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.. elUUleJIHbiH HHCTHTyf RAepH~X HC<meAOBBHHH ,lly6Ha, 1g9Q 

HacToR~ee coo~eHHe noceR~eHo o~eHKe napaMeTpoe MO~HocTeH 
o6paTHOH CBR3H HMnynbCHoro peaKTOpa nepHOAH4eCKoro AeHCTBHR. 
B pa6oTax ll!.- 4/ o~eHKa napaMeTpoe ocy~ec-TenRnacb nyTeM MaTeMa-~ 
TH4eCKOH o6pa6oTKH aaperHCTPHPOBaHHbiX ne'peXOAHbiX. npo~eCC9B 
MO~HOCTH, KOTOpble B03HHKanH npH pa30BOM 6bJcTpOM H3MeHeHHH ypoB
HR peaKTHBHOCTH. HH>Ke AnR peaKTopa 11GP-2 napaMeTpbJ MO~HOCTHOH 
o6paTHOH CBR3H. onpeAenRJOTCR nYTeM ·MaTeMaTH4eCKOH o6pa6oTKH aa
perHCTpHpoeaHHbiX Kone6aHHH MO~HOCTH, Bb13BaHHbiX nepHOAH4eCKHMH 
Kone6aHHRMH peaKTHBHOCTH e wHpoKoM AHanaaoHe 4aCTOT. 

CBO,[IKA HEKOTOPbiX HCnOJlb30BAHHbiX · 0603HA4EHI1~ 

~i' ~~ - COOTBeTCTBeHHO noCTORHHaR pacnaAa H OTHOCHTenbHaR 
AOnR aana3Ab1Ba~HX HeHTPOHoe rpynnbl .i I i = 1 , ••• , 6!. 
~H - HMnYnbcHaR AOnR. aana3Ab1Ba~Hx 1-ieHTPOHoe, aHanorH4HaR AnA 
3ana3Ab1BaJO~HX HeHTpOHOB ~ B CTa~HOHapHOM /He HMnynbCHOM/ peaK-

Tope. , 
t - epeMR. 
TH - nepHOA HMnynbcoe MO~HOCTH. 
r = t I TH - epeMR B OTHOCHTenbHbiX eAHHHt.tax. 
n, k -. HOMepa HMnynbCOB npH paCCMOTpeHIIIH COOTBeTCTBeHHO nepHO
AH4eCKHX.KOne6aHIIIH MO~HOCTH H nepeXOAH~X XapaKTepHCTHK. 
E(n) - 3HeprHR n-ro HMnynbca MO~HOCTH. 
E 0 - CpeAHee 3Ha4eHHe 3HeprHH HMnYnbCOB npH nepHOAH4eCKHX KO-

ne6aHHRX MO~HOCTH. 
~(n),; E(n)- Eo , e(n) = oE(D) /Eo :. COOTBeTCTBeHHO OTKn6HeHHe 
3HeprHIII OT cpeAHero 3Ha4eHHR B a6conJOTHbiX H OTHOCIIITenbHbiX eAH-

HHt.taX. 
P

3 
(n), ·po.c. (n), ·p(n) - peaKTHBHOCTH, eblpa>KeHHble B t!H: aaAaJO

~aR, o6paTHOH CBR3H H peaynbTHpy~aR, COOTBeTCTBY~He D-MY HM~ 

nynbCY MO~HOCTH. 
S(n), s(n) ;= (S(n) - s

0
) ;s

0 
- cooTeeTcTeeHHo 3Ha4eHHe HCT04HHKa 

sana3Ab1Ba~HX HeHTPOHOB /nepeA Ha4anoM pa3BHTHR n-ro HMnYnbCa 
M~HOCTH/ Hero OTKnOHeHHe OT cpeAHero 3Ha4eHHR S0 ·B OTHOCH

TenbHbiX eAHHIIIt.taX. 
f. Q) = 2rrf ' (;j = (iJTH - COOTBeTCTBeHHO 4aCTOTa B rt.t H KpyroeaR 
4aCTOTa ·a c-1 Ill B. OTHOCHTenbHbiX eAIIIHHI,\aX. 

. ;; ~Obl>t!i:.;,;(tiiiJ.4il V.HCTL'TYI \ 
~ !!!l~S$!1~JC ucqH~llOSlOOf:i 
~·! · · 5~&JIHOT!:KA : '4-.......... -



·~E*(t) = 
M -
:£ ~E(n) o[ t-(n-1)1 - HMnYilbCHa.A <!>YHKLIH.A speMeHH, 

n=ll. 
OTili-14Ha.A OT HYil.A IlHWb B AHCKpeTHble MOMeHTbl speMeHH t = n 

o - .qellbTa-<J>YHKLIH.A. 

~E*(jw) - <jJypbe- 1-1305pa>KeHHe <!>YHKI..II-11-1 ~E*(t) 
AHanorH4HO nonapHo CB.A3aHbl ·p;.c. (j@) c ·p o.c. (t) 1-1 APYrHe <!>YHK-

1..11-11-1. 
W*(jw) - 4acToTHa.A HMnYilbcHa.A nepe.qaTo4Ha.A <!>YHKLIH.A. 

h*(k), w*(k) - cooTseTCTBeHHo nepexo.qHa.A 1-1 HMnYilbcHa.A nepexo.q

Ha.A xapaKTepHCTHKI-1, T.e. peaKLIH~ COOTBeTCTBeHHO Ha e.qHHH4HWA 

cKa40K Ill Ha e.qHHI-14HbiA HMnYilbC. 

11H.qeKCOM B BH.qe 3Be3A04KH noMe4eHbl HMnYilbCHble <J>YHKI..II-11-1 speMe

HH HilH nony4eHHble H3 HI-'IX 4aCTOTHble <!>YHKLIHH. OcTallbHble o5o3Ha-

4eHH.A no.ACH.A~TC.A B TeKCTe no XOAY H3IlO>KeHH.A. 

4ACTOTHAR nEPEAAT04HAR <I>YHKUI1R 

B HMnYilbCHOM peaKTope H3-3a Ha11H4H.A MOAYil.ATopa peaKTHBHOCTH 

n0 4TH BC.A 3Hepni.A Bbl.qen.AeTC.A B Te4eHHe HMnYilbCOB, Aili-'!TellbHOCTb 

KOTOpbiX Ha HeCKOilbKO nop.A.qKOB MeHbWe nepl1o.qa Cile.qoBaHH.A HMnYilb

cos. B CB.A3H-c 3THM perHcTpHposallHCb nocne.qosaTellbHOCTH 3Ha-

4eHHA 3HeprHH, Bbl.qell.AeMoA B HMnY IlbCaX MO~HOCTH. 
npH 3TOM AO Ha4alla nep!IIOAH4eCKI-1Xc KOile5aHI-1A B peaKTope no.q.qep

>KHBallC.A CTa5HilbHbiA yposeHb MO~HOCTI-1·. 4aCTOTa Cile.qosaHH.A HMriYilb

COB MO~HOCTI-1 COCTaBll.Aila fH = 5 HMn./c. 

Kone5aHH.A MO~HOCTH Bbl3b1Ball!-1Cb · Kone5aHH.AMI-1 peaKTHBHOCTI-1 

3a C4eT nepHOAH4ecKHX nepeMe~eHHA opraHa ynpasneHH.A H3 o.qHoro 

<jJHKCHPOBaHHoro nollO>KeHH.A B .qpyroe B AHana3oHe 4aCTOT·OT 2,5 

AO 0,022 r1..1 / 5/. HaH50ilbWHe OTKilOHeHH.A MO~HOCTH OT cpe.qHero 

yposH.A cocTaBil.AnH npi-1MepHo 10%. 3To no3BOilHilO npH MaTeMaTH-

4ecKoA o5pa50TKe 3aperHCTPHPOBaHHbiX .qaHHbiX HCnOilb30BaTb Bblpa

>KeHI-'!e 4aCTOTHOA HMnYilbCHOA nepe.qaT04HOA <!>YHKI..IHI-1 peaKTopa/GI: 

-wa (j(;) )_ = ·p* (j(,j) 
3 

1 /1/ 
1-W*(jru)- W*(j(,j) 

s ·p 

CTPYKTypHa.A cxeMa IlHHeapi-130BaHHoro HMnYilbCHoro peaKTopa noKa-

3aHa Ha pHc.1. 

3Ha4eHH.A e (n) , KOTOpble I-1CnOilb30BallHCb B pac4eTaX, 5bllll-1 no

IlY4eHbl ycpe.qHeHHeM L nep1-1o.qos. An.A pa3HbiX 4acToT L cocTaBil.AilO 

Belli-14HHY OT 200 .qo 6000. B pe3YilbTaT-e ycpe.qHeHI-'I.A ocna5Il.AilHCb 

COCTaBil.A~He 3HeprHH- HMnYilbCOB, KOTOpWe He 5blllH CB.A3aHbl C 3a

.qa~HMI-1 nepHOAH4eCKHMH H3MeHeHH.AMH peaKTHBHOCTH, a Cily4aAHble 

COCTaBil.A~He C HOpMallbHbiM 3aKOHOM pacnpe.qelleHH.A YMeHbWallHCb 

8 VL pa3 151. 
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p;ttl~p"(t) PHc.I. CTPYKTYPHaH cxeMa HMnYnbc
Horo peaKTopa: I - 6noK o6par
HoH: CBH3H no 3ana3,[U>IB~HM Heii:T-::
poHaM, 2 - 6noK MO~HOCTHOii:.o6paT
HOH CBH3H, o6ycnoBneHHOH pa3o·
rpeBOM peaKTOpa. 

An.A Ka>K.qoA 4aCTOTbl Bbi4HC1l.Allacb KOMrilleKCH a.A <jJyH Kl.II-'I.A ae (j w) , 
BXOA.A~a.A B <!>YHKLIH~ e *(jw) /7/ : 

_ exp ( j (,j M) _ 
e*(j(L.)) = a

9 
(j(L.)) 

exp (jlil"M) -1 
/2/ 

M 
~ e(n) exp [ -jw (n-1)] 

n=:l!. . 
ae (jw) 131 

r.qe M - 4HCilo HMnYilbcos 3a nepHOA. 

PeaKTHBHOCTb, BHOCHMa.A KOile5aHH.AMH opraHa ynpaslleHH.A, H3MeH.A

llaCb no 3aKOHY: 

{ 

G npH 1 < n < N , 
p3(n)= .. 
. - G npH N + 1 < n < M, r.qe N = M/2, 

/4/ 

T .e. 3a speM.A Me>KAY coce.qHHMI-1 HMnYilbCaMI-1 113MeH.Ailac·b . no MOAYil~ 
- Ha 2G. 3Ha4eH!IIe G He I-13MeP.AilOCb. OHo BW41-1Cll.AllOCb cne.qy~~HM o5-

pa3oM. PaccMaTplllsanc.A HaH5onee Alli-'ITellbHbiA nep!IIOA Kone5aHI-1A, · 

COCTaBil.ABWIIIA 45,6 C /yCJlOBHO noKa3aH Ha PH·c.2/. 3Ha4eHI-1.A 3Hep

ri-1H HMnYilbCOB All.A · 3TOrO Clly4a.A 5bllll-1 BW41-1ClleHW nyTeM ycpe.qHeH!II.A 

no 1000 nepHOAaM. npH CKa4KaX peaKTHBHOCTI-1 3Hepri-1.A HMnYilbCOB 

I-13MeH.AllaCb OT Belli-141-!Hbl E2 AO Es Ill OT E4 AO E 1· npl-1 3TOM 3Ha4e

HHe E 2 /KaK 1-1 E 4 / Ha5n~.qanocb cnycT.A 22,6 c noClle npe.qbiAY~ero 
cKa4Ka peaKTI-'IBHciCTI-1, Kor.qa nepexo.qHwA, npo1..1ecc, o5ycnosneHHbiA 

3THM CKa4KOM, npaKTI-14eCKI-1 3aKaH4H~allC.A. 

An.A Ka>K.qoro HMnYilbCa cnpase.qnHBO cooTHoweHHe 

, 
E, Eycm.N 

.......... I 

M 
n 

·E(n) = AS(n) exp ·p(n) , /51 

rAe A - KOHCTaHTa AJl.A AOCTaT04HO 

WHPOKoro A1-1ana30Ha 3Ha4eH!IIA E(n). 

PHC .2. llepHO,[U>I Kone6aHHH 3~aro- · 
~eH: peaKTHBHOCTH ·p H · orH6a~eH: 

. -· 3 
:3HeprHH. HMnynbCOB ·. E; 



AnR coceAHHX HMnynbcoe noA HoMepaMH N H N+l 'aHa4eHHR S{N) 
1-1 S(N+l) npaKTH4eCKH OAHHaKoBbl, no3TOMY, KaK cneAYeT H3 /5/, 
cnpaeeAnHBO cooTHoweHHe G = 0,5 I ln E 3 /E 2 1 • ·AHanor:H4Hble paccy>K
AeHHR Aflfl HMnynbCOB M H 1 nPHBOART K cooTHoweHHJO G=0,51n E1 /E 4• 

B Ka4ecTee G npHHHManocb cpeAHeapH$MeTH4eCKoe H3 ABYX 3Ha4e
HHH: 

G = 0,25 (1n E1 /E 4 + l1n E 3 /E 2 1) !61 

KOTopoe nonY4Hnocb paeHbJM G = 0 ~0542 /3 11 • nocne 3Toro no aHano
rHH C ae (jru) /3/ Bb14HCflRflaCb $YHK4Hfl ap 3 (j(;)) , aaTeM 4aCTOT
Hafl HMnynbcHaR nepeAaTo4HaR $YHK4Hfl peaKTopa 

w.;(jw) = ae (jru) fqp3 (j6;) • 171 

H, HaKOHe4, B COOTBeTCTBHH C $OPMYflOH /1/ - 4aCTOTHafl HMnYnbc~ 
HaR nepeAaT04Hafl $yHK4Hfl M~HOCTHOH o6paTHOH CBfl3H 

W*(jcu) -p 

rAe 

W
8
*(jro) 

1 P~.o. (j@) • 1"- w: (iw) - Wi\ (j ID) 
e * (jru) 

/8/ 

s *( j(;j) 

e*(jru) 

6 exp (-A 1T
11

) 6 exp (-AiT11 ) 

!. IJ..A. I!. f!.Ai. ./9/ 
i=l 1 1 exp(jro)-exp(-A1T

11
) i=l ·

1 
1-exp(-AiT11 ) 

nepeAaT04Hafl $YHK4Hfl /8/ OTHOCHTCfl K CflY4aJO, KOrAa OTKflOHeHHe 
3HeprHH BbJpa>KeHO B OTHOCHT .eA·.EcnH >Ke ero Bblpa>KaTb B a6COfliOT
Hb1X eAHHH4aX /MA>K/, TO 

Eoo . * (j~) - W* (j~) p o.c. - ·p 
W* (jru) = ~E*(jill) o.c. /10/ 

EoPoo 'II1 

. 8 $OpMyne /10/ Ka>KAOMY 3Ha4eHHIO 6J COOTBeTCTBYeT CBOe 3Ha4eHHe 
E 0 • AnR paaHbiX ill 3HCJ,';f.e..HHR E0 HecKonbKO OTflH4anHcb· APYr oT APY
ra, E 00 - TO 3Ha4eH~fiJo, KOTopoe COOTBeTCTByeT HaH6oriee BbiCO
KOH 4acToTe c;; = 7T, ii.P00 - cpeAHRR MoutHocTb e MBT, cooTBeTcT
ey.~aR_3TOMY pe>KHMY. Pe3ynbTaTbl pac4eTa Wci.c.<Jw)=U*{w)+ 
+ JV* {cu) , rAe U* H V*- Ae.:icTBHTenbHaR H MHHMafl 4aCTH W6.c. , 
CBeAeHbl B Ta6nH4Y. 
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'I 

.., .. 

• 

N M 

I 2 
2 4 
3' 6 
4 8 
5 10 
6 12 
8. 16 

II 2Z 
16 32 
19 38 
23 46 
27 54 
32 64 
37 74 
42. 84 
51 102 
67. 134 
114 228 • 

L 

6000 
500 
500 
500 

·5oo 
500 
500 
500 
500 
500 
500 
500 

2000 
250 
200 
200 
240 

1000 

! 7 ! 11 /M, fl.\ 

2,5 
1,25 
0,83 
0,63 
0,50 
0,42 
0,31 
0,23 
0' 16 
0,13 
0, II 
0,093 
0,078 
0,068 
0,060 
0,049 
0,037 
0,022 

w = 7T /N 

3, 14 
,I ,57 

1 '05 
0,79 
0,63 
0,52 
0,39 
0,29 
0,20 
0, 17 . 
o, 14 
o'' 12 
0,098 
0,085 
0,075 
0,062 
0,047 
0,028 

u*(w) 

0,55 
0,57 
0, 18 

-0,03' 
-0,39 
-0,71 
-0,96 
-0,62 
-0,45 
-0, I? 
0,20 
0,45 
0,47 
0,38 
0,27 

-0,36 
-I, 74 
-7,82 

3KCTPAnOnHUHR 3HA4EHH~ 4ACTOTHO~ nEPEAAT04HO~ 
$YHKUHH HA HH3KO~ 4ACTOTE 

. i· 

Ta6.flu?1a 

v *(ill) 

0 
0,51 
0, 77 
I ,20 
I ,44 
1,55 
I ,09 
I ,04 
I ,08 
I ,20 
2' 16 
3,65 
3,07 
5,08 
8,59 

10, 10 
9,64' 

15, 17 

Kone6aHHR c 6onee HH3K0.:1 4acToTo.:1 HaMepHTb He YAanocb, 3Ha-
4eHHH Wci.c. (j6:i) .Aflfl ru = 0 H (,j = 0,014, B ABa pa3a MeHbWe.:i, 
4eM HaHMeHbWafl H3MepeHHafl, 04eHHBaflHCb 3KCTpanOflfl4He.:1,· 3TO ocy
~eCTBflflflOCb cneAY~HM o6pa3oM. Hcnonb3oBanHcb ypaeHeHHfl 0 cBH-
3bJBa~He nepeXOAHYJO xapaKTept.1CTHKY w*(k)c Ae.:1cTBHTenbHo.:1 U*(;;}) 
H. MHHMo.:1 V*(ru) 4aCTRMH HMnynbcHo.:1 4acToTHo.:1 nepeAaT04Ho.:1 $YHK-
4HH /8/: 

7T 

w*(k) = ~ J U*(w) cos (wk) dw, 
7T 0 

7T 

g_ f V*(w) sin (wk) dw·. 
7T . 

0 
w*{k) 

/11/ 

/12/ 

YpaBHeHHe /12/ OTHOCHTCfl K CflY4aJO, KOrAa W*(O) = 0, 4TO H HMe~ 
eT MeCTO AflR HMnYflbCHoro peaKTOPa'. noMHMO 18 nap 3Ha4eHHH U * 

5 



H V*, nony4eHHbJX o5pa50TKO~ 3KcnepHMeHTailbHbJX AaHHbJX, H3BecT
HO 3Ha4eHHe V * (;:;; =0) = 0. JlnR (;j = 0, 014 I N ='= 228/ 3aAaeanocb 
3Ha4eHHe V*(w) H npoH3BOAHI1Hcb cneAYJOutHe BbJ4HcneHHR. 

a/ no 4JOpMyile /12/ Bbl4HCilRilHCb 3Hal..leHHR w.J(k) npH k = 1, ••• 
••• , K, a TaK>Ke 

K 

h~(k) = k;J wk(k_) /13/ 

6bJilO nPHHRTO K = 200. nonaranH, 4TO Me>KAY coceAHHMill 3Ha4eHiiiRMill 
4aCTOT, AilR KOTOPbiX V*(c:iJ) 3aAaHo', V*(c:iJ) H3MeHReTcR IlHHe~Ho. 

5/ 8bJ4iiiCilRI10Cb CpeAHee 3Ha4eHHe hv(k) nOCileAHiiiX 50 HMnYilb
COB, KOTOpoe npiiiHiiiMallOCb B Ka4eCTBe YCTaHOBHBwerOCR 3Ha4eHi11R 
hv(k=oo), paeHoro, KaK i113eecTHo," U*(w=O). 

e/ 3aAaeancR PRA 3Ha4eHill~ U*(w= 0,014/. JlnR Ka>KAoro H3 HHX 
no <PopMylle /11/ AilR k = 1 , ••• ,K BbJ4iiiCilRili11Cb 3Ha4eHHR w~(k) 
H cpeAHeKBaApaTH4eCKOe OTKilOHeHHe 

!lw* = j.!.... ~ (w* (k) - w* (k))2 • 
cp.KB. K k= 1 v u /14/ 

• 
npH 3TOM aHallOri114HO V*(k) B Ka4eCTBe U*(k) npHHiiiManacb KYC04Ho-

IlHHe~HaR .4JyHKL\HR. 3anOMi11Hall_?Cb MHHHMailbHOe 3Ha4eHille "flw cip.KB. 
·~~~ COOTBeTCTBYJOutee eMy U* ( cu = 0 ,01q ) •. 

Jlanee 3aAaBanocb Hoeoe 3H a4eHille V * ( w = 0 , 0 14) ill Bbl4iiiCileHiiiR 
no nyHKTaM a, 5, B nOBTOPRilHCb, 

B Ka4eCTee OKOH4aTellbHblx 5blllill npHHRTbl Te ·3Ha4eHHR U*(w) 
H V* (w) , KOTOPbiM COOTBeTCTBOBalla HaHMeHbWaR eeJli114iiiHa nWcip.KB., 
OKa3aBWaRCR pasHa~ 0,024: 
U*(c:iJ)= -20,82, V*(w)= 13,30 nPill c:iJ= 0,014, 
U*(;:;i)= -25,50, V*(;:;i)= 0 npl.i w= 0. 

AMnlliiiTYAHo-<Pa3o-4aCTOTHaR xapaKTepiiiCTiiiKa MOutHOCTHO~ o5paT
Ho~ CBR3ill noKa3aHa Ha Pi11C.3. 

,<{__,------------

/, 22a 
:' 
I 
I 
I 
I 

114 

jV'(jw) 
1

15 P~c. 3. AMrmHTYAHo-q,a3o-tJacToTHaR 
XapaKTepHCTHKa MOutHOCTHOH o6paT

U HOM CBH3H, e, 0- 3HatJeHHH 
~~ W 6.c. (j W) , DOJiyqeHHbie COOTBeT-

,~ 2 ~cTaeHHO H3 3KCnepaMeHTa H ny-

-#' 1 1 
~ ~~(W:7l') TeM 3KCTpanOJIH~HH ~. 

· ___. o u·uwl 

1 N:oo(W=OI 

-20 -10 

6 

·r 

;t 
r 

;) 

HMnYnbCHAR nEPEXOJlHAR XAPAKTEPHCTHKA 

no 3Ha4eHiiiRM w~(k) ill WV(k) , COOTBeTCTBYJOutHM MHHHMYMY 
nw* , Bbi4HCilRilHCb cpeAHeapi114JMeTill4eCKille Be11H4i11Hbl. cp.Ke. · 

w*(k) = 0,5'(w~(k) + <,V~(k)) • /15/ 

KOTOPble npHHHMalliiiCb B Ka4eCTBe 3Ha4eHill~ HMnYilbCHO~ nepeXOAHO~ 
XapaKTepHCTHKH /pHC,4/: 

or-~~-.--~~-.--~~-n 

•a 
~ . -
~ 

·0.5 

-1.0 L_~-~-::-..._~-...L.~-~-.Ju 
30 60 90 n 

Pac.4. BbitJHCJieHHaR w*(k) H an
'npOKCHMHPY~aR W*(k) HMDYJibCHb!e • a 
nepeXOAHbie XapaKTepHCTHKH MOut-
HOCTHOH 06paTHOH CBH3H, ~H/MQ>K. 
CrmomHoft JIHHHeft noKa3aHa ora6aw
utaH W*(k) , TOtJKaMH - w:(k) • 

nPHEMflEMOCTb 3KCTPAnOfl.RL.lHH Wci.c. (j;:;;) 

Ha npHeMJleMoCTb nposeAeHHo~ 3KCTpanoilR4HH YKa3blsaeT cpasHe
Hille 3Ha4eHHR U* ( w = 0), nony4eHHoro npH 3KcTpanonR4HH, c aHa
nori114HbiM 3Ha4eHilleM, nony4eHHbiM HHbiM nyTeM. U* (.w= 0) 4HcneH-

Ho paBHO OTHOWeHHJO YPOBHR CKa4Ka 3aAaJOute~ peaKTHBHOCTH K YCTa
HOBHBWeMYCR 3Ha4eHHJO 3HeprHH HMnYilbCOB MOutHOCTH. 6biilH paCCMOT- ' 

·p~Hbl nepexoAHble npo4eccbl E npH HaHMeHbwe~ 4aCTOTe H3MeHeHHR 
p3 , KOrAa N =· 114o B Te4eHHe nepsoro nonynepHOAa ·p

3
= G, a Te-

4eHille BToporo nonynepHOAa p 3 =-Go nonaranocb, .4To K KOH4Y Ka>K
AOro nonynepiiiOAa 3HeprHR HMnYilbCOB BbiXOAHila Ha YCTaHOBiiiBWH~CR 
yposeH t>, KoTopbl~ onpeAellRilCR no noCI1eAHHM N0 = 10 HMnYnbcaM: 

1 ~ E{n); 
EycT.N =No n=N-No+l 

1 M 
EycT.M =N ~ E(n). /16/ 

o n=M-No+l 

6blno 3aperHcTpHposaHo J = 10 TaKHX npo4e.ccos 151. JlnR Ka>KAoro 
j -ro npo4ecca 5bi11H Bbi4HCileHbl seilH4HHbl 

h * = 20 I ( E - E ) . 
YCT o j · YCT. M yeT. N j ' 

a 3aTeM cpeAHeapH4JMeTH4eCKOe 3Ha4eHHe 

1 J 
h* =.......:~ h*ycT·=-26,0~H/M.Q>K, YCT. J j=l oJ . o 

KOTopoe H 5b1Il0 nPHHFITO B Ka4eCTBe YCTaHOBHBWerOCR. 

7 



6IU130CTb hycT. = -26,0 J.1 l!* (@= 0) = -25,5 Aae1 AOnOilHH
TeilbHOe OCHOBaHHe C4J.1TaTb YAOBileTBOPHTeilbHO~ npoBeAeHHYIO 3KC-
TpanOI1RI..IHIO.Wci.c. (j@) AIIR HH3KHX 4aCTOT. ' 

AnR Ka>KAoro H3 10 TaKHX npo1..1eccoe 6bii1H Bb14HcJieHbl cpeAHe
KBaApaTH4eCKHe OTKIIOHeHHR: 

-1~ ~ ( E(~) -1 )2 ' 
. 

ilecp.KB. N - . N 0 n= N- N 0 + 1 EycM N 
/17/ 

=)_}__ M E(n) 2 
~ ( - 1) • · .6. ecp.Ke.M No n=M-N 0 +l EycT. M 

/18/ 

HaH6onbwee 1-13 ecex Bb14HCileHHbiX TaKHM o6pa3oM 3Ha4eHH~, paeHoe 
0,01, MO>KeT.CilY>KHTb Ol..leHKO~ norpeWHOCTH npH J.13MepeHHJ.1 3HeprHH 
HMnYilbCOB, 

AnR HMnynbcHoro peaKTopa w* (k = 0) = 0. 0AHa.Ko H3 ¢oPMYilbl 
/11/ nOI1Y4HI10Cb, 4TO 

1T 

w*(k) = _g_ f U*(w). d;;) = 0,1·. 
1T 0 

3Ta ee!lJ.14HHa MO>KeT CilY>KHTb Ol..leHKO~ HaH60IlbWe~ nor.peWHOCTH Bbi-
4HCileHHR W*(k). 

AnnPOKCHMAUHH nAPAMETPOB MOmHOCTHO~ 
06PATHOtl CBH3H . 

H3 pHc.4 BHAHo, 4TO orH6a~aR HMnYilbCHO~ nepexoAHO~ xapaKTe
p_HCTHKH MO>KeT 6b1Tb OnHCaHa aHa!lHTH4eCKH no MeHbtue~ Mepe TpeMR 
AH¢¢epeH1..1Ha!lbHbiMH ypaeHeHHRMH nepeoro nopHAKa. C y4eToM 3Toro · 
MOli\HOCTHaR o6paTHafl CBR3b npeACTaBilRilaCb B BHAe Tpex napa!l!le!lb
HO COeAHHeHHWX anepHOAH4eCKJ.1X 3~eHbeB, 

AnnpoKCHMHPYIOli\He 4aCTOTHaR nepeAaTo4Hafl ¢YHK1..1Hfl 1-1 HMnYilbC~ 

Hafl nepeXOAHafl xap~KTepHCTHKa npeACTaBilflilHCb B BHAe: 

W* o.c;a (j
- 3 k 
ID)= ~ r 

r=l .T r 

exp (-TH /Tr) 
/19/ 

exp (jW") ·- exp ( -TH /Tr) 

wa* (k) 
3 
~ 

r= 1 

kr 

T r 
exp (-kTH /Tr ) , /20/ 

rAe kr, Tr - COOTBeTCTBeHHO K03<!l¢J.11..1HeHT nepeAa4H J.1 nOCTOflHHafl 
epeMeHH. 
B Ka4eCTBe kr 1-1 Tr npHHHMailHCb Te HX 3Ha4eHHR, nPH KOTopwx 
AOCTHra!lCR MHHHMYM CPeAHeKBaApaTH4eCKoro OTKilOHeHHR 

_6. W: Cp. KB. 

r-~-K __ _ 
= J ~ · .~ (w*(k) - wt(k))2 

• 
K k=1 

no-npe>KHeMy npHHHMailOCb K = 200. 

/21/ 

noHCK Mlf.HHMYMa OCYll\eCTBilflilCR no MeTOAY raycca-3a~Ae!lfl IS! , 
B pe3yilbTaTe 6biilH npHHflTbl cneAY~He 3Ha4eHHR napaMeTpoe: 
k1 =·-6,95; k2= 2,33; ka= -0,64; ~H/MA>t<, 
T1 = 7,0; 'I2= 2,0; T 3 = 0,4~ c. 
npH 3TOM ~Wa*cp.Ke. = 0,012 ~H/MAlK, a HaJ.160IlbWee OTKilOHeHHe 
(W* (k) - w*(k)) = -0,038 ~ /MAlK npH k = 7. 6!1J.130CTb HCXOA-

ua max u It 
HOH J.1 annpOKCHMHPY~eH HMnYilbCHbiX nepeXOAHbiX xapaKTepHCTHK 
HililiOCTpHpyeT pHc.4. 

npeACTaBileHHe MOli\HOCTHO~ o6paTHO~ CBfl3H He TpeMH,a nflTbiO 
anepHOAH4eCKHMH 3BeHbRMH He Aano I1Y4WHX pe3YilbTaToB. 

3AKI1104EHHE 

1. Anfl HMnYilbCHoro peaKTopa H6P-2, pa6oTaewero c 4acToTo~ 
5 HMn/c nPH cpeAHe~ MOli\HOCTH 2 MBT 1-1 pacxoAe TennoHOCHTenH 
90 M3/4 aHanH3HpoeanHcb 3aperHcTpHpoeaHHble 3Ha4eHHR 3HeprHH 
HMnYilbCOB MOli\HOCTI-1 npH nepHOAH4eCKJ.1X KOile6aHHRX ypoBHfl peaKTHB
HOCTH B AHana30He 4aCTOT OT 0,022 AO 2,5 r1..1. 

2. Bbi4HcneHbl 18 3Ha4eHH~ 4aCTOTHo~ xapaKTepHCTHKH MOli\HOcT
Ho~ o6paTHO~ CBfl3H nyTeM MaTeMaTH4eCKO~ o6pa60TKH HCXOAHWX 
AaHHWX H ABa 3Ha4eHHfl AIIR HH3KHX 4aCTOT nyTeM 3KCTpanOI1RI..IHH, 

3. Hcnoilb3Yfl CBR3b epeMeHHo~ xapaKTepHcTHKH c 4aCTOTHWMH, 
BW4Hc!leHa HMnYilbCHaR nepeXOAHa.R xapaKTepHCTHKa MOli\HOCTHO~ 06;_ 
paTHO~ CBfl3H. . . 

4. HMnYilbCHaR nepexoAHaR xapaKTepHCTHKa MOli\HOCTHo~ o6paT
_Ho~ CBR3H annpoKCHMHpoeaHa TpeMR 3KcnoHeHTaMH. Bw4HCileHw 3Ha-
4eHHR K03(jl¢H1..1HeHTOB nepeAa4H /-6,95; 2,33; -0,64 ~H/MA>K/ 
H nOCTORHHWX BpeMeHH /COOTBeTCTBeHHO 7; 2; 0,4 C/, npH KOTOPWX 
AOCTHraeTCR HaHI1Y4Wee npH6Il.HlKeHHe annpOKCHMHpy~eH xapaKTepH-
CTHKH K. HCXOAHOH. . . 
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