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AHaJlHTHqeCKOe HCCJIe,lJ;OBaHHe nepexonasrx npoueccoa B peaxrope CY

meCTBeHHO ynpouiaerca, eCJIH BMeCTO uiecrn rpyrm aanaansraaiomax HeHT

pOHOB paCCMaTpHBaTb zrse, a TeM 60JIee O,lJ;HY 3KBHBaJleHTHYIO. B paõore /1/ 

,IJ)IH BblqHCJIeHHH napasrerpoa ,lJ;BYX 3KBHBaJIeHTHbIX rpynn 6bIJI HCnOJIb30

BaH npe,lJ;JIO)J(eHHbIH aBTopOM KpHTepHH O,lJ;HOBpeMeHHoro y,lJ;OBJIeTBOpeHHH 

rpex JIHHeHHblx HHTerpaJIbHbIX oueaox xauecraa rrepexonaoro npouecca 

rtpn CKaqK006pa3HOM H3MeHeHHH MOmHOCTH. AnnpOKCHMaUHH xapaxrepa

30BaJIaCb ,lJ;OCTaTOqHO MaJIOH norpeuraocrsro. 
B HMnYJIbCHOM peaxrope nepHO,lJ;HqeCKOrO ,lJ;eHCTBHH ,IJ)IHTeJIbHOCTb 

HMnYJIbCOB MOmHOCTH na HeCKOJIbKO nOpH,lJ;KOB MeHbllle HHTepBaJIOB' Me)f(

,lJ;Y HHMH, npaser-r npaxrasecxa BCH 3HeprHH B peaxrope BbmeJIHeTCH HMeH

HO B HMnYJIbCax. 003TOMY ,lJ;HHaMHKa HMnYJIbCHOrO peaxropa onHCbIBaeTCH 

ypaBHeHHR:MH, CBH3b1BalOmHMH 3HaqeHHH neperaeaasrx B nacrcperasre MO

MeHTbI BpeMeHH. OpH 3TOM MOmHOCTb pearcropa P( t ) npe,lJ;CTaBJIHeTCH 

nOCJIe,lJ;OBaTeJ1bHOCTblO HMnYJIbCOB, nponOpUHOHaJIbHbIX ,lJ;eJIbTa-«PYHKUIDIM 

P (t) L Enô(t -nT ) ,H (1) 
n = o 

rne E n - 3HeprHH n -ro HMnYJIbCa MOIQHOCTH, n - HOMep HMnynbca, 

t - BpeMR:, T H - nepnon CnenOBaHHH HMnynbcoB MOllUfOCTH. ,1J;JIfl aaana

THqeCKOrO HCCnenOBaHHH TaKHe ypaBHeHHH MeHee yn06HbI, qeM ypaBHeHHH, 

COOTBeTCTBYlOmHe peaxropy aenpepsmaoro neHCTBHH. n03TOMYHHTepecHo 

OUeHHTb B03MO)f(HOCTb annpOKCHMaUHH UleCTH rpynn 3ana3nbIBalOIQHX HeHT

pOHOB O,lJ;HOH 3KBHBaJIeHTHOH nJIH OCHOBHOrO pe)lGfMa pa60ThI HMnYJIbCHOrO 

peaxropa - peacaxta cTa6HJIH3aUHH 3a,naHHOrO ypOBHH MOmHOCTH. 31'01' pe

)f(HM xapatcrepasyerca He60nbUlHMH OTKJIOHeHHflMH MOllUfOCTH 01' 3a,lJ;aHHO

ro ypOBHR:, C 3TOH uerrsro cpaanaaanacs nepexonasre npoueccsr OTKJIOHeHHH 

HCTOqHHKOB 3ana3nbIBaIOmHX HeHTpoHoB ~S I. H ~S 01' HX nepsoaasans

HbIX 3HaqeHHH, 06ycnOBJIeHHble COOTBeTCTBeHHO iuecrsro HCXO,lJ;HbIMH H 0,lJ;

HOH 3KBHBaneHTHOH rpynrraxsa, npn CTyneHqaTOM H3MeHeHHH ypOBHH MOm

HOCTH. He06xo,lJ;HMO rtonuepxnyrs , qTO B ypaBHeHHH ,lJ;miaMHKH BXOnHT 3Ha

qeHHH HCTOqHHKOB 3ana3nbIBaIDmHX HeHTpOHOB, COomerCTBYlOmHe rraun, 

MOMeHTaM BpeMeHH, HenOCpe)lCTBeHHO rrpenmecrnyronraxr xasany pa3BHTHH 

HMnYJIbCOB MOmHOCTH. TaKHM 06Pa30M, CpaBHHBaJIHCb nOCJIe,lJ;OBaTenbHOCTH 

~SL n H ~S n B ztacxperasre MOMeHTbI BpeMeHH. OTHOCHTeJIbHaH nona 11 
H nOCTOR:HHaH pacnana À 3KBHBaneHTHOH rpynnsr 3ana3,lJ;bIBalOJ..I,J;HX HeHTpo

HOB BblqHCJIHJIHCb H3 nBYX YCJIOBHÜ: 1) paBeHCTBa ~SI,YCT H ~SYCT B 

YCTaHOBHBUleMCH pe)f(HM.e.Jd..2) paBeHCIBª çy'~MapHbIX 3KCnOHeHQHaJIbHhIX 

@b~tJhd~Uh~Ü KHC1HTYTl 
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o~eHOK scaxecraa I e~ H I e nepexonasrx npoueccon M;! n H ~S n . 

CYMMapHble o~eHKH B HMnYJIbCHbIX CHCTeMax HBJIHIOTCH aHaJIOraMH HHTer
paJIbHbIX o~eHOK, acnonssyesrsrx B aenpepsrsnsrx CHCTeMax. 

Ilepaoe YCJIOBHe CBO,nHTCH K y,nOBJIeTBOpeHHIO paseacraa
 
'8
 

/lÀA == ~ /liÀiAi • (2)
i = 1 

r,ne 

A = exp(-ÀTM )/[1 - exp(-ÀT ) ],
H	 (3) 

A i = exp(-ÀiT )/[1- exp(-ÀiT »).
H H	 (4) 

3,neCb H nanee HH,neKC i OTHOCHTCH K napasrerpara H nepeMeHHbIM, COOT
BeTcTBYlOmHM i -u rpynrie 3ana3,nbIBalOIJJ;HX HelhpoHoB. Bropoe YCJIOBHe ' 

nonysanocs cJIe,nYlOmHM 06pa30M. O~eHKH' I e~ H I e onpezrenanacs 
BblpIDKeHHHMH 

Ie~ =	 TM ~ LlS I.n exp(-PenT Mi, 
(5)n=o 

00 

I e == TH ~ ~S n exp (-Pe nTH ) •
 
n= o (6)
 

r,ne 

6 

• ~S	 ~ (~S 1 -~S in)"I ' I.,yeT - LlS~ i =1 ver

Ll8~n = .4.tn
 

(7)
~S ~YOT	 ~S~ ver 

~YOT- ~Sn
 
~Sn= (8)
 

LlS~ YOT
 

a Pe ~ °- BeIJJ;ecTBeHHaH BeJIHqHHa. CYMMapHble o~eHKH 3aBHCHT OT BbI
6paHHOrO 3HaqeHIDI pe . qeM Pe õorrsure, TeM OTHOCHTeJIbHO MeHblllH:H 
BKJIa,D; B ~YMMapHble o~eHKH BHOCHT nOCJIe,nYlOmHe. 3HaqeHHH ~s ~ n H 
~s n no cpaBHeHHIO c npensrzryutasra. BeJIHtlHHa exp(- p e n T ) HBJIHe'l'CH,

H 
TaKHM 06pa30M,BecOBbIM K03<P<PH~HeHTOM.CYMMapHaHoueaxa (5) qHCJIeH
HO pasaa nnourana.orpanaueaaoã cryneaxaroã JIOMaHOH JIHHHe:H,nOKa3aHHO:H 
aa pHC.l\M OCHMH rcoopnaaar .To JKeOTHOCHTCH H K ouearce (6) .Jlerrco aaners, 
qTO CYMMY B nsrpaxcemra (5) MOiKHO paccsrarpaaars KaK H306paiKeHHe no' 

oe	 • 

Jlanrracy ~Bf. (p) HMnYJIbCHO:H <PYHK~HH L\st (t) = ~ ~B~ ô(t -nTH)npH 
s: n =0 z.n 

... 

Puc. 1. FeOMerpUlJeCKOe otoõpasceuue CYM- .6s ~xp(-Pe nT IA)2n 
uapnoii Ol4eIlKU tcauecrea nepexoõuoeo npo


uecca I eL . TOIIKa.MU noueueuu snauenun
 
fliYIlKl4UU ~sLn esp (-Pe n TH ) . I e ! 
nnotuaà» satutpuxoeannoú fliU2YPbl. 

:1. 

012'345n 
O TIA 2TIA 3Tl-1 4T IA 5THt 

<pHKCHpOBaHHOM 3HaqeHHH nepesreaaoã Jlanrraca P = P . YqHTbIBaH 3TO,e
 
o~eHKY (5) nerpynao npasecra K CJIe,nYlOmeMY Bblpa)KeHHIO:
 

6 

~ /l À A exp(p eTH ) /[exp{p eTH) - exp(-À i TM} ] , 
i -1 i i i 

I ~ == T ~ s~ (p) I = T - • (9) 
ez, H "" p=p H 6 

e ! À A 
/l i i i 

i =1 

AHanOrHqHO nOJIyqaeTCH asrpaxceaae H .n;JIH o~eHKH (6). B pe3YJIbTaTe BTO

poe YCJIOBHe CBO,nHTCH K y,nOBneTBopeHHIO paBeHCTBa 

/lÀA 6 /liÀiAi 
= ~ (10) 

exp (P T H) -exp(-~T } i = 1 exp( Pe TH) - exp (-À i TH ) 
e H 

113 ypaaaeaaã (2) H (10) BblqHCJIeHbI3HaqeHHH /l H À ,nJIH pa3HbIX aaase
HHU T M H P . 3HaqeHHe Pe ,nJIH y.n06CTBa asrpazcanocs B ,nOJIHX OT 06paTe 
HO:H BeJIHqlllibI CYMMapHOH: o~eHKM 10 = I e~ Ip = o COrJIaCHO ePopMYJIe 

e 

P = qjI '	 (11)
e o 

rzte q ~ ° aanaaaesrsrã napasrerp necoaoro K03<P<PH~HeHTa,-
6 6
 

/liÀ
 i A iI = T ~ / I lL i ÀiA i ·	 (12)
o H

i == 1 1 - exp C-À 1 TH ) 
i = 1 

BbIJIH npaaarsr CJIe,nYlOmHe, 3HaqeHID! rrapasrerpoa mecra rpynn aanasnsrsa
IOmHX HeH:TpOHOB: /li - 0,038; 0,28; 0,216; 0,328; 0,103; 0,035; ,Ài Ji	 cooTBeT9TBeHH9 0,0129; 0,0311; 0,134j 0,331; 1,26; 3,21 (cnyxaã nene
HHH Pu 239 6bICTpbIMH He:HTpOHaMH /2 ). ,D;JIH pa3HbIX 3HaqeHHl1 rrapasrer
pa q BbIqHCneHbI napaseerpsr 11 H À • ,l:(nH KaJK)J;OH BbltiHCneHHoH napsr 11 
H À orrpeneneasr rrocnenoaarensnocra 3HaqeaHÜ ~s n ,. xoropsre cpaana-

I	 3 
2 



aanacs co 3HaqeHHRMH ~s Ln = 

8 

L ~ S in' cooTBeTcTBYIOllJ,HMH uiecra 

PUC. 3. 3aa~cUMocTb 3KGU8Q1leHTffblX snase

HUÜ p, U À. euôpaunux U3 YCJl08UfI paeen
;rÀ,a; 

0,13 

}J 

\0 

(14) 

(15) 

(13) 

N 2 
L (~S n - ~,s L n ). 

n=o 

y.. _ 1_1_ 
ô s - N+l 

ô+ = (ós n - ~sLn )maxs 

õ" = [ - ( ~S - ~B ~ )] 
'8 n k n ma.x 

Pe3YJIbTaTbI pacxera AJIH ABYX 3HaqeHHH riepaona CJIeAOBaHHR HMnYJIb

H aaaõonsuiee no MOAYJIIo aaaseaae OTpHuaTeJIbHOH 01llH6KH 

a TaK)f(e aaaõonsuree anaxeaae nOJIO)f(HTeJIbHOH 01llH6KH 

i = 1 
rpyrmaraa 3ana3AbIBa10IIJ;HX HeflTpOHOB. Hosrepa HMnYJIbCOB n H3MeHRJIHCb 

OT °AO N, npHqeM HOMep N BbI6HpaJICR TaK, qT06bI aaaxeaae ~f3 L N co

CTaBJIRJIO MeHee 5% OT HaqaJIbHOrO 3HaqeHHR ~s LO , T.e. HOMep N BbI6H

panca H3 YCJIOBHH ~BL(N-l) ~ 0,05 H ~ LN < 0,05. ,IlJIH Ka)l()J;OH napsr 
p, H À BblqHCJIeHbI cpenaexnanparavecxaa 01llH6Ka annpOKCHMaUHH 

~ 

.{ 
II 

1'1 

li 
0.95 

0.9 

0.85 
1TH 

0.1 

0,11 

0,12 

ctea Hau60JlbUlUX OUlu60K annpOKCUMa14UU 

Ô + s,:S = Ôs = s • a TaKJlCe CQMOÜ OUlu6KU 

ôs = OT nepuoõa cneôoeauus UMnYJlbC08 

MOU4HOCTU TH • C. 

1'13 pHC. 3 CJIeAyeT, qTO npa T.. = 

0,2 c, a 3TO COOTBeTcTByeT OCHOB

HOMY peacar-ry pa60TbI. peaxropa 010 

llBP-2, napar-rerpsr OAHOH 3KBHBa '0,01 

JIeHTHOH rpyrmsr 3ana3AbIBalOllJ,HX 

HeHTpOHOB CJIeAyeT npHHRTb paBHbIMH 

p, = 0,975, À = 0,123 c-i , saaueaae nOCTORHHOH BpeMeHH 3KBHBarreHTHOH 

rpyrmsr T =' 1/ À = 8,13 c. Haaõorrsuree saaseaae 01llH6'KH armpoxcaraauaa 
rrpa 3TOM ô: = 0,124. CpeAHeKBa.rv>aTHqecKoe saaseaae .01llH6KH, BbItlHC-

JIeHHOe AJIR aroro CJIyqaR, paBHO 8.1 = 0,091. ECJIH »ce BbI6HpaTb P, H À 

H3 YCJIOBHR MHHHMYMa ô(, TO npn T.. = 0J-.C cJIeAYeTUpHHRTb p,= 0,972, 

À= 0,095 c-i, T= l/À = 10,5 C. DpH 3TOM Ô
S 

= 0,083, Ô+ = 0,089, OAHaKO 
- s

Ôs = 0,177, qTO 3aMeTHO asnue, qeM,B npensuryiuewr aapaarrre. 

.. 

COB MOllJ,HOCTHV'I;. =0,02 c H T.. = 1 c rrpaaeneasr na pHC. 2.1'13 nero BHA

HO, qTO 

CKa3aTb 

P, 

O 

H Ô s ,rr,OCTaTOqUO cJIa60 3aBHCRT OT napar-rerpa q , uer-o HeJIb3R 
+ ôHaH60JIblllHX 3HaqeHHRX 01llH60K Ôs H s' B CBR3H C 3THM 

~" 

JIJ1TEPATYPA 

MO)f(HO pexoraennoaars BbI6HpaTb Te 3HaqeHHR p, H t\, npa KOTOpbIX 

01llH6KH Ô + H Ô - PaBHbI. Ha pHC. 3 ,rr,JIR pa3JIHqHbIX 3HaqeHHH T H noxa

aansr 3HaqeHHR P, H À , asrõpaaasre H3 aroro YCJIOBHR paBeHCTBa HaH60JIb

uiax 01llH60K, H naaa COOTBeTCTBYIOll.J,aR 3TOMY cnysaro HaH60JIblllaR 01llH6Ka 

armpoxcaraanaa Ô~ = Ô; = ô; . BH,lJ,HO, qTO c YBeJIHtleHHeM T.. 3HaqeHHH 

1. 1l0n08 A.K Cooõtuenue DJ1HJ1 P5-84-282, JJy6Ha, 1984. 

2. Kunuu J!JIC.P. (/)u3U'IeCKUe OCH08bl KUHeTUKU nàepnux peaKTOp08. M.: AToMu3àaT, 

1967. 

Il H À , a raxace Ô~ YMeHblllaIOTCR. 

j.J À o5 C YMeHbllleHHeM T.. pOCT p" À H ô;= 
0,15 I I ::J0,3 3aMeAJIReTCR. OqeBH,lJ,HO, qTO npenens°asre 3HaqeHHR P, H À npn T H 4 

COOTBeTCTBYIOT peaxropy aenpepsraaoro 

1,0 ~O,10 I 
"< 
- <> 

é' 

» ., 
02 
I· 

AeHCTBHH, nOCKOJIbKY, KaK H3BeCTHO, 

npa TH .... °ypaBHeHHR aenpepsmaoü H 
HMnYJIbCHOH cHCTeM COBnmaIOT. 

0,5 ~0.05 0,1 

PuC. 2. Saeucuuocrs 3K8U8Q1leHTHblX snaueuuü 
p, U À , a TaKJKe OUlu60K annpOKCUMa14UU

ôf. Ô 
8 
+ ,Ô; OT napauetpa eecoeoeo KO

3if>if>U14ueHTa q npu à8YX snaueuusx nepuoõa 

'~.~ 
J' 
. t. 

CJle008aHUfI UM nYJlbC08 MOUlHOCTU T H • I 
OL O I 

O 

I 

1 

j O 

2 q 
CMOUlHble JlUHUU COOmeTCrBYIOT 

nyntctupuue  T H = 1 c. 
T H = 0,02 c, '~ 

; PYKOIlHCb nocryrrnna B H3AaTeJIbCKHH OT,rr,eJI 

30 HOR6pR 1987 rozta. 
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