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Pa6o:ra BHnOXHeHa B na6opa:ropHK H~epHUX peaxnHA 06~e,ltHHBH- I 
Horo HHCTHTy:ra H,ltepHWC Hccne.n:oBa.HHA.. - I 

Hay~HuR,pyxoio~~Te~Q: 

x6H~~T ~H3HKO-MaTeKaTKqecxHX-Hayx, 

CTapliHA HayqHuR COTPY.ltHHlt _.J 

O~HnHMQHHe om~OHBHTH: . 

~OitTOP rpH3~~--K~T~~~~~q~cJ~ i{~yx,·-·· 
npo~ccop , , , 

Xa.H~H,ltaT ~H3HitO,;.MaTe JIB.TxqecKHX ·HaYit-

D.n.rAlll'PCKlm 

K.H.rPOMOB , 
"' 

-D.M.UmiEHDK 

Be.n:y•ee uayqHo~Hccxe.n:osarexDcltoe yqpeZ,Jteaxe: 
•', 

HayqHo-Hccne,Jtosa:renDCKHA HHCTKTyr ~epHOA WH3HXH MrY. 

Anopet~Jepa:r pa3ocnaa " " I973 ro.n:a-

3antHTa ,ltHccep:rauHK COC;J:OKTCH It' . n· I973 ro,Jta 

Ha 38.CB.lt8.BHH 06'De.ltHHeBHOro YqeHoro- coBe.:ra llHP K llH\P OiffiR', 

,lly6Ha,- Mocxosc:s:oR o6nacT~! xompepean.:.3aJI •. 

C ,ltHCCepT~HBit MOXHO 03_H8.XOWIUCH B 6JI6nHOT8KB Oiffill:. 

Y!IEHIDt CEKPETA.Pb COBETA 
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HrYEH 
Kour KxaHb 

6 7099 

nm1cKJ1 a _ w_ y -J13JIYtJEmm 

llPJ1 PACllA,l\E 

CllOHTAHHO ,l\En~CH J130MEPOB 

Cnei.ViaJibHOCTb 055 - cpH3HKa . aTOMimro .HApa 

H KOCMHqeCKHX Jiyqe~ 

A BTopecpepaT nHccepTauHH Ha coHcKaiiHe y11eHoll cTimeHH 

KBHAMllaTa cpH3HKO-M aTeMaTH'IeCKHX HayK 

( J].HCCepTaUHSI H8DHC8H8 Ha pycCKOM Sl3b1Ke) 

:_~ 

06lle;ume!1Hhlii miC'i'tlTYi' 
Qej:iil!.l:! fiCCJIC,l\OBaJml 

~ 6tiSJn'iOTEKA 
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0AHHU HS BH,l(OB pacna.n;a T.UeJIUX ~TOMHLIX llAep HBJiae:rca . 

cnOHTaHH~e ,JJ;eJieHHe /I/, OTKp!i:rOe B 1940 rOJIS A.R. Ile:rpJKaKOM 

H r .H. 4>Jiep~BiiMo 3:ro:r BH,l( _ pacna.n;a, OlleBH,l(HO, Hrpae:r ~lleHL Ba:.i:HYil. 

poJIL AJill H,l(eHTH~HKa~H HSO:ronoB :rpaacypaaoBHX aJieuea:roB. CnoH

oraHHOe AeJieHHe .JIOJ:eT IDleTL KeCTO H AJIH. HSOKepH!i.X COCTOIIHHH, HO 
- J • • 

00!il1Hiie HSOMepH!ie COCTOIIHIUI B IIAPaJC C ~ { IOO He AOJilii:Hii- O_liTL CBH-

Sa.Hil C MaJIIalH BpeMeHaMH XHSHH no OTHOmeHHil K 3TOMY BHJIY pacn'll,ita, 

T .K. COCTOSIHHH C OOJibWIDl Cn:liHOM IDLellT H OOJiee BliCOKHlt Oapbep 

,l{eJieHHllo 

0AHaKO B 1962 rOAY B JlaOopa;OpHH H.D;epHLIX peaKUHR. OlffiU / 2/ 

OliJI o!Kpli:r cnoHTa.HHO .D;eJistlllHRca HSOMep 242Am, a .BCJie.n; sa HHll OliJio 

noJiylleHO OoJiee 30 .ztpyrHX HSOMepoB ·B a.n;pax u ' AI ' AIJ! 'em H .BK. 

UccJie.n;oBaHl'!H cnoa:raHHo .n;eJiaii!HXCH HSouepoB nOI\asrum, liTO 

3TH HSOMepH!ie COCTOIIHHH xapax:repHSYilTCH HeOO!iliHiiKH CBOltCTB8MH: 

peSKIDl yBeJIHlleHHeM BepOSITHOCTH nO.OTHOmeHHil K-CnOHTaHHOyY ,l{eJie~. 

HHil (.n;o. ro3~ ) H CMbHIDl sanpe:rou AJIH_ 1' -HSJiylleHl'lll (.Ito . w10)' 

BliCOitOR 3HeprHell (2, 5 .,.. 3, 5 MaB) H MM!iM cnHJ!OM. Cyll!ecnye:r 

xoppenanHa nponeccoB oopasoBaHHa cnoH:raHHO ,n;eJiaii!HXCa HSOMepoB· 

H BliRJ'X,B;eHHOrO ,lleJieHHll. )l1Ia 00'bHCHeHHH 3THX CBORCTB r.H.~nepoBHU 

H ·o.EopoK IS/ OliJia BlicmsaHa nno:resa o :rou, liTO HSOMepmm tcoc

:roaHHll.CBaSaHii c noBiimeHHOR ){eqopuanHel a.n;pa •. 

Teope:rHl!eCitHe paclletli B.M.C:rpy:rHHCKOro / 4- 5/, r.D;e · OliJIH 

YliTeHii oOoJiolleliHNe nonpaBitH K OapLepy .D;eJieHHa, nosBoJiftJIH npH){BXL 

3TOR rHnotese KOHKpeTHYil q~puy. Us 3THX paclleTOB CJielrfeT, liTO 
. ' I ' . ;• 

OapLep AeneHHll HWeer .¢opuy ){ByropOoR ItPHBOI.c MHHHUYMOM B paR- · - . _; .. . . 

OHe ceAJIOBOR tOliKH. BoSMOJKHO, liTO HSOMepH!ie COCTOSIHHll, KOTOplie 
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xapaxtepwsymrca asouanLHO do~Lmo~ sepoatHOCtLD cnoHtaHHoro 

,11;9JI8HHH, HBJlaDTCH OCHOBHHllH COCTOHHHSDI:H H.JtBp B 3TOJ! nore~H

aJILHOlt aue ua dapLepe ,~~;eneHHa. Oy~ecrsoBaHHe ,~~;syrop6oro 6apL

epa'.JteJieHHH xopomo o6~acHaer see HKem~ueca axcnepKYeHraHLHHe 

.JtaHHHe no cnoHraHHO .Jte~a~HKca H30Mep~. CnoHraHHoe .JteJieHHe 

He·nosso~aer cy.JtHTL o raKHX xapaxrepucrHXax ~sowepHHX cocroa

HHlt, Ka~ 3HeprHH B030Y~BHHH 1 CllHH, HYK~OHHaH KOH~ypanua, 

MarHHTHHR H KBa,Jtpyno~LHHR KOKBHTH. PH.Jt CB8.Jt8HHlt 00_ 3THX xapax

repHCTHKax KOXHO no~yqHrL H3 H.ltBPHHX peaxnH~ 00pa30BaHHH H30K9p

HHX COCTOHHHlt. 0.JtHaKO HaH60JI99 onpe,JtBJIBHHHB CBB,II;BHHH 06 3THX 

xapaitTBJ.!HCTHKax Koryr OLIU llOJiyqeHH nyteM HCCJIB,II;OBaH$H 0( , j3 
HJIH -6-nepeXO,II;OB C H30KBpHOrO ypOBHH (HnH Ha H30K9pHHa ypOBBHL). 

IIoucKH nux BH,D;OB pacna.n;a, a raxxe xynoHoscxoe sosdYJP:,I~;BHHe 

cnoHraHHO ,~~;enamwxca H30Mepon (nponecc, odparHHlt ~-pacna.n;y), 

H HBJIHIDTCH TBMOlt ,ll;aHHOlt ,II;HCC8pTanHH. 

B I rnase .JtHCcepranHH pac'CllarpHBalltca sonpocu, .cusaHHHe · 

C BBpOHTHOCTHKH o<- H ~ -nepeXO.ltOB B MO,I{BJIH )tByropOOrO Oapaepa. 

EonLmaa pasHwna B AeqopwanHax, .JtOcraroqHO sacoxHit Oapaep, pa3-

.JtBJiammH~ nepByD H BtOpyD nore~HaJibHHB HMH, npHBO.JtHT K CJiadOKf 

-nepeKpHTHD BOJIHOBHX ~YHKnHit COCTOHHHR, JieJP:amHX B pa3BYX HKax. 

B pe3yJIL"tare aroro noasuercs 6oJibiiiOit sanpet ,J;JIH o<- H 11-nepe

XO.JtOB Ke~y TaKHKH COCTOHHHHKH /6/. 

llpOBB.ltBH aHaJIH3 3TOrO 3anpeta B 3aBHCHKOCTH OT pa3JIHliHHX 

.napauetpOB BHYtpeHHero 6ap~epa H cne:s:tpa B036yX,II;BHHHX COCTOHHHA 

BO BTOpolt HKe.· 

IlOKa3aHO, q:ro J1 CJiyqae l-H3JIYtJBHHil C H30JLepHoro ypOBHH 

KOXHO C:S:Opee OXH,ll;aTL cpny:s:tyanri Bp8K9H XH3HH, a H8 IlJiaBHOit 
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saBHCHKOCTH OT_A H 1: ·, '·Ka.K B CJiyqae · CllOHTaHHOrO"" )teJIBHHH~ · ,.,_,._' ~ ~·-

HeOnp8)t9JieBHO C~li OllBHOK · H BO 3KOlltHOCr:&. cp!IDKTYanHlt. BpeKelf lltH3HH · 

· .JtJIB: · i -nepexo.JtOB nossonaet · Ha,ltBHTLca,· q:ro. s·· pH.Jte cnoiitaHHO· · · · ""· .• · 

.JtBJIJtmuca Hsowepos Am,· Pu ;· Np ''.U ·1.: HMyqeHue woxet coctas::.. · · 

JIHTL 3aK9THYJl .ltO~D pacna,~tao,._ 

B c~yqae oi -Hs~yqeuHH c · Hsoli:epiloro yposHs rtpowe s'anpeta 

HKee:r wec£o H ycxopeuHe, Bassauuoe oo~•m~a )\eqopwanHelt H nouH

xeHHw' B CBJt3H C 3TIDI xf~OHOBcf~· 6apLepow:· Jl,llll o<-nepSXO.ltOB 

woxl!o ozH,D;arL "rul:a:imolt saeHcmiociu· sepoatuoci_H nepexo~a ot A H J: · 

HaH60Jiee HHTeHCHBHall BBTBL o<-PaCnB,Jta·, nO-BH,ll;HMOKY, Oy,JteT Ha6Jiil

,ll;aTbCH AJIH H30M9pHHX COCTOHHHlt C 60JILIDHMH nepHO~~H nonypacna,~ta 
• ,<. ' c' 

(s H30TOnax &!_91JHnHil H Heqe:r~HX H30TOnax nJIYTOHJ!Il) • 

IIOHCKH o( it i -Hsnyq_eHHil npH pacna,~te cnoHtaHHO ,~~;e~amHXca 

Hsowepos npe.JtctaBJISDr codon ot~eHL TPYAHYD .sB,Jtaqy •. Bee cnoHraHHO,. · 

)tBJIIlmHeCil H30K9pH .HMBIJT KOPOTKH8. nepHO.ltll nonyp~na,~ta, JLaJIHB. ceqe

HHH· oOpa30BaHHH (B 'ro4 - ro6 'pas KBHLme q_eqeHHH' BHu;X,II;~!IHOro .D;e

~eHHH HJni c7qeHHH oOpa30BaHHH ~pa B OCHOBHOM COCTOHHHH) •. Ma.JIHR. 

BHXO.lt cnoHraHHO .J{BJIIl~HxCH l!30MBpOB Bcer,~~;a conpOBOlt,JJ;aBTCH BUCOKHM 

~HOM HMyqemul H3 KIDIBHH H ot ocrto.lirtos BHBYJUBHHoro ·.JteneHHil • 

Hcno~-Lsos.auwe ~:ro~c:rux iu!llleHeA JLo:a:e! nosucHtL_ ~~o,~~; ~~ccne,~~;y~iloro 
1-H3JiyqBHHil, HO npH. 3tOK B03pacteT H ~H OT OCKO.IIKOB BUHyx,II;BHHOro 

• .: ' ·" t- ' ·. ' --~: ' ... _J 

,~~;e~eHHil. rroarowy "3 -H3Jiyqeuwe c wsoKepHoro ypoBHil oqeHL :rpy,D;HO . ' . . . '· ' . 
YBM.JtBtb Ha ~He HHTBHCHBHOrO '3 -H3JiyqeHHil H3 OCKOJIKOB )tBJIBHHil. 

B 3TOK>qoHOBOK H~JiyqeHHH npHCYTCTBYJlT' 't-JIHHHH C WHJ!OKHK HMOpoK 

aueprHlt H nepHo~on nonypacna.Jta. 
. . . . . 

. )!Jril ycl!emHoro nowcxa ~ -HsJiyqeH:ea c H30JLepHoro 

yposHJJ Heo6xo.JtHMO -~ccne)4oBarL peaKUHH, · xotopue xapax:repHsynrc.ii · 

5 



aan:OOJI_l>MHll OTHOIIBHHeK~CeqeHHI. 06pa30B8HHli H30Kepa H BWlYX.ltBHHOrO 

,l{enealis C6'tJf) • HaJH1onee OO){XO){HJliHWI HB.IlHDtCH peaxttHH_ c HcnapeHHeK 

O){H,c>ro. ael:rpoaa _(perutitHH. (i.n), a :raue (n,n) np:a aaeprHH aelf-· 

. TPOHOB 5-6 M3B) 1 ;B·KOTOpax 06pa3yDTCH COOHtaHHO ,l{BJIS~eCH .H30-

Kepu C HaHOOJil>MHKH MaCCOBHMH 'iHCJlaKHo 

IIpH OOHCKBX c(-H3JIY'i8mtH HeOOXO.ltHKO HCOOJil>30Ba:rl> :rOHKYII KHDIBHl> 1 

·· · 'B :ro:.xe BpBKH IJJOH -g-H3JiyqeaiD! n:a cicxoJIKOB ,tteJieHn:s ae npeicraBJisi

e:r onacaoc:rn:. noaroMY i arou cnyqae xeJiareJil>HO n:cnonl>30Bar• peax

ItHH c aaHOOJil>IIIHK ceqeHHBK (x raKHK peaxttHHK OTHOcarca ( n,n.'), 

(n,2n))~ 

.JU)yrHK n:c:r~'lHJ!KO:U: IJJOHa HBJI.Ilercs o1- H 1-n:sJiyqeH'fte H3 KHDieHn:. 

M3Bec:riio 1 'lTO W!MBHH H3 H30TOOOB OJIYTOHHS (3a HCKJlll'lBE!HBK 242Pu ) 1 

.H aKi;ptmHli HllBDT O'iBHl> BUCOKYJl HHteHCHBHOCTl> "i-HMY'lBHHS (Oonee 

ro6 I/cex aa I :u:r). Xou 3:ro H3Jiyqean:e n: ~ee:r HH3KJD ailepr:r.m 

( < IOO K3B),. HO HMOXBHHli IDLOYJil>COB B ,ltBTBKtOp~ "3 -KBaHTO~ C03)ta-
. . 

~~ cpOil B mn:poxoK ,Jtn:ana3oHe aHeprn:l!:. rroa:ro:u:y: npn: non:cxax i-n:3JIY'l~Hn:a 

-WzH 3JIBKTPOHOB KOHBBpCHH -B xaqecrBe MHIIIBHBI KOXHO HCOOJ!l>30Ba.Tl> 

nHm» i~o!onu ypaaa, 242Pu, 237Np ~ 

llpn: OOHCKBX~-H3JIY'lBHHS :U:OXHO HCOOJil>30BaTl> OoJiee IIHpoKHI 

Kpyr :U:HmeHeH; T.K. ct':"''laCTHitLI C H30K8pHoro ypoBHli HKBJlT 3Hepr:r.m 

Ha 2 1 5 ~ 3 10 M3B Blilll8 1 'lBIL,CX':"''iaCTHitLI 11:3 llHmBHH1 .H OT HJIX llOXHO 

H30aBHTl>Cli 1 OOCTaBHB nepe,!t ,JtBl'eKTOpO:U: . o(-tlB.CTHit OOrJIOTHTBJil> 00,1{

XO)tliJliBlt TOJIJliHHUo 

B0 II rJiaBB )tHCCBPTalliiiH OOIIICHBSI!l'Cli 3KCOepHK8HTii 00 OOHCX&l 

ot.;..HanyqeHHS npH pacna){e cnoHTaHHO ){BJiliii!HXCS H30MepoB 241Pu , -· 
CT1)2 .. 27 :u:x~·ex) 240Arn (T1j 2 = o,9 ucex), 242Am (TI/

2 
.. r4 Mcex)i71. 
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· OnutucnpOBO){HJIHCl> Ha ae~:rpoaao:u: reaeparope-.Hr-200 naooparopHH 

S,~tepHhlX peaxttn:lt OIDIR; IIpoBO,ltHJIOCl> · oOJiyqean:e Y.HmeHel · 242 Pu , 241Am 
H 

243Am, Hel:rpOHWlH c 3Heprn:eli- 1417 M3B 1 yxa3aHHLle H30_:u:epu nony.; '"' 

t~anHCl> B peaxttn:sx (n, 2n). .J(ns perHcrpanHR . c<-qacTHt:t HcnoiiJ>3oBanca'';' . 

nponopttHORMJ>HLII cqenHK 1 aanonaeaaul!: CKBCJ>Jl ra30B CH4·C20%) H 

Ar (sci%) .ltO o0111ero ,JtasneuHS 760 o H~:. 3nex:rpo){Ll cqerqn:xa ope){;. 

craB.IlSIJIH .coO.olt CHCTByY napanJIBJil>HO COB,l{HHeHH!iX "HHTel!:. HCCJIB,JtYBKHB 

lln:mBHH paC_IIOJiarMHCJ> HBOOcpe){CTBeHHO }a Ka.TO,l{OK 1 H: o{-qac1'HttU 1 

OpOXO,l{S llBX.JtY HHTliMH Ka.TO,l{a; 0008,ll;M~ .. B 'lYBCTBHTBJil>Hiilt• 06'J>ElM 

CtJeTtJHKa. HcnOJil>3YB:U:Ll8 B Onutax MHmBHH HKBJIH O'lBHl> CHJIJ>HYD ~-ax':"' 

l'HBHOCU 1 H ,ltJIS npB,ltOXpaHBHHli OT HBB nponOpitHOH8JIJ>HOrO CtleT'lHKa 

3aKpliBMHCl> MJlKHHHBBOI IJJOJil>rOlt TOJIDIHHOlt ,1{0 30 YKK. TaKHY o"Opa30K 1 , 
. ' ' - . ·:·h. 

o<. -'lB.CTHitU H3 :&IHmBRH He OOOa,JtMH B 'lYBCTBHl'BJil>Hiilt. OO'J>Bll cqeT'lHKa, . . -· .. - . - . . . ' . -- . ' . ~. ' ' .. 

H B H3:&18pll8lLOM COBitTpe HKBJIHCJ> JIHml> o<.-'lB.CTHitU C 3H~prn:elt BhlliiB 

61 5 MaB. ITpoBo,Jtn:nca .ltBYKepaua aHanH3 o<. -cneKtpoB (no BpeweHn:· ·H aK

nnHry,Jte). BpelleHuHB COBKTPU OLIJIH CHHXpOH~30BaHU C HKnyJID~HOlt .Pa0~~ 
TOl!: HB!TpOHHOro reHepaTopa. Ha6JID~MHCl> 60Jil>mHe BliXO,ltLI O{-H3JIY'lBHHH 

B llOlleHT HKnYBbCa.Hell'pOHOB H·3aaqHTeJibHO YBHJ>mHB- B OTCYTCTBHe 
' . . . . ~ 

·Heltl'pOHHOrO nyqxa. 

AHaJiHs cnex:rpoB noxaaan, q:ro orcy:rcUJDT O{-n:3Jiyqa:renu' c 

3BeprHBJ1 BUme 7 M3B H nepHO,l{Oll noJiypacna){a B. oOnaCTH MCBK. ·. lis H3Me- · 

peHHiiX · cneK:rpoB Yoxao onpe.ienHTA · BepxHDJl 'rpaaHey . .1via·· suxo){a' 0<. -H3-

nyqeHn:n, .. cBn3aaaoro ·c pacn8.itow crioHtaHHO ){e_namHXca ·H30M,epoB 242Am , 
240A~ ~ 2~1Pu • 3Has CB'lBHHli 06pa30BaHHH 31'HX H30MepoB B peaKUHH. 

(11_ 12n) 1 . MOXHO HaltTH. Bep:X:HDD rpaHHizy,.Ol'HOmeHHH. HHTBHCHBHOCTBlt 

· o<.-H3JiyqeHHil H COOHTaHHOro ,l{eJieHHS ppH pa3pll){K8 H30MepH!iX COCTOilHHlt 

( ~~~ .. 3T_H;,3H~qeH~S BepXH~ rpaHHit, a Taae COOTBBTCTBYiliiiHB· HK HHX

HHe.rpaHHitU ){Jill napUHMJ>HhllC nepHO,l{OBOOJiypacn8,ll;anpe,l{CTaBJieHii B 

Ta6JIHite • (llpn: STOll OpB){OOJiaraJIOCL, 'll'O BpeMH XH3HH H30K8pHOrO 

YPOBHS Onpe){BJlllBTCH COOHTaHHHiol ){BJIBHHBll). 
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Tac5nHtta 

rrepHo;tu nonypacna,Ita .IUla ot-H3Jiyqe~ma c I!3oliepuwc ypoBiiea. 

T E W~ ~Ts~·--~ce~~~------------
ceK M3B · Wf omu: pacqeT 

HsoKep. 

24Ipu 2,7.10-5 7,83z0,2 <4.10":3 >0;007 I .:-58 _., . ' 
- . 

240Am 9~I0-4 8,77fJ,2 <.2.ro-2 > 0,05 0 004-+0~0I2 
' -0,003 

242Am I,4.I0-2 8,52;t0,2 <I,5.ro-2 > I,O 
.. +0 04 

o,o2 -o:or5 

(II 

.nna cpa.BiieHHa npHBo,n;arca nepHo,n;H nonypacna..Ita .IUIH o< -nepexo;toB 

C H30MepHOrO ypOBHII B OCHOBHOB COCTOSIHHB ;toqepaero H,!tpa, paccqH

TaHHble H3 lii3BBCTHbiX 3a.BUCH.IAOCT8ll BpeueH ltliiSHH OT 3Hepr·HH 6( _;pacnB;Jta·. 

.113 tac5JIHitH. BH,ltHO, qTO B CJiyqae H30llepOB · aKElpHitHil nonyqeHHble Ha 

onHTe HHXHHe rpaHHitH )tJ!a napnHan•uoro nepHo;ta nonypacna..Ita BHme 

o:s:H,JtaeKhli speMeH 1tH3HH (,IJ;na H30llepa 241Pu tiyBCTBHTeniHocu: onHTOB 

· He;J;OCTaTOqHa) • 3TO pa3JIHllHe 81118 c5011Ele YBBJIHqHBaBTCII, BCJIH . Oli:.H;taeuoe 

Bpella 1tlf3HH yueH:LmaeTCSI 3a cqeT c50JiblliOI! ,li;B~OpMaUHH.Sl,ll;pa.B H30MepHOM 

cocroaHHH. TaitHil oc5pa30ll, noixytieHHHe B ,~~;a.HHOR pa6ore·'pe3yJI'na.h 

YKa3b1Ba.IlT Ha CYilleCTBOBaHHe. 3anpeTa )tJill o1 -nepeXO,ltOB C H30llepHmt 

ypoBHeH~ HcnbiTHBaD~HX cnOHTaHHoe ;teJieHHe. 

B m rnase ;tHccepTattHH onHcu~a.Drca onHTbl no noxcxau: :aJieitTpoHOB 

KOHBBpC~H~ liiCfiYCita.el(biX npH pacna,~;e CfiOHTaHHO ,li;BJISIIIlHXCil. H30ilep~B- . 

. 
238U . H 24lil, .lf3 .CHCTeKa.THKH ceqeHHH oc5pa.30Ba.HHSI CfiOHTaHHO ;teJIHDtHX

CSI. ,H30MepoB c5biJIO c,iieJia.HO 3a.KJIDqeHHB, qTO H30llBP!i ypaHa HllBDT ceqe

HH~ oe!pa30~a.HHSI donee HH3Kne, qew ;u;pyne H30llepu (~ H30tonax & , Am ) • 

BeJidqHHu ceqeHHll OC!pa.30Ba.HHSI cnoHTa.HHO ,ltBJISIIIIKXCll H30ilepoB onpe,n;eJIHBT-
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ca nap&~:e-rpaKH ;u;Byrope!oro C!ap:Lepa (BbiCOTaKH B~emHero H Bny-rpeit

Hero C!ap:LepoB H aHepnelt BTOporo KHHHll:ylla). 3ro ceqeHHe ;ew 

HHJEB, qeu llBJIDqe· BTOpa.a nOTBHitKaJI:LHM Silla. (HH:a:e BHBlliHHli Oap:Lep 

. H Bblllie :aueprHa noporo wimJWY)ia). O.ItHa.KO YllBH:LmeHHe ceqeHHll 

llOJ:BT ·aO'!illCHllT:LCil H ,n;pyroR npHqJIHOR.· ECJIH OOJ!bmas qacn pacna-:

,ll;OB cnoHTMHO .lteJISJteroca H30llepa CBH3a.Ha c 1-H3nytiemfeM, a He 

CO cnOHtaHHUK ,li;BJIBHHell,·TO H3llepeHHOB no BHXO.ltY OCltOJIKOB CBIIBHHe 

Oy;u;er 3a.HHJ:BHHHM. 

l!TOC!H BbiSICHHTb, Jtaitall HS npHllHH OTBBTCTBBHHa 3a nOHDBHHYD 

BeJIHIIHHY c~~e~xs oOpa3oBa.HHa cnoHTaHHo ;u;ena~eroca u3owepa. 238U, 
OunH npoae;u;eHH onuru no H3llepeHHD ~YHltitHH B030y:a:;u;eHHa pea.KttHH 
238lJ ( n,ri)238mJu • Helrpouu B ;u;xana3oue or 3 ,n;o IO M:aB IIoJiyqa- . 

JIHc• B pea:KitHllX 3H +-p-, .:zH+cL , 9Be+tL . • IIporoHiil H.ltell-

:rorui yciopsnHc:b"ua nHKJiorpoue IDicrury:ra a.roYHoll rpH3HKH (EYxapecr). 

Mo;u;ynsttKa B!iCOitoqacrorHoro ua.npsilteHHS no3'Bonina ·noJiyqKTJ> Hllnync

Hlilt eyqoit ·.uettrpouoB • .nereitropow. ocitonxoB cny:a:M wuorouHreBolt 

HCKpOBOll cqerqHit /II/, ua.noJIHBHHbllt qKCTbBl a30TOil ,li;O ,lta~eHHil 
soo o !-i9• o6ny~a.eKa.a llHllieHb liaxo,~tHJiac:L BHYtPH cqerqHKa. M3Ke

peuHoe BpellBHHOB pacnpe;u;eneHHe OCKOJiltOB B OTCYTCTBHB nyqita Hell

TpOHOB yita3biWO Ha. o(lpasoBa.HHB B pea.KitHH (n,tL). CfiOHTaHHO ,li;BJIH!Ile

roca K3owepa. 238 U ~· nepHo~ow rioiiypacn'~a 200 ucei. ·B on~T~ 
onpe,~tenanca rari'e ri~TOK uestrponoB, na,Ita.D~Hli Ha. wnlteH:L (no· BbiXO

;u;y ocioJI!toB 'BiilHyi,ItenHoro ;teJieiufil). H3wepHB Buxo,IJ; ocKoJIItoB or 

pa.cn~a CfiOHTaHHO ,li;BJlllllleroca H30ilepa H rioTOlt Her.trpOHOB H, 3HM 

3~KTHBHOCt:b' perHCTpattHH OCltOJIKOB, ·llO:I:HO Onpe;u;eJIHTI> CBIIBHHe 

peaKttHH 238U ( n,n)238mfu: ::JHeprxa nettrpoHoB K3MeHaJiac• nyreK 

TOpMOJ:BHHSI sapazeHHHX qacrKit (npOTOHOB H ;tB!iTOHOB) Ta.HTa.JIOBiilllH 

; ... 



!JlOJn,ralnl_• }I~~PE:.HHa.H :raxHK, cnoRo6ox ¢yuKilH.Il, Bos6yx,~teHHSI peaxttHH. 

238U (n,n)23BmJUDee! BH.Jt, xapax:repHHI ,JtJia peaxttHI o6pasoBaHH.Il 
. " . ~ . ' . . . . . ' - . ' ' ., - -. ' . . : . . 

cnou:raHHO ,JteJia~HXca HsowepoB, npo:reKaD~HX ~Iepes c:ra,JtH» coc:raBHoro 
• • • 4 ~ .:.. ' • ' • • • • ~ • 

a.n;pa. IIoJiyiieHHB;e HS a:rol IP~HKitHH B036yXJtemm napa.lleTpll, xapax:re-

_pHSYilli!He .rJiy6~y B:ropoA aKll (B!lco:ra BHemHero 6api>epa H aueprHa· 

BTOpO;O ~~Hlolylla) t 0~38Jllil~l> T8KH.loiH: X~ 1K8K H ,JtJI.Il CDOHT8HHO ,lt8~.1l~~XC.Il 
. .. . . .. . .. 

. Hso~epoB ~ H. Am 1121. ll:s :reope:rl{qecxHX pac~IeToB :raue cJie,Jtye:r, 

liTO ~TopolYHHJIIlYK B HSOTcinax ypaua Taxoa :a:e rJIY6oxHit, xax H B . 

Hso:ronax P~.)'!Am/4, 51. B.:ro ze Bpewa·cneHHe peaittlHH 238 U (Ti,n) 

. B MB.KC~Ke ··~H,KitHH: B036YJU8H~.Il ox,a;~B~e:rca }l8BH!llol I0-28cM2, liTO 

B 5 pas wem.me, ~IeM cne,~tye:r H3 pac~Ie:roB ce~IeHIIa npx HCnoJIJ>SOBaHHH 
. . . . ~ 

noJIYII8HHllX HS !JlOpMH !IJYHKitHH B036yx,JteHHa napawe:rpoB ,JtByrop6oro 

6ap~·~P~·- Cncll,Jta ~OJ:HO npe,JtnOJIOJ:HTD, liTO B CJiy~Iae H30ile~a 2
38U 

. JlaJIOe .. C81I8HH8 06pa30BaHH.Il CB.Il38HO C TeK 1 liTO OCHO_BH!llol BH,li;Oil pac-

na,Jta .llBJI.Il8TC.Il "g·-H3JlJII8HH8 1 ·8 He cnOHTaHH08 ,lt8JI8HH8. il03T0Jiy 

DJ:S,Jtc:raBJiaeT Hli:repec npoBecn onHTll no noHCKaY "t -H3JIYII8HH.Il npH 

pacna,~te a:roro H30Kepa. MOltHO npe,JtnoJiaran, q;ro sa~o~erHaa ,JtOJIH nepe

XO.ItOB c HSouepHoro ypoBH.Il H,Jte:r aa nepBllH ypoBeHJ> '2+. 3Heprlia a:roro 

ypoBita cocraBJiaeT · 44~ 7 x'aB, H, ecTecueHHo, nepexo)t c a:roro ypoBHa _ 

·~ OCHOBHOe'COCTO.IlHMe 6y,Jte7 B CRIJ>HOA CTeneHH KOHB8pTHp0BaH. il0370-
. . ., . ' ' . . ~ . ~. 

Jly HaJIJl:qHEl ltOHBepcHOHHllX 3JI8KTpOHOB C 3~e prHlUUt 23 K3B H 27,5 It3B 

( -L -·3Jlex:rpoull) :H 391 5 xaB H 4I K3B (11-a.neX:rpoRH) H nepHo,~tou nony-

pacna,Jta 200 He ex c.nyzHJio 6u yxasaHHeK Ha 70 ,· liTO HYee:r wecro 

l-H3JIYII8HRe ·c HsowepHoro ypoBHa. 

EWIH. np'o·Be,JteHil OllllTll no nOHCKaY KOHB8pCHOHHHX 3JI8ItTpoHOB C 

TaitHKH aHeprH.IIloiH B peaXItHH 238U '(n,n) 238~U ~p~ 3Hepr~ H81TPOHOB 

14;7 II3B Ha· Rel:rpOHHOK reuepa:rope HI'-200 Jla6oparoptni' Q;epHllX 

peaKttHI. ~pasyll~Heca npH 06JIYII8HHH ypaHOBOlt KHIII8HH 3JI81t7p0HH 

KOHBepCHH C DOKOII!I>Il KarHHTHOrO DOJI.Il COJI8HOH,Jta 

:rpaHcnop:rHpOBaJIH~i K .BllCOKOOKHOyY '( R~- 9 K.i) xpeMHHeBOMY. no:Bepx-·· 

uocruo-6api>epuo:My .~te'!exTopy. 3HaiiHte.nT:u~e 'y.liaJieliHe~ ~~~exTopa 
OT lmm8HH (0' 5~ K) cy~ec:i:.Beiiu({ yweHimaJIO YPO-B8Hl> qxJH8 • If -H's.ny::: ' 

'IJeHHa. llpOBO,J;HJJca ,I;BYwepHHll auaJIH3 (no. ·rutnJIHTY,Jte' H llpeue'im) 

cnex:rpoB KOHBepcHOHHllX 3JI8KTPOHOB Kex.Jiy mmyJIJ>CaYH HeATpoHOB> -

He ·y,Jtanoc» Ha6JIII.~tan xoHBepcHOHHHX AHHHI c yxasaHHIDLR BWnEi 

aueprHauH H'a qxJHe j3 -H3JIYIIBHHa :Rs KHIII8HH z H3 oc.xo.nxoB ,JteJieHH.Il~ 

BepxH.Il.ll rpaHHit~.iJia yxa3aHHLIX Bblllle KOHBepcKOHHllX JIHHHll.coc:raB

JiaeT ·2.Io-28 cw2, liTO KeHJ>Jue- paCIIe;HOI B~JIHIJHH!l. cetteHH.Il o6paso~ · . 
BaHH.Il cnOH78HHO Jt8JlHII!ero~a H30Kepa 238U · npH aeyripyroK pac~·ea
HHH · HellTpOHOB. iloJiyqeHHaa rpaHHlt8 C81I8HHll 03H81J88T; liTO JIH60 

OCHOBHM ,JtO.na nepeXO,ItOB C H30K8pHOrO ypoBH.Il M,Jt8T B OCHOBH08 COC~ ·. 

:roaHHe 238U, JI~6o npH nepexo.~te x aueprHH H_ea:rpoB:oB I4, 7 MaB · 

ceqeRHe oCspasoBB.HHa·noxepa sHaiiH:reJII>Ho nB.v;ae:r. Heo6xo.~tmlo :ra:rae 

0TK8THTI> 1 qTO P8CII8TH8ll B8JIHIIHH8 CeqeHH.Il (5.io-28 cw2) SBJI.IletC.Il 

,ltOCTaTOIIHO rpy6ol Olt8HXOA •. 
,: 

Ta&oro ze po,~ta 3KcnepllloleHTH 6llJIH npoBe,~teHll no noHcxaK a.ne&-
. . . . ' .. ' . . \ . ;' . \ 

TpOHOB ItOHBepCHH B )tHanaSOHe 3HeprHH 20-100 It3B npH pacna,Jte 

cnOH78HHO ,lt8JIHJ118~0C.Il H30Kepa 241Pu C nepHO,It~K flOJiypacna,Jt~. 
27 ncex, o6pasyllll!eroc~ B pe.axttHH 242Pu (n,2n). lloJiyiieJ!a raxie 

JIHIIIl> B8pXHSUi rpaHHita <5. I0-2B cu2 • . . .. ' .. 
l 

B IY r.naBe ,ltHCC8pl'attHH OnHC!lBae:rca nonllr&a Ha6JIIl,lt8HHll JtYJIO- .. 

HOBCxoro Bos6y:a:,~teHHa cnou:raHHo ~eJiallleroca H_soK~P~ ?38U . , , H .n~-~ 
B8,1t8Hll OCHOBH!le pacqe:r!l ,ltJIS 'Otte~KH C81I8HH.Il 3TOrO a~eHH.Il /~/. 

){aHH!l_e 0 nepeXO,It~ Ke:a:,Jty ypOBH.IIloiH nepBOA;H BTOpO~ D0_78HltHaJIJ>-. 

HHX .llll_KOJ:HO UOJIYIIHTJ> .. H. ny:reu HCCJ18,11;0BaHH.Il xy.noHpBCKOro B036y:a:,Jt8_!J:H.Il 

,lt8JI~HXCli H30KepoB •. ll:syiieHH8 a:roro nportecca npe,JtCTB.BJlliE!~ 60JIJ>mOI 



HHrepec, rax xax B aroM~cxyqae' 3HeprHa.:Mozer Ouu nepe,D;aHa 

Henocp~,D;CTBeHHO KO~eOa:reJILHI>IiL creneHSi.Ll c_~oOo~u. 3~eKTpWtecxoe 

none HMeTa.Dll!ero: HOHa uoxer BU3BaTL OonLmYD ,D;eqopuruiHD a,i(pa · 

MHmeHH HJIH B030y,D;HTL;B He.Ll KOJie0aHHSi.C,l1;0CTaTO'IJHO 00JILWOti'aJL-. . 

nnHry,D;oA. B pesyxuare· aroro npoHCXO,D;HT XHOo urHoBeHHoe_ ,JteJieHJie, 

nHOo·sa,JtepzaHHoe.,JteneHHe,·npo:rexaDll!ee qepes oOpasoBaHHe H30Kep

uoro COCTOSiHHSio _ YcnemHOe YCKOPBHIIB THX61ILIX l!OHOB BIJJJOTL ,ltO ltC6-' 

HOHa OTltpU~aer ,peaJILHUe B03MOJ:HOCTH ,Jt.ll.R HCCJI6,11;0BaHH.R 3THX .RB1I6HHtio 

PaCC)o(aTpHBa.DTCll paSJIH'IJHUe . BO 3MOl!tHUe flYTH sace.neHHll H30MepHoro 

cocroaHHanpH·eyJIOHOBcxou BosOyx.iteHHH: 

· a).3.nex:rpHtJecxoe ,D;HnOXLHoe HJIH uHoroxpa:rHoe aJI~X~pHtJecxoe 

ltB8,1tpynoxLH06 BOs0yll:,l1;eHHe ypOBHe!, .Jielll:aliiHX B01IH3H nepBoro Oap:Lepa 

c nocJie,D;YDDtelt pasp.R,11;KO~ 'JTHX cocroaHHJt ·H~ ypoBHH BO BTopon aue; · 

- 'o\ 3nexrpHtJecxoe KBa,JtpynonLHoe BosOyJ[,lJ;~HHe. ypoBHelt. Bo_ Bropolt 

a:ue:' IIpHBOJta:r"ca ce'leHHii KYJIOHOBcxoro BosOyJ:,JteHHa cnoHtaHHO ,JteJia-

. Dteroca HSO.Llepa 238U ' paCC'IJHTaHHUe ,D;JI.Ii yxaSaHHUX: :Bume cnocoGOB 

saceJieHHa H·so:uepaoro coc:roaHHa.;· Pacqe:ru OuxH npoBe,JteHu ,D;JI.R 

paSJI~HWC _OowO~p.ll~PYDliiHx qac:rH~ ( 12c, 40Ar, 84Kr , 13fixe) H 

,ltJI.R 3HeprHA BIJJJOTL ,11;0 BUCOTU KYJIOHOBCKOrO Oap:Lepa. 

IIpoBe,Jteimue pacqeru nJxasanH, q:r_~ pa31IHtJHUe cnocoOii BosOyx-

.D;6HH.R. cnoH:raHHO ,ll6JUiliiHXCll HSO.LlepoB xapax:repH3yD:rcli · ciYDtec:rBeHHO 
" • ' • < 

pasaoA_ 3aBHCHUOCTLD OT a:rO:UHOrO HO.Llepa H 3HeprHH OoKClap,ltJiPYDlll61t 

tJaCTH~. C_B'IJBHHa B03ClYJ:,lt6HH.Ii ,ll;OCTaTO'IJHO BSJIHKH, H HX llOJ:HO H3-

- MepHu Ha onu:re. 

·HeoClxo.JtHUo O.ltHaxo o:rwe:rHrL, q:ro o~eHKH cetJeHHH ,n;na KaJ:.n;oro 

cnocoela BOSClYJ:,lteBHa cnoa:raauo ,ll;eJI.flliiHXC.R · H30.LlepoB .RBJI.RD:rca ,n;oc:ra-" · 

TO'IJHO Beonpe,n;eJieHBWH H3-3a OTCYTCTBHii ,ll;OCTOBepHUX: CB6,11;6HHit oel 

YPOBH.RX BO BTOpOR R.Lle H napaue:rpax .BHy:rpeHHero Oaphepa. 

.IT.1is :BosOY%,1leHHa HCn01l:LSOBaJIHCL HOHU 12c, ycxopeHHueua ~HKJIO
-.rpoae_ Y-'300, H HOHU ISfixe, _ycxopeHHUe Ha raH,lte:Ue ~HKJIOTpoHOB 
Y-300 H Y-200 ·B HaOopa:ropHH a,~r;epHUX peax~Hit OHHH. 

B aamHX onu:rax HcnonL30BaHU ,~r;Ba BapHaa:ra we:ro.n;HxH. IIpH oOJiy

tJeHHH KHmeHH HS 
238U HOHawH 12c aa BUBe.n;eHHO:u nyqxe ~KKJiorpoHa 

Y-300 npHKeH.RJiacL Kero.n;HKa, B xo:ropolt perHcrpHpOBMHCL XHmL oc

xoxxH or ,n;eneHH.R a,11;ep o:r,~r;atJH,, npone:raDDtHX uell:,ll;y .n;HaxexrpHtJecKHKH· 

,Jterexropa:uH. B peax~HH 238U + 12c. npH aaeprHax HOHOB OoJiee 65 MaB 

(Bume KYXOHOBCKOro Oap:Lepa) Ha011D,ll;MHCL OCKOJIKH sanaS,ll;hiBaDJIIero 

,11;81I6HHii, CB.RSaHHUe C pacna,J;O.Ll 00pa3YDJIIHXCSi'B ,n;aHHOR peaKUHH H30Me

pOB 
2

40A_, H 
243(m • lipH 3HeprH.RX 60 M3B H MeHee ( HHlll:e KYXOHOBCKOro 

Oap:Lepa) ocxoxxoB sa,J;epxauuoro ,~r;eneHHa lie Hael11D,n;anocL. OrcyrcrBHe 

0CK01lltOB COOTBeTCrByer B-epXHel rpaHHUe ceqeHHSi KYJIOHOBCKOrO B03-

0YJ:,Il6HHII cn~u:raHHo ,Jte1lalllerocll Hsowepa 238U ~ro-33 cw2• ooxytJeHHe 

llHm6HH H3 
238U HOHallH 136xe npOH3BO,ll;HJIOCL Ha B~y:rpeHH~ll nyqxe 

UHKJIOTpOHa Y-200, ltOTOphllt CJlyXHJI B:ropolt c:ryneHLD :raH,ltewa ~HKJIO

:rpoHOB. li03TOMY HCDOJIL30BMCa ,n;pyrolt BapHaHT KSTO,ltHKH. Ha ny:r~ 

ll,ltep OT,JtatJH.DOilelllaJIC.R COOpHHK H3 'IJHC:roro DOJIYDPOBO,ll;HHKOBOrO &pew

HHII, a HanpOTHB Hero - ,n;e:rex:rop OCKOJIKOB (qoC~THhle c:reKJia). 

EUXO flPOBS,ll;6HO HeCKOJILKO OllUTOB no OClJiytJSHHil KHm6HH · H3 23Bu 

HOHa:uH 
13

6xe c 3HeprHeR ---:- 750 MaB. B xax,n;ow onu:re HadJIDJtanocL 

I-2 rpexa Ha ,ll;e:rex:rope OCK01IKOB. 1CTOJIL wanoe 'IJHCJIO :rpeKOB pa3yYHO . . 
paccwa:rpHBaTL Kalt BepXHDD rpaH~ C6'1l6HHII-KYROHOBCKOrO B030~6HH.Ii 

CDOHTaHHO ,Jte1IIIJ116roca H30Mepa 238U npK OOJiyqeHHH HOHallH KCSHOHa. 
~ro-3I cw2 • 

HswepeHHue HB. onhl:re rpaHH~u cetJeHHR nosBoJiaDr c,Jtenau Pll.lt 

SaKJID'IJSHHR 0 COOCOCle saceJIBHH.R H30M8pHOrO COCTOHHHa npK KYJIOHOB-



.. ·-~. 

CKOll B036y~eHHH. li3 OOHTOB 0 HOHaKH KC8HOHa CJIB.llYBT, 'ITO 

B03HHltHOBeime dOJI~moH ,JteilJOJlllanHH a,llpa, npHBO.ll!llliBH K ,llBJI6HHD 

HJIH o{jpa30BaHHil COOHTaHHO ,lt6Jlllll!6rOCll H30Mepa, xapax:repH3Y6TCH 

3HEJ.tiHTBJII.~O· ll6Hl>IDHll,C6tJBHH6ll, tJBll CJie,ltye:r H3 paoqe:ra /9/• 

·Maoroxpa:raoe KYJIOHOBCKOe B036~eHH6 BHCOKOJiex~HX KOJieda:reHI>HHX 

coc:roaann n~6o HKee:r ceqeaHe HKXe, ~~w pacc~H:raaaoe B pado:re IIOI,. 

~Hdo xsoMepuoe coc:roaHHe saoenae:rca c xaxoH-Bepoa:ruoo:rLD npH 

pa3pa,ll;xe arxx ypoaueH. HH3Kaa rpaaHna oeqeaHB B onu:rax c HOHaMrt 

YrJieVOAU, lll·-BHAHllO~y, 03Haqae:r, 'liTO HdHH8. B03(jyz,~teHHH8 COCTOllHHll 

BO BTOpOR lllle, xax H H30K8pHHH ypOB8HI>, xapax:repH3YDTCB 60JILIDHK 

sanpe:roK · ,li;JUl.;nepexOAOB B nepBj'll ll)(j'. 
fl 

B Y rJiaBe npoBOAHTCa odoyZ,lteHHe noJiyqeHHHX pesyJII>:ra:roB. _Halle

peaaue ua onure BepxaJtie rpaaHnu AJill · o<- H ~:..HaJiyqeHHa o H30Mep

uoro ypOBHII 003BOJI.IiDT OOJIYtJHTL HHXHHB npe,li;BJlbl ,llJill ~:rOpOB sanpe

:ra B CJiyqae OL-·H 1-nepeXO.llOB-.U.eZ,lty COOTO.IiHH.IiliH, CHJILHO OTJIHtJa

DI!(IUiHc.li .no .ll6<lX>PHanHH. O:rcy:ro:rBHe a~x:ra B oJiyqae KYJIOHOBcxoro 

·aosdmeaHa· cnoa:raHHo .llBJIHIIIeroca H30llepa. 238U no3BOJiaer oneaH:rL 

~KTOp,sanpe:ra H ,li;JIII nepeXO,llOB C B036yX,JteHHbiX COCTO.IiHHR BO BTO

polt OOT8HnHaJILHO It liKe. IlepeXO)tbl llBXAY ·ypoBHilliH pa3HbiX llll HKBDT 

KBCTO JIHWL npH {j~Jil>IDHX 3HeprHHX B03dyx,li;BHHS, BdJIH3H BepmHHbl 

Bay:rpeaaero 6apLepa. B a:roK cJiyqae ¢ax:rop sanpe:ra HeBeJIHX, H 

. nepexO,li;H ll6X.ItY ypOBHIIliH pa3HbiX Hll npHBO)tHT X nOHBJI6HHD mHpOKHX 

,li;8JIHTeJILHbiX pe30HaHCOB npH B3aHllO,lt8.RCTBHH a)tep C HeR:rpoHa.KH H 

B peaxnHax (J,f)• O:rMeqae:rca, q:ro ~:rop sanpe:ra Hcnu:ruBae:r 

axcnoaeilnHa.n~oaHH poc:r c yKeHLmeaHew aaeprHH Boadyx,JteHHa no o:r-

• aomeam:i it BHoo:re Bay:rpeauero 6apLepa. 

0CHOBHH6 pe3yJIL:ra:ru ,li;HCCep:ranHH CBO)tHTCH K CJI6.JtYDill6)(j': · 

14 
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I. HaJiaxeHa KBTO,llHKa ,llJill H3KepeHHll ,llByKepHHX COBKTpoB (no 

WfOJIHTYAe H BpeMeHH) «-qacx"Hn- H·a.Ue~±poiioB xo~BepoHH B ycnoBHHX 

CHJII>HOrO qXlHa. 1-~3JIY'lBHHS. 

2. lfuJLepeHH B6pXHH6 rpaHHnH ,ltJill' B6TBH cl(-H3JIY'l6HHll npH pac-
2~R 2~ 2~A - . nBJte. cnou:raauo ~ ,lteJiaii{HXCll rHSOJLepoB u , .. , Am H . rJ:I • _,. · 

s. lfuMepeaa ~YHKnHa BOsdyxAeHHa peaxnHH (n,n), npHBOA~eH 
K OdpaSOBaHHD OOOHTaHHO ,ll6Jllllll6rOCB H30llepa 238U • . . . 

4. RsMepEnia Bepxuaa rpaaHna .llJIH iierBH i-HsnyqeaHa npH pac

nBJte onou:raHHo .ll6Jlllll!eroca HSoMepa 238U ·• 

5. ns.u.epeHa BepxHHB rpauHna _06tJ6HHH KYJIOHOBCKOro 'BosdyJr,lte

- HHll - HOHa.u.H· I 2c H:ISf>x:e OOOHTaHHO ,ll8JIHIII8rOCll H30Kepa 23~ lJ • 
6. IIpoBe,lleH aua.nH3 ~:ropoB sanpe:ra )tJianepexoioB uex,l(y 

. ypoBHHKH nepBOlt H B:ropolt 'noT~HnHMI>HbiX a.u.. 

. .llHccep:ranHa BHOOJIHeaa B • Jiadopa:ropHH a,~tepaux peaxnHR OHHH •. : 

OcHOBHHe HarepHaJIH {jHJia ony6JIHXOBaHH B pado:rax 17 ,B, II,I2_/ H . 

.n;oiio:a:eau na XIX- H. XXI eltero.n;u~ coBelllaHHax no H.!tepaoR cnex:rpo-

. c!tonHH H c:rpyK:rype a:rOKHoro a,~tpa (EpeBil.H I969r., MocxBa I97lr.)

., H Ha.-Il U6J:.llYHapO)tHOia KOH!pepeHnHH no ~H3HK6 TJllt6JibiX HOHOB 
. . . ~ 

(.llYOna, I97Ir.). 
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