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1. BBEAEHHE 

PaHHRR HCTOpHR H3y4eHHR RsneHHR M~OHHOro KaTaJ1H3a nOAP06-

HO H31lO>KeHa s o6aopax·/t-21:. 0Ha Ha4anacb s 1947 roAY c nmoTe-

3bl <J>paHKa/31, BbiCKa3aHHOa:1 HM B CBA3H C HHTepnpeTa~Hei:1 3KcnepH

MeHTOB naTTeca, 0KKHaiU1HH 14 nay3111la/41, 8 KOTOPbiX 6bl11 HAeHTH!llH

~HPOBaH pacnaA "-~ ~-, B 1954 rOAY H. 6. 3eJ1bAOBH<f/5/ paccMoT

pen pa311H4Hble CTaAHH ~-KaTaJlH3a H O~eHHil HX CKOpOCTH. 3TOT 

Ha4a1lbHbli:1 nepHoA aaeepWHilCR s 1957 rOAY 3KcnepHMeHTaMH Anbsa

pel\a H AP· IBI, B KOTOPbiX Ha61110AaJllo1 npOL\eCC- p. -KaTaJU13a H CMe

CH HztD2. 
B nepHOA C 1957 nO 1963 rOA 6~J1H B~nOJlHeH~ OCHOBH~e 3KCne

PHMeHTallbHbte /n.neAepMaH H AP·, B·. n.,D,>Kenenos H AP·, A.AwMOp 

HAP·, Am.AOA HAp./ H TeopeTH4eCKHe /R.6.3eJlbA0BH4/ c.c.repw

TeHH, A)f(.A>KeKCOH, C.Ko3H H AP-I pa6oTbl /eM. o6aopbl 1" 21 I, s , 

KOTOPbiX 00AP06HO H3y4eH OPOL\eCC MIOOHHOrO KaTaJ1H3a, B OCHOBHOM 

e CMecH H2+D2 ~ 4~CTOM Ae~Tep~H D2.~a 3THX pa6oT cneAoean 

neccHMHCTH4H~H 8~80A: AnR npoHaBOACTBa RA6PHO~ 3Hepr~H M~OHH~H 

KaTanH3 H63¢¢eKTH8eH :/1,8/,, 

~HTepeC K HAee M~OHHOrO KaTa.nH3a 803POAH.OCR B 1977 fOAY, 

KOfAS 6~.na npeACKa3aHa era 60nbWaR 3~6KT~BHOCT.b 8 CMeCH AeH

Tep~R H TPI-1THR·/g/, KOTopaR B 1979 fOAY 6~na nOATBep}I(A6Ha 3Kcne

PHMeHTaJlbHO B.n.A}I(enenos~M, B.r.3HHOB~M ~ AP~
/m~.AaHH~H o6aop 

noC8R:~eH 3TOMY nocneAHeMy nepHOAY H3Y46HHR RBJ16HHR ~-KaTan~

aa, a TaK}I(e H3.00}I(eHH~ CYTH pa60T n.B.neTp08al11~a KOTOp~X no

Ka3aHo, 4TO ~-KaTa.n~3 8 C04eTaHHH C ypaH08~M 6naHK6TOM n03BQ

!lR:eT, 8 np~~tHu,l-1ne, nony4~Tb nono>KI-1Te.nbH~~ 8blXOA 3HepntH .' 

80 BCeM ASnbHeHweM H3.nO>K6H~~ Mbl He KacaeMCR T6XHH46CKHX 

H ~H>KeHepH~X acneKTOB 3TOI<i npo6neM~, nOCKOnbKY OHH MO.ryT CTaTb 

aKTyaJlbHbiMH !lHWb nocne BbiRCHeHHR ¢\.13H46CKOH ocy~eCTBHMOCTH ca

M0&.1 HAeH M~OHHoro KaTa!l\.13a. AnR 3Toro, npe}I(Ae ecero, HaAO oT

aeT\.1Tb Ha TPH OCHOBHblX 80npoca: 

CKo!lbKO aKTO~ KaTanHaa cnoco6eH ocy~eCT81-1Tb OA\.1H ~--MeaoH? 

KaKy10 3HeprHIO HY>I<HO aaTpaTHTb Ha no.nyLteHHe OA~oro ,.,.-.-Me

aoHa? 
KaKyiO 3Hepr1-110 OH OCB060}1(ASeT /c y4eTOM AS.ObHeHwero pa3MHO

>KeHHR HeHTpOHOB CHHTe3a 8 ypaH080M 6JlaHKeTe/? 

0CHOBHSR HAeR Jl.-KaTaJlH3a XOpOWO H3.B6CTHa: ~ -Me30H C Mac

co&.1 m,.,. =206,8me,o6paayR c RAPaMH d H t. MeaoMo.neKy.ny dt,.r. *, c6m-1-

>KaeT HX AO paCCTORHHH ~5·10-llCM H TeM caMbiM HaCTOJlbKO yee

!lH4HBaeT 8epoRTHOCTb npOHHKHoBeHHR RAeP 4epea 6apbep Ky.noHoa

cKoro OTTSJlKH8aHHR, 4TO peaK~HR: CHHTesa 

*Cor.naCHO ycTaHOB\.1BWel<iCR TPSA\.1li,HH Me30MOJ16KY.ORpHble HOHbl 

(dt~)+ , (d<I,.i)+ H T ·A·, TO eCTb CH-CT6Mbl, COCTOR~He H3 ABYX RAep 

H30Tonoa soAopOAS H p.- -Me3oHa, Mbl 6yAeM B AanbHeHweM Ha3~BSTb 

Me30MOJ16KYJlaM\.1 dtll, ddJ.l H T ·A· 

1 



d + t ..,. 4 He + n + 17,6 MaB /1/ 

ro ecTb npaKT~4e-CKH MrHOBeHHO no cpaBHeHHIO C apeMeHeM }f{YI3HYI 1J. -Me3oHa: r 0 = = 2,2·10-6 C. C aepORTHOCTbiO 0,99 ll--Me30H npH 3TOM OCBOfiomAaeTCR H MomeT ocy~eCTBHTb cne,QyiO~HH aKT ll-KaranHaa. 06~ee 4HCJ10 aKTOB 1J.-KaTa1lH3a, KOTOpOe MO)f(eT OCyuteCTBYITb OAHH ll -Me30H, 3aBHC~T OT BceH COBOKYOHOCTH MeaoaTOMH~X Y1 Me30MOneKynRpH~X OP04eCCOB, npOYICXOAR~YIX 8 CMeCH AeHTepHR H TpYITHR. 3aMeTHM Cpaay me, 4TO B OTilYI4He OT TepMORAepHoro CHHTe3a, rAe peaK4HR /1/ ,QOil}f{Ha npOHCXOAHTb npH B~COK0€1 TeMnepaType -..l08 K Yl ManoH nnOTHOCTH -1Qt4cM...:s CMeCH D2+T2 , HaH6onee 6naronpmnHble y-cnoaHR .qnR ocy~qecrsneHHR p-KaranHaa peanHaytOTCR npH TeMneparypax 1Q 2+10:3K H nnOTHOCTRX -4 •1Q 22 cM-S ,TO eCTb npl-1 .qaaneHHRX B CMeCH -10. 3 aTM. 

2. KHHET~KA nPOUECCOB M~OHHOrO KATAflH3A 
IJ.--Me30Hbl o6pa3YIOTCR npH pacna.qe ~--Me30HOB, KOTOpble, B CBOIO 04epe.qb, pom.qaiOTCR npH CTOJlKHOBeHHH ycKopeHHbiX npOTQHOB IAeHTpOHOB, TPHTOHOB H T • .q./ c RAPaMH MHWeHH. npH 3HeprHH ytCXOAHOro OY4Ka "T0-1 faS/HyKJlOH pacna,QHble IL--Me30Hbl o6pa3yiOTCR co cpe.qHeH 3HeprHei1 -200 MaB. nonaAaR B flnOTHYIO CMeCb D2+ T2' OHH aa B.peMR -10 -S C TOPM03RTCR TaM ,QO 3HeprHti -2 K38 /l2,!S/ H aareM aa 10-11c nepexOART Ha K-op6HTbl MeaoaToMoa diJ. "' ljl/ 14, 16,41/. 

06utaR cxeMa npoHCXOARutHX nocne aroro npo4eccos npe.qcrasne-Ha Ha pHC. 1 • .MeaoaTOMbl dp. H til C Ha4aJ1bHOH 3HeprHe€1 ... Q, 1 a8, cranKH;a;c; c RAPaMH MoneKyn D2 H T2 , o6paay10r c HHMH MeaoMone-KYnbl dtJL , ddjt "' tljl co CKopocTHM>I A dtJL , "A ddt< "' A ltJL COOTBeTCTBeHHO. KpoMe TOro, noCKOJlbKY OCHOBHOH ypoBeHb til aroMa ~a 48 aB rny6me, 4eM yposeHb dp. -aroMa, To npH cronKHoaeHHH dp.-aTOMa C RAPOM TPHTHR npoHCXO,QHT He06paTHMbl£1 np04ecc H30TOnHoro o6MeHa 

/2/ 
CO CKOPOCTbiO A dt :. 

B o6paaoaaawHxcR MeaoMOneKynax dt,_t , ddp H ttJl npoHCXOART peaK4HH CHHTe3a R.qep Me30MOJ1eKy11, npeACTaBJ1eHHble Ha PHC.l, CO CKOPOCTRMt.1 At , ,\ td loll A tt COOTBeTCTBeHHO. ---06~qee 4HCJ10 4HKilOB 1J. -KaTaJ1H3a XC, KOTOpoe OAHH fl.- -Me30H ycnesaeT OCytqeCTBHTb aa apeMR }f{J.13HH r O = .\ ol = 2,2 ·1 o-6 C, paBHO/IIif,: 

-1 AoCd Ao "'d XC =(i)s + ---+ +--
AdtCt Ad!JL Cd 2 

A d<¥ 
/3/ 
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rAe Cd ~ Ct - OTHOC~TenbH~e KOHU,eHTpa4HH RAeP Ae~TepHR H TpH

THR (C d+C t =1); Bee CKOpOCTH COOTBeTCTByiOT 3aAaHHO~ TeMnepa

Type H nnon-tocTH cMeCH D2 + T 2 ; Ctl 8 , cvd H ru t - aepoRTHOCTH 

11 npHJ1~1naHHR
11 11-- -Me30Ha K RApaM reilHR 8 peaK4HRX CHHTe3a: 

dljl. ~~ 4 He +n, 
/4a/ 

'3 
d~-+llHe+n, 

4 
tt~ ~ ~ He + 2n. 

Q fldt~Cd ' A. 

fltt~ c, 
>.. 

fl, 

fl. 

flu 

/46/ 

/4a/ 

,------t +p+ -----
r-----..., 

t~J +p I L. _____ J 

3~ie~fi~- ~~-}---f 
L------
r-----., 
11'He•n 1 L! _____ .J 

r.------
4He + n + 11"'1--i 
L-----

r-----4He+2n+ -
L------

rll•He;fnl t,:. ____ J 

PHc.l. CxeMa npo~eccos MroOHHoro KaTanH3a B cMeCH ~eA

TepHH H TpHTHJio 

4111Cno l.,ti-1KJ10B XC 3aBIIICHT B OCHOBHOM OT 3Ha4eHH~ Ct> .. 8 , A dt 

H A dtp. .• J1erKo BIIIAeTb, 4TO Aame npH 6ecKoHe4HO 6onbWHX CKopoc

TfiX A dt lr1 A dtp. BeJ1H4HHa X c= w.;t , TO ecTb orpaHH4eHa OTHOCH

TeJlbHO~ aepofiTHOCTbiO C<Js npou,eccoa /4a/ H dt11- -+ 4se + n + 11-- · .• 

Aonroe apeMfl TeopeT~-t4eCKHe ou,eHKH cKopocTH o6P.aaoaaHHfl d~ -

MOJleKyJl npHBOAI-1111-1 K 3Ha4eHHIO A dtp - 1 Q 
4 

C -t/ll, OTKYAa B COOT

BeTCTBI-1H C /3/ CJleAOBa.no, 4TO Xc.<l, TO eCTb BbiBOA 0 He3¢l(f>eK

THBHOCTI-1 npou,ecca p.. -KaTaJ1H3a, 
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.... 
Ta6nH!1a I CKopocTH MesoaToMHbJX H MesoMoJieKynapHbiX npoqeccoa s cMecH D2 + T 2 -* 

IIP0!1ecc 
TeopHR 3KcnepHM:eHT HC1'0'1HHK AToMHbll1 saxBaT: A~ ,·s-1 -1011 

Kopel!MaHita/ 

/3,06~0,07/oi0 11 * 
Mapi<ymml/ 141 

p. · + 0 2 ~ dp. + 0 + e 

Cohen et al/411 
Anderhub et al / 16/ HsoTonlfbdt o6Mea: A 0 ·s -l 2 oiO 8 
IIoHoMapes ·I 111 

dt • 

/2,9~0,4/o 10 8 
BblC TPH!1KHJl " I'IP 0 

1101 

dp.+t~~Jt+d 

05pasosaHHe Mo.rteKyn dcJ,t:Adqu, ·s- 1 ** 0,8 oi0 6 
BHHH!1I<HH H 1'1P ,I 191 dp. + 02 ~ [(ddp.)+d2elv 

/0,85:_0,II/ol0 6 BbtCTPH!1KHi! H I'IP 0118/ 06pasosaHHe MOJiel<YJI dt~t: A~f+L, ·s-1** lp.+ 02 ~ [(dtp)+ d2elv 
:: 10 8 

·>10 8 BHHH!1KHi! H I'IP o 191 
BbiC TPHIJ;I(HH H AP / 

101 
OOpasoaaHHe MoJieKyn UJL: .\ ~r.,.t , ·s -I 3ol0 6 

lloHoMapes tp. + T2 ~ [(ttp)+te] + + e 
- H <l>aH.p>faH J 191 

ITepeaopoT cnHHa Ad, s-1 7 
IIoHoMapes H AP. -/20/ 

4,6 o I 0 dp.(H) + d ~ dp.(N) + d > 4ol0 7 
BbiCTPHI..\KHH H AP ;/:34/ /4,26+0,17/oiO 7 0 /39/ Breunl1ch et alo * Bes yqeTa apeMeHH KacKa,u.a a MesoaToMe, KoTopoe cornacao pa6oTe 1141 cocTaanneT I ,5 ·I o-tt c. ·*:*3Ha':leHHn Add~' H-Ad~ nPHBeAeHbi npH pesoaaacaoH 3HeprHH CTOJIKHOBeHHJt. 



"' 

IIepeBopoT cnHa.a ,\ 0t , ·s -1 

lf.<(H)+ t ~ t~('+) + t 

IlpHJIHnaHHe: ru d 

dd~ ~ ~ 3He + n 

IIpwutnaKHe: (4) t 

tlf.< ~~ 4He + 2n 

IIpMHnaHHe: ru s 

dt~ ~ ~ 4 He + n 

.Hp;ep.aaH peaK~mt: Ar , ·s-1 

dt~ ~ 4He + n + ~-

H,u;epaax peaKIJ,Ha: Ard, ·s-1 

dd~~~~+D+~-

.H,qepaaH peaKl.UUI: Att, ·s-1 

llf.< ~ 4He + 2n + ~-

MOJieKyJ1HpHaH nepesapnAJ<a ,\ m , ·s -1 

t~ + 8He ~ If.< ~ ~ ~:,sHe + t 

0,9·109 

o, 15 

-0, I 

0,86•10 - 2 

0,91 ·10 - 2 

1,1-1012 

5 ·I 0 !0 

5,6·10 8 

< 0, 13 
0, 14+0,01 

Ta6nH~a I /npogo~eHHe/ 

MaTBeeHKO H p;p / 211 

fepmTeHH H AP. ·/22/ 

Fiorentini and 
BraCci/23/ 
,Ux<enenoB H p;p;/33/ 

BaJJHH H AP .:!40/ 

fepmTei'!H H AP•/22/ 

fepruTeH:H H p;p.'/22/ 

Fiorentini and 
Bracci /2s1· 

BorAaHoBa H AP·/24/ 

BecMaH·/25/ 

ApHCTOB H APJ26/ 



CHTya~HR H3MeHHJlaCb B 1977 rOAY, Kor,qa B Me30M01leKyne ~~ fiblflO YCT8HOBJleHO cytqeCTBOB8HHe CIIa60CBR3aHHOrO COCTORHHR .fg H Bbi4HCJleHa Ofiycnas.neHHaR HM fiOJlbWM CKOpOCTb i\ dtp. '>> i\ O pe-30HaHCHOro o6paaoeaHHR ~ -MoneKyn. 3To noaeo.nH.no aoaepaTHTbCR K H,qee p. -KaTaJlH3a Ha HOBOM YPOBHe H paCCMOTpeTb B03MO>KHOCTH ere npaKTH4eCKOrO HCOOJlb30BaHHR ,Q11R npOH3BO,QCTBa R,QepHoH 3HeprHH. 

3. CKOPOCTH nPOUECCOB ~-KATAnH3A 
KaK npaeHno, CKopocTH MeaoaTOMH~x H MeaoMo.neKy.nRpH~x npo-1.4eccoe nponop~HOHaS1bHbl n.noTHOCTH CMecH: i\ dt = i\ dt c/J , -i\ dtJ.I. = = Adt;u ·¢ " T •. Q., r.qe ¢ =p/p0 ; p - nnoTHocTb cMecH; p 0 =tt,25 ·10 22cM-I - n.noTHOCTb >KHAKOro eo,qopo,qa, a i\~t, ,,\~fi.L H T.,q. - cKopocn1 npOLo~eccoe, npHee,qeHHble K nnoTHOCTH Po" Hx TeopeTH4eCKHe H 3KcnepHMeHT8J1bHble 3Ha4eHHR npe,qCTae.neHbl B Ta6n. 1. 

MeaoMoneKyJlbl ddft H dtp. MoryT o6paaosb1BaTbCR a nRTH, a Me30MOS1eKy11a t~ - B WeCTH COCTORHHRX spatqaTe11bHOrO (~ H KO.ne6aTeJ1bHOro (~ ,QBH>KeHHH, 3HeprHH CBR3H KOTOPbiX 3aK.n~-4eHbl a npeqenax OT -360 :>B AO 0, 7 :>B.. MeaoMoneKyna tt~ o6paayeTcR npeHMytqeCTBeHHO B COCTORHHH (J=l,V=l) C 3HeprHeH CBR-3H - £u::::z45 ,2 38 nyTeM ,qHnonbHoro El-nepexo,qa c KOHBepcHeH Ha 3.neKTpoHe MOJleKynbl T2 cornacHo cxeMe 
t,.< +T

2 
~[(tt,.t)+te]+ +e. 

Me30MOJ1eKyllRPHbiV! HOH (tt~t)+ CTaHOBHTCR npH 3TOM TR>KellbiM 11R,qPQM11 06bi4HOrO MOJleKYilRPHOro HOHa, a Bbl,qenHBWY~CR 3HeprHIO CBR-3H- Ett yHOCHT 3JleKTpOH KOHBepCHH. CKOPOCTb 3Toro Hepe30HaHc-HOrO npo1.4ecca cpaBHHTenbHO HesenHKa: i\ tt,£ ,., 3 .toe c -1/19/ · .• 06paaoeaHHe Me30MO.neKyn d~ H dtj,t 6naro,qapR cy~qecTsosaHH~ y HHX CllafioCBR3aHHbiX COCTORHHH (J=l, V=l) ·ti'?.fHeprl-tRMH CBR3H - <u (ddjt) = 1,91 38 H -<II (dt,i) = 0,64 3!1 npOHCXOAHT cornaCHO peaoHaHCHOMY MexaHH3My, enepeble paccMOTPeHHOMY BecMaHoM=128/ npHMeHHTeJ1bHO K peaK~HH o6pa30BaHHR dd,t -MOJ1eKyJl: 

/Sa/ 
8 3TOM npo~ecce OTCYTCTBYeT 3JleKTPOH KOHBepCHH, a 3HeprHR CBR-3H -£ 1'1 (d~) nepe,qaen:::R Ha eoa6y)f(,q~HHe Ko.ne6aTenbHoro cocToRHHR .v o6paaoeaswerocR·MoneKynRpHoro KOMnneKca, o,qHHM H3 R,qep KOTOpOrO RBllReTCR Me30HOH (ddp)+ :.nocne 3KCnepHMe.HTOB·/:18/H TeopeTH4eCKHX 'pac4eT·os:I9.2JI CytqeCTBOB8HHe TaKOro pe30HaHCHOrO MexaHH3Ma MO)f(HQ C4HTaTb'TBep,qO ycTaHOBJleHHbiM. CKopocTb aHanorH4HoH peaK4HH peaoHaHcHoro o6paaoeaHHR d~ -MOneKyn /CM. pHc.2/: 
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/56/ 

Bbi4HCneHHaR a pa6oTe 191 I A d."' 1~ 10 8 c -t I ,.oKaaanaCb MHoro 

6onbwe cKopocTH A'M,t H npe>t<HHX Ol..leHOK I A0d -104: c -1 fIt~ 

3KcnepHMeHTanbHaA <JLJ,eHKa CHH3Y A odt:Jt > 1 as c-f nony4eHHaA He

AaBHO B fla6opaTOpHH AAepHbiX npo6neM O~~H/tO;Ha~OAHTCA B corna

CHH C pe3Y11bTaTaMH Bbi4HC11eHHW. 

Ko34MlJHu,HeHTbl np.Hnlr1naHHA MIOOHa CL> 8 , (l)d H w \ /eM. Plo'!C. 1/ Bbi-

4HCneHbl a pa6oTax :/?,S,22•2at:. B Ta6n. 1 npa.tBeAeHbl 1o1x 3Ha4eHHR 

C Y4eTOM 
11 CTpRXHBaHHA11 MIOOHOB C RAep renHR npH CTOllKHOBeHHRX: 

/'He+++ <If.<, 

~~++d / 
~/ 

---.He++ + d+ ~ -:. 
CornacHo Bb14HcneHHJ:~M:/22,23' 3TW npoi,4eccbl yM.eHbWaiOT HCXOAHoe 

3Ha4eHHe "'• Ha 20-25%. 

PHc.2. CxeMa pegoaaacaoro o6pa

aoaaHHJt MeaoMoneKyn dtJ.t'·· YCJto- I 
BHe peaoaaHca: t 0 +:\E 11 .\ 

= \Ev-E o \, r11e < 0 - KHHeTH'<e

CKaH 9Hepi'HH t,.c. -aTOMOB; :j£
1 
~ -

9Hepi'HJt CBJI3H COCTOHHHH 

(J = 1, v~1) dt.~- MoneKyJibl; E 0-

3HeprHH OCHOBHOrO COCTOHHH.R: 

MoneKyJibl D 2 ; Ev- 3HeprH.R: 

KOne6aTenbHOr'O COCTORHH.R: V 

MoneKyn.R:pHoro KOMnneKca 

[(dljl) +d2e].. 

4. 4HCno UHKnOB ~-KATAnH3A 

i 

: 
I 

I 
-'6001. 
' l_ 

[!dt~t d2o] 

KaK a~AHO ~a Ta6n.1, 60nbwaR 4aCTb npo~eccoa M~OHHoro KaTa

n~aa AO c~x nop He ~3y4eHa 3Kcnep~MeHTanbHO. no3TOMY AnR 4~C

na ~~KnoB Xe ceH4aC MO>KHO AaTb n~Wb H~)I(HIOIO o'-'eHKY. 

Ha a~pa)l(eH~R /3/ cneAyeT, 4TO Ha~6o.nbwee 4~c.no 4~K.noe AO

cT~-traeTcR np~ KOH4eHTpau,~~ Tp~
T~R C t B CMeC~ 0 2+T2 , paeHoH 

/7a/ 

><o 
"'• + ---y(2+y+0,7</J) .. 

>. ~~ </> 

/76/ 

npH nnoTHOCTH lKHIIKOro BOIIOPOIIa (</J = 1) c y4eTOM 17 I H llaHHbiX 

Ta6.n.1 OTCIOAa CileAyeT H~>KHRR OU,eHKa: 
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x <>so. 
;8; 8 o 0s -1 

Ol.leHKa I I nony4eHa Af\R cKopocTH ,\ dr.~L = 1 c , KoTopaR cooT-seTcTayeT 3HeprHH CBR3H -< 11 (dljl) = 1,09 38. nocneAYIOII!He Bbi4HC-. lleHHR'/21/npHBeilVI K 3Ha4eHHIO -£ 
11

(dtp) = 0,64 38, KOTOpOMY coOTBeTCTBY~T 3Ha4HTeJlbHO 60J1bWHe CKOpOCTH ,\d~ H COOTBeTCTBYIO~He -"1M Se!lH4HHbJ X c '! npH ,\ dtp = J • f 0 S C-l X c~::~ 70, npH ,\ 
0
df#. = 10 9 c- 1 x. •100. 

3Ha4eHI-te Ill C ""0, 9 • 10-2 ,npHHRTOe 8 HaCTO.RlJ.I€€ BpeMR, Bbi4HC11eHO B npeAn0110m€HHH, 4TO peaK4HR /4/ npOHCXOAHT H3 OCHOBHOfO COCTORHHR dtp -Me30MOlleKyJlbl (J ::::V=0). 0AHaKO pe30HaHCHOe o6-pa30BaHHe d~-M011€KY11 npOHCXOAHT He B OCHOBHOM, a 8 nRTOM B036Y>KAeHHOM COCTORHH>f (J=l, V= 1) /eM. Ta6n.2/. 8 np04ecce KaCKaAHbiX nepeXOAOB H3 COCTORHHR (J=l,V=l) 8 COCTORHHe (J=O, V = 0) B Ka>KAOM J.13 npoMe}l(yT04HbiX COCT0RHHI1 (Jv) dtJ.t-M01leKy11bl B03MO>KHa peaK4HR CHHTeaa /4a/, npH4eM 80 8pa~aTenbH~X C0CTORH¥1RX J = 1 8epORTHOCTb 11npl·1n1·1n8HHR 11 MIOOHa MOHfeT OKa3aTbCR cy~eCTBeHHO MeHbWe. 3~eKTH8HO 3TO npH8eAeT K HeKOTOPOMY AOnonHVl.TellbHOMY yMeHbWeHHIO 8e11H4V!Hbl CUg·• ,QnR .qeTanbHoro onVtcaHHR npo14ecca p. -KaTanvtaa Ha.qo y4eCTb PRA .qononHwTenbHbiX a¢$eKT08, TaKHx, KaK pe11RTH8HCTCKHe nonpa8KH K ypOBHJ=IM 3HeprvtH Me30MOJleKY11 129..: 321, MOJ1eKy11RPH8R nepeaapR.qKa'/26/, KHHeTHK8 38Me.qneHHR Me308TOM08 H T • .q • .CooT8eTCT-BYIOutHe 8bl4vtcneHHR YT04HeHHbiX 3Ha4eHHH cu 8 H A dtJ.t 8 H8CTOR(ltee 8peMR npo80ARTCfl, 0AH8KO Anft OKOH4aTeJ1bHOro onpe.qeneHHfl 4HCJ18 ijHKJ108 XC HaCTORTeilbHO Heo6XO.qHM~ 3KCnepHMeH-T~ no H3MepeHHIO 8e11H41o1H co_ 8 1.1 A dt.£l , a TaK)f(e uHHTerpanbH~i1 Onb1T 11 , TO eCTb Henocpe.qCT8eHH~e J.13MepeHH.R 8eJ1H4HH Xc 8 WHpo-KOM H"HTep8aJ1e 3Ha4eHHH r$ VI Ct. 

TaoJIH!la 2 
3HeprHH CB.R:3H - £ Jv I 3B/ cocTo.R:HHH (Jv) Me30MOJieKyn * 

(Jv) /00/ 

325,0 
319,2 
363,0 

/01/ 

35,8 
34,9 
83.,9 

/10/ 

226,6 
232,4 
289,2 

I 11 I 

I , 91 
0,64 

45,2 

/20/ 

86',3 
102,5 
172,7 

/30/ 

48,7 
* ,l.{aHHble pa60TJ:.t_j 2~(.rtnn Me30MOJieKYJlhl dt,l '3HeprH.R: CB.R:3H OT-cqg~aeTC.R: OT ~CHOBHoro COCTOHHH.R: Me30aTOMa ~· 

5. 3HEPrETH4ECKH~ 6AnAHC ~-KATAnH3A 
Ha PHC.3 npe.qCT8SJleHa O.qHa ¥13 MbiCJ1HMbiX CXeM MIOOHHO-K8T8J1HTH~ecKoro-rH6pH~epa /MKr/ASW An.R npOH380ACTBa .RAePHOH 3HeprHH. 
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ct:= 0,13 

Tenno 71:t8 

-0,2 T, 0,25 X1r>B 
t,2f:tB 

0y40K Ae~TpOHOB C 3HeprHeM -1 f38/HyKnOH HanpaanReTCR Ha MH

WeHb H3 nerKHX aneMeHTOB (Be, B. C). a KOTopoH PO*Aa-tOTCR ,- -

Me30Hbl B KOJ1144eCTBe 0,25tr- /f38 ·HYKilOH H TepReTCR .,20% 3Hep

ri!U1 HCXOAHOrO ny4Ka'/;S8/ "'• 

H3aecTt:to';:,s7/, 4TO npH nonaAaHt.1H 6wcTpbiX HyKnoHOB c 3Heprt-teH 

1 raB B M..WeHb ~3 238U B He~ npOHCXOAHT 20 AeneH>t~ RAeP B38u 

14 o6pasyeTCR 60 RAep S.39pu, npH4eM HX BbiXOA pacTeT Jllo1HeHHO C 

3HeprHe~ HyKJ10HOB B HHTepaa.rl'e 3HeprHH 0, 5+2 raB. 003TOMY npH 

nonaAaHHH B MHWeHb H3 238U ny4Ka AeHTpoHOB, HMe!OUtHX Ha Bbi

XOAe 1113 nerKOH MHWeHH 3HeprM~ -0,8 f38/HYKJ10H, 8 HeH npoHCXO

A~T 0,8·20=16 AeneH~ii RAep B38U ~ o6paayeTCR 0,8.60·0,85=41 

RAPO nnyTOHHR:/ ll/ /8 = 0, 85 - K03l!l4WII •• HeHT HCnOilb30BaHHR MeA

neHHbiX He~TpOHOB/, KOTOPble npH OOCJ1eAy~eM C*MraHHH Ha A3C 

o6ecne4aT el!le 41,. 1 , 6=65 AeJleH~ii I 1/J = 1,6 - K03<l><l>~~HeHT paaMHo

>t<eH"HR Pu a A3CJ 111 I. TaKio1M o6paaoM, a paccMaTpHaaeMOH cxeMe 

*noCKOJlbKY 1T- pO>KAaiOTCR B OCHOBHOM npH CTOJ1KHOBeHHH HeHTpO

HOB C HeHTpOHaMio1, TO HaH60flbWHi4 BbiXOA ... 0,5rr7f36· HyKnOH CJle.AY

eT O*HAaTb AJ1R ny4Ka YCKOpeHHbiX RAeP TPHTHR npH nponycKaHHH ero 

4epe3 TpHTHeByiO MHWeHa,:;_ae~. 8 Ka4eCTlle MHWeHH nerKHe 3J1eMeHTW 

npeAn04THTenbHee, noCKOJlbKY npH 3TOM MHHHMaJlbHbl RAepHoe norno

U4eHHe H paAHa1.4HOHHbJe nOTepH rr- -Me30HOB. 
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3neKTpo.R,qepHbH1 KaHan e HTore MO)I{eT. o6ecne4HTb 16+65=81 ,qeneHHe, TO ecTb 81·0,2-16 raB Ten!1080~ HI1H 16·0,35=5,6 raS 3I1eKTPH4eCKm1 aHeprHH /TJe = 0,35 - K.n.,q. Tennosblx A3C/. 8 MIOOHHO-K8Ta.nJ1THl.leCKOM KaHane rr- -Me30Hbl, po,qHBWHeCR B JlerKOH MHWeHH, pacna,qaiOTC.R B KOHBepTOpe Ha ~--Me30Hbl H 8HTHHeHTPHHO C eepORTHOCTbiO c/J ~. npHHHMaR ,QOCTaT04HO onTJ.1MHCTH4HOe " 3Ha4eHHe ~1'=0,8, Hai1,qeM,4To a·cMeCb02+T2 nona,qaeT 0,25•0,8= = 0,2 ~-t/raB•HyKnoH, KOTOpble nocne 100 ~HKnoe IL-KaTam'13a ocao-6o>KAaiOT 8 peaK~HH /1/ 0,2 .100.17,6 M:>B = 0,35 ras 3HeprHH H 20 HeHTpOHOB Ha K8)1{,Qbli1 aaTpa4eHHbiH f38 3HeprHH YCKOpHTenR. 8 TOJlCTOM 6naHKeTe 1-13 238U Ka>K,qbla1 HeHTpOH CHHTe3a 113 peaK~~-tH /1/ c 3Hepn1eH 14,1 MaB Bb13b1BaeT 1 ,qeneHHe H reHepHpyeT ,qonqnHHTellbHO 4 TenllOBbiX Hei:1TpOHa:IU~ OAHH H3 KOTOPbiX HaAO aaTpaTHTb- Ha BOCOPOH3BOACTBO TpHTH.R, C Y4eTOM K03cf>cf>H4HeHTa HCOOnb30BaHH.R He~TPOHOB HaHAeM, 4TO H3 4 o6paaosaBWHXC.R HeHTPOHOB OCTaeTC.R 4 · 0, 85-1=2, 4 TOBapHbiX HeiiTpOHa, KOTOpble o6pa-3yt0T 2,4 .R,qpa 239Pu. TaKHM o6pa30M, Ha KamAbl~1 aaTpa4eHHbti1 raB 3HeprHH YCKOPHTenR B MK-KaHane npOHCXOAHT 20 AeneHH~, K KOToPbiM cneAYeT Ao6aBHTb /c Y4eTOM K03cf>cf>H4HeHTa paaMHo>KeHHR 1/1= 1,6 8 A3C/ 20 · 2, 4 • 1 , 6 = 77 AeiJeHHH 239Pu, 8Cero 97 AeileHH~, TO ecTb 97·0,2 = 19 raB TennosoH HnH 6,8 faB aneKTpH4eCKOi1 3Hepr14H. 
CyMMapHoe 3Heprosbl,qeneHHe a aneKTPORAepHoM /3R/ 111 MK-KaHanax COCTaBnReT 35 fa8 Tennoaoi1 lllllH 12 faB 3JleKTpH4eCKOi1 3HeprH14 Ha 1 faB 3HePrHH ny4Ka, J.13 KOTOp~X 45% Bb!AenReTC~ B 3RKaHane H 55% - 8 MK-KaHane. AHanor TaK HaablsaeMoro K03~~H4HeHTa ycHneHIIIR 8 nnaaMe AflR MK-KaHana paaeH Q = 0,35, a c y4eTOM 3R-KaHana AnR MKr 8 4enoM a~eKTHBHoe aHa4eHHe Q =0,6. nonaraR K.n.A. )'CKOPHTeJlR paBHbiM '"'a = 0,6, 4TO_ npe,QCTaBn~eTCR AOCTaTo4HO peanHCTH4HbiM·/38/, HaHAeM, 4To, aaTpaTHB 1/0,6 =1 '7 r3B Ha 8XOAe MKr' nOI1Y4HM Ha 8biXOAe 12 ras' TO eCTb AOJlR 3HeprHH, 3aTpa4eHHaR Ha C06CTBeHHble HY~Abl CHCTeMbl, coCTa8I1RIOT a =0,13, 

6. 3AK1104EHHE 
Cepbe3HOe H3y4eHHe RsneHHR ll - KaTanHaa a CMeclo1 AeH-Teplo1R H TpHTHR ceH4ac, no cy~eCTBy, TOJlbKO Ha41o1HaeTCR. ~0 CHX nop He lo13MepeHbl Aa*e OCHOBHble era xapaKTepHCTHKH: 06~ee 4HCJ10 4HKJ10B p-KaTalllo13a X0 Ill K03$~H414eHT OpHJ1H08HHR fll 8 t a AflR CKOpOCTH o6paaoaaHHR Ad~ -MolleKyJl H3BeCTHa IlHWb HH>KHRR OLteHKa: A d_tp '> 10.8 c- 1• KpoMe Taro, He H3MepeH BbiXOA .,- -MeaoHoa H3 nerKOH MHWeHH, o6ny4aeMoi1 ,qeHTpOHaMH /11111H TPHTOHaMH/, H He~aaecTeH K03W¢H4HeHT KOHBepCIIIH OHOHOB 8 M~OHbl ~ll' AOCTHmlo1M~~ a peanbH~x ycTpoHcTeax. 
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Heo6xoA~Mo H3MepHTb TaKme pRA APYrHx xapaKTepHCTHK npo~ec

ca: CKOpOCTb Atf4,1. ; Be!lH4HHbl llld H rut ;CKOPOCTH .\ fd H Art ; CKo

POCTH A~ MoneKynRpHoH nepeaapRAKH tp-aToMoa Ha RApax SHe 

~ 4Hel26/ ~ T.A. 

leM He MeHee yme CerOAHR MOmHO AOCT8T04HO onpeAeileHHO yT-

Bep>KAaTb, 4TO p. -KaTaJ1H3 RAePHOi71 peaK4HJII d + t-+. 4He + n B co-

'-leTaHYH1 C 6aHKeTOM ir13 2.3SU MO)I(eT o6ecne4HTb nOJlQ)I(Io1Te1lbHblti 

BbiXOA 3HeprHH. 3KOHOMH4eCKaR 3$~eKTHBHOCTb TaKOrO cnoco6a 

npOH3BOACTBa RAepHoH 3HeprHH H ero TeXHH4eCKaR pea!lH38~HR aa

BHCRT, KOHe4HO, OT ycneWHOrO peweHHR MHOr04HCJ1eHHbiX HH>KeHepH~X 

npo6neM. 
B 11ID60M cnyt.~ae HecoMHeHHO TO, 4To caMo Ra!leHHe M~oHHoro 

KaTaJ1H3a aacny>KHBaeT A811bHeHwero BCeCTOpOHHero H3y4eHHR. 

~ rny6oKo npHaHaTeneH ~.H.6nox~H~eay , a TaKme H.~.fype

B~4Y ~ s.n.Amenenoay aa BH~MaH~e ~ noAAeP*KY; R 6naroAapeH 

seeM HenocpeACTBeHH~M y4aCTHHKaM pa6oT no npo6neMe ~-KaTan~

aa, BMecTe C KOTOp~M~ nony4eHa 60flbW8R 4aCTb npeACTaBnReM~X 

TeopeT~4eCK~X peaynbTaTOB: fl4H.6orAaHOBoH, C.~.B~HH~KOMy, 

C.C.fepwTeHHy, B.E.MapKYW~Hy, B.C.Mene*~Ky, ro.s.neTpOBY, 

H. n. nonoay' n. n. npeCHR-KOBY' ~. 8. nyabiH~HY' T. n. nyabiHHHOH' 

~.H.CoMoay, H.$.TpycKoao~, M.n.$a~
$MaHy. 
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