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B uocnenaee &pe:wg mBpOJtoe aB8liJITB'IeCJtoe npaweaene samn11 ojleppollJI8BBIXhl 'I'SDKe-

/1/ . 
llhiX M8'1'8llliOB , J136J1P8'1'8JihBOC'I'b ojleppOilJlaBBIXOB DO O'I'ROW8BBJO It W8li0'1HhiM M8'1'8llli8M 

D03BMB8'1' upaweRB'I'b ax B )[8'1eCTBe seopraBB'Iec)[BX Boaoo6MeaBBJtOB ., Cop6apyewoc'l'b 

W8liO'IBhiX M8'1'8MOB p83Jt0 yB8nK'IBB88'1'CH C DOBbiW8BB8M BX 8'1'0MROI"O BOM8p8 ;I D81X88'1' 

C YB8nB'I8BB8M C'I'8D8RB I"BJXP8'1'8DBB IIOBOB, 

/2/ 
KoylltJIM B JXp, BCDOJih30Banll pa3nK'IB8 B cop68pyeMOCTB IXJI51 p831X8li8BB51 meJIO'I-

BhiX MeTannoB sa Jtonooe, sanonaessoA ojleppon:aaBBJXON lUIRJta, Paaneneoe npoBOIXIIAOCb 

BhiNhiB8RB8N 830'1'8011 )[BCliO'I'OII, RB'I'p8'1'Bh1Nil COAHNII BnB CM8CbJO 8'1'11X peareBTOBo 

Haa6onee cop6J1PyewhiM meno'IRhiN weTannoM aa ojleppouaonax nonlKea 6hl'l'b 

¢p8BD:BII, ~0 CBX uop B3Y'I8liC51 BOBHhlll 06MeB ¢p8HIUIB TOJih)[O B8 IXPYI"BX H80pi"8BB'18CitBX 

/8 4/ 
BOBBT8X TBD8 I"eTepODOnBJtBCliO'I', POIXBB B JXp, ' BCCJ18lXOBanll COpt5J1PyeMOC'I'b ¢p8RIUIB 

B8 tjloctjlopOBOJih¢p8M8'1'e 8MMOBBB B B8 MOnBt5JXeBe D:HpltOBBB B Dony'IBnB DonBoe p831X8Jie

BB8 uaphl py6snall-n:eaall, oJXBaJto paaneneBBe uaphl n:eaall-tjlpaan:BII B paaahlx ycnoBBBX 

8JtCnepllM8BT8 t5hiJIO B83B8'1B'I'ellbBO (70% DJIOW81XB DHitOB nepeltphiB8JOTCH). 

UellbJO aacToHmell pa60Thl BBBnacb paapa60TJta MeTona paaneneHBs pyt5Bnas, n:eaBB u 

fp8RilB51 B8 JtOliOHJte, BanOnBeBBoll ojleppOIUI8BillXOM llBHit8, 

B uacTosmeM BpeMH B3BecTBO 16 B30TODOB ¢paBIUIB, Ba KOTophlx uaat5onee nonrolKBBy-

223 - 212 
DlBNII HBAHJOTC51 Fr ( T \!. -28 NIIB, {3 ) B Fr ( T \!1 •19,8 MBH, a -44%, K-56%) • 

87 

212 
Fr 

a(44%) 

19,3 MHH. 

K( 56%) 

208 K 204 
At r 208 a Pb 85 ~3 •~• - Po ~ 82 

- 84 2,93 neT 212 _____ _ 

Rn 
86 23 MHH, 

8 pat50'1'e HCDOJib30B8JIC51 fp8BDBII-212, JtO'I'Ophlll ot5paaye'I'C51 DpB ot5ny'I8BBB 30JIO'I'8 

ycJtopeBBbiMB soaaMB aeoua-22. Ce'leHBe &Toll peaKD:Hil cymecT&eauo 6om.me, '18M B npy

rBx RCCJI8lXOB8HHbiX pe8Jtllll51X C 'I'HlK8AbiMII BOR8MB (yrnepon-12, JtRCJiopOJX-16, 6op-11)/S/, 

8 Jt8'18CTBe RCT0'1Rillt8 R30'1'0DOB fp8BIUIH 212, 222 B 228 NOlKRO BCD0Jih30B8'1'b T8JtlKe To

pall, o6ny'leRBhlll npOTouaMB c saepraell 150 Ms&, Ce'leHRH o6paao&aHJI51 B3oTonoB ¢paan:1111 
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/4/ 
oneiiRsanac& C~MoHOBbiM • B MeTOAHxe, acn~yeMoA B aacTomnel! paooTe, 6om.mJUI 

npeBMymeCTBOM DO cp&BH81UJO C ApyrBMJI cjlpanllB&BbiMR BCTO'IHBX8MB SIB.JI>18TCSI HB31t8SI o6-

III8SI paABOAXTBBBocn. o6ny'leuaoll MBIII&HB. Baaey ae6om.moro nepuoAa nonypacnaAa ljlpax

llB>t-212 ( 19,3 MBB) AJIBT&.Jibllocn. oony'I&HB>I 30.JIOTOI! ljlom.rR OhlD8 Orp&BB'l&H8 !10 30 MBH, 

'ITO cymecTBenno cn•ano ocxono"!syJO axTBanocn. (ce'leB:Be t~eneHB>t Ann aonOTa nopSIAxa 

2 
10 MBnJIB68pHOB), 

3xcnepRM8BT8n:ltUK '18CTb 

B pa6oT& ucnon&aoaancSI R30TOD 
212 

Fr , XOTOpbll uony'lancll uo peaxnaa 

A 
197 

79 u ( Ne 
22 

, a 3n ) 
212 

87 Fr 

3 HeprRSI ycxopeHHbiX HOHOB ll&OH&-22 MeHSUiaCb B BHTepaane 118-126 MsB npH BHT&HCBB-

2 
HOCTH BY'IK8 - 4 MK&. 3onOT8>1 ljlom.ra TOnmBHOil 7 Mit D.JIOIII8!1bl0 - 4 CM o6ny'I8.JI8Cb H8 

300 eM nunOTpoHe Y-300 JiaoopaTopaa smepHbiX peaxllHII 011.HH (.nyoaa). Bpew>t o6ny'le

B:B>t COCT8B.JI>J.JIO - 30 MBH, KOnB'I8CTBO smep cjlp&JlllH>I0 nony"'aeMbiX B OAHOM ORbiT&, 6wno 

8 
nop>t!IK& 10 • 

06paoOTK8 o6nY'f:&HHOil MIIIII8HB, 

06ny'leuna>t 30nOTau fjloln.ra pacTBopsmac& B 2 Mn rop>t'lell napc~~:ol! BO!IJtB. K pacTao

PY np1168Bn>t.JICSI neaai!-137 0&3 IIOCBT&.JI>J !I.JISI onpeL!e.JI&HB>t XBMB'IeCJtOro Bh!X0!18. PaCTBOp 

ynapBB8.JICll, p8308B.JI>InCll LIO 1,5 M.JI KOJlll, conHHoi! XBC.JIOTOII H nepeHOCB.JICll H8 ltO.JIOHKy 

( 19_~ X 7 MM), C0!18plK8lllYJO TpHOYTKnljlocljlaT, ljlaxCKpOB8HHb!il ll8 CBnBK8rene. 3onOTO nonno

CTbiO axcTparapoaanoc& TpaoyTanljlocljlaTow (ero xoaljlljlanaenT pacnpeAeneHHu ua conuao-

6 
KIICnh!X paCTBOpOB 10 ). cl>paallBII, ueaall B uexOToph!e ocxonxa L!eneHHll Bh!Mh!B8nHCb IMHC! 

212 137 
nocne cao6o.ttuoro o6'beMa xonoaxa. K snJOaTy, COLiepJKamewy Fr a Cs (oxono 

25 xanem.), npa6aa.nHJIHCb IIIITpaTh! )l{eneaa a 6apll>t. nocne ocalK!I&HBH xoan:. 8MMHaKoM 

H K8p001l8TOM 8MMOHBSI OC8!10K OT!I8.Jili.JICll ll&HTpBijlyrHpOB8HH8M, 0TLi8.JibHb!ll p8CTB0p BO 

H30&lK8HBe DOT&pb ljlp8HilHH ynapHB8.JIC>1 B TBre.ne DO'ITB !IOCyXa C KORil&HTpHpOB8HHOII HNQ
3 

A.JIH pa3noJKenall ~~:ap6oaaToB (naTpaT ljlpaan:R>t weHee n&Ty'l). B THrem. npa6aanHnc>t pyoa

AHII-86 B K8'1&CTB& BHAHK8T0p8 B CMeCb paCTBOpSUI&Cb B 4 K8D.JISIX 2M HNO 3 • 

MeTOABK8 pa6oTh! 

flOAI'OTOBK8 KO.JIOIIKH, 

/2,7/ 
Konoaxa ljleppouaaHH!Ia nauxa rOToaanac& no MeTonaxe KoylKHMa a KpTana • 

3epaa <jleppOilH8HRll8 llKHK8 AR8MeTpOM 0,3-0,5 MM, npBM&BH&Mble B 0Dh!T8X0 OTli&.JIRJUICb 

C&AHMeHT81lHeli B 2M 830THOII KHC.JIOTe, .nnuaa !<O.JIORKH COCTBBnHn8 80 MM 0 AH8MeTp 2,5 MM, 

4 

3nJOBpOB8RHe npOBOAB.JIOCb npR He60.JibiiiOM Ll8B.JI8HBH 83-38 nerJtoi! p83pe1I18&MOCTH 3&peH 

ljleppOD:B8HHA8 llRRK8 llpH DOBbllli&RHOM .!18Bn&HBR, 

P83neneHHe H8 ~~:onosxe. 

PacTBOp Fr , Cs B Rb, nony'I&RHh!il nocne XHMB'IeCJtoll o6p860TKH MHmeRH, cop6a-

poB8.JICH H8 ifleppOilB8HBAHOII KonOB!t&, $nJOBpOB8HBe py6BLIBH npOBOAB.JIOCb 4-MonHpsoll, 

n;e3BH - 6-MonHpBOII B cjlp&llllHB-10-MO.JIHpBOi! 830THOII KHC.JIOTOII CO C!tOpOCTbiO 3 lt8DnB/l MBH, 

10M HN:> 3 p83pym8&T ljleppon:R8HBA llBBIC8 B BOSTOMY He Obi.JIO B03MOlKBOCTB Bb!Mb!Tb 

8J<THBBOCTb AO ypoBBH ljlosa, Be Bh!MbiB8B OABOBpeMeHIIo p83pym&BHO& BemeCTBO HoHOOOMeH-

HHJ<a. 

PaAHOMeTpB'IeCKH& B3M&pel1Ha, 

BeTa-81tTHBBOCTb B30Tonoa Rb-86 B Cs -137 R3Mepsmac& Topn:eah!M C'leT'IHJ<OM 

MCT-17, 8n&ljla-aJtTHBIIOCTb ljlpaallBH 11 ero !IO'Iepaax npouyxToa - nonynpoaonaHJ<OBbiM 

xpeMHH&Bh!M AeTeJ<TopoM, conp>tlKeaawM co 100-lt8B8.JibBhlM 8B8.JIH38TopoM Al1-IOO • .nn>t 

BO.JIY'I8HBll TOBJCOC.JIOI!IIb!X HCTO'IHRXOB !I.Jill H3Mep8HHll 8.Jib<jl8-'18CTBD; K8D.JIH 0 COAeplKamHe 

ljlpaallBII, co6apanHcb 118 nnanaoawe not~nOlK!tB, B lt&lK!IOM onbiTe !I.JISI TO'IHoro onpeAeneHBll 

ltonH'IeCTBa ~ep ljlpaHuB>t csawancg ero nepBO!I nonypacn8A8, 

Pe3ym.TaTM a 8HCitYCCHB 

Pe3yn&T8Thl p83li8.J1&11Rll HRlllllt8TOp&b!X KO.JIH'IeCTB py6HUIIS10 D:83IISI B ljlp8HD.Bll npRBe

neHbl sa pac. I. nony'lea BhlCOitllll ljl81tTop cenap81lllll A.JISI naphl <jlpaan:sll-ue3RII, 'felt xalt 

HallneHO, 'ITO ljlp8Hn:HII BOBCe He BbiMbiB88TCll 4-8 MO.JISipHoll 830THOII ltiiC.JIOTOII ( CM, pH C. 1). 

He6om.moll nHit 38 nBKOM py6RnBll HBnlleTCll Aoni'OJKIIBYIIIHM y -38rpaaaeaBeM npen8p&T8 

HHTp8T8 pyOHAHll, ltOTOpbiii BBB!IY ero IIB3J<OII ynenbHOII BKTHBHOCTH BBOUB.JIB Hll ltO.JIOHJ<y 

B B&COBOM ltO.JIII'I&CTBe, 

BTopoll BRit U83HSI Bbi3B8H yCitopeHHb!M BbiMhiB8HHeM npH D0Bb!III8BHOII ltOHD:8HTp8UBB 

830THOII ltHC.JIOTbi, 

MeTOD KoaJKHMa c Bb!MhlB811HeM OT!Ien&HhiX !IIeno'lllbiX sneMeRToB HHTp8TOM 8MMOHH>r, 

D03BO.JI>JIOIIIHII H308lK8Tb p83pymeHH>J <jleppon;H8HHA8 0 He npHI'OUeH !I.Jill OT!IeneHHH ljlp8BilBH 

H3-38 TpY!IHOCTeli, CB>J38HHbiX C nony'leBHeM TOHitOC.JIOliHhiX 00p83D:OB li.JIH H3MepeHHSI ero 

a -altTHBHOCTR, flo TOil JKe npH'IHHe ( H3-38 TO.JICTOI'O CnOH B3MepReMbiX 00p831lOB)Be.Jib3SI 

Ob!.JIO onpeAe.JIBTb ltOS!jlljlHilR8HT paCnpeneneHHH ljlp8HilBSI B CT8TH'18CKHX YC.JIOBHIIX, T8K KBK 

<jleppOUHBHHll UHHitB ObiCTpO pa3pymanc>r. flpHI'OTOB.JieRBe TOHKOCl!OliHb!X HCTO'IHH!<OB <jlpBHUHSI 

no MeTonaKe Xallna
181 

npu 6on&lliOM xonaqecTBe xanem. B xpoMOTorpaMMe orpaaaqeao 

nepHOUOM nonyp8CD8!1B ljlp8HIIHSI (!lnHTenbHOCTblO 3TIIX onepanal1), flonynpOBOAHHKOBb!Ji 

.oeTeK·rop noaaonsm xoporno oTnH'IUTb ocaosny10 a -nHIIHIO 6,383 MsB OT AO'IepliHX 

5 



aJ:TJIBBOCTel, oco6eBBO Rn·212 (6, 24 Mea). H3uepeBBbll nepaon: DDn7PACDA.QA DpllBo,IUIT

x) 
CSI BA pBC. 2 • 

flo DOAB8ll8BBOyY fSallaBC1 UTJIBBOCTell B3 KOIIOBD Bb1Nb1Ba8TCB OKOIIO 85% ll&SBlle 

181 
'ITO cornac;reTCa c aa15nJOA&BBIINB KoyJKB:wa • 

CnaAW llt&n83&, DODAAAII BA KOIIOBX1o p&altO 1%YAMaJII ee &NXOCTb H Bb13biBaJII 3UY

nopBB«BB8 KOIIOIIJtBl D08TOMY BC9 ;rDOTp&l5nii&WAII ASOTUB KIICIIOTA Dp8llB8pBTellbBO 0'1Bm8-

nacJo oT lKene3a. 

BI>IBOllbl 

1. floK838B8 B03NOlltBOCTio llOIIROrO OTA81l8BB51 c!JpaiiiOlll OT pyi5BllHII B lte3HII N&To

AOM RORBOro OON&RA RA ~ppon:B&BBA& ltBRKAo 

2. flOATB&plltA&RO, 'ITO copi5BpyeMOCTlo c!JpaJIIUIII 3R8'01TellloRO Bblme, '18M All51 J1PyrBX 

meno'IRWX M&Ta.nnoa • 'ITO cTeneRJo rupaTaBBB yweRJomaeTCB a PIIAY Rb> Ca >:Fr • 

B 38Kili0'18BB8 aaTOpbl awpalltAIOT rn;rl5oxyJO 15narOAApROCTio npocjl. r.H. 4>nepoa;r sa 

JIOCTOSIRRO& BRBNaD& B lt&RHyJO llBCKYCCBJO pe3yllloTATOa, K.A.raapliJioay 38 IIONOM!o a npo

B9A9HBH paoOTbl, 11-py H.CTapbl 3a ll&RRI>I& 3aM&'IaJIBII, A.H.4>anBDcoay 3a npoaeAene o6-

ny'leRBII, a T&KJK& 15naron:ap!IT H. KplKRnll 3a coAeiCTBBe • Ma ll37R "'ea11 sa DOMOM!o a 
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PyKODBClo DOCTyDBnA B B3AaT&IlloCKBII OTA&Il 

2 aarycTa 1965 r. 

x) H3 nonyqeaaoro a -cne:r;Tpa cneAYeT, 'ITO ynapBBaRBe J:anelllt c nocneAyJOmllM 

30-ceJ:yRARWM npoltanaaaneM AA&T AOCTATO'IRO xopomBe a -BCTO'IBBKII. HaonJOAaeMwe 

DpB STOll ol5paOOTJ:8 R&CymeCTB&KRblo 
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