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.t:i:seneHRe 

CorJJacHo Teopmr UIIOHHoll KOII,IIeHCaiJ;l!l'I l.!l!r.ua;ra I l/ B03MOlltl!O 

cymeCTBOB8HMe CB8~0THUX anep, KOTOpHe MOryT 6HTh KaK CTa6Rnb

HH, T3K H M8T30Ta6RHLHH OTHOCHT8n»HO nepeXO~a B COCTORHH8 C HOp

M8~HO~ unOTHOCTb~. ilpHSHaKOM ITO~eHHJI B llpo~Tax anepHHX pe-

8Klln~ CBep~OTHOH ~SH MOXeT cnyEHTb aHOManhHaR 8H8prRH CB83H 

06pa.30B8EllillXC.R: .a,n;ep WW: Kp8TH3Jl 3MHCCHJI S~e~aHHliX HYKJIOHOB. 

B ~BHHOH pa60Te OllHCHBaiDTCH 3KCll8pHM8HTH ITO llOHCKy HSOMe

pDB llJIOTHOCTII Ha ycxopi!TeJIRX ll<i>B~ (Ce]ll!YXoB) ll C<i>T JIB<> OIDill. 

ITOHCK H30M8p9B ~OTHOCTH no 3HO~HO~ 3HeprHK CBJISH 

B pa6oTe /2/ o6;ryqeHJ!e npoBo~ocb Ha ycxopKTeJie ~b3 (Cep

nyxoB). Ml!llleHII 6wm 1!3roToBJieH!I B mme ITY""OB BOJib(jlpaMoBLJX rrpo

BOJio'l!eK ¢ bO MKM. ,Ibia.MeTp ny'l!Ka IIpGBOJIO'IleK- 4 MM, ,lVIHH3 -.25 MM, 

B8C - 2 r. qepea 10-II 'q8COB o~eHRH MHill8Hb ITOMemBJiaCb BO BHYT

peHH~ ITOJIOCTb HO~OrO HCTO~ C ITOB8pXROCTHO~ HOHH3auRei3~cC
cenapaTOp8 HCHAITIT ]a6opaTopKH ~epH!IX npo6JieM Ollfill. lloH1!3a

Top ITpe~CT8BJI&rr C060Y BOJib(jlpaMOB!IlJ CTaKaH ~BMeTpoM 7 MM II ~
HO~ 30 MM, CO CTeHKaMR TOxmaHOfi 0,5 MM. 0TKPHTHfi KOHe~ CTaKSHa 

6HJI repMeTHSRpOBaH KOHH'Il8CKOfi TaHTaHOBOD npo6Koa, B ~OHHWKe CTa

KaHa HM8JIOC:b BHXO.ItHOe OTBepGTHe )lHaM8Tp0M 0,4 MM. J10IDI38T0p Ha

rpeBaJICR 3JieKTpoHHoA 6oM6apmrpoBKolJ ~o TeMUepaTypll 2200°C. P~o-

aKTHBH.hle H30TOIW .IUi!W>YJUUipo:eaJIH H3 TOHKOit IIp0BOJIOKH MmD.eHR H ITOC

Jie HOHH3auRH Ha BHYTpeHHHX CTeHKax HOHK38TOpa H3~8K8JIHCD qepea 

BHXO~Oe OTB8pCTH8 3JI8KTpHqecKHM IIQn8M BHTRrHBaDnero 3JI8KTpo~a 

(20 KB), ycKopaxRc:o H paa~e~c:o no MaCcaM B MarHHTHOM no;re ce

napa.ropa. ~0 npoae~eHO ~ o6;ryqeHHH C llOXHHM llOTOKOM ITpOTOHOB, 

rrpome~ qepe3 Mllill8HD 3•lol5 II 4•Iol5 COOTB8TCTB8HHO. ilpll npo

Be~eHHH Macc-cenapanaH npa6op HacTpaKBSAca Ha ~e~eHHe zao6ap 

B CJie.JlYlllilHX JlHanaaoHax MaccoBliX 'tiHce~: 5 .cA<9, I9<A<28, 
30 <A <44, 34 <A <48. 

C6opHHKH C aKTRBHOCTDD B Te'l!eHHe HeCKOJibKHX 'llaCOB SKCllOHH

pDBaJIIICD Ha ~epHOA (jloTOaMYJIDCIIII C UeJibD perHCTpanoH TEXeJI!IX 



aapmr.erumx l!8CTHI~ R ,IVIR ITOJIYli8IDHI pa.zn:IOrpa<!Mli€CKO~ K8pTHHI1 pac
rrpe~aHSHRH 8KTHmiOCTH Ha c00pHHKe. 

IJpn llpGCMOTpe W0T08MYJ.l])CHH H86JIIQD;SJIHC:b 'tl€TKB:e IIHTH8, OTBe

lffi.lll.lW6 HaBeCTHhlM HSOTOITB.M .N'a. H K • KpoMe aToro, KOHCTPYY.Ulffi 
HOHHoro HCTO~Ra He HCKHID~ MHOrOKpaTHY~ HOHH38URD HS~Tpa~e~, 
BHXO~X H3 HOHHOro HCTOqHHKa, aneKTpOHHHM ny~OM, HCIT0~3ye
MHM ~ paaorpeBa noHHsaTopa. llpn npocMOTpe WOT03MY~hCHH He 6u
~o HaM~eHO C~enoB, KOTOpHe MOMHO 6~0 6U ~OCTOBePHO CBa38Th C 
llOHBHeHYeM CBe~OTHHX ~ep B nBHHHX peaK~. aTO C00TB8TCT
BY8T B6pXHe~ rpa~e o6pa30B3HRH M6T8CT86~Horo CBe~OTHOrO 
COCTOaHHR 3·10-34 c~2 • 

B pa6oTax I 4 • S/ MllliiCHh o6.ny'<BJ!llch Ha BHYTpamreM llY'll'e OII>T 
JlB3 llpOTOHaMII H .lleMOHaMH C 3He~rea 8 l'aB, M!llll€Hb RCllMb30Ba
JiaC:b Ta.KaR: ;'It€, Kai< H B pa6oTe I . IIoToK rrpoTOHOB, npome,II;li.IHX 
qepea MHmeHh, 6~ 3·I014 , .lleaTOHOB- Iol4 • B ROHHUa RCTO~ C 
nOBepxHOCTHO~ HOH::aaaURe~ RCHAITIT MHIDeH:r:. noMe~aHaC:b ~epea ~c noc
~e ROHUa o~"tieHRH. B WO~HoM ~ocxocTH HaXo~CR c6opHHK cne
!lHa.>Ihlloro THrra I 61, KOTopHn noMe c6opa aKTRBHOCTH noaBO.JlliJ! paa-
6KB8Tb HenpepHBHOe pacnpe~e~eHHe 8KTHBHOCTK H8 AHCKp8THH6 yqaCT
KH liO 3 MM (MH I, b MM), pa3H€C€HHHe .IIPYr OTHOCHTe~HO .Jlpyra H8 
J8 MM:. BTO D03BOJIH8T BSCTH O,Il;HOBpeM6Hli08 H Ilpa.KTB't!6CKH H638BK
CHMOe H3MepeHHe aKTHBHOCTH COCe~ ~CTKOB ~~Hoa llXOCKOC
TH • Pacnpe;n;eJieHRe (!- -8KTHBHOCTE; H8 C60pHKK6 H8XO)lWIOCh C DO
MO~D I20-KaHanbHOrO ycTpoHCTBa / 61, B KOTOpOM HCITQHb30BanRCb 
CTaHJiapTHUe renrepoBcKHe (3 -cqeTqnKH GET-II. A6cOJ!llTH8R "'l!jjeK-
TRBHOCTh perRCTp31lHH (3 -qaCTRll COCTaBJIH.Jia 30%, C06CTBeHHU~ 
WOH GET-II C0CT8BJ!&JI I5 RMll.IMHH. 

Bu,ne.1I.H.1mCl:o CJI6,IU'"Kil!B6 M8CCOBH6 MBJ!830HH: 

a) ai" A <:45 141. J (8 l'sB) + T>j. 
Ha OIJ,6HOK • CJ:t6JiaHHHX B pa6oTe j 4/ , CJie.u;yeT ~8'1':0, l!TO {J

cTa6~HHn CBepxTinoTHHn ~H HMeeT MaCCOBOe qn~o 38. HCXO.JIR R3 
aToro H dan BH6paH .llaHHRn MaCCOBHE .JlRaiTa30H ~ ITOHCKa CBepxllnOT
HHX R30TODOB KaHRH. B 3TOM M8CCOBOM ~an830He He 6HXO HalAeHO 
CT8TBCTH1!8CRH AOCTOBepHHX llHKOB ITpH ~6HHX 3H81!6HHHX MBCCOBO-
ro UCJia. Ec;m ,ItJ'IJi 01Ip8JJ;8JI8HHOCTH IIOJIOUTh D6plfO.It IIOJiypa.Cila.D;8 

rHTIOT6TR't!6CKOrO CB6~THOro KanKH paBHHM 5 q., TO~ Bepx-
Hea rpaaonp ero ~O.lla n~acb Bexo~ 7•Io-5 OT 4~. 
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o) 64<A<92 / 4 , 5/. p (8 roB)+ Ta. 
8Tor MaccoBWi .zuranaaoH Owr BU6paa z:cxo,n,.a 112 Taro, 'liTO 

caepXTIAOTH~ pyO~~ ~~eH HM€Tb Maccoaoe ~c~o 78 141. Pac

rrpe~aneHHe p -aKTHBHOCTH Ha KO~eKTOpe Macc-cenaparopa aoKaaa
HO Ha pnc.I / 5/. ~0 no~qeHO, qTQ 8HOM~bHH€ H30TOUH pyO~ 
B STOM .IUlaii830He MaCCQBill{ ~CeJI OTCYTCTBYIOT H8 ypoBHe 10-5 OT 

BllXO~a 81R. e. qTo COOTB€TCTBY€T ceqeHHro 8· ro-32 CM2• 

N N 

P +Ta!8GeVJ 

J. " oc 

' i!i. "' l • 
" " " A 

" '" " 1.21> 
6S 70 

1.51> 

PRc.I 

B) I00<A<I38 / 4 •5/. p (8 rsB) + Ta. 
~ (3 -cra6~Horo cBepxuxoTHoro ~eaHR o~aerca Macco

aoe qnMo A = IIS 4/. CTaTRCTnqecKR ~ocToBepHHX Ill!KOB, OTBe'IB.R>

IllRX 8HOM8.JIDH11M H30TOll8.M, 06HapyxeHO He 6WIO. BepxHIDI roomt:u.a.. 

,1l,iLH BHXO~a aHOMMbHOrO !1€311Ji 6WJa IIO~eHa paBHOM 5·10-5 OT Bll

XO~a 127c 5, qTQ COOTB€TCTBY€T ceqeHHID 3•10-32 CM2 • 

B paOoTax 17 •81 B oT~qne oT / 4 • 5/ MHlll€HbiO c~ Th. 
l!poao=cb c~e~R1Iil!e oO~qeHI!Ji: o/ (4,3 roB) + Th. ~e (13 l'sB) 
+ T h , ~e (3,'1 rsB) + Th . Be acex MyqallX OW!l! rrpoae~eHH ce

rrapaU1111 c HacTpol!l<oM Ha BW!eJieHHe KaK H30Tonoa C s , TBK H F r . 
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B OT~e OT padOT / 4 ,o/ HOITO~b30Baft.Cff HO~ CdOpHHK B ~Karrb
HO~ nxocKOCTH M8CC-CBll3p8TOpa H HOBO€ MHOrORBHanDH08 YCTpOfiCT

B0/9/~ H3MepeHHH pacnpenaneHaa_F.-aKTKBHOCTH ~OHb WoxanbHO~ 
UHOCROCTH MaCc-cenapaTOpa~ 3To ll03BO~O CHH3HTb ¢QH H8 RaHaT! 

do~ee qeM B IOU pas (.n;o O,I2 l<MII./M!IH.). Ha pJIC.2" 3 .1\BHH npJI

MepH pacnpe~eneHHi aKTHBHOCTH Ha cOopHRKe, no~eHHHe npH Ha
crpo:Mxe Macc-cenaparopa Ha ce.rreKTHBHoe ~eJielWe HaoronoB C ..s· 

H F 2 • IWll! rro~yqeHH Me.n;yl!lllHe rpaHI<l\H odpasoooHHa cBepxrr.1JOT

HHX a.n;ep C s 11 F 2 : 

Be px!L'<II rpaHlll1.8 Bepx!L'<IIrpaHHv,a 

PeaKUJ!a 
ce~eHHH obpaaoBBHHH ce~eHaa oOpaaoBaHKH 
CB8pXWIOTHOrO CB8pxlln0THHX Cs H 

Cs (cM2l 11 F~ (cM~l F 2 B e)ll'!llillJ,aX 
ce'f:IeHIDI 
127 c s H 212 F"l. 

d (4,3 raB)+ Th ro-6< 3·Io-J2 5·IO-~ 2•10-" 

~e(I3 rsB)+ H 5·ro-3I 5·Io-'30 2·I0-7 z·ro-6 

~e(3, 7 rsB)+ Th 4·I0-3I :;. ro-31 ro-7 3·ro-'1 

llORCK R30M8p9B nHOTHOCTH llO KpaTHOD 8MKCCRH 

3a.II8p!aHHHX HYlSJIOHOB 

B padoTe liD/ IICMe,llooomc• sanasJ~~>~Ballllee HeDTpoHBoe H3JIY

""HHe H3 MHil!eHe~ Fe , 5 ~ , PB ITpJI odJiy'l9HHI1 IIy'iKOM yr~epo.n;a 
C 8Heprllea 44 fsB ll 3aiTa3,il;HBallll99 HeDTpoHHOe H3~eHI!e :113 MKWe

HeA S" H Pf rrpH od~eHI!ll ny'IKOM 4He c sHeprHeD :; l'sB. llonOJll,

~oBBzca peEHM pa60TH annapaTypH, B llaRbH8filli8M ~ KpaTKOCTH Ha-

3HB86MHft "pe&HMOM Me~ ~aMH". 8TOT peEHM HCllOHD30BaACa ~ 

TIOHCK8 paC~OB MeTBCT86~HHX ~ep, HMe~ BpeMeHa XH3HH B HH

TepBMe OT I C ,il;O Io4 C. Ha BpeMH JIPOXOli!JI9HI1ff IIy'il<a anrrapaTypa 

MORllp0BM8Cb (-I c), 8 B ITpoMeli\)'TKe M03JIY llj!KJlaMH (-8 c) d~o

RllpoBKB. CHIIMBMCb. Ha pJ!C,4 ITOI<83a!W peay.li1>T8T!l HSMepeHHA ,n;Jlf! 

OJlHH.n;OBOI Mlllli9HII, OdJiy'la9M02 o/. -'laCTlllJ,aMJI. 

Of.O'laCTH'lHyx> sarpyaey MOliOIO OdMCHIITb odpa30BaHII9M B Mll

meHH I IV tTl/2 = 4,I7 c), npo pacrra.n;e KOToporo HeATpoH!l Hcrryc

KaDTca 0 BepoHTHOCTbD 95%, llapaAneJil>HO 0 OCHOBHHMH HSMepeHHHMH 

B KaJIJIOM SKCll9pi!MtlHTe OITpe,n;eMJIIICb MyqaDH!le COBITa,n;eHHa (JIByx

KpaTHHe H TpeXKpaTHHe). 0RaaanOCb, ~TO OCTaBW8BCH nocne BH~eTa 

~Ha al<TliBIIOCTb onpe,n;eMeTca BKJ!a,il;OM CJiy'W.l!iwx COBITa,n;eHIIA, :JTo 
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06~cBReT AByxCeK~Nft C~ aKTHBROOTH llpH perBOT~ ~Byx
KpaTHOA 3MBOOBH 3~epmaHEHX HeATpDHOB. BepiHKe rpaHKUO o6pa30Ba

HHR H30MepoB ,1481Ul B CJI8.IJYRllt8H TadJimJ;e. 

12c(44 l'OB)+ 

Fe 
4,5·10-3° 

BepxlOOl rpa.HJDI.a oe'leiii!Ji o6pa30BaHHII sana~NBaiO
~ K3~'laTeAen Tpex HeATpDHOB (B CM2) 

12C(44 raB)+ 12c( 44 raB)+ 4He(5 raB)+ 4He(5 raB)+ 

sh PC Sn pq 
2, 7·10-2~ 1,1·10-28 6,~·10-30 3,4·10-2~ 

B pa6oTax 111 •121 qyEOTBHTeAbHooTh nomcKa KpeTHon aMKooHH 

HeiTpoHOB H30M6paMH 6ana C~eCTB6HHO llOBHm6H8 yM8Hhill8HH8M CKOpoC

TH O'leTa sanas~~ HeATpDHOB (6HAS BBe~eHa BpeMeHHa/1 OTOe'l

Ka 60Aee IO c) l! yBeAB'leHl!eM BHTeHOHBHOOTH nyqKa, B STHX p~>6o
Tax HeATpoHHu9 ~eTeKTOp OTO/IA H8 paCOTO/IHHH 4 MOT nyqKa / 13/, 

a MmiieHll mm.mtqecitH no IOO c cTOHJia HS. nytme, a aaTeM 'tie pea 

ABe ce~ ~OOTaBA&nBOh B HeiTpoH/Iu9 ~eTeKTOp, r~e 3KCllOHl!pO-
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BaJiac::& TOJKe IOO c. llpnMep BpeMeHHoro pacrrpe,n;eJiemm co6J:.lTID1 c 
KpaTHOV. 3MHCCH8~ HBETpOHOB ,n;aH Ha pHC.5. 0CHOBHO~ BKnaA B CIIBKTp 

IIY" ·,@ . ' 
\ \ 

\, .. -. ....... _.,, ;, .... ~ ... -........... ..,_ ... 

Pl!c.5 

,n;aeT HB~TpoHHHM H~~8T8~1 
17A! c T1; 2 = (4,2±0,1) c. 
ilORBH8HH8 8KTHEHOCTH B KaH8-
A8X C perHCTpauHeE 2-x, 3-X 
R 4-X H8i1TpoHOB CBH3a.HO CO 

CJiy'tffi.tiH.UM11 COBila,I{8HHRMH. 
'il<CJIO c.nyqaJlli!lX COBlla.I(OHIIM 
CT8HOBKTCH rrpeHe6peEHMO MaHO 
ITpH BpeMBHax 30 C, 20 C, 
IO c .D;JI.R: KpaTHocre:H > I, :> 2, 
;> 3 COOTBBTCTBe.HHO. lill:CJIO 

C06~TMfi 38 3TRMH Bp€M8HHHMH 
0TC8~ B·rrpe,n;e~ CT8THC
TKKH o6~.HCHR8TCR KOCMH~BCKHM 
<):oHOM. K .IlaHHilM , npe)(CTaB
~eHHHM Ha pHc.5, 6~ ,n;o6aB
~eHH H3M8p6HRH, C,lJ;8~aHHH8 

cpasy xe IIOCJie WKJime!illa 
llyqKa (MHIDOHh 6HJia OCTaHOB
~eHa B TIO~OCTH ,lJ;8T8KTOpa). 

Tai<IIM o6pasoM JIJIH pealtlllii! 12c(43 raB)+ Pf! 6HJia onpe)(eJieHa Bepx
rum rpa!!l!l1a BOpo!iTHOCTH 06pasOBaHIIJ! l!SOMepOB, paClla.I(aialli!XCJ! Ir'J
T8M MH~8CTB8HHOM 8MKCCHH sa,ne~aHHHX H8~TpDHOB. &Ta r~ B 
8~ ITarrHOrO C8~8HHH Heynpyroro B3aHMO,lJ;8HCTBRR HaxOAHTCH OT 
ro-8 ,rr.'!J! xpaTHoa aMHccllll ro HeaTpoHoB < n = IO) )(o 3·ro-7 MH 
n = 2, qTO COOTBOTCTByOT a6COJIIDTHHM ceqeHHJ!M 3•10-32 II 10-30 CMZ 
cooTBSTCTBeHHo. ]J,Jr.H peaKt<llll 12c(I5 raBl+ PI BepxHHe rpaHH
~ BepOHTHOCTH odpa30BaHHH M30M8poB ilO~~CD B npe~e~ OT 
2·10-9 <.""" n = IO), qTo cooTBeTcTByeT 6·10-33 cM2 , JIO 2·ro-'1 

(JIJ!H 1'1 = 2), qTQ COOTBOTCTByeT 6•10-3I cM2 • 3TI! C9'!9HIIJ! OWIII 
TIOJJY'l9Hll JIJlH )(llalla30Ha BpeMeH ZH3HH H30MepOB OT 10 JIO 105. c, 

B ·pa60Te / 14/ IICCJI8-!!0BaJIOCh sana3)J;HBal!Jil89 KpaTHOO l!s.nyqe
HI!e npoTOHOB B p88Killll! 1 "cJ(I6 raB)+ pg • OCHOBHOa peri!CTPIIPYJ!JilOa 
~CTDID ycTaHOBKH danK 8 C~TR~OHHHX C~€T~OB CO CnaHTRn
~TOpaMH H8 OCHOBe llO~CTMpo~a, CHMM8TpR~O paCllOH0&8HHH8 BOKpyr 
CBHHUOBOn MRWeHH. ilpR llOHCKe MeTaCTa6~HHX COCTORHHA ~ep C 
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BpeMeHeM EH3HH B HHTepBa~e OT I0-7 ~0 I 0 annapaTypa pa60Ta.a 
B "peJKY.Me M8JIIi.ItY 6a.Hqmrn:". lilBe.n;eHIJ.bd:i nytlOK HM88T MIDtpoCTPYKTY.PY, 

odyc~o~eHHyiD TBM, qTQ B KDRhUB YCKOPHT8Xff qacTH~ crpynDHpoBa
HH B cryCTIGI. IlpH 3TOM BpeMBHHO~ HHT8pBaJI M8~ "6aHli8Mil" p8.B8H 

400 HC, IIOJIHWI .l.llHplllia "68H'IID 11 Ha IIOJIOBID:te BbiCOTbl. OKOJIO 40 HC. 

B pe:uMe "MeJK,Jzy daH"tJ:B.M.H" annapa.Typa dJiorurpoBaJiac:o Ha BpeMH npo

xoE.ne:rm.a crycT:Ka qacTlllJ, trepea ycTaHOEKY. BTopo~ pe!WM - "Me!I,IJy 

URKnBMH" - HCITarrb30BaXCR ~ ITORCKa paCITaAOB MCT8CTad~HKX 000-

TO.f.llild H,IJ;ep, IDIIBDIUdX BpeMeHa M3HH B HHT8pBaJie OT I ]J..O 105 c. 

Ma no~eHHHX sxcnepKMeHTa~HHX .n;aHHHX cJie~eT, 'liTO BepoRTHOCTh 

odpa30BaHRH MeTacTadaH:OHHX ~ep, pac~~CH C 3MHCCH8H rrpo
TOHOE 0 BpeMeHeM EH3HH 4•I0-8 <C f: L 4•Iui 0 He rrpeBOOXOMT 
4·10-~ OT IIO~oro C8'118HHH He~pyroro B3aHMO)leHCTBHR, a C BpeMe
HeM lKli3HH 4.IQ-I <:: f: <:: 4•I05 0 J•I0-7 OOOTBeTOTBeHHO. CpaBHe
HHe 3THX )l8Hli!<X 0 )l8HH!lMH pa60T /II' I 2/ IIOI<a3,Ba8T y '!TO B nepe
Rp~B8~8MOH HHTep~e Bp8M8H lKJI3HH B pa60T8X II,I npe)le~ Be
poRTHOCTH Odpa30B8Irn.ff H30M8p0B H8 .D;B8 ITOp.suuta FmJK8. 3TOT pe3yJib

T8T 06~HCHR8TCR BHCOKO~ ~KTHBHOCTbD HeffTpoHHOro ~eTeKTOpa. 
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