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Xopomo H3BecTao, qTo cnoHTaHaoe neneHH~ 9Bn9eTc9 onHHM H3 ~yH­

naMeHTanbHb~X caoAc-1-a, · onpeneng~mHx · cTa-6Hnbao"c:Tb T~>KeribiX :.g~:£ep ... aM.ec-
• *.· . # • • : • • ' ' • ~· • • • • • 

T~ c TeM TeopeTHqecKoe ,onHcaJiHe npouecca cnoaTaaaoro n_eneHHSI. CBSI38HO. 
"' .... 

c 6onblii,HMH TpynHOCT9MH, H ·noaTOMY npencKaaaHHSI BpeMeHH >KHSHH Hn~p no 

OTHOlli9HHIO K 9TOMY _THny pacnana. 9Bn9IOTC9 B~CbM·a: aeonpeJieneUHbiMH: -TeM . . . . . ' 
' ~ ' . ' . ' 

ue Menee :6onbmoA aKcnepHMefiTanhHbiA MaTepHan, aaKonneUHbiA 3a ·n?cnen~' · 
aile ·30 neT, no3BOnSieT nocTpOHTb nonyaMI::mpHqecKyro: cHcTeMaTHKy,. npen-. ' . .· ' •· ' . . ' I •• ·-:-·· 

cTaaneaayro aa p:Hc. l .. 

113 aaa:nH3~ naaabiX, np:HseJieHHbiX aa aToM J:>:HcyHKe, · cnenye'I) qTo 

npH nponBH>K9Hllll OT ypaHa B CTOpOHY 6onblli:HX Z : : . Bp9MSI :H<li3HH gnep ,. 

no OTHOlli9HliiO K CDOHT8HHOMY neneHHIO yMeHblli89TC9 3Haq~Telip~O i>biCTpee, 
. ' . 

qeM . no. OTHOlli9HlUO K- a.' -pa:cnany. noaTOMY MO:iKHO O>KHni:I.Tbt ·qTO CTa..:. ·-

6:HnbHO~Tb q_~THo-qeTHbiX siaep .c. Z > 102· 6yneT onpenenSITbCH, rio Bceit 

B9pOHTHOCTllt :HX · Bp9M9H9M >KH3H~ OTHOCHTenbHO cnoHT8HHOrO neneHHS!o ' . 2 5 
B cnyqae neneHH9 aeqeTHbiX stnep HMeK>T, MecTo 3anpeTbi ... lQ. ;..lQ ·•· · 

11c:XonSIH3 ·aToro",·Mo>KHo 6bmo npenn·onaraTb, qTo qeTHo-qe.THhiii H3o-

. TOn . 260 104 non>KeH HCnbiTbiB8Tbt B .OCHOBHOM," cnoHT8HH09 ,lleneime, T8K 

K8K H3 npocToii: 9KCTpanonSIU:HH 'caoii:CTB cneayeT, q~o BpeMst >KH3HH ero no 

OTHOlli9HliiO K cnoHT8HHOMY neneH:HID .ilOn>KHO KOne6aTbCSI a' npenenax OT 
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10-3 JlO .1 ceK, a no · OTHOllleHHlO K a -pacnaJly OT· 
~ ... 

0,1. JlO 1 ceK. 

u . 104 . Ill nCTOpHSI OTKpbiTHSI sneMeHT8 XOpOlllO H3BeCTH8 , ' n09TOMy, 

onycK8SI OnHC8HHe 'onbiTOB, Kp8TKO HanoMHHM OCHOBHbie peaynbT8Tblo 
. . : \ . · .. · . . . : . 

-B 1964 roJly B na6opaTOpHH SIJlepHbiX peaKUHfi OH.HH npn. o6nytJe}!HH 

242 -
· Pu. yctwpeHHbiMH HOH~MH 2

.
2 Ne 6hinH CHHTe3HpOB8Hbl HJlpa, HCnbi-

Tb!B810li1He cnOHT8HHOe JleneHHe C nepHOJlOM nonypacn8Jl8 r "'.0,3. CeK. s.F • 
. <lJyHKUHH B036y>KJleHHSI JlnH. 9TOrO H3nytJaTenSI HMena M8KCHMyM iJpH 9Hep.;, 

. rnn HOHOB.. 112..;113 M sa c uinpnHoi!: Ha . nonyBbiCOTe 
238 22 . 242- 20 ) 

aKUHHX Tnna. U ( Ne •. ~n) ... Pu( Ne,xn 
.. . 

.. 8-10 Msa. B pe-

242 -p ·( 16,18 0 ) , u · ,xn 

9T8 , 8KTHBHOCTb He HaGnJOJlBnBCbo Ha: COBOKynHOCTH Jl8HHbiX MO}I<HO 6btn0 . · 

104-ro sneMeHTa . npeJlnOnaraTb, 'ITO B. H8lll.HX Onb!T8X o6paayeTCSI H30TOn 

- ( ~~ · Iicei!: . aepoSI~HocTn, :.r~~Iio~tJ~THbifi ·_ ; M~~c·o~- 2~0) a peaKunn · nonHoro ·. 
' 1. 264 . . 

cnHHHHH c nocneJlyJOlllHM ncnapeHneM ns Ei6a6y>KJleHHoro HJlpa • .•. 1.04 

onpeJle.neHHoro tJHcna Hei!:TpoHOB. 

IlonytJeH.Hbie pesynbTBTbi nernn a ocaoay cneJlyJO~Hx sKcnepnMeHToa, 

B ~WTO:pbiX. 6btn8 CJlenaHa nonhiTK8. HJl.eHTHI:jmunpoBaTb'•Ha6nioJl88M~Ifi cnoHT8HH~ 
Jle~HlllHfiCH _H30TOn C noMOlllblO XHMHtteCKHX :M~TOJlOB, npHHHM8SI .BO BHHM8HHre'. 

tJTo···aKTHHHJllibifi pHil sneMeHTOB saKaHtJHBaeTcSI :Jia Z = 103.:.Bbmo no.:: .. 

K838liO, ."'.TO no XHMHtJeCKHM CBOi!:CTB8M Ha6nJOJl8BlllHi!:CH CnOHT8HliO ~ Jlemi-

_lllHfiC~ H30TOn CY,l';UeCTBeliHO OTnHtJ8eTCSI OT sneMeHTOB 8KTHHHJlHOrO pSIJl8 . 

tJTo n npeJlnonaranocb Jlrui . 104 .. sne_:': . H 6nn30K .K ceMei!:CTBY . Z r Hf, 
/2/ . . . 

MeHTa • TaKHM o6pasoM, 6bmo cJle'naHo 3aKnJOtJeJine o ToM, 'ITO CHH~ 

T83HpOB8liHbli!:. H8MH nsnytJaTenb .B pe8KUHR·
24 7 Pu ( 22 Ne' xn ) . . . . 

H30TOnOM ;sneMeHT8 104. 

A BTopaMn pa6oT 6hmo npeJlno>KeHo HB3B8Tb JIOBbifi sneMeHT KyptJa- . 

. TOBHeM B tJeCTh BbiJl8JOiuerocH <flnsnKa· H.B.Kyp~a:roaa,· C ll¥eHeM. K.OTO-

. poro/cas:tsaJio ·pasanTne :MJ.Iornx. HanpaaneHnfi ¢nan:Kn aToMHoro siJlpa·,· · 

B TOM 'IJHCne npo6neMbl CllHT838 H H3ytJ_eHllSI Tfl8HCypaH~BbiX sneMe~TOB. 

B CCCP. 
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B 1968-1969I'.I', B Pa.nHaUHOH.!Ioii na66paTopHH Kanmf>opHHiicKoro yaH­

sepcHTeTa (BepKnH) 6btnH npOB8.ll8Hbl OnbiTbl no CHHTeay TSDKenbiX·HSOT0-
/3/ . . . c . • /4/ . 

noB 102 ,·., · · ·_u · 104 aneMe~TOB ._ B SI.llepHbiX _peaKUHSIX npH o6ny'leHHH MH-

meaeii 
24~ Cm' · · H -· 249 Cf HOHBM:H 

12 
C , 13 C , .16 0 H 

18 U nonyqe-

Hbi HsOTon . : 2 !i 8ti02 . · Ii · HsoTOnbi aneMeHTa .104 c MaccOBbiMH 'IHcnaMH · 
/5/ ; 

257, · 258, 25B·H 261 • B Ta6nHue 1 .npe.ncTasneHbi peaKUHH H csoii~TBa 

. CHHT8sHpOB8HHbiX HSOTonoB, J1s • TaonHUbl BH.llH0 1 'ITO H8'1~THbl8 HSOTOnbi 

-
257 

i04: H 259
i04 SIBnSIIOTCSI Hsny'laTenSIMH a -'IBCTHU CO CnO)KHbiM 

. cneKTpOM H nepHO.ll8MH nonypacna.na '4,5 H 3 ceK COOTB8TCTB8HHO. J1soTon 

261104 . HM88T. nepHO.ll nonypacrra.na OKOnO O.llHOii MHHyTbl H1 COI'naCHO · 
. . . . /5/ 

noc:ne.llHllM ,ll8HHbiM 1 B 20% cny'laeB • HC'IlbiTbiBaeT CnOHTBHHOe .nenemi~ · 

lJeTHO~'I~THbi8 · HSOTOnbi 
258 

102 H 
258 

104 HCnbiTbiBBIOT CnOHTaHHOe .nene-., 

HHe C nepHO,llaMu· ·nonypacnai:ia 1 H 10 MCeK COOTB8TCTB8HHO. 
- 260 . . . . . 

nonbiTKH CHHTesa HsOTona 104 npHBenH K OTpHU!lTenbHbiM pesynb-
. /5/ . . 

TaTaM, 'ITO, no MH8HHIO aBTOpOB 1 CBSIS8HO C 0'18Hb KOpOTKHM 8I'O nepHO.llOM 
. . -4 . 

, nonypacna.na ( T · .. , < . 10 . C8K) 0 
S.F. -

flony'lleHHbte B' ·Bep~nH .llaHHbie cymecTB9HHQ ~ 1¥9HHIOT npeACTaBneHH~ 

0 CBOfiCTBaX SI,llep B o6naCTH. , Z = 104 no cpaBH8HHIO C- T8M1 'ITO ~eno 

MecTCi ~~~Koni.'Ko neT TOMY H838.ll. neiiCTBHTenbHO, c. yqeTOM' HOBbiX .llBHHbiX 

CHCT8Ma.THK8 nepHO.llOB nonypacna.na 'leTHO-'I~THbiX · li30TOnOB TSI)K8nbiX SI,llep 

Bbii'nSI,llHT Tenepb: T8K 1 KaK 9TO nOK838HO Ha pHC,. 2, npH y.naneHHll OT · ·' ' 

. no.no5ono'IKH N = 152 Ha6nro.naeTcSI· c_ymecTBeHHoe yMeHbmeiiHe cTa6Hnhno­

·cT~ SI,llep: yBenH'I8H~e MBCCbi:Si.npa (_.· z··_= 104) Ha ,llBa HeiiTpoaa npHBdllHT 

K yMeHblli8HHro nepHo.na cnoHTaHHOI'O .neneal'l:SI ·npHMepao a· ·10
5 

pas._ O)KH-
, ' 

· .naeMbiii nepno.n nonypacna.na .nnSI SI.npa 260 .104 · .oKasbu3aeTcSI paBHbiM ,. 

"' 10-
7 

ceKI ~TO B MlllinllOH pas 1\eHbllie, '18M npe.nnonai'anocb pil.Hee~ _HapSI.llY 
, • . . ·, I I 

C 9THM .nnSI He~~THbiX H30TOnOB. 104 aneMeHTa no· M.epe. y.naneHHSI OT no-· . 

.no6ono'IKH ' N i= 152 pesKo BospacTaeT sanpeT aa cnoHTaHaoe .neneHHe. 

nn' n 
257

'104 5 10 TaK, aanpHMep, ecnn. ,_. "' sa)1peT cocTaBnSieT npHMeplio · - , To 

.nn.11 259 104 -,10
5 

n, HaKoaeu, .nnSI 261104- ,10
10 10 11 ~. ··,· 
() 

6 
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:' TaKHM o6pa'aoM, 0'19BHilHO, 'ITO pe3ynbTa.Tbi aMepHKaHCK·H·x":onhiTOB: .. 
. . • '·· 

Ji:aXO.l!SITCSI B CHnbHOM npOTHBOpe'IHH C llaHHh!MJ.I 0 CBOMCTBaX R30TOlla Kyp'laTO­

BHSI1 CHHT93Hpo~aH~OI'() B lly6Hee 

B · ci:l'staH·. c aTHM. Mbi. noaBonHM ce6e cnenaTb HeCKOnbKO aaMe'laHHii:. 

npH Hll9HTHciJHKaUHJ.I H30TOllOB ciJH3H'I9CKHMH M_eTOilaMH llO cyrueCTBY HCCneny-· 

IOTCSI_.aaKOHOMepHOCTH npoTeKaHHH SIIlepHOM peaKUHH,· KOTOpaSI llOmKHa. npH:-

. BOilHTb K o6paaoBaHHIO HoBoro· aneMeHTa. HaH6onee yno6HhiMR stBnstiOTCSI- .. . . ·. ·. .. . . . . 

peaKUHH n'onHoro cnHHHHSI c nocnenyiOIIIHM HcnapeHHa"M HecKonbKHX neii:T--
. . . . . ' -~ 

pOHOB~ .. B 9TOM cny'lae; HC~Onb3YSI .c-i-aTHCTH'IeCKyro .. Monenb, MO:lKHO pac~ ' 

· C'IHTaTb 3clBHC,HMOCTb .BepOSITHOCTH o6pa30BaHHSI HOBOI'O H~OTOlla OT 9Hep-. 

I'HH B036y:lKil9HHSI COCTaBHOI'O Slllpa H onpenenHTb 1 Kaaandcb 6hi 1 TaKHM o6p~-
. . . 

30M, He TOnbKO. 3apstll; HO H Macey H30TOll8 B OCHOBHOM COCTOSillJ{H~ ·. · 

. · B neii:cTB.nTeiii:HoCTH CHTyaUHSI 3Ha'IHTenbHO. cnomHee. Bee cKaaaHnoe· 

Bbiiiie cnpaBellnHBO; ecnH a6cdniOTHO. HCKniO'I9Ha B03MO~OCTb clJoHa 1 . T.e·. 

ecnH B aanaHHOii: KOM6HHaUHH MHIIIeHb - 'laCTHua B peaynbTaTe coBepmeHHO 
\ 

HHOrO KaHana 'peaKUHH ·.He o6paayeTCSI .p81lH08KTHBHhiM. npollyKT1 CBOii:CTBa 

Ko:opOI'O ~~~~3biB8IOTCSI BeCbMa· 6nH3KHMH K TOMY1 qTO O:lKHilaeTCSI. llnSI pe-

aKUHH. .:..*'"" •' l, ( H.I.~ ~ n). 

.. 'llnst TSimenoro aneMSHTa, 'ncnhi!hiB8IQIIIE)l-:'0 CllOHTaHHOe neneHHe,. nono__6':' . 

. , · Hbiii: clJoH- Bo.a.li:H~aeT. Ha-:-aa o6paaoBaUHSI · cnoHTaHHO _nenstiiiHXCSI HaoMepoB< , 

B-.iia.cToSimee BpeMSI.'.y~e HaBecTHo· 6onhrnoe.:Konn'lecTBo·.·HaoTonoB B o6nacTH · . . . '.. ' .. ' .. , ·. ' 

r U- C m: C, nepHOilaMH nonypacnana OTHOCHTenbHO CllOHTaHHOI'O. i:te~eHHSI 
-8 2 . 

OT 10 llO 10 ·ceK 1 KOTOpb!e o6paayiOTCSI C OTHOCHTenbHO 6onblliHMH 

ce'leHHSIMH B peaKUHSIX c. TSI:lKenhiMH HOHaMH. 3TO 06CTOSITenbCTBO BHOCHT 

• 6onbrnHe . TpyllHOCTH B onpeneneHHe ·. Z HoBoro aneMenTa. TaK,. HanpHM.ep, 

248c ·.<Ia 258 . • · 
ecnH B peaKUHH. . m C, 3 n) 102 Ha6niOnaeTCSI· cnoHTaHnoe neneHHe 

C T S. F ,';., 1 M<:;eK, TO cnenyeT o6paTHTb BHHMaHHe Ha. B03MO:lKHOCTb o6pa-

30B8HRSI B -STO~ me KoM6HHauim. MHrneHb-'laCTHUa .uao:ro-rui
244

m~m( r S..F. =. 

1 -1 ) A · :249 Cr···( 13 C,4n·) 25
•
8-.104· = 

1 
MCeK • HanOI'H'IHO 9TOMY B.peaKUHH · ·. . . . 
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·'ITo' :p.a?Ke: ecJ!n naBec.-x:~H !lOPSIJl~OBbrft H9Mep, onpeaeneHne Macco~oro tiRe.- , .• 

' na.HbBor~· nsriy'I~'l:ensr c~S!aand 'c 6~ribfu~Mn TPYJl~o6Tsr~n. · c)~·~nae~ast '· ' . , 
. . . . ,.' ,;; ' •. ~ ·. ._: ~ . • . . • . ' ....... ·.•. .' ' . . ,.c.\ . . • ' •. • o<. ·::. • • 

... · TeopeTH'I9CKli it~TK8SI ,KapTHHa· ~YHKUifil: B036y)KJlElHIISI .c· nonO)K9HiieM MaK-::. .; .. 

. • '6,HMYM~i{c·~~~~~·· C~OTBeT~TBYIO!U~M. Bbin~T~ -li~ COCT~BHOI'O SIJlpa. 3~Jl~H~: .:~. 
·. ·,.: .< HO;O ·. ~~cri~ :u~JT~OH~B1 . ~K~~bi~aeT~SI: B: a~il:~TBH~e~iHoCTli···~~K~)K~HHOn. : 
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,. : ;, }l3-38 .Cif/IbHOil: .)le/IIfMOCTli.' S.THX: SIJlep.:n 'B/IliSIHliSI KY/IOHOBCKOI:O 6apbep80• 
'" . . . · ... ·' " .. ": .: ' . . ..;.. · .... , ' ·' . ' .. · ;: • ... 242'·".:22· . ; 
': ":-· Ha. ·pH c •. : 3 · npeac'iaBneHbi' .¢yHKuHn ·: Boa6y)KJleHnsr ansr peaKuuil: · · .. Pti ( Ne, xn);-
.4~· ~ .#· . ~ .: -~~-~--=~.~. ;"~ .. ~. .• '. : ~·~ ... 
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., ·- .. : Ito;~ . . . ·.: - · · .. . . · ·.,.· 

n,aHaa : .. , BHaHo, 'ITO no_no)KeHusr· MaK_cnMyMoB ~YHKunfi Boa6y)KJleHnsr 
. ' . ' .,_ . .~ . . . . .. · ..... 

peaKu~il: nonHoro cnHsr·H·u.SI c ucnapeHneM 3-x, 4:-:-X. Ii .5.:..Tn:·H~il:~ponoa 

npaKTHtJ:eCKii coBrraaaioT,. 'ITO cpaay BHOCH?.: Heo~peaeneHHoqTh a 3 Maceo..:·.·. ·: 
·,_; •.. -,;,:· .• ,, .j"'. ;:·.... ' ·.: ·, •·.·•• ~ • :._ •• '•'<)~.:·~ ... • .. J··:~~ .. ...-.~.... . .... ~.~ .. ~ .. ~ ~ .. • ~",• 
I·' · ;: · ·; Bbre< eaHHHUbi; ::Bonee Toro, npH onpeaeneHHbiX ycnomi:S!x· -lfJyHKunn .Bo.36y)K-

l. ·. , ~ .·,.:. ' Jl9HIISI. .o6MeHHb.I~ .pe~KUII·~: _OK~3biBaro;CSI.llOC~a;oq~o· 6n.li3K~Mii: ~ n_ pe~cT~B:.., .. 
11< ,:::: : . . ./I~~H~I~·:-Ha .pliC, 3;•. flo'cKonbKy CKa3aHHoe: BbiiUe. B .non~oil: .:Mepe :oTHocin~cSI .. ·. 

~~~:< .) :~~-.: li. K • ~nbr~a~/ l / 1 B KOTO~bl~. ~li3·li.'IeCK~~~ · ~e~o~~~~ 6~rh· liJl9HTli~~~upoBak ·. . 

i 1:·. : .. :. ·' ..' Iiao~~~ K;~~~T~B~~;. B .~anb·~~~~e~ '·6hr~~ ."~a~p~6o~a-~a. cn~uHa;i,~~~ ~~~:··: 
I .~··' ;: ::' .. MntJ:~cl<~sr: Je.1-oanK~, ~ 'n~Moirrhro .·Ko;6IJO~ 5~rn6. ~~Ka~aHo, tiT~ Ha6~·~~-a~~ 

! I . · Mbi~ .B ~naHti:e~Knx . onbrTa~ nanytJ:aTenb o~KO~KOB cnoHTaHHoro~ aene~nSI. .. 
Iii·,: 
,II -

ill>'. 
[il;· . 
i I 

j 1' 

'.; 

SIB/ISI9TCSI H3.0TOnOM Tp8HC8KTIIHifJlHOI'O sneMeHTa C 

noc1.1e. ~TOI'O 8BTOpb! npuiUjlli K Bb!BOJlY1 'ITO ciiHT931ipOBaii :sneMeHT 104. 

' .. . .• B~ec~e :c; TeM BO;MO)K~:. npyro.fi n'oaxo~· ~ . ~npei:t~nelin~. z sne~eH-
•. • • > • 

-~ ·.'::ra·, o5pa.ay~ui'e~ocsr· a sra~.Pn,oil: peaKunH · ~ :T~~~nb;M~:· ~oHaMn. Ecmi .B ·Ka-.. : :· ; 

tJ:eC.TBe · 6oMfl~pJlHpyiO!UiiX ·. sraep HCnO/Ib3YIOTCSI ycKopeHHb!e TSI)Ke/Ib!e lf0Hb!
1 ' ·' . 

· · To·. ~··.cnytJ:ae nonHoro cnH SIHHSI sr.cipo nMeeT BnonHe onpeaeneHlibril: u . cTporo· 

. ··H~np:BneHHb!il: .RMrrynh.C .Bne~~~ .. ·.a .liCnapsr~mH~CH li_3 COCTa~HOI'O SIJlpa, .·· \··· ~·.- ·· 

H~il:;~O~b! .. C0061U~~T ;si~py o"TJl8'I~ ·H~~HatmTenbH;Iil: HMny~b·C ·B~ep~ek)l~Ky.:: ·': 
·, ' ' > ,· ·' • ' ' ' • • ' • ' • \ • 

' : nsrpHOM HanpaBJ]eHlilio '~C/IElJlCTBH.~ STOI'O B yrizOBQM pacnpeaen?HHU' SIJlep 
. '• . '• " .. 

~. ... . ; .. . . . 
. :··. ·· . .·.·· 

.. ;· .10 .. 
··, 

'''· .. ·. ·.· 
·.·· 



'.) 

..... ;. 
\, 

-32 r---------~------------------------~--------~ 
ID 

•'··· 

, 242' 22 264-x· · 

P nc. 3. cfJyHKUHH aoa6y>KAeHHst peaKU!di nonHOI'O cnHSIHHst Pu ( Ne, xn) · 104 
x = 3,4,5,6, nony'leHHbie pac'leTHbiM nyTeM B ·pa6oie/10/. . ~: ' 
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. Prrc. 4. llrrl}>l}>epeHimanbHbie ~yrnoBbie pacrrpeaeneHrr.II HLiep OTLia"'n, o5pasyro-
- .I!IHXC.II B peaKUII.IIX: :14 2Nd(-· 14 N, xn) . II 14:Nd( 14 N, axn). • _·_.:·· 

-rrprr sHeprnrr noHoB' 14'N , paBHoil: lOO:'Msl3.· (TonmnHa -MIIIIIeHrr. • _ 
"' 100 MKr/cM2) " ' . .:., ': . - - . :. ·;. . . . . ·• 
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OTJl8'1ll MO>KHO O>Kll)l8Tb OC_Tporo M8KCllMyMa ~pll ManhiX. yrnax. J?o· BCeX 

H8SI COCT8BnSIIOUl8SI. llMIIynbC8 SIJlpa 0Tll8 'Ill CTaHOBHTCSI oyUieCTB9HHOH1 'ITO 
.· I : 

npnBonn_T K yBenn'leHllJO nncrrepcnn.. yrnoBoro pacrrpeneneHnSI n cMemeHHJO 

. M8KCHMyMa' B c'ropi>Hy~ rop~sno" Gol:d,umx ·yrnos~ l1Hbll\1.H :.cnoBaMll, . y~no- ... 
. . - . . .-·- ~ . . ~ 

Boe pacrrpeneneHne rrponyKTOB peaKunn non>KHO cy~ecTBeHHO saBnceTb 

oT MexaHnsMa nx o6paso5aiinsi. C aToii uenbJO HaMn 6binB: npoBeneHa 

-cepnSI MonenbHhiX orrhiTOB .no nsMepeHnJO yrnoBhiX-' pacrrp_eneneHnii Sinep 
. . . Ill/ ·. . . 

. . :: oTna'lll _ B pasnn'IHhiX peaKUllSIX c TSI>KenhiMll -~WH?M n .• Ha ·pnc. 4 npen-

cTaBneHbi yrnoBbte pacrrpeneneHnSI ·Sinep oTnaqn, o6pasyromnxcSI npn o6ny-

'leHnn '. 142 Nd lfba;aMn
14 N B _peaKUllSIX AH.I:,xn )"· ll (H.I., a3n) •. 

BnnHo, 'ITO nnS! rrepBoii peaKunn yrnoBoe pacrrpen·eneHne· nMeeT OCTPhiii 

'MaKCllMYM ·rrpn 

paTopHoit CllCTeMe KoopnnHaT)' B TO 'BpeMSI KaK Bbin9T i>nHoit a -'laCTll-

. Ubi cyriJecTB9HHO. yBenll'lllB89T JlllCIIepCll!O yrnOBOrO pacrrpeneneHHSI ·ll _CllBll-·' 
. ·• 0 . . 

raeT rrono>KeHne_ · MaKcnMyMa no · (} L = 10-12 • ITon~6Hhte orrhiThi npoBo-.-

nnnncb _TaK>Ke nnSI TSI>KenhiX stn~p · B peaKUllSIX . 
19 7-A~ (:14

N, 4 n.) :
207 Em 

J?bmo Haitne!Ho, :'!To Bnn yrnoBoro. p_acrrpe:- .. 
rieneHHSI cna6o saBncn.T oT MaCChi· SIJipa::-MnrneHn. HapSillY. c aTnM 6binll 

nsMepeHbi yrnoBb!e :P?CIIpeneneHllSI Sill~P OTJl8'1H 1 o6pasyJOUill)CCSI B. peaKUHSIX 
. . .• -238 22. . 223-225. . . 225 . 

MHoroHyKnOHHhiX rrepena'l · U ( Ne ; - yp, -x·n) . . · Ra , Ac .• ' 
.- . ~ . . ' . . 

. Hs cpaBHeHHSI yrnoB~n{ pacrrpeneneHnti, rrony'leHHhlX 'B peaKi:mSijc .c o6paso~ 
. . . . . : . /12/. 

BaHneM cocTaBHoro, SIJlpa II B peaKiuin _MHoroHyKnoHHoro o6MeHa . · . 

( pnc 5.), cnenyeT cymecTBeHHoe. <;>Tnnqne a~nx llBYX rrpoueccoB. · 8To o6cTo- · 

.. SITenbCTBo· Mo>KeT 6biTb ~ychernHo .. ncrionbso~aH:o ··nnsi .. nneHTH!\JHKa.UHH Ha'6nJO­

nae~oro HOBoro nsnyqaTenSI~ B peanbHhiX ycno~llSIX yno6HO ll~MepSITb ' . - . -~ . ' . 

nHTerpanbHhie yrnoBbte .. pacrrpeneneHiiSI, ncrronb3YSI pasnn'IHYJO cTerreHb . . .... 
1 
KonnnMaunn BhineTaromnx ns MnrneHn ·rrponyK.ToB · peakunn; 

.. 

. _, 

• 
-~ .· 

.13 

. ·~ 
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.. ~9711 . (lit . :' )205-207 
. MU. N,.xn Em 

,.. .. : 
~-. 

,.., '-{' . 
r:. "" 

. . " ; ; -223-225 "22,- . 

. 238U(
2

~e,-,.yp,~n) ,Hp; Ac '7···._ ... Sf''~ · ... · •. .• . ,, 
. I... \ .. ·• .. ·. ·~ ·j . . 

. c . • .• : I . : ~ . . ·. 

}. A~ . . .. ~ ~ -,t.- ;z. -~· .. . ., . ~.. . . ... 'y .. ~ - ...... --~--............. " " .1· ' . .... ' 

i 

. 0 

8~..· 
J 

180 

Plic. 5~ YrnOBbie pacnpeneneHIHJ nponyKTOB peaKUHii noimciro cnHSIHHH H MHoroHyKno!moro o6MeHa 
( 1'Hn peaK:mril: yKaaaH Ha I?HcyJiim). '(Tomnli:Ha. MHUieHH ... 1 ·MrlcM2); 

. '· 

"'I/ 

I'·· 

.. 

.. ·. 

·~ 
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.• " .I.'.:· 

,. l 1. 

10° 8 MAX· 

.0,8 

0,6 

0.4 

0,2 

0 

\ 

\\ . ·\\ ~ .. 
.· \ -~--- . 

. ··~\, ~. ~~· .. 
212mp.. '-, . 242~~' . . . · . 

0 ,, . -.:.-. ' /Mfll . ,' ... ·. ' 

: . '"-..' ' '<,·..:. ,•. . .\ 
·.··~ ......... ~. ·, 

' . ' . '-;-+---._ ..._ 

· I 2· 3 

''•" 

Pnc. 6. HaTerpanbHbie yrnoBbi~. pacnpeJleneHHSI npoJlYKTOB peaK.UHlt 

· honHOI'O CnHSIHHSI: 

'
19 Au ( 22 Ne, 4n:·5n) 2 i 3 ' 214 Ac. 

·'2asU(-160,' 6n)248Fm. · 

. 
238

.U (.~ 2 Ne , 4 n) 266I02 
239 r~e~·o. s~) mto~. 

II MHOI'OHyKnOHH.biX nepe)la'l: 

--~~s·Pb(_22·N~;~2p,+2n) 212 ni.Po 

X 242 · · 22 242 .n r 
•. . Pu ( Ne ;_+ lp,-ln) · i\m, 

·'•:•', 

no 'ropH30HT8nbHOH OCH: HltlKHliSI. WKami CTeneHb · KonnHMa-

UIIII Slltep OTJl8'111 ( OTHOWSHHe TOnWHHbl. KOnnHM8TOpa ( .' f, ) . 
K JlHaMeTpy ero oTsepcTHlt ( · d ) ) , sepXHSISI wiana -. ·. . 
M8KCIIM8nbHO. B03MOlKHbJll yron Bbin9T8 ();:ax Siltpa 0Til8'111 llnSI 

pa.::inH'IHbiX k = T ; no .·aepTHKan~>Holi ocn npencTasneHbi 

· OTHOCHTenbH~Ie BbiXOltbl · npo~yKTOB peaKUIIH W k 

nng paanH'I!1bi?C aHa'leHHlt k. · W k~0,6 
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Ebrna npoBeneaa cepnst onbiToB,· B ~oTopbiX· nsMepstnncb HHTerpanb:... 

Hbie yrnoBbie pacnpeneneHHSI panuoaKTHBHbiX nponyKTOB (saBHCHM~CTh 
· Bbixona. OT cTeneHH KciimuMaunu) ·.B- peaKunsix c o6p~so_BaHH~M; cocTaBaoro-

stftpa: 
'/13/ 

197 Au 
22. 213 

Ne ,6n) Ac 
/13/ 

238 u 
22 . . 256 
. Ne , 4 n) . 102 

22 . 25~ . 
_Ne,5~). 102;, 

239 Pu( 180, 5n)252102 

u B · peaKUHSIX nepena•m: /13/ 

208Pb( 22 Ne; +2p, +2n) 212m Po .. 
242 ·· 22 ·. -24·2-m f 

Pu( ·Ne; +lp ,-ln) Am. 

-.:.. ,.·· 

..,···~' 

_pesyii~TaTb£ onbiTOB npnBe~eHbi_-Ha pHCo 6. BepXH~SI KpHBast' COOTB9TCTB~eT 
. BbiXOllY. nponyKTOB peaKUHH nonaoro ~nHHHHH 6oM6apnupyromeii .qacTHUbl 

C SlllPOM MHIII9HH B 38BHCHMOCTH OT cTeneHH. KonnHM8UHH~ HHIKHHe Kpl!Bbl9 

· cooTseTcTByroT noBeneamo stnep oTna'IH; BosHnKaroiiinx· ·B peaKUHstx nepe.:. . . 
na'IH aecKonbKHX · ayKnoaoB.- ~aK u _cne'noBano oJKHnaTb, aa6nronaeTcst , 6onb-

. IIIast pasauua B usMepeHHbiX sa6ucuMoc~stx.: YrnoBbie "pacnpeneneaust·. 

npollYKTOB peaKUHH nonaoro cnHSIHHSI B pa3nH'IHhlX ~OM6HH~UHSIX MHIII9Hb-

.. '18CTHU8 Mano OTnH'I8lOTCSI npyr OT npyra 1 'ITO .XOpOIIIO· cornacyeTCSI C. H3-. .. . . '• 

· MepeHHbiMH paaee nu4J4JepeauuanbHbi¥H ~rnoBbiMR. pacnpen_eneHHSIMH. · 
.. ':.:,; 

··"1' . 
: ~·.' 
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,-
- .· "' . . ·;·:·':. . .. • _, .. 

.ITocn~ ~aannaa a'rnx .oaHHhiX ecTecTBeHHbiM 6b;no' BHoB6 ~epayi~cg 
K npo6neMe CHHTe3a TSI)!{enbiX Sl.llep, B '18CTHOCTH 1 K CHHTe3y · Kyp'18TOBHSI, 

,HH)!{~, 6y.oyT npe.ocTaBneHbi · aKqnepnMei_ITanhHhre · .oaHHhre; riony'leHHhre HaMn 

B 196~ · rohy) ' ., · 

:··· 

.· 'Cx~Ma aKcnepnMeHTanhHoii. ycT?HOBKH npe.ocTaBneaa aa pnc •. 7 ,· ·-

: Oy'JOK ycKop~HHb;~·. HO~OB ¢oKyc~pOB8lrC.SI .llBYMSI rrapa~H .KBaitp'yrr~nh~hix. 
nHH3 ··n· nona.oan HB BXO.ll· peaKUHOIUtoii KaMepbi, 06'beM KaMepbi Obin 

· oTnenea oT BaKyyMa~ro· o?'heM~ ycKcipnTenSI an.JOMHHHeBoii ¢onhroii Tonum-· 

\wit .. 15 ·MKM,:c·.3a BXO~Hb;M OKHOM noMemanach MHruear=::, naroToBneaH~SI 
:·~,. s~n:~ · ~n~SI TonmnHoii ; "'' 1 '.MrlcM2, aaae.ce·aao'ro· aa: 7..;;MirKp.oa.Hy'ro. 

· an'??~,fHHHeByJO ljlonhry H IIOMellleHHOro. B M.e.llHYIO K8CCeTy-p~~e'TKy1 OXna~":' . 

. na~MYJO ~Bonoii. ( rrpoapa'IHOCTh pemeTK~ OKono 70%); ITriomanh Mnruea~ . 
. . . . . 2 . . .. . . . . . .i ' .· ''· .·." . 

COCTaBnSina 4,8 CM , B Ka'JeCTBe M8TepnanoB MHWefieii 'HCIIOnbao'BanHcb: 
242·· · ~ . . , ··24·1 -:· ·.· ,.··. 24·o··· ... · ... 

. Pu (conep)!{aHne 86,8%, rrpnMecn: . ·· Pu - 3,8%,· Pu 8,2%·, 

,•. 

239
Pu. -.0,4%,'. :m.Pu -: 0,8%); 239 .Pu (99,6%); 238 U (100%, npn-~. 

235 u < ~.o&>.<:.)i . 2a5 u (90%)~. 

· ITepe.o ·MnuieahJO pacnonaranocb cneunanhaoe .ycTpoiicT.Bo, ,KoH.Tpo-, . ~ ~ . . ~- . .• ·. . . . 

nnpyJOmee BepTI'rK~nhH~e ir rop~a~HTanhHoe p~crrpeileneHHSI n~'IK~. K~f:!Tpo~b . 
nnoTHOCTH IIOTOKa. HOHOB, ocy.meCTBlrSieMbiii c . IIOMOliib!O aToro yc'l'policTBa, . '• - . . - . . .. 

·. · noaBonnn ncrionhaoBa.Tb HHTeHcnsaocTb ny'JH:a,. · npoxo.llSIIllero 'lepea MH­

meHh, - 1,5. IO 13 
·'racTnu/ceK, n ~To irpnMepao B 5-6 paa 6onbme 'Taro, 

'ITO . HMeno MeCTO. B OIIbiTaX 1964. rona, Yrnosag paCXO.lliiMOCTb ny'IKfi 
. . ,· 0 . 

noiioB He npeBbrruana 1 , H.op~ OT.llB'III, B03HIIKBJOliiiie B peaKunn, nonanann 

118 COOpHIIK, npe.ocTaBnSIJOliiJiii co6olt 'imKeneBy!O neHTy TOnliiHHOfi 50 M~M . . ·' ' 

n nnnaoii 8 M, nBH.)!{YliiYJOCSr c o~pe.oeneaaori cH:opoc~bJO, Bn~'rzh .ne.!iTi>i · ·. . . ...... , . ~ . '. . ~ 

. ·: 

.·. 

.:. · .. 

pacnonaranHCh 'aeTeKTOpbi OCKOnKOB neneaHSI; HaroToaneHHbie H3 CneuHanb- ... 
' . • • ,• '-•• .... • . . . . • • . • • • . .' - . •. • ., •. •',J.:. ' . ~ . . .; •• 

. a oro ¢oc¢aTaoro cTeK1Ia .. c a¢¢~KTIIBHOCTh!O .P~rnc-rpaunn ocKonKoB _neneaHSI 

'•· "' .. 80%.: BBH.lly Toro,· 'ITO npn' oony'leHHH. rry~KbM CTOnb.· Bb!COK.oii HHTe~'-•. 

cnBHOCTH B03HHKaeT .6onhruoe '~n,cno ireiiTpo~oB, x:c.J:Ionbao~a.nncb MaTepnanhr 

. 17 
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Pnc.- 7; CxeM!l sKcnepnMeHTan·baoro ycTpoi!:cTBa nmr perncTpaunn KopoTKOlKHBYIIlHX cnoaTaHHO nenmnnxcH 
' .H30TOflOB,, o6paayJOmHXCSI B SIJlepHblX pe8KllliSIX _C ycKOpeHHblMH liOH8Mli! 

. .,, ,· 

~ ..... 
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. · 
-' · .. '. 

~. . ... . ... 

.... :· :c .. MlrHiiMa ~biibJM. cnner))l<aHII~M 
& • ~ • > .> • >" I • '• • ' ' 

~-~,· ~·· '•/"' ... ·.~ .. ~· .. ,···· 
ypaHa) Il··TOpi!H, :~;f~C':('BI!TenbHOCTb )\leTOgi!Kl~ • · 

<• . ' 

. 6~r~a TaKoi"r,'' '~_To rroHBneH:ile ~n~bro .TpeKa ira· cTeKn~·;: 3a :i3pel\tn · oribrTa 
· ,_ ··. ·. · -.:-36'· 2 · · ·.. .- · -· .·. · ·:.: 

COOTBeTCTBOBano Ce'l{e_HII!O ;.,_:2•J0,. .. 'eM , B 'KOHTporibHbiX. OIIb!T8X 6bino.· 

·· · ycTano8neno·,; 'q;o··;·~p~~ei~ -~S~~; .· o5.:Ycn'oi3neJ·H·hrfi .coae~)l~riir;wM ypana · . 

• B, _a'eTeK;opE,~x oc~~~~os\1e~eHn~ u B-~1~;.~ piia~~~ c~o;Ii_ili(~; i:~-~~:;B·e~cTBb~~~ · · ~ . 
. -; :. • . . :· -36 •. 2 " . .. . .. 

... Ce'!eHHiO ',;_ 5•10. CM o.' c; IIOMOUib!O. 3TOii MeTO):(I!Kll IIpOBOAIIniiCb .. _ 

''oirbrThi rro rroiry,'leHH~ .H3DT~~a·: 256
10Z s·peaKunn 238 U( ' 22 N.? .·In) 25.~1o2.· 

. ·~ 11400 • 

"·.: , Ebrno 3aperncTpnpoBaHo .6onee 60 co.6brTnfi crrouTaHHoro aeneami · · 
;:•, • '~•." ,:X~, :;~ .. '" ~ '."·.~,'i,'~ ,'- ''';•: ••' • ' • • .-· .. 

. ~ _:rrepuo~oM ~Kono 3 ce~, · tiTo .· xopomo cornacyeTCSI p aaHHhiMlli rrony'li:HI~;hiMII. ~·. 

-.. · rrpn Il3Y:,IeHilll, '·a ~pacrraaa :3TOrO. Il30TOIIa, .. ;· •. 
. : • • •••. : .• , •• ·, ""':··.. t··~ :~ • . . "'.· .,..· .... · · •...• ' ' ~- '?5? 

' ... ' · .. llorronHHTenbHO .HaMil., llCCneaoBanCH li30TOIT " " 102 B peaKUHH , 
-~ .• : 2 :i~ Is . • • ~52 .. ' • . ' • • . ' . • . . ' .-. . I 3 i . . 

; ; ' ·.-. . ·Pu ( 0, 5 n )." 102, HCIIbiTbiBa!OUIHiL( cornaCHO AElHH!;>IM ) B 30% 
-~ .... ..,.,... .:;. · >~··.. • . r• ,., · · • • •;:·.~ : .·,., • • -~·_\ • •'• 

I, .• • 

. ' - ·~ ..... •, . 

-: ., 

'.•,.,; 

.• , ·. · cnyqaeB crroHTam!oe aenenHe! • 
. ' f .. 

1. 

Ha6n!O.cian_och ·oKono 50 .~co6brrHif ·c;:n.o,r~Ta~noro aeneJIUH B. qac. c rre~u-· 

. ciaoM 2,4_.;!-)0;2·:ceK';.,'ITO. naxo1w~cH B xopomeM cor_:w,cmr/c .II3BecTHbiMII'' .. : · .·. 
··•• '.' . ' I '/·.' •. ·: : '·','·.. ·. "._~~· ·,: ~5··; ' 

paHHhiMII,' BblXOA?I H30TorroB, ... 102 u·· 25·~ 102 : rrpu"pa3nU'IHo~ Kontinrvlii- '' · :: · 

:~ Ul;ll !1PeACT~~·rieHbi. Ha . puc, • B, · ,. '" . . , ' . . ·." • . . .· i;··. ;~ :·, ::. ~~., ,.· i 
nanee nccn~AOB~nach peaKUHSI 

24 2 P: ( ·~ 2 N~~ .:-~n)'IIJ~2~~::.x ~- ·KOTopaSI 

HCITOnb'3oBanacb HaMH ''pa'aee rrp;r .CliHTe3e·~l04 aneMe,HTa B tPII31I'!eCKIIX 
. I 1 21 ·· · . ·. 

!I· XHMH'!eCKHX· ~ITbiTax ·.' ·• 8neprHSI rratia!OUIIIX HOHOB 6bi~a Bbl~ppHa paB-

'noii 113 MsB, rrpoBoanmicb.H3MepennH_ Bhrxoaa ocKonK~B .,c.rronTaHnoro ,Ilene- -

.~Hsi: rrpu pa3nH~HOH, Konmi~aUHH, B~ Bp~'MeHHOM pa~rrpeaeneH!Il! ~CKOnKOB .· • __ ~-:\ .. r.; 
., .: • ' ·< ' • ' _. •' • • .•• ' : • • .... ..: ,. • • • ~ :. • "'! : 

aeneHI;ISI, !1Penc::aBnennoM aa puc;· 8, ri~ucy'TcTBYlDT A!'\a Hsnytia1-enH c rrepu-' y:: 1 

. OA8Mll rronypacrraaa ;, 0,015 H. :_.., 0, 1 ceK, .KopO_TKQ)l{rfByUiaH aKTIIBHOCTh · 

( •. r 8.~.,;15 Mce~) ilomKHa 6hiTb HAeHTH!jlnu~poBaHa KaK ·ll~OM·e-~ -242 mf A~ .. :· 
· "( ': >~ · ·-<•·:·.: · .: :, . . . 242,,22 · · :·· 242mf ·• 

( r ·s. F'.: 14,5•_MceK), o6pa3yKiuiniicH: B ·peaKUHU · Pu( Nc:+1p,-1n) .: ~'!~,: 
' ~ . ' ' . . . . ~ . ., ' ' 

: . ·-. ~ ., ' 

_B :T? I ~peMH -KaK·· 6onee a~nro)KnByUiaSI .~~KTIIBHDCTb · . , 
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r ~ •. ~~: = 0, 1:!:_0,05 ceK) 'cooTBeTCTByeT pacrrany KYP'HlTOBIHIX:/. Ce'IeHIIe 
' • ' " ' . ' ' ' ' ' -34 ' 2 

o5pa30B8HIIH II30Torra 104 sneMeiiTa COCTaBriSieT "' 5~ 10 CM • flonHhlll .. 

UIIKn. · llBII)I(9HIISI · neHTbl 

,. i ·.;aXTIIBHOCTH. C:T ,256 10,2 

5hm Bb!5paH paBHhiM :JO C~K. II BKllllll noiii'OllmByiUe~ 
' 22 ' : 

,o5pa3yroruerocH B PE7aKUIIH ( · Nc, a 4n), 

5hm rrpe.He5pe)l(nMo Man • 

. B .~anbHe~umx· sK~iiepJIMeHTax npoBOlliinocb .HsMepeHIIe B~;xona 

' Hnep, IICIThiThiB.aroiUIIX cnoHTaHHoe. AeneHHe· c r. 8 .F. ·. = O, 1 ceK1 B saBu:- · .. 

· ciiMo.c'TJt o'r "cTene_HII: .ionniiMaUI!II;· PesynhTaTh! ripencTaBneHhi na pni:: •. 9. 

KaK·: u clienoB·ano• O)l(~llaTh, Bhrxon . 
242 mAm pe3Ko nanaeT c orpaHII'Ie~ .. ' ., , .. . . . ·. 

-IIHeM yrna • BhmeTa nponyKToB pe§IKUIIU, B To Bp~MSI K!3-K· Bhrxon nsoTona 

C ~· T: ~-.~:~ •• :"' 0,1 CElK' XOpOIIIO cornacyeTCSI C ·SaBIICIIMOCTb~1 Ollmlla9MOii: llmr 

'peaKuun. nonnoro -cnuHHHH.· 3To,, KaK .HaM npencTarinHeTcSI, si:BriHeTcSI npHMhiM 

ITOllTB9p)l(ll9HUeM TOI'0 1 .'ITO Z u3oTona. paBeii. 104 •. : 
....... ,.. .,. : 

CnenyeT nMeTh B ·Briny, 'ITO HapHny B 'rrpouecco111 nomwro chiiHHri.ii' ._, · 

·; .. 

:( 
22

Nc , ~ n.), BOSMO)Kifhl peaKUUU c'. Bhin9TOM sapSI)I(9HHhlX. 'IaCTHU TIIITa 
·- 22 ·.. • ' ', ' 2 2 . 

· ( .. Ne·; a xn) II ( :Ne; p, x n) ·~ npon.yKTaMII KoTop.hrx' ,5ynyT nsoTOIThi 

··io2.:.ro 'n 103:-ro sneMeHTOB. CBoii:cTBa Bcex usoTonoe 102 sn~MeHTa c· Mac.:.. 

CO~!>IMII 'IUCna~II };,~~:5~5710 2~~·. 2~51 • 254 U :T·ll~. B HaCTOSI~~e ~peM~ · , , :. ~.: :" 
··xopOIIIO IISB9CTHhl ··, · 

1 
II 11p9lliTOnO)I(E?HII9 0 · TOM 1· 'ITO CITOHTaHHOe llene-. · 

HUe' C .r.. s, F·. "'0, f ce~ MO)I(~T 5blTb OTHeC~lto. K USOTOITaM C Z',; . 102, 

oopasyiOIUHMCSI B ·'peaKUUll. 242 Pu ( ·. 22N~ ; a. xn ) 102260 -.x, ~erKo' UCKniO'Ia·~TCSI. ,'' 
·" · : .'' · ' ' · , . • 242· ' 22 · " ·' '263-x · 

OinenhHO neo5xo.UIIMO paccMoTpeTh peaKUIIIO .. Pu (. Ne, pxn)· 103 , 
. ~., ,• . .. ~- ' 

_ '1\f!:., C O~H_oii: CTOp0Hhi1 .rrep119!f.U1IKynHpHaSI COCTaBnHID!IlaSI UMnynhCa RJ;ipa 

... · x/ ri~~pnon uonypacnana·,· nonytieHHniH B aTHX ... onciTax, · oK·asaltcSI IiecKonb~\ 
. ;·Ko MeHbiiiHM y~asaHHoro HaMn yan~e B pa5oTe/ 11. (' r s.F. · = 0,3:!:_0; 1 ceK). . 

·3TO, paCXO)I(ll9HUe o5'hSICHSI9TCSI 1 110 ,Hallie My 'MH9HU!01 . T9M 1 'ITO 'B OIThiTaX • .•.. ' ' . ', .. ,' . ., ''·,, . ' '. ,' ,· . ' '· 
KOTOph18 npoBOllllnl!Cb Ha BHyTp8HHeM .nyqKe 1 npncyTCTBONln llOni'O)I(IIByiUUii: 
<PoH, BbiSB.aHHhlll. 'nirTeHCIIB~biM neii:TpOHHbUvt' ITOT9KOM 'BHyTpU ycKopuTenbHOlt .. 

. KaMepbi~- 3io · o5cTo~ienbCTBo non~Ho, npimonuTh. K saBbrrneuiiiO :nepuona · 
nonypacnana. 'Ha BbiBeneHHOM ny'IK.e liOHClB B sanaHHOM. rrcinO)I(9HUU neTeK-:­
TOpOB oc:KonKoB neneHnH <Pon, o5ycn~mneHHbiii:. Heii:TpoHaMn, np~KTn'IecKu .. · 

'nonHOCTbiO OTCyTCT.ByeT,· OllHaKo,:· us-sa ·uHT.eHCIIBHOii: KOpOTKO)I(UByiUeii: ' · · 
liKTHBHocTn. · -~ 42mfAm · · BOSMo:>KHo HeKoTopoe.· saHn)l(enne nepilona .rronypac-
nana Kyp'IaTOBIISio ·. . ... •' 
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f'Hc~ ·g. HHTerpanhHhie yrnoBhie pacnpeJleneHHSI Am 
. ( OTKpbiThie · KpymKH) H ;H30Ton'a .104 aneMeHTa: ( '!epHbie 
... ~ . . - . . . ' - 2.4 2 - 2 2 -.. ' . 
TO'IKH), nony'leHHhie B peaKUHH · Pu . + Ne • CnnomaaSI 

'KpnBaH ;..·_JlaHHhiei n~ny'leHHhie. s MollenhHhiX onhiTax· (eM;':: 
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OTJla'lrr .rrocn9 rrcrrycKaHrrSI rrpoToHa H9MHOI'HM 6onbru9·, '19M JlliSI p9aKimrr 

C Bblll9TOM H9MTpOHOB1 C Jlpyroii -. IlpOJlYKT8Mif p9aKUiflf SIBliSIIOTCSI TSI:H<9...; 

llbi9 rrsoToiibi 193 an9M9HTa, caoiiciaa KOTOpbiX H9H3B9CT.Hbi. BMecT9 

C T9M 1 Ha6moJl89Mblll lf3lly'laT9llb CilOHTaHHOI'O Jl9ll9Hil:SI He MO:H<9T . 6b!Tb · 

II30TOIIOM 103 9ll9M9HTa IIO Cll9JlyiOIUIIM Ilpll:'lll:HaM: 

I. B cn9urranbHoii · pa6oT9 6bmo. rroKasaao, 'ITO 103 an9M9HT no 
. . . . /14/ 

Xll:Mif'19CKIIM CBOMCTBaM SIBliSI9TCSI 8KTil:Hil:JlOM 1 B TO Bp9MR · KaK CIIOH...; 

TaHH09 Jl9ll9Hif9 ·c T s. F; ,.· a •. I C9K COOTB9TCTBY9T 9ll9M9HTy, KOTOpbill 

SIBJISI9TCSI aaanoroM Zr . , Hf 

· 2.· C9'19HH9 o6pasoaaHHSI rrsoTonoB B p9aKurrrr . (H.I.; p xn )· 

JlOll:H<HO. 6b!Tb cyiU9CTB9HHO M9Hblli9 1 '19M B.peaKUiflf (H.l.; xn). 
. . . /15/ 

-3To 6bmo noKasaao B pa6oT9 B.A • .Qpyrraa . . aa npl!Mep9 p9aKurrii: 

. 238 U ( 22 Ne, 4 n) 266. 102 • 

C U9llbl0 IIOliY'I9Hil:SI JlOIIOliHil:T9llbHblX 9KCII9pHM9HT8llbHblX Jl8HHbiX H8MII 
. . . 

rrccn9JlOBanrrcb 9IU9 JlB9 p9aKurrrr: 

2 4 I A ( 16 0 • 4 ) 2 52 1.02 .:. m , p, n. 
' . 

239Pu(ls0,Sn) 252102. 

0THOlli9Hif9 C9'19Hrrii oKasanocb paBHbiM. 
a (p, 4 n ) . 1 

---"-::--:-- < - . 
a(5n) -so TaKHM o5pa-, ' 

3oM, rrp9Jlii:>.no:H<9HH9 ·o ToM;· iiTo aat5niOJla9M09 crroHTaHJI09 Jl9ll9HH9 oTHo­

cuTcSI K pacrraJly rrsoTonoa 103 an9MeHTa MO:H<HO cqrrTaTb rrcKlii0'19HHbiM. . . .. ~ . . . 

Hs rrsM~pearrSI yrnoBbiX ·pacrrp9Jl9ll9Hrrii. aenbsSI nonyl{HTb· JlaHHbiX 

0 MaCCOBOM 'lll:Cll9 lf30TOIIa1 TaK K8K 38Bil:Cil:MOCTb BbiXOJl8 OT yrna . npaKTif­

'19CKif. 0Jlll:H8KOB8 JlliSI p9aKUifll C ·rrcrrap9!IIf9M 3-x, 4-x If 5-Tif H9MTpOHOBo 

TaKrrM o6pasoM1 Maccoao9 qrrcno aa6niOJl89Moro rrsoTona 104 an9M9HTa 
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MO)I{eT 6biTh 259,260 Ji 261. 3TO COOTBeTCTByeT HCnapeHRlO Ji3 COCT8BHOrO 

srllpa 
264 io4. 5-Tn, 4-x n 3-x HeiiTpoHoB~ BMecTe c TeM, ncxollSI · na oue­

/10/ 
HO'IHbiX paC'IeTOB 1 . MO)I{HO npellll01!8r8Tb 1 'ITO npR 381l8HHOH . 9HeprHR . . 

B036y)l{lleHHSI COCT8BHOrO. SIIlpa: BepOSITHo'CTh RCnape.IIHSI Tpex HeiiTpOHOB 6ylleT 

cyiUeCTBeHHO MeHbiUe, qeM qeTbipex Jil!Ji llSITiio. nnsr nposepKii 9TOro. npell-
. . . 239 16 2~2 .• 

nono)l{e.IIHSI H8MH nccnellOBanach peaKURSI ' · Pu ( 0; 3n) 102 

npn aHeprnn ROHOB 
16 0. , paBHoii 90 Mas. Ebrno itoKaaa.ao, 'ITO seposrT...; 

HOCTh ncnapemrsr. Tpex .aeiiTpo.aos B 15 .paa MeHhiiie, ·.'leM qeTbrpex. 3To, 
' . 261 

K8K H8M . Ka)l{eTCSI1 llenaeT: M8l!OBepOSITHbiM . o6pa30B8HJie Ji30TOll8. 104 

n TOrlla cnellyeT; ·'ITO cno.aTaHHoe llene.ane .. '? nepHOilOM O, 1 ceK ncnbiTbiBa.eT 
259.. . 260" . "· 

nn6o · 104 , nu6o 1()4 . 

M 6 
. /5,4/. 

bi. .BHOBh npRXOilliM K npo:rnBope'IHlO C ll8HHbiMJi pa OT 1 K~K 

9TO y:li<e HMel!O MeCTO llO npoBellElHHSI s:rux OllbiTOBo. neliC'l'BRTel!hHO, 
. . . 260 

eCl!Ji CllOHT8HHOe llel!eHRe 1 H861!lOil8eMOe li8MJI 1 OTHOCHTCSI. K H30Tony 104,. 

TO 9TO non~OCTblO npoTHBOpe'IRT CRCTeM8THK~ .nepROilOB CllOHT8HHOrO 

lleneHnsr, npnBOil_HMbiX aMepnKaHcKRMR asTopaMu. B aToM -~nyqae pacxo~-
.• , 260 1.0 

lll!SI Ji30TOll8 . . 4 C H3MepeH":" ·lleHHe npellCK838HHOrO _3H8'1eHHSI T S .F • 
. . 6 . 

HbiM .aaMH cocTaBnsreT .10 .• C llpyroii cTopoHbi1 ecnu npellnono)I{HTh, 
0
!!TO 

. 259 261 .- . . . 
H86lllOil8eMbiH a<iJ<iJeKT OTHOCHTCSI K . 104 Jil!H · K · 104 1 TO pa3HOrna..:;, 

/4/ . . 
cne o'leBRilH01 n6o cornac.ao llBHHbiM, ·~ony'leHHbiM B EepKnR ., uaoTon 

2 ~~104 He HCllbiTbiBaeT cnoHT8H.Horo lleneHRS! ( .Tt/2a = 3 CeK),. a.II30-· 

TOn 26 f l04 RMeeT nep!IOil nonypacnalla IIO OTHOIIIeHIIlO' K CllOHT8HHOMY 

lleneHiilO OKOl!O 5 MHH. 
. ' ·. 

J1a peaynhT8TOB; nonyqeHHbiX B H8CTOSIIUeii pa6oTe 1 cnellyeT, 'ITO 

naMepe.aire n.aTerpanhHbiX y::noBbiX pacnpell~neHuii rrpo.riy~ToB SIIlepHbiX 

pe8KUHH n-~GBOl!S!eT llO~T8TO'lHO · Halle)I{H~ RlleHTH<iJHUHpOB8Th. rropkllKOBbili HOMep 

· aneMeHTa. 3ToT MeToll · srsnSieTcSI secbMa yll~5HbiM npu cHHTea~ HoBiixx 

aneMeHToB, B peaKunS!x ~ ycKopemihrMn TSI)I{enbrMR nona~~~.· HaM Ka)I{~TcSI, 
. . . . .. /3-5/ 

'ITO· llmi R3QTonoB 104 aneMeHTa, rronyqeiiHbiX · B Eepkm;I · , uenecoo6-
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pa3HO npoBeCTH H3MepeHHe 3aBHCHMOCTH BbiXOJla OT CTeneHH KonnHMaUHH1 

'iTO 3Ha'iHTenbHO nOJ?biCHT Ha)le>KHOCTb 3~KniO'ieHHSI aBTOpOB STHX pa6~T. 

- ABTOpbi 6naro)lapHbi aKaJleMHKY r.H.<Pn.epoBy aa BHH.MaHHe H 6onbiiiYID 
' . . . 

noMOillb B nocTaHOBKe onhxToB 1 a TaK>Ke aa ueHHbie aaMetiaHHSI H npeJl · -

no>KeHHSI B npouecce pa6oTbi H npu · o6cy*JleHHH aKcnepuMeHTanbHbiX 

)laHHbiX. 

Mbr · 6naroJlapHbi rpynne aKcnnyaTauuu ycKopHTenSI, pyKOBOJlHMOii 

B.A.3arepoM1 aa nony'ieHue HHTeHCH~HbiX u. CTa6nn~HbiX ny'iKOB HOHOB 1 

~ TaK>Ke a:H.IToKpOBCKOMy,. B.T.·CTenanoBy,. B~H.illaTypHHy, r.i3. ByKna­

HOBy, T.H.Pbx6aKoBoii, K.H-.MepKuHoii H A.B.CepreeBoii aa noMOlllb B Haro­

ToBneHHH annapaTypbi H o6pa60TKe OnbiTHbiX JlaHHbiXo 
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OraHeCliH IO,U., no6aHoB IO,B,; TpeTbliKOBa c.n., 
na3apeB IO,A,, KonecoB H.B., raapHnoB K,A.; 
nnoTKO B,M,, nony6ollpHHOB IO.B. 

P7-4797. 

HA9HTH~HK8UHll 102-ro H 104-ro aneMeHTOB C UOMOWbro 
KOnnHM8UHOHHOI'O MeTOA8 

HpHBOAliTCll pe3ynbT8Tbl. OUbiTOB no Ha6nroAeHHro o6pa30B8HHll H30TOUOB 
2 ~ 2 102 H 

2~ 6 102 B HJiepHbiX peaKUHliX UOA AeitcTBH9M HOHOB 18 0 H 22 Ne 
a TaK)I(e 104 aneMeHTa npH o6nyTieHHH '242 Pu HIJ.HSMH 22 Ne , 

H3 HHTerpanbHbiX. yrnoBbiX pacnpeAeneHHit cneAyeT, 'ITO · na6nroAaeMbiit 
':J peaKUHH 

242 Pu+ 22 Ne H30Ton,- HCUbiTbiB8IDWHit CUOHTaHJIOe AeneJIHe 
c nepHoAOM nonypacmiAa .r s.F... 0,1 ceK, 66pa3yeTcl! B peaKUHH nonJioro 
cnHsiHHll H1 cneAOBaTenbH01 HMeeT aTOMHbiit HOMep 104, , . 

fipenpHBT 06beAHUeHHoro HBCTH'fYT8 ll,llepHhiX HCCJie,llOBaHHA. 

,[zy6Ha, 1969 

Oganesyan YU.Ts,, Lobanov Yu.v.,· Tretyakova S,P, P?-4797 
Lasarev Yt..i.A,; · Kolesov LV,, Gawilov K,A,, · 
Plotko V,M,, Poluboyarinov Yu,V, 

Identification of Elements 102 and 104 by Collimation 
Method 

. t f 2~ 2 102 2 ~ 6 1.02 • . The expenmental data on s udy o and . . 1sotope pro-
duction in nuclear reactions induced by 

18 
0 and 

22
Ne ions and pro­

duction of element 104 by bombarding with 242Pu and 22 Ne ions are 
presented, It follows from the ·integral angular distributions that the 
spontaneously 'fissionin~ (with the half-life of r 8 F., 0,1 sec,) isotope, ob­
served. in. the reactiorf 2 Pu+ 22 Ne1is produced in "the complete fusion 
reaction, and , hence; has the atomic number 104, 

Preprint. Joint Institute for Nuclear Research. 
Dubna, 1969 

... 


