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Pa6orn BbinOJJHeHa s J1a6opaTOp1m HeihpoHHOM cpn3HKH HM. 11.M. <DpattKa 

06'be):IHHeHHOro HHCTHTYTa 51):1epHbIX HCCJJe):IOBaHHM. 

HayYHbIM pyKosoi:1nTeJJb: 

OcpnunaJJbHbie 

onnoHeHTbI: 

IIEIIEJihllllEB IOpni1 HnKoJlaeBHlf, Katti:1ni:1aT 

cpH3HKO-MaTeMaTHYeCKHX HayK, HaYaJlbHHK rpyrrrrbl 

.N2 l 51,[lepHOH 6e3onaCHOCTH, J1a6opaTOpH51 

Hei1Tp0HHOM cjJH3HKH HMeHH I1.M. <DpaHKa 

06'be):IHHeHHOro HHCTHTyTa H):lepllb!X 

HCCJJe):IOBaHHM. 

MAJIKOB AHi:1peu IlaBJlOBHlf, i:IOKTop 

TeXHHYeCKHX HayK, HaYaJJbHHK yrrpasJJeHHH 

H):lepHOM 6e3onaCHOCTH, fOCKOpnopaUHH 

«PocaTOM», AO «rlilJ, HayYtto-

HCCJJe):IOBaTeJJbCKHM 

peaKTOpOB» 

HHCTHTYT aTOMHblX 

APTEMhEB BaJJepnu AHaTOJlheBnlf, KaH):IH,[laT 

cpH3HKO-MaTeMaTnYecKnx HayK, ABTOHOMHM 

tteKOMMepYeCKM opraHH3a111rn HayYHO-

HCCJJe):IOBaTeJJbCKHM 

MaTepHaJJOB,MOCKBa 

HHCTHTYT TeXHOJlOfHH 

c 3JleKTpOHHOM sepe11ei1 ):IHCCepTal.IHl1 MO)l(HO 03HaKOMl1TbC51 Ha ocp1111HaJJbHOM 

cai1Te 06'be):ll1HeHHOro HHCTHTYTa H):lepHblX 11CCJle):IOBaHl1M B l1HCpopMa11110HHO­

TeJJeKOMMYHHKa11110HHOM ceT11 «11HTepttern no ai:1pecy: http://dissertations.jinr.ru. 

C neYaTHOH sepcnei1 i:111cceprn111111 MO)l(HO 03HaKOMHTbCH s HayYHO­

TeXHl1YecKoi1 6n6JJHOTeKe 0115ll1 (r. ,ny6tta, MocKOBCKa51 o6JJaCTb, yJJ. )f(oJJno-

Kl{)p11, i:1. 6). 

YYeHbIM ceKpernpb 

):IHCCepTal.IHOHHOro COBeTa 0115ll1 

no <lJH3HKe KOHJ:1eHc11posaHHbIX cpei:1 - 0115111.04.01.2019.II, 

Katti:111i:1m cpn3HKO-MaTeMan1YecKnx ttayK ~ ~ T. 11. l1sattK1rna 

Olill(AH XAPAKTEPHCTHKA PAliOThl 

AirryaJlbHOCTb pa60Tb1. l1MnyJJbCHbJM peaKTOp l1EP-2M, ci:1aHHbIM s 

3KCnJJyaTaumo s 2012 r., ecTb MO):lepHn3nposaHHajJ sepc1rn peaKTopa HEP-2, 

OCTaHOBJJeHHOrO B 2006 r. B CB513H c Bblpa60TKOM pecypca. f1oTpe6osaJJC51 

npHHUHnHaJJbHO HOBblM nO):IXO):I K HCCJJe):IOBaHHl-0 xapaKTepHCTHK peaKTOpa 

I1EP-2M. Ilo cpasHeHHJ{) c peaKTOpaMH CTal.IHOHapHoro THna YYBCTBHTeJlbHOCTb 

peaKTOpa I1EP-2M K wyMaM peaKTHBHOCTH 6oJJee YeM Ha nop51):10K BbIWe. 3TO 

CB513aHO c TeM, YTO KHHeTHKa peaKTOpOB THna l1EP-2 onpe):leJJjJeTCH HMnyJJbCHOH 

):IOJJeM 3ana3):1b1Ba1ow.nx HeHTpOHOB p,., BeJJHYHHa KOTOpoi1 cyw.ecTBeHHO MeHbWe 

3cpcpeKTHBHOH ):IOJJH p,,~ . f1o3TOMY npH nepexoi:1e peaKTopa H3 pe)l(HMa 

Henpepb!BHOM MOW.HOCTH B HMnyJJbCHblM pe)l(HM cpJJyKTyaunn MOW.HOCTH, a 

HMeHHO 3Heprnn HMITYJJbCOB, aBTOMaTHYeCKH B03paCTal-OT B p,<j>lp., pa3, T. e. ):IJ151 

peaKTOpOB Ha Pu-TonJJHBe B 14 pa3, a Ha U235 
- B 40 pa3. 

CJJyYai1HhJe KoJJe6aHH51 peaKTHBHOCTH I1EP-2M BbI3BaHbl pa6oToi1 

pa3JJHYHblX TeXHOJlOrHYeCKHX CHCTeM peaKTOpa, onpei:1eJJHl-OL11HX HOpMaJJbHOe ero 

cpyHKl.IHOHHpOBaHHe, TaKHX KaK OXJla)l():leHHe aKTHBHOH 30Hbl , nO):IBH)l(Hble 

oTpa)l(aTeJJH n T.):I. Bo3MYL11eH11H peaKTHBHOCTH, Bbl3BaHHhie pa6oToi1 3THX 

CHCTeM, BJ111511-0T Ha ynpasJJeH11e peaKTOpa, npouecc CTa611JJ113a11nn MOW.HOCTH, 

pa6oTy arrrrapaTypbl KOHTpOJJ51 H T.):I., T.e. Henocpe):ICTBeHHO Ha 6e3onaCHOCTb H 

Ha):le)l(HOCTb 3KcnJJyarn111111 peaKTOpa. CToJJHbJe wyMbl MOW.HOCTl1 peaKTopa 

i:1ocT11ra1-0T ±20 % B pe)l(11Me crn611JJ113a111111. AHaJJl13 wyMoB MOL11HOCT11 I1EP-2M 

n03BOJJ51eT onpei:1eJJ5!Tb pa3JJHYHble H3MeHeHl151 11 HapyweHHH B pa6oTe peaKTOpa H 

i:1narHOCT11posaTb 113MeHeHHOe (HeT11nHYHOe) COCT051HHe peaKTOpa Ha paHHeH 

CTa):IHH pa3BHTl151 i:1ecpeKTa. Ilo3TOMY 11CCJle):IOBaHHe HeHTpOHHblX wyMOB Ha 

nporn)l(ett11n scei1 pa60Tbl peaKTopa HMeeT 6oJJbwoe 3HaYeHne ):IJJH onpei:1eJJeH11H 

ycJJOBl1H ero 6e3onacHOM 11 Ha):le)l(HOM pa60Tbl. 
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ll,eJJb pa6oTbt. OcHOBHOH uenhlO )l11cceprnu110HHOH pa6oTbJ srnm1eTcH 

11ccne)lOBaH11e pa31IH'-IHblX cnyYaHHbIX B03Myl1JeHl1H peaKTl1BHOCTl1 )lllil 

nOBblWeHl1H 6e3onaCHOCTl1 3KCnnyarnu1111 peaKTopa l1EP-2M. 

3T11M uenHM 6brn11 nO)l411HeHbl cne)ly10I1J11e HanpasneH11H pa6oTbl asTopa: 

1. Pa3pa6oTKa MeTO)ll1K 11 C03)laH11e nporpaMMHoro 06ecnel.£eH11H )lJrn 

CTaTl1CTl14eCKOro aHaJI113a KOJie6aHl1H peaKTOpHblX napaMeTpOB 11 

)l11arnocT11K11 wyMosoro cocTOHHHH HEP-2M. 

2. Hccne)lOBaHHe wyMOB 3Hepr1111 HMnynbCOB H 11x )l11HaM11K11 B 3as11c11MOCTH 

OT speMeH11 pa60Tb1 HEP-2M 11 Bb1ropaH11H TOnn11sa. 

3. OueHKa BJIHHHHH wyMoB HaTp11esoi1 cHcTeMbI oxna:>K)leHHH aKTl1BHOH 30HbT 

l;[6P-2M Ha KOne6aHHH peaKTl1BHOCTl1 11 l1X B3aHMOCBH3H . 

4. Pa3pa6oTKa anrop11TMa nporno311posaH11H wyMoB MOI1JHOCTl1 11 

KOne6aHl1H OCHOBHblX TepMO)ll1HaM114eCK11X napaMeTpOB nepsoro KOHTypa 

c11cTeMb1 oxna:>K)leHHH aKT11BHOH 30Hbl HI>P-2M. 

Hay<rnast HOBH3Ha uccJJe)losaHHH 

1. Pa3pa6oTaHhl MeTO)ll1KH, 11 C03)laHo nporpaMMHOe o6ecne4eHHe )lllil 

11CCJie)lOBaHl1H cny4attHblX B03Myl1JeHl1H peaKT11 BHOCTl1 

MO)lepH11311pOBaHHOro peaKTOpa 116P-2M. 11cnOJib30BaJil1Cb pa31Il1l.£Hb!e 

MeTO)lbl aHaJil13a CTaTl1CTl14eCK11X )laHHblX, B TOM 411CJ1e MeTO)l 

nporno311posaH11H. Bb16paHHb1e MeTO)lbl no3son11n11 )leTanbHO 11ccne)loBaTb 

CTPYKTYPY pa3n11t111i1 Me)l{)ly 06beKTaM11 B wyMax OCHOBHblX peaKTopttblX 

napaMeTpos 11 oueH11Tb 113MeHeH11H s 3T11x cTpyKTypax, a TaK)l{e 

onT11M11311posaTb napaMeTpb1 pa60Tbl CHCTeMbl asTOMaTl14eCKOro 

peryn11posaHHH MOI1JHOCTl1 . 

2 . ITpose)leHO HCCJie)lOBaH11e )ll1HaMHKl1 wyMOBOro COCTOHHl1H peaKTOpa B 

3aBHCHMOCTl1 OT Bb1ropaHl1H TOnn11sa 3a 3Ha411TeJibHblH nep11o)l pa60Tbl 

peaKTOpa - c MOMeHTa BBO)la 11EP-2M B 3KCnnyarnuHIO B 2011 r. 11 )lO 

KOHL(a 2016 r. 3Tl1 pe3yJibTaTbl n03BOJIHJlH )lHarHOCTHposaTb 113MeHeHl1H 

)lerpa)laU110HHOro nma B wyMOBOM COCTOHHl111 peaKTOpa, onpe)leJIHTb 
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)l11ana30Hbl 4aCTOT, ypoBeHb Kone6aHl1H 11 B03M0)1{HbJe np11411Hbl 

nOHBJieHl1H 3THX 113MeHeHl1H. 

3. IlpoBe)leHbl 11ccne)lOBaHIUI no BJ111HH11IO KOne6aHl1H TepMO)ll1HaMl14eCKl1X 

napaMeTpOB nepsoro KOHTypa HaTp11eBOH CHCTeMbl OXJla)l{)leHl1H aKTHBHOH 

30Hbl peaKTOpa l1£P-2M Ha MOI1JHOCTb. IlonyYeHbl )laHHble 0 CTaTHCTl1Ke 

KOne6aHl1H napaMeTpOB KOHTypa, HX B3al1MOCBH311, 11 )laHbl oueHKl1 no 

BJ111HH11IO wyMOB nepsoro KOHTypa Cl1CTeMbl OXJla:>K)leHl1H aKTl1BHOH 30Hbl 

Ha WYMbl peaKTl1BHOCTl1 11 MOI1JHOCTl1, a TaK)l{e Ha pa6oTy CHCTeMbl 

aBTOMaTl14eCKOfO peryn11posaH11H MOI1JHOCT11 (AP). 

4. npose)leHbl 11CCJie)lOBaHl151 )ll1HaMl1Kl1 "TOHKOH" CTPYKTYPbl cneKTpaJibHOH 

nJIOTHOCTl1 Kone6aHl1H 3Heprn11 11MnynhCOB. .[l,nH 3TOro 6b!Jll1 

11cnonb30BaHbl MeTO)lbl KnacTepttoro attan113a KaK anrop11TMa opraH11Jau1111 

6onhw11x Macc11sos )laHHblX s 3Ha411Mb1e CTPYKTYPhI, 4TO no3son11no 

np11MeHl1Tb 11X B )ll1arHOCTl1Ke peaKTOpa. c nOMOI1JblO 3Tl1X MeTO)lOB 6b1Jll1 

113y4eHbl 04eHb cna6b1e B03MYI1JeHl1H peaKTl1BHOCTH 11 11X 113MeHeH11e B 

npouecce pa60Tb1 peaKTopa. 

5. c nOMOI1JblO HettpOHHblX ceTeH 6b1Jla npe)lJIO)l{eHa B03MO)l{HOCTb 

nportt0311pOBaHl1H Me)lneHHblX KOne6aHl1H peaKTl1BHOCTl1, CBH3aHHblX co 

cnyl.£aHHblMl1 l13MeHeHJ1HMl1 TepMO)ll1HaMl14eCKl1X napaMeTpOB HaTp11eBOH 

Cl1CTeMbl OXJia)l{)leHHH peaKTOpa. IloKa3aHO, 4TO nporH0311posatt11e 

Kone6aH11i1 pacxo)la, TeMnepaTypb1 11 no)lorpesa HaTpHH B aKTl1BHOH 30He 

n03BOnHeT B TPH pa3a yMeHbWl1Tb sn11HH11e Hecrn611JibHOCT11 napaMeTpos 

nepsoro KOHTypa Ha peaKT11BHOCTb 11 , COOTBeTCTBeHHO, MOUJHOCTb . 

Ta1<11M o6pa30M MO)l{HO CHl1311Tb Tpe6osatt11H K pa6oTe c11cTeMb1 AP. 

IlpaKTH'leCKaH 3Ha'IHMOCTb pa60Tbl 3aKJII04aeTCH B TOM, 4TO nonyYeHHble 

pe3yJibTaTbl n03BOJll1Jll1 )leTaJibHO oueHl1Tb wyMOBOe COCTOHHl1e peaKTOpa, 

Bb16paTb onTl1MaJibHble napaMeTpbl pa60Tbl Cl1CTeMbl aBTOMaTHlleCKOro 

peryn11posatt11H MOI1JHOCT11 , 11ccne)losaTh )l11HaM11Ky wyMOB B npouecce pa6oTbl 

peaKTopa 11 onpe)len11Tb ycnos11H ero 6e3onacHoi1 11 Ha)le)l{HOH pa60Tbl. 
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f10Ka3aHa 803MO)f(HOCTb c noMOLUbl-0 nporH0311posaHl1H KOJJe6aHl1H 

HeKOTOpbIX napaMeTpOB HaTp11eBOH Cl1CTeMbl OXJJa)f()l,eHl1H aKTl1BHOH 30Hbl 

yMeHbW11Tb KOJJe6amrn peaKTl1BHOCTl1 11, COOTBeTCTBeHHO, TenJJOBOH MOLUHOCTl1. 

0CHOBHbte pe3yJJbT3Tbl )lHCcepTauuu, BblHOCHMbte Ha 331.UHTy: 

1. Pa3pa6oTaHbJ MeTOAl1KH, 11 C03AaHo nporpaMMHoe o6ecne4eH11e AJJH 

CTaTl1CTH4eCKOro aHaJJH3a KOJJe6aHHH peaKTOpHblX napaMeTpOB 11 

)l,11arHOCTHK l1 WYMOBOro COCTOHHl1H 11EP-2M. 

2. Tipose)l,eHO l1CCJ1e)l,OBaH11e wyMOB :rnepr1111 11MnyJJbCOB 11 11X )l,HHaMl1Kl1 

B 3aBl1C11MOCTH OT speMeHl1 pa60Tbl 11EP-2M (Bb1ropaHl1H TOfiJIHBa), 4TO 

n03BOJll1JIO Bb16paTb onTl1MaJJbHble napaMeTpbl pa60Tbl Cl1CTeMbl 

aBTOMaTl14eCKoro peryn11posaH11H MOLUHOCTl1. 

3. Onpe,!J,eJJeHbl CTaTl1CTl14eCKJ.1e xapaKTep11CTl1Kl1 KOJJe6aH11H OCHOBHblX 

TepMO,!J,11HaMl14eCK11X napaMeTpOB nepsoro KOHTypa Cl1CTeMbl 

OXJ1a)f()l,eH11H aKT11BHOH 30Hbl. l13y4eHbl 11X B3a11MOCBH311, a TaK)f(e )l,aHbl 

oueHKl1 BJll1HHl1H wyMOB HaTp11eBOH Cl1CTeMbl OXJla)f(,!J,eHl1H aKTl1BHOH 

30Hbl Ha WYMbl peaKTl1BHOCTl1 11 MOLUHOCTl1 peaKTOpa. 

4. Pa3pa6oTaH anrop11TM nporH0311pOBaHl1H KOJJe6aHl1H MOLUHOCTH 11 

KOJJe6aHl1H OCHOBHbIX napaMeTpOB nepsoro KOHTypa CHCTeMbl 

OXJl~)leHl1H aKTl1BHOH 30Hbl l1EP-2M. f10Ka3aHa B03M0)f(H0CTb c 

noMOLUbl-0 nporH03a Ha OCHOBe HeHpOHHbIX ceTeH B Tp11 pa3a 

yMeHbWl1Tb Me)l,JJeHHbJe KOJJe6aHl1H peaKTl1BHOCTl1 11, COOTBeTCTBeHHO, 

TenJJOBOH MOLUHOCTl1. 

5. TioKa3aHo, 4TO 3a secb aHan11311pyeMbIH nep110L1 pa60Tbl peaKTopa np11 

3Heprosb1pa60TKe )lO ~1100 MBT·cyT wyMbI :rnepr1111 HMnynbcos s 

npouecce pa60TbJ l1£P-2M cyw.ecTBeHHO MeHHIOTCH KaK no 

cneKTpaJJbHOMy cocrnsy, TaK 11 no yposHl-0 KOJ1e6aH11i1. YposeHb wyMoB 

np11 YKa3aHHOH 3Heprosb1pa60TKe cyw.ecTseHHO MeHbwe L10nycT11Moro. 

KpoMe Toro, MaJJblH yposeHb H113K04aCTOTHbJX wyMoB CBH)leTeJJbCTsyeT 

06 OTCYTCT811H ,!J,OCTaT04HblX npH3HaKOB KOJie6aTeJJbHOH 
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HeycTOH411BOCTl1 11EP-2M 11, COOTBeTCTBeHHO, 3Ha411TeJ1bHOM 3anace no 

:rneprOBbipa6oTKe AO nOHBJleHl1H HeCTa611JlbHOCTl1. 

Anpo6auuH pa6oTbI. OcHOBHbJe pe3yJJbTaTbI ,!J,11cceprn11110HHOH pa6oTbI 

AOJJO)f(eHbI Ha cneL1y1-0w.11x KOHcpepeHu11Hx: International Conference on 

Mathematical Modeling and Computational Physics (13-17 July, 2015, Stara 

Lesna, High Tatra Mountains, Slovakia); XXV International Symposium on 

Nuclear Electronics and Computing (28 September - 02 October, 2015, 

Montenegro, Budva); XX Hay4HOH KOHcpepeHu1111 MOJJO)lblX y4eHbJX 11 

cneu11an11cTOB (14-18 Maprn 2016 r., OI1JH1, .[(y6Ha); VI International Conference 

on Contemporary Physics (7-10 June, 2016, Ulaanbaatar, Mongolia); International 

Conference on Mathematical Modeling and Computational Physics (3-7 July, 

2017, JINR, Dubna, Russia); International Conference on Developments and 

Application of Nuclear Technologies (I 0-13 September, 2017, Krakow, Poland). 

OcHOBHbJe pe3yJibTaTbI no TeMe )l11ccepTau1111 113JJO)f(eHbJ s 7 ne4an1b1x 

113,!J,aHHHX, 4 113 KOTOpblX 113)laHbl B peueH311pyeMblX )f(ypHanax. 

JIH'IHbIH BKJJa)l aBTOpa B npose)l,eHHe 11CCJJe,!J,OBaHHH 11 noJJy4eH11e 

np11se,!J,eHHblX s pa6oTe pe3yJJbTaTOB HBJIHeTcH onpeL1eJ1H1-0LUl1M . Bee 

npe)lCTaBJJeHHble pe3yJJbTaTbl noJJy4eHbl J11160 caMl1M aBTOpOM, J11160 np11 ero 

Henocpe,!J,CTBeHHOM Y4aCTl111. 

CTpyKTypa u o6beM )luccepTauuu 

.[(11ccepTaUl1H COCTOl1T 113 BBe)leHl1H, 4eTb1pex mas, 3aKJJl-04eHH51. IloJJHblH 

o6beM )l,11cceprnu1111 COCTaBJI51eT 109 CTpaH11U c 41 p11cy1-1KaM11 11 17 rn6n11uaM11. 

Cn11coK n11TepaTypb1 co,!J,ep)f(11T 78 1-1 a11Me1-1osa1111i1. 

OcuoBuoe co)lepJKauue pa60Tbt 

Bo BBe)leuu11 KpaTKO paccMoTpeHa aKTyanbHOCTb pa60Tb1 11 

ccpopMyn11posa1-1a uenb HaCTOHLUero 11cCJ1e,!J,osa1-111H. 

• 
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B nepBOH rnaBe np110e)leHb1 no)lpo6Hoe om1cam1e peaKTopa I1EP-2M 11 

ero OCHOBHble xapaKTepHCTHKH. 

11MnyJibCHblH HCCJie)lOBaTeJibCKHH peaKTOp nep110)ll14eCKOro )leHCTB11ll 

I1EP-2M 3KCl1JlyarnpyeTCll B )J,y6He (PocCHll) c npoeKTHOH cpe)lHeH MO!UHOCTblO 

2 MST 11 1830 MBT B HMnynbce. C noMO!UblO MO!lYJillTOpa peaKTl1BHOCTl1 

C03)laeTcll 11Mnynbc peaKTl1BHOCTl1. B wTaTHOM pe)l(11Me noJIO)l(ett11e 6JIOKOB 

peryn11poBaHl1ll H ynpaBJieHl1ll TaKOBO, 4TO peaKTOp B TeYeH11e - 400 MKC 

HaXO)ll1TCll B Ha)lKp11Tl14eCKOM COCTOllHl111 Ha MrHOBeHHblX HeHTpOHax. 0)ll1H pa3 

3a UHKJI )lJll1TeJibHOCTblO 0,2 c peaKTOp I1EP-2M Ha KOpOTKOe BpeMll , MeHee I MC, 

nepeBO)ll1TCll 113 rny6oKO OO!lKp11Tl1'IeCKOro COCTOllHHll (k,<I> ~ 0,97) B 

Ha!lKPHT11YecKoe Ha MrHOBeHHblX HettTpoHax. B Te'leH11e 3Toro speMeH11 

npo11cxo)l11T CTpeM11TeJibHbIH pocT MO!l\HOCTH. Oco6eHHOCTblO peaKTopa T11na 

l1EP-2 llBJ!lleTCll BblCOKall 4YBCTBl1TeJibHOCTb K cjrnyKTyauHllM peaKTl1BHOCTl1, 

KOTOpall B 40 pa3 Bb!We, 4eM, HanpHMep, y peaKTOpa CTaUHOHapHoro THna c 

ypaHOBblM TOOJil1BOM. 

Bo BTopoi1 rnase on11catta MeTo)l11Ka H3MepeHHll 11 attan113a wyMoB 

OCHOBHblX peaKTOpHblX napaMeTpOB. PaCCMOTpeHbl MeTO)lbl aHaJil13a CJIY4aHHblX 

npoueccoB H pe3yJibTaTbl o6pa60TKl1. I1pe)lCT3BJieHbl )l3HHbte 0 )ll1HaMHKe 

WYMOBoro COCTOllHHll peaKTOpa B 3aBHCl1MOCTH OT BblropaHHll TOnJIHBa 3a 

3H34HTeJibHblH nep110)l pa60Tbl peaKTOpa - c MOMeHTa BBO)la I1EP-2M B 

3Kcnnyarnu1110 B 2011 r. 11 !lO KOHUa 2016 r. Onpe)leJieHbt )lHanaJOHbt YaCTOT, 

ypoBeHb KOJie6aHHH , 11 YKa33Hbl B03M0)1(Hble npH4HHbl nOllBJieHHll KOJie6aHHH B 

wyMax 3Hepr1111 HMnyJibCOB. 11ccJie)lOBaHbl xapaKTep11CTl1Kl1 wyMOB 3HeprHH 

HMnyJibCOB np11 WTaTHOM CHH)l(eHHl1 H nO)lbeMe MO!UHOCTl1 B OT)leJibHblX 

peaKTOpHbJX U11KJiax c 2011-2016 rr. OT 40 )lO 2000 KBT. 0TMeYeH 

HeCHMMeTpH4HblH xapaKTep pacnpe)leJieHHll 3 Hepr1111 HMllYJibCOB np11 Jll1HeHHOM 

noBe)leHl111 6bJCTpOH MO!l\HOCTHOH o6paTHOH CBll3H. I10Ka33HO, 4TO OCHOBHblMH 

HCT04Hl1KaMH KOJie6aHl1H 3HeprnH HMOYJibCOB llBJllllOTCll B116pau1111 JIOnacTeH 
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nO)lBl1)1(HblX OTpa)l(aTeJieH (ITO) 11 HH3KOLlaCTOTHble KOJie6aHl1ll TeMnepaTypbl 11 

pacxo)la HaTpHeBoro TenJIOHOCHTeJill npH ero npoTeKaHHH Yepe3 3KTl1BHYIO 30Hy. 

Ha p11c. l noKaJaHo 113MeHeHHe cneKTpaJibHOH nJIOTHOCTl1 KOJie6aHHH 

3Hepr1111 HMOYJibCOB B HaYaJie (2011 r.), B cepe)ll1He (2013, 2014 rr.) H B KOHue 

(2016 r.) 11crne)lyeMoro nep11o)la pa6oTbl peaKTopa. KaK BH)lHO H3 p11c. 1, B 

cneKTpe KOJie6aHHH 3Hepr1111 HMOYJibCOB HMelOTCll HeCKOJibKO nHKOB 60JibWOH 

HHTeHCHBHOCTH, OC06eHHO Ha 4aCTOTax 0,82 11 1,77 fu. 3Tl1 011Kl1, KaK 11 )lpyrne 

n11K11 MeHbwefi aMnJIHTY!lbl, o6yrnosJieHbt oceBbtMH s116pau11S1MH nonacTett ITO 

(1-3). 0Hl1 H3rJlll)lHO Bl1)lHbl B )lH30a30HaX YaCTOT, 0,78-0,85 H 1,36-1,80 lll 

(3aWTpHXOBaHHbte o6JiaCTH Ha pHc.2), H 3TO 1103BOmleT oueHl1Tb MO!UHOCTb 

Kone6aH11tt 3Heprn11 HMnynhCOB, o6ycnosneHHbtX s116pau11S1MH ITO. Kone6att11ll B 

o6JiaCTH HH3KHX 4aCTOT (-0-0,26 f'u) npH HOpMaJibHOH pa6oTe peaKTOpa Bbl3BaHbl 

pa6oTott c11cTeMb1 AP [4, 5], KOMneHc11py101Uett BJIHS1H11e Hl13KOYaCTOTHOH 

HecTa611JibHOCTl1 MO!UHOCTl1. c OOllBJieHHeM mo6ott HH3K043CTOTHOH 

HeCTa611JlbHOCTH (aBTOKOJle6aHl1H 11JlH BHeWH11X B03My!UeHHH) HH3K043CTOTHbJe 

KOJie6aHl1ll MO!UHOCTH yc11JI11BalOTCll, COOTBeTCTBeHHO, pacTeT H peaKUHll Cl1CTeMbJ 

AP. J13 p11c.2 Harnll)lHO BH!lHO, YTO B npouecce pa6oTbt peaKTopa HettTpoHHhJH 

WYM ycJJO)l(HlleTCll H MOil\HOCTb KOJle6aHl1H nepeXO)lHT B o6JiaCTb HH3KHX YaCTOT 

(-0-0,26 f'u), CBll33HHYJO c pa6orni1 c11cTeMb1 AP . 

• 
9 



r. r11 2.~ 0,0 

2014 

f. 1·11 '·' :.~ 0,0 

u r. ru 

r. ru 

2013 

,, 
2016 

P11c.1. XapaKTepHoe H3MeHettHe cneKTpaJJbHOH nJJOTHOCTH KOJJe6aHHH 3Hepr1111 

HMnyJJbCOB I1EP-2M B OTAeJJbHblX UHKJJax (no roL1aM) npH MOU(HOCTH 2 MBT 

Vl3MeHeHHe cpeL1HeKBaL1paTH4eCKHX KOJJe6aHHH 3HeprnH HMnyJJbCOB B 

npouecce pa6oTbl I1EP-2M npHBe):leHo Ha p11c.3. Ha p11c. 4 noKa3aHo H3MeHeHHe 

OTHOCHTeJJbHOro cpeL1HeKBaApaTH4eCKOro OTKJIOHeHHH H pa3Maxa KOJJe6aHHH 

3HeprHH HMOYJJbCOB 3a OT):leJJbHblH peaKTOpHblH LIHKJI. 

10~ 
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"" :J ~I ~· · ~· ·· 
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P11c. 2. CneKTpaJJbHaH nJJornocTb KOJJe6aH11i1 3Heprn11 HMnyJJbCOB I1EP-2M (So) 

np11 MOU(HOCTH 2 MBT B pa3Hb1e nepHOL\bl pa6oTbl peaKTopa: 2014 r. (cJJesa), 

2016 r. ( cnpasa). 3awTpHXOBaHHaH o6JJaCTb CBH3aHa c BH6paUHHMH OOL\BH)f(HblX 

oTpa)f(aTeJJei1; o6JJaCTb, 0601HatJeHHaH cepb1M useTOM B L1Hana30He 0-0,26 ru, - c 

pa6orni1 c11cTeMb1 AP 
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VlccJJe):IOBaHl1H nOKa3aJJH, 4TO OOJIHble cpeL1HeKBaL1paTH4eCKHe KOJJe6aHHH 

3HeprHH HMnyJJbCOB I1EP-2M npH L10CT11)f(eHHH 3HeproBb1pa60TKH 600 MBT·cyT 

yMeHbWalOTCH c ~5 LIO 3,7 % 3a C4eT yMeHbWeHHH KOJJe6aHHH, CBH3aHHblX c 

s116pa1..111HMH ITO. B To )Ke speMH HH3KOYaCTOTHb1e KOJJe6aHHH (-0-0,26 lu) 

nocTeneHHO pacTyT. Vix pocT np11 L\OCTH)f(eHHH 3HeprOBb1pa60TKH 800 MBrcyT 

CKa3aJJCH Ha yseJJH4eHHH OOJIHblX KOJJe6aHHH MOU(HOCTH (3awTp11XOBaHHaH 

o6JJaCTb Ha p11c.3). 

4~ 

2 

a 0 1Q. o/o 

~ 
. 

. . . · .... 

200 400 600 800 I 000 1200 E, MBT . cyr 

28.10.2011 26.12.2013 26.12.2016 t, 11arn 

Pttc.3. Vl3MeHeHHe OTHOCHTeJJbHOfO cpeL1HeKBaL1paTH4eCKOro OTKJIOHeHl1H 

KOJJe6aHHH 3HeprHH HMOYJlbCOB B npouecce pa60Tbl peaKTOpa J1EP-2M: e -

OOJIHble KOJJe6aHHH; .6. - HH3KOLJaCTOTllble KOJle6aHHH (-0 - 0,26 fu); · - WYMbl CO 

CTOpOHbl no (0,78 - 0,85) + (1,36 - l,80) ru 

• 
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Puc.4. Vl3Me1-1eH11e OTHOCHTeJlbHOro cpe,nHeKsa.npaTHYeCKOro OTKJlOHeHHH (cnesa) 

H pa3Maxa KOJJe6aHHH (cnpasa) 3Heprn11 11MflYJlbCOB, 113MepeHHbJX B KOHL(e 

peaKTOpHbJX UHKJJOB. Ocb a6cu11cc - ::1Heprosb1pa60TKa (E) 11 cpe,nHee no 

aKTl1BHOH 30He Bb1ropaH11e Tonn11sa; K- Ko::1¢cjl11u11eHT ycpe,nHeH11R HMnynbCOB B 

Cl1CTeMe aBTOMaT11YeCKOro peryn11posaHl1R MOLUHOCTl1 

Hccne.nosaHHH nOKa3aJIH, YTO pOCT wyMOB c BblropaHHeM TOnJ111Ba MO)f(HO 

yMeHbWl1Tb nyTeM onTHMH3au1111 napaMeTpos c11cTeMbJ AP. B pe3yJJbTaTe 

onT11M113au1111 napaMeTpos c11cTeMbJ AP noJJHbJe Kone6aH11R (pa3Max) MOLUHOCT11 

H6P-2M yMeHbWHJJ11Cb c 36 .no 27 % (cM. p11c.4). Hy)f(HO OTMeTHTb, YTO 3a secb 

nep110.n pa60Tbl peaKTOpa OTHOCHTeJlbHbJe CTaH,napTHble OTKJlOHeHHR KOJJe6aHHH 

MOLUHOCTH He npeBblWaJIH 5 %, 113 KOTOpblX - 1,6 % CBH3aHbl c pa60TOH CHCTeMbl 

AP 11 - 2,5 % o6ycnosneHbl oceBblMH s116pau11RMH nonacTei1 ITO. TaK11M o6pa30M, 

KaK cne.nyeT 113 pa6oTbl [6], r.ne no.npo6Ho npe.ncrnsneHo H3MeHett11e 

CTaTl1CTHYeCKHX xapaKTepHCTl1K cpnyKTyauHH 3HeprnH HMnynbCOB B TeYeHHe 

peaKTOpHoro l.(HKJla B HaYaJie KaMnaHl1H, BKna.n wyMOB 3HeprnH HMnyJJbCOB, 

BbI3BaHHbIX s116pau11RMH nonacTei1 ITO, B nOJJHYIO .n11cnepc1110 Kone6aHHH 

MOLUHOCTH yMeHbWHJlCH c - 50 .no 20 %. 

.D:nii nott11MaH11R Toro, KaK wyMOBOe COCTOHHHe HEP-2M COOTHOCHTCR c 

COOTBeTCTBYIOLUHM WYMOBblM COCTOHHl1eM peaKTopa HEP-2 (paHee 

12 

113MepeHHb1M), 6wrn npose,neHbl 11X cpaBHeH!-UI .npyr c .npyroM B 3aBHCHMOCTH OT 

:meproBblpa6onrn. Hp11 3TOM HCnOJlb30BaJIHCb .naHHble no OTHOCHTeJlbHblM 

cpe,nHeKsa.npaTHYecKHM OTKJJOHeHHHM ::1Heprn11 HMnynbcOB HEP-2 np11 2 MBT B 

nep110.n c 1983 no 1989 r. Ha p11c. 5 noKaJaHo cpasHeH11e cpe,nHeKsa.npaT11YecK11x 

OTKJlOHeHHH KOJJe6aHl1H MOW,HOCTH 116P-2 H l1EP-2M. BH,nHO, YTO WYMbl 

MOLUHOCTH HEP-2M cyw,ecrneHHO MeHbwe, YeM y csoero npe.nwecTBeHHHKa 

I1EP-2, oco6eHHO nocne onTHMH3au1111 napaMeTpos c11cTeMb1 AP. flocKOJlbKY 

WYMbl MOLUHOCTl1 onpe,neJJHIOTCH He TOJlbKO B03MyLUeHHHMH peaKTHBHOCTl1, HO H 

.llHHaMHLleCKl1MH CBOHCTBaMH peaKTOpa, cne.nyeT Q)f<H,naTb, YTO o6naCTb 

KOJJe6aTeJlbHOH HeycTOHYHBOCTH 116P-2M KaK HMnynbCHOH CHCTeMbl 6y,neT 

Ha6n10,naTbCR 3Ha•rnTeJJbHO no3)f(e no ::1Heprosb1pa60TKe, YeM y HEP-2. 

a 0 /Q,o/o 
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4 .j • ·­.... 
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WO 400 600 800 1000 
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Puc.5. 0THOCHTeJlbHbJe cpe,nHeKsa.npaTwleCKHe OTKJlOHeHHH MOLUHOCTH B nep110.n 

pa60Tb1 H6P-2 c 1983 no 1989 r. ( • ) 11 HEP-2M c 2012 no 2016 r . ( • ) 

flOCKOJlbKY Ha WYMbl MOLUHOCTH cyw,eCTBeHHO BJ!HRIOT Hl13KOYaCTOTHbJe 

cnyYaHHble B03Myw,eHHH peaKTHBHOCTH , 6b1JlH npose,neHbl HCCJJe,noBaHHH no 

BJ!HHHHIO KOJJe6aHHH TepMO.llHHaMWleCKHX napaMeTpOB nepsoro KOHTypa 

HaTpHeBOH CHCTeMbl OXJla)f(,neHHH aKTHBHOH 30Hbl (A3) peaKTOpa J1EP-2M Ha 

KOJJe6aHHH MOLUHOCTH. illyMbl peaKTHBHOCTH co CTOpOHbl CHCTeMbl OXJla)f(,neHHH 

A3, KaK nOKa3aJI onblT 3Kcnnyarnu1111 116P-2, HBJIRIOTCH np11 HOpMaJibHOH pa6oTe 

peaKTOpa OCHOBHblM HCTOLIHHKOM HH3KOYaCTOTHOH Hecrn6HJlbHOCTH peaKTOpa. 

ITo::iTOMY .llJlR l16P-2M BJlHHHHe wyMOB HaTpHeBOH CHCTeMbl OXJla)f(.lleHHH A3 Ha 
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KOJJe6aHHH MO!llHOCTH HCCJJe,UOBaJJOCb .UOCTaT04HO no.upo6HO, oco6eHHO nptt 

pa6oTe peaKTOpa npH HOMHHaJJbHOH MO!llHOCTH 2 MBT H pacxo.ue HaTpHH 4epe3 

A3 100 M3/11. I1ony11eHbl .uaHHbie 0 CTaTHCTHKe KOJJe6aHHH napaMeTpOB KOHTypa, 

HX B3aHMOCBH3H, H .uaHbl oueHKH no BJIHHHHIO wyMOB nepsoro KOHTypa CHCTeMbl 

OXJIIDK,UeHHH A3 Ha wyMbl peaKTHBHOCTH H MO!llHOCTH, a TaK)l{e Ha pa6oTy 

cttcTeMbI AP. Ha pttc.6 nOKaJaHa npHHUHnHaJJbHa51 cxeMa oxnIDK.ueHHH A3 

peaKTOpa, a TaK)l{e pacnOJJO)KeHHe H3MepttTeJlbHblX .uaT4HKOB. 

Te1111006Mc 11111ti.:11 Na - uo·u1yx 

G, G,+G, 

Jlo11nm111Tc11i.111>1ii 
nO,ilBlliKllblii 
o-rpa>te<ne.r1b 

llacoc Na 

PHc.6. TipttHUHnHaJJbHaH cxeMa CHCTeMbl oxJJa)K.ue1-111H peaKTopa HEP-2M. 

IloKaJaHo pacnoJJO)Ke1-1He HJMepHTeJJbHbJX .uaT4HKOB pacxo.ua HaTpHH 4epe3 A3 

(GL), pacxo.ua 1-1aTpHH nepsoro KOHTypa s neTJJHX A (GA) 11 E (Gi;), TeMnepaTypbI 

HaTpHH Ha Bbixo.ue (T.b1x) 11 sxo.ue (T.x) B A3 

CneKTpaJJbHbie nnornocrn Kone6a1-111i1 pacxo.ua (SG) 11 TeMnepaTypbI (ST.) 

HaTpHH Ha sxo.ue B A3, a TaK)l{e no.uorpesa HaTpHH (S11T•) B A3 noKaJaHbI Ha 

pHc.7. 1113 pHCYHKa BH,UHO, 4TO B cneKTpax KOJie6aHHH pacxo.ua H TeMnepaTypbl 

HaTpHH HMelOTCH OT ABYX ,UO Tpex 60JJbWHX TIHKa Ha 4aCTOTaX MCHee 0,26 fu. 

OcTaJJbHbie KOJJe6aHHH MaJJbI, H HMH nptt aHaJJHJe MO)l{HO npette6pe4b. OcHOBHOH 

nHK KOJie6aHHH ,UJIH YKaJaHHblX BbIWe napaMeTpOB nepsoro KOHTypa HaXO,UHTCH 

Ha 4acT0Te CYT04HbIX Kone6aHHH, T.e. c nepHO.UOM 24 4. 
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SG I s,_rl s6,.., 
0,3 1,5 0,15 

0,2 

::: ~ 
0,10 

0,1 ~ 2 0,05 
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Pttc.7. CneKTpaJJbHbie nJJOTHOCTH KOJJe6aHHH pacxo.ua HaTpHH 4epe3 A3 (Sc), ero 

TeMnepaTypbI Ha sxo.ue B A3 (ST.J H no.uorpesa B A3 (S11T· ) 

l1ccne.uoBaJJHCb KOJJe6aHHH peaKTHBHOCTH, BKJll04a51 see ee Me,UJJeHHbJe 

KOMnOHeHTbl, .uei1crnyiow_He co CTOpOHbl nepsoro KOHTypa CHCTeMbl OXJIIDK,UeHHH 

A3. illyM peaKTHBHOCTH H KOJJe6aHHH ::rneprnH HMnyJJbCOB co CTOpOHbl nepBoro 

KOHTypa 3aBHCHT OT HCT0411HKOB pa3JJWIH0f0 THna, B OCHOBHOM 3TO 

TeM nepaTypHbJe, paCXO.UHbie H MO!llllOCTHbie H3MeHeHHH. 

KoJie6attttsi nOJIHOii peaKTHBHOCTH. Me.une1-1Hoe HJMe1-1e1-1tte nonHoi1 

peaKTHBHOCTH pL(t) onpe.ueJJHJIOCb KaK H3MeHeHHe peaKTHBHOCTH, Bbl3BaHHOe 

nepeMew_e1-1HeM B npouecce pa60Tb1 peaKTopa scex 6noKOB perynttposa1-1HH s 

CHCTeMe ynpaBJieHHH H 3aw_HTbl OTHOCHTeJJbHO HX HeKOTOporo nepBOHaLiaJJbHOfO 

(6aJOBOfO) noJJO)KeHHH Zoi: 

pE(t) = I(=1[ki(zi) - ki(z0aJ, 

r.ue ki (zi)-KpHBa51 3cpcpeKTHBHOCTH i-ro 6JJOKa peryJJHpOBaHHH [7], Zj = f(t) -

TIOJIO)KeHHe i-ro 6JJOKa peryn11posa1IHH OTIIOCHTeJJbI-10 A3 B MOMeHT speMeHH t 

(i=l ,4). noJJHa51 peaKTHBHOCTb pL(t) KOMneHCHpyeT ,UeHCTBHe pa3JJH4HbIX 

KaHaJJOB o6paTHOH CBH3H TeMnepaTyp1-1oi1, pacXO,UHOH, MO!llHOCTHOH, 

BblfOpaHHH H T.,U.: 

PL (l) = - [Pw (l) + p·r(t) + pG(t) + PE(l) + Px(l)), 

r.ue Pw(t) - MO!llHOCTHOH ::icpcpeKT peaKTHBHOCTH, PT(t), PG(t) - peaKTHBHOCTb no 

TeMnepaType 11 pacxo.uy HaTp11H; PE(t) - ::icpcpeKT BbiropattHH rnnnttsa; p,Jt) -
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CJlyYaHHble ::icjlcjleKTbl OT wyMOB peaKTHBHOCTH pa.31ll14HOro pOAa . .ll:JJSI noJly4eHl1SI 

oueHK11 pw(t) 113MepS11ll1Cb CJleAy10L1111e napaMeTpb1 peaKTOpa: 

• nOJJO)l(eH11e scex 6JlOKOB peryJJ11posaH11si Zj, 

• TeMnepaTypa HaTp11S! Ha BXOAe B aKTl1BHYIO 30HY Tex. 

• pacxoA HaTp11si 4epe3 aKTHBHYIO 30HY G, 

• ::i11epnrn 11MnyllbCOB (MOLl\HOCTb W). 

I1.JMetteH11e peaKTHBHOcrn PT(t) np11 OTKJJOHeH1111 TeMnepaTypbI HaTp11si Ha 

BXOAe B A3 OT T0 AO T 8x(t) B MOMeHT speMeH11 t onpeAeJlsieTcsi KaK 

PT(t) = dK/dT • [T8 x(t) - To], 

rAe dK/dT = LIKI - H30TepMH4eCKHH Ko::icjlcp11u11eHT peaKTl1BHOCT11, 
LIT G,W = const 

Tex Ct) , To- TeKyL11ee 11 cpeAHee 3Ha4eHHe TeMnepaTypbl HaTp11S! Ha BXOAe B A3 

COOTBeTCTBeHHO. Vl30TepM114eCKl1H K03cpcp11u11eHT peaKT11BHOCTl1 eCTb 113MeHeH11e 

K03cjlqi11u11eHTa pa.3MHO)l(eHl1SI np11 MeAJJeiiHOM (KBa.311CTaTl14eCKOM) 113MeHeHl111 

TeMnepaTypbl HaTp11S! Ha BXOAe B A3 Ha ] ° C np11 nocTOSIHHblX 3Ha4eHl1SIX 

MOLl\HOcrn 11 pacxoAa HaTp11si. B cpeAHeM 11JoTepM114eCK11H Ko::icjlcjl11u11ettT He 

3as11c11T OT MOU\HOCTH peaKTopa 11 pacxoAa HaTp11si 4epe3 A3 11 paseH - (1,19 ± 
0,10) · 10-2 P3ct> / ° C (7, 8). 

113MeHeH11e peaKrnsttocrn Pc (t) np11 113MeHeH1111 pacxoAa HaTp11si OT G0 AO 

G(t) B MOMeHT speMeH11 t onpeAeJlsieTcsi s B11Ae 

Pc(t) = dK/dG · [G(t) - G0]), 

rAe dK/dG = LIKI - pacxoAHhIH Ko::icjlcp11u11eHT peaKT11BHOCT11, T.e. 
L\G W,T = Const 

113MeHeH11e K03cjlcp11u11eHTa pa.3MHO)l(eHHSI, OTHeCeHHOe K 113MeHeHl1!0 paCXOAa 

HaTp11si Ha BXOAe B A3; G(t), Go - TeKyL11ee 11 cpeAHee 3Ha4eH11e pacxoAa HaTp11si 

4epe3 A3 coorneTcTBeHHO. B 06L11eM cJly4ae pacxoAHbJH Ko::icjlqrnu11eHT 

peaKTl1BHOCTl1 CJlO)l(HblM o6pa.30M 3aBl1Cl1T OT TeMnepaTypbl HaTp11S! 11 MOL1\HOCTl1 
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~ 

peaKTOpa. Tip11 MeAJleHHOM 113MeHeHl111 MOU\HOCTH 11 paCXOAa HaTp11S! B 

He60JlbW11X npeAeJlaX (AO -10 % ) 3Ha4eH11e paCXOAHOfO K03Cpcp11u11eHTa 

peaKTHBHOCTl1 MO)l(HO np11HS!Tb paBHblM ac11MnTOTl14eCK11 ycTaHOB11BWeMycsi 

-0,7 · 10-2 P3 ct>/M
3
/ 4 [7, 8]. 3cjlqieKT Bb1ropaH11S1 TOnJJ11sa PE onpeAeJJsieTCSI KaK 

pa.3HOCTb Kp11Tl14eCKl1X COCTOSIHl1H peaKTOpa Ha MrHOBeHHblX HeHTpOHaX np11 

"HyJlesoi:i" MOL1\HOCTl1 OT Ul1KJla K U11KJJy. B cpeAHeM cKopocTb Bb1ropaH11S1 PEIE= 

- 0,5·10·2 P3 ct>/MBT·cyT [7], rAe E ecTb 3Heprosb1pa60TKa. 

KoJle6aH11S1 MOU\HOCTHOH o6paTHOH CBSl3H Pw(t) onpeAeJJSllOTCSI 

OTHOCl1TeJlbHO COCTOSIHl1SI paBHOBeCHOH 11MnyJlbCHOH Kp11Tl14HOCTl1 cpa.Jy nocJJe 

BblBOAa peaKTOpa Ha HOMl1HaJJbHYIO MOLl\HOCTb 2 MBT (6a.30BOe COCTOSIH11e). 

CoorneTcTBy10L1111e speMeHHbie pS!AbI KOJJe6aH11H peaKTHBHocrn p1:(t), 

Pw (t), PT(t) 11 pc(t) npeACTaBJJSII-OT co6oi:i OCHOBY AJlSI nOJlyYeH11S1 cneKTpaJJbHOH 

nJlOTHOCT11 KOJJe6aH11H yKa.JaHHbIX BbIWe napaMeTpos. KaK noKa.JaJJl1 

11CCJleAOBaHl1SI, B cneKTpax KOJJe6aHl1H noJJHOH peaKTHBHOCTH 11 peaKTHBHOCTH 

MOU\HOCTHOH 06pan10H CBSl3H HMelOTCSI TPH n11Ka c OCHOBHblM nHKOM Ha 4aCTOTe 

cyT04HblX KOJle6aHl1H (24 4) (cM. p11c.8). 

SpE 

9 -10-5 

6 -10-5 

3 .10-5 

3 

Sow 
2 -10-5 

l-10 5 l f 

6 -10-6 

2 

0 ,0 0, 1 0 ,2 0 ,3 0,4 0,0 0, 1 0,2 0,3 0,4 
f, 4'

1 f, 4'
1 

Puc. 8. CneKTpaJJbHaSI nJlOTHOCTb MeAJleHHbIX KOJJe6aH11H noJlHOH peaKTHBHOCTl1 

( CJlesa) 11 peaKTHBHOCTH MOU\HOCTHOH o6paTHOH CBSl311 ( cnpasa) np11 pa60Te 

peaKrnpa np11 MOLl\HOcrn 2 MBT 11 pacxoAe HaTp11si 4epe3 A3 I 00 M
3 
/ 4 

CneKTpaJJbHbie nllOTHOCT11 KOJle6aH11H peaKTHBHOCTl1 no pacxOAY 11 

TeMnepaType HaTp11S! noBTOpS!IOT cneKTpaJJbHbJe nJJOTHOCTl1 KOJle6aHl1H caMOfO 
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pacxoAa 11 TeMnepaTypb1 (cM. p11c.7). Ha 96 % TeMnepaTypHbJe 11 pacxo.11Jrb1e 

KOJJe6aHHH peaKTHBHOCTl1 COCTOHT 113 2-3 LJaCTOT. ITOKa3aHO, LJTO TeMnepaTypHble 

KOJle6aHl1H peaKTHBHOCTH B 3-5 pa3 Bb!We paCXOAHbIX, T .e. B Cl1CTeMe 

crn611n113au1111 MOW,HOCT11 TeMnepaTypHbJe B03Myw,eHHH AOM11H11py10T. 8 uenoM 

3TO o6CTOHTeJlbCTBO, T.e. HaJJl1LJl1e TOJlbKO OAHOH AOMl1HaHTHOH KOMIIOHeHTbl B 

IIOJlHblX wyMax peaKTl1BHOCTl1, ynpow,aeT pa6oTy Cl1CTeMbl CTa611n113au1111 

MOW,HOCTl1. 

Ha p11c. 9 AJJH 11nn10cTpau1111 BbJWeCKa3aHHoro np11seAeHb1 cneKTpanbHb1e 

nnoTHOCTl1 Kone6aH11H TeMnepaTypbr 11 pacxoAa HaTp11H LJepe3 A3, peaKTl1BHOCTl1 

MOW,HOCTHOH o6paTHOH CBH311, IIOJIHOH peaKTl1BHOCTl1, B3al1MHbJe cneKTpanbHble 

IIJIOTHOCTl1, a TalOKe cpyHKUHl1 KorepeHTHOCTl1. 

" 2.10-' 
r/) g.10-2 

ct!"' 0,4 

'.". 6· I0-2 

rJ)" 

" 
'""' N,_ 

0,8 

0,0 0,1 0,2 0,3 
[ -1 
' 4 

,;; l · 10-5 

'; ]/.) I ·10-4 
~ 

v:l·l0-9 

~ r;: 0,8 
,.._ 

0,0 0,1 0,2 0,3 
f - I 
, 4 

P11c.9. KoppenHu,11H Kone6aH11H TeMnepaTyphI 11 pacxoAa HaTpHH Ha BXOAe B A3 

( cnesa) 11 Me)f(AY KOJle6aHl1HMl1 peaKTl1BHOCTl1 no TeMnepaType 11 paCXOAY HaTp11H 

( cnpasa): cneKTpanbHa51 nnoTHOCTb Kone6aH11H nepsoro (a) 11 BToporo 

napaMeTpOB (6); B3al1MHa51 cneKTpaJJbHa51 IIJIOTHOCTb (B) 11 cpyHKl\1151 

KOrepeHTHOCTl1 (r) 

.lJ:nH scex Kone6aHHH peaKTl1BHOCTH, o6ycnosneHHbIX pa6oTOH nepsoro 

KOHTypa Cl1CTeMbl OXJla)f():leHl1H A3, xapaKTepHa OAHa oco6eHHOCTb: OCHOBHOe 

Kone6aH11e npeACTaBJJ51eT co6oi1 Kone6aH11e rapMOHJ1liecKoro B11Aa c nep110AOM, 

paBHbJM OAHl1M cyTKaM. l'b p11c.9 Bl1AHO, LJTO B3al1MHbJe KOJle6aHHH 

peaKTl1BHOCTl1 MOW,HOCTHOH o6paTHOH CBH311 11 IIOJIHOH peaKTl1BHOCTl1, a TaK)f(e 
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Kone6aHl1H pacXOAa 11 TeMnepaTypbl HaTp11H B nepBOM KOHType Ha6JJJOAaIOTCH Ha 

OAHOH LJaCTOTe c nep110AOM B OAH11 cyTK11. <l>a30BblH CAB11r Ha :HOH LJaCTOTe <DPro·P~ 

Me)f(AY IIOJIHOH peaKTl1BHOCTblO 11 peaKTl1BHOCTblO MOW,HOCTHOH o6paTHOH CBH311 

npaKT11LJeCKl1 OTCYTCTByeT (-1°), a cpyHKLJ,11H KOrepeHTHOCTl1 BbICOKa51 (0,87). 

Mo)f(HO CKa3aTb, LJTO KOJ1e6aH11H noJJHOH peaKTl1BHOCTl1 npaKT11LJecK11 6e3 

3ana3Ab1BaHl1H CJleAylOT 3a KOJJe6aHl1HM11 MOW,HOCTHOH o6paTHOH CBH311. 

KoppeJJHLJ,HH Me)f(AY Hl1Ml1 AOCTaTOLJHO )f(eCTKaH, HO He IIOJJHaH, LJTO YKa3bJBaeT Ha 

np11cyTCTBl1e B IIOJlHOH peaKTl1BHOCTl1 KOMIIOHeHTOB OT Apyr11x 11CTOLJHl1KOB 

wyMOB, HaXOAHW,HXCH BHe Cl1CTeMbl OXJla)f{):leHl1H A3. 

J/IccneAOBaHhI TaK)f(e Kone6aH11H TaK Ha3brnaeMoro 1no6ap11LJecKoro 

3cpcpeKTa peaKTl1BHOCTl1, Bbl3BaHHOro B03M0)f(Hb!M BJll151Hl1eM CJJY'-!aHHOro 

113MeHeHJ1H AaBJJeHl1H aproHa B fa30BOH noJJOCTl1 HaA A3 Ha Kone6aHl151 ypoBHH 

HaTp11H 11 CBH3aHHbIX c 3Tl1M Kone6aH11H peaKTl1BHOCTl1. IToKaJaHo, LJTO yKaJaHHbre 

npouecCbl (AaBJ1eH11e aproHa - yposeHb HaTp11H) )f(eCTKO B3al1MOCBH3aHbl 11 np11 

HOpMaJJbHOH pa6oTe peaKTopa KOJJe6aHl1H AaBJJeHl1H aproHa Bbl3BaHbl 

H3MeHeH11eM yposHH HaTp11H. B TO )f(e speMH Kone6aH11H ypoBH51 HaTp1151 MaJJbI: 

nOJlHblH pa3MaX Kone6aHl1H paseH 4,5 CM, a aMIIJll1TYAa OCHOBHOro KOJJe6aHl1H c 

nep110AOM 24 LJ paBHa scero 4 MM. TaK11e 113MeHeH11H ypoBHH HaTp1151 HaA A3 He 

MOryT Bbl3BaTb 3aMeTHblX KOJJe6aHl1H peaKTl1BHOCTl1 11 IIOBJl11HTb Ha 3Hepr11JO 

11Mnynbca. PacLJeTHoe 113MeHeH11e peaKTl1BHOCT11 np11 yMeHbweH1111 ypoBH51, 

Hanp11Mep, Ha 10 MM Mano (< 10·5 % K"1,). TaK11M o6pa30M, wyMaM11 

peaKTl1BHOCTl1, Bbl3BaHHblMl1 KOJJe6aHl1HMl1 ypOBHH HaTp11H np11 113MeHeHl111 

):laBJJeHl1H aproHa B fa30BOH noJJOCTl1 HaA A3, B HOpMaJJbHOM COCTOHHl111 peaKTopa 

MO)f(HO npeHe6peLJb. .lJ:aHHbJe 11CCJJeAOBaHl1H IIOATBep)f():lalOT npaKT11LJeCKl1 

HyneBOe 3HaLJeHl1e 11306ap11LJeCKOro 3cpcpeKTa peaKTl1BHOCTl1 11EP-2M, paHee 

oueHeHHOe no AaHHbIM 3HepreT11LJecKoro nycKa 11EP-2. 

illyMbl TennOBOH MOW,HOCTl1, oueHeHHble no KOJJe6aHl1HM pa3HOCTl1 

TeMnepaTyp HaTp11H Ha BbJXOAe 11 BXOAe B A3 11 no KOJle6aHl1HM pacxoAa HaTp11H 

MaJJbl. CneKTp KOJ1e6aH11H TennoBOH MOW,HOCTl1 6n1130K K 6enoMy wyMy c OAHOH 
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Bblpa)l(eHHOH l.faCTOTOH cyTO'-IHbJX Kone6aH11H c aMnn11Ty.n,oH ~2 Klh. TaK11e 

MaJlbJe KOJle6aHl1}1 MOW,HOCTl1 Ha '.HOH '-laCTOTe CB}l3aHbl c TeM, '-ITO 

COOTBeTCTByIOw,11e cyTO'-IHble .D,OM11HaHTHble KOJle6aHl1}1 pacxo.n.a 11 no.n,orpesa 

HaTp11}1 B A3 HaXO.D,}ITC}I B npOTHBOcjla3e. IlOJlHblH wyM TenJlOBOH MOll(HOCTH 

60Jlbille ± l 0 Klh, nOCKOJlbKY Bbl3BaH He TOJlbKO HecTa6HJlbHOCTbl-O 

TepMOA11HaM114eCKHX napaMeTpOB nepsoro KOHTypa Cl1CTeMbl OXJla)l(.D,eHHJI A3, HO 

11 MHOrHM11 .n,pyrHMl1 cpaKTOpaMl1 . 

B TpeTbew rJlaBe np11se.n.eH attanH3 peaKTOpHhJX wyMoB .n.m ueneH 

.n,11afHOCTHKH 11 npOrH0311pOBaHl1}1 COCT0}1Hl1}1 I1£P-2M. I1cnOJlb30BaJ111Cb 

pa31l114Hhle MeTOAbl aHaJ1113a wyMOB :rneprn11 11MnyJlbCOB, Hanp11Mep KJlaCTepHblH 

aHaJJl13, MeTOA HeHpOHHblX ceTeH 11 .n,p. 

C ueJlbl-0 113y'-leHl1}1 CTPYKTypbI wyMoB 3 Heprn11 11MnynhCOB 11 ee 113MeHeHl1}1 

B npouecce pa60Th1 peaKTopa 11cnonh30san11cb MeTO.lJ.bJ pacno3HaBaHlrn o6pa30B, 

'-laCTHblM cnyl.faeM KOTOpblX }IBJljieTC}I KJlaCTepHblH aHaJ1113. CBOHCTBO 

peaKTOpHhIX wyMOB KaK-TO rpynn11posaThC}I B 3Ha411Mb1e CTPYKTYPhl n03BOJl}leT 

11Cfl0Jlb30BaTb ero B .n.11arHOCTl1Ke peaKTOpa nyTeM 113y4emm OTKJlOHeHl1H 

KJlacTepHOH CTPYKTYPhI OT ycTOH411BOH (nmH'-IHOH). 

Ilp11 11ccne.n.osaH1111 KJJacTepttOH CTPYKTYPbI wyMOB 3Heprn11 11MnynhCOB 

6b!Jll1 np11MeHeHbl KaK 11epapx11'-leCK11e, TaK 11 He11epapXHLJeCKl1e MeTO.D,bl 

KnacTepttoro attan113a. B Kal.fecrne 3JleMeHTa (o6beKTa) KnacTepHOH CTPYKTYPhI 

11CflOJlb30BaJlaCb cneKTpa!lbtta}I flJlOTHOCTb KOJle6aHl1H 3 Heprn11 11MflYJlbCOB, 

oueHeHHaJI no speMeHHOMY p}l.n,y 8192 nocne.n.osaTeJlhHbJX 3ttal.feH11H 3Heprn11 

11MnynhCOB (28 M11HYT pa6oThI peaKTopa). Ka)l(.D,hJH 3JleMeHT 6bln npe.n.cTasneH B 

npouecce KJlaCTepHoro attaJ1113a B 811.D,e T04Kl1 B 256-MepHOM eBKJ111AOBOM 

npOCTpaHCTBe. B OCHOBHOM 11cnOJlb30BaJlC}I 11epapx11l.feCKl1H KJlaCTepHblH aHaJ1113 

[3] KaK tta116onee rn6K11H 113 cyw,ecrny1-0w,11x MeTo.n,os KnacTepttoro attan113a, 

KOTOpblH 

06beKTaM11 

no3BOJJ}leT .n,eTMbHO 11ccne.n.osaTb CTPYKTYPY 

11 BbI6paTb Ha116onee OflT11MaJlbHOe 

pa3Jl11411H Me)l(.D,y 

411CJ10 KJJacTepos. 

He11epapx114ecK11e anrop11TMbJ 11cnonh30BaJ111Cb B .n.ononHeH11e K nepBbJM, 
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noCKOJlhKY 3Bp11CTl14eCKl1e npoue.n.yphl aHaJ1113a AaHHblX, BCTpOeHHble B 3Tl1 

anrop11TMhI, .n.asan11 6onee 3Ha'-IHMOe 411cno KnacTepos. B pa6oTe np11 oueHKe 

Ka'-leCTBa KnacTepHOH CTPYKTYPhl 11cnoJJb30BaJ111Ch HecKOJlhKO Kp11Tep11es, 

Ha116011ee 3cjlcpeKT11BHbJe 113 KOTOpblX 6bIJ111 Tp11: 11H.D,eKC )J.aHHa, 3Hal.feH11e 

CU!ly3ma 11 cp11311l.feCK11H CMblCJl pe3yJlhTaTOB KJlaCTep113au1111 [9-12]. T10H}ITl1e 

"cjll1311l.feCK11H CMblCJl " 3.D,eCh paccMaTp11saeTC}I KaK B03MO)l(H0CTb cp11311l.feCKOH 

pean113au1111 TOH 11n11 11HOH KnacTepHoH CTPYKTYPbI. 

Ha p11c. l 0 np11se.n.eHa nocne.n.osaTeJlhHOCTb CMeHhl KnacTepos BO speMeH11 

.D,Jl}I Kone6aHl1H 3Heprn11 11MflYJlbCOB 11 .D,Jl}I KOJle6aHHH MOW,HOCTl1, CB}l3aHHblX c 

B116paU11}1M11 JlOflaCTeH TIO, B OAHOM 113 Tl1fll14Hb1X U11KJ10B pa60Tbl peaKTOpa np11 

MOW.HOCTl1 2 MBT. 113 p11c. J 0 B11AHO, '-ITO cneKTpanbHa}I nnoTHOCTb Kone6aH11H 

:rneprn11 11MflYJlbCOB B OT.D,eJlhHOM Ul1KJle pa3.n.em1eTC}I Ha l.feTb1pe KJlaCTepa 11 '-ITO 

H3MeHeH11e KJlaCTepHOH CTPYKTYPbI noJlHbJX wyMoB B octtOBHOM cne.n,yeT 3a 

113MeHeH11eM wyMoB, CB}l3aHHhlX c s116pau11}1M11 ITO. 

O"QI Q,% 

5 

4 

3 

2 

0 2 4 6 8 10 
t, cyr 

P11c.lO. VbMeHeH11e OTHOCHTeJlbHOrO cpe.n.HeKsa.n.paTHl.fecKoro OTKJlOHeHl1}1 

flOJlHblX (a) 11 CB}l3aHHblX c oceBhlMl1 BH6pauH}IMH nonacTeH nOABH)l(HblX 

OTpa)l(aTeJleH (6) KOJle6aHl1H :rneprnH 11MflYJlbCOB. JlHHHeH nOKa3aH nepexo.n. 

wyMOBOro COCT0}1Hl1}1 peaKTopa H3 O.D,Horo KJlaCTepa B .n.pyroH. LI,1-1qipaM11 

OTMel.feHbl HOMepa KJlaCTepoB 

Tlepsb1e TPH KnacTepa BKJll-0'-lal-OT B ce6}1 cneKTpb1 nepexoAHOH o6nacTH, 

AJJ}lll(eHC}I 1,7 cyT nocne Bhixo.n.a peaKTopa Ha MOll\HOCTh 2 MBT. 4eTsepTbIH, 
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OCHOBHOH, KJlaCTep COOTBeTCTByeT ycTaHOB11BWeMyCH wyMOBOMY COCTOHHl1JO 

peaKTOpa. 3To COCTOHHl1e Ha'!11HaeTCH '!epe3 1,7 cyT OT HaYana pa60Tbl peaKTopa 

11 npO)],OJl)f(aeTCH )],0 KOHLI.a peaKTOpHOfO U11KJla. I1HTeHCl1BHOCTb WYMOB B 4-M 

wyMOBOM COCTOHHl111 peaKTOpa co speMeHeM MeHHeTCH c TeH)],eHu11ei1 K 

yMeHbWeHl1JO Ha -12 % K KOHUY U11KJla. Ilp11 3TOM yMeHbWett11e ypOBHH wyMOB 

cna6o sn11HeT Ha 11x cneKTpanbHhti1 cocTaB. TaK11M o6pa30M, Yepe3 I, 7 cyT wyMhl 

MOU\HOCTl1 B uenoM crn611n11311py10TCH. XapaKTep11cT11 Kl1 KJlaCTepoB 

npe)],cTasneHbl B Ta6n. l. CTpyKTypa KnacTepos np11se)],eHa Ha p11c. I l. 

Ta6JJttQa 1. XapaKTep11cT11K11 KJlaCTepos wyMosoro cocTOHHl1H I1£P-2M s 

npouecce pa60Tb1 peaKTopa 

AttaJIHl no noJIHblM 
AttaJIHl no KOJie6aHHHM :mepruu 

KOJie6aHHHM JHeprHH 
HMnyJibCOB, CBH33HHblX c oceBblMH 

x~ BH6pat.1HHMH JIOOaCTett 0011,BH)KHblX 

KJl3CTepa 
HMDYJlbCOB 

OT03)K3TeJieif 

BpeMjl lKl131111 KnacTepa nocne BpeMjl lK113Hl1 KnacTepa nocne BhIXOAa 

BblXOAa 11a MOlllHOCTb 2 MBT Ha MOlUHOCTh 2 MBT 

1 0-5 4 0-6 4 

2 5-14 4 6-14 4 

3 14-41 4 (1 ,2 CYT) 14-24 4 (I CYT) 

4 1,7-10,5 CYT 1-10,5 CYT 

Bcero 10,5 cyr 10,5 cyr 

6 ~ / _"- 6 
a 

4 .. 4 

5 ·.;_~,~ 52 C/) 2 • • • Yi-.; 
• ... J 

C/) 

0 · .. 0 

-2 4 -2 
-

-6 -4 -2 0 2 4 6 8 JO J2 -6 -4 -2 0 2 4 6 8 JO 12 
SQI So, 

Puc.11. CTpyKTypa KnacTepos, C)f(aTaH 113 256-MepHoro B 2-MepHoe npocTpaHCTBO 

no nOJlHblM Kone6aH11HM 3Hepn111 11MnynhCOB (a) 11 no Kone6aHl1HM, 

o6ycnosneHHbtM oceBbIMl1 Kone6att11HM11 nonacTei1 no)],Bl1)f(HbJX oTpa)f(aTenei1 (6) 
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Ha p11c. l2 noKaJatto 11JMeHeH11e KnaCTepttoi1 cTpyKTYPhl B 2-MepHOM 

npe)],CTaBJleHl111 npocTpaHCTBa peaKTOpHblX WYMOB B 3aBl1C11MOCTl1 OT BpeMeHl1 

pa60Tbl peaKTOpa KaK )],JlH nOJlHblX KOne6aHl1H M0ll(HOCTl1, TaK 11 )],JlH Kone6aHl1H, 

o6ycJlOBJleHHblX B116paU11HM11 fl0. 

1 2 ... 
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s ~ 
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$ 

J. 

I ..&. - KnacTcp I 

• - KJlaCTCp 2 

* -K.o1aCTCp 3 

I (I - KJ18CTCp 4 
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- 4 
-6+-~~~~~~~~~~~~~-' 

- I 0 1 2 3 4 5 6 7 \"- 9 \ ()\ \ \ L. 
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~UCT~l 1 * • acrcp 2 

acrcp 3 

• ~ - KJIUCTCp 4 
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- f < > I 2. ~ £\ 5 6 7 'K 9 \ 0\. '\ '\ "2.. 
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Puc.12. Y!JMeHeH11e KnacTepHoi1 cTpyKTYPhl Kone6att11i1 3 tteprn11 11Mnynbcos B 

3aBl1Cl1MOCTl1 OT speMeHl1 B 2-MepHOM npe)],CTasneHl111 npocTpaHCTBa wyMOB no 

nonHhtM wyMaM (a) 11 no wyMaM, o6ycnosneHHbtM s116pau11HM11 nonacTei1 

nO)],Bl1)f(HbIX OTpa)f(aTenei1 (6) 

TaK11M o6pa30M, )],11HaM11Ka wyMoB B on1enbHblX peaKTOpHblX u11Knax 

npaKTl1LJeCKl1 nOJlHOCTblO o6ycnosneHa 113MeHeH11eM s116pau110HHOfO COCTOHHl1H 

ITO. 

f1p11 11CCJle)],OBaHl111 Me)],JleHHblX npoueccos, CBH3aHHblX c Kone6attl1HMl1 

TepM0)],11HaMl1LJeCKl1X napaMeTpos peaKTopa, 11CnOJJb30BaJlCH anrop11TM 

Hei1pOHHOH ceT11 [13] . 3rn 11HTenneKTYaJlbHaH Cl1CTeMa cnoco6Ha pacn03HaBaTb 11 

nporno311posaTb 3aKOHOMepHOCTl1 speMeHHblX pH)],OB. Ylcnonb30BaH11e 

Hei1poceTeBOH MO)],eJ111 c o6paTHOH CBH3bl0 no3BOJJl1JJO pew11Tb 3a)],aYy 

nporH0311pOBaHl1H Ha Cl1JlbHO 3awyMJJeHHblX speMeHHblX pH)],aX, KaKl1Ml1 

HBJlHIOTCH wyMbl 3Heprn11 11MnynbCOB HEP-2M [14]. 

• 
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11ccJie)lOBaJIHCb KOJie6aHH51 TeMnepaTypbl HaTpH51 Ha BXO)le (T Bx) H Bb!XO)le 

(T •• ,x) H3 A3, pacxo.na HaTpH51 s neTJI51X A (GA) H £ (G6) nepsoro KOHTypa c 

cyMMapHbJM pacxo.noM G = GA + G6 H Tennosoi1 MOU\HOCTH (WT). YKaJaHHM 

Bb!We Bbl60pKa 3Ha4eHHH napaMeTpOB npe)lCTaBJl51Jia co6oi1 OCHOBY )lJl51 

nporH03HposaHH51. B o6ll\eM cny4ae HeJIHHeHHM asToperpeccHOHHa51 ceTb 

OnHCb1BaeTC5! peKyppeHTHbIM ypaBHeHHeM 

y(t) = f(x(t - 1) + x(t - 2) + ··· + x(t - d) ), 

r.ne x(t)- BXO)lHOH CHrttaJI; y(t) - BblXO)lHOH CHrttaJI (npOrtt03HpyeMbie 

napaMeTpb1: Gr, T"" WT, WT/Gr); d -4HCJIO 3a.nep)f(eK no sxo.nHoMy CHrttaJiy. B 

npouecce o6y4eHH51 Ka)f()lbIH i-i1 Hei1poH H3Mett51eT sec !:J.wi no cpopMyne 

ae 
!:J.wi = -ri awi' 

r.ne 1J - napaMeTp, xapaKTepH3YIOU\HH CKOpOCTb o6y'leHH51 [ 15]; e-owH6Ka 

o6y4eHllil.. B Ka4eCTse aJiropHTMa o6y4eHH51 npHMeHeH MeTOJl HeJIHHei1Hoi1 

onTHMH3allHH: anropHTM Jlesett6epra -MapKsap.nrn (Levenberg-Marquardt) [16, 

17]. Becosoi1 seKTOp i-ro Hei1potta o6HOBMeTc51 no cjiopMyne 

wi(new) = wi(old) + !:J.wi, 

r.ne wi(new), wi(old) - H3MeHeHHbIH H npe.nwecTsy10ll\HH eMy sec i-ro Hei1poHa. 

ITocne o6y4eHH51, Kor.na see seca 3aqrnKCHposaHb1, B CTPYKTYPY Hei1poHHOH ceTH 

BBO)lHJiaCb o6paTHM CB513b. )l,JI51 yMeHbWeHH51 BJIH51HH51 WYMOBOH KOMnOHeHTbl Ha 

pe3yJibTaT nporno3a nepe.n BXO)lOM HeHpOHHOH ceTH 6bJJI .no6asneH Me)lHaHHbIH 

cp11JibTp [ 18, 19]. lfro6bI npe)lCKa3aTb 6onee TOHKl1e .neTaJIH H3MeHeHH51 

napaMeTpos, 11cnoJib30BaJIH cne.ny10ll\HH aJirop11TM o6y4eHH51 11 npe.ncKa3aHH51. Ha 

OCHOBe Bb16opKH 3a Beeb npe)lbl.LlYU\HH peaKTOpHblH L(HKJI, T.e. npH6Jil13HTeJibHO 

3a .neC51Tb cyTOK pa60Tbl peaKTOpa, npOBO)lHJIOCb o6y'leHHe HeHpOHHOH CeTH. 

3aTeM B HOBOM LlHKJie Ha OCHOBe o6y4eHH51 ceTH 3a npe)lblJlYU\HH L(HKJI )lJI51 scex 

yKaJaHHbJX Bb1we napaMeTpos BbinOJIH51Jiacb npoue.nypa nportt03HposaHH51 Ha 

HHTepsane speMeHH OJlHH CYTKH. )l,aJiee TeKyll\He .naHHbie nocne.nosaTeJibHO 
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HaKanJIHBaJIHCb B 06ll\eM MaCCHBe, no KOTOpOMY WJIO 06y'lett11e. TaKHM o6pa30M, 

BbinOJIH5!Jiacb CKOJib3511.lla51 onepau1151 cyT04HOro nportto3a. B Ka4ecrne 

11JIJIIOCTpallHH npoue.nypbl nporH03a OCHOBHbIX napaMeTpOB nepsoro KOHTypa 

CHCTeMbl OXJia)f()leHH51 A3 Ha pHc.13 npHse.neHbl .naHHbie no H3MepeHHblM H 

nportt03HpyeMbJM so speMeHH napaMeTpaM. 
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B 

Puc.13. Pe3yJibTaT nporn03a no H3MeHeHHIO pacxo.na HaTp1151 4epe3 A3 (Gr) (a), 

TeMnepaTypbl HaTpH51 Ha sxo.ne B A3 (Tux) (6) H BeJIH4HHbl, nponopl(HOHaJibHOH 

no.norpesy (WT/ Gr) (s). ITyHKrnp110i1 JIH1rnei1 pa3.neneHbJ 06Y4a10ll\a5! Bb16opKa 

H pe3yJibTaT nporno3a, - 3KcnepHMeHT, - nportt03 

CyMMapHoe so3.nei1crnHe H3MeHelIH51 pacxo.na H TeMnepaTypbl HaTpH51 Ha 

BXO)le B A3 Ha peaKTHBHOCTb B nepBOM npH6JIH)f(eHHH onpe.nen51eTC51 11X cyMMOH: 

PGT(t) = PG(t) + PT
8
x(t). 

AHaJIOrH4HO BbJLJHCJI51eTC51 cyMMapHM peaKTHBHOCTb nporH03HpyeMbIX 

npoueccos p(; (t) H PT •x (t): 

PcT(t) = p(;(t) + PT
0
x(t). 
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Ilporno311pyeMa5! peaKTHBHOCTb p(;T(t) ecTb y)l{e 3apaHee 113secTHh1i1 npouecc, 

KOTOpblH B np11Hu11ne MO)l{eT 6bITb 11CKfll04eH 113 06ll(ero 113MeHeHl1H 

peaKTl1BHOCTl1. Cnoco6 11cKn10YeH11H MO)l{eT 6bITb pa3HbIM, Hanp11Mep sse)J.eH11e 

peaKT11BHOCT11 p(;T(t) c o6paTHbJM 3HaKOM c noMOll(blO )J.OnonH11TenbHOro 6noKa 

peryn11posaH11H . Tor.D.a Kone6aH11H ocTaT04HOi1 peaKTl1BHOCTl1 

6PcT(t) = PcT(t) - p(;T(t), 

cpaKT11YecK11 onpe)J.em1eMbJe ow116Koi1 nporttOJa, KaK Bl1.l\HO 113 p11c.14, 6onee YeM 

B Tp11 pa3a MeHbWe KOne6aHl1H 11CXO.[\HOH peaKTl1BHOCTl1. IlapaMeTpbl 

pacnpe)J.eneHH51 KOne6aHl1H peaKT11BHOCTl1, a TaK)l{e TennOBOH M0ll(HOCTl1 .[\O 11 

noc11e 11porn03a np11Be)J.eHbJ B rn6n.2. 

-0, 10 -0,05 0,00 0,05 0, I 0 -10 
p, 13,q, 

-5 0 
WT> KBT 

6 

5 10 

Puc.14. CTnornocTh pacnpe.D.eneH11H Kone6aH11i1 peaKTHBHOCTH, )J.ei1crny1Dll(ei1 co 

CTOpOHbl Cl1CTeMhl oxna)l{)J.eHHH A3, .[\O (PGT) 11 nocne (6PGT) nporH03a (a) ; 

pacnpe.D.eneH11e Kone6aH11i1 Terrnosoi1 MOll(HOCTH .l\O (WT) 11 nocne (6 WT) 

nportt03a (6) 
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Ta6JIH._.a 2. IlapaMeTpbl pacnpe)J.eneHl1H KOne6aHl1H TennOBOH MOll(HOCTH 11 

nonHoi1 peaKTHBHOCTH .l\O (WT, Pr) 11 nocne (6 WT, 6pr) npornOJa np11 

CTaH)J.apTHOM OTKflOHeHl111 (a) 11 pa3Maxe KOne6aHl1H (6X) 

napaMeTp (J llX 

Tennosall MOLUHOCTb WT, KBT 3,20 25 ,94 
OCTaTOYilall TenJJOBall MOLUllOCTb llWT, KBT l,26 7,66 
nomiall peaKHIBHOCTb no TCMnepaTypc H 

0,033 0,175 
pacxo;1y HaTpHll Pr , ~'"' 

0CTaTO'IH3ll peaKTHBllOCTb llpr. ~.<b 0,011 0,061 

B pe3ynhTaTe nporno311posaH11H noKaJaHo, 4TO Hei1pottHaH ceTb c 

norpeWHOCTblO ~5% Il03BOnHeT npe.D.CKaJbJBaTh 113MeHeH11e 

TepM0.[\11HaMl14eCK11X napaMeTpOB nepsoro KOHTypa B TeKyll(eM peaKTOpHOM 

u11Kne c 11cnonb30BaH11eM )J.aHIIbIX 3a npe.D.bI .l\Yll(l1H u11Kn. TaK11M o6pa30M, 

pe3ynhTaTbl npOrH03a Il03BOflHIOT cyll(eCTBeHHO yMeHbWl1Tb Me)J.neHHbie 

KOne6aHl1H peaKTl1BHOCTl1 11 CBH3a1111y10 c H11Ml1 peaKUHIO Cl1CTeMbl 

aBTOMaTl14eCKOH CTa611n113au1111 M0ll(HOCTl1 . 

B 33KJllOlfeHHH ccj>opMyn11posaHbI OCHOBHbie pe3ynhTaTbI 

.[\l1Cceprnu110HHOH pa60Tbl , BbIHOCl1Mbie 11a 3all(11Ty. 

• 
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