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Tabmuma 2

CrexTpockonuueckas nmudopMalius 0 HeNTPOHON3OLITOTHBIX HYKIIHTaX
13 06acTh, TPeICTABIISAIONIEeN KOCMOXPOHOJIOTMYECKI MHTEpeC

Hyxmun. || 142, Q, Nsnyuenne || Unrenc., || P(df)
c M5B %
Py 18| 3700 3.7 i i
By 39 1.2 S 474 20 | <107
230 19 - ~ 129 100 <107°
PRI 5(1) ; 53X 100 | <10°°
TIAC 35 | 3.4(1) || 7 665X 5| <10°
Ra || 30(5) || - 3 100 ;
BRa | 30(10) || - 3 100 :
BIAC 14 | 46(15) [ 2688 1603 | 100 | <10

He OCBE€IICHHBIM OCTaJICA IUKJI pa60T 110 M3YYEHUIO TIEPECHOPMUPOBKN B AO0pPEe KOHCTAaHTEL

AKCHAJIBHO-BEKTOPHOI'O c1aboro Toka GA. SKCHGPI/IMGHTELJIBHEL}I I/IHC]QOpMELHI/I}I 00 OIMMHOYHBIX

raMOB-Te/LIEPOBCKUX GeTa-nepexonax B obaactu "Marndeckoro” anpa 146Gd nossosuia, ¢ ognoit

CTOPOHBI, TIOJIYUNTEL YKCIIEPUMEHTAIbHbIC 3HAUCHUS TPUBEICHHBIX BEPOSTHOCTEH TEPEXONoB, a
¢ npyroii, nonb3yschk "MarnunocThio” sapa 14¢Gd, npoussecTu agekBaTHLBIL pacueT HTUX BEpo-
aTHocTeil. 3 cpaBHenns SKCIepUMEHTAIBLHBIX 1 TEOPETUUECKUX BEJTUUNH TPOU3BEIEHa OIICHKA

s¢ppexTuBnol KouncTauThl G 4. ComocTaisis mepenopMupoBannbie Bemuanibl G4 €O 3HaUeHTEM

s¢pdexTrBHON KOHCTAHTHI G4 TMHOH-SIIEPHOTO B3aWMONENCTBUS, TTOJIYYEeHHBIE W3 IBYX COBEP-

HI€HHO pa3HBIX IIO cBoell opupone mporneccoB, MOXKHO yTBEPKIOATh, YHTO B AJEPHOM BEIIECTBE
BEITIOJTHAIOT CsL Tp66OBELHI/I}I THUNOTE3bl YaCTUYHO COXPaHAIOIIETOCH aKCHaJIbHO-BEKTOPHOTO TOKa

(PCAC) [20].

Cnoucok aurepaTyphbl

1]

2]

E.Ye.Berlovich, FE.IIgnatenko, Yu.N.Novikov. |/ Proc. EMIS-8 Conf., Sweden, 1973.
P.349.

O.E.Bepaosuyu, J.X.Bamucm, 10.C.Baunnuros, B.A.Bowdapenro, B.B.['aspuios,
[O.B. Eaxun, K.A.Meauaes, FO. T Muponos, d.B.Mopos, FO.H.Hosuxos,
C.1O0.Opaos,  B.H.llanmeuees, A.l' Iloasgxos, C.J.Cmoaverxuti,  B.K.Tapacos,
B.U. Tuzonos, H.JI.ll[ueoaes. |/ Uss. AH CCCP, cep. ¢us., 1976. T.40. C.2036.

B.Il. Apanacves, JI.X.Bamucem, O.E.Bepaosuu, FJ.C.Baunnuxos, B.A.Bvicmpos,
KA. I'pomos, 10.B.Eaxun, B.I'.Kasunnuros, T.Kozroscrku, 4. Kopmuyru, K.A.Mezuues,
&.B.Mopos, K.H.Hosurxos, B.H.[lauwmeaees, A.I.loasrxos, 3.Pypaxc, B.K.Tapacos,
H. /. HHueones, M. Anuyru, M. Hrum. penpunt JINAD-532, 'aTanna, 1979. 60c.

G.D.Alkhazov, L.Kh.Batist, F.Ye.Berlovich, Yu.S.Blinnikov, Yu.V.Yelkin, K.A.Mezilev,
Yu.N.Novikow, V.N.Panteleev, A.G.Polyakov, N.D.Schigolev, V.K.Tarasov,
V.P.Afanasyev, K.Ya.Gromov, M.Jachim, M.Yanicki, V.G.Kalinnikov, J.Kormicki,
A.Potempa, E.Rurarz and Yu.V. Yushkiievich. |/ 7.Phys., 1979. V.A291. P.397.



—220—

Ha ycranoske UPUC 6uit ocyiiecTBIEH MONCK 3alla3IbiBAOIIEro JeIeHus Sapa 232Fr 11 co-
cenuux uykaunos [18]. DrTa nonbiTka u 1m0 ceil neHL ocTaeTcs enuHcTBenHoil. [lonck samasnbi-
BaIOIIETo JejIeHNs TPOBOMMIICS MapaJsienbHo uneHTudukanun 2Fr, **Ra u ?**Ra, xoTopsle
JI0 HaIllnX M3MepeHnii OblIi HemsBecTHLI. JJIs permcrpainm oCKOIKOB Oe/IeHNs MCIOTbL30BAJICS
MOBEPXHOCTHO-6aphepbiil Si(Au)-merekTop. O6IacTh TONCKA 3aa3IbIBAIOIIETO NETEHNs yYKa-
3aHa Ha puc.6, a BeNMYNHBl MaplnalbHbix BeposTHocTell P(df) mpuBenenst B Tabure 2.

y4
100
90 1
O6s1aCTL U3BECTHLIX
HYEJIOD
s mal
80 1

100 110 120 130 140 160 N

Puc.6. ®parvenT HyKAUOHON KapThl. 3BE3HOYKAME OTMEYEHEI SAPa, OIS KOTOPBIX W3Me-
peHa BepOSTHOCTD 3alla3IbIBAIOIIEr0 NeIeHs; KBaIpaThl — CTabWILHBIE I JOATOKUBYIITIE
sSgpa, B TOM YHCIe sSOpa-KOCMOXPOHOMETPHI. JalllTPUXOBaHa 06IacTh MOKCKa IIPOLIECCOB
3ala3IbIBalolero mejienns na xkoMmitekce MPUC.

Kaxk BumHO 13 TabiauIbl, HU B OMHOM U3 MEPEUNCIIEHHBIX CIyYaeB OCKOIKY JIeJIeHns He HabJTio-
nanuck. ng nyknuna 22Fr senunuuna npenena BeposTHocTH nesenus, < 2-107%, cymecTsenno
oTamyaeTcs oT TeopeTudeckoit onenku (.29 [17] u cBUmETEIBCTBYET O TOM, UTO 3alla3ibBaOIICe
nenenue sapa 2>2Fr we npengrcTpoBasio obpazoaniio kocMoxporomerpa 2> Th npu nporexanuu
r-mpotiecca, u olleHKHN Bozpacta Bceenennoii, cnienantbie KmamnopoM, HY KIaIOTCS B TEPECMOTPE.

Criek TpocKonmyecKne nccaenoBanms, Bunontennble Ha ycranoske WPYC sa 20-meTmuil me-
PUOM, HE OIPAHUYUBAIOTCS IEPEUNCICHHBIMU BBIIE paboTaMu.

Ocranach 3a mpemesaMi HaCTOSIIETO 0030pa paboTa, MOCBAIIEHHAs MOBENEHUIO MapHBIX
SHEpTUil MPOTOHOB M HEHTPOHOB, KOTOPbIE MMEIOT ABHYIO TEHICHIUIO K OIHOBPEMEHHOMY YBe-
JTMYEHNIo 0 Mepe TPUOIMKERNs K TpaHuile TPOTOHHON ycToiuuBocTH [7]. DTOT pesymbrar
IpUBEIT K HEOOXOMMMOCTH [epecMoTpa Kilaccuueckoil popmystbl bopa-MoTrenbcona miist mapuoit
SHEPTUM, T.€. BBECHUs TOMPABOK, YUNTHIBAIONINX CTENEHb YIAJEHHOCTH HYKJIUAA OT MOJOCKHI
bera-crabunprocTn (Bemmuunny (N-7)/A) [19].



—219—

na komiuiekce UPUC npennsuonnbie usmepenus anbda-cuekTpos B obaactu P39 [3,7] npusen-
e, B 9aCTHOCTH, K OOHapYKEHMIO HOBBIX alb(a-usnydareneii (cm. Tabmumy 1), nosBommim
3aMKHYTD [IJIMTHHBIE TETOYKN alb(a-pacianoB U TeM CaMBbIM ONPENeNnTh MacCy KakiIoro Hy-
KJIU[a B HTOW TEMOYKe MO0 M3BECTHLIM 3HAYEHUSIM MaCChl HYKIIMIOB, JIEKAIINX B OCHOBAHUSIX
IETI0YeK.

[Tomyuenmbie 3nagenns: Mace TO3BOININ UACHTHPUIIPOBATH TPOTOHOHEY CTOMYUBLIE SIpa B
cooTBeTCTBUN ¢ cooTHomenunem: S, = M(7Z-1, N) + my — M(Z, N), rne S, o3nagaer suepriuio
OTPBIBa BAJIEHTHOTO TPOTOHaA, a M — COOTBETCTBYIOINNE MacChl HYKIUAOB. Ampa, B KOTOPBIX
SHEPTHS OKa3ajlach OTPUIATETLHON, TIOKA3aHbl Ha PUC.D 3BE3MOYKOIL.

80 :
SN
o p

75

70

65

60 N

75 80 85 90 95 100 105 110
Puc.5. Oparment mykaunnunoii KapTHl ¢ 06IacThIo, The 6BITa ompeneneHa MaccoBas IIO-
BEPXHOCTH. YepHble TOUKN — HYKJIMIBI, Macca KOTOPHIX onpereieHa Ha ycranoske UPUC;
CBeTJIble TOUYKM — HYKJIUIBI ¢ U3BECTHBIMU MacCaMu; KBaJIpaThl — cTabuIbHble HYKIUIHI;
3Be3/I0uKaMi 0003HaYeHbl TPOTOHOHEYCTOWYUBEIE Spa.

Takum 00pas’oM, ymaaoch BIEpBble HACHTHPUINPOBATH YYACTOK PAHUIBI YCTONYHBOCTH
HyKaua0B [7].

Ilonck saBiienns jallasagbIBalOIIero neJieHmnsia HEﬁTpOHOH3ﬁbITOqHBIX TAXKeJIBIX Anep
1 KOCMOXPOHOJIOT U

Ha manmume 607bIIor0 MaccuBa TSKEIBIX sI€P, B KOTOPLIX MOXKeT HabIOMaThCs HOBLIN BUIT
pacmaia — 3amasibiBalolliee fefierine (nererne mocie GeTa-paciana) — obuto ykasamno B [16]. C
TeX MOp MOSIBUIIOCH GOIBINIOE KOJMIECTBO TeopeTndecKux paboT, B KOTOPBIX ONEHNBAIACH Be-
JIUYnHa BEPOSTHOCTH TAKOTO pachaa B Pa3sindYHLIX HYKInmaX. B ommoll m3 mociaennnx paboT
[17] naBamuch BechbMa ONTUMUCTUYECKUE ONEHKN B OTHOMICHUH TOJI0KEHNs PaHUIbl 061acTu
3aMa3IbIBAIONIETO [MelleHns Ha HyKIuAHON KapTe. COorilacHo >TUM ONMeHKaM, Ml GJIimKaiiero
K 06JIaCTH U3BECTHBLIX afep Hykaupa 2>?Fr Benumunna naplua/JbHOl BEepOSTHOCTU Ha 3alasibl-
Batoiee penenne cocrapiaser 29%. C ydeToMm 5Toil BEJIMYMHBI, KOTOpas CYIIECTBEHHO U3MEHS-
eT Ga/laHC 3aceeHHOCTH KocMoxpoHoMeTpa 2>?Th B 6era-pacnanuoil cTanun HyK/IeoCHHTE3a B
[Ipupone, 6elTa Tpom3BeNieHa olleHKa BozpacTa Bcenennoit. OHa oxaszamachk papHoit 1y = 2272
et no onenxkam Knannopa [17], uto npessitaer npexutoto seaununny T < 15 [oer.
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Hyxmuner, Buepsoie nnentuduinnpoBanibie na ycranoske UPUC

Tabmuma 1

Hyxmum. [Tepuon Meton Hyxmun [Tepuon Meton

MOJIYPAacCI.,C || WOEHT. MOJIYpacil.,C || WOeHT.
23Ra 30(10) ¢ 1590 12.3(10) a,v, X
*¥Ra 30(5) ¢ 158 Ly 10(1) a,v, X
232y 5(1) By, X 15y 32(5) v, X
1857 19.5(5) a, 3, X M5y 18(3) v, X
1837 9.7(6) a, 3, X 5T 29.5(15) v, X
1827 2.8(6) a, 3 1368 m 42(4) v, X
1817 3.4(6) a, X 138mpm 10(2) v, X
1637 246(12) v, X 13Impy 6.5(10) v, X
1y 72(6) ~v, X

N Trc
A=138 (Pm)

30} I }_ _________ { _____ 180

3000

Puc 4. IlosuTponuslii cnexTp pacmana >*Pm, HaGpaHHLLIT B ONHOI M3 cepuil m3Mepe-
HIl. BepTuKambHBEIME JUHUSME OdepUeHa o6JIacTh SHEPT Ui, NCHoIb3yeMas O o6paboT-
KNI CTeKTpa U TOJTYyUeHUs TPaHWIHON >Heprum. B BepxHell JacTW PUCYHKA ITPUBEIEHBI
NMepuoabl Modypaciaiga A COOTBETCTBYIOUINX YUYaCTKOB OeTa-CcleKTpa.

MeTtonuka m3mepenuit 1 o6pabOTKI MO3UTPOHHBIX CIHEKTPOB MO3BOINIIA BIEPBbIE s IITH-
POKOIT 00/TacTit Macc ¢ MOMOIILIO NeTeKTOPa M3 CBEPXYMCTOrO TepMaHNs ¢ XOPOIIed TOYHOCTBIO
(< 30 x5B) usmMepuTh rpaHnyHble YHEPIUN MO3UTPOHHLIX CeKTpoB. B [3] mpuBomsiTest mosibie
TMaHHBIe 00 M3MEpPEHHBIX TPAHNIHBIX SHEPTUIX, a Ha prc.4 IpuBeneH B KadecTBe TpuMepa OfNnH
U3 U3MEPEHHLIX MO3UTPOHHBIX CHeKTpoB, 28Pm.

NnenTudukanusa rpaHULbl IPOTOHHON YCTONYNBOCTH HYKJIAIOB

OHpeI[eJIeHI/IG MacCC HYKJ/INOOB IIO U3MEPEHHBIM I'PaHMYHBIM SHEPruidM IMO3UTPOHHBIX CIEKTPOB
MIO3BOJ/IMJIO TIOJNIYYUUTE IOBEPXHOCTH MacCC 3KCTPEMaJIBHO YAAaJICHHBIX HYKJ/IMIOB. HpOBeI[eHHBIe
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CHeKTpOCKOHI/I‘-IeCKI/Ie IKCIIEepHUMEHTDI IIO I3YYeHHNIO HYKJINI0B,
YAAJIEHHBIX OT IIOJIOCHI 6eTa-cTabuabHOCTH]

NnenTudurkanus HOBBIX HYKJINIOB

TaTeapHoe CIEKTPOCKONMMYECKOe NCCIeNOBaHNe SK30THYECKNX 00JacTell ¢ MCIOIb30BaHIeM
BCEro Mapka JeTeKTOPOB MO3BOJIMIO MIEHTH(UINPOBAThL HOBble HYKAuAbl. CIIMCOK OTKPLITHIX
HYKJIU/IOB C HEKOTOPLIME [aHHBIMH O HHUX npuBeneH B Tabsmie 1. Cucrema KpuTepues, 1Mo
KOTOPBIM OCYIIECTBIIAIach NACHTH(PHKAINS HOBLIX M30TOIOB, CBONUTCA K CIIEMYIOIIEMY:

a) MaccoBoe YHCJIO A HaeKHO UACHTUPUIUpPYETCs Gaarogaps HUCIOMB30BAHUIO Macc-
cemapaTopa;

6) XapaKTepuCcTHYeCKOe PEHTTEHOBCKOE M3ITyYeHre, BOSHUKAIOIIEE P €K TPOHHOM 3aXBa-
Te WIN B pe3ysIbTaTe KOHBEPCHUHU HJIEK TPOHOB, CBUAETENLCTBYET O HAJINYIN M30TOIOB MCKOMOTO
snemenTa (7);

B) OMHOBpEMEHHAs PErUCTpalis aMITUTYAHBIX CIEKTPOB BO BPEMEHH [IJI Pa3INYHBLIX TH-
noB ussydenuii ( anbda, 6eTa, raMMa u X ) MO3BOJISET COMOCTABATH MOJYYCHHBIE 3HAYCHUS
[epronoB MoJIypaclala U JaeT NONOJHUTEILHYIO YBEPEHHOCTh B IPaBUILHOCTH WIeHTU(QUKa-
[N HEM3BECTHOTO M30TOMNa U CIIEKTPa €ro W3JIyYeHus;

') KpuBas WHTEHCUBHOCTH JI0YEPHETO M3JIYUYCHIS BO BPEMEHN, NMEIOIIas XapakTepHyIo (hop-
My ”HakoITeHns — paciiana’, CBUIETEIHLCTBYET O IIPUCY TCTBUM B CIIEKTPe TeHeTHIEeCKN CBA3aH-
HOTO HEHM3BECTHOTO MaTEePUHCKOrO M3/IYYeHUd U JaeT BO3MOKHOCTDL OIMPENeINTh EPUOL MOy~
pacrajia IIoCcIeIHero.

Ol'[pe,[[e.J'IEHI/Ie MacCC HYKJINOOB U3MepeHNeM T'PaHNYHBbIX 3Hepr1/1171
INIO3UTPOHHLBIX CIIEKTPOB

HewnsBecThas Macca HyKInmga MoxKeT ObITH ONpeNeseHa 1Mo U3BECTHON Macce NOUYepHero n pas-
HOCTH MacC MaTEPUHCKOTO U NOYEPHETO HYKIIUIOB, B YaCTHOCTH, Iy TE€M M3MePEHUs TPaHTIHBIX
SHEPI Uil 6eTa-CIekTpa CIeKTPOMETPOM BBICOKOTO Pa3pelleH s .

Ha ycranoske UPUC wsywanucs mosuTponubie nsiaydaresnu - mzotombl P39. B kagecTse
nmeTekTopa Ucnonb3oBancs cepxuncthii repmannit Ge(HP) o6wvemom 1.2 cm?, obnamatormit
GOIBITION H>PPEKTUBHOCTHIO PETUCTPATINE HITEKTPOHOB (1 04eHb Masoll >(PpPeK THBHOCTHIO PETH-
CTpalny KeCTKUX TaMMa-JINHNAT) 1 UMeOIil Bbicokoe pasperterne ( ~ 10 ksB mpu sweprum
smekTporoB 2 M»B).

['panuunas sHeprus crnekTpa ompenensiachk u3 rpadpuka Pepmu-Kropu, nomyuennoro mis
CIJIOITHOTO MO3UTPOHHOIO CHEKTPa, UCITPABIECHHOTO aHATUTUYECKN Ha McKaxenus. [l momy-
YeHUsI DHEPreTUIeCcKOoll MOMpaBK K MaKCUMAabHON SHEPIUN, ONpeNelseMoll B pe3yiibTrare 06-
paboTKM CILIONTHOTO GeTa-creKTpa, ObLIN U3MePEHbI B KadecTBe KaTUOPOBOYHBIX TO3UTPOHHBIE
CHEKTPBI HYKJIUOB € XOPOIIO U3BECTHLIMU pasHOCTAMEI Macc [3].

Bomsumm npenmyimectBom Ge(HP)-merekTopa sBaseTcss BOSMOKHOCTH €10 MCTOTH30BAHIS
IIJTSL aHAJIN3a COCTaBa U3JIYYeHUs U3MePSIeMOTO NCTOUHMKA MO0 OMHOBPEMEHHO PETUCTPUPYEMOMY
ramma-usnydenuto ¢ sueprueit < 1 MsB un snekTponamM BHYTpeHHEN KOHBEPCHE BBICOKOMYITHTH-
nonpbixX (mim E0) nepexonos. Kpome Toro, Grraronaps MaibiM pasMepaM I€TEKTOPA OH MOKET
HCIOMB30BAThCS B SKCIIEpUMenTe B coueTannn ¢ npyrumu netektopamu, Ge(Li) m Si(Li), Takxe
NAIONINMEI MHPOPMAIINIO O COCTaBe M3JIYUYeHUs 1 KOMIIOHEHTaxX (GpoHa.
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HATBCS JIs SIIEMEHTOB, TIOTEHIINA] MOHU3AIMU KOTOPBIX He TmpeBbiiaeT 6.5 — 7.0 5B, a nng
ATOMOB IIEJIOYHBIX MeTalI0B 3(pdexTuBHoCTh norn3annn nocturaet 100%. Ha puc.3 mpusene-
Ha cXeMa CTaHIapTHOTO MUIIEHHO-MOHHOTO YCTPORCTBA ¢ MOHHBIM UCTOTHIKOM TTOBEPXHOCTHON
nonmsaruu. BapmamToM 5ToOTO MpWHIINIIA MOHW3ANNN OLIIO TOTyYeHe OTPUIATETHHBIX TOHOB
aTOMOB TaJIOTE€HOB.

B) JlasepHblil HOHHBII MCTOYHUK, TPENJIOKEHHDIN 1 BlepBble ncnbiTannbii B [TAAP [15].
DTOT TUT MOHU3AINU ATOMOB TIO3BOJISIET PA3NEdATh M300apbl U, CIENOBATENHHO, B COUETAHNN
C pasmeseHneM MO0 MaccaM IMO3BOJSIET TOIYYaTh UCKITIOUNTENLHO TUCTHIE MYUKU SIIEpP OINHOTO
copTa.

\m

T~

/;

Puc 3. Cxema y3na "Mullieb — HOHHBIH WCTOUHUK”. 1 — MUIIIEHHOE BEIIECTBO, 2 — r'ep-
METUYHBIN TAHTAJIOBBII MUJINHID, HAlPEBAEMBIll TepEMEHHBIM TOKOM, 3 — BOIb()PAMOBBIil
HOHHBIN UCTOUHUK, 4 — TEIUIOBBIE SKPAaHbI,  — JIEKTPOMBI U MTUTAHUS MUIIEHN U HOHHO-
ro UCTOYHUKA, 6 — KOJIBIO U3 TaHTaJoBo# (Houbru, 7 — nonocka donbru uz W-Re crnasa
TSt TTOBBITIIEHNsT 3()dEeKTUBHOCTH WOHW3ANNN, 8 — BRITSTHBaMNi smextporn (11 xB).

CHEKTpOMETpI/I‘-IECKaﬂ cucTeMa U cpeacTrBa aBToMaTH3Ialnnum I/ICCJ'IEI[OB&HI/II?I

B mapx cmexTpomerpudecknx mpubopoB, wmcmoib3yeMbix Ha ycranoBke WPUC, sxomst
pasimYHble O CBOMM TapameTpaM Si(Au)-meTeKTopbl s M3MepeHus albha-u3Iydenns,
Si(Li)-nmeTekTopbl mis perucTpalny KOHBEPCHOHHBIX €K TPOHOB, PEHTTEHOBCKOTO M3ITy YeHNs,
Ge(Li)-nerekTopsl mis usyuenns penTreHoBckoro n ramma-usmydennit, Ge(HP)-netexTopnr n3
CBEPXUNMCTOTO TEPMaHMS /IS PETUCTPAINN CIJIONTHBIX 6eTa-CIeKTPOB, a TaKiKe CIMHTUIIISIIN-
OHHBIIT fleTeKTop n3 bosbinux KpuctaaaoB Nal mirs mzmepenus crekTpoB MOITHOTO MOTIOIMIEHM S
raMmma-Jyded.

CpenctBa aBromatusanmu komiiekca MPUC yanroiBator noTpeGHOCTL B 6OILITOM UnCIe
6y(depoB MiIsi HaKoIIeHus WHGOPMAINT U HAKOIIeHWs OOJIBINNX MaCcCHBOB INaHHBIX. B sKcrre-
pUMEHTAaX TI0 M3YUYEHNIO KOPOTKOKMBYIINX saep TpebyeTcs 60abIIoe INciIo MUKIIOB 00Ty IeHns
(MCTOYHWKOB), T.€. GOIBINOE YNCIO CIEKTPOB, KOIMIECTBO KOTOPBIX 33 ONNH CEAHC YKCTEPIMeH-
Ta MOXKeT MOCTUTHYTh HECKOIBKNX Thicsid. COPTUPOBKaA >TON MHMOPMAIINN € YIETOM N3MEHUB-
MAXCST PEKMMOB U IPYTUX Y CIIOBII SKCTIEPUMEHTA, & TakiKe JacTUIHas dKCIpeccHas obpaboTka
TIJIS KOHTPOJS 3a XOMOM SKCIIepUMeHTa TPOM3BOMNTCSA BO BpeMs dKCIIEpUMEHTA.
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5(P(PEKTUBHO UCTIONB30BATH IIPOTOHHBI Y4YoK 1 MoiydaTh uaTencusnbe ( no 107 — 10% 1/c )
MOTOKH PalnOaK TUBHBIX HYKJIUIOB pakTudeckn Beex P30 [12].

n) Mutiiers Ha OCHOBE THPOIN30BAHHBIX NNPTATONNAHTHOB ypaHa, TOPHs U APYTUX dJIEMEH-
TOB 3-€il 1 4-0l IPYIIT NEPUONMIECKON TabIUIIbI 115 IOy YeH s KaK HellTPpOHONePUIIN THBIX, TaK
U HEHTPOHOU3OLITOUHLIX M30TONOB GOMIBINOI Ipynisl sieMentos [13]. Makcumanbuas Temnepa-
typa mutrenn —2400°C. Baaromapst BEICOKOpa3BUTON TTOBEPXHOCTH TOTYYa€MOTO B PE3yIbTaTe
nupoan3a MUGTAIONUAHITHOB YIIIENONOOHOTO KOMIIO3UTA U MCKITIOYNTETHHO BBICOKOW CKOPOCTHU
nuddy3nr B 3TOM BellleCTBE aTOMOB HEKOTOPBIX HJIEMEHTOB Oblila MOy YeHa PEKOPIIHAS [T Mac-
CUBHBIX MUIIEHE] CKOPOCTD BBIIETEHNS saep (MacCHBHBIMI MPUHATO CANTATH MUTIEHN, NCTOTb-
3yeMble Ha MIyOOKO TPOHMKAIOMINX MydKax dacTuil). Mutnens wcnonbsoBaiachk B JlabopaTopun
wetitponnoil pusuknu (Cryncsuk, [lsenns), a rakxe B8 CERN’e ( HIseftnapus). Ha puc.2 npen-
cTaBjleHa KpuWBas CKOpOCTHU Bhimedenust Rb w3 Topuil -comepxarieil MUIIEHN, IOy YeHHAsS TPT
ncnblTanusx Mutenn Ha Macc-cemtapatope [SOLDE 8 CERN’e. Bpems monmyBoinenenust nykian-
nos Rb (Bpems, 3a KoTopoe TooBIHa 0OPA3YIONINXCSA B MUIIEHH A€ NOCTUTaeT KOIIEKTOPA)
cocTaBisieT okoao 30 Mmc.

o 200 400 600 800 1000
Bpemsa (mMc)

Puc 2. Bpemenntie xapakrepuctuku Mutrennoro BeitiectBa ThCx.

e) Mutensb Ha OCHOBe paciiaBa MeTaJIHYECKOTO 30JI0Ta Ui [HOMYYeHUsT H30TONOB TYTO-
maaBkux diaemMenToB B paay Hf — Pt. Dra obmacts simep mo cux mop sBiseTcs HENOCTYITHON
st [SOL-ycTanoBok, paboTaomnx Ha MacCHBHBIX MUIIEHAX. Kak mokasannm cTeHIOBbIE HC-
MBITAHUSI, TP 06paboTKe TOBEPXHOCTH MPENBAPUTETLHO 00y IEHHOTO PACIIABIEHHOTO 30JI0Ta
HeGOILINTIM KOTMIeCTBOM (PTOPCOMEPKAIIETO rasa, Hanpumep, SHg, n3 Hero mognocThio Bbime-
JSFOTCSA B BUME JIETKO JIeTYy4nX (GTOPUIOB U30TOMLI BCEX dieMeHToB s>Toro psama [14]. Ommnako
B "on-line” skcrepuMenTax MUIIEHDL He TPUMEHSTach B CBA3M ¢ Kpaiie muskoil (meree 0.1%)
3P PEeKTUBHOCTHIO HOHU3AIINH.

Ha macc-cenmapatope UPNC ucnonn3oBanuch Tpu THa HOHHLIX NCTOYHUKOB!

a) CrannapTHLI TIa3sMeHHbI HOHHBI HCTOYHNK TPUMEHSIICS TOIBLKO B MepBLIX ~on-line”
HKCTIEPUMEHTax.

6) Hambonbiiee pacmpocTpanenne TOMYUIHI HOHHLIA MCTOYHNK, WCTOTB3YIOMINI TPUHITHIT
MOHM3AINN aTOMOB IIPW BBLIIETE ¢ pacKajieHHol moBepxuocTu. O MoxeT >hPeKTUBHO TpUMe-
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Macc-cenapaTop

CexTopHbIN 5/TEKTPOMATHUT € YTJIOM OTKJIOHEHWS H5° U panycoM KpPUBU3HBI MEHTPAIILHON Tpa-
ekTopuu B MaruuTHOM 1osie R = 1.5 M obecrieunBaeT mucnepcuio, paBuyio 10 MM 171 MaccoBOro
qnciaa A = 150. Dueprus nonos 30 k5B, nonepeunoe cevenne mydYka MOHOB COCTABIISIET TPUMEP-
Ho Imm 2. B Ko/tekTopHOI KaMepe Macc-cemapaTopa yCTaHOBICHBI TPHU 3K TPOCTATHYECKIX
nedekTopa, OTKIIOHSIONNX noHuble myukn Ha 30°, 45° u 70°, cooTBeTCTBEHHO, B TPU MOHHBIX
TpakTa, Benymunx B skcnepuMenTabubiil 3as1 UPUC. s ynpasmennst n GoxycupoBKU BhiBe-
JIEHHBIX TYYKOB WOHOB WMCIOJb3YyeTCs CHCTeMa KBAaJIPYIOIbHBIX JIMH3 W 3JIEKTPOCTATUIECKIX
KOHJIEHCATOPOB, YCTAHOBIEHHBIX BIIO/Ib Kak/I0To TpakTa. [lynbT ynpasienus macc-cenapatopa
BKJTIOUaeT OJIOK MUTaHWS MarHUTa, BBICOKOBOJIbTHBIN GJIOK, KOHTPOJIL U YIIpaBIIeHe BaKyyMHOIT
CUCTEMOIT, KOHTPOJIb U YIIpaBjeHne HarpeBaHeM MUINEHU W MOHHOTO MCTOYHUKA, YIIPaBIIeHUe
sJIeMEeHTaM¥ TTPOBOAKYM MOHHBIX MYYKOB U M3MepUTeIbHbIE YCTPOICTBA.

MuriteHHO-MOHHO€E YCTPOMCTBO

MutiieHb 1 MOHHBIH UCTOYHUK SBIISIOTCS CEPIIIIEM BCell YCTAHOBKYM U BO MHOTOM OIPENEIIIOT ee
BO3MOKHOCTH, TIOYTOMY UX pazpaboTKe Bceryia yaensioch ocoboe BHUMaHUE.

Mutrienb mosiKHA YIOBIETBOPSATH MHOIMM TPeGOBAaHMSAM, INIABHBIMU U3 KOTOPBIX SIBIISIOTCS
ee OBICTPONENCTBIE, TEPMOCTONKOCTh, HU3Kasl YIPYTrOCTh TTapa BellecTBa MUIIEHN TP BBICOKMX
I OY€HD BLICOKUX TEMIIEPATypaxX, YHHBEPCATLHOCTH (TO €CTh BO3MOKHOCTH MOy YEHS ITHPOKO-
TO CIEKTpa SIep-TIPONYKTOB) U, HaKOHEIl, CeeKTUBHOCTH, TTOCKOILKY Macc-celapaTop He maeT
BO3MOKHOCTHU pasfenienus n3obap. OueBumno, 9To HEKOTOpDLIE W3 STUX TPebGOBaHWl B3aWMHO
HCKITIOYAIOT APYT APYyTa, B CBA3U ¢ 9eM pa3paboTka ~xXopolreli” MUIIEHN SBIASETCS TOCTATOYHO
TPYIOHOU 3a1adeii.

Ha xommmekce UPUC ucnonb3oBamuch crieqyrorime THITBI MUATIIEHEH, HAOTne TPUHITNTNATb-
HYIO BOBMOXKHOCTD TIOIYYaTh Apa GOMBIIMHCTBA dJIEMEHTOB MEPUONNYIECKON TabINIIb:

a) "Kunsmas” Mutienn s MonydeHus W30TONOB OJIarOPOMHBIX Ta30B, paboTalolas To
npunatUy nuddysnonHoro Hacoca . llpuMmensmach B TepBBIX 5KCIEPpUMEHTAX Ha KOMILIEKCe
NPUC nns nonyuenns el TpoHONeUIUTHLIX U30TONOB KCEHOHA [2].

6) Muterb 13 paciyiaBIeHHOTO JaHTaHa U €ro CIJIaBOB IS MOMYUYEHUS M30TOTOB KCEHOHA
u Te3us.

B) lombiil BOmB(GPaMOBLIN MM TaHTATOBLIN HUINHAD MAHHON D0 MM, BHYTPEHHIM THaMe-
TpoM 3 — 5 MM, HarpeBaeMbIll ¢ TOMOIIBIO HeKTponton 6ombapaupokn o 2500 — 2800°C u
COCTaBIISIONINI OOHO TeJI0e ¢ HOHHLIM ncTouHnKoM. Mutens paspaborama B OUAN (r. I[y6Ha)
1 UCTOIb30Baiach B coBMecTHBIX ¢ coTpynuaukamu JIAIl OUAN skcnepumenTax mimst momygerms
M30TOMOB pefKo3eMenbibix dmeMenToB (P39) [3]. OcroBroe mpenmyecTBO Takoll MUIIEHT — €€
OBICTpOIEfiCTBIE, HENOCTATKOM JKe SBIISETC OTHOCUTENLHO Majlas Toe3Hast Macca (HeCKOIbKO
T ), 9TO CYUIECTBEHHO CHUKAET BLIXOI SIep-TPOLYKTOB.

r) Murtens 3 MeTammndecknx Gpoasr TyromaaBkux Merannos: W, Ta, Nb nus momydemnus
e TpononedunnTHbX nykiaunos P39 Rb, Sr. Y n Br. Pymon ¢onbru Tommmaoit 20 — 30 Mxm,
BecoM no 120 — 150 T momermaeTcss B TepMETHYHBIN TaHTAJIOBRIN KOPITYC, HarpeBaeMbIll Tepe-
MeHHBIM TOKOM. Makcnmanbhas Temmeparypa coctasiser 2200°C mmst Nb u 2600 — 2800°C
mist Ta w W. Onna w3 Monudukanmit Takoro TUa MUIIEHEN BBITOIHEHa B BUIE TyYKa JIEHT,
npudeM oba KOHIA JIEHT € TOMOIIIBIO 3JIEKTPOHHO-JIYUYEBON CBaApKU ITPUBAPEHBI K TOPIAM KOp-
myca, TaK 9TO DIEKTPUYECKUN TOK MPOTEKAET U 10 STUM JIEHTaM. JTO TO3BOIUIO Yy UIIUTh
BpeMs BbllIeJIEHUs HYKJIUIOB 10 BeIUunHbl mopsnaka 1 ¢. bosblmas Macca MUIEHN TO3BOJISET
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yrausepcunTera HOBsckions (Punnsuns), weiiTponHoi sabopatopun B CTynCBUKe I HEKOTOPHIX

Ipyrux.

OkcnepuMeHTAILHBIN KoMiiekc UPUC

OcnoBy kommnexca UPUC cocraBmiseT 51ek TpOMaruu THBIT Macc-cenapaTop, paboTaomnit ~on-
line” ¢ myukom mpoTomnos sueprun 1 ['5B cunxpoumkmorpona [TUAD. Obumit Bun cucteMbr B
MOMEHT €€ CO3IaHus (197571976 rr.) mokaszan Ha puc.l. Kommmexc MPUC moxno monpasnennTs
Ha cremytornue QyHKINOHATbHbIE YaCcTH: TPAKT IIyYKa MPOTOHOB, MacC-CelapaTop, MUIIEHHO-
MOHHOE YCTPONCTBO, TONBUKHLIE KOJIIEKTOPLI MOHOB, YKCIIEPUMEHTAIhHbIE YCTAHOBKHU C [HeTEK-
TUPYIONIUMI yCTPONCTBAMH, aBTOMATU3NPOBAHHLIE CPENCTBA HAKOILIEHUs n oOpaboOTKW Ham-
HBIX.

Puc 1. O6muit Bunm ycranopku UPUC. 1 — Tpacca myuka TPOTOHOB, 2 — MUIIEHB-
MOHU3ATOP, 3 — O6IOKHU TallleHnss TPOTOHHOTO MYy UKa, 4 — SIIeKTPOMATHUT, 5 — KOIIeKTOpHAL
KaMepa, 6 — KaMepa pa3BOOKN MOHHBLIX TMYYKOB, 7 — MOHOIPOBONLI, 8 — 3aIlIUTHAS CTeHA,
9 — beTonHas cTeHa, 10 — oTkaTHble nBepu, 11 — neHTOMpPOTAXKHOE yCTpolicTBO, 12 — Bpa-
MTATOTITN CST KOIIEKTOP.

TpakT myuyka IpoTOHOB

[Iporonublil BakyyMHBIH TpakT BKIOU9aeT 16 MarHUTHBIX 3JI€eMEHTOB ISl TPACCUPOBKHU TTPOTO-
HOB U3 WIABHOTO 3ajla YCKOPUTEIs Mo Mutiennoro nomerrenus xopuyca UPUC. [nuna Tpakra
oxoso 60 M. MHTeHcHBHOCTH NPOTOHHOrO Mydka Ha Mmulnenu coctasaser (5 - 101 — 10'%) 1/c,
nonepeyHoe cedeHne myuka — okojo 1.5 cm?, PoxkycupoBKa IPOTOHOB Ha MUIIEHb IIPOM3BOIUTCS
C TIOMOIIIBIO CUCTEMBI TPONOPIINOHATIBHBIX KaMep, YCTAHOBIEHHBIX BIIOJIb TPAKTA.
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KOMINVIEKC APUNC N CITEKTPOCKOIIMYECKHWE
NCCIIEJOBAHNMA HY KJINOOB, YIOAJIEHHDBIX
OT IIOJIOCHI BETA-CTABMNJIILHOCTA

FO.H.HoBuxos, B.H.IlarTenees, B.J1. Tuxonos

BBenenmne

B cepennne 60-x TOmoB B pasanmyHbLIX TabOpaTOPUSIX MUpa Y€TKO 0G03HAUMIICS MOBLIIEHHBIN
UHTEpeC K SapaM, YIAJIEHHBIM OT TOI0CH GeTa-cTabmiIbHOCTH, KOTOPBIE, B CIJIY UX MAaJIbIX TIe-
pUOMIOB oy paciana n HeGoIbINX cedennii oGpa3oBaums B PEAKIUAX, He MOTIIN OBITH UCCITENO-
BAHBI CYIIECTBOBABIIIMMHI K TOMY BPEMEHU HKCIEPUMEHTAILHBIMI METOMAMI. JKCTPATTOIISIIIS
3HAYEHNHT MacC HYKJIUIOB MO M3BECTHBIM MOIYIMINPUIECKTM (DOPMYJIaM TPUBOANIA K BBIBO-
1y, 9TO YUCIIO €Ille HEM3BECTHBIX B TO BPEMS SIfIep MPEBLIMIAeT KOIMYECTBO U3BECTHBIX. JTO
MO3BOIISIIO HAMESTHCSI Ha BO3MOKHOCTD 3HAUNTEILHOTO YBETNIeHns HHPOPMAIIUT, KOTOPASI TO-
MOTJTa ObI TIOCTPOUTDL TMOIHYI0 KapTUHY CBOHCTB Alep W MOCIYKHUTEL 6a30f I KadyeCcTBEHHO
HOBBIX 3aKJTIOYEHUH O CTPYKTYpe sifpa U Saepubix cuil. HanGonbimmit nnTepec BLI3BIBAI BOIIPOC
0 BO3MOXHOCTH OOHApPYKEHWS MPOTOHHON W MABYXITPOTOHHON pPAaAHOaK THBHOCTHU, MCITYCKAHUS
3aMa3IbIBAIONINX TPOTOHOB U HEWTPOHOB, 3alla3lbIBAIONIETO MEJIEHNS] U APYTHX SK30TUIEeCKIX
BUIOB pacliajia, KOTOpble YHEPTeTHYeCKN HEBO3MOKHBI IS HYKJIUIOB BOJIN3W MOPOKKN GeTa-
CTabMIBLHOCTH.

Beenerme B crpoit yeranoBok [SOL (Isotope Separator On-Line) nossomsio, ¢ omHoit ¢To-
POHDI, UCIIONB3YS pasfieenne M0 MaccaM, N30aBIIThCS OT (oHa, 00yCITOBIEHHOTO HYKITHIaMI
COCEMHMX MacC, a, € MIPYTOH CTOPOHBI, MOIyYaTh Giaromapst OLICTPONENCTBHUIO BCEH yCTaHOB-
KU BechbMa KOPOTKOXWBYIIHE SIpa, C BPpEMEHEeM KWU3HU B 0C000 GIATOMPUATHLIX CITydasX 0
HECKOTBKIX MUJITHCEKYH], YTO B COBOKYITHOCTH TIPW HEMPEPLIBHOM IIPOIECCE TOTYUEHUS SIIep
CYIIIECTBEHHO yBEINUNBAIO SPPEKTUBHOCTH MCCIENOBAHNII.

Bonna wnrtepeca x ymamemubiM simpaM He oboriiia ctopononn u Pocemio. bmaromapst nnn-
nnatwBe u ycuausm mpodeccopa J.E.Beprosuua B [IUAD 6oima cosmama mepBas B cTpa-
me coBpemennas cuctema [SOL, koTopas monroe Bpewmsi Gbuta emmncTBennoil. Poccmitckas
[SOL-ycTramoBka momyumia masBamme WPUC (MCCJIGI[OBELHI/IG PammoaxTusunrx MzoTomoB wa
Cunxpormkmorpone) [1].

B nexa6pe 1975 r. yeranoska UPUC 6bima 3anyiena B pexxmnme “on-line” | w 66111 MOy Y€HBI
nepBble PusuuecKue pesyiabTaThl [2]. B nocmenyrolue HecKonbKo et B paboTax Ha yCTaHOBKE
yaacTBoBasia 6ombitas rpymmna yuennrx I Al OUAN. B pesyabrate coBmecTHON paboTh! GLLT 1MO-
JYYeH pSII BAaXKHBIX PE3YILTATOB 0 U3MEPEHNIO MACC Alep 1 OMpeNeIeHnIO T PAHUIILI TTPOTOHHON
yeroituuBoctu [3-7]. B manpueiiiem 6aaronapst pasBUTHIO SKCIEPUMEHTATBHON TEXHUKHA U CO-
3[TAHUIO HOBBIX OPUTHHAIBLHBIX MUIIEHHO-HOHHBIX YCTPONCTB YNCIIO MOCTYITHBIX TSI U3MEPEHTS
anep cyiecTBenno Beipocisio [8]. Takike sHaunTenbLHO paclimpuiach SKCIepuMeHTalbHas 6as3a
IIJTST TIPOBENEH ST (PU3MIECKUX MCCIENOBAHTIT: CO3MTaH JTa3epHO-SIIEPHBIN KOMIIEKC, pa3paboTan
MeTOJ 1 CO3/lata YCTAHOBKA [JIs NCCIeNOBAHMS 6eTa-paciaia ¢ TOMOIILIO TaMMa-CIIEK TPOMETPa
nosioro norsortenus [9-10], copoekTHpPOBaH U CTPOUTCA MAcCC-CIEKTPOMET] BLICOKOIO Paspe-
[IEeHNs [AJIs TIPSMOTO MPElU3HOHHOTO u3Mepenus Mace snep [11].

JlaBopaTopus KOPOTKOKUBYIIHX sifep, 6basupysch Ha kKommiaekce UPUC, ycmerno corpymnn-
qaetr ¢ Qpusnkamu n3 3apybexunix nenTpos [SOLDE (CERN, Hlsefinapus), GSI (Hapmmrant,
lepmanmst), yausepcuteTtoB Mapbypra n 'mccena (I'epmanus), mukmorpomuoil mabopaTopun



