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0 IIpHMeHeHHH HMIIyRbCHOPO HCTOqHHK8 H8HTpOHOB DRR 

orrpeneneP.HH conep)KBHHR aonopoaa B orpaHaqeHHbiX cpenax 

MccnenyeTCR B03MO)KHOCTb u~rronb30BBHHH HMnynbcHoro ucToqHnKa 

HeHTpOHOB llRH O!lpeneneHHH COileplK8HH!'! B0Jl0p01l8 B orpaHHqeHHblX cpenaX. 

npaBelleH pacqeT llRH KOHKpeTHOPO cnyqag rrepeMeHHOPO conepJK8HHH BR8PH 

B Bel!leCTBe; \13nO}I(eHbl pe3ynbT8Tbl 8KCIIepHM8HTOB C HeHTPOHHOH Tpy6Kolf. 

06cyJKileHbl IIpeHMyllleCTB8 H H81lOCT8TKH MeTOilllo 

Pa60T8 BblliOnHeHa B J1a6opa TOpHH HJlepHb!X peaKJ!HR 0!15JM 

H B PanHaJIHOHHOH na6opaTopHH HHCTHTyTa cjJH3HKH HauuoHanbHoro HayqHo­

HCcneJloBaTenbcKoro ueHTpa CPB. 
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On Using a Pulse Neutron Source for Measuring 
Hydrogen Content in Limited Vlerlias 

The possibility of using a pulse neutron source for measurin§: 
hydrogen content in limited medias vvas investigated. Calculations 
were made for the case of media with changed water concentrati­
ons. Experiments with a pulse sealed neutron tube were described. 
The advantages and shortcomings were considered. 

The investigation has been performed at the Laboratory of 
Nuclear Reactions, JINR and the Radiation Laboratory of Physical 

Institute of Centre for Scientific Researches of Vietnam. 
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IlpH OIIpC,!\CnCHHH CO,!\Cp)l(aHHll BO.!\OPO.!\a Heii:TpOHHhiM MCTO­

,!\OM C IIOMOJUbiO H30TOIIHhiX HCTO'IHHKOB, KaK rrpaBHnO, perHCTpH­

pyiOT CTaUHOHapHyiO IInOTHOCTb HCHTpOHOB, IIpOillC.!\IllHX HCCnC.!\YC­

MYIO cpe,!\y HnH OTpa)I(CHHhiX OT HCC. BMCCTC C TCM H3BCCTHO, 

'ITO HMIIynbCHhiH pe)I(HM pa60Thl HCTO'IHHKa HCHTpOHOB II03BOnllc1 

3Ha'IHTcnbHO IIOBhiCHTh HH<iJOpMaTHBHOCTh MCTO,!\a. B HaC10lllUCH 

pa6oTc HCCnc,!\ycTCll B03MO)I(HOCTh HCIIOnh30BaHHll HMIIynhCHOI'O 

HCTO'IHHKa HCHTpOHOB ,!\nll onpe,!\eneHHll CO.!\Cp)l(aHHll BO.!\OPO.!\a B or­

paHH'ICHHhiX cpc,!\aX Ha IIpHMCpe IICCKa C rrepeMcHHhiM CO.!\Cp)l(a­

HHCM BnarH. lfaCKOnbKO HaM H3BCCTHO, TaKHC Ja,!\a'IH, Ja HCKnK>'IC-
, I, 

HHCM cny'lall .1\BYXJOHHhiX Cpc,!\ , B nHTcpaType He paCCMa1pHBanHCb. 

C .1\pyroii CTOpOHhl, B Pli.!\C npaKTH'ICCKHX Ja,!\a'-1 Tpe6yc1Cll onpe­

,!\cnHTb CO.!\Cp)l(aHHC BO.!\OpO,!\a HMCHHO B orpaHH'ICHHhiX 06bcMaX 

BCIUCCTBa, H npc,!\naraeMbiH 3,!\CCh MCTO.!\ MO)I(CT liBHTbCll nepcneK­

THBHbiM. 

Kax HJBCCTHO, nnoTHOCTh TennoBhiX HeiiTpOHOB, HcnymcHHhiX 

HMIIynhCHhiM HCTO'IHHKOM 6biCTpbiX HCHTpOHOB, B orpaHH'ICHHOM 

06bCMC BCJUCCTBa .1\0CTaTO'IHO XOpOillO OIIHCbiBaCTCll .1\BYXrpynno­

BhiM HCCTaUHOHapHhiM ypaBHCHHCM .!\H<ll<1Jy3HH, pCWCHHC KOTOporo 

npc,!\CTaBnllcT C060H cyrrepii03HUHIO 6eCKOHC'IHOI'O 'IHCna rapMOHHK, 

Ka)l(,!\all H3 KOTOpbiX 3aTyxaeT BO BpeMeHH ITO 3KCIIOHCHTe C COOT­

BcTCTBYIOIUCH IIOCTOliHHOH penaKCaUHH. )l.nJI 6onhillHX BpeMeH npe­

sanupyeT <iJYH.!\aMeHTanhHall rapMOHHKa, crra,!\aiOJUall c ,!\cKpeMeH­

TOM JaTyxaHHJI 

,.\ ~ v L + D v 8 2 ~ c B 4 + ... ' /1/ a 

r,!\e i a v , D 
meHHJI Heii:TpoHa 

C - ycpe,!\HcHHaJI no cnexTpy sepoJITHOCTh rrorno-

3a 1 C, ycpe,!\HCHHhlH K03<ll<lJHUHCHT .!\H<ll<1Jy3HH 
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H K03«ll«PHUHCHT JlH«ll«PY3HOHHOrO OXJia:>K)J.CHHB COOTBCTCTBCHHO, B -

reoMeTpH'ICCKHH napaMeTp JaMC)J.Jl.IIIDll.ICH CHCTCMbi, V - cpe;:J.HliB 

CKOpOCTb HCHTpOHOB. B MHOrOKOMnOHCHTHOH cpe;:J.C COOTBCTCTBCH­
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r.IJ.e ~a 1 H Di - HeHTpOHHble .IJ.H«lJ«lJyJHOHHbie napaMeTpbi .IJ.Jill i-Toro 

KOMnOHCHTa npH HOpMaJibHOH ero nJIOTHOCTH I' oi , p 1 - a6COJIIDTHOC 

CO;:J.Cp:>KaHHC i -TOrO KOMnOHCHTa B cpe;:J.e, 2/CMa 4JICH CB 4 
,!l.Jlll 

BO,!l.OpO;:J.CO;:J.Cp:>Kall.IHX 3aMC,!J.JlHTCJICH npH He CJIHWKOM MaJibiX o6be­

MaX BCll.ICCTBa BHOCHT JIHWb HC60JibWOH BKJia)J. B 3Ha4CHHC A , 

H )].Jill ycTaHOBJICHH.II 3aBHCHMOCTH C OT p C)J.CJiaeM rpy6oe npC,!l.­

nOJIO:>KCHHC 0 TOM, 'ITO D HC JaBHCHT OT 3HeprHH. B TaKOM cny-

4ae, cornacHo HeJIKHHy
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r.IJ.e N - KOJIH'IeCTBO .II.IJ.ep JaMe.IJ.JIHTCJill B 1 CM 3
, M 2 - cpe.IJ.HHH 

KBa,!l.paT 3HCprHH 06MeHa MC:>KJlY HeiiTpoHaMH H cpe,!l.OH B 1 C. 

)l,JI.II MHOrOKOMnOHCHTHOH cpe,!l.bl: 
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CooTHoweHH.II 111, 121. /31 ,!J.aiDT 3aBHCHMOCTb ,!l.CKpCMCHTa Ja­

TyXaHH.II OCHOBHOH rapMOHHKH A OT nJIOTHOCTCH KOMnOHCHTOB B HC­

CJIC.IJ.YCMOH cpe.IJ.e. B o6111eM cJiy'lae ;:J.JI.II 6oJibWHHCTBa sell.leCTB 

JTa JaBHCHMOCTb .IJ.OBOJibHO cna6a. 0.IJ.HaKo BCJIC.IJ.CTBHe aHoMaJibHO 

BbiCOKOrO 3Ha4CHHA CC'ICHHA pacce.IIHBX TenJIOBbiX HCHTpOHOB Ha 

CBA3aHHOM a TOMe BO,!l.OpO,!J.a /a 3Ha4HT, H MaJioro K03«ll«PHUHCHTa 

.IJ.H«ll«PY3HH Dl ,!J.a:>Ke HC3Ha4HTCJlbHOC H3MCHCHHC KOHUCHTpaUBB BO­

,!l.OpO,!l.CO,!l.Cp:>Kall.IBX BCll.ICCTB B cpe,!l.e npHBO,!l.HT K 3aMCTHOMY H3-

MCHCHHID A. Ha 3TOW~ B CYll.IHOCTB, H OCHOBaH MCTOJl onpe,D;eJieHHJI 

CO,!l.ep:>KaHHA BO,!J.OpO,!l.a B orpaHH'IeHHbiX cpe,!l.aX, H3JiaraeMbiH B Ha­

CTOJill.ICH pa6oTe. 

EcJIH TenJIOBbiC HCHTpOHbl, BbiTeKaiDll.IHC H3 6JIOKa BCll.ICCTBa, 

perHCTpHpyiDTCJI BpeMCHHbiM aHaJIH3aTOpOM, TO 4HCJIO OTC4CTOB 

~KaHane WHPHHOH \t,o'leBH.IJ.HO, paBHO: 
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3;:J.CCb A0 - HCKHH, HC 3aBHCBll.IHH OT BpCMCHH, MHO:>KHTCJib, a t.l -

3a;:J.ep:>KKa KaHaJia no OTHOWCHHID K MOMCHTY OKOH'IaHHB HMnyJibCa 

6biCTpbiX HCHTPOHOB. 

Mbi npoaeJIH pac'leTbi no «lJopMyJiaM 111, 121, 131, 141 npH 
2 ,, 

B = 0,03 CM -- )].JIB necKa C pa3JIH4HbiM a6COJIIDTHbiM CO;:J.ep:>Ka-

HHCM BO)J.bl P · )l,H«ll«PY3HOHHbiC napaMeTpbl llCCKa 6paJIHCb H3 pa6o­

Tbl ' 3 . KoJ«ll«PHUHeHT C 6biJI pacc'IHTaH npH6JIH:>KeHHO no MO;:J.CJIH 

TB:>KCJioro raJa, COCTOllll.ICrO H3 4HCTOrO Si02 C MaCCOH 60. Pac-

4CTbl noKaJaJIH, 'ITO npH MaJioM co;:J.ep:>KaHHH BO;:J.opo;:J.a I p.:.. 0,4 2/CM 
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Puc. 1. Pac"'e111HbH! 3UBUCUMOC1/IU oeKpeMeHma 3amyxaHUJI HeilmpoH­

HOU nAomHocmu A, a maKxe "'UCAa 3ape2ucmpupoaaHHbiX HeilmpoHoB 

0.1 0.'2. o.3 

B KUHUAe BpeMeHH020 UHUAU3U1110pa 0111 a6COA101/IH020 COOepJICUHUJI 

aoobl p a necKe. 

0CHOBHOH BKJia,!J. B A BHOCHT 'IJICH vfi B 2 . C poCTOM (J B03pac­

TaeT OTHOCHTCJlbHaJI JlOJIA '!JICHa ~ a V . liJieH C B 
4 

npB DCCX p 

ocTaeTcx MaJihlM. Tax, npu e = 0,01 2/cM
3 ~a v cocTaBJIJleT 
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nHlllb 511/o OT v n B . a c B - 611/o. CooTBeTCTBYlOl1lHe UH!lJpbl npH 

f' = 0,3 2/CM g paBHbi 7011/o H 0,511/o. C'ieT B 150-MHKpoceKyH,LJ,HOM 

KaHane ( .'\ t) apeMeHHoro aHanH3aTopa c pocTOM p yaenH'iHBa­

eTCH, ,ll.OCTHraH B paHOHe p "' 0,3 2/CM :3 HaCbll1leHHH ,ll.nH ManbiX 

apeMeHHbiX 3a,ll.epiKeK. C yaenH'ieHHeM t. 1 , ao-nepBbiX, o6nacTh 

HaCbll1leHHH OTO,ll.BHranaCb B paHOH BCe 6onblllHX P • BO- BTOpblX, 

OTHOCHTenbHOe H3MeHeHHe C'ieTa CTaHOBHnOCb fionee 3Ha'iHTenb· 

HbiM. TaK, llpH yaenH'ieHHH f' Ha 0,05 2/CM
3 B HHTepBane OT 

0,01 2/CM:; ,ll.O 0,3 2/CM 3 C'ieT B 150-MHKpOCeKyH,ll.HOM KaHane 

npH t .
1 150 M KC MOiKe.T yaenH'iHTbCH MaKCHMYM Ha HeCKOnbKO 

,ll.eCHTKOB npoueHTOB, ,ll.nH t .1 = 450 MKC yaenH'ieHHe COCTaBnHeT 

yiKe HeCKOnbKO pa3, ,ll.nH t. 1 = 750 MKC OHO ,ll.OXO,ll.HT ,ll.O ,ll.eCHTH, 

a Anll t 1 = 1050 MKC - AO HecxonbKHX ,ll.eCHTKOB pa3. TaKHM o6-

pa3oM, npH HanH'iHH HHTeHCHBHOrO HeHTpOHHOrO HCTO'iHHKa MOiKHO 

Ha,ll.eHTbCH, 'iTO 'iYBCTBHTenbHOCTb K CO,ll.epiKaHHlO BO,ll.OpO,ll.a 6y,ll.eT 

llOBhllllaTbCH llpH yaenH'ieHHH 3a,ll.epiKKH perHCTpHpyeMOrO KaHana. 

CKa3aHHOe Bhlllle OTHOCHTCH K o6naCTH Manwx KOHUeHTpaUHI 

BO,ll.OpO,ll.a. 

TpauuHx I 
Pac'ieTbi noKa3wBalOT, 'iTO npH 6onblllliX ero KOHUeH-

1' ::.. 0,4 2/CM :ll ,ll.expeMeHT 3aryxaHHll A ,ll.OlliKeH, 

Hao6op~T, paCT II, llpH'ieM llO'iTH nHHeHHO C poCTOM (! , 3a C'ieT 

qneHa ~a v cooTBeTCTBYIOiuero nornomeHHlO B cpe,ll.e. 06nacTh 

Cpe,ll.HHX KOHUeHTpauHI, r,ll.e 3cjxlJeKTbl ,ll.Hcjx1Jy3HH H nornomeHHH 

CpaBHHMhl, OKa3WBaeTCH ManO'IYBCTBHTenbHOH K CO,ll.epiKaHHIO BO,ll.O­

pO,ll.a B Bel1leCTBe. rpaHHUhl 3TOH o6naCTH 3aBHCHT OT KOHKpeTHOH 

3aMe,ll.nHIOl1lel cpe,ll.w. HanpHMep, ,ll.nH necKa oHa HaXOAHTCH B pail­

OHe iJ :::: 0,3 · 0,5 2/CM g 

)l.nH npoaepKH H3noiKeHHoro 6binH npoBe,ll.eHw 3KcnepHMeHTbi 

B ofinaCTH Manwx KOHUeHTpauHI BO,ll.Opo,ll.a. llpH 3TOM HCnOnb30" 

aanacb cTaH,ll.apTHaH annaparypa HrH-4 ,ll.nH HMnynbcHoroHeiTpoH­

Horo KapoTaiKa He!lJT liHhlX CKBaiKHH IHHHKI. Bw XO,ll. ornaHHHOI 

HeiTpoHHol Tpy6KH YrH -1 6wn oueHeH c noMOl1lhiO C'ieT'iHKa 

Max- TarrapTa, OTKanH6poBaHHoro no BWXOAY Pu · He- HCTO'iHHKa, 

a TaKiKe HeiiTpOHHoro reHepa Topa NK 3 laeHrepcxoro npoH3-

BO.ll.CTBal. A6coniOTHbll BhiXOA Pu- Be HCTO'iHHKa onpe,ll.enllnCH 

MeTO,ll.OM BO,ll.HHOrO 6axa C HCllOnb30BaHHeM 30nOTbiX H HH,ll.HeBWX 

!lJonhr ,ll.nH H3MepeHHH, COOTBeTCTBeHHO, a6coniOTHOrO 3Ha'ieHHH 

noToKa Tennoawx HeiiTpOHOB H ero npocTpaHCTBeHHoro pacnpe­

,ll.eneHHH. Bwxo,ll. iKe NK- 3 onpe,ll.enHnCH axrHBauHeii Me,ll.HbiX !lJonhr 
o3 o2 

no peaKuHH Cu ( n . 2 n) Cu c perHcTpauHeii aHHHrHnHUHOH-

Horo Y -xBaHTa I F.y = 0,511 M3B, T 1t 2 = 10 MUHI. TipoueAypa 

6 

J 

j 

H3MepeHHH BbiXO,ll.a NK- 3 BbinOnHHnacb B nonHOM COOTBeTCTBHH 

c TexaccKHM cornallleHHeM ( Texas Convention). KoppeKuHH 3Hep­

reTH'iecxoii 'iYBCTBHTenbHOCTH C'ieT'iHKa Max- TarrapTa 6hina npo­

Be,ll.eHa nyTeM H3MepeHHH ero 3cjxlJeKTHBHOrO UeHTpa no OTHOllleHHIO 

K HeHTpOHaM C 3HeprHeii 14 M3B H K HeHTpOHaM CO cneKTpOM 

Pu- Be HCTO'iHHKa. l13MepeHHH noKa3anH, 'iTO BbiXOA YrH- 1 co­

cTaBnHn 12,0 ±0,61 ·10 ° H/c. Co,ll.epiKaHHe BnarH B necKe, Bbi6pau­

HOM B Ka'ieCTBe HCCne,ll.yeMOH cpe,ll.bl, H3MeHHnOCb nyTeM ,ll.06aB­

neHHll ,ll.03HpOBaHHbiX nopuHH BO,ll.bl, H KOHTpOnHpOBanOCb npo­

cylllxoii npo6bi lnpH +120.-, Cl H B3BelllHBaHHeM. YcTaHOBKa, B Ko-

Topoii 

ne3Hwii 

MepaMH 

cyxoro 

necoK o6nyqancH HeiirpoHaMH, npe,ll.cTaBnHna co6oii iKe­

Hl1lHK B !lJopMe npHMoyronbHoro napa~nenenHne,ll.a ~ ,pa3-

37x30x26 CM 
3. COOTBeTCTBYIOl1lero H = 0,025 CM /AnH 

necKa, 6e3 y'ieTa KpHCTannH3aUHOHHOH BO,ll.bii. 3al1lHTa 

YCTaHOBKH OT pacceHHHbiX HeHTpOHOB COCTOHna H3 Jl.BYX cnoeB: 

nHCTOBOrO Ka,ll.MHH TOnl1lHHOH 0,5 MM H napa!lJHHa TOnl1lHHOH 5 CM. 

B cepe,ll.HHe O,ll.HOH H3 CTOpOH IB Ka,ll.MHHI 6biJI C,ll.enaH Bblpe3 -

B 3TOM MecTe noMemancH ,ll.eTeKTop rennoawx HeiiTpoHoB - 3 3a­

napanneneHHbiX nponopuHoHanbHbiX renHeBbiX c'ieT'iHKa CHM- 18. 

llpH KaiK,ll.OM HOBOM 3Ha'ieHHH CO,ll.epiKaHHH BnarH YCTaHOBKa 06 • 

nyqanacb 6biCTpbiMH HeHTpOHaMH B Te'ieHHe 5-6 MUH. Pe3ynbTaTbl 

3anHCbiBanHCb C HHTepaanOM B MHHyTy. KpHBbie pacna,ll.a HeiirpoH­

HOH nnorHoCTH nocne xoppeKTHpoBaHHH Ha !lJoH annpoKCHMHpo­

BanHCb 3KCnOHeHuHanbHOH !lJyHKUHeH exp(-A t) C noMOl1lblO MeTO,ll.a 

HaHMeHblllHX xaa,ll.paToB Ha MHHH·3BM TPA-70 nony'ieHHbie ra­

KHM o6pa30M ,ll.eKpeMeHTbl 3aTyXaHHll A, B 3aBHCHMOCTH OT co­

,ll.epiKaHHH BO.ll.bi, npe,ll.cTaaneHbi Ha puc. 2, r,ll.e npHBe,ll.eHbi raxiKe 

KpHBbie 3aBHCHMOCTH C'ieTa B KaHanax OT I', B3HToro no or­

HOllleHHIO K C'leTy B HHTerpanbHOM KaHane, HCnOnb3yeMOM KaK 

MOHHTOp. 

Ha pHCYHKe BHAHO, 'ITO 3TH napaMeTpbi c pocToM 1• yaenH'IH­

BaiOTCH, npu'leM XO.ll. KPHBbiX Hennoxo cornacyeTcH c pac'leT­

HWMH. llpH yaenH'IeHHH 3a,ll.epiKKH 3aBHCHMOCTb C'leTa B KaHane 

aHanH3aTopa OT f'· KaK H OiKH,ll.anOCb, CTaHOBHnacb 6onee CHnb· 

HOH. Tax, npu t 1 = 150 MKc, c'ler yaenH'IHBancH nHlllb Ha 6 ~70/o 

In pH yaenH'IeHHH BnaiKHOCTH Ha 1 0/ol, B TO BpeMH KaK npH I l = 
= 450 M KC - Ha -'250/o npH TOM iKe yaenH'IeHHH BnaiKHOCTH. l13Me­

HeHHe B A COCTaBnHnO - 5,411/o Ha 10/o BnaiKHOCTH. Cne,ll.yeT 3a· 

MeTHTb, 'ITO npH t l = 750 MKC H t.l = 1050 MKC 3aBHCHMOCTb 

C'ieTa OT p llpH Manwx ee 3Ha'ieHHliX He TaK CHnbHa, KaK MOiKHO 
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Puc. 2. 3KcnepuMeH111UAbHble 3UBUCUMOC111U oeKpeMeHma 3amyxaHWi 
A u ct~ema e KaHaAax epeMeHHozo aHaAu3amopa /e3.R11lozo no om­
HoUleHwo K C'letlly B UHtllezpaAbHOM KUHaAe/ 0111 COOepXUHU.R BAU2U p . 

6blno 6bl O:lKH,ll.aTb. 3ro o6'b.II.CH.IleTc.ll TPY.lJ.HOCTbiO yqera Manoii 

i 
I 

I 

j 
~ 
~ 

none 3HOH HH$OpMaU.HH npH cpaBHHTellbHO 6onbWOM $oHe. ~ 
)l,n.11. cpaBHeHHJI yKa:lKeM, '-ITO HeiiTpOHHbiH BnaroMep, pa3pa-

6oTaHHbiH B Haweii na6opaTOpHH Ha OCHOBe Pu- Be HCTOT.JHHKa 

C BbiXO,li.OM 1·10 6 H/C, ,ll.aeT H3MeHeHHe CT.JeTa 3,5o/o Ha lo/o HJ- + 
MeHeHH.Il Bna:lKHOCTH_ necxa. Ou.eHKa T.JYBCTBHTenbHOCTH HMnynbc-

Horo BapHaHTa no KpHTepHro 3 a I/',. N, /r.ll.e a - craH,ll.aprHa.ll 

OWH6Ka, ~N- H3MeHeHHe cqeTa Ha lo/o Blla:lKHOCTH/ noKa3b1BaeT, 

T.JTO npBBe,ll.eHHaJI CXeMa 3KCnepBMeHTa ,ll.aeT MaKCBManbHYIO T.JyB­

CTBBTenbHOCTb I ,ll.n.ll t 3 = 450 M Kc/, noT.JTB Ha nopJI,li.OK nyqwyro, 

T.JeM T.JYBCTBBTenbHOCTb ynOMJIHYTOrO BbiWe BnaroMepa. 

fionyqeHHble pe3yllbTaTbl yKa3biBa10T Ha B03MO:lKHOCTb npBMe­

HeHB.Il BMnynbCHOrO HeiiTpOHHOrO HCTOT.JHBKa ,ll.nJI onpe,ll.eneHBJI CO· 
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,ll.ep:lKaHH.Il BO,li.OpO,ll.a B orpaHHT.JeHHbiX cpe,ll.aX no H3llO:lKeHHOH BbiWe 

MeTO,li.HKe. 06naCTb HaH60nbWeii T.JYBCTBHTenbHOCTH MeTO,ll.a ne:lKHT 

B paiioHe ManbiX KOHUeHTpaUHH BO,li.OpO,ll.a. fipH npH6nB3HTenbHO 

paBHOH HHTeHCHBHOCTH HCTOT.JHHKOB HeHTpOHOB HMnynbCHbiH BapHaHT 

o6ecneT.JHBaeT nyT.JWYIO T.JyBCTBHTenbHOCTb no cpaBHeHHIO C 06biT.JHO 

llpHMeH.IleMbiM MeTO,li.OM, OCHOBaHHOM Ha JaMe,ll.neHHH 6biCTpbiX 

HeHTpOHOB OT H30TOllHbiX HCTOT.JHHKOB. 

ABTOpbl Bblpa:lKaiOT npH3HarenbHOCTb H.3Bape Ja ueHHbie JaMe­

T.JaHH.Il, a TaK:lKe Kao 3yHry Ja pac'leT Ha TPA-70. 
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