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Pa60Ta BhiiiOJIHeHa B Jia6opaTopiiii HeiiTpOHHOii qm3IIKII IIMCHII 11.M.<I>paHKa 

06'bC,lJ,IIHCHHOrO JIHCTIITJTa 51,ll,CpHblX JICCJie,ll,OBaHUH. 
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APTEMhEB BaJiepiiii AHaTOJibeBII'I, 

'K:a1iauaam !fiuauno-.«ame.«amu"iecnux H.ayn, 
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C 3JICKTpOHHOll Bepcnefi ,ll,IICCCpTaiJ,IIII MO:tKHO 03HaKOMIITbC51 Ha ocpu

IJ,llaJibHOM CafiTe 06'bC,ll,HHCHHOrO IIHCTIITJTa 51,I1,8pHbiX IICCJIC,ll,OBaHIIH B 

IIHcpOpMaiJ,IIOHHD-TCJICKOMMJHUKaiJ,IIOHHOH CCTII <<11HTepHeT>> TIO a,ll,pecy: 

http:// dissertations.jinr.ru. 
C ne'laTHofi Bepcneii ,ll,IICcepTaiJ,nii MO:tKHO 03HaKOMIIThC£ B Hay'IHD-TCXHII'IecKoii 

6n6mmTeKe 0115111 (r • .IJY6Ha, MocKOBCKa£ o6JiaCTh, yJI. )KoJino-KIOpn, ,II,. 6). 

Y'leHhifi ceKpeTapb ,ll,IIccepTaiJ,nOHHoro coBeTa. 

KaH,ll,II,ll,aT cpii3IIKD-MaTeMaTII'ICCKIIX Ha ~ ~ T. 11. 11BaHKIIHa 
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06rn;a.H xapaKTepiiCTIIKa pa6oTbi 

AKTYaJihHOCTh TeMhi 

Co3,ll,anue MO,ll,CJIII ,ll,IIHaMIIKII JII06oro peaKTopa KpafiHe Ba:tKno c TO'IKJI 

3penu£ OIJ,CHKII ero 683onacnoCTII. Co3,ll,anne :tKe MO,ll,eJin ,ll,IIHaMIIKII peaKTopa, 

y KOTOporo HCT aHaJIOra, Ba:tKHO B,ll,BOHHC. 11CCJIC,ll,OBaHHe ,ll,IIHaMIIKII peaKTOpa 

11BP-2M IIMeeT orpOMHOe 3Ha'ICHIIC·,ll,JI51 TIOBbiiiiCHII£ 6e30TiaCHOCTII ll Ha,ll,e:tK

HOCTII pa6oThi peaKTopa. Bo-nepBbiX, 3TO CB£3ano c neo6xo,ll,IIMOCThiO anaJIII3a 

TIOBC,ll,CHII£ peaKTOpa B pa3JIII'IHbiX aHOMaJibHbiX II aBapuf!HhlX CIITJ31J,II5IX; BD

BTOpbiX, ,ll,JI£ <<TIO,ll,CKa3KII>> ,ll,CfiCTBIIH onepaTIIBHOMJ nepCOHaJIY B pa3JIII'IHbiX 

HCTIITIIl'IHbiX CIITyaiJ,II£X; B-TpCThiiX, ,ll,JI£ OllpC,ll,CJICHII£ 6e30llaCHbiX pe:tKIIMOB 

ero pa60Tbl II onpe,ll,CJICHII£ rpaHIIIJ, B?3MO:tKHbiX pe:tKIIMOB HCJCTOH'IIIBOCTII. 

KpoMe Toro, 3KCnJiyaTaiJ,II£ IIMllYJihCnoro peaKTopa nMeeT cneiJ,ncpnqecKyiO 

oco6eHHOCTh, ll03TOMJ 3Hanne nepeXO,ll,HhiX npOIJ,CCCOB 51BJI518TC51 Kpail:He Ba:tK

HbiM ,ll,JI£ 6e30llaCHOH II Ha,ll,C:tKHOH pa60Thl peaKTOpa. C llOMOIIJ,biO MO,ll,CJIII 

,ll,IIHaMIIKII MO:tKHO OIJ,CHIIBaTh: 1) rrepeXO,ll,HbiC IIpOIJ,CCCbl npii pa3JIII'IHbiX B03MJ

IIJ,CHII£X, B TOM 'IHCJIC npn HCIIITaTHbiX B03MJIIJ,CHH£X; 2) li3MCHCHIIC rrapaMeTpOB 

peaKTopa nyTeM cpaBHenn£ 3aperucTpupoBaHHhiX nepexO,ll,HhiX rrpoiJ,eccoB c 

npOIJ,CCCaMII, llOJIJ'ICHHhiMII C llOMOIIJ,biO MO,ll,CJIII; 3) B03MO:tKHbiC li3MCHCHII51 

3anaca ycToil:'IIIBOCTII peaKTopa. 

)],JI£ IICCJIC,ll,OBaHH£ ,ll,IIHaMII'ICCKOrD COCT051HH51 peaKTOpa C IIOMOIIJ,biO MO,ll,CJIII 

,lJ,UHaMIIKII He06XO,ll,IIMO, B rrepBJIQ O'Iepe,ll,h, 3HaHIIe napaMeTpOB MOIIJ,HOCTHOH 

o6paTHOH CB513II (MQC). chu napaMeTphl onpe,ll,CJI£10TC51 TOJihKO 3KCnepiiMCH

TaJibHbiM rryTeM, IIOCKOJibKY 3aBIIC£T OT ypOBH£ MOIIJ,HOCTIIII OT MHOrHX CJIO:tKHbiX 

IlpOIJ,CCCOB, IIpOIICXO,ll,51IIJ,liX B aKTIIBHOH 30He. 

Mo,ll,eJih ,ll,IIHaMIIKU 11BP-2M BKJIIO'IaeT B ce6£ IIInpoKuil: na6op rrporpaMM 

,ll,JI£ MO,ll,CJIIIpOBaHim rrepeXO,ll,HbiX IlpOIJ,CCCOB II3MCHCHII£ MOIIJ,HOCTH peaKTOpa II 

Bbi'IIICJICHII£ 'laCTOTHbiX xapaKTCpiiCTIIK peaKTOpa KaK CIICTCMbl B IJ,CJIOM, TaK II 

COCTaBJI£IOIIJ,IIX ero 3JICMCHTOB. 

Pa6oTa BhiiiOJIHeHa rro TeMe <<Pp3BIITue peaKTopa 11BP-2M c KOMnJieKCOM 

KpiioreHHhiX 3aMC,ll,JIIITeJieiJ: Hefi:rpOHOB>> (04-4-1105-2011/2019) II HarrpaBJICHa 

Ha IIOBhiiiiCHIIC 6e30IIaCHOCTII 11BP-2M. 

ll;eJih pa6oThi 

lJ,eJih pa60Tbl - MO,ll,CJIIIpOBaHIIe II 3KCllepiiMCHTaJihH08 IlCCJIC,ll,OBaHIIe ,lJ,UHa

MIIKII IIMllYJihCHOrO peaKTOpa 11BP-2M nepiiO,ll,II'ICCKOrD ,ll,CHCTBII£ (MO,ll,epHII3II

poBaHHOrO peaKTOpa 11BP-2) B Ha'laJie 3KCllJIJaTaiJ,IIII (,ll,O 3HeprOBhipa60TKII 

1000 MBT cyT). 

HayqHaH HOBII3Ha 11 3HaqiiMOCTh ,n;IIccepTaiJ,IIOHHOii pa6oThi 

Co3,ll,aH BapnaHT MO,ll,CJIII ,ll,IIHaMUKII 11BP-2M ,ll,JI£ Bhi'InCJiemm npoiJ,eccoB 

IIpii 6biCTpOM li3M8HCHIIII peaKTIIBHOCTII (II, CJIC,ll,OBaTeJibHO, MOIIJ,HOCTH) B IllllpO

KOM ,ll,liaiTa30H8. TaK:tKC Ha OCHOBC MO,ll,CJIII ,ll,UHaMIIKU C03,ll,aHa MaTeMaTH'ICCKa£ 

HAYqHQ-TEXHiftiECKMI 
Ell:EJIMOTEKA 

OI/f }JTJ . _ ___, 



MO,IJ;eJib peaKTIIMeTpa HBP-2M. B pesyJibTaTe nepexo,IJ;HbiX npoll,eccoB MOIIIHD

cTn, o6ycJIOBJieHHblX npRMOYrDJibHb!MII KOJie6aHIIRMII peaKTIIBHOCTII npH pa60Te 
HBP-2M B pe)J{IIMe caMoperyJinpoBaHnR, ou.eHeHbi saaqeanR rrapaMeTpoB MOC, 

sanae ycTofiqnBOCTII peaKTopa no aMnmiTy.n;e II ¢ase npn pa3HbiX ypoBHRX cpe.n;
Hefi MOIIIHOCTII, a TaK)J{e sanae ycTofiqnBOCTII peaKTOpa npii pa6oTe B pe)J{UMe 

aBTOMaTnqecKOrO perymrpoBaHIIR MOIIIHOCTII. Ha OCHOBe aHaJIII3a BbJqiicJieH

HbiX uMnyJibCHbiX nepexo,IJ;HbiX xapaKTepiiCTIIK II napaMeTpoB MOC peaKTopoB 
HBP-2 n HBP-2M noKasaao, qTo npii npoqux paBHbiX ycJIOBIIRX o6a peaKTopa 

ycTofiqiiBbl B IUTaTHOM pe)J{IIMe pa60Tbl.' 

HayqHo-npaKTHqecKrui :u;eHHOCTh pa6oTbl 
HayqHo-npaKTIIqecKaR II,eHHOCTb pa6oTbi saKmoqaeTCR B TOM, qTo 6hma co

s.n;aHa MO,IJ;eJib ,IJ;IIHaMIIKII HBP-2M, c noMOlllhiO KOTopofi MO)J{HO Mo.n;eJIIIpoBaTh 

6biCTpbie IISMeHeHIIR MOIIIHOCTII peaKTOpa B IIHipOKOM ,IJ;IIana30He, BnJIOTb ,IJ;O 

ypoBHR ¢oaa, T.e. no BpeMeHII OT 0,2 C II no MOIIIHOCTH ,IJ;O 10-5 OT HOMIIHaJibHOll. 

9TO nOSBOJIIIJIO IICCJie,IJ;OBaTb pa3JIIIqHbie npoii,eCCbl IISMeHeHIIR 3Hepriiii IIM

IIYJibCOB, C nOMOlllbiO KOTOpb!X 6b!JIII onpe,IJ;eJieHhl 6eS(:liiaGHbie pe)J{IIMbl pa60Tbl 
peaKTOpa II OnTIIMIISIIpOBaHbl napaMeTpbl CIICTeMbl aBTOMaTIIqecKOrO perymi

poBaHIIR MOIIIHOCTII. TioJiyqeHbi .n;aHHbJe no IISMeHeHIIIO napaMeTpOB MOC c 
MOIIIHOCTb!O II OII,eHeHO BJIIIZ!HIIe 3TOrO npOII,ecca Ha ycTofiqiiBOCTb peaKTOpa. 

)l,JIR peaJibHb!X rnyMOB peaKTIIBHOCTII, .n;eiJ:CTBYIOIIIIIX B peaKTOpe BO BpeMR ero 

HOpMaJibHOfi pa60Tbi, noJiyqeHhl OII,eHKII rpaHIIII, KOJie6aTeJibHOfi HeycTofiqii

BOCTII HBP-2M. TioKasaao, qTo HBP-2 II HBP-2M peaKTopa ycTOfiqiiBbi K 

BOSMYllleHIIRM peaKTIIBHOCTII. Paspa6oTaHHaZI MO,IJ;eJih ,IJ;IIHaMIIKII nosBOJIReT 

OII,eHIITb noBe,IJ;eHIIe peaKTOpa He TOJibKO B IUTaTHOM pe)J{IIMe ero pa60Thi, HO II 

B pasmrqHhiX aBapiii1HhiX CIITyaii,IIRX II aaopMaJihHhiX nepexo.n;HhiX pe)J{IIMax. B 
u.eJIOM Bee BhirneyKasaaaoe noBhnrraeT 6esouacHOCTb HBP-2M. 
OcHOBHhie noJIO)KeHHH, BhiHOCHMbie aBTopoM Ha 3ai:u;HTY 

Cos.n;aHne HOBoti MO,IJ;eJIII ,IJ;IIHaMIIKII HBP-2M npu 6b!CTpoM IISMeHeHIIII 

MOIIIHOCTII B rniipOKOM ,IJ;IIanasoae c noMOlllbiO nporpaMMbi MATJIAB. 

TecTIIpoBaHIIe MO,IJ;eJin c noMOlllbiO cpaBHeHHR BblqncJieHHhiX nepexo,IJ;HhiX 

npou.eccoB ,IJ;JIR HBP-2 u HBP-2M c saperncTpiipoBaHHhiMII. 

Cos.n;aaiie Mo.n;eJIII peaKTIIMeTpa ,IJ;JIR noJiyqeHIIR peaJibHhiX rnyMOB peaK

TIIBHOCTII IIS saperiiCTpiipOBaHHb!X aMnJIIITY,IJ; IIMnyJibCOB MOIIIHOCTII. 

- 06pa60TKa 3KCnepiiMeHTOB IIO OII,eHKe napaMeTpOB MOIIIHOCTHOfi o6paTHOH 

CBRsn, BJIIIZIIOlllefi Ha 6esonacHOCTb peaKTopa HBP-2M. 

Ou.eaKa napaMeTpoB MOIIIHOCTHoti o6paTHOi1 CBRSII IIMnyJihCHoro peaKTopa 

HBP-2M. 

- Ou.enKa 3anaca ycTofiqnBocTn HBP-2M npii pa3HbiX ypoBHZIX cpe.n;Hefi 

MOIIIHOCTII B pe)J{IIMax caMoperymrpoBamm n aBTOMaTnqecKoro perymipo

BaHnR MOIIIHOCTII. 
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- CpaBHeHne ,IJ;IIHaMIIKII nMnyJibCHbiX peaKTopoB HBP-2 u HBP-2M. 

)J;OCTOBepHOCTb II anpo6aiJ;HH pa60Tbl 
PesyJibTaThi nccJie.n;oBaHIIR, Bmrre.n;rrme B .n;aaay10 .n;nccepTaii,IIOHHYIO pa6oTy, 

6biJIII npe,IJ;CTaBJieHbl aBTOpOM Ha CJie,IJ;YIOIIIIIX HayqHbiX MeponpiiRTl!RX: 

- XVII HayqHaR Kon¢epeHII,IIZI MOJIO,IJ;biX yqenhiX II CIIeii,UaJIIICTOB (OMYC-

2013). MO, )l,y6Ha, 8-12 anpeJI5! 2013. 

- International Conference <<Mathematical Modeling and Computational 

Physics 2013». Dubna, Moscow reg. Russia, 8-12 July 2013. 

XVIII Me)J{.n;yHapo.n;uaR uayqHaR Kon¢epeHII,HR MOJIO,IJ;h!X yqeHbiX II cne

II,IIaJIIICTOB (OMYC-2014). MO, )l,y6ua, 24-28 ¢eBpaJIR 2014. 

- Me)J{.n;yHapo.n;HaZI MOJIO,IJ;e)J{HaR l(oH¢epeHII,IIR «CoBpeMeHHbie npo6JieMhi 

upiiKJia,IJ;HOi1 MaTeMaTIIKII II IIH¢opMaTHKII>>. MO, )l,y6Ha, 25-29 aBrycTa 

2014. 

- XIX Me)J{.n;yHapo,IJ;HaZI aayqnaR KoH¢epeHII,IIR MOJIO,IJ;hiX yqeHbiX II cneii,II

aJIIICTOB (OMYC-2015). MO, )l,y6Ha, 16-20 ¢eBpaJIR 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)J{ero.n;HyiO Koa¢epeau.mo MOJIO,IJ;hiX yqeHbiX II cneii,IIaJIIICTOB <<AJiyrriTa-

2017>>. AJiyrnm, Pecny6JiiiKa KpbiM, 12-19 IIIOHR 2017. 

- International Conference <<Mathematical Modeling and Computational 

Physics, 2017>>. Dubna, Moscow reg. Russia, 3-7 July 2017. 

- International Conference on pevelopments and Application of Nuclear 

Technologies. Krakow, Poland, 10-13 September 2017. 

fiy6JIHKaiJ;Hli II JIHqHbiH BKJia)l; aBTOpa B pa6oTy 
Tio TeMe ,IJ;IICCepTaii,IIII ony6JIIIKOBaHO 6 HayqHb!X CTaTbii B pe¢epiipyeMbiX 

Me)J{,IJ;YHapO,IJ;HbiX )J{ypHaJiax; 1 npenpiiHTa, a TaK)J{e 5 TeSIICOB B c6opHIIKax 

HayqHblX Tpy,IJ;OB pa3JIIIqHbiX Me)J{,IJ;YHapO,IJ;HbiX KOH¢ep~HII,IIH (B TOM quc.n'e B 

pe¢epi1pyeMbiX aayqHbiX )J{ypuanax). 
OcHOBHbie pesyJibTaThi, II3JIO)J{eHHhie B .n;uccepTau.un, uoJiyqeHbi upii ueno

cpe.n;cTBeHHOM yqacTIIII aBTopa. ABTop .n;uccepTau.nn Bb!IIOJIH~JI pa6oTbi no 
COS,IJ;aHIIIO nporpaMM ,IJ;JIR MO,IJ;eJIII ,IJ;IIHaMIIKII, no o6pa6oTKe II aJiaJiii3y ,IJ;aHHb!X 

3KCnepnMeHTaJibHbiX UCCJie,IJ;OBaHnfi, npOBO,IJ;llJI OII,eHKY napaMeTpOB MOIIIHOCT

HOH o6paTHOfi CBRSII. ABTOP yqacTBOBaJI B o6cy)J{.n;emm n pasp~6oTKe MO,IJ;eJiefi 
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.z:~1maMIIKI1 peaKTopa 11 pea.TII13au;n11 perneHIIfi ux nporpaMMHoro-o6ecne<JeHI15I 

(MATJIAB). cho OTp3JKeHO B TeOpeTI1'!8CKOil: '!aCTI1 ,LII1CCepmu;mr. TaK:tKe aBTOp 

Bb!IIOJIH5IJI MO,L18JII1pOBaHI1e nepeXO,LIHblX npou;ecCOB IIpii 6biCTpOM II3M8H8HI111 

peaKTIIBHOCTII B illllpOKOM ,LIIIaiia30He, MO,L18JII1pOBaHire peaKTIIMeTpa II IIpOBO,LIIIJI 

ou;eHKY 3anaca ycTOH'II1BOCTII peaKTOpa. 

CTpyKTypa 11 o6'beM p;HccepTaD;HH ,ll;IIccepTaiJ;IIR cocroiiT 113 BBe,LieHIIR, 

TpexrJiaB, 3aKJIIO'I8HIIR 11 CIII1CKa JII1TepaTyphi, CO,Liep:tKaru;ero 56 HaiiM8HOBaHI1fi. 

Pa6oTa II3JIO:tKeHa na 96 CTpamru;ax MarniiHOIII1CHoro TeKcTa, BKJIIO'Iaroru;11x 43 

pucynoK II 5 Ta6JIIIIJ;. .J 

Co,n;ep)KaHMe pa6oThi 

Bo nnep;eHHH o6ocnonana aKTYaJihHOCTh TeMhi, ¢opMyJII1pyroTcR u;eJih 11 3a,Lia-.., 
'III 11CCJI8,LIOBaHI15I, Hay'IHaR HOBI13Ha, npaKTII'I8CKa5I :3Ha'II1MOCTb II OCHOBHbie 

IIOJIO:tK8HH5I, BbiHOCI1Mhie Ha 3aiiJ;I1Ty, KpaTKO II3JIO:tK8HO OCHOBHOe CO,L18p:tKaHI18 

.z:111CCepTaiJ;110HHOfi pa60Tbi. 

B nepnoii rJiane npiiBe,LieHbi no.z:~po6noe OIIIICaHI1e KOHCTPYKIJ;I111 peaKTopa 

J1BP-2M, ero OCHOBHhie xapaKT8p11CTI1KII, OCHOBHbie IIOHRTII5I ,LIIIHaMIIKII R,Liep

HbiX peaKTOpOB II KpaTKOe OIIIICaHIIe II3Y'I8HIIR ,LIIIHaMI1KI1 11MIIYJibCHOrO peaKTO

pa MBP-2. 

Bo BTOpOH rJiaBe IIpiiB8,LI8HO II0,1J;p06Hoe OIIIICaHI1e MO,ll;8JIII ,L111HaMIIKII 11MIIYJibC

HOrO peaKTOpa J1BP-2M II HeKOTOpbre pe3yJihTaTbi ee 11CIIOJib30BaHI15I. 

B HMIIYJihCHOM peaKTope l1BP-2M nparu;aroru;uficR s6JII1311 aKTI1BHofi 30Hhi 

MO.z:IYJIRTOp peaKTIIBHOCTII co3.z:~aeT 11MIIYJihChi peaKTIIBHOCTII. B pe3yJihTaTe peaK

Top C IIepiiO,LIOM 0,2 C Ha KOpOTKOe BpeMR (npiiMepHO 450 MKC) CTaHOBIITCR Ha,LI

KpiiTII'I8CKIIM Ha MrHOB8HHbiX HefiTpOHax,· OCTaBaRCb rJiy60KO IIO.z:1KpiiTII'I8CKIIM 

OCHOBHyro <JaCTh nepiiO,Lia. BcJie,LICTBIIe aToro peaKTOp reHepiipyeT IIMIIYJihChi 

MOIIJ;HOCTII C ,LIJIIITeJibHOCTbiO 200 MKC Ha IIOJIOBIIHe BbiCOTbi C nepHO,LIOM 0,2 C. 

,ll;JIR MBP-2 3Ha'IeHIIR 3TIIX napaMeTpos 6biJIII 240 MKC II 0,208 c cooTBeTCTBeHHO. 

Mo.z:~emr peaKTopa l1BP-2M, pa6oTaroru;ero B rnTaTHOM pe:tKnMe IIOMep:tKa

HIIR HyJieBoro OTKJIOH8HIIR 3Hepriiii IIMIIYJibCOB MOIIJ;HOCTII OT 3a,lJ;aHHOrO ypOBHR 

(pe:tKHM CTa6IIJIII3aiJ;IIII MOIIJ;HOCTII), COOTB8TCTBY8T 6JIOK-CXeMa, IIOKa3aHHM Ha 

puc. 1. Mo.r~eJib npe.z:~cTaBJieHa B BII,n;e 3aMKHJTOfi ciicTeMbi ynpaBJieHIIR c TpeMR 

KaHaJiaMII o6paTHOfi CB5I3II, o6yCJIOBJI8HHbiMII 3aiia3,LibiBaiOIIJ;liMII HefiTpOHaMII 

(Ha pnc. 1 3TOT KaHaJI BKJIIO'IeH B 6JIOK KIIH8TIIKII), pa3orpeBOM peaKTOpa (6JIOK 

MOIIJ;HOCTHofi o6paTHofi CBR3II MOC) u aBTOMaTu<JecKIIM peryJIRTopoM (6JioK 

AP). CxeMa cooTBeTCTByeT ypanHeHIIRM .z:IIIHaMnKn (mmeil:HbiM n HeJIIIHefiHhrM). 

)J;JIR OIIIICaHim KIIH8TIIKII peaKTOpa J1BP-2M B Ka'!eCTBe IICXO,LIHblX IICIIOJib-
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Puc. 1: BJioK-cxeMa peaKTopa l1BP-2M. 1 - 6JioK B03Myru;eHIIR peaKTIIBHOCTII; 2 
- 6JIOK aBTOMaTII'I8CKOrO peryJIRTOpa; 3 -:; 6JIOK KIIH8TIIKII IIMIIYJihCHOro peaKTOpa; 

4 - 6JIOK MOIIJ;HOCTHOfi 6paTHOfi CB5I3II; c~ - 6a30BOe 3Ha'!eHII8 MaKCIIMa.TibHOfi 

Ha,LIKpiiTII'IHOCTII Ha MrHOBeHHblX HefiTpOHax B liMIIYJibCe peaKTIIBHOCTH; cp, 
cr, €A- peaKTIIBHOCTb, o6ycJIOBJI8HHM COOTB8TCTB8HHO BH8IDHIIMII ¢aKTOpaMII, 

MOIIJ;HOCTHOfi o6paTHOfi CB.H3biO II BHOCIIMaR aBTOMaTII'I8CKIIM peryJIRTOpOM; .6.e, 

.6.e11 - OTHOCIIT8JibHOe OTKJIOH8HIIe 3Hepriiii II 3Hepriiii IIMIIYJibCOB MOIIJ;HOCTII OT 

IIX cpe.z:~uero 3Ha'!eHII.H COOTB8TCTB8HHO 

30BaHhi CJI8,LIYIOIIJ;II8 ypaBH8HII.H O,LIHOTO'Ie'IHOH MO,L18JIII peaKTOpa [1-4]: 

N 
dn p-(3 L' - = -.-n + A-G-· 
dt T . ' " 

z=l 

dC; (3; 
-=-n-A-G-
dt T ' " 

(1) 

(2) 

r.z:~e n - IIJIOTHOCTh uefiTpouon B peaKTope; p - peaKTIIBHOCTh; N; - KOJIII'IeCTBO 

rpynn 3aiia3,LibiBaiOIIJ;IIX uefiTpOHOB; (3;, (3 - ,LIOJIII 3aiia3,LibiBaiOIIJ;IIX nefiTpOHOB 

rpynnhr i II cyMMapHaR cooTBeTCTBeHHo; C;, A; - Konu;enTpau;IIR II nocTO.HHHaR 

pacna.z:~a IICTO'IHIIKOB 3aiia3,LibiBaiOIIJ;HX HefiTpOHOB rpyiiiibi i COOTB8TCTB8HHO; 

T - a¢¢eKTIIBHOe BpeMR :tKII3Hli MrHOBeHHbiX HefiTpOHOB; t - BpeM.H. 

flocJie IIepeXO,Lia OT IIJIOTHOCTII HefiTpOHOB K 1!0Ill;HOCTII II OT IIHTeHCIIBHO

CTII IICTO'IHIIKOB HefiTpOHOB K HOpMIIpOBaHHOfi IIHTeHCIIBHOCTII, Bblp3JKeHHOfi B 

8,LIIIHIIIJ;aX MOIIJ;HOCTII, ypaBH8HIIR KIIH8TIIKII (1) II (2) IIpii06peTaiOT BII,LI 

TdP- ~P+S; 
(jdi- (3 

S= LS;; 

1 dS; 
A; dt + S; = p;P. 
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(3) 

(4) 

(5) 



3,n;ech p = knn- MOI.IJ;HOCTb peaKTOpa (kn- K03cPcPII~II€HT rrporrop~IIOH8JibHO
CTII M€)K,}zy MOI.IJ;HOCTb!O II ITJIOTHOCTh!O HeiiTpOHOB n); E: = p- (3- peaKTIIBHOCTb 

Ha MrHOB€HHhiX HeiiTpOHax; si = knT )..iCd (3, s = Li si - HOpMIIpOBaHH8.5I 

IIHT€HCIIBHOCTh IICTQqHIIKOB 3aiT83)l;biBa!OI.IJ;IIX HeiiTpOHOB rpyrrrrhi i II CYMMapHa£ 

COOTB€TCTB€HHO; J.li = (3d (3 - OTHOCIIT€JibHa£ )l;OJI£ 3aiT83)l;biBaiOI.IJ;IIX HeiiTpOHOB 

rpyiiiihi i. 

, B pa6oTe uciiOJih30BaHhi IIIeCTh rpyiiii 3aii83,LJ;hiBaiOrn;nx HeiiTpOHOB (Ni = 

6). 3Ha<JeHII51 IIapaMeTpOB 3aii83)l;biBaiOI.IJ;IIX H€HTpOHOB IIpii ,n;eJieHIIII 
239

Pu 

6hiCTpbiMII H€HTpOHaMII IIpiiH51Tbl CJI€,JzyiD~IU.UI [5]: (3 = 0,00216; J.li = 0,038; 
0,28; 0,216; 0,328; 0,103; 0,035; )..i = 0,0129; 0,0311; 0,134; 0,331; 1,26; 3,21. 

lllnpiiHa IIMIIYJibCOB MOI.IJ;HOCTII Ha IIOJIOBIIHe BhiCOThl Ha Tpii IT0p51,LJ;Ka M€Hb

IIIe rrepuo,n;a IIMIIYJibCOB. fi03TOMY IIMIIYJihCbi MOI.IJ;HOCTII pacCMaTpiiBa!OTC£ 

KaK u,n;eaJibHhie (6ecKOHe<JHO Y3Kne) nMIIYJihChi c 3Hepriieii E11 • IIocKOJihKY 

M€)K,}zy IIMIIYJibCaMII Bbl.IJ;€JI£€TC5I JIUIIIb 8 % OT BCeii 3Hepriiii peaKTOpa, )l;JI£ 

y.n;o6cTBa IIpnH5ITO, 'ITO 3Heprn£ ¢oHa Eq, Bhi,LJ;eJI£eTC£ H~ HeiipepbiBHo, a B 

Bn,n;e 6ecKoHe<JHO Y3KIIX IIMIIYJihCOB, IIpii<IeM coBMern;eHHhiX c IIMIIYJihcaMn MOI.IJ;

HOCTII. C y<JeTOM 3TIIX yiipOIU;8HIIH MOI.IJ;HOCTb peaKTOpa paccMaTpiiBaeTC£ KaK 

IIOCJie,n;oBaTeJihHOCTh u,n;e8JihHhiX nMIIYJihCOB. TaKoe rrpe,n;cTaBJieHne MOI.IJ;HOCTII 

IT03BOJI£8T OT ypaBH8HIIH KIIH8TIIKII (3)-(5), 113 KOTOpbiX rrepBoe II TpeTbe 51B

JI£!0TC5I ,LJ;HcPcP8P€H~II8JibHbiMII, rrepeiiTII K 8Jire6paii'l8CKIIM ypaBH8H1151M ( 6), 
CB£3hiBa!OI.IJ;IIM 3Ha'l8HII51 6e3pa3MepHbiX IIepeMeHHbiX B )l;IICKpeTHbie MOM8HTbl 

BpeMeHII - MOM8HThi, COOTB8TCTBY!OI.IJ;II8 TeKyi.IJ;eMy IIMIIYJihCY MOI.IJ;HOCTII ( C IIH

)1;8KCOM n) II rrpe,n;IIIeCTBYIOI.IJ;eMy IIMIIYJihCY MOI.IJ;HOCTH ( C 11H)l;8KCOM n-1) [3, 4]. 
fiapaMeTpbi C HII)KHIIM IIH)l;8KCOM, HaiipiiMep n, COOTB8TCTBY!OT n-My IIMITYJihCY 

MOI.IJ;HOCTII, a C BepXHIIM IIH)l;8KCOM 0 - 6830BbiM 3HaqeHU51M IIapaMeTpOB. 

8Heprn£ IIMIIYJihCa MOI.IJ;HOCTII E11 II aMIIJIIITy,n;a IIMIIYJibCa MOI.IJ;HOCTII P m 

IIporrop~IIOH8JibHbl IIHT8HCIIBHOCTII 3aii83)l;biBa!OI.IJ;IIX H8HTpOHOB IIepe,n; Ha'l8JIOM 

HMIIYJibca MOI.IJ;HOCTH S II IIMIIYJihCHhiM K03cP¢II~nenToM IIepe,n;a<Ju M (,n;JI£ 

3Hepruii IIMITYJibCa MOI.IJ;HOCTH) II Mp (,n;JI£ aMIIJIIITY,LJ;hi IIMITYJihca): E 11n = MnSn, 
Pmn = MpnSn. I1MIIYJihCHhie K03cPcPII~IIeHThi M II Mp, £BJI£!0I.IJ;IIeC£ neJIIIHeii-

. HhiMII ¢ynK~II£MII MaKCIIMaJihHoro 3Ha<JeHII£ peaKTIIBHOCTII B IIMIIYJibce E:m, 

BhrqncJieHhi IIO ypaBHeHII£M KIIHeTnKn (3)-(5). IIpoMe)KyTO'IHhie 3Haqenii£ 3TIIX 

IIapaMeTpOB C ,ll;OCTaTO'IHOH TO'IHOCTbiO OIIpe,n;eJI£!0TCR IIyTeM JIIIH8HHOH IIH

TepiiOJI51~UII. Pe)KIIMY CTa6nJin3a~nii, T.e. pe)KIIMY c rrocTO£HHOii aMIIJIIITy,n;oii 

IIMIIYJibCOB MOI.IJ;HOCTH, COOTB€TCTByeT 3Ha<JeHII€ peaKTIIBHOCTII B MaKCIIMyMe 

~::~ = 1, 02. w-3 . 

fipiiM€HIIT€JlbHO K ~apaMeTpaM, COOTB8TCTBYIOI.IJ;IIM n-My IIMIIYJibCY II Bbi

pa)KeHHbiM B OTHOCIIT€JibHbiX €)l;IIHII~ax, ypaBH€HUR KIIH8TUKII IIpiiB€,ll;8Hbl K 

8 

CJI8,Jzy!OIU;8MY BII,Jzy: 

Eq,n Sn 
ED = kq,n so; 

En EHn Eq,n EHn E 11n E~ 
ED= ED + ED; ED = ED ED; 

H 

Eq,n (3T11 S 0 

kq,n = ED = fl.k - ED; no E:mn 

EHn Sn Mn "Bn ( Mn) 
E£=soMo=soexp lnMo; (6) 

Pmn Sn Mpn Sn ( Mpn) 
po =soMa =soexp lnMo ; 

m p p 

Sn _"'"'Sin. Sin_ (Sin-1 .)...E
0 

En-1) ->.,r. 
so-~so' so- so +J.L, 'so ED e . 

i 

IIocTO£HHhie BeJIII'IIIHhi S 0 I E 0 II E~l E 0 
B (6) Bhi'IIICJIRIOTC£ IIO ¢opMyJiaM 

S0 1 

E o = "'"' J.li >..; >. r. 1 ; L....,; e, "_ 
i . 

ko = E~ =. (3T" "'"'J.liAi 1 . 
<P E 0 tl.kno - c~ ~ e>-,r. - 1' 

' 

(7) 

E~· ko 
ED= 1- q,· 

B ypaBHeHH£X (6) II (7) En, Eq,, E = E 11 +Eq, ~ 3Heprii£, Bhi,LJ;eJI£eMa£ cooT

BeTCTBeHHO B UMIIYJihCe MOI.IJ;HOCTH, B IIHTepB8Jie M8)K,)zy IIMIIYJibCaMII ( 3Hepru£ 

¢oHa) II IIOJIHa£ 3a rrepiio,n; HMIIYJihCOB T11 ; Ennl E~ - OTHOUienue 3Hepriiii IIM

rryJihCa MOI.IJ;HOCTII K ee 6830BOMY 3Ha<JeHIIIO E~; Pm; P~- aMIIJIIITy,n;a IIMIIYJihca 

MOI.IJ;HOCTII II ee 6830BOe 3Ha'leHUe COOTB8TCTB8HHO; n - HOMep IIMIIYJibCa MOI.IJ;

HOCTII; M, M 0 -IIMIIYJihCHhiii Ko3¢¢n~neHT IIepe,n;a<III u ero 683oBoe 3Ha<Jenue 

cooTBeTCTBenno; Mpn, M~- Ko3¢¢n~ueHT IIepe)la<Jn aMIIJIIITY.IJ;hi IIMIIYJibCa 

MOI.IJ;HOCTII II ero 6830B08 3Ha'leHIIe COOTB8TCTB8HHO; k~ - )l;OJI£ 3Heprun cPOHa 

3a IIepiio,n; OT IIOJIHOii 3Heprun 3a 3TOT )Ke IIepuo.n;; Si, S = Li Si - HOpMnpo

BaHHa£ IIHT8HCIIBHOCTb IICTO'IHIIKOB 3aii83)l;biBa!OI.IJ;IIX H8HTpOHOB (Bbipa)K8HHa£ 

B €)l;IIHU~ax MOI.IJ;HOCTII) rpyiiiibl i II CYMMapH8.5I COOTB8TCTB€HHO; kno - 3¢

¢eKTIIBHOCTb IIO,ll;BU)KHOrO OTpa)KaTeJI£; E:m - MaKCIIMaJibH8.5I peaKTJIBHOCTb 

( na,n;KpnTJI'IHOCTh) B HMIIYJibce. 

PeaKTIIBHOCTh B MO,LJ;eJIII ,LJ;JI£ y.n;o6cTBa BhipaMeHa KaK B a6coJIIOTHhiX e.n;n

nn~ax (p), TaK II B ,n;oJIRX (311 ( r = pI (311 ). BeTa-IIMIIYJihCHa£ peaKTHBHOCTh [ 6] 
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BbJqiicmieTCH no cJie,zzyiOru;eil: ¢opMyJie: 

1 A£0 

f3n = ( M )/ I = / I d ln Mo dcm c~ dM dc:m c-~ 
(8) 

,1J;JIH peaKTopa l·IBP-2M f3n = 1,54 • 10-4 . 

ITo anaJioriiii c peaKTopoM MBP-2 peaKTHBHOCTh MOIIJ;HOCTHoil: o6paTnoil: 

cBH3H (MOC) MBP-2M, cooTBeTCTBYIOIIJ;aH n-My IIMIIYJihCY MOIIJ;HOCTII, rrpe,IJ;

cTaBJieHa CJMMOll Tpex COCTaBJIHIOIIJ;liX [3,4]: 
.) 

3 

Trn = LTTjn· 
j=1 

(9) 

Tpii cocTaBJIHIOru;ne MOC c neJIIIHeil:HbiMII K03¢¢III1IIeHTaMII rrepe,IJ;aqii krNj 
cooTBeTCTBJIOT MOC II ,IJ;JIH n-ro IIMIIYJibCa orriicaHbi CJie,JzyiOIIJ;IIM o6pa3oM: 

( 
krNj) f Tn) 

TTjn = TTjn-1 + 6.En-1 Trj exp \-Trj , (10) 

r,IJ;e Trj - rrocTOHHHaH BpeMeHII j-il: cocTaBJIHIOru;eil: MOC (j = 1, 2, 3). 

HeJIIIHeil:Hbiil: K03¢¢III1II8HT rrepe,IJ;aqll ,IJ;JIH n-ro IIMIIYJihca rrpii j = 1 Bbipa

)KeH ¢opMyJioil: 

krNj = krj(1 + CjTTjn-1), 

T. e. 3aBIICIIT OT peaKTIIBHOCTII 3T0ll COCTaBJIHIOIIJ;eil: TTl, a rrpii j 
OT cyMMapnoti peaKTIIBHOCTll MOC rr: 

krNj = krj(1 + CjTTn-1), 

r,IJ;e Cj - rrapaMeTp HeJIHHeil:nocTII MOC. 

(11) 

2, 3-

(12) 

CTpyKTypa II rrapaMeTpbi 6JioKa MOC o11eHeHbi rryTeM MaTeMaTIIqecKoil: 

o6pa60TKII 3aperliCTpiipOBaHHbiX rrepeXO,IJ;HbiX liPOI1eCCOB 3Hepriiii IIMIIJJibCOB 

MOIIJ;HOCTll, Bb13BaHHbiX lipHMOyrOJibHb!MII ·KOJie6aHIIHMll peaKTliBHOCTII rrpii 

pa3HhiX ypoBHRX cpe,IJ;neil: MOIIJ;HOCTll MBP-2M (0,5; 1; 1,5 II 2 MBT). JlHneil:Hbie 

ypaBHeHIIH CBH3b!BaiOT ,!l;liCKpeTHb!e 3HaqeHIIH rrepeMeHHbiX, OTHOCHIIJ;IIeCH K 

COCe,IJ;HliM IIMliJJibCaM MOIIJ;HOCTII. 8TIIM ypaBHeHIIRM B MO,IJ;eJIII COOTBeTCTBy

IOT ,!l;IICKpeTHbie rrepe,IJ;aToqnhie ¢YHKI1HII W8 ;(z), Wrj(z), WA(z) II W~(z), 
KOTOJlbiMII J,IJ;06HO liOJib30BaTbCH rrpii IICCJie,IJ;OBaHIIII IIMliJJibCHbiX CliCTeM aB

TOMaTuqeCKOrO perymrpoBaHIIH II KOTOpbie rrpe,IJ;CTaBJIHIOT co6oil: OTHOllleHIIH 

z-n3o6pa)KeHnil: BhiXO,IJ;HhiX cnrHaJIOB K BXO,IJ;HhiM. B MO,IJ;eJill rrpe,zzycMoTpen 

TaK)Ke 6JIOK B03Myru;aiOru;eil: peaKTIIBHOCTn. Ha ero BhiXO,IJ;e MO)KHO C03,IJ;aTh 

pa3JIIIqHbie BII,IJ;bl B03MJIIJ;eHIIll peaKTIIBHOCTH, B qacTHOCTH B03MJIIIeHne, Bbi-

3BaHHOe rrpe,IJ;HaMepeHHhiM rrepeMeru;enneM rrpoMe)KyToqnoro peryJIHTopa (IIP), 
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6JIOKOB asapiiil:noti 3aiiJ;IIThi (A31 II A32) II KoMrrenciipyiOIII,IIX opranos (K01 II 

K02). TaK)Ke MO)KHO BhJqiiCJIHTh II3Menemie peaKTIIBHOCTII, Bhi3Bannoe rrepeMe

ru;eHIIeM aBTOMaTIIqecKoro peryJIHTopa (AP) rrpii pa6oTe peaKTopa B pe)KIIMe 

aBTOMaTnqeCKOil: CTa6IIJIII3al1IHI MOIIJ;HOCTII. 

B MO,IJ;emr yqTeHhi cJie,JzyiOIIJ;IIe nemmeil:Hbie 3aBIICIIMOCTn: 

1. 3aBIICIIMOCTb HMIIJJibCHOrO K03¢¢III1IIeHTa rrepe,IJ;aqn 3Heprnn IIMliJJihCa 

MOIIJ;HOCTII A1 = En/ S ( OTHOIIIeHIIH 3Hepriiii IIMITYJihca MOIIJ;HOCTII K 

cyMMapnoMy IICToqniiKY neil:TponoB) OT peaKTIIBHOCTII MBP-2M . 

2. 3aBIICIIMOCTh nMIIYJihCHOro K03¢¢III1HeHTa rrepe,11,aqii aMIIJIIITJ,IJ;hi IIMIIYJih

ca MOIIJ;HOCTII Af p = p ml S ( OTHOllleHIIH aMIIJIIITJ,!l;bl IIMIIJJibCa MOIIJ;HOCTII 

K cyMMapnoMy IICToqmrKy neil:TponoB) oT peaKTIIBHOCTII MBP-2M. 

3. 3aBIICIIMOCTh peaKTIIBHOCTll cTep)KHeil: A3 (A31 II A32), KO (K01 11 

K02), IIP II AP oT HX rroJIO)KeHIIH B aKTIIBHOil: 30He. 

4. 3aBIICIIMOCTh K03¢¢III1IIeHTOB rrepe,IJ;aqH MOC OT ee peaKTIIBHOCTII. 

Mo,ll,eJibHaR pea.nn3al1HR 6JioKa aBTOMaTnqecKoro peryJinpoBaHnH Moru;nocTn 

(AP), rrpe,IJ;cTaBJiennoro na piic.1, B o6ru;eil: CTPYKType ,IJ;nHaMHKH peaKTopa 

HCCJie,IJ;OBaHa ,IJ;OCTaTOqHO IIO,!J;p06Ho, IIOCKOJibKJ OT CIICTeMhi AP BO MHOrOM 

3aBIICHT cTa6IIJihHOCTh II na,IJ;e)KHOCTh pa6oTbi peaKTopa. CyTh nccJie,IJ;oBaHIIii 

AP cocTORJia B Bbi6ope orrTIIMaJibHoil: CTaTIICTIIqecKoil: MO,IJ;eJin rrapaMeTpoB AP. 

PeryJIIIpyeMbiM rrapaMeTpOM peaKTOpa HBJIHeTCH OTHOCIITeJibHOe OTKJIOHeHIIe 

aMITJIIITJ,!l;bl IIMliJJibCa MOIIJ;HOCTII. 0HO paBHO OTHOCIITeJibHOMJ OTKJIOHeHIIIO 

3Hepruii IIMITYJibCa MOIIJ;HOCTII 6.en = (En- E~)/E~, r,IJ;e En II E~- 3HepriiH 

HMITYJihCa II ero 6a3osoe ( cpe,IJ;Hee) 3Haqeniie cooTBeTCTBeHHO. II pii aHaJIH3e ,IJ;H

naMIIKII peaKTOpa HMeHHO OHO rrpiiHHTO B KaqeCTBe peryJIIIpyeMOro rrapaMeTpa. 

<lJJiyKTJal1IIH peryJinpyeMOrO rrapaMeTpa OTHOCIITeJibHO cpe,IJ;Hero ypOBHH 

B lllTaTHOM pe)KHMe CTa6IIJIII3al1IIH 06bJqJIQ COOTBeTCTBJIOT ,IJ;llalia30HY ± 20% 

C B03MO)KHb!MII Bhi6pocaMII ,!1;0 40%. C yqeTOM 3TOrO K aBTOMaTnqecKOMY 

peryJIHTopy rrpe,IJ;'bRBJIHIOTCH oco6bie, rrpiiqeM npoTnBopeqnBhie, Tpe6osaHIIH. C 

O,ll,HOll CTOpOHbi, OH ,ll,OJI)KeH o6ecrreqiiBaTb Tpa,ll,lll1liOHHbl8 liOKa3aTeJIII KaqeCTBa 

rrepexo,IJ;HhiX rrpo11eccos rrpii peryJIHpHbiX B03Myru;ennHX peaKTliBHOCTII (MaJioe 

rrepeperyJIHpOBaHIIe li MaJIOe BpeMH peryJIIIpOBaHliR lipll CKaqKe peaKTHBHOCTll). 

C ,IJ;pyroil: cTopoHhi, AP ,IJ;OJI)KeH y,IJ;oBJieTBOpHTh HeKoeMy KpnTepniO KaqecTBa 

rrpn CJiyqail:HbiX B03MYIIJ;8HIIHX peaKTIIBHOCTll. 

B KaqecTBe cTaTncTnqecKn orrTnMaJihHOro rrpiiHHT AP, o6ecrreqnsaiOru;uil: 

B pe)KI!Me CTa6IIJill3al1IUI MIIHIIMYM BepORTHOrO cpe,IJ;HeKBa,IJ;paTnqecKOrO 

OTHOCIITeJibHOrO OTKJIOHeHHH 3Hepruu 6y,zzyru;ero ( n-rO) IIMliYJibCa MOIIJ;HOCTII 

Ha OCHOBe HH¢opMal1HII, liOJiyqeHHOll ll3 rrpe,IJ;llleCTBYIOIIJ;IIX (k-?C) IIMliYJibCOB 

MOIIJ;HOCTII (k < n). IJpn 3TOM 1IH¢opMal1IHI OT rrpe,IJ;illeCTBYIOIIJ;UX liMliJJibCOB 
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npn,n;aeTCJ! pa3Hblll Bee, II TeM CaMbiM BBO,ll;HTCJI Ilpl!Hll,liTI CTapeHHJI I!HcpOp

·~tali,IIU. CTaTncTwrecKn onTIIMaJihHoMy AP cooTBeTCTByeT c;re.n;yiOIIJ,ntl: BII,ll; 

aJirOpiiTMa [11]: 

(13) 

1 n . 

rAn = ...--n a2 L a~-k(r Ak - ~enk), 
k=I n-k k=I 

r.n;e rAn, r Ak - OTKJIOHemm peaKTIIBHOCTII AP oT cpe.n;nero (6a3oBoro) ypoBHa, 

OTHOCJIIIJ,Ueca K 6y.n;yiiJ,eMy (n-My) II npe,n;IUeCTBYIOIIJ,liM (k-M) IIMIIYJihCaM MOIIJ,

HOCTII COOTBeTCTBeHHO (3,n;ecb peaKTIIBHOcTb ,ll;JIJ! y.n;o6CTBa Bbipa:lKeHa B ,IJ;OJIID<; 

~enk - OTHOCIITeJibHbie OTKJIOHeHIIJI :meprnn rrpe,IJ;IUeCTBYIOIIJ,IIX IIMIIYJibCOB MOIIJ,

HOCTII (k = 0 COOTBeTCTBYeT Haqa;ry OTC'IeTa- Haqa;ry Ha6opa aBTOMaTII'IeCKIIM 

peryJiaTOpOM HHcpOpMaiJ,IIII); a~-k :S: 1 - napaMeTp, 3aBIICJIIIJ,IIi:J: OT pa3HOCTII 

HOMepOB IIMIIYJihCOB n- k 2: 1, xapaKTepii3yeT CTeiieHh CTapeHIIJI IIHcpOpMaiJ,IIII, 

rro;ryqenHotl: II3 npe.n;IUeCTByroiiJ,nx IIMIIYJihCOB MOIIJ,HOCTII. 

I1MIIYJihCHaa nepexo.n;Haa xapaKTepncTIIKa aBTOMaTli'IecKoro peryJiaTopa 

n, c;re,n;oBaTeJibHo, ero CTPYKTypa orrpe.n;eJIHIOTCH Bhr6op~M cpyHKII,IIII a~-k B 
cpopMyJie (13) [11, 14]. , 

B CBH3II c ::ITIIM npoBe,IJ;eH .n;eTaJihHhitl: aHaJIII3 .n;nHaMnKn peaKTopa ,IJ;JIH .n;Byx 

Han6oJiee ecTeCTBeHHbiX BapnaHTOB Bhi6opa ::ITOi:J: cpyHKIJ,HH [5]. 

B nepBOM BapnaHTe napaMeTp a~-k yMeHhlllaeTcH c pocTOM mr.n;eKca 

n - k ( a6 = 1 > ai > a~ > ... ) . 9To 03Ha'!aeT, 'ITO 6onee pannetl: nncpopMau,nn 

rrpn.n;aeTcH MeHhiUHtl: Bee. B pe3yJihTaTe IIMIIYJihCHM nepe.n;aTO'!HaH cpyHKIJ,IIH 

AP rrpHHnMaeT BII,IJ; rrepe.n;aTO'IHOtl: cpyHKIJ,IIII IIHTerpaTopa 

WA(z) = r A(z) = T" z-1 
OA(z) TA 1 - z-1' (14) 

r.n;e T" - nepno.n; IIMIIYJihCOB MOIIJ,HOcTn; TA - nocTOHHHaH BpeMeHn ::~Kcnonenu,n
MhHOtl: cpynKu,nn a~-k· 

ABTOMaTn'IecKntl: peryJIHTop I1BP-2M npe.n;cTaBJIHeT co6otl: nMeHHO TaKotl: 

IIHTerpaTop. 3naqenne TA MO:lKeT ycTaHaBJIIIBaThCH pa3JIII'IHhiM, ,ll;JIH qero 

liCIIOJih3yeTC5I COOTHOIUeHne TA = 10~, r.n;e .6. - BapbnpyeMblll napaMeTp. 

B nacTOHIIJ,ee BpeMH npnHHTO ~ = 0, 2. 9ToMy 3HaqeuniO ~ cooTBeTCTByeT 

IIOCTOHHHaa BpeMeHn TA = 2 c, H K03cpcpnu,neHT rrepe.n;aqn AP B cpopMyJie (14) 

paBeu Tu/TA = 0, 1. BapbnpyeMhitl: rrapaMeTp ~ - rrapaMeTp CKopocTn AP: '!eM 

OH 6oJihllle, TeM MeHhiUe cKopoCTh AP rrpn o.n;uoM n TOM :lKe cnrHaJie Ha ero 

Bxo.n;e. C u,eJihiO eiiJ,e 6oJihiUero oCJia6;remm BJIIIHHIIH IUYMOB ua pa6oTy AP 

I1BP-2M BBe.n;eu .n;onOJIHnTeJibHhifi cpnJibTp. PerymrpyeMhifi napaMeTp ~enn 
rrporrycKaeTcH qepe3 aToT cpnJihTp H rrpeBpalll,aeTcH B crJia:lKeHHhifi cnrHaJI ~enn· 

B IITore Ha BXO,IJ; AP rro.n;aeTcH He cnruaJI 0An = -~enn, a crna:lKeHHhitl: cnrHaJI 
0An = -~enn (pnc. 2). 
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oA = -ll.ei.n 

Puc. 2: BJioK-cxeMa AP IIMIIYJihCHoro peaKTopa I1BP-2M. WA, W~- IIMIIYJihC

Hhre rrepe.n;aTO'IHhre cpyHKIJ,nn AP n cpHJibTpa cooTBeTCTBeHHO 

A;rropHTM crJia:lKIIBaHna cpnJihTpa y,n;oBJieTBopaeT CTaTncTn'IecKu onTn

MaJihHOMY KpnTepnro, aHaJiorn'IHOMY KpnTepnro orrTIIMaJihHOCTH AP [12], n 

Bhrpa:lKaeTca cpopMyJiotl: 

~enn = ~enn-1 + 1:.(~enn - ~enn-d, 
q 

(15) 

r.n;e q > 1 - K03cpcpnu,neHT crJia:lKIIBaHHH (rrpH q = 1 ~enn = ~enn, T.e. cpnJihTp 

He pa6oTaeT n crna:lKnBamm perynnpyeMoro napaMeTpa He rrpoBO,IJ;HTCH). 

<I>IIJibTpy C aJirOpiiTMOM (15) COOTBeTCTByeT IIMIIYJihCHa5I rrepe.n;aTO'!Ha5I cpyHK-

li,II5I 
A- 1 

W () = ~ = q-1 
~ z A __!]_ -1' 

uen q-l- Z 
(16) 

Bo BTopoM BapnaHTe Y'IIIThmaeTCH TOJihKO HH<t)opMau,nH, rronyqennaH 

H3 N npe.n;IUeCTBYIOIIJ,IIX HMIIYJihCOB MOIIJ,HOCTII, n etl: npn.n;aeTCH nan6oJihiUHtl: 

Bee. 9ToMy cnyqaro cooTBeTCTByeT CTaTHCTII'IecKn OIITHMaJihHhrtl: a;rropnTM AP 

I:f-1 (rAn-k- ~enn-k) 
TAn= N · (17) 

TaKIIM o6pa30M, Bhrxo.n;notl: cnrHaJI AP rrpe.n;cTaBJIHeT co6otl: cpe.n;neapncpMe

TII'IecKoe 3Ha'!emre N rrpe.n;IUeCTBYIOIIJ,IIX BXO,ll;HhiX cnrHaJIOB. 113 cpopMyJihi (17) 

cne.n;yeT, 'ITO IIMIIYJihCHaH nepe,n;aTO'!HaH cpyHKIJ,IIH AP paBHa 

(' 

T A(z) z-I . Z-N 
WA(z) = oA(z) = N 1-_z-I. (18) 

BTopoMy BapnaHTY cooTBeTCTByeT CTPYKTYPHM cxeMa aBTOMaTn'IecKoro 

perynHpoBaHnH peaKTopa I1BP~2M, rroKa3auHaH Ha puc. 2, HO rrpn W~ = 1, T.e. 

cxeMa 6e3 cpHJihTpa. Mo.n;e;rupoBaune rrpou,eccoB rrpoBe.n;eno B cooTBeTCTBIIII 

c ::~Totl: c'ipyKTypuotl: cxeMotl:. ITocKOJihKY .n;nHaMHKa peaKTopa cyiiJ,eCTBeuuo 

3aB!ICHT OT rrapaMeTpOB o6paTHOfi CB5!3ll, o6ycJIOBJieHHOll pa3orpeBOM peaKTOpa, 

TO 3Ha'!eHHH aTHX napaMeTpoB 6hiJIII ou,eneHhi .n;o Mo.n;emrpoBamm. Ou,enKa 

OCyiiJ,eCTBJieHa IIOCpe,IJ;CTBOM MaTeMaTII'IeCKOfi o6pa60TKH 3aperiiCTp11pOBaHHhiX 

rrepeXO,IJ;HhiX IlpOIJ,eCCOB MOIIJ,HOCTII, o6yCJIOBJieHHbiX rrpe,IJ;HaMepeHHbiMII IIp5IMO

yroJibHbiMII KOJie6aHH5IMII peaKTIIBHOCTII, B pe:lKIIMe CaMopery;rnpoBaHIIH [4]. 
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,IJ,n51 o6onx sapnaHTOB AP BhPUICJieHhi nepexo~Hhie npou.ecchi MOIIl,HOCTM npn 
p33mrqubiX B03Mylll,eHnHx peaKTIIBHOCTM. A IIMeuuo: a) perynHpuoe B03Mylll,e
une B BII~e CKaqKa TF = -0, 1; 6) peaJibHbllliiiYM peaKTIIBHOCTII, BbJqncJieHHblll 
peaKTHMeTpOM [2] no 3apenicTpiipoBaHHOMY IIIYMY MOHIHOCTH npn pa6oTe peaK
Tapa B pe:tKIIMe caMoperynnpOBaHIIH npn HOMIIBaJihHOll cpe~uefi MOIIl,HOCTli 2 

MBT; s) CJiyqafiHoe B03MYHieHne B sn~e 6enoro IIIyMa c ~ncnepcneii a-}= 0, 052
. 

Tipnse~eHHhie un:tKe pncyuKn IIJIJIIOCTpnpyroT pe3yJihTaThi pacqeTOB ~JIH 
uo~nHMhHhiX 3Haqeuiiii cpe~ueii MOIIl,HOCTII 2 MBT II pacxo~a TerrnouocnTeJIH 
(uaTpnH) 100 M3 jq. _J 

Ha pnc. 3 ~JIH nepsoro saprmuTa AP rroK33aHhi rrepexo~Hhie npou.ecchi, 
Bhi3BaHHbie CKaqKOM peaKTIIBHOCTli npn p33Hb!X 3HaqeHMHX K09¢¢IIIl,IIeHTa 
crJia:tKIIBaHH5! ¢IIJihTpa q =1, 8 n 32 II rrapaMeTpa cKopocTn AP .6. = 0, 2. TaM 
:tKe ~JIH cpaBHeHnH rroK33aHbi aHanornqHbie rrepexo~Hhie rrpou.ecchi ~JIH pe:tKIIMa 

caMoperynnposaHII5!, T.e. 6e3 AP. 

0,05 0,051 
ft 

I 
(a) :1 (6) 

0 ' 0 
~ ' ~ • • <U ' <U :1 I' 

<l ' <l 2: ' 
' ' -0,05 - _!---- -0,05 ___ , ______ _! _____ 

' 

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

n n 

P11c. 3: 0TuocnTeJihHOe OTKJioueune sueprnn IIMIIYJihCOB MOHIHOCTII .6-enn npn 
cKaqKe peaKTIIBHOCTH (n ~OJIHX f3n) TF = -0, 1 ~JIH nepsoro sapuauTa AP. 
a) AP OTKJIJOqeu (pe:tKIIM caMoperynnponaun5I); 6) AP BKJI!Oqeu, napaMeTp 
¢nJibTpa q =1 (1); 8 (2); 32 (3) rrpn .6. = 0,2; n- HOMep llMIIYJibCa MOIIl,HOCTII 

Ha puc. 4 noK33aHhi auanornquhre rrpou.ecChi ~JI5! BToporo sapnauTa AP B 

. 3amrcnMocTn OT qncna N npe~hi~IIl,IIX nMnyJihCOB MOIIl,HOCTn, no KOTOphiM 
rryTeM ycpe~HeHnH sxo~HhiX cnruanos AP ¢opMnpyeTCH ero BhiXo~uoii ciiruan. 

Ha pnc. 5 rroK33aHo cpe,n;ueKsa,n;paTnqecKoe oTKJioHemie sueprnn nMrrynhcos 
MOIIl,HOCTII (J, o6yCJIOBJieHHOe lliYMOM peaKTIIBHOCTH, npn p33HhiX 3HaqeUIIHX 
Kos¢¢nu.neuTa crJia)!<IIBamm ¢nJihTpa q, rrapaMeTpa CKopocTn AP .6. (rrepBhiii 
sapnauT AP) n rrapaMeTpa N (sTopofi sapnaHT AP). Ha pnc. 5 rroK33aHhi 
Kpi!Bhie, paccqriTaHHhie ~JIH peanbHoro IIIyMa peaKTIIBHOCTIL KpiiBbie, paccqn
TaHHhie ~JIH B03Mylll,eHIIH peaKTIIBHOCTil B BII~e 6eJioro IIIyMa, He OTJIIJqaJOTC5! 
cyiil,eCTBeuuo OT KpnBhiX, rroK33aHHhiX ua puc. 5. 
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~ • <U 

0, 04 .--r--r--r--. 

o 1, ~ 177"7 ':a?:: , b s ; !2"" I 

<l -0,04 

-0,08 ----~------L-----~-----
0 ' ' 

' 
0 20 40 60 80 

n 

Pnc. 4: 0THOCIITeJihHOe OTKJIOHeHIIe 9Heprnu IIMIIYJihCOB MOIIl,HOCTII .6-enn rrpu 
cKaqKe peaKTIIBHOCTII (s ~OJI5IX f3n) TF•= -0, 1; ~JI5! BToporo sapiiaHTa AP. 1 
- rrapaMeTp AP N = 1; 2- N = 8; 3- N = 16 n 4 - N = 32; n- uoMep 

IIMIIYJibCa MOIIl,HOCTII 

"lJTo6hi y6e~IIThC5!, qTo B MO~eJIII ~I!HaMIIKII J1BP-2M KaK B ¢n3IIqecKOM 

rrpe~cTaBJieHHII peaKTopa, TaK II B ee nporpaMMHOii peann3au.nn ue ~orryiil,eHhi 
OIIIII6KII, C IIOMOIIl,h!O 9TOll MO~eJIII 6hiJIII CMO~eJIIIpOBaHhl rrepeXO~Hhie IIpOIIeC
Chl peaKTOpa J1BP-2. 3uaqeHHH rrapaMeTpOB MO,IJ;eJIII 6biJIH !IpHH5!Thl paBHhiMII 
3HaqeHHHM rrapaMeTpoB Mo~enn 11BP-2, BKJIIOqaH II rrapaMeTpbi MOC. CMo~eJIII
posaHHbie IIpH TaKHX 3HaqeHIIHX rrapaMeTpOB rrepeXO~Hbie IIPOIIeCCbl MOIIl,HOCTII 
IIOJIHOCTb!O COB!IaJIII C auanoruqHh!MII IIPOIIeCCaMII, pauee IIOJiyqeHHbiMII C no
MOIIl,h!O MO~enn 11BP-2. TaK:tKe 6biJIII cMo~enuponaHhi nepexo~Hhie npou.ecCbi 
B peaKTope 11BP-2M, o6ycnonneHHhie nepeMelll,eHneM npoMe:tKyToquoro pery

JIHTopa. Tiepexo~Hhie npou.ecchi, Bhi3BaHHhie 9TM~H nepeMelll,eHM5IMII TIP (npu 
uannqnn cyiil,eCTBeHHhiX IIIyMos), 6biJIII 3aperHcTpnposaHhi pauee. Tio 9THM npo

u.eccaM 6h1Jm owiueHhi napaMeTphi ~nyx Kauanos MOC 11BP-2M n paccqnmHhi 
nepexo,n;Hhie npou.ecChi, o6yCJioBJieHHbie nepeMeiil,eHneM TIP [10]. TionyqeuHbie c 
noMOIIl,b!O MO~eJIII J1BP-2M nepexo~Hb!e npou.ecChl COBnaJIII C pacqeTUb!MII. 

. r· 
TipiiBe~eubi pe3yJihTaThi Mo~eJIIIposaHnH rrepexo~HhiX rrpou.eccon rrpii c6poce 

A3, Kor,n;a aMrrJinTy,n;a IIMIIYJibca MOIIl,HOCTII yMeHhiiiaeTCH 6onee qeM ua qeThipe 
rropH,n;Ka 3a BpeM5! He 6onee 10 c. CMo~eJinpoBaHhl rrpou.eCCbl asapniiuoro c6poca 
MOIIl,HOCTII npn p33HhiX ypOBHHX cpe~Hefi MOIIl,HOCTII peaKTOpa rrepe~ c6pOCOM 
(oT 0,2 ~o 2 MBT). CMo~ennposauubie rrepexo~Hhie npou.ecchi npaKTnqecKII 
COBIIa~aiOT C 3aperiiCTpiipOBaHHhiMli (puc. 6). 

C03~aune MaTeManrqecKoii Mo~enn peaKTMMeTpa 11BP-2M CTMO nornqe
CKHM npO~OJI:tKeHIIeM pa60T, nOCBHIIl,eHHhiX C03~aHIIIO MO~eJII! ~JIH aHaJIIl3a 

~nuaMnKII nMnynhcuoro peaKTopa [13-14]. 

B 11BP-2M perncTpupyeTcH aMrrmiTy~a Ka:tK,n;oro n-ro IIMnynhca MOHIHOCTn 
Pmn· Bxo,n;uoii semJqnuoii IIMnynhcuoro peaKTIIMeTpa 5IBJI5IeTC5! OTHOCIITeJihHaH 
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0, 07 rr--.----,----.------, 

0,066 ------,------

b 0,062 

0,058 -1------, 

1~ C?! ::-4 
0,0540 8 16 24 32 

.J N 
q, 

PIIc. 5: Cpe.n.HeKBa.n.paTwrecKoe OTKJIOHeHIIe ::mepriiii IIMITYJihCOB MOIIJ;HOCTII cr 
KaK <PYHKu;mr rrapaMeTpa <PIIJihTpa q II rrapaMeTpa AP N. 1 - .6. = 0, 05; 2 -
.6. = 0, 1; 3 - .6. = 0, 2 (rrepBhiM BapiiaHT AP) II 4 - BTopofi BapiiaHT AP 

aMITJIIITy)J.a IIMITJJibCa MOIIJ;HOCTII Pmn/ P::O, r.n.e P::O- P830BaR (3a)J.aHHaR) aM

ITJIIITy)J.a IIMITJJibca MOIIJ;HOCTII. Bhrxo.n.Hofi BeJIIIqiiHofi RBJIReTCR paccqiiTaHHoe 

ITO o6paTHbiM ypaBH8HIIRM KIIH8TIIKII MaKCIIMaJibHOe 3HaqeHII8 peaKTIIBHOCTII B 

IIMITJJibCe peaKTIIBHOCTII IIMITJJibCHOrO peaKTOpa I1BP-2M. 

I1MIIJJibCHOMJ peaKTOpy ITpiiCJIIJ;II 3HaqiiT8JibHbie IIIJMbl peaKTIIBHOCTII, 

BCJI8)J.CTBII8 qero Ha6JIIO)J.a8TCR 60JiblliOM p836poc aMITJIIITJ)J. II, CJI8)J.OBaT8Jib

HO, ::mepriiii IIMIIJJihCOB MOIIJ;HOCTII (.n.o ±20%). BhrqiicJieHHYIO peaKTIIMeTpOM 

peaKTIIBHOCTb I1BP-2M MO:tKHO IICIIOJib30BaTb HaiipRMJIO )J.JIR aHMII3a ero 

CTaTIICTIIqeCKOrO COCTORHIIR ( ITJT8M CIT8KTpaJibHOrO aHaJIII3a, KOppeJIRIJ;IIOH

HOrO II .n.p.). PeryJIRpHaR cocTaBJIRIOIIJ;aR peaKTIIBHOCTII, 66ycJIOBJieHHaR KaK 

M8)J.JI8HHbiM <<JXO)J.OM>> peaKTIIBHOCTII BCJI8)J.CTBII8 II3M8H8HIIH ITapaMeTpOB, TaK 

II ITp8)J.HaMepeHHbiM II3MeHeHIIeM peaKTIIBHOCTII opraHaMII JITpaBJieHIIR )J.JIR 

ITepno.n.IIqecKofi ou;eHKII nx rrapaMeTpoB, <PaKTnqecKII <<TOHeT>> B rnyMax. TaKIIM 

o6p830M, )J.JIR OIJ;eHKII peryJIRpHOM COCTaBJIRIOIIJ;efi BbJqncJieHHaR peaKTIIBHOCTb 

He MO:tKeT 6biTb IICIIOJib30BaHa· HaiTpRMJIO: IIIJMbl peaKTIIBHOCTII Heo6XO)J.IIMO 

OT<iJIIJibTpOBaTb. 

B ITpe)J.JiaraeMOM IIMITJJihCHOM peaKTIIMeTpe IICITOJih30BaH ITpiiHIJ;IIITIIaJihHO 

IIHOH MeTO)J. <iJIIJibTpaiJ;IIII. B HeM KaK ITOCTaHOBKa 3a)J.aqii, TaK II CITOC06 ee perne

HIIR HOCRT ITpiiKJia)J.HOH UH:lK8HepHblll xapaKTep C RCHbiM <lJn3UqecKUM CMbiCJIOM, 

a He <lJopMaJihHO MaTeManrqecKnil:. MeTO)J. ocnoBaH Ha ITpHHIJ;HITe cTaTIICTnqecKII 

OITTIIMaJibHOrO aJirOpiiTMa, BITepBbie ITp8)J.JIO:tKeHHOrO ITpiiMeHIITeJihHO K pery

JIIIpOBaHIIIO MOIIJ;HOCTII IIMITJJibCHOrO peaKTOpa [ 11). 9TOT ITpiiHIJ;IIIT OK83aJICR 

ymmepcaJibHhiM u IT03)J.Hee 6biJI paciTpocTpaHeH Ha B03MO:tKHhre HHhre pe:tKIIMhi 

pa6oTbi peaKTopa, a 3aTeM ITpiiMeHeH HeiTocpe)J.CTBeHHO K 3a)J.aqe co6cTBeHHO 

<PnJibTpau;nu [8, 11-16]. 

PaccMoTpenhr )J.Ba BapnaHTa pacrroJio:tKeHHR CTaTUCTirqecKu OIITUMaJihHoro 
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Pnc. 6: IIepexo)J.Hhre ITpou;ecchr aMIIJII1TJ)J.hi uMITJJihCO~ MOIIJ;HOCTII, Bhi3BaHHhie 

c6pocoM A3 II O)J.HOBpeMeHHhiM aBapniiHhiM ITepeMern;eHneM KO II IIP rrpu 

cpe.n.Heii MOIIJ;HOCTII peaKTopa 1 ('a) u 2 MBT ( 6). P m - aMITJinTy)J.a IIMIIJJihCa 

MOIIJ;HOCTII (1 - MO)J.8Jih, 2 - 3KCIT8piiM8HT); t- BpeMR 

<iJIIJibTpa OTHOCIITeJihHO peaKTIIM8Tpa. B ITepBOM BapnaHTe ITO OTHOCIITeJihHOH 

aMIIJIIITJ)J.8 UMITJJibCa MOIIJ;HOCTII, xapaKTepii3JIOIIJ;8HCR IIIJMaMII, BbJqUCJIReTCR 

COOTBeTCTBJIOIIJ;aR peaKTIIBHOCTb (TO:tKe C IIIJMaMII), KOTOpaR CrJia:tKIIBaeTCR 

<PIIJibTpoM (piic. 7, a). Bo BTOpOM BapnaHTe <PnJihTpoM crJia:tKIIBaeTCR OTHOCII

TeJihHaR aMIIJIIITJ)J.a HMITJJibCOB MOIIJ;HOCTII (puc. 7, 6) II ITO Heft BblqiiCJIReTCR • 

COOTB8TCTBJIOIIJ;aR peaKTIIBHOCTh: Jiyqrnue p83JJibTaThi COOTB8TCTBJIOT IT8pBOMJ 

BapiiaHTy. TaKaR ou;eHKa ocHoBaHa Ha aHaJIII3e. 3aperiiCTpiipoBaHHoro rrepe

XO)J.Horo ITpou;ecca aMITJIUTJ)J.bi UMITJJibCOB MOIIJ;HOCTU, o6yCJIOBJieHHOro ITpe)J.Ha

MepeHHbiM 113M8HeHII8M peaKTIIBHOCTII ITOCpe)J.CTBOM ITepeMern;emm IIITaTHOrO 

opraHa yiTpaBJieHIIR (ITpOMe:tKyToqHoro peryJIRTopa). PeaKTIIBHOCTh II3M8HRJiacb 

ITpOMe:tKyToqHbiM peryJIRTopoM mmefiHo. PeaKTop pa6oTaJI B pe:tKnMe caMope

ryJIIIpoBaHIIR. BhrqncJieHHaR B ITepBoM BapnaHTe peaKTIIBHOCTh rrpn HaJIIIqnu 

IIIJMOB cpaBHHBaJiaCb CO CrJia:tKeHHOM, COOTBeTCTBJIOIIJ;efi KaK rrepBOMJ, TaK 

II BTOpOMJ BapnaHTJ. B Ta6JI. 1 ITpiiB8)J.8Hbi cpe)J.H8KBa)J.paTIIqecKOe OTKJIOH8-

HII8 ITpn p83HhiX 3Haqemmx Kos<P<Pnu;neHTa crJia:tKIIBamm q, BhrquCJieHHhie 

3a BpeMR ITepeMern;eHnR ITpoMe:tKJTOqHoro peryJIRTopa, )J.JIR )J.BJX BapuaHTOB 
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Pmn/P;:. 1:1 Acmn J:l M'mn ----+l·u ·~ . 
a 

Pmn/P::. 0 Fmn/P::. [] AE,;m 
0 

6 

Pnc. 7: ,Il,Ba BapnanTa paciTOJIO:lKeHnR CTaTncTnqecKn OITTIIMaJihHoro ¢nJihTpa 

,D;JIR ITOJiyqeHIIR CrJia:lKeHHOti peaKTIIBHOCTn. J- peaKTIIMeTep; 2 - ¢IIJibTp 

paCITOJIO:lKeHIIR ¢IIJibTpa. 

Ta6JIIIu;a 1: Cpe,D;HeKBa,D;paTIIqecKoe OTKJIOHeHIIe ITPII p83HhiX 3HaqeniiRX Ko3¢

¢IIu;IIeHTa CrJia:lKIIBaHIIR ,ll;JIR ,D;BYX BapiiaHTOB paCITOJIO:lKeHIIR ¢nJibTpa 

BapuarrT 
q=4 

1 0,628 
2 0,642 

B TpeTbeii rJiaBe ITpiiBe,D;eHhi pe3yJihTaThi nccJie,D;oBaHIIR ,D;nHaMnKn nM

ITYJihcnoro peaKTopa I1BP-2M na naqaJihHOM 3Titrre ero 3KCIIJiyaTau;nn. OITncaHhi 

3KCITepiiMeHTbl ,ll;JIR OIJ;eHKII ITapaMeTpOB MOIIJ;HOCTHOti o6paTHOti CBR3II (MQC) 

II MeTO,lJ;bl o6pa60TKII 3KCITepnMeHTa.TibHbiX ,D;aHHbiX. I1CXO,ll;R II3 xapaKTepa ITe

peXO,ll;HbiX ITpou;eccoB Bhi6pana cTpyKTypa MOC, IToJiyqena ou;enKa 3naqennti 

ITapaMeTpoB MOC II cTeiTenn ycTotiqiiBOCTII peaKTopa B pe:lKnMax caMoperyJIIIpo

BaHnR n aBTOMaTIIqecKoro peryJinpoBaHIIR. BbJqiicJieHhi 3aiTaCbi ycTotiqnBocTn 

ITO aMITJIIITy,D;e II ¢83e. ,l],aH cpaBHIITeJibHbiM aHaJIII3 ,ll;IIHaMIIKII IIMITYJibCHbiX 

peaKTOpOB I1BP-2 II I1BP-2M ITpii O,ll;IIHaKOBOti 3HeproBbipa6oTKe. 

,Il,JIR oiTpe,D;eJieHIIR· ITapaMeTpOB MOC c03,D;ana ciTeu;naJihHaR ITporpaMMa 

ITOIICKa MIIHIIMyMa. 06pa60TKa ,D;aHHbiX ITpOBO,ll;IIJiaCb B CJie,D;YWIIJ;eM ITOpR,D;Ke: 

1. OT 3aperiicTpnposannoro ITepexo,D;noro ITpou;ecca (s BII,D;e ITOCJie,D;OBaTeJih

nocTu ITepiiO,ll;OB KOJie6aHIIti), o6yCJIOBJieHHOrO ITpRMOyrOJibHbiMII KOJie-

6aHIIRMII II IIIYMOM peaKTIIBHOCTII, ,D;eJiaJICR ITepeXO,ll; K ITpou;eccy flenn C 

ycpe,D;HeHHhiM ITepno,D;OM II yMeHbiiieHHhiM IIIYMOM. 

2. 3a,D;aBa.TIIICh naqaJihHbie 3naqeniiR ITapaMeTpoB MOC, KOTOpbie sapbiipoBa

JIIICh ITpOrpaMMOti ITOIICKa MIIHIIMyMa. ,l],JIR Ka)K,ll;Oro Ha6opa ITapaMeTpOB 

BhiqncJIRJICR ITepexo,D;Hhiti ITpou;ecc llenAn· BbiqnCJieHim ITpOBO,ll;IIJIIICh ITO 

ypasnenHRM KnHeTIIKH II MOC, ITpe,D;cTaBJieHHhiM B BII,D;e pa3HOCTHhiX 

ypaBHeHnti, CBR3hiBaiOIIJ;HX 3HaqeHIIR ITepeMeHHbiX, COOTBeTCTBYIOIIJ;IIX 

TeKyiiJ;eMy ( C liH,D;eKCOM n) II ITpe,D;IIIeCTBYWIIJ;eMy ( C IIH,D;eKCOM n - 1) 
IIMITYJihCY MOIIJ;HOCTII. 
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3. OITpe,D;eJIRJIIICh 3HaqeniiR ITapaMeTpoB MOC, ITPH .KOTOphiX ,D;OCTIIra

JIOCh naiiJiyqiiiee ITpii6JIU:lKeHIIe BhiqiiCJiennoro ITepexo,D;noro ITpou;ecca 

MOIIJ;HOCTII K 3aperncTpiipoBaHHOMy. B KaqecTBe ITOKa3aTeJIR naiiJiyq

IIIero ITpii6JIII:lKeHIIR ITpiiHRT MIIHIIMYM cpe,D;HeKBa,D;paTIIqecKOrO OTKJIQ

HeHIIR BhJqiicJiennoro ITepexo,D;noro ITpou;ecca oT 3aperiicTpnposannoro 

a = V N-l :L:;;'=1(llenn -llenAn)2 . 3,D;ecb II ,D;aJiee ITepeMennbre, OTHo

CRIIJ;IIeCR K n-My IIMITYJihCY MOriJ;HOCTII, ITOMeqeJihi IIH,D;eKCOM n (N- KQ

JIIIqeCTBO IIMITYJihCOB B ITepiiO,D;e KOJie6aniiti). BhrqiJ:cJiennoe OTKJIOHeHIIe 

3Hepriiii IIMITYJibCa MOIIJ;HOCTII, COOTBeTCTBYWIIJ;ee Bhi6paHHbiM ITapaMeT

paM MOC, o6o3naqeno IIH,D;eKCOM A. Ba30Bhre 3JiaqeniiR ITepeMeHHhiX 

0603naqeHbi BepXHIIM IIH,D;eKCOM 0. 

Ta6JIIIIJ;a 2: ITapaMeTpbi MOC I1BP-2M ITPII p83HhiX ypoBHRX cpe,D;Heti MOIIJ;HOCTII 

P", 
IIapaMerp 

j 
MBT 1 I 2 I 3 

CyMMapHhiH K03¢¢1II.\IIeHT rrepeAaqu Lj kri, ,8,./MBT -6,85 
0,5 Ko3¢¢uu;uenT rrepeAaqu krj, ,8,./MBT -6,9911,751 -1,61 

IIocTOHHHaH BpeMeHII Trj, c 6,0 0,22 0,41 
CyMMapHhiH K03¢¢uu;uerrT rrepeAaqu Lj krj, ,B,,jMBT -5,54 

1,0 Km¢¢uu;ueHT rrepeAaqu krj, ,8,./MBT -5,61 11,161 -1,09 
IIocTOHHHaH BpeMeHII Trj, c 6,9 0,40 0,37 
CyMMaprrhli!: Ko3¢¢uu;uerrT rrepeAaqu Lj kri> ,8,./MBT -5,52 

1,5 Km¢¢uu;uerrT rrepeAaqu krj ,·,8,./MBT -5,87 
1

1,31 I -0,96 
IIocTOHHHaH BpeMeHII Trj, c 8,2 1,33 1,13 
CyMMapHbii!: Ko3¢¢uu;uenT nepeAaqu Lj kri> ,B,.fMBT -5,14 

2,0 Km¢¢uu;uerrT rrepeAaqu kri, ,8,./MBT -5,91 
1

1,59 I -0,82 
IIocTOHHHaH BpeMeHII Trj, c 7,6 1,02 0,46 

,Il,JIR scero oxsaqennoro 3KCITep1IMeHTOM ,D;IIaiT830Ha 3naqennti cpe,D;neti MOIIJ;

HOCTII P0 (oT 0,5 ,11;0 2 MBT) xopornee ITp1I6JIII:lKenne BhrqiicJieHHhiX ITepexo,D;HhiX 

npou;eccos K 3aperiicTpllpoBaHHhiM ITepexo,D;HhiM npou;eccaM ITOJiyqeno ITpn ITpe,D;

CTaBJieHIIII MaTeMaTnqecKOti MO,D;eJimMQC B BII,D;e ITapa.TIJieJihHOro COe,D;IIHeHim 

Tpex JIIIHetiHhiX aiTep1IO,ll;IIqecKIIX'3BenheB co 3JiaqeniiRMII Ko3¢¢IIu;nenTa ITepe

,D;aqii krj II ITOCTORHHOM BpeMeHII TTj· IJpn MOIIJ;HOCTII MeHbiiie HOMIIHa.TibHOti 

(oT 0,5 ,11;0 1,5 MBT) ,D;Be Haii6oJiee 6hiCTpbre cocTaBJIRWIIJ;ne MOC ITpaKTnqecKII 

KOMITeHCIIPYIOT ,11;pyr ,11;pyra II MOC yiTpoiiJ;enno MO:lKeT 6biTh ITpe,D;CTaBJiena 

O,ll;HIIM aiTepno,D;IIqecKIIM 3BeHoM. Ou;enKa ITapaMeTpOB MaTeMaTnqecKoti MO,D;eJin 

MOC I1BP-2M B BII,D;e Tpex aiTepiiO,ll;IIqecKnx 3BeHbeB ITpnBe,D;ena B Ta6JI. 2. 

Ha pnc. 8 ITpe,D;cTaBJieHhi 3aperucTpnpoBaHHhie II BhlqncJieHHhie ITepexo,D;Hhie 

ITpou;ecchi, cooTBeTCTBywru;ne Bhi6paHHhiM ITapaMeTpaM MOC B TpexKOMITOHeHT

noti MO,D;emi ITpn ypoBHRX cpe,D;neti MOIIJ;HOCTII 0,5 n 2 MBT. 

Mo,D;eJih peaKTopa IToJiyqena na ocnosannn nanJiyqrnero ITpn6fiii:lKeHnR cMo

,D;eJinpoBaHHhiX ITepexo,D;HhiX ITpou;eccoB K 3aperucTpnpoBaHHhiM ITpn cyru;ecTsen-
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PIIc. 8: Tiepexo,n;nhre ITpou.ecchi, Bhi3BaHHhie ITp51MoyroJihHhiMII KOJie6aHII51MII 

3a,IJ;aiO!JJ.eH peaKTIIBHOCTII Ilpii pa3Hb!X ypOBH51X cpe,n;neiJ. MOIJJ.HOCTII peaKTOpa: a, 
6) P0 = 0, 5 MBT; 6, 2) P0 = 2, 0 MBT; a, 6) 3a,IJ;aiOIJJ.a51 peaKTIIBHOCTh r0 ( 1 ); 
OTHOCIITeJihHOe OTKJIOHeHIIe 3aperiiCTpiipOBaHHOfi ;meprnu IIMITYJibCOB .:6.e11 ( 2) 
u Bhi'lnCJieHHOfi .6.e11A ( 3); 6, 2) Bhi'lncJieHHa51 cyMapHa51 peaKTIIBHOCTh MOC 

rr n ee cocTaBJI51IOIJJ.IIe rr1, rr2 u rr3 

Hb!X II3MeHeHII51X MO!JJ.HOCTII. )J,JI51 MO,IJ;eJIIIpOBaHII51 ITepeXO,IJ;Hb!X ITpOJJ.eCCOB B 

HeiiiTaTHb!X pe.IKIIMax JJ.eJieC006pa3HO IICITOJib30BaTh IIMeHHO ee. JlnHeiJ.Ha51 MO

,IJ;eJib ITpe,IJ;Ha3Ha'leHa, B ITepByiO oqepe,IJ;h, ,IJ;JI51 OIJ,eHKII YCTOH'liiBOCTII peaKTOpa. 

PeaKTop nenyneBofi MO!JJ.HOCTII ,n;on.IKeH y,n;oBJieTBOp51Th Ba.tKHeiirneMy Tpe6oBa

HIIIO - YCTOH'liiBOCTII B pe.IKIIMe CaMOperyJIIIpOBaHII51. )J,JI51 OIJ,eHKII YCTOH'liiBOCTII 

peaKTopa y,n;o6no BOCITOJib30BaTbC51 KpnTepneM ycTOfi'liiBOCTII HaiiKBIICTa. )J,n51 

9TOro CJie,IJ;yeT ITpe,IJ;CTaBIITb peaKTOp B BII,IJ;e O,IJ;HOKOHTypHOH 3aMKHYTOH CIICTe

Mbl C OTpiiiJ,aTeJihHOH o6paTHOH CB513bl0 II cy,IJ;IITb o6 ycTOH'liiBOCTII 3aMKHYTOfi 

CIICTeMbl ITO 'laCTOTHbiM xapaKTepiiCTIIKaM pa30MKHYTOH CliCTeMhl. 

AMITJIIITy,n;no-¢a3oBa51 qacTOTHa51 xapaKTepncTnKa (A <I> l{X) pa30MKHyTofi 

.CIICTeMbl He OXBaTbJBaeT TO'lKY Ha KOMITJieKCHOH ITJIOCKOCTII C KOOp,IJ;IIHaTaMII 

(-1,j0). YcTOH'liiBOCTh xapaKTepii3YIOT 3aiTacoM ITO aMITmiTy,n;e (a= 1/0A) II 
ITO ¢a3e (<p). 3aiTaC ITO aMITJIIITy,IJ;e ITOKa3b!BaeT, B CKOJibKO pa3 Ha,IJ;O YBeJIII'lliTb 

K09¢¢IIIJ,IIeHT ITepe,n;aqii pa30MKHYTOH 'laCTII CIICTeMhi, 'lT06hi BbiBeCTII 3aMKHy-
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Puc. 9: AMriJinTy,n;no-¢a3oBa51 qacTOTHa51 xapaKTepucTnKa pa30MKHyTofi cu

CTeMhi ITpii ITpe,IJ;CTaBJieHUII peaKTOpa 6e3 aBTOMaTII'leCKOrO peryJI51TOpa B BII,IJ;e 

o,n;HOKOHTypnofi 3aMKHyTofi cucTeMbi ITpn cpe,n;neii MO!JJ.HOCTII peaKTopa 0,5 MBT 

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

TOM CIICTeMy Ha rpaHIIJJ.Y YCTOH'IIIBOCTII. T.e. _'IT06b! B 3aMKHYTOH CIICTeMe 

B03HIIKJIII He3aTyxaiO!JJ.IIe KOJie6aHII51. 3aiTaC ITO ¢a3e xapaKTepii3YIOT ,IJ;OITy

CTIIMOe yBeJiuqenue 3a,n;ep.IKKII curnana ITO BpeMeHn. Cne,n;oBaTeJihHO, peaKTop 

I1BP-2M B pe.IKnMe caMoperyJinpoBamm ycToii'liiB. Ero 3aiTachr ycToii'liiBOCTII 

ITPII yKa3aHHhiX ITapaMeTpax MOO BITOJIHe ,n;ocTaTO'lHbie (puc. 9 cnpaBa). 

3anaChi YCTOH'liiBOCTII ITO aMITJIIITY,IJ;e II ¢a3e yMeHbiiiaiOTC51 ITpii yBeJIII'leHIIII 

cpe,n;neii MO!JJ.HOCTII peaKTOpa I1BP-2M B pe.IKIIMe caMoperynupoBaHII51. 3aBII

CIIMOCTII 3aiTaCOB ycTOH'liiBOCTII ITO aMITJIIITy,IJ;e II ¢a3e OT cpe,n;Heii MO!JJ.HOCTII 

peaKTOpa I1BP-2M ITOKa3aHbi na puc. 10. 
Ha piic. 11 ITpnBe,n;enhi A<I>l{X pa30MKHYTOii cncTeMhi ,n;unaMIIKII, KOTOphre 

IICITOJih3YIOTC51 ,IJ;JI51 cy.~K,IJ;eHII51 06 YCTOH'lliBOCTII 3aMKHYTOfi CIICTeMhl <<peryJI51-

TOp-peaKTOp>> ITO KpuTepuiO ycTofi'liiBOCTII HaiiKBIICTa. Puc. 11, a IIJIJIIOCTpn

pyeT BJIII51Hne na A<I>l{X Koa¢¢nu.u'imm crJia.IKIIBaHII51 ¢uJihTpa u ITapaMeTpa 

cKopocTn AP ,IJ;JI51 ITepBoro BapuanTa AP, a pwc. 11, 6- Bmmnue KonnqecTBa 

ycpe,n;n51eMhiX BXO,IJ;HhiX curnanoB AP na A<I>l{X.· 
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Puc. 10: 3amrcuMocTu 3aiTacos ycTofiqusocTu ITO aMITJiuTy,!l.e (a) u ¢a3e ( 6) oT 

cpe,!l.HCH MOIIJ;HOCTU UMITJJibCHOro peaKTOpa I1BP-2M 
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Puc. 11: AMITJIUTJ,!l.HO-cPa30Bhre qacTOTHhre xapaKTepucTnKu pa30MKnyTolt cu

CTCMhi <<perymiTop-peaKTOp>>. a) ,!l.JIR ITepsoro sapuanTa AP c ITapaMeTpoM 

CKOpOCTU .6. = 0, 2 ITpu pa3HbiX 3Ha'ICHURX K03cPcPUIJ,UHTa CrJia:amBaHUR q = 1 

(1); 8 (2) n 32 (3); 6) ,!l.JIR BToporo sapuanm AP ITpn N = 8 

flo A<DLJ:X, cooTBCTCTByrow;uM TOMY nnu unoMy 3Ha'!enuro sapbupyeMbiX 

ITapaMeTpos q (K03cPcPIIIJ,IIenTa crnaJKnBamm) II .6. (ITapaMeTpa CKOpOCTII AP) 

,!l.JIR ITepsoro sapuanTa unu N ( 'IIICJia ITpe,!l.hi,!J.YIOIIJ;IIX BXO,!J.HhiX cnrnanoB) ,!l.JIR 

BTOporo, OITpC,!J.CJICHbi 3aiTaCbi JCTOH'IIIBOCTU ITO aMITJIIITJ,!l.C a = 1/0A II cPa3C 

.6.cp, pasnolt nanMenhrneMy yrny ITOBopom BeKTopa A<DLJ:X C,!J.IIHII'IHOlt ,!l.JIIIHhi 

,!l.O OTpHIJ,aTeJibHOfi ,!J.CHCTBUTCJibHOfi ITOJIJOCU ( CM. puc. 11). 

Ha pnc. 12 ITOKa3aHhi 3amrcnMocTu 3aiTacos ITO aMITJinTy,!l.e n ¢a3e OT sapbn

pyeMbiX ITapaMeTpoB q n .6. ,!l.JIR ITepsoro sapnanTa AP n OT N ,ll.JIR BToporo. 

I1CCJIC,!l.OBaHbi cpaBHl!TeJibHbiC xapaKTCpUCTIIKII ,!l.IIHaMII'ICCKUX CBOJ!CTB pe

aKTOpOB MBP-2 n I1BP-2M. l13-3a OTJIII'Inlt aKTIIBHhiX 30H MBP-2 n I1BP-2M 
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Puc. 12: 3aiTac ITO aMITJIIITy,!l.e (a) n ¢a3e ( 6): ,!l.JIR ITepsoro sapnanm AP 1 -
.6. = 0, 05, 2 - .6. = 0, 1 II 3 - .6. = 0, Q; ,!l.JIR BToporo sapuaHTa AP - 4 

ITO reOMCTpiiii II CTpJKType TOITJIIIBa TCpMOMCXaHII'ICCKIIC ITpOIJ,CCCbi B peaK

TOpax, Bhi3biBaeMbre II3MeneniiRMu Mow;nocTn, pa3JIH'laiOTCR. B CBR3II c 3TIIM 

pa3JIU'laiOTCR CTPYKTypa n 3naqennR ITapaMeTpoB MOC II, KaK cJie,!J.CTBue, ,!l.II

naMnKa peaKTopoB. 0IThiT 3KCITnyaTau,uii MBP-2 iiOKa3aJI, 'ITO Mow;nocTnaR 

o6paTHaR CBR3b II ,!J.UHaMI!Ka peaKTOpa CJIIJ;CCTBCHHO 3aBIICRT OT 3HeprOBbipa-

60TKII, T.C. BhiropaHUR TOITJIUBa, IT03TOMJ cpaBHUBaiOTCR COCTORHI!R peaKTOpOB 

MBP-2 II I1BP-2M, cooTBeTcTsyrow;ne na'laJihHOMY nepiiO,!J.Y 3KcrwyaTau,nii, 

KOr,!l.a BJIURHIICM BhiropaHUR Ha ,!l.IIHaMIIKY MO:lKHO ITpene6pe'Ib. cho TaK Ha3bi

BaCMbiC 6a30BbiC IICXO,!J.HbiC COCTO~HIIR. ,IJ:JIR 3Tl!X 6a30BbiX COCTORHI!H B pa6oTe 

paccMaTpuBaiOTCR OTJIH'IIIR B ,ll;IIHaMIIKe I1BP-2 II I1BP-2M II IIX BJIURHUC na 

KOJie6aTCJibHJIO JCTOH'IIIBOCTb I1BP-2M H ero 6e30ITaCHOCTb. 
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Puc. 13: 8neproBbrpa6oTKa IIMITYJihCHhiX peaKTopoB MBP-2 ( •) n ¥IBP-2M (.~) 
B 3aBHCHMOCTU OT BpCMCHH pa60Tbi peaKTOpa (a) U CJMMapHbiH K03cPcPIIIJ,UCHT 

Mow;nocTnolt o6paTnolt CBR3II MBP-2 (kr) B 3aBuCIIMOCTII oT 3HeproBhrpa6oTKu 

,!l.JIR I1BP-2 II ITPII 3HeprOBbipa60TKC rv 850 MBT·CJT ,!l.JIR I1BP-2M (6) 
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Ha piic. 13 rroKa3aHhi 3aBIICIIMOCTII 3HeproBhipa6oTKII OT BpeMeHII pa60Thi 
MBP-2 II I1BP-2M II cyMMapnoro Ko3¢¢mJ;IIenm rrepe,~~;aqii MOC oT 3HeproBbi

pa6oTKII. !13 piiCYHKa BII)J;HO, qTQ IIOJ!Hb!H K03¢¢niJ;IIeHT MOIIJ;HOCTHOH o6paTHOH 

cB513II (kr) B neKOTOpbie MOMeHThi 3KcrmyaTaiJ;nii MBP-2 )J;OBOJihHO CIIJihHO Me
naeTca B CTOpOHY OCJia6JieHII5I o6paTHOH CB513II. <IJaKTIIqeCKll 3TO 03HaqaeT, 

qTQ KmK)J;OMY peaKTOpHOMY IJ;IIKJIY COOTBeTCTByeT CBOH yMeHbiiiaiOIIJ;IIHC5I ITO 
MO)J;YJIIO K03¢¢IIIJ;IIeHT rrepe,~~;aqii [15]. 9TO IlpiiBO)J;IIT K TOMy, qTO )J;IIHaMIIKa 

peaKTopa B rrpoiJ;ecce ero 3KcrrJiyaTaiJ;IIII MenaeTca, a 3arrac ycTotiquBOCTII yMeHb

IIIaeTca. TaKofi )Ke xapaKTep II3Menen~a ,~~;nnaMIIKII MO)KHO O)KII)J;aTh II )J;JI5I 

I1BP-2M. ITo3TOMY )J;JI5I cpaBnemm II OIJ;eHKII ,~~;nnaMUKII peaKTopoB Bhi6upannch 

IIX COCT05IHII5I C 6JIII3KIIMII II ne60JibiiiiiMII 3HaqeHII5IMII 3HeproBbipa60TKII: Ha 

ypoBne rv850-900 MBT·CyT. 
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Puc. 14: IIepexo)J;Hbie npoiJ;eCChi II3MeHenua 3Heprnu IIMIIYJihCOB peaKTopoB MBP-

2 (a) II I1BP-2M ( 6) npii Ilp5IMOyrOJibHb!X KOJie6aHII5IX 3a)J;aiOIIJ;eti peaKTIIBHOCTII 

npn cpe,~~;nefi MOIIJ;HOCTII 2,0 MBT: 1 - 3a)J;aiOIIJ;aa peaKTIIBHOCTh (r); 2, 3 -
OTHOCIITeJihHOe OTKJIOHeHIIe 3Hepriiii IIMIIYJibCa MOIIJ;HOCTII 3aperiiCTpiipOBaHHOe 

.6.elln II BbJqiiCJieHHOe .6.enAn COOTBeTCTBeHHO; n - HOMep IIMIIYJibCOB 

Ta6mriJ;a 3: IIapaMeTpbi MBP-2 II I1BP-2M na MOMenT cpaBneniia )J;IIHaMIIKII 

peaKTopoB rrpu HOMIIHaJihHOfi MOIIJ;HOCTII 2 MBT 

IlapaMeTp I1BP-2, 1988 I1BP-2M, 2015 
8rreproBbipa6oTKa, MBT·cyT "'900 "'850 

Pacxo,ll, TerrnorrocHTemi A3, M3 jq 90 100 

IIpii cpaBHennu )J;IIHaMnqecKIIX cBoiicTB MBP-2 II I1BP-2M 6hiJIII rroJiyqenhi 

OIJ;eHKII napaMeTpoB MOC )J;JI5I pa3HhiX ypoBneti cpe,~~;neti MOIIJ;HOCTII, B TOM qnCJie 

~Jia HOMIIHaJibHofi MOIIJ;HOCTn 2 MBT [12, 14-16]. Hy:tKno TaK:tKe oTMeTIITh, qTo 

na )J;IIHaMIIKY peaKTOpa BJIII5IeT paCXO)J; TeiiJIOHOCIITeJIR qepe3 A3 [17]. IIo3TOMY 
npn cpaBHeHim ,~~;rmaMnqecKoro cocToanna peaKTopoB pacxo,~~; naTpiiR qepe3 A3 
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COOTBeTCTBOBaJI 3HaqeHII5IM, IIpiiHRTb!M )J;JIR 3KCIIJiyaTaiJ;IIOHHOfO HOMIIHaJibHOfO 
pe)KIJMa (Ta6JI. 3). 

C IIOMOIIJ;biO MeTO)J;IIKll BBO)J;a OCIJ;IIJIJIIIpyiOIIJ;efi peaKTIIBHOCTII 6b!JIII IIOJiy

qeHhl OIJ;eHKII rrapaMeTpoB MOC )J;JIR I1BP-2M rrpn HOMIIHaJihHOfi MOIIJ;HOCTII 
2 MBT. ,ll;Jia MBP-2 IICIIOJih30BaJIIICh panee rroJiyqenHhie ,~~;aHHhie [12-17]. IIe

pexO)J;Hbie IIpOIJ;eCCbl IIpii OC!J;IIJIJIRIJ;IIII peaKTIIBHOCTII IIpiiBe)J;eHbl Ha piiC. 14. 

3naqenna rrapaMeTpoB MOC peaKTopoB MBP-2 n I1BP-2M cse,~~;enhi B m6JI .. 4. 

Ta6JiniJ;a 4: IIapaMeTpbi MOC I1BP-2M npn IIITaTHOM pacxo,~~;e naTpueBoro Terr

JIOHOCIITeJia qepe3 aKTIIBHYIO 30HY 100M3 jq (2015 r.) II rrapaMeTpbi MOC MBP-2 

IIpii IIITaTHOM paCXO)J;e TeiiJIOHOCIITeJIR 90 M3 jq (1988 r.) IIpii HOMIIHaJibHOfi 

cpe,~~;nefi MOIIJ;HOCTII 2 MBT II 3HeprOBbipa6oTKe rv 850 MBT·CyT . I1BP-2M I1BP-2 
IlapaMeTp HoMep KOMrrorrenTOB MOC, j 

1 2 3 
Ko3cpcpH~HeHT rrepe,ll,aqH krj, f3u/MBT -5,91 1,59 -0,82 
IlocTORHHrui BpeMeHH Trj, c 7,60 1,02 0,46 
Ko3cpcpH~HeHT l!eJIHneiinocTH ci, {3,; i 0 0 0 
CyMMapHhiii K03cpcpH~HeHT nepe,ll,aqH -5,14 

_ Lj krj, f3u/MBT 

0.---.----.----.---. 

~ -0,25 
::8 
---q:f 

~ 
-0,5 

---t -0,75 
<l 

1; 

-----~------~-----+-----

-1L---~---l----L---~ 

0 25 50 75 100 
n ,, 

1 2 
-6,98 2,16 
9,00 3,00 

-0,50 0,60 
-5,25 

3 
-0,43 
0,24 

-2,20 

Puc. 15: I1MnyJihCHhie nepexo)J;HhH'; xapaKTepncTHKII MOC MBP-2 ( 1) n I1BP-2M 

(2) rrpn HOMIIHaJihHOti cpe,~~;neti MOIIJ;HOCTII peaKTopoB 2 MBT II 3HeproBhipa6oTKe 

rv850 MBT·CyT; n - HOMep IIMIIYJihCa MOIIJ;HOCTII 

Ha pnc. 15 IIOKa3aHbi IIMIIYJihCHbie rrepexO)J;Hbie xapaKTepiiCTIIKII MOC. l13 

pncynKa BII)J;HO, qTO nMrryJihCHbie xapaKTepncTIIKII MOC MBP-2 II I1BP-2M 
pa3JIIJqaiOTCR, qTo CBII)J;eTeJibCTByeT II 0 pa3JIIJqiJIJ B rrapaMeTpax )J;liHaMIIKII. 

IIepBoe yKa3anne na pa3Jinque ,~~;nnaMnKn peaKTopoB 6biJIO rroJiyqeno rrpu 

cpaBHeHUII peaKIJ;IIll peaKTOpOB Ha CIIMMeTpiiqHbie B03MyiiJ;eH!m peaKTIIBHOCTII 

B 60JibiiiYIO II MeHhiiiYIO CTOpOHbl OTHOCII'TeJibHO paBHOBeCHOfO KpiJTIIqecKOfO 

cocT05IHIIR. B MBP-2M CIIMMeTpnqnhie KOJie6amm peaKTIIBHoc-i-n Bhi3biBaiOT 
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ciiMMeTpii'IHbre KOJie6amur MOIIJ,HOCTII. HarrpOTIIB, B MBP-2 CIIMMeTpii'IHhre 

KOJie6aHIIR peaKTIIBHOCTII Bbi3biBaJIII HeCIIMMeTpii'IHbie KOJie6aHIIR MOIIJ,HOCTII. 

TaKIIM o6pa3oM, MOIIJ,HOCTHaR o6paTHaR CBR3h B MBP-2 - HeJinHeil:HaR, a B 

MBP-2M MO)KeT 6biTh oniicaHa JIIIHeil:HbiMII ypaBHeHHRMII. ,[(JIR MBP-2 II MBP-

2M, HMITYJihCHhre rrepexo,n;Hhre xapaKTepiiCTIIKII MOC KOTOphrx rroKa3aHhi Ha 

puc. 15, rrpiiBe,IJ,eH aHaJIII3 yCTOll'IIIBOCTII peaKTOpOB. 

2 0,5 

W~1r 
: ' :w=O I : : A 0 

' .J 

0 
' 

0 

13 ' ' 13 ' ' ..... ..... 
~ -2 ----~---~----1----~ 

== .§ ' .§ -0,5 

-4 

-1 

-6 ~ 
0 2 4 6 8 10 -1 -0,5 0 0,5 

ReW(jw) ReW(jw) 

PIIc. 16: AMnJIIITY,IJ,HO-cPa30Bhre qacTOTHhre xapaKTepiiCTIIKII pa30MKHyToil: cii

CTeMhi rrpn rrpe,IJ,cTaBJieHIIII peaKTopoB MBP-2 (1) n MBP-2M (2) 6e3 aBTO

MaTII'IecKoro peryJIRTOpa B BII,IJ,e O,IJ;HOKOHTypHOll 3aMKHYTOll CHCTeMbi IIpii 

cpe,IJ,Heil: MOIIJ,HOCTII 2 MBT. CrrpaBa 6onee ,IJ,eTaJihHO rrpe,n;cTaBJieHhi yqacTKII 

xapaKTepiiCTIIKII B6JIII3II HYJIR 

Ha piic. 16 rroKa3aHhi aMnJIIITY,IJ,HO-cPa30Bhre qacTOTHhre xapaKTepncTIIKII 

pa30MKHYTOll 'IaCTII CIICTeMbi rrpH npe,IJ,CTaBJieHHII peaKTOpa B pe)KIIMe CaMO

perymrpOBaHII.H B BII,IJ,e O,IJ,HOKOHTypHOll 3aMKHYTOll CIICTeMbi C OTpiirraTeJibl!Oll 

o6paTHoil: CB.H3b!O npn MOIIJ,HOCTII 2,0 MBT. 3HaqeHIIR K03cPcPHrrHeHTOB rrepe,IJ,aqn 

n rrocToRHHhrx BpeMeHn MOC B3RThr II3 Ta6n. 4. Act>qx pa3oMKHyToil: cncTeMbi 

He OXBaTbiBa!OT TOqKy Ha KOMnJieKCHOll IIJIOCKOCTH C KOOp,IJ,I!HaTaMH (-1, j0) [2]. 

CJie,IJ,oBaTeJibHO, peaKTOpbi MBP-2 II MBP-2M B pe)KrrMe caMoperynnpoBaHrrR 

ycTotiqnBhr. Mx 3arracbr ycTotiqnBOCTH npn yKa3aHHhiX napaMeTpax MOC ,IJ,OCTa

ToqHhre ,IJ,JIR 6e3orracHoli pa60Thi (prrc. 16, 6). PeaKTOp MBP-2M 6onee ycTotiqnB 

· no cpaBHeHrrJO c MBP-2 B rrrTaTHOM pe)KnMe pa6oThr: 3arrac no aMnJinTy,IJ,e (T.e. 

no Ko3¢¢nrrrreHTY yciiJieHHR <<peaKTHBHOCTb-MOIIJ,HOCTh>> peaKTopa) y MBP-2M 

no cpaBHeHIIJO c MBP-2 Bhrrrre npaKTnqecKII B ,IJ,Ba pa3a. 
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B 3aKJIIO'IeHIIII rrprrBe,IJ,eHhi ocHOBHhre pe3yJihTaTbi IICCJie,IJ,oBaHrrR ,IJ,IIHaMII
KII B naqane 3KcnnyaTarrrrn peaKTopa MBP-2M. 

IJ;eJib pa60Tbi - MO,IJ,eJIIIpOBaHIIe II 3KCneprrMeHTaJibHOe IICCJie,IJ,OBaHHe ,ll,IIHa

MIIKII HMITYJihCHoro peaKTopa MBP-2M rrepiio,IJ,rrqecKoro ,IJ,elicTBrrR (Mo,IJ,epHII3II

poBaHHOro peaKTopa MBP-2) B naqane 3KcnnyaTarriiii (,IJ,o 3HeproBbrpa6oTKII 

1000 MBT cyT) - ,IJ,OCTIIrHym. 

OcHoBHhre pe3yJihTaTbi pa6oTbi c~o,IJ,RTCR K cJie,IJ,yJOIIJ,eMy. 

1. Co3,IJ,ana ,IJ,HCKpeTna.H MO,IJ,eJih rrMnyJihCHoro peaKTopa MBP-2M II ocy

IIJ,eCTBJiena ee nporpaMMHaR peaJirr3arrnR c noMOIIJ,hJO MAT.JIAB ,IJ;JIR 

IICCJie,IJ,OBaHHR nepeXO,ll,HbiX nporreCCOB . .JlnHeHHbie 3JieMeHTbi MO,IJ,eJIH onn

caHbi ,IJ,IICKpeTHbiMII cPYHKI!IIRMII, noJiyqeHHbiMII B pe3yJibTaTe IICnOJib30-

BaHIIR z-npeo6pa30BaHIIR. yqTEOHbi HeJIIIHeHHbie 3aBHCIIMOCTII B 6JIOKax 

KIIHeTIIKII II MOIIJ,HOCTHOH o6paTHOH CBR3ll . 

2. IIpoBe,n;eHbi TeCTOBhre npoBepKrr MO,IJ,eJIII nprrMeHIITeJihHO K rr3BeCTHhiM 

nepexo,IJ,HhiM nporreccaM B peaKTope MBP-2 n K paccqnTaHHhiM nporreccaM 

B peaKTope MBP-2M, noKa3aBiniie upaBHJihHOCTh MO,IJ,eJirr. IIprreMJieMOCTh 

MO,IJ,eJIII nO,IJ,TBep:lK,IJ,eHa nyTeM cpaBHeHrrR CMO,IJ,eJIHpOBaHHbiX liPOrreCCOB 

rr 3aperrrcTprrpoBaHHhiX npii c6poce aBapnliHoli 3aiiJ,IIThi, KOr,IJ,a pery

JirrpyeMbiH napaMeTp (oTHocnTeJibHa.H aMnJirrTy,n;a rrMnyJihca MOIIJ,HOCTrr) 

yMeHhrrraeTC.H 6onee qeM Ha qeTbipe nopR,IJ,Ka. Mo,IJ,ennpoBaHrre npoBe,IJ,eHo 

npii pa3HhiX ypoBHRX cpe,n;Heli MOIIJ,HOCTII (OT 0,2 ,IJ,O 2 MBT). IIonyqeHo 

xopoiiiee nprr6Jin)KeHne cMo.i\enrrpoBaHHhiX nporreccoB K 3aperrrcTprrpoBaH

HhiM. 

3. IIpoBe,n;eHo Mo,n;enrrpoBaHIIe nepexo,IJ,HhiX nporreccoB MOIIJ,HOCTrr peaKTO

pa. ,[(aHa orreHKa BJIIIRHIIR napaMeTpOB aBTOMaTnqecKoro peryJIRTopa 

Ha nepeXO,ll,Hbie nporreCCbi nprr peryJI.HpHOM B03MyiiJ,eHIIII peaKTIIBHOCTII, 

npn CJiyqatiHOM B03MyiiJ,eHIIII peaKTIIBHOCTII C HOpMaJibHbiM 3aKOHOM pac

npe,IJ,eJieHII.H, a TaK)Ke npn peaKTIIBHOCTII c peaJihHhiM rrryMoM. B CB.H3II 

c cyiiJ,eCTBeHHhiM pa36pocoM aMnJIIrTy,IJ, IIMnyJihCOB MOIIJ,HOCTII · paccMoT

peHbi ,n;Ba BapnaHTa aBTOMaTIIqecKoro peryJI.HTopa, y,IJ,oBJieTBOp.HIOIIJ,IIe 

KpiiTepii!O MIIHIIMyMa cpe,IJ,HeKBa,IJ,paTJiqeCJ50rO OTKJIOHeHII.H aMnJIIITY,IJ;bi 

6y,IJ,yiiJ,ero IIMnyJibCa MOIIJ,HOCTII Ha OCHOBaHIIII IIHcPOpMa!IIIII, noJiyqeHHOH 

B y)Ke npoiiie,IJ,IIIIIX nMnynhcax. 0Tnnqne BaprraHTOB B Bbr6ope xapaKTepa 

yqeTa IIHcPOpMarriiii COCTOIIT B CJie,IJ,yiOIIJ,eM. IJepBbiH BapnaHT xapaKTepii-

3yeTC.H nJiaBHhiM cTapeHIIeM rm¢opMarrun: 6onee paHHeil: rm¢opMarruu 

npn,IJ,aeTC.H MeHhrrrnti Bee. BTopoti BapnaHT xapaKTeprnyeTC.H cKa'IKoo6-

p33HhiM BII,ll,OM CTapeHII.H IIHcPOpMarriiU: IIHcPOpMarriHI, noJiyqeHHOll II3 

cPIIKCIIpOBaHHOrD KOJIIIqecTBa nOCJie,IJ,HHX IIMnyJihCOB, npn,IJ,aeTC.H Haii60Jib

IIIHll Bee, a 6onee paHneil: - Hynesofi ( T.e. 6onee paHH.H.H uH¢opMarriiR He 

yqnThmaeTCR Boo6IIJ,e). • 
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4. Co3.n;ana Mo.n;eJib peaKTIIMeTpa peaKTopa I1BP-2M, IICITOJib3YIOIIJ;aR pa3-
HOCTHhie ypaBHeHII5I KIIHeTIIKII IIMIIYJihCHOrO peaKTOpa nepiiO,ll;II'IeCKOrO 
.n;eficTBIIR TIIna HBP-2. Pa3HOCTHbre ypaBHemm cooTBeTCTBYIOT Tpa.n;II
u;noHHbiM ypaBHeHII5IM KIIHeTIIKII H CB5I3biBaiOT napaMeTpbi HMIIYJihCHOrO 
peaKTOpa, COOTBeTCTBYIOIIJ;He TeKyrn;eMy II npe.n;IIIeCTBYIOIIJ;eMy HMIIYJib
caM MOIIJ;HOCTII. B MO,IJ;eJIII yqTeHhi HeJIIIHefinhre 3aBIICIIMOCTII snepriiii 
IIMIIYJibCa MOIIJ;HOCTII II ero aMIIJiliTY,IJ;bi OT peaKTIIBHOCTII. 

5. Ha ocnoBe aHaJIII3a nepexo.n;HhSC npou;eccoB MOIIJ;HOCTH, o6ycnoBJieHHbiX 
npRr.wyroJibHhiMII KOJie6annRMII peaKTIIBHOCTII npu pa6oTe IIMnynhcnoro 
peaKTopa I1BP-2M B pe:IKIIMe caMoperyJIIIpoBaHIIR, ou;eneHhi 3Ha'IeHIIR 
napaMeTpOB MaTeMaTII'IecKofi Mo.n;enn MOC. 

6. Ou;eneHhi 3anachr ycTOH'IIIBOCTII no aMnJIIITy.n;e II ¢a3e npii pa3HhiX 3Ha
qenrmx cpe.n;nefi MOIIJ;HOCTII peaKTopa I1BP-2M B pe:IKIIMe caMoperyniipo
BaHHR, a TaK:IKe B pe:IKHMe aBTOMaTII'IeCKOr~ pe~JIIIpOBaHII5I peaKTOpa. 

7. Ha ocnoBe anann3a Bhi'IIICJieHHbiX IIMnynhCHbiX nepexo,IJ;HbiX xapaKTe
p1ICTIIK II napaMeTpOB MOC peaKTopoB HBP-2 II I1BP-2M noKa3ano, 
'ITO o6a peaKTOpa YCTOH'IIIBbi B IIITaTHOM pe:IKIIMe pa60Tbi. 3anac IIO 
aMnJIIITy,IJ;e (T.e. no K03cPcPIIIJ;IIeHTY YCIIJieHII5I <<peaKTHBHOCTb-MOIIJ;HOCThl> 
peaKTopa) y I1BP-2M no cpaBHeHIIIO c HBP-2 Bbiiiie npaKTII'IeCKII B 
.n;Ba pa3a. 3anachr no ¢a3e ( T.e. no cPa30BOMY c.n;Bnry Me:IK.n;y Morn;no
CThiO II B03Myrn;aiOrn;efi peaKTIIBHOCThiO) y peaKTopoB HBP-2 II I1BP-2M 
cyrn;eCTBeHHO He OTJIII'Ia!OTCR, II OHII ,ll;OCTaTO'IHO 60JibiiiHe. 
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BJiaro,n;apHOCTh 

ABTop Bbrpa)KaeT IICKpenHIOIO 6Jiaro,lJ.apHOCTb CBOIIM nay'IHbiM pyKOBO,ll.IITeJI5IM 
K.¢.-M.H. IO.H. TierreJihriiieBy II K.T.H. A.K. TiorroBy 3a IIHTepecnhre II Ba)KHbre 
3a,ll.a'III, 3a rroMOIIJ,b II IIO,ll.,ll.ep)KKY B pa6oTe. A TaK)Ke pyKoBO,ll.IITeJI5IM TeMbi no 
pa3BIITIIIO peaKTopa HBP-2 rJiaBHOMY IIH)Kenepy A.B. BIInorpa,ll.oBy, ,lJ..¢.-M.H. 
A.B. BeJiyiiiKIIHY 3a rrocT05IHHoe BHIIMaHIIe II IIO,ll.,ll.ep)KKy. ABTop rrpii3HaTeJieH 
K.¢.-M.H. A.,Il;. PoroBy, K.¢.-M.H. JI.A. Tafibr6oBy, MoeMy ,ll.pyry ll,. UorTcafixany 
II BCeMy KOJIJieKTIIBY rpynrrhr 5I,ll.epnofi 6e3orracnocTII N~1 II JIH<I> OI15II1 3a 
TBOpqecKyro nayqHyiO o6cTaHOBKY II ,lJ.py)KeCKYIO aTMoc<fJepy. 

5I 6ecKoHe'IHO 6Jiaro,ll.apen MoeMy pyKOBO,ll.IITeJiro ~Ka,ll.eMIIKY I B. qa,ll.paa III 
aKa,lJ.eMIIKaM ,II;. Canraa, IJ;. BaaTapy, P. Toroo II KOJIJieraM I1HcTIITyTa ¢II3IIKII 
II TexnoJioriiii AHM. 

C'I!lTaro CBOIIM rrpii5ITHhiM ,ll.OJiroM rro6Jiaro,ll.apuTb rroJIHOMO'IHbiX rrpe,ll.CTaBn
TeJiefi rrpaBuTeJibCTBa MoHrOJIIIII B OI15II1 aKa,ll.eMIIKa C. 9Hx6aTy, rrpo¢eccopa 
C. ,Il;aBaa, II Becb KOJIJieKTIIB naiJ,IIOHaJibHOfi rpyrrnhr MonroJIIIII B OI15II1. 

ABTOp rJiy6oKo 6Jiaro,LJ,apen CBOIIM pO,ll.IITeJI5IM, po,ll.HhiM, 6JIII3KIIM II ,ll.PY3b5IM 
3a HeOIJ,eHIIMYIO IIO,ll.,ll.ep:lKKY II MOTUBaiJ,IIIO Ha IIpOT5I)KeHIIII BCero nepiiO,ll.a 
pa6oTbi Ha,ll. ,ll.IICcepmiJ,nefi. BJiaro,ll.apro JII06IIMYIO )KeHy II MaTh Monx ,ll.eTefi 3a 
llCKpeHHOCTb, BepHOCTb, JII060Bb, ,ll.06pbie CJIOBa II 3a TO, 'ITO BCer,ll.a p5I,ll.OM! 
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