
13 - 8849 

-t-16 8/v"' ~~ 
r .H. <PJiepos, B.H ~BbiponaeB 

llEPCnEKTHBW llP~MEHEH~H 

HOBEftUJMX H,LJ;EPHO-<P~3WIECK~ METO,ZJ;OB 

,ZJ;JIH PElllEH~H AHAJI~TWIECK~ 3A,LJ,A 'I 



6be,[\HHeHHOI'O HHCTHTyTa .H,L\epHblX 

HCCJie,L\OBaHHU 

ill 06'be,llHHeHHOrO HHCTHTyTa l!,llepHbiX 

IJOTCll CaMOCTOl!TeflbHbiMH ny6nRKaUH.!IMH . 

rsHH co CT. 4 YcTasa OM.Jil1. O TnH'!He 

laKJIJO'!aeTCll 8 TOM, 'ITO TeKCT npenpHHTa 

-------- - ~0 Hay'iHOM )l(ypHane 

32/2-75 np. 
•poB,r.H. H 
onaeB,B.H. 

~ npHMeHeHHH 
(epHO-cPH3H
~,nOB ••• 

1975. 

Yo 1J~ 
gljg 

KaUHH OM.JIM. HMelOT 

tasnl!JOli.IYlO nocne.u-

6b1Tb npe,llcTaaneu 

IrnHHCKOM l!3blKaX. 

ll TOflbKO B CTpaHbl· 

I HeM, onpe,llenlleT 

'!eHbTeMaTH'!eCKRX 

cJI HX nony'!aTenJIM. 

a npasoM sepxHeM 

13 - 8849 

r .H. «<IJiepoB, B.H.BbiponaeB 

OEPCOEKTHBM OPHMEHEHHH 

HOBEt1lllHX H~EPHO-«<ll-13WIECKHX METO~OB 

~JIH PElllEHHH AHAJIHTHqECKHX 3A~A q 

J-l a npanneHO D "otonneTellb XI1\HI'"IeCKOrO o6WeCTB8 fllP" 



O~HHM H3 uanpaBneuuii ucnonb30BaHH.Il aTOMHOH 3Hcpruu 

B MHPHblx uen.11x, ycuneuuo pa3BHBaJOIUHMC.Il nocne~uue 

20 neT, .llBn.llCTC.Il HCUOnb30BaHHC .ll~epuo-$H3H'"ICCKHX MCTO

~OB auanH3a 3nCMCHTHOrO COCTaBa pa3nH'"IHbiX 06'bCKTOB. 

K HaCTOJill.\CMY BpCMCHH 3TH MCTO~bl H3 YHHKanbHbiX, Mano

~OCTYUHbiX npeBpaTHnHCb B O~HO H3 CaMbiX MOll.\HbiX CpC~CTB 

peiiiCHH.Il COBpCMCHHbiX uayquo-TCXHH'"ICCKHX auanHTHlfCCKHX 

3a~aq KaK ~n.ll onpe~eneHH.Il ynbTpaMaJibiX KOHUCIITpaUHH, 

TaK H ~n.ll npOH3BO~CTBa MaCCOBOJ'O aHanH3a B TCXIIOnOI'HH. 

Pa3BHTHC COBpCMCHHOH HayKH H TCXHHKH xapaKTCpH3y

CTC.Il 6biCTpblM pOCTOM Tpc6oBaiiHH K BhiCOKOlfYBCTBHTCJib

HbiM allaJIHTH'iCCKHM MCTO~aM. 3To Bbi3BaiiO, C o.u-

HOH cTopoHbi, pocToM npoH3BO.UCT na H noTpc6Jic-

IIH.Il CBCpX'iHCTbiX MaTCpHaJIOB, C .upynlH CTOpo-

Hbl, npHBJIClfCHHCM K HCUOJlb30BaiiHIO B TCXIIHKC pC~KHX 

H paCCC.IlHHbiX 3JICMCIITOB, a TaK)I(C CIIH)I(CIIHCM KOHUCHTpa

UHH noTpc6JIHCMbiX McTaJIJIOB B PYJUihiX MCCTopo)l(.ucHHHX 

L!!.POMbllllnCHHoro 3HalfCHHH. EcJIH paccMln pcTh Tpc6onaHHH 

K 'iYBCTBHTCnbHOCTH aHaJIH30B BO BpCMCIIH, 10 OIIH B03p0CJIH 
2 'I I o II 

OT I 0 - I 0 · 0/o% B 30- c I'O~bl .uo I 0 - I 0 0/oO/o B HaUJC 

BpCMJI .Un.ll OT.UCJibHblX HOBCHUJHX OlpaCJICH HayKH H lCXIIOJIO

J'HH /puc. 1/. J1o.uo6HbiC 'iYBCTBH'ICJibiiOC'TH aHaJIH3a B no

~aBnHIOll.\CM 60JibUJHHCTBC, OK a 3bJBaC I CH, flOCHJlbllhl JIHUJb 

COBpCMCIIHhiM H.UCpHo-qJH3HlfCCKHM MClO)l<iM. C .LlpynlH CTo

pOHbl, TCXHOJIOJ'HJI OlpaCJICH npOMbJUJJICHIIOClH, TlpOH3Bo

~.llli)HX TC HJIH HllhiC MalcpHaJJbl 01 lfCpHOH H UBCTHOH 

MCTanJiyprHH }lO KpHClaJIJIOXHMHH - .UO CHX nop 1pc6yc1 

MaCCOBOI"O 'lKCnpecCHOT 0 aHaJIH3a BO MilOT HX 1 OlfKaX 1 CXHO-

norH'iCCKHX ex c M !Hi ) poBHC 01 I 0 1 0/o H BbiUJC. KpoMe Toro, 

BCTaBUJaJI OClpO B flOCJIC.UIICC BpCM.H IICpC.U lfCnOBClfCClBOM 

npo6ncMa KpH3HCa OKpy)l(aiOli)CH cpC,.J.bl ClaBHT B UCPBYHl 

O'ICpC.Ub 3a~alfH MaCCOBOT 0 aHaJIHl HlfCCKOI 0 KOHTpOn.ll 06'bCK

TOB 3KOC$Cpbl B MaCIIJl a6aX Cl pall H KOHl HHCHTOB H, B 1OM 

'iHCne, 3a~a'"IH 3nCMCH1 HOT 0 aHaJIH 3a II a 1 aKHC 3nCMCHTbl, 

KaK BaHa.UHH, Ka.UMHH, pTylb, CBHIICU H .Up. II 
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Puc. 1. )luazpaMMa pocma nompe6Hocmeu HayKu u mexHuKu 
K 'lyecmeumeAbHocmu 3AeMeHmHbiX aHaAu3oe no zooaM; aHa
Aumu'lecKue 3aoa'lu u cpeocmea ux peweHu.R e 3aeucuMocmu 
om mpe6yeMoil 'lyecmeumeAbHocmu aHaAU3a. 

II pH 3TOM llOTpe6HOCTL B KOJIHqecTBC aHaJIH30B Ha ypOB

HC 10-S - 10 - 7 11jo0fo ,llpOBO~HMWX pa3 B HC~CJIIO, MCCBU, 

CC30H, onpe~CJIBCTCB B HCCKOJILKO MHJIJIHOHOB B ro~ ~JIB 

TaKHX npoMwrnJieuuo-pa3BHTwx cTpau, KaK CiliA H CCCP, 

a ua ypoaue 10-2 
- 10 

4 o/oO/o, Kor~a auaJIH3 npoao~HTCB 
HCCKOJILKO pa3 B CYTKH, 3,Ta ll0Tpe6HOCTL onpe~eJIBCTCB 

~CCBTKaMH MHJIJIHOHOB auaJIH30B B ro~. 

Pa3BHTHC TCXHHKH B~epHO- ~H3HqecKHX MCTO~OB aHaJIH3a 

ll03BOJIHJIO C03~aTL ~JIB 3THX UCJICH CITCKTpOMCTpuqecKHC 

ycTpOHCTBa, OTJIHqaJO~HCCB KOMITaKTHOCTLIO, 3KOHOMHq

HOCTLIO, ~OCTYITHOCTLIO H HH3KOH CTOHMOCTLIO, KOTOpwe 

lliHpOKO BHe~pBIOTCB ~JIB aHaJIHTHqeCKHX UCJICH B ITpOMLIW

JICHHOC npOH3BO~CTBO H ~JIB KOHTpOJIB 3KOC~eplal. 
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Cy~HOCTL rrw6oro B~epuo-~H3uqecKoro /a HeKoTopwx 

CJiyqaBX - aTOMHO-~H3HqecKoro/ MCTO~a OllpC~CJIBCTCB 
ocy~eCTBJIBeMoii c onpe~eJieHHLIM ceqeuueM Toii HJIH uuoii 

peaKuueii ua noToKe KaKux-Jiu6o qacTHU onpe~eJieuuoii 
3HeprHH u- HHTCHCHBHOCTH, T .C. 

A"-' N-f·o, 

r~e A - KOJIHqecTao o6pa3oaaarnuxcB pa~uoaKTHBuwx aTo

MOB /npo~yKT peaKUHH/ H3 HCXO~HOrO KOJIHqeCTBa aTOMOB 

N; f - noToK qacTHU /HHTCHCHBHOCTL/ c 3Heprueii E 
o - ceqeuue peaKUHH B3aHMO~CHCTAHH qacTHU-CHapB~OB 

c 3Heprueii E u aTOMOB auaJIH3HpyeMoro 3JieMeHTa N B npo6e. 

3Ta ocuoauaH ~opMyJia aKTHaauuouuoro auanu3a owrnH

~HT MaTeMaTuqecKH 3JlCMCHTapuo, HO 3a ee npoCTOTOH CKpLI

BatoTCH 3HaqHTCJILHWe HBJICHHH MaTepHaJILHOrO H ~JICK

TyaJILHOrO llJiaHa - peaJIH3aUHH 3TOH llpOCTOH 3aBHCHMOCTH 

ua npaKTHKe Tpe6yeT 6oJILWHX ct>uuaucoBLIX pacxo~oa u npu

BJieqeHHH BWCOKOKBaJIH~HUHpOBaHHLIX Ka~pOB H onpe~CJIHCT
CH: 1/ KOHKpCTHOH auaJIHTHqecKOH 3a~aqeu H ee 3HaqHTCJIL

HOCTLto; 2/ THllOM peaJIH3YCMOH H~CpHOH /aTOMHOB/ peaK

UHH, T.e. ~aKTHqecKH THllOM ~H3HqecKOH YCTaHOBKH - peaK

TOpa, YCKOpHTCJIH, H30TOllHOro HCTOqHHKa H T .~.; 3/ KaqecT

BOM aHaJIH3Hpyto~HX CllCKTpOMCTpHqecKHX CHCTCM H ~eTeK

TOpOB. 

TaKHM o6pa3oM, opraHH3aUHH nto6oro H.LJ,epuo-~u3u
qecKoro MCTO)J,a OllpC.LJ,CJIHCTCH CHMBOJIHqecKHM TpeyrOJih

HHKOM /puc. 2/, Bee yriihi KOToporo HMCtoT cTporo uanpau

neuuwe llpHMhiC H o6paTHhiC CBH3H. l1HTepecua 3BOJIIOUHB 

3Toro TpeyroJihHHKa, oepuee, 3BOIItoUHH "oeca" Ka)l(~oro 

yrna. 

E~e HCCKOJlhKO JICT Ha3a.LJ, 06bCKT ~JIH HCCJIC~OBaHHH, 
auaJIHTHqecKaH 3a.LJ,aqa "no.LJ,rOHHJIHCL" no.LJ, ypoaeuh napaMeT

pOB $H3HqCCKOH YCTaHOBKH - HCTOqHHKa llOTOKa qaCTHU, 

a KaqeCTBO auaJIHTHqeCKHX pCillCHHH B 3HaqHTCJlhHOH Mepe 

onpe.LJ,eJIHJIOCh KaqecTBOM cneKTpoMeTpuqecKoiiannapaTypw. 

KonuqecTBo auanu3oB 6LIJIO BCChMa orpauuqeuHLIM, 

KaqeCTBO auaJIH30B )J,OCTHraJIOCL npHMCHCHHCM MCTO~OB 

pa~HOXHMHH, qTo cy~eCTBeuuo npHHH)I(aJio ponL co6cTseuuo 

aKTHBaUHOHHOro aHaJIH3a. 
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Puc. 2. CxeMa "mpeyzoAbHUKa", cuMeOAUPY10U#ezo opzaHu-
3aijU10 JIO€pHO- fPU3U'l€CKUX M€1110006 aHaAU3a. 

fio~o6uag CHTyaUHg o6ogcugeTcg TeM, qTo OCHOBHOe 

uaJuaqeuHe coJ~aoaeMbiX <ilHJHqecKHX ycTaHOBOK onpe~eng

nocL JIH60 4Jyu~aMeHTaJILHbiMH HCCJie~oBaHHJIMH CBOHCTB 

MaTepHH H pa3JIHqHbiX 4JHJHqeCKHX goJieHHH /yCKOpHTeJIH/, 

JIH60 HCCJie~oBaHHgMH xapaKTepHCTHK H MaTepHaJIOB 6y~yiUHX 
HcToquHKOB 3ueprHH /peaKTOphl/. KpoMe Toro, cneKTpo

MeTpHJI, 6y)J.yqH OCHOBaHa Ha nponopUHOHaJILHbiX cqeTqHKaX 

H CUHHTHJIJigTopax, Tpe6ooana ~JIJI nonyqeuHJI Hu4Jop

MaUHH B 60JibWHHCTBe Ja~aq llpHMeHeHHg MeTO~OB 

pa~HOXHMHH, T.e. )J.JIJI Ka>K,IJ,oro auaJIHJa Tpe6ooaJIHCL 6onL

rnHe JaTpaTbl CHJI H, CJie)J,OBaTeJILHO, OH 6LIJI ~oporOCTOJI
IUHM. fiOJIBJieHHe B llOCJie~HHe ro~bl llOJiyllpOBO~HHKOBbiX 

~eTeKTOpOB /fifi,LJ/ BbiCOKOrO pa3perneuHg pe3KO H3MeHHJIO 

CHTyaUHIO. 0Ka3aJIOCL, qTO fifi)l; y:>Ke qHCTO HHCTpyMeHTaJILHO 

cnoco6Hbl pernaTL WHPOKHH Kpyr auaJIHTHqecKHX Ja)J.aq ~Jig 

pa3JIHqHbiX OTpacJieH HayKH H TeXHHKH. fiapaJIJieJILHO C pa3BH

THeM TeXHHKH )J,eTeKTHpoBaHHg H ClleKTpOMeTpHH lliJIH llOHCKH 
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B 06JiaCTH COJ)J.aHHg 3KOHOMHqHbiX H 6e30llaCHbiX 4JH3HqecKHX 

ycTpoilcTB cneuHaJILHO )).Jig HcnoJILJooauHg HX o auaJIHTHKe. 

Yen exaM B 3TOM uanpaoneuHH cnoco6cToooan oecL onbiT 

coJ~auHg H paJBHTHg aToMuoil uayKH H TexHHKH. Hccne)J,o

oauHg B g)J.epuoil <ilHJHKe. B 1960-70 rr noTpe6ooanH co-

3)J,aHHg HOBLIX MeTO~OB HH)J.HKaUHH g)J.epHbiX H3JiyqeHHH, 

06Jia)J,aiOIUHX HCKJIIOqHTeJILHO 'BbiCOKOH qyBCTBHTeJILHOCTLIO 

H ceneKTHBHOCTLID. BMecTe c TeM [llonyqeuHaJI oa:>KueilrnaJI 

HH4JopMaUHg KaK 0 CTPYKType g)J.pa, TaK H 06 3JieMeHTapHbiX 

qacTHUaX llpHBeJia K He06XO)J.HMOCTH C03)J,aHHg ycKOpHTeJieH 

Ha CBepXBbiCOKHe 3HeprHH, a TaK:>Ke ycKOpHTeJieH TJI:>KeJibiX 

g)J,ep Bll
1
JIOTb ~0 

2 
~e54 , U 92 H MOIUHLIX peaKTOpOB THlla 

H.6P-2
1 ~ CM-21 .1 3TH ycnexH no)J.rOTOBHJIH6aJy)J.ngcoJ)J,a

HHg TaKHX lliHpOKO )J.OCTyllHbiX HCTOqHHKOB HJyqeHHH,KaK,Ha

npHMep, MHKpOTpOHbl, YCKOpHTeJIH TJI:>KeJILIX HOHOB Ha 6a3e 

UHKJIOTpouoo THna Y-180 H Y-150, Maccoooe ucnonLJooa

HHe pa)J.HOH30TOllHbiX HCTQqHHKOB, llOJiyqaJO~QHXCJI KaK no6oq

HbiH llpO)J.YKT npH pa6oTe HCCJie)J.OBaTeJILCKHX H llpOMbllli

JieHHbiX aTOMHbiX peaKTOpOB. 3TH :>Ke ycneXH CllOC06CTBOBaJIH 

pa3BHTHIO llOJiyllpOBO)J.HHKOBOH TeXHHKH ~eTeKTHPOBaHHJI H 

opraHHJauuu npoMbllliJieuuoro npoHJBO)J.CTBa IIII,ll; )J.JIJI uayq

HLIX H llpHKJia,LJ,HbiX UeJieH. 
-.J 

J1 Mbl cerO)J,HJI MO:>KeM C y)J.OBJieTBOpeHHeM KOHCTaTu

poBaTL, qTQ napaMeTpbl iiJH3H'IeCKHX ycTaHOBOK, )J,eTeKTOpOB 

H cneKTpOMeTpOB HaXO)J.JITCJI Ha TaKOM ypOBHe, llpH KOTO

pOM HX MO>KHO peKOMeH~OBaTb K BHe,LJ,peHHIO B MHOrO'IHCJieH

Hble OTpaCJIH HapO,LI,HOrO X03JIHCTBa, H KallHTaJibHble JaTpaTLI 

Ha opraHH3aUHIO g~epuo-4JH3H'IeCKHX aHaJIHTH'IeCKHX Jia6o

paTOpHH 6y,LJ,yT onpaB)J.aHbl 3KOHOMH'IeCKH. )l;pyrHMH CJIOBa

MH, cerO,LJ,HJI y:>Ke Ta HJIH HHaJI uapo~HOX03JIHCTBeHHaJI 

auaJIBTH'!ecKaJI Ja,LJ,a'la onpe~eJIJieT, KaKHMH cpe~cToaMH 

g,LJ,epHOH iiJHJHKH ee MO>KHO pernHTb /6eJyCJIOBHO, HMeiOTCg 

B BH~Y npo6JieMbl, xor)J.a )J.pyrue auaJIHTHqecKHe MeTo~bl ue 

KOHKypeHTHOCllOC06Hhl/~ 
B Ka'!eCTBe llpHMepa HaM XOTeJIOCb 6bl npHBeCTH OllbiT 

HCll0Jib30BaHBJI B UeJIJIX aHaJIHTH'IeCKOrO KOHTpOJig aTOMHOrO 

peaKTOpa Ha HopHJibCKOM ropuo- MeTaJIJiyprB'IeCKOM KOM6H

Ha Te B CCC p 3 .. PeaKTOp Tuna p r- 1M MOIUHOCTLIO 100 KBIII 

6biJI COOpY>KeH cneuHaJILHO ,LJ,JIJI aKTHBaUHOHHOrO auaJIH3a 

TeXHOJIOrHqecKHX llpO,LI,YKTOB KOM6HHaTa OT HCXO)J.HOrO Cblpbg 
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AO TOBapHOH npo,nyKI.J;BH H, KaK y)l(e ceifqac jiCHO,nOnHOCTbiO 

cefig onpaB.nan KaK B HayqHo- TeXHH'IeCKOM nnaHe ero ucnonh-

30BaHHji,TaK H B HH)I(eHepH0-3KOHOMH'IeCKOM nnaHe ero co-

3,naHHjl u 3KcnnyaTau;uu. lionee Toro,Hanuque peaKTopa B cu

cTeMe TaKOrO CllO)I(HOrO XHMHKO-MeTannyprH'IeCKOM KOMn

JieKCa,KaKHM gBnHeTCH HopHnbCKHH KOMfiHHaT, no3Bonuno 

npOH3BOAHTb npOMhliiineHHhle HCCne,noBaHHH onTHManbHhlX 

TeXHOJIOrH'IeCKHX pe)I(HMOB C HCnOllb30BaHHeM KOpOTKO)I(HBY

II.J;HX H30TOnOB,npOH3BOAHMhlX B peaKTOpe, Henocpe,nCTBeHHO 

Ha .neilcTBYIOIUBX TexHonoruqecKHX cxeMax. HaKoHeu;, HMeHHO 

B CBH3H C aHaJIHTH'IeCKHMH B03MO)I(HOCTHMH aTOMHOrO 

peaKTOpa OKa3aJIOCb B03MO)I(HhlM npHCTynHTb K H3y'leHH10 

3KonoruqecKHX npo6neM, CBH3aHHhlX c ,neHTenhHOCThiO Ho

pHJihCKoro KOM6uHaTa B ycnoBHHX Kpa:!iHero Ceaepa. 

TaKHM ofipa30M, paCCMaTpHBaH Halll CHMBOJIH'IeCKHH 

TpeyronbHHK I puc. 21, Mhl BHAHM ,'ITO HMeHHO "yron- aHa

JIHTH'IeCKHe Ja,naqu" B cnyqae HopunbcKoro KoMfiHHaTa 

onpe.nenun "yron- ciiH3H'IecKHe ycTaHOBKH" .na)l(e Ha ypoaHe 

OTHOCHTeJihHO ,noporOCTOHI.l.\ero ycTpOHCTBa, KaKHM HBllHeTCH 

peaKTOp, H npH fionee ,neTallhHOM paCCMOTpeHHH, KOTOpOe 

Mhl 3,necb onycKaeM, onpe.nenun Ha6op .neTeKTopoa H aHa

JIH3BPYIOIUHX npufiopOB AllH Tex HJIH HHhlX KOHKpeTHhlX 3a

,na'l. 

B o61I.J;eM cnyqae, paccMaTpHBaH B03MO)I(HOCTH H,nepHo

ciiH3H'IeCKHX MeTOAOB aHallH3a AllH peweHHH aHanHTH'IeCKHX 

3a,naq Hapo,nHOrO X03HHCTBa, MO)I(HO YTBep)l(,naTb, 'ITO B 

HaCTOHI.l.\ee BpeMH HeT KaKHX- JIHfiO npofineM MeTOAH'IeCKOrO 

xapaKTepa npu aHanu3e npaKTH'IeCKH Bcex 3neMeHTOB, npo

H3BOAHMhlX H noTpe6nHeMhlX o6IUeCTBOM. Haw onhlT H 3HaHHH 

B 3TOH OfiJiaCTH HaXOAHTCH Ha AOCTaTO'IHOM ypOBHe H BeCb 

BOnpOC 3aKlliO'IaeTCH B TOM, 'ITOfihl nOCTaHOBKa aHallHTH

qecKOH 3a,na'IH COOTBeTCTBOBana ypOBHIO HH)I(eHepHhlX H 

3KOHOMH'IeCKHX pellleHHH. 3TH 3a,na'IH B MaCWTafiax CTpaHhl 

OTHOCHTCH K: 

- XHMR'IeCKOH npOMhlllllleHHOCTH; 

- K BhlHCHeHHIO BJIHHHHH fiuonorH'Ie CKHX cilyHKI.J;HH MHKpO-

3lleMeHTOB B CellhCKOM X03HHCTBe, Me,nHI.J;HHe l.nuarHOCTHKa 

H ne'leHuel, o6I.Ueil 6uonoruu; 

- K MaCCOBOMY MHOr03lleMeHTHOMy aHallH3Y B B03,nyxe, 

BO,ne, no'IBe H Ofi'beKTax )I(HBOH npHpOAbL 
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He paccMaTpHBaH KOHKpeTHO Ka)l(_nyiO H3 BhillleHa3BaH-

HhlX KpynHhlX aHallHTB'IeCKHX npOfiJieM B 'laCTH HX HH)I(eHep

HO- TeXHH'IeCKOrO HCnonHeHHH cpe,nCTBaMH H,nepHOH ciiH3HKH -

TaKaH 3a,naqa B paMKaX ,naHHOH CTaThH HeBhlnOllHHMa 

Mhl XOTenu fihl OCTaHOBH'I:bCH Ha HeKOTOphlX HOBeHlllHX 

YCTpOHCTBaX, KOTOphle MO)I(HO fihlJIO fihl peKOMeH,noBaTb ,nnH 

peweHBH Ka)I(.I{OH BhlllleHa3BaHHOH 3a,na'IH. 

Jf3 ciiH3H'IeCKHX ycTaHOBOK - HCTO'IHHKOB 'laCTHU - Heofi

XOAHMO yKa3aTh Ha pa3pa6oTaHHhlH B 11HCTHTyTe ciiH3H'IeCKHX 

npo6neM AH CCCP no.n pyKoBo,ncTBOM npocll. C.II.Kanuu;hl 

UHKJIH'IeCKHH YCKOpHTeJib 3lleKTpOHOB - MHKpOTpOH · 4 ·'. Ha 

puc. 3 ,naHa CXeMa H OCHOBHhle napaMeTphl MHKpOTPOHa, 

C03,naHHOrO B JlafiopaTOpHH H,nepHhlX peaKI.J;HH B .LJ.y6He. 

0CHOBHhle AOCTOHHCTBa 3TOH MalllHHhl -[ npOCTOTa KOHCTpyK

UBH, MaJibie rafiapHThl, Ha_ne)I(HOCTb H npOCTOTa 3KCnnyaTai.J;HH 

H OTHOCHTeJibHO HH3KaH CTOHMOCTb. lJpH 3TOM MalllHHa ofiec

ne'IHBaeT AOCTaTO'IHO MOI.l.\Hhle BHTerpallbHhle nOTOKH Top

M03HhlX ciloTOHOB - n·10 13 rftOTIIOH/C H ciloTOHeHTpOHOB -

n· 10 11 HeumpoH/c. 

IJpH HCnOJib30BaHHB B Ka'leCTBe TOpM03HOH MHllleHH 

TaKHX MeTanJIOB, KaK fiepHJillHH BllH ypaH, B03MO)I(H0 nonyqe

HHe y,neJihHhlX nOTOKOB n(108 -10 9 ) HeU1/IpOH/cM 2 CeK C 3Hepre

TH'IeCKHM cneKTPOM, 6nB3KHM K cneKTpy HeHTpOHOB ,nene

HBH · :~/ 

,D,JIH CpaBHeHHH MO)I(HO npHBeCTH nOTOK HeHTpOHOB B Ka

Hanax AllH aKTHBai.J;HOHHOrO aHallH3a Ha ,D,yfiHeHCKOM peaK

TOJ)e 11.6 P- 30 -· OH TaK)I(e Haxo,nHTCH Ha ypOBHe n(lO B-

10 9 ) n I CM 2ceK. npu · MaKCHManbHOH MOI.l.\HOCTH peaKTopa 

B 30 KBTII t. 

TaKue noTOKH HeiiTpoHOB o6ecne'IHBaiOT a6coniOTHY10 

'IYBCTBHTeJibHOCTb aHanu3a no wupoKoMy PHAY 3neMeHTOB 

10 ~fi - 10-9 2. IloToK TOPM03HhlX raMMa-KBaHTOB 

C perynupyeMOH 3HeprHeH nyTeM OTfiopa 3lleKTPOHOB 

C COOTBeTCTBYIOI.l.\eH opfiHThl MHKpOTpOHa ofiecne'IHBaeT H3-

fiHpaTeJihHYIO no 3HeprHHM CBH3B HeHTPOHOB ciiOTOaKTHBai.J;HIO 
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HY)I(HLIX 3JieMeHTOB B CJIO)I(HOH MaTpHUe H o6ecnequaaeT 

OTHOCHTeJILHYJO 4YBCTBHTeJILHOCTL aHaJIH3a Ha ypOBHe 10-3 -

10 -S ~~. 4TO Y.D.OBneTaopJieT Tpe6oaaHHJIM 6onLWHHCTBa 

BLIWeHa3BaHHLIX 3a,LJ.a4. 

1 2 .3 4 
; __ /_;_ -

I I 

f7apa..uempbt nYLlKO/): 
- 3He{lcUP [JJOmOHOf3- 6 +f7M3!J; 
-nomoK Q:JOmOHOf'J - n.x10 13 1/a"'; 
-3HeoeuR HBUm{JOHOf) -OJIUJIW9.· 

K cneKmP!J tlefleHu>l; 
' 11 
-nomaK HeumPOHOf'J -nx!O '/eel<.; 

MJ1KPOTPOJ-.1-/7r:/P 

~ 

JO 
r-

J]L-1! 
n·/ ~ 'n• 

t 

0 

Puc. 3. CxeMa MUKpompoHa Jl.RP Ha 17 M:JB. 1 - BlJ
cuclleMa; 2 - 60AH0600; 3 - ~eppUIII06biU 6€HIIUAb; 4 - pe3o
HQIIIOp; 5 - na111py60K K 6UKYYM- CUCIIIeMe; 6 - MU2HU1ff 

cp 100 CM; 7 - 6UKYYMHQJI KUMepa; 8- op6U1ffbl YCKOpJieMbiX 
3A€K111pOH06; 9 - 6bi600HOU KQHQA ny'll<a 3A€K111pOH06; 10 -
MQ2HUIIbl, ~0Kycupy10rque ny'lOK 3A€K111pOH06; 11 - 1110pM03HQJI 
MUUl€Hb. 

B nepcneKTHBe C04eTaHHe MHKpOTpOHa C DO,LI.KpHTH4ec

KHMH c6opHHKaMH - pa3MHO)I(HTeJIJIMH HeiiTpouoa I puc. 4/, 
KOTOpLie TaK)I(e He npe,LJ.CTaBJIJiffiT OC06oii TeXHH4eCKOH H 

3KCnnyaTaUHOHHOH CJIO)I(HOCTH, ll03BOJIHT DOJIY4HTL TeDJIOBLie 

llOTOKB ,LI.O 1010 - 10 11 
H€U1ffpOH/CM 

2
ceK. 

PaccMaTpuaaJI coapeMeHHLiii ypoaeHL cneKTpoMeTpHH, 

OTMeqaJI peBOJIWUHOHH3HPYJOLUee 3Ha4eHHe WHpOKOro BHe,LJ.

peHHJI llOJiyllpOBO,LJ.HHKOBLIX ,LJ.eTeKTOpOB /B TOM 4HCJie H B 

aKTHBaUHOHHOM aHaJIH3e/, MLI OC060 XOTeJIH 6LI OCTaHo-
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BHTLCJI Ha X - cneKTpOMeTpHH C HCDOJIL30BaHHeM TOHKHX 

nonynpoao,LJ.HHKOBLIX ,LJ.eTeKTopoa. HMeiOIUBeCJI B npo,LJ.a)l(e 

B HaCTOJI(Uee BpeMJI TOHKHe IIII,[I. /KaK KpeMHHeBLie, TaK 

u repMaHueaLie/ HMeiOT pa3peweHHe Ha ypoaHe 150 3neKT

poHoaonLT. CTporocTL xapaKTepucTuqecxoro peHTreHoa

cKoro H3JiyqeHHJI H ero DOCTOJIHHLIH KBaHTOBLIH BLIXO,LI. cy

lQeCTBeHHO ynpo(UaWT HX KOJIH4eCTBeHHYIO H Ka4eCTBeHHYIO 

o6pa60TKY C npHMeHeHHeM KaK 3JieMeHTapHLIX BLI4HCJIHTenL

HLIX cpe,LI.CTB,TaK H MaWHHHOH o6pa60TKH.B TO )l(e BpeMJI3TH 

,LJ.eTei<TopLI no3Bonunu HaM pewHTL uenLiii PJI.Ll. Kap.LJ.HHanLHLIX 

3a,LJ.a4, a HMeHHO ,'7/ • 

MHKPDTPOH 

Pa3MHD>KUTellb He~TPOH.08 

tzj 

tzj 

I 

11. ,/ 
~()JH.aJl f'1J.J.ULefLb z.1D::_~ceK 
7f 2 3 n pa3MfLO)IcefLWl ~ 10 -f /Q_ 

n m u,/ 
1/DmoK nth B KQ..H..aJtax z 10 + 10 n/CM~ce~j 

Puc. 4. CxeMa cucmeMbl "MuKpompoH- pa3MHoxumeAb Heiim

poHoe". 

1. fipH aKTHBaUHH o6pa3UOB nw6LIM CDOC060M /HeHT

pOHLI, y -KBaHThl, npOTOHhl H T • .LJ../ 60JILWHHCTBO o6pa3yiO

IUHXCJI pa.LJ.HOH30TonoB ucnycKaiOT X -nyqu 3a cqeT npo

ueccopOB H30MepHH, K - 3aXBa Ta H 3JieKTpOHHOH KOHBepCHH. 

II 



noeKOnbKY JcW>eKTHBHOeTb perueTpa.u:uu X -nyqeu /.ZJ;nJI 
Si r Li l - .ZJ;O 30 K:JB, .IJ;n.H Ge [ Li] - .ZJ;O 80 K:JB/ npaKTu-

4eeKH 100o/o-ua.s, a ,ZJ;n.H OeHOBHbiX MaTpU'IHbiX JneMeHTOB 
JcW>eKTHBHOeTb perHeTpa.QUH BbleOK03HepreTU'IHbiX raMMa
KBaHTOB O'leHb Mana, TO TaKUM o6pa30M pemaeTe.H npo6ne
Ma I!Joua oT KOMnTonoBeKoro paeee.suu.s,eunLno Mema10mero 
npu uenonb30BaHHH nn.n; 6onLmoro 06'beMa. HanpuMep, .ZJ;n.H 
TaKHX pa.ZJ;HOH30TOllOB B nl06biX llpHpO.ZJ;HbiX epe.ZJ;ax, KaK 

Au- 1% , U-239 , Th -233 , TI-202 , Pb-205, HMeuuo 
pa60Ta e TOHKHMH flfl)], ll03BOnHna HaM eOJ.ZJ;aTb Ha,ZJ;e)f(Hble 
MeTO.ZJ;bi HHeTpyMeHTanbHOrO auanHJa e 4yBeTBHTenbHOeTbiO 
.ZJ;O 10 It- 10-ll 2/2. 

2. Hau6onee JcW>eKTHBHbiM uenonLJoBauue JTHX .ZJ;eTeK
TopoB OKaJanoeL B penTreuoi!JniOopec.u:enTHOM auanuJe, 
llpH4eM .ZJ;n.H 06'beKTOB npaKTH4eeKH Beex BblllieHaJBaHHbiX 
OTpaeneH HapO.ZJ;HOro X03.HHeTBa. flOCKOnLKy .ZJ;n.H B036y)f(,ZJ;eHH.H 
X- nyqelf npu JTOM ue Tpe6yiOTC.H TaKue KanuTanLHble yeT a
HOBKH, KaK peaKTOpbi HnH yeKOpHTenH, a He06XO.ZJ;HMbi nHllib 
pa.ZJ;HOHJOTOnbJ Tuna Fe- 'i5 /5,9 K:JB/, Cd-109 /22,1 K:JB/, 
Am- 211 /59 K:JB/, Co-57 /122,136 K:JB/, .seuo, 4!0 
ycTpoiicTBa e 3THMH HJOTonaMu .ZJ;emeBbl, Manora6apRTHbl ' 
H HX MO)f(HO 6e3 Tpy.ZJ;a .ZJ;OCTaBn.HTb B n106y10 T04Ky Teppu
TOpHH unu T04KY TexuonoruqecKoii cxeMbl. 11Meuuo X-cneKT
poMeTpbl .ZJ;n.s I!Jmoopee.u:eunwro auanuJa e pa.ZJ;HOHJoTonaMu 
MoryT BJ.HTb ua ee6.s MaeeoBbJH JKcnpeee-auanuJ c 4yB
eTBHTenLHOeTLIO .ZJ;O 10- 1 o/o B 1aKux o6naeT.sx, KaK qepuas 
u .QBeTuas MeTannyprus, ropuopy.ZJ;Has npoMblmneuuoeTL, 
XHMH4eeKas npOMblllineHHOCTb H Oeo6eHHO nOBeeMeeTHbJH 
MaeeOBbJH onepaTHBHbJH KOHTpOnb 3KOnOrH4eCKHX 06'beKTOB
KOHTpOnb eoeTO.HHH.H BOJ.ZJ;yXa, BO.ZJ;bl, ll04Bbl, 06'beKTOB )f(HBOH 
npupo.ZJ;bl. 

flpu 'lyBeTBHTenbHOeTH 10 -:l - 10-lo/oo/o BpeM.H auanHJa 
Ha 3-5 onpe,ZJ;en.HIOI.QHX ,ZJ;aHHYIO npo6y JneMeHTOB eoeTaBns
eT 5 -· 15 MUH 

8 
- flpu 3TOM HMeiOTe.H Bee TeXHH4eeKHe 

epe,ZJ;eTBa ,ZJ;n.H eOJ.IJ;aHHS MHOrOTO'Ie'IHbiX eHeTeM C e,ZJ;HHbJM 
auanHTH'IeeKHM .QeHTpOM, KOTOpbiH nonyqaeT OT ,ZJ;eTeKTOpOB
.ZJ;aT'IHKOB B MeeTax KOHTpon.s JaKO.ZJ;HpOBaHHYIO HHI!JOpMa.QHIO, 
o6pa6aTb1BaeT ee u Bbi.ZJ;aeT nonuy10 KapTuuy auanuTuqeeKoro 
eoeTO.HHH.H Beeu eueTeMbl KOHTpon.s. 

Pa6oTbl B 3TOM uanpaBneuuu HMeiOT eme 6onee HHTe
peeny10 nepeneKTUBY - uenonLJOBauue JneKTpuqeeKux Tep-
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MOXOnO.ZJ;UnbHUKOB OeB060.ZJ;UT OT xnonoT, CB.H3aHHbiX e ue-
06XO.ZJ;UMOeTbiO UMeTb eoey,ZJ;bl )],LIOapa e :>KU.ZJ;KHM a30TOM 
,ZJ;n.H no.ZJ;.ZJ;ep)f(aHH.H HY)f(HOH TeMnepaTypbl nn.n;, 'ITO yeTpa
HHT npaKTH'IeeKu noene.ZJ;uuu "Muuye" .ZJ;n.H eaMoro wupoKoro 
BHe.ZJ;peuus X -eneKTpoMeTp'oB B TexuuKy. 

3. C uenonLJoaauueM X -eneKTPOMeTpoa easJaua uau-
6onee qyaeTauTenLua.s MeTO.ZJ;HKa JneMenTuoro auanuJa, 
KOTOpa.H KOr,ZJ;a-nu6o eyi.QeeTBOBana. HMeeTe.H B BH.ZJ;y B03-
6y)f(,ZJ;eHHe X -nyqeu Japs)f(eHnbiMH qaeTu.u:aMu, yeKopeuubiMH 
ua .U:HKnoTpouax. Ceqeuus B036y)f(,ZJ;euu.s X -nyqeu T.H)f(enbiMH 

HOHaMH, uanpuMep, HOHaMH Keeuoua, yeKopeHHbiMH Ha D;HK
noTpOHe Y- 300 B )l;y6ue , .ZJ;OeTuraiOT BenH'IHH .: 10 9 6apH 
.ZJ;n.H Mo, - 10 5 6apH .IJ;n.H Bi u T . .ZJ;. llpu 3TOM qyaeTBHTenL
uoeTL auanuJa .ZJ;oeTuraeT 1o-13 -:- 10-14 2/2. · 

flo.ZJ;6Hpa.H Z HOHOB,MO)f(HO eyi.QeeTBeHHO H BeCLMa 3I!J-
4JeKTHBHO CHH3HTL ~!Jon TOpM03HOrO H3ny'leHH.H 3a C'leT 
peJouaucublx 34Nl>eKTOB, KOr.ZJ;a ceqeuue aoJ6y:>K.ZJ;euus ao-
3pacTaeT B n X 10 4 pa3 no cpaBHeHHIO C KynOHOBCKHM B03-
Uy)f(,ZJ;eHHeM :9, · 

Y 'IHTaTen.H He .ZJ;On:>KHO OCTaTLC.H BneqaTneHH.H, 'ITO .ZJ;JI.H 
caepxqyacTBuTeJILuoro auanuJa ueo6xo.ZJ;uMa Mamuua Tuna 
yuuKanLnoro .ZJ;y6uencKoro u;uKnoTpoua Y-300. Ha u;uKno
Tpouax Tuna Y-120 u Y-150,ua 3JieKTpocTaTuqeeKux reue
paTopax yenemuo peaJiuJyeTc.s u;eJibiH pH.D; BbiCOKO'IYBCTau
TeJILHbiX MeTO.ZJ;OB auaJIH3a. HanpuMep, npu yCKOpeHUU UOHOB 

+5 o+6 
14 N u 16 .IJ;O 3uepruu 5 M3B/HYKAOH, ceqeuus aoJ-

6y)f(.IJ;euu.s 'L -ypoaueu T.H)f(eJibiX 3JieMeHTOB /Hg , Tl , Bi I 
.ZJ;OCTuraroT - 104 6apH u no Mepe yMeHLmeuus Z on
pe.ZJ;eJI.seMbiX 3JieMeHTOB aoJpacTaiOT .ZJ;O 106 6apH .ZJ;JI.H K -
ypoaueu a paiioue Z = 10 ( F , Na ,Mg) 18/. 

)l;aHHbiH aHaJIHTU'IeC~UH MeTO.ZJ; MO)f(eT 6LITL ycnelliHO npu
MeHeH B TeXHOJIOruu TOHKUX CBepX'IHCTLIX nJieHOK B 3JieKT
pouuoii npoMbllliJieuuocTu, r,ZJ;e ~onycTHMLie npuMecu ue 
.ZJ;On:>KHLI npeablmaTL ypoaus 10- -:- 10-8 o/oo/o .~()J]~e Toro, 
.ZJ;a)f(e TaKue nerKue .H.ZJ;pa,ycKop.HeMble ua u;uKJIOTpouax, 
KaK·npoTOHhf u anLI!Ja- qacTuu;bl, M:oryT 6LITL ycnewuo npuMe
ueubl .ZJ;JI.H auaJiuJa KaK no X -I!JJIJOopec.u:euu;uu .ZJ;JI.H onpe.ZJ;ene
HH.H T.H)f(eJILIX U epe.ZJ;HHX 3JieMeHTOB C 'IYBCTBUTeJILHOeTLIO 
10-5 - 10 - 6 2, TaK U .ZJ;JI.H onpe.ZJ;eJieHU.H JierKUX 3JieMeHTOB -
Be , B , C u BLIWe no peaKD;U.HM Tuna (a , R x ) , ( a , n) , 
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(u.p) ,(p.p) ,(p,n) , (d.n) H .D.p. K CO)I(aJieHHJO, HH.IJ.H

KaU,HJI 3JieMeHToo ner<Ie xpoMa nyTeM oo36Y)I(.IJ.CHHJI X- nyqeif 

ny'IKaMH nerKHX JI,II,ep O'leHL 3aTpy.IJ.HHTCJILHa no u.enoMy 

PJI.II.Y npH'IHH /~OH TOpM03Horo H3JIY'ICHHJI, HC,II,OCTaTO'IHOe 

pa3pCWCHHe ,II,CTCKTOpOB B 06JiaCTH HH)I(C 5 K3B/. 0,II,HaKo 

OCYllJ,CCTBJICHHC JI,II,CpHLIX peaKU,HH B 3TOH o6JiaCTH n03BOJIJICT 

peanu 3oBaTL HH.IJ.HKau,uJO no ucnycKaCMLIM HCHTponaM H npo

TOHaM. IlpH 3TOM, HCnOJIL3YJI ny'IKH JICrKHX JI,II,Cp,II,HaMCTpOM 

3-5MKM 
11

. MO)I(HO nony'IHTb 'ICTKYJO KapTHHy JIOKaJILHOro 

pacnpC,II,CJICHHJI KOMDOHCHT no nOBCpXHOCTH MaTCpHaJia, a 

CCJIH H3MCHJITh 3HCprHKl 'laCTHU., TO H no ero rny6HHC 12 

8 3TOH 06JiaCTH HMCCTCJI Clll,e MHOI'O HCHCDOJib30BaHHbiX 

B03MO)I{HOCTCH, H HaM Ka)I{CTCJI, 'ITO HCCJIC,II,OBaHHJI H MCTO

,II,H'ICCKHC pa3pa60TKH B 3TOM HanpaBJICHHH O'ICHb DOJIC3Hbl 

H ncpcncKTHBHbl, H HCDOJib30BaHHC ,II,JIJI 3THX U,CJICH HMCK>

lll,HXCJI B COL{HaJIHCTH'ICCKHX CTpaHaX YCKOpHTCJICH THna 

Y-120 H Y-150 6y.IJ.cT BCChMa 3~CKTHBHLIM KaK nuay•moM, 

TaK H B HpaKTH'ICCKOM acneKTaX. 

MLI OCT aHOBHJIHCh JIHWb Ha IICKOTOpbiX HOBCHWHX ,II,OCTH

)I{CHHJIX JI,II,CpHOH ~H3HKH H B03MO)I{HOCTH HX HCDOJib30BaHHJI 

.IJ.JIJI pcwcHHH auanHlH4CCKHX 3a.IJ.a. Mbi C.IJ.cnanu 3To YMbiW

ncuuo, H60 npcCJIC,II,OBaJIH L{CJib - DOKa3aTb B HaCTOJillJ,CH 

CTaTbC, 'ITO 3TH ,II,OCTH)I{CHHH Y)I{C CCI'O.IJ.HJI C DOJiliOH OTBCT

CTBCHIIOCTbKl MO)I{HO pCKOMCH,II,OBaTb 60JibllJHHCTBY OTpaCJICH 

Hapo.IJ.IJOro X03HHcTna .IJ.JIJI Maccoooro BHC.IJ.pCHHH. H, npo

.II.OJI)I(aH HCCJIC,II,OBaiiHH no C03,II,aHHKl HOBbiX H COBCpWCH

CTBOBaHHfO H3BCCTHbiX JI,II,CpHO-~H3H'ICCKHX MCTO,II,OB aHa

JIH3a, HC06XO.IJ.HMO DpHnaraTb MaKCHMYM YCHJIHH .II.JIJI BIIC.II.PC

HHJI Y)I{C ,II,OCTHrHyTOf'O B )I{H3Hb - B KOHU.C KOIIL{OB 3TO U.CJIL 

mo6oro uayquoro uccnc.IJ.OBaHHH. 

Jlumepamypa 

I. B.,4.A1WHbea, ,4.H.IiAOXUH11e6 u op. Coo6UjeHue OHJ/Jf, 
I3-5392, ,4y6Ha, I969. 

2. C.M.<Paii~t6epz u op. A3, moM I 7, ebm. 6, I964, cmp. 452. 
3. A.M.Jaemu~tuH, B.H.HuKumuH u op. A3, moM 38, ebm. 2, 

1975, cmp. 97. 

4. C.ll.Kanu11a, B.M.MeAexuH. MunpompoH, M., Hayt.·a, 1969. 

14 

I 

5. B.K.Iip0611biH u op. "3KcnepuMeH1/IQ/IbHOe UCC/Ie006QHUe 
MUKpOlllpOHQ KQK UCl/IO'lHUKQ HeU111pOH06 0/IJI QK1/IU6Q-
11UOHH020 QHQ/IU3Q". A3, 111. 32, 6bln. 5, 1972. 

6. Hzo KyoHZ Iibly, B . .Jl.Bblponaee u op. IlpenpUHl/1 
OH.JIH, P12- 6810, J1y6Ha, 1972. 

7. B.F.Cy66omuH, IO.II.XapumoHoe, B . .Jl.Bblponaee, 
B.<P.KyumupyK . . IlpenpuHm OH..JIH, 13-7963, J1y6Ha, 
1974. 

8. J.A. Coopor. Nucl.Instr. & Meth., 106, 525-538 (1973). 
9. GSI 73-11, Sept. 1973, Darmstadt. 

10. F.Folkman, J.Borggreen, A.Kjeldgaard. 
Nucl.Instr. & Meth., 119., 117-123 (1974). 

11. T.B.Pierce, P.E.Peck, D.R.A.Cujj. J.Inorg. Nucl. 
Chern., 33, 1963 (1974). 

12. r.H.<PAepoe. IlpenpUHl/1 OH.JIH, P7- 7571, J1y6Ha, 1973. 
13. B.Commoner. The Closing Ci'rcle. Nature, Man, 

Technology. New York, 1971. 

PyKonucb nocmynuAa e U30ameAbCKuu omoeA 
· 4 MaJI 1975 zooa. 

15 


