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IIpuBenens! manmble IO 0OPA30BAHUIO KYMYJIATHBHBIX JIETKUX SAEPHBIX (DPArMeHTOB d U ¢, BHIIETAIONIUX

U3 s17pa ¢ GOJIBIIMM [IOIEePEYHBIM UMILYJIbCOM 110/ yrytoM 35° (j1a6. cucT.). DKCIepUMEHT BBILIOJIHSETCS. Ha yCTa-

Hoeke CIIVTH npu B3anmoeiicTBun BbiBeIeHHOTO u3 yckopuresst Y-70 I®BY (IIporBuHO) mmydka IPOTOHOB €

sueprueit 50 I'sB ¢ sapamu C, Al, Cu u W. IlosryuenHnble pe3ynbTaThl yKa3bIBAIOT, YTO B 0Opa30BaHME sII€PHBIX

(bpaI‘MeHTOB OCHOBHOIT BKJIaJ JaeT JIOKAJILHBIT IpoIrecc — 1npsamoe BLIOMBaHNE U3 aaep.
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HaGmonenue [1] upsimoro BeIGHBaHUs A€HTPOHOB 13
JIETKUX szep ¢ nepemadeir sueprun okoso 500 MsB mo-
TpeboBaJsIo BBeieHusl [2] B paccMOTpeHUe KBAHTOBBIX CO-
CTOSTHUIA B sIJIpax, KOI/[a HECKOJIBKO HYKJIOHOB MOI'YyT Ha~
XOJUTHCSA B 00'beMe, CDABHIMOM C Pa3MepaMu HyKJIOHA.
TpymHOCTH TEOPETUIECKOTO OMMCAHUS HAOJIIOIABIITIXCS
IIPOIIECCOB BhI3BAHA MAJIOCTHIO SHEPIUU CBSI3U HYKJIOHOB
B JIEATPOHE 110 CPABHEHUIO C IIepelaBaeMOil dHEPTUei.
Oueprus cBazu 2.22 MsB omnpenesnsier cpemame pasme-
PBI JefTPOHA, KOTOPbIE HAMHOTO MPEBOCXOMIAT PACCTOSI-
HUsl, Ha KOTOPBIX BO3MOXKHA II€pPEelada SHEPIUH B COT-
uu MsB. UccienoBanust KuaeMaTnaeckoi 0061acTu, e
BO B3aMMONIEHCTBUSX ydIacTByeT OOJiee OTHOTO HYKJIO-
Ha sJIpa, MO3BOJISIIOT IOJIyYUTh YHUKAJIBHBIE JAHHBIE O
HEOOBIYHBIX CBONCTBAX 3TUX MHOI'OHYKJIOHHBIX CHCTEM.
IIporeccer, HabII01a€MbIE B CTOJKHOBEHUSX C YIACTAEM
sijIep U Uyllie BHE KUHEMATUKU HYKJIOH-HYKJIOHHOIO
B3aUMO/IEICTBUSI, IIPUHSITO HA3BIBATH KYMYJISTUBHBIMU
[3,4].

Hacrosimast  pabora
pUMeHTaJIbHbIE JIaHHBle 1O obpa3oBaHuio B pA-
B3aNMOJIEICTBUAX KyMYJIATUBHBIX sI€PHBIX (parmMen-
ToB, d u t, o yrioMm 35° (B mabopaTopHoii cucreme —
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nosydensl ycranoskoit CIIMH (U®BY, IIporsuno)
Ha HPOTOHHOM IIy4uke yckopuresias Y70 ¢ HHTeHCHB-
nHocreio ~5 x 10'2/cex mpm wmmmynnce 50T3B/c.
VYeranoska CIINMH mpexpcrasisier coboit y3koarrep-
TYPHBI  OJHOILIEYEBOI

CIIEKTPOMETD,  COCTOAIIUNA

De-mail: Vladimir.Gapienko@ihep.ru

U3 MHIIEHHOW CTAHIUMA, CEMU 3JIEMEHTOB MArHUT-
HOM ONTHKH, IIPOBOJIOYHBIX KaMep, BPEMSIIPOJICTHON
CHUCTEMBI U IOPOTOBOIO YEPEHKOBCKOTO JIE€TEKTOPA.
W3MeHsist paciioiokKeHne MarHUTHBIX 3JIEMEHTOB, MOXK-
HO OTOMpAaTh B CIEKTPOMETD 3apsiKEeHHbIE YaCTHIIBI,
BBUJIETAIONINE W3 MUIIEHA MOJ yIJlaMd B JIUana3oHe
22—55° (1a6.cucr.). CucremMa HPOBOJIOYHBIX KaMeD,
HAXOJSNIUXCS JI0 W [OCJI€ AHAJM3UPYIONIEro MarHuTa,
[TO3BOJISIET U3MEPUTH UMITYJIBC YACTHUIL ¢ Pa3perieHueM
Ap/p ~ 3 x 1073, YrioBoit akcenTanc ycTaHOBKH CO-
crasysier Ap ~ 100 mpag o azumyTy n Af ~ 40 mpas,
[0 TOJIIPHOMY YIVIy. 3aXBAT YCTAHOBKU 10 UMITYJIBCY
mensiercst ot 5.5 % npu 1B /¢ mo 3.5 % mpu 6 9B/c.
Toku B MarHuTax CleKTpPOMETPa KazKJIbIil pa3 HacTpau-
BAIOTCsl Ha TPEOYEMBIil UMITYJIBC 3aPsIzKEHHON YaCTHIIBI,
BBUIETAIONIEH "3 Muinenn. VjgenTudukanus HacTur
OCYIIECTBJISIETCsI C IIOMOIIBIO BPEMSIIPOJIETHON MeTO -
K U YepeHKOBCKoro cuerdnka. Ha ycranoske CITNTH
BO3MOYKHA PETUCTPAIUsT FaCTHUIl C UMITYJIbCAMU, KaK
V/IOBJIETBOPSAONIUMY KUHEMATHKE HYKJIOH-HYKJIOHHBIX
B3aUMOJIEICTBUI, TaK U 3a ee IIpejiesiaMi, T.e. B 0bJlacTu
KYMYJIATHUBHBIX ITporieccoB. CXeMy yCTAHOBKHU U JPYTUe
JIeTaJIM YKCIIEPIMEHTa MOXKHO HaiTH B [5].

B npepiaymux paborax sxenepunmenta CITH [5, 6]
BIIEPBBIE OBLIM ITOJIyYeHbl UMITYJIbCHBIE CIIEKTPBI KyMYy-
JISSTUBHBIX 3aPsI?KEHHBIX YaCTHUIL B 001aCTH OOJIBIINAX P
(Brtots 10 3.5 9B /c) B peaxmuu pA — h* + X. Cub-
Hasl 3aBUCUMOCTb MHKJIFO3UBHBIX CEYEHHUI OT ATOMHOIO
HOMeEpA si[pa ¥ yKa3aHue Ha JJOKAJbHBIN MEXaHIU3M PO~
neccos poxkienus h¥ wactum [6] mossosmm caenarh
BBIBOJ, uTO JanHbie CIIMH cBuieresbcTByIOT O Cylie-
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CTBEHHOM BKJIQJIe IPOIECCOB B3aMMOJCHCTBHA HAJeTa-
IOIEro IIPOTOHA € IJIOTHBIM MHOTOHYKJIOHHBIM (MHOIO-
KBAPKOBBIM) COCTOSTHUEM B siJIepHOIi MaTepun. B pabore
[7] 6B110 IOKA3aHO, YTO U3MEPEHHDII BBIXO GAPMOHHBIX
cucreMm (p,d,t) B KyMyJIsaTUBHON 06JacTH HE COOTBET-
CTBYET HPEICKA3AHUAM MOJEIN KOPOTKOAEHCTBYIOMMX
koppessinuit (SRC) [§].

Ha puc.1 npencrabiieHbI MHBAPUAHTHBIC CEYCHUS
poxkjenusas d U t Ha deThlpex ajepHblx Murrensx: C,
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Puc.1. Cevenust poxkueHusi AefTpoHOB (a) M TPUTOHOB
(b) B 3aBHCHMMOCTH OT MMILYJIbCA YACTHUIIBI, U3MEDPEHHbBIE
JJIsI 9eThIpeX pa3HbIX MumnleHeil. Ha ropu3oHTaIbHBIX OCIX
CBepXY LIPUBeJIeHbl 3HaueHus liepeMenHoit X [8]. Kpussie,
IIPOXOJIAIIHE Yepe3 TOYKH, IPUBEIEHBI JJIs JIydIIero Boc-
NPUATUSA JaHHBIX

Al, Cuu W — B 3aBEHCHMOCTH OT UMITYJIbCA (DparMeHTa.
SHadeHns UMITYIbCA TPUBEJIEHBI HA HUXKHEH TOPU30H-
TajgpHON TKaJse. [l wcciaemoBanuit 06JIaCTH C BbIJIE-
JICHHOI GUHADHON KUHEMATHKOH (KyMyJIsiITUBHBIE IIPO-
[IECCHI U TPOTIECCHI ¢ OOJIBITUMU MOTEPETHBIMA UMITYITh-
camu) B.C. CraBunckuii npezroxui [10] ucnosas3osars
nepementblie X7 U Xo. DTH [epeMeHHbIE YKa3bIBAIOT
HA JIOJIM 9YeThipeX HMMIIYJIbCOB (HAJIETAIOIEH YaCTHUIIbL
U MUIIEHN), KOTOPblE YIACTBYIOT BO B3aHUMOEHCTBUN.
OIHO3HAYHO OIPEIE/IUTh 3HAYEHUSI [IEPEMEHHBIX X1 U
X9 craHOBUTCS BO3MOXKHBIM [10] IIpU BBIIOJIHEHUY 3aKO-
Ha COXpaHeHus OAPHMOHHOTO YUCJIA U TPEOOBAHUS MITHU-
MaJIbHOCTH MHBAPUAHTHOM SHEPIUu JJjIs IPoIecca odbpa-
30BaHUS WHK/IIO3UBHOM gacTursl. Ha Bepxmeit ropu3on-
TaJLHON IKaje puc. 1 mpuBeeHa BejmanHa Xo, HIMEO-
Iasi B HAIIIEM CJIydae CMbICJI MUHUMAJbHON MaCcChl MU-
meHn (u3MepsieMoil B eJIMHAIIAX MACChl HYKJIOHA ), He00-
XOJIIMOIL JIJTsT POXKIeHUsT (DpArMEeHTa C JAHHBIM UMITYJTb-
com mozt, yrstom 35° (n1a6. cucr.). Kak crenyer us puc. 1,
B HCCJIeJIyeMOil HaMH KUHEMATHYeCKON 00JIacTh MUHU-
MaJIbHasl Macca MUIIEHH MpU OOPa30BAHUU JIEATPOHA
(rpuroHna) Gosbie/paBHa 2-M (3-M) MaccaM HYKJIOHA.
Taxkum 06pa3om, poxkaeHne (HparMeHToB UJIET ¢ YIACTH-
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€M MHOIOHYKJIOHHOH (MHOIOKBapPKOBOI1) CHCTEMbI BHYT-
pu gapa.

Ha puc. 2 g Tex ke caMbIX YeThIpeX MUIIEHEH IT0-
Ka3aHbI OTHOIIIEHNS CEYEHU BBIXOI0B ACHTPOHOB U TPHU-
TOHOB K CEYEHMIO BBIXO/a IIPOTOHOB IIPU OJIMHAKOBBIX
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Puc. 2. OrHomenue Bbixona Jeiirpona (a) u tpurona (b)
10 OTHOIIECHUIO K BBIXO/LY ITPOTOHOB KaK (DYHKIIUS MMITYJIb-
ca gacTuIpbl. Ha BepxHeil TOPU30HTAJIBLHON OCU TIPUBEICHBI
3HAYEHUsl MOMEePEYHOr0 MMITYJIbCa. BepTuKaJbHbIe yHK-
TUPHBbIE JIMHUA COOTBETCTBYIOT KMHEMATUIECKOMY IIpejie-
JIy JJIsl yIIPYyTOTO HYKJIOH-HYKJIOHHOTO paccestHus. Kpu-
BbIe, TIPOXOSIIAE Yepe3 TOYKH, TIPUBEIEHBI JJIsl JIy YIIero
BOCIPUSATHSA JTAHHBIX

PErUCTPUPYEMBIX UMITYJIbCAX YACTUIL. BeJmIuHbl cooT-
BETCTBYIOIIErO IIOIEPEIHOIO UMILYJIbCa (p7) LpUBEe-
HBI Ha BEPXHEH rOPU30HTAIHLHON OCH 3TOro pucyHKa. 13
pHC. 2 BUJIHO, 9TO JIJIsl BCEX MUIIeHel HabJIIoIaeTcst pocT
d/p u t/p orHomeHwii ¢ pocroM umiysbca. Ha ycranos-
ke @OIC (U®PBS, IIporsuHo) B pA-B3anMOIeHCTBUX
upu 70I'B/c uamepsnocs [9] orrorenune d/p jyist pas-
HBIX sep B obnacru 3Hadenuit pr (1-419B/c), 6nus-
Kux K HabuogaembiM Ha ycraHoBke CIIVH. Besmwnun-
Hbl d/p, n3amepennsie B skcnepumente POJIC, He 3apu-
CcAT OT pr U COCTaBJIAIOT Bemunuy Menblne (.02 s
BCeX MUIIEHEH, BKIIOYas CBUHIOBYIO. Pasnudue B 3Ha-
YeHMsIX HabJI0JaeMbIX OTHOIIEHUN U B moBejaeHun d/p
B akcrnepumenTax POJC u CIINH rosopur o pasubx
MEeXaHU3MaX POXKJICHUS JEUTPOHOB, PETUCTPUPYEMBIX B
sTux 3KkcrnepuMenTax. Cieyer HoaIepKHYTh U OTJIMINe
B HCCJIEJyEMBbIX KMHEMATHIECKUX ODJIACTSIX YCTAHOBKHU
CIIVH u ®O/1C. Haunbie ycranosku POJC mosmydenst
B KMHEMATHIECKOIl 06JIACTH, HE BBIXOJIAIIEH 38 KHHEMA-
TUKY HYKJIOH-HYKJIOHHBIX B3aUMOJIEACTBUIA.

Kak 6pu10 mokazano #a puc. 1, B HabJII01aeMbIX IIPO-
reccax yuacTBYIOT jBa U Oosiee (fJisl AeHTPOHOB) Mim
Tpu u 6oJiee (It TPUTOHOB) HYKJIOHOB Muinenu. OjHa-
KO yJacTue JAByX u 6oJiee HyKJOHOB MOXKeT ObITh He pe-
3yJIBTATOM JIOKAJBHOI'O IIPOIECCa, & CJIEICTBAEM IIEI0Y-
KU TI0CJI/IOBATEJIbHBIX B3ANMOIECHCTBHIT ¢ HECKOJTBKUMUI
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Tabuuna 1. Cpegnue 3HaueHus napamerpa Ba

HYKJIOHAMU sI/Ipa B PE3yJIbTaTe MHOMOKPATHOI'O Paccesi-
HUsI ¢ 00pa30BaHUEM JIBYX (TPeX) HYKJIOHOB C OJIM3KUMU
UMITYJIbCAMA W YIJIAMH U C TIOCJIEYIOIIAM UX CJIUSTHU-
eM B OJIUH siJIepHBIi (pparmMeHT. MHOIOKpaTHOE B3aUMO-
JieficTBre ¢ 06pa30BaHUEM JBYX IIPOTOHOB C OJIM3KUMU
UMITYJIbCAMHU, B TOM YHCJIE U B KYMYJISITUBHON 00J1aCTH,
nabJoganocs B uponeccax pA — ppX [11] u eA — ppX
[12]. HBT-ananus (Hanbury-Brown—Twiss) B aTux pa-
6oTax moKa3aJj, 9To 00/1acTh 00PA30BAHUS JIBYX IIPOTO-
HOB MMEET CHJIbHYIO A-3aBUCHMOCTB, T.€. MPSIMO CBS3a-
Ha ¢ pa3MmepoM siyipa. Tak, 3HaUeHUsT pajuyca o0JacTh
obpaszoBanus napb! 1poroHos Ha C u Pb mummensix oru-
qatorca [12] Goubine, gyem B 1.5 paza. [losromy, eciu 6y-
JieT obHapyrKeHa cuibHast A-3aBUCHMOCTD it 00J1acTH
POXK/JIeHUsI JeATPOHOB U TPUTOHOB B HACTOSAIIEM KCIIE-
pUMEHTEe, TO 3TO Oy/eT yKaszaHueM Ha JIOMUHUDOBAHUE
MEeXaHU3Ma MHOTOKPATHOIO PACCESTHUS U MOCIIETYIOIe-
IO CJIUSTHUS HYyKJIOHOB.

Mogenb cinsiHus (KOAJECIEHIUI) MTO3BOJISET OIle-
HUTH 00beM 0bs1acTu 00pa30BaHUs SAEPHBIX (parMeH-
toB (V) uepes koaddunuentsr ciusiaus By [13]. Ecan
obpasyercst pparMeHT ¢ AaTOMHBIM HOMEPOM A, TO K03d-
durment cimsinus B4 cBsa3aH ¢ pasmepoM obsactu 06-
pasoBanusi (pparMenTa cooTHomennerM By ~ V(A1
(nst pefirporos By ~ V~1 nna tputus Bz ~ V72).
B wuneane, mia uzydenms sdpdekra causgHus HEOOXO-
JIUMO WMETh JIaHHble O CIIEKTPaxX IIPOTOHOB W Hefi-
TpoHOB. B peanbHOCTH Ke KOIDDUIMEHT KOAJIECIECH-
nuu (Ba) OIpelessior, UCIoIb3ys CedeHnst 00pa3oBa-
Hust A-dpparmMeHta U IpOTOHA B MPEJITOJOXKEHUH, 9TO
n/pr1:

E; d3o4 B x ( E, dSJP)A. 1)

Oinel dpi Oinel dp?)

3mech cevenus obpazoBanust nporona u A-dparmenra,
Op U 04, OEPyTCs [l OIMHAKOBBIX HMILYJIbCOB, IIPH-
XOJISIIUXCST HA OJUH HYKJIOH, T.e. IIOJHBIA HMITYJIbC
A-dbparmentTa, pa, B A pa3 60JIbIle UMITYJIbCA TTPOTO-
Ha pp. 1lof Oinel OIPa3yMeBaeTCA CedeHne HEYLPYTOro
pA-B3auMoIeACTBUS.

VYeenuuenne obsactu 06pazoBaHust jgefirpona (Tpu-
TOHA) 1P MHOIOKPATHOM DACCESHUU B AP JIOJIZKHO
IPUBOJIUTH K yMEHBIIECHUIO BeqnanH By (Bs) npu yBe-
JIMYEeHUU pa3mepa siapa. B Tabs. 1 mpuBeieHbl BeIndn-
HBI apaMerpa By, yCpeJIHEeHHBbIE 110 BCeMy WHTEPBAJTY
JIOCTYIIHBIX 3HavYeHuit pr. B mpejesax TodHOCTH H3Me-
PeHMiT 3aBUCUMOCTD OT pa3Mepa sijipa He HaOJI0IaeTcs.
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Puc. 3. ITapamerpsr koasecnennuu By (a) u Bs (b) B 3a-
BUCHMOCTH OT HOIIEPEYHOIO MMILYJIbca bparMeHTa

Haiinenusie snadenns By u Bs npuBeeHb! Ha, PUC. 3
kak byskiua pr. O6a kosddunuenra (Bs u Bs) ne-
MOHCTPHUPYIOT POCT C POCTOM Pr, YTO O3HAYAET YMEHb-
IeHIe pa3Mepa HCTOYHUKA (PPATMEHTOB C YBEJINICHUEM
moriepednoro nmiryibca. Cpennee 3nadenne Bs siBisier-
cst 6mmskuM it Al, Cu, W 1 HeCKOJIBKO MEHBIITUM JIJIst
yrJepoHoi MutiieHn. /laHHbie puc. 3 yKa3bIBalOT Ha OT-
CyTCTBHE POCTa pa3Mepa MCTOTHUKa (pparMeHToB d u t
C POCTOM pa3Mepa sijipa.

3akJirrouenune. B pabore npeicraBieHbl JaHHBIE 110
00pa30BaHUIO JIErYaifilinX siIe€PHbIX (DparMenToB d u t,
POXKIAIOMTUXCS ¢ OOJIBIAME MOMEPETHBIMI TMITYJIbCA~
MU B pA-B3aMMOJIENICTBUSIX BHE KUHEMATUKU HYKJIOH-
HYKJIOHHOTO paccesuusi. Anajm3 KodhQOUIMEHTOB KO-
ajectieHnn By m B3 MO3BOJISET CAEIATH BBIBOM, UTO
OCHOBHBIM MEXaHU3MOM UX 00Pa30BAHUS sIBJISIETCS [IPsi-
Moe BbiOUBaHMe. BoJibiine nepegadn sHepruu pparmeH-
TaM, [P SHEPIUHU CBHA3U B HECKOJIbKO M»3B, sBisrorcsa
[PSIMBIM YKa3aHMEM Ha CYIIECTBOBAHUE B siIPAX XOJIOI-
HOIi TUIOTHOW MHOTOHYKJIOHHOH (MHOIOKBAPKOBOM) KOM-
ITOHEHTBI, KOTOPYIO MOYKHO HCCJIEJOBATH B IIPOIECCAX
[IPSIMOT'O BHIOUBaHUSI

Apropsl npusHaTebHbl pyKoBojcTBy I'HIT NOBD
3a MOMJIEPKKY JTAHHOTO UCCJIEIOBAHUS, IEPCOHALY OT-
JleJIEHUsT YCKOPUTEN U OTIE/IeHUsl Iy9IKOB 3a dbdek-
tuBHyI0 pabory Y70 u 8-ro kamana. A.A.B. u C.C.III.
omarogapsar POODU 3a qacTuvHyo HOAAEPXKKY PabOTHI
B pamkax rpanta # 14-02-00896 “a”.
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