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Pa6oTa BblllOJ1HC11a B J1a6opaTOpH11 ttet!Tpou11011¢11311K1111Mc1111 I l. l\l.<l)pn111rn 

06'bC,[l,llHCHHOro llllCTHTyTa 51,[1,CpHb!X l1CCJlC,[l,OBam1t!. 

H ayq H bie py1<0Bo,D,11TCJ1 H: IIEIIEJibiillEB lOpMti H111<0JJaes w1, 

iwitauaam if3usu1w-.Mame.Awmu•iec'/>:u1· iwyn-, 
iia•taJt'bHU'/>: 2pynn'bt RJepuou 6esonacuoc11111, 
Jia6opamopuR iteumpoi-mou rjjusu'/>:u 
u.Mei-tu 11.M. <Ppai-t'/>:a 0115!11 

IIOIIOB AJJe1<caH1\P K cC1 1oq)OHTOBHq, 

'/>:auauaam mexuu'tecnux uay'/>:, 
cmapwuu uay'tit'btu compyJi-tux;, 
Jia6opamopU.fl 'lleumpO?t'liOU rjju3U'/>:U 
u.Mei-tu 11.M. <Ppau'/>:a 0115!11 

O¢Hu,11Mb1Ib1c o nno 11 c 11Tb1: MAJ1KOB AH,D,pct! IIaBJJOB MY, 

Jonmop meX'l-lU'teC'/>:UX 'l-tay'X',
1 

ita'taJt'b'l-tU'X', ynpaeJte'llU.fl RJepuou 6esonacuocmu, 
A 0 r HI.{-H ay'ti-tO-UCCJteJoeame.tt'bC'/>:UU 
zmcmumym amo.M'll'btX pe,a'/>:mopoe, 
I'oc'X',opnopau,uR «PocamoM», /(U.Mumpoe2paa 

APTEMbEB BMcpMii A11aTOJlbCBH'-l, 

'/>:ai-tauaam rjjusu'X',O-.MameMamu•iec'/>:ux uay'/>:
1 

aupe'X',mop, AemO'ltOM'lta.fl 'lle'X',OMMep'teC'X',a.fl 
op2ai-msa1.1,u.H Hay'ti-w-ucCJteJoeame.tt'bC'X',UU 
uucmumym mex1ioJto2uu MamepuaJtoe, MoC'X',6a 

c 3JICKTpo 1111 o ii BCpc 11cll 1\HCCCpTaU,111'1 MO)l< llO 03HaKOMI1TbC51 Ha oq)H­

U,HaJlblIOM callTC 06'bC,[\HHCIIIIOro 11HCTHTyTa 51,[1,CptlblX HCCJIC,[l,OBaHHH B 

trncpopMal\HOllll0-T('JIC'KOMMYlll1KaL\MOHHOti CCTl1 « I1HTCp HCT» no a,D,pecy: 

http: //disscrtations.jinr.ru. 

C 11 cc1aT11o n Bcpc11cii 1111 cccpTa111111 MO)l<HO 031-iaKOM HTbC5l B H ayY HO-TCxH11Ycc1<oi1 

6 116m10TCKC OI15III ( 1'. )J,y611 a, MocKoBcKa51 o6JJaCTb, yJJ . /KoJJ110-K1op11, ,[I,. 6). 

y '-ICll bl t1 CCl<J)C'T<lpb / \llCCC'f)Tal\l IOllllOro COBCTa. 

Kall,[l,111\aT cp1n 111<0- !1,1(1T('!l,ll'li l'l!Ll('CKllX 11a ~ ~ T.I1.I1BaHKMlla 

06:rn;a.H xapaKTepMCTMKa pa60Tbl 

AKTYaJibHOCTb TeMbI 

Co3,D,a1rnc MO,lJ,CJlH ,D,HHaM11Kn J1106oro pcaKTopa 1<pat!He Ba)KHO c TO'-LK11 

3peHH51 ou,e11KH cro 6C3011ac11ocT11. Co3,D,a1rnc )KC MO,ll,CJlH 1\HHaM111<11 peaKTopa, 

y KOTOporo IICT a 11 aJJora, Ba)KHO B,[l,BOHHC. I1cCJlC,[l,OBa1111c ,[l,HHaMHKH pcaKTOpa 

I1BP-2M HMCCT orpOMHOe 3Ha'-JCIIl1€ ,[l,Jl51 110Bb!WClll151 6c3onacHOCTH 11 lla,[l,C)K­

HOCTH pa6oTbl pca1<Topa. Bo-rrcpBbIX, 3TO CB513a110 c Hco6xo,D,11MocTblO a11aJJ113a 

110BC,[l,CHH51 pcaKTOpa B pa3Jil1qHblX aHOMaJl b llb!X H aBapHt!Hb!X CHTyaU,H51X; BO­

B'rOpblX, ,[l,Jl51 «llO,[l,CKa3Kl1» ,D,Ct!CTBHl1 onepaTll BllOMY nepCOHaJJY B pa3JIHY!lb! X 

HCTHlll!YHblX c1 1Tyau,1151x; B-TpCTblIX, ,[l,Jl51 onpe,[1,CJ!Cllll51 6e3onaCHb!X pC)KJLMOB 

ero pa6oTbl 11 onpc,D,ene11115l rpam1u, B03MQ)KllblX pC)KH~IOB HeyC'roi'1'-IHBOCT11. 

KpoMe TOL'O, 31<c1rnyaTau,1151 HMllYJlbC11oro pca1<Topa nMeeT cncu,Hq)1 1YecKy10 

oco6ellHOCTb , 1103TOMY 3HaH11e 11epeXO,[l,llblX npou,cccoB 51BJ151CTC51 1<pall 11 c Ba)K­

Hb!M ,[l,Jl51 6c3onac11ot! 11 lia,[l,C)KJJOt\ pa60Tbl peaKTOpa. c 110MOU]b10 MO,[l,CJ111 

,[l,lrnaMHKH MO)KllO ou,c1111BaTb : 1) ncpCXO,[l,HblC npou,cCCbl npu pa3JlHYIIblX B03My­

ll]CHl151X , B TOM '-IHCJlC np11 HCWTaTHb!X B03MYLI-\CllH51X; 2) H3MCHCHHC napaMCTpOB 

peaKTOpa n yTeM cpaBHCHl151 3aperHCTp11posa1111bIX nepeXO,[l,Hb!X npou,CCCOB c 

npou,eccaMH, llOJIY'-ICHHbl MH c llOMOll]blO MO,[l,CJJM; 3) B03M0)Kllb!C l13MCllClll151 

3anaca ycTOll'-IHBOCTH peaKTOpa. 

)J,J151 llCCJlC,[l,OBallll51 1\ll l laMWICCKOro COCT05llll l 51 peaKTOpa c llOMOll]blO MO,[l,CJlH 

1\IfHaMHK11 ueo6xo,D,11MO, B nepsy10 0'-ICpC,[1,b , 311am1e napaMeTpOB MOIJJ,l lOCT!l011 

06pan10il CB513ll (MOC). 9Tl1 rrapaMCTpbl onpc,D,CJl51IOTC51 TOJ!bKO 3KC11CpHMCll­

TaJlbHblM nyTeM, nOCKOJlbKY 3aBHC51T OT ypos1rn M0ll]IIOCTl1 l1 OT MHOrMX CJlO)l<llblX 

npou,eccos, 11 p0HCXO,[l,51ll]HX B aKTHBHOti 301IC. 

Mo,D,CJib ,D,M 11 aMMKH I1BP-2M BKJl lOYaeT B ce651 w11po1<11t! Ha6op nporpaMM 

,[l,Jl51 MO,[l,CJ111pOBalll151 nepCXO,[l,Ilb!X rrpou,cccoB H3MCl!Clll151 MOll]HOCTH peaKTOpa 11 

Bb!YHCJ1CHH51 YaCTOTllblX xapaKTCpHCTHK pcaKTOpa KaK CHCTCMbl B U,CJlOM , TaK II 

COCTaBJ15110ll]llX cro 3JlCMC HTOB. 

Pa6oTa BblfIOJJ11c11a no TeMe «Pa3B11T 11 c pcaKTopa I1BP-2M c KOMllJJCKCOM 

KpHorettHblX 3aMC,[l,J111TCJICfi HCHTpOHOB» (04-4-1105-2011 / 2019) H uarrpaBJlClla 

Ha llOBb!WCIIHC 6e3onaCHOCTH I1BP-2M. 

I.J;eJJb pa6oTbI 

U eJ1b pa6oTbl MO,D,cm1p0Bam 1e 11 3KcncpMMCIITaJJbllOe 11cCJ1e,D,OBa1I1Ie ,D, 1111a-

M111<n HMllYJlbCIIOro peaKTOpa I1BP-2M rrepllO,[l,11'-ICCKOro ,[l,CHCTB1151 (~IO,D,epmt3M­

poBaHllOro pcaKTOpa I1BP-2) B HaYaJJC 3KCr1J1yaTaU,HH (1\0 3 HeprOBbipa6oTKH 

1000 MBT cyT). 

HayqttaH HOBH3Ha w 3Ha'IHMOCTb ,n,wccepTau,wottttoii: pa6oTbI 

Co3,D,aH sapHa 11T MO,D,CJIH 1\HHaM111<11 I1BP-2M ,D,JI51 Bb1Y11cneHH5l npo u,cccos 

npH 6btCTpOM H3MCllCHHH pcaKTHBHOCTH (11, CJlC,[l,OBaTCJlbHO, MOll]lIOCTH) B WMpO­

KOM ,[l,Halla3011€ . TaK)l<C Ha OCHOBe MO,[l,CJlll 1\ l f"''llllP--~~~~~~~~;J,Qj~~ ... 
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MO)J,eJJb peaKTIIMe'"rpa I1BP-2M. B pe3yJJbTaTe ncpcxo)J,11b1x npou,eccoa MOUJ,110-
CTII , 06ycJJOBJ1e1IHblX 11p5!MOyroJJbHblMH KOJJe6amrnMH peaKTHBHOCTH 11p11 pa60TC 
I1BP-2M B pe)K11Me ca1v1operyJ111poaamrn , ou,eHe11b1 311aL1e1I1rn uapaMeTpoa MOC, 
3anac ycTOt'JL!llBOCTl1 peaKTOpa no aMrLJllITy)J,e 11 cpa3e np11 pa3HblX ypOBH5!X cpc)J,­
Hetl MOUJ,HOCTH , a TaIOKC 3anac ycTOll'-111BOCTl1 peaKTOpa 11p11 pa6oTe B pe)KHMe 
aBTOMaTJ-1L1ecKoro peryJ111poBaHlrn MOW;IIOCT11. Ha oc11oae a11aJJ113a Bb1c111cJ1eH­
llb1x HMITYJJbCllblX nepexO)J,llblX xapa1<Tep11cT11K 11 napaMeTpOB MOC peaKTopoB 
MBP-2 11 I1BP-2M 1101<ma110, YTO rrp11 npoYMX paa11b1x ycJ10B11Hx o6a peaKTopa 
ycTOtlLJ11Bbl B IJITaTllOM pC>KHMe pa60Tbl. 
Hay'ftto-npaKT11'fecKaa u,ettttOCTh pa6oTbI 

Hay<rno-npa1<T11YecKa5! u,e11110CTb pa6oTbI 3a1<J11oc1aeTc51 B TOM , YTO 6b1J1a co-
3)1,aHa MO)J,eJJb )J,1111aM111<H HBP-2M, c noMOUJ,blO KOTopofl MO)K~JO MO)J,eJJnpoBaTb 
6bICTpble 113Me11e111rn MOUJ,llOCTII peaKTOpa B WHpOI<OM )J,llaITa30He, BflJIOTb )J,O 
ypOBH5! ¢mia, T.e. 110 BpeMeHll OT 0.2 c II 110 MOUJ,HOCTll )J,O 10- 5 OT llOMllllaJJbHOfl. 
cho fl03BOJl11JIO llCCJle)J,OBaTb Pa3JJMLJHbie npou,CCCbl 113MeHeHl15! 3Hepn111 HM­
nyJJbCOB, c llOMOLU,blO KOTOpb!X 6bIJIH onpe)J,eJJCHbl 6e3011aCI1b!C pC)KHMbl pa60Tbl 
peaKTOpa l1 OITTHMII3HpOBa!lbl napaMeTpbl Cl1CTeMbl aBTOMaTHYCCKoro peryJ111-
poaamrn MOUJ,llOCTH. I10JJyc1eub1 )J,aHHbie no H3Me11er11110 rrapaMeTpOB MOC c 
MOUJ,IIOCTblO 11 ou,e11e110 BJJlrnlll1€ 3TOro rrpoqccca 11a ycTOf1LfJ1BOCTb peaKTOpa. 
fl:JJ5! pCaJJbHbIX wyMOB peaKTHBHOCTH, )J,etiCTBYIOll.\11X B peaKTOpe BO BpeM5! ero 
l!OpMaJJbHOi1 pa60Tbl , flOJJyctellbl ou,eHKII rpa1111q KOJJe6aTeJJbHOfi HeyCTOilYII­
BOCT!1 I1BP-2M. I101<a3a110, LJTO MBP-2 u I1BP-2M pea1<Topa ycTotlLJ11Bb1 K 
B03MyUJ,eHIIHM peaKT1rn11ocT11. Pmpa6oTamiaH MO)J,eJJb )J,1111aMIIKH no3BOJJHeT 
ou,emrTb ITOBe)J,e1111e pcaKTOpa llC TOJJbKO B llJTaTHOM pe)KlfMe ero pa60Tbl, l!O H 
B pa3JJIIYHb1x aaap11f1Hb1x c11Tyaq1rnx H aHopMaJJbllblX nepexo)J,HblX pe)K11Max. B 
u,eJJOM ace Bb1Uiey1<a3a1111oe llOBbIWaCT 6e3orrac110CTb I1BP-2M. 
OcttOBHhie noJimKett11a, BhIHOC11Mbie aBTopoM Ha 3a1I.1,11Ty 

- Co3)J,a1111e 110Boi"I MO)J,eJJ11 ;i,1111aM111<11 I1BP-2M 11p11 6b1cTpoM H3MeHe111111 
MOUJ,IIOCTH B ll111poKOM )J,11a11m0He c ITOMOUJ,blO nporpaMMbI MATJIAB. 

TecT11poaa1111c MO)J,eJ111 c nOMOUJ,btO cpaa1-1e111151 BblLlllCJJCllllbIX nepexo)J,11b1x 
npou,eccoa )J,JJH MBP-2 11 HBP-2M c 3aper11cTpHpoaam1bIMH. 

Co3)J,a1111e l\.IO)J,eJJ11 pea1<THMeTpa )J,JJH noJJyLJc111rn peaJJbHbJX UIYMOB pea1<­
TllBIIOCT11 11 3 3apen1cTp11poBaHHb!X aMf!Jll'ITY)J, 11MllYJJbCOB MOUJ,HOCTII. 

06pa6oTKa 3KC11Cp11MeHTOB no ou,e11Ke napaMeTpOB MOUJ,IIOCTHOH 06paT11ot1 
CB5!3M, BJJll511011(Ct1 11a 6e30ITaCHOCTb peaKTOpa I1BP-2M. 

Ou,e111<a napaMeTpOB MOLLl,llOCTHotl 06paT11otl CB5!3H 11MnyJJbCHoro peai<Topa 
I1BP-2M. 

OqeHKa 3anaca yCTonL111aocT11 I1BP-2M np11 pa311b1x ypoBHHx cpe)J,11ell. 
MOUJ,HOCTll B j)C)KllMax caMoperyJJ11poBaHJ15! 11 aBTOMaTHLJeCKOro peryJJ11po­
BaHirn MOIJ(IIOCTll. 
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CpaBIIe11He ,n.1rnaMHK11 HMnyJJhCIIbIX peaKTopoB MBP-2 H I1BP-2M. 

,II;ocToBepttocTb 11 anpo6au,11a pa6oTbI 

Pe3yJJbTaTbl HCCJJ e,n.oaaHHH , aowe,n.wHe B ,n.a1111y10 ,n.11ccepTau,110H11y10 pa6oTy, 
6bIJll1 rrpe,n.cTaBJJellbl aBTOpOM 11a CJJe,LI.yJOll.\HX nayLlllb!X MCporrp115!Tl15!X: 

- XVII 11ayc1Ha5! KOHcpepeIIqHH MOJJO,LI.blX yc1e11b1x H cneu,11aJ1HCTOB (OMYC-
2013). MO, ,LJ:y611a, 8-12 anpeJJH 2013. 

International Conference «Mathematical Modeling and Computational 
Physics 2013». Dubna, Moscow reg. Russia, 8-12 July 2013. 

XVIII Me/1<,n.y11apo,n.HaH HayYIIaH 1<011¢epe111.(115! MOJJO,LI.bIX yLJellblX 11 cne­
q11a.r111 CTOB (Ol\IYC-2014). MO, fl:y6Ha, 24-28 ¢eapaJJ51 2014. 

- l\1e)K,LI.yl!apo,n.11a51 MOJIO)J,C)KHa51 K01Icj)epe11u,u51 «CoapeMeHHble npo6JJeMbl 
npH1rna,n.110t1 MaTeMaTMKH n m1¢opMaTHKll». MO, ,LJ:y6Ha, 25-29 aarycTa 
2014. 

- XIX Me)K,LI.yHapO)J,lla5! 1-iaycmaH KOHcpepe11q1151 MOJJO,LI.bIX yc1eHb1x H cneqH­
a.rrncTOB (OMYC-2015). MO, ,LJ:y6na, 16-20 cj)eBpaJJH 2015. 

International Conference on Research Reactors: Safe Management and 
Effective Utilization. IAEA Headquarters in Vienna, Austria, 16-20 
November 2015. 

- The 6th International Conference on Contemporary Physics (ICCP-VI). 
Ulaanbaatar, Mongolia, 7-10 June 2016. 

International Conference on Mathematics & Computational Methods 
Applied to Nuclear Science & Engineering. Jeju, Korea, 16-20 April 2017. 

VI e)Kero,n.uy10 I<OHtj:lepeHu,mo MOJIO,lJ.bIX yye11b1x 11 cneq11aJJHCTOB «AJJylllTa-
2017». AJJylllTa, Pecny6JJ11Ka Kpb!M, 12-19 11101151 2017. 

International Conference «Mathematical Modeling and Computational 
Physics, 2017». Dubna, Moscow reg. Russia, 3-7 July 2017. 

- International Conference on Developments and Application of Nuclear 
Technologies. Krakow, Poland , 10-13 September 2017. 

Ily6JI11Kau,1111 11 Jl11'fHbIH BKJia)l. aBTOpa B pa6oTy 

ITo TeMe ,L\MccepTal\HH ony6J1111<0BaHo 6 uayLJllbIX CTaTbr1 B pecpepnpyCMblX 
Me/KAf11apo)'l,11b1X )KypnaJJax, 1 npenp1111Ta, a TaK/Ke 5 Te311coa B c6op11M1<ax 
Haycmb!X Tpy,n.oB pa3JJHLJ.llb!X Me)!<,LI.yHapo,n.11blX KO!lcpepeHU,Hil (a TOM LllfCJJe B 
pe¢ep11pyCMblX 11ayc111blX )KYPHaJJax). 

OcHOBH b1e pe3yJJbTaTbl , 113JJ0/1<enHb1e B ,n.11ccepTaq1111, rroJ1yL1eHbl np11 11c110-
cpe,n.cTBe11IIOM yyacT1111 aaTopa. AaTop ,n.11ccepTau,H11 BblllOJIHHJI pa60Tb1 no 
C03,n.am110 nporpaMM )J,J15! MO)J,eJIH )J,11HaMllKM , no o6pa60TKe 11 aHaJJl13Y ,LI.allllblX 
3KCrrep11MeHTaJJbllblX HCCJJe,LI.OBaH11ll. , npOBO)J,11JI 01\eHKY napaMeTpOB MOLl.\llOCT­
HOf1 o6paT!IOtl CB5!3ll. ABTOp yLJaCTBOBaJJ B o6cy>K,LI.eHl1H H pa3pa60TKe MO)J,CJJeti 
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)11UiaMMKl1 peaKTOpa H pca.n113au,1111 peUJCHHti HX nporpaMMHOro o6ccncqcHII5! 

(MATJ1AB). 9TO OTpa)KCHO B TeopcT11qcc1<oti qacT11 ,Ll,HccepTal\1111. Ta101<c awrop 

BbinOJ1H5!J1 MO,Ll,eJ111posa1rne nepeXO,LJ,Hb!X npOL\CCCOB 11p11 6blCTJ)OM 113MeHe!-lMH 

peaKTMBHOCTM B l!IMJ)OKOM ,Ll,Mall83011C, M0)1CJ1!1J)OBa1rnc pcaKTHMCTpa M npOBO,Ll,MJl 

01\CIIKY 3anaca ycTofiqJIBOCTll peaKTOpa. 

CTpyKTyp a H o6'beM ,n;Mccep TaIJ;HM ,Il,11cccpTal\115! cocTOl1T M3 BBe,LJ,c11115!, 

Tpex rnaB, 3aK.JllOLJeHII5! 11 Cl111CKa JlllTCpaTypbl, CO,Ll,ep)J(alll,ero 56 Ha11MeHOBaH11ti. 

Pa6oTa H3Jlm1<c11a 11a 96 cTpau1111ax Maw1mon11cHOl'O TeKcTa, B1<J110'-la1011J,HX 43 

p11cy1101< u 5 Ta6J111l\. 

Co,n;ep)KaHMe pa6oTbI 

Bo nne.n;eHMM 06ocH0Ba11a aKTYaJlbl!OCTb TeMbJ, ¢opMyJ1Hpy10TC5! u,enb H 3a,Ll,a­

LJl1 11ccne,LJ,0BaHHH , HayLrna5! 11os113 11a, npa1<THL1ec1<a5! 3 J-IaLll1MOCTb M oc1-10B11b1e 

JlOJlO)[<CH 1151) BblJJOCl1Mble II a 3a11J,11Ty, KpaTKO 113J10)J<ellO OCllOBHOC CO,LJ,Cp)J<al-l 11C 

,L\HCCCJYl'al\llOHIIOH pa60Tbl. 

B rrepnoii rJJaBe np1rne,LJ,c11b1 no,LJ,po6Hoc onucan11c KOllCTPYKL\Ml1 peaKTopa 

I1BP-2M, cro OCllOBHblC xapa1<Tep11CTl1KJI, OCHOBllbIC l10H51TII5! ,Ll,IlllaMIIKH 5!,LJ,Cp­

llblX pcaKTOJ)OB II KpaTKOe 01111caH11e 1nyc1cnm1 )~lllJaMllKll 11Ml1YJlbCHOro peaKTO­

pa MBP-2. 

Bo BTopoii rJJane np1rne,LJ,e110 no,L1po6iwe 01111ca1rnc MO)len11 ,Ll,MHaM tIKM 11Mrrynbc­

l!Oro pcaKTOpa I1BP-2M 11 JJCKOTOpble pC3YJ1bTaTbl cc 11CIJOJ1b30BaHl151. 

B 11Mnynbc110M pcaKTope I1BP-2M spa11J,a1011J,11ticH s6J111311 aKTHBHOfi 30HbI 

MO)lyJlHTop pcaKTHBHOCTM co3)laeT 11Mrrynbcb1 pea1<T11BHOCT11. B pe3ynbTaTe pcaK­

Top c nep110)10M 0,2 c B a KOpOTKOC BpCM5! (npllMCJ)HO 450 MKC) CTallOBMTC5! 1-Ja)l­

KpMTl·JqCCKllM Ha Ml'HOBCHHblX HeliTpOHax, OCTaBa5!Cb rny6oKO ITO)IKJ)MTlI'-leCKMM 

oc110BHy10 LJaCTb ncptl0)1a. Bcnc,LJ,CTB11c 3Toro pca1<Top reHcp11pyeT HMllYJlhCbI 

MOLL\llOCTl1 C ,L\J111TCJ1bHOCTblO 200 MKC Ha JlOJlOBMHC BblCOTbl C 11Cp110)10M 0 ,2 C. 

,Il,J15! I1BP-2 3 llaqc 11n51 3TllX rrapaMeTpOB 6b1n11 240 MKC II 0 ,208 c COOTBeTCTBeIJHO. 

Mo,LJ,en11 pea1<Topa I1BP-2M, pa60Ta101l\ero B urraTHOM pe/KMMe no,Ll,,Ll,ep)J(a-

111-151 llYJJCBoro OTKJIOlJe111rn 3!1Cpr1111 llMfIYJlbCOB MOlll,HOCTH OT 3a)laHHOro .YPOBH5! 

(pC)J(MM CTa611J1113aIJ,llll MOllJ,HOCnt), COOTBCTCTBYCT 6noK-CXCMa, llOK83a1rna51 na 

p11c. 1. Mo)ICJlb npc)ICTaBJleHa B B11)le 3aM KllYTOf1 c11cTCMbI y rrpasncmrn c TpCM5! 

1<a1-1a.naM11 06paT11on CB513l1, o6ycJ10BJICHllblMH 3af!83)1bJBalOllJ,11MH IICfiTpOHaMJl 

( Ila p11 c . 1 3TOT1<a11 a.n BKJJJOLJCH B 6JJOK KHlleTl1K11), p83orpeBOM peaKTOpa (6noK 

MOllJ,HOCTHOfi 06pEm1on CB5!3 II MOC) H aBTOMaTM'-ICCKMM pcrynHTopoM (6no1< 

AP). CxeMa cooTBCTCTB.YCT ypasHe 1J11HM )ll1l-JaMM1<11 (J11rneti11btM 11 1-1enm1e tittb1M). 

,Il,JJH OlllJCau1rn l<l'lllC'l'llKll pcaKTOpa I1BP-2M B KaLJCCTBC 11CXO,L\Hb!X HCIJOJlb-
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~ 
+ 

1 
n 

2 
:~ 

6.eun 

3 li. en 

frn 
+ 
_J 

Crn 
4 

li.en 

Puc. 1: BnoK-cxcMa peawropa MBP- 21\1. 1 6no1< B03MYllJ,CHII5! pca1<T11B11ocT11; 2 
- 6J10K aBTOMaT11qec1<oro peryJ15!TOpa; 3 6noK KMHCTIIKM llMllYJlbCHOro peaKTOpa; 

4 6!101< MOllJ,l!OCT!lOti 6paTHOfi CB5!311; c:?,, 6830BOC 3 IIaLJeHMe MaKCHMa.JlbllOfl 

1-1a)1KJ)l1T!1LIHOCTl1 Ha MrHOBeHHblX Het'JTpOilax B l!MflYJlbCe pcaKTHBHOCTH ; C:p, 

Er, CA - pcaKTIIBHOCTb, o6ycnOBJICHHa51 COOTBCTCTBCHHO BJJeWIIIIMl1 cj:>aKTOpaMM, 

MOllJ,IIOCTl!Oti o6paTHOl1 CB5!3bl0 11 BHOCHMa5! aBTOMan1qccKMM pcryJJHTOpoM; b.e, 
b.ell OTHOCMTeJJbHOC OTKJIOIIeIIllC 311Cprirn II 3Heprllll llMflYJJbCOB MOlll,HOCTll OT 

11X cpe,Ll,HCro 3 11aqcmrn COOTBCTCTBeHIIO 

30BaHbI cne)ly1011J,11e ypas11eu115! O)II-IOToqeq1rnri MO)lem1 pcaKTopa [1 - 41: 

dn p-(3 LN, 
- = --n+ >.C· 
dt T ' " 

i=l 

(1) 

dC; (Ji - = -n->.C 
dt T ' " 

(2) 

r)lc n - nnoTHOCTb 11cf1Tpo11os B pca1<Tope; p peaKTHBl!OCTb; N; - 1<om1L1eCTBO 

rpyrrn 3all83)lblBaJOU_\llX ttetiTpOllOB; (3;, (3 )IOJ111 3all83)lb!BaJOllJ,11X llCHTpOIIOB 

rpynnhI i 11 cyMMapllaH cooTBeTCTBeu110; C;, Ai 1<0Hu,e11Tpal\HH n rrocTom111a51 

pacna,D,a HCTOqHIIKOB 3all83)1bIBalOlll,HX HetiTpOHOB rpyltnbl i COOTBCTCTBCIIHO; 

T 3cj:>cj:>CKTl1B!IOC BpCM5! )J(H3Hll Ml'HOBeH!lblX Hel"lTpOI!OB; t BpeM51. 

Ilocnc ncpCX0)1a OT llJlOTHOCTH Het'tTpOIIOB K MOllJ,HOCTH 11 OT 1111TCHCl1Bl-JO­

CTll l1CTO'-IHHKOB ttellTpOHOB K IlOJ)Ml1J)OBam1of1 HHTellCHBIIOCTH , Bbipa)J(eHllOli B 

eAJllll'IIJ,ax MOllJ,llOCTll, ypaBl-JCHJJ51 KHHeTJ1KH (1) H (2) 11p1106peTa!OT BJ.1)1 

TdP - ~P+ S; 
/j dt - (3 

(3) 

S=LS;; (4) 

1 dS; 
>.; dt + S; = µ;P. (5) 
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3,LI,CCb p = knn MOIJ.\HOCTb p caKTOp a (kn K03cPcPIH.\11 ClIT npo n o pIJ,11 0 HaJlbHO­

CTH MC)l<,lJY MOLU,JI OCTblO H llJlOT HOCTbIO HCfiTpOHOB n ); c = p - (3 - pcaKTHBHOCTb 

11 a MrHOBCIIHb l X IICfiTp OHax; Si = knT >.iCi/ (3, S = L i Si HOp M 11poBa1rna5J 

llllTCIICI IBHOCTb llCTOLf HHKOB 3arJ 33,ll,bIBalOIJ.\llX HCl1Tp0HOB r p y nnbI i 11 cyMMap 11 a51 

COOTBCTCTBCIIllO; µi = f3d (3 OTllOCIITCJlb l-l a51 ,ll,0Jl5J 3arJ 33,ll,bIBalOU\11 X HCtlTpOHOB 

t'p y nnb1 i . 

B p a6oTc 11 c n OJl b30BaH 1>1 w cCTb r p y nn 3afl 33,ll,bIBaIOU\11X 11 e t1 T p OHOB (Ni = 
6). 3 11a Ye HI1 5J n apa~ICTPOB 3all a3,lJ,b1BaJOIJ.\H X 11 et1Tp OHOB n p H ,[l,eJieH l111 239Pu 

6bJCTp b 1M H IICtiTp o 11aMH np1111 5JTbl CJie,ny rOU\H M l1 [5 ] : (3 = 0 ,00216 ; µi = 0 ,0 38; 

0 ,2 8; 0 ,216 ; 0 ,32 8; 0 , 103; 0 ,0 35; Ai= 0 ,0129 ; 0 ,0 3 11 ; 0 , 134; 0 ,33 1 ; 1 ,26 ; 3,21. 

lllup111Ia ll M rl YJibCOB MOIJ.\ll OCTH Ha IlOJlOB HIIC Bbl COTbl 1rn T PM n o p 5I,LJ,Ka MCllb­

w c n c pno,[l,a HM fl YJlbCOB. IIo::iToMy H M TIYJlbCbI MOIJ.\H OCTH paccMaTp "rna10Tc5J 

1<a1< 11 ,ll,CaJibIIbi e (6cc1<0He Y11 0 y31rne) 11M TIYJl b C1>1 c 3 Hc p r 11c tt E 11 . IIocKOJlbKY 

MC)l<,ll,y 11M fl YJl bCaM M Bbl ,[l,CJ15JCTC51 JI11Wb 8 % OT BCelt 3 HCp r HH p eaK TOp a, ,ll,Jl51 

y,LI,o6cTBa rrp1111 5JTO, <JTO 3 HCprH 51 cpo H a Eq, Bbl,ll,CJ15JCT C51 HC u c rrpc pbIBHO, a B 

BH,ll,C 6CCKOHCLfJIO Y3KHX 11M rJYJlbCOB, n p HYCM COBMCll.\CHll bJX c HM llYJl bCaM H MOIJ.\­

llOCTI!. c yc1CTOM 3THX y n pO IL\Cll!!i1 MOIJ.\IIOCTb peaKTOpa paccMaTp11BaCTC51 KaK 

11 ocJ1e,LI,0 BaTeJ11>11 ocTb H,ll,eaJJbHb tx HM TIYJibCOB. Ta1<oe 11 pe,LI,CTaBJieH11 e MOIJ.\llOCTJJ 

1103BOJI5JeT OT y p aB1-1e1rntt K llHCTl1 K l1 (3) - (5), H3 KOTOpb! X n ep Boe 11 TpCTbC 5lB­

Jl 5TIOTC51 ,ll,11cPcPCPC lll\HaJibH b l M l1 , n ep eHTH K aJ1rc6p a w rncKH M y p aBHCHl15JM (6), 

CB5J3bJBalOIJ.\HM 3 11 a'-ICIIl151 6c3p33MepHbIX rrcpCMCl!Hb!X B ,ll,HCKp CTI!b I C MOMCllTbl 

BpCMCH H - MOMCIITbI , COOTBCTCTBY IOIJ.\IIC TCKYIJ.\CMY IIMITYJlbCY MOIJ.\HOCTll (c llll­

,ll,CKCOM n) II n pC,ll,W CCTBYIOIJ.\CMY lIM ITYJibCY MOIJ.\HOCTII ( c llll,ll,CKCOM n- 1 ) [3, 4 ] . 

IIa p aMeTp b l c ll ll )l<H HM HII,ll,CKCOM, 1rnnp11 Mep n, COOTBCTCTBYIOT n-My l!MflYJlbCY 

MOIJ.\llOCTH , a c Bepx!IHM 1111,ll,CKCOM 0 - 6330Bbl M 3IIa YCHH 5JM n apaMeTp OB. 

3 Hepr1rn 1rM n yJihca MOIJ.\II OCTH E 11 11 aM llJl lrTy,ll,a MM fl YJlbCa M OIJ.\HOCTH Pm 
11 po11o p11,110 HaJlb ll bl llHTCHCHBHOCTII 3afl 33,ll,b1Ba!OIJ.\llX He fiTpOllOB n e p e,ll, HaLfaJlOM 

HMllYJi b ca MOIJ.\ll OCTH S 11 HM llYJibCHbIM 1<o::i¢ ¢ 1111,HCHTOM n c p c,[1,a'-I11 M (,ll,J151 

3 11 Cp rM11 11 M ITYJlbCa MOIJ.\HOCT 11 ) M Mp (,LJ,J1 51 aM fl Jl MTY,ll,bl MM llYJlbCa) : Eun= M,,Sn, 
Pmn = MpnSn. 11M llYJih CHb!C K03CpcpHIJ,Me lIT bl M 11 Mp , 5lBJ15110 1J.\11CC51 HCJl MHClt­

Hb lM H cPY H KIJ,H51M ll MaKCITMaJ!bHOT'O 3 H a'-ICIII1 51 p eaKTHB HOCTl1 B H M ITYJi b Ce cm, 
Bbl '-IM CJlCHbl n o y p am1e HJ l5JM K llllCTIIKH (3) - (5) . IlpoMe)l<yTO'-lll ble 3 HaYCIIII 51 3THX 

n a p aMeTp OB c ,ll,OCTaTO YHOfi TO'-IH OCTblO o n pC,[1,CJI5J IOTC51 n yTeM mrne fiIIOtl HH­

TCp110Jl5I IJ,HII. P m·K HMY cTa611Jl113au,1111 , T. e . p e>K HMY c n ocT05J 1111o t1 aMrrJ111Ty,ll,o t1 

H M rJ YJl b COB M OIJ\llOCTH , COOTBCTCTByeT 3 l!aLJCl-J11 e p caK T l1 Bl-I OCTl1 B M a KCMMYMC 

c~ = 1. 02 · 10- 3. 

IIp11MeHMTCJl b 110 K rrapaMCTpaM, c o oTBCTCTBy10 1J.\11M n - My 11 M n yJibCY 11 Bb1-

p a>1<eH11 1>1M 13 OTllOCllTCJlb Hb!X C,ll,11HHIJ,ax, y p aBHClll151 KHl-l eTllKH npH Be,ll,CH b l I< 
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CJIC,ll,Y IOU.\CMY BH,LJ,y: 

Eq,n Sn 
ED = kq,n so; 

En E 11n Eq,n E11n Eun E~ 
ED= EO + ED; EO - EO EO' 

II 

kq,n = Eq,n = (3T., SO 
E 0 t.kno - cmn E 0 ' 

Eun Sn Mn S,, ( M,,) 
E~ = so MO = so exp ln MO ; 

P,nn _ Sn Mpn _ S,, (i Mp,, ) . 
p o - so M o - so exp n Mo ' 

m p p 

Sn _ '"'Sin. Sin _ (Sin-1 ·>- · E0 E,,_1 ) -A,T., 
so - ~ so ' so - so + µ, ' so ED e . 

i 

(6) 

IIocTomrnh1e BeJl11Y11 11 b1 s 0 / E0 11 E~/ E 0 B (6) Bbl YHCJl5l!OTC5J n o ¢opMyJlaM 

s0 1 

E o = L µi>.i A T • ; e 1 II -

i 

Eo 
0 ___! = k,p = EO 

1 . 
(3T. , 0 L µiAi eA,T., _ l ' 

t.kno - cm i 

Eo o 
- " = 1- kq,. ED 

(7) 

B y p am1e111151x (6) 11 (7) E ., , E,p, E = E11 + E,p ::i 11cpn 15J, BbI ,ll,CJl5JCMa51 cooT-

BeTCTBc11110 B 11M llYJlbCC MOIJ.\HOCTM, B HllTCp Bane MC)l<,lJY HM llYJibCaMM (3IICp r 1151 

¢mia) H n oJl Ha5J 3a n epuo,LI, 11Mn yJlbCOB T. 1; E 11n/ E~ OTHOW CHJLC 3 Hc p r H11 H M-

11yJl1>Ca MOIJ.\llOCTH K cc 6330BOMY 3 11ac1c 11 11 10 E~; Pm, P;; - aM 11 Jl 11 Ty,LI,a HM rIYJlbCa 

MOIJ.\ILOCTl l H ec 6a30BOe 3 1laYCHIIC COOTBCTCTBe11110; n HOMCp HM flYJlbCa MOIJ.\­

HOCTH ; M, M 0 - 11MITYJlbCHb lt1 1<o::icp¢t111,11eHT n ep e,LJ,aY 11 11 cro 6330BOC 311a<1em1 e 

c o oTBCTCTBcmm; MPn, Mi - 1<o::i¢¢1111,He 11T n c p c,LI,a'-111 aM n JI HTY/\b l 11M I1YJlbCa 

MOU\llOCTl'I 11 cro 6330BOC 3 Ha<I CHHC COOTBCTCTBCllllO; k~ - ,ll,OJI5J 3 11cpn111 ¢m1a 

3a n e p110,ll, OT n om10t1 3 Heprm1 3a 3TOT )KC n epMo,ll,; S;, S = L ; Si 11o p M 11 po­

Barn1 a51 11 HTCHCIIBHOCTb llCTOYH ll KOB 3arI 33,ll,bIBalOIJ.\ llX HCi1Tp011 0B (Bb1pa)l<CHH a5J 

B e,[l,Hlll111,aX MOIJ.\HOCT H) r p y nnbI i 11 cyMMapIIa51 COOTBeTCTBCIIllO; kno - ::i¢ ­

¢ e KT 11 BllOCTh rI O,ll,BI1/K llOr o OTp a>KaTCJl51 ; Cm MaKC 11MaJlbHa 51 p caKTHBJ-IOCTb 

( Ha,LI,KpHT H'-IJ-IOCTb) B HM llYJih Ce . 

P ca1<T11 BHOCTb B MO,LI,eJl M ,LJ,JI51 y,LI,o6cTBa Bh1pa>1<e 11a KaK B a6comoT11b1x e,LI,11-

H1111,ax (p), TaK 11 B ,LI,OJ15JX (311 (r = p/(311 ) . B eTa- 11 M n yJlbCHa 5l p ca1<T 11 B 11ocTb [6 ] 

9 



Bbl'-!HCJrn:eTC51 no CJle,DylOUJ,Ctl cpopMyJic: 

1 M 0 

(3" = dln (,Cf0 )/ dcml 0~ = dM/dcm l 0~ (8) 

,Il;Jt51 pcaKTOpa I1BP-2M !311 = 1,54. 10- 4 . 

Tio a1m11or1111 c peaKTOpOM I1BP-2 pcaKTJ.181-lOCTb MO!l\HOCTHOtl o6paTHOtl 

CB513H (MOC) I1BP-2M, COOTBCTCTBYIO!l\a.51 n-My 11MflYJibCY MO!l\HOCTJ.1, npc,LJ,­

CTaBJiella cyMMOli Tpex COCTaBJI5110LU,HX [3, 4j: 

3 

TTn = L TTjn· 
j=l 

(9) 

Tp11 cocTaB11mow,11e MOC c 11c1111HenHb1M11 K03cpcp111J,HeHTaMn 11epc,LJ,aY11 krNj 
cooTBCTCTBy10T MOC H AJIH n-ro HMITYJibca om1caHb1 c11c.ny1011\11M o6pa3oM: 

( 
kTNj) ( 'Fi, ) T'Tjn = TTjn-1 + 6.En-1 Trj exp -TTj , (10) 

r,LJ,e Trj - nocTOm111a51 BpcMcnM j-fJ cocTaBJIH10111,ei'1 MOC (j = 1 , 2, 3). 
HeJIHHei'1Hb1l1 KO"lQ)(pMu,11c11T nepe,LJ,a'l11 ,LJ,JIH n-ro l!MnyJibCa rrpH j = 1 Bblpa­

)l(CH cpopMyJiol1 

krNj = krj (1 + CjTTjn-1), 

T. e. 3aBHCHT OT peaKT1113110CTil 3TOtl COCTal3JI51JOUJ,Cli rr1 , a rrpH j 
OT cyMMapHotl pea1<T1rn11ocT11 MOC rr: 

krNj = krj(l + CjT'Tn-1), 

r,LJ,e Cj - rrapaMcTp 11c1rnucfiHOCTH MOC. 

(11) 

2, 3 

(12) 

CTpy1<Typa 11 napaMCTpb1 6JI01<a MOC ou,c11CHb1 rryTCM MaTeMaTH"ICCKotl 

o6pa60TKII 3apcn1CT])H])Ol3a111JblX ncpeXO,LJ,IlbIX np01\CCCOB 3I-1Cpr1rn HMrIYJibCOB 

MO!l\I-IOCTH, Bbl3 BalJllblX npH11WyrOJibHbIMH KOJie6a1-111HMH pcaKTHBHOCTM rrpH 

pa311b1x ypoB11Hx cpc,LJ,11ci'1 MOLU,HOCTl1 I1BP-2M (0,5; l; 1 ,5 11 2 MBT) . .Jl1rnet!11b1e 

ypaB!-JeH!IH Cl35l3b1Ba10T AHCKpeTHbie 3Ha"leHI151 nepCMCllllblX, OTHOC5lll\HeC51 K 

COCC,LJ,HMM HMllYJJbCaM MOLU,llOCTH. 8THM ypa13HC!ll151M B MO,Ll,CJIH COOTl3eTCTBy­

IOT ,LJ,11c1<pCTHbIC ncpc,LJ,aTOYJibTe cpyHKJJ,HH W8 ;(z), Wrj(z), WA(z) 11 W~(z) , 

KOTOpbIMJ.1 y,LJ,06110 flOJib3013aTbC51 npH HCCJIC,LJ,OBallHM HMnyJibCHb!X CHCTeM al3-

TOMaTH'-lec1<0ro pcryJ111poBallM5! H KOTO])b!C rrpC,LJ,CTal3JI5l!OT co6otl: OTHOWeHH5l 

z -113 06pa/KCHMH BbJXO,LJ,llblX cm'HaJIOB K BXO,LJ,llblM . B MO,LJ,eJIH rrpe,LJ,ycMOTpcH 

TaK)l(C 6JioK B03Myw,a1011\et:i p ea1<TMBHocn1. Ha cro BblXOAC MO/KHO C03,LJ,aTb 

pa3JIWIJ-Ib1e 1311,LJ,bl B03111yw,c1111t! peaKTHBHOCTH , B c1acTHOCT11 B03Myu1,et111e , l3b1-

3Ba1rnoe fl])C,LJ,HaMC])CllllblM ncpcMCLU,CHHCM npOMC/KYTOYHOro peryJI51TOpa (TIP) , 

10 

6110KOB aBap11l1Hol1 3aw,11TbI (A31 11 A32) 11 KOMnc11c11py1ow,11x opraHOB (KOl H 

K02). Ta101<e MO)l(IIO BbI'llICJI51Tb 113MCHCH11c peaKTMBHOCTM , Bbl3Ba1111oe ncpcMc-

11\CHHCM aBTOMaTll'lCCKOro pcryJI51TOpa (AP) 11p1·1 pa6oTe peaKTOpa B pm1<11Me 

aBTOMaTHLICCKOt'! CTafolJI1'13aLI,HH MO!l\HOCT!l. 

B MO,LJ,CJIM yc1TC11b1 CJICAYIO!l\He HCJnrnctlHbIC 3aB11CHMOCT11: 

1. 3aBHCHMOCTb 11MflYJlbCHOro K03cpcpHLI,11CllTa nepc,LJ,a"ll1 3Hepr1111 HMrlYJlbCa 

MO!l\HOCTH M = E 11 / S ( 0T1-1owc111151 311cprirn 11Mny11bca MOLU,HOCTM K 

cyMMapnoMy 11cT0<111111<y 1-1etiTpo110B) OT pcaKTHBHOCTM l1BP-2M. 

2. 3aBMCl!MOCTb l!MllYJibCHOro K03cpcp!!ll,11Cl!Ta ncpc,LJ,a'lll aMfTJIIITYAbI Hl\1llYJib­

ca MOLU,HOCTM Mp= Pm/S (oTHowc111151 aMnm1Ty,LJ,bJ HMnyJibca MOLLI,llOCTll 

K cyMMap110My IICTOLJHJlKY HenTpOHOB) OT peaKTHBHOCTH I1BP-2M. 

3. 3aB11cllMOCTb peaKTMBHOCTH CTCp)l(l!Ctl A3 (A31 11 A32) , KO (KOl ll 

K02) , TIP 11 AP OT Hx noJimKeHHH B a1<T11B11otl 3011c. 

4. 3aBHCMMOCTb K03cpcp11u,tteHTOB rrcpc,LJ,a<1Jl MOC OT ec pcaKTHBHOCTM. 

Mo,LJ,eJibllaH pcanH3au,1151 61101<a aBTOMaTw1ec1<oro pcryJI11poBamrn MOLU,llOCTII 

(AP), npe,LJ,CTaBJic1111oro Ha pnc. l , B o6w,ci'1 cTpy1<Type ,LJ,1rnaM111<11 peaKTopa 

HCCJICAOBalla ,LJ,OCTaTOYIIO rro,LJ,po6Ho, nocKOJibKY OT c11cTeMb1 AP BO MllOl' OM 

3aBHC5lT CTa611JibHOCTb H Ha,LJ,e/KHOCTb pa6oTbl pcawropa. CyTb 11cc11e,LJ,0Barn1!'1 

AP cocTOHJia B Bb16opc onT11MaJibllOtl CTaT11CTJlL!CCKoti MOACJIH napal\tCTpoB AP. 

Perym1pyeMblM napaMeTpOM peaKTopa HBJI51CTC51 OTIIOCIITCJibHOe OTKJIOl!CH11e 

aMrrJIHTYAbI llMnyJ1bca MOLU,HOCTH. Ono pa13110 OTllOCIITCJibHOMY OT1<J1011cnH10 

3HcprHH 11M11y11bca MO!l\IIOCT11 6.e" = (E11 - E~)/ E,~, r,LJ,e E11 11 E~ 3 11cpr1rn 

11MllYJibCa 11 cro 6a30BOe (cpe,LJ,HCC) 3 lla'lCllllC COOTBCTCTl3CHHO. Tip11 aIIaJll13C All­

HaMHKH pcaKTOpa llMCllHO OHO Il])HH5ITO B KaLICCTl3C pcry; rnpycMoro napaMCTpa. 

<D11y1<Tya111111 pery1111pyeMoro napaMCTpa OTllOCHTCJlbHO cpe,LJ,Hero ypOB!IH 

B WTaTHOM pC)l(l!Me CTa611J1113all,11H o6blLJlJO COOTBCTCTBYIOT ,LJ,Hana30HY ± 20% 

c B03M0)1(llblMH 13bl6pocaMH AO 40%. c yc1CTOM 3TOro K aBTOMaTl'ILICCKOMY 

peryJIHTopy ll])C,LJ,'b51BJl5110TC51 oco6bie, fl])ll'lCM npOTIIBOpeYHl3blC, Tpc6oBarnrn. c 
O,LJ,HOt'l CTO])Ollbl , OH ,Ll,OJl/KCH 06ecneY11BaTb Tpa,D,llll,llOlIHbIC fl0Ka3aTCJl ll Ka'lCCTBa 

rrepeXO,Ll,11 blX n ])OLI,CCCOB np11 peryJI51pll blX 1303MYLU,CHll5lX peaKTH BllOCTH ( MaJIOC 

nepeperym1poBallllC H MaJIOe B])CM51 pcry1111p0Ballll5i npH CKa'lKC peaKTllBHOCTll). 

C ,LJ,pyrott CTOpOHbI , AP ,LJ,OmKeH YAOBJieT130p51Tb HCKoeMy 1<p11TepH10 KaYCCTBa 

11])11 CJIY<JatlllbJX 1303MYLU,CHHHX peaKTHBllOCTJI. 

B 1<aYCCTBC cTaTHCTMYeCKH orrTHMaJib11oro np1111HT AP, 06ecneYHBa 1ou~nt1 

13 PC/KHMC CTafo1m13aLI,HI1 Ml1HI1MYM BCpowruoro c pe,D,HeK13a,LJ,paTllYCCKOl'O 

OTHOCHTCJlbl!Oro OTKJIOIICII1151 311eprHH 6y.nyu1cro (n-ro) HMllYJibCa MO!l\llOCTH 

Ha OCH013C llllcpOpMaLI,Mll , noJiy'-leHIIOll 113 npC,LJ, WCCTl3Y lO!l\HX (k-x) lflvlllYJibCOB 

111011\HOCTH (k < n). TipH 3TOM HHcpOpMau,1111 OT ll])C,LJ,WCCTl3YIO!l\11X HMflYJibCOB 
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npu)J,a8TC51 pa3Hblf1 BCC, II TCM caMb!M BBO)J,11TC51 np1111u,1m CTapemrn 11H¢op­

Mau,m1. CTaTucTw1cc1<11 onTHMa.JJbHOMY AP cooTBCTCTByeT CJlCAfI011J,11f1 BH)J, 

a.nrop11TMa [11]: 

1 n 

T'An = L:n 2 L a;_k(r Ak - Lieuk), 
k=l an-k k=l 

(13) 

r)J,c T'An , T'Ak - OTKJ1011c11H5I peaKT11BHOCTM AP OT cpc,L1,11cro (633oBoro) ypoBirn, 

OTHOC5111J,llCC51 K 6y,L1,Y11J,CMY (n-My) H npe)J,WCCTilYIOllJ,l•IM (k-M) HMilYJlbCaM MOllJ,­

IlOCTH COOTBCTCTBCI!llO (3,lJ,CCb pcaKTl1BHOCTb )J,Jl51 y,JJ,o6cTBa BblproKeHa B )J,0Jl51X; 

Lieuk - OTI-IOCllTCJlbllbl8 OTKJ!OllClll151 3Hepr1rn npe,JJ,WCCTBYIOllJ,llX HMnyJlbCOB MOW,­

HOCTH (k = 0 COOTB8TCTBYCT 11ac1any OTC<JeTa - llaYaJIY 11a6opa aBTOMaTH'-18CKHM 

pcryJl51TOpOM 1111cj)OpMau,m1); a;_k ::::; 1 - napaMCTp, 3aB IIC5111J,HH OT pa31IOCTH 

IIOMepoB l!MrlYJlbCOB n - k ~ 1 , xapaKTCp113yeT CTC nCllb CTapeI-11151 1rn¢opMau,1111 , 

noJty<ieHHOti Il3 npC)J,WCCTBYIOlll,11X IIMilYJlbCOB MOW,llOCTll. 

l1MIIYJibCHa51 ncpCXO)J,lla51 xapaKTepHCTIIKa aBTOMaTl1YCCKOl'O peryJI51TOpa 

11 , CJ!8)J,OBaTCJ!bJJO, Cl' O CTpy1<Typa onpC)J,CJl5110TC51 Bb16opoM cPYHKU,1111 a;,_k B 

cj)OpMyJte (13) [11, 14]. 

B CB51311 c ::iT11M np0Be,JJ,c11 ,JJ,8TaJ1b11b1t! a11aJ1113 ,JJ,1111aM11KM peaKTopa )J,Jl51 ,JJ,Byx 

11au60J1ee CCT8CTBCllliblX Bap11aJITOB Bb16opa 3TOi1 cpy11KU,llll [5]. 

B rrepnoM napwaHTe napaMeTp a;_k yMCllbwaeTC51 c pocTOM HH)J,eKca 

n - k ( a6 = 1 > ai > a~ > ... ) . cho 031la'laCT, <JTO 60J!CC paIIIICH 11HcPOpMaU,1111 

np11,JJ,aCTC5I Me11bw11t1 nee. B pc3yJlbTaTc mrnyJlbC11a51 ncpc,JJ,aTOCIHa51 cPYHKU,H51 

AP np11HnMacT Bil)], nepe,JJ,aTOYHoti cPYHKu,1111 1111TerpaTopa 

WA(z) = T'A(z) = T;, z-1 
6A(z) TA 1 - z-1' 

(14) 

r11,c T;, - ncp110,LJ, 11MnyJ1bCOB MOW,HOCT11; TA nocT05l 1111a51 BpCMCHll ::i1<cno11e11u,11-

aJ1bHotl cPYHKIJ,llll a;,_k• 
ABTOMaTWl8CKMil pcryJl51TOp l1BP-2M rrpC,LJ,C'raBJl518T co6otl HMCHHO TaKOti 

n11TerpaTop. 311ac1e1111c TA MO)f<eT ycTattaBJ111BaTbC5I pa3JlMYHhIM, )J,Jl51 Yero 

HCl10Jlb3YCTC51 COOTllOWCllllC TA = lOL:i. , r)J,C Li BapbHpyCMb!H napaMeTp. 

B 11aCT05lllJ,C8 BpCM51 npH1151TO Li = 0, 2. 8TOMY 3 11a'lCIIl110 Li COOTBCTCTBYCT 

nocT05l1ma51 BpcMeH11 TA = 2 c , 11 1<o::i¢¢uu,11cHT ncpc11,aY11 AP B ¢opMyJlc (14) 

paBeH T../TA = 0, 1. Bapb11pycMbtt1 napaMeTp Li napaMCTp c1<opocT11 AP: c1cM 

OH 6oJlbUJe, TCM MCllhLUC c1<opoCTb AP np11 o,n,110M 11 TOM )KC CJH'Hanc 1-ia cro 

Bxo11,c. C U,CJibJO Clll,C 60J1bu1cro ocJ1a6ne11115I BJll15111H51 wyMOB Ha pa6oTy AP 

l1BP-2M BB8,JJ,Cll ,JJ,onom111TCJlbHb1tl ¢11JlbTp. PcryJl11pycMb1ti rrapaMeTp Lie11n 
nponyc1<aeTC5I 'ICPC3 3TOT cp11JlbTp 11 npeBpaw,acTC51 B CrJ!a)l<Cllllblti CHrHaJ! Lieun· 
B llTOre Ha BXO)J, AP no,JJ,aCTC51 He cnr11an 0An = -Lie11n, a crna)l{CHI-lblti c11r11an 

0An = -Lieun (pHC. 2). 
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8A = -~e .. n 

P11c. 2: B 1101<-cxcMa AP HMnyJtbCHoro pcaKTopa l1BP-2M. 1/VA , HI~ 11MnyJ1bC-

Hbl8 nepc,JJ,aTO'Illble ¢y111<u,1111 AP 11 ¢11J1bTpa cooTBeTCTBeHHO 

AJ1rop11TM crJla)l(1-rna1111s1 cj)HJlbTpa y,JJ,OBJ!CTBOp51CT cTaT11cT11YecKn onn1-

MaJ1b110My 1<p11Tcp1110, aHaJ10r11YttOMY 1<p11Tcp1110 onTI!MMbHOCT11 AP 112], H 

Bb1pa:t1<aeTC5I cpopMyJlot! 

1 
Lieun = Lie,m-1 +-(Lie"" - Lie,m-1), 

q 
(15) 

r,JJ,C q > 1 Ko::i¢¢11u,11c11T crna)l(HBamrn (np11 q = 1 Lie11n = Lie,m, T.e. ¢11 JlbTp 

ne pa60'l:awr H crna)l<H BaH 1151 peryJlHpycMoro napaMCTpa 11e rrpoBO)J,HTC51). 

<D11J1bTPY c aJtrOpHTMOM (15) COOTB8TCTBYCT 11MrlYJlbCHa51 nepe,JJ,aTOCllla51 cpy111<-

IJ,H51 
i\ - 1 

W ( ) = ~ = q- 1 
~ z i\ _!)_ - 1. 

u e11 q-l - z 
(16) 

Bo BTopoM BapwaHTe ycmThIBaeTC51 TOJlbKO 1rn¢opMau,1rn , 110JlyYc1111a51 

113 N npc,JJ,WCCTBy1011J,ux 11MnyJlbCOB MOLu,11ocTH, 11 ct! npn,JJ,aeTC51 Ha1160Jlbw11i1 

Bee. 8ToMy cJ1yYa10 COOTBCTCTByeT cTaT1tcTw1cc1< 11 onT11MaJ1hHb1i1 anrop1tTM AP 

I:~=l (r An-k - Lie11n-k) 
T'An = N · (17) 

Ta1<HM o6pa30M, BblXO)J,HOti c11rnan AP npc,JJ,cTaBJt51eT co6oti cpe,JJ,11capHcpMc­

Tw1cc1<0c 3 11ac1c11HC N npe,JJ,wecTBy1ow,11x BXO)J,llbtX CHrHaJIOB. 113 cj)OPM YJlbl (17) 

CJle,lJ,YeT, c1To HMny11bCHa5I ncpe,JJ,aTO'rna51 ¢y111<u,11s1 AP paBHa 

WA(z) = T'A(z) = ~ z-N 
6A(z) Nl-z- 1· 

(18) 

BTopoMy Bap1rn11Ty COOTBCTCTByeT CTpy1<Typ 11a51 cxeMa awro~1aTllYCCKOl'O 

pcrym1pona111151 p ca1<Topa l1BP-2M , no1<a3a1111a51 11a p11c. 2, Ho np11 W~ = 1 , T.c. 

cxcMa 6c3 cj)l1JlbTpa. Mo,JJ,en11p0Ba1rnc npou,cccoB npoBe,JJ,eHo B cooTBeTCTB 1111 

c ::>Tot! cTpy1<Typ11ot1 cxeMoti:. IToc1<0JihKY ,JJ,t111aM111<a p eaKTopa cy11J,CCTBc11110 

3aBl1Cl1T OT napaMCTpOB o6paTHOl1 CB513H, o6ycJtOBJ1ClllIOti pa3orpeBOM pcaKTOpa, 

TO 3 1-iac1c11vrn 3T11x napaMeTpoB 6b1J111 ou,c11c11bt ,JJ,O MO)J,eJl11poBaHll5I. Ou,c111<a 

ocyllJ,CCTBJ!Clla nocpe,JJ,CTBOM MaTeMaTW18CKOt! o6pa60TKH 3aperHCTpHpOBallllblX 

nepeXO)J,HblX npou,cccoB MOllJ,HOCTH , o6ycJlOBJICllllblX npc,JJ,11aMepe1111btMll np51MO­

yroJlbHblMll KOJlc6aHH51M11 pcaKTHBllOCTII , B pC)l(llMC caMoperyJl11poBa111151 [41. 
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,Il;;rn o6on x Bap11a11TOB AP Bb1c111cncHbI nepexo,LI,HbIC npou,cccbI M0111,HOCTl1 np11 

p 33nwrnb1x B03MyLu,e1-11mx pcaKTIIBHOCTH. A 11Me11110: a) perynHpHoe B03My111,e­

II11c B BH,LI,e CKa'-!Ka rp = -0 , 1; 6) peMbHbll1 IJJYM peaKTl1BHOCTII, Bbl'-lH CJleHJlbll'i 

peaKT11MeTpOM [2] no 3apcr11cTp11poBaHHOMY wyMy M011l,IIOCT11 npa pa6oTe pcaK­

Topa B pC)KHMe caMopcryn11poBaliH5l rrpH HOMIIHaJlbllOtl cpC,11,HCfi M0111,HOCTH 2 

MBT; B) cnyc1atllloc B03MyLu,cm1c B BM,LI,e 6enoro wyMa c ,LI,11cnepc11etl a}= 0, 052. 

ITpnBc,LI,eHHb1e 11mKc p11cy11KH 11nn10cTpnpy10T pC3yJibTaTbI paC'-reTOB ,LI,J151 

110M1manbHbIX 3 Ha'-!c1111!1 cpe,LI,Hefi M0111,HOCTH 2 MBT II pacxo,LI,a Tcnnottoc1nem1 

(HaTp1rn) 100 M3 / '-! . 

Ha pHc. 3 ,ll,J151 ncpBoro BapnaHTa AP nOK33allbl nepexo,LI,Hbie npou,eccb1, 

Bbl3BaIII-Ib!C CKaCIKOM pcaKTIIBHOCTl1 np11 p33HbIX 311ac1c111rnx K03¢cPHU,11eHTa 

crna)Krrnamm ¢11JlbTpa q =1, 8 11 32 H rrapaMCTpa CKopocT11 AP .6. = 0 , 2. TaM 

)KC ,ll,Jl51 cpaBllCIIII51 llOK33aIIbl aHMOrH'-!Hble ncpCX0,11, llblC npou,eCCbl ,ll,Jl51 pe)K11Ma 

rn.Mopcrym1p0Bamrn, T.C. 6c3 AP. 

0, 05 0,05 
(a) 

I ~ 
s (6) 

0 0 
5 5 .; .; 

<J <J 
- 0, 05 -0,05 

- 0 1 -0 l 
' 0 20 40 60 80 ' 0 20 40 60 80 

n n 

P11c. 3: 0TIIOCHT€JlbllOC OTKJIOHCIIHC 3Hcpr1111 llMfIYJJbCOB M0111,HOCTl1 .6. eHn 11 p11 

c1<a'-l1<e peaKTHBHOCT11 (B ,LI,OJJ51X /3") rp = -0, 1 ,ll,J151 ncpBoro BapHaHTa AP. 

a) AP OTKmoc1e11 (pc)KI·IM caMoperyJJ11poBaH115I); 6) AP BKJI1oc1eH, napaMCTp 

cPHJJbTpa q = 1 (1 ); 8 (2); 32 (3) npH .6. = 0, 2; n llOMCp 11MfIYJlbCa MOlll,HOCTH 

H a p11c. 4 n o1<33a11b1 a11anor11'-!Hb1e npou,eccb1 ,LI,JJ51 BToporo BapHaHTa AP B 

3aBHCHMOCTl1 OT '-lllCJJa N npe,LI,bl ,LI,ylll,HX 11MllYJlbCOB MOlll,JJOCT11, rro KOTOpbIM 

nyTeM ycpe,LI,11cH115l BXO,LI,llbIX cHrm1.JJoB AP q)OpM11pycTC5l ero BbIXO)l,HOtl cHruan . 

H a p11c. 5 1101<33a110 cpc,LI,11e1<Ba,LI,paTH'-lec1<oe OTKJJ011c1rne 3nepmM IIMllYJJbCOB 

MOIJJ,J-IOCTl1 a , o6yCJJ013Jl€HllOe wyMOM peaKTl1BllOCTl1, 11p11 p33Hb!X 3Ha'-lCIIH51X 

1<03¢qrnu,11eHTa Cl'J1m1<11Ba111rn cPYIJJbTpa q, napaMcTpa c1<opocTM AP .6. (nepBbitl 

Bap1rnHT AP) 11 napaMcTpa N (BTopofi Bap11aHT AP). Ha pHc. 5 no1<33a1-1b1 

Kp11Bb1e, pacccmTaH11b1c ,LI,JJ51 peanbIIOro wyMa pea1<Tl1BllOCT11. Kp11Bb1e, pacc'-lH­

TaH Hbie ,ll,Jl51 1303MYlll,CIIJI51 pcaKTl1BHOCTM B BH,[l,C 6cnoro wy111a, He OTJII1'-lalOTC51 

cylll,CCTB€HHO OT KpllBblX , fIOK33aHHblX Ha p11c. 5. 
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0,04 

0 

• = ., 
<J - 0, 04 

- 0, 08 
I 

0 20 40 60 80 
n 

P1-1c. 4 : On1oc11TCJ1b1-10e OTKJJOHeHHe 311epr11H 11MnyJJbCOB Mo111,110CTH .6.e11 n 11p11 

c1<ac11<e peaKTIIBllOCTll (B ,LI,OJJ51X /311 ) rp = -0, 1; ,LI,JJ51 BToporo BapHa11Ta AP. 1 
- napaMCTp AP N = 1; 2 - N = 8; 3 N = 16 11 4 - N = 32; n - 11 0Mep 

HMilYJJbCa M0111,llOCTll 

'-lT06b1 y6c,LI,11TbC51, c1To B MO,LI,en11 ,LI,1111aMMKH I1BP-2M KaK B ¢113 11c1ccKOM 

npe,LI,CTaBJJCllMH pcaKTOpa, TaK H B cc nporpaMMIIOl1 pean113au,1111 HC ,LI,Onylll,CHbl 

ow116KM, c nOM0111,bIO 3TOti M0,11,CJJH 6blJIII CM0,11,CJlllpOBallbl nepCX0,11,llbIC npou,cc­

Cbl pcaKTopa MBP-2. 3ttac1eHH5l napaMeTpOB M0,11,CJJII 6b1JJ11 11p11115!Tb1 paB111>1M11 

3Ha'-leHH51M napaMCTpOB MO,LI,eJJH MBP-2 , B1<JJ1ocia51 11 napaMeTpb1 MOC. CM0,11,CJJII­

poBaHHbJC 11p11 TaKIIX 311ac1e111rnx napaMCTpOB nepCX0,11,Hbie npou,cCCbl MOlll,llOCTII 

rIOJIHOCTblO COBllaJlll c a11anorII'-!HblMII npou,eccaMII , paHee fIOJJY'-!CllllblMll c 110-

MOlll,blO M0,11,CJJM MBP-2. TaK)Ke 6b1JII1 CMO,LI,CJ111p0Ba11b1 nepexO,LI,llbLe npou,ccc1>1 

B peaKTopc I1BP-2M, 06ycnoBneH11b1e n epeMe lll,c1111eM 11poMe)KyToc111oro pcry­

JJ51Topa. I1epcxo,LI,11b1e npou,eccb1 , BbI3Ba1111b1c 3TllMH nepcMc111,eHH5IM11 ITP (npH 

HMWIHl1 cylll,CCTBCllllbIX wyMoB), 6blJll1 3apcr11cTp11poBaIIbl pattec. Ilo 3TMM npo­

u,eccaM 6b1JJH ou,c11c111>1 11apaMeTpb1 ,LI,Byx Ka11anoB MOC I1BP-2M 11 paccc1wra11 1>1 

11epexo,LI,11b1e 11pou,cccb1 , 06ycJJOBJJeH11b1e ncpcMClll,CIIIICM ITP [10]. I10J1yc1CII111>1e c 

IlOMOlll,blO M0,11,CJlll I1BP-2M nepeX0,11,llb!C npOU,CCCbl COBllaJIH c paC'-lCTHblMll. 

IlpHBC,11,CIIbl pc3yJJbTaTbl MO,LI,eJJ11poBa111m ncpcxo,LI,HbIX npou,eccoB np11 c6pocc 

A3, KOr,LI,a aMllJJHTy,LI,a 11MnyJJ1>ca MOlll,llOCTII yMCllbwacTC51 6oJJee '-ICM IIa c1cTb1pe 

nop51,LI,Ka 3a BPCM51 uc 6oJJec 10 c. CMo,LI,eJI11poBa11b1 npou,ecc 1>1 aBap11!1ttoro c6poca 

MOlll,HOCTH np11 p3311bIX ypOBH51X cpc,LI,11el1 MOll\llOCTII peaKTOpa ncpc,LI, c6pocoM 

(oT 0 ,2 ,11,0 2 MBT). CM0,LI,en11p0Ba11nb1C ncpcxo,LI,111>1e 11pou,eccb1 npa1<T11c1cc1<H 

COBlla,LI,aJOT c 3apcr11cTpHpOBaHHblMl1 (pnc. 6). 
Co3,LI,a1111c MaTeMaT11'-!ec1<otl MO,LI,CJJ11 pea1<TMMCTpa I1BP-2M CTaJIO JJorw1e­

c1<11111 np0,11,0Jl)KCIIHCM pa6oT, ITOCB51lll,Cllllb1X C03,LI,aHl1 10 MO,LI,eJ111 ,ll,J151 a1 1aJ1113a 

,11,HHaMHKH 11MfIYJibCIIOL'O peaKTOpa [13 14[. 

B I1BP-2M perIICTpupyeTc51 aMnJJMTy,LI,a Ka/l<,LI,Oro n-ro 11MnyJ1bCa MOlll,11ocT11 

Pmn· Bxo,LI,IIOil BCJJ11'-!1rnotl HMLIYJJbCllOro pcaKTIIMCTpa 51BJJ51eTC51 OTllOCIITCJlbIIa51 
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0, 07 ~-~-------~ 

0.066 

b 0, 062 

0,058 

0, 054 0 8 16 24 32 

q,N 

P11 c . 5: Cpc,L\HCKBa,L1paTw1ecKoe OTKJIOHett11e ::J Hcpr1111 11 M n yJibCOB MOill,IIOCTH CJ 

KaK ¢yttKU,H5! n apaMeTpa ¢11JibTpa q 11 napaMeTpa AP N. 1 6. = 0 , 05 ; 2 -
6. = 0 , l ; 3 - 6. = 0 , 2 (ncpBbtit Bap11aHT AP) H 4 BTopotl Bap11aHT AP 

aMnJiwry,L\a 11M n yJibca MOll\llOCTII Pmn/ P:;,, r,L\e P:;, 633oBa5! (3a,D,a1ma51) aM­

n JJ wry,D,a 11MnyJJbCa Mo111,11ocTH. BbIXO,L\HOtl Bc11w1111101~i 5IBJ15ICTC5! paccq11TaHHOC 

no o6p aTHbl M ypaBllCllH5I M KllHCTl1Kl1 MaKCI!MaJJbllOC 3 11 ac1em1e peaKTHBJ-IOCTH B 

HMnyJJbCe pcaKTHBllOCTH 11 M 11 yJibCHoro peaJ<TOpa MBP-2M. 

MMnyJibCHOMY pcaKTopy np11cylll,H 3 Ha'-l llTCJibll b l C wyMbI pcaKTIIBHOCTH, 

BCJlC,L\CTBHC c1ero 11 a6J110)l,aCTC5! 60JibWOM pa36pOC a~1llJirlTy,L\ II , CJIC,L\OBaTCJlb­

HO, ::incprim ll M llYJlbCOB MOill,IIOCTH (,D,o ±20%). Bb1c111c11c 1my 10 peaKTHMCTpOM 

pca1<T1rnttocTb MBP-2M MO)](HO HCllOJib30BaTb 1ranp5!My10 ,L\JI5! a HaJJH3a cro 

CTaTHCTJ1<JCCJ<Oro COCT05! H 11 51 ( nyTCM CTICKTPaJJ bl I Oro a t laJI H3a, KOppCJI5IU,HOTl­

llOro 11 ,Lip.). PeryJJ5Ipira51 cocTaBJI5110lll,a5! pcaKTllBllOCTH , o6ycJIOBJICHH a5! KaK 

MC,L\JlCHHbIM «YXO,L\OM» pcaKTHBHOCTl1 BCJIC,Ll,CTBl1C 113MCllCHH5! rrapaMeTpOB, TaK 

11 rrpC,D,HaMCpCHllblM 113MCllCllM CM pcaKTI1BHOCTl1 opra11 aM 11 y npaBJlCI!l15! ,Ll,J15! 

n cp110,n,11qec1<oli o u,c 111<H HX napaMeTpoB, cpaKTll'-ICCKH «TOIICT» B wyMax. Ta1<11M 

o6pa30M, ,L\Jl5! OU,CIIKl1 pcryJ15Ip11oti COCTaBJI5! 10 1l\Ctl BbJ'-l llCJlC!lll a5! peaKTHBIIOCTb 

11 e MO)!<CT 6b1Tb 11cnOJlb30Ba11a Hanp5IMYJO: W YMbJ peaKTHBl-IOCTII HC06XO,L\ 11 MO 

OTcPIIJibTpOBaTb. 

B 11pe,D,JraracM0~ 1 11MnyJlbCHOM peaKTHMCTpe 11 c n oJib30BaH np11Hu,11m1aJJbIIO 

HHOtl MeTO,L\ cPHJlbTpau,1111. B 11eM KaK nocTaHOBKa 3a,n,acrn , Tat< 11 cnoco6 ee pcwc-

111151 JJ OC5IT np111rna,n, 11otl MIDKC11epHbli1 xapaKTep c 5!CllblM cP11311'-ICCKl1M CMb! CJIOM, 

a He cpopMMbllO MaTeMan1'-l ec1<11ti. McTo,n, ocH0Ba1-1 11 a np1111u,Hnc cTaT11cTw1ec1<11 

OrlTl1MaJlbHOro aJlrOpHTMa, Bn epBbte npC,L\JlO)](C llllOl~O npHMCHHTeJlbHO K pcry­

JIHpOBaHMIO MOW,IIOCTH MM llYJlbCHOro pcaKTOpa 1111. 9TOT np11HU,1111 0Ka33JJC5! 

y 1-mse pCMbHblM II n03,Ll,llCC 6blJl pacnpocTpaHeH Ha B03MO/KllbIC 11Hbte pe:>KHMbl 

pa60Tbl p caKTOpa, a 3aTCM npHMeHeH He noc p c,n,CTBCllllO K 3a,n,aq e co6CTBCHIIO 

cPHJlbTpaU,Mll [8, 11 16[. 
P accMOTp e Hbl ,D,Ba BapHa HTa pacnoJJO)J(eH1rn CTaT 11 cT11'-l eCK11 onTHMaJJhIIOro 
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(a) 

10 I 10- 1 

'8! 10- 2 

---c( 10- 3 
10 2 

10- 4 10- 3 

10- s 
-2 0 2 4 

10 4 ~--~--~--~ 
0 0, 2 0, 4 0,6 

-
100 100 

(6) 
10- 1 

10- 1 

'8! 10 2 

---c( 10 3 
10 2 

10- 4 10 3 

10 5 
-2 0 2 4 

10 4 '------'------'--------' 

0 0, 2 0, 4 0, 6 

t , c t , c 

P11c. 6: Ticpexo,n,1 1b1C npou,eccb1 aMn JJwry,n,b1 11MnyJlbCOB MOill,HOCTH , BbI3Ba1111b1e 

c6pocoM A3 11 o,D, 11 ospeMCHllbI M aBap11tl 11b1M n cpcMcw,c11u cM KO 11 TIP npH 

cpe,D,IICi1 MOill,llOCTIJ peaJ<Topa 1 (a) H 2 MBT (6). Pm aMnJI 11Ty,D,a 11 M 11yJibCa 

M0Ill,HOCTl1 (1 MO,L\CJlb, 2 - :3J<CnCp11MCllT); t BpeM5! 

cpHJlbTpa OTllOCllTCJlbIIO peaKTI1MeTpa. B n cpBOM BapMaHTe n o OTIIOCHTCJlbllOtl 

aMnJlHTY,L\C llM n y J1 bCa MOUl,l!OCTH' xapaKTCp 113y1ow,ci"!c51 wyMa~rn ' Bbl '-IHCJ15ICTC51 

COOTBeTCTBy1ow,a51 peaKTHBHOCTb (TO)!<C c wyMaMM), KOTOpa5! crJia)!<HBaCTC51 

qmJlbTpoM (p11c. 7, a). Bo BTopoM Bap11a11Tc ¢11JlbTpOM crJJa)J(HBaCTC5! OT 11 oc 11-

TCJibHa5! aM n Jiwry,D,a MMITYJibCOB MOill,J-IOCTH (p 11 c. 7, 6) H no t-Jei1 Bbl"l llCJl5ICTC5! 

COOTBCTCTBYIOill,a5! pcaKTllBHOCTb . .Dyc1w11c pC3YJlbTaTbl COOTBCTCTBY IOT ncpBOMY 

Bap 11 a 11Ty. TaKa>I ou,cIIKa oc1-10BaIIa 11a a 11 aJ1113c 3aper11cTpHpoBa1111oro ncpc­

XO,L\IIOro npou,ccca aMTIJll l TY,L\bJ ll M llYJlbCOB MOW,llOCTl l , o6ycJlOBJlCH HOro npC,D,lla­

Mepettttb!M 113MCllCllllCM pcaJ<THBHOCTll n ocpC,Ll,CTBOM nepeMew,eHll5! IJJTaT 11 oro 

opraIIa ynpaBJJCllH5! ( npoMC)](YTO'-IH Oro p crym1Topa). PeaKTHBHOCTb H3MCll 5!JlaCb 

npoMC)](yTO'-l llbl M peryJJ5ITOpoM mu1et1Ho. PcaKTOp pa6oTM B p e)](HMe caMopc­

ry1111poBa mrn. Bb1"111cJie1111a51 B rrepBOM BapHawrc pcaJ<TIIBIIOCTb np11 11 aJ111 '-11111 

wyMOB cpaB1 11rnaJiaCb co crJia)J(eH HOCT , COOTBCTCTBY !Oill,e ti KaK n cpBOMy, TaK 

H BTopoMy Bap1rnwry. B Ta6JI . 1 npMBC,L\Cllbl cpC,L\HCJ<Ba,D,paTM'-l eCKOC OTKJ10 11e-

1111e 11p11 pa311b1X 3 11ac1e1nrnx KO::lcPQ)llU,llCllTa CrJia)l<HBaHH5! q, Bbl"IH CJICH llblC 

·m BpCM5! nepCMCill,CllH51 npOMC)](yTO'-ll lOrO j)Cl' YJl5lTOpa, ,L\Jl5! ,L\BYX Bap 1ra11TOB 
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PH c. 7: )];Ba BapHairra p acn oJIO)Ke1-1YJ5! CTaT 11 CT1·1c1 cc1<H onTHMaJib11oro Q:rnJibTpa 

)J,JI51 TI OJIY'-1 8 1111 5! crna:>K8H!!Otl p eaKTHBIIOCTl1. 1 pcaKTIIMCTcp ; 2 - cp11JlbTp 

pacnOJIO)KCH H51 cpHJI bTpa. 

Ta6n11l_\a 1: Cpc,JJ,He1rna,JJ,paT11'-leCKOC OTKJI011erme np11 p33HbIX 3 11 ac1eHH5IX K03cp­

cpmJ,MCIITa crna:>K HBa mrn )J,Jl51 ,JJ,BYX BapHalJTOB p acnOJIO:>KClJH51 cp11JlbTpa 

BapHaHT 
a, 10 -o 

q =4 q =8 q = 16 q = 32 
1 0,628 0,718 0,777 0,824 
2 0,642 0,770 0,988 1,5 

B TpeTbett rJiaBe np11BC,JJ,CHbl pe3yJlbTaTbl 1·1ccJie,JJ,OBaHH5! ,JJ,HHaMMKH 11M­

nynbc11oro pcaKTopa 11BP-2M Ha r!aLJaJlbHOM 3Tanc cro ::i1<cnnyaTal_\1111. On11cattb1 

3KCn cpHM8HTbl )J,JI51 ou,eHKIJ napaMCTPOB MOll\IIOCTllOH o6panIOt1 CB513H (MO C) 

H MCTO)J,bl o6pa60TKll 3KC11CpHMCIITaJibl!blX ,JJ,aill lblX. I1cXO)J,51 H3 xapaKTepa ne­

p exO)J, llblX npol_\eccoB Bb16pa1ia CTPYKTypa MOC, rroJiyc1c11a Ol_\e 11 1<a 3 Hac1crrnti 

n apaMcTpoB MOC 11 cTcn c H1.1 ycTofic1H BOCTM pca1<Topa B pc:>J<HMax caMope1'ynHpo­

BaHII5! 11 aBTOMaTw1cc1<oro pcryn upoBaHH51. Bb1 crncncttb1 3anacb1 ycTofi<111BocT11 

110 aM rrJiwry)J,C 11 Q)33C . )J;a11 cpaBllllTCJib llblH a 11 aJI113 )J, 111J aMHKH HMrJYJibCHblX 

peaKTOpOB 11BP-2 11 11BP-2M np11 O)J,HHaKOBOH 3 !1CprOBb1pa6oTKe. 

)J;n51 o npc,D,CJICH11 51 napaMcTpoB MOC co3,D,a11 a c n c l_\H aJib 11 a51 nporpaMMa 

IIOHCJ<a MHHHMyMa. 06pa60TKa )J,allllb!X rrpOBO)J,HJlaCb B CJlC,LJ,Y IOUJ,CM rrop51)J,KC: 

1. OT 3aper11cTp11poBaH11oro n epexo)J,HOro npol_\ccca (B Bll,D,C n ocne11,0BaTeJlb-

11ocTH n cpHO)J,OB KOJIC6armn), o6ycJlOBJlCHHOro np5IMOyrOJlbllbIM H KOJIC-

6a111rn M ll 11 w yMOM p eaKTHBllOCTH , )J,CJlaJIC51 n ep eXO)J, K npou,cccy .6.enn c 

ycpc11,1-1c 1mb1M n c pno,D,OM 11 yMeHblllCHHbIM wyMOM. 

2. 3a,JJ,asan11cb HaLJaJibHblC 3 11aLJC1JM5! napaMeTpoB MOC, KOTOpb1c Bapb11p0Ba­

nncb nporpaMMOt! TIOll CJ<a MH llllMyMa. ,1J;Jl51 Ka:>K,D,OrO Ha6opa n apaMeTpOB 

BblLJHCJl51JlC51 n cpcxo)J,11b1t1 npo u,ecc .6.e11 An· Bb1crncnc111151 npOBO,Ll,HJlHCb no 

y p aBHCHH5IM 1<1meTH K11 11 MOC, rrpe)J,cTaBJlCIIHbIM B BH,JJ,C p33HOCTI-lhrx 

y p am1e1u1n , CB513blBalOll\11X 3 ll a'-l8Hll51 n epeMCHHblX, COOTB8TCTBYIOIIJ,HX 

TCKY IIJ,CMY (c 111111,cKCOM n) H npe11,w ecTsy1o w,eMy (c 111!,JJ,eKcoM n - 1) 
l!MllYJlbCY MOIIJ,IIOCTH. 
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3. Orrpe)J,CJl51Jl l1 Cb 3 11 ac1e 111151 n a p aMeTpOB MOC, np11 KOTOpbrX ,D,OCTHra­

JlOCb 11 a11J1yY rncc np116mn1<eH11e Bbl'-lHCJle1111oro n epexo,D,11oro npou,ecca 

MOIIJ,llOCTH K 3apcr11cTp11poBaHHOMy. B KacrecTBe TIOK33aTCJl51 1ia1rnyc1-

wem np116J111 :>KCHl15! rrp11H5I T Ml1Hl1MYM c p e,LJ,H81<Ba,D,p anrLJ CCKOrO OTKJIO­

HCllH51 BbJLJM CJlCHHOro n ep CXO)J,HOrO npOl_\CCCa OT 3ap er11CTpHpOBaHHOro 

CJ = V N - 1 L::=l (.6.enn - .6.enAn)2. 311,ccb 11 ,D,aJiee rrcpeMeHHble, OTI!O­

C51IIJ,llCC51 Kn-My HMllYJlbCY MOIIJ,HOCTH, 110M8'-l81Ibl HH)J,Cl<COM n (N - KO-

JIHLJ8CTBO HM n yJibCOB B rrepHo,LJ,e 1<one6arrn n). Bb1 LJMCJICHHoe OT1<Jior-re u11e 

3 I-rcpr1m HMTIYJlbCa MOIIJ,I-IOCTH , COOTB8TCTBYIOIIJ,CC Bbr6paHIIbIM rrapaMCT­

paM MOC, o6o3 Ha'-leno 111-1,LJ,CKCOM A. B m oBble 3 11 a'-le1-11rn n epeMeHH b lX 

o6o3HaLJeI!bl Bepxrrn M 11J-l)J,CKCOM 0. 

Ta6m1l_\a 2: ITapaMCTpbr MOC 11BP-2M np11 pa3r1brx ypoB 115Ix cpc,n,Hct! MOIIJ,HOCTM 

pu j , 
flapaMe-rp 

MBT 1 I 2 I 3 
CyMMap11 b1tl K03cj:lcj)IH\He11T nepe,D,aLI 11 Lj krj, ;J,, / MBT - 6,85 

0,5 Ko3cj:lcj:lttl\~Ie 11T nepe,D,aLfH krj, ;J,, / MBT -6,99
1

1,75 I - 1,61 
flocTOHHHaH apeMe1111 Trj, c 6,0 0,22 0,4 1 
CyMMapub1f.l K03cj:lcj)Hl\He11T nepe,D,aLftt L j krj, ;J,, / MBT -5,54 

1,0 l<o3cj)cj:lm,111e11T nepe,D,aLfH krj, ;J,. / MBT -5,61 
1

1,16 I - 1,09 
flocTOH11uaH apeMe111-1 Trj, c 6,9 0,40 0,37 
CyMMapub1t1 K03cj:lcj)Hl \tte11T ncpe,D,a'-111 Lj krj, ;J,, / MBT -5,52 

1,5 Ko3cj)cj:l11l(11e11T rrepe,D,a'rn krj, ;J,, / MBT -5,87 
1

1,31 I - 0,96 
flocToH1maH apeMe1111 Trj, c 8,2 1,33 1,13 
CyMMap11b1il Ko3cj:lcj:l11l\tte11T ncpe,D,aLfH L j krj,/'i,, / MBT -5,14 

2,0 l<o3cpcj:l11l\He11T nepc,D,a<m krj, ;J,, / MBT -5,91 
1

1,59 I - 0.82 
flocTOHHHaH BpeMeJIH Trj, c 7,6 1,02 0,46 

)J;Jl5I BC8l'O OXBac1c1rnoro 3 KCrrep11MCHTOM ,D,llall330IIa 3 11 aLJCH llH CpC)J,l lCti MOIIJ,­

HOCTll p o (oT 0,5 11,0 2 MBT) xopowcc rrp116Jl11)Kc1111c BbJLJ llCJlCHHblX nepexo,LJ,Hbrx 

npou,cccoB 1< 3aper~1 cTp11poBa1rnb1 M n epexo,n,nbrM npol_\cccaM rr onyYCHO np11 npe,n,­

CTaBneHMM MaTeMaTwrec1<oti MO)J,CJlH MOC B Bl1,D,C napan11enb11oro coe,JJ,11HeIIm1 

Tpex JlIJHCtlHbIX a n cpHO)J,l lLJ CCKiiX 3BCHb8B co 3HaLJCIH!5IM H K03cpqmu,HCllTa rrcpc­

,LJ,aLIH krj 11 nocT05! 1mot! speMeHM Trj· ITpr-r MOtl_\110cT 11 MCHbLU C 110M1111anbnot! 

(oT 0,5 11,0 1,5 MBT) )J, BC 11 a 11 6onec 6b1CTpb1e cocTaBJl5I rOIIJ,He MOC npaKTMLJeCKH 

KOMnc11cupy10T ,D,pyr ,D,pyra r-r MOC ynpou~em10 Mo:>KCT 6brTb npe,LJ,CTaBnen a 

O,JJ,H ll M a rrep11 o)J,HLJCCKHM 3 BCHOM. Ou,e1-11<a n apaMeTpOB MaTeMaTw1ecKoti Mo11,en11 

MOC 11BP-2M B BH,n,e Tpcx a n epHO,LJ,H LJ eCKJIX 3B8llbCB np11Be11,e 11a B Ta6n. 2. 

H a p11c. 8 npe,D,CTasne11b1 3ap er11cTp11poBa HH blC tt Bb1c111cJieHHbJC n cpcxo,n,HblC 

npol_\eCCbl , cooTBeTCTBy1ow,Me Bb16pa1-1 HbI M napaMcTpaM MOC B T p exKOM nott e 11T-

1-1oti Mo,n,e1111 np11 ypoBH5!X cpc,LJ,HCtl MOIIJ,llOCTH 0,5 H 2 MBT. 

Mo11,enb peaKTOpa nonyLJeHa 1ia ocHOBaH11H 11 a 11nyY w cro np116mD1<e111151 CMO­

,Ll,CJ1 11p0Ba1111b1 x n ep CXO)J,Hbl X npo u,ecCOB K 3aper11 cTp11poBallllb!M npn cyIIJ,CCTBCll -
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Puc. 8: ITcpcxo,D,IIbIC npou,eccb1 , BbI3BaHHbie npm .. wyrOJi bIIbIMH KOJ1e6att115IMl1 

3a,D,a1ow,eii peaKTllBHOCTll np11 p83Hb!X ypOB1151X cpe,D,11etl MOW,HOCTl1 peaKTOpa: a, 
6) po= 0 ,5 MBT; 6, 2) po = 2,0 MBT; a, 6) 3a,D,a1ow,a51 peaKTHBHOCTb r0 (1); 
OTHOCHTeJibIIOC OTKJIOllerIHe 3aper11cTp11poBarn1of:\ 311Cprl!H llMnyJibCOB 6.ell (2) 
11 Bbl'H1.c11e1111of:\ 6.e11 A (3); 6, 2) Bb1c111c11eHHa5I cyMap11a51 pcaKT1.1B11ocTb MOC 

ry H cc COCTaBJI5110lll,l l C TTJ , T'T2 H T'y3 

Jlb!X H3Melle ll I151X MOLIJ,llOCTH. ,Ii,JI51 MO,ll,CJIHpOBa11115I nepCXO,[l,Ilb!X npou,eccoB B 

HCWTaTHb!X pen<I·IMax l.\CJiecoo6p83HO 11CIIOJlb30BaTb HMe11110 ec. Jlm1c1'111a51 MO­

,D,eJib rrpe,D,H83IIa'-!Clla, B nepBy10 O'-!epe,D,b, ,ll,Jl51 OLl,CllKH yCTOn'-!IJBOCTH peaKTOpa. 

PeaKTop 11ctty11cBot\ Mow,11ocT11 ,D,OJI)l(eH y,D,oBJICTBOp51Tb Ba)l(11etiweMy Tpe60Ba­

H1110 - YCTOl1'-! l lBOCTll B pC)l(IJMC caMoperym1poBa11115I. ,Ii,JI51 OLI,CIIKll ycTOtl'-!HBOCTll 

pcaKTopa y,D,06110 BocnoJib30BaTbC51 Kp11TepHc1v1 ycT01'1LJHBOCT11 HatlKBHCTa. ,IJ,1151 

3TOro CJIC,D,yCT npC1\C'TaBHTb peaKTOp B BH,ll,C 0,ll,llOKOHTYPIIOf:\ 3aMKHYTOl1 Cl!CTC­

Mbl c OTPHl\aTCJibJJOi\ 06pan1otl CB513bl0 11 cy,D,llTb 06 ycTOi\'-!IIBOCTH 3aMKIIyToi\ 

c 11cTCMb1 110 ciacTOTII bIM xapa1<Tep11CTHKaM pa30M1.<11yTot'i c11cTCMbI. 

AMrurnTy,D,HO-cp83oBa51 LJaCTOTHa51 xapa1<Tep11cT 11 1.<a (A<D'-I X) p830MKHyTon 

CHCTCMbl !IC OXBaTbIBaeT TOLIKY Ha KOMl1JieKCJIOJ:l IUIOCKOCTH c KOOp,[l,HllaTaMH 

(-1,jO). YcTOll'-!HBOCTb xapa1<Tep113y 10T 3anacoM no aMnJ111Ty,D,e (a= l/OA) 11 

no cp83e (<p) . 3anac no aMnJ111Ty,D,e noK83bIBaeT, B CKOJibKO p83 11a,D,o yBeJJH'-!HTb 

K03cj)cpHJJ,HeHT nepe,D,aLJM p830MKIIYTOf1 '-!aCTl1 CHCTCMbl, '-!T06bl Bb!BCCTM 3aMKHY-
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P11c. 9: AMnJ111Ty,D,110-cpa30Ba5I '-laCTOT11a51 xapa1<Tep11cT11Ka pa30M1<11yToi\ c11-

cTeMb1 npH npC1\CTaB.nc1rn11 peaKTOpa 6e3 i'tBTOMaTWJCCKOro peryJI51TOpa B BH,ll,C 

O,IJ,HOI<OHTypHotl 3aM1<HyTOtl CHCTCMbJ npH cpc,D,11ct'1 MOW,HOCTM pea1<Topa 0 ,5 MBT 

(1 ); 1 MBT (2); 1,5 MBT (3) l1 2 MBT (4) 

TO!t CHCTeMy 11a rpam1ey ycTOlt'-!!1BOCTll. T.c. '-!T06bl B 3aMKHYTOt'i Cl1CTCMC 

B03Hl1KJIM HC3aTyxaIOlll,HC KOJIC6aHl151. 3anac no cpa3e xapaKTCpI-13YIOT ,D,Ony­

CTHMOC yBc11w1c 1111c 3a,D,ep)l(KH c11mana 110 BpcMe11 11. Cne,D,oBaTeJibIIO, pca1<Top 

I1BP-2M B pe)l(11Me caMoperym1poBa1rn51 yC'roi\L!HB. Ero 3a11acb1 ycToi\LJHBOCTII 

npu y1<a3am1b1x napaMeTpax MOC Bnom1c ,D,OCTaTO'-!Hbie (p11c. 9 cnpaBa). 
3anacb1 ycTof:\L111BocT11 no aMnJIHTy,D,c 11 cp83c yMCllbWaIOTC51 np11 yBCJilJL1c111111 

cpe,D,HCt!. MOUJ,HOCTH peaKTOpa I1BP-2M B pC>KHMe caMopcry1111poBaH!15I. 3aBH­

CHMOCTH 3anaCOB ycTOllLJHBOCTl1 no aMl1JIHTY,ll,C H cp83e OT cpe,D,HCH MOLI.\llOCTM 

peaKTOpa I1BP-2M rIOKa3aHbl !Ia p11c. 10. 

Ha p11c. 11 np11BC,ll,CHb1 AC])l...£X p830MKHyToi\ c11cTCMb1 ,D,11HaMmrn , I<OTOpbJC 

11cnoJib3y10Tc5I ,D,JI51 cy>K,D,CHH51 06 ycToti LJ 11 BOCTH 3aMKIIyTot!. c11cTCMb1 « pcry1151-

Top- pca1<Top » no 1<pwrep1110 yC'rOtl'-!HBOCTll Hai\KBIICTa. P11c. 11 , a 1111mocTp11-

pyeT BJIJI51HHe 11a A<Dl...£X 1<03cpcp11u,11c11Ta crnan<IIBaHirn cpHJibTpa 1-1 napaMcTpa 

c1<opocTH AP ,D,JI51 ncpBoro BaprrnHTa AP, a p11c. 11 , 6 - BJil151HHC 1<0Jiw1ecTBa 

ycpc,D,H51CMblX BXO,D,II bIX c 1-1rJ-1anoB AP 11a A<Dl...£X. 

• 
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P11c. 11: AMnJIHTYAHO-cPa30BbJ8 '"IaCTOTIIbIC xapa1<T8p11cT111<11 p a30MKIIyTolt cn­

CT8Mbl « pcryJI5!TOp- p8aKTOp». a) ,!J,JI5! ncpBoro Bap11aHTa AP c rrapaM8TpOM 

CKOpOCTH 6 = 0 , 2 np11 pa3Hb!X 3 IIaLICHH5!X K03cPcPl11\11HTa crJia)KHBaIIl15! q = 1 

(1); 8 (2) H 32 (3); 6) ,ll,JI5! BToporo saptta~ITa AP np11 N = 8 

no A<DLIX , COOTB8TCTBYIOII.\11M TOMY 11JIH 11HOMY 3Hacrcrmro Bapb11pyCMblX 

napaM8TpoB q (1<o::i¢¢111\118wra crJia)K11Ban115!) n 6 (ITapaM8Tpa c1<opocn1 AP) 

,!l,JI5! n 8psoro Bap11aHTa l1JII1 N ( cmcna rrpC,!J,bIAfTOll.\11X BXO,!J,Hb!X c11rHaJIOB) ,!J,JI5! 

BTOporo, onp8,!l,8J18Ilbl 3aITaCbl ycTothI1BOCTl1 no aMITJ111TYA8 a = l / OA 11 cPa38 

6cp , pam10H. HaHM8Hblil8MY yrny rroBopoTa BCKTOpa A<DLIX 8,!l,11Hll'IIIOlt ,!J,JIHHbI 

,!l,O OTPHI.\aTCJibHOM ,[l,8MCTBHT8JlbHOH rronyoc11 (CM. p11c. 11). 
Ha pvtc. 12 no1<a3a11b1 3am1c11MOCTH 3auacoB no aMrrJ111Ty,!J,8 11 ¢a3c OT sapbH­

P Y8M bIX uapaM8TpoB q 11 6 ,!l,JI5! n8pBoro Bap11aHTa AP 11 OT N ,!l,Jl 5! BToporo. 

MccJic,!l,OBaHbI cpaBHHT8JibIIbI8 xapa1<T8p11cT11KH ,!l,HHaM11Y8CKHX cBoltcTB pc­

a1<TopoB MBP-2 11 I1BP-2M. I13- 3a OTJI11'I11i1 aKTHBHbrx 30H MBP-2 11 I1BP-2M 
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P11c. 12: 3anac ITO aMnJI11Ty,!J,8 (a) 11 ¢a3c ( 6): ,!l,JI5! n8pBoro Bap1taHTa AP 1 -
6 = 0 , 05 , 2 - 6 = 0 , 1 11 3 - 6 = 0, 2 ; ,[l,JI5! BToporo Bap11aIITa AP - 4 

no rCOM8Tp1111 11 CTpyKTyp8 TOrIJ111Ba T8pMOM8XaH11ciec1<118 npOI.\8CCbl B p8aK­

TOpax, BbI3bIBa8MbI8 113M8H8Hl15!M11 MOII.\HOCT11, pa3n11cra10TC5!. B CB5!311 c 3Tl1M 

pa3n11qa10TC5! CTPYI<Typa 11 3IIac18Hl15! napaM8TpoB MOC 11 , 1<a1< CJI8,!l,CTBH8, ,!l,l1-

naM11Ka p8aKTopos . OrrbJT 31<crrnyaTal.\1111 MBP-2 noKa3aJI, 'ITO MOll.\HOCTHa5! 

o6paTHa5! CB5!3b 11 ,!J,11HaM111<a p8aKTopa CYII.\8CTB8HHO 3aBl1C5lT OT 3H8prOBb1pa-

60T1<11, T.8. BbiropaHl15! Tonmrna, IT03TOMY cpamrnBaIOTC5! COCT05!Hl15! pcaKTOpOB 

MBP-2 11 I1BP-2M, cooTB8TCTBytoll.\118 HaYaJibHOMY rr8p110,!J,y ::JKCITJiyaTal.\1111 , 

KOr,[l,a BJl115!Hl18M Bb1ropaHH5! Ha ,[l,HHaMl1KY MQ)IUIO rrpcnc6pc'Ib. C:ho TaK Ila3bl­

BaCMb!C 6a30Bbl8 11CXO,[l,Hbl8 COCT05!H115!. ,Ii;JI5! 3Tl1X 6a30Bb!X COCT05!HHH B pa60TC 

paccMaTpHBaIOTC5! OTJil1'Il15! B ,[l,mraMI1K8 MBP-2 11 I1BP-2M H HX BJil15!Hl18 Ha 

KOJic6aT8JlbIIYIO ycTOHLJHBOCTb I1BP-2M 11 8rO 6830ITaCHOCTb. 
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P11c. 13: 9H8prOBbrpa6oTKa HMllYJibCHbIX p8a1<TopoB MBP-2 ( • ) 11 I1BP-2M ( • ) 

B 3aBl1CHMOCTl1 OT Bp8MCHl1 pa60Tbl p8aKTOpa (a) 11 cyMMapHblH K03cPcPl11\H8HT 

MOLLJ,HOCTHoi-1 o6paTHoi1 CB5!311 MBP-2 (kr) B 3aB11c11MoCTH OT 3H8prOBbrpa6oTKl1 

,[l,JI5! MBP-2 n np11 3H8pr0Bb1pa60TKC ,....., 850 MBT·CyT ,!l,JI5! I1BP-2M ( 6) 

23 



Ha puc. 13 nOK33a11b1 3asnc11MOCT1I 3Hcprosb1pa60T1<H OT speMemr pa60Tbl 

l1BP-2 II l1BP-2M 11 cyMMap1wro Ko::icpqrnu,11e11Ta nepc,JJ.a4 r1 MOC OT ::iHeprosb1-

pa60TKH. 113 p11 cy 111<a BH,IJ,110, 4TO llOJl!Iblfi K03cpcpHU,H811T MOW,HOCTHOH o6paTJIOt1 

CB513Il (kr) B HCKOTOpblC MOMC!!Tbl 3KCTIJJyaTaU,HH l1BP-2 ,JJ.OBOJlbHO Cl1Jlb!IO MC­

Hl'l8TC51 B CTOpony OCJJa6JlCIIH51 o6paTHOi1 CB51311. <DaKT114 8CKH 3TO 0311ac1acT, 

4TO Ka::>K,JJ.OMY peaKTOPllOMY IJ,MKJly COOTBCTCTByCT CBOH YMCHbUJaJOIJJ,MHCl'I no 

MO,JJ.yJl!O K03cpcpHL1,11CllT ncpe,JJ.acm [151. cho npMBO,IJ,WJ' I< TOMy, 4TO ,IJ,MHaMMJ<a 

pea1<Topa s npou,cccc cro 3KcnnyaTaU,HH Mem1cTCl'I, a 3an ac ycTotic111socT11 yMCHb­

UJaCTC51. Ta1<oi1 :>KC xapaKTep H3MCHCHl151 ,JJ.H HaM1r1<H MO)!<I!O O::>KH,JJ.aTb 11 ,JJ.Jll'I 

l1BP-2M. I1o3TOMY ,IJ,Jl51 cpaB!ICHl!l'I 11 OLl,8HKl1 ,IJ, llllaMllKll peaKTOpOB Bb16i1paJJHCb 

MX COCT0l'!HH51 c 6JJll3Kl!Mll H He60JJb WHM!I 311acrc Hl!5!MI! 311CprOBblpa6oTJ<l!: Ha 

y pos11e "'850-900 MBT·CyT. 
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Puc. 14: ITepexo,JJ.11b1C npOL\CCCbJ H3MCHCHrrn 3Heprr1H 11Mnynbcos pea1<Topos l1BP-

2 (a) 11 l1BP-2M ( 6) npH npl'IMOYl'OJlbHbIX KOJJC6a11115!X 3a,JJ.a1ow,cfi peaKTl1BHOCT H 

11p11 cpe,n;1ici1 MOU\llOCTH 2,0 MBT: 1 3a,n;a1011\al'1 pcaKTHBHOCTb (r); 2, 3 
OTHOCI1T8JlbHOe OTJ<JIOHCHHC 311Cpnm HMrJYJJbCa MOLLl,llOCTH 3aperMCTp11posa1111oc 

~e,.n H Bb!4HCJl8111lOC ~euAn COOTBCTCTBCHHO; n llOMCp HMllYJlbCOB 

Ta6mru,a 3: ITapaMcTpb1 l1BP-2 II l1BP-2M 11 a MOMellT c p asHeH1rn ,JJ.HIIaM11KH 

peaKTopos npH HOM1111 aJ1b11ot1 MOW,HOCTH 2 MBT 

TiapaMeTp l1BP-2, 1988 l1BP-2M, 2015 
911eproBb1pa60TKa, MBT·CYT ~900 ~850 

Pacxo,ll, Tenno11oc11Te1rn A3 , M3 y 90 100 

ITp11 cpasHc111111 ,JJ.1111 aM w1ecKMX csoficTB MBP-2 11 l1BP-2M 6b1JJH nonyc1e11b1 

OL1,CHK11 napaMeTpos MOC ,JJ.Jll'I p33HbIX ypos11e11 cpc,JJ.11cti MOLI\HOCTl1, s TOM crncnc 

,n;nl'I HOMHHaJJb11oti Mou.i,11ocTM 2 MBT [12 , 14- 16]. H y)!< 110 Tar<::>Ke OTMCTHTb, 4TO 

Ila ,IJ,llllaMIIKY pcaI<TOpa BJlHl'ICT pacxo,JJ. TCflJlOHOC!ITCJll'I c1cpc3 A3 [17]. IT03TOMY 

npH cpas11cH11H ,JJ.1rn aM 11yccr<oro cocTOl'l !Illl'l peaKTOpos p acxo,JJ. HaTpm1 '-1epe3 A3 
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COOTB8TCTBOBaJJ 3Ha4CHl1l'IM , rrpHHl'!TbIM ,IJ,Jll'I 3KCnJJyaTaU,HOHHOro HOMl!l!aJJbHOro 

p e::>K 11Ma (m6J1. 3). 

c fJOMOW,blO MCTO,IJ,HKl1 BBO,n;a OCJJ,HJlJll!PYIOLU,Cfi peaKTHBHOCTl1 6blJlH llOJJy ­

c1eHbl 01.l,CllKH napaMeTpOB MOC ,IJ,Jll'I l1BP-2M np11 HOMHHaJ!bHOt'l MOIJJ,HOCT!! 

2 MBT. ,Il;nl'I l1BP-2 McnoJJb30BaJJHCb pa11cc nonyc1cm1b1c ,JJ.aHHbie [12 17]. ITc­

pexo,JJ.11b1e npOL\8CCb! np11 OCJJ,HJIJil'llJ,HH peaKTHBllOCTH np11Be,JJ.CHbl Ila p11 c. 14. 

3Ha4eHMl'I napaMCTpos MOC pca1<Topos l1BP-2 11 l1BP-2M cse,JJ.CHbI s Ta6n. 4. 

Ta6n11u,a 4: ITapaMCTpb1 MOC l1BP-2M np11 wTan10M pacxo,JJ.e 11aTp11csoro Ten­

no11oc11TeJJ5! 4epc3 a1<T11s11y10 30HY 100 M3 / 4 (2015 r.) H napaMeTpb1 MOC MBP-2 

npH WTaTJIOM pacxo,JJ.e TCflJIOHOCHT8Jl51 90 M3 / 4 (1988 r.) np11 HOMHHaJJbHOfi 

cpc,n;Hcfi Mow,11ocTH 2 MBT H 3Heprosb1pa60TKC "' 850 MBT·CyT 

V!BP-2M V!BP-2 
TiapaMeTp Hm1ep KOMno11e11TOB MOC, j 

1 2 3 1 2 3 
Koacpcjrnu,11c11T nepe,!1,a•111 kr1, ,B,, / MBT -5,91 1,59 - 0,82 - 6,98 2,16 - 0,43 
TiocT05!1111as1 apeMem1 TTJ> c 7,60 1,02 0,46 9,00 3,00 0,24 
Koacpcp111.\11 e11T 11em111etl11ocT11 c1, ,B,, ' 0 0 0 -0,50 0,60 -2,20 
CyMMap11b1tl K03cpcp1·1u,11e11T nepe,!1,aY11 -5,14 -5,25 
L ' kTj, ,B,, / MBT 

0 

;E; 
!:::( - 0,25 
~ ...__ 
<tf -0,5 

;: 
CiJ 2 ...__ 
t - 0, 75 

<l 

- 1 
0 25 50 75 100 

n 

PMc . 15: l1MnyJJbCJJblC n epcxo,JJ.Hbrc xapa1<Tcp11cT111<M l\IOC MBP-2 (1) 11 l1BP-2M 

(2) rrpM 110M1111anb110B cpe,JJ.Heti MOW,llOCTH pcar<Topos 2 MBT 11 3 11eprosb1pa60Tr<c 

"'850 MBT·cyT; n 110Mcp nMnyJibca MOW,HOCTM 

Ha p11c. 15 nor<33aHbl HMIIYJJbCHblC nepcxo,JJ.11b1 e xapar<Tep11cTHK11 MOC. 113 

p11cyHKa BH,IJ,HO, 4TO 11MnyJLbCHb1e xapa1<Tcp11CTHKM MOC l1BP-2 H MBP-21\II 

p33n11crn10TC5J, cno CBH,IJ,CTCJlhCTBYCT 11 o p 33n w11111 B napaMeTpax ,JJ.11HaMH1<11. 

ITepsoe y K33a1111c 11a p 33JIWUIC ,n;mrnM111<11 pcaKTopos 6b1JJ0 nony4c110 npM 

cpaBllCllHM pcar<U,MH p eaKTOpOB Ha Cl1MMCTp11c1JJblC B03MYll\8Hl151 pcaKTHBllOCTM 

B 60JJbUlYIO II MCllbUJYIO CTOpOHbl OTllOCMTCJibHO p aBHOB8CHOro I<p11TWICCJ<Oro 

COCTOl'IHH51. B l1BP-2M CHMMCTpHLIJlblC KOJ1c6a1111>1 peaKTllBHOCTM l:!bl3b!BalO'l' 
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CIIMMCTpll'fHbie KOJJe6aHJ151 MOllJ,HOCTll. Harrponrn, B I1BP-2 Cl1MMeTpi1'-JHbJC 

KOJTe6amm peaKTl1BllOCTl1 BbI3blBaJJl1 HCCHMMC'I'pllLIHbre KOJJC6amrn MOL[\HOCTM. 

TaK11M o6pa3oM, MOilJ,HOCT11a51 06pan1a51 CB513b B I1BP-2 1Ien1111cthia5!, a B 

I1BP-2M MO)KCT 6b!Tb ormcaHa JlHHetlHblMH ypaBllCHil51MH . ,ll;JJ51 I1BP-2 11 I1BP-

2M, HMnyJJhCHbre rrepcxO,ll.HbJC xapaKTcp11cTMKH MOC KOTOpbrx l10Ka3aHbI 11a 

p11c. 15, npHBe,ll.eH aJian113 ycTOtl'fHBOCTM peaKTopos. 

2, 
0, 5 

w =+:: 7r w=O I A I 0 0 ·; ' ' 0 ' ' 13 ' ' 13 ' ' ;::i 
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P11c. 16: AM1rnHTy,ll.110-¢a30BblC 'faCTOTllbIC xapaKTCpHCTHK11 Pa30MK11yTotl c11-

CTCMbr rrp11 l1PC,ll.CTaBJlCill111 pcaKTOpOB I1BP-2 (1) 11 I1BP-2M (2) 6e3 aBTO­

MaTIJ'feCKOro peryJI51TOpa B Bll,ll.C 0,ll.HOKOJITypHotl 3aMKllyToi1 CJICTeMbl rrpu 

cpe,ll.I-Ietl Mo1n,uocTH 2 MBT. CnpaBa 60J1ec ,ll.CTaJJbllO npe,ll.cTasneHbI y'faCTK11 
xapaKTCpHCTV!Kl1 B6JJJl3 11 l-IYJJ5l 

Ha pric. 16 nOKa3aub1 aMnJJ111'y,ll.HO-cPa30Bb1c LJaCTOTHb1e xapaKTep11cTHK11 

Pa30MKHyToti LJaCTH c11cTeMb1 npH npe,ll.cTasnemm pcaKTopa B pe)J<11Mc caMo­

perym1posamm B BH,IJ,C 0,ll.HOKOwrypHoti 3aMKHyTotl CIJCTCMbl c OTpH[\aTCJlbl-IOil 

o6parnotl CB513 b10 npu MOLL\HOCTII 2 ,0 MBT. 311a'femrn K03cPcPIIL\llCHTOB ncpe,D,aLJ11 

11 nocT05lHllbJX speMe!IJ.I MOC B35lTb1 113 Ta6n. 4. AcDt..IX pa30MKIJyToJ1 CHCTCMbJ 

UC OXBaTbJBaJOT TO'fKY Ha KOMfJJICKCHOH flJJOCKOCTH c KOOp,ll.11HaTaM11 ( 1, jO) [2] . 

CJJC,ll.OBaTeJJb110 , pcaKTOpbr I1BP-2 H I1BP-2M B pe)KJIMe caMopcrynHposa1rn51 

ycToflL111Bb1. I1x 3anacb1 ycToflLJIJBOCTH npu y1<a3airnb1x napaMcTpax MOC ,ll.OCTa­

TOLIHbre ,ll.JI5l 6c3onac11otl pa6oTbJ (p11c. 16, 6). PcaKTop I1BP-2M 6onec ycTOH'fHB 

no cpaBHCHHJO c I1BP-2 B WTaTllOM pe)J<m1C pa60Tb1: 3arrac !10 aMnJJIITY,ll.C (T.e. 

no K03cPcPllL\MCHTy yc111rcH115l «pcaKTHBHOCTb MOLL\HOCTb» peaKTOpa) y I1BP-2M 

no cpaB11erm 10 c I1BP-2 Bbrwe npaKTwrccKM B ,ll.Ba pa3a. 

26 

ll 3aKJUO'feHIUf npMBC,ll.eHbl OCllOBHble pc3yJJbTaTbl 11CCJJe,ll.OBamm ,ll.HllaMil-

11 11 II lla<laJJC 3KCflJIYaTaI.I,H JI peaKTOpa I1BP-2M. 

I (< 'Jib pa60Tb1 - MO,ll.CJJ HpoBaHMC 11 3Kcncp11MeHTaJJb 110e 11ccJlC,ll.OBarmc ,ll.M lla-

1111 II llMflYJlbCllOro peaKTOpa I1BP-2M nepHO,ll.HLJeCKOro ,ll.CHCTBll5l (MO,ll.ep 111!3 11-

pi111il llllOro pea1<Topa MBP-2) B 11 aL1aJJe 3KCnJlyaTau,1111 (,IJ,o 3 11 eprosb1pa60TK11 

j ()( JI) MBT cyT) - ,ll.OCT11n1Y'ra. 

( kllOBllblC pC3YJlbTaTbl pa60Tbl CBO,ll.5JTC51 K CJIC,D,y lOL[\CMy. 

Co3,IJ,aHa ,IJ,MCKpeT11 a51 MO,ll,CJlb 11MnyJTbC11oro pca1<Topa I1BP-2M H ocy-

11\CCTBJlCHa cc rrporpaMMHa5l pcaJJH3au,1151 c rroMO!ll,bIO MATJIAB ,IJ,Jl51 

I ICCJle)J,OBallll5! nepCXO)J,HblX npo[\eCCOB . J1HttetlHblC 3JleMeHTbl MO)J,eJll.J OflM­

C'allbl )J,HC l<peTHblMll cPYHKI.I,Jl5lMH, flOJIYLJCHHblMll B pe3yJtbTaTe 11ClIOJlb30-

Ba 111rn z -npco6pa3osamrn. YLJTCIIbI HeJIHHCHIIbIC 3aBHCHMOCTH B 6JloKax 

KlllleTill<M M MOL[\IIOCTHOtl o6paTHOt1 CB513H . 

:2 . flpoBe)J,Cllbl TCCTOBbIC npOBCpKH MO)J,CJI I! rrp11MCJ-llITCJlbllO I< 113BCCTllbIM 

11cpexo)J,11b1M npou,cccaM B pcar<Tope I1BP-2 11 K paCC'fHTaI111b1M npou,cccaM 

B pcaKTope I1BP-2M, 1101<a3asw11e npaBMJlbHOCTb MO,ll,CJJH. I1p11 eMJJCMOCTb 

l\IO,IJ,em1 !10,ll,TBep)J<)J,CIIa nyTCM cpaBHCHI!51 CMO)J,em1poBaH HbIX rrpou,ccCOB 

11 3 aperHCTp11posa111-1b1x npM c6poce aaapnlh1oti 3al[\MTbl , r<Or,D,a pery­

.1111pycMbLt1 napaMCTp ( OTHOCHTCJibHa51 aMITJIHTY)J,a MMITYJibCa MOlll, IIOCTH) 

.YMCHbwacTc5l 6oJJcc '-ICM Ha LJCTb1pe nopH,ll,Ka. Mo,ll,CJ1Mposa1111e nposc)J,eHo 

11p11 pa311hrx ypoB1mx cpe,D,I-ICH MOill,HOCTll (oT 0,2 ,IJ,O 2 MBT). I10Jlyc1cHo 

x opowec 11p116Jl11)J<cu11e CMO,ll,CJ111posarn1b1X npou,cccos K 3aper11cTpnpoaaH-

11b1M. 

:1. flpoBC)J,elIO MO,D,eJ11 1poBamre nepCXO,ll.llbIX npou,cccoB MOL[\I IOCTII peaKTO­

pa. ,ll;a1rn ou,em<a BJll15lHH5l napaMeTpOB aBTOMaTw-iec1<oro perymnopa 

11a nepeXO)J,l-lblC npou,eCCbl 11p1-1 peryJ15!p1IOM B03Myl[\eHJ.111 pcaKTMBllOCTM, 

npn CJljLJatl !IOl\I B03 Myl[\eHllH peaKTllBllOCTII c HOpMaJJbHbIM 3aKOHOM pac­

npe,IJ,eJJCIIH51 , a TaK)J<C np11 pcar<THBllOCTH c peanbttbrM wyMOM. B CB5l3H 

(' cylll,CCTBCII!lb!M pa36poCOM aMITJIHTY,ll, 11MlIYJibCOB MO!ll,IIOCTH paCCMOT­

PCI-Ibl ,D,Ba sap11aJ1Ta aBTOMaT11LJec1<oro peryJl~1Topa, y,D,OBJICTBopmou111e 

KpMTCpH lO Ml!Hl1MyMa cpC,D,ll eKBa)J,paTH'fCCKOro OTKJJOHernrn aMflJIHTY,ll.bl 

6y,ll,yl[\ero MMflYJlbCa MOlll,HOCTM Ha OCllOBaI-IMH 1111¢opMal\HH, IIOJlYLJCllllOti 

B y)J<e npowe)J,w11x 11MllYJlbcax. 0TJlM'111c Bap11a11TOB B Bb16opc xapa1<Tcpa 

y 'feTa 1rn¢opMal\HII cocT011T B CJlCAflOLL\CM . ITepsbrti sapHa11T xapaKTCp11-

3ycTC5! Il JlaBHb!M CTapCHHCM Mllcj)OpMal\lIII: 6oJlee parrncll 1111¢opMau,1m 

np11,IJ,aeTC5l MeHbLUMti acc. BTopoti aap11anT xapaKTCpH3YCTC5l cKaLJ1<006-

pa3HbIM 8 11,ll.OM CTapeHM5l 1-mcpopMaI.I,l!IJ: 1rncpopMaI.I,HM, n oJly'-leHHOt1 113 

cp111<c11posa1rnoro KOJlMLJeCTBa I10CJIC)J,HI1X ll MI1YJlbCOB, npll,ll,aCTC5l HaI160Jlb-

11111t1 aec, a 6oJlee pam1etl - 11yJlcaot1 (T.c. 6oJlce parnrn51 111Icj)opMau,1rn JIC 

y 'f HTbJBaCTC5l B006 L[\C). 
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4. Co3,ll,aHa MO,ll,eJJb peaKTHMeTpa peaKTopa HBP-2M, MCnOJJb3y1ow;a51 pa3-
IIOCTHhre ypaBuemrn KIIHeTHKH HMnyJJbCllOl'O peaKTOpa nepHO,ll,11'-leCKOro 
,L1,eilcTB115! T11na HBP-2. Pa3HOCTHhie ypaB1re11115! cooTBeTCTBy10T Tpa,L1,11-
ll,HOm1btM ypaBllCl!l15IM KHHeTHKM 11 CB5!3b!BalOT napaMCTpbl HMl!YJlbCHOro 
peaKTOpa, COOTBeTeTBy1ow;11e TeKyw;eMy ll npe,L1,weCTBYIOll]eMy 11MrJYJJb­
caM MOU\HOCTM. B MO,L1,en11 yYTeHbI HeJ11111et:'!Hbte 3aB11c11MocT11 '3Hepr1111 
11MrJYJJbCa MOL1\HOCT11 H ero aMnJJHTY,L\bJ OT peaKTHBHOCTM. 

5. Ha ocHoBe a11an113a nepexO,ll,Hhrx npoll,eccoB Mow;11ocT11 , 06ycJJOBJJe1mb1x 
np5IMOyroJ1bl-lblMH KOJJe6amrnMH peaKTllBHOCTH npt! pa6oTe 11MllYJJbCHO['Q 
peaKTopa HBP-2M B pe:>KuMe caMoperyJ111poBa11115! , Oll,eHeHbI 3Hac1ett115! 
napaMeTpoB MaTeMaTH'-lecKotl MO,D,eJJH MOC. 

6. Oll,eHel!bJ 3anaCbl ycTOt'l'-1.tlBOCTH no aMllJlHTY,L\C H ¢a3e np11 pa3Hb1X 3lla­
'-leHH5IX cpe,rr,11eti MOll]HOCTH peaKTopa HBP-2M B pC?KMMe caMoperyJ111po­
Bamrn, a TaK:>Ke B pe)Kl1Me aBTOMaTM'-leCKOro peryJ111poBamrn peaKTOpa. 

7. Ha OCHOBC allaJIM3a BbJLJHCJleHI-IblX HMllYJibCllblX 11epexO,L1,HblX xapaKTC­
pHCTHK M napaMeTpoB MOC peaKTopoB HBP-2 11 HBP-2M noKa3auo, 
crTo o6a pea1<Topa ycTotlcrnBhI B WTaTttOM pe)!<MMe pa6oTbI. 3anac no 
aMITJlMTY,ll,e (T.C. no K03Q:>Q:>Hll,11eHTY yc11J1CHll5I «peaKTl!Bl!OCTb MOll]HOCTb» 
peaKTopa) y HBP-2M no cpaB11eHmo c HBP-2 Bbrwe npaKTM'-ICCK11 B 
,ll,Ba pa3a. 3anaCbl no Q:>a3e (T.e. no Q:>a30BOMY C,ll,BIIry Me:>K,lJ,Y MOUJ,HO­
CTbIO H B03Myw;a1ow;etl peaKTHBHOCTb10) y peaKTopoB HBP-2 11 HBP-2M 
cyw;eCTBeIIIIO llC OTJJH'-lalOTC5! , 11 OHH ,ll,OCTaTOLJl!O 60J1bWHe. 
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BJiaro,n;apHOCTh 

AsTop Bb1pa:>KaeT 11cKpe11mo10 6Jiaro.n,ap11ocTb cso11M uay'lHbIM py1<0BO,D,IITCJ15IM 
K.cp.-M.H . IO.H. IlcneJib1wesy 11 K.T.H. A.K. Ilonosy 3a 11HTepecHh1e H sa;.1< 11 b1C 
3a.n,ac111 , 3a nOMOLL\b 11 noMep)]{KY B pa6oTe. A TaK)]{e py1<oso.n,11TeJ15IM TCMbl no 
pa3B11T1110 pea1<Topa l1BP-2 rnaBHOMY t111)]{e11epy A.B. B11Borpa.n,osy, .n,.cp.-M .11. 
A.B . BeJiyWKMHY 3a nocT05IHHOe Bll11Mam1c 11 flOMCp:>1<1<y. AsTop npH3HaTc11c11 
1<.cp.-M.11. A.,Ll;. Porosy, 1<.cp.-M.n. JI.A. Tatlb16osy, MOeMy .n,pyry LI,. IJ,orTcatlxa11y 
11 sceMy KOJIJieKTMBY rpyrrrrb1 51.n,epHotl 6c3onac11ocT11 NQl M JIH<D 0115111 3a 
TBOpYec1<y10 11ayyuy10 o6cTaHOBKy 11 .n,py;.Kcc1<y10 aTMOCcpepy. 
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a1<a.n,eM11KaM n. Ca11raa, u. BaaTapy, P. Toroo M KOJIJICraM l1HCTl1TyTa cp1131IKll 
11 TeXHOJIOrMM AHM. 

CY11Ta10 cso11M npM5ITHbIM .n,oJiroM 1106J1aro.n,ap11Tb nom10MOYHblX npc.n,cTas11-
TeJiet\ npas11TCJibCTBa Mm1romm B 0115111 a1<a.n,cM11Ka C. 9ttx6aTy, npocpeccopa 
C. ,Ll;asaa, 11 BCCb KOJIJICKTMB Hau,1101mJibH01'1 rpym1b1 MouroJ11111 B 0115111. 
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