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1. BBEilEHHE 

3$$eKT TeHeH B RA€PHbiX peaKU,~RX H8 MOHOKPHCT8J111\.-14€CKHX Mlo1-

WeHRX n03BOflfleT H3MepRTb BPeMeHa ~lo13Hio1 COCTSBH~X RAep 8 AHana-

30He /1o-15 - 1o-1BJc. HaMepeHo speMR nporeKaH~rtR peaKu,HH Aene-

HiriP. RAep nOA Ae~CTSII!eM Het1TpOHOB /1·4/ 1.1 Tfl}f(eJlbiX HOHOB !&-?!. 

Hcno.nb30B8Ht.1e ny4KOB HOHOB 3He H 4 He ABeT B03MO>KHOCTb AOnon-

HHTb 3TH pe3YilbT8Tbl nonylleHt.-~eM ASHHblX AilR o6naCHt 3HepnH1 

B036ymAeHHR COCTSBHOro RAPS E *= /20-50/ MsB, KOTopaf! He lo1C

Cfl€A088H8 HH 8 peaKU,HRX C He~TPOHSMH /E*< 10 MaB/, HH B peaK

l.IHRX c TR)t{eJ1biMio1 lr10HSM!rl /E* > 50 M38/. BnepBble peaKU,HR 
238 U+4He 

H3Y4Sfl8Cb B pa6ore/8/ npH OAHOM 3HS4eHHH 3HeprHH HOHOB -25 M38. 

Peay.nbTSTbl H3MepeH~r~R speMeHJ.~~ nporeKaH\.Ilfl peaKU.V1H AeneHI-1R 

RA€P 238 U HOHSMH 4He C 3Heprl.-1e~ OT 23 AO 35 M38 npi-1Be,QeHbl 

e pa6oTax 
191, rna8Hbl~ 8Kna,q so speMeHHYIO sa,qep}f(Ky co6biTI.-1~ ,qe

neH"R A810T seTS" AeneH"R (4He. lnf) , ( 4He, 2nf) , ( 4He, 3nf). 

1-isMepeHHble sem141-1Hbl Hennoxo cornacyiOTCfl c MOAeilbHbJM pac4eToM, 

OCHOBaHHbiM Ha 3KCnepHMeHTaJ1bHblX 3aBI.-1CHMOCTfiX 8peMeHio1 }f(lo13HI-1 

OT 3Heprl-11-1 B036y}f(,QeHI-1fl ,Q.I1fl COCTaBHbiX fiAeP 236 U 1.-1 239U 8 o6-

naCT\.II E*< 10 M3B 11 •41 • B pac4eTe c,qenaHa 3KCTpanonfl~lo1fl AaH-

Hblx11·41 s o6nacTb 6onbWI-1X 3Hepr1-1~ 8036Y}f(AeHHfl 1.-1 ocy~ecrsneH 

nepexo,q K ~t~soronaM nnyTOHio'lfl. Hcnonb30BaHbl TaK}f(e 3Mn~t~p1-14ecKI.-1e 

CBe,QeHI.-1fl 06 OTHOWeH\.IIfiX lf/1 ,Q.I1R ,Qei1R~V1XCfl R.Qep, 

YcKopeHHble HOHbl 3He noaeonri10r nony4aTb cocraBHble RAPa c 

3HeprHe~ soa6y}f(,QeHI-1R npi.-1MepHo Ha 14 M38 6onbwe, 4eM 1<-10Hbl 4 He 

C TO~ }f(e K1.-1HeTio14eCKO~ 3HeprHe~. no3TOMy lo1CCJ1e,Q08aHHe peaK~V1V1 

AeJ1CH\.IIR R,Qep 238U 11\0HaMIII 3He ,QaeT CBCACHHfl 0 COCTaSHbiX fiA

pax c 3Heprllle~ 8036Y}f(AeHIIIfl 6onee 30 M38, r.e. 8 AlllanaaoHe, 

KOTOpbl~ He nepeKPbtsaercfl c o6nacrb10 3HeprH~ eoa6y}f(AeHHR, Hay-

4eHHoi1 AflR peaK~HH 238 U+ 4 He 191. B pa6ore 1101 snepeble coo6~eHo 

0 Ha6niOAeHI.-11-1 8peMeHH0\4 3a,Qep}f(K\.II C06b!THi4 AeJleHHR B peaK~V1111 

23Bu + 3He. B HacToR~e~ pa6ore l<'laMepeHbl epeMeHa nporeKaHMR 

peaK~Io1J.1 ,QeneHJ.IIR RA6P npM o6ny4eHV1V1 MOHOKPHCTanna U02 I-10H8MV1 

3 He C 3HeprHRMH 25, 31, 40, 47 M38, KOTOpbiM COOTBeTtTByeT 

3HeprHR 8036Y}f(AeHJ.1R COCTaBHOro RAPa OT 34 AO 56 M3B, AJlfl noHH

MaHHR 3KCnepHMeHTaJ1bHbiX pe3yJ1bTaTOB BblnOilHeH MOAe!lbHbl~ paC4eT 

1.-13MepReMbiX SeJ1H4J.1H, 

2. MOilE11bHbl~ PAC4ET KOMnOHEHT TEHEBOrO MHHHMYMA 

8 pa6oTe /9/ om1caHa cxeHa 

6~t~H TeHeBbiX MMHJ.I\MyMos x 1 flOo 

pac4eTa rny6~t~Hbl H paaHOCTJ.1 rny

"" 1\x, KOTOpb!e paBHbl C y4eTOM 
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BKJ18A8 MHOrr.1X BeTeei:i AeJ1€Hr.1R x
1500 ! X 150o; t1x 

X""O xn 

k 
~ llx , 

x=O xn 
rAe X - lH1CJ10 Hei:iTpOHOB, r.1CnylJ.I€HHbiX AO A€11€Hr.1.R. 3AeCb npr.1ee-
A€Hbl TOJlbKO OCHOBHbl€ Q>opMyJ1bl: 

o k -1 E*-.I.x 
x150=(~ p) f 

xn x,Q xnf 0 

k 
p r1 E*-.I.x 

(1+0,8A) -x150°[ 
A, (Ux) 

llx = ( ~ f l!ix - 1)} X 
xn X""O xnf [1+0,8A(U)] X X A 0 X X 

dW x-Rr(U )dU , 
/2/ dUX X X 

X 

rAe _I. = _I. B ni , U x - OCT8TOl.!Ha.R 3Heprr.1R B036Y>KA€Hr.1R RAP8 
X i= 1 

nocne r.1CnapeHr.1fl x He~1TpoHoe, P xnf - eepoRTHOCTb A€!1eHH.R 
nocne HCnapeHr.1.R X H€i:1Tp0HOB B pacl.leTe HS OAHO COCTaBHOe .RA
pe, Bbll.IJ.1CJ1R€M8R no tf>OpMyJle 

p 
xnf 

E*-~ 
f X 

0 

R (U ) ~dU 
f X dUx x 131 

BenHl.IHHbl x 15°
0 

(U ) "' t1x (U ) npeACTaen.RIOT co6oi:i rny6~t~Hy X X X X .,.. H p83HOCTb rny6r.1H TeHeBbiX MHHVIMYMOB A11fl X -H BeTBH AeJ1€Hr.1R, 
B3RToi1 e OTA€!1bHOCTr.1 OT APYrr.1X. 0Hr.1 Bbll.IHCJ1RIOTCR no Cf!OpMyne Ill!, 
CB.R3biBSIOlJ.Iei:i rny6r.1HY TeHeBOrO MHHIIIMyMa C napaMeTpOM BP€M€Hill 
>K1113Hill pacnaASIOlJ.IerocR RApa r x • BpeM.R r x np~~JH~~JManocb np~~J5n""-
>K€HHO pSBHbiM 

x-1 
, ='(U ,A-x)+ ~ ,(E* -~. -2iT, A-i). 

X X i=O 1 
napaMeTpbl SHY!30Tpon~~JIII yrJlOBOrO pacnpeAeneHHR OCKOJlKOB AeJleHIII.R 

w (150°) A= ---- 5b1Itlll nonyl.leHbl Ha ocHoee A8HHbiX pa5oT /12·1 41 no H3y-W(900) 
l.leHHIO peaK~HH 238 u + 4 He, npeAnonaranocb, 4To aH~~J3oTponHR Ax 
yeenH4~~JBaeTCR c yMeHbWeHHeM 3HeprHH Ux 3a cl.leT yMeHbWeHH.R 
T€MnepaTypbl RAPS, KOTOpa.R Bbll.IHCJ1RJ18Cb no MOA€111-1 ¢epM~~J-ra38 

u.-Br T=v---, a=O,lA. a 
PacnpeAeneHI-1€ RA€P no OCT8TOl.IHOi1 3HeprHH 

B035Y>KA€HIIIR nOCJle IIICnapeHIII.R X Hei1TPOHOB 
dW 

Bbll.IHCJ1RJ10Cb 

no <f>opMyne 
E*" -u x-1 

2 

dW 
dU, 

(E*-~ -U )2x-1 - -""X .x (1- ~ P. 
- -----'x'-...;x . T i = 0 1 -e X'=i r 
I (-E-·-=-=-L_x:.., 2x) (2x-1) IT 2x n (1 + ~ ). T i=O lnl 

/4/ 



rAe pi - BepORTHOCTb HCnycKaHHR i Hef:ITpOHOB, Bb14J.1CIIeHHafl 

no ~OpMyne H3 pa6oTbl 115:npH aaMeHe E Ha APYroH no cMblcny 

napaMeTP -.; ~ 1,5 MaB /eM. 191 I, I( l, m)- HenonHaR raMMa-

rr 
$YHK~HA. 3Ha4eHHA (---r ). 6epyTCR npH 3HeprHRX B036Y*AeHHR 

n ' 
E*-2i -2iT. l-13 ¢opMy.n /1-4/ BHAHO,. 4TO OCHOBHbiM\.1 Be.nJ.14\11HaMH, 

OT KOTOpbiX aaBHCHT peayiibTaT, RBIIR~TCA ¢YHK~HH aepORTHOCTH 

r (U l 
Aei1eH"R Rr(U,,A-x) r!cu') "<I>YHK~"" apeMeH" "'""H" .RAPa 8 aa-

BIACHMOCTJ.1 OT 3Heprlo1H B03~Y>KAeHHR r(U x, .A -x). 0HH A0Jl)I(Hbl 6b1Tb 

abl6paHbl Ha ocHoee 3KCnepHMeHTanbHb~ AaHHbiX. B pa6oTe 191 npeA

no.naranocb' 4'TO npl-1 E * > 1 0 M3B OTHOWeHHR r r I r n He aaBHCRT 

OT 3HeprHH B036Y*AeHHR H paBHbl -aHa4eHHAM, B3RTbiM H3 3MnJ.1pJ.1-

I.IeCKOH CHCTeMan1K"" /lSI, Peay!lbTaTbl H3MepeHHI7i It?, lB/ noKa3bJBa-

• rr 
~T, OAHaKo, 3aMeTHy~ aapHa~H~ OTHOWeHHH --- C H3MeHeH~rteM 

rn 
aHepr~rtH eos6Y>KAeHHff* • C y4eTOM peaynbTaToe 117 • 181 AflR RAep 

238 Pu H 239 Pu 6biilH CKOHCTPYHPOBaHbl cbyHK~HH R f (Ux) , nOKa

saHHble ~a p~rtc.l~ oKono6apbepHaR o6nacTb 3Hepr~rt~ aos6y*AeHHR 

aocnpoH3BeAeHa no A8HHbiM !17,191 • 8 o6nacTH Ux 2:. 45 MaB npeA-

nonarancR BbiXOA Rr(Ux) Ha nocTORHHOe 3Ha4eHHe. AnR RAep 

237 ,240,241pU HMeiOTCR TOilbKO H3MepeHHfl B OKOno6apbepHO~ o6-

nacn1, AJlfl HHX R rCUx) 6blnH nocTpoeHbl no aHanorHH c ~yHK-

4HfiMH aepORTHOCn1 AeneHl-1R AJlfl RAeP 238 •239Pu. llnR RAeP 

235,236 Pu pe3yilbTaTbl \.13MepeHI-1ilt OTCyTCTBYIOT, n03TOMy CL!H-

TailOCb, 4TO ¢lyHK~Hl-1 Rr (Ux) noaTOpfl~T xoA, noKaaaHHblill AJlfl 

RAep 237,238 Pu COOTBeTCTBeHHO, l-13 np~-tBeAeHHbiX Ha plo'IC, 1 AaH-

HbiX RCHO, 4TO Bbl6op ¢yHK~l-1~ Rf (Ux, A-x) HeceTBCe'6e 

HeKOTOPbl~ npOH3BOI1, OAHaKO OK, nO-Bl-1AHMOMy, 6onee KOppeKTeH, 

4eM ynpo~eHHOe npeAnonomeHlo'le 0 nOCTORHCTBe if/ln. 

¢yHK~l-1H r (U x, A-x) 6&~nH B3RTbl a BYIAe 

u, 
- t.u 

e npH 

/5/ 

np" 

•AaTOPbl 6na"roAapHbl IO.n.raHrpcKOMY sa o6cy>K,QeH~-te oco6eH

HOCTe~ <l>YHK~"~ R 1 (U, ). 
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Pac.l. <l>yHKU;JiH Rr (Ux,A-x) p;m1 H30TOIIOB nnyTo
HHH! CIIJIOIDHaR JIHHHR - ,D;aHHbi~ pa60T /1 7 ,1 9 /, IIYHK
THpHaH JIHHHR IIPOBe~eHa ITO 3KCITepHMeHTaflbHb~ TO~KaM 
H3 pa60Thl/1S< IDTpHX-IIYHKTHpHaR JIHHHR - ,n;aHHble 
CHCTeMaTHKH /16/. 

1apaMeTpbt nepaoro Bbtpa>KeHI-!.R AflR o6nacn11 U x S 20 M38 6bi1U1 on-,.>eAe.neHbl B pa6oTe ;g; Ha OCHOBe 3KCnep~t~MeHTa1lbHbJX 3Ha4eHr.1~ apeMeHI-1 >KH3HVI RAep 2S6U VI 239 U /1-4 /. 3KcnoHeHL.1&.1aJlbHOe y6btaaHHe r{U X) npl-1 3TOM RBJ1ReTCR 6onee MeAJleHHbiM, l.leM BbJ4HC!leH,iQe no MOHenl-1 ¢1epMH-rasa Ha 1.1HTepsane 5 ~138 < U x < 20 MaS. 3Topoe Bbtpa>KeHHe y4HTbJsaeT J.13MeHeHI-1e TeMnepaTypbJ RJJ.pa no $epMio1-
U,-(Bn+Brl/2 11 

.... a3y T,(----.----) ,4TO np~t~BOJJ,Io1T K OTJ1J.14J.110 ¢YHKL!J.1&.1 r(Ux) OT 
3KCnOHeHTI::II. napaMeTp C2 BbJ6paH J.13 yCJ10Bio1R HenpepblBHOCTI-1 Q>yHKLIItll-1 r(Ux) np" U, ~ 20 M3B. <l>yHK4"" r(U, ,·A-x) noKaaaH~ Ha 
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10'"15 

'( 

/C/ 

1Cf16 

1-236 
2-238 
3-240 
4-239 
5-235 
6-241 

1~17 
7-237 

PHc. 2. ~YHKUHH r (U x, A- x) AJIR H30TOIIOB nnyToHHH, 

Bbi1·IHcneHH&Ie no ¢opMyne I 5/. 3HaGeHHR Bn H B f 

B3RTbl H3 Ta6nmJ; 3KCnepHMeHTanbHbiX MaCC R,D;ep H H3 

p;aHHbiX pa6oT /17,19/. 

PIIIC. 2. 0HH MeHee pe3KO cna,QaiOT C pOCTOM Ux , 4eM paCC41-1TaHHble 

Henocpe,QCTBeHHO no MO,Qen~t~ $epM~t~-raaa s ee npocTe~weM sapt.1aHTe 

Ha seeM I-1HTepsane Ux, noKaaaHHOM Ha p1-1c.2. XoA [tJyHK~I-11'.1 r(U x) 

8 o6nacT~r~ He6onbw~r~x 3Hepr~r~~ 8036y~AeHtr~fl nO,QT8ep~,QeH 3Kcnep~r~

MeHTanbHbiMI-1 ,QaHHbiMI-1 /1-4/. KpoMe Toro, ycno~HeHI-1e MOAen~r~ ¢epMa.t

raaa, 8 4aCTH0CTI-1 y4eT 3HepreTa.t4eCKO~ 3a8a.tCI-1MOCTI-1 napaMeTpOB 

nnOTHOCTI-1 yp08He~ a,,QOI1>KHO npa.t8eCn-1 K 3aMeA!1eHtr~IO y6bJBaHtr~fl 

r(U x), TaKa.tM o6pa30M, ,QaHHble pa-te. 2 MO}I{HO nOHtr~MaTb KaK HeKO

TOpbl~, ,QonycTa.tMbl~ 8 MO,Qen~r~ ¢epM~r~-ra3a npeAen yeena.t4eHYifl 8peMeH 

~a.t3HYI r np111 3Ha4tr~Te!1bHb1X 3HepntflX soa6y~AeHtr~fl /20750 M3B/ 4 

~aMepeHa.t~ speMeH npoTeKaHtr~R peaK~I-11-1 ,QeneHI-1fl flAeP noA Ae~cTstr~eM 

TR>KenbiX Y10HOB /5,B/ ,QaiOT 3Ha4eHI-1R speMeH, npesblWaiOw,~r~e npe,QcKa-

5 



100 

Pxnf 
X•O 
X•1 

10-1 

1(1"31:----jL--------f------------! 

1~.~----~----7n----~----~~--~----~ · 30 40 50 E•tM>~I 60 

PHc. 3. Bb:NHcneHHbie rro ¢opMynaM I 3, 4 I BepoRTHOC TH 
,D;eJleHHR IIOCJle HcrrapeHHR X HeHTpOHOB B 3aBHCHMO
CTH OT 3HeprHH B03.6YJ;K,ZJ;eHHR COCTaBHOrO H,ll;pa 241 Pu. 

38HI4.R MO,QeJU1 ¢lepMH-raaa Ha HeCKOilbKO nop.R,QKOB BeJ1H4J.1Hbl B 05-
118CTI4 E*> 50 M38. no3TOMY 110rl44eCK8.R CXeMa 38,Q84H COCTOHT 
B r.1CnOJlb3088HHJ.II M8KCIIIM8.nbHO B03MO}f(HbJX no MO,Qe.OH 4>epMH-raaa 
3Ha4eHI4~ r "' cpaaHeHI4H peaynbraroa pac4era c 3Kcnepi4MeHTOM. 
npeBbiWeHHe 3KCnepHMeHT8IlbHbiMJ.II 3H84eHH.RMI4 Llx Bbi4HCJleHHbiX 
RB!lReTCR <J>SKTOpOM, 38BHC.RIQJ.1M .OT CTeneHH OTKJ10HeHJ.1.R <I>YHK41o1i1 
r(U x) OT npi4H.RTbiX a pac4ere. PeaK41o1.R 238 u + 3 He HHrepec-
Ha Ail.R raKoro conocraaneHJ.1.R, raK KaK ee J.13y4eHHe aanonH.ReT 
He I-1CCIIe,QOB8HHbll1 AO CHX nop J.IIHTepBB!l 3HeprJ.IIJ.II B036Y>KAeHJ.IIR 
/30-50/ M3B •. 

npJ.IIBeAeM Tenepb pe3yJ1bTBTbl pac4eTa. Ha PJ.IIC.3 nOKB3BHbl aa
BJ.IICJ.IIMOCTJ.II BeJ1J.II4J.IIH P xnf OT 3HeprJ.IIJ.II B036y>K~ COCTaBHOrO 
RApa, Bbi4J.IICJ1eHHble no (J)opMyne/3, 4/. ~1cnonbaoeaH\.1e e pac4eTe 

6 
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150° 

PH c. 4. Pacc~uiTaHHbie no ¢lopMyJiaM BeJIH1·U-lHbi x xn 

Q2 

OD 

1 

"}..,. 
( •,4) 

H ~X ,~XB 33BHCKMOCTH OT 3HeprHH B036~-

COCTaBHOrXri H,o;pa 241 Pu: a/ b.x, 5/ x t~oo • 

~yHK~~~ Rr(U 1),nOKa3aHH~X Ha p~c.l, np~BOAHT K TOMy, ~TO aa

Bio1Cir1MOCTV1 p xnf (E *) HMeiOT CJ10~ XOA np~-1 Ha.m1LH1111 OCU,HJlJlfii..IYI\.11 

npo\.113BOAHO~. CnaA Rr np~r~ U x > 20 MaB noablwaeT sepOf!THOCTb 

BeTBeH Ae.neHHfl C HeMaJlbiM X. no3TOMy np111 3Hepn1\.1 B036Y>KAeHHfl 

OKanO 50 MaS u,enafl rpynna aeraet::i AeneHHR 238U(3 He, xnf) 

C X OT Q AO 4 HMeeT CpaBHHMY~ sepOATHOCTb, T.e. AaHHaR peaKI..IHA 

xapaKreplrlayercfl BbiCOKO~ sepORTHOCTbiO 3MHCCHOHHoro AeneHJ.1.R. 

C J.1CnOJ1b30BaHHeM 3aBli1Cli1MOCTeVJ p f (E *), JlOKaaaHHbiX Ha 
xn 150 

PIIIC. 3, 6blnJ;1 Bb14!riC.neHbl sem14lt1Hbl D.x xn vt x xn no ¢lopMynaM 

/1 ,2,4,5/. Pe3y11bTaTb1 np1-1BeAeHb1 Ha p~~tc.4, AaHbl TaK}!(e cyMMap-

7 



Hble 3Ha4eH~t~.R 6.x 1.1 x 15°
0

• 0Tp~t~~aTellbHble 3Ha4eHli!.R Ax :xn s03Hlll: t<aiOT a peaynbTaTe Y4eTa OT!li-14J.-~.R aHJ.130TponJ.-~H Ax oT cpe~HeH A, 
OAHai<O aMniU'ITy~a OTpJ.-~~aTe..nbHbiX 3Ha4eHHH 6-x xn MHO:-o MeHbWe, ·4eM aMn!lHTyAa nOJ10}!{J.1Te!1bHbiX 3Ha4eH"'i1. no3TOMy CyMMapHoe 
3Ha4eHHe ~X OCTaeTC.R nOilO*HTellbHbiM 80 SeeM .Q"'ana3oHe 3Hepnm soa6YJKAeHHR. MeHbWa.R ·sem-t4HHa Mai<CHMYMOB a aasHCJ.-~·MOCT.RX X 150° (E*) H 6-X (E*) AJlR 4eTHbiX 4J.1CeJl X CS.R3aHa C ·4eTHO-:xn v vxn v He4eT·HOJ.1 aapHa'ijH·eJ.-1 3Hal.leHHI-f r(U :z), 3a!lOM<eHHO~ 8 ¢mp-
Myiie !51. P·eay..nbTaTbl pacl.l·eTa ae.nH·l.IV'IH x 1500 

,J.-1 !1x, i1pi.1S·e.AeHHble Ha p1.1C. 4, . .QaiOT OCHOBY AJ1R noHHMaHJ.-~R .pe3y!lbTaTOB 3t<Cne.pJ.-~·MeHTa, B"KKTopoM x 1511' "' l'lx f..13MepRIOTC.R Henocpe.QcTseHHO. 

3. 3KCnEPHMEHT H PE3YnbTATbl 

HeT0~14Ka 3t<CnepHMeHTa no~po6Ho onHcaHa a pa6oTe /6~MoHo
l<pV1cTann"'4ect<a.R Mt.1WeHb .QBYOI<HCYI ypaHa /ecTeCTSeHHOrO ·H30Ton
HOrO cocTaaa/ o6nyl.laJlacb ny4J<OM 1.10H0B 3 He l.IHl<J10TpOHa Y-200 na6opaTOj)YIH RAe'PHbtX peaJ<l.IHilt O"HRI1. noHH*eHJ.1e 3Hepn•U1 'YIOHOB ,qoCTJ.1ranocb nepeMe~eHHeM no pa.QHYCY 1.11o1KllOTpQHa Bbi·BOAHO·ro YCTpoHCTBa-CTp-l-1nnepa, a TaJ<>Ke .BBeAeH-I-1eM TOPM03.RUV1X aniOM1.1"HI.1eBb!X 
~Ollbr a KaMepe pacce.RHJ.1R. OCI<OllKH AeneHlii.R perHcTpHpoaanHcb 
CTe.J<nRHHbiMH Tpe·J<oat.~MH AeTeKTopaM.J.1. Op<HeHTa~Vl.R MOHOI<.p!.1cTaflna 
5bJlla TaJ<osa, \.ITO 8 HanpasneH<H:RX 90°1-1 150° no OTHoweH-1.110 1< ny4KY >1.10HOB Ha6nl'l.QaJ1J.1Cb oce8He TeHV1 < 11 "0 >, KplllcTannorpa$!.14ec+<:aR ocb < 111 > 6bma ne.pneHAio1KynRpHa 1< noaepxHOCTIII MOHOI<PJ.1CTanna. BblnonHeHo 4 3Kcnep\.1MeHTa np1.1 paan!.1·l.!HbJX 3Hepr!.1RX nyLtKa !.10H0'8 .. 
CTei<JlRHHt.le AeTei<TOPbl o6pa6aTbrsan~t~cb H npocMaTp1.1san\.1Cb no cxeMe, OnJ.1CaHHOI1 B pa60Te/6/. napaMeTpbl TeHe80rO Mlo1HJ.1MyMa B npOCT
paHCTSeHHOM paCnpeAelleH!.11.1 OCI<OJli<OS AeneHHR onpeAeJ1.RJ1!.1Cb nyTeM \.13MepeHI.1.R nllOTHOCT\.1 TPei<OB Ha nosepXHOCT!.1 AeTeKTOpa 8 aaBHCHMOCT!.1 OT I<00PA!.1HaTbl npl-1 nonepe'l.!HOM c+<aHJ.1po8aHI.1J.1 OCe80H TeHYI, Ha6nJO . .Qaaweiltc.R s.1.1ayanbHO Ha o6pa6oTaHHOM cTeKne. HanpaaneHI.1e 
AHaMeTpaJlbHOro Cl<aHHpOBaHVlR no HOPMan"" I< nnOCI<OCTH peaK~·\111.1 6~no a~6paHo AllR J.1CI<J110l.leHHR 8J1J.1RHI.1R yrnosoro pacnpeAeneHJ.1R 
OCI<OJ11<0B Ha $OPMY TeHeBoro M!.1HI.1MyMa. PeaynbTaTbl npoCMOTpa A!lR scex 4 3Kcnep!.1MeHTOB np!.1BeAeH~ Ha p1.1c.s. YrnoaaR wHp!.1Ha TeHeBbiX MJ.1HJ.1MYMOB H8 nOJlOBHHe rnyf5J.1HbJ,'HeCKO.nbi<O 60JlbWd.R AJlR 0Ct.1 - 150°,l.leM AJlR OCH - 90°,MaJ10 MeHReTCR npH J.13MeHeH!.11o1 3Hepr\.1!.1 nyl.!Ka. JlnR TO-LtHOro onpeAeneHI.1R napaMeTpa rny6HHhl TeHesoro MHHI-1MyMa ere 4eHTpanbHaR o6nacTb cJ<aHJ.1.po8anacb nonHoCTbiO no 
1<00PAJ.1HaTaM X 1.1 y.3TO no3SOJ1HJ10 OfiDei<Tli!BHO HaHTI-1 t.1CTHHHYIO 
n03H~!.110 4eHTpa TeHH J.1 yae!lJ.1LI!.1Tb CTaT!.1CTHl.leCI<yiO T04HOCTb onpeAelleH!.1.R nnoTHOCTH TpeKos s6n!.13H 4eHTPc1 MHHJ.1MyMa. PeaynbTaTbl 
Cl<aHio1POBaHJ.1R no ABYM I<OOPA!.1HaTaM noJ<a3aHbl Ha PHC.5 CB€TilbiMH 
T041<aMH. np1.1 BblLIJ.1CJ1eH!.1!.1 napaMeTpOB rny6!.1Hbl TeHel1 X BBOAI111HCb 
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PHc.5. Pe3yJibTaTbi npocMOTpa TeHeBbiX MHHHMYMOB ,qJlH KpH

c:ra:;::m-orpacPI{l.leCKllX OCeti: -< 110 > MOHOKpHCTanna U02, OpHeH

THPOBaHHhlX ITO~ yrnaMH 9CfH 150° K nyqKy, ,qJlH peaK~H 

238 U + 3 He npH qeTblpeX 3Ha't.leHHRX 3HeprHH HOHOB: • -

pe3yJibTaT AHaMeTpaiTbHOI'O CKaHHPOBaHHHj 0 - KOJlb~eBoro 

CKaHHPOBaHHR, rrorpeiDHOCTb He npeBhlmaeT pasMepa TOtlKH. 
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Ta6nm~a 

Pe3yJibTaThi H3NepeHHH. BenH't.!HHhi r 3¢¢· rronyqeHhi no 
c!JOpMyJie H3 pa60Thl /11/ Ha OCHOBe H3M€peHHbJX 3HaqeHHH 6-x 

EL E* 
'o~¢· /MoB/ /MoB/ X 150° ~'>x /10-1 c/ 

25 34, I 0,380!_0,01 I 0,080!_0,024 3, I 2 
31 40,0 0,394!_0,012 0,041!_0,025 2, I I 
33,. 42,6 0,346!_0,006 0,021!_0,01 I I, 63 
40 48,9 0,364!_0,01 I 0,049!_0,023 I, 98 
47 55,8 0,357!_0,009 0,025!_0,018 1,44 

*'Pe3yJihTaT pa60Thl /10/, nepeCliHTaHHhiH C yqeTOM 0TJIHliH5I reo
M€TpHH OIIhiTa OT HaCTORm;ero 3KCIT€PHM€HTa. 

ClleAYIOutl-le nonpae·t(l-1: Ha I-13M€H€HI-1€ T\e:Jl€CH0rO yrna' OAHOro nOilR 
3P€HI-1fl npl-1 I-13M€H€HI-11-1 ero- K00PAI-1HaTbl, Hci I-13M€H€HH€ TQJ1LI~J.1Hbl pa-
6oTaFOutero C!lOfl C H3M€H€HI-1eM yrna 8biXOA8 OCKOJlKOB 1-13 MI-1W€HH, 
Ha yrnoeoe paapeweHI-le 3KcnepHMeHTa 11 Ha npoc4eTbi, cer~aaHHble 
c ABOHHbiMH Hano)KeHHRMI-1 TpeKoa. 

B Ta6nHLte np1-1ae~eHbl peaynbTaTbl, nony4eHHble a 3KcnepHMeHTax 
np~--1 3Hepri-1H HOHOB He 25,31,40,47 H38. BK11104eH T8K)Ke pe-
3YllbTBT pa60Tbl 1101, B KOTOpoH CA€I18Hbl H3MepeH~ npY1 3Heprl-11-1 
1-iOHoa 

3 He · 33 M3B. B Taf5.[1Y1Lte aeni-14HHbl x 150 
11 6-x npHBeAeHbl 

BM€CT€ C HX c-r;aTY1CTH4€CK<HM'H norpewHOC"rFIMH. nocK6JlbKy B A8HHOH 
pa6oTe H3MepeHHfl CAe.naHbr npY1 o6nyu.eHHH o,qHoro 1-1 Toro >t<e y4acT
Ka MOHOKp1.1CT8Jl!l8, T-O nony4€HHble 3Ha4eHYI.R X 150° MOryT cpae
HHB8TbCFI M€>'<AY C060H Allfl onpeAelleHHFI Jo13M€H€HHFI B€JlH4HH X 150° 
c 3Hepr1-1eH HOHOB. H3MeHeH!-1e x 1500 

aa c4eT PBAHBLtHOHHoro 
noapemAeHHfl MOHOKpHcTanna no Mepe HaKonneHHfl A03bl Ma.no no 
cpaaHeHHto c norpewHOCTbiQ onpe.QeneHHR x 1500

• npHBeAeHHble 
8 TS6JlHLte 3H84€HHfl 3$¢€KTHBHOrO apeMeHH npOT€K8HHR p€8KLtHH 
r 3cpcp. nOilY4€Hbl B npHf.iJlH>!<€HI-1H 0AH03KCnOH€HltHB!lbHOrO BpeMeH-
HOrO pacnpeAei1€HHfl COfibiTHi1 no ¢0pMyi1e H3 pa60Tb/lll npH 3Ha4e
HI.1.AX napaMeTpoe C = 2,5, rc = 0,4 A. 

4. 06CYm~EH~E PE3YnbTATOB 
J.13MepeHHbl€ 3H84€HH.A f:l.x H x1500 

H8 pHC.6 CP88HJ.1B810TC.A 
C pe3yJlbTST8MH pac4eTa. J.1a 3KCnepHM€HT811b~Ha4€HH~ X150° 

3KCJI, 
8bi4TeHa M€TOAH4€CK8A C0CT88JlfiiOlJ.I8fl rny61o-1Hbl T€HI.1 )(150~y150~)(150°, 

T -~KCJI, MeT • 
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rAe x 15°
0 noA6~panacb AI1fl Ha~ny1.1wero cornacoeaH~fl T04eK 

c pac4~~~0H Kp~eoH. KpoMe peaynbTaToe ~ccneAoeaH~fl peaK~~~ 
238u + 3He Ha p~c. 6 np~BeAeHbl TaK>Ke 3Kcnepi-1MeHTai1bHble 

ASHHble, nony4eHHble a pa6oTe/9/ AJlfl peaK~~"" 238u + 4He. 

B cny1.1ae peaK~H~ 23Su + 4He pac1.1eT 6bln noeTopeH c Hcnonbao-

eaH~eM npeAnOJIO>KeH~a:1, np~HflTblX B HaCTOfl~e~ pa6oTe /eM. pa3Ae11 

2/, ere pe3yilbT8Tbl np~BeAeHbl H8 pHc.6 AJlfl cpaBHeH\IIfl C COOTBeT

CTBYIOU.\~M~ 3KCnep~MeHT8J1bHblMH T04~ np\11 nepeXOAe OT peaK-

~"" 23Bu+ 4He /E* < 30 M3B/ K peaK~"" 238 U + 3He 

IE* 2 34 M3B/ s pacc4"TaHH~x ¢yHK~"~x L'.x (E * l " x 1500 
( E •) 

B03HHKaeT pa3pbl8, CBfl3aHHbli1 C pa3J1~4HeM HCXOAHblX COCTaBHblX 

flAep 242 Pu 111 241 Pu H c paanH4HeM ~Mnynbcoe OTAa4t.1, coo6-

~aeMbiX COCTSBHOMY flAPY HOH8M~ 4He \II 3 He. ~13 PHC.6 BHAHO, 

'-ITO H3MepeHHble aHa'-leHHfl x 150 xopowo cornacyiO"Tc.RC pac~.~e

TOM Aflfl ofieHX H3Y4eHHbiX peaK~Hi1. 3TO 03H8'-18eT, '-ITO B pac4eTe 

npae~nbHO Bb16paHbl C!>YHK~~~ r(U ,A~- X.) H R rCUx ,A ·-x). 0TnH'-1Hble 

OT HYIIR 3Hal.leHHfl X 150° B03~HK810T 3a C'-leT C06b1TH~, ?<apaK

TePH3YIO~HXCfl 60J1bWHM BpeMeHeM 3aAep>KK~: t > 10- 16c. nose-

AeHHe $yHK~Ha:1 r(U X) npH 3Ha'-leHHflX /1 o-16 - 1 o-15 I c OCHOBaHO 

Ha 3KCnep~MeHT8JlbHbiX A8HHbiX, n03TOMY cornaCHe pac'-leTHbiX \II 3KC-

nep~MeHTaJ1bHblX aHa'-leHHH x 150o nOATBeD>KAaeT 8b16op ¢yHKqHt1 

R r (U x, A- x) . Ha"6onee sa>KHa~ oco6eHHOCTb <!lYHK~"" R r (U x) -

ee yMeHbUJeHHe 8 06J18CTH U x > 20 M36 - , 88eAeHHafl Ha OCHOBe 

H3MepeHHH /18/
3 

CHilbHee 8cero 8IlJ.'IfleT Ha peaynbTaT pac'-leTa x15°
0 

Aflfl peaK~~~ 2 8 u + 3 He. TaKHM o6paaoM, coOT8eTCT8He 3Kcne

p~MeHTanbHbiX TO'-IeK ~ pacl.leTHOC1 KpH80t::1 8 3TOM CIIYI.Iae flBJlfleTCfl 

npflMbiM nOATBep>KAeHHeM pa6oTbl 1181, XOTfl He06XOAHMO, KOHei.IHO, 

y'-IHTbi8~Tb, '-ITO T04HOCTb H3MepeHHfl 8eJ1H'-IHH x 15°
0 

, a cpeAHeM 

paBH8fl npHMepHO +0,01, cpaBHHMa C caMO~ 8eJ1H4HHO~, MeHR~~eH

Cfl OT 0,016 AO 0~002 B 3TOH peaK~~~~~. 60 8CRKOM CI1Y'-18e MO>tiHo 

CK838Tb, '-ITO Bbi'-1\IICJleHHble C nOMO~biO ¢YHK~\11H R r(Ux, A- X) ee-

pOflTHOCT\11 seTBeill AefleH\IIfl ( 3 He, xnf} np~ X OT 3 AO 6 B ~eJlOM 

COOT8eTCTByiOT 3KCnep~eHTy. 

06CYAHM Tenepb noaeAeHHe H3MepeHHbiX 3HaL!eHHill ~X· To4KH, 

nony'-leHHble Aflfl peaK~\IIH 2 38 U + 4He, HecMOTpfl Ha paa6poc ~ He

Maflble norpeWHOCT~, rpynnHPYIOTCfl OKOJ10 TeOpeTHL!eCKO~ KPH80~, 

cornac~e MO>KHO C4\IIT8Tb HenJ10XHM. np\11 3TOM ~3MepeHHb1e B peaK-

~~~~~~~ 2SS U + 3 He 3Ha'-leH\IIfl ~X npeab1W810T 8bi4~CJ1eHHb1e 8 3-10 

"" 6onee paa. B pac4eTe cnaA ~X npH y8en\.'14eHHH E* CBfl3aH 

C AOCTaT04HO pe3K~M yMeHbWeH~eM ae.n\.'14\IIH T (U X) npH yeen\.'l-

4eH\II\11 Ux /eM. pHc.Z/. no3TOMY eA\.'IHCTBeHH8fl 803MO>KHOCTb y8e

J1H4HTb paCC'-IHTa~aHa'-leH\.'Ifl ~X COCTOHT 8 yBeJ1H4eH\.'I~ epeMeH 

>KH3HH AeJ1fl~HXCfl flAeP npH E*, U x > 20 M3B. O~eHK~ noKa3biBaiOT, 

4TO Anfl no.ny4eHHfl 8 pac'-leTe 3Ha4eH~ill ~x. 6n~3KHX K 3Kcnep~-

MeHTaJ1bHbiM, Heo6XOA~MO npeAnOnO>KHTb cy~eCTBeHHOe 38MeAJ1eHHe 

CKOpOCT~ y6biB8HHfl r B 3aB~CHMOCT\.II OT Ux ~ BbiXOA 3H84eHHali T Ha 
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P»c.6. CpaBHeHHe peaynbTaTOB H3MepeHHR BenHqHH 
Llx /a/ H X 150° /6/ c pacqeToM. 0 - peaK:u;mr 
23Su + 4He no ,qaHHbiM pa6oT /9/ • - peaKu;HR 
238U + Sse, aacTo.s~m;ax pa6oTat' £1 j - pe3ynbTaT 1101• 

B cnyqae, Kor.n:a 3HaqeaHe x 50 
HJIH 6.x . Bwxo-

;r:J;HT 3a npep;enbi 'pHCYHKa, rrpHBO,!J.HTCR: BepXHHJ'I rpaHHIJ;a, onpe.n;enHeMaR rrorperuaoCTbiD H3MepeHHR 
B eJIHtlHHbl • 

ypoBeHb OKOIIO 1 0-l? C B 05J1aCTH E * =/20--,50/MaB. 3TOT peayJlbTaT He npOTI1BOpe4J.1T H3MepeHHRM, CAellaHHbiM Ha nyl.!Ke TR}I{eilbiX IIIOHOB /5,6/, B npHH~Hne soaMomHO nocTaBHTb aaAa4y onpeAeiJeHHR $yHK~H~ 
T (U X), He06XOAJ.1MbiX AJIR Bocnp01-13BeAeHHfl nOJ1y4eHHbJX 8 pe-
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aK4~~ 238 0+ 3He aen~~~H ~X· O,QHaKo peweHHe ee MO*eT ,QaTb 

noKa He e,QHHCTBeHH~~ OTBeT B CBR3H C He,QOCT6T04HO onpe,QeJleH

HbiM~ APYrHMH napaMeTpaMH pac4eTa, Hanp~t~Mep c Heo,QH03Ha~HOCTb10 

Bbl6opa ¢YHK4H~ Rr(Ux ,A-x). TeM He MeHee a_~XO,Q 3Ha~eHHI:i r 

Ha yposeHb OKOJlO 10-17c RBJlReTCR He06XO,QHMO~ 0C06eHHOCT~~ 

¢YHK4¥1~ r (U x). He npHBe,QeT m1 H3MeHeHHe C!>YHK4H~ r (U x ) 

K yxy,QmeHH~ cornacHR pac4eTa 111 3Kcnep~t~MeHTa AnR peaK4HH 

238 U + 4 He? BepoRTHO, · HeT. B CBR3H c yMeHbWeHHeM Rr (Ux) npH 

U x > 20 ~138 BKJla,Q BeTaea:i 3MHCCH0HHOrO ,QelleHHR B03p6CTaeT 

npH yae.n~4eHHH 3HeprHH aoa5y)!(,QeHHR-. 3a C4eT 3Toro npH a~Oope 

nO~XO,QR~eH ¢YHKUHH r(Ux) MOmHO n01ly4HTb yBeJlH4eHHe 3H64e-

HH~ ~X Ha ~HTepaane 3HeprHH B036Y*,QeHHR COCTaBHOrO R,Qpa 

oT 25 AD 35 MsB. To~KH, no.ny4eHHble AnR peaK4HH 238U + 4 He 

npH MSKCHM6JlbHbiX 3HeprHRX, MO}!(eT 6b1Tb, y>Ke ,QSIOT yKa3'aHHR Ha 

HeKOTOpbltl poeT 8x c yaenH4eHHeM E*. npH MeHbW~X E* pe3y.nb

TaT paC4eTa ~3MeH~TCR HeC~IlbHO H COrnacHe C 3KCnepHMeHTOM 

coxpaH~TCR. 

MomHO c,QenaTb nonbiTKY o6bRCHHTb nOBbiWeHHble 3Ha4eH~R 8x 

AllR peaK4~H 238 U + 3 He aK.na,QoM npo4eccoa ,Qe.neHHR nocne npR-

. MbiX peaK4~~. B pa6oTe 1201 no.ny4eHo, 4TO AOilR ,QeneH~R noc.ne 

B36HMO,QeHCTBHR C Heno.nHO~ nepe,QS4eH HMnynbCS AnR peaKUHH 
238 U + 4 He np~ 3Heprlll~ ~OHOB 63,5 Hs8 COCTaanReT ""-7 ,5%. 

Ecn~ ,QSHHOe 3Ha4eH~e B3RTb KSK aepXH~~ rpSHH4Y BKJlS,Qa 3TOrO 

np04eCC6 ,QilR HCCJle,QyeMOH HSMH peaK4111~, TO MO)!(HO nony~HTb 04eH

Ky 6.xs_0, 005 7 0, 01 Q, 4TO 3H64~TeJlbHO MeHbWe H3MepeHHbiX BeJl~4~H. 

KpOMe Tore, Cy~eCTBeHHbl~ BKIIS~ ,QeneHHR nocne npRMbiX peaK4H~ 

,QOJl}!(eH 6biii 6bl yaen~4~Tb X l&O , 4TO He HS6Jl~,QaeTCR B 3KCne-

pHMeHTe. 

TaKHM o6paaoM, a peaK4~~ 238 U + 3 He o6HapymeHa cpe,QHRR 

epeMeHHSfl 3a,QcpmKa co6biT~H AeneHHfl, npeBbiWSIOutaR a 3-1 0 ~ no
nee pa3 pe3yJ1bTST. MO,QeJlbHOrO pac4eTa C y4eTOM BKJ16,Q6 MHOrHX 

aeTaeH ,QeneHHR nocne HcnapeH~fl HeHTpoHoa. 

ABTOpbl 6narO,Q6PHbl r .H.¢nepoay Ill IO.U.OraHeCfiHY aa HHTepec 

K pa6oTe, A.~.Tyn~HOBy 3a npe,QOCTSBJleH~e MOHOKpH~Tan.na. U02, 

B.B.KaMaHHHy 3a noMO~b a pa6oTe Ha no,QrOTOBHTenbHOM 3Tane, 

rpynne 3KcnnyaTa4~H 4~KnOTPOHa Y-200 3a nony4eHHe ny4KOB ~OHOB 
3 He, 'JO.H.Oe4~HH~Koay)aa npe,QocTaaneH~e rasa 3 He. 
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