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O HIHAIEHOrO ONITOHEHTa, KAaHIU/1aTa TEXHUYECKHX HAYK,
nonerTa kadeaps! Ternodusuku (Nel3) uncturyra anepHo# dusuka 1 Texnonoruit HASAY
MHUOU

Xapuronora Bragumupa Crenanosuya

HA JHECCepTalnoHHYI0 paboTy Yanoro Pycinana Bacunsesuua na temy «lIporpaMMHBLA
xomiuteke COKPAT-BH s ananmuza 1 ob6ocHosanus 6ezonacHoct ADC ¢ peakTopaMH Ha
OBICTPBIX HEHTPOHAX C HATPHEBEIM TEIUIOHOCHTENEMY, IIPEACTABICHHYIO Ha COMCKAHHE YYCHOH
CTEeIEHH KaHOMOaTa TEXHHYECKHX HaYK 110 CrenuaibHOCTH 2.4.9 — flnepHble 3HEpreTHYECKHe
YCTaHOBKH, TOIUIMBHBIN IUKII, paJUalliOHHasd 0e3011acHOCTh

JluccepTalMOHHOE HMCCIeIOBaHUE IOCBAILIEHO pa3paboTke IpOrpaMMHOTO KOMILIEKCa
COKPAT-BH jans  asamps3a 0e30MacHOCTH — PEAaKTOPHBIX  YCTAHOBOK € HATPHEBBIM
ternosocureneM (PY BH) B ycnoBuAX HapylleHHH HOPMAalIbHOM SKCIUTyaTallMH, TPOCKTHLIX U
3allpOEKTHBIX aBAPHUH, BKIIOYAS aBapUH C IUIABJIEHHEM AKTMBHON 30HBL JIaHHEIH KOMIUIEKC
npeicraBiser u3  cebg  HHTETpanbHBIA  KOJA, KOTOPBIA  IO3BONAET  MOAEIHPOBAThH
B3aHMOCBS3aHHLIE  TEILUIOTHAPABIMYECKHe, HEHTPOHHO-QU3MYECKHE, TEPMOMEXaHHYECKHE
[pOLIECChl, HAKOIUIEHHE M IIEPEHOC NPOJAYKTOB JENEHMs H aKTHBHPOBAHHBIX TIPOAYKTOB
KOPPO3HH, a TAKIKE IPOLECCH, CBS3aHHbIE ¢ Jerpajanueii akTHBHOM 30HbI peKTOpoB Tuna bH.

Tema nuccepranMi, HECOMHEHHO, aKTyallbHA, TaK KaK MCITOJIB30BaBIINECS HAa MOMEHT
Hayaja BBIUIOJHEHHs JUCCEPTALMOHHOTO MCCIEIOBaHUS NPOrpaMMbl JAld OOOCHOBaHHS
Geszonacuocti PY BH OBIIH orpaHvyeHs! 10 NEPEYHIO (PU3MYECKHX MPOIECCOB, MOAETHPYEMBIX
B pamMKax CGIUHOTO pacyeTa. JTO OTPAHHYMBAIIO BO3MOMHOCTH MPAKTHYECKOTO IIPHMEHEHMS
MOMOOHBIX IporpaMM Uil aHAaJM32 CJIOKHBIX B3aMMOCBA3aHHBEIX IIPOIIECCOB B YCIOBHAX
HapyIIEHAH HOPMATBHOM S3KCIUTyaTAal[MH, MPOEKTHBIX H 3alpOCKTHEIX aBapud B OBICTPBIX
peakTopax ¢ HaTPHUEBEIM TEIJIOHOCHTENIEM.

Jucceprauysi COCTOMT M3 BBeeHHA, 4 rIaB, BBIBOJOB ¥ DPEKOMEHIANMH, CHOHCKA
natepaTypbl u3 151 Gubnuorpaduyeckoit cceinkd. O6umit o6bEM paboTsl cocTaBnser 224
CTPaHMI[B] OCHOBHOIO TeKcTa, Bkmoyas wmunoctparuu. CoaepkaHue AUCCEPTAlMH H
apropedepara B MOJHOM Mepe OTpaKkaeT CyTh BBINOJHEHHOH paObOTEL.

Bo BBegenumu 00OCHOBaHa AaKTYalbHOCTE TEMEl JUCCEPTALMOHHOW  paboOTEI,
copMynHpOBaHBI IeNh M 3aJa4YM  MCCIEJOBaHMA, NPEACTABICHBHI HayyHas HOBH3Ha H
NpaKTHUeCKas 3HAYUMOCTh paboThl, JOCTOBEPHOCTB PE3yNbTAaTOB, MH(OpPMALHUs O JIHYHOM
BKIaJe aBTopa, a Takke 00 anpobamuu paboTel. IlepeumciaeHbl OCHOBHBIC ITOJIOMKEHHA,
BBLIHOCHMEIE Ha 3alUTY, IPHBEIEHBI IyOIMKAIMH 110 TEME HCCIEI0BaHUA.

B mepBoii riaBe BHIIOJIHEH: aHATHM3 JUTEPATYphl IO TEME JHMCCEPTAlMY, Ha OCHOBE
KoToporo chopmynupoBada o0las NOCTaHOBKA 3amauM HccienosaHus. IIpoaHanu3upoBaHBI
OCHOBHBIE XApaKTEPUCTHKH OOBEKTa HMCCNENOBaHMA — PEAKTOPHBIX YCTAHOBOK C HATPUEBBIM
ternonocutenem (BH-600, BH-800, mpoexta BH-1200), Baxkuble it 00OCHOBaHMA HX
OesonacHocTH. [To pe3ysTaraM UCCeIOBAHUS IPEICTABIIEHBI:



- KJIFOUEBBIE XapaKTEPHCTUKH 0OBEKTA HCCIESIOBAHUS;

- XapaxkTepHbIe UCXOIHBIE COOBITHS, MHUIMHPYIOIIHE aBapyH;

- KJIOMEBBIE SIBICHHS, XapaKTepHEIe IS [IEPEeXOAHBIX ¥ aBapuitHbIX pexumos B PY BH;

- 0030p OSKCIEPUMEHTAIBHBIX  YCTAHOBOK, HA  KOTOPBIX  OBUIM  HONYHCHBI

SKCIIEPUMEHTAIBHBIE JAHHBIE 110 TEME HCCIICIOBaHMU;

- 0630p aTTECTOBAHHBIX H HE ATTECTOBAHHBIX NPOTPaMM, HCIOIB3YEMbIX B 00NacTH
HCCIIETOBAHHUA.

Bo BToOpoii riaBe onmcana obmas crpykrypa umTerpansHoro xoma COKPAT-BH,
paspaGoranHoro Ha 6Gase mporpammsl COKPAT/BI, npupenena uHpopMamus 00 OCHOBHBIX
MOJIENISX, BKIIOYEHHBIX B COCTAaB pa3pabOTAHHOIO KO, H TpeacTaBlIeHo 000cHOBaHHE BEIOOpa
HCITONIBE3YEMBIX IIPHOTIHIKEHHH.

B Tperbeii riaBe npuBeieHa HHYOPMALKSA [0 BCEM 3KCIEPUMEHTaM, B KOTOPBIX OBLIH
MOy4eHsl SKCIepAMeHTaNbHbIE JaHHbE, HeoOXoquMble s Bamupanuu koxa. Iloxpobno
PacCMOTPEHEI IPUMEPE] BAIM/IAlIHOHHEIX PACUeTOB, BHIIIOIHEHHBIX JIHYHO aBTOPOM I TIPH €10
HENOCpeNCTBEHHOM YyuacTHH. IlpeicraBieHa HHGOpMAUHs O pesylbTaTaX BalMIAUUH H
BepH(UKAIUA pa3paboTaHHOIr0 KOMIIIEKCa A1l KaXKIOr0 U3 €r0 MOIYJIeH.

B ueTBepTOii riIaBe MpHUBEICHB! Pe3yIbTaTH aHAIN3a THKENOH aBapuu JUIsl IIPOTOTHIHOH
PY ¢ HaTpHEBHIM TEIUIOHOCHTENEeM OONbUIOH MOIIHOCTH. JleTanbHO ommcaHa paspaboTaHHas
ABTOPOM pacyeTHas MOJeNb MHTerpaibHOi ycraHopku PY BH Gonburoii MOIIHOCTH,
peanuzoBannoii Bo BxomHoMm Habope COKPAT-BH. Pacuernas Monenb BKIIIOHaeT MOIEIH
OCHOBHOT'O 000pYI0OBaHMs NEPBOrO M BTOPOro KOHTYPOB, MMAPOreHeparopa TPETLEro KOHTYPa, a
TAK)Ke KOHTYPA CUCTEMBI aBapHITHOTO pacxoIaXKMBaHUA.

B zaxmoueHuH JHUCCEPTALlHOHHOTO MCCIECA0BaHHA IIpUBEAEHO obobimenne PE3yNbTATOB
BBLIIIOJIHEHHBIX HCCIIEIOBAHHH B COOTBETCTBHH € IOCTABICHHBIMH 3aJa49aMH.

JlocTOBEpHOCTh Pe3y/IbTATOB UCCEPTANMOHHOIO HCCIEJOBAHMSA IIOATBEPXKAACTCA
YCIELHO BHITONHEHHOM Tpoleypoi Banuauny 1 Bepuduxarmuu nporpammsl COKPAT-BH, a
TAKKE MOJIOKUTEIBHLIM 3aKIIOUeHHeM 3KCIEpTHOIO COBETa I10 aTTeCTallMH IPOrpaMMHBIX
cpencTB mpd PocrexHai3ope O BO3MOXHOCTH MCHONB30BaHMs IPOTpaMMbl UL aHanusa
fe3omacHoCTH 0OBEKTOB HCIIONB30BaHMa aroMHoH sHeprian — ADC ¢ PY-BH.

IIpakTHYecKas 3HAYMMOCTD HCCIIEJOBAHMs 3aK/I0YACTCs BO BHEPEHHH TIPOTPAMMEI B
INPOMBIIIICHHYIO BKCITyaTallHl0 M €€ HCIIOJAb30BAHHEM TIJIaBHBEIM KOHCTPYKTOPOM PY BH
AO «OKBEM AdpHuKaHTOB» JUIS PAacueTHOTo aHamu3a M obocHopaHus GesomacHoctn PY Ha
GBICTPEIX HeifTpoHax ¢ HarpueBbiM TemwoHocurenem BH-600, BH-800, a Taioke npoexra
BH- 1200.

OcHOBHEIE pe3yiabTarhl nonydeHsl P.B. YankiM JTUYHO HIH IIPH €r0 HEIOCPEJCTBEHHOM
yuactau. B mepuon 2014 mo 2019 rr. Yaneii P.B. muHo mpeacTaBlisil pe3ybTaThl pazpaboTku
IporpaMMbl Ha 3ace/dHMH TEMaTHYECKOW CEeKUHH 3KCIEPTHOro COBETa MO aTTeCTalHH
IpOrpaMMHEIX cpeiacTB Ipu PocTexmansope. B pesynpTaTre [Be BEPCHM NPOTrpamMEI {30131
YCIIEITHO aTTECTOBAHEI.



Hopusna mccaenoBanus o0yCIOBIEHa TeM, YTO BIIEPBEIE pa3paboTaH M BaIWAHpPOBaH
poccuickuii MyabTH(H3HYHEIA nporpaMMuBIE koMmiuexe (MuTerpansubii kogq COKPAT-BH)
AN PeaKTopoB Ha OBICTPHIX HEHTPOHAX C HATPHEBBIM TEIUIOHOCHTeNeM. lIporpaMMHBIH
KOMIIZIEKC IIO3BOJIMJI B pPamMKax eJUHOr0 pacueTa MOJENIHpoBaTh Haubojee BaXKHBIE UL
6esomacioct  PY  BH  mpolecce:  TEIUIOTHApPAaBIHYECKHE, HEHTPOHHO-(QH3HYECKHE,
TEPMOMEXAHUKY TOIUIMBA, IPOIECCEHl HaxomueHuss u nepedoca IIJIA TarKe IIpOIEcCHI,
CBA3aHHBIE C Jerpajanueil akTHBHOM 30HBL Takoif IOIXOZX IO3BOMMJI CHATh H30OBLITOYHBIN
KOHCEPBATH3M IPH KOMILIEKCHOM MOJIeIMPOBAHMY aBapuMHHBIX npoieccos B PY BH.

Pesyneratel paGoThl ONyONHMKOBaHBI cOMCKaTeneM B 6 HayyHBEIX CTaThiX B
peliensupyeMbix u3ganuax u3 nepeuns BAK MunoOprayxn Poccun, B TOM 4uClie 5 IO TeMe
auccepranmu. Beero mo Teme auccepranmy onyOnuKoBaHo 15 HaydHBIX paboT, B TOM 4ucie 9
CBHJIETENBCTE O perucTpanuu mporpaMmbl. OCHOBHBIE Pe3yNbTaThl pabOTHI JOK/IA/IBIBAIHCH
ABTOPOM M 00CYXKIanuch Ha 8 HayIHEIX KOHGEPEHIHIX U CEMHUHAapax.

B uemom paucceprauumonnas pabora Yamoro P.B. BHOCHT CYyINECTBEHHBIH BKIal B
Pa3sBUTHE HPOTPAMMHBIX CPENCTB I KOMILIEKCHOro aHamu3a OGesomacHoctd PY BH wm
3aCIy)KUBAET MMONIOKUTEIBHOH omerkHd. OHAKO IPH 03HAKOMIICHHH C JHCCEpTaliedl BO3HUKIH
CIEIYIOIINE BOIIPOCHl U 3aMEYaHMs.

1. He sicHO, 0 KAKOM MeXaHM3Me TEeIUTONEPeayt HAET pedb, IIPH KOTOPOM «... HUYEM He
OrpaHMYCHHBIM TEMJIOBOH MMOTOK NMPUBOAMJI K PE3KOMY Pa30rpeBy M TEIIOBOMY pacIIMpEHHIO
HaTpHs B Aueiike...» (cTp. 59). B pabote mpemaraercd orpaHMYMBaTh ITOT TEIUIOBOH IOTOK
BENIMYHMHOM KPUTHYECKOTO TEIUIOBOrO IIOTOKA MpPH IIy3BIPPKOBOM KuneHuH. lIpm sToM He
yKa3aHO C IOMOIIBI0 KAaKOHW KapThl PEeXXKHMOB Te4YeHHs ABYX(asHOro NoToKa HaTpHs OBUIO
ONpeleieH0, YTO IIPH COOTBETCTBYIOUIIMX MACCOBOH CKOPOCTH M IapOCOJEpXaHHH MOr
PEaTH30BBIBATECA MY3BIPHKOBBIA PEXKHM TEYEHHS IPH KHIICHUH HATPHS.

Briie Ha ¢Tp. 53 HamucaHo, 4TO BHIOOP 3aMBIKAIONIMX COOTHOIICHMH M ABYX(pasHOro
noToka 6a3upoBaICs HA KapTe PEKUMOB TedeHHUs, MonoOHo# ucnonbiyemod B kone SIMMER-
III, rae peXkuM TEYECHHs ONpedeNnseTcs TONbKO napoconepxuanreM. HasepHoe, B nanbreimeM
cienoBano Obl DONONHHTE AHAIH3 PEXHMOB TeYEHHs AByX(asHOIo IOTOKa HaTpUs B KoJe
COKPAT-BH Hoso#i uH(popmarmeii uz padoret Copokuna A.Jl. (BAHT, Cepusa: Anmepho-
pEaKTOpHBIE KOHCTAHTHI, BhINycK 3, 2024), rae rpaHunbl PeXUMOB TEYEHHS ABYX(asHOro
IIOTOKA NpPH KHIEHHH HATpUsA YCTAHABIMBAIOTCS B 3aBHCHMOCTH OT HAPOCONEPXKAHHA H
MaccOBOH CKOPOCTH.

2. BaxxHo#f COCTaBIAONIEH KaHaJIBHBIX MOJENEH ABIAIOTCH 3aMBIKAIOIIHE COOTHOILIEHM
JUIA OIMCAHUs IOTNEPEYHOro IepeHoca Macchl, Temna u ummynsca. B ciyuae TBC peakropos
tuna BH Ha momepedHblif mepeHOC OKasbiBaeT BIMSIHHE 3aKpyTka Iotoka B cOopke. Ho
COOTBETCTBYIOIIAs MH(pOpMAanus 00 HCHONB3YEMBIX 3aMBIKAIOIIMX COOTHOIICHHSAX B
JACCEPTAIMU HE MPUBOJUTCA. DTO 3aTPyAHSAET aHaJIM3 PACYETHBIX PE3YJILTATOB IPUMEHUTENLHO
K 3aga4e o OJOKHpoBKe mpoxomgHoro cedeHus B TBC, Tem ©Oonee YTO COMOCTAaBICHHE
pesynsraroB pacuyera mo COKPAT-BH ¢ pacuernemMm jgapEeME 1o kony COREMELT
IPOBOJIANOCE 110 a0COMOTHEIM 3Ha4YEHHAM TEMIIEPATYPEL, & HE 0 MOJA0IPEBaM.



3. TloueMy IpH MONENHPOBAHMM TMEpeHOCA PaJUMOaKTHBHBIX IMPOMAYKTOB IENECHHsA H
AaKTMBUPOBAHHEIX [IPOAYKTOB KOPPO3HH HE YIUTHIBAIACh OUMCTKA HATPHS B JIOBYIUKAX, KOTOPHIE
TIpelyCMOTPEHEI TEXHOJIOTHER HATPUEBOTO TEIIOHOCHTENA B peakTopax Tuna bH?

CopaeprkaHKe JUCCEPTAIMK TIOJHOCTBI0 COOTBETCTBYET crelnanbHocTH 2.4.9 — Snepusie
SHEPreTHUECKHE YCTAHOBKHM, TOIUIMBHBIM IMKI, paauanioHHas OeszomacHocTh. Jluccepranus
«ITporpammaeii xomiieke COKPAT-BH mns ananuza u o6ocHoBaHus Gesomacnoctd AJC ¢
peakTopaMu Ha OBICTPEIX HEHUTpJHax C HATPMEBLIM TEIUIOHOCHTENEM) YAOBJIETBOPSET
tpeboBanusm 11. 9 11, 13, 14 «[lonoxeHHs 0 IPUCYIKIAEHHUH YUEHBIX CTCIICHEH), YTBEPXKAECHHOIO
niocranosBnenueM [Ipasutensctsa Poccuitckoit enepanuu ot 24.09.2013 Ne 842 (B penakuuu
[Tocranopnenus ot 26.05.2020 Ne 751), npeassBnseMBIM K JHCCEPTAlMsSIM Ha COHMCKaHHE
YYEHOM CTemeHH KaHOuAaTa TexHWuYeckuX Hayk. CuMraro, 4To, HECMOTpsS Ha OTMEUEHHBIE
3ameuaHusi, paboTa BLINOJIHEHA Ha BLICOKOM INPOQECCHOHANLHOM YPOBHE H  SBISETCH

3aKOHYEHHOH HayYHO-KBaTAGUKATTHOHHOK paboroi, a aBTOP JHCCepTaln
Yaneiit Pycnan BacuneBrd  3acmyKuBaeT INPHCYXKIEHHS YYEHOM CTENEHH  KaHAMJATa
TEXHHYECKHX HayK I0 chnenuaisHoctd 2.4.9 — JSlnepHBle 3HEpreTHYECKHe YCTaHOBKH,

TOILTUBHBIA LMK, panuanuoHHasd 0e30IacHOCTE.

OdunuanbHBIH ONMMOHEHT

noueHT kadenpsr temnoduznka (Nel3) uacTuTyTa

saaepHoit Guszuxu u Texnonoruit HUAY MU O

KaHJHJaT TEXHHYECKHX HAYK . %417/_7 Xapuronos Bragumup CrenaHoBHY

Tenedon +7 (495) 788 56 99, no6. 8350

Snextponnas noyra: VSKharitonov@mephi.ru

Agypec: 115409, Mockea, Kamupcexoe mr., 31 HUAY MHUOU
« 24 » nexabps 2024 r.
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