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BBeJJ._e.HII·.e.-

B psiJJ.e siJJ.ep aKTIIHOIIJJ.HhiX aiieMeHTOB Ha6moJJ.aiOTcSI 1130MepHbie co.;- · 
.·. ·•.·. -9· -2 ' " .. ·,· ·. 

' CTOSIHHSI c nep110/J.8MH. nonypacna}J.a 10 10 ceK, pacna}J.aiOIIIHeCSI B oc-
/ 1-4/ . . • . .. ·. •.' 

HOBHOM nyTeM CIIOHT8HHOro JJ.eneHIISI o Heo6bi'IHbie CBOfiCTBa STIIX co-

CTOSIHii~ (Manhxfi 6-niiH 11 aiorcoKaSI aHeprlm Bo36y>KJleHiiSI/ pe3i~e ysenll'leHIIe 
' ••• • ~~ : • ' -· ' • • c ' - • ' -' ., • - ' -' 

BepOSITHOCTII CIIOHTSHHOrO JJ.eneHIISI 1 KOppenSIUIISI npoueCCOB o6pa30B8HIISI 

1130MepoB II BhiHy>KJleHHOro JJ.eneHIISI) yK83biB8IOT Ha IIX CBSI3b CO cno>KHOfi 
f ': 

CTpyKTypoil: 6apbepa JJ.eneHIISI. 
< /56/· " ••... 

113 npoBeJJ.eHHhiX B nocneJJ.nee .IIJ:>~Mfl pa_cqeToB ' cneJJ.yeT, 'ITO 3a-

BHCIIMOCTb IIOTeHUIIanbHOfi SHeprllll SIJJ.pa OT i:tecjlopMSUIIII He OIIIICbiBaeTCSI 

npocToil: ~~-pa6onoi!:, 11 pea~bH~Iil:_ 6apbep JJ.~n~HIISI IIMeeT MIIHII~YM B p~il:~~e 
ceJJ.nOBOil: TO'IKIIo B pSIJJ.e SIJleP_, STOT MIIHIIMyM }J.OCTa_TO'IHO rny60K 1 _II B HeM 

HMeeTCSI .. uenaSI CIICTeMa ypOBHefi, HU>KHIIlt H3 KOTOpbiX SIBnSieTCSI U30MepHbiM 

( 6~pbep1 pa3JJ.enSIIOIUUfi ~epByiO H_. BTopyrono_TeHUIIanbHbie SIMbl 1 SIB~SieTCSI . 

npii'IHHOjt 38III:J~Ta JJ.nSI y ;:_U3nyqeHIISI. C H30MepHoro yp(>BHSI) o HoaTOMy HC

cneJJ.OB~HHe _ cnoH:l}~HO JJ.enfi_IUHXCSI • H30MepOB II03BOnSieT nony'IIITb pSI/J. CBeJJ.e-

a11lt o cjlopMe_ 6apbepa JJ.eneH~H u _csoltcTBax HJJ.ep npn . ~HoManbHo 6onbmux 

}J.ecjlopM8UIIHXo . 

)Ileu.~IQ JJ.aHnoil: pa6oTbi SIBnHeTCH ()llPeJleneHIIe o6nacTII pacnpocTpaae

. HIIH. CIIOHTSHHO JlenHIUIIXCSI 1130M~pOB II Hf3MepeHII(l _Ce'leHIIlt :?6pa30B8~U~ 
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r/IJII'fJf;KHH IO.n., Hrycn Konr Kxrwb, flynaTon Il.Il. 
P7-6286 

flony~C/111() C/10/ITll/1/10 IIDllAWHX~A 113DMB[JOB C HBHOCBKYHIIHWMH 

P.pDMB/IBMI! iKI!:mu n fJOIJKlllfHX r; a - 'IaCTI!UilMI! 

06ny'llllll!Cb MI!UlBHII 113 1!30MCpDn TOpiiA 1 ypaHa If llMBpi!UI!H a - 'lllC

TI!UilMI!o flony'IBHbl CITOHTilHHO /IBl!HIUI!BCH 1!3DMBpbi nnyTOHIIH
1 

K!Opi!H II 5BpK

·ni!SI c BpeMeHaMI! lKII31111 IQ-9 - IQ-7 ceK. 11cnonb30Banacb MeToanKa 113-

Mepei!I!H BpeMe!tll nponeTa smep oTaaqn. flony'!eHHbie pe3ynhTaTbi o5cylKaa

IOTCSI 11a oc11ose· Moaenn asyrop6oro 6apbepa aene11na. 

llpenpHHT 06be,QHHeHHOI'O HHCTHTyTa S.QepHbiX HCCJie,QOBaHJdi. 

~y6Ha, 1972 

Gangrsky Yu.P., Nguyen Cong Khanh, Pulatov:D.D. 
P7-6286 

Production of Spontaneously Fissioning Isomers, 
with Nanosecond Half-Life, in the a -Particle 

Reactions 

The targets of thorium, uranium, plutonium and ameri 
cium were irradiated with a -particles on the isochronous 

· cyclotron of the Laboratory of Nuclear Reactions of the 
Joint Institute for Nuclear Research. The spontaneously 
fissioning isomers of plutonium, curium and berkelium 
with a half-life of lo-9 - lo-7 sec. were produced~ The 
time-of-flight method was used. The obtained data are 

.> ;; I discussed on the basis of the model of the two-humped 
fission barrier. 

Preprint. Joint Institute for Nuclear Research. 
· · Dubna, 1972 

B pHae·Haep aKTHE 

. CTOHHHH C nepHoaaMn' :rfc 
; ' . ~ : 

HOBHOM nyTeM cnOHT8HHI 

CTOHHHft (~anbift cnHH ~ 
BepOHTHOCTH CnOHTaHHOr 

H30MepOB H BbiHY*aeHHO 
-, > '-

cTpyKTypott 6apbepa aen 

Ha rfpoaeae~~~IX :~ 
,-:, 

BHCHMOCTb nOT9HUHanbHC 
·i 

npocToft napa6onott, H P' 

ceanoaott ,TO'IKH. B pHa_e 

HM99TCH. uenaH CHCTeMa 

( 6apbep, paaaenHIOIUHtt_.I 

npH'IHHOtt aanpeTa an~ } 

cneaoaaHHe.cnoHTafiuo'a 

,HHft o ¢opMe< 6aJ1bepa aE 

aelf>opMaUHHX, 

. 1I!en~l9 aauuC>tt pa6c 

,HHH cnOHTaHHO aenHIU.H.XI 



9THX COCTOSIHHii: B peaKUHSIX C a -'laCTHUaMH B lllllpOKOii: 06JiaCTH A ll l , 

PeaKUHH c a -qacTHU8Mll npoTeKaroT npeliMymecTnelino qepe3 o6pa3oaanHe 

.COCTaBHOrO Hapa, 'ITO CYW9CTB9HHO ynpowaeT HaeHTli~HKaUHID npoayKTOB 

peaKUHH 11 HHTepnpeTauHro nony'leHHhiX pe3yni.TaTon. 

MeTO,(!HKa :aKcnepHMenTa 

c OnhiThl 6b1Jlll nponeaeHbl na li30Xp0Hl!OM UHKJIOTpolle y -200 na5opaTo

pllll HaepllbiX p.eaKUHii: 011JJI:1, 3neprng yCKOp9HllhiX B UliKJIOTpOHe a -'laCTHU 

cocTanHna 36 Man. Cnn>Kel!He ee npoH3BOallnoch c noMomhro anroMnnHeBhiX 

norno~nTena ii:, 

nnH onpeaeneHJm nepliO,QOB fiOJiypacnaaa CITOI!TaHHO aem!WHXCSI. 1130M9-. . . . . . . .•. ' .. ' . . . . 171 
poB liCfiOJib30BaJiaCb M9TOaUK8 li3Mepel!USI Bp9M911ll ~pone-r,a Haep OTa~'lll 

CxeMa :aKcnepnMenTaJibHofi ycTalloBKH npeacTaanena na pHc. 1. KonnnMHpo-
-~ . . . .. ' . -.' :. . . 

Ballllhlii: ny'IOK a -'18CTHU nonaaaeT lla Mlllll9llb1 Bbi6HTbl9 Hapa OTaa'IH 1 npo-

JI9T9B H9KOTOpbe p8CCTOSIHH9 1 3aBHCSIW99 OT Bp9M911ll >Kll311ll li30M9pi!OrO 

COCTOSIIIHSI 1 pacnaaaroTCSI l!a ana OCKOJIKa, oaHII 113 KOTOphiX perHCTpllpyeT

CH aH:aneKTpli'19CKHM aeTeKTOpOM. B3aHMHOe pacnosiO>K~Hne Mlllll911ll H ne-: 

TeKTopa 6biJ10. TaKHM, 'IT06bi liCKJliO'IliTb nonaaanne Ha ~eTeKTOp OCKOJIKOB 

Bhllly'>KaeiiHoro aen~HHH n'S MnirreiiH; B <Kaqec;B~ nn~lieKTpnqecKoro JieTeKTo

pa liCITOJib~OBS:JiaCh cnroaa-MyCKOimT. nocne o6ny'leHHSI ORa. ripoTpaBJIHBa~ 

nacb B ;KOHU9HTpHpo~al!HOii: Im.cnoTe ( nn~~li~OBoii:) B T9'19Hll9 2-3 qacoB . 
. · ':. .. .. . 0 .. . . . . . .•. ' . . . .. _ .. . . -.' 

npll TeMnepaType 18 C ll npocMaTpliBaliacb npn ITOMOWll onTH'IeCKoro Mll~. 

KpOCKona. 1:13 paaHaJibHOro pacnpeaeneimH TpeKOB H~ cnrone MO>KHO oue,;. . 

HliTb. neplloa' nonypacnaaa ·- o6pa3yromerocg. B . p(iaKUllll ciloiJTaHHo'·aen~wero: 

est H3oMepa. Ha ·p11c. 2 npeacTaaneHhi paaHanhHhie pacnp~nenenmi TpeKoa, 

pacc'lnTaHHbie anst pa3mi'IHhiX nep11oaoa nonypacnaaa H R3MepeHHhie a·a 'onhi-
240 243 . .. .• 

Te anSI li30MepoB Pu ll Cm • BHano, 'ITO TO'IHOCTb liSMe'pennii: nenemi-

Ka, occi6eHHO ans:t nepnoaos. rionypacnaaa 6onee 50 . HCeK, nng 6onee 

TO'IHOro . li3MepOHHSI' . nepnoaa nonypacnaaa (a TO aenanocb o6i;itino B ciry-

4 

'189 ne H3B9CTllhiX pa~el 

. KonKoa na .cmoay. ·n~ s1 
JIHTh·paccToHnne,"a~cne 

.~ •• l .: ~-.: (_ 

aaqn ao pacna.ua • .. /-.,' 
. OcKoJIKH aenennH 

·nunocb na paccTos:tnnn 6 
n~pHO.llhi nonypacnalla . .uc 

· '( 6onee 5%) • . n~HH8SI :Me~ 
>KHBYWHX CITOHT8HHO .ll9JI: 

-'laTeJiel! OCKOJIKOB npaKT 

ann .ll0CT8TO'Ill0 .ll8J19KO_l 

Ocnoan~IM. · ncTo~~n 

ypalia no.u· .ueAcTBHeM ·.·~~ 

' a .;.qa':TliU C K~JIJIHM8TC 

.llhi c nn3KHM co.uep)Kanii 

nns:t peaKunA a'o''I0-:33~.-~ 
HnTencnallocTb. n~ 

Kpo'Me · ~oro, iiaM'ep~ncs;: 
• ,• ~ ' • J • ' 

npn noMomn .un:aneKTpli'IE 

inerocH 56nn3n· uB:nliH.upa 

--:. ~ '; Or 

Ha onhxTe li3Meps:tJIJ 
;''_(; ·, :- . . , .. \ .. ":.:, 

na3ahiBaromero_ 11 Mrnoae 

'lliTb OTliOIIl9Hlle C9'19lllltl:_ 

nenns:t ( a 1 ) ~ neo6xo.UHM 

. H ·.~~e'~~Tli_Bll!~'. ;~~H-~{ 



rpoKoii o6nacTH A n Z • 

19HHO qepe3 o6p830B8HHe 

HTHtPHK8UHIO IIpOAYKTOB .. 

lO~poHe Y-200 na6opaTo

L B UHKIIOTpOHe a -qaCTHU 

- IlOMOUlbiO 81IIOMHHH9Bb!X 

I!T8HHO nemiUlHXCSI H30Me-
. . /7/ 

1 .·. rrponeTa SIAep oTna_qn 

ia aa pnc. 1. KonnnMnpo-
(:.; ., " •', , 

ei!H JKH311H H30Mepaoro 

I KOTOpb!X perHCTpHpyeT

JnOlKeJIHe Mnmeun n ne-: 
'."' ' -·' 

~··aa AeTeKTOp OCKOIIKOB 

n~neKTpnqecKoro. 'neTeKTO

I~HHSI 'OHa·npoTp8BIIHB8-

~- ~eq.eune · 2-3 qa·cos 

)~omn ·orrTnqecE:oro' Mn

·aa . CIIIOAe MOlKHO oue-

:nn, crroll'ramro aenSimero.:.. 

~ pacrrpeneneanSI TpeKoB, 

na . i( H3~epeHHbie . H8 Oilbl

rHOCTb II3MepeHIIii . HEiBenn

. 50· nceK. • llnH 6onee 

aenanocb o6i;iqn'o '6 ciry._ 

i. 

. . 
•' 

qae He H3BeCTHbiX panee n3oMepo-~) H3MepSinncb .TaK:me yrnbi naaeunSI .oc

){onKoB H8 · CIIIOAY • . ll~ Bennqnae yrna U KOOPAHH8Te TpeKa MO>KHO . onpeae.;. 
~. -· "" • ,. t' _ .. ._ •.• c '. : ~. ; c • • • • ; . • - . • • '~ ' 

aaqn AO pacnana. 
. ~ ; ' 

0CKOIIKH AeiieHHSI OCT8BIISIIIH; TpeKH H8 CIIIOAe, ecnn SIApO OTAaitn Ae-
~ , . . , I " . . ' 

nnnocb ua paccTOSIHHn 6onee. 1 MM OT Mnmenn. 3To no~sonnno naMepSITh 
• • ". - ;: • > ~' :. -- -' • • • : - - ' • : • ·, 

· rrepiiOAbl rronypacnana AO 0,5 HSeK C_ll:OCT~To;no BbiCOKOM ·a¢.cpeKTHBH~CTbiO 

' '( 6;~ee 5%). lla.HH8H MeTOAHK8 oco6eHHO YAOOH8 anSI H80~10Ael!HSI KOpOTKO- ' 
'- . . . . '. . ,'- - ' . ' 

>KHByUlHX. CixOHT8HHO A~IISIUlHXCSI H30MepoB, ToKo tPOH OT AOIII'O>KHBYUlHX nany.:_ 
·. .. . . . __ , - - . . . . •' ' 

· .qaTeneii . ocKonKoB npaKTntiecKn _ oTcyT.CTByeT _( pacnaa smep oTnaqn nponcxo-

nnn aocTaToquo naneKo oT neTeKTopos). 
- ' ----J· ...... ~-·-"!. ' ~ ," '" ,•,·-.·. -_ -: :· ,-.q· . ··. ·, .. · .. · ., ,- ' -:; . 

OcaoBHbiM ncTotinnKoM t!>ona · 6bmci ·.n~nenne · conep:iKamerocsi a cniOAe 

ypaaa . IIOA; aeftcTBire~ . HeiiTpOHciB; KOTOphie ~o~fiukan~ npn' ~38~M~nericTB~H 
. :a -~acTIIti c KOliiiHM~Top~lvt, nornoTnTe~~MH ·J' M-~ui~~~lo.' nl>Ii :. Bb~6~pe. cniO~ 
Ahi 6nnaKnM coaep:manneM ypana ( .< · io-6%). Mo:mno 6hirio Iia~epSITb. c~~e-

. ·. . . .· ••. -33. . 2 . ·,, 
HHSI'peaKUHii AO 10 'eM • 

·· MnTeiicnsliocTb' ny-.iKa ··;;-·.;:qacTnu' onpea~iiHnacb Iin~nnapoM «l>apaa~H. 
Kpo'Me:~oro, H3Mepsmcsl' B~ixoit oc'K~~'K6a<M~-H~B~H~~~~ d~neH~~ lf3' MHWeH·~· 
npH ·no~omlf: A~an.eKTpnq~c~oro a~TeKTopa, ( cniui~aTHoro :c~eKna),. H8XOAH

merocH ~6nnan UHIIHHApa ~apaAeH. 
~. 

Ha_ OIIbiTe _Hal'v!epH_noch OTHomenne qncna ocKonK~~ }la,~e1:'~KTopa_x aa

naaahr~~~niero H -~I'HOBeHHOI'O AeneHHSio \{TQOhl H3 _ 9TOI'O OTHOllieHHSI nony-
., . ' ' -, . ' . . ' ) ·,. : : ... : ·' ' . - '· ~ . ' ' \ ' . . , 

qnTb oTaom,enne_. ce~en~ii o6paaosaHnH ~ao¥epa, (O:i·. ) .n ~I:'HOBeHnoro ne-
-~ . •.. ·~· .· ,.. . . . ' . . - . -' . -. '· . : . - ,. . . . . - -

~e~~~,.,t ~l~ )~: Jieo:6?Con_nM? Y.q~c1'1> s4>4>eK1'HB!f~CTi. perncTpaunn_ o~KonKoB 
. H stfJ<fJeKTHB~rJ? _TOIIUlHHy. !d!f~elin·~ , : 

; . , ... 

' • • - • • • ' • • > -~ • 
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8<jl<jleKTHBHOCTb perncTpatmu ocKonKoB Mrnoaennoro nenennH paccqn-

.• Tb!Banacb H3 reoMOTJlHH 'oribiTa~ Baonunacb rronp~BKa . ua' annaoTpOIIlllO. yrno

aciro pacnpeneneimn. llpn. aariaailbma'romeM nenennn 'aip<jleKTH~HOCTb pern~T

paunn 38DIICHT OT nepHoria no'.riypacnana. 8Ta 38BHCHMOCTb; paCC'IHTaHHaSI 

nnn HCIIOnb30D8HHbiX B ll8HHOH pa6oTe llH9nOKTpH'IOCKHX '.[l:eTeKTOpOB (~onb
UO na cnronhi c nnelllmiM nnaMeTpcit,; 60 MM n anyTpennnM -: · i 2 MM), 

npenc-iaanena na puc. 3. l1aMepennoe yrnonoe pacnpenen'enne ~cKonKoa aa-

naanbiDaromero neriennS:i oKaaanocb naoTponHbiM a nperienax olll'utSoK aKc~e

pnMenTa ( 15%) 1 n~aTciMy nonpaDOK Ha aHII30TpOIIifiO B 9TOM cnyqae ne 

BBOllllnOCbo 
•· · · • · · Mr 

B oi1biTax ncnonbaonanncb Mlllllenn Tonmnnoil 0, 2 ...; 0,4 --:2 , 'ITO 
CM 

MeHbllle npo6era ocKonK()B n 6onhllle. npo6era ,n.uep oTnaqn! noaToMy oc-

KonKn Mrnoaennoro neneHHH BhmeTann co nceil Tonll!HHhi Mlllllenn, . a Hllpa 

oTna'lll - nnlllb .c noaepxnocTaoro cnoH •. Tonmnny ~Toro cnoH MO>KHO nony-. . . . . Js! .. 
'll!Tb na pacqeToB npo6era Tn>KenhiX Hllep B nemecTae • OnnaKo peanb-

nan TOnmnua cnoSI, na KOToporo BhineTaroT Sinpa oTna'ln, KaK npammo, 

M9Hblll9 paC'IOTHOH ll3-3a aarp513H9HliH IIOBOpXHOCTll MHlllOHH, nng onpene-
,, ' . . . . . . . • •. ; : . ' ' . . . 2.36 

nennSI a<jJ<jleKTHBnoil TonmiiHhi cnoH naMepHncSI DbiXOll Hllep oTnaqn Pun 
:240.. : 2.35'· · .. ; . 2.39'• . ..... •• . . . .. 

Cm Ii peaKUHSIX U (a, 3 n) n Pu (a, 3 n) , ce'!eHliSI KOTOpbiX na-
.. /912/ ' . . . . .• ' . . . . .. . . .. 

necTHbi ' • l1aMepennSI noKaaann, 'ITo peanbHaSI Tonumna cnoSI, ns .. Ko-
. 2.36 240 .. .•.. • .. ,,. . .: 

Toporo DhineTaiOT Sillpa oTnaqn Pu n Cm , cocTaanSieT 30% oT pac'!eT-

uoil. 8Ta nonyqennaH ua OIIbiTe a<P<PeKTIIBHaH Tonmnna Mnmenu ncnonbaoaa..; 
. . ; .. . . ~ - . ' . . . ~ : . 

naCb llnSI onpeneneHHSI OTHOlllOHHSI ~ /ai • 0lllH6Ka B li3M9p0Hllll OTHOlll9-

HII51 ceqennil ·cocTaBnSina· 50% .n 6hma B ocnoalioM cagaana c neonpenenen

uocTbro a<P<PeKTnnnolf Tonmnnhi Mnlllena. ·. 

llocKonbKY B . peaKUIIHX • C a . .:.qaCTHUaMH. ceqeJine MrUoBennoro' .aene-

HHH npaKTH"lOCI{ll COBnanaeT C . CO"l9Hli9M o6pa~OB~HliH COCTSBHoro 51llpa, TO 

OTHOlllOHHe a; I a·, npencTaBnSieT co6oii BepoHTHOCTb p~aKUIUI 6 nc~~penneM 
nannoro "lncna neiiTpouoa. B cTaTHCTII"lOCKoil: Teopnn Sillpa aTa aepoSITHOCTb 

/10/ 
OIIHCh!DaOTCSI· Dhlpa>KOHHOM : 

B 

P(E,'nJ ,fr~n.2 
n 

rlle l(t~:; 2ri- 3) - HE 
n .. 

. ~ " 
n - "!Hcno. ncnymeHnhiX 

,•. 

SI.aepnag TeMnepaTypa. F 
. . . . : 

SITHOCTll peaKUllll OT 9H€ 

MyMa . KOTOpoil· 38DHCHT • E 
' . . 

na6.rirol1aiOTCH OTKnonenns 

HHSI ne cTonb nennKn, ;'f' 

ecnn "lncno ncnymennhiX 

MOHTanbiih!O TO"!Kll IIpOD 

nono>Kenne MaKCHMYMa n 

non, a, cne.aonaTenbno, 

f 
.. ;-':; ~ ~. 

l130TOIIbl. ypan~ 
2.36 •2 

Mepa ypana ;- U ; My 
/4/ ·· .. ···. 

100 II .. 250 HCOK. ,. llp 

rHHMH 22-36,MaB ~mry, 

nsoTonax ypana c .Maccc 

.[19T9KTopax OCKOnKOB.38 

rpannue ceqenng o.6paaci 
'·. :- ' . . . ,-· ·,. ' 

B 1000 paa HH>Ke CO"!OHE 
2.36 ' 2.38 . .. . · 

U H , U o .8TO MO:ll . . . - ;; .. , 

232-234 nn6o apeMena ~ 
' . ~ ~ ' 

60 _9TH. COCTOSIHHH .. pacna 



~seunoro nenennH paccqn-
~ "'. . '' ' .. , 
lBKa na annaoTponniD yrno-

HH 'atf>tf>eKTHBIIOCTb perncT-

3HCHMOCTb 1 paCC'IHTaHHaH 
. . 

'I~CKHX .neTeKTOpOB (Konb-

ryTpeHitHM.:. 12MM), 

lCnpenen'eHHe OCKOliKOB 38-

npenenax oum6oK 9Kcne-

IIHID B 9TOM Clly'Iae He 

ii. 0;2 - 0,4 Mr
2 1 

'ITO 

CM 
~~ 0Tll8'IH~ H,09TOMY OC-

OlllUHIIbi Mnmenn, a ~npa 
'. 

-·. 9Toro cnoH MO)I{IIO IIOliY-
. /8/ 
~CTBe • OnnaKo peanb-

0Tlltl~H 1 KaK npaBHli01 . 

TH Mnmenn. JlnH onpene-
. . . . .. 2J6 

~eon HnepoTnaqu .. Pun 

) ; ceqeunH KOTOpbiX na

raH _ TOlllUHHa. CliOH 1 H3 KO

:T~BliHeT 3o% OT pactJeT-

[!Hila MHIIleHH HCIIOllb30Ba~ 

Ka B H3MepeHHH OTHOWe-
·;·;.. . '' 
1 CBHaaua c neonpeneneu-

:eune MrHoseuuoro .nene-

i~~H c:ocT'aau?ro slnpa, TO 

CTb peaKiiHH c HcnapeHHSM 

>pHH Hllpa 9Ta BepOHTHOCTb 

PiE,' n ) '= i ( !':!. n , 2n - 3 ) - l ( !':!. n + l' 2 n - 1 ) 
n 

(I) 

rne I ( !':!.n, 2.n :_ 3) - uenonnaH r -¢yHKUHH;' E - 9HepruH soa6y)l{neaHH, 

n - .'IHCliO ncnymeHHbiX HeiiTpouori, B; -. 9HeprHH CBH3H ueiiTpoua,. T -

HnepnaH TeMnepaTypa. PacC'IH;~~~~~iH no ~T;ii ~OpMylle ~aBHCH~.iOC;b Be;~o~ 
< -~ ~ '. 

HTHOCTH peaKUHH OT 9HeprHH, HMeeT BH.[l KpHBOii raycca, IIOliO)I{eHHe M~KCH~ 

MYM~ KO~op~tl. aa'sndxii OT 'IHc'na . ncnyme~Hbl~ ~eiiT~OI!OB •. Ha ~~~ITe . ~~penKo 
ua6JliD.[lBIDTC~ OTKn~~eHHH OT ;eopeTif'qe,cK'oii KpHBoif. 0nHaKO 9TH OTKliOHe

HHH He CTOllb . BeliHKH,· 'ITOg~~ no~emaTb HJleHTH~HKB-UHH, ~pony~-T-OB pea~UHH1 
ecnn 'IHcno ncnymeHHbiX netl:T~ouos Mail~ ( 2--3). · 11o9ToMy ~epea 9KcnepH~ 
> -· •• - :- ••• • • • •• -.- ;, 

MeHTaJlbllbie TO'IKH 'nposo11inacb pa~C'IH;8Hlt8H no . tf>opMyne ( l) Kpimasi, H 

IIOliO)I{eHHe MaKCHMyMa II03BOliHliO onpeneliHTb 'IHCliO ncnymeHHbiX' Hetl:Tpo..;. • 

HOB1 8 1 Clle.[loBaTellbH01 H IIOlly'IeHlibiH B peaKUHH H30Ton. 

'' 
PeaynbTaTbi 

H a o Ton bi · y p a a a._. HasecTHbi nHmb. lisa __ cnoaTauao .nenHIUHXCH Hao-.. 
. 2J6 238 . 

Mepa ypaua - U { n , .• -.. U c . nepno.naMH nonypacnana cooTBeTCTBeauo 
/4/ . . . 2J2·. . . . . 

IOO;Ji 250 ucex .. .. Hpn: o6ny'IeHHH MHIUeHH i' . Th a -'IaCTHUaMH c 9IIep-

rHHMH ._ 22:-36 ·_ M 9B MoryT nony'IaTbCH cnoHTaHHO nemimHecH H30Mepbi B 

H30TOnax.ypaaa c_MaCCOBhlMH 'IHCll8MH 232-234 •. 0TCYTCTBHe.TpeKOB Ha 

.neTe~Topax OCKOliKOB aana3llbiB8IDI!lero neneHHH COOTBeTCTByeT Bepxne_ti , 
-32 2 

rpllHHUe Ce'JeHHH 0_6p830B8HHH 9THX.H3~MepoB .ypaHa 10 .. CM 1 .'ITO: 

B 1000 pas HH)I{e ceqeHIIti peaKUHti, npHBOllHIIlHX K H3BeCT.HbiM : HSOMepaM 
; . . ' . . ~: ~ . ' . ' ' . . . ' . . . . . . . . . 

236 
U H. 

2 ~8 U. • 3To MO)I{eT oauaqaTb, 'ITO B naoTonax ypalia c A .. 

232-234 liH60 BpeMeHa_ )I{H3HH H30MeplibiX COCTOHHHti MeHbWe 0,5 liCeK 1 liH-

6o. 9TH cocToHHHH, pacnanaiDTCH IIYT.()M ·Y -Hany'leHHH._ ·,-·· :. ' 



113 0 T 0 n bl' n n y T 0 H H Ho .nnH nony<IeHHH cnoHTaHHO aenHWHXCH. H30-
. . . ·. .. . . ·. 23J .. ·235 . 238 . 

MepOB nnyTOHHH o6nyqanHCb MHWeHH H3 H30TOIIOB. . U 1 . U H. . U o 

.nnH BCeX . Tpex MHUieHOH Ha6n~aanHCb . CilOHT8HHO .Q~nHUIHOCH H30MOpbl C ne

pHO.Q8MH nonypacnaaa COOTBeTCTBOHHO 30170 H 5 HCeK. 113 nono>KOHHH 

MaKCHMYMOB <jlyHKUHH B036y>KaeHHH (puc. 4) MO)I<HO · BH.Q9Tb1 'ITO .QnH· BCeX 

MHUI~Hei!: H~O~T . MOCTO ~~aKUHH (a, 2 n) . 1 H1 ·. cne . .QoBaTenbH01. o6pa3yiOTC~ 
. . . . . .• • .. • .. '235 ,, l37 . . 240 . /2 11/ 

uaaecTHbie cnouTaHHO .nenHUIHeCH naoMepbi P~ 1 · _Pu u Pu ' • 

B o6n~cTU 6onhUIUX aHeprui!:. a -qacTuu. (BhiUie 30 Maa) Ha6nxoaaeTcH sa~ 
· MOTHOO npeBbiUieHUO H3MepeHHhiX OTHOUieHHH Ha.Q paCC'IHT8HHbiMU no <jlop

My~e ( 1). 8ToCBH3a~o nu6o c BKnaaoM npHMbiX · peaKuui!:, nu6o c o6paao-
• ~: ' • \ ' ' > • • 

BaHHOM CnOHTaHHO .QOnHWUXCH H30MOpOB B peaKU~HX (a,3n) UnuJa, 4n) 

C. 6nU3KUMU nepUO.QaMU nonypacnaaa. 
.,,.-

11a o Ton hi K 10 p u H. CixouTaHHO .nenHmuecSI. uaoMepbi . KIOpHH c rrepuo

aaMH nonypacnana · 20 u . 80 uceK 6bmH rrony<~eHhi rrpu o6nyqeuuu Munieuei!: 
239 . 242 . ..: . . . . . . .. ·:·. . . ' . ' 

Pu. u Pu .-.- 11aMepenue <jlyHKUHH aoa6ylKJleHUH noaaonuno ycTaHOBHTJ>1 

'ITO STU IIepUO.Qbl nonypacnaaa OTHOCHTCH K H3BOCTHbiM cnoHT8HHO .QenHUIUM-
241 243 /4 11/ 

cH H30MepaM Cm ( 20 HCeK) u Cm ( 80 HCeK) . 1 • 

11a o Ton hi 6 e p K n u ·H. CnoH~aHuo .nenHtunecS! uaoMepbi 6epKnuH 

npaKTH'IOCKU. eme He H3Y'IOHbi, 11aaecTeH nlniib U30Mep' 
245

Bk (T11 . 
• 72 

2 HCeK) H' UMOIOTCH yKa3aHUB Ha'·cymecTBOBaHHO HSOMepa C nepHO.QOM no-
. /13/ . . . ' . . . . . .• . . •··. 241 . •. 
nypacnaaa· .. 100 nceK • llpu o6ny<~eHHH MHUieHeii .us naoTorroa · Am· 

u 243 Am npu Manhxx aHepruHx ,a .:.qacTnu (Hu>Ke 30 Maa) Jia61uo.namich' 

CIIOHT8HHO .QenHUIUeCH H30Mepbl C nepHO.QaMH nonypacrraaa COOTBeTCTBOHHO 

5 HCOK u 2 HCeK. Ecnu aHeprHH' a ;..qacT'uxi rrpeBbiuiaeT 30 M9a; T~ nosiB-. . 

nHIOTCH 6onee aonro>Kuaywue uaoMepl,x·: c · riepuoaaMH rionypacrraila; npeahx-

UiaxomuMu ·50 uceK. 11a ~opMii '<jlyHkuHft :·~oa6y~aeHH~ ( p~c~ 5) 

Mom:Ho npeanonaraTb1 <~To Kop;TKom:uaywue' iraoMepl,x' 'oTHO~HTc~ K · 
243 Bk 

(5 .) . . 245Bk·(·· 2 ) . · . .. ·242B'·(·oo· ···) 244Bk·, HCeK H · HCeK I a JlOnrom:HByUIHe - . K . 1£ "' ' HCOK H · 

(,.100 HCOK) • llo-BH.QHMOMy; .tiltH hepHOJlOB nonypacnaaa cnoHTaHHO aenHiJiUJC-

8 
't 

1': 

\[ 
ll 

\f 
l.t 

CH H30MepoB 6epKnUH HME 

U30MepOB aMepHUUH ~,He~ 
/3/ . 

nonypacna.na 

B Ta6nuue.rrpeacTaB 

HUH U30Mepa .H MI'HOBOHH!? 

B Jl8HHOH pa6oTe_ H30MO~O 

CHMYMY <jlyHKUHll: · B036y~llE 

B .Q8HHOll:. pa6oTe .. OTHOWOHI . . . . . ... I Ill 
ny•IeHHbiMH B pa60TO , .' 

:BeCTHbl 1 TO U3 U3MepeHHhl 

HUH cnOHT~HHO .QenHIIIHXCSI 

TaKm:e , CO'IOHHSI o6pa30B8Hl 

UIUHCTB8'S1Jl0p STH Ce'leHII 

C'IHT8Hbl Ha OCHOBO H3Bec· 

OTHOUieiiUH !JOli:TpOHHhiX n,, 

06cym: 

B Ta6imue npuaoaSir• 

'IOHHH o6pa3oBaHHSI SIJlpa··:I 

pOB rrnyTOHHSI STH OTHOUie: 

aonrom:uaywux uaoMepoB l 

. M0Hblll01 a y U30MOpOB 6e 

y U30TOiiOB O.QHOI'O· _H TOI'C 

aenuquue •. 

B paMKax. Moaenu at 

uo.UieHuii ·Mom:no c.nenaTb ··-· f 

6apbepa .neneuuSI c pocTo~ 

ITOH'IllTbiH . MexaHH3M 'aa'ceJJ 

HHO .Qe<jlopMaUUH; COOTBOTC 



HTafiuo nenHmnxcH nao-
33 '·. :. 235 238 . u, .. un ·u. 
18nHWH8CH H30M8pbl C ne

~eK. Ha • nono)KeHHlt 

1· BH.t18Tb1 'ITO .tlnH BCeX 

lsaTenbHo, o6pa3yiOTCH 
3.7·p·.. . 240p 12,11/ 

• U H • u • 

~~s) Haon~~aeTcH aa~ . . . - •'. ' 

aCC'IHTBHHbiMH no ljlop-
. ~ ".- . 

eaKuna, nnoo c o6paao~ 
'. ,·_.· . . .. 

.... (a,3n). nnn (a, 4n) 

~OMephl KIOpHH C nep~o
IH: o6nyqemm MHweHeit · · 

r·. ·' 

noaBOniinO ycTaHOBIITb1 

Hb!M cnoHTaHHO .nemiWIIM
/4, 111 

~. H30M8pbl oepKnHH 

1<1ep 245Bk:· (T~ . = 

mMepa c · nepno.noM no-
: . .241 ' .... •. 

ren: H3 II30TonoB . Am 

Mas) HlioniO.rianiicb 
. ' . ,. . 

acna.na.COOTBeTCTBeHHO 

raeT · 30 · M ~Bi To · noHB- . 
. . 

n'nonypacna.na, 'npeshi

)KJ:IeHJHI ( pRe~ ' 5 ) . 

i,{ OTHOCHTC~ K 243
· Bk 

:
4
·
2 

Bk ("'50 HceK) 'II 
244Blc 

S.na cnoaTaaao AeriSI.iriuX-· 

I 

CH. H30M8pOB oepKniiH .IIMeeT. M8CTO .TaKaH me CHCTeMaTIIKa 1 KaK H .tlnH 

II30Mepos· aMepHUIIH He'I8THO:-'IeTHble H.tlpa IIM810T OOnbWIIe nepiiO.tlbl 
/3/ 

nonypacna.na 

B Taoniiue ,. npe.ncTasneHbi IIaMepeHHhie ·oTHoweHHH. cetieHnit · o6pa3osa"7. 

HHH II30Mepa ·.H. MrHoBeHH?ro · .neneH~H : ( . ai I a
1 

) · .nnH scex. nony'leHHbiX 

s., .naH.Hoit paopTe naoM~pps npii ali~priiii a •:-'lacTnu, cooTBeTcTBYIQWeit MaK

cnMyMy ljlyHKU~it .. B03(5ymneHIIH ( E a ) • n~H: II30MepoB nnyTOHIIH II3MepeHHhie 

B .tiBHHOU paooTe OTHOWSHIIH C8'18HHH B rrpe.nenax OWIIOOK COBnanaiOT C nO-• . . . . I lll . 
ny~eHHbiMH B paooTe o flOCKOnbKy C8'18HHSI MrHOBeHHOrO .neneHHSI H3-

B8CTHbl, .TO. H3 H3M8p8HHbiX OTHOWeHIIH MO~HO nony'IHTb .Ce'leHIISI 00p830Ba-· 

HHSI CnOHTBHHO .nenHWHXCSI H30MepoB. n.nH cpaBHeHHSI B .Taonnue 
..,. 

npnse.neHbi 

TaKme Ce'leHHSI o6pa30BBHHSI OCHOBHbiX COCTOHHHH TeX me H.tlep •. nnH oonb- .· 
. '· . . /9 12 15/ . . 

WHHCTBa. SI.tlep 9TH C8'18HHH H3M8p8Hbl 1 1 
1 .tlnH OCT.anbHbiX Obinii pac-

. C'IIITBHbl Ha OCHOBe II3BeCTlibiX Ce'I8H1Iit oopa30BBHHSI COCTaBHOrO H.tlpa II 

OTHOW8H1Iit HE;!fiTpOHJibiX H .nennTenbHbiX WHpHHe 

06cy>KAeHIIe peaynbTaToB 

B Ta6J11Iue npiiBO.tiHTCH TaK>Ke naoMepHbie · oTHoweunR ( oTnoweHHH · ce-
, . . 

'ISHII A oopaaosamm. Hnpa' s'. HGOMepHOM II OCHOBHoiJ COCTOSIHllll). y H30M8;:. 

poB nnyTOHHH 9TH OTHOW8liHH npaKTII'IeCKH TaKHe >Ket KaK y 'HSBSCTHbiX . 
/14/ 

.nonro>KHBYWIIX II30M8pOB aMepHUHH 1 y II30TOnOB K!OpHH HeC~OnbKO 

MeHbwe, a y naoMepos 6epKniiH na · nopsi.noK · MeHbwe. · B To >Ke speMH 

y II30TOI10B; O.tiHOrO H·.TOrO·.>KS' aneMSH!a II30M8plibie .OTliOWeHHH onH3KII no 

B paMKax. Mo.nenn · .nsyropooro: 6apbepa II3 nosei:teHHH naoMepHbiX oT

Howeniiit' MO>KHO C.ti8JJaTb p'H.tl• 3aKniO'I8HIIit 'o ToM; KaK MriimeTCSr $opM~ . '.. .. . . . .. . 

6apbepa .neneHIIH c poeT OM z • B 9TOit M~.ti8~1I . np~.nnonaraeTCH ,. asy~cTy

,·. n.eH''IllTbift' Mexa~II3M aacen,eiiHSI • 'ia~MepHC):r.d '~OCTo,mm'H ( C~aqaita .tiOCT~~~-
HIIS .neljlopMauini:, 6ooTBeT6Tsy~meii 'cednosoit '.roiJKe; ·~·~aT eM ncnycKaHne 

9: 



.HeliTpo.Ha) ~' H CHnhHOe'cB38HMOJl9liCTBHe - MO>KJlY KonrieKTHBHbiM .H OJlHO-; 

qacTH'IH.hiM 'JlBH>Ke.HneM .HyR:m:i.Hon~·: ITosToMy ·· o6paacinamle · cnoa~aHaci · nem1..; 

II!HXCSI II30M9pOB llpOHCXOJlHT llpii paCll8Jl9 COCT8BHOI'O SIJlpa, . H8XOJlHBIIIerOCSI. 

BO''BTOpOli l!OTO.IIUiianh.HOif SIM0 1 T.e.· HMOIOII!Oro )leljlopMaUHIO ceanoriott:' TO'I

KH H aaeprHIO Boa6y>KJlOHHSI, yMeHh!UOHHYIO' na, 9Hep'r:Hro, neljlopMaUHH~ B' 9TOM 

· cnyqae nepoSITJiocTh · o6paaonanHSI . 11aoMepa 6yn~T · riponopuHoiianl;na apeMeaH 

aaxo>KJlOHHSI SIJlpa • npH neljlopMamm, 'cociTiieTCTByromeli" BTojJOli SiMe;: 11 niw-r.::. 

HOCTH ypoB~eit BO DTopoif SIMe 0 61• ITepBa'SI Be-nii~H~a aanircl!T OT COOTHO.;. 

IIIe.HuSI BbicoT· BHeiiinero 'H 'BHyTpea~ero 6aphepon· (<JeM 'iin>Ke 'niieiiuintt 6aph:.. 

ep, TOM. 6biCTpee llpOXOJlliT 'SIJlpO qepea BTopyro l!OTOlUlHBnhHYIO SIMy na riy1
-

' 
. TH K Jlene!mro). BTopaSI BenJI'IHHa onpeJlenS!eTc.H' rny6naoli DTopoli HMbl~ 

Ciie.QODaTenhJio;' na6nronaeMoe' B nannoli pa6oTe yMOHhllienne naoMep'HbiX OT

HOIIIOHHli · C poCTOM l CBSI3ano,' -liO-DHllliMOMy; C TeM;' <iTo BTopa_H IlOT9HIUi::_ 

anhHaSI SIMa CT8HOBUTCSI 'Me.Hee rny6oKo.li~ 8To' MO>KeT 'oana'laTb liH6o yB.eiur

'IOHHe 9l!Opi'Hll l!30M9pliOI'O COCTOSIHIISI 1 nu6o yMOllhiiiOIIHe BbiCOTb! 'BTopor~. 

6aphepa, 

B 3aKniO'I91UI9 aBTOpb! Db!pa>KaiOT 6naroJlapm)cTb r.H.-il>nepoBy aa no

CTOSIHHb!li IIHTepec K pa6oTe,. B.C,Anljleeny aa_ o6e~rre<JenHe 6ecrrepe6otinoit 

. pa6oTbi UIIK';tOTpoHa Y-200,.,K.I1,MepKnJioli H A.I1.Cepreenoli - aa rrpocMoTp 

.QH9neKTpli'I9CKHX llOTOKTOpOBo 

nHTepaTypa, . 
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Pnc.· 1.· 3KcrrepHMeHTanbHaSI ycTaHOBKa. · 1 -· KonnHMaTop rry'IKa a -qacTuu, 
2 - ·aep~a~enh ·MHllleall, 3 - .Milweah, 4 - i:teTeKTop ocKonKoB aanasnbmn_: 
romero. aeneHHSI
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7ijz.' = ttO HCe/\ 
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PHc;> 2~·~ PaaHanhHoe pacnpeaeneHHe TpeKoB Ha cmoae. "' - B peaKUHH 
. 2~~Pu (a,,3ni

243 
Cm •- B peaKUHJI 238 U(a,~n) 240 Pu · .~.Cnnoru-

Hhie KpHBbie pacc'IHTaHhi Ha reoMeTpHH onhiTa anSI paanH'IHhiX nepuoaoB 
nonypacnaaa. 
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Pnc~-- 4~-- 3aBHCHMOCTb OTHOUJeHHH Ce'feHIIli: o5pasoBaHHH H30Mepa ( u I ) II 

MrHoBeHHoro .ueneHmr ( u, ) oT aHeprnn a
2
-'facTnu ( E a ) B peaKUHHx: 

238 . 1. 235.. 33 . 
• - U + a , .& - ·u + a , a - U + a • 

·>i 

ys. 
• ••• 

25 30 
.35 Eel{ H3&) 

2{) 

-~ 

. G';_:···-· 

Of 
fo·lt 

fO-s. 

10"7. 

........ 

.I 

,2f) 

Pnc.·· 5 •. 3aBHCHMOCTb OTHOUJeHIIH CetfeHHH o5pa30B8HIIH H30Mepa II MrHOBeH

HOro .UeliOHHH OT aHeprHH a -'faCTIIU B peaKUHH 24lA,,. + a 
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flpenpnHThi li coo5men: 
IIMHOrO 05MeHa, yHHBepCIIT• 

. Hay'fHhiM rpynnaM II oT.nen 
, flony-qaTemrM IIsnanniL 

HBHTb. HHIIUIIaTHBY B 5ecnn 
05MeHa npiiHIIMalOTCH Hay< 
ny5niiKaunn no TeMaTnKe 1 

· ' E.niiiiCTBei!HhiH BII.U n) 

9TO penpHI!Tbl l OTTIICK!'!: CTl 
l:::l pHne cnyqaeB Mhi .c 

6onee KpynHhiM nony-qaTens 
cnaTb ·HaM KaKIIe-nn6o Kl!ll 

>KypHallbi1 H31la IO!UIIeCll B II: 

MsnaTenbCKIIfi oTnen-e 
COB, Ha Bb!CblliKY IIS.UaHHH~ 

yKa3biBaTb nn.neKc sanpam 

fliiCbMa no BCeM BOil,_!: 

oTnenhl!bie nsnannH cneny_e~ 
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6ecnnaTHOH'nOnniiCKII liB Hi 
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