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B Beµ eHu_e 

HettTpOHHaH crreKrpocKorruH no BpeMeHu rrponera eme c cepe

lllfHhI 40-x I'Oll0B crana H8!18)KHb!M lfHCTpyMeHTOM lfccnenoBaHIIH 

CBOUCTB smep; a Il03!1Hee - aTOMHOH II Mal'HIITHOH CTpyKTyp1,1 If lllf

HaM_IIKlf KOH!18HClfpoBaHHbIX cpen. B CBMOM IlplfllUlfile Merona BpeMe

Hlf rrponera aano,1(eHa B03MO)KHOCTb 11eorpanu11e11noro yny,-1we111IH 

pa3pelllal0lll8ll crroco6Hocrlf crreKTPOMerpa Ilplf COOTB8TCTBYIOlll8M 

pOCTe lfHT8HClfBHOCTH IICTO'lHlfKa H8HTpOHOB, OnnaKO COBp8MOIIIII,Ie 

CT8UlfOHap11b1e 11ccnenosarenbCK1fe peaKrop1,1, Ha KOTOpblX rrpOBO!lHT

CH 6onblll1111CTBO cji!f31f'l8CKlfX 11ccnenosan11ii C IlOMOlllbIO HeiiTpOHOB, • 
y)Ke rrp116nua11n11cb K rrpaKTH'l8CKOMy IlOTOnKy neiiTpOHHoro IlOTOKa 

(2.10
15 

nlcM
2 

CeK rrp11 Terrnono1i MOllIHOCTlf 50 .. 100 MBT), o6yc-

noBneHHOMy 6bICTpbIM Bbll'OpBHlfeM ronnusa If Texnonoru11ecKlfMII 

TPYlll!OCTHM_II oxna)KJ:18fllfH, flp11 3TOM Ha crau1101iapm,1x peaKTOpax 

B uccnenoBaHlfHX no Merony speMeH11 rrponera rrone3no 11crronbayercH 

nlfll!b _He6onblllaH 'laCTb HOMIIHanbHoii MOllIHOCTH· BCnencTBlle IlPIIM8H8HHH 

BpamaJOmerocg rrpepbmarenH HettTpOHHoro rroToKa, 

HOB bl ii nyTb B pewen1111 rrpo6neMbl pocra IIHTeHCIIBHOCTlf IICTO'l

HlfKOB HeifTpOHOB llnH HeiiTpOHHOii Cil8KTpOCKOilllll OTKpbWlf lfMITynbCHbl8 
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r ·. ~eaKTops Ha 6b!CTpbIX Heii:TpOHax, KOTOpbie cnoco6Hbl ucnycKaTb 
. /11,17/ 

Heii:TpOHbl He noCTOS!HHO, a B OTAenbHbIX BCnbllllKax, uMnynbcax 

TipuMeHSIS! TaKOii: peaKTOp B Ka'!eCTBe HMnynbCHoro HCTO'IHHKa i:msi 
. . 

cneKTpOCKOnuu no BpeMeHH nponeTa, MO)KHO AOCTH'Ib no'ITH 100-npo.:. 

ueHTHoro ucnonb30BaHHS! Heii:TpOHHoro nciT.OKa. KopoTKaSI BCnhillJKa 

Heii:TpOHOB ( nopSIAKa 30 .. 100 MCeK)' npucymasi uimynbCHbIM peaK

TopaM Ha 6b!CTpb!X Heii:TpOHaX, 6nH3Ka K onTHManbHOfi i:msi 6onb-

. lllllHCTBa pa6oT no !pll3HKe TBepAOI'O Tena, a nOTO.MY npuMeHeirne 

MeXaHH'IeCKOI'O npepb!Ba Tensi He o6SI3aTenbHO. nnsi npoBeAeHHS! 

SIAepHO-!pll3H'!eCKHX HCCneAOBaHHfi HMnym,,CHblll peaKTOp MO)KeT HC

nonb30BaTbCS! ';I "6ycTepHO.M11 p8)KUMe (npu: COBMeCTHOfi pa60Te C 

ycKopuTeneM aneKTpOHOB)' KOI'Aa AnuTenbHOCTb BCnbilllKH COKpamaeT

CS! i:J.o.HeCKOnbKHX MHKpoceKyHA 6e3 cy!ll~CTBeHHOii noiep~ B ~HTeH-
. /3 16/· 

CHBHOCTH ' , 

TeXHH'IeCK~ . Hau6~;;ee npueMneMb!Mll cnoco6aMH C03AaHHS! 

HMnynbCOB B peaKTOpe Ha 6b;C;pb!X Heii:TpOH~X ~epHOAH'IeCKOro 

Aeii:CTBHS! SIBnsieTCH MOAYnSIUHS! peaKTHBHOCTH n·ocpeACTBOM ABH)Ke.:. 

HHsi .. 'IacTu Aensimerocsi Beme~TBa unu oTpa)KaTensi, TiepB~Iii cnoco6 

peanH30BaH Ha AefiCTBy10me.M B lly6He HMnynbCHOM peaKTOpe nepuo-

. • ·. /371112/ 
AH'!eCKOI'O AeHCTBHS! HEP ' 1 

' , BTOpoii: npHHS!T B npoeKTaX 

HOBbIX HMnynbCHb!X peaKTOpOB, C03AaltHbIX B uccneAOBaTenbCKOM 
. /14/. . ·. ·. ·• 

ueHTpe l1 cnpa ( peaKTOp SORA ) , .B EpyKxaii:BeHcKofi Hauuo-: 
· /15/ · ; . 

HanbHofi na6opaTopu» u B CoBeTCKOM Co10ae npu y'IaCTHH 

06'beAHHElHHOI'O HHCTHTyTa S!AepHb!X ~ccneAOBaHufi (p"eaKTOp 

HEP-2 /7,l 3 / ) .. 
. . 11~101 

lluccepTaUHS! HanucaHa Ha OCHOBe pa60T , nOCBS!lileltHblX 

3aAa'IaM uccrieAOBaHHS! H pac'IeTa. HMnynbCHbIX peaKTOpOB, a TaK)Ke 

Bb16opa onTHManbHbIX pellleHufi npu npoeKTHp~B~HHH . HMnym,CHOI'O 

peaKTOpa AnSI Ueneii: Heii:TpOllHOfi CileKTpOCKOnHH. lluccepTaUHS! 
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COCTOHT ll3 Tpex qacTeii; "B Ka)KAOM 1{3 paaaenoii aBTopeipepaTa uana

raeTCS! COAep)KaHue OAHOfi 'IaCTll, 

KnHeTuKa HMnynbCHoro peaKTopa 

. nepHO.(\H'IeCKOI'O µefiQTl'lUR~ 

B nepBofi pa6oTe no. Teopuu uMnynbcHoro 6h!CTporo peaKTopa 

nepHOAH'!eCKOI'O Aeii:CTBHS! 
• /18/ 

H.H. EoHAapeHKO .H IO.H. CTaBnc -

CKHH nonyqunu npu6nu)KeHHoe aHannTH'!ecKoe 

To'Ie'!Horo ypaBHeHHSI KHHeTHKH dd W = A + _s_ 
t r vr 

pellleHue. OAHO
x/ 

B cnyqae 

nepHOAH'IeCKOH MOAtnsiuuu peaKTHBHOCTH C MaKCHManbHWM 3Ha'IeHHeM 

K09!p!pHUHeHTa pa3MHO)KeHHS! k ·> 1 + {3 • 0HH noKa3anH, 'ITO 

peaKTOp Ha 6b!CTpbIX Heii:Tpouax C noABll)KHOii: 'laCTb!O aKTHBHOii: 30Hbl 

cnoco6eH reHepupoBaTb KOpOTKHe nepHOAH4eCKHe HMnynbCbl MOlilHOC

TH. l1MnynbCbl 6yayT CTa6unbHbl no aMnnuTyAe I{ !pOpMe, ecnu 3Ha

'IeHHe MaKCHManbHOfi peaKTHBHOCTH Ha MI'HOBeHHbIX Heii:TpOHax TO'lHO 

paBHo HeKofi onpeaeneHHOii: Benn'IHHe l 
m , KOTopy10 OHH Ha3Banu 

"paBHOBeCHOii HaAKPHTll'lHOCTb!O". TI03AHee Hau6oneff nonuasi TeopHS! 

nepHOAH'leCKOI'O pe,KuMa HMnynbCHOI'O peaKTOpa Ha '6bICTpbIX Heii:T

poHax, OCHOBaHHaS! Ha aHanuTH'IeCKOM pellleHHH OAHOTO'le'IHOI'O 
, . /19/ 

ypaBHeHHS! KHHeTHKll, 6bma H3nO)KeHa flappuMopoM • 

B AHCCepTaUHll caenaHa nonbITKa uccneAOB8HIHI npHMeHHMOCTH 

oriHOTO'le'!Hoii MOAenu KHHeTHKH ~ pac'leTy ipopMbI u 9Hepr0u ttMnynb

ca MOlilHOCTu·. 

Eonee 06my10 ll TO'lHY!O MOAenb KHHeTHKH, Y'IHTb1BaIOmy10 npOCT

paHCTBeHHY!O npoTSI,KeHHOCTb ll HeOAHOpOAHOCTb CBOHCTB peanbHOI'O 

peaKTOpa, onuCbIBaeT HHTerpanbHOe ypaBHeHue: 

*) 
06o3Ha'leHHS! B. KOHIIe TeKCTa. 
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r- W(<)_ {k (<-f)W(,-1)P {<,1)d£·+2-, 
0 g . g • V ( 1 ) 

rne k ( t ) - /llIH8MII'leCKIIH K09(p(plUllleHT pa3MHO)KeHH51 HeiiTpOHOBi 
g . . " 

p ( t, f ) - J:Ul'.HaM1I'leCKaS1 nnOTHOCTb pacnpeneneHIISI HeiiTpOHOB g . . --

AeneHIISI no BpeMeHII )K1I3HII IIX npeA!lleCTBeHimKoBi ff ·p d f = T 
0 g 

Ecn1I · aaMeHIITh A1IHaM1I'lecK1Ie aen1I'l1IHhI k ( t) n P ( t, e ) 
g .. g 

IIX CTaTII'leCKIIMII 3Ha'leHIISIMII k ( t )_ II p ( f ) , T.e. _3Ha'leHIISI-

MII, onpeneneHHbIMII B Ka)K/lblll
0 

MOMeHT apeMeHII AnSI "paBHOBeCHoro" 

pacnpeneneHIISI nnoTHOCTll no peaKTopy,. To·. cpyHKUIIII k ( t )_ II 

p ( f ) MOI'YT Ohl Th /lOBOnhHO npOCTO paCC'llIT8Hbl AnSI nJO0OI'O 
- /5 8/ 

peaKTopa MeTO/lOM MOHTe-Kapno . , 

OKa3anocb, 'ITO nnsi peaKTOpoa, IIMe!OIIIIIX KOMn031IUil!O no-

no6ao HEP I1nn 116~2-, P (f ) ( 6ea y'leTa aanaanh1BaI01UHX · HeiiT-

POHOB) xopo!llo annpoKCHMilpyeTCSI CYMMOH 9KCnoHeHTj ypaBHeHile 

( l) B 9TOM cny'lae CBO/lIITCSI .. K CIICTeMe n1IHeJiHhIX .J:mcpcpepeHUI1anbHbIX 

ypaBHeHIIH nepaoro nopSIAKa. To'!Hh!e 'lIICneHHhie paC'leTbl -no OAHOTO

·'Ie'IHOH M01:ten1I II no "scp<peKTIIBHOH OAHOTO'le'lHOi1" MOAenlI (T.e. 

no ypaBHeHIIIO ( 1 ) c k ( t ) II p (f ) - CTaTH'leCKOro 

noKa3anI1, 'ITO nnsi peaKTOpOB Tllna HEP OAHOTO'le'IHaSI MOAenb 

MOlKeT 0b!Tb np1IMeHttMa- ):Ing Bbl'lHCneHHSI nnttTenbHOCTH HMnynbcii. 

3Ha'IeHae 9Heprttll HMnynhca paCC'lIITbIBaeTCSI HeTO'IHO (pac. 1), 

OAHaKo nonpaBKa KO BpeMeHII )KII3HH noKoneHIISI Hei1Tp0HOB yny'llllaeT 

cornacI1e, 

Monmasi Bbl'lHCnHTenbHaSI TeXHHKa noaaonsieT B HaCTomuee 

BpeMSI TO'lHO pe!llttTb ypaaHeHIIe KHHeTIIKH nnsi IIMnynhCHOro· peaKTOpa 

Ha Ob!CTpb!X Hei1TpOHax J:ta)Ke B cn0)KHbIX MOAensix. OAH8KO, aHanttTH~ 

.... -· . ' 
'leCKHe cpopMynbI Ha 0CHOBe npa6ntt)KeHHb!X MOAeneii HY)KHbl II cei1-

'lac. OHH IICnonb3YIOTCSI 06cny)K1IB8!0IIIHM nepcoHanOM peaKTopa II 
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P1Ic. 1. 3Hepr1ISI IIMnynbca MOIIIHOCTH (E ) peaKTopa HEP KaK 

<pyHKUIISI MaKC1IManbHoi1 peaKTIIBHOCTII ( E ) ; cnnOlllHbie KpHBhie -

paC'leT no OAHOTO'le'lHOH MO):lena KIIHeTIIKII - cpopMyna ~2) C pa3Hbl-

MII T : 1,2,3 - . T = 1,14.10-8 , 1,6•10-8 II 1,46•10- CeK; 

Kpaaasi 4 - 'lttcneHHb1i1 pac'leT rro s~eKTIIBHoii · OAHOToqe'lHOfi MOAe-

nI1 (ypaaHeHile (1) ). c r = 1,6·10 ceK. 
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IIHfileHepaMII pacqeTq11KaM11 np11 paCCMOTpeHIIII MHOmecTaa npoeKT

HbIX aap11aHTOB. B CB£1311 C 3TIIM aaTopoM 6b1no npoaeAeHO TOqHoe 

aHan11T11qecKoe p_erneH11e OAHOToqeqHOI'O ypaaHeH11£1 KIIHeTHKII II no

nyqeH PM COOTHOIIIeHllll An£! KIIHeT11qecKHX napaMeTpoa 11MnynbCHO-

- . /18/ 
ro peaKTopa. Ee_a npn6n11~eH1111, ncnonbaoaaHHbIX a· pa6oTax 

/19/ • ' 
II ' nonyqeHbl BbipameHlli! An£! MaKCIIManbHOH MO!llHOCTII B IIM-

nynbce: 

w 
m 

s 

V 

y 

3HepI'llll IIMnynbca: 

2 1T 4 
-a1/2 ,-1/2 exp-B .Z(B) 

V f.m 3 

1T 4 2 E = ...::_ 
V a 1/2 Vf t/2 

exp- B • Z (B) 
3 

m 

11 acp<jJeKTHBHOii 11nHTenbHOCTH l!Mnynbca 0= E -~w-
111 

a1,1e npu anaqe1111£1x 6eapaaMep11oro napaMeTpa B = 

(2) 

, cnpaaeAn11-

c a/2 
m > l. 

a 1/ 2 VT 

Perne1111e 6Lin0 nonyqeHO 11ng peaKTIIBHOCTII Ha MI'HOBeHHblX HeiiTpo-

Hax, 113M911£11Qllleiicg DO npeMCl!ll no napa6on11qeCKOMY 3aKoHy: 

f=f -a v2 12 
m 

2 

+ Jrxp[-l!l'~(l--1-' 
0 ;J 

<t>yHKUIISI Z(B)=v n-, t cxp[-8£ 2(1+-e_)]df+ 
1T O 3 

ll,lf I paccq11Ta11a anTopoM q11cne1rno H 

npeACTaaneHa B m1ccepTau11n rpacp11qecK11, 

TionyqeHLI TaKme qiopMynhI AnSI napaMeTpoa 11Mnynbca c 0Tp11ua-

TenbHblMII a11aqe1111S1MII Cm , KOTOpbie IIM9IOT MeCTO a no6oqHbIX 

llMnynbcax MO!llHOCTII npn pa6oTe peaKTOpa c ABYMSI lIO/lBl!filllbIMII_ 

/12 13/ 
aneMeHTaMn' ' • 

B pemnMe peAKHX nMnynhcoa 11n11 npn aaaq11TenbHoii cpe11Heii , 

MO!llHOCTII peaKTopa, KOI'Aa IlOAOI'peB TennoBbI/lenSI!OlllllX aneMeH-

TOB_3a OAIIH liMnynbC AOCTliI'aeT AeCSITKOB rpa11ycoa, CT8HOB£1TCSI 
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. ;/7/ 
cymecTBeHHb!MII 3cpcpeKTbl o6paTHOll CBSl3H "aHepI'IISI-peaKTIIBHOCTb • 

B 3TOM cnyqae KHHeTIIKa peaKTOpa OilllCbIBaeTCSI_ HemrneHHb!MII 

ypaaHeHIISIMII; B AIICCepTaUIIH nanaraeTCSI npoCTOll np116nnmeHHblll 

MeTOA HX perneHHSI, AaIO!llllll anonHe YAOaneTaop11TenbHb1e J::tnSI npaK

THqeCKHX uenen peaynbTaTb1.nng 3HepI'HII HMnynbca np11 3aAaHHOM 

KoacpcpnuneHTe oTpnuaTenbHOH MI'HoaeHHon o6paTHon caga11 (c) 

nonyqeao TpaacueHAeHTHoe ypaBHeH11e: 

I'Ae 

. 2 
cE 

3,88 s 

V 

ve, 
fm 

2 
(£0-1) =1-

exp [ B f 2 (1 - ...iJL)] 
. 0 3 ' 

cE 

2cm 

(3) 

BBllAY Manoro a11aqeHl1SI BpeMeHn filll3Hll MI'HOBeHHblX HeiiTpo

HOB B 6bJCTpOM peaKTOpe, llMnynbCHblii peaKTOp BeCbMa qyBCTBIITe

ne11 K B03Mylll9HllSIM peaKTIIBHOCTII. <t>nyKTyaUl!H SHepr-1111 11 cpopMbl 

IIMnynbca auaquTenbHbl Ha nro6bIX YPOBIISIX cpeAHeii MO!llllOCTII. n:rrn 
Manoii MOlllHOCTll ( HeCKOnbKO COT B8TT II Me Hee) OHII onpeAenSIIOT

CSI B OCHOBHOM CTOXaCTUqeCKIIM xapaKTepoM npouecca pa3MHOfil9111iSI 

/1 12/ 
11enTpo11oa ' ' Ha cpeAHeM ll 6onbIIIOM ypoBHe MO!llHOCTH -

MeXaHnqeCK_llMll Kone6aHUS!MH AeTaneii peaKTOpa. CBSl3b ManbIX ll3-

MelleHllll peaKTllBHOCTli C 113M9H9HllSIMll auepI'llli Ii AnHTenbHOCTH 

liMnynbCa HenTpQHOB 11aeTCSI BbipameH11S1Mll: 

) /1 .! ~ =(28-0,5 -( 
E 

110 
0 

<o,a vn+o,25 > ~. 
"( 

ABTOpoM·· nonyqellbl TaKme COOTHOIIIeHliS! AnSI cjlnyKTyaUlill npn Hann-

q11u MI'HOBeHHOll. OTpttUaTenbHOH o6paTHOll CBSl311. 
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TpaHCUeHAeHTHOe ypaBHeHne !W5I paBHOBeCHOH HaAKPHTH'lHOC-

TH c , Bb!BeAeHHOe paHee All5I qacro IIOBTOp5IIOIUHXC5I cra6unb-
m · · /12,19/ 

Hb!X HMIIYllhCOB (cM'. · ., ) , o6o6meHo a AHCcepTaUHH Ha cny-

qail: nro6oil: 'laCTOTbl cnei:tOBaHH5I HMIIynb_COB n: HanH'lH5I <pnyKTyaunil: 

peaKTHBHOCTH. 

Meroµ MoHre-Kapno µng pacqera rrapaMerpoa 

HMIIVnhCHoro peaKTopa 

3-

Meroi:t MoHre-:-Kapno oKaaancg Han6oriee yi:to6HbIM i:tn5I pac

qera CTaTH'leCKHX xapaKTepHCTHK (k, T' a' P(e) H i:tp.) _cnol!{HO

ro IIO reoMeTpHH H cocraay HMIIYllbCHOro peaKTOpa C IIOABH~Hb!M 

orpa~areneM. AaropoM coaMecrHo c B.H. Ko'lKHHbIM n A.n. Poro

BhIM 6binO COCTaaneHO HeCKonhKO BapHaHTOB rrporpaMMbI, Ha3BaH-

._ HOH MHB, -All5I pacqe.Ta pea·KTOpa MeTOAOM CTaTHCTH'leCKHX HCIIbl-

raHHH a reoMerpnu X Y Z ( CM. p11c. 2). IlporpaMMa 6hma HaIIH-

caHa B Koi:tax Mallll!HhI B3CM-4, a TaK~e Ha 5I3bIKe ¢iOPTPAH~UEPH 

rrpHMeHHTenhHO K 3BM B3 CM-6. IlporpaMMa MHB rroaaonReT 

paCC'll!TaTb K09!p!pl!UHeHT pa3MHo~eHH5I Heil:TpOH0B k I aenH'll!Hbl 

T I a , cpyHKUHJO pacrrpei:teneHH5I p ( f ) ( IInH MOMeHTbl 

9TOH•cpyHKUHH), rronHyJO 9cpcpeKTHBHOCTb IIOABH~Horo orpa~aren5I 

(ITO) d k 6anaHC HeHTpOHOB, CIIeKTp HefiTpOHOB yTe'lKH, rrnor-

HOCTb yTe'lKH rerrnOBb!X HefiTpOHOB C rroaepXHOCTH 3aMei:tnnreng· 

rrpaKTH'leCKH All5I nro6oft KOMII031!Ulfll peaKTOpa xi 

xi ·· · 
B Hranun n CllJA IIpHMepH0 0AH0apeMeHH0 c ily6HOH TaK~e 6binH 

C03i:taHbl II:fo7'aMMbl pacqera HMIIynhCHbIX peaKT0p0B MeT0AOM MoHTe
Kapno 12_ ,2 I; ,rrocnei:tHHe orn11qarorc51 or .rrporpaMMbI MHB anropHT-;_ 
MaMI! pac'leTa OTi:tenbHbIX cpyHKUHOHanoB H reoMeTp11qeCKl!MH 6noKaMH. 
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Pnc. 2. feoMerp11qecKa5I cxeMa peaKropa rrpn o6cqere rro rrporpaM
Me MHB. 1 - aaMei:tnnrenh HefirpoHoa; 2 - crau110HapHb1fi orpa~a
renb; 3. - aKTHBHa5I 30Ha; 4 - IIOABH~Hblll orpa~arenh • 
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TipH MOJ:lenHpOBaHHH Heii:TpOHHblX TpaeKTOpHil: npHMeHSieTCSI 

/20/ -
rpynnoaoe npH6nHlKeH1Ie (26 rpynn, ) • ilnSI on1IcaH1IS1 ynpyro-

I'O pacceSIHIISI 1IcnonbsyeTcS1 TpaHcnopTHoe np1I6nHlKeH11e aesJ:1e, 

KPOMe o6naCTII nOJ:lBHlKHOI'O OTpalKaTenSI, I'J:le pacceSIHIIe C'lHTaeTCSI 

aHII3OTpOnHbIM. PacceSIHIIe Ha BO/:IOpO/:le MOJ:1en11pyeTCSI TO'IHO. Uenb 

pa3MHOlKeHIISI Heil:TpOHOB CTpOIITCSI MeTO/:IOM noKoneHIIil: C coxpaHe-

/5/ 
HIIeM noCTOSIHHOI'O 'llICna TO'leK J:1eneH1ISI • TioKa3aHo, 'ITO Kon11-

qeCTBO HeiiTpOHOB B O/:IHOM noKoneHIIII npH ii:cnonb30_BaHIIII "aeca" 

Heil:TpOHa no OTHOWeHIIIO K' J:1eneH1IJO 'II BbI6opa TO'l-eK aerieHIISI "no 

HHTeHCIIBHOCTH" J:lOnlKHO 6b!Tb He Me Hee 20 +- 40 J:1nS1 nony'leHHSI 

HeCMemeHHOil: oueHKII -k 

r oueH11Banocb KaK cpeLmee BpeMSI, Heo6xoJ:111Moe J:1nS1 reHe

pau1111 BTOpll'IHOI'O ireil:TpoHa - cpeJ:lHee BpeMSI" lKII3HH" noKoneHIISI 

HeiiTpOHOB; oueHKa - r . , KaK II APYI'IIX <i>YHKUIIOHanoa, npOII3BOJ:lH

nacb np11 ycTaHOBIIBWeMCSI pacnpeJ:1eneH1III nnoTHOCTII J:1eneH11il:. 

ilnSI oueHKW nOTOKa TennOBb!X HeiiTpOHOB B 3aMeJ:1n11Tene 11 

noaepxHOCTHOI'O TOKa np11MeHS1nCS1 MeTOJ:l aHamlTll'leCKOI'O npOJ:1On

lKeH11S1: IICTO'IHIIKII TennOBb!X Heil:TpOHOB onpeJ:1ensin11cb MeTO/:IOM

MoHTe-Kapno, a nepeHOC nocneJ:1HIIX oriilCbIBancsi J:llllplpy3110HHblM 

ypaa11e111IeM. 

Cneu11qi11qecKoil: J:1nS1 IIMnynbCHblX peaKTOpOB nepllOJ:llI'leCKOl'O 

J:leil:CTBIIR BenlI'lHHOH SIBnSieTCSI a -napaM_eTp napa6onb1, on1IC_b!-

BaJOmeft II3MeHeHIIe K03lplplIUlleHTa pa3MHOlKeHIISI nplI C:MemeHIIII 

( h ) nOJ:lBIIlKHOI'O aneMeHTa ( MOJ:lynSITopa peaKTIIBHOCT!I) OT non6-

lKeHIISI, COOTBeTCTBYJOWeI'() MaKCIIMYMY peaKTIIBHOCTII: 

k(h)=k -a h 2 
m (4) 
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_ /12 15/ 
To'lHOCTb 3TOI'O COOTHOWeHHSI nO/:ITBeplKJ:laeTCSI 

I 
II3MepeHIISIMII 

Ha KPIITII'leCKIIX c6opKax. 

• 1 B COOTBeTCTB!lH c qiopMynoii: ( 4); An SI -napaMeTpa a 

nony'IIITb TPII COOTHOWeH11S1: 

( I} 
a 

k(h 1 )-k(O.J 

h 2 
I 

c2> 1 d k 
a =- ~h -d h I h=h 

(3} 
a 

I _. . I 

- 1 
=- 2 d 2 k 

dh 2 

8 k(h 1 ) 

h2 
I 

h 1 ~ 0 

h = O 

h I~ O_; 

MOlKHO 

Ha ocaoae Teop1I1I aoaMymeH1Iii nepaoro nopS1J:1Ka II TeopH11 

oueHOK npOH3BO/:IHbIX K03lplplIU'lleHTa pa3MHOlKeHIISI no npo113BOnbllOMy 
.. - .. /21 / . - ' . (1} (2} 

napaMeTpy 6btnlI nony'leHbl BblpalKeHIISI J:1nS1 oueHOK a , a , 

a<3> no MeTO/:IY CTaTIICTll'leCKIIX HCnbITaHHH, C03J:1allbl II onpo6OBallbl 

(I} (2} /5,9/ . 
anrop11TMbI pac'leTa a II a c 11cnonbsoaa111IeM Me-

TO/:IOB yMeHbWeHIISI J:11IcnepC1I1I. B Ka'leCTBe 4>y11KUIIII ueHHOCT11 Heft-

TpoHOB J:1eneH11S1, BXOJ:lSIWeft B qiopMynh1 J:1nS1 8 k , IICnonbsoaancsi 

J:111qi<i>y31IOHllbill 0/:IHOCirnpoCTHOfi noTOK. BepOSITHaSI ow116Ka oueHKII a 

o6h-l'IHO He_ npeaocxoJ:111-r 15% ·np~ c'leTe 40.000 11cTop11ft. Y'lllTbIBaSI, 

'ITO J:1n11Tenb11ocTb 11Mnynbca MOWHOCTH peaKTopa npu6nusuTenbHO 

nponopu11O11anbHa a.,; i/3 
1 Bb!WeyKa3aHHYJO TO'lHOCTb CTaTUCTH-

'leCKofi ouenKu a MO)KHO np113HaTb yJ:10BneTBop1nenb11oii, 

B 3aKnJO'l8HHH i3Topoil: rnaBbI /:IIICCepTSUHH OnUCblBSJOTCSI pe

synb T8Tb_!-:p·acqeTOB ~apaKTep~cTHK KPIIT~'leCK~X c6opoK 6h1c;pb1X 

peaKTOpOB, B TOM qucne C nO/:IBHlKHbIM OTpalKaTeneM, no nporpaM

Me MHB II - o6cy.lKJiaeTCSI - Cf3_llBHeH1Ie IIX C 3KCnepuMeHTOM, CucTe

Ma TH'leCKast OWH6Ka' pac'l~Ta !{~aqi<l>uuneHTa i;a3MHO>KeHHSI o6b!'IHO 

COCTaBliHeT lt-2%, /:IOCTIII'~H 4% a CHllbHO reTeporeHHbIX c6opKaX, 
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CpeAHee BpeMR MU3HU noKoneHUR r OKa3hIBaeTCR aaHUMeHHbIM. 

B cpaBHeHUU C aKcnepnMeHTanbHOH Benn•mHOH f = _f!_ 
p a 

(aAeCb 

a - KOHCTaHTa p occn). 'ITO COBnaAaeT C BbIBOAaMU APYI'UX pa-
/22/ . . . 

6oT • ,[lng Benn'IHH a n dk ornn'Ine pac'IeTa n aKcnep~-

MeHTa no'ITU BO BCeX cny'IaRX neMUT B npeAenax cyMMapHoi1 CTaTn

CTU'IeCKOH omn6KU pac'IJeTa ll U3MepeHni1. 

OrrTnMnaaunR HMIIVnbcHoro peaKTOPa c 

IIOlJBUMHbIM OTPaMaTeneM 

B TpeTbei1 'IaCTH AnccepTaunn nsnararoTCR peaynbTaTbI nccne

AOBaHni1 no Bb16opy OIITHManbHbIX TeXHU'IeCKUX pemeHni1. npn rrpoeK-
. . ·; , ,. 

TnpoBaHnn llMlJynbCHOI'O peaKTOpa Ha 6bICTpbIX Hei1TpOHax c IIOA-

BUMHUM OTpa)KaTeneM, "OnTHMU3aUnR' 3AeCb IIOHUMaeTCR B CMbICne 

AOCTHMeHUR Hanny'IllieH a4J¢eKTllBHOCTll HMnynbCHOI'O peaKTOpa KaK 

UCTO'IHHKa Hei1Tp0HOB AnR Hei1TpOHHOH . cneKTPOCKOIIHU, PaC'IeTHbJe 

nccneAOBaHUR npoBeAeHhl aBTOPOM. B 1966-1968 'roAax, n nx peaynh-: 

TaThI nonoMeHhI B ocHoBy npoeKTa peaKTopa HBP-2. PRA peaynhTa-

TOB 6b1n nony'IeH aaTeM aKcnepnMeHTanhHO Ha KpnTuqecKoi1 c6opKe 

MOAenn HBP-2. ,[lng KnaCCH'IeCKOH cxeMb! aKcnepnMeHTOB no Me

TOAY BpeMeHn nponeTa Bh!BeAeHhl COOTHOllieHUR AnR OTHOCUTenbHOH 

(c TO'IHOCTblO AO MHOMHTenei1, He aaBUCRl!lUX OT napaMeTpOB peaK

Topa) UHTeHCHBHOCTU none3HOI'O n~T?Ka Hei1TpOHOB Ha .MnllieHb, 

3Ta Benu'IUHa, Ha3BaHHaR "Ka'IeCTBOM UMnynbCHOI'O peaKTOpa", HB

ngeTCR HeKOTOpbiM KOMnneKCOM napaMeTpOB peaKTOpa, BHA KOTopo-

1'0 onpeAenReTCR aaAa'IaMn n ycnoB~HMH aKcnepnMeHra, HapRAy c 

061!leH3BeCTHUM BbipaMeHneM AnR "Ka'IeCTBa HMnynbCH_oro HCTO'I_Hn-:-
. . . . 2 

Ka" npu aanaHHOM aHepreTU'IeCKOM paapemeHUU Q = cl> (Fo ) / ( d t} , 
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I'Ae cl> (F O ) - cpeAHllH no BpeMeHU cyMMapHbIH yrnOBOH noTOK 

Hei1Tp0HOB ·c noBepXHOCTH 3aMeAnnTenR Fo B HanpaBneHnn Ha 

MHllieHb, d t_ - HeonpeAeneHHOCTb BpeMeHn nponeTa, CBR3aHHaR 

c AnnTenbHOCTblO nMnynbca peaKTOpa, aBTOpOM BbIAeneHO el!le 6 

KOMnneKCOB Q , Bee OHH onpeAenRlOTCR KOMnoanunei1 ll pa3Me-

paMn aKTHBHOH 30Hbl, OTpaMaTenR ll aaMeAmITeng, 

C noMOl!lblO nporpaMMbl MeTOAa MoHTe-Kapno 6bmo o6C'IUTaHO 

HeCKOnbKO BapnaHTOB HMrrynbCHOI'O peaKTOpa C nO!IBUMHbIM OTpaMa

TeneM, ornn'IalOl!lUXCR TOnbKO. o6'beMOM ll COCTaBOM aKTHBHOH 30Hbl. 

XapaKTep 3aBUCHMOCTll "Ka'IeCTBa" OT o6'beMa aKTUBHOH 30Hbl OKa

aancg npnMepHo OAHHaKOBblM AnR BCex paccMoTpeHHbIX KOMnneKCOB 

Q (p'nc. 3): 6onblliUHCTBO 4>YHKUUH Q _(V ) .. nMelOT nonorui1 MaK-, 

CHMYM B o6nacTn o6'beMOB 20~30 nnTpoB min Me BbJXOART B aToi1 

o6naCTU Ha HaCbil!leHne. TaKOH BUA Q ('V) 06'bRCHReTCR KOHKypeH-

unei1 nonOMUTenbHOI'O 4>aKTOpa - yBenn'IeHHR TerrnoBOH MOl!lHOCTll 

peaKropa c o6'beMoM - n OTpnuarenbHbIX 4>aKTOpOB - yBenntJeHUR 

.nnnrenbHOCTll HMnynbca HefirpoHOB " CHUM0HHR ·yAenbHOH no

BepxuoCTHOH nnorHocrn_yre'IKH Hei1rpoHOB Ha eAnHuuy rennoBoi1 

MOl!lHOCTH •. TaKnM o6pa30M, AnR UMrrynbCHOI'O nccneAOBarenbCKOI'O 

peaKropa Ha 6b1crphIX nei1-rponax c noABHMHhIM orpaMaTeneM orrrn

ManbHoe 3Ha'IeHne o6'beMa aKTllBHOH 30Hbl HaXOAUTCg B o6nacrn . . ·. .. /4/ . . 
15~20 .nnrpoB .• 

£lnnrenbHOCTb nMrrym,ca MOl!lHocrn peaKropa npn6nuaurenhno 

BblpaMaeTCR COOTHOllienneM: 

0 == I,5 ( _r __ ) 1/a 
a v2 

3Ha'IeHHR a ; V ll OT'IaCTII T , orrpeAenHrol!lne Ann-

renbHOCTb llMlJynbca, 3aBUCRT OT qiopMbI, Marepnana, pa3MepoB H 

KOHCTpyKUUll nOABUMHOI'O orpaMarenR. Ecnu, KpOMe roro, BCIIOM-

15 



(). 
1 - - ----- ------- ---/ 

/- ~-
5 -1. 

/1 
I/ 

' 9i If -~ ', I /, 
/ /4 .:H I /) 

I 
2 -I I 

I 
I 

t~ I 
I 

y V 
JO 10 , 20 0 

Puc. 3, "Ka'IeCTBO" HMnynbCHOI'O peaKTOpa ( Q ) KaK HCTO'IHHK~ 

HeiiTpOHOB )lml HeiiTpOHHOll cneKTpOCKOilHH B 3aBHCHMOCTH OT o6'be-

Ma aKTHBHOll 30Hbl ( V B nHTpax). KpHBble 1 - Ka'IeCTBO npH 

3a)laHHOM. 3H0pI'0Tll'I0CKOM pa3p0WElHHH 3KCilepHM0HTa; KpHBbl0 2 -
Ka'IeCTBO npH 3a)laHHOM 3HepreTH'I0CKOM pa3peweHHH H xopoweM 

yrnoaoM pa3peweuuu; cnnowHhie KpHBhie - "Kaqec-rao• JlRII aKcne

pHMeHTOB C TennOBblMH uaiiTpOHaMH; nyHKTHpHbl0 KpHBbl0 - )lnSI 

3KCilepHM8HTOB C Ha)lTennOBblMH HeiiTpoHaMH. 
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HHTb, 'ITO qJOHOBaSI MOIUHOCTb HMnynhCHOI'O peaKTOpa nepHOJlH'IeC

KOI'O A0llCTBHH o6paTHO nporr~p1rno11anbHa aqi~eKTHBH.OCTH no A k 

'V - w = ...LIL 
.. qi . A k · ' TO .HCHO, . KaKOe BHHMaHHe ]lom1rno. 6b!Th 

y]leneHO BonpocaM OilTHManbHOI'O npoeKTHPOBaHHSI IlO/lBHmHoro OT

pamaTenn. 

Pac'IeTHble uccne]lOBaHHH, npOB0/l0HHb!8 aBTOpOM COBM0CTHO 

C B.11.- KynpiiHhIM, IlOKa3anu, 'ITO )ln.11 HMnynhCHOI'O peaKTOpa C 

o5'beMOM aKTHBHOii 30Hbl 12 nuTpOB. Hau6onee IlOJ:VW,'.IIIIUHM MaTepHa

noM JlnSI no HBnSleTCSI 6epHnnnii; 0/lH.lKO CTa.'Ib HnH :1rnKenb B Ka-

'IeCTBe oTpamaTenn Mano eMy nponrphIBalOT, 

BnHSIHHe pa3M0p0B nO Ha XapaKT0pHCTHKH a H /\.k 6hmo 

TmaTen&~o H3y'IeHo Jlnn no B qiopMe npnMoyronbuoro rrapannenenu

ne/la ( CM, puc. 2) Ii ]lnll aKTHBHOll 30llbl C OilTHManbHbIMH 06'beMOM 

H qiopMoii. OcHOBHOll pe3ynhT8T qiyHKUliH .cr(II ) 11MeeT nonor11ii 
y 

MaKCHMYM- npH WHpHHe nO II . y (pa3Mep .B H~npaaneHHH JlBHmOHHSI), 

HCCKom,Ko 6onbweii WHPHHhl "oKHa" aKTHBIIOll 30!lhl, T.e. rpam1 

aKTHBIIOll 30llhl, npunemameii K nO, H3 llPYI'HX qiopM nO B JlHCCep

Tamrn paccMaTpuaaeTcn, KaK nepcneKTl!BHan, rrpH3Ma c Tpanemieii 

B OCHOBaHHH (3a OCIIOBaHHe npHIISITa nnoCKOCTb BpameHHSI poTopa 

no - nnOCKOCT_b Y Z ua puc. 2), Manas cTo:ooHa KOTopoii 11axo-

AHTCSI Ha MaKCHManbHOM pa;m~ce apameHHSI. 

BeCbMa cymecTBeHHO Bnl!SIIOT Ha a u A k BenH'IHHa .II 

COCT8B 3a3opa Mem/ly ,&IKTHBHOll 30110H H no;. B03MOmllbIM cne)lCT

BH0M 3TOI'O MOI'YT 6b!Tb 3H8'IHTenbHbl0 qinyKTyaUHH 11MnynhC03 

MOIUIIOCTH npu CM01U0HIISIX HnH BH6paUHSIX IlOJlBH,KHOI'O OTpamaTensi~ 

Ha OCHOBaHHli _3KCnepHM0HTanbllbIX '! paC'I0Tllb!X nccnei:toBaHlill 

oueHellbl K03!pqJHUH011Thi. CB.Sl3H aenH'IHHhl qinyKTyauuii HMnynhCOB C 

Bem!'IHHOrl CM01U0HHH no; JlOnyc-r:~Moe CMemeirne OKa3anocb_ paBHbIM 

npuMepuo 0,1 MM, 
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3aa'leHne .r onpeAemieTC.II rnaBHbIM o6pa30M KOMnoanunefi 

H paaMepaMH CTaUH0HapH0I'0 0Tpa)KaTen.11. ITpn cpaBHHTenbH0ll oueH

Ke pa3mf'IHbIX MaTepnanoB An.II CTaUH0HapH0I'0 0Tpa)KaTen.11 Y'IHTbl

Banocb HaaHa'leHne ero' KaK ncnonHiITenblioro opra~a cncTeMbI ,pe

rynnpoBaH~.11 peaKTopa, a. TaK)Ke. Hann'ln:e BHewHero aaMeAnn:Ten.11 . 

HefiTp0H0B, Hanny'lwne qJH3H'leCKHe H TeXHH'leCKHe xapaKTepnCTHKH 

0Ka3bIBaIOTC.II y peaKTopa C _Bon~qipaMOBbIM. 0Tpa)KaTene~;. 3TO .IIB

n.11eTC.II cneAC.TBHeM 0TCYTCTl;lH.II 38,MeTH0I'0 ynpyroro aaMeAnemrn 

H~llTpOHOB B BOnbippaMe H 3Ha'lnTenbH0I'0 no~nomeHH.II B B0nb~paMe 

MeAneHHblX HefiTp0H0B .H3 BHeWHero 3aM';)Ann:Ten.11. 

B AHCCepTaun:n o6cy)KAaIOTC.II TaK)Ke nccneA0BaHH.II no BnJI.IIHHIO 

qiopMbl aKTJiBHOll 30Hbl Ha xapaKTepnCTHKH HMnynbCH0I'0 peaKT0pa, 

3.a Kn IO 'I e H n:_ e 

OcHOBHbie peaynbTaTbl AHCCepTaUHOHHOil pa60Tbl qiopMynn:pyIOT

C.II TaK: 

h IToKa3aHa npnMeHHMOCTb. 0AHOTO'le'IHOll M0Aenn KHHeTHKH 

K HMnynbCHbIM peaKT0paM Ha 6bICTpbIX HefiTpOHaX Tn:na HEP; 

2. Ha OCHOBe OAHOTO'le'IHOll MOAE!nH nony'leHbl o6oCHOBaHHbie 

aHannTn<recKne qiopMynbI An.11 pac'leTa qiopMbI n sneprn:n HMnynbca 

MOWHOCTH H HX qinyKTyaunfi An.II P.IIAa pe)KHMOB ir ycnoBHll pa6.0Tbl 

peaKTopa; 

3, Coa):\aHa nporpaMMa pac'leTa cTaTH'leCKHX xapaKTepncTn:K 

HMnynb.CHOI'O peaKTOpa cnO)KHOll reoMeTpnn: H COCTaBa Ha OCHOBe 

MeT0Aa CTaTHCTH'leCKHX HCilbITaHnfi; 

4. ITpoBeAeHbl nccneAOBEIHH.II BnH.IIHH.II COCTaaa ·n pa3MepoB 

0TAenhHblX C0CTaBn.lIIOWHX HMnynhCH0I'0 peaKT0pa C Il0ABH)KHbIM 0T

·pa)Ka TeneM Ha ero xapaKTepnCTHKH, KaK HCTO'IHHKa HefiTpOH0B An.11· 

HefiTp0HHOll cneKTpOCKOilHH, 
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xi o"ooa Ha '{e Hn si 

k K03<p!plIUUeHT pa3M!IOJKeHH.II HefiTpOHOB, 

f3 - acpcpeKTHBH8.II .[(On.II aai::ra3.[lbIB8!0mlIX HefiTpO!IC>B, 

e = k ( 1- f3 )-1 . - pe.aKTll.~HO~T~- II~ MI'IIOBeH!lblX HefiTpouax. 

W ( t ). - .lIHTeHCHBII0CTb .r::1eneHllll Ei peaKTOpe, MI'HOBeHHa.lI MOm

!I0CTb peaKTOpa. 

w m - M0mH0CTb B IIHKe 'l!Mnynbca, w - cpeAH.II.II MOmHOCTb, 

r - cpe.r::1Hee BpeM.II JKH3Hll noKoneHll.lI MI'HOBe!IHbIX HefiTpO

!IOB B peaKTOpe. 

-S - acpcpeKTl!Blla.lI HHTe!ICHB!IOCTb HCTO"llll!Ka uefiTpO!IOB. 

v - cpenuee "ll!Cno MI'II0BeHHJ,,IX uefiTpouoB ua, .r::1ene11ue. 

a - "napa6onu"leCKHll KOa<p<pllUUe!IT peaKTlIB!IOCTll", 

V - CKOpOCTb IIOABHlKIIOI'O aneMeUTa Mo.r::1yn.11Topa peaKTHBHOC-

Tl! OT!IOCl!Tenb!IO aKTl!BHOll 30llbl, 
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E - ::iHepr1rn IIMrrynhca, K0n11'1eCTB0 .cteneH11ii B .0.ClH0M IIM-

nynhce M0mH0CTll. 
E . ,i.. 

0: -- .;. 9cp<peKTHBHaH .ctnHTenbH0CTb IIMnynbca MomH0CTH, w . . . . 
m 

i'1 k - aMrrnury.cta Mo.ctynsiu1111 Koscpcp~uneara pa3MH0)KeHnsi 

(" nonnasi 9cpcpeKTIIBHOCTb". lI0.ClBll)KH0ro sneMeHTa peaKTopa), 

PyKOIIl!Cb rrocryrruna B ll3JWTenbCKIIH 0T.cten 

3 Mapra 1971 ro.cta, 

(1.,,. 
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