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c111u111y111 JIOepHblX UCCAeooeaHUU ,ay6Ha 

l13BeCTHO HeCKOnbKO nonhITOK ll3MepeHHSI CTaTHCTll

qecKHX xapaKTepllCTllK pacnpeneneHHSI no MHomeCTBeHHOCTll 

HeHTpOHOB, B03HHKaJOmllX nptt cnOHTaHHOM neneHllll 

238 Ufl-3/.0nHaKO K HaCTOHmeMy BpeMeHll HanemHble naH

Hhle HMeJOTCSI TOnbKO O cpenHeM qllcne HeATpOHOB Ha 

aKT neneHttSI v • 

Halli llHTepec K uacToHmeA npo6neMe CBSI3aH c no1Ic

KaMH B npupone CilOHTaHHO nenHmttXCSI TpaucypaHOBbIX 

sneMeHTOB. KaK noKa3BHO B / 4/ I Ha116onbwaH qynCTBHTenb

HOCTb npll nponeneHHll TaKHX IlOHCKOB nocTttraeTCSI C no

MOmbJO MeTonttKll perttCTpaUHll MHO*eCTBeHHoro llCnycKa

HllSI HeATpOHOB 1:13 o6pa3UOB. OcHOBHhlM llCTOqHHKOM ¢oHa 

B 3TOM cnyqae HBnHJOTCSI HeHTpOHbl, conpoBo*naJOmtte 

cnoHTBHHOe neneHtte ypaHa. HMeJOmtteCH naHHble O MHO

*eCTBeHHOCTll HeArpOHOB ne Il03BOnSIJOT oueHHTb ¢011 pac

qeTHblM nyTeM c nocTaroq110A ToqnocTbJO. 

Uenb10 HacToHmeA pa6oTbI HBnSinocb onpeaeneHtte se

poSITHOCTeA ttcnycKaHIISI paanuqnblx queen HeATpOH0B nptt 

cnoHTaHHOM aenen1:111 ypana ~. ,cpea11ero q1:1cna neATpOHOB 

Ha aKT nenenttSI ~.a1:1cnepc1111 pacnpeneneHHH HeATpoHOB 

no KpaTHOCTHM a2 11 napaMcT1111 cjiopMbI cneKTpa r 2 • 
I/ 

ilnH onpeaeneHHH 3THX CT.DTIICTll'ICCKHX xapaKrepHCTIIK 

6bm ncnonb30BaH Meroa perncrpnu1111 cosnaaeHIIR IIMnynb

con OT 0CKOnKOB aenettIIA ll HMIIYJibCOB OT Heil:TpOHOB. 

YpaH HaHOCIIncH Ha sneKTPOll.bI nd111:1aauttoHHoA KBM epb1, 

KOTOpaH IlOMemanacb BHyTpb qyBCTBllTSn6Horo o6~eMa 

neTBKT0pa HeATpOHOB. B KaqeCTBB STanoHa ttcnonb30Bancg 

npenapaT 242Pu. 
3neKTPOll.hl llOHH3aUIIOHHOA KaMepbl npencTaBnSinII co-

6oil: C1f CTBMY ll3 KOaKc11anbHbIX· uttnlIHJlPOB ( plIC. 1 ) • 11 M

nyJibCbI OT OCK0nKOB ycttnIIBanIICb, II nyTeM JlBYXKPBTHOf'O 
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PHc. 1. CxeMa aeTeKTopa Hei1rpoHoa: 1 - Kf.[{MHeBbIH aK

paH, 2- cranbHOH Kopnyc, 3- rrapaqmH, 4-- He-cqeT'IIJKII, 

5 - aneKTpO.[{bl HOHH3aUHOHHOH KaM epbI, 6 - BCTaBK.lf 113 

opraHIJ'IeCKOI'O CTeKJia, 7 - Koprryc HOHH3aUHOHHOH KaM epbl. 

a11cpcpepeHu11poaaHm1 H3 HIJX cpopMHpoaaJIHCh CHrHanbI anrr
TenhHOCThIO 0,2 MKC. CcpopMHpOBaHHble CHI'HanbI IIO.[{aaa:. 

nncb Ha HHTerpaJibHblll ,[{HCKpHMIJHarop, .lfMIIynbC KOTOporo 

.HBmmcg crapTOBbIM ,[{Jl.H CIJCTeMbl per11cTpaUHIJ HeHTpOHOB. 

HoHH3aUHOHHa.H KaMepa IJCIIOJlb3OBaJiaCb B pe>KHMe .lf3Mepe

HIJ.H yaenbHOH llOHIJ3aUHH OCKOnKOB (3a30pb! Me>KAY 8JleKT

pOAaMH - 4 MM, ra3 - aproH ( 95%) + MeTaH ( 5%) J .[{aB

neHHe 760 MM pT.cT., pa6oqee Harrp.H>KeHue - 300 B. Ha 

p11c. 2 IIOKa'3aH CIIeKTP HMIIynbCOB OCKOJIKOB aeneHIJ.H ypa

Ha Hei1Tp0HAMIJ nnyTOHHi1-6epHnJ111eaoro HCTO'IHHKa. 

lleTeKrop Hei1rpoHoa(pHc.1) npeacraangn co6oi1 UH

nHH.[{pH'IecKHH 06beM, . 3anonHeHHblll napacpHHOM~ IT onoCTb 
ang HOHH3aUHOHHOH KaMepbI pacnonaranacb no OCH .[{eTeK

TOpa. BoKpyr nonOCTH a KaHanax napacpHHOBOI'O 6JIOKa 

noMeIIIaJIHCb 28 nponopUHOHaJibHbIX C'IeT'IHKOB ( no 14 
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PHc. 2. AMnJIHTyaHbltt cneKTp HMrrynbcoa ocKonKoa aeneHH.H. 

C'I0T'IHKOB B nepBOM .If BTOpOM pgaax). CqeT'IHK.lf .If Menu 

.[{JIHHy 500_ H AHaMf rp 32 MM. ll1rnneHHe ra3a 3 He co

CTaangno 7 aTM. BblCOKOe HanpmKeHHe Ha ace cqeT'IH~H 

IIO.[{8Ba~OCb OT OAHOI'O HCTO'IHHKa IIHTaHHSI. CqeT'IHKH 

nepaoro psraa HM0Jl.lf He3aBHCHMbie YCHJIHTeJihHO-cp_opMH

PYIOIIIHe rpaKTbI. CqeT'IHKH aroporo psraa no BbIXO.[{HOMY 

CHI'Hany 6bIJ1H o6bellHHeHbl a CeMh rpynn, T.e. o6mee 

'IllCJio_ rpaK roa coc.raangno 21. ITpeayc HJII1Ten11 pacnona

ranllch B Herrocpe.[{CTBeHHOH 6JIH30CTll OT C'IeT'IllKOB, 

OHll 6bIJ11J BbIIIOJIHeHbl Ha 6a3e llHTerpaJibHblX MllKpocxeM ll llMe

JIIJ K08lplp~UHeHTbl YCllJ10Hll.H K, = 200. <t>opMHpOBaHlle _CllI'

HaJIOB ocymeCTBJl.HJIOCb Ha JIIJHllll 3a.[{ep>KKIJ T • = 0,5 MKC 

B YCHJlHTeJISIX C perynllpyeMblMH K08lplpllU.lfeHTaMH YCHJ10HIJ.H 

K = 5t-10. AMnJ111TyAa llMnyJihCOB OT TenJIOBblX HettTpOHOB 

ycTaHaBJillBaJiaCb BO,Bcex TpaKTax O,[{HHaKOBOH • 
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3neKTpoHHaH cxeMa o6ec~eqttaana perttcTpauHro HM
nynbcoa "OT HeCKOnbKHX aeil:TpOHOB, HCllyCKaeMhIX B OJ{HOM 
aKTe J{eneHHH H.Apa. TTpHHUHn pa60Tbl cxeMhl OTpa:n<eH Ha 
pHC. 3. HMnynhChl OT Heil:TpOHOB rrocne ycuneHHH no- . 
J{aaanHCh Ha cxeMhI OT6opa no aMllnHTy.Ae. ct>opMHpoaaTenH 
ct>l- ct>2 l reHepHpoaanH BhIXOJ{HOil: cHrHan B cnyqae; ecnH 
axo.AHOH HMnynhc npea1,1man aenttquay HH:n<Hero nopora. 
Paapemaromee apeMH .AllH HMnynhCOB, llOCTynHBillHX Ha 
0/lHH TpaKT, COCTaBnHnO 1,5 MKC. HMnynhC Ha qiopMHpoaa
Tenb ct>22 cnrHana aepxHero nopora nocTynan qepea cxe
MY l1Jll1. PerHCTpaUHH Heil:TpOHOB 6noKupoaanacb, ecnH 
aMIInHTylla BXOJ{HOf'O HMnynhCa npeBhlmana aenHqHHy aepx
Hero nopora. 06mee qncno 6noKHpoaoK qJHKCIIpoaiwocb 
cqeTqHKOM GLJ-1. TTpH OTCYTCTBHH aanpeTa Ha perucTpa
UHro HMnynhCbl c qiopMHPOBaTeneil: ct>l-ct>21 IIO,AaaanHCb Ha 
CXeMy OT6opa KpaTHbIX co6bITHil: H Ha cxeMy, OTJ.\rnqaa
myio HOMepa TpaKTOB, no KOTOpbIM nocTynunu HMnynhCbI 
(TpHrrep1,1 Tpl-Tp21 ). CqerquK Cl.J-2 qJHKCHpoaan qucno 
Tpa·KTOB. no KOTOpbiM nocTynHnH ur-mynhCh!. 

BpeMeHHoil: HHTepaan To , aaHHMaeMblil: rpynnoil: HMIIyJib
coa OT Heil:TpOHOB, B03HHKillHX B OllHOM aKTe ,AeneHHH H-A
pa, aaBHCHT OT apeMeHH X<H3HH HeHTpOHOB B CHCTeMe 
ll8T8KTOpa Heil:rpoHOB. LlnH BhI6opa BenuqHHhl 3Toro HHTep
Bana Hayqanacb aepOHTHOCTb nocTynneHHH HMnynhca H8HT
poHa B 3aBHCHMOCTH OT apeMeHH nocne pacnaaa aTOMHOro 
H.Apa. l1aMepeHHH npoao.Aun.uch c npenapaToM 242 Pu 
(puc. 4). PeaynbTaTh! 3THX H3MepeHHH n03BOnHIDT oueHHTb 
cpeaHee BpeMH )Klf3HH Heil:TpOHOB: r = 40 MKC. l1HTepaan 
To aa,Aaaancg O.AH<>au6paTopoM OB- To. 3airycK ST-Oro 
OllHOBH6paTopa ocymecTBnHnCH qepea qiopMHpOBaTenh 
<ll23 CTapTOBbIM CHf'HanOM HOHH3aUHOHHOil: . KaMepbr. flocne 
cpa6aThIBaHuH -0naoau6paropa IIMnynbchI OT· HeifTpoaoa 
a TetJ:eHne 0:HTepnana To nociyrraim Ha ctieTtJ:HK Cl.J-4, 
paapemaromee apeMSI · KoToporo cocraangno 0,03 MKC. Ha
MepeHHH BbIIIOnHHnHCb npH qJHKC!Ip0B8HHOM 3Haqemrn -
To = 200 MKC~ LlnH KOHTpong o6mero CtJ:eTa Heil:TpOHOB 
ucnonbaoaancg cqeTqHK Cl.J-3. EnoK ynpaanemrn perHcT
pauneil: (EYP) ocymecrangn 6noKHpOBKY BXO.AOB TpaKTOB 
perucrpaumt Heil:TpOHOB n 6noKnpoaKy aanycKa OB-T O Ha 
apeMSI, aeo6xo.AHMOe .AnH aanHC!I peaynhTara, nocne qero 
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Puc. 4. 3aBHCUMOCTb · BepOSITHOCTH perncTpaunu Heil:TpOHOB 
OT BpeMeHH. 

nponaaonnncg c6poc ctreTtrUKOB C'4~2 u CLf-4 u aoaapaT 
TpHrrepoa Tpl-Tp21 B ncxonHoe cocTOSIHHe. 

llnSI 3aITHCH peaynhTaTOB IlpUMeHSinHCb paantt'fHbie 
ycTpoil:cTaa: caMonuceu, nepectfeTHbie cxeMhI, MHoroMep
Hhiil: aHanuaaTop MAPC-14. 

llnSI Kantt6pOBKH BCeil: CHCTeMbl HCITOnb30BanCSI npe
napaT 242 Pu, KOTOpb!H 6bm HaHeceH Ha OAHH H3 aneKT:
ponoa HOHH3aUHOHHOH KaMepbl. CnrHan C 9TOro aneKTpona 
ITOCTynan Ha oTnenbHhiil: Bb!XOA. Bh16op 242 Pu B KatreCTBe 
aTanoHa o6ycnoaneH TeM, ~To a cuny 6nuaoCTH 3HatreHnil: 
cpenHHX 'fHCen Heil:rpOHOB Ha aKT neneHHSI. y 242 Pu U 

238U MOJl{HO O)KHJ:laTh, 'fTO CIIeKTpbl Heii:rpOHOB T8K)Ke 
6ynyT cxonHhI. 3To o6croSirenbcTao noaaonSieT rrpeHe6-
petrb 3aBHCUMOCTblO rrapaMeTpOB peruc,TpHpyIOIIJeil: arrrra
paTyphl OT. 3HeprHH Heiirpoaoa. B KaJIH6pOBO'fHhIX H3Me

peHHSIX HCITOnb30Banucb rrperrapaTbl rrnyTOHHSI C aKTHB
HOCTblO OT 0, I no 0,5 crroHTaHHhIX neneHuil: a ceKyHny. 
11aMepeHHSI C 9TanOHHbIM nperrapaTOM u C rrnyTOHHeM Bbl-
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nonHSinHCh rrootrepeAHo. Bcero 6hmo aaperucrpupoaaHo · 
oKono l06aKTOB neneHHSI 242Pu.Kanu6poaotrHbie uaMepe
HHSI noaaonunu onpenenHTb 3cpcpeKTHBHOCTb perHCTpaUHH 
Heil:TpOHOB nng ueHTpanbHOil: tfaCTH 'fyBCTBHTenhHOro. 
o6'beMa neTeKropa e = 0,383+10,002 ;npu 9TOM 3HatreHHe v 
nng CIIOHTaH1sro l{eneHHSI 2~Pu IlpHHHManOCb paBHhIM 
2,109±.0,007 . H B rrorpelllHOCTH f Y'fHThIBanacb B03-
MO)K'HaSI Hecra6unhHOCTh annapaTyphI aa AnHTenI>Hhiii rrpo
Me)KyTOK -BpeMeHH~ 

3aBHCUMOCTb 9cpcpeKTilBHOCTH perHCTpauun Heil:TpOHOB OT 
rrono)KeHHSI HCTO'fHHKa anonb OCH-nereKTOpa Heil:TpOHOB 
ITOKaaaaa Ha pnc,: 5. "AKTHBHag" 'f8CTb UOHH3aUHOHHOii: 
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Puc. 5. 3aauCHMOCTb acpcpeKTHBHOCTU perncrpaUHH HeiiTpo
HOB OT nonO)KeHHSI HCTO'fHHKa (I - 6ea BCTaBOK H3 oprcTeK
na, 2 - co BCTBBK8MH U3 oprcTeKna). 
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I ,, 

KaMepbl HMena AnHHY 15 CM H pacnonaranach B Toii qac

TH }leTeKTOpa, rne aqicpeKTHBHOCTb. perHCTpaUHH HeiiTPO:-

HOB 6hma MaKC_HManhHa. 3TanoHHhiii npenapaT pacnonarancSI 

aHanorH'IHbIM o6pa30M. llnSI yaenH'10HHSI scpcpeKTHBHOCTH pe

rHCTpaUHH HeiiTpOHOB CB060JlHNe '18CTH nonoCTH )leTeKTOpa 

aanonHSinHCb opraHH'!eCKHM CTeKnoM (pnc. 1 ). 
llng Bb16opa pe)KlfMa H3MepeHHH H3yqanacb 38BlfCH

MOCTh cpenHero '!lfcna aaperncrpupoBaHHbIX HeiiTpOHOB n 

Ha OJlHH CTapTOBblH curHan OT YPOBHSI JlHCKpHMHH8UHH 

curHanoB HOHH38UlfOHHOH KaMepbl. Ha pllC. 6 sTa 38BHCH

MOCTh noKa3aHa }lnH cnyqag, Korna HCTO'IHHKOM CTapTOBO

ro curaana cny)l{una Ka¥epa c .ypaHoM. KaK cnenyeT ua 

plfC. 6, Ha'IHHaSI c nopora JllfCKpllMlfHaUHlf 2B ii = const . 
AHanorlf'IHhle H3MepeHlfH 6hmlf BbmonHeHbl T8K)l{e H C nny
TOHlfeBblM npenapaTOM. 

~ 
=r -cO 

n 
0 ~ 8 0 -1 1t-------:-+----+---------:;,~=--.c-L-'---
c 
:,, 
C Ol 
~601 M:---t--t--+--+----i-_J 
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CIA e4o.----• 
0,. 
4 .... 
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o 20 
c:: 
c.) 
::s 
-::,-

0,3 

0,1 

1 2 3 4 5 ( &O"bTbl) 

Puc. 6. 3aBlfClfMOCTh CKOpOCTH C'leTa OCKOnKOB CilOHTaH

Horo neneHHSI ypaHa (1) If cpenHero '!Hen~ ~eiirpoHoB (2) 

OT ypOBHSI JlHCKpHMHH8Ulflf CTapTOBOro ClfrHana. 

10 

Ehmo BbIIlOnHeHo Tpll cepllll lf3Mepemi:ii (cM. Ta6nlf

uy). 0Ilb1Tbl 1 H 2 ocymeCTBnSinHCb Ha JleTeKTOpe, Olllfcan-

HOM B /-6/. B '10TBeproii: CTpOKe Ta6nI1Ubl np lfBOJlHTCH pe

aynhT8Tbl perlfCTpaulfH MHO)l{BCTBeHHoro ucnycKaHHSI HeiiT

pOHOB 113 ypaHOBoro 6JIOKa, BbmonHeHHble B waxre Ha 

rny6HHe 1100 M BOJlHOPO 9KBHBaneHTa B pe)KHMe "BHyTpeH-/6i' . . 
Hero c Tap Ta" • B Ta6nHue npHBe)leHbl JlBHHbie · ·c y'leTOM 

nonpaaoK Ha cpoH annaparypb1, cnyqaiiHbie coanane~HSI If c 

y'leTOM KOHe'!Horo paapema10mero BpeMeHH JleTeKTopa· 

HeiiTpOHOB. llng K8)1{JlOH cepllll lf3MepeHHH OU0HlfB8nH~h 

BepOSITHOCTlf perlfCTpaUlflf pa3nH'1HOro 'llfCna HeiiTpOHOB 

Fn {plfc. 7). nng K8)1{l:(0H cepllH H3MepeHHH -I F n = I . 
n~O . 

B cnyqae II3MepeHlfH C ypaHOBbIM 6noKOM oueHHBanHCh Be-

nH'IIIHbl OTHollleHHii Ni/ N k = Fi/ F k • 

BenH'11IHb1 ii , a~ H r 2 uenecoo6pa3HCl oueHHBaTh. 

Henoc pencTBeHHO no peaynhTaTaM II3MepeHHil:. B 3TOM 

cnyqae IIX norpellIHOCTH 6ynyr 3H8'11ITenbHO MeHbllle, 

'!eM npu BbI'11IcneHHHX c noMOIUhIO aentt'IHH Pv. llaHHbre, 

llOMeIUeHHbie B Ta6nnue, Il03BOnSIIOT onpenenHTb BE!nH'IHHy 
OTHOllleHHSI 

i7 23fu 

V - fi 

IT 231\J 
= 0,943±0,007. 

242p 0 • 242p 0 

Ecnn npHHSITb B cfoOTBeTCTBHH c /s,;242pu= 2, I 09±,.0 ,007, TO 

v 238u = 1,99:!:.0,03. ITocne ycpenHeHnH peaynhTaToB, 

nony'leHHbIX B rpex cepl!SIX lf3Mepeanii nnH _Benn'iHHbI 

!n2 Fn -ii r = 2 ii2 
6hmo nony'leHo aHa'leHHe r2 == 0~ 75:!:.0,0l. 

ITo H8MJl0HHbIM 3Ha'ieHHHM V H r2 onpenenSieTCH 

'iHHa a! =ii -ii(I-f'2)= 1,00:!:.0,06. 
aenu-

BepOSITHOCTH ncnycKaHHSI paann'IHbIX 'll!Cen Heil:TpOHOB 

BbI'IJICnsmacb H3 ypaBHeHIIii, CBSI3bIB8IOIUHX p V H F n • , 

v o! n v-n o I I I ( · , f ( 1 -E) Pv = Fn , n = , ... Dmax , v~n n. v-n,. 

Ha OCI-DBaHHH peaynhT aTOB H3Mepeanii: 6bmo COCTaBneHo 

18 ypaBHeHuil:, K KOTOpblM ao6aBnHnHCb Tpll ycnoa1rn: 

! pv =I; I v Pv =i7 ; I (v-i7)2 P =a 2 
V V 
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TaKUM o6paaoM,- ang- onpeaeheHUSI llfeCTll aenutJUH Pv , 
v=0,l ... s UMenacb CllCTeMa ll3 21 ypaBHeHnsr. s/7/ ansr Bbl
'lllCneHH5I aenutJuH Pv npeanaraeTcsr ucnonbaoaaTb MeToa 
craTttCTutJeCKoil perynsrpuaauuu. B HacTosrmeil pa6oTe 
npttMeHsrncsr MeTOJ:1 HalfM8HbllllfX KBaapaTOB, KOTOpblli C 
TO'lHOCTbJO ao BbitJucnuTenbHbIX- npoueayp coanaaaeT 
C MeTOJ:IOM CT8TIICTH'l8CKOH perynsrp11aau1111, OillfCaHHblM 
B /8/ • 

Obinlf nonyqeHhI cneay10m11e 3HatJeHH5I Pv (p11c. 7): 
Po= 0,052±.0,010; 
Pi = 0,277±..0,030; 
P2= 0,366.±.0,035; 
P3= 0,247±.0,030; 
P4= 0,050±_0,010; 
Ps= 0,008±.0,003. 

norpewHOCTII peaynhTaTOB Y'll1TbIBaJOT CTaTHCTl1'leCKYJO 
TO'lHOCTb H3MepeHHhlX aemftrnH, Hecra6rrnbHOCTb annapa
TYPhI ll TO'lflOCTh'. lfCilOnh30BaHHbIX KOHCTaHT. 

3HatJeHne cpeaHero qucna HeftrpoHOB, nonytJeHHoe HaM11, 
xopowo cornacyercH c peaynhTaTaM11, nonytJeHHhIMl1 apyrrr
Mll aaropaMH /3,9-10/. 

/1 2/ 
Aar-opaMlf ' YK83blB8IOTCSI 3Ha'leHusr r2 = 1 ,'ITO 

np11aoa11T K• a~ = 2 . TaKa5I 6onbwasr aenH'llfHa aucnepc11u 1 

a T8K)K8 yTBep)KJ:leHlle /I/ 0 TOM, 'ITO pacnpeaeneHrre HelIT
pOHOB no KpaTHOCTSIM np11 CilOHTaHHOM aeneHlflf ypaHa 
6nH3KO K nyacCOHOBCKOMY, He cornacyIOTCSI C lfMeJOlUIIMUCSI 
aaHHb!Mll i:tnSI apyrux CilOHTaHHO aen5IlUllXCsr ll30TOilOB. KaK 
IlOKa3bIBaJOT aaHHble / 9/ lf Halim aaHHbie, BblBO.[tbl /I ,2/, 

IlO-BIHllfMOMY, srnnSIJOTC.H oum6otJHhIMlf. 

AaTOpbl 6naroaapHbl aKaaeMllKY r.H .<Pnepoay aa no
CTO.HHHYIO noi:ti:tep,KKY u BHllMaHue K pa6oTe, B.f.Cy66oTuHy 
u M.C.Bupyneay aa noMOlUh npu HananKe annapaTyp1,1 
ll H.fl.Ape¢heBy aa IlOMOlUb B npoBei:teHllll ll3MepeHrrii. 
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