEJIHEHUSY 110 CEUEHUIO I CKOPOCTU
MEJIJIEPA

Kak yxe ymomMmHasoch BO BBeJIeHHH K paboTe, MHTEPEC MPECTaBISIEeT
PACXOK/ICHIEe 3HATCHNUIT TapaMeTPOB KIHETHIECKOro cMentiBanust B [12] u [19].
ObpaTuMest K pesysbraTaM, TpectaBieHHbM B [12]. B ganuoMm ciydae

ypaBHEHUE IBOJIIONNN UMEET BU/L

o'lp  — Ne(T)pe(T) < ovprer > 0.6Mpy

— - 2.13
T 2T]30 Nk (2.13)
rie
2 [ E2—mlE
n(T) = / o dF, (2.14)
2 1 /E?— mlE?
pT) = / e dE. (2.15)

B ommnune ot (2.5), B ypaBaenuu (2.13) paccmarpuBaroTcs (DYHKIMH PACIpe-
JleJIeHsT 3JIEKTPOHOB U IIJIOTHOCTHU dHEPTIun. TakykKe B 9TOM ciIiydae BbIpazKeHnue
JIIS TTapaMeTpa, OTBEYaloIlero 3a CKOPOCTh 3allOJHEHUS 3ePKaJJbHOIO CEKTO-
pa, UMeeT MHYIO CTPYKTYpy, 9eM B |19, B custy TOro, 94To TeIioBoe cpejiHee B

JAHHOM cJiydae OepeTcs 10 ceYeHNIo B3auMojeiicTBus o u ckopoctu Mésiepa

UMol:

< OUMol >=

L e
Smé‘T?K%(me/T)/ ols = 4mo)Vsk, <?> ds,  (2.16)

2
4m?

rie Ki(v/s/T) — momudunuposannas dyukuus Beccens 2-ro poja 1-ro 1o-
psifika. BBIBOJ JIAHHOTO COOTHOIIEHNE TaKKe MOJHOCThIO aHajornden (2.11) u

IpeJICTaBIIeH B [23)].
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2.3.1 PEIIIEHUE YPABHEHU Y BOJIIOIINN 3EPKAJIBHOT'O
CEKTOPA B CJIVUAE YCPEJIHEHIY I1I0 CEUEHUIO U
CKOPOCTU MEJIJIEPA

Anasornano ypasrenuto (2.5), ypasaerue (2.13) permaercs ¢ MOMOIIBIO
MeTOJIa, AlIIPOKCUMAIIH ero 1pasoii yactu. OHAKO 3/1eCh AlllIPOKCUMUPYIOAs]

pYHKIUS NMeeT B/

Sg(T), T <6
GT)=19 b
w5 T>0

3aeck S3(T) - crutaiin TpeThero mopsijika, b - mapamerp.

NN

0.18

o 1 2 3 4 s
T, MeV

Pucynok 2.3 — Perenne ypaBHenus sBoorun B ciaydae [12]
Perienne ypasHenus ¢ npasoit gactbio B Bujie G (1) mpejicraBieHo Ha pIC.
2.3. B [12] mpuseneno pemenne B koopaunatax p'/p(T'), ognako jist gajibHedi-

IMero aHajm3a HeoOXOINMO MOJTyIUTh perierne ypaBuerust (2.13) B KoopanHa-

tax 17" /T(T). s 9T0r0 JaHHOEe ypaBHEHHe peodpPa3oBaHO C TIOMOIIBIO CBSI3NU
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coOTHOIIEeHUs 1I0THOCTel n Temieparyp (1.2). Kak u B npesiiymenm ciydae,
orpanmndenue Ha 1" /T omucbiBaercs hopmyiioii (2.1). Bugxo, ato npepcranien-
HBIH IpaduK yI0BJIETBOPAET YKA3AHHOMY OFPAHUYCHUIO M UMeeT TPEeOYyeMYyIo
ACHMIITOTUKY. YMC/ICHHBIN pacder JaeT 3HAadeHue lapaMerpa KUHEeTHIeCKOrO

cvermuBanus € &~ 3 - 10719 koropoe TakzKe copnajaer ¢ ykazanubim B |12].

2.4 OBCY2KJIEHIE BJIA YPABHEHU S
SBOJIIOLINU 3EPKAJIBHOI'O CEKTOPA B
CJIVUAE YYETA MACCHI 9JIEKTPOHA "
YCPEJIHEHUY 110 CEYEHIIO I CKOPOCTH
MEJIJIEPA

Paccmorpum ctpykTypy ypasHenus (2.13), B 9aCTHOCTH - COOTHOIIEHHS
(2.14) m (2.15) /1 KOHIIEHTPAIINH 3JIEKTPOHOB 1 IJIOTHOCTH nX 3Heprun. B 0b-
IIEM CJIyUae BBIBO/I JTAHHBIX BhIPasKeHNI{T Oa3upyeTcst Ha MHTErPHPOBAHUH (DyHK-

nun pacrpepenenns @epmu-/Iupaka

1 1
1P) = GryiEm - 11

rjae
E(p) = vp* +m?,

110 NUMITyJIbCaM B ﬂOKaﬂbHO—ﬂOpeHHQBOﬁ cucreMe KoopanuHaTt:

ne = g. / f(p)dp = dmg, / fEWEE —mEdE,  (2.17)

b= g / f(p)E(p)d*p = dng, / FE)WE—mlEE.  (218)

B Boipazkenusix (2.17) u (2.18) Bo BTOPBIX paBeHCTBAX MPOMCXOIUT UHTEIPUPO-
BaHUE 110 yIJIaM ¢ UCIHOJIb30BaHueM cooTHomennss KdFE = |pld|pl; g — auncio
CIIMHOBBIX COCTOSIHUIN 9JIeKTpOHa, g = 2 [1].

C yderoM IpuBEIeHHBIX paccyzkaennii popmyisr (2.14) u (2.15) mpnob-
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peTaroT BU (C TOYHOCTBIO 10 HpeHe6pe>KeH1/I5{ XUMHNYECCKU MU HOTGHHM&H&MI/I)Z

ge [/E*—m2E 1 7 /EZ—mlE
ne(T) = 5 / dE = / dE, (2.19)

1+ eB/T 1+ eB/T

1+ cB/T 11 BT (2:20)

ge [ /E>—m2E? 1 [ /E?— m2E"
IOE(T) - 2 2/ db = _2/ k.
s s

Permnm Terneps ypaBrenne (2.13), npuHnMas BO BHUMaHUe cooTHOIeHust (2.19)
1 (2.20), a Takzke TOT (paKT, ITO MPH U3MEHEHUN BU/Ia pacipejieaeHuii TpeboBa-
aue (2.1) /1 COOTHOIIEHUsST TeMIepaTyp, BOOOIIe MOBOPs, He 00sS3aHO BBIOJI-
HSTBHCsI. B CBOIO Ouepejib HECOXpPaHEHUe TOro TpebOBaHUS MPUBOJUT K TOMY,
4TO 3HAUYEHME TapamMeTpa KUHETHYECKOIO CMeIINBAHUsI CTAHOBUTCSI HEOTIpe/le-
JICHHBIM, 9TO, BIPOYEM, BIIOJHE €CTECTBEHHO. 3aMETHM TaKKe, UTO DEIICHIe
JIOJIZKHO ¢ TOYHOCTBIO JI0 HODMUPOBKH COBIAJIATH CO CJIydIaeM, KOrJIa JIJisd JIaH-
HOT'O YPaBHEHUSI NCIOIB3YIOTCst cooTHOmmenns (2.14) n (2.15), mocKoibKy Ma-
TeMaTHYecKasi CTPYKTypa ypaBHEHUsI He M3MeHHIach. 13 9Toro ecrecTBeHHO
BBITEKAET, YTO U CTPYKTypa anipokcumupyiomeil dyukuun G(T) Takxke He
M3MEHSIeTCsI, TIO9TOMY ee HCIOJIb30BaHue Jijisl periennst ypaBaenns (2.13) Tak-
e omnpapiano. Kio9eBbIM STAOM peleHtsl sIBJISIeTCsT MOJTyIeHne mapaMeTpa
KUHETHIECKOTO CMEIMBaHNUs, 3HAUEHIEe KOTOPOIO OIPEJIesieTcsi TI0CPeICTBOM
HOPMUPOBKHU DEIeHus ¢ YIeTOM Kjaccudeckoro tpebosanust (2.1). OueBnjiHo,
4TO JIAHHOE PelleHne JI0JIKHO COXPAHATh ACUMIITOTHKY, ONPE/IeJIeHHYTO JIJIsl pe-
mennst ypasHenus (2.13) ¢ pacipejenennsmu B Buje (2.14) u (2.15).
[TostyuenHoe [1jist TAHHOTO pellieHHst OIEHOYHOe 3HATYeHIe TapaMerpa Kii-

HETUYECKOI'O CMeIInBaHA (C TOYHOCTBIO 0 ,D;GCSITI)IX) COCTaBJIAET
€~ 10,3-107%.

BuHo, 9ro 910 3HAUEHNE He COBIAJAET ¢ IPUBEIeHHbIM B [19].

[Iporecc perenns: ypasuenust (2.13) 3ak/rouaercs B 3aJlaHUN CETOTHOI
byHKIUI U151 ero IpaBoil 4acTh U ee MOC/IeIyIoNeil alllpOKCUMAINN KyCOYHO-
HenpepbiBHOil byukuneit G(T') Ha 1ByxX npoMexKyTKax. [lyTem 3aiaHust J0M0JI-
HUTEJILHBIX Y3JI0B I CeTOYHON (PYHKIUY B OKPECTHOCTH HYJIS MOJIYYCHO JAPY-

roe pellleHre YKa3aHHOI'O ypaBHEHHsI, I'paduK KOTOPOI'o IpeJ/CcTaBIeH Ha PUC.
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2.4. B pesyabrare mpoliecca HOpMUPOBKHU I'padrKa aHaJOTUIHO MTPEIBITY M

0304

0.18 4

016+

0144 :
0 2 4 6 8 10
T.MeV

Pucynok 2.4 — Perienne ypasuenns sposmorun (2.13) B cirydae nepeorpe/ieie-
Hust pactipeenennii B Buje (2.19) n (2.20)

CJIy4dadM pelleHUs] ypaBHEHUs IBOJIOIUM II0JIyYeHa HOBagd OlleHKa IlapaMeTrpa

KMHETUYICCKOI'O CMEIINBaHMsA, 3HaYCHIE KOTOpOfI COCTaBJIAET
-1
e~8,7-1071°.

Ucxoable 3HAUEHUST TTApAMETPOB pPa3/IMualorcs B €p/ep & 2,83 pasa.
[Tpousse ieHHbBIE YKe BBITUCICHIST COKPAIAIOT pacxXoxKaeHue jio eg/ep ~ 1,02,
B c¢Boto ouepeib NTOroBoe Pacxozk/IeHne 00yCIaBIMBACTCS CJACTYIOMNMI OCHOB-
HbIMU (haKTOpaMu:

e KoHeuHas pacueTHas TOYHOCTDL IakeTa Maple, 3akodalomasicss B 1po-

I'PAMMHOIl CJIOYKHOCTH 00pabOTKM CeTOYHON (PYHKIUU NPU J10OaBJICHIH

JIOTIOJTHUTE/IbHBIX Y3JI0B CETKU;

® TIOIPEITHOCTD ANMPOKCHMAINN ceTouHol dyukun dyuximeir G, (T).
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SAK/TFOHEHUE

B xojte paboThl paccMoTpena Mojiesb 3epKasibHOf CKPBITOI MAaCChI, 13y e-
HbI OCHOBHBIE TEOPETHUECCKIE TTOJIOKEHNsI, JIeXKAIlie B OCHOBE JIAHHON MOJIeIH;
PACCMOTPEHBI SKCIIEPIMEHTBI, IPOBOJIMMBIE B PAMKAX JAHHOIO HAIIDABJICHHSL.

B pamkax copmynmposamnoii e 06 yToUHEeHNH mapamMerpa KHHeTH-
TECKOI'O CMEIMBAHNS B MOJIC/IH 3€PKAJIBHON CKPBITONH MACChI JICTATBHO N3yte-
Hbl pabotel |[12] u [19], B KOTOPBIX B paMKax OJHOTO ¥ TOTO YK€ TEPMOJMHA-
MIYECKOrO orpanndenust (2.1) yKasaHbl pas3/JudHbIE MapaMeTpPbl CMEIHBAHUS:
e~3-1071% 1 e~ 8,510 coorBercTBeHHO.

Paccmorpensr ypasnenust (2.5) u (2.13), onmcbIBaornme 9BOJIONNIO 3ep-
KAJTbHOTO ceKTopa dacTuil. [losytaeHo perenne Jyis pessiTUBICTCKOTO CoIytas,
rpacduk KoToporo npusejer Ha puc. 2.1. Iosydeno permenne st ypaBHEHHsI
(2.5), HA OCHOBaHWE KOTOPOTO BBIUHCJIEHO 3HAYEHUE MapaMerTpa CMelnBaHUs
€~ 8,5-107 a Takike naa ypasmenus (2.13), nus xoroporo € ~ 3 - 10710,
['padpuKn MOJIyIeHHBIX PEIICHI COOTBETCTBEHHO MPEJICTABICHBI Ha pHC. 2.2a,
2.20.

Ha ocHoBammn paccMoTpeHns: 00X COOTHOIMICHUH [Ijisi KOHIICHTPAIHN
(2.17) u rornoctn suepruu (2.18) uz ||| nposenen ananns, B pesysbraTe KOTO-
poro cootHomenust (2.14) u (2.15) npuseens B ypaBHennu K dopme (2.19) u
(2.20). Perrtenune gannoro ciydast mpoJeMOHCTpUpOBaHo Ha puc. 2.4. Jljist nan-
HOTO CJIydas OTpeJIe/ieHo 3HAUeHIe MapaMerTpa KHHETHIeCKOrO CMeIUBAHNS B

pamkax orpaxudennst (2.1), KOTopoe coCTaBIIO
e~8,7-10710.

Taxmm obpaom, cOOTHOIEHNE TTapaMeTPOB KMHETUIECKOTO CMEIUBAHWS, TTPU-
BEJIEHHBIX B PACCMOTPEHHBIX CTaTbhsX, yTouHeHO ¢ 2,83 10 1,02, yTo naer BO3-
MOXKHOCTB CYJINTH 00 OTCYTCTBUM PACXOXKJICHUS TapaMeTPOB B paccMaTpUBae-

MOIt MOJIeJI1 ¢ TOYHOCTLIO /10 COTDIX.
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[TorpemnnocTs IpUBEJIEHHON OIEHKHU TJIABHBIM 00pa30M CKJIabIBACTCS U3
MOTPENTHOCTH YUCJIEHHBIX METOJIOB, NCIOJIH30BAHHBIX IS PEIIeHns ypaBHeHnit
9BOJIIOIAH, T.€. U3 MOTPENTHOCTH, 0OCY/IOBIECHHON KOHEUYHBIM BO3MOXKHBIM YHC-
JIOM Y3JIOB CETOYHOM (DYHKIMH, a TaKyKe U3 MOIPENTHOCTH AITPOKCHMAIINN B
nporpaMmmuom mnakere Maple.

B zak/roueHne ckakeMm, 4TO, HECMOTPs Ha IPOJIeJIaHHYI0 PabdOTy, B KO-
TOPOI OBLJIO MPUHATO MPEIOJI0KEHNEe 00 IJIEKTPOMArHUTHON TPUPOJie KITHe-
TUYECKOT0 CMEITUBAHWA, OJHON M3 (pyHIaMEHTAJIBHBIX MPOOJIEeM MOJIETN 3ep-
KaJILHOTO BEIEeCTBa SIBJISETCS BBIICHEHWE BUJIa B3aUMOJIEHCTBUS, OTBETCTBEH-
HOI'O 33 CMEIUBaHIe YaCTUIl OOBIYHON MaTepun ¢ YacTUIAMI 3epKaJIbHOI. DTa
npobJieMa MpeJIcTaBIgeT 0COOYI0 BaXKHOCTD JIJIsl TOHUMaHUs TPUPOJIbI CKPBITOI
Macchl B 1iesioM. lloydennoe B paMKax HacTOAIIEHl pabOThI YyTOUHEHUE TTapa-
MeTpa KMHETHIECKOTO CMENINBaHUs MOYKET ObITh TOJIE€3HBIM JIjI TPAKTOBaHUS
y7Ke TPOIIE/INX SKCIEPUMEHTOB, a TakyKe JJId OyIyInX SKCIEPUMEHTOB 10

IIOUCKY YaCTHIL CKprTOfI MacCCHhlI.
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