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1. B a e .u e H H e 

B HacTosmree apeMSI cepbeaHoe BHHMBHHe ynenSieTCSI aonpocaM npoeK-

THpOBBHHSI HMnynhCHblX peaKTOpOB H 6ycTepOB HB 6biCTpblX Hel!:TpOHBX n epHO

.[lH'IeCKOrO .uetlCTBHSI/ 1-4/, 0HH BeCbM8 Y.U06Hbl KBK MOIIlHbie HCTO'IHHKH Hel!:T-

poHOB nnH HccnenoaaTenbCKHX uenel!:. B TaKoM peaKTope aKTHBHa SI aoaa H3 

BbiCOKOKOHUeHTpHpOBBHHOrO r opiO'Iero , reaepHpyiOIIl8SI HeilTpOHbl l!<eCTKOrO 

cneKTpa , oKpylKeHa oonoponoconeplKal!lHMH aaMennHTenSIMH, 4 acTb oTpalKaTenH, 

HB3biBaeMaSI "nonBHlKHbiM oTpalKaTeneM", yKpenneaa aa apamaiOmeMCSI Kopo 

MbiCne H ripOXO.UHT npH BpameHHH MHMO O.UHOl!: H3 CT OpOH 8KTHBHOl!: 30Hbl 1 Bbl3bi 

B8SI nepi!O.UH'!ecKoe H3MeHeHHe KOs$PHUHeaTa paaMHOlKeHHSI/5/, PeaKTop c no

aBHlKHbiM oTpalKaTeneM H aaMennHT eneM npencTaBnHeT co6o l!: aechMa aeon 

aoponayiO H HeCHMMeTpH'IHYIO CllCTeMy, KOTopyiO B paMKBX O.UHOMepHbiX npH -

6nHlKeHHtl MOlKHO paCC'IHTBTb nHillh aechMa rpy6o, A o T nenhHbie xapaKTepHCTHKH 

HMnynbCHOrO peaKTOpa, TBKHe KBK 38BHCHMOCTb KOs$PHUHeHT8 p83MHOlKeHHSI 

OT nonolKeHHSI no.UBHlKHOrO OTpalKaTenSI1 S<jxjleK T bl opraHOB perynHpOBBHHSI H 

T , .[l , 1 Tpe6yiOT 06SI38TenhHOrO npHMeHeHHSI MeTO.UHK p8C'I~T8 peaKTOpOB B .UBYX

Il TpexMepHOtl reoMeTpHH . 

AaTopaMH aToft CTBThH anSI pac'I(!Ta HMnynhcHoro peaKTopa c noaBHlK

HbiM OTpalKaTeneM 6bin npHMeHeH MeTO.U MoHTe- Kapno H COCTBBn eHa nporpaM 

Ma pacqeTa xapaKTepHCTHK TaKoro peaKTopa, 3anaeTcSI reoMeTpHSI peaKTopa 

H cTpOSITCSI TpaeKT OpHH HetlTponoB B npSIMoyronhHOtl cHcTeMe KoopnHHBT XYZ; 

rpaHl!UBMH npocTp8HCTBeHHblX 30H cnylKaT nnOCKOCTH 1 nepneHaHKynSipHbie KO

op.UHHBTHbiM ocSIM, THnH'IHBH cxeMa pacc•mTbiBaeMoro peaKTopa noKaaaaa 

H8 pHC, 1, 
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2. MeTonnKa pac'!~Ta xapaKTepncTHK peaKTopa 

2-1. B bt 'I n c n e H n e K 
3

<j>cp" ,llnSI Bbl'IHCneHHSI K3 Cjlcp HCITOnbay-

eTCSI MeTOU paC'!eTa ITO ITOKoneHHSIM ITyTeM MOnenHpOB3HHSI UeiTn pa3MHO*e

HHSI HeHTpOHOB/6/ , ,llnS! ynyqrueHUSI CXOUHMOCTH H yeenH'IeHHSI HHcj>OpMaUHH 

B naHHOH ITporpaMMe ITpH ITOCTpOeHHH TpaeKTOpHI\ ITpHMeHeH MeTOU '!aCTH'I

HbiX neneHHlf, flpH 3TOM nnSI HCKniO'!eHHSI B03MO*HOCTH BbiPO*OeHHSI uenH 

HeHTpOHOB HnH He*enaTenbHOro 3Ha'!HTenbHOrO KOnH'!eCTBa OUHOBpeMeHHO 

Cyi.IleCTByiOIUHX UeiTO'!eK BBeneH CITeUHanbHbiH anropHTM , OCTaBnSIIOIUHlf ITOCTO

SIHHbiM 'IHCnO HeliTpOHOB B OllHOM ITOKOneHHH, ,llpyrHe anropHTMbi , npecneny

IOI.IlHe T e *e uenn, oiTncaHbi B pa6oTax17, 8/ , 

BaeneM o6o3Ha'!eHnR: 

x - KOOpOHHaTa B TpeXMepHOM ITj:lOCTpaHCTBe; V - ITpOCTpaHCTBO TO'!eK 

( 06'heM CHCTeMbl) ; E - 3HeprHSI HelfTpona ; l: 1 ( E, x l , l:, (F., x l - MaKpo-

CKOITH'!eCKHe Ce'!eHHSI B3aHMonel\CTBHSI HeifTpOHa CO cpenolf;v(E,xl- cpenHee 

'!Hcno aelfTpoHoB Ha neneHne. 

flycTb 3anaHa ITocnenoaaTenbHOCTb To'leK neneHHSI ( x<~ , x<~>, •. , x ~>1. 

!13 TO'!eK x~> ITocnenoaaTenbao, ITO onnoMy na Ka*nolf TO'IKH nciTyc-

Ka10TCSI HellTpOHbl neneHHSI C BeCOM W = 17 H CTpOSI TCSI HX TpaeKTOpHH B 

ITpOCTpaHCTBe lf3MeHeHHSI ITepeMeHHbiX X If E • flpH Ka*UOM CTOnKHOBeHHif 

• • (l) 6 
HeHTpOHa C BeCOM wl B TO'!Ke x I ITpOHCXOUHT neneHHe C 0 pa30Ba -

HHeM 

(l) 

TJ I •w 
l 

<l> l: <l> 
V (x 1 ,Ell 

1
(x 1 ,Ell 

'<' ( (ll E l 
""'t X 1 ' j 

HOBbiX Hei\TpOHOB; IT pH 3TOM "Bee" HeifTpOHa yMeHblllaeTCSI Ha aenH'IHHY 

(j) 
Ll(x I ,El l 

w 
l (j) 

L t (xI ' B l l 

TpaeKTopHSI HeATpoHa ITpocnelKnaaeTCSI no nornomeHHSI ero Hnn BhtneTa aa 

rpaHHUhi paccMaTpnaae&!oro o6'beMa V. flocne "rn6enn" scex M HeifTpOHOB 

Ha'!anbHOrO ITOKoneHHSI Mbl 6yneM HMeTb M I (M I - cny'laHHaSI BenH'IHHa) 

HOBbiX TO'!eK neneHHSI : 

4 

J 

(I) (2) 
X J ' X 1 

(MI) 

X I H 

M1 (j) 

1m L TJ I 
lei 

HeHTpOHOB cneny~ 

neHHSI; Ka*UOH TO'!Ke neneHHSI ITOCTaBneHO B COOTBeTCTBHe 'IHCnO 

"ponHBIUHXCSI" B 3 TOH TO 'IKe : 
(I) (I) (2) (2) (l) (l) 

T/ 1 -+ X 1 ' lJ 1 -+ X 1 ' • • '7] 1 ... X 1 

(M I) (M ) 

TJ -+X I 
I 

~3 nocnenoeaTenbHOCTH ( (I) (2) 
X 1 'X 1 

ew6npaeM cnyqalfnwM o6pa3oM M TO'!eK "pO*UeHHSI" HeiiTpOHOB C 

(0 w 
ITOKOneHHSI (xI , x 1 

BeTCTBYIOIUHM elf b"COM 
(l) 

p I 

x/M) l ' 6epSI Ka*OYIO TO'IKY 

- +TJ;l) n T.n . nnR acex ITO 

OnnoepeMeHHO nnR Ka*noro noKoneHHSI Bhi'IHCnSieTcSI cnyqaiiHaSI s1 

1 M1 (l) 

k1 • -;;- l: TJ 1 SIBnSIIOI.IlaSICSI Ko3Cjl¢nunenTOM paaMHO*eHHSI ne 
itl j:al 

Ha onno ITOKoneHne. CpenHee 3Ha'!eHne 3Tolf eenH'IHHhl ecTb 3cj>Cjle: 

K03cj>q>HUHeHT pa3MHOlKeHHSI : 

It 3cj>cj> 
=It 

I 

1 s 
3---l: k 

5-5 I..S +I I 
0 0 

3necb 5 - ITOnHOe 'IHCnO paCC'IHT8HHbiX ITOKOneHHH 0 5
0

- 'IHCnO I 

ITOKOneHHH, B KOTOpbiX paBHOBeCHOe paCITpeneneHHe HCTO'IHHKOB eL 

HOBHnOCb ( 0 Bbt6ope 5 0 CM, n . 4) • B nepBOM ITOKoneHHH pacrrpeJJ 

Hel\TpOHOB ITpOH3BOnbHO. 

2-2. 8 bl 'I H C n e H If e 3 cj> cj> e K T If B H 0 C T H 

HOrO 0 T p a * a T e n Sl , flon 3¢cj>eKTHBHOCTbiO ITOUBH 

pa*aTenSI /':;, It ITO ITOHHMaeTCSI pa3HHUa B 3cj>cj>eKTHBHOM KOscj>cj>HUifl 

HO*eHHSI UnSI peaKTOpa C ITOUBiflKHbiM OTpalKaTeneM If 6e3 Hero ITp 

Helf3MeHHbiX ycnOBHSIX. flpSIMOI\ CITOC06 paC'I~Ta , T , e . Bbi'IHCneHHe 

nayx cnyqaea, ITpHBOUHT K 6onbruolf cTaTHCTH'IeCKolf oruH6Ke. To'II 

KH K 3 cpcp ITOpSIOKa 0,5% OnSI '!aCa pa60Tbl MalUHHbi, a 3Ha'!eHHe 

pa3HOCTH /j,Jt COCTaBnSieT 3 :.. 
' 

8%, fl0 3TOMY oueHKa M ocym 

c HCITOnb30BaHHeM Teopnn BOaMymeHnlf rrepaoro nopS!nKa/9/, corn 

pol\ H3MeHeHHe KOscj>cj>HUI!eHTa pa3MHOJKeHHSI OITpenenSieTCSI cj>OpMyn 

/:;,Q 
/j,Jt 3cj>cj> a - Q- k3cj>cj> 
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Ml ( j) 
H Jm I 7J 

jal I 
HeHTpOHOB cnenyJOrnero IIOKO-

neHHH ; Ka*llOM ToqKe nerreHHH IIOCT8Brre Ho B COOTBeTCTBHe qHCIIO HeHTpOHOB, 

(I) (!) (2) (2) (j) (j) 
"ponHBlllHXCH" B 3 TOH TO q Ke: 7J I -+ X I , 7J I -+X I , • •, 7J I -+X I 

(M I) (M ) 
7J .. X I 

I I 
H 3 rrocnenoaaTerrbHOCTH 

Bbt6apaeM cnyqaiiHbiM o6pa3oM M Toqe K "po*neHHH" HeiiTpoHOB cneny10rnero 

( 
(I) (2) (M) 

IIOKOrre HHH x I , X I x
1 

' ) , 6epH Ka*UYIO TQqKy C COOT-

(j) I <J> 
BeT C T BYIOlllHM eM b::"COM P I • :r 7J I H T.n. lliiH BCe X IIOKOrreHHM. 

OnHoapeMeHHO nnH Ka*noro rroKorreHHH BbrqacnHeTCH c nyqa iiHaH aenaqaHa 

J Ml (j) 

k 1 • M J~l 7J 1 HBIIHJOtUaHcH Ko3<jlq:>auaeHTOM pa3MHO*eHnH HeiiTpOHOB 

Ha OllHO IIOKOIIeHHe. CpenHee 3HaqeHHe 3 TO H BerrJiqHHbl eCTb 3<jl<PeKTHBHblH 

K03<jl<jJHUI!eHT pa3MHO*eHJIH: 

3nech 

=k 
I 

s 
-

1
-- I k 

5-5 I=S +I I 
0 0 

S - IIOIIHOe qacno paccqJIT8HHblX IIOKOrreHIIH 0 5
0

- qacno rrepBbiX 

(1) 

IIOKOrreHHH, B KOTOpb!X paBHOBeCHOe pacrrpenerreHJie HCTQqHHKOB erne He YCTa 

HOBHIIOCb \ 0 Bbt6ope 5 0 CM o rr.4) . B rrepBOM IIOKOrreHHH pacrrpenerreHHe 

HeHTpOHOB IlpOH3BOIIbHO. 

2-2. B bl q H C II e H H e 3 <jJ <jJ e K T H B H 0 C T H II OllBH*-

HOrO 0 T p a * a T e II H a non 3<jJ<I>eKTHBHOCTbiO IIOllBH*HOrO OT-

pa*aTenH !'!. k no IIOHHMaeTCH pa3HHUa B a<P<!>eKTHBHOM KOa<jJ<jJHUHeHTe pa3M -

HO*eHHH nnH peaKTopa c rronBH*HhiM oTpa*aTeneM H 6e3 Hero rrpH rrpoqHx 

HeH3MeHHbiX yCrrOBHHX. npHMOH CIIOC06 pacq~Ta , T. e . BbJqHcrreHHe K a<jxjl lliiH 

nayx c n y qaea, rrpaaonHT K 6onhwoii cTaTHCTHqecKoll ornH6Ke. T oqHOCTh oueH

KH K a<jJ<jJ IIOpHnKa 0,5% lliiH I qaca pa60Tbl M8lllHHbl 0 a 3HaqeHHe HCKOMOl! 

pa3HOCTH f'!.k COCTaBrrH e T 3 :. 
' 

8%. noaToMy oueHKa l'!.k. ocyrneCTBIIHIIaCb 

C HCIIOIIb30BaHHeM T eOpHH B03MyllleHHll rr epaoro IIOpHUKa / 9/, COrrraCHO KOTO

poll H3M e HeHHe K03<jJ<jJHuHeHTa pa3MHO*eHHH OIIpene rrHeTCH <jJopMyiiOH : 

I'!.Q 
l'!.k a <P<P - -

0
- k. a <P<P 
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rae Q - CKOpOCTb reHep8UHH UeHHOCTH B peaKTOpe , 8 !:J. Q - H3MeHeHHe CKO 

pOCTH reHepa~HH UeHHOCTH B pe3ynbT8 Te Manoro B03MymeHHR B HeKOTOpOH o6 -

n8CTH peaKTopa. B o6meM cnyqae B03MymeHHR HMeiDT MecTo cneayiDmHe co-

OTHOWeHHR: 

Q afJ<f>('! .. 
v ) l ,tr+. v) <I>* ( .. . v ) d ,. d : 

!:J.Q= -Jf<l><i* , V0l8It <i ,vlk 3 !j>!j> · <f>*< 1.~ ld 1 d ~ + 

rry.-~. .... .,.., ( ...... , ..1.*( ..... ) ...... , +Jh'f'(r,v)u-<. r,v,v lk.lvh'f' r, v drdvdv + 
8 . ~"¥'+' 

+JJ<f><i.~ lSI 
1

(f",vl<l> *( i ,vld?dv-. . 

( 2) 

HHTerpHpOBBHHe npOH3BO/lHTCR no BCeMy 06oeMy peaKTOpa H BO BCeM npOCT-.. 
p8HCTBe CKOpOCT el! Hel!TpOHOB V sseaeHbr cneayiDmHe o6o3HaqeHHR : 

</> (1 , y> ) - noTOK Hel!TpOHOB B TOqKe 
.. 
r ' 

.. 
o6n81l8IDWHX CKOpOCTb iD V 

B HeB03MymeHHOll CHCTeMe ; </>* (;>,~) - ueHHOCTb Hel!Tp0H8 B TOqKe -; , 

o6na;:~aiDmero cKopocTbiD -; B HeB03MymeHHOl! CHCTeMe ; <!>* (1, V ) cyM-

M8pH8R UeHHOCTb Hel!TpOHOB1 o6pa3yiDWHXCR npH aeneHHH Rllpa B ToqKe t 
Hel!TpOHOM CO CKOpOCTbiD v; <l>*fr,v)all(f,v) Jx(v'l<f>*(f,~')d~'; 

II (f", V ) - CpeJlHee qHcno BTOpHqHblX !iel!TpOHOB H8 JleneHHe B TOqKe i 
Hel!TpOHOM CO CKOpOCTb iD v X ( v l - cneKTp aeneHHR ; BIt , BI 1 

H BI. - COOTBeTCTBeHHO B03MymeHHe nonHOrO ceqeHHR 1 ceqeHHR JleneHHR 

H JlH<jxj>epeHUH8nbHOrO ceqeHHR paCCeRHHH . 

8 CXeMe MeTpll8 MoHTe-Kapno , npocneJKHB8R HCTOpHID HeliTpoHa H3 

TQqKH ( 1 , -: aanbwe ao ero •rH6enH• , MOJKHO nonyqHTb oueHKY 

JlnR </>* (t , ~) KBK CyMM8pHyiD UeHHOCTb HeliTpOHOB aeneHHl! , Bbl3B8HHhiX 

3THM HeliTpoHoM/101. T oraa oueHKoll !:J. Q a !j>opMyne ( 2) 6yneT cyMMap-

H8R ueHHOCTb Hel!TpOHOB JlOnOnHHTenbHb!X neneHHll B pe3ynbT8Te B03MymeHHR. 

O<IeBHJlHO, qTo B qacTHOM cnyqae cxeMbi peaKTopa c nonBHJKHhiM oTpa>KaTeneM 

JlnR s!j>!j>eKT8 yaaneHHR nOJlBHJKHOrO OT!)8>K8TenR MOJKHO 38nHC8Tb cneJlyiDmee 

Bhrpa>KeHHe : 

6 

1 
I 

~ 

I 

II 

I 

( 

!:J. ry.-~. .. .. l .. .. .. .. Q •- J, 'I" 
1 

( r , v ) 
1 

( r , v) <I>* ( r , v) d r d v , 

rae </>I ( ;*, ~) - nOTOK HeliTpOHOB B TOqKe n , -: ) , KOTOpble I 

no KpaliHeli Mepe OllHO CTOnKHOBeHHe B nollBHJKHOM oTpaJKaTene. Ta 

TOnbKO TBKHe HeliTpoHbi Bbi3biBBIDT nononHHTenbHbte aeneHHR. B np 

nOCTpOeHHR HeliTpOHHbiX TpaeKTOpHH HeliTpOHbl 1 HCnbiTBBmHe CTOnKfl 

B nollBHlKHOM 0Tp8lK8T e ne, nonyqaiDT HeKHl! npH3H8K l = 1, KO'T 

aanbHellmeM He MeHReTCR snnoTb ao *rH6enH• Hel!TpoHa ( no nepB 

HOBeHHR B nOJlBHlKHOM OTpa >KBTene l = 0) • 

llnR oueHKH !:J. Q HMeeM: 

I, <1 , v l .. 
!:J. Q • It w 1 1 <!> * (r 

1 I I I 
, v I ) • 

I t (t
1

, vI) 

Il w 
1 I I 

II(~ , v
1 

)I ,<-t 1 , v 1 ) <P* <?) 
f I ' 

I ( t • v ) 
t I I 

rae CYMMHpOB8HHe npOH3BOJlHTCR no BCeM CTOnKHOBeHHRM ael!Tp 

yC T 8HOBHBmeMCR pacnpeaeneHHH HCTOqHHKOB Hel!TpOHOB; 

<P*<r>>- Jx<v'l</>*(1 .~'ld~' 
f I I 

cpeJlHRR UeHHOCTb Hel!TpOH8 aeneHHR (cqHT8eTCR 1 qTo c neKTp aenel 

BHCHT OT 3HeprHH HaneTaiDmero Hel!TpOHa); 

CTOnKHOBeHHHi 

llnR Q 

Q • Iw 
I I 

w
1

- ero "sec". 

HMeeM OUeHKY 
>:" ., 

II(~ • VI) I, (f"l. <>· 
I (r-+ , v ) 

t I I 

l I - npH3H8K Hel!Tp 

<P. (; ) . 
f I 

B nepsoM sapHaHTe nporpaMMbi aeHHOCTb ael!TpoHoB aeneHHSI 

cqHT biBanacb. BseaeM senaqHHhi 
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t.Q •-ffcP (;,; l l: (1, vl<l>* (f*,vldi* dv .. , 
I f 

r.ue </J I ( t,-;) - nOTOK He~TpOHOB B TOqKe n , -: ) , KOTOpble HCnbiTSnH 

no Kpa~He~ Mepe o.uHo CTOnKHoaeHHe a no.uaHJKHOM oTpaJKaTene, TaKHe H 

TOnhKO TaKHe He~TpOHbi Bbi3biBSJOT .uononHHTenbHbie .ueneHHSI, B npouecce 

fiOCTpOeHHSI He~TpOHHbiX TpaeKTOpH~ He~TpOHbi, HCnbiTSBWHe CTOnKHOBeHHe 

B fiO.UBHlKHOM OTpaJKaTene, nonyqaJOT HeKH~ npH3HSK l = 1, KOTOpbi~ B 

oanbHe~weM He MeHHeTcH annoTb oo "rH6enH" He~Tpoaa ( oo nepaoro cTonK-

HOBeHHSI B fiOOBHlKHOM OTpS li<STene 

llnH oueHKH t. Q 

l: l w 
I I I 

HMeeM: 

l: (1 • v ) 
t I I 

roe CyMMHpOBSHHe npOH3BOOHTCSI 

= 0). 

<P* <i* ) 
f I 

no BCeM CTOnKHOBeHHSIM He~TpOHOB npH 

ycTSHOBHBWeMCSI pacnpeoeneHHH HCTOqHHKOB He~TpOHOBj 

</> * ( r"' l • f X ( v ' l </> * (1
1 

, ~ ' l d ~' 
f I 

cpeOHSISI UeHHOCTb He~TpOHS oeneHHSI (cqHTSeTCSI, qTo cneKTp oeneHHSI He 38-

BHCHT OT SHeprHH HSneTSJO!Uero He~TpOHS) j 

CTOnKHOBeHHHj 

Q. I w 
I I 

w
1

- ero "aec". 

HMeeM oueHKy 

I (r .. , v ) 
t I I 

l I - npH3HSK He~TpoHa npH 

<P* <7 ). 
f I 

B nepaoM aapHaHTe nporpaMMbi ueHHOCTb He~TpoHoa .ueneHHR He pac

cqHTbiBanacb, BaeoeM aenHqHHbi 
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L 

</>* • 

I. w 
I 

I. w 
I I 

vI, 
<--y--> cp* 

t I fl 

vI f <--· ) I I 
t 

cpeaHIOID no CHCTeMe ueHHOCTb HeilTpOHOB aeneHHil, Bb13BaHHb1X OTpa>KeHHbiMH 

H3 noABH>KHOrO OTpa>KaTenSI 

I w 
I I 

HeilTpOHaMH 1 H 

vI, 
<-r 

t 
)I cp~l 

</>* 
f 

rwl (vi, /It) I 

cpeaHIDID no cucTeMe ueHHOCTb HeilTpoHoB scex aeneHHil, Ecnu C'IHTaTb, 'ITO 

T* ~· TO 
( 

!>. kno 

f 

1 I • w 
N• I 

v(;l ,vi), I,<f"l,vl) (3) 

It ( 
.. 
r I ' vI ) 

rae N - 'IHCno pa3birpaHHbiX HcTopHA 6e3 yq~Ta npeasapHTenbHbiX noKoneHHil 

(eM, n, 2-1). 

no qJH3H'IeCKHM C006pa>KeHHSIM SICH0 1 '11'0 HeHTpOHbl H3 nOABHlKHOrO OTpa

>KaTeTISI Bbl3biBaiDT aeneHHSI rnBBHb!M o6pa30M Ha nepH<j>epHH 8KTHBHOil 30Hb! 1 

rae ueHHOCTb aeneHHfi MeHbwe cpeaaeil ueaaocTH no sceMy peaKTopy. Cneao-

saTenbHO, sceraa T*' > ¢:"'* 
f • 

oaaaKo pa3HHUa easa nH senHKa, ToqaoCTb 

BenH'IHHbl f!. k!JO pacc'IHTaHaoil no <j>opMyne ( 3), 6brna nposepeaa no 3Kcne-

pHMeHTaTibHblM aaHHb!M ( CM, n,4), 

ilnSI yMeHbllieHHSI AHCnepCHH OUeHKH f!.Jc no B nOABH>KHOM OTpa>KaTene 

p83blrpb!B8eTCSI "BbiHy>KAeHaoe• coyaapeHHe c WBeCOMW w [ 1- exp (-I e >l, 

rae ·, f - paccToSIHHe ao rpaHHUhi noaBH>KHoro oTpa>KaTenSI no aanpasneHHID 

cKopocTH aei!Tpoaa, '.I:SbiHy>Kaeaaoew coyaapeaHe pa3blrpbiBaeTCSI TonbKO B 

TeX cnyqaSIX1 Koraa KOCHHyC yrna Me>K.l(y HanpaBneHHeM CKOpOCTH HeHTpOHa 

H OCbiD X ( pHc, I) nonoJKHTeneH. 

8 

-l 

_.c-._ 

2-3. B hi q H c n e H H e 3qJqJeKTa CMelUeH 

s H >K H. o il q a c T H o T p a >K a T e n Sl, H3MeHeaHe K3 <jx 

cMemeHHH h noABH>KHOrO OTpa>KaTenSI no HanpasneHHID OCH Y I 

HOrO nonO>KeHHSI TaK>Ke paCC'IHTbiBanOCb no TeOpHH B03MylUeHHH l'lo 

pHaKa, 3¢q>eKT cMemeHHSI onpeaenSincSI KaK pa3HOCTb asyx B03Myu 

ao6asneHHSI K noasH>KHOMY oTpa>KaTeniD napannenenHneaa pa3Mepo l 

C OAHO}I CTOpOHbl H yaaneHHSI TaKoro >Ke 06'beMa C npoTHBOnonoJK, 

Hbi ( pHc . I). ilnSI oueHKH aonvnHHTenbHhiX aeneHHil B aKTHBHoil 3< 

MeHeH cneayiD!UHH anropHTM, Koraa aeilTpoH nepeceKaeT rpaHHUhl 

HbiX o6nacTeil, a CKopocTb ero aanpasneHa B B03MymeHHYID o6nac 

TpaeKTOpHSI pa3BeTBnSieTCSI, npH nonaaaHHH HeilTpoHa Ha rpaHHUY 

( Ha pHcyaKe B03MymeHHoe nono>KeHne oTpa>KaTenSI o6o3Ha'IeHo ny 

HeB03My•ueHHoe - cnnowaofl nnHHeil) CTpOSITCSI ase seTBH, B nepE 

vBeCw Hef!TpoHa C'IHTaeTCSI paBHbiM W - exp ( - I f) .] . rL 

HeHTpOHa AO nonaaaltHSI B o6naCTb I H - paCCTOSIHHe AO rpaHH: 

no aanpasneHHID cKopocTH; pa3birphiBaeTCSI wBhiHY>KAeHHoe" co· 

B B03MymeHHOil o6nacTH I, npHnHCbiBaeTCSI HeilTpoHy npH3HaK /} 

npocne>KHB8eTCSI TpaeKTOpHSI ero B B03MylUeHHOM peaKTOpe AO wr 

HeilTpOH8 ( nornomeHHSI HTIH BbineTa H3 CHCTeMbl), 

Bo BTopoti seTBH HeHTpOHY c • secoMW w exp (-I e ) n 

npH3HaK 8 a 1 - exp I . e ll CTpOHTCSI TpaeKTOpHSI B HeB03MylU 

peaKTOpe AO wrH6enHw fieHTpOHa, 

npH nonaaaHHH aei!Tpoaa Ha rpaHHUY o6naCTH II TaKJKe CT 

aae BeTBH, B nepsoli seTBH aef!Tpoay c vsecoMw w ( 1 - exp [-I 

npHnHCbiB8eTCSI npH3HaK 8 = - I, pa3birphiBaeTcSI wBhiHY>KAeHHO( 

peHHe B HeB03MylUeHHOH o6naCTH II H aanbwe npocne>KHBaeTCSI 

pHS! B HeB03MylUeHHOM pe8KTOpe , Bo BTOpOi! BeTBH Hei!TpOH C 

,.. exp(-If-l nonyqaeT npH3HaK 8 a exp I e - 1 H C 

TpaeKTOpHSI ero B B03MylUeHHOM peaKTOpe, 0aHalKAbl npHCBOeHHbll 

KH 8 He MeHSIIDTCSI; npH "po>KaeHHHw aei!Tpoaa 8 = 0, HeTpyaHo 

CSI 1 'ITO BenH'IHHa 
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2-3, B bi 'I H c 11 e H H e 3 <!> <!> e K T a C M e Ill e H H H fl 0 Jl -

s H lK H . o ft 'I a c T H o T p a lK a T e 11 H, HaMeHeHHe K3 $1> fiPH MalloM 

CMelUeHHH h fiOJlSHlKHOrO OTpalt<aTeiiH flO HaflpaSIIeHHID OCH Y H3 UeHTpallb-

HOrO fiOIIOlt<eHHH TaKlt<e paCC'IHTbiBaiiOCb flO TeOpHH S03MylUeHHft flepsoro fiO 

pHJlKa, 3<!><!>eKT CMelUeHHH OflpeJleiiHIICH KaK pa3HOCTb JlSYX S03MylUeHHft -

Jlof5aslleHHH K fiOJlSHlKHOMy oTpalKaTeiiiD flapa1111e11efiHflella paaMepoM Hx xHz xh 

C OJlHOil CTOpOHbl H YJl811eHHH T8KOrO lt<e o6'beMa C flpOTHSOfiOIIOlKHOft CTOpO 

Hbl ( pHc, I ). Ll11H oueHKH llOflviiHHTellbHbiX 11e11eHHft s aKTHSHOfi aoHe 6biii flpH 

MeHeH c11enyromHil a11ropHTM , Korna HeilTpoH flepeceKaeT rpaHHU bi soaMymeH

HbiX o611acTeft , a CKopocTb ero HaflpaslleHa s soaMymeHHYID o611acTb 0 ero 

TpaeKTOpHH p83SeTSIIHeTCH , npH fiOflaJl8HHH Hei!TpOH8 Ha rpaHHUY 06118CTH 

(Ha pHCyHKe S03MyllleHHOe fiOIIOlKeHHe OTpalt<aTeiiH 0603Ha'!eHO fiYHKTHpOM , 

HeS03My1Ue HHOe - CfiiiOlllHOft IIHHHeft) CTpOHTCH JlSe seTSH , 8 flepsoft H3 HHX 

'sec' Hei!TpoHa C'IHTaeTCH p&SHbiM w [ 1 - exp (- k fl ] rne w- 'sec" 

uei!Tpoua 110 fiOflaJlaH-HH s o611acTb I H f - paCC T OHHHe JlO rpaHHU bl 06118CTH 

flO H8flpaSIIeHHID CKOpOCTH j p83birpbiSaeT CH "' sbiHYlKileHHOe"' COyJlapeHHe 

s soaMymeHHOil o611acTH I, fiPHfiHCbisaeTcH Hel!Tpouy flpHauaK B = + I H 

flpOCIIelKHSaeT CH TpaeKTOpHH ero S S03MyllleHHOM peaKTOpe JlO "rH6e11H"' 

Hel!TpOHa ( fiOriiOllleHHH HIIH SbiiieTa H3 CHCTeMbl) , 

B o sTopol! seTSH uel!TpOHy c 'secoM"' w exp (- k f l flpHfiHCbiSaeTCH 

flpH3HaK B a 1 - exp k • f H CTpOHTCH TpaeKTOpHH S HeS03MyllleHHOM 

peaKTope no "rH6eiiH"' l;el!TpoHa, 

npH fl0fl81laHHH Hel!Tpoua Ha rpaHHUY 06118CTH II TaKlt<e CTpOHTCH 

11se seTsH, B flepsol! seTsH Hel!TpoHy c "'secoM"' w( l- exp [- k f] l 

flpHfiHCbiSaeTCH flpH3H8K B = - I, pa3birpbisaeTcH "'sbiHYlKileHHoe"' coyna -

peHHe s uesoaMymeaaoll o611acTH II H Jlallbme flpocllelt<HsaeTcH TpaeKTo-

pHH s HesoaMymeHHOM peaKTope , Bo sTopol! seTsH uel!TpoH c "'secoM"' 

w exp (- 2 f- l fiOIIy'!aeT flpH3HaK B "' exp k f - 1 H CTpOHTCH 

TpaeKTOpHH ero S S03MyllleHHOM peaKTOpe , 01lH8lKJlbl fi!"JHCSOeHHble flpH3H8 -

KH B He MeHHIDTCH j fiPH "polt<neHHH" HeliTpoHa B = 0, HeTpynHo y6enHTh-

CH , 'ITO SeiiH'IHHa 
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~Q. I B w 
I I I 

.. '<' .. 
V (r I' vI) ""t ( r I' vI 

I,(;:" I' vI ) 

rne cyMMHpOB8HHe npOH3BOnHTCSI no BCeM CT OIIKHOBeHHSIM HeliTpOHa , 6yneT 

OUeHKOlt 'JHCII8 HeliTpOHOB0 'po>KneHHblX' nonOIIHHTeiibHO 38 C'JeT CMeUleHHSI 

oTpa>KaTenH, OnHTb nonycKaH paeeHCTBO cpenHell ueHHOCTH aeliTpOHOB nene

HHii, Bb!3B8HHbiX HeliTpOHBMH C [j .f. 0 , H cpenHelt U eHHOCTH HeliTpOHOB Bcex 

neneHHii, nony'IHM n nH S(jJtjleKTa cMemeHHSI o u eHKy: 

s~c • ..!.Is w 
no N I I I 

II I 
I II 

It I 
( 4) 

2-4, 8 bl 'I H C II e H H e <-penH e r 0 B p eM e H H >K H 3 H H He liT-

p 0 H 0 B. 8 ypaBHeHHH onHOTO'Je'JHOli MOnenH KHHeTHKH peaKTOpa HapHny 

C aQxl>eKTHBHblM K0 3$1>HUHeHTOM p83MHO>KeHHSI tjlurypupyeT BTOpaSI KHHeTH'IeC

KBSI X8p8KTepHCTHK8 0 H83bl B8 eMaSI • CpenHHM epeMeHeM >KH3HH UeHHOCTH HeliTpO 

H8 e peaKTope' r ; 

d N [ k acjxp 0- f3 ) -1 l 
d I 

It ~tjltjJ ., 

B KnacCH'!eCKOM onpeneneHHH 

Jf..l.¢cr. ;t).<f>*<t. n dr"d~ 
v 

6 

· N+I >. c 
1•1 I 

r-----------------~---------------------
Jfvi 1 <P<i'.: l ·fx<v'l¢*rt ,v"ldt d~ d~ ' 

B npH6nH>KeHHH MoHTe- K apno r cnenyeT HB3biB8Tb 'cpenHHM epeMeHeM 

Me>Kny nocnenoeaTeiibHblMH po>KneHHSIMH HeiiTpOHOB' 1 HIIH 'cpenHHM epeMe

HeM, Heo6xonHMbiM nnH reHepBUHH HeliTpoHa B crrenyiOIIleM noKoneHHH' • 

npH MOnenHpOBBHHH HeliTpOHHblX TpaeKTOpH li Bbi 'IHCIISieTCSI epeMSI Me>Kny 

nocneno eaTeiibHblMH CTOIIKHOBeHHSIMH . CyMM8 3 THX epeMeH no BCeM CTOIIKHOBe-

HHSIM HeliTpOH8 OT MOMeHT 8 • po>KneHHSI' no i - ro CTOIIKHOBeHH SI T I eCTb 

epeMH, Heo6 xonnMoe nnH reHepauuu WI 
II ( ,.1 • vI ) I ( <tl • v I ) 

I/tl. vI) 

10 

BTOpH'IHb!X HeliTpOHOB B -oM CTOIIKHOBeHHH. Torna 

r • 7 Tl w I (vI I I I t ) I 

Iw (vi /I ) 
1 I t t I 

rn e CyMMHpOB8HHe pacnpoCTp8HSieTCSI H8 BCe CTOIIKHOBeHHSI HeliTpOH 

rre3HO OTMeTHTb 0 'ITO TBK H83b!B8eMoe 'epeMSI >KH3HH noKOIIeHH SI Hei 

f* - r • k atjltjl 

3, MaTeMaTH'JeCKHe Monenu npoueccoe eaaHMonelicTBHSI 

HeliTpOHOB C BeUleCTBOM 

3-1, 3 H e p r H Sl H C K 0 p 0 C T b . B onHCh< eaeMoli 

Me pac'JeTa peaKTopa npHMeHSieTcH MHororpynnoeoe npu6nn >KeHHe nn 

HHSI npoueccoe B38HMoneliCTBHSI HeHTpOHOB C HnpaMH/11/. B ecb HHTE 

H3MeHeHHH 3 Hepr HH HeiiTpoHoe (oT 10,5 Mae no 0) paa6HT Ha nonHl 

H B Ka>KnOM H3 HHX KOHCTBHTbl B38HMoneliCTBHSI HeliTpOHOB C BeUleC1 

C'IHTMOTCSI He 38BHCSIUlHMH OT 3HeprHH HeliTpOHOB. npHHHMaeTCSI
0 

'ITO H 

HMeeT TOIIbKO nHcKpeTHbie 3Ha'!eHHSI 3HeprHH H c KopocTH, CpenHerpy 

3H8'1eHHe CKOpOCTH p8CC'IIITblB8IIOCb TBK >Ke 0 K8K B pa6oTe/4/ • JlnH 

rneHHSI TO'IHOCTH onpeneneHHSI r Heo6xonHMO HMeTb noCT 8 TO'IHO 601 

'IHCIIO rpynn; HBMH 6bin8 HCnOIIb30B8H8 26-rpynnOBB SI CHCTeMa KOHC7 

3-2. n p 0 U e C C p a C C e Sl H H H. B o BCeM 06beMe pE 

Tapa , 3a HCKmo'leHHeM nonBH>KHOro oTpa>KaTenH ( n . 3-4), H nnH ace' 

KpoMe eonopona ( n. 3-3), pacnpeneneHHe pacceHHHbiX HeiiTpoHoe C'IJJ 

H30TponHbiM, A HH30TponHSI yrrpyroro pacceSIHHSI y'IHTbiBarracb a TpaHc 

HOM npH6IIH>KeHHH 0 T . e . Ce'!eHHe y n pyroro pacCeSIHHSI yMeHblli8IIOC b B 

(I -I' e ) pa3 , rne I' e - cpenHHli KOCHHyc yrna pacceSIHHSI , H· 

npH y npyroM p8CCeSIHHH MO>KeT IIH60 nepeliTH B COCenHIOIO HH>KHIOIO 3l 

'!eCKYIO rpynrry C eepOSITHOCTb lO 

I 
I 

((0 
17

(0 
j • j 

~ u j 

(I) 
p 

X 

I act> < 1- co 
•l I' ej 

11 
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BTOpH'IHb!X HeliTpOHOB B -oM cTonKHOBeHHH. Torna 

r • 
(5) 

Iw (vi /I ) 
1 I f t I 

rue CYMMHpOBaHHe pacnpOCTp8HHeTCH Ha BCe CTOnKHOBeHHH HeliTpOHOB, no-

ne3HO OTMeTHTb 0 '!TO TaK Ha3blB8eMOe • BpeMH lKH3HH !lOKOneHHH HeliTpOHOB" 

f* • r • k a<j><j> 

3, MaTeMaTH'!eCKHe MonenH npoueccoa B3aHMonelicTBHH 

HeliTpOHOB C BelUeCTBOM 

3-1, 3 H e p r H H H C K 0 p 0 C T b. B onHchmaeMoli nporpaM-

Me pac'leTa peaKTopa npHMeHHeTCH MHororpynnoaoe npH6nHlKeHHe nnH onHca 

HHH npouecCOB B3aHMOueliCTBHH HeliTpOHOB C HupaMH/11/, B ecb HHTepBan 

H3MeHeHH H 3HeprHH HeliTpOHOB ( OT 10,5 MaB UO 0) pa36HT Ha llOUHHTepaanbi,1 

H B K8lKUOM H3 HHX KOHCT8HTbl B38HMOueliCTBHH HeliTpOHOB C BelUeCTBOM 

C'!HTaiOTCSl He 3aBHCHlUHMH OT 3HeprHH HeliTpOHOB, npHHHMaeTCSl, 'ITO Hei1TpOH 

HMeeT TOnbKO uHcKpeTHbie aHa'!eHHH aHeprHH H cKopocTH, CpenHerpynnoaoe 

3 Ha'!eHHe CKOpOCTH paCC'!I!TblBanOCb TaK lKe, KaK B pa6oTe/4/ . llnst llOBbl-

WeHHH TO'!HOCTH onpeneneHHH r He06XOUHMO HMeTb UOCTaTO'!HO 60nbWOe 

'IHCnO rpyrmj HaMH 6bJna HC!lOnb30BaHa 26-rpynnOB8H CHCTeMa KOHCTaHT/ )2/ • 

3-2. n p o u e c c p a c c e H H H SI, B o aceM o6'beMe peaK -

Tapa, aa HCKniO'leHHeM nouBHlKHOro oTpalKaTenH ( n . 3-4), H nnH acex Huep, 

KpoMe aonopona ( n. 3-3), pacnpeneneHHe pacceHHHbiX HeliTpoHoB C'!HTano c b 

HaoTponHbiM, AHH3dTponHH ynpyroro pacceHHHH Y'!HTbiBanacb a TpaHcnopT

HOM npH6nHlKeHHH, T.e. ce'leHHe ynpyroro pacceHHHH yMeHbwanocb a 

( 1-,... ) paa, rne p. 
0 

- cpeuHHtl KOCHHYC yrna pacCeHHHH , HeliTpOH 

npH ynpyroM pacceSIHHH MOlKeT nH6o nepeii:TH a coceuHIOIO HHlKHIOIO aHepreTH-

'!eCKY!O rpynny C BepOHTHOCTblO 

I 
I L'.u 

j 

(I) 
p 

X 

I u(l) (1- (I) 
•J p. •l 

II 



nH60 OCTaTbCSI B TOH JKe rpynne; B npHBCaeHHOH Bbillle cjJopMyne CyMMHpOBa -

HHe npOH3BOaHTCSI no BCeM sneMeHTaM, KpOMe BOaopoaa , npHCyTCTBY!OlliHM 

a aoHe c cooTBeTcTByiOmHMH HaepHbiMH KoaueaTpauHHMH p <ll • Heynpyroe 

pacceSIHHe C'IHTanOCb H30TpOnHbiM i aepOSITHOCTH nepexoaoa B HHJKHHe 3Hep-

reTH'IeCKHe rpynnbi npH aeynpyroM pacceHHHH aaaaiOTCH MaTpHueA, sneMeHTbi 

KOTOpOH eCTb 

3aecb 

p 
J , k 

( I) (I) 

'£ P 0 
In l • k I '£ ~ I) (7 (!) 

1 lnj 

- HOMep 3HepreTH'IeCKOi! rpynnhl HeHTpOHa ao CTOnKHOBeHHSi i 

Jr.-0, 1 , .. 01 - j) HaMeHeaHe aoMepa saepreTH'IeCKOil rpynnhi B peaynb TaTe 

CTOnKHOBeHHSi i a - ceqeaHe nepexoaa H3 rpynnhi 
in J,k 

B rpynny 

(j +Jr.) I 12/; ol n J - ceqeaHe aeynpyroro pacc eHHHH. 

Heynpyroe pacceHHHe B rpynnhi Bhillle oaHHHaauaToil aecymecTaeaao, 

3-3 • . P a c c e H H H e H a B o a o p o a e. Y rnoaoe pacnpeaene-

HHe aei!TpOHOB npH pacCeHHHH Ha BOaopoae MOaenHpOBUnOCb TO'IHO, KocH

aye yrna MeJKily HanpaaneHHSIMH CKOpOCTH HeHTpOH8 ao CTOnKHOBeHHSI H 

nocne CTOnKHOBeHHSI B na6opaTOpHOH CHCTeMe KOOpaHHaT npH pacceSIHHH 

aei!Tpolia Ha npoTOHe eCTb /.1 o • V El+l /E I 
rae E I H E l+l - COOT BeT-

cTBeHHO saeprHH aei!Tpoaa ao H nocne cTonKHOBeHHH , a pacnpeaeneaHe pac

ceHHHbiX Hei!TpOHOB no 3HeprHSIM paBHOMepHO B saepreTH'IeCKOM HHTepaane 

H 1"
0 
•VY . rae Y - cnyqai! -(O,E

1
). nosTOMY E 1 + 1 •yE 1 

HaS! aenH'IHHa , paBHOMepHO pacnpeaeneHHaSI B HHTepaane (0,1), B epOSITHOCTb 

nepexoaa aeATpoaa aaepreTH'IeCKOil rpynnbi j B rpynny C HOMepOM K 

npH pacceSIHHH Ha npOTOHe noa'IHHSieTCSI COOTHOllleHHIO 

p 
J,k 

•Efl 
EHJ 

Ebj 

(E)dE- I 
p EHJ 

t.Ek 

E 

cp (E)'£ sH (E)d E 
(6) 

E!l cp ( E ' ) '£ (E ' ) dE ' 
E sH 

HJ 

rae t. E k - lliHPHHa rpynnbi K, E HJ H E bj - COOTBeTCTBeHHO HHlK-

HSISI H aepXHSISI rpaHHUbl rpynnbl , p (E) d E - aepoHTHOCTb anSI aellTpoaa 

HMeTb ao CTOnKHOBeHHSI 3HeprHIO (E,E+dE), I.. oH - MaKpOCKOnH -

12 

qecKoe ceqeHHe pacceSIHHH Ha aoaopoae, 

BHyTpH rpynnb! , 

¢ (E) - cneKTp Heli 

npHnHWeM He>iTpOHy ao CTOnKHOBeHHSI HeKOTOpoe cpeaaerpynn 

3Ha'IeHHe 3HeprHH E TaKoe, 'IT06bt co6moaanocb cooTHOllleHJ 

p = L'.E 
j , k 

npHp8BHIIBaSI ( 6) II ( 7) 0 nony'IHM 

f1,J 
E J = I ¢ ( F: ) I •H ( F: ) d E I 

E 
H j 

Eb l 

f 
EHJ 

/F:J 

rp(E ') l 
•H 

( E ')dE ' 
F:' 

Tenepb MOlKHO Bbi'IHCnHTb aHeprHIO HeArpoHa nocne cTonKHODeHHH E 

a HOMep rpynnbi k onpeae~HeM 113 COOTHOWeHIISI 

E Hk _5 E I + I < E bk 

EJ onpenenSinocb no cpopMyne ( 8) anSI '£ sH = const B K8lKJloti 

B nepBbiX 3 - x rpynnax 

7,8, 9 rp(E)mconst, 

rp(E) C'IHTanOCb KaK cneKTp neneHIISI , B rpy 

a B OCTanbHblX rpynnax rp (E) a 1/1': , rp ( E 

HBnHeTCSI 6onee XOpOlliiiM npH6nHlKeHIIeM K peanbHOMy CneKTpy B pe 

Ha 6biCTpbiX Hei!Tpoaax, HelKenll cneKTp <l>epMH , 

3-4. P a c c e H H 11 e B noaBIIlKHOM OTpalK 

npH MO)lenllpOBaHHH TpaeKTOpll H B noJlBIIlKHOM OTpalKaTene Y'IHTbiBae· 

aorponHH yrnoaoro pacnpeneneHIIH ynpyropacceHHHbiX HeHTpOHOB B 

E > 4 Maa pacceSIHHe B OCHO saeprHA 0, 1 -+ 4 Maa, .ilnH aHeprHA 

Hanpaaneao anepen, a anSI E < 0, 1 Maa aHH30TponiiH Mana; B na· 

npenenbHhiX cny'IaHx TpacnopTHoe npH6nHlKeHIIe pa6oTaeT xopo111o. B 1 

a pac'IilT MoHTe- Kapno aHH30Tponaoro pacceSIHHH Ha HJlpax aneMeHT· 

COCTaBnHIOlliHX nO)lBH)KHbli! OTpalKaTenb, npo)lHKTOBaHO lKenaHIIeM yny· 

TO'IHOCTb OnpeaeneHHSI 8 k no - acpcpeKTa H3MeHeHHSI Jr. a¢¢ OT Cl\. 

nO)lBHlKHOrO OTpa)l{aTenSI, 
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~ecKoe ce~eHHe pacceHHHH Ha Bonopone , ¢ (E l - cneKTp HeATpOHOB 

BHyTpH rpynnbi, 

npHnHWeM HeiiTpOHy no CTO/IKHOBeHHH HeKOTOpoe CpenHerpynnOBOe 

aHa~eHwe &Hepruu E l TaKoe, 'IT06bi co6monanocb cooTHoweHue 

npupaBHHBaH (6) H (7), nony'IHM 

E 
j 

Eb j Eb j 

f ¢ ( E ) r sH ( E) d E I f 
EHj E Hj E' 

(7) 

(8) 

Tenepb MO)f(HO Bbi'IHC/IHTb &HeprH>o HeiiTpoHa nocne CTO/IKHODeHHSI E l+l •Y E l 

a HoMep rpynnw k onpeneMHeM 113 COOTHOWeHHH 

Onpene/ISI/IOCb no <jJOpMyne (8) nnH r.H= const B Ka*noA rpynne; 

B nepBbiX 3-x rpynnax ¢ (E) C'I HTanocb KaK cneKTp neneHHSI , B rpynnax 

7,8,9 cp(E)z const, a B ocTanbHbiX rpynnax ¢ (E) • 1/F: • ¢ (E) a const 

S!BnS!eTCSI 6onee XOpOWHM npu6nH)f(eHHeM K peanbHOMy cneKTpy B peaKTOpax 

Ha 6biCTpbiX HeiiTpOHax, He)f(enu cneKTp <l>epMH, 

3-4. P a c c e Sl H n e B n o n B H * H o M o T p a * a T e n e. 

npH MonenHpOBaHHH TpaeKTOpHil B nonBH)f(HOM OTpa)f(aTene Y'IHTbiBaeTCSI aHH-

30TpOnHSI yrnoBoro pacnpeneneHHSI ynpyropacceSIHHbiX HeiiTpOHOB B HHTepBane 

aHeprHil 0,1 -+ 4 MaB, Jlm1 aHeprHil E > 4 MaB pacceHHHe B OCHOBHOM 

HanpaBneHo Bnepen, a anSI E < 0,1 MaB aHwaoTponHSI Mana; B nByx &Tux 

npenenbHbiX cny'IaSIX TpacnopTHoe npH6nH)f(eHue pa6oTaeT xopowo, BBene·HHe 

B pacqi!!T MoHTe-Kapno aHHaoTponHoro pacceSIHHSI Ha Hapax aneMeHToB, 

cocTaBnSIJO!UHX nonBH)I{Hbiil oTpa)f(aTenb, nponHKTOBaHo *enaHHeM yny'IlllHTb 

TO'IHOCTb onpeneneHHSI 8 k no - a<jl<jleKTa H3MeHeHHSI k a<P<P OT CMemeHHSI 
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lrl 

Ha n?RMepe OAHOMepHOrO OAHOCKOpOCTHOrO peaKTOpa MO*HO nOK838Tb 

snRHHRe aHR30TponRR yrnoBoro pacnpeAeneHRH aa a~eKTbi Manoro npocTpaH

CTBeaaoro B03MymeHRH OKOnO rpaHRUhl peaKTopa, nycTb B peaKTOpe B BRAe 

nnocKo-napannenhHOA nnacTRHbi c oTpa*aTeneM R3MeHHeTcH TonmRHa oTpa-

~TenH .118 ManyiO BenR"'R.HY fj. x llnH ~eKT8 R3Me.HeHRH k9~~ no OAHO-

CKOpDCTHOH TeopRR B03MymeHRH nepBOrO nopHAK8 RMeeM: 

8k9~ /j.Q 

- -o-· k a~. 

rAe 
Q - CKOpOCTb reaepaURR UeHHOCTR BO BCeM HeB03MymeHHOM pe8KTOpe 0 

a 
+I 

fj. Q • tJ.x [ f </> ( x o • I' ) I. 
-1 a 

+I 
f g ( I' .. I' ' l </> • (x 0 , I' ' ) d I'' d I' -

-I 

+I 
- f </> (x

0 
•I') I. tcp*(x 0 ,~tld~t] 

-I 

R3Me.HeHRe CKOpOCTR reaep8URR ueHHOCTR R3-38 ~eKT8 yBenRqeHRSI TOn-

mHHbl oTpa*aTenSJ aa tJ. x ; x 
0 

- KoopARHaTa BHewaeA rpaHRUbi oTpa*a-

TenSJj 1' - KOCRHYC yrna Me*AY aanpaBneHReM CKOpOCTR HeATpOH8 R nono-

~TenbHblM aanpaBneHReM KOOpARHSTHOH OCR X • npeAnonaraeTCSI 0 "'TO B 

OTpa*aTene AeneHRH HeT, J.1MeSI B BRAy, "'TO B OAHOCKOpDCTHOM npR6nR*e-

.HRR cp ij: ( x , 1' ) a cp ( X , -I') R rpaHR"'.Hb!e YCIIOBRSI cp (X O, I' ) • 0 AnH 

I' < o , nony"'RM: 

I 0 
tJ.Q-tJ.xi. fcp(x .~tld~t(fg(IHI'')cp(x .-~t'ld~t'l. 

a 0 0 -l 0 

g ( 1' _.,. ')dl'' eCTb BepoHTHOCTb * nonaASHRSI* Hei\Tp0H8 B RHTepBan 

(p,' ,p.' + dp.' ), ecnR AO pacceHHRSI OH RMen aanpaBneHRe p. • J.1HARK8Tpi!CC8 

pacceHHRH g 38BRCRT nRWb OT KOCRHyca yrna Me*AY H8"18nbHbiM R KOHe"'

HblM HanpaBneHHSIMH CKOpOCTH HeHTpOHS, T,e, _ __,,......--.....,...-
g (p. .. p.') •g(p. 0)- g ( P.·P., + y {l-p.2 )(1-p., 2) 

PaccMoTpRM ABa qacTHhiX BRAS pacceHHRSJ, 
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1, TpaacnopTaoe npR6nR*eaRe, 

I. -I. {1-1' ) 
s Tp s e 

R 
1 

g(l' 0)- -2-. 

I' 
0 

- cpeAHRH KOCRHYC yrna pacceHHRH, llnH fj. Q RMeeM: 

I 0 

tJ.Q -~I. (1-1' lfcp(x 0 ,~tld~t(J</>(x .-~t'ld~t'l-~I. (1-1' 
Tp 2 a • 0 -1 0 2 a 

ecnR BBeCTR <Po 
I 

•f</>(x 0 ,~tldl' 
0 

- R.HTerpanbHblH nOTOK B 

2. P
1

- npR6nR*e.HRe K R.HARK8TpRCCe pacCeHHRH, 

1 
s<~t l "'-0+31' 'l'o l 0 2 • 

AnSI 

I. aP
1
• I. 

X 
tJ.x I 

tJ.Q --I. J</>(x .~tldl' 
PI 2 a 0 0 

0 

1 
"· .$ T. 

x f0+31' ·~t 0 l</>( x 0 .-~t'ldl'' • 
-1 • 

tJ.x 2 I 2 I - · ll 
- I. [ </> 

0
- 31' ( f ~t<l> d I' l + 31' ( f y 1 -I' 

2 cp d I' ) 
2 8 •o 8 0 

EcnR npRHHTb 0 "'TO </> (x 
0 

, p.) • 2 </> 0 •,p. AnH p. >. 0, TO nonyq 

/j.Qpl 

0THOWeHRe ~eKTOB 

- fj.; I. 8 

8 k Tp 

ch,. 
I 

cf>: 

fj. Q Tp c 1 -f' e • T,e 

TSHHblH ~eKT B Tp8HCnopT.HOM npR6nR*e.HRH OK83blB8eTCH Me.Hbllfl 

B PI - npH6nR*e.HRH, Eonee TO"'.Hble MOAenR pacceHHRSI MoryT A8 

OTnR"'Re OT Tp8.HCnOpTHOrO npR6nR*eHHSI, 
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1. TpaHcnopTHoe npH6nH>KeHHe. 

H g(" ) - _1_. 
r o 2 

p. 
0 

- cpenHHA KOCHHYC yrna pacceSIHHSI, ll1111 I'!J. Q 

I 0 

1':1 Q • ~ I ( 1- p. l f rp ( x 
0

, p. l d p. ( frp ( x , -p.' l d p. ') • ~I ( 1- p. l rp 0
2 

, 
Tp a e 

0 
_ 1 0 e e 

ecnH aaecTH 
- HHTerpa11bHbtit fiOTOK B TO'IKe x 0 • 

g(p.ol .. .2..(1+3p. '1'-o l nn11 
1 

P..~T· 

0 

2 • 

l':ix I 
2 

I 

frp(x
0

,p.ldp. 
0 

X 

xf0+3p. •p.
0
lrp(x

0 
,-p.'ldp.' • 

-1 • 

EcnH npHHSITb, 'ITO rp ( x 
0 

, p. l • 2 rp 0 •.P. 

I'!J.Q -~~ rp2 
PI 2 8 0 

B k Tp 

<h-. 
I 

nn11 p. >. 0 , TO nony'IHM: 

f), Q Tp 

-..,---- • 1 -p. 
0 

, T,e, p8CC'IH-
I'!J. Q p 

I 

T8HHbtll 3<jxlleKT B Tp8HC110pTHOM npH611H>KeHHH OK83biB8eTCSI MeHblllHM, He>Kenn 

a P 
1 

- npH6nH>KeHHH, Eonee TO'IHbte MonenH pacceSIHHSI MoryT JlSTb 6onblllee 

OT11H'!He OT Tp8HC110pTHOrO npH611H>KeHHSI, 
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I 
,\ 

Yrnoeoe pacnpenene1111e HellTpoHOB npH a HH30TponHO M paccemnm npencTa e

nstnocb pa3no>KeHHeM n»<P<I>epeHu»anbHoro ce'!eHIIst paccestHnst B pstn no nonH 

HoMaM ne>KBHJlpa C TO 'IHOCTb iO JlO '!eTBepTO!'O nonHHOMa : 

~ (p.) 0 

~ • 
~ f,jj wePe(p.l, 

417 

I • - nonHoe MaKpocxonll'lecxoe ce'!eHHe paccestHHst, 
we - xo3<jlcpnurwH -

Tbr rrpn nonHHOMax ne>KaHnpa . CornacHo o6mer1 nneonornn MHoror pynnoeoro 

npencTaeneHnst we cnenyeT ycpeJlHHTb BHy Tpll KB>KJlOW 3HepreTH'!eCKOH 

r pyiiiib!, nycTb B cpene IIpHcyTCTByeT HecxonbKO aneMeHTOB c P83H b!M BHJlOM 

HHJlHK8 TpHCCb! p8CCeSIHIIS1 1 npll'!eM yron paccestHIISI He CBSI38H C noTepew 3Hep 

!'HI! (B npOTIIBHOM cny'!ae HBJlO paCCMa Tpi!BBTb KB>KJlblH aneMeHT OTJlenbHO), 

T orna c penHee 'lllcno paccestHIIIl HellTpoHa rpynrrbr j 
ua nyTn B I CM B en H-

HHUy Tene cHoro yrna B6nii3H p. 6yneT: 

EbJ 

J a ( l) ( E) p (I) I 
e,j) 

N(p.l= -1- ~ 
J 4 17 I E 

Hj 

(l) 
we (E)Pe(p.l<,f>(E)dE, 

(9 ) 

( I) 

rne - HHnexc aneMeHTa ; BenH'!HHa (l) a (El 4 . ~ 

4 17 e..o we pe (p.) - MHKpo-

cxonuqecxoe JlHcpcpepeHullanbHoe ce'!eHne paccestHHSI i - ro aneMeHTa npn 

3Hepri!H HeilTpOHa E; OCTBnbHble 0603Ha'!eHHSI Te )l(e 
7 
'ITO II Bb!We, 

nonO)I(I!M 

rn e ~ 
•J 

N J (p.) • 
~ 
- •J 

417 

4 

~ 
e= 0 

wfJ 

Ft,J 

Pe (p.) f </>(EldE 

EHJ 
( 10) 

II w& - cpeniferpynnoBbre 3Ha'!eHHSI cooTBeTcTBeHHo Maxpocxo -

IIII'Iecxoro ce'!eHHst paccestHHSI 11 xo3<jlcpnuueuTa np11 nonHHOMe ne>Kaunpa 

CTeneJIH e 
B pa3no>KeHIIH MaxpocxonH'!ecxoro cpenHer pyrrnoeoro ce'!eHHSI 

pBCCeSIHI!SI , np11p8BHIIB8SI KOa<Jxi>IIUI!eHTb! np11 noni!HOMBX ne>KBHJlpa OJlHHBKO

BOI\ CTeneHH B npBBb!X 'IBCTSIX Bb!pB>KeHHI1 (9) II ( ) Q) , nony 'IH M 
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r ne 

a I. • J 

w 

(I) (I) (I) 

w fJ 
I. p a w 0 / ~ 

sj LJ oj 

(I) 
a 

•J 

(I) Ebl 

= J 
fJ 

EHJ 

• 

E b j (I) 

J a. (F.l</>(F.)dE / 

E Hj 

Ebj 

Jrp(E)dE 

E HJ 

(l) (l) Eb j (0 

a rp(F.lwf(F.)dF./ J a .</>(E)dE 
EHJ 

4 

H8XOJ1l!TCSI 113 ycnO BIISI 
1 +I 

-2- J l:o w fJ Pf( p. l d P. - 1 : 
- I 

~ ~ (I) (I) 
-'- = "" p a 

s j I sj 

H aMil 6blflH pacc'IHTBHbi cpenHerpynnoBbre 3 HB'IeHHSI xoaqxpHuHeHTO 

nnst Fe 11 Be no cpopMyne ( 12) B aHepreTII'!eCKIIX rpynnax oT 

113 26- rpynnoBOI! CI!CTeMbl KOHCT8HT / )2/ B IIHTepeane 3Hepr111\ ( 

CneKTp B rpy nnax npiiHIIMBnCSI TBK 1 K BK YK838HO B n , 3- 3. 3HB'I~ 

II W f(E) J1nSI >Kene3B II 6ep11nn11S1 1 IICIIOnb3yeMb!X B I a (E) 
• 

orrpenenstniiCb 113 axc rrepiiMeHTanhHbiX naHHbiX rro paccestHIIIO B pa 

nony'leHHb!e 3HB'!eHHSI w fJ 

Y rnoeoe pacrrpenenea11e 

nnst >Kene3a H 6ep11nn11st rrpHBeneHbl 

ueyrrpyro paccestHHhlX aellTpOHOB e 

OTpa>KaTene C'IIIT8IIOCb 1130TpOIIHb!M j eenH'IHHB IIOTepH 3Hepr11H III 

11 ueyrrpyroM pacceHHIIH orrpenenstnacb TaK >Ke
1 

KBK YKB38HO B II, 

IIOilBII>KHb!H OTpB>KBTenb COCTOIIT 113 CMeCH aneMeJITOB1 TO 3HB'!el 

penenst !OTCSI rro cpopMyne ( II), 
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rne 

a I. • J 

(I) 

s I. p 

• 

(l) (l) 

a w 0 /I. 
o j LJ o j 

(I) E b j (I) 

a =fa. (F:lcfdF:ldE/ 
oj E Hj 

(I) (I) Eb J (I) 

a cp(F:lwe(F:ldF:/ f a . 
EHJ 

4 

c,6 (E) dE 

1 +I 
- f 

2 - 1 
'oweJ Pe< fL )d fL ~1: H8XOJ:liiTCSI 113 yCI!OBHSI 

I. = I. pen a (I) 

o J I oj 

HaMH 6bti!H pacc'lHTBHbt cpenHerpynnoBbte 3Ha'leHHSI Koa<P¢nunenToB w e.t 

J:li!SI Fe H Be no <jlopMyne ( 12) B aHept'eTII'leCKHX rpynnax OT 3 no 8 

( Jl) 

( 12) 

113 26- rpynnoBOl! CIICT9Mbl KOHCT8HT/ J2/ B HHT9pB81!9 3HeprHll 0 1 J .J 4 10 Mas, 

CneKTP B rpynnax npHHHMancSI TaK 1 KBK yKa3aHo B n . 3-3, 3naq9HHSI cjlyHKUHll 

a 
0 

(E) II W e(E) J:lllSI )1(91!938 H 6epHilllHSI 1 11CnOilb 3Y9MbiX B p8C'lo!!T8X 1 

onp9nenSII!IICh 113 3KCn9p11M9HTBnhHbtX naHHbtX no pacc9SIHII10 B pa6oTaxl 13 -1 7 I, 

nony'l9HHbl9 3H8'l9HIISI W ej J:li!SI )1(911938 II 69p11111!11SI np11B9J:l9Hbl B T861!, 1, 

Yrnoso9 pacnp9J:l9119HII9 H9ynpyro pacceSIHHbtX H911Tponos B nonBHlKHOM 

OTp8lK8T91!9 C'IIIT81!0Cb 1130TpOnHb!M j B91lii'IHH8 nOT9pH 3H9prllll np11 ynpyroM 

n H9ynpyroM pacceSIHIIII onpen9nSII!BCb TaK lK9 1 KaK yKa3aHo B n . 3-2, Ecnll 

nOJ:lBIIlKHblll OTp8lK8T91lb COCTOHT 113 CM9CII 3119M9HTOB1 TO 3H8'l9HIISI W ej on 

p9J:l91!SilOTCSI no <jlopMyn9 ( 11 ) . 
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3-5. M e ll n e H H bl e H e ii T p o H bl j p e a K u H Sl (n, 2n) 

EcnH B npouecce 3aMenneHHSI HeiiTpoH nepexonHT aepxH~~ rpaHHUY 26-oii 

'Tennoaoti' rpynnbi ( F.= 0,215 aa ), To ero HCTopHS! nanbwe He paccMaT

pHaaeTcsr. 0TKB3 oT MonenHpoaaHHS! npouecca ·nepenoca MenneHHbiX HeiiTpo 

HOB yMeHbWaeT BpeMS! C'leTa 1 He npHBO/lSI ~ noTepe none3HOH HH~OpMaUHH 

nnH oueHKH K 34>¢ .~k no, 8 kno H r , TaK KaK aKTHBHaSI 30Ha HMnynbCHO-

ro peaKTOpa Ha 6biCTpbiX ueiiTpOHaX 3KpaHHpOBaHa OT 'TennoBbiX' HeiiTpOHOB. 

PeaKUHSI ( n , 2 n) paCCMaTpHBaeTCSI OT/leflbHO OT Heynpyroro pacceSIHHSI TOflb-

KO nnsr Be. 

4. H eKOTOpbie pe3ynbTaTbi pa6oTbi c nporpaMMoii 

4- t. B hi 6 o p q H c n a H e ii T p o H o B B 0 ll H 0 M 

n 0 K 0 n e H H H H q H c n a npenaapHTenbH bi X 

H C T 0 p H Ho qHCflO HeHTpOHOB B 0/lHOM noKoneHHH M cnenyeT 6paTb 

nocTaTO'IHO BbiCOKHM, 'IT06bi K3~¢ cxonHnocb K npaaHnbHOMY 3Ha'!eHH~/7 I. 

06bi'IHO 6epyT M = 100 .. 200. OnHaKo BBHny o rpaHH'leHHoii 'naMHTH' 

38M E3CM-3M, /lflSI KOTOpOii 6bina peanH30BaHa nporpaMMa , M llOn>KHO 6b!Tb 

500 • 
cymecTBeHHO MeHbwe, '!eM --

0
-- , rne n - cpenHee '!Hcno CTOnKHOBeHHH 

HeHTpoHa B aKTHBHOH 30He 1 HHa'!e 6yneT nponanaTb HH!jlopMBUHS! 0 TO'IKaX 

neneHHSI. B HccnenoaaHHbiX HaMH CHCTeMax n = 5 .. 10. AHanH3 npo6HbiX 

pac'!eToB noKa3an, 'ITO nonyqa~TCSI ynoaneTaopHTenbHbie pe3ynbTaTbi ylKe 

nnH 

HHSIX M 

M = 20. T!!nH'!HbiH x apaKTep cxonHMOCTH K 3¢¢ npH pa3nH'!HbiX 3 Ha'!e

npHaeneH Ha pHc . 2. 

HeiiTpOHbi nepaoro noKoneHHSI reHepHpy~TCSI B onnoii tPHKCHpoaaHHoii 

TO'!Ke npOCTpaHCTBa. qT06bi npOH3BOflbHbiH x apaKTep H8'!8flbHOrO pacnpene-

neHHSI He CKa3biBaflCSI Ha OKOH'!aTenbHOM pe3ynbT8Te 1 np11 pac'le Te BeflH'lHH 

no cjlopMynaM ( 1), (3)-(5) Y'lHThiBa~TCSI nHwb HefiTpOHhl noKoneHHH1 H8'1HH8 SI 

c HeKoToporo S 0 

KaK noKa3anH pacqeThi , nocTaTO'lHO HCKn~'lHTh H3 paccMoTpeHHSI nepay~ 

1000 HCTOpHli. 

18 

4-2. C X 0 ll H M 0 C T b H T 0 'I H 0 C T b B hi 'I H 

H H ll. Ha pHCo 2-4 npHBeneHbl THnH'IHbie rpacjJHKH CXO/lHMOCTH paCC'JI 

aenH'IHH K aqxp , r , ~ kno H 8 kno • npu Monen11pOB8HHH 1001 

Kacjl<jl nonyqaeTCSI C OTHOCHTenbHOH TO'!HOCTb~ 0,5 + 1%, a ~kn0- 2 

B peM!I cqeTa cHcTeMhi c o6beMoM aKTHBHOii 30Hhi oKono 10 nHTpoB H 

TeneM TOfllUHHOH 5 7 10 CM COCTaBnlleT 5 + 6 MHHYT HB 1000 HCTOp 

3BM E3CM-3M. EhiCTpOTB CXO/lHMOCTH CHflbHO 3aBHCHT OT HanH 

nopona B oTpalKaTene; nnH peaKTopa , He coneplKaruero aonopon, TO'IH< 

pac'!eTa r nopsrnKa 1% Ha 10000 HCTopnll (puc. 3). HaHxynwy~ CK< 

CXO/lHMOCT>I HMeeT 8 Kacjlcjl -3QxlieKT CllBHra nO/lBHlKHOrO • OTpalKaTenSio 

MOCTh 8K 3qxp cymecTBeHHO 3aBHCHT oT aenH'IHHhi cMemeHHSI nonBHlK.n 

OTpa>KaTenSI1 /lflll KOTOpoii onpenenS!eTCSI 8K 3 cjlcjl, npn acjlcjleKTe 8k no • 

TO'IHOCTb OUeHHBaeTCSI B 20% /lflll 10000 HCTOpHHo 

4-3. P e 3 y n h T a T hi p a c q e T a 3 K c n e p H M e 

T a n b H hi X C 6 0 p 0 K H p e a K T 0 p 0 B. no OnHCaHHOH !\< 

6h!flH paCC'IIITaHbl HeKOTOph!e xapaKTepHCTHKII nei!cTBYIOIUero HMnynbCHC 

peaKTopa HE PI 18/, KpHTH'IeCKOH c6opKH HMnynhcHoro peaKTopa Ha 6bl• 

HeiiTpOHaX C nonBHlKHblM OTpa>KaTeneM SORA I 19/ H KpHTH'IeCKoli ct 

KH 6e3 OTpa>KaTenll Jezebell /20/ • Jlnll llBYX 3THX peaKTOpOB xap< 

TepHhl CHflbHall HeO/lHOpD/lHOCTb CBOHCTB no 06beMy H TpexMepHall reo~ 

Pe3ynhTaTbi npnaeneHbi B Ta6n. 2. ~kno nnll SORA nony'leHHbte 1 

( pHCo 5) 1 HeCKOflhKO Bbtwe 3KCnepHMeHTanbHblX 3Ha'!eHHH1 TaK KaK B J: 

'leTe UeHHOCTb BCeX HeHTpOHOB neneHHll C'IHTanacb nOCTOliHHOH (n. 2-2) 

Pac'!eTHhie 3HB'IeHHSI K~qxp H cpennero apeMeHH >KH3HH aeiiTpoHoB r 

no MeTony MoaTe-Kapno HaxonHTCll B nyqweM cornacHH c aKcnepnMeHT• 

He>KenH pac'!eThl B PI - npH6nHJKeHHH MeTO/lB ccjlepH'IeCKHX rapMOHHK 

ccjlepH'IeCKH- CHMMeTpH'IHhlX CHCTeM. CHnbHO 3aBbiweHHble 3Ha'!eHHSI ~<!Jcj: 

nnll SORA cnenyeT, BHilHMO, o6bliCHHTb aenocTaTO'IHO TO'!HbiM Monennpc 

BaHHeM peanbHOH CHCTeMbl B ccjlepH'IeCKOH H B XYZ - reoMeTpHH. 3aaqe 

Kaqxp nnll c6opKH Jezebell nepeC'IHTaHbi K ccjlepe no nannacnaHy. 

ABTOph! rny60KO npH3HaTenbHbl A.ll.<PpaHKy-KaMeHeUKOMY H r.A.Mu 

noay 3a UeHHhie KOHCynbTaUHH H o6cyJKneHHSI H3nOJKeHHOli MeTO/lHKH. 
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\ 
4-2, C X 0 .U ll M 0 C T b U T 0 'I H 0 C T b Bbl'IUCne -

H u l!, Ha puc, 2-4 rrpuae.uel!bt TUITU'Illbte rpaqmKu cxo.uuMOCTU pacc'!UTbtBaeMbiX 

Be!ll!'IUH K 3 !jJ!jJ , r , !':. kllO U 0 kno • npu Mo.uenupoBal!UU 10000 UCTOpull 

Ka!jJ<jl nonyqaeTCll C OTHOCUTellbHOli TO'IIIOCTb!O 0,5 + 1%, a !':.kn0- 2 + 3%, 

8peMll C'!{!Ta CUCTeMbl C 06'heMOM aKTUBHOH 30Hbl OKOilO 10 llUTpOB U OTpa)l{a

TelleM TOilmUHOH 5 7 10 CM COCTaBillleT 5 + 6 MUHYT Ha 1000 UCTOpUlt Ha 

38M E3CM-3M, EbtCTpoTa c xo.uuMocTu CUilbHO aaBHCUT OT HallH'IUll BO-

.uopona B oTpa)l{aTene; .Uilll peaKTopa , Me co.uep)l{amero aonopo.u, TO'IHOCTb 

paC'J{!Ta r llOpli.UKa I % l!a 10000 HCTopull (puc, 3), Hauxy,umyro CKOpOCTb 

CXO.UHMOCTll UMeeT 8 K a!jJ!jJ -a<jxpeKT cnaura no.uBU)I{l!Oro. oTpa)l{aTenSI, Cxonu-

MOCTb BK a!jJ!jJ cymecTBeHHO aaaucuT oT aenU'IHHbt CMemel!Hll no.UBH)I{Horo 

oTpalKaTenll, llllll KOTopoll onpe.uenl!eTcll liK 3 !jJ!jl, npu 3<jJ!jleKTe Bk no • 10-
2 

TO'IHOCTb OUeHHBaeTCll B 20% .Ullll 10000 HCTOpHlt, 

4-3, p e 3 y ll b T a T bl p a C 'I ~ T a 3 K C n e p H M e H -

T a ll b ;! bl X C 6 0 p 0 K H p e a K T 0 p 0 B, no OllHCaHl!Olt MeTO.UHKe 

6btllU paCC'I!ITaHbl HeKOTOpbte xapaKTepHCTUKH ,ueliCTBYIOIUero HMnynbCI!Oro 

peaKTOpa l1EP/18/ 1 KpHTU'IeCKOli c6opKU HMnyllbCHOrO peaKTOpa Ha 6btCTpbtX 

l!eliTpOHBX C llO.UBU)I{HblM OTpa)l{aTelleM SORA /}9/ H KpHTH'IeCKOli c6op-

KH 6e3 OTpa)l{aTelll! Jezebell /20/, llnll .UByX 3TUX peaKTOpOB XapaK-

Tepl!bl CH!lbl!all l!eO.UHOpo.Ul!OCTb CBOl!CTB no 06'heMy H TpexMepHaSI reoMeTpUll, 

llllll SORA l!Oily'leHHble HaMH 

(puc, 5), HeCKOilbKO Bbrme 3KC!lepl!MeHTa!lbHblX 3Ha'leHlli!!, TaK KaK B pac

q{!Te ueHHOCTb BCeX HeliTpOHOB ,ueneHl!ll C'll!TanaCb llOCTOl!HHOi!! (rr, 2-2), 

Pac'lllTHbre al!a '!el!Ull K ~!jJ!jl u cpenHero apeMeHu )l{l!3HH HeliTpoHoB r 

no MeTo.uy MoHTe-Kapno HaXO.UliTCll B nyqmeM cornacuu c aKcrrepnMeHToM, 

HelKelll! pacq{!Tbl B P l - npl!6!ll!)l{eHHH MeTO.Ua c!jlepu'!eCKHX rapMOHHK .Ullll 

c!jlepH'!eCKH- CHMMeTpH'IHblX Cl!CTeM, Cl!!lbHO 38Bbtmel!Hbte 3Ha'!el!Hll K3!jJ!jJ 

nnll SORA cnenyeT, BU.Ul!MO , o6'hSICHHTb MenocTaTO'IHO TO'IHbiM Monenupo-

BaHueM peanbHOll CHCTeMbl B c!jlepl!'leCKOli H B XYZ - reoMeTpllll, 3l!a'!eHHSI 

K 3!jJ!jJ .Uilll c6opKll Jezebell nepecquTaHbt K c!jlepe rro narrnacual!y, 

ABTOpbt rny60KO npll3l!aTellbHbl A ,ll,¢pal!Ky-KaMel!eUKOMy H f,A,Muxall

llOBY aa uel!l!bre KOHCYilbTauuu u o6cy)I{.Uel!l!ll uano)l{el!Holl MeTOilHKH. 
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