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NQ ------- OT 

0 HarrpaBJieHI-rn 0T3bIBa Ha aBTOpe<pepaT 

,n:11ccepTau:1111 l1.rrb5ICOBOH O.X. 

YBa)KaeMbIH l1ropb l1HHOKeHTbeB11q! 

HarrpaBJI5IIO BaM 0T3hIB Ha aBTope<pepaT ,n:11ccepTau:1111 l1Jih5ICOBOH OnhrH 

XttcaMOBHbI Ha TeMy «Pa3BHTHe MO,[(eJieH H BaJIH,[(a1(H5I Terrnortt,n:paBJIHqecKoro 

rrporpaMMHoro K0MIIJieKca HYDRA-IBRAE/LM .[(JI5I peaKT0pHhIX ycTaH0B0K 

C )Kll,[(K0MeTaJIJIHqecKHMH TeIIJI0H0CHTeJI5IMH», rrpe,n:cTaBJieHHOH Ha C0HCKaHHe yqeHOH 

CTerreHH KaH,n:11,n:aTa TeXHHqecKHX HayK ITO crre[(HaJibH0CTH 2.4. 9. «5It(epHbie 

3HepreT11qecK11e ycTaH0BKH, TOIIJIHBHbIH U:HKJI, pa,n:Ha1(H0HHa5I 6e30IIaCHOCTh». 

ITpttJIO)KeHtte: OT3hIB Ha 4 JI. B 1 3K3. 

Uo 
r eHepaJibHbIH ,n:ttpeKTOp 

CttTHHKOB AneKcaH,n:p M11xaHJIOB11q 

(813-69) 6-04-87 

Ji /I {l)µt;,{ fYljl «P•6 

)::(.A. KttpIIHKOB 



OT3hIB 

Ha aBTOpeqiepaT ,n:HccepTaJ.J;JiH Mm,5ICOBoii Om,rn XHcaMoBHhI 

«Pa3BHTHe Mo,n:erreii H BaJIH,n:a,QH5I TeIIJIOrH,n:paBJIH11eCKOro nporpaMMHOfO KOMIIJieKca 

HYDRA-IBRAE/LM ,n:M peaKTOpHbIX ycTaHOBOK c )KH,n:KoMeTarrrrH11ecKHMH 

TenJIOHOCHTeJI5IMH», npe,n:CTaBJieHHOH Ha COHCKaHHe YlJeHOH CTeneHH KaH,n:H,n:aTa TeXHH11eCKHX 

HaYK no cneI.J;HaJibHOCTH 2.4.9. «5I.n:epHbie ::mepreTH11eCKHe ycTaHOBKH, TOnJIHBHbIH UHKJI, 

pa,n:HaI.J;HOHHa5I 6e3onaCHOCTb)) 

Krr1011eBhIM BeKTOpOM pa3BHTH5I ::rnepreTH11eCKOH orpacrrH B PocCHH 5IBJI5IeTC5I nepexo.n: K 

3aMKHYTOMY 51,n:epHOMY TOnJIHBHOMY .QHKJIY Ha 6a3e peaKTOpOB Ha 6hICTPhIX HeHTpoHax C 

)Klf.ll:KOMeTaJIJIH11eCKHMH TenJIOHOCHTeJI5IMH. Y cnemHoe npoeKTHpOBaHHe, coopy)KeHHe H 

6e3onaCHa5I 3KcnrryaTau:Ern HHHOBaI.J;HOHHblX ycTaHOBOK HeB03MO)KHbl 6e3 Ha,n:e)KHbIX pac11eTHbIX 

HHCrpyMeHT0B HOBoro noKOJieHH5I. B COOTBeTCTBHe C 3THM, TeMa ,n:HccepTaI.J;HOHHOH pa60Tbl 

o.x. l1Jib5ICOBOH, nocB5III(eHHOH pa3BHTHIO Mo,n:erreii OT,n:errhHblX q>H3H11eCKHX 5IBJieHHH, 

pearrmoBaHHhIX B Tenrrorn,n:pa.BrrH11ecKOM nporpaMMHOM KoMnrreKce HYDRA-IBRAE/LM ,n:M 

peaKTOpHblX ycTaH0B0K C )Klf.ll:KOMeTaJIJIH11eCKHMH TenJI0H0CHTeJI5IMH, 6e3ycrroBHO 5IBJI5IeTC5I 

aKTyaJibHOH. 

ABTopoM npoBe,n:eH KOMnJieKCHblli HaYlJHO-TeXHH11eCKHH I.J;HKJI: OT TeopeTH'IeCKOH 

-pa.3pa60TKH HOBbIX qlH3H11eCKHX Mo,n:eJieH ,[(O HX nporpaMMHOH pearrH3aI.J;HH H BaJIH,[(a,QHH Ha 

OCH0Be 3KCnepHMeHTaJibHbIX ,n:aHHbIX, norrYlJeHHbIX Ha JIOKaJibHblX H HHTerparrbHbIX 

ycTaHOBKax. 

ABrnpoM ycnemHo pearrH30BaHa B cocTa.Be nporpaMMHoro KoMnrreKca HYDRA-
. . 

IBRAE/LM rpeX)KH.ll:KOCTHa5I Mo,n:eJib ,D;HcnepcHO-K0JihI.J;eBoro noT0Ka; ycoBepmeHCTBOBaH 

pac11eT Me)Kq>a3HOro TpeHH5I B ,n:Byx)KH.D:KOCTHOM npH6JIH)KeHHH; BHe,n:peHa Mo,n:errh Te11eHH5I H 

Tenrroo6MeHa napOBO.D:5IHOM CMeCH B )Klf.D:K0M CBHHI.J;e, 11T0 II03BOJIHJIO pacmHpHTb 

q>)'HKUHOHaJibHble B03MO)KHOCTH KO,n:a rrpH Mo,n:errHpOBaHHH a.BapHHHbIX pe)KHMOB. 

CqiopMyrrHpOBaHHOe IIOJIY3MIIHpH11eCKOe C00THomeHHe .D:JI5I orrpe,n:erreHH5I rH,n:paBJIH11eCKHX 

noTeph Ha rpeHHe B TBC PY EPECT-O,D;-300 rro3BOJI5IeT yrrpocTHTh rrpoBe,n:eHHe pac11eTOB 3a 

Ct:J:eT aBTOMaTH3a,QHH orrpe,n:erreHH5I MeCTHbIX corrpOTHBJieHHH. 

CoHCKaTeJieM rrpoBe,n:eHhl BaJIH,n:aI.J;HOHHhie pac11eTbl no pe3yJihTaTaM 3KcnepHMeHTOB, 

nOJIY11eHHblX KaK Ha OTe11eCTBeHHhIX, TaK H Ha 3apy6e)KHblX HHTerparrbHbIX ycTaHOBKaX. 

Pact:J:eTbl conpoBO)K,n:aJIHCb aHaJIH30M Heonpe.n:erreHHOCTeH H lJYBCTBHTeJibHOCTH B COOTBeTCTBHH 

C peKOMeH,n:a.QH5IMH PE-166-20, 11TO no3BOJIHJIO KOJIH11eCTBeHHO OI.J;eHHTb norpemHOCTH 

pac11eTHoro nporHo3HpoBaHH5I KJI1011eBhIX napaMerpoB. 
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Br,morrHeHHbIH ofo,eM pa6oT cnoco6cTBOBaJI norryqemno aTTecTa:UII0HHoro nacnopTa Ha 

nporpaMMHbIH KOMnrreKc (ITK) HYDRA-IBRAE/LM (N2 577 OT 15.06.2023) c pacm1IpeH1IeM 

o6rracTII ero nplIMeHeHIDI Ha PY EPECT-OJI:-300. 

BMecTe C TeM, nplI II3Y9eHIIII MaTepliarIOB aBTope<bepaTa II )HICcepTaUIIII 6bIJIII 

BbUIBJieHbl CJie,IlyIOIUIIe 3aMe"LJ:aHIDI: 

1. B no)];pa3.l];erre 1.3 )];1ICceprn:u1rn, He yrroM5IH)'T0M B aBTopeq>epaTe, np1IBO)];IITC5I CIICTeMa 

ypaBHeHIIli )];Byx)KII,lJ;KOCTHOli MO)];eJIII )];JI5I )KHJJ:KOMeTaJIJIII"LJ:eCKoro TenJIOH0CIITeJI5I, nplI 3TOM He 

ynoMIIHaeTC5I, "LJ:TO paccMaTplrnaeTC5I B Ka"LJ:ecTBe ra30BOH q>a3bl. 

2. J:{JI5I 6onee noJIHOli o:ueHKII 3q>q>eKTIIBHOCTif npe,n:JIO)KeHHI,IX no,n:xo,n:oB :uenecoo6pa3HO 

npoBecTM cpaBHMTeJII,HI,Ili aHaJIII3 pe3yJihTaTOB pac"LJ:eToB ycoBepmeHCTBOBaHHOli 

,n:Byx)KHJJ:KOCTHOli MO,lJ;eJIII If TpeX)KHJJ:KOCTHOli M0)];eJIII Ha e,n:IIHOli 3KCnep1IMeHTaJibHOli 6a3e 

(HarrpMMep, Ha JJ:aHHbIX 3KCnepMMeHTa EeKKepa). 

3. B pa6oTe 3a5IBJieHo pa3BMTMe Mo,n:eJIM Te"LJ:eHIDI napOBOJJ:5IHOli CMeCM B CBMH:Ue JJ:JI5I 

MO,n:enMpOBaHH:51 pa3pbIBa Tpy6oK naporeHepaTOpa (rnaBa 3). ABapMM C Me)KKOHTYPHOli Te"LJ:bIO 

xapaKTepM3YIQTC5I nepBoHa"LJ:aJII,HI,IM BcnrrecKOM JJ:aBJieHII5I B KOHType pacnnaBa. 

Ilpe,n:cTaBJieHHbie pe3yJihTaTbl BaJIMJJ:a:UMII (3KCnepMMeHTI,I no 3ax0Jia)KMBaHMIO nplI BnpbICKe 

CMeCM) He OXBaTbIBaIOT JJ:MHaMMKY npo:uecca, xapaKTepHYIQ JJ:M aBapMHHOro pa3pbIBa Tpy6oK. 

OTcyTcTByeT conOCTaBJieHMe C pe3yJihTaTaMif 3Kcnepmv1eHTOB Ha cne:uMaJIII3MpOBaHHI,IX 

CTeH,n:ax, KOTOpbie Henocpe,n:CTBeHHO MO,n:eJIMPYIOT nepexo,n:Hble npo:ueccbI npM Me)KKOHTypHbIX 

Te"LJ:ax. 

4. B npo:uecce M3Y"LJ:eHIDI no,n:pa3,n:ena 2.1 ,n:MccepTa:qMoHHOH pa6oThI B03HMKaeT Bonpoc o 

:uerrecoo6pa3HOCTM MCnOJib30BaHmI BeJIM"LJ:IfHI,I Uff If pac"LJ:eTa ee no CJIO)KHOli 3MnMpM"lleCKOli 

KOppeM:UMM. B pac"LJ:eTe CIIJII,I Me)Kq>a3HOro TpeHIDI Me)K)];y ra30M II nneHKOli, cornaCHO TeKcTy 

)];MCcepTa:qlIM, Mcnonr,3yeTC5I BeJIM"LJ:MHa Ectv (KOTOpa5I 3a5IBJieHa KaK 061,eMHM )];0JI5I KarreJII, B 

napoKarreJibHOM 51,n:pe, HO q>aKTM"LJ:eCKif MCnOJib3yeTC5I KaK 061,eMHM JJ:OJI5I KaIIeJII, B )Kif)];KOli 

q>a3e ). IlpM HaJIM"LJ:MM Ectv "LJ:JieH ( (j)f - Uff) MO)KeT 61,1Tb npe,n:cTaBJieH KaK Eav·(l - <pf), "LJ:To ,n:enaeT 

BBe,n:eHMe ,n:onoJIHMTeJibHOli 3MnMpM"lleCKOli 3aBMCMMOCTif JJ:JI5I Uff M36bITO"LJ:HbIM. 

KpoMe Toro, 6bIJIIf BbI,IleJieHbl pe,uaKUIIOHHbie 3aMe"LJ:aHM5I: 

1. B TeKcTe aBTopeq>eparn yrroM5IHyro, "LJ:To npoBo,n:Mnocr, cpaBHeHMe K0)];a HYDRA­

IBRAE/LM c oTe"LJ:ecTBeHHbIMM M 3apy6e)KHbIMM aHaJI0raMM. O.l];HaKo B aBTOpeq>epaTe 

OTCYTCTBYIOT np5IMbie CCbIJIKif Ha COOTBeTCTBYIQI:qMe nporpaMMHbie JJ:OKyMeHTa:qMM IfJIIf 

Hay-qHbie ny6JIMKa:UMM, o6ocHOBbIBaIOI:qlfe BbI6op JJ:aHHI,IX aHaJIOr0B. KpoMe Toro, B nepe"l!He 

ynoMMHaIOTC5I «oTe"LJ:eCTBeHHbie aHaJiorm>, HOB 5IBHOM BM,n:e Ha3BaHif5I K0HKpeTHI,IX poccMHCKMX 



3 

rrporpaMMHhIX KOMIIJieKCOB He rrp1rno,WITC.s:I, "CJTO He IIO3BOJI.s:IeT ou:eHHTh IIOJIHOT)' rrpoBe,ZJ;eHHoro 

CpaBHHTeJibHOro aIIaJIH3a. 

2. B rro,D;pa3,D;eJie 3.1 aBTOpe<peparn (<popMyna 5) Ha6mo,ZJ;aeTc.s:I TepMHHonorn-ciecKa.s:I 

HeO,ZJ;HO3Ha"CJHOCTh. I1H,ZJ;eKC g HCIIOJin3yeTC.s:I ,ZJ;JI.s:I o6o3Ha-cieHH.s:I rrapoBO,ZJ;.s:IHOH 

roMoreHH3HpOBaHHOH CMeCH, O,ZJ;HaKO B IIO.s:ICHeHHH K <popMyJie HHTeprrpeTHpyeTC.s:I KaK «ra30Ba.s:I 

<pa3a», "CJTO rrpoTHBope"l!HT q)H3H"lleCKOMY CMhICJIY rrpou:ecca. 

3. B IIO,Zl;pa3,D;eJie 2.1 ( <popMyJia 1) TaK)l(e rrpHCyTCTByeT IIyTaHHU:a B o6o3Ha-ciemrnx. B O,ZJ;HOH 

3aBHCHMOCTH HCIIOJin3yroTC.s:I H (pf - 061,eMHOe CO,D;ep)l(aHHe ~H,ZJ;KOH !pa3hl, H Uff, o6o3Ha"CJeHHa.s:I 

KaK «,ZJ;OJI.s:I KarreJih B )l(H,Zl;KOCTH», Ho, cornacH0 rrepBoHcTO-ciHHKY (RELAP5-3D Code Manual), 

BeJIH"CJHHa Uff HMeeT CMhlCJI 061,eMHoro CO,D;ep)l(aHH.s:I )l(H,Zl;KOH IIJieHKH. TaKHM o6pa30M, 

BBO,ZJ;HTC.s:I ,ZJ;Ba o6o3Ha-cieHH.s:I ,ZJ;JI.s:I O,ZJ;HOpO,Zl;HhIX cymHOCTeH. IlpH 3TOM CTOHT OTMeTHTh, "CJTO B 

CIIHCKe o603Ha-cieHHH ,ZJ;HccepTau;HH CHMBOJI a 3aKperrJieH 3a K034)4)HU:HeHTOM TeIIJIOOT,ZJ;a"CJH. 

YKa3aHHhie 3aMe-ciaHH.s:I He cHH)l(aIOT HaY"CJHOH u:eHHocTH H rrp~TH-ciecKoH 3Ha"l!HMOCTH 

rrpe,D;CTaBJieHHOH K 3aIUHTe ,ZJ;HccepTau;HH I1Jih.s:ICOBOH O.X. 

CyM no aBTope<pepary, ,ZJ;HccepTaU:H.s:I I1nn.s:ICOBOH OnnrH XHcaMoBHhI Ha TeMy «Pa3BHTHe 

MO,ZJ;eJieH H BaJIH,ZJ;aU:H.s:I TerrnorH,D;paBJIH-ciecKoro rrporpaMMHoro KOMIIJieKca HYDRA-IBRAE/LM 

,ZJ;JI.s:I peaKTOpHbIX ycTaHOBOK c )l(H,ZJ;KOMeTaJIJIH"lleCKHMH TeIIJIOHOCHTeJI.s:IMH>> rrpe,D;CTaBJI.s:IeT co6oH 

3aBepmeHHyro HaY"CJHO-KBaJIH!pHKaU:HOHHyro pa6oTy, IIOJIHOCThlO OTBe-ciaeT Tpe6oBaHH.s:IM II.II. 9-

11, 13, 14 «IlOJIO)l(eHH.s:I o IIpHcy)l(,Zl;eHHH y-qeHhIX CTerreHeH», yTBep)l(,Zl;eHHoro IlocTaHOBJieHHeM 

IlpaBHTeJihCTBa PoccHHCKOH <l>e,D;epau;HH oT 24 ceHrn6p.s:I 2013 r. N2 842, a ee aBTop, 

I1Jih.s:ICOBa o.x., 3aCJIY)l(HBaeT IIpHcy)l(,ZJ;eHH.s:I y-qeHOH CTeIIeHH KaH,ZJ;H,ZJ;aTa TeXHH"lleCKHX HayK no 

CIIeU:HaJihHOCTH 2.4.9. «.5I,D;epHnle 3HepreTH"lleCKHe ycTaHOBKH, TOIIJIHBHhlli U:HKJI, pa,D;HaIJ;HOHHa.s:I 

6e30IIaCHOCTh». 

Be,ZJ;ymHH HaY"CJHhlli COTpy,n;HHK OT,ZJ;eJieHH.s:I TeIIJIO!pH3HKH 

<l>fYil «HI1TI1 HM. A.TI. AneKcaH,D;poBa», 

KaH,ZJ;H,ZJ;aT TeXHH"lleCKHX HayK ' <!/ __ .,,/ g 
(05.14.03- .5I,D;epHnie 3HepreTH-ciecKHe ycTaHOBKH{._)7tf'7'y/ BoJIKOBa CBeTJiaHa HHKonaeBHa 

« tl& » tf c? 2026 r. 
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<Pe.n;eparrnHoe rocy.n;apcTBeHHoe ymuapHoe rrpe.n;rrp1u1THe «Hayrmo-Hccne.n;oBaTeJihCKHii 

TexHoJmrn:qecmii HHCTHTYT HMeHH A.IT. ArreKcaH.n;poBa» (<PfYIT «Hl1Tl1 

HM. A.IT. ArreKCaH,D;pOBa») 

A.n;pec: KorropcKoe III., .n;. 72, r. CocHOBhIH Eop, JieHHHrpa.n;cKM o6n., 188540, Ten.: (813-69) 2-
26-67, e-mail: foton@niti.ru 

5[, BonKoBa CBeTJiaHa HHKonaeBHa, .n:aio cornacHe Ha BKJilOqeHHe CBOHX rrepcoHarrhHhIX 

,D;aHHhIX B .D:OKYMeHThI, cB.sI3aHHnie c 3alI(HToii .n;HccepTanHH l1n1,.sic0Ba O.X., H HX .n;arrnHeiiIIIyro 

o6pa6oTKy. 

6 ~ , BoJJKoBa CBeTJifilia HHKoJiaeBHa 

« Of » fJc{' 2026 r. 




