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Be1iBUHYTas Ha KOHKypce paboTa mpejacTaBiseT coO0i LUKI cTaTel, OmyOIMKOBAHHBIX C

2013 r. mo 2020 r. B Hay4YHBIX KypHaJlaX M MaTepuanax KoHpepeHuud B paMkax Tembl Ne 02-1-
1087-2009/2023 teme “UccnenoBanus no pU3MKe pelITUBUCTCKUX TSDKENBIX U JIETKMX HOHOB Ha
yckoputenbHbIX koMIuiekcax Hyknorpon-NICA OUAUN u SPS IIEPH”.

HpC,Z[CTaBJ'ICHHHﬁ UK pa60T HaIlpaBJICH Ha BBIAICHCHUC IMPUPOAbI KYMYIISITUBHBIX

IMpOLECCOB. B pe3yjibTate MNPOBCACHHBIX HCCHCHOBaHHﬁ, IMNOJIYYCHBI  JOKa3aTCJIbCTBA



CYLLIECTBOBAHMS XOJIOJHOM CBEPXIUIOTHON KOMIIOHEHTHI SAEPHOM MAaTEpUH — B OOBIYHBIX sJIpax
HaAOJIOMAI0TCS SApa MEHBIICH Macchl (IEHTPOHBI U TPUTOHBI) B CHIIBHO CXKATOM COCTOSIHUH. A
TaKKe MOJArOTOBICHA (pru3nyecKas mporpamma Juisi IPOBEACHUS HCCIEIO0BAHUS CBOWCTB HOBOTO
COCTOSIHUS SIACPHONM MaTEpUHU B IJITAHUPYEMBIX SKCIIEPUMEHTAX.

J.W.bnoxunueB B 1957r., aHanu3upysl SKCIEpPUMEHTAJbHbIE JAaHHBIE IO IPOTOH-
SIIEPHBIM CTOJIKHOBEHMSIM, ITOJIy4€HHbIE Ha cuHxpouukiorpone JISIT OUAN, npuiien k BeIBOY,
9TO HAOJFOaBIIEeCs TPYIION, o1 pykoBoacTBoM M.I".MeriepskoBa, KBa3Uymnpyroe paccesHue
IIPOTOHOB Ha JAEUTPOHAX (HAXOIALIMXCS B COCTABE sIEP) MOXKHO OIUCATh €CIIM MPENNOJI0KUTh
CYILLIECTBOBaHHUE B siipax siI€p MEHBIIEH Macchl B CXKaTOM COCTOSIHUHU. T.e. B OOBIUHBIX sJIpax
MPUCYTCTBYEeT OapHOHHAs KOMIIOHEHTa C IUIOTHOCTHIO 3HAUUTENFHO OOJIbINE, YeM CpEeaHss
IJIOTHOCTD SIIEPHON MaTepuu. Takue SKCIIepUMEHTHI MpooiKainuch nmocie 1957r. 8 JIAII OUSAN
n UTDO®. Opnako, OrpoMHBINM BCIUIECK HHTEpeca K HCCIEJOBAHUSIM MHOTOHYKJIOHHBIX
(MHOTOKBApKOBBIX) CHUCTEM HWHHUIIMHUpoOBaNa ctaTthss A.M. banguna mnosBuBmasicas B 1971r. u
MpeJiCKa3aBIlias CylIeCTBOBAHNUE «KYMYJIATUBHBIX IIPOLIECCOB)», KOTOPHIE, B TOM K€ IOy, ObUIH
oOHapy»KeHbI B AKCIIEPUMEHTAX C TyYKOM YCKOpPEHHBbIX J1eiTpoHOoB B JIBD OUSIU.

WccnenoBanusi KyMyJISTUBHBIX HPOIECCOB, B TIOCIEIYIOIINE I0/1bl, OOHAPY WA MHOTO
HEOOBIUHBIX 2(PQEKTOB, Takhe KaK: CHUIbHYIO A-3aBUCHUMOCTbH; H30TOMUYECKYIO CHUMMETPHUIO
YaCTHIl, POXKIAONIUXCS B KyMYJISTHBHOM KHHEMAaTHYECKOW OO0JIACTH; TOBBIIIEHHBIM BBIXOJ
0apuOHOB U sIEPHBIX (PArMEHTOB MO CPaBHEHHIO C ME30HAMH, M CKEHJIMHIOBOE MOBEACHUE
ceyeHuil. bonpimas 4acTh 3KCHMEPUMEHTATBHBIX JAHHBIX MO KYMYJISITUBHBIM IIporieccaMm Oblia
MoJIydyeHa B 00JacTu (parMeHTalUU SAep U MONepeYHbIMU UMITyJIbcaMu MeHbIie 1 [3B/c. Otu
SKCIEPUMEHTAJIbHBIE IaHHbIE CTUMYJIMPOBAIH MOSBICHNE MHOXKECTBA TEOPETHUECKUX MOJIETIeH,
KOTOpBIE pPacCMaTpHUBAIM Pa3IMYHbIE MHOTOHYKJIOHHBIE (MHOT'OKBapKOBBI) KOHGUTYpaluH B
sanpax Juist OOBbSICHEHHS IPUPOABI KYMYJIATUBHBIX IporieccoB. OAHU paccMaTpUBAId pa3IMUHbIE
BAapUaHTbhl MHOTOHYKJIOHHBIX (MHOTOKBApKOBBIX) CHUCTEM - (DIYKTOHBI, JPYyTHE CUMTAIH, UYTO B
SJIpax €CTh TOUEYHBIE HYKJIOHBI ¢ OONBIIMMU OTHOCUTEIbHBIMUA UMITYJICAMH, HAXOSIIIMMHUCS Ha
MaJIbIX PaCCTOSHUAX (HApuMep, KOPOTKoAeHCcTBYoIIKe Koppesiun - SRC).

B 2000-x romax HUTO® HUI[ «KypuaToBCKMii HMHCTUTYT» OBLIH IPOBEICHBI
HCCIIEIOBAHMS 10 TOMCKY BO3MOXKHOTO IITyOOKOHEYNPYyroro (uyKToH-(IyKTOHHOTO CIMSIHUS C
U3ITy4YeHUueM XKecTKuX (oToHOB BOMM3M yria 90 rpaaycoB B cCHCTEME LIEHTPAa MacC HYKIIOH-
HYKJIOHHBIX B3aUMOJCHCTBHI. DTO COBEpIIEHHO HOBBIM MeXaHU3M OO0pa3oBaHUs SlEp B
LHEeHTpaIbHOW oOjacTd B pA- u AA-B3aummojedcTBHsAX. OkcnepuMeHTbl B UTO® Obumn
npekpaiieHsl B 2012 roay nocie BbIXoAa U3 CTPOsi yCKOPUTEIIA.

C 2004r. B8 U®BD HUIL] «Kyp4yaTOBCKMH HMHCTUTYT» MPOBOMSTCS HCCIEIOBAHUS C
penstuBuctckumu siapamu. Ha ycranoske CITMH ¢ 2009r. HadaTh ucciie1oBaHus 0COOCHHOCTEH
PO’KJICHHSI YaCTHUIl B KHHEMaTHUYECKON 00sacTi BHe obnactu pparmentanuu (p > 2 [©B/c) n
c OONpIIMMH TONEpeYHbIMU uMIysibcamMu (pt > 1IB/c). B arToif kunematuueckoit oGiactu
MOJAaBJICHbI B3aUMOJICICTBUS B HAYaJIbHOM M KOHEUHOM COCTOSHMSAX. MccaeaoBaHus mpoBOAATCS
B 00JacTH A0 KMHEMATHYECKOH I'PaHUIBI U 32 KMHEMaTUYECKOW T'paHUIEH HYJTOH-HYKIOHHBIX
B3aUMO/ICHCTBUI, T.€. B MPEIKYMYJISTUBHON U KyMYJISTHUBHOW obOnacTsx. [IpoBeaeHHbIN LUK
UCCIIEIOBaHUM, B HOBOM KHHEMAaTHYEeCKOW OOJAcTH, MO3BOJIMI MOATBEPAUTH OCHOBHBIC
OCOOCHHOCTH KYMYJISTUBHBIX MPOLECCOB, HAOMIOJABIIMXCS NPU HCCIEAOBAHUAX B O0JIACTH
(dbparMeHTanuu saep. A TakXkKe, MONYYHTh JIOKa3aTeldbCTBa MPSMOrO BBIOMBAHUS W3 sIEp
Jer4aimx saepHbIX GparMeHToB (IedTepus U TpUTHs) ¢ epenadeit sHepruu 10 6 I'3B. beps B
pacuer, 4yTo nepenaBaemas sHeprus B ~ 10 pa3 Gosblie, uem Habmogasmasics B 1957 r. B JIAII
OUSIU, MOKHO KOHCTaTUPOBAaTh O HAOIIOACHUU CBEPXCXKATHIX JETKHUX SAEP, a CIEeI0BATEIBHO,
XOJIOTHOM CBEPXIUIOTHOW OapuOHHOW KOMIIOHEHTHI. DTH PE3yJbTaThl 3aCTaBJISIOT MO-HOBOMY
B3IJIIHYTh Ha CBOMCTBA SIZIEPHOM MAaTepUH, HAXOISILIENCS B IEHTPE MACCUBHBIX 3BE3]1, €€ CBOMCTBA
Y 3aKOHBI 3BOJIOLUU.



CosmectHoi rpynnoi 3 OVAN u UTO® noarotoBiaeHs! IporpaMMsl Ui UCCIIEI0BaHUM
CBOMCTB XOJIOJHOW CBEPXIUIOTHOW KOMIIOHEHTHI B KyMYJIITUBHBIX IIPOLIECCAX HA YCKOPUTEISAX
OUAU, UOBD u apyrux HeHTposB.

OcHoBHbBIE pe3yJIbTaThl, IOJIyYeHHbIE B PAMKAX MPeACTABJICHHOI0 IIUKJIa padoT:

1. OcHOBHbIE pe3yJIbTAThI, MOJY4YeHHbIC NMPHU HMCCIACAOBAHNUM MPEAKYMYJISATHBHBIX H
KYMYJSITUBHBIX THpouneccoB Ha ycraHoBke CIIMH (MU®BD, HUILl «KypuaroBckmii
HHCTUTYT»). [loaTBepsKAeHBI 3aKOHOMEPHOCTH, OOHAPY:KE€HHbIe NPH HCCIAeTOBAHUM
KYMYJISITUBHBIX MPOLECCOB B 00J1acTH (PparMeHTAllUM MUILIEHH.

1.1. TonrBepxaeHa cHIbHasi A-3aBHCHMOCTb POXKIEHUS KyMYJISTHBHBIX YacTHI[ U
NMOKa3aHAa HEBO3MOKHOCTb ONMMCATh OTHOCHTEJIbHbII BBIXOJ YACTHII HA Pa3HBIX SIpax B
crannaptaeix MK reneparopax [1].

B kymynaTUBHBIX TIpolieccax HAOJIOIaeTCs CUIIbHASI 3aBUCUMOCTD CEUEHUN POKICHUS YACTHUI]
OT aTOMHOM Macchl. MOXXHO MPEICTABUTh 3aBUCUMOCTh CEUCHUN POXKICHUS YaCTHI] B BUJIE G ~
A% . B pA — CTOIKHOBEHUSX, IPH OTCYTCTBUHU CHUJIBHOTO BKJIaJ[a OT B3aUMOJCHCTBUH B
HavasbHOM (BHC) 1 koneunom cocrosausx (BKC), nabmronaercs 3aBucumocts ¢ a=2/3. Yrto
TOBOPHUT O MPOMOPIIMOHATBFHOCTH CEUEHHUS CTOJTKHOBEHUH TTOTIEPEYHON TIJIOMIAIN AIpa, KOTopast
3aBHCHT OT aTOMHO# Macchl kak A2, Ecin HaGmonaercs Takast A-3aBUCHMOCTB B PA-
CTOJIKHOBEHUSX, 3HAYUT HAOJI0Ial0TCSI HYKJIOH-HYKJIOHHBIE B3aUMOJICHCTBHUS, B KOTOPBIX
HYKJIOHBI sI/Ipa pa3Ma3aHbl M0 MONEepeYHOH TUIOIIAIH siapa. Eciau ecTh 3HaUYUTENbHBIN BKIa
BHC u BKC (manpumep, MHOTOKpaTHbIE BTOPHYHBIC B3aUMOICHCTBHUS) 3aBHCUMOCTD OT
aTOMHOM Macchl MOXKeT ObITh o > 1. UccnenoBanus Ha ycranoBke CITMH npoBoasiTcs B
kuHemaTudeckoit ooactu, rae BHC u BKC nmogasnensi. [Tydok nmpoToHOB ¢ ummyibcom S50
I'B/c 1 HHTEHCHBHOCTBIO ~5% 1012 MIPOTOHOB 32 ITUKJI B3aumo ieiicTBoBai ¢ ToHkuMH (0.6 - 0.8
r/cM?) siIepHBIMU MUIICHSIMHA U3 YTIIEpOa, alFOMUHHMS, MeIH U Bob(pama. JlaHHbIe paGoTsI [1]
TIOJTy4eHbl Iy yrie peructpanun 35° (1a6.cuct.). PerncTpupoBanmch MOI0KHTEIBHO
3apsOKEHHBIC YaCTHIIBI ¢ uMITyJIbcaMu OT 1 I'9B/c 10 6.6 ['3B/c, 94TO COOTBETCTBYET HHTEPBAITY
nonepedHbIx uMmnysibcoB oT 0.57 ['9B/c no 3.76 [3B/c. T.e. nabmonaeHne cCHIIbHON A-
3aBucuMOCTU ¢ > 1 Ha ycraHoBke CIIMH siBiisieTcst ykazaHnuem Ha B3aMMO/JICHCTBHUE C
MHOTOHYKJIOHHOH (MHOIOKBapKOBoOii) KoH(purypamueii. Ha Puc.1 mokasana [1] A-3aBucumocth
VIS TIOJIOKUTENBHO 3apshHKeHHBIX yacTHll. Bo Bpemst Habopa 3TUX JaHHBIX HAa yCTaHOBKE HE
HCIOJIb30BaJIaCh BPEMsI-IIPOJIETHAS cUcTeMa AeHTU(UKAIIMN YaCTHUILL.
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Puc.2 OTHOIIEHUE BBIXO/IOB MOJIOKUTEIBHO 3apPsHKEHHBIX YaCTHUI] BO B3aUMOJICHCTBUSX
MIPOTOHOB C BOJIb(hpaMoOM U yraepoaoM (a), a Takke BobPpaMoM U Mebio (0).

Touku — skcriepuMeHT; kpuBbie: mTpuxoBas — MK reneparop UrQMD, critomnas — MK
reneparop HIJING.

1.2. TloaTBep:KIeHO TOMHHHPOBAHNE GAPHOHHON KOMIIOHEHTHI 110 CPABHEHHIO €
ME30HHOI, MOJIy4eHO YKa3aHHEe HA JIOKAJbHOCTH MPOLECCOB POKACHHS MOJIOKATEIHLHO
3apsiKEeHHBIX YACTHI M TIOATBEPIKIeHA YHHBEPCAIbHOCTh OMMCAHMS CEYeHU N TSt
OTPHIATE/ILHBIX TMOHOB, NMpeIJIoKeHHas1 B padoTe [A].

I/ISMepeHI/IC BBIXOJda OTPULATCIIBHBIX YACTHUI HAa YCTAHOBKC CHI/IH, IMO3BOJIMJIO ITPOBECTU
JAOITIOJITHUTCIIBHBIC UCCIICAOBAHUA [2] Ha Puc.3 noka3adbl OTHOIIICHUS BbIXO/Ja IIOJIOXHUTCIBHO U
OTpULATCIIBHO 3aPAKCHHBIX YaCTHUL.
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Pr. 3B/c
N3mepenus B pabotax [B, C] npoBoauince B OIM3KOM JAHana3oHe UCCIETyEeMbIX TOMEPEYHbBIX
MMITYJIbCOB, HO B KHHEMaTH4ECKON 001acT HYKJIOH-HYKJIOHHBIX B3aUMOJIEHCTBUI U NpU
00JIBIINX PHEPTUSIX MYYKOB IPOTOHOB. JlaHHbIe, moayuyeHHble Ha yctaHoBke CITMH,
JEMOHCTPUPYIOT 3HAYUTEIHHO OOJIBIINIA OTHOCUTENBHBIN BBIXOJI, UTO KakK pa3, U HabI0JaI0Ch
IIPU «KJIACCUYECKUX» UCCIENOBAHUAX KyMYJISITUBHBIX ITPOLIECCOB.

AHanu3 Oorblioro HaboOpa HWHKIIO3UBHBIX JIAHHBIX 10 POXJAEGHUIO YacTHIl B

MPEAKYMYJIATUBHON U KyMYJISTUBHOM 00JIACTAX, a TAKXKE B MPOIIECCaxX MOAMOPOTOBOTO POXKICHHS
YaCTHIl B HWHKJIIO3MBHBIX IMpOIleccax TMO3BOMWI [A], HCHONB3ys CBOWCTBA CaMoOIoOI00us,
IIPEUIOKUTh OMMCAHNE UHBAPUAHTHBIX CEYEHUH POKICHUS YaCTHI] B BUJIE:
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Macca HyKJIoHa. X1 U X2 MacChl, B HYKJIOHHBIX Maccax, CTAIKMBAIOIINUXCS YYaCTHUKOB
B3auMoeiicTBus. Ha Puc.4 mokazano, 4To mpu 3aMeHe KOHCTAaHT B A-3aBHCHUMOCTH ¢ 1/3 Ha
(2.5)/3 nabmrogaeTcs OyecTsIee COBIAACHUE VIS OTHOIIEHUN CEYCHUI OTPUIIATEIbHBIX
ITMOHOB.
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1.3. B pa6orax [3, 5, 8] mpoBeneHo AeTaabHOE HCCTe0BAHIE 0COOEHHOCTE 00pa3oBaHus
NPOTOHOB, 1eHTPOHOB ¥ TPUTOHOB. Ilo/TyyeHbI MOATBEP:KAEHUS POLECCOB NMPSIMOIo
BbIOMBaHNS 1eHTPOHOB M TPUTHSI.

B pabote [3], ¢ moMoIp0 BpeMeH! MpoJiETa YacTull, MpoBeicHa HIeHTUHKaus yacTuil. Ha
Puc.5 nmokaszaHbl ClieKTpbI MPOTOHOB, IGUTPOHOB U TPUTHSI 00PA3YIONIMXCS HA YTIIEPOAHON U
Bosb(hpamoBoil MuteHsix. HaOmromaercs pe3koe najieHiue OTHOCHTEIBHOTO BBIXOAa THOHOB IO
OTHOIIEHUIO KO BCEM SIJIEpPHBIM (parmeHTam. Takxe, HaOJII01aeTCsl pOCT OTHOCUTEIBHOTO
BBIXO/[a IEUTPOHOB U TPUTHUSI [10 OTHOLLEHHUIO K IPOTOHAM. 3HaHHE MTPAKTUYECKH BCeX (KpoMme
HEUTPOHOB) aJIPOHOB, 00PA3YIOMIKNXCSA B PA-CTOJIKHOBEHUSX, JAET BO3MOXKHOCTh OIPEICTUTh
cpeaHee 4ucio obpasyromuxcs 6apuoHoB <B>. Takas xapakTeprcTHKa O3BOJISET OLICHUTD
BKJIAJ] pa3JIMYHbIX MEXaHU3MOB, IPEUI0KEHHBIX TEOPETUUECKUMHU Moaensimu. Hanpumep,
MeXaHHM3M KOPOTKoeHcTByommX Koppessiuid (SRC) 1omkeH NpruBOAUTh K CPEHEMY YUCITY
O6apuonoB okoiio 1. 'opsiune haykToHBI OyAyT AaBaTh CpenHee YUCiIo 6apruoHOB MeHbIe 1. B To
e BpeMsl, MEXaHHU3MbI IPSIMOT'O BEIOWBAHMUS JIEPHBIX (PparMEeHTOB B BO30YXKAEHHOM U
HEBO30YKJIEHHOM COCTOSHUSX OYyJIyT MPUBOJUTH K CPEJHEMY YHCITy OapHOHOB OO0JIbIIIe
equHUIBl. CpenHee Yucio 6apruoHOB, 00pa3yIOMIMXCs B pA-CTOJIKHOBEHHUAX, TTIOKA3aHO Ha
Puc.6. Bunna renaenmus k pocty <B> ¢ yBennuenuem uMmynbsca perucTpupyeMoi 4acTHIIBI
npeBbllIeHNe 1 yKe B IpeaKyMyJISTUBHOM 00JacTH.
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Puc.5 VIMnynbCcHBIE CIIEKTPHI MOJIOKUTEIBHO 3apsHKEHHBIX MTMOHOB, TPOTOHOB, IEHTPOHOB U
TPUTOHOB IS &) yriepoaHoii u b) Boab(pamoBoii muriieHei. Ha BepxHeil ropu30HTaIbHON
IIKaje MPUBEJACHBI 3HAYCHUS [TOTIEPEYHOr0 UMITyJIbca. BepTukanbHas MyHKTUPHAS JIMHUS
COOTBETCTBYET Ipeeiy i yIPyroro HyKJIOH-HYKJIOHHOTO pPacCesHusl.
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Puc.6 Cpennee uncno 6apuoHoB <B> B 3aBHCHUMOCTH OT UMITyJIbCa 3aPETUCTPUPOBAHHBIX
gacTHIl oj yriom 35° B pA-B3aMMO/ICHCTBUSAX TIPH HMITyJIbCe TTPOTOHOB 50 IHB/c.

JlaHHast OIleHKa CPEHETO YMCiIa OAPUOHOB SBJISICTCS HYDKHEH rpaHuUIleH, TaKk KaKk MarHUTHBINA
criektpometp CIIMH peructpupyer TOJIbKO OJHY YaCTHUILY C ONPEAEIECHHBIM UMITYJIHCOM.
HeiliTpoHns! 1 rpynmbl HECBSA3aHHBIX OAPUOHOB HE perucTpupyrorcs. OQHaKo, JaHHbIE TO3BOJISIOT
c/ienaTh BBIBOJ O JOMUHUPOBAHUHU MPOIECCOB MPSMOTO BHIOMBAHUS IEUTPOHOB U TPUTHSL.

Jlyst onipeiesieHns pa3MepoB 00IacTH 00pa30BaHus AAEPHBIX (PPArMEHTOB OBLIM UCIIOJIb30BAHBI
K03 PHIMEHTHI KOaJICCIEHIIUH. Pe3yIbTaThl 3THX MCCIIEI0BAHUI IpeACTaBIeHbl B pabore [5].
B Tabnune 1 moka3anbl cpenHue 3Ha4eHHUS KOA(DGUIIMEHTOB KOAJICCIICHIIMN B2 IS
oOpazoBanus AeUTPoHOB. OTCYTCTBUE A-3aBHCHUMOCTH B2 IBISETCS MPSAMBIM YKa3aHHEM Ha
JIOKaJIbHBIN MEXaHU3M 00pa30BaHUs ICUTPOHOB T.€. Ha MIPSMOE BEIOMBAHUE SJIEPHOTO
¢dbparmarra.

Tabmauma 1. Cpenane 3HaveHus mnmapameTpa B2
C Al
1.41 £0.10 | 1.56 £ 0.08

Cu
1.51 £+ 0.07

%
1.41 + 0.06

Muresns
B> - 10%2 I'sB2/c3

B pa6ore [8 ] npencraBiieHbl IepBbIC JaHHBIC 10 POXKACHUIO JICTYANIINX SACPHBIX
dparmenTos p, d, t ¢ GonmbIIMMK MONEpeUHBIMK UMITYIbcamu (Pr) 1o yrioM 40° (11ab. cucr.) Bo
B3aMMO/IEHCTBHX MPOTOHOB ¢ uMnyibcoM 50 I'3B/c u siaep yraepona ¢ ummnyiascom 20AIBB/c ¢
pa3HbBIMU sAepHbIMHU MulleHssMU. Ha Puc.7a nokasaHbl CIeKTpHI siI€PHBIX (PParMEeHTOB.
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Puc. 7a CriekTpbl NpOTOHOB (KPYKKH), AEUTPOHOB (MPSIMOYTOJIBHUKN) U TPUTOHOB
(TpeyroNbHUKH) B YETHIPEX Pa3HBIX B3aMMOACHUCTBUIX. BepTHKANbHBIC THHUU COOTBETCTBYIOT
KMHEMATHIECKOMY TIpeieNly yIPyroro HyKIOH-HYKIOHHOTo paccesans Ha 40° (;1a6. cucr.).

Bo Bcex cimyuasix ¢ pocToOM UMITyJIbca HaOJIIOJaeTCsl POCT OTHOCUTEIBHOIO BBIX0/1a IEMTPOHOB U
TpUTOHOB. B kyMymsiTuBHO# 00acTu B C +A B3anMOIEHCTBHSIX BBIXOJ IEHTPOHOB MPHU
OOJBIINUX PT CTAHOBUTCS COMOCTABUMBIM C BBIXOJIOM IPOTOHOB.

Ha Puc.76 ansa ciektpoB p, d, t wactum u3 p + A u C + A B3auUMOJICHCTBUIN MTPEACTABICHBI
pacmnipenenenus mo 6e3pasmeprnoit Benmuune g(11)

Ao , (X X

Q(I_[):E173 ((144(1‘5( 1){13( 2))
dp

Omnpenenenus nepeMeHHbIXx cmotpute B (1). IIpu pacuere g(I1) Bo Bcex ciayuasx Opanoch o(X)

== (2.4+X)/3. OT™meTHuM, 4TO 151 p+A B3aUMOJCHCTBUI A*XD = 1. Koucrauts Cl,

3aJal0IMe PA3MEPHOCTH CEUYCHUH, HAXOIMIINCH 3apaHee MPH MOAToHKe BeipakeHust (1) k
AKCTIIEPUMEHTAIBHBIM JaHHBIM. [IyHKTHpHAS MpsiMasi Ha BCeX KBaJIpaHTaX pHC. 70 ONMUCHIBACT
bynknuto exp(- I1/C2) npu 3nauennn C2 = 0.172. Puc.76 1eMOHCTPUPYET CX0KECTH B
noBeaenun g(IT) st Bcex yacTuil U Ajst BeeX B3aumoeiicteuii. [Tapamerpusarms (1)
CIIpaBeIINBA, TOJBKO €CIIM OTCYTCTBYET BTOPHYHOE TIEPEPACCESIHUE TIPOTYKTOB KBa3HOMHAPHOU
peaKIMy Ha HYKJIOHAX sijipa.

Cuektpsl p, d, t wactuir ¢ 6osbimmmu Pt B P + A 1 C+A mporieccax MOKHO ONUCATh
BbIpaxkeHueM (1) ¢ ogHOI 1 TOM ke (OPMOI 3aBUCHMOCTH OT MacChl YYaCTBYIOIIUX B
CTOJIKHOBEHUH sIJIEp M MPH CXOXKHX mapamerpax HakioHa Co. [Tockonbky napamerpusarus (1)
MpHU3BaHa OMKCATh POXKICHUE YACTHIL YePe3 KECTKHE KBa3HOWHAPHBIC CTOJIKHOBEHHUS, TO
XOpOIIIee COTJIACKE SKCIICPUMEHTA C ITOW MapaMeTpHu3aIield MOXKHO pacCMaTpUBaTh
KaK MOJITBEPIKACHUE CIICIAHHOTO HAMU PaHee 3aKJIFOUCHUS O HAOIFOICHUH MTPSIMOTO BHIOMBAHUS
U3 s7pa JICHTPOHOB U TPUTOHOB B KyMYJISITUBHBIX MPOIECCAX ¢ OOJIBIIUMH PT.



g(I)

E p+CE ¢ pt+Ww

1073 .°o “..

- &.

107

1077

107 A, *,

T T SRR RN R I R N Y
ki C+CE @ C+Ww
w PY

10~ %ﬁ Y
-6 Ll Ll

10 i% i%

_8 *

10 %k ‘Hg
o . “,
- P IR N S AR N TRNTUNTE. Y I ST S A N ST W ST W

10 1 2 3 4 1 2 3 4

I

Puc.76 DOxcnoneHmuanpHas 3aBUCHUMOCTh ceueHuid oT Il. Kpykku — mpoTOHBI, KBaapaThl —
JNEUTPOHBI, TPEYTOJbHUKH — TPUTOHBI. JMaroHambHBIMM MYHKTHUPHBIMH JIMHUSIMH IOKa3aHa
bynkums exp(—11/0.172).

3. OOpa3oBaHue MaKpPOCHCTEeM M3 XOJIOAHOW CBEPXIJIOTHOH OAPHOHHOW KOMIIOHEHTHI U
MOJArOTOBKA TMPOrpaMMbl HMCCJIEJIOBAHUSA CBOWCTB XOJIOAHOW IUIOTHOW OapUOHHOM
KOMIIOHEHTHI Ha 0a3y yckopureaeit OUSAMN [4, 6].

3.1 'myOokoHeynpyruii CHHTEe3 X0JI0IHO# MJIOTHOMH 0APMOHHOMH MaTepuu.

B kon1e 90-x ronos npouwutoro Beka B rpynmne . A. Jlekcuna UTO® HUL] «KypuaToBckuii
WHCTUTYT» ObllIa MPEIOAKEH MEXaHU3M 00pa30BaHMs MAKPOCUCTEMBI U3 XOJIOIHOM MJIOTHOM
6apuonnoit matepuu. Ha Puc.8 npeacraBnena wutoctpaius 3Toi uaeu.
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Puc.8 ®nykToH-QIyKTOHHBIH ITyOOKOHEYIPYTHil CHHTE3 XOJIOIHOW TUIOTHOW OapuOHHOM
KOMITOHEHTHI.

[Tpu CTONKHOBEHWH HYKJIOHOB U sIIEP, BO3MOXKHO CTOJKHOBEHHE (DITYKTOHOB.
O6pazoBaBmasics cucrema oyaet Bo30yaéaHoi. COpoCcHTh BO30YKICHUE CUCTEMa MOXKET
yepe3 usnydeHrne GoToHa WK ajpoHa. Toraa B cucTeMe MeHTpa Mace MOXKHO OyieT Habto1aTh
TECHYIO TPYIITy OApUOHOB, JIETAIINX B OHY CTOPOHBI, U ()OTOH WIJIM ME30H C SHEPTHEH,
KOMITEHCHUPYIOILEH 0T/1auy MHOTOOApHOHHOHN (MHOTOKBApKOBOM) ccTeMbl. Takue GOTOHBI 1
aZpOHBI OYAYT POKIATHCSA B KyMYJATUBHOM KHHeMaTH4eckoi oomactu. B UTD® Obin
MPOBEICHBI UCCIICIOBAHUS IO PETHCTPAIMU Takue (POTOHBI B SAPO-SACPHBIX CTOIKHOBEHUsX [4].
PeructpupoBanuch GoTOHBI, COOTBETCTBOBABIIIKE 00pa30BaHUIO 00JIACTH OTAAauUU ¢ OoJiee yem 4-
Ms HykioHamu. Ha Puc.9 nokasansl mpumeps! criekTpoB (poToHOB, Habmonapmmuxcs B UTOO.
OTU JaHHBIE SBISIIOTCS MPSAMBIM YKa3aHHEM Ha BO3MOXKHOCTb CHHTE3a MaKPOCHCTEM XOJIOTHOM
CBEPXIUIOTHOM KOMITIOHEHTHI SACPHOM MaTEepUH U U3yUEHHUS €€ CBOMCTB B KOPPEISLUOHHBIX
IKCIIEPUMEHTAX Ha SKCIePUMEHTAIbHBIX ycTaHoBkax OMSN [6].

[pencraBiieHHBIN MUK pabOT SIBISETCS BaKHBIM 3TallOM MCCIICIOBAHUM KYMYJIATHBHBIX
MPOIIECCOB JUIANIMXCSA HA MPOTsHKEHUH 50 JIeT, HaYalo KOTOPBIM TTOJIOXKMIIA CTaThs
AM. banmuna [D]. Henb3st uu otmetuts runore3y .M. broxuninesa [E] koTopas npeackazaina
CYILIECTBOBAHHMS B S/IPaX SJIEP C MEHBIIEH MacCoil B CKATOM COCTOSTHHH, T.€. XOJIOHOU IJIOTHON
KOMITOHEHTHI B ZICPHOM MaTepuu. DTH pe3yJIbTaThl 3aCTaBJISAIOT MO-HOBOMY B3IJISIHYTh Ha
CBOIMCTBA AIEPHOr0 B3aUMOJICUCTBHS KaK HerepTypbarnBHoi yacT KX 1 cBOWCTBA sIepHOIA
MaTepyH, PacloIOKEHHOM B IIEHTPE MACCHBHBIX 3BE3]l, 4 TAKXKE, 3aKOHBI DBOJIIOIIUH 3BE3I.



(1/p)(dN/dE.,), arb. units

Epean = 3.2 A GeV
38°,173 + 1.2 MeV

42°,155 £ 1.3 MeV
46°, 132 + 1.4 MeV
519,117 £2.4 MeV
1 57°,96 £ 1.6 MeV
62°, 87 £ 2.0 MeV
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Puc.10 Crektp dotonoB B peaknuu C + Be — y + X pu sHepruu mydka yriiepojia ¢ SHepruen
3.2 AGeV ns pa3HbIX YIIIOB BbUIETa (JOTOHOB.
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