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Psm 9KCnepHMeHT8llhHb!X Jl8HHbiX, nony'leHHb!X H nocneJlHHe I'Oilbl 
. .. /1/ . . 
( CITOHT8HHO JleliSilUHeCSI H30Mepb!. 1 MOllY liSIUHSI ITOJl6apbepHbiX JleliHTellhHb!X 

/2/ . . . . . . .. . /3/) 
pe30H8HCO~. 1 YI'liOB9e pacnpeJleJ)eHHe OCKOliKOB npU <floTOJlelleHHH · 1 

yKa3biBaeT Ha cno>KHYIO <flop My 6apbepa JleneHHSI. .UeiiCTBHTenhH01 · H3 npoae-
. .. . . /4 5/ 

neHHbiX B nocnenaee apeMSI pac'I~TOB . '. . cneJlyeT, 'ITO peanbHbiii 6aphep 

neneHHSI HMeeT <flopMy KpHBOH C JlBYMSI MaKCHMyMaMH H. MHHHMYMOM B paiio

He cennoaoii .TO'IKH. B ·HeKOTOpb!X S!Jlpax 9TOT. MHHHMYM llOCTaTO'IHO rny6oK, 
' t· ., .• ''··· . ' ' ' .1,· . • .• 

TaK 'ITO B He~ MO>KeT ~6pa30B8TbCSI CHCTeMa KB831iCT8UHOHapHbiX ypOBHeii1 . 

Hli>KHHii 113 KOTOpb!X ( HliH HHOI'Jl8 JlB8 Hli>KHHX) SIBliSieTCSI H30MepHb!M H pacna

naeTCSI npeHMymecTaeHHO nyTeM cnof{TaHHoro .JleneHHSI. TB;KHM o6pa3oM B 

9THX _SIIlpaX. HMeiOT MeCTO,_JlBe. IT()T~HUH8llbHb!e. S!Mbl 0 pa3JlelleHHb!e 6apbepOM1 

H aH~pi'HSI _Bo36y>Kne:a.n~ cnoHT~HHO JleliSI!UerocSI H30Mepa npeJlcTaanSieT co6oli 

pa3HOCTh aH~prnii H,li>KHH~. YP_OBHeii_a~HX SIM. llpS!Mbie • H3MepeHHSI aToli aHep

I'HH B036y>KileiiHSI B H8CTOSI!Uee BpeMSI -HeB03MO>KHb!1 .T.Ko 06bi'IHO HCITOllh3ye-: 
.;;,. '.' ,. ,.. . ,,. .. ... .. - -·· ,. . . . 

. Mb!e_,~ ,c~eKTpOCK()ITHH;IlliSI onpeJll3lleHHSI 9Hepi'HH ypOBHeii a "':' ~~ "':' HliH, y "':', · 

nepeXOJlbl C. H30MepHOI'O COCTOSIHHSI eme He 06Hapy>KeHblo lloaTOMY:;HCITOllb-. . '- " . . . ~ . - . . . 

3yiOTCH l{OCBeHHbie MeTOJlbi: H3MepeHHe nopora peaKUHH1 ~ npHBOllSI!Ueii K .06"':' 

pa30B8H.H!O CIT<?HT8HHO nenSI!Uei'OCSI H30Mepa 1 HliH .. onpeJleneHHe;:ITliOTHOCTH 

YP()~f{eii B5>. aropoii •. S!Me U3 pe3yllhTaTOB H3MepeHHSI' ITOJl6apbepHb!X pe30HaH-.: 

COB npli 9Hepi'HH. CBSI3H .HeiiTpOH8o • 0JlH8KO o6a; MeTOJl8 · npHBOJlSIT K. cymecT-

3 

/ 



!I 

nenHo paannttHbiM peaynhTaTaM. TaK, n cnyttae cnoHTaHHo aensuueroc.11 
239 

II30Mepa Pu aHepi'H.II noa6y~aeHH.110 nonytteHH8.11 II3 H3MepeHH.II nopora 
23BU( 3 ) 181 

peaKUIIII a 1 n , OKaaanacb panHoif 3,0:!:_0,_2 Man , -a HaifaeHHag rra aHanrraa 
238 . ' 

noa5apbepHbiX peaoHaHcon B peaKUlfH Pu ( n 
1 
I ) cocTannsreT ncero 

/7/ - / 
2,1 Man • TaKoe ~e paanHttHe Ha6moaaeTcSI H anSI apyrux uaoMepoB nny-

TOHH.II. 

Ecnu C'IIfTBTh, 'ITO o5a SinneHH.II (cnoHTBHHO aenSIIUHecg uaoMepbi If 

MoaynSIUII.II aennTenhHbiX pe30H8HCOB) OTpa~aiOT aByrop6bJif XapaKTep 5apbe

pa aeneHHS10 TO YK83811H8.11 p831ilfU8 CB.II38H8 nH60 C HenpanlfnbHbiM ITOHifMa-

HUeM MexaHH3Ma npouecca aeneHuSI n o6paaoBaHHSI uaoMepa, nu6o c Henpa-__ _ 

nHnhllbiM _nbi6opoM Moaenu Hnw ee napaM'eTpon npH' aHaiiuae :aTHX npo~~ccon. 

• -· Uenhro -·aaHnoif pa6oTbi SinnSinocb lf3MepeHiie · «f!yHKUuil:: n-636yiKaeiniSI;_" 
' ', 

peaKuHu 
240

Pu(y 1 n) ,-<npnBOllSIIUeii K o6paaoaaulrio cn'oiiTan-Ho aeri'sriue'roc'si 

H30Mepa 23 9 • . ' " " 
. · Pu , H aminna '«PYHKUHH 'noa6y~aeliii:S:r ·na ocHone paanuttHhiX 

MoaenhHbiX npeacTanneHHfi o MexaHHaMe peaxuHii npu · paanHttH.biX ·napaMeTpax. 

Mo~Ho o~naaTh, 'ITO B cnyttae TaKofi npocTofi peax·uHH, · Koraa' ·5• peaynhTaTe 

noa6y~aeHH.II . .llllpa: Y- -KB8HT8MH. HcnapSieTC.II numb ·oi:lHH- uefiTpoH, '·pactt~T~I 

6yayT HaH6onee npOCTbi0 a «flopMa iflYHKUHH B036y:»{_cie11Hsl 'ire CTOnb 'IYBCTau.:. 

TenbHa K 'Bbi6paHHoil: Moaenu H ncnonbayeMbiM napa!VIe'rpaM. 

1 '- . ' ' -- 181 u . . ' HaMepeHn.ll · npoaomrnHcb · na MHKpoTpoHe· c- 7 op6HTaMu · · nHCTHTyTa 

«Pimuttecxux npo6neM AH CCCP. 3xcnepHMeHTanbHasi M'e'ioa.ii!{a' 6bma' alianO:. 
- • . .18,10/ . . . ' 

I'H'IH8 HCITOnbayeMofi 'B'-H81UHX npe>KHUX pa6oTaX. · 'o .UeTeKTOpOM OCKOnKOB 

cny~Hn M~OI'OHHTeaofi; UCKpOBOll C'I~T'IIfK 0 HanonHelllibJll 'cMeCbiD!'eliH.II ·' 

(88,5%) :w aaoTa ( 1,5%). Bo ua5e~aaue npo6oe8 aanpsillieHHe' na cti~-itiuxe 
cnuManocb no npeMSI uMnynbca --y -KBanToB. 05nyttaeMaSI' Mumeub · uaxoilu- • 

nacb''BHyTpu ·ctteT'IHKa (Bce:Mumeuu 8·Mr;'·nnomaab 12 c~:l, o5o~aiUeHne· 
240. .) . ' . . ' . 

uaoTonoM · · Pu- · 80% ; C :noMOIUbiO npeMeHHoro · aHanH38TOpa H3MepSinocb 

BpeMenuoe pacnpeaenenue CHrHanoa c HCKponor6 cqeittHKa oTa.ocHTenbHo 

HMnynbca, y -KnaHTon; 3To pacnpeaenenue COOTn'eTCTBOBan'o• nepHOAy; llOJIY,;;.;' 
pacnaaa 8,5 MKCeK .u yKa3biBano .na o6paaoBaHne cnoHTaHHo aen.11merocsr 

239 240 
uaoMepa ·PuB peaxuHu Pu(y

1
n). 

4 

J13MepeHH8.11 T8K 
239 

merocsr il:aoMepa Pt 

puc. 1. .Un.11 CpanHeHH 

OCKOnKOn MI'IIOBeHHOI'< 

H UpOC'I~Ton Uplf ITOHif 
239 -

nbiXOll uaoMepa Pu 

n ll8llllb!X -ycnOBH.IIX0 0 
239 ' • 

H OT peaKUHif Pu(-y~ 

H COCT8BnSin .,; 1,5 HM 

na_nucb aaHHbie o aann 

xo_Topbie 6binlf nonytteli 

aKcnepuMeHTanbHOii Me 

Kai Buaiio Ha PH· 

10,5 Man, 'ITo no xpai 

peaKUifHo noaTOMy -anSI 

XOaUTC.II aKCTpanonnpon 

naCTb 6onee HH3KUX aE 

nopora HenaBecTeH, To 

iflyHKU H.ll noa6y~ll91ilf.ll0 
aToM 3Hatt_eHHe nopora, 

nSIIOIUeii 38BHCifMOCTb C 

OCHOBHbiX COCTO.IIHHH Sill 

au nopora xopomo onHc 
/12/ 

Moaenu Slllpa : 

~-. ·~ .. 
·.!.;· 

.,.;, 
'! ~. 

rae a 
0

_ :. cettenue · o6pl 

ll0HH.110 OTC.tiUTbiBaeMa.ll • 
·,__:!'t . ··~··-.. ~·-: 



~OHTauuo aennmerocst 

1 na H3Mepeunst nopora 
/6/ 

B .a uafiaeuuast 113 auan11aa 
! 

1 cocTaansteT acero 

lnst apyrnx naoMepoa nny-

aennmnec:n H30Mephr 11 

ayrop6brfi xapaKTep 6apbe-

c uenpaannbHhrM nonnMa-

<~ naoMepa, nu6o c uenpa

r ·auanuae •aTux npoueccoa. 

tPYHKU11H aoa6y)!{aeimn'·':· 

o cnoHTanuo aennmei'oc·n 

H' Ha OCHOBe pa3nH'lHhlX .. 
c! >•<" 

~PH paann'lHhrX napaMeTpax. 

tK.UHI1, · Koraa· 5 peaynhTaTe 

oaiui neiiTpou, · pacq~Tbr 
'• '· • ' ' ' ' ' I 

CAeHHH He ·cTOnh 'lyBCTBH-· 

aMeTpaM. 

' optJ!rraM/B/ l1HCTUTyTa 

aS! • M'eiolluKa · 6hma aua'nO:. 
10/. .··· ·. .·· . . . .. 

;' .[leTeKTOpOM. OCKOnKOB 

mnps:imeuue• uri' cti~i·t'uKE{. · 

:ael\{ast • MHmeHb" uaxoJiu..; · 

:h 12 cM
2

, '?6orame.HH:e 

';auanuaaTcipa · ir3Mepstnoch 

:'feT'luKa oTiiocuT{inhno ,:_.. 

rcTaoilan'o• nepuoay; nony2.: 

nouTauuo aennmerocn· 

J 

I13MepeHH8H T8KUM CllOC060M 3aBUCHMOCTb Bh!XOA8 CllOHT8HHO aenst-
239 

merocst uaoMepa Pu ·oT rpaHU'!Hofi auepruu y -KBaHTOB npeacTai3nena ua 

puc. 1 • .[lnH CpaBHeHUH llpHBOAHTCH aHanorU'lH8H 38BHCHMOCTb AnH BhiXOA8 
240 : 

ocKonKOB ·Mruoaeuuoro aeneuu.st Pu , nonyqeuuast ao ua6e)Kauue npo6oea 

U UpOC'l~TOB npH UOHH)KeHHOfi HHTeHCUBHOCTH ·Y -KB8HTOB. MHHHManbHhlfi 

239p BhiXOA H30Mepa U B peaKUUU (y, n) . '. KOTOpb!H MO)KHO 6binO U3MepUTb 

B A8HHhlX ycnOBUHX, Orpa~U'IUBanCH <fJoHOM OT :CUOHT8HHOrO aeneHUH 
240 pu 

239 p ( '}23'1m I 239 u oT peaKuHu u ·Y ,·y ' Pu ua npuMecstx uaoTona Pu a MHIIIeuu 

u cocTaanstn .. 1,5 uMn/ MHH. .Unst y'leTa BKnaaa oT aTofi peaKuuu ucnonbao-
239 239ml 

aanncb aaHHhre o aaaucuMocTu OT auepruu ahrxoaa peaKuuu Pu(y,y·1 Pu ' , 
239 

KO,TOpbre 6hinU nony'leHhi Up!i UCUOnb30B8HUH MUIIIeHU U3 Pu U TOfi )Ke 
1111 

aKcnepHMeHTanbHOfi MeTOAUKU • ... 

KaK auauo ·ua puc. 1, HaM yaanocb cnycTHTbCH no auepruu nulllb ao 

10,5 Maa, 'ITO no Kpafiuefi Mepe, Ha 1 Maa Bhlllle npeanonaraeMoro nopora 

peaKuuu. noaToMy anst onpeaeneuust nopora c TO'IHOCTbiO 0,1-0,2 Man npu

xoa~Tcst 9KCTpanonHpOB8Tb 9KCUepHMeHT8nb~YIO <flyl!KUHIO B036y)K):lel!HH B o6-

naCTb 6onee HU3KHX 9Heprnfi. nocKOnbKY XOJ:l <fJyHKUHH B036y)K):leHHi a6nnan 

nopora HeH3BeCTeH1 TO npH aKC.TpanonstUHH HCUOnbayeTCH paCC'IHTB.HHBH 

WHKU HH B036y)KJ:leHHH0 UpOXOAHill8H qepe3 aKCUepHMeliTanbHhle TO'I~H. npn 

aTOM 3118'1eHHe nopora, ecTeCTBeHH0 0 38BHCUT OT Bhi6opa MOJ:lenH, .~ ~>npeae

nHIOIIIefi aaancuMOCTb ce'leHHH peaKUHH OT aueprnn. KaK nanecTno,. 8 'cny'lae 

OCIIOBHhiX COCTOHHHfi HAep 38BHCHMOCTb Ce'leHHH peaKUH.H OT au·epr-'nn n6nH-

3H nopora XOpOIIIO OUHCbiBaeTCH Bblp8)KeHHeM, OCHOB811HbiM Ha CT81;'HCTU'IeCKOfi 
/12/ 

Moaenu SIApa : 
/}.E 

Ce'leuue'o6pa30B8HUH COCT8BHOrO HJ:lpa, t}.E rae a 
0 

aueprust 

aeliust, oic'tinThiBa'eMaH OT' nopora • pe.aKuu~, ;T:< .. :·.TeMnepaTypa. stapa• 
-~·_: ~t , .... ;, ··, ' \ 

(1) 

B036y)K-
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Puc. 1. 3aBUCUMOCTh BhiXOJ:Ia ocKonKOB MI"HOBeHHOI"O J:~eneHIHI · 240Pu ( 1 ) 
H aana3J:IhiBaiOUiei"o J:~eneHHsr 23 9 Pu (2) OT I"paHH'IHOii sHepi"HH y -KBaHTOB 

(E ) 
y 

6 

c-

PaccqHTaHHasr no s1 

4JyHKUUSI B036y)KJ:I9HHSI npe 

Henpepb!BHhiM cne,KTpOM ·J 

nsrUiei"OCSI H30Mepa CBSI38J 

COOTHOIII9HHeM: 

Y (Eo: ) 

I"J:Ie .E 0 ·- I"paHHqHasr sHe 

i}lyHKUIISI, oniiChiBaromasr Tc 
. .· ; /3/ .. k 

a3srThi ·ua pa5oThi ) , . 

u KciimqecTaoM:{ Beiiieciaa 

: CoaMemasr paccquTa 

C SKCnepUM9HTanbHbiMlf, J:1 

I"a peaKuuu 240~u(y, n.) · 
239p : . 

, U • nopOI" STOll pea 

TeH II COCTaBnsreT 6,45 M 

SH9pi"IIII B035y)KJ:I9Hlfsr cnc 

paannqHbiX 3HaqeHUSIX Te~ 

nUUhl BUJ:IHO, 'ITO onpeJ:IenE 

38BHCSIT OT TeMnepaTypbl 

peaynhTaTaMn,, ;nonyqeHHhl 
: '-" 

. 0J:IH8K01 -~aK 5bJnO y 

Ce'I9HIISI .o5pa30B8HIISI cno. 

CSI Bb!p8)1{9HIIeM ( 1) • .lleii; 
. 1 

xapaKTepnayiOTCSI .. nOBbiiiie: 

B peaKUIIH ( Y, n) Heo5XOJ:Ii 

Mauun SIJ:~pa. Ha puc •. 3 c: 

TaHHO J:~ensrmei"oCsr II30M9I 



. ... . f . 
:·:··•·.·~·· 
~ .. ··': 

'' .,.' ' '" -~'- '. 'l- ,-.,- ·, '\ 

ro aeneHHSI ·240Pu (1) 
!H"'HOH aHeprHH y -KBaHTOB 

l 
\ .~ 

Paee"'HTaHHas no aTofi !IJOPJ\.{Ylle npH TeMnepaType SIApa 'T =1,0 Mas 

t!JyHKUHSI B036ymJleHHSI npeaeTaaneHa Ha pHe. 2. TaK KaK. MHWeHb o6ny"'aeTeSI 

HenpepbiBHbiM :-c:neKTpOM y -KB8HTOB 1 TO Ha6moaaeMbiH BbiXOJl CllOHTaHHO ae

llSIWeroeSI H30M~p'a eBSI38H e ee"!eHHeM peaKUHH eneJlyiOIUHM HHTerpallbHb!M 

eooTHomeimeMi : 

Eo 
Y ( E

0
: ) = k f u (E) ¢ ( E, E0 ) JE, (2) 

E 
n 

rae _E 0 - rpaHH"'Has aaeprHSI ·y -KBaHToa, En - nopor peai<uHH, ¢( E, E
0
)

tjlyHKUHSI, onHeb;BaiOIUaSI TopMOSHofi enei<Tp y -Hsny"'eHHSI (sHa"'eHu~ ¢ ( E, E ) 
' /3/ . . . ~ ; 0 

BSSITbl H3 pa60Tbl ) , k - KOsi!Jt!JifUifeHT, eBSI3aHHbifi ~ reoMeTplfefi .·onbiTa 

If KOIIH"'eeTa6M: semecTaa MHmeHH. . . . 

. CoaMeiUaSI paee"'HTaUHbie e llOMOIUbiO eoOTHOWeUHH (1) If (2) KpiiBbie 

e aKenepiiMeHT~llbHb!Mif Jl8HHbiMif (pile. 1) 1 MO}KHO llOllY"'IfTb 3H~"'e~He nopo-

ra peaKUifH 240Pu(y, n.) 1 npiiBOASIIUefi ~ enoHTaHHO JlellSIIUeMyeg U30Mepy 

,
239 Pu • ITopo~ aToll: peaKUHH, nplfBOASIIUefi K oenoBHOMY eoeTosml~, Hsaee-· 

' /13/ . 
TeH H eoeTaanseT 6,45 Mas • PasaoeTH aTifX noporoa, npeae~aBIISIIOIUife 

aaeprHH aos6ymaeHifSI enoHTaHHo aensmeroes lf30Mepa, no~y"'eHHbie nplf 

pasnH"'HbiX si!a"'eHHSIX TeMriepaTypbi sapa, npe.neTaaneHbi 6 Ta6nnue. 11s Ta6-

lllfUbi: BHAHO, tiT.O onpeaeneHHbie T8KHM o6pa30M aHeprHif B036y>KaeUHSI ena6o 

saa~~SIT:oT Te~nepaTypbi H a npeaenax owlf6oK ( .. 0,2 Mas)' eoanaaaiOT e 
. . . .. 238 . /6/ 

pe3yllbT8T8MH1, ;llOlly"'eUHbiMH H3 lf3MepeHHSI peaKUHH U (a, 3n). 
. . ' /14/ 

OaHaKo, ~aK 6bmo yKasaao B pa6oTe · , saalfelfMOeTb oT aaeprHH 

ee"'~HHH .o6pas6aaHHSI enoHTaHHO Jl9llSIIUHXeSI H30MepOB He A0ll}KH8 OUHebiB8Tb

eSI BbipameUHe~ ( 1 ) • neil:eT~HTellbU01 ee~IH . enoHTaHHO A9llSIIUHee.ll H30Me~~I 
xapaiieimsyiOTcs.n(ml,ImeaHofi aet!JopMauHefi, To an.11 o6pasoaaHHSI- HSoMepa 

B peaKUHH(y,n) Heo6XOJlHMO KpOMe HenyeKaHH.Il HefiTpOHa H3MeHeHUe aet!Jop

M8UHH .IIApa. Ha pile. 3 exeMaTH"'eeKH llOKa3aH MeXaHH3M o6pa30BaUHSI enoH

TaHHO aennmeroes HSOMepa B peaKUHH e HenapeHHeM oaaoro HefiTpoua. 

,7 
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Ta6nnua 

239 
· 3aepr-nsi Boa6y>K/leHIHI cnoHTaHHO Jlemnuer-ocst naoMepa Pu 

o; 
:::: 
= ct>opMYnhi 3aaqeanst 3Hepi'IIU' .· 
(!) 
t:: /ln5I paC'IeTOB napaMeTpoB B036Y>K/lCHHSI 
(!) 

:::E 1:( 
<ll 

:::: t:: » 
<ll :::E 
0. 0. 
(!) 0 
:::E -& 

.o 
0 (I) 

:::: t:: 
~ 

( 1 ) • (2). ·r = 1,5•MaB 3,2±,0;1 Mae 

(1). (2) T = 1,0 MaB 3,3±,0,1 MaB 
'~ j 

:...~. ( 1 ) • (2) T 0,5 MaB 3,4±,0,1. MaB 
o; o; 
:::: <ll 

= = <ll =· 
Ill <ll 

'. 0 f.< 
(I) ::::. 
<ll :r 

.0. () 

\0 () 

0 <ll 
.. 0. . 

(5) •. (2) r 1 ;5 MaB 3,0±,0,1 MsB 

(5). (2) r 1,0 MsB 3,1:!;_0,1 MaB 

(5). (2) r 0,5 MsB 3,2±,0,1 MaB 
•::::' '·;) ::: 

" = ·e.: ·(I) 
(6), (2) a 25 1/Maa 2,6±,0,2 'MaB 

:r -<ll 
(!) ·Ill Ill 
() :::: 

<l 0. 
(6), (2) tl = 40 1/MaB 2,4t_0,2 Man 

o; '-:<: 
:::: o; ......... 

= ico (!) s ,. (!) . 
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f.< £C\I 0 
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.Ill ill~ '<ll 
(Y) -· f.< . ' 0 o; 
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. · npennonaraeTCSI, 'ITO KOillleKTIIBHOe JlBU):KeHUe ( KBaJlpyllOilbHhle KOileoaHnSI) 
' ., . '~ ,-: ~ 

SIBilSieTCSI 3Ha'<InTellbHO oonee MeJlneHHhiM -·no cpaBHeHnlO C OJliiO'<IaCTII'<IHhlM 

( ncnycKaHne : · neiiTpo~on n3: SIJlpa). noaTOMY; :npu_ ncnysKannu ~~~~Tpona ne

¢opMaunSI SIJlpa He MeHSieTCSI0 If JlllSI Oopa30BaHIISI lf30MepHOI'O COCTOSIHIISI Ha-
/ 

"<IallhJIOe' SIIlPO yllie non>Kno npuo6pecTu 'oonbmyiO'deqiopMaulfro, ·.T.e~. riepeiiTH. 

no Jle¢opMaUUII B' :oonaCTb, COOTBeTCTByromyiO . BTOpoii llOTeiiUIIaribHOH 5J:Me~ 
• • ' > • -· - ~ ·-- ~-- ~. ··~ '>• < ·- • • ' - • _, • --·· ··- ' - -- • .,.. --~ - '•" 

.l.JTOOhi TaKOH · nepeXOJl Oblll B03MO):KeH, HeooXOJllfM00 '<ITOOhl "<IaCTh Sllepi'IIII ' 
., ' . " . 

B030Y):KJleHnSI( lie MeHbiiiaSI0'<IeM BhlCOTa BllyTpeJIJiei'O oapbepa ~ ) nepeiUna 
. '. . I . 

B KonneKTIIBUYIO. <flop My • l1~-3a CIIIlbHOI'O B3aiiMOJleiiCTBIISI Me):KJly KOillleKTIIB-. . . 
HhrM n o.riJio~acTH"<IHhrM JlB~):KeJineM, "<ITo uMeeT MecTo npu JlOCTaTo"<I!io Oonb..;. 

IIIOH aueprnii B03~Y):KJl9HIISI, SHepi'IISI ne¢opMaUIIII nepeXOJllfT B TellllOByiO, If·. 

BO BTOpOH. SIMe OopaoyeTCSI OOhl'<IHOe COCTaBJIOe SIJlpO, I!Me!Omee nOBbliii6HHYIO . . . - . . ' ' . ~ . - . 

ne¢opMauuro u MellhiiiYIO Tennoayro aneprnro. Ecnn npu aToM ucnycKaeTCSI 

neiiTpoll,. T-o' Ko!le"<I!Ioe Hnpo TaK):Ke oKaahmaeTCSI no BTopoii SIMe, u KacKan 

}' -KBaHTOB npUBOJli!T K II30MepHOMy COCTOSIHIIIOo npu TaKOM MeXaHII3Me 

peaKuun ce"<IeHIIe o5pa3oBallnSI cnonTaii!IO_JlenSimerocSI u3oMepa onpenenSieTCSI 
/15/ . . 

Bhrpa):KeuneM : 

r r 
2n (3) u = u 

I 0 i\ + r,n 
-+ +-

r2 + r2 + r2n 

I'Jle f'1 n II f' 2 n - napUIIallbllhle HeiiTpOllllhie IUIIpiiHhl JlllSI COCTOSIIIIIH B 
;t, -+ +-

nepBOH II BTOpoii ·SIMaX0 'lJ , f'2 , f'2 - napunanbHbie IIIIIpiiUhi oe3pa~ 

JlllaUUOHHbiX nepeXOJlOB qepP-3 BHyTpeHHHH U Bll9IIIHHH oapbepbl (puc. 3) • 

npn Jl9119HHH SIJlpO T8K):K9 11pOXOJlHT "<Iepe3 BTOpyiO 110T91IUII811bllYIO SIMy0 noaTo

MY ce"<IeJiue neneHHSI ( u f ) MO):KHO Bhrpa3HTh qepe3 yKa3aHHhre BhiiUe nap~ 

unanbJihre IIIHpHllhr, a cetteHHe oopaoonaHuSI U30Mepa - "<Iepe3 ceqeJine ne-

neHHSI! 

u, = u f 
r2n 

(4) 
r2 
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Puc. 3. CxeMaTntteciwe 
nSimerocSI H30Mepa B · pe1 



tllpynonbHbie Kone6aHHH) 

:H~nycKaHHH uei1Tpoua ne

raoMepuoro cocTOHHHH ua

;clJopMaUHIO, T.e. nepefiin, 

1pofi noTeuunanhuofi· sMe~ 

qTo6br qacTb aueprnn 

6apbepa )! 
1 

) nepewna 

HCTBH51 M9*llY KonneKTUB-

:To npu nocTaToquo 6onb- , 

lp9XOllHT B TennoByiO, H 

,o, uMeiOmee nosb~we.imyiO 

npu aToM ucnycKaeTCH 

, BTOpOH 51Me, U K8CK8ll 

Ipu TaKoM MexauuaMe. •: 

en uaoMepa onpenenneTcn 

(3) 

illbl llnH COCTOHI!Ull: B 

wnhHbie wupunbi 6eapa

i1 6apbepbl (puc. 3). 

roTenuuan6uyiO HMy, noaTo-

y~aaaUHbie BbiWe nap

- qepea ceqeuue ne-

(4) 

Htl.'iQIIbHOf 
·ll'lpo 

Puc. 3. Cxe~aTnqecK:oe H306pa*911He npou~cca o6pa30B811HH CHOIITSIIIIO ne
nnmerocn · uaoMepa • B peaKUHH c ncnapeuueM onuoro uei1Tpoua. 
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:il' 

. l13 9TOI'O Bblpll)KOHlHI Bll.QHO, 'ITO XO.Q ljlyHKUHII B030Y)K.QOHIISI peaKUHII 

o6pa30Bll!IIISI CnOHTllHHO .QenSIIUIIXCSI II30MepOB onpe.QensreTCSI noBe.QeHIIOM OT~ 
r ~ 

IIOWOHIISI ---t:- B 3llBIICIIMOCTII OT 9Hepi'IIII 1 I'.Qe r 
2 

MO)KHO paCCMllTpiiBllTb 

KllK .QeniiTeJbuyro WIIpiiHY ypOBHefi BO BTOpofi SIMe •. 3aBIICIIMOCTb OTHOWOHIISI 
-' - "\ 

uefiTpouuolt II .QeniiTenbHOfi WIIpnu ·oT auepi'IIII B036Y*AOHIIH B MO.Qenn c no-
. • . ,.. .· h61 . 

CTOSIHHOll TeMnepaTypOH IIMOOT BII.Q : 

·r 
-~ 

r2 = cons# 

!':!.E !':!. E _ l 
e T -, ---;-r ---~--
-~---- -.. -.,.li_ ) 
1':!.~-(S~~-J 

e ·r 

I'.Qe 8 -. auepPIISI CBSI31I Hefi;poua·, f 2 - 'Bb!COTll BHOWHOI'O Ollpbepa. 
n . 

' ' /16/ . 
B MO.Qenii ljlepMII-I'a3a : 

(5) 

·r D. E 
--=2

"'"- = -const ---
2 Va h(E - v' L\ E +B - E2 J e ' n 

-~ ~ ·r· (I':!.E+B-E) 2 
2 .. · n 2 

I'.Qe a - napaMeTp nnoT~OCTll YPOBHefi. 

B ljl~pMynax l5 r II (6) npe.QnonaraeTC:H, 'ITO napaMeTpbi, onpe.QenSIIDIUIIe 

nnOTHOCTb ypOBHOH ( ·r II a ) t O.QilHllKOB~I BO BTOpOfi HMO II !Ill ~T~pOM 6apbe-

pe. PaCC"'IITlliiHb!C no .ljlopMYnllM (5) a (6) OTHOWOHIISI 
a 

--L.--., II3o6pa*eHbi 

ua puc. 2 •.. · '.J· . ._-1' 

a, 

B npHHUIIne B03MO*eH APYI'Ofi nyTb 3aceneunsr H30MepHOI'O cocToHHHsr: 

IICnyCKllHIIO HefiTp_oua II3 B036Y*.QOHHOI'O H.Qpa C nepeXO.QOM B nepnyro HMY1 

a 3£l!OM TyHHenbHb!lt nepeXO.Q BO BTOpyro HMY • 0.QHllK01 KllK ITOKll3llnii 9KCne-
. . ' . ~ ,- . : . . . . - ,-' i . . . ' ·•. · .. -\ . ~ ,. ·' ~ . > . 

piiMOIITbl 110 IICCnEi.QOBllHIIID· -o6pa30BllHiiSI cnoJITllHHO .· .QenSIIUIIXCSI II30MepOB B 

. /11/ 
peaKUIIII Ueynpyi'OI'O pllCCOSIHIISI Y -KBllHTOB 1 TllKOlt nyTb MeHee BepOSITOHo 

'239 
3uepi'IIII no36y)K.QeHIIH cnouTauuo .Qensrmei'ocsr n3oMepa Pu , rronyqeu-

HhiO npii COBMOIUOHIUI paCC"'IITllHHh!X no ljlopMynaM (5), (6) II (2) Bb!XO.QOB 

peaKunn c aKcnepnMeuTanbHhiMII JlllHHhiMH, npe.QcTanneUbi B Ta6nHue. BIIJliiO, 

12 

I 

l 

l 
I 

'ITO 'nf>H 9TOM 9Uep~IIII BC 

pa~'leiax ljlopMynhi ( 1) u 
· 2n 

. 
4 

. : (38BiiCUMOCTb OT 
. r . 

2 TaKnM o6pa3oM, o6 

HUeM. pa3nH'lHbiX .. 3llBliCli~ 

U30Mepa OT auepi'IIH rrpiii 

B030Y)KJl0llllHo l13BOCTliO;. 

MOCTb OTU-ouieHIISI uefiTpO 

B036y)KJl0HliSI .Qn51 51Aep T. 

'nae'icsr·ai,,pa>KenHeM (5)'~ 
•·" , . .,. . .-._ ... , 

CTOnepnoe 3Hll'IOIIIIO 9IIO! 

npu IICnOnb30Blliiiiii Bhipa 

uo, 'ITO .Qnsr cocT051Hiii1:;· · 

eT MeCTO .Qpyi'a51 auepre 

ll AenHTenbHOfi Wl!pHH, II 

6y)KJl01IIlHo. 

l13 Ta6nuUhi 'BlillHO, 

30Bllii,IIH ljlopMynhi, (6), c 

1!3 ananu3a noA6apbepHb: 
- ·: 

npll auanH30 IIOJl6apb~Pf 

nnoTuocTH ypo':luefi no tv 

ypOBHelt B nepBOfi.II BTO . .. ': '{' 

C nocTOHHHOfi TeMnepa~ 

8o36Y*IlOHIIH cnouTauuo 

B036y~.QeHIISI ~OCTann~?1 

.!Ib!M II3, auan1I3ll ljlyJIKUII . . ·r ....... , . 
JlnSI 2 n · B MOJlenii .. 

r{•, 

-·' 



IUHI B036y)K.UeHJHI peaKUUH 

pe.uenneTcn noBe.uenueM oT-
... r 

2 
MO)KHO paCCMaTpHBllTb 

e •. 3aBHCHMOCTb · oTHOilleHHSI 
,'~ 

>36y)K.uenun B Mo.uenu c no-

(5) 
)• 

--;:- - J 

ro. napaMeTphi1 onpe.uenmo111ue 

)poii RMe u na BTopoM 6apbe
a 

)llleHUSI .,..--'--- .. uao6pa)KeHbl 

!HUH U30MepHOI'O COCTORHUR: 

nepeXO.UOM B nepByiO RMY! 

~.uHaKo 1 KllK noKaaanu SKene-
~ • ; ' I 

!HO; .uenRillUXCR U30MepOB B 

TllKOll nyTb MeHee BepORTeH. -. 
239 

>CR uaoMepa Pu 1 nony'leH-

M (5) 1 (6) U (2) Bb!XO.UOB 

cTaBneJibl B Ta6nuue. Bn.uHo1 

'ITO 'ripli 'aTOM ::iiieprliu B036y)K.UeHHR Me!Ib1119i ·'!eM npu ucnonb30BlliiUU B 

' pa~qe'Ta£ ¢opMyribl '(\'-) -~ cyllleCTBeHHO 38BUCRT • QT.· Bbi6opa Bbipa)KeHHSI llnR 

2"· ·· : (aaBiicuM6bT~· oT •napaMeTpoB T u a ana'lnTenhHO Me!Ibllle) •. 

r 2 TaKnM o6paaoM1 o6pa6oTKa sKcnepuMenTanhHhiX .uaHHbiX. c, ucnonb30Ba-

nueM · pa3nU'I.IIbiX' 3llBUCUMOCTeii-'Ce'leHUR o6pa30Bll!IHR CnOUTllHHO .uenRI119I'OCSI 

uaoMepa oT snepruu. npuBO.UHT K aaMeTHO :oTmi'IlliOilllHvtcR ana'lenunM snepruu 

B036y)K.U9HHSI. l13BeCTH01 .. <ITo nony'!eliHllR 113 onhiTll SHepreTII'19CKllR 3llBUCH

MOCTb OTIIOI1191IUSI : HeiiTpOIIIIOll ·. U .uenuTenbHOll' lllllpllll' npu Hl!3KHX • sneprHRX ·; 

Boa6y)K.uenun .unn n.uep TSI)Kenee Topun nau6onee y.uoBneTBopnTenbHO onucbi

BaeTCR Bb!pa>KenueM ·(5). nosTOMY MO)Kl!O npe.unonaraTbl 'ITO nau6onee .uo

cl-o'riepnoe · ailatienlie :snepruw ·Bo36y>K.uenun uaoMepnoro ypoBIIR nonyqaeTcn 

npli !icn6nh30BaHnn Bhipa)Kenun (5) 1 T.e.: 3,1;!:_0,2 MsB. · OtinaKo ne ucKniO'Ie

no1 'ITO .unn coc'TORHUllj xapaKTepuayiOillUXCR nOBbllll9HHOll '.ue¢opMauueiil liMe;.. 

eT MeCTO .upyraSI snepreTU'I9CKllSI 38BUCUMOCTb .UnR OTH01119HUSI neiiTpOHHOH 

u .uenuTenhHOii lllllpnn1 n sTo npnBe.ueT K .upyroMy ana'leiiHIO sneprun B03-

6y)K.uenun. ,. 

l1a 1-a6nnuhi. Bn.uno, ·'ITO sueprun aoa6y)K.uenunl nonyqennan npu ncnonh

aoBannu ¢opMynhi. (6), co~n~cy~TCSI c. sneprueii (~!1 M:ri), o.npe.u.~ne~noii ./71 
na. ananuaa no.u6apbepUbiX .uenuTenhHbiX peaonancoB B peaKunn 

238
Pu (n,f) • 

. np~ anan'uae ~o~6apl>~pHbiX peaona!IcoB. ucnonb30Banncb: Bbipa)KeHIISI • JJ.nR 

nnoTnocTn ypoBneii no ,MOJJ.enn .. <PepMn-raaa. Ecnn )Ke npu pac'!eTe nnoTnocTeii 
'• • :f ., ~ ,_- J ' <, X '• • •• , : • • < ~· - o ' ,• o 

ypOBHe:fi .B nepBOll, :ll • B,Topo,:fi n:oTE:)~Ul!llJlbf.IOH 'RMllX BOCnon.h~.?BllTbCSI MOJJ.enb!O 

c nocTonnnofi TeMnepaTypofi, TO nonyqaiOTCSI JJ.pyrue .ana'leHJtSI ·suepruu. 

.. B6a6y)KJJ.eHl!R cnonTaHHO ~JJ.ennlllerocn.uaoMepa.· TaK, np~ T: =0,7 MsB sneprnSI 

B036y)KJJ.eHl!R cocTaBnReT 3,1 MsBI ~~·0 c~n~anaeT c6 ~Ha'leHJieMI: noriy'leH-
' ~~:','!~· ,: '.• :·,· ··: ': ':-.: • .,:. •. ··, ':·.\~ ',. ~ 

.H.~IM 11a. anan11aa <PYHKUllll Boa6y)KJJ.eHHSI1 KOI'JJ.a ncnonhayeTcn Bbipa)Kenne (5) r. .. ' .. { ' . . ; .• .' .... 
2 n B Mo.uenl! c nocTOSIHHOfi TeMnepa Typoil:. · 

_, ... ,··:.,, .... 
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llpoaenennbdL ananH3 noKa3biBaeT, ·"'TO, H3- pe3ynbTaToa H3!\'fepeu~~ ,. 

38BHCHMOCTH Ce"leHHH . o6pa30B8HHH CllOHT8HHO. nenHIUHXCH · H30MepOB OT .. 9Hep-
< ; '. : , • , • ~ ' ' 

I'HH B036ymneHHH Henb3H nony'IHTb onH03H8"1Hblll OTBeT 06 _9H~pi'HH: H30Mep-

HOI'O COCTOHHHHo 

no-nlfnHMOMYi TonbKO npHMoe H3Mepenne, no3nonHT onao3Ha"'HO, onpe-

nenHTb _9Hepi'HIO D036ymneHHH H30MepHOI'O ypODHH,_ 
~ "' ; ' 

: To"'Hoe 3Ha"leHHe aneprHH no36ymneHHH naeT D03MO~HOCTb 6o_nee 

onpeneneHHO cynHTb 0 38BHCHMOCTH OTHOIIIeHHH HefiTpOHHOll .If. nenH_TenbHO_fi 

IIIHPHH 01' 9Hepi'HH ·nplf. 6onbiiiHX net!JopMaUHHXo 

Aniopbr rny6oKo npH3HaTenbHbr n.n.~Kannue _H .r.H. <llnepony 3a non

nepmKy. H: noCTOHHHblti :lfHTepec ·K pa6oTe, c.n._ Kannue 3a·, CTHMynnponaHHe 

nccnenonaHHfi, A~B. HrnaTroKy 3a · non~3Hoe o6cymnenlie H: A.A~Konocoay, 
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