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Borrpoc 0 CBepXTS!lK9nbiX aneMeHTaX B IlpHpOAe CTan IIpeAMeTOM 9K

crrepHM9HTanbHbiX H.ccneAOBaHHA H8'1HH8SI C 1968 roAa, l1cTOpHSI 9TOrO BOII

/1/ 
poca HanolKeHa B • 3a rrpoweAwHe ABa ro~a IIOSIBHnCSI PSIA pa60T1 rroc-

BSIW9HHbiX IIOHCKaM CBepXTS!lK9nbiX aneMeHTOB B 39MHbiX IIOpOA8X H KOCMH-

'19CKHX ny'laX, 

/2 3 4/ 
B 

1 1 
coo6wanocb oo o6HapylKeHHH Hosoa rrpHpOAHoA crroHTaHHo 

AenS!Weii:CSI 8KTHBH.OCTH1 KOTOpaSI MOlKeT 6biTb CBSI38H8 C paCII8AOM TSilKenbiX 

SIA9p C IIOPSIAKOBbiM HOMepOM 110-114, nony'leHHble peaynbT8Tbl IIOK83biBa

IOT1 'ITO ecnH B IlpHpOAe CyiUeCTByeT XOTSI 6bi OAHH aneMeHT H3 IIpeACKa-

38HHOil: o6naCTH OTHOCH~enbHOil: CTa6HnbHOCTH1 TO COAeplKaHHe ero B 3eM-

-10 -12 
HbiX IIOpOAaX ri9BenHKO - He 6onee 10 -10 BeCOBbiX '18CTeil:, no9TOMY 

IIpH IIOHCKaX T8KHX aneMeHTOB 6onbWOe 3H8'19HHe HMeeT Bbi60p MeTOAHKH 1 

o6naAaJOIUeA1 ITO B03MOlKHOCTH 1 BbiCOKOil: 'IYBCTBHTenbHOCTb!O H ManbiM !j>o-

HOM, 

EonbWHHCTBO IIOHCKOBbiX pa60T OCHOBbiBanOCb Ha IIOIIbiTKaX 06Hapy

lKHTb HeH3B9CTHbl9 paHee CIIOHT8HHO A9nSIIUH9CSI H3ny'laTenH, DnSI Ha6nJOAe

HHSI peAKHX 8KTOB AeneHHSI IIpHM9HSinHCb nH60 TpeKOBbl9 TBepAOTenbHb_Ie Ae-

/2 4/ /3/ 
TeKTOpbi 

1 
1 nH6o 6onbwHe rrporropunoHanbHbie C'leT'IHKH , 3TH MeTo-

AHKH II03BOnSIJOT XOpOWO perHCTpHpOB8Tb OCKOnKH AeneHHSI, l1x rrpeAenhHaSI 

'lyBCTBHTenbHOCTb OIIpeAenSieTCSI KOHU9HTpaUHeA ypaHa B HCCneAyeMbiX o6-

paauax, DnSi 6onbWHHCTBa o6pa3UOB C COA9plK8HHeM ypaHa 1 6nH3KHM K 39M-
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( -6 
HOMY KnapK}" 10 rlr), 9TOT npeaen COOTB9TCTBY9T Ka)l(ylJleMyCB H3Me-

pS19MOMY nepHOllY CnOHT8HHOrO JleneHHSI TSI)I(encJX sneMeHTOB ( OT nnaTHHbl 

22 22 
llO BHCMYTa) 10 . neT, Ka)l(ylJlHACSI nepHOll CnOHTaHHOrO aeneHHSI 10 neT 

nony'la9TCSI, eCnH Jl8HHDIA oopa39U C0Jl9p)I(HT npHM9Cb H9H3B9CTHOrO cnoH

-14 
TaHHO aenSimerocSI sneMeHTa a KonH'IeCTBe 2•10 rlr npu nepHOlle nony-

8 . 
pacnaaa 9Toro sneMeHTa 2·10 neT, 

OpaAc II llP• 
151 

HayqanH oopaauDI c coaep)I(SHHeM ypaHa Ha TpH-'Ie-

TI>Ipe nopSillKa M9HblllHM Knapxa, l1a-aa Manoro COll9P)I(8HHSI ypaHa 8BT0pbl 

HaomoaanH xa)l(ylJlHACSI nepHOll nonypacnaaa oTHOCHTenbHO cnoHTaHHoro aeneHHSI 

25 
10 neT, 0JlH8KO CTOnb 'IHCTbJe MHHepanci JlOn)I(Hbl Ob!Tb B 3H8'1HT9nbHOA 

CTeneHH o6ellH9Hbl niOObiMH npHM9CHbiMH sneMeHT8MH. 009TOMY Ha C8MOM 

161 
aene BbiBOJlbl 8BTOpOB ll9ACTBHT9nbHbl nHIIlb ll71SI TeX MHHepanos, KOTQ-

pb19 HMH ObinH H3Y'I9HI>J, 3aM9THM T8K)I(9 0 'ITO npHM9HSISI M9TOllHKY TBepao

TenbHI>IX TpeKOBbiX ll9T9KTOpOB npH aHanH39 OT.QenbHbiX oopa3UOB ,!lp9BHHX 

161 
MHHepanos (KaK 9TO caenaHO B ),cne.QyeT OCTOpO)I(HQ OU9HHB8Tb npe-

aenbHY~ '<~YBCTBHTenbHOCTb 9TOA MeTOllHKH, TaK K8K B npouecce reonorH

'19CKOA HCTOPHH MHHepanoB 3H8'1HTenbH8SI '18CTb cne.QOB OCKOnKOB aeneHHSI 

Morna ociTb yTepsiHa, 

OepcneKTHBHDIM M9TO.!lOM nOHCKa SIBnSieTCSI 8KTHB8UHOHHI>IA aHanH3 

(o6ny~eHH9 ODICTpbiMH HeATpOHaMH) B CO'I9T8HHH C npe.QBapHTenbHI>IM Bbi.Qe

neHH9M Slllep c MaccoA = 300 Ha snexTpoMarHHTHOM Macc-cenapaTope, 

. ( -14 ) '-IyBCTBHTenbHOCTb 9TOrO M9T0Jl8 10 rlr , pa3BHB89MOrO B paanH'I-

HbiX naoopaTOpHSIX, ,!lQn)I(H8 Ob!Tb HeCKOnbKO Bbllll9 '<~YBCTBHTenbHOCTH Me-. 

. -12 
TOllS perHCTp8UHH OCKOnKOB CnOHT8HHOrO Jl9n9HHSI (10 rlr) H He 38BH-

CHT OT nepHO.!l8 nonypacna.Qa HCKOMI>IX H30TOUOB, CymeCTB9HH09 npeHMY

IIl9CTBO 9TOA M9TO.!lHKH B TOM, 'ITO C ee UOMOIIlb~ B03M0)1(H0 Henocpe.QCT

B9HHO onpe.QenSITb Maccosoe 'IHCno. 

~I . 
B o!Scy)I(JlaeTCSI sonpoc o B03MO)I(HOA c~SI3H co cnoHTaHHDIM .Qene-

HHeM CB9pXTSI)I(9nDIX sneMeHTOB H30DITO'IHOrO CO,!l9p)I(8HHSI TSI)I(9nDIX H30To-

4 

nos KC9HOH8 B H9KOTOpbiX MeTeOpHTaX, B lipHHUHne, H3y'laSI 8HOM8nHH B 

C0Jl9p)I(8HHH H30TOnOB KCeHOHa B CT8pb!X oopaauax (c B03paCTOM oonee 
8 

10 neT), MO)I(HQ paCC'IHTbiB8Tb OOHapy)I(HTb npHM9CH CBepXTSI)I(encJX sne-
' -14 

MeHTOB a xonH'IecTse ao 10 rlr, Oaaaxo MeTOll noHcxa no KCeHoHOBciM 

aHoManHSIM ( "xceHoMa!IHBM') SIBnSI~TCSI xocseHHI>IM, DpH oueHKe ero '<~YBCT

BHTeni:>HOCTH H900XO.!lHMO Y'<~9CTb B03MO:l11Hy~ MHrpaUH~ onaropOJlHI>IX ra30B, 

KpoMe Toro, '<~YBCTBHTen~>aocTb 9Toro MeToaa MO)I(eT oxasaTbCSI cymecT

seHao HH)I(e, ecnu csepxTSI)I(encie Slllpa npeano'ITHTen~:>ao aenSITCSI Ha TpH 

OCKOnKa, 

npyrHe CnOCOObl UOHCKa CBepXTSI)I(9nbiX 9n9M9HTOB B npHpO,!le ( HCCne

llOBaHHe cnaObiX npHpO,!lHbiX anb«<Ja-aKTHBHOCTeA, peHTreHOBCKaSI cnexTpOCKo

nHSI H T,.Q,) 6ea npeasapHTen~:>Horo XHMH'Iecxoro ooorameHHSI o!Snaaa~T 

ManoA 'IYBCTBHTenbHOCTb~, 

n 0-BHllHMOMY. cnoHTaHHOe aeneHHe JlOn)I(HO Ob!Tb pacnpocTpaHeHHbJM 

BHllOM pa.QH08KTHBHOrO pacna.Qa H30TOnOB B HOBOA oonaCTH CTaoHnbHOCTH, 

Ecnu He caMH .QonrO)I(HBYIIlHe HyxnHlli>I, To HX llO'IepHHe npo.!lyKTbi oyayT 

C oonblllOA sepOSITHOCTb~ HCllbiTbiB8Tb 9TOT BHll pacnaaa. BMeCTe C T9M
1 

UOCT8HOBK8 9KCnepHM9HTOB no perHCTpaUHH pe.QKHX aKTOB CnOHTaHHOrO .Qe

neHHSI 3H8'1HTenbHO npOlJle, '19M M9TO.!l Macc-cenapaTOpa B C0'19T8HHH C 

8KTHB8UHOHHbiM aHanH30M H M9TO.!l "'KC9HOManHA". 009TOMY fiOHCK CsepXTSI

)1(9ncJX 9n9M9HTOB nyTeM Haon~.119HHSI HX CnOHTaHHOrO ,lleneHHSI SIBnSieTCSI
1 

Ha Ham sarnSill, HaHoonee npeano'ITHTenbHI>IM, 

B HaCTOSIIIleA pa!SoTe onHCI>IBaeTCSI ycTaHosxa, noason~maSI c Bcico

xoA 'IYBCTBHTenbHOCTb~ perHCTpHpOBaTb MrHOB9HHI>Ie HeATpOHI>I, conpOB0)1(

.118~IIlH9 cnoHTaHaoe aeneHHe, H npeaHaaHa'leHaasr .QnSI noHcxa csepXTSI)I(enhiX 

Ill 
sneMeHTOB, Oepsoe COOOIIl9HHe 0 .118HHOA ycTaHOBKe C0,119p)I(HTCSI B 

l13B9CTH01 'ITO C pOCTOM 'ttcipSillltOBOrO HOMepa 'i'paHcypaHOBbiX 9n9M9HTOB 

Cp9JlHee 'IHCnO ( ;:;') MrHOB9HHbiX HeATpoHOB .11eneHHSI UOCTeneHHO ysenH'IH-

_, 238 -· 254 
saeTcSI oT v = 2 anSI U .110 v = 4,2 anSI Fm , 3xcTpanonsr-
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171 
UHSI .118HHbiX pa60Tbl 1 8BT0pbl KOTOpOil: H3MepSUIH cpe.aHee 'IHCnO Heil:-

TpOHOB Ha 8.KT .aeneHHSI KOMnayH.a-SI.Ilpa 260 102 (peaKUHSI238 U + 22 Ne ) , 

nOK8.3biB8eT, 'ITO 'IHCnO II .anSI 9neMeHTOB C nopSI.IIKOBbiMH HOMepaMH 

/8/ 
110-114 .llOn:lKHO 6hiTb 6onbwe nSITH. B pa6oTe H8. OCHOB8.HHH Bbi'IHCne-

HHil: C HCnOnb30B8.HHeM *H.IlKOKanenbHOil: MO.aenH nony'leHO .ang .aeneHHH 

Me.aneHHbiMH Heii:TpOH8.MH H30TOnOB 
2

9.3 110 H 297 114 ;:; .. 10,6 H 

II = 10,5. 

EcnH .aeii:CTBHTenbHO B npapo.ae CyWeCTByeT CnOHTaHHO .aenSIWHii:CSI 

H30TOn C 11 ~:5 1 TO npH ITOHCKSX ero no Heii:TpOH8.M .aeneHHSI <l!OH ypaHa 

npaKTH'IeCKH He onacea. DnSI 9TOI'O .aocTaTO'IHO perHcTpHpOBS.Tb cny'laH, 

KOI'.I18 H3 .118HHOI'O o6p83U8. HCnyCKSeTCH O.llHOBpeMeHHO HeCKOnbKO (3,4 H 

T • .a.) aeii:TpOHOB. Bonbwoil: npo6er HeATpOHOB noasom~eT uay'laTb o6paaubl 

BeCOM .110 HeCKOnbKHX .aeCHTKOB KHnOI'p8MMOB1 'ITO cywecTBeHHO yBenH'IH

BaeT s4!4leKTHBHOCTb nOHCKOBbiX pa60T, 

Dse xopowo paapa6oTaHHhie MeTO.IlHKH perHCTpauHH aeii:TpoHOB 6onb

we BCei'O Y.llOBneTBOpSIIOT Tpe60B8HHSIM nOHCK8 CBepXTSI*enbiX sneMeHTOB. 

nepBaH H3 HHX - 9TO .aeTeKTOp, OCHOBSHHblil: H8 pei'HCTpauHH 38Me.aneHHbiX 

/12/ 
aeii:TpOHOB c noMOWbiO raaoBbiX cqeT'IHKOB ( HanpHMep, C'leT'IHKOB c BF 3 

3 /13/ 
ana c He ) • BTopaSI - C'leT'IHKH c *H.tlKHM cuHHTHnnSITopoM, co-

.aep*aWHM nponHoHaT KS.IIMHSI na6o KanpoHoBOKHCnblil: ra.ttonHHHA. CuHHTHn

nSIIIHOHHhie ycTSHOBKH o6na.aaiOT 6onbWOil: 9~KTHBHOCTbiO pei'HCTp8.UHH 

Heii:TpOHOB ( 60-90%) 1 HO OHH qpe3Bbl'l8.ii:HO 'IYBCTBHTenbHbl K y -clloHy • 

Mo*HO npHHHMaTb cneuHanbHhie Mepbi .ttnSI no.ttasneHHSI y -<l!oHa (Bbl6op 

KOHCTpyKTHBHbiX MaTepHanOB, 9Kp8.HHpOB8.HHe CTeH noMeweHBil:, npHMeHeHHe 

coBna.tteHHA H aHTHCOBna.aeaaA). O.aHaKo 9TH Mephi BPSI.Il nH .tlOCTaTO'IHO 

p8.11HKanbHbl H B TO *e BpeMH OHH CHnbHO ycnO*HHIOT 9KCnnyaT8UHIO ycTa-

HOBKH. 

3¢4leKTHBHOCTb .aeTeKTOpOB C I'8.30HanonHeHHbiMH C'leT'IHK8.MH He CTOnb 

BenHKa (20-40% .anH C'leT'IHKOB C 
3 

He ) 1 O.tlH8.K01 BBH.IIY Man oil: 'IYBCT-
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BHTenbHOCTH K y -4!oey no.ao6Hble .119T9KTOpbl 0'19Hb Y.II06Hbl .ang nOHCKQ

BbiX pa6oT. HaM npe.ttcTaBnSieTcSI, 'ITO ecnH 'IHcno V'' .ttnSI CBepXTSI*enbiX 

sneMeHTOB 6onee 7, TO npe.anO'ITHTenbHee npHMeHeHHe CUHHTHnnSIUHOHHOil: 

TeXHHKH. EcnH *e ;:"< 7. , TO 6onee npHeMneMa MeTO.IlHKa c raaoaanon-

HeHHblMH C'I9T'IHK8.MH. 

HaMH 6bm paapa6oTaH aeii:TpoHHbiil: .tteTeKTop, pa6oTaiOWHA no npHHUH

ny pei'HCTp8.UHH 38.Me.aneHHbiX Heii:TpOHOB. 06wRil: BH.Il ero npe.acTaBneH cxe

M8.TB'I9CKH Ha pac. 1. DeTeKTop npe.acTaBnSin co6oil: UHnHH.IlPH'IeCKHA o6~eM, 

aanonHeHHhiil: napa<l!HHoM. B ueHTpe napa<l!HHOBoro 6noKa HMenacb nonocTb, 

B KOTOpyiO nOMeWanCH KOHTeii:Hep C HCCne.ayeMbiM BeweCTBOM. EMKOCTb 

KOHTeil:aepa - 5 nHTpoB. BoKpyr KOHTeil:aepa Haxo.aHnocb 12 nponopuHoHanb

HhiX C'leT'IHKOB c 
3 

He • DaBneHHe raaa B cqeT'IHKax "' 3 aTM. P a6o'lee 

aanp~eHHe _sa HHTH cqe;'IHKOB 1350 B. Dng Toro 'IT06bi H36e*aTb pe.aKHX 

MHKponpo609B1 KOTOpb!e MOI'YT B03HHKaTb npH nOBbiW9HHOil: Bna*HOCTH B03-

·.ayxa B noMeweHHH, noBepXHOCTb npOXO.IlHbiX H30nSITOpOB o6pa6aTbiBanaCb 

cneuHanbHbiM COCTaBOM. KpoMe TOI'O C'19T'IHKH, BblCOKOBOnbTHbie <l!HnbT!Jbl 

H paa.aenHTenbHbie KOH.119HCaTOpbl nOMeWanHCb B repMeTH'ISCKHil: O~eM • 

Ha pHc. 1 BH.IleH KO*yx, o6ecne'IHBaiQwHA repMeTH3aUHIO. BayTpb 

repMeTH'IeCKoro o6~eMa noMeweH BnaronornoTHTe.tlb. Bhu;:oKoe aan

PSI*eHHe Ha Bee C'19T'IHKH no.aaBanOCb OT O.IIHOI'O HCTO'IHHKa UHTa

HHH. no Bb!XO.IlHOMy OHI'Hany 12 C'I9T'IHKOB .6binH o6~e.11HH9Hbl B W9CTb nap. 

DnH yMeHbWeHHH <l!oHa oT KOCMH'IeCKHX nyqeil: Ha.a .aeTeKTopoM ilOMe

wanacb CHCTeMa H3 reil:repOBCKHX C'IST'IHKOB THna CH-6f, noKa3aHHaH Ha 

PHC. 1. 

3neKTpOHHaH annapaTypa .aon*Ha o6ecne'IHBaTb pei'HCTpaUHIO Heii:Tpo

HOB, B03HHKaiOWHX B O.IIHOM SKTe pacna.aa Sl.llpa. BpeMeHHOil: HHTepBan, aa

HHMaeMbiil: I'pynnoil: HMnynbCOB OT TaKHX Heii:TpOHOB1 3aBHCHT OT cpe.aHei'O 

BpeMeHH *H3HH Heii:TpOHOB B CHCTeMe 'o6paaeu-3aMe.anHTenb-C'I9T'IHKH'. 

BnoK-cxeMa sneKTpOHHoil: annapaTyphl noKaaaaa Ha pac. 2. HMnynbCbi co 
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PHc. 1. CxeMa aeATpOHHoro aeTeKTOpa. 
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cqeTqHKOB nocTynanH Ha 6 YCHnHTene~ (Y-1-6) H aanee Ha BXOll 6 llHC

KpHMHH8TOpOB (08-1-6), CTaHaapTHbie HMnynbCbl C BbiXOllOB llHCKpHMHHa

TOpOB noaasanHCb H8 CM9CHTenb (HflH-1 ). l1MnynbC CO CM9CHTeng, npo

XOllSI qepe3 HOpManbHO OTKpbrTbr~ xmoq ( H OK) H nHHHIO 3aaep*KH ( fl3-2), 

3anycxan oaHOBHopaTop OB-8, xoTopbr~ BbrpaoaTbrsan HMnynbc anHTenb

HOCTbiO T = 100 MKCeK, OTKpb!Ba·g Ha 9TO BpeMSI HOpManbHO 38Kpb!Tb!~ 

KniOq (H3K). EcnH B TeqeHHe BpeMeHH T Ha BXOll CX9Mbl IlOCTynanH 

HOBbie HMnynbc;,r, To OHH qepe3 (H3K) npoxoaHnH Ha nepecqeTHyiO aexa

ay (ITIT). Ha~opMaUHSI Ha nepecqeTHoA aexaae 3anoMHHanacb Ha 2 cex 

(OB-10), 3a aTo speMSI oaa rrocTynana Ha rrpeo6pa3oBaTenb 'xoa-auanor" 

(KA) H pel"HCTpHpOBanaCb Ha neHTe C8MOI1HCU8. nnSI Ol"paHHqeHHSI CBepxy 

8MllnHTYllbl HMIIynbCOB, noCTYII8BlUHX Ha 8H8nH3, cny)!{Hn llHCKpHMHH8TOp 

sepxHero nopora (HflH-2, OB-7, HflH-3, OB-9, HOK, CM, pHc. 2 ). 

8neKTpOHH8SI CX9M8 HeqyBCTBHTenbH8 K rpyrrnaM HMIIynbCOB, IIOCTy

IIHBlllHM HCKniOqHTenbHO C K8KOI"0-HHOYllb OllHOI'O ycHnHTenSI, TaKHe rpyii!Ibl 

HMIIynbCOB C BblXOl18 OllHOI"O ycHnHTeng MOI"yT Ob!Tb OTHeCeHbl K ~oHy, 

T8K K8K OHH Bb!3biB810TCg C OOnblUOA 'BepoSITHOCTblO nHOO IIpOooeM no H30-

nSITOpy, nHoo asyMH nocneaosaTenbHbiMH pacnaaaMH aoqepHHX rrpoayxTos 

ypaHOBb!X H TOpHeBb!X 38I'pS13H9HHA H8 BHyTpeHHHX CT9HK8X cqeTqHKOB. 

l1Mnynbcbr c reArepoBCKHX cqeTqHKOB rrocTyrranH ua ycamiTenb Y-7, 

cxeMy HflH-3, OB-9 H 6noxHposanH paooTy ue~Tpouuoro aeTexTopa ua 

Bp9MSI T = 150 MKcex. 

8CSI aneKTpOHHKa, 38 HCKniOqeHH9M qaCTH, OTHOCSillie~CSI K re~repOBC

KHM cqeTqHKaM, IIHTanaCb OT CYXHX aneMeHTOB HnH 8KKyMynSITOpOB H Obin8 

Tlli8TenbHO 9Kp8HHpOB8H8 OT BH91UHHX IIOM9Xe 

KanHoposxa aeTeKTopa nposoaHnacb c noMOllibiO npenapaTOB ypaHa 

(350 I') H nnyTOHHSI- 244 ( 4 Ml"). 8~KTHBHOCTb perHCTpauHH OAHHoqHbiX 

He~TpOHOB onpeaengnaCb no OTHOlll9HHIO qHcna 38p9I"HCTpHpOB8HH~X nap 

HMnynbCOB K qHcny 38pel"HCTpHpOB8HH~X rpynn H3 Tpex HM!lynbCOB K8K C 
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ypaHOBbiM, TaK H C nnyTOHH9BbiM npenapaTaMHo ,Ung HCTO'IHHKa, pacnono

)K9HHOI'O B U9HTpe KOHTeii:Hepa, 9cMJeKTHBHOCTb 6bina Haii:.QeHa paBHOil: 16%. 

Ha puc. 3 noxaaaHa aaBHCHMOCTb 9~~KTHBHOCTH oT nono)KeHHSI HCTO'IHHKa 

B.QOnb OCH .QeTeKTOpa, ,Ung npoBepKH SaBHCHMOCTH 9~~eKTHBHOCTH OT cpeaHeil: 

SHeprHH Heii:TpOHOB BHyTpb KOHTeii:Hepa IIOMemanCSI Kanu6poaaHHbiil: Po- Be 

HCTO'IHHKo 

BonbiUOe BHHMaHHe y.nenSinOCb Heii:TpOHHOMY ~OHy 1 KOTOpbiil: COS.QaBan

CSI KOCMH'I9CKHMH ny'laMH. J1aMepeHHSI IIpOBO.QHnHCb B SaiUHIU9HHbiX IIOMe

IU9HHSIX, 8Ha'lane 9TO 6bina KaMepa IIOll cnoeM 6eTOHa TOniUHHOil:, COOTBeT

x/ 
CTByiOmeil: 10 M B-9 , aaTeM annapaTypa 6bma nepeHeceHa B waxry Ha 

xx/ 
rny6HHy 40 M B 9 1 a II03)K9 Ha 320M B 9 ,Ha 9THX rny6HHaX, B oco6eHHOCTH 

Ha 40 H 320 M B 9 1 npaKTH'IeCKH OTCyTCTByeT SI.QepHOaKTHBHaSI KOMIIOHeHTa KOC

MH'I9CKHX ny'leil:, OHH npe.QCTaBneHbl S.QeCb TOnbKO 6biCTpbiMH MlOOHaMH, Oa

HaKO cfloH Heii:TpOHOB, XOTSI OH H Man, .QOn)KeH 6biTb y'ITeH. TipH SI.QepHbiX 

BSaHMO.Qeii:CTBHSIX 6biCTpbiX MIOOHOB HCnycxaeTCSI llOBOnbHO 6on&WOe 'IHCnO 

- /9 10/ 
He:ltTpoHoB ' • B Ta6nHue 1 npHBeaeHbi HeKOTOpbie .naHHbie o reHepa-

UHH Heii:TpOHOB MlOOHaMH Ha paanH'IHbiX rny6HHaX. 

.UaHHble 0 lfloHOBblX HSMepeHHSIX, IIpOB9.QeHHblX HaMH Ha paanH'IHbiX 

rny6uHax, npe.ncTaaneHbl B Ta6nHue 2. B Ka'leCTBe o6paauoa B ~oHTeii:Hep 

IIOMewanHCb CBHHeU, BOnbiflpaM, pTyTb, aniOMHHHA H )Keneao, TaM )Ke IlpH

BOllSITCSI peaynbT8Tbl H3MepeHHA C nyCTbiM KOHTeAHepOM, J1a Ta6n.2 O'le

BH.QHO, 'ITO OCHOBHbiM HCTO'IHHKOM lfloHa anSI .QaHROA ycTaHOBKH cny)KHnH 

SI.QepHbie BSaHMO.Qeii:CTBHSI KOCMH'IeCKHX 'laCTHU C BeiUeCTBOM1 CO.Q9p)Ka!UHM

CSI B KOHTeAHepe. MaTepHan CaMOI'O .QeTeKTOp~ HeATpOHOB H OKpy)KalOIUHe 

CTeHbl aaaanH Manb!A BKnas B lfloH. Ha rny6HHe 320 M B ;9 STOT BKnas, 

x/ 
MeTp eosaoro 9KBHBaneHTa. 

xx/ 
ABTOpbi 6naro.napHbi r.B. XpHCTHaHCeHy H r.T. 3auenHHY aa ni06eaHoe 

coseAcTBHe B pa6oTe. 
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KaK BHAH01 npaKTH'IeCKH paaeH Hymo. C'leT OAHHO'IHbiX HMnynbCOB Ha 9TOI 

rny6HHe COCTaansrn C nyCTbiM KOHTeiHepOM BCei'O 20 OTC'IeTOB B 'laC. Tio

BHAHMOMy, 9TOT C'leT 6bln ol5ycnoaneH, B OCHOBHOM, pa.QHOaKTHBHbiMH aar-

/11/ 
pB3HeHHHMH BHyTpeHHel noaepXHOCTH C'leT'IHKOB 

£lng H3MepeHHI Ha HeiTpOHHOM AeTeKTOpe 6binH Bbll5paHbl ABa ol5pa3-

ua: CBHHUOBoe CTeKnO H CBHHUOBo-UHHKOBaB py.Qa 1 B KOTOpbiX 15bin paHee 

/2 3/ 
OI5Hapy:lKeH HeH3BeCTHbii cnOHTaHHO AenmuHICB H3ny'iaTenb 

1 
• Peaynb-

TaTbl STHX H3MepeHHI npeAcTaaneHbi a Tal5nuue 3. B sTol :lKe Ta15nuue no

xaaaHo, KaKOe 'IHCnO ABOIHbiX H TpOIHbiX rpynn HMnynbCOB AOn:lKHO 15binO 

/2 3/ 
aapei'HCTpHpOB8TbCB npH H3BeCTHOI HaM H3 t CKOpOCTH cnoHTaHHOI'O 

AeneHHB a AaHKbiX ol5paauax, ecnR 15bi j;' pa&HSUIOCb 10,5 H :J. O'ieBHAHO, 

'ITO CnOHTaHHOe .QeneHHe A8HHOI'O H3ny'iaTeng COnpOBO:lKA8eTCB HCnyCKaHHeM 

He 15onee 'ieM TpeX MI'HOBeJIHbiX HeiTpOHOB. 

Tiony'leHKbiA peaynbT8T .Qen.aeT 3aTpyAHHTenbHbiM RAeHTRcPHK8UHIO 015-
/2 s 4/ . 

Kapy:lKeHHOI'O B pal5oTaX 1 1 cnoKTaHHO .Qenmuerocg H3ny'laTeng KaK 

OAKoro aa H30Tonoa caepxTB:lKenhiX sneMeHToa. BbiBCHeHue npupo.Qbi sToro 

H3ny'laTeng Tpe6yeT npoae.QeHHB AOnOnHBTenbHbiX 9KCnepHMeHTOB. 0.QHaKO 

HaM npellCTaBnSJeTCB, 'ITO ManOCTb 'iHCna V He noaaonBeT nonKOCTbiO 

oTaeprHyTb npeAnono:lKeHHe o TOM, 'ITO Hal5niOAaaweecg cnoHTaHHoe Aene

HHe CBBaaHO C pacnallOM CaepXTB:lKenbiX aaep. HeKOTOpyiO BCHOCT .. B BOn-

poe MO:lKeT BHeCTB TO'IHOe onpelleneHHe 'IHCna V • OueHKH noxaablaaiOT, 

'ITO lla:lKe npH V .. 2 ypaHOBbll cPOH He DOMewaeT H3MepeHHIO 9TOI aenH'IR-

Hbl. 

B JlaCTOBwee BpeMSI JlaMH nOlli'OTO&neHa ycTaHOBKa, DOAOI5&ag OnHCaH

HOI Bb!W81 O,llHaKO C 15onee COBepWeHHbiMH C'ieT'IHKaMB HeiTpOHOB. TipH 

B,llBoe 15onbweM Ol5~eMe KOHTeiHepa C ol5pa3UOM 9cPcPeKTHBHOCTb pei'HCTpa~ 

uaa o.nBHO'IHbiX HeiTpoKOB a sTol ycTaHoaxe cocTaanBeT SO%. TipR noMe

weKRB ee B congJlyiO W8XTY Ha rny6HHy OJtonO 1100 M B 9 fjloH OT KOCMH

'IeCKHX MJOOHOB 3,neCb YM8HbWHTCB no M8HbWel Mepe B .necBTb pa3 (CM. 

Ta6n. 1 ). 
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T aKaH annapaTypa c ycnexoM MO>KeT 6biTb npHMeHeHa B noacxosoA 

pa6oTe ~nSI lliHpOKOrO Kpyra py~ H npo~yKTOB XHMH~eCKOA nepepa60TKH. 

npe~enbHaSI ~yBCTBHTenbHOCTb OKa3biBaeTCSI rrpH aTOM 3Ha~HTenbHO Bbillie, 

~eM npa npHMOA peracTpauHH ocKonxos ~eneHHSI. HanpaMep, ecna ii = 10, 

TO npe~enbHaSI ~YBCTBHTenbHOCTb COOTB9TCTByeT Ka>KyllieMyCSI nonynepHO~y 
24 . 23 

cnoHTaHHoro ~eneHHH 10 neT, npH ii = 5 npe~enoM gsnHeTCH 5•10 neT. 

TaxaH ~yscTBHTenbHOCTb aocTaraeTCH B pe3ynbTaTe H3MepeaaA, npoaon>KaiD

lliHXCH He 6onee aeCSITH cyTOK, 

B aaxmo~eaae aBTOpbi Bbipa>KaiDT HCKpeHHIDID npaauaTenbHOCTb axaae

MHKY f .H, <l>neposy 3a npeano>KeHH9 ~aHHOA T9Mbl H nOCTOSIHHOe pyKOBOa

CTBO pa60TOA. f.H. CMHpeHKHHa H n.l1. npoxoposy aBTOpbl 6naroaapHT 3a 

MHorae ueHHbte coBeTbi 11 3a npeaocTaBneuae· c~eT~HKOB, M.C. Bapynesa 

H A.B. MaxymKHHa aBTOpbi 6naroaapHT 3a noMOIUb B uanaaKe anexTpoauoA 
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