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1. BBEl!EHHE 

npH onpe.neneHHH co.nepxaiilil!H npocTpaHCTBeHHoro pacnpe.neneHH.R 

3JleMeHTa TOpH.R B o6pa3UaX 06H<iHO.HCUOJlb3YIOT ny'iKH JierKHX 6biCTpb1X 
'~ - ' . 

'iaCTHU, HH.ltYUHpyiOmHe ,neJieHHe .R.ztep 3TOrO 3J1eMeHTa Ha OCKOJIKH cpaBHH-

MOR MaCCbl. 3TH OCKOJIKH perHCTpHpyiOTC.R'C UOMOmbiO .ltH3J1eKTpH'ieCKHX 

TpeKOBbiX .zteTeKTOpOB; npOCMOTp H aHaJIH3 TpeKOB OCKOJIKOB ,neJ1eHH.R npo

H3BO.lt.RTC.R no.n MHKpOCKOUOM. O.ztHaKO TaKHe 'iaCTHUH HH.iJ.yUHpyiOT TaKJKe 

.neneHHe .R.nep H3oTonos ypaHa, o6H'iHo co.nepxameroc.R B Tex xe o6pa3uax 

B BH.zte MHKponpHMeceR. J!JI.R bnpe,neneHH.R co,nepJKaHH.R H npocTpaHCTBeHHO

ro pacnpe.neneHH.R ypaHa Hcnonb3YIOT peaKUHIO .neneHH.R .R.nep ypaHa-235 

TenJIOBbiMH HeHTpOHaMH .ztJI.R TeX .xe' o6pa3UOB; noMemaeMbiX B KOHTaKT. t 
.ltH3JieKTpH'ieCKHMH TpeKOBbiMH .zteTeKTOpaMH. iaKoe .ztByKpaTHOe o6ni'ie~He 
U03BOJ1.ReT y'ieCTb !pOH OT ,neJieHHH MHKponpHMeceH ypaHa· H UOJIY'iHTb .noc'

TOBepHble .naHHble 0 co,nepJKaHHH H npOCTpaHCTBeHHOM pacnpe.neneHHJI TOpHll 

B o6pa3uax. 

BnepBble 3KCnepHMeHT no onpe,neJieHHIO KOHUeHTpaUHH H npOCTpaHCTBeH

HO~O pacnpe,neneHH~ TOpH.R 6HJ1 npo~e.neH ID.A.myKOJIIOKOBbiM~ ~~ ~CUOJib30-
BaJI HHTeHCHBHble ny'iKH raMMa~·KBaHTOB c 3HeprHeH 24 M3B, reHepiipyeMble 

Ha 6eTaTpoHe EYB-30 /1/. npH ·1-opMoxeHHH .s. MHmemli ny'lKa 6eTa.:.qacTHU 

C 3HeprHeR 24 M3B B03HHKaJIOTOpM03HOe raMMa-H3Jiy'ieHHe, Bb13b1BaBWee 

.neneHHe KaK TOpHll, TaK·H ~HKponpHMeceR ypaHa B ~ccne.iJ.osasmeMc~ 66-
·- ;, 

pa3Ue MOHaUHTa. PerHcTpaUH.R OCKOJIKOB HH.ltYUHpOBaHHOrO .neneHH.R npOH3-

BO.ztHJiaCb C UOMOmbiO CHHTeTH'ieCKOH CJIIO.ltbl cflTOp!pJIOronHT. nony'ieHHOe 
. . ' 1 

pacnpe,neJ1eHHe UJIOTHOCTH TpeKOB OCKOJIKOB COUOCTaBJI.RJIOCb C pacnpe,ne-

JieHHeM UJIOTHOCTH TpeKOB OT OCKOJIKOB .zteJieHH.R ypaHa~235 TeUJIOBHMH 

HeHTpoHaMH B TOM JKe o6pa3Ue. l!ByKpaTHOe 06Jiy'ieHHe 6biC~pbiMH npo~oHa
MH H HeRTpOHaMH, aJib!pa-'iaCTHUaMH H HeHTpOHaMi C H~UOJ1b30B~HHeM.B 
Ka'ieCTBe ,neTeKTOpOB CJIIO.ltbi.MYCKOBHT npHMeH.R~~Cb TaKJKe .aBTOpaMH pa60T 

/2,3/. 

npose.neHHHe HaMH paHee .neianbHHe Hccne.nosaHH.R 3aBHCHMOCTH ::~cfl¢eK-
, , I , 

THBHOro CJIO.R semecTBa HCTO'iHHKa R OT aTOMHorci HOMepa z HCCJie.nye-
. . •. • • 3~. .. • . ••• '. ' • ·• .. . 

Moro o6pa3ua noKa3aJ1H, 'iTO senH'iHHa MeH.ReTc.R B WHpOKHX npe.nenax -

OT 0,9 Mr/CM2 .ltJill yrneBO.ztOpO.ztOB .ItO 4,5-5 Mr/CM
2 

.ltJI.R 3JieMeHTOB Au~U 
141 (BHeWHHH ,neTeKTOp OCKOJIKOB ·,neJieHH.R - CJIIO.zta, JiaBCaH, UOJIHKap6o

HaT). 

BO BCeX 3Tl!X OUbiTaX HCCJie,nyeMble o6pa3Ubl HMeJIH TOJimHHY MHOrO 
___,_ 

;~~nti\lin~IHJhi~ m<Cl'BTJT 1 
~ ,...,.. -~ ...... l. ~ f\ .,. ~.;.;.;o~>,..F. uC,ileJl.,Blfl:ll 

t:..~SJ1f.tOTEH/\ . 
. --



6onbwe npo6era ocKonKoB aeneHan, TO ecTb oHa 6una "6ecKoHeqHo Tonc

TUMa" ann TaKaX OCKOnKOB. 
nocTaHOBKa onuTa so acex 3Tax accneaoaaHanx 6una oaaHaKoaon. 

H3roTaanaaancn nnocKaH o6pa3eU accneayeMoro aemecTaa /wna~. -cKon 

ana cnon TOHKoro nopowKa/. K HeMy c noaepxHocTa npaKnaauaancn Tpe

KOBUH aeTeKTOp. 3aTeM npoaoaanOCb O~nyqeHae nnepHo~aKTaBH~Ma ~~CTH

uaMa (Tennoaue HeHTpOHU, raMMa-KBaHTU,. npOTO.HU,_. aefiTpOHU,, anb~a-:-, 

qac-fauu/. B CBH3_a C: TeM qTo aJib~a-qacTauu, a npOTOHU aMeiOT_ orpaHa

qeHHUH npo6er, o6nyqeHae. aMa npoaoa~i- co cTopoHu aeTeKTopa_ - o6uqHo 

TCJHKOH .cn10au /0,.15-20 MKM/. npa !pni03Hce npoToHoB, aefiTpoHOB, anb

!pa-qa~Tau <ll2:1013 !poH naep _oTaaqa> B cn10ae, ycTpaHHIOT OTJKaroM npa 

56o·c -a TeqeHae 6 qacoa. 

2.-9KCITEPHMEHTAflbHAH ,qACTb 
Ha~a 6una npeanpaHHTU onUTU no ycoaepWeHCTBOBaHaiO TpeKO~OH MeTO

aaKa. onpeaeneHan coaepJKaHa.H Topan B o6pa3uax - -JKene3oMapram.(eBbiX 
~ ' • ' ~ - • - ' 1 r ' • 

KOHKpeuanx a3 IOJKHOH qacra Taxoro oKeaHa, Hccneaoaaawaxcn HaMa paHee 

/5/, a TaKJKe t:TaHaapTHUX MaTe~aanax CT-,IA reo 519, cr .n- IA r<~o 

520-84il a Cil-2 902 76, B KOTOpUX KOHUeHTpaUa.H ypaHa a TOpa.H ,6una 

onpeaeneHa_He3aBaCJiMUMa, M~ToaaMa. 
06p_a3,UU a3Menb:'Jana B TOHKHH nopOWOK, 3aTeM. 50 Mr BemecTBa KaJKno

["0 o6p,a3ua _B3B_ew~~ana a aueToHe c ao6aBKOH o, 17. K_nf!H E<ll-6 .. :~B3Be~b 
noMemaJI:a B. aniOMaHaeaue _KIOBeTU pa3MepOM ._15X25 MM, _acnap.Hna. aueTOH a 

aucywaaana_ocaaoK npH 1oo·c .. cnoa accneayeMux o6pa3UOB a 3TanoHu-. ~ . ' . -

TOHKae Kana6poaaHHue cnoa ecTeCTBeHHoro ypaHa - noMemana B naacaHo-
·' <'.,. .• •,," .. ' . 

Bble ;~a~~TU, cnyJKa~wae neTeKTOpaMa OCKOnKOB aeneHa.H. 

a/ OITPE.llEflEHHE KOHUEHTPAUHH YPAHA 
~ ( - t ! l : ·_ ;; ) -. : . ' .., ' - . . - . 

06nyqe~H.e o6pa3UOB a 3TanoHOB TennOBUMa HeHTpOH~Ma npOB<?nana Ha 

ycTaHO~Ke. ~PeraTa" peaKTOpa HEP-2 OHHH, !pnl03HC TennoBUX HeHTpOHOB 
. _, ' : •• . . 16" • . 2 
COCTaBmln 4X1 0 HeHTp. /CM . 

•, ,, '- . 
nocne o6nyqeHan naacaHoaue naKeTu npoMuaana c uenbiO yaaneHa.H 

OCT~TK~~ ~opowKa a 3arpn3~eH~H noaep~HOCTa: 3aTeM o6n;qana ynbTpa
!paon~TOBUM CBeTOM OT p~yTHOH ra3opa3p.HnHoH naMllbl B TeqeHae 30-60 

MHH:: ··T~;aane~ae naacaHa npoa3aoaana 8 6, 25 N menoqa N_aOH npa 6o·c B 
Teqe'fme .6.0 MaH /naBCaH B KOHTaKTe C ypaHOBUM npenapaTOM/ _a 120-180 
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MaH /naacaH B KOHTaKTe C o6pa3UOM/. ilnOTHOCTb TpeKOB Ha naacaHe, 

6uaweM a KOHTaKTe c ypaHo!uM 3TanoHOM, onpeaennn~ npa yaenaqeHaa 
600X c acnonb30BaHaeM oKynnpHoH ceTKa 100x100 aeneHafi. qacno cocqa-

TaHHUX TpeKOB 6uno N 2:1000. 
TP· 

noacqeT TpeKoB Ha naacaHe, HaxoaaaweMcn B KOHTaKTe c o6pa3UOM, 

npoa3BOaana npa yaenaqeHaa 160X~ npocMaTpaBaH noa MaKpOCKOllOM BCIO 
nnomaab aeTeKTOpa /HeCKOnbKO CM2

/, ecna nnOTHOCTb TpeKOB HeBenaKa-

N.S30 Tp/cM2
• 

onpeaeneHae coaepJKaHan ypaHa npoa3aoaana no ~opMyne / B rpaMMax 

ypaHa Ha rpaMM o6pa3ua/ 

c = u 

No6p c3T c 

N3T R3!p!p 

rae N a N - a3MepeHHUe nnoTHOCTa TpeKOB an.H o6pa3Ua a 3Tano-

(1) 

OOp. 3T. ' 
Ha, c - (0,13; 12,5Jx10-3 MKr/cM2 ypaHa ann 3TanoHOB, c - 3!p!peK-

3T. 

TaBHOCTb peracTpauaa OCKOnKOB B naacaHe /cnyqafi TOHKOrO nnOCK010 
npenapaTa/, R paccqaTUBaeTC.H C yqeTOM aTOMH,UX KOHUeHTpaUaH 3ne-

, 3¢1. . : 

MeHTOB, cocTaanniOmax ocHoay accneayeMoro o6pa3ua no !popMyne 

R3!p!p 
n 2 

(0,046 ~ a.Z.+0,78) Mr/CM . 
i=1 ]_ ]_ 

6/ OITPE.llEflEHHE CO.llEP~AHHH TOPHH C ITOMOillbiO fAMMA-KBAHTOB 

( 2) 

ilpa onpeneneHaa conepJKaHaH TOpa.H B o6pa3UaX Heo6xonaMO 3HaTb 

OTHOWeHae ceqeHaH neneHa.H ypaHa a TOpa.H U /U aaHHOH qacTaUeH npa 
, U Th . 

3anaHHOH 3Hepraa. B Hawax 3KcnepaMeHTax aMecTo oTHoweHan ceqeHaH 

UU/UTh Mbl onpeaennna OTHOWeHae nnoTHOCTeH TpeKOB NU/NTh nnn MeTan
naqecKaX nnaCTaHOK ypaHa a TOpa.H - TOnCTUX aCTOqHaKOB OCKOnKOB -

aMe.H B BHAY TO, qTO npo6era OCKOnKOB neneHa.H ypaHa a TOpa.H npa6na3a

TenbHO onHHaKOBU. ilnacTaHKa, 3anaKOBaHHUe B naacaHOBUe naKeTU, o6-
nyqanaCb B TeqeHae 5 c raMMa-KBaHTaMa c 3Hepraen oT 7 no 23,5 

M3B. ilpaaeneHHa.H 3aBaCaMOCTb qacna OCKOnKOB neneHa.H U a Th raMMa

KBaHTaMa oT ax 3Hepraa npencTaBneHa Ha pac.1. 
OTH<?WeHae nnoTHOCTeH TpeKOB Ha aeTeKTOpaX, HaxoaaBWaXC.H B KOH

TaKTe C MeTannaqecKaM,YP~HOM a TOpaeM, npa pa3nHqHUX 3Hepra.HX raM
Ma-KBaHTOB rpa~aqecKa a3o6paJKeHO Ha pac.2. KaK BanHO a3 pacyHKa, 

3 
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OTHOllieHHe Nu/NTh·MeHHnOCh OT :1 11 ·no•3,2, ;~OCTHraSI MaKCHMyMa B' .'! ._ .•. 

oonacTH · rHraHTCKoro · pe3oHaHca r ( 14-16 M3B)· .. TaKHM o6pa3oM,r: OTHcirneHHe 

auxonoa o<;:Konxoa neneHHSI•U H:Th a o6pa3uax pa3HHTCSI.'BechMa cymec

TBeHHO. 3TOT pe3ynhTaT ilOKa3UBaeT, qTo coneplll:aHHe TOpHSI 'iMOlKHO onpe

nenSITh nyTeM nayxpaTHoro oonyqeHHSI o6pa3ua raMMa-xaaHTaMH nayx 

3HeprHR; 15 M3B; rne-auxon peaKUHH U-(7~ f)-MaKCHManeH,-H

npyroR _- a. oonacTH' 3~eprHH 6 _,-;. _s M3B, rne oTHoc~T_enhllua: auxon•oc-'· 

xonxoa • neneHHH B 2 pa3a ·Burne.: 3Ta •npouenypa l'SIBnSieTCSI .npocToR H yno-·· 

OHOR, TaK kaKnpH oonyqeHHH 7-KBaHTaMH 
1
Ha, MHKpOTpOHf!_ npH HHTeHCH_B;:

HOCTH·nyqKa jne~T~OHOB -10 MKA TpeoyeTCSI BCero 1 qac 3K~ll03HUHH 
. -6- - -7 . - . 

/npH cu"'10 .- 10 _r/r/ npH xalll:noa 3HeprHH. 

npH oonyqeHHH 7-KBaHTaMH c!:3HeprHeR 20 M3B HCUOnh30BanHCh-TaKlll:e 

conH ypaHa H TOpHH 'uol (N03} 2 ~ Th (C03} z' YqHTUBaH 3!pltleKTHBHUR _paoo_:. 

TaiOrnHR cnoa nnSI 3THX conea ( 1,1 Mr/cM2 nnSI uo
1 

(N03)
2 

•6H
2
0 H 1, 55 ' 

Mr/CM
2 

JlnSI Th(C0
3

}
2
),·0npenenHnH OTHOllieHHe NU/NTh' 3HaqeHHe KOTOpO

ro TOqHO'COBUaJl•no CO 3HaqeHHeM 3TOrO OTHOllieHHSI; nonyqeHHUM c·no

MO!IlhKl.MeTannHqecKHX nJiaCTHHOK'U H·Th.•3TOT' pe3ynhTaT-eme pa3·llOJlT

Beplii:JlaeT cnpaBeJlJIHBOCTh !pOpMyJIU (2); 

npH onpeneneHHH- coneplll:aHHSI · Th· B o6pa3uax HcnoJih30BaJIH- 3TanoHu ·;:. 

ecTeCTBeHHoro ypaHa o, 13 H 12,5· MKr/cM2
.• 06pa3UU H 3TaJioHu B naaca·.;;-~ 

HaX ilOMemanH Ha paCCTOSIHHH. 10 CM' OT. KOHBepTopa MHKpOTpOHa MT-25 'H. 

o6nyqanH 7-KBaHTaMH a"TeqeHHe· qaca. 3HeprHSI'B 3TOM onuTe 6una'paB

Ha 20·M3B.' nnoTHOCThTpexoa·ocxonxoB neneHHSIJlJISI'3TaJioHa· ypaHa'~ 

0, 13 MKr/CM2
. pa~HSIJiaCh 4. fx1 04 Tp/cM2

, llJIOTHOCTh' TpeKOB · JlJISI HCCJie- ' .. 

nyeMUX Oopa3UOB BapbHpOBaJiacb· OT 1, 2X1 0 JlO 2, 6X1 03 i·Tp/CM2
; · JlJISI 

CTaHJlapTHUi o6pa3UOB 4;6x10 Tp/CM2 H 1;2x10~ Tp/CM2 nJISI oopa3UOB 

KOHKpeUHlL L 
''::! 

KOHUeHTpaUHSI ypaHa Cu · 'H3BeCTHa H3 nepaoro OilUTa·.1 HCUOJih30BaJICSI '· 

OJlHH H TOT lll:e· 3TaJIOH ypaHa. KOHUeHTpaUHSI Th onpe'neJiliJiaCh no' qJOpMy~'l : 

Jie ·. :! ;> 

[

i N7 Nn N . N · l · o6p 3T U U 
- .-- cu , 

N~op N!T NTh NTh 
CTh ( 3)' 

rne N~op , N~op , N~T , N!T ,:_ qHCJIO TpeKOB C>T o6pa3Ua ·H 3TaJIOHa ypa-
, . . . l .. 

Ha npH OoJiyqeHHH HeRTpOHaMH H 7-KBaHTaMH. 

nnSI onpeneneHHSI Oe3pa3MepHOR BeJIHqHHbl CTh/CU H3MepeHHSI orpaHHqH-

.5 
. :": .. ~ .. 



saDTCR H3MepeHHeM yKa3aHHUX BUWe qeTUpex TIROTHOCTeR !PeKOB. 

9TOT 3KCnepHMeHT 6un TIOBTOpeH ~RR KanH6poBaHHUX CTaH~apTOB npH 

sHeprHH 7-KBaHTOB 18 M3B .. Pe3yRbTaTU H3MepeHHR CO~epxaHHR U.H Th 

npHBe~eHu B Ta6nHue 1. 
Ta6nHua 

-6 . <;,,10-
6 

r/r 
o6pa3eu Cu~10 . r/r 

- H3BeCTHUe anUT C Ten- H3BeCTHUe onuT c OTIUT C onUT C 
~aHHUe ROBUMH "n ~aHHUe E=20M3B E=18M3B .t-qacT. 

CrJl-1A 2.0 2.0 ,.J 9.0 7.9 10.4 4.4 

CT-1A 0.8 1.4 2.6 2.9 3.4 1.0 

cn-2 5.0 5.2 6.0 0.5 - -
KoHxpeuliR-1 4.0-6.0/7/ 5.0 10-150/7/ 33 - -
KOHKpeUHR-;2 _ .. :-1 5.0 

_,,_ 115 - -

B/ OllPEHEREHHE conEP~AHHH ,TOPHH C llOMOmbro ARb~A-qACTHU 

9KcnepHMeHTUcnO o6nyqeHHD HCCRe~yeMUX o6pa3UOB H 3TaROHOB anb

~a7qacTHUaMH npOBO~HRHCb HaMH Ha BHeWHeM nyqxe~HKROTpOHa Y-200 

RHP. 9HeprHR anb~a-qacTHU paBHRnacb 9,1 M3B. 06pa3UU H 3TanoHU no

MemanH nepneH~HxynRpHo nyqxy Ha o6pa3yDmyD upamaDmerocR ~Hcxa ~Ha

MeTpoM.20 eM. nouepx o6pa3UOB noMemanH_cnoH cnD~u MycxoBHT.TonmHHoR 

-20:.MKM B xaqecTBe ~eTeKTOpOB .. OCKORKOB ~eneHHR. 

B_nepuoM onuTe o6nyqanHcb cnoH MeTannHqecxoro ypaHa H TOpHH, a 

TaKXe•npenapaTU ecTeCTBeHHOf'O ypaHa 12,5 MKf'/CM
2

. TOK anb~a-qacTHU 
COCTaBRRR -2MKA, BpeMH o6nyqeHHR - 1 MHH .. BO BTOpOM OnUTe npH onpe

~eneHHH ·co~epxaHHR .TapHR B 3TanoHax npeMR o6nyqeHHR cocTaBnRno 1 

qab npH TOKe-2,5 MKA. llacne .o6nyqeHHR CROH CRD.llU npOTpaBRHBaRHB 

40Z HF npH 20°C B ~eqeHHe qaca H npocMaTpHBanH no~ MHKpOCKOnOM npH 

yuenHqeHHH.600X. ConocTaBneHHe TIROTHOCTH TpeKOB Ha CRD~aX, HaXO~HB

WHXCR; B . KOHTaKTe C MeTannHqecKHMH CRORMH U H Th, ~ana cne~yDmee. OT

HOWeHHe:NU/NTh=(1,06±0,07). 3Ta BenHqHHa 6una HCnORb30BaHa B ~OpMy

ne (3) npH nonyqeHHH 3HaqeHHR KOHUeHTpaUHH Th, npHBe~eHHUX B Ta6nH

U~ 1. 

3_. OBCY~nEHHE PE3YRbTATOB 

B Ta6nHUe 1 npHBe~eHU 3HaqeHHH KOHUeHTpaUHH U H Th - H3MepeHHUe 

paH~e.~nH CTaH~apTOB H nonyqeHHUe HaMH B 3THX onUTaX. KaK BH~HO H3 

3TOR Ta6nHQU, nonyqeHO y~OBReTBOpHTeRbHOe COOTBeTCTBHe H3MepeHHUX 

HaMH 3HaqeHHR CO~epxaHHH U H Th ~RR CTaH~apTOB B onUTaX C HeRTpOHa

MH_H 7- xsaHTaMH. nnH xene3oMapraHuesux xoHxpeuHR co~epxaHHe u 11 

Th cornacyeTCH C ~aHHUMH, npHBe~eHHUMH B pa60TaX /7, 6/. 

6 

OTMeTHM, qTo B onuTaX C anb~a-qacTHUaMH 6uno nonyqeHO 3aHHXeHHOe 

3HaqeHHe CO~epXaHHH Th, qTo, B03MOXHO, CBR3aHO C 60RbWOR HeO~Hopo~

HOCTbD nROTHOCTH noTOKa anb~a-qa~THU no BepTHKanH. B ~anbHeRWHX 

Hccne~oBaHHRX. Heo6xo~HMO 6yneT o6ecneqHTb ~e~oxycHposxy nyqxa 

an~~a-qacTHU no iepTHxaiH. 

B cnyqae cTaH~apTa c~~2 co~ep~aHHe Th He y~anocb onpe~enHTb . 

3~eCb cne~yeT nonqepKHYTb, qTQ .H3-3a 3HaqHTeRbHOR pa3HHUH ceqeHHR U. 
' ,. ' ' ." ' 

H Th 7- KBaHTaMH (- 2:1)· Hane~Hoe H3MepeHHe KOHUeHTpaUHH TpeKOBHM 

MeTO.llOM B03MO~Ho RHWb B cnyqae, ecnH·conep~aHHe Th no xpaRHeR Mepe 

B ns_a pa3a npesocxonHT conep~aHHe y B HccnenyeMoM semecTBe._ 

KpoMe onpene:lJeH_HH, f::O.ll_ep~ali,HR, TpeKOBaH M~TO~HK!i ,n03BORHeT onpe~ 

neJIHTb c sucoxofl cTeneHbD pa3peweHHH noxanbHoe pacnpeneneHHe Th B 

npwponHux o6p~3uax. 3!o no3BonHeT.nen~Tb anonHe onpeneneHHble 3aKnD

qeHHH o ~opMax Haxo~neHI!R Th H reHe3wce pynoo6pa3oBaHI!H 3Toro 3ne~ 

MeHTa. llpi!MeHeHI!~ IIHTeHCIIBHbiX nyqxo~-7-~ KB~HTOB nD3B~RHe~ npoBO-
; . -5 -6 

.lli!Tb·. H3MepeHI!H ROKaRbHHX npOHBneHI!fl Th•Ha ypoBHe 10 .. ··-- 10 r/r. 

B? 3axmoqeHI!e asTopu BHpa~aKJT rny~oxy10 6naronap~ocTb- Benosy A. r .: 

3a nposeneHHe o6JiyqeHI!H 7 - KBaHTaMI! Ha MHKpOTpoHe MT-25 H Enll~a

HeHKOBY ~-E. 3a nposeneHI!e o6nyqeHHR Ha UI!Kninp~He Y-ZOO: .. 
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