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CEKIHA |
PACYET 4 KOHCTPYUPOBAHUE PEAKTOPOB A9C

HEUTPOHHO-®U3NYECKUE XAPAKTEPUCTUKHU BH
CO CBYT MOKC TOIILIMBOM

Yexanenko M.E., Hcanos K.A.
HATO HUAY MUDU, 2. Obnunck

Jnst peanuzaiyi 3aMKHYTOTO TOIUIMBHOTO IIMKIIA, B YaCTHOCTH
JUISL  PACIIMPEHHOrO BOCIPOU3BOJCTBA TOIUIMBA TPEIbSBIISIOTCS
KECTKUe TpeGOBaHI/ISI K mapaMe€Tpam 3aMbIKaHU TOIIJIMBHOT'O ITUKIIA,
KOMITIOHOBKE aKTHBHOW 30HBI U OJJaHKETa U 0COOEHHO TOIUHBY [1].

B Hacrosiiee BpeMsi pemaercs 3ajada 0OECIeYeHUs] TOTLTHBOM
crposimierocsi BH, Kkoropas BKIIOYaeT MOUCK MPHUEMIIEMOrO
IIPOMBITIIICHHO-TEXHOJIOTN4YECKOro peUICHNA HU3roToBJICHUA,
TPaHCIIOPTUPOB KW U OOOCHOBaHHS PaOOTOCIOCOOHOCTH TOILIHBA.
OmHMM W3 BapHaHTOB SBIIIETCS CMENIEHHOE BHOPOYIIOTHEHHOE
torumBo (CBYT).

BumumbpiM TIperMyIIeCTBOM TaKOTO TOILIMBA CIEAYET CUHUTATh
VIOPOIIEHUE TEXHOJIIOTHYECKOW CXEMBl MPOM3BOJICTBA, TPHYEM
JOTTOTHUTENTFHBIM aPTYMEHTOM CITYXUT BO3MOKHOCTH JT00aBIIEHUS K
TOIUTUBY MTONTOKHUBYIINX TPAHCYPAHOBBIX DJIEMEHTOB, TaKHUX, KaK
amepunuii u kropuit. Ilomumo 3T0Or0, BHOPOYIUIOTHEHHOE TOILIIMBO
o0amaer JOCTATOYHO BBICOKOH 0OBEMHOHN MOpHCTOCTBhIO OT 10 mo
20—25%, Omnaromapsi KOTOpOW pacImyxaHue Ais OaHHOTO BHIA
TOITMBA HE KPUTHYHO [2]. DTO TO3BOJSET HCIIONB30BaTh Ooiee
IJIOTHOE TOILTUBO, CIOCOOCTBYIOIEE yBEMMYEHUIO KOd(duimenTa
BOCIIPOM3BOJICTBA, NPH 3TOM KOMIIAKTHOE TAaOJIETOYHOE TOILTHUBO
MIPOSIBIISIET 3HAYUTENBHYIO CKIIOHHOCTD K PaCITyXaHHUIO.

OpHako mpenaraeMasi TEXHOJOTHS WMEET MPHHIUITUAIBHO
BOXHYIO OCOOCHHOCTH: Ha BBIXOAE TEXHOJOTHMYECKOTO IpoIiecca
rmony4aercs, B CYyIIHOCTH, monydalOpukaT. 3aKIrOYATENEHOE
ClieKaHue BHUOpPOYIUIOTHEHHOHM CMECH OCYIIECTBIIETCS YXKE B
neicTByroneM peakrope. [losTroMy He MOryT OBITH OOecIedeHBI
YHUBEpCAJIbHBIE  YHU(QHUUHUPOBAHHBIE  YCJOBHUS,  OAHO3HAYHO
rapaHTUPYIOLIME JOBEJEHHE TBAJIOB C  BUOPOYIUIOTHEHHBIM
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TOIUIMBOM JI0 COCTOSIHUSI, COIOCTABUMOI'O C COCTOSTHHEM TB3JIOB,
CHapSDKEHHBIX TaONEeTOUYHBIM TOTLIMBOM.

B nanHo#t pabGore mpoBeneHo uccinenoBanue Biausaus CBYT
MOKC TomnuBa pa3IMyHON MJIOTHOCTH Ha OCHOBHBIE HEUTPOHHO-
¢du3nvecKre XapaKkTepUCTHKN akTUBHOW 30HBI BH, paccmarpusancs
IIyTOoHUM KauectBa bH.

B kauectBe pacuerHoi Monenu Obu1 BeiOpan peaktop BH. Beun
paccuMTaHbl CEMb PEIUKIOB, OINpEIeNeHbl HeoOXOoauMasl JIOJs
TUTYTOHHS TIOATUTKA B 3aBUCUMOCTH OT IJIOTHOCTH TOILIMBA, MOCIIE
BBIBOZIa CHCTEMBl Ha CTallMOHAp IMEPErpy3o0K /sl TOIJIMBHOM
kamnanud 330 >¢pdekTuBHBIX CyTOK. B panbHelinem Oblia
MpoBeZieHa CcpaBHUTENbHas xapakrepuctuka CBYT Ttomnusa
Pa3IMYHONW TUIOTHOCTH, PACCMATPUBAINCH TaKHE XapaKTEpUCTHKH,
Kak K0d((UIMEHT BOCIIPOM3BOJICTBA, Macca MUHOPHBIX aKTHHH/IOB,
a TaK)Ke N30TOIHBIE COCTABHI.

Jlureparypa

1. JlemexoB C.E., Ilomomapes-Ctemnoit H.H. IloBemenue
BHOPOYIUIOTHEHHOro cMmemanHoro Tomuea B BH-800. - Atomuas
sueprus, T. 111, Boim. 4, okTs6ps 2011

2. Kunés E.A., Llpirunnes B.A., bapeioun A.B., Ilactyxos
B.1. Dpomonuss MOKC-TomuuBa u e€ BIMsHUE Ha 000JI0YKH TB3JIOB
W3 ayCTeHWTHBIX cTanedl // Bompocel aTOMHON HayKHM W TEXHUKH.
Cepust: MaTepuanoBenesue u HoBbie MaTepuaibl. — 2019, — Ne5, — C.
105-114.

BJIMSIHUE PA3JIMYHBIX TIPOLECCOB
B3AMMO/JIEVICTBHS C BEHIECTBOM HA BBIXO/]]
3APSI)KEHHBIX YACTHUIl U3 MUIIIEHEM,
OBJIYYAEMBIX BBICOKOOHEPTETUYECKUM IIYYKOM
TOPMO3HOI'O U3JIYYEHUA

Hanywa U.I1., [{emun B.M., Kyounog B.B.
HUAY MUDU, 2. Mockea

B COBPpEMCHHOM MHPE HaAMCTWJIACb TCHACHLUA IICPEXoda K
BBICOKOOHCPI'CTUYCCKUM YCKOPUTCIISIM 3JICKTPOHOB. HpI/I aHaJIn3¢C
MPOXOXKJACHUA BBICOKOIHCPICTUUCCKUX ITYYKOB HOHU3SUPYIOLICTO
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U3IYYEHHUs] YCKOPHUTENEH depe3 BEIIeCTBO I JIIOOO0H cpenbl mpH
mMoObIX 3HAYEHHSIX MNapamMeTpoB BemiecTBa A u Z HE00XOIUMO
YUUTHIBaTh BO3JEUCTBHE KOMIUIEKCHOTO 3JEKTPOHHO-(OTOHHOTO
W3TYYEHUs, B TOM YUCIIE U BO3JICHCTBUE TOPMO3HOTO M3y CHHUS.

Untepecyromas Hac 007acTh BBICOKAX OSHEPTUH TOPMO3HBIX
¢doronoB B nquamnazone ot 1 10 300 MaB orpaxena Ha puc. 1. CriekTpb
Majaomero Ha MHUIOIEHb TOPMO3HOTO H3IYYCHHUS MOTYyYCHBI
aBTOpaMHU 10 METOJIMKE, YKa3aHHOH B padoTe [1].

1,0E+0
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1 10 100 E,MsB

Puc. 1. Ciektp TOPMO3HOTO U3TYyIECHHUS 32 MUILICHBIO U3 MEAU
B auana3one yrioB 0+1 ° mocie 00ay4eHss MOHOIHEPIe€THY ECKUMU
aneKkTpoHamiu ¢ ’Hepruei 200 MrB

1.0E-4

B obGmactn Oonee Hm3kmx 3Hepruéi g0 10 MaB mns doroHOB
npeo0aaeT cedeHne KOMIITOHOBCKOTO PacCesHHs, a B 00JacTH
Ooree BBICOKMX DHEPTHH - CEUCHHE OOpa3oBaHHMS DJICKTPOH-
MO3UTPOHHBIX map. [lig amoMuHMS 3HAYEHUS] CEUCHUH NaHHBIX
MPOLIECCOB CPAaBHUBAIOTCA Mpu HHeprusax 15-16 M»sB. Cnekrp
TopMO3HOTO M3mydenus Bunma 1/E (puc. 1) mpuBoauT K TOMY, 4TO
BKJIaZg OOOMX TIPOLIECCOB CTAHOBUTCS COIOCTAaBUMBIM BO BCEM
9HEPreTHYECKOM THara3oHe.

B manHOI pabore ¢ momoripo mporpammel Geant4 mcciemoBaH
BBIXO/] 3aPsDKEHHBIX YACTHII 32 MUILEHBIO U3 aJIFOMUHUS TOJILUHOM 2
MM IIpH 00JIy4E€HHH TOPMO3HBIM M3Iy4YE€HHEM C Pa3iInYHONW BEpXHEH
rpanuien cnekrpa - 50, 100, 200 u 300 M»B.

AHanu3 TONyYEHHBIX pE3yJIbTAaTOB IOKA3bIBAECT, YTO BKJIAJ
KOMIITOHOBCKOT'O PAacCCESHUSI B BBIXOA JJIEKTPOHOB NPEBOCXOIUT
BKJIaJl B BBIXOJ OT Ipolecca 00pa30oBaHHUs HJIEKTPOH-MO3UTPOHHBIX
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map. BcneactBue 9TOro, CyMMapHBIA BBIXOA O3JCKTPOHOB W3
QITFOMUHHUEBOM MUIICHU OOJIBIIE BHIXOA MO3UTPOHOB (Tabm. 1).

Tabn. 1. OtTHOmIEHHE CYMMapHOTO BBIXOIA OJJIEKTPOHOB K KOJUYECTBY
BBIIIE/IINX ITIO3UTPOHOB B 3aBUCHMOCTH OT BEPXHEH IPaHMIIBI CIIEKTpa

BepxHsist rpanmiia cnekrpa, MaB OrtHomeHue BbIxoza, e/e”
50 4,1
100 3,0
200 2,4
300 2,2

[IpeBocxoacTBO Mpoiecca KOMITOHOBCKOTO paccesHusl (OTOHOB
Haa dpQekToM 00pa3oBaHMsI IEKTPOH-TIOZUTPOHHBIX MMap B JETKHX
cpelax yMEHbBIIAETCsl ¢ POCTOM MaKCUMAJIbHOH SHEpPruu CIHEeKTpa
TOPMO3HOI0 H3inydeHus. llpu MakcUManbHON SHEPTrHH CIIEKTpa
300 M»B BxJtag mporieccoB KOMITTOHOBCKOTO PACCESHUS CTAHOBUTCS
JNOCTaTOYHO OJIM3KMM K  BKJIAJy IPOIECCOB  00pa3oBaHUs
3JIEKTPOH-TIO3UTPOHHBIX Nap. B pe3ynbTaTe OTHOIIEHHWE KOIUYECTBA
BBIIICAIINX M3 MHIIEHH OJJIEKTPOHOB K KOJIWYECTBY BBIMIEAIINX
MTO3UTPOHOB CTPEMHUTCS K JIBYM.

[IpeBocxoacTBO KOJIMYECTBa BBIXOIAIINX  3JEKTPOHOB
MPOSABJISICTCS B 001aCTH SHEPT UM 3apsHKEHHBIX yacTuil 10 10 MaB.

Jluteparypa

1. KymunaoB B.B., CmupHoB B.B. IlpoxoxaeHne 371eKTpOHOB
c sHeprueit 2-8 MaB B Marepranax ¥ BBIX0J] TOPMO3HOTO U3ITyUESHHS
M3 CJI0EB MaTEPHAJIOB Pa3In4HOM TOMIIMHEL - M.: MU®U, 2005.

HNCCIEAOBAHUE BO3MOKHOCTH MHOI'OKPATHOI'O
PELHHUKJIA AMEPUIIUA U IIJTYTOHUA ITPU
TOMOTEHHOM YTUJIN3AIIMA MUHOPHBIX
AKTHHHAOB B PEAKTOPE THUITA BH

Yunuuxosa B./l., Hcanoe K.A., 3axupos H.A.
AO «I'HL] P® — ®OU», 2. Obnunck

AxTyansHOM 3aaueit Ha OnmKkaiiiiee Oyaymiee siBIsIeTCs epex o]
K 3aMKHyTOMY snepHomy Ky (35TL). Heobxoaumocts nepexozaa
k 35TL[ oOycinoBieHa HECKONBKUMH (aKTOpaMHU: HCTOLICHUE
MIPUPOJHBIX 3aM1aCOB ypaHa, HAKOIJIEHUE YHEPTETUYECKOTO IITyTOHHS
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u  MuUHOpHBIX akTHHHIOB (MA). Bo3moxkHOCTH TTyOOKOTO
BeDkHMraHuss MA  o0ecrieunBaercss  HEHTPOHHO-(PU3NYCCKUMU
CBOMCTBaMH OBICTPBIX PEAKTOPOB, Y€ CHEKTp MO3BOJSET
TPAHCMYTHPOBATH SAPaM aMEPUIIHs, MUHUMH3UPYS UX JajbHEHIee
HakorieHue. Kak crnenctBue AomomHUTENBHBIM acriektoM 35T
SIBJISIETCS  3aMBIKAHUE TOIUIMBHOTO IIMKJIAa B TOM YHCIE U TIO
MHUHOPHBIM aKTHHHJIAM.

Jlyis  monHOMAacIITaOHOrO Tepexoja 3HEPreTHKU Ha ObICTphIC
peaKTOphl  HEOOXOMUMO  BOBJICUCHHUE IUIYTOHHSI  PAa3JIMYHOIO
M30TOITHOT'O COCTaBa, a ATO BJIECYET 32 COOOM CIIOKHOCTH, CBS3aHHBIE
C WU3MEHEHHEM OCHOBHBIX HEUTPOHHO-(DM3MUECKUX XaPAKTEPUCTHK
akTuBHOM 30HHI [ 1]. KpoMme Toro, M30TOIMHEIN COCTAB IUTYyTOHMSI TAKXKe
BIIMSACT HA A PEKTUBHOCTh M TITYOUHY YTHJIU3AI[UH aMEPHIIHSL.

3HaUMTENBHYI0 YacTh MA B OTpaboTaBIeM SIEPHOM TOILJIMBE
(OSIT) cOCTABIISIOT H30TOIBI AMEPUIIHS, a ©MeHHO AM**Y. OCHOBHBIM
KaHaimaM  0o0pa3oBaHMs ~ aMEpUIIMsl  SIBIISIETCS  «CTapeHHe»
mrytoHueBoro OST mo Mepe BBIICPKKA U CTapeHHS IUTYTOHHUS [2].
O} GEeKTUBHOCTS BBEDKUTAHUS aMEPHUITUS ONpeneNseTcs OaaHcoM
MEX]y ero HapaOOTKOH M BEDKUTAHHWEM, 3aBHCSIIUM OT H30TOITHOTO
COCTaBa, JIOJIM ¥ MAaCCHI ITyTOHUS B TOILUIHBE

B paGore uccrnenyercs Tpu BapuaHTa BOBIICUEHUS aMEPHUITHS IS
TOMOTEHHOTO BBDKHTaHHS TPH MHOTOKPATHOM DEIUKIe, C JOJeH
comepxanus 1%, 2% u 3% B CBeXEeM TOIUIMBE C pPa3IHIHBIM
M30TONHBIM ~ COCTaBOM  IUTyTOHHWS. Takke, 5(QQeKTHBHOCTH
yrun3auud MA mpu peuukie ¢ pas3inyHOM JOoJed aMepuius
paccmarpuBaercs i MOKC-tormBa ¢ pa3siTuYHBIM HW30TOIMHBIM
cocraBoM. B pabote paccMOTpeHBI OCHOBHBIE BUIBI SJHEPTETHIECKOTO
IUTyTOHUS, HAKOIUIEHHbIE TI0 cocTossHuio Ha 2025 rox - YOKC BH,
MOKC BH, YOKC BB3P u YOKC PEMK. brla npoBeneHa o1ieHKa
3(h()EeKTHBHOCTH YTHIIM3alMK aMEPULIAS 110 MEpEe pPeIuKia, TEMIIOB
HaKOIUICHUS KIOpUS TPH PElUKIe, TMPOSKTHBIX OrpaHUYeHUH
temtoBbigenennsa 1ua CTBC u OTBC.

Jluteparypa

1. T'yneBuu A.B., Emucees B.A., Kimunos J[.A., KopobGetinnkoBa
JLB., Kpsuko M.B., Ilepmykos B.A., TposnoB B.M. Bo3MoxxHOCTh
BBDKHTAHUS aMepHIlHs B OBICTPBIX peakTropax // AToMHasi SHeprus,
2020, T. 128, BeITYCK 2, C. 82-87.
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2. Hcanos K. A., Cycakun B. A., Enucees B. A., 'ynesuu A. B.
UccnenoBanue BAMsSHUS M30TOMHOTO KadecTBa IuryToHus MOKC-
TOIJIMBA Ha HaKOIUIeHHE M 3(PPEeKTUBHOCTD BBIKUTAHMSI MUHOPHBIX
aKTHHUIOB B peakrtope tuna bH // Bompocel aTomMHON Hayku u

texHuku. Cepus: SaepHo-peakTopHble KOHCTAHThI, 2024, BBITyCK 4,
c 137-152.

HNCCIIEAOBAHHUE BJIMSHUSA I''TYBUHBI BBIDKUT'AHU A
AMEPHUILINSA-241 HA JOJT'OCPOYHOE CHUKEHUE
AKTUBHOCTH

THocmuka I'.B., Heanosckas U.C., Hcanos K. A.
HATD HUAY MU®DU, 2. Obnunck

KnroueBeiM BEKTOPOM pa3BUTHA aTOMHOM OHEPI'C€TUKU CTAHOBUTCHA
Mepexo] K 3aMKHYTOMY siiepHOMY TorumBHOMY nukity (35 TL), uro
SIBJISIETCS BaKHEHIIIEH CTpaTernyeckor 3amadeii, o0yCIOBIICHHOI:
WCTOIICHNE MAEUIEBBIX TNPUPOAHBIX 3allacOB ypaHa M PacTyIINe
00beMBbI  OTpa0OTaBIIErO  SAACPHOrO  TOIUIMBA,  TPeOyroIIUe
Oe3omacHoro monroBpeMeHHoro xpaHeHus. Koxmermmms 35TI]
3aKJIIOYaeTcs B BOBIIEUEHUH C TIOBTOPHBIM HCIIOIB30BAaHUEM ypaHa U
IUTYTOHUS, KOTOPBIE MOTYT OBITH TepepadOoTaHbl IS W3TOTOBIICHHS
HOBOT'O TOTTMBA, YTO 3HAYUTEIFHO YBETHYNBACT TOIUTMBHYIO 0a3y H
COKparmiaer 00beMbl BRICOKOAKTUBHBIX OTX0M0B. OHAKO OCHOBHOM
HEpEIIeHHON TPOoOJIeMOi SBIISETCS OOpalieHne ¢ MHUHOPHBIMH
aKTHHUJaMH — HauOolee TOKCUYHBIMH W JOJTOXHUBYIIHMH
dJEMEHTaMu, U TOUCK 3(PQEeKTUBHBIX MyTEH HX TPaHCMYTAlUA U
BBDKHWTAHUS ~ ONpEAeNseT  KOHEYHYI  OJKOJIOTHYECKYI) |
SKOHOMHYECKYIO [EIeCO00Pa3HOCTh BCEH KOHIICTIIUH.

Tpancmyrauusa amepunusi-241 sBASETCS KIOYEBBIM METOLOM
CHIDKEHUS JIONITOBPEMEHHOW PaJMOTOKCHYHOCTH M OMOJIOTMYEecKOn
oracHocTd  orpaboraBmiero TommmBa.  JQPQPEKTHBHOCTh  3TOTO
MpoIiecca HAMPSAMYIO 3aBHCHT OT TIIYOWHBI YTHIIM3AIIUM, YEM BBIIIIES
rIyOWHA TpaHCMYTAIUsS HUCXOTHOTO aMepHIINS B KOPOTKOXHUBYIIHE
OCKOJIKH JIeNIeHUS, TeM Ooyiee 3HAYUTENHFHO M OBICTPO CHIDKACTCS
o0Iasi aKTUBHOCTb MaTepuaja B IMEpHOA BBIACPXKKHA II0CTE
obnmyuyenus. Takum oOpa3oM, BbICOKas TIJIyOWHA BBDKUTAHHS
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MO3BOJIIET ~ «IIEPEBECTH»  JONTOKMBYIIYIO  OMAacHOCTb B
KpPaTKOXKUBYIIYIO, paanuKaiIbHO yCKOpsist CHIKEHHE
PaanoIOrUYEeCcKOi Harpy3KH Ha CHCTEMY OKOHYATEIbHON W3OJSIHH
OTXOJIOB.

B pabGore wuccrnemyercss BAWSHWE TIYOMHBl YTHIM3alUWd U
TpaHCMYTAalldd aMEpHIMs Ha TEMIbl CHIDKEHHS aKTUBHOCTH,
TEIUTOBBIICTECHUS, PAJIOTOKCHYHOCTH U OMOJIOTMYECKON OMacHOCTH
B TEUEHHUE BBIICPKKH, & TAKIKE CHIDKEHUSI 00bEeMOB OOPOCHITUKATHOM
MaTpUIIBl IS  OCTEKIOBBIBAHWSI TIPOJYKTOB TPAHCMYTAllMd W
HCXOJTHOTO aMEpPHIIHSL.

Jluteparypa

1. XowmskoB A.JO. DddexkTHBHOCTH TpaHCMYyTAIUK MUHOPHBIX
AaKTHHUJIOB B PEAKTOpPax Ha OBICTPHIX HEWTPOHAX MPH Pa3IMIHBIX
KpuTepusx. Bonpocsl aTroMHOM Hayku u TexHukd. Cepus: SAnepHo-
peakTopHble KOHCTaHThI, 2024, Ne 3, ¢. 77-89.

NCCJIEJOBAHUE BJUAHUSI TEXHOJIOTMYECKHAX
ITAPAMETPOB AYEUKHU HA JOCTHN)KEHUME PEXKUMA
BPUJIMHI'A TOPUEBOI'O TOIIVINBA

Q@upcos E.U. Brykos P. A.
HATD HUAY MUDU, ObHunuck

Topuii, kKak BOCTIPOM3BOMSAIMINK MaTepraj, HEU30eKHO Oymer
UCIOJIB30BAaThCs B sAEpHONW 3Hepreruke. [loaTomMy axTyalbHBIM
SBJIICTCSl  PACCMOTPEHHE  CLEHApUEB €ro INpUMEHeHua. B
CIIOXKHBILEICI KOHBIOHKTYpE B KauecTBE CLEHAPHEB HAYaJIbHOTO
JTama BHEAPEHUS TOpUS B SACPHYIO DOHEPreTHKY CJleoyeT
paccMoTpers: HapaGotKy 23U mocpencTBOM OGNydeHHMs IMOKCHIA
TOpus B ONIAHKETaX OBICTPEIX peakTopoB; HapaboTky 22U mmm
WCTIOJIB30BAaHME TOPHUEBOrO TOIUIMBA MpPHU pa3MELICHUH IUOKCHIA
topus B TBC TtemnoBbix peaktopoB. CueHapuu Oojee I03IHHX
JTaloB HCIONb30BaHUs OyqyT OpPHEHTHUPOBAHBI Ha JOCTHIKEHUE
PEKUMOB OPHIMHTA B CIIEHUATM3UPOBAHHBIX TOPHEBBIX YCTAHOBKAX.
Omnpenenenre ONTUMAIBHBIX TAPAMETPOB TAKUX YCTAHOBOK TpeOyeT
paccMOTpEeHHs BIMSHUS IUPOKOTo Kpyra napaMeTpoB 3JIeMEHTapHOH
SYeHKU Ha YCTAHOBJICHUE PEKUMa OpUANHTA.
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B pabore BappupoBasioch 6 TapaMeTpoB SUYCHKH: MaTepuai
toruBa (Th-Pu, Th-Ud u U8-U5), samemurens (D20, H.O, Na, Pb),
IJIOTHOCTH 3amemnuTens (£30% oT paboueli IIIOTHOCTH IPOTOTHIIA),
JIOJIsI AeTAnmMxcsl MaTepuaios B tomwuse (1, 3, 6,9, 15, 20, 25, 30 %),
paauyc tB31a (0.1, 0.4, 0.8, 1.2, 1.6, 2.0 cM), paguyc OKpy>KHOCTH,
BIIMCAHHOM B miecTurpannyro suekky (0.1, 0.5, 1, 1.5, 2, 2.5, 3, 4, 5,
6 cm). JIByxMepHass MOJEb SUSHKHU MPENCTABICHA JBYMs 30HAMHU:
TOILUIMBOM M 3aMEJIUTEIEM.

B kagectBe pesynbraToB pacueroB B [IK, peanusyromem meros
Mounre-Kapno, g kaxagoro wmatepuanpHoro cocraBa (12
KOMOWHAIIMH TOIUIMBO/3aMEIJIUTENb) MOJy4EHO pacipe/ie/icHue nap
3HaueHuit Kinr, KB oT 3HadyeHmii kaxaoro u3 6 mapamMeTrpoB B BHJIE
npuBenEHHOM Ha pucyHke 1. Takxke paccmaTpuBaiach 3aBUCHMOCTH
Kinr, KB oT oTHOmEHMS IUIOmMAAcH 3aHMMaeMbIX 3aMEINTEIIEM U
TOIUIMBOM B SIUEiKE; OTHOIICHHUS YUCIIA SJIEP 3aMEIUTUTENS U TOILINBA
(W,y); OTHOIIIEHHS CeYEeHH paJMalldOHHOrO 3aXBaTa K JSJICHUIO Ha
msotone 2°Pu (o Z°Pu).

2.000 0.182 - 0.222
0.222-0.263
0.263 - 0.303
1.500 0.303-0.344
0.344 - 0.384
£ 0,

@ 1,000 - 25% 0.384 - 0.425
® X=30%) 0.425-0.465
oo ¢ | 0,465 - 0.506
0.506 - 0.546
0.500 5 0,546 - 0.587
[ r._.‘r“ 0.587 - 0.627
- ~ Mos27-0.668

0000 M M PRSP SRS SRS S e .I

0.600 0.800 1.000 1.200 1.400 1.600 1.800 2.000
I(inf
Puc 1. 3aBucumocts coorHomenus 3HaueHud KB u Kinr 0T 3HaueHus
a #°Pu (uBerom) s MatepuanbHOro coctara Th-Pu/DO

OnrtruMainbHas siueiiKa onpenessiach, Kak suelika ¢ HanOOIbIINM
KO3 PUIIMEHTOM HaKoIuIeHus (pu Beiropaand 10 70 MBT1/cyT*kr
3HaYeHUHM IUIOTHOCTH MOIIHOCTH, COOTBETCTBYIOILEMY PpEaKTopy
tuna BBOP-1200) cpemn stueex ¢ Ky u KB mpeBbimarommmu
€IMHUILY HA IPOTSHKEHUH BBITOPAaHUS (PEXUM OpUIMHTA).
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[lo pesynpTatam pacuéroB Hanbojee 3HAYUMBIMU ITapaMeTpamH,
OT KOTOPBIX 3aBHUCHT YCTAHOBJEHHE peKuMa OpHIUHra B sueiike,
ABNISIOTCA MapaMeTphl ObOramieHHs TOIIMBA M o 2°PU, Tak Kak
TOJIBKO B ONpEACICHHOM Juamna3oHe oOoramieHud OpuauHT B
TIIPHHIIUIE JTOCTHXUM, ¥ TIPU ONpEIeNeHHbIX 3HaueHusIX o “°Pu (c
3TUM OO0OTallleHUEM) JOCTUTAaeTCs MaKCUMyM Koddduimenta
HAKOTIJICHUSI.

BnusiHue ®ECTKOCTH crieKTpa 0COOEHHO BBIPAKEHO JUTS TOTUTMBA
Th-Pu. B to Bpems kak as torwus Th-U? u UB-U® m3menenne o 2°Pu
BO BCEM paccMaTpHBaeMOM Juana3oHe MpuBoAuT K pocty Kins 1 KB
HAa EIMHUIIBI TIPOIEHTOB, M3MEHEHHE 0. °PU B paccMaTpHBAEMOM
nuanasone s Torumsa Th-Pu mpuBomut k usmenenuio K 1 KB B
OOITBIIIYIO CTOPOHY Ha JIECATKH POLIEHTOB.

I'eoMerpuueckue  XapakTEpUCTHUKM  SYEMKM W IUIOTHOCTH
3aMemurens, onpenenstonme W,,, UMEIOT BTOPUYHOE 3HAYEHUE C
TOYKH 3pEHHS HEUTPOHHO-QU3NYECKOro0 pacuéra, IOCKOIBKY
CYIIECTBYEeT MHOXXECTBO HX KOMOWHANWN, COOTBETCTBYIOIIUX
ontuMyMy o *°Pu.

[MoyueHsl mapaMeTpbl ONTUMANBHBIX stueek. Hanpumep, st Th-
U%/D,0 nanbonsmmii ko3(pGUIMEHT HaKoIIeHus coctaBua 1.057
npu 3HaUerHmH o “°PuU pasrom 0.39 1 o6oramennu 9%. OnTHManTbHas
sUeiiKka MMesa CIeRyIoIne XapaKTepucTUku: pamuyc TBA 0.4 cm,
pamiyc saeiiku 0.5 cm, miotHocTs D20 0.3 /e,

OLIEHKA BO3MOKHOCTH UCHOJIb30OBAHUS
NTOBABOK B PUTAI HA OCHOBE *®pPU

Opnos A.E., lllecmaxos A.H., Hypmyxamemos A. JI., Heanos A. U.
HATDO HUAY MUDU, 2. Obrunuck

ATOMHAsT SHEpPreTHKa MCTOPUYECKHM pa3BUBajJach B CTOPOHY
CO3JaHMA W YJIYYLIEHUS DPEAKTOPHBIX YCTAHOBOK, Y€l NPUHLMII
paboThl OCHOBaH Ha pACIUCMJICHUH SIEp TSDKENBIX 3JIEMEHTOB.
Hannble yctpoiicTBa 3¢ ¢EKTUBHBL, OTHAKO TPeOYIOT IJISI CBOEro
00CnyXMBaHMS HaJW4YMe MHOTOYMCIEHHOTro rnepcoHana. [Ipakruka
MoKasajia, YTO B CJIydasX, KOTJAa HET HEoOXOJUMOCTH B OOJBILIOM
KOJINYECTBE DHEPIUH, a BaKHA KOMIIAKTHOCTh M ABTOHOMHOCTH
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XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

MIOJIE3HBIMU MOT'yT 0Ka3aTbCsl PaOU30TOIHbBIE
TepMmoanekTpudeckue reaeparopsl (PUTII)

PUTOI'n, cpok cimykObl KOTOPBIX MJIsi HEKOTOPHIX IMPOEKTOB,
BIpoUeM, HemocTaToueH [1].

B wuccnenoBaHuu paccMaTpHBacTCs BOIIPOC YBEIWYEHHUS CPOKa
cnyx6s1 PUTOI0B, paboTaomux Ha 2°Pu ¢ conepikaHHEM MeHee
85%. YKka3aHHOE yCIIOBHE CBSI3aHO CO CI0KHOCTBIO MOTy4YeHus Oonee
upcToro BemectBa U3 2“Am. C pyroii  CTOpOHBI, TpH
HCIIOJIb30BAHUU 237Np HAGITI0IAI0TCA 3aBhIIIEHHBIE 3HaUeHUs > Pu. B
CBA3M C OTUM aKTYaJlbHO PAacCMOTPEHUE BAPUAHTOB CMEIIAHHBIX
okcuaoB Am u Np kak ucTounukos “*pPu.

Ha Texymiem sTamne pazpaboTraHa MOIENh TETIIIOBBIICICHUS Chephbl
yucroro *Pu anaauTHUecKu U npu oMoty Meroja Monte-Kapio B
nporpamMMHoM Komruiekce Geant4 (Puc. 1).

Puc. 1. M3omerpust momenu B Geant4

Brun TIPOBEIECHBI aHAJIUTUYECKHE BBIYMCIICHUS It
SHEPTOBBIENCHUS CEpHl U3 28pyy. Pacuersl TOKa3ajid, YTO €ro
yaAenbHas TeruioBas MoIHoCcTh paBHa 0,55-0,57 BT/r.

B mnpeamonokeHWH YHCTOTHI 2%8py paccMoTpeHa CUTyarus
TOMOTEHHOH J00aBKH OEpUILIHS, KOTOPHIA B MIEPCIIEKTHBE BO3SMOXXHO
WCIIONb30BaTh B KAUYECTBE NCTOYHUKA HEUTPOHOB (IO 0,,N-PEaKIIHH).
B coornomennn 50% ynenpHast MomHOCTh yrana a0 0.29 Bt/r u3z-3a
paz0aBieHHs TOIUIMBA, OIHAKO TPUPOCT 3a CYET ,N-peaKnuu
cocrasui 0.002 Bt/r. OueBuiHO, 1pH J0OABICHUN 239py Bzamen 2®Pu
MPUPOCT DHEPTOBBIJENeHUsT Oyaer Bbime. OIHAKO aKTyallbHO
PacCMOTPETh Pa3TUYHbIE BAPHAHTHI Pa3MElIeHUs OCpPHUILIUS, OIICHUTh
HEOOXOAUMOCTb HCIIOJIb30BAHUS OMOJHUTENLHBIX 3aMeUINTEIeH
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HEHTPOHOB, a TAK)KE MOTTIOTUTENEH, KOTOphIe OyIyT HE IOMYCKaTh HX
BBIXOJIa 33 PaIHOM30TOITHOTO TOITUBA.

Jluteparypa

1. Jlazapenko !O.B., IlycroBasoB A.A., [llanosamo B.IL
MautorabapuTHble SIICpPHBIC HCTOYHUKH DJIEKTPHUUECKON SHEPTHU. —
M.: Dueproatomuzaat, 1992. — 208 c.

HUCITOJIb3OBAHUE MUHOPHBIX AKTUHHU/1OB B
KAUYECTBE BBITOPAIOIIUX MOTJIOTUTEJIEN B
PEAKTOPE BB3P-1200

Hluproesa /I.E., Tepexosa A.M.
HATO HUAY MUDU, 2. Obrunck

B xoHTEKCTE pa3BUTHS IBYXKOMIIOHEHTHOH SJIEPHON SHEPreTUKU
W 3aMBIKaHUA snepHoro TommuBHoro Iwkia (3STL[) xirrodeBoit
3amadeit aBisercs dPpPeKTHBHOE yIIpaBiIeHUE O0TYICHHBIM SIICPHBIM
torumBoM  (OST). 3HauMTensHBIN BKJIAX B TOJTOBPEMEHHYIO
PaAMOTOKCHYHOCTh M ocTatouHoe TeruioBeinenenne OST BHocsaT
MHHOpHBIC aKTHHHIBI (MA) — HENTyHHH, aMEepUIMH W KIOPHMA.
[lepcrieKTHBHBIM METOAOM CHIDKEHHSI WX HETaTHBHOTO BO3JICHCTBHS
SIBIIAETCST TpaHcMyTanusi MA HeEMmoCpencTBEHHO B DHEPTEeTHYECKUX
peaxkTopax IyTeM WX BKIIOYEHHUS B TOIUTMBHYIO MaTpPHUITy B Ka4eCTBE
HHTErPUPOBAHHBIX BHITOPAIOIIUX IOrIoTHTENEH [1-2].

B mpencraBmeHHOM WCCIEOBAaHUHM BBHIMONHEHO YHCICHHOE
MOJIEIIPOBAaHIE HEHTPOHHO-(U3NUECKIX XapPaKTEPUCTUK aKTHBHOU
30HBI BOJO-BOJSIHOTO 3Hepreruyeckoro peakropa BB3OP-1200 c
TOIUIMBOM, COIEpXKAalMM JAuOKcHA amepuiusa-241  (*'AmO.).
MonenupoBaHrue MPOBOANUIIOCH C HCIIONB30BAHHEM IPOTPaMMHOTO
KOMILJIEKCa peanu3yooIero METOJ Momnte-Kapuo.
[Ipoananu3upoBanpl KOH(GUTYPAIIUU TOIUIMBHBIX KOMITO3UIIUN C
pasznu4HbIM cozepkanueM ' AmO: (2, 8 u 10 mac.%) u1st OLIEHKH ero
BITUSTHUS HA KAMITAHUIO aKTHBHOW 30HEI.

Pe3ynbraTel pacdeToB MOKa3bIBaKOT, 4To BBeneHue *'AmO: B
toriBo BBOP-1200 oka3piBaeT CyIIECTBEHHOE BIMSHUE Ha
noBeneHue dddexkruBHOro kodddunmenta pasmHoxeHus (Kerr) B
TEUCHUE TOIIMBHOW KaMIIAHUU. Y CTAHOBJICHO, YTO HCIIONb30BAHUE
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XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

aMCpuliud B Ka4dC€CTBC BBII'OPANOLICIO IOITIOTHUTCIA MPHUBOAUT K
BbIpaBHUBAaHUIO I10JIA OHCEProOBBIACIICHU. HauOonbas
3¢ ()EeKTUBHOCTh TpPaHCMYyTallMd W MUHHMAJIbHOE HEraTHBHOE
BO3[ICI\/'ICTBI/I€ Ha OPpOAOJDKUTCIBbHOCTE KaMITaHUHN H36HIO[IaIOTCSI npu
yMEpEeHHBIX  KOoHUeHTpamuax MA  (2-4%) B Ttabnerke
TCIUTOBLIACIIATONICT O 3JIEMEHTA C BhII'OPAIOIUM ITOIJIOTUTCIIEM.

IlpoBeneHHblEe UWCCAEAOBAHUS MMOATBEPXKAAIOT TEXHUYECKYIO
OCYyHIECTBUMOCTE M MNOTCHUHWAJBHBIC MPEUMYIICCTBA NPUMCHCHUSA
MHUHOPHBIX AKTHUHHUAOB, B YaCTHOCTU aMCEpulisaA, B KaUCCTBC
BBITOpPAIOIINX TOTJIOTUTENE B peakropax Tunma BBOP. Jlanubiid
moaxon CHOCO6CTByeT HE TOJIBKO PCHICHHUIO 3aJiadv ITOBBIIICHUA
palMOHAJIBHOCTH  HMCIIOJIB30BAHHA  AJACPHOIO TOIUIMBA, HO H
SHAYUTCIIbHOMY CHHXXCHUIO PAAMOTOKCHUYHOCTHU BBICOKOAKTHBHBLIX
OTXOAOB, YTO ABJIACTCA BaXXHBIM IIIaroM Ha IYTH K pean3alun
YCTOWUYMBOI'O 3aMKHYTOI'O TOINIMBHOI'O LIUKJIA.

Jluteparypa

1. OECD/NEA. Minor Actinide Burning in Thermal Reactors.
OECD Publishing (2014).

2. Shelley A., Ovi M.H. Utilization of Americium as a Burnable
Absorber in a VVER-1200 Reactor // Nuclear Engineering and
Technology. 2021. Vol. 53. P. 2454-2463.

3. Komecor B.B., KopobGeitnukos B.B., Hcanos KA.
HUcnonp3oBanue MHHOPHBIX aKTHHHJIOB B KAa4€CTBE BBII'OPAIOIIUX
TIOTJIOTUTEEH B TEINIOBBIX SJEPHBIX peakTopax // SnepHas
suepreruka. 2025. Nel. C. 141-151.

HAPABOTKA ILLTYTOHHS-238 B PEAKTOPAX MAJION
MOIIHOCTH

Boponyosa A.A., Jlanun A.C.
HATD HUAY MUDU, 2. Obrunck

OCHOBHOE HCIIONB30BaHHE ~°Pu MIPUXOUTCST Ha MPOU3BOJICTBO
WCTOYHUKOB TeIJIa JUIsl PaJUOU30TOIHBIX TEPMOAIIEKTPUUECKUX
reaepatopoB (PUTOI") u3-3a moaxoasmwx CBOUCTB IS ATUTETHHOTO
9HEProoOecreueH!usT B YCJIOBUSX  OTCYTCTBUSL ~ MCTOYHHKOB
nutanud[l]. ng Hero B KauecTBE MCTOYHHMKA TEIJIOBOW SHEPTUU
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CYIIECTBYIOT  HEKOTOpbIE  OTpaHMYEHUS,  Kacalollhuecs  ero
HU30TOITHOT'O cocTara [2].

B nanHolt pabore mpemiaraercs paccMOTPETh BO3MOKHOCTH
HapaboTku myToHUA-238 B peakrope MTUP-CK], obnamatommm
CBEPXKPUTHYECKUMHU NapaMeTpaMu TeruioHocutens [3]. B kauectse
MOJeNnH  OONy4aTelbHOrO YCTPOWCTBA, YCTAaHABIMBAEMOTO B
KOJTMYECTBE OJHOM INTYKH BMECTO COOPKH CTalbHOTO OTpasKaTes
(puc. 1) u3 nepBoro psizia, UCIoNb30Bagack coopka u3 30 MuleHeH u3
NpO;, pacnonoxeHHbIX B (opMme Kojblla, BHYTPH KOTOPOTO
HaxOJMTCs CTep)KeHb 3amenuTens u3 BeO, ZrH, u cranu.

COopku oTpakaTeis

CTep)KeHI: 3aMeIJIUTEeIIsT

Mumrenn u3 NpO,

TBC akTuUBHOII 30HBI

Puc. 1. Tlonepeunsrii cpe3 Mmoaenu

PaccmarpuBanuch pasHble IUIOTHOCTH OKCHIA HENTYHUS H
OLIEHMBAJIOCh WX BIHMSHHWE HA HM30TONHBIE U XMMHUYECKHE COCTABEBI
BBITPY)Ka€MOr0 TOIUIMBA MNpU OONyYEeHHH MHIIEHEH CPOKOM [0
JeCATH JIET, OAHAKO CaMbIM ONTHMAJIbHBIM BapUaHTOM C MO3UIMU
coOmoeHusT TpeOOBaHMH IO KAa4yecTBY IOIY4aeMOro IUTyTOHUS
OKa3bIBACTCS IATUIETHEE 00yYeHNE CO CHI)KEHHOM IIOTHOCTBIO.

MaxkcumanbHblid 00beM HapaboTku (Ha 1800 3¢ (eKTUBHBIX CYTOK)
coctaBmsier 1.4 Kkr Ha OOHO OOMy4yaTelIbHOE YCTPOMCTBO C
TTOJIX OJIAIIM KayecTBOM ILryToHusA-238 (95% 2*8Pu [2]), onHaKo ecTh
M30BITOK TI0 COEPKaHMIo 2°Pu: TpeGyemas KoHIeHTpamus ~°Pu He
JOJDKHA MPEBBILATh 2 PPM [2], a B JaHHOM CiIydae ero coaepKaHue
CTaHOBHTCS paBHBIM 34,9 ppm, 4TO TpeOyeT BBIIEPKKH MOTYyIEHHBIX
cOOpOK.
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Jluteparypa

1. Zhang A, YuC, Xia$S., Cui Y., Wu C,, Cai X., ChenJ.
Analysis of producing 238Pu as a byproduct in an MSFR // Annals
of Nuclear Energy. — 2021. — Vol. 150. — Article 108104. — DOI:
10.1016/j.anucene.2020.108104.

2. llImener A.H., I'epackun H.W., Ancs B.A., Kymukos I'.T.,
Kymukoe  ETI., Tmeboe B.b. Ouenka  BO3MOXHOCTH
KpynmHOMacImTaOHOi HapaboTku 238Pu B SHEPTeTHUECKOM peakTope
tunia BBOP-1000. // U3Bectus By30B. SAnepHas suepretuka. — 2023.
—Ne 3. - C. 118-126. DOI: https://doi.org/10.26583/npe.2023.3.10

3. HeiitponHo-¢usnveckue ocobenHoctn peakropa MTUP-
CK/] xak skcriepuMeHTanbHON 0a3bl JJ1st OTPAOOTKH MEPCIIEKTHBHBIX
JIETKOBOJIHBIX peakTopHbIX TexHooruii / A. C. Jlammn, B. 1O.
bnanmunackuii, B. A. Hepununa [u np.] // 3BecTus BeICIINX
yueOHBIX 3aBefieHni. SnepHas snepreruka. — 2024. — Ne 3. — C. 18-
31. — DOI 10.26583/npe.2024.3.02.

AHAJIN3 BBI'OPAHMS U30TOIIA BOPA-10 B
TEIIJIOHOCHUTEJIE IIEPBOI'O KOHTYPA IIPU
IKCILNIYATAIIMU TOIIVIMBHBIX 3AI'PY30K
HEPTOBJIOKOB Nel M1 Ne2 BEJIOPYCCKOM A2C

Canvkesuu A.A., Jlasposa B.C.
I'TI «benopycckas ADC», 2. Ocmposey, Pecnyonuxa bBerapyce

CornacHo 5KCIUTyaTallMOHHOW JOKYMEHTaluu bemopycckoi
ADC, B TeueHHe BCel KaMIaHWH TEPCOHAN sIIEPHO-(PHU3NIECKOIH
nmaboparopuu OSb TpOBOIUT MOHUTOPHHT SKCILTyaTAIlH AKTHBHON
30HBI peaKTopa, KOTOPEI BKIIFOYAET B ce0sI CONOCTaBIICHHE 3HAUCHU I
KPUTHYECKOW KOHIIEHTPAIUH OOPHON KHUCIIOTHI.

IIpu pabore Ha MOIIHOCTH pacyeTHass KpPUTHYECKas
KOHLIGHTpauyss OOpHOM KHCJIOTHI HE [JOJDKHA OTIMYaThCi OT
M3MepeHHoit 6onee uem Ha 0,6 r/kT, 4TO npornncaHo B HomeHnknaType
9KCIUTyaTallMOHHBIX HEHUTPOHHO-(QU3MUECKHX PpacueroB, a TaKkKe
YCTAHOBJIEHO KaK 3KCIUTyaTalMOHHBIM mpenen B TexHOIormueckom
pernamente 6e3onacHoi dkcruryaranuu (nanee — TPED) [1].

Bo Bpems okcmilyatanuum 1epBOM  TOIUIMBHOM  3arpy3KH
sHeproomoka Ne 2 Obuio  3aMKCUPOBAHO  JOCTHIXKECHHUE
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9KCIUTyaTallMOHHOTO  Tpefena IO  PACXOXKAECHUIO  3Ha4YeHUH
M3MEPCHHOM M PaCcyYeTHOW KPUTUYECKOH OOpHOW KHCIOTHI. Jlist
WCCIIEJIOBAHMS TOTEHIHUAJIBHBIX NPUYUH TaKOrO PaCXOKJIEHHS
3HAa4YCHUI B TEYCHUE BTOPOW TOILIMBHOM 3arpy3Ku OBUIM MPOBECHEI
W3MepeHHs AaTOMHOM JOMM u30Toma '°B, KOTOphle MOKa3ajiH
CHIDKEHHE aTOMHOM JIOJM JAaHHOTO H30TONa B TEIJIOHOCHUTENE
MIEPBOr0 KOHTYpa OTHOCUTENIBHO IaHHBIX BXOAHOTO KOHTPOJIS.

J1st iepBOM TOTIITMBHOM 3arpy3Kku dHeprodaoka No2 Ha OCHOBaHHUH
JJAHHBIX O PACXOXKJEHUU PACUETHOM U M3MEPEHHOW KOHIIEHTpaluu
OOpHOI KHCIIOTHI OblJTIa TPOM3BEIeHa KOPPEKTUPOBKA TIOMPABOYHOTO
kodddunmentra POCB1 go 3nawenus 0,97, uro obecneunio
COOJIOIGHUE OKCIUTYaTAal[MOHHOTO Tpefesia 10 pa3HUIe MEXIY
paccuMTaHHOM M M3MEPEHHOM KOHIEHTpAruu OOpHOW KHCIOTHI HE
6omee 0,6 T/xkT.

B nmaHHBII MOMEHT AN WMCCIENOBAHHS BO3MOKHOTO BIUSHUS
BEITOpaHHs °B Ha pacXoXJIeHHE pacyeTHOH U HM3MEpEeHHOI
KOHIIEHTpaIlK OOpHOM KHCIOTH Ha MPeanpuaATHH pa3paboraHa
IIporpaMma omnpeJeleHus coxepskanus °B B cMecH M30TOIOB 00pa,
coZiepKaluxcss B OOpHOM KHCIOTE, a TakkKe IPOBOJUTCS
eKeMecsIHOE H3MEpEHHE COIePKaHMs H30ToNa °B B TEIIOHOCHTEE
TIepBOTO KOHTYpa Ha 3Heproookax Ne 1 u Ne 2,

Ta6n.1 PesynsTatsl usMepeHus cozepxanus °B B cmecu uzoronos 6opa,
coJieprKaluxcsi B 00pHoOit kuciore uist dHeprodmoka Nel u Ne2

o DOueprobdiok Ne 1, TormBHas 3arpyska Ne 4 Duepro6iok Ne 2, ToruBHast 3arpy3ka Ne 2

wn Z[a;: g;hiey?re;{ i Aromnas noms 1B ﬂaT(j g;)ntey};e;{ e Atomuas nons °B
1 07.02.2025 (9,9 cyr) 20,0 (20,0) 18.02.2025 (73,76 cyr) 20,0 (19,5)
2 11.03.2025 (42,9 cyT) 20,9 (19,9) 20.03.2025 (103,7 cyr) 19,4 (19,49
3 09.04.2025 (72,0 cyT) 20,0(20,1) 11.04.2025 (125,7 cyr) 19,6 (19,5)
4 06.05.2025 (98,9 cyt.) 19,7 (19,8) 07.05.2025 (151,7 cyr) 19,3 (19,49
5 24.06.2025 (147,8 cyt.) 20,2 (20,1) 25.06.2025 (200,6 cyt.) 19,1 (19,0)
6 05.08.2025 (187,6 cyt.) 19,4 (19,6) 05.08.2025 (231,6 cyr.) 20,1(19,9)
7 26.08.2025 (208,3 cyt.) 19,1 (19,5) 27.08.2025 (253,7 cyt.) 19,8 (20,0)
8 30.09.2025 (241,9 cyt.) 19,2 (19,5) 30.09.2025 (287,5 cyr.) 20,2 (19,8)
9 28.10.2025 (269,9 cyt) 18,9 (18,9) 28.10.2025 (315,5 cyt.) 20,3(20,9)

HOJ'Iy‘{eHHLIe pe3yilbTaTaM CKEMECAYHOTO OIIPCACIICHUA
COACPIKaHUA 1OB B CMCCH H30TOIIOB 6opa MNOATBEPKAAOT
HaJIMYHUEC BbITOPpaHUs HU30TOIIA 1OB B IIPOLECCC 3KCIUTyaTallun
TOIINIMBHBIX 3arpy30K U €ro BO3MOKHOC BJIMSHUC HA 3HAYCHHUC
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KOHIIEHTpAIMU OOPHOW KHCIOTHI B TEIUIOHOCUTENE TEPBOTO
KOHTYPA, YTO B CBOKO OUYEpEllb MOKET IPUBECTH K HAPYILICHUIO
JKCIUTYaTallMOHHOIO IIpejena.

Brimonnsiemoe uccnemoBanue  TpedyeT  MPOAOJIKEHUS
aHAJIM3a JaHHBIX W NPOBEICHUS COOTBETCTBYIOIIUX PACUETOB.
JeranpHOE€ H3y4eHHE [AHHOIO IPOLECCa MOMKET IOMOYb
pa3zpaboTaTh MOTPABKY /ISl PACYETHBIX TAHHBIX, KOTOpast OyAeT
YUUTHIBATH BBIFOPAaHHE °B ¥ TO3BONMT TMOBHICHTH YPOBEHB
JIOCTOBEPHOCTH  IIOJIyYaeMBIX pPE3yJabTaTOB B  IIpoliecce
MPOBEJCHUS MOHUTOPHHTA.

Jlureparypa

1. HowmeHkiatypa dKCIUTyaTaIllMOHHBIX HEHTPOHHO-(PH3NUECKHX
pacdeToB M M3MEPEHWH IS TOIUIMBHBIX 3arpy3ok BBOP-1200 mua
bemopycckoit ADC. — Octposen: I'TI «bemopycckas ADCy», 2022.

AHAJIN3 U TIEPCIIEKTUBBI PA3BUTHUS 3AMKHYTOI'O
AAEPHOI'O TOIVIMBHOI'O IUKJIA B POCCUMN

Kynaxoesa B.A., Koocyxos H.H.
@I'BOY BO BITY, &. Boponeoic

OmgHOlt W3 NpHUYMH TIOYEMY sIepHas DSHEpPreTHKa HE MOXKET
CUHTATBCS «3€JICHON» HTO SAJIEepHOE TOIIUBO, KOTOpPOE IIOCie
0oTpabOTKHM HEIb3s MONHOCTHIO YTHUIM3HPOBATh WM MEpepadoTaTh,
YTO OCTaBJISET JOCTATOYHO OOJBIIOE KOJNUYECTBO OINACHBIX
PaAMOaKTUBHBIX OTXOJIOB.

ITociie Toro kax TOIJIMBO OTpadoTaer B peakrope oT 1 g0 1,5 ner
€ro M3BIIEKAIOT M COBEPIIAIOT HOBYIO 3arpy3Ky TOILIMBA B PEaKTOp.
YTunM3upoBaTh WU MepepadoTaTh IMONHOCTBIO SAEPHOC TOILIUBO
ceifyac HEBO3MOXKHO, YTO MPHUBOAMT K HEOOXOIWMOCTH IOCTPOHKH
xpanunuil. OTpaOOTaHHOE SAECPHOEC TOIUIMBO IOCIAE H3BICUCHUS
MIPOXOJIUT CTAINIO BPEMEHHOT0 XpaHEHHUS B CIICIIMAIBHBIX OacceifHax
BBIICPKKH. OTH EMKOCTH 3aIlOJIHSIIOTCS BOJIOM ¢ J00aBIICHUEM
OOpHOI KHCIOTBI, YTO OOECIeYnBaeT HEOOXOJUMBIH YPOBEHBL
OXJIQXKJIEHUS U PaJUallMOHHON 3amuThl. [10 HCTeUeHNM HECKOIbKHUX
ner xpaneHus OST TpancmopTupyeTcs B CHENUATU3UPOBAHHBIC
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CTallMOHAPHBIC XPaHWJMINA, TAe MOPOUCXOAUT €ro COBMECTHOE
3aXOpOHEHUE C OTXOJIaMU C APYTUX aTOMHBIX SJICKTPOCTAHIIUH.
OauH W3 TMEPCHeKTUBHBIX crnocoOoB mepepadorku  OMAT
3aKJII0YAeTCS B OPTaHHU3AIMU TEXHOJIOTHU 3aMKHYTOI'0 TOILTMBHOTO
nukia. KimoueBoe mpeumytiectso 3amkuaytoro ATI] 3akmrouaercs: B
BO3MOXHOCTHU MHOTOKPaTHOT'O HCIIOJIb30BaHUS SIIEPHBIX
MaTepuajoB, YTO HE TOJBKO TOBBHIIIACT JKOHOMHYECCKYIO
3(p(HEKTUBHOCTh MPOU3BOJCTBA JHEPIMHM, HO W TOBBICHT IPOIICHT
BBIPA0OTKM TOIUIMBA M TO3BOJMT CHHU3UTh €r0 aKTUBHOCTH IIepes
3aX0pOHEHUEM
TexHOIOrM4ecKuil MpoIecc NPEeANPUITUH SAEPHOrO TOIIMBHOTO
LIMKJIa BKJIFOYAET HECKOIBKO KIIFOYEBBIX 3TanoB. HavanbHol cTaauei
SBIIETCS J00BIYa YPAaHOBOW PYAbI, KOTOpas IOCIIEA0BATEIBHO
MPOXOAUT STallbl OYUCTKH W oboraineHus. IlonmydeHHOE sepHOE
TOIJIMBO 3arpykaercs B TEILIOBBIACHAomuEe djeMeHTsl (TBDJI),
KOTOpBIE Pa3MEIIAIOTCS B aKTHBHOM 30HE peakTopa 0 MOMEHTa
miaHoBoir  3ameHbl. [locme BwIpabotkm TBDOJI momsepraroTcs
JUTHTETLHOMY XPaHEHHIO M TOCIICIYIONICH YTHIIH3AITHH.
OCOOEHHOCTBIO  3aMKHYTOT'O  SIACPHOIO  IIUKJIA  SIBIISETCS
BO3MOYXHOCTH TTIOBTOPHOT'O UCITOJIE30BAHUS OTPaOOTaHHOTO SACPHOTO
ToumBa. B pamkax stoi TexHojmoruu OST ciayXuT chIpbeM s
MIPOU3BOJICTBA HOBBIX BHIOB TOIUIMBA, BKIoYas MOKC-TommmBo u
PEMMUKC-TonanBo, YTO IIO3BOJSET CYIIECTBEHHO IIOBBICHTH
3 GEKTUBHOCTh MCITONB30BAHUS SIEPHBIX PecypcoB. B mx cocrar
BXOIAT OKCHIBI IBYX OCHOBHBIX KOMIIOHEHTOB: IIPHUPOIHOTO HWJIH
00OrameHHoro ypaHa, a TaKKe IUTYTOHHS, W3BJICUCHHOTO U3
OTpa0OTaHHBIX  SAIACPHBIX  MaTEpUajoB. ITO  IPHBOIUT K
YETBIPEXKPATHOMY COKPAIICHHIO OTXOJOB U COKPAIECHUIO CPOKa MX
paguoaktuBHOCTH. [Ipu nmpouszBoactee MOKC u PEMUKC TonnuBa
SKOHOMHMS TPHUPOTHOTO ypaHa coctaBuT 12,5% u 22% ot
M3TOTOBJICHUS TOILUIMBA W3 IIOJHOCTBIO TIPHPOIHOTO ypaHa
COOTBETCTBEHHO. M3 MHHYCOB, IMOCiIe OTPabOTKH TaKOE TOILIUBO
HAITOJIHSICTCS CJIMIIKOM OOJIBITUM KOJHYECTBO JIMITHUX H30TOIIOB,
YTO MPUBOANUT K 00pa3oBaHHUIO O0TX0A0B. K colkalleHHIo, HbIHEITHUE
TEXHOIIOTUH He MO3BOJISIOT MOIMHOCTHIO Tepepadorats OAT (puc.1).
3aMbIKaHUE SAEPHOrO TOIUIMBHOIO LMKIJA MO3BOJIUT MEPEUTH K
WHHOBAaLlUOHHOU JBYXKOMIIOHEHTHON CUCTEME SHEPT O POU3BOJICTBA.
OHa 3akimo4aercs B HCIIOJNB30BAHMM KOMILUIEKCa M3 2 BHUJOB
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PEaKTOPOB BOJO-BOISHOTO CO CICKTPAIbHBIM DPErYJIUPOBAHUEM
(paboTarommuii Ha TEMJIOBBIX HEHTPOHAX) U Ha OBICTPBHIX HEHTPOHAX.
Hcnonps3oBaHue MEPBOrO THIIA pPEAKTOpPa TO3BOJIUT COKPATUTh
noTpedeHUe MPUPOIAHOTO ypaHa MPH HM3TOTOBJICHUU TOILIMBA, a
peaKToOp BTOPOro THIa mo3Bojiut 3dexkruBHee ucnonb3oBath OT.

Jo0sraa ‘ OGorarmeste ‘ TIPOI3BOICTBO
ypaHoBoit ypana SEPHOTO
pyzst TOILTHBA

TIpomgozcteo MOKC it TponssozcTBO
PEMIIKC-Torumsa 3neKTpo3Heprun (A3C)

TOTUTHBHBI KT

e -

3aXopoHeHne
oaT 1

I
l Bouaepxka OAT Brrpyska OST

Puc. 1. briok-cxema si1epHOr0 TOITMBHOTO LIUKJIA

B Poccun yxe mpemrpuHATHI MEPBBIC OMBITHO-TTPOMBITIUICHHEIE
SKCIUTyaTaIluH TOIIMBA M3 pereHepupoBaHuoro ypana. Ha Konsckoi,
Kanmnuauuckoi, bamakockoit u benosipckoit ADC yxke ¢ 2023 roma
HeKoTopble 3Heprodmokm mnepeseneHsl Ha MOKC u PEMMKC-
TorumBo. A B ropome CeBepcke YyiKe BeEHETCS CTPOUTEIBCTBO
onsiTHOro peakropa bBPECT-O/I-300, kotopslii Oyaer padboraTh Ha
ypaHo-muryronneBoM  CHVYII-tommBe W TO3BOJIUT  HAYaTh
JUKBUIAIMIO 3aIlacoB OOCTHEHHOrO0 ypaHa. DTOT WHHOBAITMOHHBIN
PEaKTop B CHITy 0OCOOCHHOCTEH KOHCTPYKIIHH ITO3BOJIUT OTKA3aThCs OT
MHOTHX OOECIICUMBAIOIINX CHCTEM M CHH3UTH DKOHOMHYCCKHC
3aTpaThl. B pamMkax pa3BUTHSI OTCUSCTBEHHOM aTOMHOM DHEPIETHKH
3aIUTAHUPOBAHO  TIOCTEIICHHOE  BHEAPECHHE  HWHHOBAIMOHHBIX
TOIJTMBHBIX TEXHONOTHUH. DHEProOsIOKH HOBOTO TMokojeHus BBOP-
1200 u© BBOP-TOM Oynmyr mo3TamHO TIEPEBOJUTHCS  HA
OKCIUTyaTallil0  C  HWCIOJB30BAHWEM  SIICPHOTO  TOIUIMBA,
MIPOM3BEACHHOTO W3 PEreHEPHPOBAHHOTO YPaHOBOTO  CHIPHS.
Poccuiickas aToMHast oTpaciib aKTHBHO pa3BUBaeT HHPPACTPYKTYPY
JUTS pean3aliui 3aMKHYTOTO SIJIEPHOTO TOILUTMBHOTO [IUKIIA B PAMKAX
WHHOBaUMOHHOW  mporpammbl  «lIpopeiB».  JlaHHBII — mpoekT
peycMaTpUBaeT co3/1aHue YHHUKAJIBHOTO OITBITHO-
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JEMOHCTpaluoHHoro 3Heprokomiuiekca (OJI9K), rme Oynyr
oTpabOTaHbl W MPEICTABICHBI BCE TEXHOJOTMYECKUE KOMITOHCHTBI
3aMKHyTOro sjepHoro nukina. OJIDK Oymer BKIOYATh MOIYJb
(habpukanuu TomaMBa, MOAyJb mepepaborku OST u yueOHBbIN-
TPEHUPOBOYHBIN MHKEHEPHBIN LEHTP.

Pe3ynbraThl mpoBENEHHOTO UCCIICIOBAHUS TEMATHKH 3aMKHYTOTO
SIIEPHOTO ITMKJIA TOBOPSIT O BHICOKOM aKTYyaJbHOCTH JAHHOW TEMBI,
MOCKOJIbKY ~ OTpabOTaHHOE SACPHOE TOIUIMBO BCE TaK IKe
MPEJICTABIIAECT BHICOKYIO OIACHOCTh OOJIyUEHHUS U MOXKET HaBPEIUTH
YEeJIOBEKY W  OKpykamwmieit cpeme. Pa3paborka mepenoBbIx
TexHooruii B oomactu nepepadbotku OSIT sBisercs BaKHBIM IIarOM
B Pa3BUTHUH ATOMHOM SHEPIETHUKH.

Jluteparypa

1. Acradres, 1.}O. TexHom0rus 3aMKHYTOI'O TOIIMBHOI'O IIMKJIa
B SIICPHON DHEPIeTHUKE: IKOHOMHUYECKHUE U SKOJIOTHICCKHE BBIBOIbI/
. 10. Acradnbes, P. P. Bunnanos. — XXypnan Bectauk Hayku. — 2024.
— Ne11.-1330-1333.

2. Cupopenko, B.A. SlnmepHas »sHepreruka: mnpoOIeMbl U
nepcrektuBbl-M. :DHeproaTomusaat, 1998. —320 c.

3. INommaBckwmii, B.M. 3aMbIKkaHue SASPHOTO TOILNIMBHOTO ITUKIIA:
OajaHc aKTHHOMIOB U Oe3omacHocTh,/ B. M. Aranos, B. 1. Matsees,
H. C. PabotHoB/AToMHas sueprus— 1996. — T. 81— Ne 2— C. 123-127.

KPOCC-BEPUO®UKALINS OUEHKHW BJIMAHUSA
TEXHOJIOT'HMYECKUX HEOIIPEJAEJIEHHOCTEHU HA
HEUTPOHHO-®U3NYECKHUE XAPAKTEPUCTUKHA BdC

bypkees M.3., Buyxog P.A.
HATDO HUAY MUDU, 2. Obrunuck

[IpoBenenne pacyeTHO-3KCIIEPUMEHTAIBHOTO MOJCINPOBAHUS
Hen30eKHO COITPOBOXKAAETCS TEXHOJIOTHYECKUMHU
HEONPEACIEHHOCTSIMA. DTH HEONPENeNCHHOCTH CBS3aHBI, IMPEXIE
BCEro, ¢ BO3MOXHBIMHM OTKIIOHEHUSIMH OT UCXOJHBIX TaHHBIX, TAKUX
KaK TOYHBIM COCTaB TOIUIMBA — BKJIIOYAs PACXOXKIEHHS C €ro
MACTIIOPTHBIM OMHMCaHUEM, KOTOPOE caMo M0 cede UMEET JOIMYCKH, —
U TeoMeTpUuYecKHe mnapaMmerpsl KoHpurypamuu. Kpome Toro,
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CYLIECTBYIOT HEONpPENEIEHHOCTH, CBSI3aHHBIE C HW3MEpEHUEM
TeMIepaTyphl.

B konTekcTe kputuueckoro creHgaa b®C oreHka mOmOOHBIX
HEOIPENEIICHHOCTEH MPHUOOpETaeT 0CO0YI0 aKTyallbHOCTh, OCOOCHHO
IIpU MOJAEIUPOBAHUM SIBJICHUH, XApAaKTEPHBIX JUIS NEPCIEKTUBHBIX
peakTopHBIX  TexHonmorwii. OnHa  oOyciioBieHa — creU(pUKON
HEHUTPOHHOTO CHEeKTpa B TaKUX CHCTEMax: CYIIECTBYIOIIEe
KOHCTaHTHOE OOecreueHre He TapaHTHpPYeT ero aJieKBaTHOTO
BOCITPOU3BEICHUA B PACUCTHBIX MOACIIAX.

Beuny Hannuus GyHaaMeHTaIbHBIX HEONPEAEICHHOCTEH B CAMHX
KOHCTAaHTaXx, KPUTUUCCKH BAXKHBIM CTAHOBUTCA MaKCUMAJIbHO TOYHOC
W JIeTallbHOE  OMNHCAHWE peajbHBIX  YCIOBUW  INPOBEICHUSA
JKCIepUMeHTa. Takol KOMIUIEKCHBIM MOJAXO0JI K TIOJMOTOBKE
HNCXOJHBIX JaHHBIX SABISICTCS 00s13aTENBLHBIM OTaIIoM,
MpEABAPAOIINM BBIITOJIHEHNE ITOBEPOYHBIX PACUCTOB.

IIpu 3TOM npeaBapUTENBHBIE PACUETHBIE HCCIEAOBAHUS TAKKE
MOTYT YYHTHIBATh TOTEHIIMAIBHBIE HEONPENENeHHOCTH, a WX
3¢ exTsr oTIMYaThCS B pa3IMYHBIX cHUcTeMaxX KoHCTaHT. lloHsATHO,
4TO B ciydae, e€ciad 3(P(GEKT MHOIO MEHBIIE, YeM IOrPEUIHOCTh
9KCIIEPUMEHTAIILHOTO MOJIEIHPOBAaHMS, OOOCHOBAaTh €ro HaIHYHE
WM OTCYTCTBHE SBISIETCA TPYAHOAOCTIDKMMOM 3amadeil. OgHAKO
€CIH OH OKa3bIBaeTCsi COM3MEPUM WM BHIIIE TOTPEIIHOCTH
9KCIIEPUMEHTA, TO €r0 MPABUIIBHOE OMICAHNE aKTyalTU3uPyeT BHIOOD
KOHCTaHTHOTO 00ECIEYeHUs B YCIOBHSX PACXOXKIECHUS PacUeTHBIX
pe3ynbTaToB. [locnennee sBIgETCS METbI0 UCCIETOBAHUS.

B nannOIt paboTe paccMaTpHUBAIOTCS CYIIECTBYIOIIHE PE3YIBTATHI
pac4eTHO-IKCIIEpUMEHTAILHOW paboTHI, BBITOJHEHHOW paHee B
I'HI-P® ®OU m kacarorcs bDC-97 [1]. g sToro cosmaHa
pacdeTHas MOJIEIb, TIPOBEICHBI pacdeTHbie OLIEHKHU
HEOIIPENIeNIeHHOCTH  TOJIeH  TeMmrieparyp B a.3., H3MEHEHHS
MaTepuajioB H  pa3MepoB  OJI0YKOB. Pe3ymbraTel  mokazanm
COOTBETCTBHE KPUTHYHOCTH MPH HCIOIb30BaHUU Oubimoreku Jeff-
3.3, a Taxke noakputuuHOCTh B 0,4% nipu ucnionb3oBanuu Jeff-3.1.1.

Jluteparypa

1. Doulin V., Kochetkov A., Pavlova O. et. al. BFS-97, -99, -
101 assemblies: critical experiments with heterogeneous
compositions of plutonium, depleteduranium dioxide, and
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polyethylene. International Handbook of Evaluated Reactor Physics
Benchmark Experiments, NEA/NSC/DOC(2007)1, March 2007.

BJIMSITHUE KOHCTPYKIUHU OBJIYYATEJBHBIX
CBOPOK °°CO HA TEIIJIOBBIJIEJIEHUE TBC 350
PEAKTOPA THUIIA BH U YJEJIbHYIO AKTUBHOCTD
MUIIEHA

Inaokos I'.B., Buykos P.A.
HATD HUAY MUDU, 2. Obnunck

Ha cerognsmHuii IeHb B OT€UECTBEHHON aTOMHON 3HEPreTHUKE
CyIIeCTBYyeT TpobieMa HeJOoCTaTOYHOH HapaboTku m3oToma “°CO B
YCIOBHUSIX TIOCTOSHHO YBEIMUYMBAIOIIErocst cmpoca Ha Hero [1]. B
JAHHOM WCCIICIOBAaHUM IIpEJJiaraercss yBeJIWYEHHE MOIIHOCTEH
napa6otkn ©Co 3a cuér o6nyuenns °Co B B3B peaxropa BH-800.

Puc. 1. Ilonepeunslii cpe3 MOAENN aKTUBHOM 30HBI

B pabore paccmarpuBaercs BiusHHEe KoHCTpykuumun OC s
HapaGoTkn wm3otoma °°CO Ha ero yJelbHYl AaKTHBHOCTh U
teroBbienenne cocenaux TBC 3bO peakropa tuma BH-800 (puc.
1). A.3. paccmaTpuBaeMod MOZEIH IOBTOPSICT AKTHBHYIO 30HY,
orpaxkarenu M OokoBod dkpaH BH-800. B kauectBe TormuBa
MPUMEHSIICS IMOKCHUJT ypaHa ¢ oboramiennem 18.5%, 21%, 24% [2].
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[TomyueHsl pacmpeneneHuss IMOTB3JIBLHOIO SHEPrOBBIACICHUS
(MomHOCTH Aenenwuii) B KBT/n s nepudeputineix TBC a.3. (puc. 2).
IIpoBenen amanmu3 BaustHUS coctaBa OC  Ha  BETUYHHBI

OHCProBbIACICHUA 6J'II/I)K3]71HH/IX K HUM TBJ3JIOB.
Hanpagnenne k OC

Hanpagnenne k
uentpy OC

Puc. 2. TTorBankHOE SHepro.uieneHue s nepudepuiinoin TBC 350

Hns YIIOBJIETBOPSIOLINX YCIIOBUAM HeTPEBbIILICHUS
SHEPTOBBIIEICHUS B TepudepuiiHbIX TBAMax Kpaiuux TBC a.3.
OTHOCHUTENBHO 30HBI 0e3 OC MOCTUTHYTHI yaeNbHble aKTHUBHOCTH
mopsaaka 80-100 Ku/r. Ilpm sTOM monmydeHHBIE CKOPOCTH POCTa
AKTHBHOCTM  OCTAarOTCS MNOCTOsSHHbIMH g0 2000 cyr. npu
MaKCHMaJbHOM BpeMeHH oomydernus B 3500 cyT.

Jluteparypa

1. IHarmassa P.A., Kopobeiinukos B.B., Ctoros B.IO.
Uccnenosanne 3aBucumoctu 3¢dektuBHOCTH HapaboTku Co-60 u
Lu-177g oT 3HEpreTM4eckoil CTPYKTYpHI ILIOTHOCTH HEHUTPOHHOTO
noroka. // 3Bectus By30B. SnepHas suepreruka. — 2023. —Ne 3. — C.
127-138. DOI: https://doi.org/10.26583/npe.2023.3.11.

2. BacwiseB B.A. Ocoenne MOKC-toruimea B BH-800 //
Pocaneproarom (PDA). 2014. Nell. C.18-23.
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O EHKA D®PEKTUBHOCTU BJJAHKOB C
TBEPJOTEJIbHBIM 3AMEJIJIUTEJEM JJI51
YMEHBUHIEHUSA TYCTOTHOT'O D®PEKTA
PEAKTUBHOCTMU B CBEPXKPUTHUYECKOM BOJAs1HOM
PEAKTOPE

Cenmebos H.O., Konecos B.B., Buykog P.A.
HATD HUAY MU®DU, 2. Obnunck

OpHMM M3 BaXKHBIX HApaBICHUN Pa3BUTHS aTOMHOM SHEPreTHKU
SIBIISIETCS 3aMbIKaHKE TOITMBHOTO ITUKIA. [IJIst 3TOro B CBOIO O4epepb
HEOOXOJMMO pa3padaThiBaTh HOBBIE pEAKTOphl. Tak B pamkax
MexayHapogaoro ¢opyma Ilokomenwme IV paspabartbiBarorcs
CBEPXKPUTHUUYECCKUE BOASAHBIC PEAKTOPBI, OJJTHUM N3 KOTOPBIX ABJIACTCA
peaktop BBOP-CKJ[ ¢ ObIcTppIM pe30HAaHCHBIM CHeKTpoM. 3-3a
TOro, 4YTOo OH sBisercs peaktopoM |V TOKoneHHWss Ha HEro
pacnpoctpansiercs TpeOoBaHHE IOBBIINICHHAsS OE30MaCHOCTh, HO
TMAHHBIA THIT peakTopa ¢ sHeprerudeckuM MOKC-tommmBoM nmeeT
MOJIOKUTENFHBIA  MYCTOTHBIH 3QQEKT pEeaKTUBHOCTH, YTO HE
COOTBETCTBYET TPEOOBAHHUIO IO OE30MACHOCTH.

Lenb paGoTHI OIIEHUTH BO3MOXKHOCTH TIOJTYUEHHSI OTPHUIIATEIEHOTO
nnn HyneBoro 3¢ddekra peaktuBHOCTH B peakrope BBOP-CKJI ¢
MTOMOIIIBIO OJTAHKOB C TBEPJOTENBHBIM 3aMemnuTenem. s paboTsl
Oyner paccmorper peakrop BBOP-CKJl ¢ aByxxomoBoit cxeMmoit
IUPKYJSINH TEIUIOHOCUTENS, pucyHok 1 [1].

Cropmm CY3

_@mm;;“{: .
;i 5 -
| 1=

PHITTIT—

Puc. 1. JIByxxomoBas cxema oxnaxaeHus peakropa BBOP CK/]
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Konmenuust ~ ucmonp3oBaHune — ONAaHKOB — 3aKIIIOYaeTcsi B
CIIEIYIOIIEM: TIPH OIyCTOUICHUH peakTopa OBICTphle HEHTpPOHBI,
MomnaBlIMe B OJaHK, 3aMEIJISIOTCS C MOMOIIBIO TBEPAOTEIHHOTO
3aMEIUIHTENISl 10 PE30HAHCHOW O00JacTH W TOTJIOMIAIOTCSl HA ypaHe
238. Jlanas KOHIENIUA C TUAPHUAOM LIUPKOHHUS pacCcMaTpUBACTCS B
STIOHCKOM ~BapuaHTe OBICTPOr0 CBEPXKPUTHUYECKOTO BOJSHOIO
peaxTopa c OTPULIATEIbHBIM MTyCTOTHBIM s dexkTom
peaktuBHOCTH[2].

B kxadecTBe TBEpIOTENBHOIO 3aMeUIUTENS OyIyT pacCMOTPEHBI
nBa Bapuanta ZrH1,85 u BeO, BbiOpaHHBIX Kak HamOonee
MepPCIeKTUBHBIE W TepMocTorikue [2, 3]. beumm paccMoTpeHbl
CIIEAyIOIINE TMATh Mojieield OJaHKOB C pasiM4YHON TOJIIMHOM
TBEPAOTEILHOrO 3ameminTens, pucyHok 2. I[lpum pabore ObLIO
BBICTENCHO TpeboBatue nMeTh Kogpy=1,1.

& SRR

N3

Puc. 2. Moxenu 0j1aHKOB

B pabote OBIIO OIEHEHO BIMSHHE OJIAHKOB C TBEPAOTEIHHBIM
3aMeINTEIeM Ha IyCTOTHBIH 3G (EeKT peakTHBHOCTH OT THIIA
TBEPAOTECIIBHOIO 3aMEIIUTEIIA, OT TOJIIMIMWHBI M OT pa3pClicHUs
OJIaHKOB B aKTUBHOM 30HE.
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CPABHUTEJIbHBIN AHAJIN3 HEUTPOHHO-
OUBNYECKUX XAPAKTEPUCTHUK MMOTJIOTUTEJEN
TEIJIOBBIX HEUTPOHOB B BBAP-1200 [TPU UX
AKCHUAJILHOM MMPO®UJIMPOBAHUN

Huxynux I'.O., Ilonoe M.A.
HATD HUAY MUDU, 2. Obuunck

[Ipobnema KoMIeHcaIMK U30BITOYHOTO 3amaca PeakKTUBHOCTH B
HaYaJbHBIA TIEPHOJ KaMIAHWW OCTaeTcs OJHOW W3 Hamboee
aKTyaJIbHBIX B OJKCIUIyaTallid SAEPHBIX peakTopoB Tuma BBOP.
TpaaunuoHHBIE CUCTEMBI TaKHE KaK, KUJKOCTHOE PEryJnpoBaHHE,
NOo0aBliCHWE OKCHJA TaJIONUHUS, IPUMEHEHHE TOTJIONIAIONTHX
crepxkueit CY3 — 00amatoT psaoM CyIeCTBEHHBIX HEOCTATKOB.,

AKTHBHO paccMaTpUBAeTCsl BO3MOXKHOCTb  HMCITOJIb30BAHUS
BBIFOPAOLIUX MOTJIOTUTENEN (BII), MHTEIPUPOBAHHBIX
HETIOCPEICTBEHHO B TOIUITMBHYIO Matpuity [1-3]: okcum 3pOus
(Er20s), oxcun eBponust (Euz03), okcua qucnposust (Dy20s), radamii
(Hf)).

Jnga mpoBeneHHs CpaBHUTENBHOrO aHaimm3a S(PQPEeKTHBHOCTH
Pa3TUYHBIX BRITOPAONIUX MTOTJIOTUTENEH B IPOTPAMMHOM KOMILIIEKCE
Serpent [4] ObuTa pa3paboTaHa MOIENb TEIUIOBBIACIAIONEH COOpKH
BB3P-1200 (puc. 1).

Puc. 1. Ilontepeunstii cpe3 moaenn TBC peakropa BBOP-1200 B
MIPOrpaMMHOM KOMIUTEKce Serpent
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B wcciemoBaHmM < paccMaTpUBAalUCh — KOHQUTYypalud ¢
aKCHAIbHBIM NPO(QUIMPOBAHHEM KOHLEHTPALWU MOTJIOTHUTENEH MO0
BoicoTe TBDJIa 1 nx rereporeHHbIM pa3MeleHUEM B IICHTPAIHHOM U
nepuepruitHOM KOJbIaX.

CpaBHHUTENBHBI ~ aHadM3  TPOBEACH IO  CIEAYIONINM
XapakTepucTukaM:  Kod(puuueHT pa3sMHOKEHHsT  HEWTPOHOB,
CpeIHWH  TEeMIl IOTEpPH  PEAKTUBHOCTH, TEMII  BBITOPaHUS
MOTJIOTHTENICH, TOILINBA.

[IpoBeneno cpaBHEeHNE, pa3MeEIEHNE BHITOPAIOIIETrO MOTJIOTUTENS
B KaKOM U3 KOJIeI] siBJiseTcst Oosiee 3((h)eKTUBHBIM — B IICHTPAJIHLHOM
WM TIepUEPHITHOM.

Pe3ynbTathl mokaszanu, 4To mpu A00aBIEHUHM BCEX BBITOPAIOIIMX
MOTJIOTUTENEH, KpOME OKCHJa €BpOIHs, B IEHTPAILHOE KOJIBIIO,
TOIUTMBHAS KOMIIAHWS TpojyieBaercs Ha mepuom mo0 50 cyrok. B
ciry4ae no6aBieHus kapouaa 6opa, 3pous u radHYsI B IEHTPaJIbHOE U
nepudepritHoe KOJblla YAaloCh 3HAYUTENHHO CHU3UTh HaYalIbHYIO
PEaKTHUBHOCTH C POCTOM B IOCTEAYIOIIME MOMEHTH BpeMeHHU. [Ipu
no0aBJICHUH OKCHIIa AWCIIPO3Ws B IEHTpaibHOe M TepudepuitHoe
KONlbI]a ~HAdaJlbHBIe 3Ha4YeHUS Kod(D UIMEHTa pa3sMHOXKCHUS
HEHTPOHOB YBEIHYMINCH, IIPH 3TOM TaKKe YBETHUMUIOCH €r0 CpeHee
3HAaY€HHE, YTO TIIO3BOJISIET TOBOPUTH O HEKOTOPOM MPOIJICHHH
TOIUTMBHOW KammaHuu. HawmOompmryro 3((eKTHBHOCTD IOKa3aio
nobasiienne BII B meHTpansHOe Kobrio TBOJIa.

Jluteparypa
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TIOTJIOTUTENEH B peakTopax Tura BBOP ms cHmwkenus monmu 3amaca
PEaKTHUBHOCTH, KOMIIEHCHPYEMOT'O0 JKHAJKOCTHOW CHCTEMOW TWpH
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2. Ampaccap C.X. Hcmomp3oBanue 3pOWsi B KadecTBe
BBIFOPAIOILET0 MOTJIOTUTENS B peakTropax Tunia BBOP npu padore Ha
YATUHEHHBIX Kammnanus // V3BecTus BBICIINX Y4eOHBIX 3aBEICHUU.
simepHas sHepreTuka. — 65 c.
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PA3PABOTKA HEMIPOCETEBOI'O PACUETHOI'O KOJIA
TIJ151 MOJEJIMPOBAHUSI HEHTPOHHO-®U3NYECKUX
MMPOLIECCOB

LInanax H.I1., Konecos B.B.
HATD HUAY MU®DU, 2. Obnunck

Heiitponno-dusuueckuii  pacuér — omHa H3 OCHOBHBIX
COCTABJISIOMIMX KaK HAYYHOIO, TaK M HKCIUTyaTallHOHHOTO IpoIecca
B sijepHOM sHepreruke. Llenb Takoro pacuéra — pelIeHUE psiia

mu¢depeHIuanbHbIX  YpaBHEHM,  ONUCHIBAIOIIMX  MPOIECCHI,
MPOUCXOMANIME B KOHKPETHOM pPEaKTOpe TMPH  ONpPeAeaEHHbBIX
ycioBusix. CIIOKHOCTh ITHX ypPaBHEHHMH HE TO3BOJIAET IOJIYYHUTh
TOYHOIO PEIICHHUs, II03TOMY COBPEMEHHBIC pPAaCUETHBIC KOJIbI
KCIIOB3YIOT Psifl YIIPOIIECHUH 1 MPHOTMKEHHOE BHIYMCICHHE

IlepcriekTUBHOM  ajIbTEPHATUBOM TAaKUM KOJaM  SIBJISIIOTCA
HEHPOHHBIE CETH. DTOT (aKT 0OYCIOBIEH MX CHIIBHON 0000MIaromeit
CIOCOOHOCTBIO, @ TaKXXe€ CBONCTBOM COBEpIICHCTBOBATHCS IMPH
00yJeHUH.

PexkyppeHTHBIE ~ apXUTEKTYphl  MO3BOJNSAIOT  3(PGHEKTUBHO
aHAJIM3UPOBATH M MIPOrHO3WPOBATH MHOTOMEPHBIE BPEMEHHBIE PSJIBI
[1, 2], a ocoObIit mogXOA TIpH OOyYEeHUH AAET BO3MOXKHOCTh MCKATh
penreHue ncxoaHoro mudGepHInaI-HOrO ypaBHEHMsI, He proeras K
npuOImKeHusM [3].

OCHOBHBIM TIPEMATCTBHEM U1 pa3pabOTKH HEHPOCeTEeBOro
pacd€THOro KoAa SBISIETCS CIIOKHOCTH (DOPMHPOBAHHSI MAacCHBA
o0yJarommux JaHHBIX. B qaHHOM paboTe A7 3Toro OBLIO IPOBEIEHO
MoaenupoBanue B koge OpenMC. Pacuérnas moaenp npeacTaBisieT
13 cebs DIeMEHTapHYyI0 sueiKy. B xome pacu€roB BapbHpOBAINCH
CIIEYIONIHE TapaMeTPBI:

1. Pamuyc anemenTapHoii saeiiku (o1 10 mo 25 Mm)

2. Pammyc tBa1ma (ot 7 mo 13 mMm)

3. O0oramenne TorrBa 1o ypany-235 (ot 3 no 4.5%)

4. Mormraocts (ot 1 1o 100 kBT)

5. Tun pemérku (KBaapaTHAS/ECTHYTOIBHAS)

[Ipy 5TOM HEM3MEHHBIMH OCTABAJMCH BBICOTA SUYEHKH, BOJIO-
YpaHOBOE OTHOIIEHHE W H3O0TOIHBLIA COCTAaB BOIBI U OOOJIOYKH.
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I'pannuHBIe yCI10BUS — MOMVIOILICHUE CBEPXY U CHU3Y U OTPAKEHUE
10 IIEPUMETPY AYECHUKHU.

Ha nomyuennoMm Habope JaHHBIX OBUTM O0YyYeHBI HEHpPOCETEBBIC
MOJIEH JUIsl HECKOJIbKHUX THUIIOBBIX 3aJlay. Pe3ysbTarsl IpUBEIEHBI B
Tabmuie 1.

Tabmn. 1. Pe3ynbTaThl pacu€ToB B THUIOBBIX 3a/1a4ax

3agaua ITapamertp CpenHee OTKIIOHEHHE OT
pacuéroB B OpenMC, %
. Koo 0.06
Pacuér  BeIrOpaHus ST —
(na 300 cyTok) 2356) 1.58
Pacuér k. B Hauvaje K, 315
KaMIIaHUH
[TporuosupoBanue ko, K. 47

yepe3 500 cyrok

J1st TeCTOBOM KaMIIaHWH BBITOPAHUS OBLIN BBIOPAHBI CIICAYIOIINE
rmapaMeTphl: pamdyc TB3JIa 7MM, paamyc sdedku 10Mm, BbIcOTa
staeiikn 3800MmM, oboramenue Tormmmsa 3%, MOITHOCTE — 1KBT.
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HNCCIEAOBAHHUE BJIUSAHUA AKCHAJIBHOTI'O
PA3BMEHMS TOIJIMBHOM YACTH MOJIEJIA TBC
PEAKTOPA THUIIA BBOP-1200 HA U3BMEHEHUE
HYK/INJIHOT'O COCTABA AJEPHOI'O TOIIJIMBA B
INPOLECCE BBII'OPAHUA

Kpasyos B.JI., branounckuii B.FO., Jlanun A.C.
HUI] Kypuamoesckuii uncmumym, 2.Mockea

OIHO30HHOE pAaCIpeie/ieHHe HYKIHIHOTO COCTaBa TOILUTHBA IO
BCEll BBICOTE HE TMO3BOJIAET JOCTATOYHO TOYHO OTCIEAUTH JJIst
Pas3UYHBIX T[IIyOMH BHIFOPAHHMs BO3HHMKAIOMIMN KOHIEBOH d((eKT
(end effect), koToOpbIif ABISIETCS Pa3HOCTBIO MEKAY 3HAYEHHUEM
KOO PUIHEHTa PA3MHOKEHUS HEUTPOHOB B MOJIENAX C aKCHAIBHBIM

pa3OHMeHHEeM W ¢ PaBHOMEPHBIM PAaCIpeeiCHUEeM TOILIMBa
__ 1,pasbuenne _ ; paBHOMEpPHO
end_effect(Ak) = keff keff .

Jannenii 3¢dekT ABIIEeTCS OTPUIATSIBHBIM JIT MaJbIX TIIyOWH

MBT*cyT

Bbiropanus (< 15-20 ) W TOJOXHUTEIbHBIM JUIS CPEOHUX U

MBT*cyT
=) 1)

KT

Oonpmux IyOuH Bbiropanus (> 30 . Tarxe ObLTO

OTMEYEHO, YTO MPOCTPAHCTBEHHAs JETaJIN3alsl HyKIHJHOTO
COCTaBa TOIUIMBA I10 BBICOTE€ OCOOEHHO Ba)kKHA VI CPell C CHIIbHBIM
MIOTJIONIEHNEM HEUTPOHOB: TBIT, OpraHbl PErylIupoBanus [2].

Henpto paboThl SBASETCS HMCCIECAOBAaHHE BIMSHUS AKCHAIbHOMN
JeTanr3aluy HyKJIMIHOTO COCTaBa SAEPHOro TOIIMBA HA PE3YJIbTATHI
pacdera HeUTpoHHO-Pu3MUeckux xapakrepuctuk TBC peakropa
tuna BBOP-1200 npu Belropanum.

Jua noctmkeHust JaHHOW 1enu Obuta paspaborana moxens TBC
peakTopa BBOP-1200 [3] u mpoBeneHo pa30OneHHe Ha pa3indHOe
KOJIMYECTBO 30H C IOCTOSIHHOM TemmepaTypoit (2,4,8,14) u ¢ pa3Hoit
TeMIiepaTypoii Torusa 1o Beicote (14T). C momorpko mporpaMMHoOR
cucrembl (IIC) ISTAR [4] u nporpammber MCNP6 mpoBeneHs
pacdeTsl BBITOpaHWs TOILIMBHOW KammaHww - 1360 sdd. cyr., u
peakTopHoi kammanuu 340 3¢d. cyr., ¢ 6opHON kmcioTon. s
HEUTPOHHO-(DM3UYECKUX BBIYMCICHUI HCIIONb30Bajack OMONMMoTEKa
OLICHEHHBIX sJepHBIX JaHHBIX Ha Oa3ze ENDF/B-VIIL.0. Pacuer
BBIFOPAaHUS SIEPHOTO TOILTMBA MPOBOAUTCS B 63 SHEPreTHUECKUX
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rpymnax gaass MCNP6 ¢ nmomomsio momymns CINDER90, B (IIC)
ISTAR mnpuHsATa OAHOIPYNIOBask MOIENb H30TOIMHOW KHHETHUKH.
PesynwsTaThl npeacTaBieHsl B Tabnuie 1.

Tabmn. 1. 3Hauenus napaMeTpoB HEUTPOHHO-(PU3NIECKOTO pacyera

end_effe

ct(Ak),

[Tapamerp Kon-Bo 30H bes Gopa ISTAR/
MCNP6

ISTAR MCNP6
2 1.28315/ | 1.28278/ i
0.89849 0.91696

4 1.28268/ | 1.28149/| 3.8e-04/

3nauenne ke 0.89887 | 0.92111 | 4.5e-03
Ha 8 1.28272/ | 1.28165/ | 7.28e-03/
Havano/ KoHe1 0.90577 0.92119 | 4.23e-03
TOMINBHOH 14 1.28253/ | 1.28191/| 2.7e-03/
KaMIaH1H1 0.90119 0.92087 | 3.91e-03
14T 1.28005 1.28083/ | 5.3e-03/

/0.90379 0.91763 | 6.7e-04

[Mapamerp Kon-Bo 30H C 6opom - ISTAR | S'AI'I;\R

3navenue k,f 2 1.20939/ 1.19933 -

Ha 4 1.21101/1.19652 -2.8e-03
HaYaI0/KOHeI[ 8 1.21017/1.18722 -1.2e-02
PpEaKTOpHOI 14 1.21038/1.18414 -1.5e-02
KaMITaHUH 14T 1.20787/1.18415 -1.5e-02

PesynbTathl pacueroB mokazamu, 4uto end_ef fect(Ak) <0 mis
MaunbIx Beiropanuii u end_ef fect(Ak)>0 npu BBICOKHX BBITOPAHUSIX
simepHoro TormuBa. MMetormmecs pazmuanst mexay ISTAR u MCNPG6
MOKHO OOBSICHUTH PAa3HHIEH B MCIIOIH30BAaHHBIX JaHHBIX PAacHaoB
HYKITMI0B. TaxsKe CTOUT OTMETHTh, YTO PA3IM4Us B 3HAYECHHH Ko f
BO3HUKAIOT BBHJY BBICOKOW YTEUKM HEHUTPOHOB ISl Mopeneil ¢
aKCHAJIGHOHM JleTanu3anuell sAepHOro TOIUIMBA C yderoM Oopa B
TEIUTOHOCUTENE U HU3KOW YTEUKH - Oe3 ydera Oopa. BeisaBieHo, 4To
UCIIONIb30BaHNE 6 PaBHOOOBEMHBIX CErMEHTOB [UIS TBYJIa W TBITA
SIBJISIETCS. ONTUMAJIBHBIM C TOYKH 3PEHHS TOMYYEHHs JOCTATOYHOU
TOYHOCTH W3MEHEHHs PEAKTUBHOCTM C BBIFOPAaHUEM H ydera
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KoHLeBoro d3¢ddexkrta BBUAY HEPAaBHOMEPHOCTH aKCHAJILHOTO
MpoQuIIs BEITOPAHHS, a TAKXKE PeCypcOEMKOCTH pacyeTa.

Jluteparypa

1. Wagner, J.C and DeHart, M.D. (2000) "Review of Axial
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236.
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HUCCIIEAOBAHUE JTUHAMUNYECKHUX XAPAKTEPUCTHUK
ITPU NIPOTEKAHUU NIEPEXOJHbIX ITPOLECCOB B
HNEPCIHHEKTUBHBIX JIETKOBOJIHBIX PEAKTOPAX

Heanoe A.A., Jlanun A.C.
HATDO HUAY MUDU, 2. Obrunuck

OmHOMl W3 TSDKENBIX aBapwii JIOOOT0 DSHEPreTHYecKOro H
HCCIIEIOBATENICKOIO peaKkTopa SBISIETCd aBapus ¢ IoTepel
TEIUIOHOCHUTENSA. OTO OOBICHIETCA TEM, 4YTO JIIOOOHM, Jake
OCTAaHOBJICHHBII PEAKTOP SBISIETCS HCTOUHUKOM SHEPIOBBIICICHUS 1
TpeOyer orBozma Teria. lloTeps TemyoHOCHTENs - 3TO B IEPBYIO
odepenp TMOTEpsl OXJAKACHHS TBIJIOB AKTUBHOM 30HBI M PHCK
JOCTHXKEHUSI B HUX TeMIIEpaTyp IJIaBJeHHS Kak OOOJOYKH, TakK M
TOIUIMBA, YTO MOXKET NPUBECTH K BBIXOAY PATUOHYKIHIOB B
OKPY’KaIoIIYyIO Cpeny.
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OnHako, MOMUMO TMOTEPU OXJIAXKIEHUS aKTUBHOW 30HBI MOXET
BBOJIUTCS JOTONHHUTENbHAS PEAaKTUBHOCTD PA3JIMYHOTO AJISl Pa3HbBIX
pEeaKkTOpoB 3HaKa. PeakTHBHOCTh, KOTOpash OOYCIIOBJIEHA IONHBIM
OTCYTCTBHEM TEIUIOHOCUTENI M3 peakTopa MpH MIHOBEHHOM
HCTEUCHUHN Oe3 yuera M3MEHEHHUs WHBIX MapaMerpoB M 0e3 ydera
cpabaThIBaHUS KaK €CTECTBEHHBIX OOPATHBIX CBsI3EH (IOTUIEPOBCKUI
3¢ ¢eKT peakTUBHOCTH, 3PQPEKT paclIUpeHusi), TaK U CHCTEM
0e30MacHOCTH.

MopenupoBanue peakTopa IPOBOJUTCA B paMKax TOYEUHOU
MOJeNI TO4YeYHOH KuHeruku. [lomumo muddepeHnuantsHOro
ypaBHEHUS KHMHETHKH peakTopa B CHCTEMY YpaBHEHHH BXOIAT
ypaBHEHHUS,  ONHUCHIBAIONIME  KOHIIEHTPAIMK  SICP-IMUTTEPOB
3ara3/pIBaIoIIMX HEUTPOHOB, a TAKKe TeIo(hu3nIecKue ypaBHEeHu S,
MOJIENMPYIONINE TPOIECChl TEeMIO00MEHa B TEIUIOBBIAEISIONIEM
3JIeMEeHTEe. Y YUTHIBAIOTCS 0OpaTHBIE CBSI3M OT TEMIIEPATyPHI TOIIIINBA
YW TJIOTHOCTH TerutoHocuTens. [lomyueHHas cuctema perraercs
SIBHBIM ~ Pa3HOCTHBIM METOJOM C YTOYHEHHUEM peLICHUus B
MPOMEXYTOUYHbIX TO4Kax — MerogoM Pynre-KyTTel uerBepTOoro
nopsiaka. Jljis peanuzalnud HaNKMCcaH COOTBETCTBYIOIIUMNA pacdETHBIN
Koz Ha s3bike C++.

B Momenn y4MTBIBaJOCH M3MEHEHME XapaKTEPUCTHK BOIBI B
CBEPXKPUTUYECKOM  COCTOSIHMM,  3HAa4Y€HUS  IUIOTHOCTH U
TEIJIOEMKOCTH TEIUIOHOCUTENS B 3aBHCUMOCTH OT TEMIIEPaTypbl
JUHEHHO WHTEPHOJUPOBAINCH M3 COOTBETCTBYIOUIMX  TaOIMIl
SMIOUPUYECKUX 3HAHUH.

Koneunble pe3ynbTaThl, NMOMy4YEeHHBIE B XOJE pacuera MOAEINH,
COIOCTABISIOTCA C ACUMIOTOTHYECKHM METOIOM — OCHOBAaHHOM Ha
AHATTUTUIECKOM orpeneneHuu CTaLlMOHAPHOIO pelieHus
VIOPOIIEHHOW CHUCTEMBI  YpaBHEHHU, OIMWCHIBAIONIEH  OamaHC
PEaKTUBHOCTH B KBa3UCTALMOHAPHOM COCTOSHHM, a IIEPEXOAbI
peakTopa Ha peKUM paboThl C HOBBIMH  IapaMeTpaMu
paccMaTpuBaercs B TepMUHAX KO3 PHULIHEHTaX PEaKTUBHOCTH.

Ilocne ornankm pabodero koga M IOMYYEHHUS CTALMOHAPHOIO
pelIeHNs] TOSBISIETCS. BO3MOXKHOCTH HCCIEHOBAaHHUS peakropa B
3aBHCUMOCTH OT BHEIIHMX MapaMeTpoB, YTO B JAHHOW MOJENH
peanusyercs uepe3 OTKIOHEHHE OT HOMHUHAIBHBIX pacxola u
BXOJHOW TEMIIEPaTyphl TEIIOHOCHUTEIIS.
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B pesynpraTe omnpeneneHa o00JIaCTh W3MEHEHHS MapaMETPOB
PEaKTOpOB, T1e CHCTEMa OCTaeTCs YCTOMUMBOM, a € XapaKTepUCTUKU
B TCUCHHH PACCMATPUBAEMOI0 MPOMEKYTKA BPEMEHU HE MPEBBIIAIOT
3aJJaHHbIX OTKHOHGHHﬁ, 4YTO MOXET CIYXUTb O6OCHOBaHI/IeM
0C30IIaCHOCTH PEaKTOpa C Pa3IMYHBIMH 3HAKaMU KO3(HUIIMCHTOB
PEaKTUBHOCTH.

HEUTPOHHO-®U3NYECKUE XAPAKTEPUCTUKHA
AKTHUBHOM 30HBI BBIP-600 CO 100% 3ATPY3KOU
MOKC-TOILINBA

JKenoybaee A.M., Hcanos K. A.
HATO HUAY MUDU, 2. Obrunck

JanbHeiiee mmpokoe BHEAPEHNE aTOMHON SHEPTETHKH TpedyeT
rapaHTUPOBAHHOIO O0ECIEUeHUs1 €€ TOIJIMBOM Ha JIOITOCPOUYHYIO
nepcrekTuBy. ONTHMalbHBIM ITyTEM pEIIeHUs] 3TOW MpoOIeMbl U
YKpEIUIEHHs] TOIUIMBHOM 0a3bl CUMUTAETCS IEPEeXoll K 3aMKHYTOMY
TOIUIMBHOMY LIUKIY, ITO3BOJIAIOLIEMY pEreHepUpoBaTh U MOBTOPHO
UCIOJIb30BaTh IIEHHBIC KOMIIOHEHThI OTpabOTaBLIETO SIEPHOTO
toruBa. OMH U3 BO3MOXKHBIX BapUaHTOB pealn3alliy 3aMKHYTOI'O

SIIEPHOTO TOIUIMBHOTO IIMKJIA — JIBYXKOMIIOHEHTHAs sIepHas
JHEpreTuyecKas cucTeMa Ha 0a3e TEIUIOBBIX U OBICTPHIX PEAKTOPOB
[1].

B mnHacrosmee BpeMss OOBEMBI IUIYTOHHUS, MOJIYIaeMOroO
UCKITIOYUTENBHO OT OBICTPBIX PEAKTOPOB, HEJOCTATOYHBI VIS TOTO,
YTOOBI TIOTHOCTBIO 00ECIIeYNTh MOTPEOHOCTH PEAKTOpa B TOIUIMBE HA
BECh CPOK €ro JKcIulyatauuu. Jus ychmemHod peanu3alnuu
3aMKHYTOI'O  SIIEPHOTO  TOIUIMBHOTO  LHKIa  HOTpedyeTcs
JOTOJTHUTENBHO 3a/1eCTBOBATh 3HAUYUTENbHbIE 00BEMBI Iy TOHUS U3
CYIIECTBYIOIIMX CKJIAJICKMX 3alacoB, B pe3ynbrate OyayT
(hopMHpOBaTHCA 3arpy3KH C UCIIOJIB30BAHUEM ILTYTOHUS Pa3IMYHOrO
H30TOITHOI'O COCTABA.

W30TonHBIH cocTaB IUTYTOHUS CYLLIECTBEHHO BIIHSIET Ha KIIIOYEBHIE
HEHUTPOHHO-(PU3MYECKHEe XapaKTePUCTUKH AaKTUBHOW 30HBI [2].
PasnuuHble ©30TONBI IITyTOHMS BHOCST Pa3HbIN BKIIaJ B 00pa3oBaHue
TPAaHCIUIYTOHUEBBIX 3JIeMEeHTOB. Kpome Toro, cCOOTHOIIEHHE YETHBIX
1 HEYETHBIX W30TOIOB B TOIUIMBHOW KOMITO3HIIMK HEIOCPEICTBEHHO
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BIMSCT Ha HEUTPOHHO-QU3MYECKHE TMPOLECcChl M3-3a 4Yero s
MOJ/IepKaHUA KPUTUYHOCTH PEaKTOPHOW YCTaHOBKH IMOTpeOyeTcs
BapbUPOBATh KOJIMYECTBO JEAIIEr0Csl MaTepHUaa.

Puc. 1. ITonepeunstii cpe3 akTuBHON 30H5I BBOP-600

Takum 00pa30M, H30TOMHBINA COCTAB HMCIIOJIB3YEMOI'0 ILTyTOHHS
CTAHOBUTCS KJIHOYEBBIM (haKTOPOM, ONpPEASISIOmUM 3P PEKTUBHOCTD
3aMBIKaHUS SJIEPHOTO TOIUTMBHOTO IIMKIIA, OKA3bIBAIOIINM BIMSHUE
Ha MaTepuajbHble OajJaHCHl IUTYTOHHS W MUHOPHBIX aKTHHHIOB B
cucTeMe, TMHAMIKY HAKOTICHHS U BHITOPAHIS PA3INIHBIX H30TOMOB
IUIyTOHUS, @ TaKKe Ha CKOPOCTh M3MEHEHUS KavyecTBa IUTyTOHUSA B
mporecce  JKCIUTyatanud — peakropa. [lockombky  OoT  3THX
XapaKTePUCTHUK HAMPSAMYIO 3aBUCAT PabOTOCTIOCOOHOCTH YCTaHOBKH,
aKTyaJbHOU M BaXKHOH 3a/1aueil SBISIETCS N3YUEHHE 3aBUCUMOCTH UX
M3MEHEHHS OT H30TOITHOTO COCTaBa ILTYyTOHUS.

Lenbto nmaHHOW pabOTHI SABISETCS HCCIENOBAHWE BIUSHUS
M30TOITHOTO cocraBa TUTYTOHUS Ha KITFOYEBBIC
HEHUTPOHHO-(DM3MYECKNE XAPAKTEPUCTUKH PEaKTOPHOH YCTaHOBKH
BB3OP-600 mnpencraBieHHOM Ha pHCyHKe 1, a Takke Ha
MaTepuaibHble OallaHChl TPAHCYPAHOBBIX 3JIEMEHTOB B aKTHUBHOMN
30HE.

Jluteparypa

1. AmnekceeB IL.H., Anexceer C.B., AuapuanoBa E.A. u np.
JIByXKOMITIOHEHTHasl siZiepHast SHEpreTHyecKas CHCTEMa C TEIIOBBIMHU
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U OBICTPBIMH PEAKTOPaMH B 3aMKHYTOM TOIUIMBHOM IHMKIE. M.:
Texnocdepa, 2016. 160 c.

2. IlaBmoBuuer A.M., IlaBnor B.U., Cemuenko IO.M. u np.
HeiitponHo-(u3nueckne XxapakTepUCTUKH akTHBHOW 30HBI BBOP-
1000 co 100% 3arpy3koil TOIUIMBOM U3 CMECH pereHepHpOBAHHOTO
ypaHa, TUIyTOHUSI U OOOTalIéHHOTO ypaHa // ATOMHasi dHEPTHs, —
2006.

HUCITIOJIb3OBAHUE NTPOI'PAMMHOTI'O KOJIA OPENMC
JJIs1 MOAEJIMPOBAHUSA HAKOIIJIEHU A
PAIMON30OTOIIOB B PEAKTOPE IEA-R1

Ilampaxeesa A.U., Konecos B.B., Tepexosa A.M., @®omun P.B.
HATO HUAY MUDU, 2. Obrunck

Hacrosmass pabora TOCBAIEHa ONTHMH3ANNK KOH(PUTYpaLUU
aKTHBHOU 30HBI HccenoBaTenbckoro peakropa IEA-R1 [1] ¢ menbro
MaKCHMU3alli{ BBIXOJIa MONMMOIEHa-99, SBISIOMErocsi HCTOYHINKOM
TeXHEMUA-99m, KOTOphIi ucons3yeTcs i mpoBeacaus KT. B xome
WCCIIeIOBaHNN ObliIa MpoBeIeHa Bepu(PHUKAIs pacueTHON METOANKH
C TIOCJIETYIOIINM N3MEHEHHEM TeOMETPHH 00TyJaTeTbHOr0 KaHaa 3a
CYET BCTaBKU M3 TUAPUIA IUPKOHUS.

Hcnonp3yemast HaMu pacdeTHass MOZETh PEaKTopa MPHUBEIAeHa Ha
pucynke 1. Bepuduxammonnsie pacuersl  koddduimenta
pPa3MHOXKEHHSI ~ HEWTPOHOB  TPOJEMOHCTPHPOBAIM  XOpoIlee
COOTBETCTBHE  MEXAYy  pe3yiabTaTaMH,  IOJYYEHHBIMH  C
ucnonbzoBanueM koma OpenMC [2] (k = 1.24170 + 0.00033),
JMaHHBIMU, paCcCUMTaHHBIMH Tpu momomu koma Serpent [3] (k
1.24160 £ 0.00036).

OCHOBHOI 3TaI HCCIEeOBaHUS BKIIOYAN B Ce0sl CEpUI0 PacueToB
C Bapualnuel reOMeTPUIECKIX IMapaMeTpoB O0IydaTeIbHOTO KaHaia
3a CYeT BCTAaBOK M3 Pa3IMYHBIX 3aMEISIOIINX MaTePHAJIOB.

Lenbto mpoBeneHUs TaKWX PACUETOB SIBISJIOCH OMpeesieHUe
BO3MOXKHOCTH YBEJIMYEHHUS IUIOTHOCTH TIOTOKa HEWTPOHOB B
oOirydaTenbHOM KaHale. McXo/s U3 MoMydeHHBIX JaHHBIX 3HAYEHUH
JUISl TUIOTHOCTH TIOTOKa HEHTPOHOB M CKOPOCTH PEAKLUHU JeJeHus,
ObUl  BBIOpAaH ONTHMANBHBIA BAapUAHT TEOMETPHUM KaHajla C
okpyxxeHueMm u3 ZrH: ronmmnuoii 0.9 cm.

=
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Bopa

ZrHy, 7
09cm

Obny

TBC

Fpadpur

Puc. 1. PacueTHas Moaens akTHBHOM 30HHI (ciieBa) 1 TBC (crpagra)
peaktopa IEA-R1

B pamkax wuccnenoBaHusi OBUIO TPOBENEHO MOJIEIUPOBAHNE
mporiecca pagualioHHOro 00IydeHus oOpasiia B pabodeM KaHale
peaktopa B TedeHume 120 9acoB, Tak KaK B TEUYCHHUE ITOCICIHUX
HECKOJIBKUX JIET MPOBOIWTCS MOJEpHU3alNsS YCTaHOBKH. B xone
MOJICPHU3AIIMN MOIIHOCTh TOBBICHIN 10 5 MBT mo rpaduky
HETPEePBIBHOM 2KcIuTyaTaruu 120 gacoB B HEMEIO.

[IpoBenennoe WCCIIEIOBAHHE MIPOIEMOHCTPUPOBAIIO
BO3MOXHOCTH 3 (eKTHBHOT'O HCIIONB30BaHus peakropa IEA-R1 ms
HapaOOTKM  MENWIMHCKAX  paJWOHYKIHIOB.  Bepudukanus
pacderHoit monenu OpenMC mokasanma XOpollee COOTBETCTBHE C
TUTEPaTYpHBIMH  JaHHBIMH  (pacXoXXJAeHWe B Tpeaenax
morpemHocTH). OnTuMu3anus KOH(UTYpaluu —O0IydaTeNbHOTO
KaHalla TIO3BOJIWJIA  OMNPEAEINTh  YCIOBHs, OOECTeUunBarOIINe
MaKCHMaJbHBII BBIXOX Mo0-99, mpupoct axtmBHocTH Mo0-99
coctaBul 9,45%.

Jluteparypa

1. Saxena R. N. «The IEA-R1 Research Reactor: 50 Years of
Operating Experience and Utilization for Research, Teaching and
Radioisotopes Production» // Int. Conf Research Reactors: Safe
Management and Effective Utilization, - Sydney, 2007.

2. Hurepner pecypc [Onextponsbiii  pecypc]. URL:
www.sciencedirect.com/science/article/abs/pii/S030645491400379X
(marta obpamenus 06.06.2025).
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3. Carneiro R., Mwiinga N., Oliveira J. J., Santana M. P., Scalise
L., Soares V., Kolesov V. V. «Simulation of the IEA-R1 Reactor Core
Using the Serpent 2 Code» // BYAYIIEE ATOMHOI
OHEPI'ETUKU - ATOMFUTURE 2022 Te3ucsr goknamos XVIII
Mex1yHapOoJHON Hay4YHO-TIPaKTHYeCKON KoHpepeHnu. — OOHUHCK,
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YTOUHEHUE HEUTPOHHO-®U3NYECKUX
XAPAKTEPUCTHUK ITPU PAJIMAJIBHOM
NMPO®PUJINPOBAHUU HA IIPUMEPE DJIEMEHTAPHOM
SITYEMKU PEAKTOPA BBDP-1200

Ilonoeé M. A., Buykos P. A.
HATO HUAY MUDU, 2. Obrunck

OmHUM U3 METOJOB TMOBBIMICHHS] KOHKYPEHTOCITOCOOHOCTH
SIIEPHOM SHEPTETHKH 10 CPAaBHEHUIO C IPYTMMHU UCTOYHUKAMH
SHEPTUM SBJISETCS JTOCTHKCHHE O0Jiee BBICOKHMX BBITOPAHHM
siAepHOro ToruBa. Ha Tekymuii MOMEHT naHHas 3ajadya B
OCHOBHOM peIIIaeTcs 3a CUET MOBBIIEHUS 000TaleHUs TOTUIUBA
0 JIJISAIIMMCST M30TOIIaM U €ro 0oJiee TUTEIHbHOU BBIACPKKH
B aKTUBHOU 30HE, MO0 3a CUET MCIOJIb30BaHUS BHITOPAIOITUX
norjotuteneit [1].

AKTyaJIbHOM 3aJadyeil SIBJISIETCS TOUCK BO3MOKHOCTH
MTOBBIIICHUST BBITOPAHUS SACPHOTO TOILIMBA MPU HEU3MEHHBIX
TEIUIOTEXHUYECKUX 3amacaXx. B 4YacTHOCTH, BO3MOJKHO
nepepacnpenesieHue  JeNAIuXcs HYKIUIOB 10  00BEMY
TOIUIMBHOTO  cepAcuHUKa. [Ipu  BBICOKMX  BBITOpPAHUSIX
MPOUCXOIUT (popMHUpOBaHHE FiM-CIIOA — TOHKOH 00IacTH B
nepudepuifHON YacTh TOTUTMBHOM TaOJETKH, TNie BHITOpaHHE
3HAYUTENBHO BBIINIE cpeaHero mo oowémy [2]. IoblmieHHOE
BBITOpaHue B MepuEpUitHOM CJI0€ HETATUBHO CKa3bIBAETCS KaK
HEMOCPEACTBEHHO Ha CBOMCTBAX JAaHHOTO CJOs, TaK U Ha
MEXaHUYECKUX CBOMCTBaX OOOJOYKH, YTO OTPAHUYHMBACT
pecypc AKCITyaTallii TeIUIOBBIACIAIONINX JIeMEeHTOB. bosee
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3aMETHOE BJIUSIHUAE JAHHOTO 3(pPeKTa BO3MOKHO MPH MEPEXOC
K YUIMHEHHBIM TOTUIMBHBIM KaMIIaHHSIM.

B  mporpammuoM  komrmuiekce — Serpent  [3]  Obuia
CMOJIEIMpOBaHa 1eMeHTapHasl siueiika peakropa BBOP-1200 B
OECKOHEUHOW pa3sMHOXKAMOIIEH cpene, Ha MpUMEpe KOTOpPOU
npou3BefieHa paboTa TO BBIPABHUBAHUIO BBITOPAHHS TIO
paamycy TBYa: IPOM3BOAUIOCK TIepepacnpeieneHue saep >°U
0o0paTHO TPOMOPIMOHAIEHO BBITOpaHHio. [lonTBepkaeHa
BO3MO’KHOCTh BBIPaBHUBAHHS BBITOPAHUS SJIEPHOTO TOILIMBA
nepepacnpenesieHueM AeSIUXcs HYKIHIoB (cMm. puc. 1).
[lonyuyeHo, 4TO TpU  pagdaIbHOM  NPOPHINPOBAHUU
HEHUTPOHHO-(HU3NYECKHE XapaKTEPUCTUKNA MOJIEIH B TIpeeax
CTaTUCTHYECKOW TIOTPEIIHOCTH HE N3MEHWIINCH.

20

BobiropaHue, MBT*cyT/kr

pamen-Sre
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Panuyc TonnneHoi Tabnetkm, cm

— fo — Macne

Puc. 1. M3MeHeHne paauaibsHOro Npo( Ui BEITOPaHUS TOILIMBA IIPU
TPOPUITUPOBAHIH

[Tockonbky mepepacnpeefieHue AeSIUXCS HYKIUIOB IO
paauycy TOIUTMBHOM TaONeTKW NPUBOJUT K H3MEHEHHUIO
paaualbHOTO pacupeneseHus SHEPrOBBIICTICHUSL B TBAJIE, IS
OIICHKH BIUSHUS JaHHOTO 3(PQeKTa Ha TeMIlepaTypHOe MoJje B
MOJIENH JIOMOJIHUTEIIbHO TPOU3BEAEH TEPMOMEXaHUYECKUN
pacuét B mporpaMMHOM KoMmiuiekce ANsys. IlomydeHHbie
3HAUEHUS TEMIepaTyp Takke ObUIM WCIONIb30BAHBI s
YTOUHEHHUS HEHUTPOHHO-(DU3NIECKUX XapaKTePUCTHK
paccMaTpuBaeMbIX MOJIENEH.
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HUCITIOJIb30OBAHUE AHAJIMTUYECKOI'O METOJA /UIA
PACUYETA MAKCUMAJIBHON TEMITEPATYPHI B
TOIJIMBHOM TABJIETKE C OTBEPCTUEM

HImauxo C.T.
CII6lIlY Ilempa Benuxoeo, 2. Canxm-Ilemepbype

KiroueBoii 3amadelf TeIIOBOro pacduera JIO0OW  sIICPHOU
JHEPTeTUYECKOW  YCTAaHOBKHM  SIBIISIETCS  PEIICHWE  ypaBHEHHS
TEIUIONPOBOHOCTH C  YYETOM TMPHHATBHIX KOHCTPYKIIMOHHBIX
pemenuii. TpamgummoHHBEIM TSl siAepHOro TormmBa BBOP sBmsercs
WCIIOJTHEHWE B BHJE TOIUIMBHBIX Tabnerok ¢ orBepcTreM. OHO
MpeqHa3Ha4YeHO Ul yBEIHUYeHUs o0beMa ra3ocOOpHUKa B TBIJIE,
HEOOXOAMMOTO [UII KOMIIGHCAlMW paclyXaHWs TOIUTMBA U
JIOKANIM3allid  Ta3000pa3HBIX  TMPOAYKTOB JAeieHus. Hammdawne
OTBEPCTHS BIHUSET HA pacHpefeNieHne TeMIepaTypbl BHYTPH
TaOJIeTKN: MAaKCHMyM MOXET CMEIaThCsl C BHYTPEHHEW CTEHKU B
TENO TaOJNEeTKU 3a CUET IUPKYISAIUA TeIHs B TBIJIE.

PaccmaTpuBaemslie pacdeTsl MTO3BOJISIOT MIPOBEPUTH
HENPEBHIIIIEHUE TOMYCTUMBIX 3HAYSHUW TeMITepaTyphl TOILTUBA TIPU
000CHOBaHMM  O€30MACHOCTH  peakTopa C  HCIOIb30BaHUEM
AHAINTUYECKUX METOMOB. BBUIO TpHHATO, YTO TemmepaTypa Ha

HAPYKHOI TIOBEPXHOCTU TOILUIMBHOM TabIeTku T .o yiKe U3BECTHA.

PaCCMOTpeHaCTaHHOHapHaH3aﬂaan€HHOHp0B0ﬂHOCTHIHUIHOHOFO

LWIMHAPA C BHYTPEHHUM paauycoM [ . W HapyXHbIM [, 0OpH

TB Tabn
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HaJU4UM PAaBHOMEPHO pACIpeNeNeHHbIX BHYTPEHHUX HCTOUYHUKOB
TEeIUIa MOILITHOCTBIO (.

[lpu pemienny ypaBHEHHs TEMJIONPOBOAHOCTH CHadaja ObUIH
KCIONB30BaHbl TpaHuuHble ycnoBus (I'Y) mepBoro poma Ha oOeux
MOBEPXHOCTAX TabieTku (cM. puc. 1a). Pemmenue nanHoi 3amaun qaer
MIPEJICTaBIIEHUE O PEaIbHOM paclipeielIeHuu TemnepaTypsl. OnHako
JUIL ee OIpeleNeHuss HeoOXOIUMO 3HaHUE BEIUYWH, KOTOPHIE
SIBJIAIOTCS HEU3BECTHBIMHU TPH CYIIECTBYIOIIEH MOCTAHOBKH 3aJadu
[1].

IIpensaraercst BOCIIOJIB30BATHCS YIPOLEHHOW U KOHCEPBATUBHOM
METOJIMKOM, JIAIOIIed  HECKOJNbKO  3aBBIIICHHbIE  MapaMeTphbl
TemnepaTtypbel. bbuin 3amansl 'Y mepBoro poja Ha HapyKHOU
MMOBEPXHOCTH TOIJIMBHOW TabJeTKn W BTOPOro poaa — s
BHyTpeHHel (cM. puc. 16). Ilpu pemennn ObUIO MONYyYEHO
YpaBHEHHE, B COOTBETCTBHH C KOTOPBHIM MAaKCHMYyM TEMIIepaTypbl
HaxOAWTCSd Ha BHYTpEHHEH TmoBepXHOCTH TabmeTku. Jlns ero
HCIOIB30BAHMS JOCTATOYHO 3HATH JIMIIb TEMIIEPATYPY HA HAPYKHOM
MTOBEPXHOCTH.

B) T,°C T
0,7,18452) 1,0, 1809,1

1,2; 1681,0

1800 £ 1.4: 15480
e~
| |

2000 +

1600 +

Io1400 £
1200 +

1000 +

800 + |

Lot o 0,0 10 2,0 3.0 T, MM

Puc. 1. ITocranoBka 3amaun: a—npu ['Y 1 poma; 6 —npu I'Y | u 2 pona;
B — pacrpe/ielieHue TeMIIepaTyphl B TIOJIOM HIMHIPE C BHYTPEHHUMHU

ucrounrkamu teria (L —mpu I'Y 1 u 2 poma; 2 —pu I'Y 1 pona u ro=1,0
mM; 2 —mipu I'Y 1 pona u ro=1,2 mm; 2 — ipu I'Y 1 pona u ro=1,4 mm)

Hns HaunOosiee HaNpspKEHHOro (110 KPUTEPHIO MAaKCHMAJbHOTO
YIEIBHOIO TEIJIOBOTO INOTOKA HA EAWHUILY IJIMHBI) TBAJIA ObUIM
MOCTPOEHBI TpaUKH paclpeneeHns TEeMIIepaTypbl B TOIUIMBHOU
TabJeTKe MpU HOMHMHAIBHBIX MapaMerpax peakropa BBOP-1000 c
TBC-2 (cm. puc. 1B). Ilpuuem, s HMCHONB30BaHMSA ypaBHEHUS,
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noiydyeHHoro npu pemenuun ¢ ['Y 1 um 2 poma, koopamHata Io
MaKCHUMyMa TeMITepaTypbl Tmax 337aBajiach BPyUHYIO.

Meroauka pacuera ¢ ['Y 1 poma Ha HapyXHOI MOBEpXHOCTH
TabNETKW W 2 pojia Ha BHYTPEHHEH JaeT HECKOJBKO 3aBBIIICHHOE
3HauUeHHe MAaKCHUMaJbHOM TeMmrepaTypsl. OAHAaKo OHa SABIsETCA
Han0oJIce KOHCEPBATHBHOM, W ymoOHA JUIsl PYYHBIX pacdeToB 0Oe3
HCIIOJIBb30BaHM CIICHHUAJIBHBIX BBIYUCIMTCIIBHBIX IPOTrpaMM.

Jluteparypa

1. AwnromoB MW.A., TopeneaxoB P.A., IlImauko C.T.,
[TapamonoBa W.JI., CpaBHEHHE aHATUTUYECKOT'O H YHCIEHHOTO
METO/IOB pacyuera paclpeAcieHus TeMIepaTypbl B TOIIHMBHOM
Tabnerke ¢ orBepctheM s TBAa BBOP // CoBpemenHble
TEXHOJIOT'UH u DKOHOMHKA B OHEPr€TUKE!: Marepualibl
MexayHapoqHOH HAaydHO-TIPAKTUYECKON KOH(pepeHIun, 24 ampems
2025 — Cankr-IlerepOypr, 2025.

HUCCIIEJOBAHMUE BJINAHUA I''1YBUHBI BBLDKUT'AHUA
HENTYHUA-237 HA 1O0JI'OCPOYHOE CHUKEHHUE
AKTUBHOCTH

Heanosckas U.C., [locmuka I'.B., Hcanos K. A.
HATD HUAY MUDHU, 2. ObHunck

AxrtyanpHocTh mepexoma kK 3STI[ oOycrmoBiena tpems
KJIFOYEBBIMU BBI30BAMHU COBPEMEHHOW aTOMHOW SHEPIreTHKM:
OTpaHHYEHHOCTh pecypcoB, mpobrmema OAT u mnpobrema
paarOaKTUBHBIX OTXOJIOB.

Baxwuetimas poas B 34T oTBOAMTCS 3aMbIKaHUIO LIMKJIA IO
MUHOpPHBIM akTuHUAaM (MA), B 4acTHOCTH, MO HENTYHHUIO.
OcHoBHas mnepepabotka OST HampaBiieHa Ha U3BJICUEHUE
ypaHa M IUIYTOHHMS JJii MOBTOPHOIO MCHOJIb30BAHUS MPHU
peuukiie. MA BHOCAT OCHOBHOM BKJIaJ B JOJITOKHMBYIIYIO
PAaOMOTOKCUYHOCTh W TEIUIOBBIJCIICHHE OKOHYATEJbHBIX
0oTX0J0B. VX yrunu3zanus nyTém BOBJICUYECHHS B COCTaB TOILIMBA
1 O0JydeHHUs B peakTopax Ha OBICTPBIX HEUTPOHAX MO3BOJISIET
M3MEHUTH JOJTOCPOUHYIO0 aKTUBHOCTH OTXOJI0B. B pe3ynbrare
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[IEpUOJ NMOTCHIMAIBHON ONACHOCTH OTXOJOB COKPAIAeTCs C
COTEH THICAY JI0 IPUMEPHO OJHOM THICAYU JIET, YTO HE TOJILKO
pemaer mpobiIeMy MX T'eOJOTHYECKOro 3aXOpOHEHUs, HO H
KapAMHAJIBHO IIOBBIIIAET OOIIECTBEHHYIO MPUEMIIEMOCTD
aTOMHOM SHEpPreTHKH, Jenas e€ ycToiunBoi u Oe3onacHoi B
JOJIrOCPOYHOM nepcnekTuse. TakuM o0paszoM, yrunuzauus MA
—3apepmatomas craaus 3ATL,

B pabote uccnenyercss BIMsHHE TIyOMHBI YTHIIM3ALUU U
TPaHCMYyTAallMd HENTYHUS HA TEMIIbl CHU)KEHHUS aKTHBHOCTH,
TEIUIOBBIZICNIEHUS, PAJAUOTOKCUYHOCTH M  OMOJIOTHYECKOU
OTACHOCTH B TE€UYEHHUE BBIIEPIKKH, a TAKXKe CHIKEHUSI 00beMOB
OOPOCUIIMKATHOW MaTpUIbl sl OCTEKJIOBBIBAHHUS MPOJYKTOB
TPAHCMYTAI[UU U UCXOJHOTO HENTYHHS.

Jlumepamypa

1. Xowmsiko A.IO. D dhexTHBHOCTL TpaHCMYTAITUH MUHOPHBIX
aKTHHHJIOB B pEaKTOpax Ha OBICTPHIX HEUTPOHAX MPH Pa3INIHBIX
kputepusax. Bompockl atoMHoO# Hayku u TexHukn. Cepust: SnepHo-
peakTopHbIe KOHCTaHThI, 2024, Ne 3, ¢. 77-89.

HUCCIIEAOBAHME BJIMAHUA 'OMOI'EHHOI'O
JAOBABJIEHUA MA B MOKC-TOIIVIMBO HA BEJIMYUUHY
HATPHUEBOI'O IYCTOTHOI'O 29®PEKTA
PEAKTUBHOCTHU B PEAKTOPE THUIIA BH

I'yoauoynnun U.M., 3axupos H.A., Hcanos K. A.
THI] P® ®OU, 2. Obrunck

[Ipupoct 00HEeMOB HAKOTIIEHHOT'O SHEPT€TUIECKOT O TUTYTOHHS Ha
(hoHE WCTOIIEHHS 3amacoB MPUPOIJHOTO ypaHa OO0YCIIaBINBAET
CTpaTErHYecKyl0 HEOOXOIUMOCTh TIepexoia K HCIOIb30BaHUIO
CMEMIAaHHOTO W PEreHepUpPOBAHHOIO ypaH-TUTyTOHHEBOT'O TOILTUBA.
KiroueBoii nepcneKkTUBON pa3BUTUSI ATOMHON DHEPTETUKHU B TAHHOM
KOHTEKCTE SBIIIETCS pean3als 3aMKHYTOTO SJEPHOT0 TOIUTHBHOTO
nukia. Peakroper Tuma BH Moryt pemmth mpo0OiieMy HaKOTLIEHUS
oTpaboTaBIIEero SAEPHOTO TOIUIMBA, ITOCPEICTBOM BOBJICUCHHUS
IUTYTOHUS. ¥ MHHOPHBIX akTHHUJ0B (MA) B TOrumBHBIA 1uki [1].

44



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

Opnako Jro0as MoOAUQUKAIUS TOIIMBHONW  KOMIIO3WIIMH, B
YacTHOCTH, BBeJieHME MA, OKa3bplBaeT BIMSHUE Ha HEUTPOHHO-
(u3NUecCKre XapaKTePUCTHKH aKTUBHOH 30HBI U, KaK CIEACTBUE, HA
Mmokaszatenu Oe30MacHOCTH PEaKTOpHOW YCTaHOBKH. B KkadecTBe
OJTHOTO W3 KJIFOUEBBIX KPUTEPUEB OLIEHKU OE30MacHOCTH B paMKax
HaCTOAIIETO  HCCIEAOBAaHUS  paccMaTpUBAaeTcs  HATPUEBBIN
mycToTHbIH 3¢ ekt peaktuBHocTH (HIIOP).

HIIOP wurpaer xpuTu4eckyr pojib B JUHAMHMKE IPOEKTHBIX H
3alpPOEKTHBIX aBapUHHBIX clieHapueB B peaktopax Tuma bH. Dddext
3aKJIIOYaeTcsd B U3MEHEHUH PEaKTHBHOCTH, BBI3BAHHOM CHIKEHUEM
IJIOTHOCTH TEIUIOHOCUTENS — HATpUs — B aKTUBHOM 30He. JlaHHas
CUTyaIsl MOXKET BO3HHMKHYTH HPHU HEKOHTPOIHPYEMOM pa3orpeBe,
BeAyIleM K BBIKUMAaHWIO HaTpus. Peaktop Tmma BH Gosnbrioit
mommHocTH ¢ MOKC-TorummBoM  oOJjlaaeT  MOJOKUTEIBHBIM
3¢ dexToM peakTUBHOCTH MO IJIOTHOCTH Hatpus [2]. Bemmumna
HIIOP ompenensercs COBOKYITHBIM BIUSHHEM IBYX TPYII (PaKTOPOB:
TEXHOJIOI'MYECKUX [1apaMeTPOB, BIUAOLIUX HA YTEUKY HEHTPOHOB U3
aKTUBHOM 30HBI, M MaTEepUaJbHBIX [ApaMETPOB, CBSA3AaHHBIX C
H30TOIHBIM COCTaBOM TOIUIMBA HA HA4YaJIbHON CTaAMU KaMIIaHUU U 110
Mepe ero BbIropaHus. B pabore npoBoAMIOCH YHCIEHHOE
MOJIEIUPOBAHNE HEHTPOHHO-(PU3NIECKUX XAPAKTEPUCTHK AKTHBHOU
30HBI. Pacyersl BBINONHSINCH [UIA ABYX COCTOSHHUI: HOMHUHAJIbHOE
COCTOSHME€  —  aKTHUBHAasi  30Ha  MOJHOCTBIO  3allOJIHEHA
TEIJIOHOCUTENEM, M IIyCTOTHOE COCTOSHHUE MOJEITMPOBAJIOCH
[IOJIHOE yZAJEeHUE HATpUs M3 YacTH aKTHUBHOMN 30HBI U HAaTPUEBOM
MPOCIIONKHU (IIPU COXpPaHEHUH HATpUsl B TMIIb3aX OPIaHOB CHCTEMBI
yrpaBlieHus U 3amuThl). VccnenoBanochk BiusHue nodasinenns MA
(**Am, **Am) Ha BemuumHy uHTerpamsHoro HIIOP gms MOKC-
TOIUIMBA, COAEPIKAIIETO TUTyTOHUH Pa3InYHOr0 H30TOITHOI'O COCTABA.
KonuenTpanus amepunus B TOIUIMBE BApbUPOBAIACh B JUANA30HE OT
0,5% mo 3,0% c marom 0,5% mo **Am u **Am. JonmoiaHUATEIBHO
paccmaTtpuBasiach  kommosunuss ¢ 4,0% cmecu Am/Np B
coorHolenuu 1,1/1.

[IpoBenenHoe MopenMpPOBaHUE IIOKAa3ajo, YTO BBEICHUE
aMepHLHYs B TOIUIMBHYIO MaTPHILy BO BCEX PACCMOTPEHHBIX CIy4asx
MPUBOJUT K yBenuueHuto narerpansaoro HIIOP. Ha ocHoBe ananu3za
pacyeTHBIX  JTaHHBIX  BBINIOJHEHAa  KOJMYECTBEHHAs  OLICHKA
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uHTerpaibHoro u auddepeHnuanbHOro BkiIaaa jgobaBku MA B
BEIMYMUHY HATPUEBOT'O IMTyCTOTHOTO 3(peKTa peaKTHBHOCTH.
Jluteparypa

1. TyneBuu A.B., Emucees B.A., Kmmnor J.A. u mp.
B03MOKHOCTh BBDKHTAHHMSI aMepHIMs B OBICTPBIX peakTopax//
AtomHas sHeprust, 2020, 1. 128, Boi. 2, c. 82-87.

2. Macnos I1.A., MatBees B.U., Mansimesa 1.B. YTounenue
BEJIMYMHBI HATPUEBOrO IYCTOTHOrO 3(¢eKTa pPEaKTUBHOCTH B
OBICTPBIX HATPHUEBBIX PEAKTOpax C IOMOIIbI MPOrpaMM MOHTE-
Kapio. // I3Bectus By30B. SnepHas sHepreruka. — 2015. — Ne 2. — C.
117-125. DOI: https://doi.org/10.26583/npe.2015.2.12 .

YUYET UCTOPUU OBJIYYEHUS OTPABOTABLHIEI'O
AAEPHOI'O TOIIVIMBA ITPU OIIPEJAEJIEHUU ET'O
HYKJ/INJHOI'O COCTABA

Lllamaes A.B., Jlankuc 4.A.
BUTU HUAY MUDU, 2. Borzooonck

B nmanHoli paboTe paccMaTpuBaeTcs HOBBIM METOJ pacuera
HYKIHAHOTO cocTaBa oTpabotammiero sueproro tommmBa (OST),
KOTOPBIH YYHUTHIBAET WCTOPHIO OOJY4YEeHHS TOIUIMBA B pPEAKTOpeE.
AXTyanbHOCTh JAHHOU paboThl 00yCIIOBIIEHAa TEM, YTO CTaHAAPTHHIE
OTHOIIApaMETPUYECKNe  3aBHCHMOCTH,  HUCIONB3yeMBbIE IS
ompenenenus cocraa OST, 3amanasie B PB-093-20, umeroT
CYIIECTBEHHbIE OTHOCHTENbHBIE TOTPEIIHOCTA H3-32 HEydeTa
ucropun  obmydeHus TorumBa [1]. Pacuersl 1o  maHHBIM
3aBHCHMOCTSIM HEOOXOAWMBI IUIi OOOCHOBAaHHS 0€30MacHOCTH
obopamennst ¢ OAT. HemoctaTok pyKoBOJACTBa MOXHO HCIIPABHUTH,
eci 100aBUTh K 3aBHCHMOCTH JIOTIONHUTENbHBIE apryMeHTH. B
paboTe Y4TEHO BIIMSHHE TOJBKO OJHOTO TOTIOTUTENS — OOpHOU
KHCIIOTBI B TEIJIOHOCHUTENE. BIusHUE OCTAIBHBIX IOTIOTUTENEH
BBUJIy BBIYHCIHUTEIEHON CIOXKHOCTH HE paccMarpuBaercs. Pacuer
KOHIIGHTpAIlMK HYKIUAa MO METOAY IPOBOAMUTCA C IOMOIIBIO
thopmysl

x(B) = Z aijkBi+jCkeff(B):

i,/ k=0
i+j+k<6
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rJie X — KOHLICHTPAIKs HyKJIU/Ia B TOIUTMBE, B — riyOuHa BHIrOpaHus
TOIIMBA B KOHIIE KAMITAHHH, d;j — KOI((QHUIIEHTHI aIpOKCHMALHH,
Cess(B) — »oddexTnBHAS KOHLEHTpAlMs OOPHOH  KHCIIOTHI,
nogbupaemass Tak, YTOOBI  KOHIEHTpAUWs HYKIMIa  [pH
U3MEHSIOIIENCS KOHIEHTPAMd OOpPHOM KHCIOTHl COBIaana ¢
TaKOBO}i TIPH TIOCTOSHHOI KOHLEHTpaIuK GopHOH KucnoThl Corp(B).
[pennoxeno 2 Meroma  ompeaeneHus  3PdexkTHBHOI
KOHIIEHTpaui OOpHOM KUCIOThI. 10 mepBOMYy METOY:

1 B
Copr = gfo Cp(§)ds,

rae C,(§) — 3akon BbIBOAAa OOPHOW KHCIOTBI, ONPENEIAFOLINIA
KOHIIEHTpAIMI0 OOpPHOW KHCIOTHI JUIsI HEKOTOPOH TIIyOWHBI
BBII'OpaHHs.
Bropoii Meron yduTHIBA€T HEIWHEWHOCTh BIIMSHUS 3aKOHA
BBIBOa 60pHOI7[ KHCJIOThI Ha HHTCHCUBHOCTDH 06.Hy‘ICHI/IH:
I g€ B)-Cy(&, B)de
Ceff (B) = B
rne g(&, B) — uHenuHeliHas (yHKIMs, NOJydYeHHAss Ha JAHHBIX
MPELU3UOHHBIX PACUETOB.

Meromuka ObUla TMpOBEpeHa B Kojxe Serpent juis Mojenu
oeckoneunoit TBC ¢ m3MeHeHneM KOHIIEHTPAITi OOPHOI KHUCIOTHI B
TertoHocuTene [2]. Ee wmcmonb3oBaHWE 3HAYMTENBHBIM 00pazoM
yiydmiaer onpeaenenune HykmaHoro cocrasa OAT mo cpaBHeHUIO €
METOJMKONA TOCTPOCHUSI 3aBUCUMOCTEH IO OJHOMY HapaMmerpy,
ucnonb3oBanHoi B Pb-093-20.

Jluteparypa
1. Pb-093-20. PykoBoactBO 1m0  0E30MACHOCTH  IIpH
HCHOIB30BaHUU aTOMHOH SHEpPTrUu. Paguanmonnsre Hu

TeMI0(U3NIECKUE XAPAKTEPUCTUKHA  OTPabOTaBIIEro  SACPHOTO
TOIUIMBAa BOAOBOASHBIX JHEPrETHMUECKUX DPEAKTOPOB U PEaKTOPOB
OOJIBIION  MOIIHOCTH  KaHaJdbHBIX. — MockBa: @OC 1o
SKOJIOTHYECKOMY, TEXHOIOTMYECKOMY U aTOMHOMY Hazzopy. 2020. —
99 ¢

2. Leppénen J. et al. Serpent—a continuous-energy Monte Carlo
reactor physics burnup calculation code //VTT Technical Research
Centre of Finland. — 2013. — T. 4. — Ne. 455. — C. 2023-009.
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HUCITOJIbB3OBAHUE OKCUJIA BEPUJUIMSA B KAYECTBE
HUCTOUYHHUKA U OTPAKATEJISI HEUTPOHOB 151 PUT
IJIYTOHUS HOHWKEHHON YUCTOTHI

Tonvoman M.J[., Buyxoe P.A.
HATD HUAY MUDU, 2. Obnunck

CoBepmienctBoBanne PUTOI  akTyanm3upoBaHO  3alpoOCOM
pa3BUTHS SIIEPHOM TEXHUKU B KOocMmoce. Benyuiel TeMoil siBisiercs
APl (saepHO-paKkeTHBIM IBUTATENb) M TEXHOJIOTHH MOJMYYEHUS WU
nepeiaud SHEPTUU B YCIOBUSX OTCYTCTBUS/Maliol TpaBUTaluu. B
KoHTekcTe nocienHeit TOIT uMmeeT 3apekoMeH IoBaBIlMEe ce0sl paHee
MpEeuMyIIecTBa. B CBsI3M ¢ STHM HMMeeM 3ampoc Ha yBEIWYEeHUE
rocraBok PUTOT.

NASA onyOonuKoBajo MpOrpamMMbl, TJie WM  HEO0OXOIUMO
nonmy4Jats He Meree 1.5-3 kr/rox “®PuU m1s HYKI OCBOEHHS JAEHETO
kocmoca. NASA pa3paboTano HECKOIBKO MOKOJIEHHH KOCMHUYECKUX
SIIEPHBIX YHEPTETUYECKUX CHCTEM, KOTOPBIE MOT'YT MCIOIb30BATHCS
JUISl BBIPAOOTKU DJIEKTPOSHEPTHH M ITOJIE3HOTO M30BITOYHOTO Teria
IUTSL pa3IMYHBIX KOCMHYECKMX MuccHit [1].

CoBokymnHbIi 3anpoc KuTtas K TeKyIeMy MOMEHTY MCUHCISIETCS
ropsinka 50 kr 10 2038 roma (MMOHATHO, YTO KOCMHYECKHE TTPOrPaMMBI
o ocBoeHuto JlyHer, Mapca u n3ydeHus JaleKuX IJIaHeT W TPaHul]
ConHEeYHO# CHCTEMBI CABWTAIOTCS BIIPABO, HO CBS3aHO 3TO B TOM
YHCIie OTpaHUYEHHEM BO3MOXKHOCTEH MCTIONh30BAHUS SHEPTHN ).

Texunomorum TOI pa3BUBAIOTCS U celiyac MMEIOT COTIOCTaBHUMBIH
KIIJ] (B maGopaTtopHbIX YCIIOBHUSX). B cBs3M ¢ OompImM pocTom
WHTEpeca K KOCMOCY aKTyaJleH MMOMCK MCTOYHHKA Teruia/sHeprun. 1
npenmytnectBo PUTOI" B crabmimpHOCTH.

8P| ymeer mepuox moMypaciana nopsaka 87 ser. Ipu 3toM ero
NIONydeHHe HANpPSMYI0 BO3MOXKHO oOnydenmeMm 160  2'Np
(xackagom c¢ Oera-pacriagom), OO 21Am (kackamoM c ambda-
pacnazom). Bo Bcex BapmaHTaX MBI MIMEEM H3ACPIKKH, CBSI3aHHBIE C
NIOJTydeHHeM M30BITOUHOM KOHIEHTpalud “°PU  (m1s  cirydas
HentyHus), 2*Pu (11s cydas amepuius), “°*Pu (11s o6omx cirydaes).
%8Py co BpeMeHeM Kackaja pacmajioB aaer Tl, umeromuii cumbHbI
ramma-on, **?PuU He UMeeT HUKAKOH TIOB3bI, a 2*°PU MOTEHIMANLHO
SIBIISIETCS] XOPOLIMM ACISALIMMCS MaTepUalIOM, HO HEHTPOHOB B Cperie
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HeT. bBonplmMHCTBO 3a7ay 1O  HapabOOTKe  PaJMOM30TOIHOM
NPOJYKIIMHA CBS3bIBACT OIGHKY C MHHHUMH3ALMCH OMUCAHHBIX
M30TONOB (3a/1a4a MOMyYHTh ~>°PU 4MCTOTOM He Hike 85%, a 2°Pu e
BoItre 2 ppm (0.0002%).
B nanHo#i paboTe onpenemsiroTces:
1) 3aBHCHMOCTbH TEIUTOBBIACIEHHUS OT pa3Mepa chepsl/IHInHAPa
wryrorneBoro PUT (pagunon30TONHOro HCTOYHUKA Terlia).
2) BBIXOJ  O-YaCTHUIl, KOTOPBIA  MOTCHIMAJIBHO  MOXKET
00oMOapMPOBATh MOBEPXHOCTH OEPUILIHSI.
3) BBIXOA HEWUTPOHOB, MONy4aeMbiX (0,N) peakuu TpU
B3aUMOJICHCTBUH C OCPUILIHEM.

Jluteparypa
1. Multi-Mission  Radioisotope Thermoelectric  Generator
(MMRTG) [DnexTponHbIit pecypc]. URL:

https://mars.nasa.gov/internal resources/788/ .

OIEHKA D®®EKTUBHOCTHU 'OMOI'EHHOTI'O
BBIZKNT'AHUSA HEIITYHUS B PEAKTOPE THUIIA BH ITPU
MHOI'OKPATHOM PEIIUKJIE

Cycaxun B.A., Hcanos K. A.
HATD HUAY MUDHU, 2. Obnunck

Ha cerogusmumii meHb B paMKax KOHIEHIIUA 3aKPBITOTO
SIIEPHOTO TOITMBHOTO ITMKJIA AaKTyaJbHOW SBISIETCS IpodiiemMa
oOpamieHrsi C MHHOPHBIMH AaKTHHHAAMHU. V30TOIBl HenTyHws,
aMepuIus ¥ KIOpUSA TPH OCTEKJIOBLIBAHUM W 3aXOPOHEHHH
MPEICTABIIAIOT 3HAYUTEIHHYIO TMOTEHIMATBHYIO OMNacHOCTh B
JONTOCPOYHON TIEPCIIEKTHBE, YTO 00yCIaBIHBAET HEOOXOUMOCTh UX
MOBTOPHOTO BOBJICUEHHUS B TMHKJI C T[ENbI0 BBDKUTAHUS U
TPaHCMYTAIWH JIJISl CHIDKEHHSI nX 00beMoB [1].

OTtnenpHOro BHUMaHUA TpeOyeT U30TOI HENTYHUS “"Np: moMumMo
YIOMSHYTBIX  CIIO)KHOCTEH, BO3HHKAIONIMX TPH 3aXOPOHEHUHU
MUHOPHBIX  aKTHHHUJIOB,  OOYCJIOBIEHHBIX  JIOJTOBPEMEHHBIM
COXpaHEHHEM  PaJMOTOKCHYHOCTH,  3aXOpPOHEHHWE  HENTyHHS
MPEJCTABIIACTCS MPOOJIEMATUYHBIM, TaK KaK B TISTUBAJICHTHOM
COCTOSIHUM OH CIIOCOOEH OBICTPO MHUTPHPOBATh B TEOJOIMYECKHX
¢dopmupoBaHusX [2].
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Hcnons3oBanue HENTYHUST B OBICTPHIX PEAKTOPAxX SBIISICTCS
3¢ ()EKTUBHBIM CIIOCOOOM €ro BBDKHMTaHHs, TaK KaK TO3BOJISICT B
3HAYUTEIbHOU MEPE COXPAHUTD SHEPTETUUECKU I ITOTEHIUAI TOILINBA
B CpaBHEHWH C CUCTEMaMH Ha TEIUIOBHIX HeliTpoHax. [Ipu obmyueHun
HM30TOIIa HENTYHUS 237Np MIOTOKOM OBICTPBIX HEUTPOHOB BEPOSTHOCTD
paZMAllMOHHOTO 3aXBaTa 3HAYUTEIBHO TMPEBHIINIAET BEPOSTHOCTH
neneHus. M3-3a 3TOH OCOOCHHOCTH B PEAKTOPE B 3HAUMTEIBHBIX
KOJIMYECTBAX HAKAIJIMBACTCA H3O0TOIl IIIIYTOHHUA 238PU, BCJICACTBUEC
Yero TEIUIOBBIIENIEHUE TOIINBA MOXKET CUIILHO BO3PACTaTh.

B nanHO#i pabore mpoBelneHa OIEHKa TEMIIOB TOMOTE€HHOI'O
BBDKUTAHHS HENTYHUS, BoBiiedeHHOT0 B MOKC-TOIIMBO, B peakTope
tuna bH ¢ akcuanbHON NPOCIOMKON MPU MHOTOKPATHOM PELHUKIIE.
OTIICHBHOC BHUMAaHHE YACIACTCA KOJIMYECTBY HAKOIUICHHOI'O
H30TOoIa IIIYTOHHA 238PU N €ro BIUAHHUIO Ha TCEIJIOBBIACICHNE
TOIIMBA 11O MEPE KaMITaHUHW U ITOCJIC BBIACPIKKU.

Jluteparypa

1. Hcanos, K. A. HccrenoBaHuMe MHOTOKPATHOTO peEIIHUKIIA
aMEpHIIUs TP TOMOI'€HHOM BBIXKMraHuM B peakTope Thia bH / K. A.
Hcanos, H. A. 3akupos, A. B. I'yneBuu // Boripockl aTOMHO#M HayKu
u texuuku. Cepust: SIaepHo-peakTopHble KOHCTaHTBI. — 2025, — Ne 3,
—C. 45-58

2. Ilerpor, B. I'. PactBopumocts u (ha30Bble MpEBpPAICHHS
ruapokcuna Np(V) B pacTBopax ¢ pa3myHoi HOHHOM cuioit / B. T
ITerpos, C. H. KaameikoB, M. Anbprmaiiep / Bectank MocKOBCKOTO
yauBepcutera. Cepust 2: Xumust. — 2011, — T. 52, Ne 2. — C. 130-138.

MOBBIIEHUE BOJOPOJTHO BE3OIACHOCTH A3C
BBDP1200 UCIOJIb30BAHUEM TBEPTO®A3HBIX
MOTJIOTUTEJIENA BOJOPOJIA, UX PETEHEPALIUA,
PEAJIM3ALIMSI B CMEKHBIX OBJIACTSIX

Posnseun /[ ., Opnosa E.A., Camoxun /I.C.
HATD HUAY MUDU, 2. Obnunck

Bonopon, kak HauOosee JErKMi 3JEMEHT, HaKalIMBaeTcsl B
BepxHel yacTtu 3anuTHON obonouku ADC BBOP oowemom 40000 -
70000 Mm% rae 1A HpeBpallleHUs ero B BOLY Pa3sMEIialoT CHCTeMY
JOXKATaHHUA BOIOPOAA C KAaTaJIUTUYECKHM OKHCIICHHEM (CKUTaHUEM )
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BoOpoAa B Ta3oBod cMmecu. C LENbIO TMOBBILIEHHUS BOAOPOJHOM
OezomacHocTH B peakTopax Tuna BBOP aBTopamu mpennmoxeno
HCII0JIB30BaTh TBCpI[O(I)aE}HI)IC HAKOIUTECIM BOAOpOAAa, HAIIPUMCEDP,
¢donpry IUpPKOHMSA, KOTOPOM oOpasyercs rumpuj uupkonus ZrH»
COBMECCTHO CO IITAaTHBIMU JOXUTATCIILIMU NJIN B3aMEH UX.

Hcrounnkamu BOAOpPOJa B IITATHOM PECKUME IKCILTyaTalliu
SIBIISICTCS] Pa3JIOKEHHE BOJBI WIIM Tapa Moj| JCHCTBHEM OOIydeHHs B
aKTHUBHOM 30He peakTopa. Hamboiee omacHa 3ampoekTHas aBapus
aKTUBHOMN 30HBI, C BBIACICHHEM BOAOPOJa B TEPMOXUMHYCCKUX
peaknusx napa ¢ HupKoHueM. KuHeTHka 3Toi peakiny OnrchIBaeTCs
ypaBHeHueM beiikepa-/lxacra:

dN/dt = 1,1-10° [S(t) kz ]®°t°°, mons Hz /c (1)

rae N - gucio moneit Bogopona; S(t) - mromans MPKOHNS,
KOHTAKTUPYIONIEro C BOASHEIM MapoMm, paBHas 5,2-10° M? s
peakTopa BBOP-1200; t — Bpems, c;

kzr - koHcTaHTa ckopoctu peaknuu (MATATD)

Kz = 3,33-107 exp[-190190/RT ], (3)

riae R - yauBepcanbHast ra3osas nocrossaaast, x/(mois-K);
T« - Temnepatypa TB3J10B, K.

Jinst moryomeHus Boxopoxa | Moib/c, HPOW3BOAMMOIO TIPH
MTapOIMPKOHUEBOH peakiuu 3a 250 ¢ ¥ cemapupyeMoro HUKEIIEBOU
MeMOpaHOii HEeOOXOIMMO HCHONb30BaTh 14 M? LMPKOHHS IIpH
temneparype 673 K [1].

Wznenue u3 napanienbHO pPacOIOKEHHbIX TUIACTUH MOXKET OBITh
KOMIAKTHBIM, TUIOMApi0 | M? 1 TonmuHOoi okoio 0,2 M.

Ha puc. 1 npencraBieHa 3aBUCUMOCTb aBJICHUS BOAOPOAA Hal
TUIPUIOM LUPKOHMS OT oOpaTHOM TemmepaTypsl. llormomenue
Boziopoaa 1enecoodpasHo npooauts mpu 500-800 K, pereneparuto
npu 900-1000 K. Macca HakoOmIeHHOro BOIOpPOAA BO3pPAcTaeT BO
BpPEMEHH U C YBEIIMYEHUEM TeMITepaTyphl (puc. 2).

Teruto, 3atpauenHoe Ha 100 kM, Hampumep, Subaru Impreza
cocrasiser 338 M/Ix, Termora cropanus Boxopona 121 MJIx/xr, T.e
HEoOX0IMMO 3 KI' BOJIOPOJAA.
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p, MIIa '
1,0E+02 103/T, 103K
l’nE'mu,su S50 2,00 2,50 3,00
1,0E-04
1,0E-07
1,0E-10
1,0E-13 n
1,0E-16 L9
1,0E-19 1.7

1.5

Puc.1. 3aBucUMOCTb aBJieHHs] BOAOPOA HaJ/l THAPHIOM HUPKOHUS OT
oOpatHOl TemnepaTypsbl, N- KOAPPUIMEHT CTEXHOMETPUH BOJIOPOIA

m(H>), xr/m2

0,04 LY
0,035 800

0,03 700
0,025

0,02 600
0,015

0,01 500
0,005

0 Bpewms, ¢
30 20 70 120

Puc. 2. 3aBucHMOCTh MacChl HAKOIUIEHHOT'O ITUPKOHUEM BOJIOPOJA OT
BpPEMEHU
Jluteparypa
1. E.A. Orlova u ap. IloBriieHre BoJopoqHON 0€30MacHOCTH
ADC BBOP cemapamueii Bomopoja depe3 HUKEIEeBYI0 MeMOpaHy U
nornomenuem nupkornem// V MHTK, HUKUOT,- Mocksa, 2018
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CEKLIHA I
IIPOEKTUPOBAHHUE U DKCILTVATALUA ADC

MOAEJIMPOBAHUME TEIIJIOT'UAPABJIMYECKUX
MPOIIECCOB B ITIETJIEBOM YCTAHOBKE C TSKEJIBIM
KUIKOMETAVIMMECKUM TEIIVNIOHOCHUTEJIEM C
NOMOIBIO TPOI'PAMMHOI'O KOMIIJIEKCA ANSYS
FLUENT

Jlesuenxo B.A., Kawees M.B., I'upun A.11.
000 SHUMI] «Moodenupyrowue cucmemoly, 2. ObHUHCK

IlerneBas ycranoBka (IIY) — 3TO He3aBUCHUMBINA, 3aMKHYTBIH,
BCTPOEHHBIN B pEAKTOP KOHTYP, B KOTOPOM IUPKYIUPYET KaKOi-ITn60
TEIUIOHOCUTEND C IENBI0 OXJIAXKAEHUS 00pa3IoB, PaCIOI0KEHHBIX B
JKCIIEpUMEHTAIbHOM KaHaie. B KOHType memm peann3yroTcs
HEOOXOANMEIE YCIIOBUS, OTIIMYHBIE OT TapaMeTPOB IEPBOTO KOHTYpa
peakTopa: TeMmIieparypa W JaBi€HWE TEIJIOHOCHUTENS, XUMUYECKUI
COCTaB CPEAbI, CKOPOCTh IMUPKYIISAIINH.

B  noknmagme — mpuBeAeHBI  pe3ynabTaThl  MOAEITHUPOBAHUS
TEIUIOTHPABINYECKUX  TporeccoB B IIY co  CBUHIOBBIM
TEIUTOHOCUTEIIEM.

Koncrpykmus ITY (puc. 1) npeacrasnsier coboit TpyOky Puinbna,
pasaeneHHyIo Ha OITyCKHOM, ITOIbEMHBIN YIaCTKH H «Pabodyro 30HY»,
B KOTOpPOM paclojOoXeHbl TB3JbI B KBaJpPaTHOM pEIIETKE.
HupKymsius CBUHIIOBOTO TETNIOHOCHTENSI 00ECTIEYNBACTCS OCEBBIM
EHTPOOEKHBIM HACOCOM C YAaCTOTHBIM PEryJUpOBaHHUEM OOOPOTOB
neurarens. Hacoc pasmeniaercss B BepXHEH 4acTH yCTaHOBKHU [1].
CTeHKa OITyCKHOTO y4acTKa BMECTE C PACIONOKEHHBIMH BJIONb Hee
ra30BBIMH KaHAJIAMH, 3aTIOJTHEHHBIMH apTOHOM, OMBIBA€TCS HATPUEM
BHEIIHET0 KOHTYpA.

Tabm. 1. [IpoekTHBIE XapaKTEePUCTHKU

XapakTepucTuKa, pa3MepHOCTb 3Hauenue
Pacxoj TeImIoHOCUTENS, M/ 1,3
Hamnop nacoca, MIla 0,25
Temmneparypa cBunma Ha Bxoae/Bexone TBC, °C 490/570
TemmnepaTypa HaTpus Ha BXO/e/BbIX0JIe U3 KaHana, °C 330/420
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B Tabnamue 1 npuBeneHbl TPOEKTHBIE — XapaKTEPHCTHUKU
Moznenupyemoii I1Y.

44
@35

5
12 237 y|

e 10

Puc. 1. ITonepeunoe ceuenue I1Y
1 — AMCTaHIMOHMPYIOIIAS PEIIeTKa; 2 — BBITECHUTENb; 3 — TBAL; 4 —
ra30BbIi 3a30p; 5 — kopmyc kaHana; 6 — koxxyx TBC; 7 — Bocxoasmmii
MIOTOK CBHHIIA; 8 — TepMonapa; 9 — BBIXO/BI pacXogoMepa HaTpHs;
10 —BocxoasAmmii moTok Hatpust; 11 — MOHUTOp (ITrOeHCa HEHTPOHOB;
12 — tpyOxa [yis 3amOoITHEeHHS

PesynpraTtel MomenupoBaHHUS MOTYT OBITH WCHOJIB30BAHBI IS
ONTHMU3ALMNA KOHCTPYKLHH, KOTOpas IMpEANojaracrT H3MEHEHHE
FEOMETPUYECKUX MapaMeTPOB KAaHAJOB M TEIIOTHMAPABINYECKUX
XapaKTEePUCTHK TIETIIH.

IIpencraBneHHble B NOKIAJ€ AaHHBIE SIBISIOTCS OCHOBOM Ui
JanpHelero uccienoBanus 1Y ¢ TSHKENbIM KUAKOMETATTMIECKUM
TEIJIOHOCUTENIEM.

Jluteparypa

1. Kopmokos A.I'., Jleono B.H. u ap. Mcnbitanus makeros
1B350B peaktopa BPECT-OJ[-300 B aBTOHOMHOM CBHHIIOBO-
oxyaxxaaemoM kanane bOP-60 // AtromHas sHeprusi, T. 97, BbIIL 2, -
M., 2004.
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OILEHKA BJIUSHUA KIOPUSA HA
TEIVIOTUAPABJINYECKHUE XAPAKTEPUCTUKHA
PEAKTOPA BBJP-1200 ITPU TOMOI'EHHOM
PACHPEJIEJEHUHA KIOPUS B TOILIMBHOM MATPUIIE

Xpamxos B.B., Anues /I.P, Cxyaxun B.O.
HATD HUAY MU®DU, 2. Obnunck

Henbto paboOTHI sIBIsIETCS  OIEHKA BIUSHHUA TOMOTEHHOTO
N00aBIICHE M30TONOB KIOPHS B TOIJIMBO HA TEIUIOTHAPABINYCSCKUE
XapakTepUCTUKN  akTuBHOW  30HRI ~ BBOP-1200.  Kropwii,
HapabateiBaeMbliii B OST, He UCTIONB3YETCSI U SBISIETCS HICTOYHHKOM
paAMallMOHHOM OMAaCHOCTH, YTO aKTyallu3UpyeT MpoOiieMy €ro
nepepaboTku. JlobaBiieHHe KIOpUSI B TOIUIMBO PACCMAaTPUBAETCS Kak
ajJpTepHATHBAa 3axopoHeHWio [1], omHakKo €ro BIWSHHE Ha
9KCILTyaTal[HOHHBIE TTApaMETPhl TOTUIMBA U3YYEHO HEIOCTATOYHO.

B nmannoit pabote paccMoTpeHo nobaBiieHue n30TonoB Kropus B
saeiiku 1 TBC peakropa BBDOP-1200. OcHoBoli wncciaemoBaHus
rociyxmio MoxenupoBanre B [1IO Ansys, B paMkax KOTOPOTo OBLITH
OllpeNeNeHbl  KITIOYEBblE  TEIUIOTHIPABINYECKHE  IapaMeTphl.
HeiirponHo-dusnueckoe 000CHOBaHHE BBIMOIHIOCH B Kozie Serpent.
BapsupyembiMu mapamerpamMu SBIISTIOTCS KOHIIEHTpAIUS KIOPHS B
ToruBe. McciemyeMbie XapakTepUCTUKH:

e MaxkcumanbHasg Temnepatypa TB3JIa - mpu 20% mobaBnennn
CmO: camxaercs Ha 504K.

e TemmepaTypa TEIUIOHOCHUTENS - 3a(UKCHPOBAHO CHIDKEHHE
MaKcUMaJbHOTO 3HaueHus Ha 41 K, mis Toi ke KOHIEHTpaluu
CmOs..

OcHOBHOE BHUMaHHE YAENEHO MOCTPOCHUIO ACTATH3UPOBAHHBIX
Monenelr kmrodeBbIX 30H TBC, Takux kak mnepudepuitHas
(IpUCTEeHOYHBIE U YTIIOBHIE TYEHKHN) U 30HA BIHSIHUS PETYITHPYIOIUX
opraHoB (stueiiku psgom ¢ CII) peakropa BBOP-1200 (pucynok 1) c
TOMOTE€HHBIM JT00aBIIEHHEM H30TOIMOB KIOPHS BO BCEX TOILIMBHBIX
dJeMEHTaX W B YacTH TOIUIMBHBIX DJJIEMEHTOB, C Pa3IMYHBIMU
KOHIISHTPAIMSIME HCCIEyEMOro JJIEMEHTa, B IEJSIX ONpeIeleHus
ontuMaibHbIX napamerpos TBC.

55



XXI MEXIYHAPOJJHASL HAYUHO-TEXHUYECKAS KOHOEPEHIIVA

u-
of
Q¢
¢
O¢
o
o
o
o
o
0]
o
o
o
o
o
©
8
O
B¢

u.
50
5]
o)
Og
o)
o)
o)
o

o)
S
o)
(a]
o
o
o)
o
5]
(0]
Q
o
o
8
26
15)
o)
o)
o)

(o)
o)
(o)
(2,
(o)
3
(o)
S
%
(0
o2

025
(0]
g
0]
©
g
o]
26269
962 o206
HOR0203

OU

%)

95
©
(o)
o

O

70
fo)
95
153
o
0.
o,
1)
fo}
o3
o
o,
lG)
fo3
o,
O,
/53

(&} ) V
oC800>
2626
oCaf0
0898
0050
3853
(o) 80
03030,
(0) (o)
6SO0R
&, 08
03030
3050
526020
5069
62690
0.26°

\J
(]
[0)
o
o)
()
)
Q
(o)
(o)
8.
(o)
()
5
Q
(o)
(o}
™

(V)
o8
e
QO
OO
(O]
205!
5]
I3}
25
20
20,
&
5
52
20
20
o
OOO
o)
)
oS
20

o
o
o
O
o
o
°
O
o
S
o,
o
o
o
o
o
O
(9=
o

L NS )
foy45)
526
2o
o)
b3
S
&
S
>
O
o
>
&
&
20
o3
5
o
26

Puc.1. Tlonepeunoe ceuenue
mozenu TBC (crneBa) U mpoionbHOE ceueHe MOENH sUeiiku (cripaBa)

Kak BHUIHO H3 pHUCYHKOB, THIIOBBIM ISl POCCHUHUCKUX
peakTopoB sBisieTcs popmat pasmernnenus TB3I0B B TBC, mpu
9TOM JJIsi TEIUIOBBIX PEAKTOPOB XapaKTEpPHO pa3MelleHHe
KOMITEHCUPYIOIINX U30bITOUHYIO PEAKTUBHOCTD MOTJIOTUTENEH
(crepxkueii-ornorureneit, CIT) Bayrpu TBC, kpome Toro, B
nocsegHux Bepcusix BBOP orcyrerByer uexoun [2], 4To yuTeHO
B IIOCTPOEHHON TreoMeTpuueckor monaenu. OnTuMaabHbIMHU
SIBJIIFOTCSI BAPUAHTBI CO CHIDKEHHBIM TEMIIOM PEaKTUBHOCTH
MpU UACHTUYHOM cpelHeM (Ha UIMHY TOIUITMBHOM KaMITaHUH)
ko3 durmenTe pazMHOKEHUS.

JIntepatypa

1.  Jlyxesu E. U., TepexoBa A. M., XopacanoB I'. JI. Ouenka
KOJIMYECTB M30TOIOoB Kiopus u amepurust B OST peakropa BH-600

//Bynymee atomHoO# HepreTuku-AtomFuture 2017. — 2018. — C. 56-
57.

2. Jlazapea WM. A., IlapamonoBa M. JI. OOGocHoBaHue
TerIoTeXHuueckor HaaexxHoctn BBOP1200 ¢ ycraHoBIEeHHBIMH B
TBC nepememmBatommumu pemerkamu // U3s. CIIOIITY «JIOTHU».
2022. T. 15, Ne 5/6.

3. International atomic energy agency, BN-600 Hybrid Core
Benchmark Analyses, IAEA-TECDOC-1623, IAEA, Vienna (2010).
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AHAJIN3 PABOTOCIIOCOBHOCTU I'/TABHBIX
OUPKYJIAIIUOHHBIX HACOCOB I'lH-195M
PEAKTOPHOM YCTAHOBKH BB3P-1000 C
NPUMEHEHUEM MOJEJIN ARIMA JIJI51
MNPOTI'HO3UPOBAHUSA BPEMEHHBIX PA/10OB

Cmenanos A.A., Llnanax H.I1.
HATO HUAY MUDU, 2. Obnunck

ObecrieyeHne  HaJ@KHOCTH M 0e€30MacHOCTH  paboTHI
sHeproosokoB  ADC ¢ BBDOP-1000 sBusercs omgHOW U3
MIpUOPUTETHBIX 3asa4 PocaToma.

I'maBubie mmpkymauuonasle Hacockl (I'TITH-195M) — onmun u3
KIIFOUEBBIX 3JIEMEHTOB IIEPBOI'0 KOHTYpaA, UX OTKa3 MOXET IMIPUBECTU
K OCTaHOBY 0JI0Ka MK OoJiee Cephe3HBIM MTOCTEICTBUSM.

Meroapl aHanM3a TEXHOJIOTMYECKHMX ITApaMETPOB  paboTHI
sHeprodaokoB ADC, cBs3aHHBIC C MAIIMHHBIM OOYYEHUEM ITOKa, HE
HaIUTH TIHPOKOTO TMPUMEHEHHUS, HO MOTyT OBITh 3¢ (EKTHBHBI B
3aJadax QUarHOoCTHKH [1].

B pabore mpemmaraercs mnpumeHenue wmoxenu ARIMA
(AutoRegressive  Integrated Moving  Average) [2] A
MIPOTHO3UPOBAHMUS TapaMeTpoB padorocrmocodnoctrn ['IIH-195M.
PaspabatbpiBaercs METOANKA IOCTPOEHUS M BepU(UKAIII MOJIEIH Ha
OCHOBE peabHBIX IKCILTYyaTAI[IOHHBIX JaHHBIX. Pe3yapTaTel paboThI
MTO3BOJISIT CTPOUTH KPATKOCPOYHBIE M CPETHECPOYHBIE MPOTHO3BI
KIoueBblx  mapamerpoB  I'TIH, 4to maer  BO3MOXHOCTb
3a07aroBpeMeHHO  BBISIBIATH  TEHIASHIWH K  YXYAIICHHIO
paboTOCIIOCOOHOCTH, ONTHMU3UPOBATH TpPadUKd TEXHUIECKOTO
OOCITYy)KWBaHWsI ¥ CHU3UTh PHCKH BHEIIJIAHOBBIX OCTAHOBOB.

i aHanm3a NCIoNb3yIOTCS CIEAYIONINe TaHHbIE:

- nokazaausa ['TIH: TemnepaTypa oOMOTOK cTaTopa W MOKa3aHUS
BHOpallMi Ha  TOANIMITHUKOBBIX  OMOpax  DIEKTPOJBHUTATEINS,
MOJIOKEHNE OTCEYHBIX KIIAIAHOB, PACXOJ TEIUIOHOCUTENS M €ro
TeMITepaTypa;

- macnocucrema I'I[H: TemnepaTtypa Maciia u 1aBjeHHE B CHCTEME.

st KaKaoro napaMerpa npeanonaraeTcsi IOCTPOUTh OTACIbHYIO
MOJelb, TaK KaK Kagas CHUCTeMa HMeeT CBOM (u3nyecKue
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0CO0CHHOCTH (M3HOC U YCTaJOCTh 000pYIOBaHMUs, CE30HHOCTD M3-3a
W3MEHEHUS Harpy3KH Ha OJIOK B TeUeHHE rojia u T.1.).

KauecTBo 1 3 (eKTUBHOCTh Ka)XI0H M3 MOCTPOCHHBIX MOJEINei
OyIyT OILICHUBATHCS C MOMOIIBI0 OaiiecOBCKOro MH(GOPMAaLMOHHOTO
kputepus (BIC) [2], xoTopplii TO3BONSIET ONpPENENUTh TOYHOCTH
OINUCaHUs AaHHBIX. YeM MeHblIe moTeps WHGOPMALUH, TEM JIydlie
Mozenb. HeoOxomumo yoenuThesi, YTO OCTaTKH HH(OPMAIIMH MOJICITH
MPEACTABISAIOT COOOM «Oenblii UIyM» W HE COJepKaT CKPBITHIX
3aKOHOMEPHOCTEH ¢ mmomotisio Tecta JIptonnra-bokca [3].

st BepuduKanmy MOJIeNId NCXOAHbIE JaHHbIe OyIyT pa3OuThHI Ha
00y4arolyr0 ¥ TECTOBYH BbIOOpkH: moka3zanus [I[H mnepBoii wu
TpeThel MeTIM W WX OJJIEKTpOJBUTATeNed OyAayT BBICTYNATh B
KadecTBe 00yJarolleid, a BTOPOM U YeTBEPTOH - B KAUECTBE TECTOBOM.

Jluteparypa

1. CrenanoB A.A., lmanak H.I1., MunuenkoB JI.A./ Anamu3
W3HOCA CHUCTEMBl aBapHHOIO BBOJa OOpa B AaKTHBHYIO 30HY
peakTopHoi yctaHoBKH THiia BBOP-1000/ TexHOreHHBIC CHCTEMBI U
aKoorudeckuii puck. Tesucel moxmanoB VII Mexmyrapogroi (XX
PervonanbHoit) HayuHoH KoH(epeHuu. O0HuHCK, 2024, C. 76-78.

HECTAIIMOHAPHAS TEIVIOITPOBOJHOCTbD IIPAMOI'O
PEBPA TAPABOJIMYECKOI'O ITPO®NJISAL C
HNEPEMEHHBIMU CBOMICTBAMHU MATEPHUAJIA PEBPA U
KO29PUIUMEHTOM TEIVIOOTJAYN

Jleguenxo B.A.Y, Kawees M.B.%, Axcenos U.A.*
000 SHUMI] «Moodenupyrowue cucmemvy, 2. QObHuHCK
2Mockosckuii ¢hunuan «Llenmpamommexsuepzoy,

AO «Amommexsnepeoy, 2. Mockea

IMpm wucnonb3oBaHuM OpeOpeHHss B OOOPYNOBAaHUM SICPHON
TEXHUKH BO3HHMKAeT HEOOXOAMMOCTh B ONPEACICHUHN BIUSHUS
MepEeMEHHOCTH CBOMCTB Marepuana pedpa U Koddduuuenta
TEIUIOOTIauM OT pedpa K OKpY)Kalomiel cpese (1ajnee — mapamerpbl)
Ha XapaKTepHCTHKH pedpa — pachpeneieHne TeMIepaTypbl Mo
BbICOTE pedpa, JTUHEHHBIN TEMJIOBOM MOTOK 4Yepe3 ero OCHOBaHHE,
3¢ deKTUBHOCTE pedpa U K03 ULHNEHT HapallMBaHHUS IOBEPXHOCTH.
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Ilog cBoiicTBaMu Matepuana peOpa cieayeT IOHUMaTbh €ro
IUIOTHOCTh, KO3(p(PULIMEHT TEIIONPOBOTHOCTH U  HM300apHYIO
TEeII0EMKOCTb.

B xuure [1] HailineHbl XapakTepUCTUKH MNPAMBIX U KOJbBIIEBBIX
pebep pasnauuHoro mpoduiast 0e3 SHEProBuiACICHUS B pedpax B
CTaIlMOHAPHOM COCTOSHUU. B cratbe [2] pelieHa omHOMEpHAs
HecTallMOHapHasl 3ajavya TeIUIONPOBOAHOCTH B TPSMOM pebpe
OPSIMOYTOJIBHOTO TpodMiIsi € TIEPEeMEHHBIM IO BBICOTE pebpa
9HEproBeIICIeHNEM. B yka3aHHbIX ~ paboTax  IpUHHMAETCS
JOMyIIEHHE O TIOCTOSIHCTBE CBOMCTB MaTepuala peOpa u
ko3 duimenTa remnooTauu.

B nanHoii pabote chopMmynupoBaHa MOCTAHOBKA OJHOMEPHOM
HECTAIlMOHAPHON 3a/laudl TEIJIONPOBOJHOCTH B TMPSIMOM pedpe
MPOU3BOJIBHOTO TPOMWIS C TIEPEMEHHBIM DHEPTOBBIJICIICHHEM U C
YYETOM 3aBUCHMOCTH OT TeMIIepaTypbl nmapameTpoB. [locraBnenHas
3ajlaya YMCJIEHHO pellleHa METOAOM MporoHkud [3] mis pedpa
mapadoaIUIecKOro npoduIs.

B nensx cpaBHeHUs XapaKTEpUCTUK pedpa NpHU NEpeMEHHBIX U
[IOCTOSIHHBIX MTapaMeTpax MOIy4eHO aHAITHUECKOE PEellieHHE 3aJaul
IUI aHAJOTUYHOro pedpa ¢ MOCTOSHHBIMU IIapaMeTpaMu METOA0M
WHTETPAIIbHOTO TpeodpazoBanus Jlammaca. [Ipu 3TOM 3aBUCHMOCTH
9HEProBBIAEIEHUS OT KOOPJAMHATHI AlIIPOKCUMUPOBAHA C IIOMOIIBIO
Merona Jlanmomra [4] B BUJe CyMMBI SKCIIOHEHIINATBHBIX ()yHKITHA,
IIOCTOSIHHBIE MapaMeTPbl COOTBETCTBYIOT TEMIIEPAType OCHOBAHUS
pebpa.

Haiinensr muHEHHBIA TEIJIOBOH IOTOK Yepe3 OCHOBaHHE pedpa,
s dexTnBHOCTH pedpa 1 KOIPPUIHEHT HapaIIUBaHUS TTOBEPXHOCTH.

IIpu mnepemeHHBIX mapaMmeTpax Temieparypa pedpa BBILIE,
JTIMHEWHBIN TEIUTOBOH MOTOK Yepe3 OCHOBaHME pedpa HUXKe, YeM IpH
nocTosHHBIX. CHI)KEHHE TEIJIOBOrO MOTOKA CBSA3aHO C TEM, YTO IPU
MEPEMEHHBIX IapaMeTpax TpaJydeHT TeMIIepaTypsl B OCHOBaHUHU
peOpa cTaHOBHUTCS MEHbIIE. BcnencTBue yMEHBIIEHHS TEIIOBOIO
moroka 3¢ QeKTUBHOCT, pedpa W KOIQPHUIMEHT HapaluBaHUS
MOBEPXHOCTH TPH TEPEMEHHBIX IIapaMeTpax HWXKE, YeM MpH
MOCTOSTHHBIX.

Jlnteparypa

1. lneiinep I1. MaxxenepHbie mpoOaeMbl TEMIONPOBOAHOCTH. —
M.: 3patenscTBO HHOCTpaHHOM tuTepatypsl, 1960.
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2. Jlesuenko B.A., Kamees M.B., Axcenos U.A.
HecranmonapHsie XapakTepUCTUKH MPSIMOTO pedpa MpSMOYroJIbHOTO
OpoQuiIsi C y4eToM IMEpEMEHHOCTH SHEPTOBBIACICHUSI 10 BBICOTE
pebpa // Bompocel aromHol Hayku u Texuuku. Cepusi: SAnepHo-
peakTopHble KOHCTaHTHI. — OOHHUHCK, 2025.

3. Camapckuii A.A. BeeseHne B TEOpUIO pa3HOCTHBIX CXEM. —
M.: Hayka. [I'naBHas penmakumus  (QHU3MKO-MaTEeMaTHYCCKON
nuTepatypsl, 1971.

4. Jlanmom K. IlpakTuueckue MeTopl MPUKIATHOTO aHAIHM3A:
CrpaBoyHoe pyKoBOJACTBO. — M.: I'ocymapcTBEHHOE HM3AATEIHCTBO
($u3NKO-MaTeMaTnIecKoi JuTepaTypsl, 1961.

CPABHUTEJIbHBIN AHAJIN3 MOJEJIEN
TYPBYJIEHTHOCTH B 3AJIAYAX BEPUOHUKALINU
IT'NJIPOJNHAMUKU AKTUBHOM 30HBI BTTP

Kuszoxun /1.B., Huxonaes /1.C., Kypuyun /1./1., Hemxuna T /1.
HI'TY um. P.E. Anexceesa, Huoxcnuii Hoszopoo

COBEpIIICHCTBOBAHNE METOJIOB YHCIEHHOTO MOJCTHPOBAHUS
TEIUTOTHJIPABIIUKK  BBICOKOTEMIIEPATYPHBIX  a300XJIAXKIAEMbIX
peaktopoB (BTI'P) siBisercs KpuTHYIECKH BaKHOW 3amadeii B CBETE
TpeOoBaHMIT K 0€30MacHOCTH W SKOHOMHYSCKOH 3(h(HEKTHBHOCTH
coBpemeHHBIX ~ ADC.  OcoOyr0  CIOKHOCTb  IPENCTaBIISIET
MPOTHO3UPOBAHUE TEUCHUS TCTUIOHOCHTEINS B CIIOXKHO MPOMUITBHBIX
3JIEMEHTAaX aKTUBHOM 30HBI, TAKAX KaK KAHATbI HUXKHETO OTPaxaTes,
rie  TOYHOE TMpENCcKa3aHhe TMONieH  CKOPOCTH  OMpenelseT
JOCTOBEPHOCTbH MOCIETYIONIMX MPOYHOCTHBIX U TEIIOBBIX PACUCTOB.

B pamkax paGoThl ObUT pealM30BaH KOMIUICKCHBIN IOIXO/,
BKIIOYAIONIMKA ~ HATYpHOE  (PU3MYECKOE  MOJCITHPOBAHHE U
BBIYMCIIUTENbHBIN 3KcriepuMeHT. Co3[aH aspoIMHaAMUYECKHH CTEH],
BOCITPOM3BOIAIIMI B MaciiTabe 1:1 cerMEeHT HYKHETO 3aMEHSIEMOTro
orpaxarens (H30) BTI'P (pucynok 1).

J11st peU3nOHHBIX M3MEPECHU I KHHEMATHUECKUX XapaKTEPUCTHK
MOTOKA HCHOJB30BANCSA JIA3epHBIA  JOMIICPOBCKUN  U3MEPUTEND
ckopoctu (JIAMC). IlapamnensHo BbimonHeHo TpéxmepHoe CFD-
MozenupoBanue ruapoauHaMuky B nakere ANSYS CFX. OcHoBHoe
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BHUMaHHE Y/ICICHO CPAaBHUTEIBHOMY aHAIU3Y TPEX MEPCIEKTUBHBIX
monener TypoynentHoctu: SST, BSL-EARSM u SSG, Ha cerouHoi
MOJICIU BBICOKO# eTanu3aiuu (7 MIH JIEMEHTOB).

Kawian M1C CY3 Baiinacksie 3a30psi

Kanansi oxnaxaenns

800

Puc.1. DxcnepumeHTanbHas MoOJEIb

IIpoBeneHHBIN KOJIMYECTBEHHBIN aHAJIN3 [10Ka3ajl CYLIECTBEHHOE
pa3iuyne B MPOrHOCTUYECKON CIIOCOOHOCTHU MCCIIEAYEMBIX MOJIETICH.
YcraHoBNeHO, 4TO MOJEenb TypOyneHTHOoCcTH SSG JEeMOHCTPUpYET
HAWBBICIIYIO CXOJMMOCTh C O3KCIIEPUMEHTAIBHBIMU JIAHHBIMU,
obecrieunBasi OTKJIOHCHHWE HWHTErPALHBIX IapaMeTpoB MOTOKA B
npenenax 6%. Moxenmu SST u BSL-EARSM, HecMOTpsI Ha MEHBIITYIO
BBIYHCIUTEIBHYIO CTOMMOCTD, CHCTEMAaTUYECKH 3aBBIIIAIN CKOPOCTH
B MIPUCTEHOYHBIX O0JIACTAX W 30HAX OTPHIBA ITOTOKA.

Ha ocHoBaHMM pe3ynpTaToB OEHUMApPK-TECTHPOBAHHS ClHEIAHBI
CJIEIYIOIIHE BHIBO/IBI:

1. Monens SSG sBnsiercsl aJeKBaTHBIM HHCTPYMEHTOM JJIs
MOJIEIUPOBAHMS  AHU30TPONMHONW TYpOYJEHTHOCTH B  KaHalIax
rpaduToBoit kimanku BTTP.

2. IlpemnoxeHa u ampoOMpOBaHA METOAWKA BepUPUKAIIUN
pacyeTHBIX  KOAOB, TpPUMEHWMas Ui 3a7ad  PEeaKTOPHOI
TUAPOIMHAMHUKH.

3. IlomydeHHbIe MaHHBIE SABISIOTCS OCHOBOW ISl ANBHEUIIIETO
MOJIEIIUPOBAHMSI TETUIOMACCOIIEPEHOCa U TIPOBENEHHS TIPOYHOCTHOTO
aHaJIn3a MOJHOpPa3MEpHBIX aKTUBHBIX 30H BTIT'P, yTo BHOCUT BKIIaz B
OIITUMU3AIUIO TIPOSKTHPOBAHMSI.

Pabora BBIOTHEHA B paMKaX rocylapcTBEHOTO 3ajaHus B cepe
HayyHOU nestenbHOCTH (Tema Ne FSWE-2024-0003) s HUJI TT SIDY
HoBoro nokojeHusst HI'TY um. P.E. Anekceesa.
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BOJIOKOHHO-OIITUYECKASA TUAT'HOCTHUKA
KOHCTPYKIIUH B YCJIOBUSIX PAIUALIMA U
MEXAHUYECKHUX HAI'PY3O0K

Maowcumos A.3., Heanoe B.B.
HI'TY umenu P.E. Anexceesa e. Husicnuii Hoeeopoo

COBpeMeHHLIe CYIOBBIC AACPHBIC SHEPTCTUUYCCKUE YCTAHOBKHU
(YHKIMOHUPYIOT B YCIOBHSX KOMIUIEKCHBIX 3KCIUTyaTal[MOHHBIX
Harpysok, BKIIIOYAKOIIUX JUHAMHWYECKNEC MEXaHNYCCKUEC
BO3[I€I710TBI/I$I, 3HAYUTCIbHBIC TEMIICPATYPHBIC Irpaan€HThI,
arpecCcCMBHYI0 MOPCKYIO Cpemy W CIOXHYIO 3JIEKTPOMAarHWTHYIO
00cTaHOBKY. AHamu3, IpeJ/cTaBIeHHbIN B padore [1], mokasbiBaerT,
qTO0 TPpaaUIIUOHHBIC CHUCTEMBI KOHTPOJIA AEMOHCTPUPYIOT
NMPUHIUITUATIBHBIC OI'paHUYCHUSA B TaKUX YCIOBUAX, IIPOABIIAA
QJICKTPOMAarouTHYHO BOCHPHUUMUYMBOCTL AQHAJIOTOBBIX TPAKTOB U
VSI3BUMOCTh K BO3JCMCTBHIO AJIEKTPOMAarHUTHOTO HMITYJbCA.
JlonomHUTENFHBIMA mpobiIeMamMu SBIISTIOTCS TOPIOYECTh
TTOJTUMEPHBIX 1710 £ 100707 Kabeneit U HEONTHMaJbHbBIE
MaccorabapuTHBIE XapaKTEepPUCTHKU KaOelbHBIX Tpacc, HEraTHBHO
BITUSIIOIIFIE HA BECOBOE COBEPIICHCTBO KOHCTPYKITHH.

B kadecTBe mepCneKTMBHON allbTEpPHATHBBLI paccMaTpUBAETCA
CO3/IaHWE€ TIONMHOCTHIO OINTHYECKOH CHCTEMBl MOHHTOPHHTA Ha
OCHOBE pAaCHpENelIeHHbBIX U TOYEYHBIX BOJIIOKOHHO-ONTHIECKUX
TaTIukoB. DHU3MUecKod OCHOBOW (YHKIMOHHPOBAHHS TaKHX
JATYNKOB  CIY)KUT  MOAYIALNHAA  TapaMeTpoB  ONTHYECKOTO
V3Iy4eHHs] TI0J] BO3ACHCTBHEM KOHTPOIHUPYEMBIX (PHU3UIECKUX
mioneii. OCOOEHHOCTHIO TIOAXO0/IA SBIISICTCS Peai3alisa KOHIISTIIUN
"KOHCTpYKIM Kak gatyuk” (Structure-as-a-Sensor), mpu KOTOPOH
BOJIOKOHHO-OTNITUYECKAN KaOellb, WHTErPUPOBAHHBI B CHIIOBBIC
AJIEMEHTHl KOHCTPYKIIMH, OJHOBPEMEHHO BBIMONHAET (QYHKIIUU
JIUHUY CBSI3HM U PACIIPE/IEIIEHHOTO CEHCOopa.

PazpabatpiBaemast cumcrema 0Oasupyercs Ha  IIPUHIMIIAX
THOPUIHOM  apXUTEKTYphl CEHCOPHOW CeTH, BKIFOYAOIIEH
pacnpesnereHHbIE JAaTYUKA HAa OCHOBE pPE(IESKTOMETpUH IS
MOHUTOPUHIA TEMIIEPaTypHBIX Nojed u AedopManuii, TOUeUHbIE
JaTYMKH Ha OCHOBE BOJIOKOHHBIX OpATTOBCKMX pELIETOK s
BBICOKOTOYHBIX H3MEPEHHMH AMCKPETHBIX MapaMeTpoB, a TaKkKe
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ONTHYECKHE  JAaTYUKH  (UBHKO-XMMHUYECKHUX  I1apaMeTpOB.
KpuTtnueckn Ba)XKHBIM acHeKTOM SIBJISI€TCSI peasin3alys MpPUHIIUIA
MPOCTPAHCTBEHHO-(QYHKIIMOHAIBHOTO  PE3EpBUPOBAHMUS  uepe3
OyONMpOBaHWE MAarvCTPANbHBIX ONTUYECKUX JIMHUH CBS3H C HMX

MIPOCTPaHCTBEHHBIM pa3HeceHueM u UCIIOJIb30BaHUE
OTKa30yCTOMYMBBIX  TONOJOrMH. JlomosHUTENBHO — co3laercs
MHOI'OYpOBHEBas cucreMa JUarHoCTUKHU OCIOCTHOCTH,

OCYILIECTBIIAIONIAS HEMPEPHIBHBII MOHUTOPUHT 3aTyXaHHUS B
ONTHYECKUX TpakTax U aBTOMATHYECKYIO PEKOH(HUTYpaIHIo
KaHaJIOB.

Hayuno-TexHuueckass peanu3anysi MpoeKTa TpeOyeT pelieHHs
psaa uccienoBaTenbckux 3ajad. [lepBocTeneHHoe 3HaUeHNE UMEET
W3y4YEHHE  PAJUAllMOHHOW  CTOMKOCTH  Pa3IMYHbIX  THUIIOB
ONTUYECKUX BOJIOKOH C YYETOM SBIEHHS PaJWalMOHHO-
WHIYIIUPOBAHHOTO MouepHeHus. [lapannenbHo BeqyTcs: paboThI IO
pa3paboTKe  KOMIICHCAI[MOHHBIX  aTOPUTMOB IS y4era
MEPEKPECTHBIX  BAUSHUM  (U3MYSCKMX  TOJNEH,  CO3JaHMIO
MaTeMaTUYECKUX  MOJeNell  paclpoCcTpaHEHHs  ONTHYECKOTO
U3JIy4EHUs B YCIIOBUAX KOMIIJIEKCHBIX MEXaHUUECKUX BO3ZEH CTBUH,
a Taxoke (Y OpMHPOBAHUIO TTPOTOKOJIOB 00paOOTKH OONBITMX JAHHBIX
OT pacIpe/e/IeHHbIX CEHCOPHBIX CETeH.

I[lomumo  obecrieueHwst  SIEKTPOMAarHUTHOH  WMMYHHOCTH
KaHaJIOB H3MEPEHHMs U CBS3M, CHUCTEMa IIO3BOJIUT IIOBBICHTH
[IOMEX 03aILHUIIEHHOCTh u JOCTOBEPHOCTb KOHTPOJIbHOM
nHbopMaruy.  3HAYUTEIBHBIM  NPEUMYLIECTBOM  SBISIETCS
BO3MOXXKHOCTh ~ PEAIM3aLlMU  HENPEPHIBHOIO  PACIPEAEIEHHOIO
MOHUTOPUHIA COCTOSHUSI KOHCTPYKUMH MpH OXHOBPEMEHHOM
COKpaleHnn Macchl KaOenpHBIX cucreM Ha 40-60% 3a cuer
MEHbLIEH IUIOTHOCTH ONTHYECKHX BOJOKOH. DTO CO3Ja€T OCHOBY
Ul Tepexofa K INPOrHO3HOMY TEXHHYECKOMY OOCIYXKMBAaHUIO
HOBOT'O MTOKOJICHHS.

Jluteparypa

1. [saauk, B. B. OHepreruka aTOMHBIX CyIOB : yueOHOe ocodue
/ B. B. Is1uk, A. B. Cypun, B. ®. Pomannos. — Cankr-IlerepOypr :
Jlanp, 2023. — 213 c¢. — ISBN 978-5-507-13045
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AHAJIN3 KOHCTPYKTUBHBIX OCOBEHHOCTEM "
noaxoa0B K ObOCHOBAHHIO BE3OITACHOCTH
ATOMHBIX CTAHIIMU MAJIOU MOIIIHOCTH

FOpacosa K.A.Y Kaweee M.B.2, Jlesuenxo B.A.?
Y40 «UTL JDKITy, 2. Mockea
2000 DHUMIL] «Modenupyrowue cucmemvty, 2. Q6HUHCK

ACMM (aTomMHBIE CTAaHIMKA MAaJOW MOIIMHOCTH) OTJIMYAIOTCS
MHOTO( YHKITMOHATbHOCTHIO: OHHU MOI'yT TeHEpUPOBATh
JJIEKTPUYECTBO, IIPOU3BOAUTE F'OPSIUYIO BOAY U I1ap, ONPECHSTH BOMY.
brnaromapst amuTenpbHOMY TIepruoay paboThl Ha oHOM 3arpy3ke (7—15
.HCT) U KOMITAKTHOCTH TAaKHUE CTaHIIUMU CTAHOBSTCA 3KOHOMUHYCECKHN
IIPUBJICKATCIIbHBIM PECHICHUEM.

AxrtyanpHocTe ACMM Bo3pacTaer B CBSI3M C HEOOXOANMOCTHIO
JeKapOOHM3AlMN DYHEPTreTUKH, 3aMElICHUS] YCTapEeBIIUX YrOJIbHBIX
MOIIIHOCTEH M oOecleYeHuss CTaOUIBHOIO SHEProCHA0KEHUS B
M30JIMPOBAHHBIX cucTeMax. O00CHOBaHME X 0€30IacHOCTH TPeOyeT
MepecMoTpa TPaTUIMOHHBIX TOJXO/IOB, OPHEHTHPOBAaHHBIX Ha
kpynHomaciTadusie ADC.

OCHOBHOI 11eNTbI0 JAHHOTO UCCIIENOBAHUS SIBIISJIOCH POBEICHUE
aHaJIM3a KOHCTPYKTHBHBIX OCOOEHHOCTEH W KITFOYEBBIX IOJXOMOB K
obocHoBaHMIO 6e3omacHocT ACMM.

PaccMotpens! crenyromnye peakTopHbIe YCTaHOBKH:

1. PUTM-200H (Poccus): HHTETPATTEHBINA peakTop,
pa3paboTaHHBI Ha 6a3e CyJOBBIX TEXHOIOTHH.

2. MACTEP (Poccus): MamorabapuTHblii aBTOHOMHBIH
CaMOpETyJIUPYEMBII TEIJIONPOBOAHBIN PEAKTOP.

3. NuScale Power Module (CIIA): xapakrepusyercs
WHTETrpalbHOW KOHCTpyknueil (orcyrctBue BHemHuX ['1H) u
WCIIONb30BAHNEM E€CTECTBEHHON ITUPKYJISIIIVH TETLTOHOCUTEISL.

4. HTR-PM (Kurait) / PBMR (IOAP): ncnons3yroT mapoBbie
TBOJIBI M TPAQUTOBBIA 3aMemuTenb. VX TIIaBHOE MPEUMYIIEeCTBO
— BHYTpPEHHSAA O€3011acHOCTh, OCHOBaHHAas Ha CBOWMCTBaxX TOILIMBA
(KepHBI, TOKPHITBIE MMHPOYTIEPONOM). IDTO TMO3BOJISLET HCKIIIOUYUTH
HEOOXOAMMOCTh B KPYIMHOHW AaKTUBHOW CHCTEME aBapHIHOTO
OXJTXKJICHUS.
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5. BPECT-OJ-300  (Poccus):  wcmoib3yeT  CBUHIIOBBIN
TEIUIOHOCUTENb. be30macHoCTh 00OCHOBBIBACTCS OTPUIATEIBLHBIMU
OOpaTHBIMM CBS3SIMH 110 PEAKTUBHOCTH U  HCIIOJIb30BaHUEM
(pU3MYECKMX  CBOMCTB  TCIUIOHOCHTENS  JUIS  MCKIIOYCHHS
KpyIHOMacTabHbIX aBapHii ¢ Teubto 1-ro koutypa (LOCA) [1].

AHanu3 KOMIOHOBOYHBIX pemieHndd ACMM mokaszan, drto
KOHCTPYKIIMM CTaHIIMHA MajlOd MOIIHOCTH 3HAYUTEIILHO OTIMYAIOTCS
oT KoHCTpyKiuil TpaguunoHHsIXx ADC (BBOP-1200 u ap.) 3a cuer
MIPUMEHEHUS MHHOBAIIMOHHBIX WH)KEHEPHBIX pelIeHHH,
HaIpaBJICHHBIX HA MOBBIIIICHHE 0€30MacHOCTH.

OcHoBHOe oTnnuue obocHoBanus OezomacHocTh ACMM — 310
CMEIIIEHUE aKI[EHTa C AKTUBHBIX CHUCTEM (TPEOYIOIIMX BHEIIHETO
MUTaHKUs ¥ BMEIIATE/IbCTBA NIEPCOHAJIA) HA TACCHBHBIE CUCTEMBI.

ACMM npoekTupyroTcsl MO MPUHIKITY, COTJIACHO KOTOPOMY B
CiIydae aBapuu, TpeOyIOIeH OXIaKIeHUsI aKTUBHON 30HBI, CHCTEMBI
AKTHBHPYIOTCS aBTOMATHYECKH W TOIJIEPKUBAIOT Oe3omacHoe
COCTOSHAE B TEUECHHE UIMTEIBLHOrO Iepuoma (mo 72 dacoB) 6e3
BMEIIATENbCTBA OIEpaTopa. JTO 3HAYUTENHHO CHUXKAET BIMSHUE
YyeloBeueckoro  (aktopa W 3aBUCHMOCTH  OT  BHEIIHEH
HHPPACTPYKTYPHI [2].

B pesynpTaTe npoektet ACMM neMOHCTPUPYIOT 3HAYATEITHHBINA
Iporpecc B 00JIACTH SIEPHON 0€30MacHOCTH, TOCTUTHYTHIN 3a CHET
WHTETPaIbHOM KOMITOHOBKH, HWCITONIE30BAHUS TIACCHBHBIX CHCTEM
0e30MacHOCTH ¥ BHEIPEHUS TEPENIOBBIX TOIUTMBHBIX PEIICHHH
(MukpotBaJisl B HTGR, m10THOE TOIIHMBO IS OBICTPHIX PEAKTOPOB).

Jluteparypa

1. Amamos E.O., Kamummenko A.B. u ap. BeICTpEIit peakTop co
cBUHLOBBIM TerioHocuteneM BPECT: ot koHuenuu K peaausanuu
TEXHOJIOTHH // AToMHas 3HEprHs, T. 129, BoiI. 4. - M., 2020.

2. lAEA. Technology Roadmap for Small Modular Reactor
Deployment // IAEA Nuclear Energy Series, no. NR-T-1.18. - Vienna,
2021.
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OIEHKA DOPEKTUBHOCTU DKCIIIYATALHNOHHBIX
PEKUMOB ITPU NTPOAJIEHU U KAMITAHUHN
9HEPI'OBJIOKA C PEAKTOPOM BB3P-1000

Huxumace ' H., Jlankuc A.A.?
YBUTH HUAY MUDHU, 2. Boneodouck
2Pocmoeéckas amomuas cmanyus, — unuan
AO «Konyepn Pocanepeoamom»

OHHMM U3 KITFOYEBBIX HAMPABICHUHN MOBBIIIEHUS 3P PEKTUBHOCTH
paboTel 3HEprodsokoB ADC sBISETCS MNPOJUICHUE TOILTUBHON
KaMIIaHWW. DTO TO3BOJISIET MTOBBICUTH KOI((UITUEHT MCIIOIb30BAHUS
ycranoBieHHoi momHocTH (KMYM), mepeHecT# Cpokd IUTaHOBO-
npenynpenutensbHoro pemonTta (IIIIP) u wm30exaTh OCTaHOBKH
9HEProOJIoKa B MEPUOJIbl ITMKOBBIX HATPY30K [1].

PexxuM mpojsieHust KaMIIaHUK PeaTu3yercst 3a CYET COBMECTHOT'O
WCTIONIB30BAHUS MOIMHOCTHOTO W TeMmIeparypHoro 3ddexTos
PEaKTHUBHOCTH TMPH TUIABHOM CHIDKEHHH TeIJIOBOM MOITHOCTH
peakTopa W Tmepexoie TypOWHBI Ha paboTy CO CKOJNB3SIUM
JaBIIEHHEM BO BTOpOM KOHTYpe [2].

Lenpto  HacTOSIIEro  WCCIENOBAaHHUS  SBISIETCS  aHAJM3
IKCIUTyaTallMOHHBIX XapaKTepuCTUK dHeprodmoka BBOP-1000 B
peXrMe TPOUICHUS KaMIIAHUHU CO CKOJIB3SIIIIAM JaBIICHHEM, OIleHKa
ero Bmmsana Ha KIIJI TypOoycTaHoBKM w©  ompeneieHHe
SKOHOMHYECKOTro P dekra.

B mporpamme United Cycle 6p1a pa3spaboTana Monenb TEMI0BOH
CXEMBbI, OCHOBaHHAs Ha METO/I€ TEILTOBBIX U MATEPUATBHBIX OaTaHCOB
[3].

[IpoBenennbrii aHamu3 paboThl 3HEProOJIOKa B  YCIOBUAX
yXyALeHus pereneparuu (mpu orkmouennn rpynn [1BJl) mokasan
MIPEUMYIIECTBO CKOINB3SIIIEr0 peKUMa Mepe] PEKUMOM MTOCTOSTHHOTO
naBieHus (puc. 1). YCTaHOBIIEHO, YTO CKOJNB3SIINNA PEKUM HE TOIBKO
KOMIIGHCHPYET TOTepH, HO U OOECIeYMBAET BBIMTPHIIT B
ANEKTpUYecKoil MomHocTH 10 7 MBT, HanOosiee 3HAYUTENBHBIN B
cpenHei yactu paboyero quana3oHa MOITHOCTEH.
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Puc.1. Pa3Hunia B 2I€KTpUIECKONH MOITHOCTH HAa CKOJMB3SIIIEM U
MIOCTOSIHHOM JIaBJICHUH

CoBMmenieHrne MOIIHOCTHOTO A(@(eKTa CcO  CKOIB3SAIINM
naBiieHreM Ha 3Heprooaoke BBOP-1000 mo3BonseT yBeIuInuTh
SHEPTOBHIPAOOTKY TMpU MPOAJICHUU KaMIaHUHM. Pacuérsl,
BBITNOJHEHHBIC TIPU CPEIHEW OTIYCKHOM LIEHE AIEKTPOIHEPTUr
1,8 pyo/(kBt'u), TmOKa3pIBaIOT, YTO TPU  TUIHYHOU
MIPOJAOKUTEILHOCTH TIpoaieHus B 10-15 a3pdekTuBHBIX CyTOK
JOTIOTHUTEIBHBIM IKOHOMUYECKUM AP deKT cocTaBisieT 1-2 MiIH
pyOJiell Ha OJIHY KaMITaHHWIO 10 CPAaBHEHHIO C TPATUIIMOHHBIM
METOJIOM.

Jluteparypa

1. IIpockypskoB A.I'., Kamnos B.®., Buzpenees E.H.
OxoHOoMHUYecKas AP(PEKTUBHOCTh PabOTHl ATOMHOTO YHEPTo0IOKa C
BBOP B pexume npomiieHUsT KaMIaHUH. DJIEKTPUYECKUE CTAHLUU.
1987;(9):5-8.

2. TI'paués A.C., Jlankuc A.A., Cmonuna A.JO. Bo3MoxHOCTE
MIPOJUICHUS KaMITaHWW JACHCTBYIOMUX dHeprooimokoB BBOP-1000 3a
cuer paboThI Ha CKOJTB3SIIIEM JIABJICHUH BTOPOrO
KoHTypa. ['mobaneHas  smepHas  OesomacHocTh.  2023;(2):66-
78. https://doi.org/10.26583/gns-2023-02-08. EDN: BWGUOU

3. Kommnamus «M Cucrems» [DJIeKTpOHHBIH pecypc]. —
URL.: https://msystema.ru/ (nata oopamenus: 03.03.2025).
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BJIMAHUE HA PAANAIIMOHHY IO OBCTAHOBKY
MEJJEHHOI'O PACXOJIA’KUBAHUS SHEPI'OBJIOKA
JIADC-2 B IEPUO/ OCTAHOBA UISA PEMOHTA

Eemywenxo E.AY Kaweee M.B.? Jleguenxo B.A.%2, Casunos P.H.,
Lloeuxos A.B.*
YDunuan AO «Konyepn Poconepeoamomy «Jlenunepadckas

amomuas cmanyusy, 2. Cocnoguii bop
2000 DHUMI] «Modenupyrowue cucmemwly, 2. OBHUHCK

B mepuox pemoHTa 3HEpProOJioka MOIIHOCTH JIO3Bl TamMMa-
W3IYYEeHUS] OT OOOpPYIOBAaHHUS SJICPHBIX PEAKTOPOB C BOJHBIM
TEIIOHOCUTEIIEM ONPEACIIACTCA JOITOXKUBYIIUMHA paIMOHYKIINIaMU
KOPPO3HOHHOTO  TIPOUCXOXKICHUS, COPOMPOBAHHBIMU  IIJICHKOM
MPOAYKTOB KOPPO3WH Ha BHYTPEHHHX IOBEPXHOCTAX KOHTYypa [1].
OCHOBHBIMU paanOaKTUBHBIMU N30TOoIIaMu KOPPO3WOHHOI'O
NpoHcXOXKIeHHs saBisoTcs -Cr, *Mn, ®Co, ®Co, *Fe, a tawxe
Uompg

C KaXIpIM TOZIOM 3KCIITyaTalliy dHeproosokoB JIeHHHrpacKon
ADC-2 mpocnexxrBaercs TEHACHIHS YBEITMYCHUS MOIITHOCTH J03HI OT
OCHOBHOT'O 000PYIOBaHHUS U TPYOOIIPOBOIOB TIEPBOT'O KOHTYpA.

Jua  yrmydmenust paguialiiOHHONH OOCTaHOBKA B ITOMEIICHHUSX
PEaKTOPHOTO OTAEIEHHS B TEPHOJ IUIAHOBO-TIPERYIPEAUTEILHOTO
peMoHTa BTOoporo sHeprodmoka JIADC-2, mpoBOAUBIIETOCS B HaYajIe
2025 roma, BHEAPEHO B MPAKTUKY PaOOTHI TEXHUYECKOE PEIICHHE,
CBSI3aHHOE C MEIUICHHBIM PacXoJa)kKHBaHHUEM HHEPTroOJIOKa BO BpeMs
OCTaHOBA JUIA MTPOBEICHUS PEMOHTA.

MenneHHbI  PEeXUM  PACXONKUBAHHUS IO3BONISIET CHU3UTH
KOHIIGHTPAIIMI0  AKTUBUPOBAHHBIX  IPOAYKTOB  KOPPO3HH B
TEIUTOHOCHUTENE U, KaK CIEJCTBUE, YMEHBIIINTH JO30BbIE HATPY3KU Ha
TIePCOHAIL.

B mpomecce memneHHOro pacxoiaXWBaHUS OBUIA BBITIOTHEHBI
CIIEIYIOIIIE MEPOTIPUSTHS:

— HachIleHne GUIBTPa CMEMIAHHOTO JISHCTBHS Tpu TiepeBoe PY
n3 cocrosiHust MKY B ropsiaee cocTosiHIE B ITpoIiecce BBOAA pacTBOpa
OOpHOI KHCIIOTHI B TEPBBIA KOHTYp ISl CO3JaHUS CTOSHOYHOM
KOHIIEHTpaIu 0opa;
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— TOIKIIOYEHHE OMOJHHUTEILHOTO (QHUIBTpa MOCIE IMepeBoia
9HEpProdJioka B TopsdYee COCTOsSHHE, oOeclieueHHe CyMMapHOTO
pacxo/a TerIoHOCHTeNs uepes GHIbTphl 60 M%/u;

— pacxolaXMBaHHWE pPEAKTOPHOW YCTAHOBKHM W CHIDKEHHE
Temnepatypsl TertonocuTens 10 130 °C co ckopocthio 30 °C/y;

— pacxolaXMBaHHE pPEAKTOPHOW YCTAHOBKHM W CHIDKEHHE
Temnepatypsl TerioHocutens ot 130 °C go 70 °C co ckopocThIO He
oonee 2,5 °C/4a npu pabore nyx ['TTHA;

— OUHUCTKAa TEIUIOHOCHTEN Ha QWIbTpax TIOcle CHIKEHUS
TemiiepaTypsl TerioHocutens Hiwke 70 °C B TeueHue 4 9acoB mpu
pabore nByx I'TITHA.

Peanmzanuss MeANEHHOrO0 pacxXojaKMBaHWs —I[OKa3aja, dYTo
(UIABTPEI CMEmIaHHOTO JeWcTBUSA, paboras B mape, Hauboiee
3 PEKTUBHO OUMIIAIOT TEIJIOHOCUTENbh OT AaKTUBHPOBAHHBIX
MPOJYKTOB KOPPO3HUH IIPH 33JJaHHBIX pacxoje, Temieparype u BXP.
HauGonpmias 3 GeKTUBHOCT,  OYUCTKM  HAONIOmaercs  IMpH
temnepatype temioHocutens 110 °C (koadduipieHT ounctku ~ 20)
u Temieparype oT 70 °C mo 40 °C (koadduiuent ourctku ~ 10) npu
nByx padoraromux ['TTHA.

YwmenblieHue mnokazartens pH TensoHocuTenss B - Ipolecce
pacxonaXMBaHUS TPHUBOAUT K yBEIUYEHUIO pPacTBOPUMOCTH
MPOAYKTOB KOPPO3WM W BCIUIECKAM AaKTUBHOCTH. Pe3ynbraThl
mmepenns MAD]] mokazanu CHIWKEHHE MOITHOCTH 10361 oT ['LT
npaktiudeckd Ha 10 %. 3adukcupoBaHO YMEHBIIEHHE aKTHBHOCTH
HOPMHUPYEMBIX PaJWOHYKIHIOB B BBIOPOCaX B BEHTIIIALMOHHYIO
TpyOy B mepsbie aum [IIIP. HaGmiomaercss cHIbKeHHE Ha TOPSIOK
00bEMHOI aKTUBHOCTH pernepHoro paauoHyknuaa Ag-110m B
KOHTPOIIbHBIX OaKax.

Jluteparypa

1. TloBapos B.IL., PocuoBckuit C.B. m ap. Pammanmonnas
3alUTa 3HEProOJIOKOB aTOMHBIX 3JEKTPOCTAHIMHA mpoekra «ADC-
2006». - Boponex : Jlmamanr, 2021.
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CUCTEMHDIN AHAJIN3 Y IPEJUKTUBHOE
MOJIEJIMPOBAHUE N3HOCA TPA®UTOBBIX
MOIIMUITHUKOB TEPMETUYHBIX HACOCOB
CYJOBBIX 1DV

Koponés A.E., Hsanoe B.B.
HI'TY umenu P.E. Anexceesa e. Husicnuii Hoeeopoo

B KOHCTpYKIMSIX CYHOBBIX SIAECPHBIX YHEPre€TUUECKUX YCTaHOBOK
OPHHIUI TIIyOOKOH TepMeTH3aluu TEepBOr0 KOHTYpa SIBISIETCS
0a30BbIM TpeOoBaHMeM Oe3omacHocTH. B peakropax tuma KJIT-40
€ro peann3aius CBsi3aHa ¢ MPUMEHEHUEM TepMETHYHBIX HACOCOB, TJIE
pOTOp Bpamaercs B TOMIIAITHAKAX CKOJBXEHHUS, paboTaronmx B
NpPSIMOM  KOHTAaKT€ ¢  TEIUIOHOCHUTEIEM. OTH  IpadUTOBBIC
MOJIIUITHAKA CTAHOBATCSl ONPEEISIONIAM  3JIEMEHTOM pecypca
arperara. PaboTtas moj BO3/EHCTBHEM DKCTPEMAIBHOTO JABIICHHS,
TEeMIepaTypsl M pajulaliK, OHH WHTEHCHBHO W3HAIINBAIOTCH,
IpeBpalast JIOKaJIbHYI0 HEHCIPAaBHOCTh B CHCTEMHYIO MH)KCHEPHYIO
pooIeMy.

Mommunuauk B Hacoce KJIT-40 ¢hyHKIMOHUPYET B cpelie IEPBOro
KOHTYypa TIpu JaBiaeHnu okoio 12.7 Mlla. [1]. Ha Hero xputudecku
BIIHSICT HECTaOMILHOCTD (U3UKO-XMMUYECKUX CBOMCTB
TETUTOHOCUTENSA: KoleOaHWs BOJHOIO pPEKMMa, CHIKeHHne pH m
MIOCTOSIHHOE IIPUCYTCTBHE B3BEIICHHBIX IPOAYKTOB KOPPO3HH,
BBICTYMAOMUX  abpa3uBoM. JONMONHUTENBHYI0  [IHUKIMYECKYIO
HArpy3Ky CO3JAal0T TEPEXOIHBIE PEKHUMBI — MOBTOPSIONIECS

«XOJIOJIHBIE)» U «TOPSYNE» OCTAHOBKH, PaJIUKaIbHO N3MEHSIOIIN e
YCIIOBHSI CMa3K{ | TEIUIOBBIE 3a30pbl. FI3HOC MOIIIMITHUKA BHI3BIBACT
KacKaJ TOCIECTBHI: POCT 3a30pOB HapyIlaeT IHHAMHYECKYIO
0amaHCHPOBKY pOTOpa, yBEIHYWBAaeT BHOpamWH, CHOCOOCTBYET
YCTaJlOCTHBIM  TIOBPEXKJICHUSAM JIPYTUX DJIEMEHTOB W  CHMIKAeT
MPOU3BOJUTEILHOCTh HACOCA M3-3a BO3POCIIHX ITEPETEUEK.

ITepexox K THpPeAMKTHBHOMY YIPABICHHIO PECYpCOM TpedyeT
JETePMUHUCTHYECKUX MOJIENel, OCHOBAaHHBIX Ha (DM3MKE ITPOIIECCOB.
Ki1roueBbIMU YMCIEHHBIMU METOJIAMH SIBIISTIOTCS:

1) CFD-mopenupoBanue, TO3BOJSIOIEE  aHAJIM3UPOBATH
MOBEJICHUE TEIUIOHOCUTEIS B 3230P€ MOIINITHIKA — IOJIS JaBJICHUS,
CKOPOCTHM M KOHLEHTpanuuu dYactuu. OHO AaéT BO3MOXKHOCTD
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ONTHUMH3HPOBATh TEOMETPHUIO CMa30uHBIX KaHAaBOK, (OPMUPOBATH
YCTOWYMBYIO  THIPOIMHAMHMYECKYIO MOAYIIKY, 0Oecle4nBaTh
BBIMBIBAHWEC ITPOAYKTOB M3HOCA U BBISABJIATH 30HbI KABUTAIIUU.

2) FEA-monenupoBanue, Hcroib3yiomiee pe3ynbratet CFD
ISl pacuéra HanpsHKEHHO-Ie(OPMUPOBAHHOTO COCTOSHHUSI MaphI

«BaJI-BKJIaJbID», ONPCACICHNA 30H MAaKCUMAJIBbHBIX KOHTAKTHBIX
HaIpsDKEHUM W [IPOTrHO3UPOBAHMS MHTEHCUBHOCTH H3HOcA. TepMmo-
MEXaHHN4YeCKasd MOICIb, YUYHUTBIBAIOIIAsA HArp€B TPEHUEM U TEIIJIOBOC
BO3JICHICTBHE TEIJIOHOCUTEISI, IIOMOTaeT OIEHWBATh JepOopMaluu U
PUCKH 3aKIMHUBAaHWS poTopa. WHTerpammst Mojeneil u3Hoca
MTO3BOJISIET MPOTHO3UPOBATH U3MEHEHHE 3a30pa BO BPEMEHH.

B pa3BuTHM 3THX IOJIX0/10B HpEjIaraeTcsi KOHLENINS 3aMKHYTOM
aJalTHBHOM CHCTEMbI C JWHAMUYECKUM LHU(POBBIM JIBOWHHUKOM
MOJIIIUITHUKOBOTO y3/1a. B OTIMune OT cTaTU4ecKuX MoJeNei, oHa
IMOCTOSAHHO KOPPEKTHUPYCTCA MO AAaHHBIM TCIEMETPUHU pPCAaIbHOIO
Hacoca. OObenuHenne MoHUTOpuHTa W mporHo3HbIXx CFD/FEA-
Mozenell oOecrednBaeT Mepexof] OT PErNIaMEHTHBIX PEMOHTOB K
00CITyXMBaHHIO TO (DAKTHYECKOMY COCTOSHHIO, YTO TI03BOJISICT
AKTUBHO YTPAaBIATh PECYpCOM KPUTHYECKOTO y3Jia ¥ IMOBBIIIATH
HaAEKHOCTD BCEH CYJIOBOM PEAKTOPHON YCTaHOBKH.

Jluteparypa

1. Anexun B. B. u nmp. MammHocTpoeHHE siaepHON TeXHUKH. KH.
2 / Tlox pen. 1. JI. Kupuiiosa. — M.: Mammnoctpoenue, 2005.

— 351 c. — ISBN 5-217-03256-1.

PACYETHBIE UCCJUIEJOBAHHA B OBOCHOBAHUE
XAPAKTEPUCTUK TEPMOSAJAEPHBIX YCTAHOBOK HA
OCHOBE MAJIOPATMOAKTABHOI'O D-’HE TOILIMBA

Tooec A.U., Konopawos O.B., ®edopos /[.B., [llabnos B.JI.
HATD HUAY MUDU, 2. Obrunck

Pa6ora MOCBSIICHA pas3pabotke KOMILJIeKCa
YCOBEpIIEHCTBOBAHHBIX METOIOB M aJTOPUTMOB ONPEAEICHUS
XapaKTepUCTHK MEPCIIEKTUBHBIX TAP, MCIIOJIB3YIOIIUX

MasioHeiTporHoe D-*He TonmmBo, ansTepHATUBHOE TPAUIMOHHOMY
D-T TomnuBy [1]. B oCHOBY KOMILIEKCa MOJIOXKEHBI YIy4dLICHHBIC
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JaHHbIE [0 CKOPOCTSIM TEPMOSICPHBIX peakuuid B AWana3zoHe
temnepatyp 10-130 k3B, paccumThiBaeMble C HCHOJIB30BAHUEM
coBpeMeHHBIX naHHBIX U3 0a3 NACRE u EXFOR u npubnmxeHus
spdekTuBHOrO  paamyca [2], W  KOPPEKTHOE  OMHCaHHE
SHEPreTHYECKUX TMOTeph Ha TOPMO3HOE W MAarHUTOTOPMO3HOE
n3nydeHue. Ha paHHOM dTame uUCCiIeqoBaHUM HCIONIb30Bajlach
MOJIeTIb M30TEPMHUUCCKON TUTa3Mbl, KOTOpas MO3BOJISIET OIMHCHIBATH
SHEpPreTHYecKne IOTepH Ha MAarHHTOTOPMO3HOE H3IydeHHWE Ha
OCHOBE MeToja TpyOHHMKOBAa W ONPENCIMTb BaXKHEUIIHI IEJICBOM
napamerp THAP-tpoiinoit kputepuit Jloycona. UccnenoBaHust AByX
LIMKJIOB Hcronb3oBanus D-2He Tormpa (ki camoobecnieuenns *He
YW TIOJMHOCTBIO KaTaln3upoBaHHBIM D-D mukm) mpu  pazmudHbIX
3HaueHMIX Kod(uimenta ycunenus Q, koadduimeHTa orpakeHus
MarHUTOTOPMO3HOTO W3JIydeHuss I W mapamerpa [ (OTHOLIEHUS
ra30KHHETHYECKOTO JIABJICHUS MJIa3Mbl K MATHUTHOM ) TIOKQ3aJIH, YTO
TemmepaTypa TpoiHoro kpurepus JloycoHa nexuT B quamasone 40-
50 3B, 9TO CyIIECTBEHHO HIKE MPEKHUX OIEHOK TEeMITepaTyphl
peanuzanun YTC, oTHocsmuxcs Kk kpurepuio Jloycona - 105-120
K3B, 1 cpaBHEMO ¢ TemIepaTypoi TpoitHoro kpurepus misi D — T
peakTopos-14 k3B.

Tunnyasle pe3yabTaThl MpHUBENCHB B Taomwme 1 mis Q = oo u
ACMEeKTHOTO OTHOIIEHHS 1.5, n;-KOHIEHTPAINs HOHOB TIJ1a3MBbl.

Ta6un. 1. [TapameTpsl peakTOpOB TOKAMAKOB JJIsl LKA CAaMOOOECTICUeHHS
3He (1) u nonHocThIO KaTanuzuposanHoro D-D uukna (11)

OCHOBHBIE | |
rapameTpsl
B 0.5 1 0.5 1
r 0.65 0.92 0.65 0.92
B 2.27 1.77 2.40 1.83
np/n; 0.859 0.881 0.460 0.490
Nie/Ni 0.135 0.109 0.460 0.490
nt/n 0.004 0.004 0.002 0.003
(ne+ np)/n; 0.002 0.006 0.078 0.017
T, k3B 34 41 43 50
nitT, eMm k3B c 3.76:10Y | 1.31-10Y7 | 5.41-10Y7 | 7.48-10'°
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B nenom nomy4deHHbIE pe3yNbTaThl COrMIACYIOTCS C Pe3yIbTaTaMU
pabor [3,4], B KOTOpPBIX paccMaTpUBAIUCH PEAKTOPBI CO CXOXKHMHU
napaMeTpamH.

UccnenoBanue BBHIMONHEHO Tpu mojuaepxke Poccuiickoro
Hay4groro ¢oumga (rpant No. 25-22-20058).
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PACYET TEMIIEPATYPHOI'O PEXKUMA TOILIABHBIX
KOMITIAKTOB 1 MUKPOTB3JIOB C TRISO IOKPBITUEM
JJISA ADTC C BTI'P

basiox C.C2 byneaxosa A.B. ! Manvuuesa E.A.Y, [Tapamonoea
/&
Y®dr40y BO CIIBINY, 2. Canxkm-Ilemepbype
240 «HHUH HIIO «JIVUy, Iodonbck

C 2021 roma AO «Konuepn Pocaneproarom» QuHAHCHPYET
WHBECTIIPOGKT MO pPa3pabOTKe TEXHONOTUYECKUX PELIeHUN i
CO3JaHMS AaTOMHO-3HEPrOTEXHOJIOTMYECKOW CTaHIMU C XUMHKO-
texnonorndeckoin yacteio (ADTC ¢ XTY) mna npoussonctsa Hy,
HamNpaBJICHHBIE HA CTpaTernyecKWid TMepexo]] K BOJOPOIHOMN
sHepreTuke [2].

Tormmeo BTI'P mpencrapisier coboli cepruieckre MUKPOTBAIIBI
(MT) mmamerpom 830 MKM, COCTOSILIME W3 TOIUIMBHOI'O KEpHA Ha
OCHOBE IIMOKCH]ia ypaHa C HAHECEHHBIM 4-X CIIOWHBIM 3alUTHBIM
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TRISO nokperriem (TRI-structural 1ISOtropic), aucneprupoBanHbie 1
CIIEYEHHbIE B rpadpuTOBOii MaTpule, (opmupyroei
nuuHapudeckuit  TorumBHEI kommakT (TK) Beicoroir 50 MM u
muamerpom 125 wmm  [1]. TK pacnomoxensl B KaHaldax
reKcaroHaJlbHBIX TMPU3MAaTUYECKUX TOMIMBHBIX OJokoB (TH) m3
KOHCTPYKIMOHHOT'O TpaduTa, 13 KOTOPBIX COCTOUT aKTUBHAs 30Ha (A3)
BTI'P. I'enepupyemoe peaxuueii aenenus nzorona “°U temno or MT
gepes TK u Th oTBoauTcs renmueM, MUPKYIUPYIOIIEM B KaHaIax
OXJTAXKIICHUS.

B paGore cMomenuMpoBaHBI — CTAllMOHAPHBIE  pacIpeeNeHus
temriepatyp TK u MT npu HOpManmbHBIX YCIOBHUSX 3KCILTyaTalllH
BTI'P B anemenrtapHoii sueiike Th Ha ocHoBe pa3paOoTaHHBIX
ckpunroB B 10 MathCAD u ANSYS Mechanical. Paccmorpensr
TEII000MEH TEeIIONPOBOTHOCTHIO, KOHBEKIMEH, HEpaBHOMEPHOCTH
JHEproBbIeNeHns W HarpeB He mo Beicore m ceuennio A3.
MakcumanbsHas Temnepatypa TK, BblUMCIEHHas aHAJUTUYECKH,
cocraBiser 1354 K (puc. 1), ompenmeneHHass METOOOM KOHEYHBIX
anementoB (MKD) — 1352,32 K (puc. 2) (orxnonenue ~ 0,1 %).
HauGonpmas remneparypa kepHa MT, onpenencHHas aHaIMTHYECKH,
nocturaer 1361,47 K (puc. 3a), MKD meromom — 1361,63 K (puc. 30)
(orkmonenwue ~ 0,01%).

PaszpaboTaHHbIe CKPHUIITHI TO3BOJISIOT PACCYUTHIBATH OCHOBHYIO H
anprepHaTuBHYO KoHCTpyKumy MT u TK ¢ BapbupoBaHHEM reoMeTpun
1 MatepraibHoro cocraBa. OcBoeH u BepuduipoBan MK3 meron mis
JIETAIbHOIO MOJIEIMPOBAaHUS TEMIIEPATYPHBIX pexUMOoB Torunea BTTP.
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Puc. 1 —  Pacmpenenenuss Puc. 2 — Pactipenenenue remmneparyp
temneparyp B TK, oskBuBaneHTHOH B siueiike Th

sueiike Tb W TemnoHocuTene Mo

BbIcOoTE A3

o) I 6

Temparature, K

300 350 400 THERMAL DISTRIBUTION IN A SINGLE MICROFUEL

Puc. 3 — PaguanbHoe pacripenenenue temmneparypsl B MT:
a) aHanuTHueckuit Mmerox, 6) MK3 meron
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INOBBILNEHUE JOCTOBEPHOCTHU PACYUETOB
BJIUAHUSA BUOJOTHUYECKOI'O OBPACTAHUA HA
TEINVIOTUAPABJIMYECKHUE ITPOLOECCHI B
IVIACTUHYATBIX TEIINIOOBMEHHHUKAX HA OCHOBE
CFD-KOJOB C HCITOJIB30OBAHUEM METOJA GCI

®omenxo HJI.Y, Yusunes A.B.?
YHBITH HUAY MHUDU, . Hoeosoponeor
2@unuan AO «Konyepn Poconepzoamom» «Hoeoeoponexcckast
ADC», 2. Hososoponesic

[Mnactunyareie TermmoooMenHuku ([1TO) sBASIOTCS KpUTHUYECKH
BOXKHBIMH JJIEMEHTAMH OJHEPreTHYECKOro OOOpYAOBaHUs, YTO
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TpeOyeT BBICOKOTOYHOH OLIGHKM HX  TEIOTHAPABIMYECKUX
xapakrepuctuk. Hecmorpa Ha mmpokoe npumenenne CFD-
MoznenvupoBanus g aHanuza [1TO, cnoxxHas reoMeTpus UX KaHaJIOB
CO3/1aeT 3HAUUTENbHBIE TPYAHOCTU I MOCTPOEHUS ONTHMAaJIbHBIX
pacdeTHbIX ceTok. OTCyTCTBHME CTaHAAPTHU3UPOBAHHOW METOAMKH
Bepu(UKAMK  TOYHOCTH  TaKUX  pPACUeTOB  NPUBOIUT K
HEKOHTPOIUPYEMOM  MOTPEUIHOCTH, CBSI3aHHOM C  BJIMSHUEM
JMCKPETU3aIUH, U CyObEKTUBHOCTH TIPU OI[EHKE Ka4eCTBa CETKH.

Hcnonp3oBaHue HEAOCTATOUHO TOYHBIX PACUYETHBIX CETOK
MPUBOJUT K WCKKEHHWIO TPAJUEHTOB KIIOUEBBIX (QH3MUECKUX
BEJIMYHH, TAKMX KaK CKOPOCTb, JaBlieHHEe U Temneparypa. OcobeHHO
CYIIECTBEHHBIC TMOTPEIIHOCTA BO3HUKAIOT B OOJIACTSX C BBICOKOH
MPOCTPAHCTBEHHOW HM3MEHYHMBOCTHIO TEUEHHs: B IOTPAHUYHBIX
CIIOSIX, 30HaX OTPBIBA ITOTOKA M BUXPEBBIX CTPYKTypax. Puznyecku
3TO  TpOSBISAETCS B HEKOPPEKTHOM MPOTHO3UPOBAH HU
KO3(PUIIUEHTOB TEMIO0OMEHA W THAPABIMYECKOT0 CONPOTHBIICHUS,
YTO MOXET IPUBECTH K OIIMOKaM IpU TPOSKTHUPOBAHUM U
orrtumuzaruu I1TO.

Jl1s KOJIMUYECTBEHHON OLIEHKM IOrPEIIHOCTH JUCKPETH3aluU U
IIPOBEPKU CXOAUMOCTH PELICHU MIPEII0kKEHa MOAN(DUKALIS METOIa
Grid Convergence Index (GCI), OCHOBAaHHOIO Ha MPHHIIHIIE
PudapaconoBckoit axcTpamonsiuu [1]. B kadecTBe KiIHOUEBOro
KOHTPOJIMPYEMOTO IapaMeTpa, KOMIUIEKCHO XapaKTepU3YIOLIEro
s dexTuBHOCTH TemnoneperHoca B I1TO, ucnoms30Banoch J0KaIBHOES
yrcino Hyccenbra. B oTnMume OT MHTErpalbHBIX BEIWYWH, JaHHBINA
KpUTEpUH MON00MsS HENOCPEICTBEHHO OTPa)kaeT HHTEHCUBHOCTD
KOHBEKTHUBHOTO TEINIOOOMEHA B IMIPHCTEHOYHOM 001acTu [2].

UccnenoBanue npooaunocs s IITO ¢ mecTsio kaHamamuy,
UMeLero OWOIUIEHKM Ha IOBEPXHOCTH IIJIACTHH XOJOZAHOTO
KoHTypa, ¢ wucrnome3oBanmeM GCl Ha  mpumepe  Tpex
MOCIEAOBAaTENIbHO  CIyIIAeMbIX  ceTok  OydepHOoil  Mozmenu
nsyxcekuuonHoro  IITO.  IloctpoeHme — pacueTHBIX  CETOK,
MOJETTMPOBAHNE TEUEHUSI M TEIIOOOMEHa, a TaKKe pacyder IMoieH
gmcen Hyccenbra BeIMOMHSIIHCH B TporpamMmMHoM KoMmiutekce ANSYS
CFX [3]. KoatpumumenT usmenbueHns CETKH MEKAY PacdeTHBIMH
MOJIETISIMH COXPaHsUICS OJIM3KKUM K ITOCTOSSHHOMY 3HaueHuo (r = 0,5),
yro ygpoBiuerBopsier TpeboBaHusM Metoga GCIl.  KomuuectBo
3JIEMEHTOB NPH IEepexoae K Ooiee MENIKOM CeTKe YBEIMYHMBaJIOCh
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MPUOTU3UTEILHO B 8 pa3, YTO COOTBETCTBYET TEOPETHUCCKUM
OXKUTAHHSIM.,

[IpoBencHHBIE  pacyeThl  MPOJESMOHCTPUPOBAIU  BBICOKYIO
CXOIMMOCTh MEXAY TEOPETHUCCKUMHU OIICHKAMH U MPAKTHYECKHUMHU
pesynbratamu, momydeHHbIMH B CFD-makere. Pacxoxaenue
XapaKTePHBIX Pa3MEPOB SUYECK M KOJIMYECTBA 3JICMEHTOB CETKU HE
npesbimaino 1-2%. Anami3 unaexkca GCI Ha ocHOBe pacmipeneaeHus
gucina HyccenbTa mMOATBEpIUNT JOCTHXKEHHE aACHMIITOTHUECKOM
CXOOAMMOCTH pEUHICHHUS ITPU U3MEIIBUCHUU CCTKU.

[pennoxennas momupukamus meroga GCI ¢ ucnons3oBaHuEM
JoKaiapHOrO0 ymcia Hyccenbra mo3BoisieT 0OBEKTHBHO OICHUBATH
MOrPEIIHOCTh, CBSI3aHHYIO C JMCKpETH3alrel pacyeTHOW olmacTH
st [ITO co cmoxkHOM reomerpueii. Mertomuka oOecreduBaeT
noBeimieHue  goctoBepHoctd  CFD-pacuetoB W MoXker OBITh
IIpUMCHECHA B ITPaKTUKE MIPOCKTUPOBAHUA )51 OIITUMMH3AIINU
SHEPIeTUYECKOr0 00O0PYIOBaHMS, HCIONb3YIONMIErO IJIACTHHYATHIC
TEII000MEHHHKH.

Jluteparypa

1. TII. JIx. Poau, «Perspective: A Method for Uniform Reporting
of Grid Refinement Studies» - 1994

2. O.H. Bbproxanos, C.H. lllepuenko, «Temmomaccooomen» C.
319-336 - Uudpa-M, Mockea, 2012

3. A.C. KpaBuyk, «DJeKTpoHHAas OHMOJHMOTEKA MEXAHHKUA U
¢uzukn. Jekuun mo ANSYS ¢ nmpumepamu pellieHus 3a1a4 B IATH
qacTax», 9acTh 3, C. 56-93 — Munck, 2013

INPUMEHEHHMWE METOJ0B MAIIIMHHOI'O OBYUYEHUA
JJIsA AETEKTUPOBAHUA PEXKUMOB PABOTDI
TEINVIOTUAPABJIMYECKOI'O CTEHJA

Taspunos A.C., Kuamos A.A., Jlebedes U.B.
HUAY MUDU, 2. Mockea

OObecmieueHne 0e30IaCHOCTH AACPHBIX OHEPIreTUICCKUX
YCTAaHOBOK TpeGyer BHCAPCHU HWHTCIJICKTYaJIbHBIX CUCTEM
MOHUTOpPHHTA, CIIOCOOHEIX B pCaJibHOM BpPEMCHHU JCTCKTHUPOBATH
aHOMaJIuH. I_ICJ'ILIO HUCCIICAOBaHUsA ABJIACTCA CpaBHHTeJ’ILHLIﬁ aHaJIn3
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QITOPUTMOB MAIIMHHOTO OOYYEHHs Ui KIacCH(QUKALUU PEKUMOB
paboThl TEMIOrHAPABIMYECKOTO CTEHa, B KOTOPOM MOACITHPYIOTCS
TEIJIOBBIE IPOIIECCH TIEPBOTO KOHTYPa PeakTopa.

OkcnepuMeHTanbHas 06a3a HCCIleoBaHus - TAOOpaTOPHBINA CTEH]
HUAY  “MHUOU’[1], oOCHaIIEHHBIH CUCTEMOM  JaTYMKaAMH
TEMIIepaTypbl, TaBJICHHU U PacXoja.

CdopmupoBan Habop naHHBIX o0beMoM Oosiee 10 000 3ammceid,
BKJTIOYAIONIMH 15 KJIAaCCOB COCTOSHUMN: OT IUTATHBIX MEPEKIIOYEHHI
HACOCOB JI0 MMHUTAIMW ABapUHHBIX CUTyalMid (TeYH, OTKIIOYCHUE
HACOCOB, BO3pacTaHKE TEILIOBBIICICHHSI HA UMUTATOPax TBIJIOB). B
xoj1e npeno0padoTKu JTAHHBIX MIPUMEHSUIACH METO/IbI
CTaHJapTH3auK, JucnepcuoHHbd aHamm3 (ANOVA) u wmeron
rmaBHbIX KommoHeHT (PCA) g cHWKEHusS pasMEepHOCTH |
yCTpaHEHHs MYJIbTUKOJUTMHEAPHOCTH.

Hdna  xnaccudukammm — pexuMoB  Obutm  OOydeHBI U
MPOTECTHPOBAHBI  Pa3NMYHblE  AJTOPUTMBI:  JIOTHCTHYECKas
perpeccus, METOJ OIOPHBEIX BekTopoB (SVM), k-Ommxaimmx
coceneii (k-NN), HelipoHHbIe ceTH U aHcaMOJieBbie MeTobl (Random
Forest, Gradient Boosting, CatBoost). Pe3ymbratel OICHKH
a3 dekTUBHOCTH Mojenell Ha WCXOJHOM Habope IPeICTaBIICHBI B
Tabnuue 1.

Ta0mn. 1. Pe3ynbratel 00y4eHHs HA HCXOJJHOM HAa0Ope MPH3HAKOB

Precision Recall F1-score
AnroputM Accuracy (B3B.) (B3B.) (B3B.)
Logistic Regression
(ovr) 0.77 0.81 0.77 0.78
Logistic Regression
(multinomial) 0.96 0.96 0.96 0.96
SVM 0.98 0.98 0.98 0.98
Random Forest 1 1 1 1
Neural Net 0.91 0.91 0.91 0.9
CatBoost 0.99 0.99 0.99 0.99
Gradient Boosting 1 1 1 1
k-NN 0.99 0.99 0.99 0.99

Haunydmme mnokasaTenu NpOAEMOHCTPUPOBAIM aHCAMOJICBbIE
metosl (Random Forest, Gradient Boosting, CatBoost), mocturmie
3HayeHuii F1=<0.99-1.0. 3to mnoarBepkaaeT WX  BBICOKYIO
00001aloNyI0  CIOCOOHOCT, M YCTOHYMBOCTH K IIYyMy B
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SKCIIEpUMEHTANIbHBIX JaHHBIX. HeifpocereBoll moaxox Takke
MoKa3al MPUEMJIEMYI0 TOYHOCTb, OAHAKO YCTYNHJ aHCaMOJIsIM B
BBIYUCIIUTEIbHOU 3G HEKTUBHOCTH. JIuneiinsie MOJEIU
MIPOAEMOHCTPUPOBAIN CpeIHHE pe3yabTaThl, HO HX KayecTBO
MOBBICUJIOCH ITOCIIE€ TIPUMEHEHUSI peryspu3aim.

[lony4yeHHsle  pe3ynbTaTbl  OOOCHOBBIBAIOT ~ BO3MOXKHOCTH
MPUMEHEHUs] aHCaMOJIEBBIX AJITOPUTMOB UIS CO3/aHUSI IU(PPOBBIX
JBOWHHUKOB M CHCTEM NPEIUKTHUBHONW JIHArHOCTUKHU PEAKTOPHBIX
YCTaHOBOK.

Jluteparypa

1. Jlayap C., JdenoB M.U. u ap. TemioruapaBaudeckuii CTEH]T
JUIS  pa3pabOTKM HOBBIX PEHICHWA B O0JACTH HCIOIb30BAHUS
IUQPPOBBIX JBOHHUKOB OOBEKTOB aTOMHOM 3HepreTHkH // M3BecTus
BBICIINX Y4eOHBIX 3aBeieHUU. SlmepHas sHepreruka. - OOHHUHCK,
2020.

BJIMSTHUE HOHU3UPYIOIIUX U3JIYYEHUI HA
MOBEPXHOCTH MAPCA HA BHIBOP APXUTEKTYPHO-
CTPOMUTEJIbHBIX PEINEHAN KOHCTPYKIIUM C
YUYETOM TEXHOJIOT' PAINAIIMOHHOM 3AIIIUTHI

®nopenckuii B.M.*, Benos B.B.?
THUHUC® PAACH, 2. Mocksa
2HIY MI'CY, 2. Mocksa

IInanupyemoe ocBoeHne Mapca, BKIIOYAIOIIEE CO3JaHUE

JIOJTOBPEMEHHBIX 00UTaeMBIX 0a3s, CTaJIKUBAETCS c
(GyHIaMEHTaIbHBIM BEI30BOM — JKCTPEMaJIbHBIMH PaIalldOHHBIMH
YCIIOBHSIMH.

ITo nanueiM mpubopos RAD (Curiosity) u HEND (Mars Odyssey),
CpelHerooBas /103a Ha nopepxHoctu pocturaer 230-260 Mk3B, 4TO
B 15-30 pa3 nmpeBsilIaeT 3eMHbIE TOKa3aTend [1].

[IpranHamu, 0OyCIaBIUBAIONIMMH TOSIBICHUE HOHU3UPYIOIIETO
M3ITy4eHrs Ha IOBepXHOCTH Mapca, SIBJISFOTCS:

- ranaktryeckue kocmudeckue sryun (I'KJI): coctosT u3 mpoToHOB
(85%), anba-uactury (12%) u Tsoxéneix nonos (Fe, O, C; 3%) c
sueprusmu 1 MaB — 100 I3B.
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- COJTHEYHBIE YaCTHUIIBI BEICOKOM aHeprun (SEP): renepupyrorcs Bo
BpeMsI BCIBIIIEK U KOPOHAIBHBIX BEIOPOCOB Macchl. COCTaB: MPOTOHBI
(90%), anbha-yactuist (9%), HOHBI METAILIOB.

OrneHka HEWTPOHHOW KOMITOHEHTHI paJMaliMOHHOro (oHa Oblna
nposeneHa st Kpatepa ['eiin [2] u moka3ana, 4ToO OCHOBHOM BKJIAJl B
3¢ (QeKTUBHYIO 03y IO HEHTPOHAM BHOCAT HEHTPOHBI OYCHb
OOJNIBIIMX JHEPTUM 3a CYST CBOEH BBICOKOW IOpaKaOIIEH
ciocoObHocTu. TeM He MeHee BKJIaJl HEMTPOHOB B JIMAINla30HE HUXKE
10-15 M»sB 3uauutenen (6omee 50%). JlanHbIe TIO OCTAOIEHHIO
MEPBUYHOTO U3ITyUEHHsI aTMOC(EpOi, Tocie KOTOPOro MPOUCXOIUT
Mepexo/l Ha BTOPHYHOE HEUTPOHHOE M3ITyYeHU e, 3aHECEHBI B TAOJIUILY
1, oOumit BkIaa B ()OH U3JTyYCHHUN B 3aBUCHMOCTH OT THIIA CBEIICHBI
B Ta0IuILy 2.

Tab. 1. OcnabaeHue NepBUYHOTO M3Iy4eHHs

DHeprus 4acTHI] Ocnabnenue atMochepoit
< 100 M»B ITonHOeE nornoieHue
100 - 500 M»B 40 - 60%
>115B < 10%

Ta0. 2. CrieKTpbl U3ITy4EHHsI, COCTABIISIOIIETO PAIHALMOHHYIO O0CTAHOBKY
Mapca Ha IOBEpXHOCTH

Tun mnyyenust Bknan B o6uuii o, % A, %

I'KJI 70-80 10-12

SEP 5-15 (mpu Bembimkax 10 50) 15-20

BropudHbie HEUTPOHBI 20-30 25-30
ApXHTEKTypa COOPYKEHUI CTallMOHAPHOI Hay4HO-

HCCIIeIOBATEINbCKOM MapCHaHCKOH 0a3sel MOXKET OBITh
OITUMHU3HPOBAHA C YIETOM YPOBHEH M3IyUeHHS 1 HEOOXOIUMOCTHIO
3aIIUTHI OT HEUTPOHOB, pa3MEIIEHNEM KPUTHYECKH BaXKHBIX OTCEKOB
B IEHTpPaJbHOW, Hambolee 3alMIeHHOW 30HEe C OydepHBIMHU
BXOJHBIMH TpyIIaMH B TOpHax. B Tepuoasl MHHHMAaIBHON
COJTHEYHOM aKTHUBHOCTHU CJIEIYET JeNaTh aKUeHT Ha 3amuty oT ['KJI ¢
MOMOIIBI0  0aphepoB W3 pEroiauTa, TOrAa Kak B  IEPHOMIBI
MaKCHUMAaJIFHOM COJIHEYHOM aKTHBHOCTH HalWdue 3amuTel oT SEP
SIBJIICTCSI KPUTHYECKH Ba)KHBIM. BBUIY CIOXHOCTH TPOM3BOJICTBA
CTPOUTENBHBIX PabOT HYJIEBOTO IHKIIA, BOBHUKAET HEOOXOAUMOCTH
NpUMEHEHUS MaTepUalioB JUIsl CO3JaHUsA Kapkaca H3 JETKUX
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MaTepuaoB, HAIpPUMeEp, MOJMMEPOB, OTPaXKIAFOIIMX KOHCTPYKIHN
[3] ¢ wucnonb3oBaHMeM BBICOKOMPOYHOrO IIOJIOTHA, a 3aTeM
sKpaHHpoBaHue 00ChInKoii [4]. Konuenus kapkaca npeacraBieHa Ha

pucynke 1.
=
Sa

S

T @ . / "/
3 | ; ’\,7"/

Puc. 1. ApXuTeKkTypHOE pelIeHne KapKaca COOpyKEeHHs

TO.HIIH/IHa CJIOS TIOCBIIIKKM IIPUHHUMACTCA Ha OCHOBE pacydera.
Bxopanas rpymma - OydepHas 30Ha 6e3 rpyHTa. [IpuHsaTO YacTHYHOE
3arayoneHue (1o 1.5 MeETpOB) COOPY)KEHHS B PErojuT IS
ITOBBIIICHU I yCTOfI‘-IPIBOCTPI. CI)opMa CBOJa OITHUMaJIbHA 1A
BOCIIPUHATUA HArpy3kKu OT CJIOA 3aCBIIKH. K HEAOCTAaTKaM MOXKHO
OTHECTH HEOOX OTMMOCTE TPAHCITOPTHPOBAHMS MATEPHAIIOB KapKaca ¢
3CMJII/I, 4TO pemacTtcd NpUMEHCHHUEM aIJUTHUBHBIX TEXHOJIOTUHA U
CIIEKaHUEM PErojuTa JyIsl MPOU3BOICTBA JIEMEHTOB KOHCTPYKITUI Ha
MECTC.
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Science 218 (2022): 105517
HUCCJIEJOBAHUE THIPOJUHAMUKHA
TEIJIOHOCHUTEJISI B YCJIOBUSIX U3MEHSIIOIIEMACS
TEOMETPUU I'PAOGUTOBOMN KJAJKU AKTUBHOMN
30HBI BTTP

Kypuyun J[.J]., Huxonaes /[.C., Jemxuna T.J[., Jlecuanos M.A.,
Jmumpues C.M.
HI'TY um P.E. Anexceesa, e. Husxcnuii Hoe2opoo

[IpoexTupoBaHre BBICOKOTEMIIEPATYPHBIX Ta300XJIaXkIaEMBIX
peaktopoB (BTI'P) TpeOyer yTOYHEHHS TEIJIOTHIPABIMISCKAX
XapaKTePUCTUK aKTUBHOH 30HBI, (HOPMHPYEMOH U3 MPU3MATHUECKUX
rpaduToBbIX OJIOKOB. B mporecce skcIutyaTanyu TeoMeTpHs
Fpaq)HTOBOﬁ KiIIaAK1l HU3MCHACTCA BCJICACTBUEC MCXAHHUYCCKUX
BO3JICHCTBUN, TeMIeEpaTypHBIX JepopManuii, paaraluoHHOTO
pa30OyxaHus, 4TO MPHUBOAUT K CMEIIEHUAM OJOKOB OTHOCHUTEIHHO
HCXOJHOTO TOJIOKEHUS. DTH M3MEHEHHUS NPHUBOIAT K M3MEHEHHIO
pasMepoB  MEXKOJOYHBIX  3a30pOB M, KaKk  CIICICTBHE,
repepacipeieeHnIo MTOTOKOB TEMJIOHOCUTEIS MEXTY
OXJIKIAOMNUMK KaHaamMu u 3a3opamu [1]. [TomoOHBIEC TpoIllecch
OKa3bIBAIOT 3aMETHOE BIIMAHHE Ha TEIIOTEXHUYECKYI0 HaJIEKHOCTD
AKTUBHOW 30HBI U TPEOYIOT SKCIIEPUMEHTAIBHOTO aHAJIH3a.

Jiid xonmudecTBEHHOW OIEHKM BIHSHHUS IMUPWHBI 3a30pa Ha
pacrpeneieHine pacxoioB IOTOKOB B rpaduroBor kimaake BTIP
ObUTa TIpOBEEHAa Cepusl DKCIEPUMEHTOB Ha FWCCIENOBATEIHCKOM
CTEeHJIE C BO3AYIIHON pabodell Cpeoi MpH HOPMATBHBIX YCIOBHUSX.
OKcllepMEHTaNbHAasT ~ MOJENb  IPENCTaBisuila  co0OH  TpH
momHOMacmTabHele  cMexHble komoHHBI BTIP. C  menpro
(hOKyCHPOBKHM BHUMAaHHS Ha BIUSHUHM CAMOTO 3a30pa KOHCTPYKIIHS
Monend ObUTa YIpOIIeHAa U BBIIOJHEHa B BHJAE OTHIEIBHBIX
MMUTATOPOB IPaPHUTOBBIX OJIOKOB, BOCTIPOU3BOSIINX TPETh CEUSHUS
IITaTHBIX OJOKOB aKkTUBHOW 30HHEI (puc. 1). KoHcTpykums crenma
MTO3BOJISUIA U3MEHSTh MIMPUHY MEKOIIOYHOTO 3a30pa B AMAMA30HE OT
1 1o 4 mm.
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Pacxon uepes »KcmepHMEHTalIbHYI0 MOJENb MOAOHpAICS IO
Kputepuio noxobus PeliHonbaca, obecneunBaroieMy COOTBETCTBHE
PEeXKUMY HOPMAJIBHOM 3KCIUTYaTallUHd PEAKTOPHON YCTAHOBKHU.

N3mepeHnst pacxoOoB B KaHAJIAX MU 3a30pax BBIIOIHSINCH C
WCTONb30BAaHMEM ITHEBMOMETPHUYECKHX JIIEMEHTOB COOCTBEHHOM
pa3paboTKH, MPEABAPUTENBHO MPOIIEANINX TapupoBKy. CymMMmapHas
MOTPELIHOCTh U3MEPEHUil He mpeBblaia +4 %.

Kanan oxmaxaeHmsa

a) 6)
Puc. 1 Ynoporenue sxciepuMeHTanbHON MOJAETH
a) Koncrpykuus aktusHo# 30061 peaktopa BTI'P, 6) Ilonepeunoe ceuenue
OKCIIEPUMEHTAJIBHON MOJCIIN

B pesynapTare OKCHEpPUMEHTOB  yCTAaHOBIEHO, HTO  IPH
HOMHUHAJIBHOW IMPUHE MEKOIOYHOrO 3a30pa 2 MM IOJIS pacxoja
gepes 3a30psI cocTaBmia (2,7 +0,2) % oT cymMmMapHOTo pacxona gepes
JKCIIEpUMEHTAbHYIO MoJenb (OM. YMeHbIIeHre IMUPUHEI 3a30pa B
IBa pa3a — 10 | MM — TIPUBOAXT K CHIKEHHIO JIOJI Pacxoja gepes
3a30pel g0 (0,84 + 0,15) % mnpu HOpManbHOW 3KCIUTyaTalUH.
YBenuyeHune MWUPUHBL 3a30pa B ABa pa3a — 10 4 MM — BBI3BIBACT
pocT monu pacxopa gepes 3a3opsl Ao (7,1 £ 0,5) %.

Takum 00pa3oM, YCTaHOBJIEHO, YTO W3MEHEHHE TEeOMETPHH
rpaduTOBON KITaIKW, B YACTHOCTH IIUPUHBI MEKOIOYHOTO 3a30pa,
HampsIMyl0 ~ BJHSIET Ha  paclpeieleHrne  pacxofa  MEeXIy
OXJIKIAFOIINMHU KaHallaMH W 3a30pamMu. [laHHOe SIBJIEHHWE MOXKET
CHIDKaTh A(P(EKTUBHOCTh TEIJIOOTBOJAa W3 AaKTUBHOW 30HBI H
CHoco0CTBOBATh (POPMUPOBAHHIO JIOKATFHBIX 30H TIEperpeBna.

Pabora BhITTONTHEHA B paMKax rOCYJapCTBEHHOT0 3a/JaHus B cepe
Hay4dHO# nestenpHocTH (Tema Ne FSWE-2024-0003).

Jlnteparypa
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1. Ierpynun B.B., Komouuros H.I'., Amutpues C.M. u np.
SnepHble PHEPreTUUECKHE YCTAaHOBKU C BBICOKOTEMIIEpaTYPHBIMHU
MOJYJTBHBIMHU Ta300XJIaKAaeMbIMH peakTopamu. B 2-x T. [Tog oOmieit
pen. H.H. TIlonomapeBa-Cremnoro.  Hwxuuit  Hosropon,
Huxeroponckuit roc. TexH. yH-T, 2018.

OIIMCAHUE KPUTHYECKOI'O COCTOsIHUA
PEAKTOPHOM YCTAHOBKH BB2P-1200 C
MAKCHUMAJIBHBIM KO®OPUIIUEHTOM

PEAKTUBHOCTHU IO TEMIIEPATYPE
TEINVIOHOCHUTEJIA

Hapghénos T.A., [laceunux U JI.
I'TI «Benopycckas ADC», e. Ocmpogey, Pecnyoruxa berapyco

KoaddurmmeHnT peakTHBHOCTH IO TEMIIEpAType TEIJIOHOCHUTEIIS
SIBIIIETCA Ba)KHEWILIMM TapaMETpPOM AaKTHUBHOM 30HBI, KOTOPBIN
WCIIONB3yeTCs B KA4eCTBE HCXOMHBIX HaHHBIX TPH MPOEKTHOM
O0OCHOBaHMM W TIOATBEPXKIEHUH OE€30MacHOCTH  TOIUTMBHBIX
3arpy3oK.

[Ipn moarBepkaeHHHE O€30MACHOCTH TOIIMBHBIX —3arpy30K
MUHUMAJTbHOE W  MaKCUMalbHOE 3HadeHWe Kod(pdummenTta
PEaKTHUBHOCTH IO TEMIIepaType TEIJIOHOCUTENS B KPUTHYECKOM
COCTOSIHUHM COTIOCTABIIACTCS C KOHCEPBATUBHBIMH IIPEEIbHBIMH
3HAYCHUSIMH, TPHUHATHIM NP 000CHOBaHMH Oe3omacHocTH [1].

B coorBerctBHM ¢  yCTAaHOBIEHHBIMH  TpeOOBaHUSIMH
MaKCcHMaJbHOE 3HaueHrEe KO PHUINEHTa PEaKTHUBHOCTH JJOCTHTAETCS
Y PaCCUMTHIBAETCS B HAYAJBHBI MOMEHT JKCILTyaTaI[MH TOITMBHOMN
3arpy3kd (COCTOSHHME ¢ MaKCHMAJIbHBIM 3allacoOM PEaKTHBHOCTH Ha
BBITOpaHHE W MaKCHMAaJbHON KOHIIEHTpAIue OOpPHON KHCIIOTHI) B
KPUTHYECKOM COCTOSSHUM Ha MHHHUMAJIbHO-KOHTPOJIUPYEMOM YPOBHE
MOIIIHOCTH C MOJHOCTBIO U3BJICUEHHBIMU U3 aKTUBHOM 30HBI OP CY3
pu MUHUMAIIbHO-IOITY CTUMOM BXOJTHOU TeMIepaType
TEIIOHOCUTES U1 TAHHOTO COCTOsIHUA [2].

B nmannOI paboTe I MPOEKTHBIX TOIUTMBHBIX 3aIPy30K peaKTopa
BB3P-1200 benopycckoit ADC ¢ nomompto nporpammsl BUTIP-7A
nporpammuoro komiuiekca «KACKA/I» mpoBeneH pacyer 3HaueHUs
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ko3 (uImeHTa pEeaKTUBHOCTH IO TEMIIEpaType TEIIOHOCUTENS B
nepBbie 10 3¢p¢d.cyT. I COCTOSHNUS, OMUCAHHOTO BBILIIE.

ITo pe3ynbpraTaM NMpOBEJEHHBIX PACYETOB OBUIO ONPENENEHO, YTO
JUISL HEKOTOPBIX TOIUIMBHBIX 3arpy3ok 3HaueHue koddduumenrta
PEaKTUBHOCTH TIO TEMIIEpaType TEIUIOHOCUTENS B Havaie KaMIlaHUH
BO3pACTaeT, a 3aTeM HaUMHAET CHIKAThHCSL.

2-51 TONNWBHas 3arpyska 3- TONNWBHas 3arpyaka
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Puc.1. V3menenune koaduiimeHTa peakTUBHOCTH 110 TEMIIEpaType
TEIUIOHOCHTEIS B HaYase KaMIaHUH

Takoit  xapakrep TmToOBemeHWUs 3Ha4YeHHS  Kod(ddwurmeHTa
PEaKTUBHOCTH 110 TEMIIEpaType TEMJIOHOCUTENSI MOXKET OBITh
00YCIIOBJIEH H3MEHEHHEM KPHUTHYECKOW KOHLEHTpauuu OOpHOH
KHCJIOTHI B TEIJIOHOCHUTEIE IIEPBOI'O KOHTYPA BCIIEACTBUE U3MEHEHUS
KOHIIeHTpauuy ~*°Sm (Gonee MHTEHCHBHEIH XapakTep yosum “9Sm,
00pa30BaBIIerocs B pe3ybTaTe CaMOIPOM3BONBHOTO pacmana “Pm
IpU [UINTEIbHOM OCTAaHOBE pEaKkTopa, 4eM ero oOpa3oBaHHE B
pe3ynbTaTe AeJeHus TOITUBA).

Hecmotps Ha TO, uTO yBenuueHue K03 uIeHTa peakTUBHOCTH
no Temmeparype Temnonocutens (0,11-10° 1/°C) 3HaumTenbHO
MeHpIle MHorpemHocTd pacdera BMIIP-7A (3-10° 1/°C) [3],
pe3ynbTaThl  JaHHOW paboThl HEOOXOAMMO YYMTHIBATH MpU
MOATBEPXKICHNUU 0€30IMaCHOCTH TOIUIMBHBIX 3arpy30K, B TOM YHCIIE
IIPH ONIpeAeIeHU nHTepBasia cokparieHust N-1 TormBHOMN 3arpy3ku
MIpH NOATBEPXKAeHNH Oe30nacHOCTH N TOIUIMBHOM 3arpy3KH.

Jluteparypa

1. HomeHkaTypa SKCIITyaTallMOHHBIX HEWTPOHHO-(QU3MYECKUX
pacdeToB M M3MEPEHUH JUIsl TOIUIMBHBIX 3arpy3ok BBOP-1200 mia
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Bbenopycckoit ADC. — Octposen: I'Tl «benopycckass ADC», 2022. —
S2c.

2. Ou3nueckuii  MPOEKT  aKTUBHOM  30HBL. —  Mockaa:
HUL «KypuaToBckuit uHCTUTYT», 2017. — 228 c.

3. Kommneke mnporpamm KACKAJ. [porpamma BUIIP-7A.
Bepudukanuonnsnii  otuér. — Mockea: HUII «KypuaToBckuii
WHCTUTYT», 2020. — 63 c.

OLEHKA BO3MOXHOCTU MOJIEJNPOBAHUSA
IMAPOTI'EHEPUPYIOHIEI'O KAHAJIA C
HUCITIOJIb3OBAHUEM ITPOT'PAMMHOI'O KOMIIVIEKCA
FLOWVISION

Bbonomnuxosa A.A.
HATO HUAY MUDU, 2. Obrunck

Poccwuiickue sneprodiaoku ¢ peakropamu tuna bH s reaepanym
pabodero mapa BBICOKHX [apaMeTpPOB B HACTOAIIEE BpeMs
HCIIONB3YIOT CEKIIMOHHO-MO/IYJIbHbIE BEPTUKAILHBIC
MaporeHepaTopbl, CEKIMU KOTOPHIX WMEIOT [IBa OCHOBHBIX THIIA
MOAYJCH: WCmapuTelh W  TapomeperpeBarens. B TpyObl
WCMIAPUTEIFHOTO MOZYJSI TIOCTYIMAeT Hemorperas 10 TeMIepaTyphl
HACBHIIIEHWST BOJA, KOTOpash HarpeBaercs 3a CYeT TeIUIOTHI,
OTBOAMMOM OT HATPHUS BTOPOTO KOHTYpA, TEKYIIETO B MEKTPYyOHOM
MIPOCTPAHCTBE, IO TEMIIEPATYPHl KUTIEHHS, KATUT, 00pa30BaBIINICS
B pe3ynbTaTe BBIKUIIAHWS BOABI TAp IIeperpeBaeTcsi CBEpX
TeMITepaTypbl HACHIIEHHS, TIO0CIIC YeT0 OH HAIPAaBIIACTCS B TPYOKH
MOJyJIsl TapoTIeperpeBaTers.

Takum 06pa3oM B TpyOKax UCIIAPUTENS TEIIOHOCHTEh POXOAHUT
Yyepe3 HECKOIbKO Pa3IMIHBIX MPOIECCOB TEIUIOOOMEHA: HarpeBaHUe
BOJIbI, KHIIEHUE C HEJAOTPEBOM, ITy3BIPHKOBOE KHUIIEHHE, IJICHOYHOE
KHIIEHUE, TUCTIEPCHO-KONBIEBON PEKUM KHUIIEHHS, TIeperpeB mapa.
HarpeBanue BOIbI U TieperpeB mnapa MpoNCXOJSAT NPpH OAHO(MA3HOM
KOHBEKTHBHOM Termooomene [1].

B cBM3M CcO CHOXKHOCTBIO TIPOIECCOB, IPOUCXOJAIINX B
MaporeHepUpyolieM KaHaie, K MpOrpaMMHOMY KOMILIEKCY ISl UX
MOJICIIUPOBAHMSI JIOJKHEI MIPEIBSIBISTECS CIEAYIONE TPEOOBAHUS:
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- BO3MOXHOCTHh 3aJaHMs JUCHEPCHBIX (a3, UMHUTHPYIOIINX
ITy3BIPH Mapa U KaIljk BOJIbI,

- BO3MOXKHOCTD 3a1aHusl (a3bl IIICHKH;

- BO3MOXHOCTh 3aJaHUSl KUIEHUS, KaK BCTPOCHHOTO B
nmporpaMMHOe  oOecrieueHHe Tpoiecca, WM  KO3(pGHUIIUCHTOB
TEIUIOOTa4YM Ha IOBEPXHOCTH CTCHKH TPYOBl M Ha IOBEPXHOCTH
pasnena ¢as;

- BOBMOXKHOCTH MOJICIIMPOBaHMS (Da30BbIX IIEPEX OJI0B;

- TMOKOCTh (PpYHKIIMOHAJIA 33J][aHUs TPAaHUYHBIX YCIOBUH.

B nmanHoii pabGore mpeayaraercsi B KauyecTBE  CpeElbl
MOJISIMPOBAHUSI  PACCMOTPETh  OTEUECTBEHHBIM  MPOTrpaMMHBIN
komiuiekc  FlowVision —  poccuiickuii ~ CAE-naker  mis
MEKIUCIIUIUIMHAPHOTO MOJICIMPOBAHUS YCTPOMCTB U (PU3UUECKUX
nporieccoB [2]. ETo oCHOBHBIMH TPEUMYIIIECTBAMHY SBJISTIOTCSI:

- BO3MOXKHOCTH TIOJTy4EHUS CTYICHIECKOH JINIICH3UY;

- 3asBIIEHHAs BO3MOXXHOCTH MOJEITUPOBAHMUSI MHOTrO(a3HbBIX
TEUCHUH, TBIKCHUS CILTOITHOW CpeIbl, TEIUIO- M1 MacCOOOMEHa.

OpHaxo TaHHBIA TPOTPAMMHBIN KOMIUIEKC B HACTOSIIIEE BPEMS HE
HMMeeT BCTPOCHHBIX MOJIENIeN KUTIEHUS B TpyOax M He MOIIepKIUBAET
(YHKIIMOHAI, TO3BOJISIONINHT 3aJ1aTh TapaMeTphl (a30BOro Iepexoa.

[lo pesympraTtaM uCCIENOBaHUS MOXKHO CJHENATh CIEAYIONINE
BBIBOJIBI:

- UII  MOMAETHPOBAHHS  BCETO  KOMIUIEKCAa  IPOIIECCOB,
MPOTEKAIONMIMX B TAPOTCHEPHPYIONMEM KaHale, MoTpedyeTcs
MPOBOIWTh  CONPSDKEHHBIE ~ pacyerbl I KaXAOro W3
TIOCTIEIOBATENHHO MTPOTEKAIOIINX MPOIECCOB TEIII000MEHa;

- Ha JAHHOM dTale WCCIICIOBAaHUS HENb3sI OMHO3HAYHO CYIUTH O
BO3MOXKHOCTH  MOJIETTUPOBAHUS  TMPOIECCOB, MPOTEKAIONNX B
naporeHepupyromeM kaHaie B [IK FlowVision.

Jluteparypa

1. TleryxoB Bb.C., I'eann JLI'., KoBanes C.A. TermnooOMeH B
SIIEPHBIX SHEPTEeTUUECKUX yCTaHOBKax. — M.: Atomusnar, 1974.

2. TESIS Ltd., FlowVision Bepcus 3.15.02 [IIporpammnoe
obecrieuenne]. URL: https://flowvision.ru/ (mata obpamnieHus
30.11.2025)
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AHAJIM3 BJUSAHUSA TEOMETPUA TEIIVIOOBMEHHOI'O
YCTPOVMCTBA HA D®®EKTUBHOCTD
PACXOJIA’KUBAHUSA HATPUEBBIX TPYBOIIPOBO/1OB

Pessaxuna [1.A., becconos H.A., Knebanuckuu E.P., Ocanxun C.A.,
Jezo6 A./1., Tawnvikos O.J1.
Yp®@Y umenu nepsoco Ilpezudenma Poccuu b.H. Envyuna,
2. Examepunoype

OHTI/IMI/I33HI/I$I PEMOHTHBIX pa60T Ha aTOMHBIX 3JICKTPOCTAHIUAX
COCTaBJIACT BaXHYIO qacCTb IIOBBIIIICHU A 3KOHOMHNYECCKUX
mokazateneit [1]. Jus pemieHus momoOHBIX 3adad, CBSI3aHHBIX C
paboToil TerIoMexaHnIecKoro 0OOpyIOBaHUS aTOMHBIX CTaHIIHH,
3a4acTyl0  HCIIONb3yeTcs  KOMIBIOTEPHOE  MOJIETUPOBAHUE  C
HCIIOJIb30BAHUEM ITaKETOB BBIYHMCIIMTETLHON TUAPOINHAMUKHU
SolidWorks Flow Simulation.

B pabore mnpencraBieH aHamuM3 3aBUCHMOCTH MapaMeETpOB,
XapaKTepU3yIOUIMX  MPOIecChl  TelIooOMeHa OT  TeOMETPUH
TEIUIOOTBO/ISIIEH TTOBEPXHOCTH.

OOBEKTOM MOJETHUPOBAHUS SIBIISICTCS HATPUEBBIH TPYOOIIPOBO.
CHUCTEMBl WHIWKAIIMM Bojopoma maporeHeparopa III'H-200M,
3aKJTIOUYEHHBI B KOXYX, Ha TOBEPXHOCTH KOTOPOT'O YCTAHOBJIEHBI
pebpa i mHTeHCU(UKAITIH ITpoIiecca TEIUI000MeHa ¢ OKp Yy Karoteit
Cpenou.

PaccmMorpeno 1gBa THIa KOHCTPYKIMH pebep: THI «A»
COOTBETCTBYET AMCKOOOpa3HBIM pedpaM, YCTAaHOBIEHHBIM Ha
MTOBEPXHOCTh TPyOONPOBOAA C MEPEMEHHBIM YIJIOM K MOBEPXHOCTH
TpyObl; THI «b» COOTBETCTBYeT pedpaM, YCTaHOBIEHHBIM
MIEPIIEHANKYIISIPHO ITOBEPXHOCTH TPYOOIIPOBO/IA.

[Ipn ™MomenupoBaHWM CTAallMOHAPHOTO IIPOIECCAa HATPHEBOTO
JPEHAXHOTO TPYOONpPOBOa C TEIUIOOTBOISAIIMMH pedpaMu Tuma A
ObUTH TIOMY4YeHbl KOX(PQUIMEHT TEIIO0TJa9d W TMOBEPXHOCTHAS
IJIOTHOCTh ~ TEIUIOBOTO ~ TIOTOKA. Ha ocHoBe pe3ymbTaToB
MOJIEIUPOBAaHMS OBUIM  IONydeHBbl 3aBUCUMOCTH  IapaMeTpOB
TpoIiecca TerIonepeadn OT TeOMETPHIECKUX XapaKTePUCTHK pedpa,
a TaKKe HaiiJieHa ONTHUMallbHAas TeoMeTpudecKas KOH(UTYypallus
pebpa Tuma A jans Jrydmield WHTEHCH(UKAIMK TEIUIOOOMEHa ¢
OKpYyarolei cpenoi.
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[Ipoananu3upoBaB 3aBUCUMOCTh TEIIOQU3NIECKUX MTApPaMETPOB,
MOXHO C/IENAaTh BBIBOJ O PAallMOHAJILHOM MOAOOPE IIHHBI pedep A
Mozernel Tuma «by: ¢ yBenrmueHueM IIMHbI peOpa 3HaUCHUE CPEIHETO
ko3 duimeHTa TEMI0OTAaYM yMEHbIIAETCS, BHIXOAS Ha TUIATO
3HAYEHMH Mocye JOCTH)KEHUS ONPeIeIeHHON JUTHHEI.

B pesynpTaTe aHanM3a AaHHBIX, MOMYYEHHBIX MOJETHPOBAHUEM
TEIUIOOTBOASIIEH MMOBEPXHOCTH MpPH HM3MEHEHHUH  pa3IUYHBIX
TEeOMETPUYECKAX XapakTepucTuk (tum «A» u tun «by), Obuia
ompeseneHa KoH(Urypamuss Mojend, sl KOTOPOH Tpoliecc
TeriooOMeHa B 3a/IaHHBIX YCIOBHSX MPOTEKAET C HauOOoIbIIeH

MHTEHCUBHOCTBIO. B Oymyiem TUTAHUPYETCSI pacuer
HEeCTal[MOHApHOH MojenH opeOpeHHOro TpyOorpoBoia C IIENBIO
oIpeneeHus BITUSTHUS rEOMETPUUECKUX XapaKTEPUCTUK

TeHHOOTBO}IHH_Ieﬁ IOBEPXHOCTHU Ha BpEMs pacxojiaKruBaHUsL
TEIIOMEXaHU1IeCKOr0 000PY/TOBaHHSL.

Jluteparypa

1. TammwikoB O.JI. HaymoB A.A., Ilexmenn C.E.
MogenupoBanue — Tpoliecca  3aMOpPaKMBaHWsI  HATpUS B
TpyOOmpoBoIaX ¢ TeIbl0 ONTUMHU3AIMA PEMOHTAa PEaKTOPHBIX
YCTaHOBOK Ha OBICTPBIX HEHTpoHaX // M3BecTHsl BBICHIMX YYEOHBIX
3aBeneHuit. SnepHas sHepreruka. — 2013, — Ne 2. — C. 21-26.

2. Potizen JL.U., Jynekun U.H. Tennooii pacuer opeOpEHHBIX
noBepxuocter /; [lox pen. B.I'. ®@acToBckoro. - MockBa: DHeprus,
1977. - 254 c.: ni1.; 21 cm.

3. TamuteikoB O.JI. PeMoHT 000pyI0BaHUS aTOMHBIX CTaHIIUN:
— ExarepunOypr: U3n-Bo Ypan. Vu-ta. — 2018. — 352 c.

TEIUIO®U3NYECKHUN PACUET MOJIEJIN PEAKTOPA
THUIIA BBOP-C C TOMOTI'EHHBIM PASMEINIEHUEM
HEIITYHHUA B TOIIVIMBO

Bepeyxu A.11., Xapvkoe M.A., Cxyaxkun B.O.
HATD HUAY MUDU, 2. Obrunck

Pecypcm Halllell IUIaHeTHl C KaXJIbIM T'OJOM HCTOIINAKOTCA, a

HOTpC6HOCTI) B HHMX TOJIBKO YBCINYUBACTCA. AtomHas OHEPreTUKa,
HECMOTpsA Ha CBOM MIPCUMYILICCTBA, CTAJIKUBACTCA C np06neM0ﬁ
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obecrieueHHs] CTaOMIBHOM SHeEprocucTeMbl ©  3((EKTHBHOTO
HCIIOJIB30BaHMs TOILIMBA B peakTopax. Kpome Toro, ¢ KkaxasM room
MOSIBJIAIOTCS KOHIEMIIMN HOBBIX MOJIENH peakTopoB. ONHUM U3 HHUX,
BB3P-C (Bomo-BoasHON 3HEPTreTHUECKUN peakTop CO CIIEKTpaIbHBIN
peryinpoBaHueM), TMO3BOJISET PErylupoBaTh CIEKTP HEHTPOHOB B
AKTHUBHOM 30HE peakTopa. IJTO MPOUCXOMUT 3a CUET U3MEHEHUS
BOJIOYpPaHOBOTO OTHOIIEGHHS B Tporecce paboThl peakTopa Ha
MOIIIHOCTH TPH U3BJICYCHUN MEXaHUUYECKUX BBITECHUTENEH BOJIBI M3
AKTUBHOW 30HBI. DTO MOXET MO3BOJUTH MOBBICUTH JOJIO BBIKUTaHHE
HENTYyHWUs] B TOIUIMBHOM mukie. OJHako, A MOHUMaHUS Kak
MEHSIOTCS TETUIOPHU3NUECKHE CBOWCTBA JIEMEHTOB aKTUBHOW 30HBI,
Tpebyercs aeraibHoe u3yuenue [1].

AKTyalbHOCTh HCCIIE€IOBAHUS OOYCIIOBIEHAa HEOO0XOANMOCTHIO
TTOBBIICHUS SKOHOMHYECKON s dexruBHOCTH SITEPHOMN
sHepreTuku.[2] Vcroiap30oBaHUE HENTYHUST MOXKET CIIOCOOCTBOBAThH
YTHIU3aINUN OOIIEMHUPOBBIX HAKOIIJICHHBIX 3allacoB JIOJTOXHUBYIIHX
AKTHUHUIIOB, YTO CHU3UT OIIACHOCTh PaInOAKTUBHBIX 0TX010B. Kpome
TOr0, TOMOTE€HHOE pa3MELIEHHE HENTYHHs B COCTaB TOIUIMBA
peaktopa BBOP-C 1m03BONHMT ONTUMHU3UPOBATH TOIUTHBHBIA ITUKIT 32
cyer HapabOTKH IUTYTOHHS, NPOINTH TOIUIMBHYIO KaMIIAHUIO WU
YIYUIIUTh SKCIUTyaTallIOHHbIE XapaKTEPUCTUKH PEAKTOPA.

B  pamkax  uccrnenoBaHUs — BBINOJHSIETCS ~ CPaBHEHHE
TeII0(hU3UYECKUX XapPaKTEPUCTHUK TOIIMBHBIX KaMIIAHUI peakTopa
BBOP-C mpu nmobaBieHnr HENTYHHS B TOILTMBO. MoJennpoBaHUe
MPOBOAMUTCSL C  KCIIOJAB30BAHHUEM  PA3IMUYHBIX  [POrPaMMHBIX
KOMIIJICKCOB. HccnenoBaHue  OCHOBaHO  HAa  YHCICHHOM
MOJEITHPOBAHUU HEUTPOHHO-(DU3NYECKUX ITPOLIECCOB B cpene Serpent
W TpajgMEHTa TEMIIepaTyp TOIUIMBHBIX JJIEMEHTOB B AnSys.
BapbupyembiMy apaMeTpaMu SIBISIOTCS] KOHIIGHTPALMs HENITYHUS B
TOILIHBE.

B mpomecce mnogHMMaHHMS — BBITECHUTENS] MBI JOCTHUTAEM
PaBHOMEPHOTO BBIOpaHMs TOIUIMBA. J{JIsl OTCIIeKUBaHUS AETaIBHOIO
W3MEHEHUS! TeMIO()U3NIECKUX CBOWCTB OBUIM CMOIEIUPOBAHBI
pacyeTHble Monenu 4dacTted akTuBHOM 30HBI BBOP-C, a umeHHO:
LIEHTpaIbHasi MOAEIH C BbITecHUTENEM U 12 TBOJlamu, npuyrinosas
Monenb creHkn TBC u 4 TB3Jla, nmpucTeHO4YHass MOJENb CTEHKH
TBC u 6 TBOJIamu.
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B pesynaprate paboThl mMoONMyueHa KapTa SHEPrOBBIACICHUS,
TpaMeHT TeMIIepaTyphl B TOUYKE COMPHUKOCHOBEHUS BBHITECHUTENS M
BOIBI (BBITECHHTENIb TOMHAT Ha 1/4 4YacTh) W NpH CpaBHEHUH
OCHOBHBIX TEIUIOPHU3MUECKUX TapaMeTpoB C OOBIYHOH MOJENBIO
BBOP-C (6e3 HenTyHHMsI) BBISABICHO, UYTO J00ABJICHUE HENTYHHUS HE
CHJIBHO CKa3bIBACTCS Ha HUX.

Jluteparypa

1. CaBanmep, B. W. Ouenka 3(G¢GEKTUBHOCTH CHEKTPAIBHOTO
perylIupoBaHMs 3amaca pPeakTMBHOCTH peaktopa tunma BBOP-1000
npu pabore B 3aMKHYTOM ToruimBHOM Iwikiie / B. M. Caanaep, Bun
Ty, b. E. lllymckwuii // Becthuk HanponanbHOTO HCCIIEIOBATEBECKOTO
saepHoro yausepcurera "MUOU". — 2013. — T. 2, Ne 3. — C. 371. —
DOI 10.1134/S2304487X13030152. — EDN QCYAEN.

2. Omazaka, A. W. W. A. TloreHuman CHEKTPaILHOTO
perymupoBanus BBOP ¢ yderom Beiropanus tormmsa / A. U. U. A.
Omnazaka, ['. B. Tuxomupos // V3BecTus BEICHINX YIEOHBIX 3aBEICHHIA.
Anepuast suepreruka. — 2020. — Ne 2. — C. 27-38. — DOI
10.26583/npe.2020.2.03. — EDN HQEHQA.

CPABHUTEJILHEIIN AHAJIN3 CFD-TIAKETOB (ANSYS
CFX, STAR-CCM+, CADFLO) JIJ1SI OLIEHKH
BO3MOKHOCTH NPUMEHEHHWS METAJUIMYECKOTO
TOILIMBA B PEAKTOPE HA BBICTPBIX HEMTPOHAX

Moposzos A.T.
AO «I'HL] P® — ®BU», 2. Obnunck

Peakropusie ycranoBku tumna bBH (BH-600, BH-800) moareep aumu
CBOIO 3(EKTHBHOCTh B COCTABE PEAKTOPHOTO Mmapka Poccuiickoit
denepanny U sIBISIOTCA TPagoo0pa3yOIIMMH IPEIIPUSTHAMU IS T.
3apeunsiii. Pa3pa®oTka MEpCIEKTUBHOIO  PEAKTOpa  HOBOTO
nokosienust Tuna bH npezacrasser coboi Tormueckoe npoaoiKeHNue
Pa3BUTHS TEXHOJOTHH OBICTPBIX peakTopoB B Poccum. [1]

Peanuzyromasics CEeTOHS cTparerus pasBuTHA
JBYXKOMIIOHEHTHOHM SIIEPHON SHEPreTHKH, 3aKpeIruIeHHas YKa3oM
npesuneHTa PO, nanpasnena Ha peanuzanuto 3ATLL. [2] B cBssu ¢
4eM, OCOOYI0 aKTyaJbHOCTh HPUOOPETalOT HCCIEeNOBAaHUS TI0
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COBEpPIICHCTBOBAHMIO  TOIUIMBHBIX  KOMMO3umuid. OnHuM  ©3
MEPCIEKTUBHBIX HaIpaBJICHUH SIBIISICTCSI MpUMEHEHHE
METAJUIMYECKUX TOIUIMBHBIX CIJIABOB Ha OCHOBE ypaHa, IIMPKOHUS U
TTyTOHUS. [3]

B Hacrosmee BpeMs CyIIECTBYeT HECKOJIbKO KOHLEMITHI
MIPUMEHEHHS] METAITTMYECKUX CIUIaBOB B KaU€CTBE TOIUIMBHOMN CMECH:

1. B BuJe akcHANBHOH TeTEPOreHHON KOMITOHOBKH.

2. B Bue roMOreHHOW KOMIIOHOBKH.

Hccnenyembie cocTaBbl:

1. UO2-PuO2 - MOKC (kOHTpOJBHBIH COCTaB), KEPAMUIECCKUH.

2. U10Zr — meramnyeckuii CIijlaB Ha OCHOBE ypaHa.

3. U20PulOZr — meraminyeckuii CIUIaB Ha OCHOBE ypaHa C
N00aBJICHNEM TTyTOHMS.

OCHOBHBIE TPENMYIIIECTBA METAJUIMYECKUX COCTABOB BKIIIOYAIOT:

1. TIoBBIIEHHYIO TUIOTHOCTHh W TEIUIONPOBOIHOCTH TOITMBHOM
KOMITO3UIIHH.

2. BolpaBHMBaHHME  DHEPIOBBIACICHUN  (aKCHAJIBHBIX M
paaraTbHBIX ) TOILINBA.

3. OOecneyeHHEe MEHBIIMX TEIIOBBIX HArpy30K Ha 00OJIOYKY
TBOJIa.

4. TlloTeHuman  yBeMWYEHHS  JUIMTENBHOCTH  TOIUTMBHOU
KaMITaHHH.

Lemp paboTpl 3akimrodanach B ONPEAENICHHH MAaKCHMAaJbHBIX
TeMIepaTyp TOIUIMBHOTO CTOJ0a B HambOollee TEIUIOHATPSDKEHHON
TBC nmng pasmuuAblX  TOIUIMBHBIX — KOMITO3WIIMM, a TakKkKe
COTMOCTABIICHUH  PE3YJIbTATOB  PEIICHWN: aHAIUTHYECKOTO W
YHCIeHHOro. YWCIIeHHBIE pelIeHusT TONy4YeHbl B PE3yNbTare
MonenupoBanus B pasmuuabix CFD-makerax: ANSYS CFX, STAR
CCM+, CADFlo. [4,5]

3amaun, MOCTAaBICHHBIE JUIS NCCIICIOBAHUS:

1. Pa3paboTka TEIUIOTHAPABIUYECKOH pPAacUETHOW MOZIEIH
cermenta TBC peakropa tuna bH.

2. Bepudukanms  Momeam B PEKHUME ~ HOPMAIIBHOM
AKCIUTyaTallHH.

3. CpaBHHUTENBHBIA aHAIW3 TEMIIEPATypHBIX TIOJEH  JUIs
Pa3IUYHBIX TOIUTMBHBIX KOMITO3UIUH, TIONYYEHHBIX YHCICHHBIM
MOJIETTUPOBAHHEM.
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Pesynbrathl MOKa3bIBAIOT MPUMEHUMOCTD BBIOpaHHBIX
TOIJIMBHBIX KOMITO3ULIMHM B pPEaKTOpHOU ycTaHOBKE Tna bH HoBoro
TIOKOJICHUS.

B nepcrniekTHBBI MccIe0OBaHUS BXOIAT:

1. MHccrnenoBaHus AMHAMHUYECKOTO MOBEACHUS TEMIIEPATYPHBIX
HIOJIEW IIPU ABAaPUMHBIX PEXKUMAX.

2. AHanu3 MEXaHWYECKOH CTOHKOCTH BBIOPAHHBIX TOILTMBHBIX
KOMIIO3HIIUI.

Jluteparypa

1. Babyuwwun C. B. u ap. PeakTopHble yCTaHOBKH C OBICTPBIMH
pEeaKTopaMl C HATPUEBBIM TEIUIOHOCHUTEIIEM JUTSI JIBYXKOMIIOHEHTHOM
siepHol sHepreTuky //Atomuast sueprus. — 2020. — T. 129. — Ne, 1. - C. 20-
29.

2. Vxa3 [lpesunenta PO or 16 ampenst 2020 r. Ne 270 «O
pa3Butun TexHukH» // CoOpaHue 3aKOHOIATEIBLCTBA POCCHICKOM.
2020. Ne 16. C. 2571.

3. Anamos E. O. u ap. CpaBHUTENIbHBIN aHAIN3 IPEUMYIIECTB U
HEJIOCTaTKOB HWCIOJB30BAHMUS METAIMYECKOT0O W HHUTPHIHOTO
CMEIIaHHOTO YPaH-TUTyTOHHEBOIO0 TOIUIMBA B OBICTPBIX peaKTOpax
//M3Bectus Poccuiickoii akazgemuu Hayk. ODHeprermka. — 2015. —
Ne. 2. -C. 3-15.

4. CFX-Solver A. Theory guide //Release Il. — 2006. — T. 11. —
C. 298.

5. Siemens P. L. M. Simcenter STAR-CCM //Academic
Research, Release. — 2017. — T. 12.

ABTOMATHU3AIUA CUCTEMbBI KOHTPOJIA
IHAPAMETPOB TEIVIOTUAPABJIMYECKOI'O CTEHIA
JJIs1 UCCIIEAOBAHUS ITEPEXO/IHBIX PEZKUMOB
TEIUVIOOBMEHA ITPH ECTECTBEHHOHN 1
BBIHYKJIEHHOH IIUPKYJISIIIAU BOJIbI

Iaenioxosckuii H.B., Tonoxouckuii A.O., Kyyenxo K.B.,
Cmpyuanun I1.I'., [{enos M.U.
HUAY MUDU, 2. Mockea

JlnarHocTuKa MEepPeXOAHBIX PEKUMOB TEIUIOOOMEHA BakKHA IS
obecrieueHust Oe3onacHOCTH W 3()(YEKTUBHOCTH HSHEPreTUYECKOro
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obopynoBanua. [ns pa3paboTKu METOAOB THArHOCTHKH |
MMPOTHO3WPOBAHUS HACTYILJICHUS TAKOTO MEPEXOHOr0 PESKUMA, Kak
3aKkunaHue TemwioHocutenss, B HUAY MUHUOU paspaboran
TEIUIOTUAPABINYECKAN CTEHJI, OCHAIIEHHBII CMEHHOM CEKUMEN C
WMUTATOpaMy  TeryoBbiAenstomux  snementoB  (TBDJI), wu
MO3BOJISIIONIHMNA ONPEACNATh TEIIOTHIPABINYECKHE IMapaMeTpsl B
MEPEXOJHBIX pPEKUMaX TMPU ECTECTBEHHOH W  BBIHYXKICHHOM
IUPKYISIITAN BOIBI [1].

Hannas paGora TOCBSIIEHAa peajM3aldd aBTOMAaTH3MPOBAHHON
CHCTEMBI TPenoOpabdOTKH KCIEPUMEHTAIBLHBIX JIAHHBIX B PEKUME
peaibHOTO BPEMEHHU JUI JUarHOCTUPOBAHUS HACTYIJICHHS KUIICHUS
TEIJIOHOCUTENS Ha TMOBEpXHOCTH mMHUTaTopoB TBOJI mo amammzy
GaykTyanui TEIJIOTHAPABIMYECKUX IapaMeTpOB BO BpeMeHH. B
pabore [2] omMCaHBI METOIBI CTATHCTHYECKOTO ¥ YaCTOTHOTO
aHanmm3a TakuxX (IyKTyalWif, Ha OCHOBE KOTOPBIX BO3MOXKHO
olpeNieNieHne peXxuMa TertoooMeHa. MeTopl YaCTOTHOTO aHan3a
OCHOBHI Ha 00pab0TKe BpEMEHHBIX PSA0B METOAOM OBICTpOro dyphe-
npeoOpa3oBaHMs U aHAJN3E BU/IA CIIEKTPATFHON TNIOTHOCTH CHTHAIIA.

x

Puc.1. Bux ananoroBoro okHa ¢ 4aCTOTHOM MpenoOpaboTKOM MoKa3aHui
TEPMOJATYNKOB pabOYero yJacTka CTeHIaB PeXKUME PeabHOrO BpeMEHN

AmnmapaTHas YacTh CUCTEMbI aBTOMATH3aLMHU CTEHA Pealn30BaHa
C IIOMOUIBIO aHAJOroBO-IM(POBEIX MpeoOpaszoBarteneil CUTHAJIOB
JaTYUKOB (TepMonaTUMKHy, MaHOMETBI, pacxomoMepsl),
WHTETPUPOBAHHBIX B MPOrPAMMHO-TEXHHYECKHMH  KOMIUIEKC
«YMHUKOH». OpranuzoBaHa 3amuch MTHOBEHHBIX 3Ha4YeHUH
MOKa3aHuil JaTYMKOB Ha cepBep ¢ yacToTrod ompoca nmo 20 T'm.
PeanmmzoBan ~ Web-unrepdeiic  mpenBaputenbHOH — 00paboTKH
MOKa3aHWH JAaTYMKOB B paboyeM yuyacTKe CTEeHJa, CIOCOOHBIH
MIPOU3BOANTE C MEPUOAUYHOCTBIO OJMH pa3 B 3 cekyHAsl Dypbe-
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npeoOpa3oBaHUe CUTHAJIOB, a TAK)KE allPOKCUMALIUIO TONTY4YEHHBIX
CHEKTPOB (PYHKIUSIMHU PA3IMYHOrO BUAA (TIpUMEp AUAJIOrOBOTO OKHA
Web-unrepdeiica npencrasien na Pucynke 1).

Bo3MOXXKHOCTh ~ KOHTpPOJNISL ~ MapamMeTpoB  amlpOKCUMAIlUd
YaCTOTHBIX CHEKTPOB CHTHAJIOB C TEILIOTHIPABIMYECKOTO CTEH[Ia, a
TaKXKe peann3alus 3alucu npeqoopaboTaHHBIX JaHHBIX MTO3BOJISIOT
CYIIECTBEHHO YCKOPHUTD MPOLEAYPY OTPaOOTKH METOANK MPOBEICHHS
9KCTIEPHUMEHTOB U KOPPEKIIMU METOJIOB OOHAPYKEHHS CMEHBI PeKHMa
TeriooOMena. B nmanpHeWieM 3TOT MpOrpaMMHBIH MOIYJIb CTaHET
OCHOBOW Ui pa3pabaThiBaeMOro  NpOrpaMMHO-aNMapaTHOro
KOMILJIEKCa II10 aBTOMaTH3HpOBaHHOﬁ JUAarHOCTUKE HACTYIIJICHUA
KHUIICHH S TCIIJIOHOCUTCEIIA.

HccnenoBanre BBINOMHEHO 3a CYeT rpaHTa Poccuiickoro
maygaoro ¢ouma Ne 25-79-00251, https://rscf.ru/project/25-79-
00251/

Jluteparypa

1. Jlayap C. wu gp., TemioruapaBiddeckuii CTEHI IS
pa3pabOTKN HOBBIX PENICHWM B 00JIACTH MCIOIB30BAHUS ITH(PPOBBIX
JIBOMHUKOB OOBEKTOB aTOMHOW SHepreruku // W3BecTusi BY30B.
Snepuas suepreruka, 2020.

2. M.l Delov, et al., Diagnostics of transient heat transfer modes
based on statistical and frequency analysis of temperature fluctuations
/I Experimental Heat Transfer, 2020

IJEKTPOXUMHUYECKOE UCCJIIEJOBAHUE
KOPPO3MOHHBIX CBOMCTB KOHCTPYKIITMOHHOM
CTAJIA III"' METOJOM AIIK B YCJIOBUAX OBPABOTKH
IO PELEIITYPAM 2XII PEAKTOPOB TUITIA BH

Cmvixos B.b., Jleekux K.I'., Acxaodynnun C.P.
AO «I'HL] P® - ®OU», 2. Obnunck

Henpto  pmaHHOM  pabOTBl  ABISUIOCH  SKCIEPUMEHTAIBHOE
YCTAHOBJICHUE HAJIMYMSI WIM OTCYTCTBHS CHIKECHHUSI KOPPO3HOHHOM
ycroitunBoctr cranmu  Mapku  10X2M-BJ|  (KOHCTpYKIIMOHHOTO
MaTepuaga TpyObl Hcmapurens) mocie o0paboTKM B BOAHBIX
pacTBopax, HMMHUTHPYIOIIMX IO  COCTaBy  pacTBOpbl  UIs
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9KCITyaTallMOHHOW XxuMuueckoil npombiBku (DXII) n maccuBanmmn
(peuentypa BH-600 c mnpumenenmem OXII u maccuBanuu, u
penentypa kuciopoano-ammuaunoro BXP BH-800 6e3 npumMeneHus
OXII). B pmanHoii paboTe NPUMEHSUIM METOJ aHOIHBIX
nonsipusaiiionHbix KpuBbix (AITK), onucanssiii B [1-2].

ITonydyensl naHHBIE O KOPPO3MOHHOM YCTOMYMBOCTH CTalX
10X2M-B/1 mocne o6pabotku pactBopamu 1o perentypam DXI1 bH-
600 (Boma + DATK + runpaszun + ammuak g0 pH = 9) u maccuBaruu
(Boma + mepekuch Bomoposa + pactBop ammuaka mo pH = 11) u
kucnopogro-ammuagnoro BXP BH-800 6e3 mpumenenust OXII. Ha
Puc.1 mpencrasnenst ycpemnéHuole AIIK ans oOpasnoB cramm
10X2M-B/I. Ha ATIK 00pasIoB., 00paboTaHHBIX
BBIIIENIEPEUNCIICHHBIMU PAaCTBOPaMH, OTCYTCTBYET aKTHBAI[MOHHAS
TIeTJIA.

O6pabotka  cTamm 10X2M-B]l  BBIIIETIEpEUNCICHHBIMHU
pacTBOopaMH HE TPUBOIUT K YXYALIEHHIO €€ KOPPO3ZHOHHOIO
cocTosHus. JlaHHas CcTadb B PAacCMOTPEHHBIX  YCJIOBHUSAX

MMacCUBUPYETCS U HE CKIIOHHA K MUTTUHTOBOM KOPPO3HH.
E HB3, mB

Puc. 1. Yepenuennsie AIIK cramun 10X2M-B/] no u mociie 06paboTku 1mo
Pas3IMYHBIM peLenTypam
1 — 1o 0O6paboTKM (FOBEHIITBHBIN 00pa3en);
2 —nocne obpabotku no penentype BXP BH-800
3 — mocie o6pabotku o peuentype naccuBauuu (BH-600);
4 — mocie obpaborku o peuenrtype IXIT (BH-600).
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Jluteparypa
1. Pocuna H.I'., [TonoB H.A., Xunskoa M.A., Kopenun A.B.
Koppozus u 3ammra MeramioB. Yacte 1. Meroasl ucciaenoBaHmii

KOPPO3HOHHBIX  IIpOLlECCOB. —  HM3maTensCTBO Y PalbCKOro
yHHBepcurera, 2019.-112 c.
2.CMBIKOB B.b. ONEeKTPOXUMHUYECKOE HCCIIE0OBAHUE

KOPPO3MOHHOM YCTOMYMBOCTH KOHCTPYKIIMOHHBIX CTaj€il B BOAHO-
XUMHUYECKUX PEKHMaX TPEThero KOHTypa peakTopoB Tuma BH/
CwmbikoB B.B., Jlerkux K.I'., Acxamymmu C.P.//U3Bectusi By30B.
SAnepuast suepreruka.— 2025.— Ne2— C.50-57.

TEIJIO®U3NUYECKHUUN PACUYET OBJIYUYATEJILHOI'O
YCTPOWMCTBA JUISI UCHIBITAHUS OBPA3LIOB
SKCIHEPUMEHTAJIBHOI'O TPA®UTA

Muickun A.A., llamosea M. A., Jlumeunenxo O.B.
JUTU HUAY MUDU, 2. J[umumposepao

BricokoTemnepaTypHbIe Ta300XJIQXKJAEMbIE PEAKTOpPBl  OBUIH
NpPU3HAHBl WHHOBALMOHHBIM IIPOEKTOM 4-TO TIOKOJEHHWS Ha
MEKIyHapoaHoM HayuHoM dopyme “Generation IV” [1]. Texymmm
9TAallOM  OCYIIECTBJIEHHS  TIPOEKTa  sBISIETCI  OOOCHOBaHHE
paboTOCTIOCOOHOCTH KOHCTPYKIIMOHHBIX MaTepuanoB. st 3Toro
HEOOXOIMMO TIPOBEACHHE BHYTPHPEAKTOPHBIX HCIBITAHUH U
MIOCIIEPEaKTOPHBIX HCCIIEOBAHUH IKCIIEPUMEHTAIBHBIX 00pa3oB
OCHOBHOT'O KOHCTPYKIIHOHHOI'O MaTepuaia — rpadura. Lens nannoi
paboTBl — TpOBeICHHE TEIUIOPHU3NIECKOr0 pacdéTa KOHCTPYKIHH
00JTyqaTenbHOTO YCTPOICTBA.

HeoOxoaumple mis ucmbITaHwic TemmnepaTypsl oopasmos (1000-
1200 °C) u dmroenc 5-10%° cm 2 MOryT GBITH HONYYEHBI B AMITYJIEHOM
00JTy4aTeIbHOM YCTPOMCTBE, Pa3MENIEHHOM B TIEPBOM PsIly KaHAJIOB
OepHILTHEBOro OTpakaTells HCClieoBaTenbckoro peaktopa CM-3 [2].

Coznana pacuéruas mozaens B CAD cucreme SolidWorks, st
NPOBEACHHUS  TEIUIOTUAPABIMYECKOr0  pacdyéTa  HMCIOJIB30BaJICS
BCTPOEHHBIN nmporpammHusbiii komruteke SolidWorks Flow Simulation.
B pacuére  yuuTHIBANMCH:  TEMIEPaTypHOE  pacUIMpPEHHE
KOHCTPYKIIMH, €CTeCTBEHHAs IMPKYJSIMS Ta30BOW Cpeapl |

97



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

TEIUIONEPEHOC M3JIyUYE€HUEM, TAaKKE YUUTBIBAIUCH pagualibHas U
BBICOTHAS HEPAaBHOMEPHOCTH JHEPTOBBIICICHHS B OOIydaTeIbHOM
YCTPOUCTBE.

3aBHCHUMOCTH TeMIIEpaTyphl Ha oOpa3iax rpadura oT BHICOTHOH
KOOpAWHATHI, MOJydeHHas! TP pacuére mpecTaBiieHa Ha pUCYHKe 1.

Ha rpaduke BUAHO, 4TO TeMIiiepaTypbl 0Opa3lOB HAaXOZSTCS B,
3a/laHHOM JUI POBEIEHH S UCTIBITAHUMN, Iana3oHe, 3a UCKITI0UEHUEM
pacdETHOM TOYKHM C BBICOTHOM KoopauHaTo# (—200 MM) TemmepaTypa,
B KoTopoit coctapuna 1210 °C, nqaHHOE MpEBBINICHUE MOXET OBITh
BBI3BAHO IOTPEIIHOCTAMHU pacyera.
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Puc. 1. Pacnpenenenne temnepatyp Ha 00pa3Lax dKCIEPUMEHTAIBHOTO
rpaduTa 1Mo BBICOTE 00IYJaTeFHOI'O YCTPOHCTBA

Hcxonst u3 pe3yabTaToB pacdéra, KOHCTPYKIUS 00IydaTellbHOTO
YCTPOWCTBO MOXKET OBITh UCITOIB30BAHO JIJIS TPOBEACHUS UCTIBITAHUN
00pa3IoB HKCIEPUMEHTAIILHOTO TpaduTa, TaK KaKk B HEM MOTYT OBITH
TTOJTy4eHbl HEOOX OIUMBIE TEMIIEPATYPHI.

Jluteparypa

1. GEN IV International Forum. Generation IV Systems
[Dnexrponwnsiii pecypc] // The Generation IV International Forum.
URL: https://www.gen-4.org/gif/jcms/c_59461/generation-iv-
systems (mgara obpamenwus: 20.03.2025).
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2. Mpeickun A.A. IIlamoBa M.A., OneHka BO3MOXHOCTH
MPOBEJICHHUS BHYTPUPEAKTOPHBIX HCIBITAHUHN 3KCIIEPUMEHTAIEHOTO
rpadura s BTTP B PY CM-3 / A. A. Meickun, M. A. lllamosa //
Crynenveckass  HayuHas  BecHa-2025:  COOpHHK  TE3HCOB
Bcepoccuiickoli HaydyHO-TTPaKTHUECKON MOJIOJISKHON KOH(DEpPEeHIINH,
Bonrogounck, 14-18 ampens 2025 roma. — Bonromonck: HUAY
MU®U, 2025. — C. 24-26.

BJIMSTHUE MEPEXO/IA K )KUJIKOMETAJLUIMYECKOMY
MOJCJOI0 HA HEATPOHHO M TENJIO®U3NYECKUE
XAPAKTEPUCTHUKHU HA TIPUMEPE TBC PEAKTOPA
BPECT-0O/-300

I'pynun B.A., Ilonoé M.A., Cemenos /I.E.
HATO HUAY MUDU, 2. Obrunck

Hoctmwkenne OONBIIMX BBITOPAHWA W YBENWYEHHWE JUTHHBI
TOTUTMBHOM KaMITAaHWH BCET/1a OBLTO MMPUOPUTETHOM 3a/1aueii aTOMHON
orpacnu. [lamHas 3agada TpeAcTaBiIseT  TPYAHOCTH — H3-3a
paAMallMOHHBIX ¥ TEIUIOBBIX pACHyXaHWH SAEPHOTO TOIUIMBA B
mporecce ero oOmydeHuss B sjepHoM peakTope [1]. OcHOBHBIE
MPUYMHBL 3TOTO — pa3pylieHHe KPHUCTAJUIMYECKOH PemeéTKu
HEMOCPENCTBEHHO TTOTOKOM HEWTPOHOB, HAKOIUIEHWE B TOIUIMBHOM
MaTpulle  MPOAYKTOB  JEIEHHSA,  PACIIMpEHHe  ITy3BIPHKOB
razoobpasueix npoxykros genenws (I'TIZ]), Bo3melicTBHE BBICOKMX
TeMIepaTyp.

B peakrope co ceuHnoBbeiM Temnonocutenem BPECT-O/-300 ¢
TeTMeBBIM TIO/ICTIOEM TOBBIIIEHWE BHITOpaHus TormBa Ha 10%
MpUBENeT K pa3pylIeHHI0 OO0ONOYKH TB3JIA B CEYCHHAX C
MaKCHMaJbHON TeMIIepaTypoid, YTO MOXKET CTaTh JIMMUTHPYIOIIAM
(hakTOpOM M3-32 HEAOCTATOYHOH JKaPOIMPOYHOCTH, CTAIIH.

CriocoboMm perieHHsT 3TOH TPOOIEMBI MOXET CTaTh MEPeXoi K
MOJICIIOND U3 XHUAKOro Mmerauia. CBHUHEN, WMEMNUNA BBICOKYIO
TEIUIONPOBOJTHOCTh, B 3a30p€ MEKIy TOILUTUBOM H OOOJIOYKOM,
MMO3BOJUT  3HAYWTENHFHO  CHHU3UTh  TEMIIEpaTypy  TOIUTMBHOMN
koMno3unuu. [loMUMO 3TOro, CBUHIIOBBIM TOJCIOW yIyYIIUAT
HEHUTPOHHO-(PU3NYECKHE XapaKTEPUCTHKH, MOBLICUB KO3()(HIIMEHT
BOCITPOM3BO/ICTBA 32 CUET Y>KECTOUEHHS CIEKTPa HEUTPOHOB.
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B peakrope BPECT-O-300 B kauecTBe OOOJIOUKH TBAJIA
IUTAHUPYETCS MCIOJb30BaHWE KOPPO3MOHHO-CTOMKOH B CBUHIIE
manopaciyxarwomeit cranu OI1823-II1 [2], moaToMy pacmyxaHue
000JIOYKH, KaK M BO3HHUKHOBEHHE JIOTOJHHUTEIBHOW KOPPO3UH CO
CTOPOHBI CBHHIIOBOTO 3a30pa, HeE SIBISETCS JHUMHTHUPYIOIIM
(dakTOpoM Ui TIOBBILICHUS BBITOPAHMS TOIUIMBA. DTOMY TaKXKe
CIOCOOCTBYIOT, KaK YMEHBIIEHHE TEMIIEpaTypbl TOIJIMBA, TaK M
OTCYTCTBHE Ta30BbIX TIOp H BBUICIICHHA BTOPHYHBIX (a3 wu3
MPOIYKTOB JIETICHUs, TUTTMYHBIX JJIS1 TOTUIMBA C TETUEBBIM MOJICIIOEM.

Hns w3ydenuss pnusiHua nepexoxa B [IK Serpent [3] Obin
MPOU3BENEH PACUéT TEIUIOBBIACISAIONICH COOpPKU peakTopa s
kammanuu B 1500 3. cyt. (cM. pucyHok 1). [Ipu 3ToM ObLTH 33 1aHBI
TpaHWYHBIE YCIOBHS Ha OTPAKEHHE BBUICTAIOIIUX B IOMEPEYHOM
HaTpaBJICHUH HEWTPOHOB, B TO BPEMs KaK Ha TOpIAX MMeENa MECTO
yreuka. B KauecTBE BBIXOJHBIX XapaKTEPHCTHUK OTCICKHBAIKCH
KO3 duImeHT Pa3MHOXEHUS HEUTPOHOB, KO3 PUIHEHT
BOCTIPOM3BOJICTBA, JOJS 3ala3JbIBAIONINX HEHTPOHOB, HYKIIUTHBINA
COCTaB SACPHOTO TOIUIMBA Ha KOHEI KaMITaHWH, a TakKKe
TEeMIIepaTypHbBIE MOJsi B 00EUX KOHQUTYpAIUAX paccMaTprBaeMoi
monenu, usydennsie B [IK A

Puc. 1. HonepeqHL’IVﬁ‘clp‘éa TBC peaKTopa BPECT-0O/1-300

Ha mannaoMm sTame paboTsr Oblia IpoBeeHa | urepanus ¢ yaeTom
MOTy4aeMbIX paHee HaMU Pe3yJbTaToB. Pe3ynbTaThl MCCIENIOBaHUS
MOKa3bIBAIOT, YTO HCIOJIB30BAaHME CBHUHIIOBOTO IOACIOS B TB3Jax
UMEET PSSO NPEUMYIIECTB, HO HECMOTPS Ha 3TO, CYIIECTBYET
HEOOXOMMOCTh MTPOBEACHUS AaJbHEHIINX HCCIEAOBAaHUN B JaHHOM
HaIpaBJICHUH.

Jluteparypa

1. bensera A.B., KprokoB @.H., Hukutun O.H., Ky3emun C.B.,
Mansuesa E.b. OcHOBHBIE pe3ynbTaThl MCCIENOBaHUM ypaH-
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IUTYTOHHEBOI'0 HUTPUIHOTO TOILUIMBA IMOCJEe OOJTY4YEeHHUS! B pEaKkTope
BOP-60 // Bompocel aromHol Hayku wu TexHukd. Cepwus:
MartepuaioBe/ieHne U HoBbie MaTepuansl. — 2013. Beimyck 2 (75). —
C.4-10

2.  Anamos E.O., 3a6ynsko JI.M., Mouanos 10.C., Paukos B.11.,
Xomsikos HO.C. Pa3pabotka TB371a ¢ HUTPUIHBIM ypaH-TUTYyTOHHEBBIM
TOILJTMBOM C KHJIKOMETAJUIMYECKUM ToJIcTIoeM // ATOMHAast SHEpTHUsl. —
2019. T. 127, Ne 5. — C. 255-262

3. Leppanen, J., PSG/SERPENT — A Continuous Energy
Monte-Carlo Reactor Physics Burnup Calculation Code, - Helsinki:
VTT Technical Research Centre of Finland, 2015.

PA3PABOTKA DKCITPECC-METOJMKH OLIEHKH 103
OBJYYEHMS IEPCOHAJIA B CJIYYAE CHOHTAHHOTO
BO3HUKHOBEHMSI CAMONOIEP)KUBAIOIIECS
IEITHO¥ PEAKLINM JEJEHMS HA OBBEKTE SITI]

Caoodghves U J1., llpunauxun /[ A.
HUAY MUDU, 2. Mockea

SnepHas 0Ge30macHOCTh SBISIETCS HEOOXOAWMMBIM — YCIIOBHEM
paboTHI C SAEpPHO-OMACHBIMH JEJIIIIMMHUCS MaTepranaMu. B pamkax
SIIEPHOIO TOIJIMBHOTO IIMKJIA Ha JTamax MPOU3BOIACTBA SAECPHOIO
TOIUIMBA M PELUKIMHra OTpabOTaBLIEro SACPHOTO TOIUIMBA
UCIOJIB3YIOTCS TEXHOJOTMH, B KOTOpBIE BKJIIOUEHBI IEpPEEIbl
SIIEPHBIX Aensmmxcs Matepuanos (S1/IM) B Buae ypaHOBO# pyapbl,
MOPOIIKAa OUOKCHIA ypaHa, raza rekcaQTopuaa ypaHa, CBEXHX HIIH
o0mya€HubIX TBAMOB, MOX-TormBa, CHYII-TorumBa s mpoekra
«IIpopbiBy. OmHOH U3 BO3MOXHBIX aBapUi, MPEICTABISIOLINX
CEpbE3HYI0 onacHOCTh Ha npennpusatusax ATLL, sBnsercs cnoHTaHHOE
BO3HHKHOBEHHU € CAMOIIOACPKUBAIOLEHCS LISTHON PEaKLnH ACTECHUS
(CLOP). IIpenorBpamenne CIP u cHuxeHne e€ BO3MOXKHBIX
MOCJEACTBUHN SBJISIFOTCS KIIFOUEBBIMH COCTABIISIIOLIMMHU 00€CTICUEHUS
6ezonacHoctn Ha npennpusitun ATL[ [1]. OcHOBHBIM cpencTBoM
JNOCTHXKEHUSI  O€30MacHOCTH  SIBIISIETCSl  CUCTEMa  aBapUHHOMN
curHanuzaimu (CAC), mpu3BaHHAsl ONEPaTUBHO OOHAPYXHUTH CaMo
Hanuuue CLP u nogate 3ByKOBOI CUTHAIL.
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Pabora [2] ykassiBaeT Ha HeoOxoauMocTh AuddepeHIHanUSL
COTPYAHMKOB IO TIOJIyY€HHBIM BO BpEMs aBapuu J03aM C
HCIIOJIb30BaHUEM 9KCIpecc-OLIeHOK JUTST 3¢ eKTHBHOTO
IUIAaHUPOBAHUS OKa3aHUs MEIMIIMHCKOM MoMoluM. B 3Tol cBs3u
MPOBEJEH aHAJU3 AEUCTBYIOLIMX METOJUK ONPEAECIEHUS aBapUUHBIX
7103 TIepcoHaa B ciydae BozHHKHOBeHUs CLIP, mpuBenéHHbIx B [3].
Pe3ynbTaThl ykas3pIBaloT Kak Ha 3QQGEKTUBHOCTh AAHHBIX METOJVK,
TaK U Ha 3HAYUTENbHOE JJIs1 aBapUMHON CUTYalluu BpeMsI TIONTydEHUs
pe3yabTaTOB.

Hns ocylecTBiaeHUs ONEpaTUBHON U MPUEMIIEMOM MO TOYHOCTH
onenku nocneacteuii CLIP npeyiaraercs pacimpenue GyHKIIMOHAIA
nporpamMHoro obecneuenns CAC nomomHUTENnbHOW (QyHKIMEH
onpenenenns mecta CLIP, uucna geneHWd W 103 TEepcoHANA Ha
OCHOBEe 0ollee  THIATENBHOIO KOMIIBIOTEPHOIO  aHaIW3a |
WHTEPIPETAllMd BCEW COBOKYIMHOCTH CHTHAJOB JETEKTOPOB Kak
KOMIIOHEHTOB €IMHOM CHCTEMBI C Y4E€TOM HX MECT pa3MeIleHHS.
PazpaboTtana MeToauka OIEHKH 03 OOJIYICHHS TepcoHajia B ciydae
crioHTaHHoro Bo3HUKHOBEeHUs CLIP 11 MonenbHO# sSaepHOo-0macHon
30HBI TPSIMOYTOIBHOM (OPMBI M TPOTrpaMMHOE OOecriedeHne s
yCTaHOBJIEHUS MecToHaxoxAeHnsa ucrounrnka CLIP u pacripenenenus
MOIITHOCTH TIOTJIOMEHHON 03I B MOfENbHOM S1O3.

B nmanpHedmeM npemmonaraercs mopaborka meroawku u 110
paciMpeHreM MacCHUBa pacuETHBIX KOA(M(HUIIMEHTOB Ha OCHOBE
CIIEKTPOB MCTOYHMKOB C pasznuuHbiMd SJIM B JnomnonHeHue K
CYIIECTBYIOIIEMY HaOOpy [UIsi JAWOKCHAA YpaHa, pa3BUTHEM
MeXaHH3Ma Y4Y€Ta paccesHHOrO0 HEHTPOHHOTO H3IIyYeHHS, TaKKe
IJIAHUPYETCSl UCTIBITAHUE MPOrPaMMHOTO CPEINCTBA B YCIOBHSX,
MpUOIIDKEHHBIX K peanbHon S103.
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Oo6mme TpedboBanus. MY 2.6.5.053-2017.
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OILIEHKA 3ATPAT IPUPOJHOI'O YPAHA HA
W3IrOTOBJIEHUE TOILIMBA JIJISI ATOMHBIX CTAHIIUI
MAJIOI MOIITHOCTH

HImauxo C.T.
CII6llY Ilempa Benuxoeo, e. Canxm-Ilemepoype

B Hacrosiee Bpems pa3BUTHE aTOMHOW 3Hepretukud B Poccum
BBIXOJIUT 32 PAMKH CTPOUTEILCTBA KPYITHBIX 3HEProo0okoB. Ocodoe
BHUMaHHME VYJAENAETCS CO3JaHUI0 AaTOMHBIX CTaHIMH  Majou
momHOocTH  (ACMM). D10  00YyCIOBIEHO HEOOXOIUMOCTHIO
HaJeKHOTO AJIEKTPOCHAOKEHUS M30JTMPOBAHHBIX u
TPYAHOAOCTYIHBIX pernoHoB Kpaiinero Cesepa u lansHero Boctoka
IIpr 3aMCHE YCTApEBIINX YI'OJBHBIX U JU3CIbHBIX BHCKTPOCTaHHHfI.
[Homumo 3T0r0o, ACMM MOXHO 3KCIIOPTHPOBATH 3apyOex, Tak Kak
OHHU BOCTpEOOBaHBI HA MEXIYHAPOIHOM PBIHKE.

Oxonomudeckas dpdekruBHOCTE ACMM HanpsMyro 3aBHCHUT OT
CTOMMOCTH MX XHU3HEHHOTO IHKJIa, 3HAYUTEIbHON YacThI0 KOTOPOU
SIBJISIETCS TOIUIMBHAS COCTaBsitoniasi. Js TOIIMBa CTaHUMN Majlon
MOIITHOCTH, B 4acTHOCTU ycTaHOBKM <«IIIEJIb®», wucnonsiyercs
TOIUTMBHAS KOMITO3UITUS HA OCHOBE OKCHJIa YpaHa ¢ 000TaIlleHHueM 10
20% [1]. IlpumeneHue BBICOKOOOOTAIIEHHOTO TOIUTHBA TpeOyeT
TOYHOU OIIEHKH PECYPCHBIX 3aTPaT Ha €ro MPOU3BOJICTBO.

KirtoueBsIM mapamerpom, ONMpenessionM 3aTPaThl PUPOIHOTO
ypaHa Ha W3rOTOBIIEHHE TOIUINBA, SBISETCS €AWHWALA pPabOTHI
pazmeneaus (EPP). Llempto paboTel sBIsmack orenka EPP s
tornBa ACMM ¢ 3ajaHHBIME XapaKTepPUCTUKAMU O0OTaIICHUSI.

Meroauka pacdera OCHOBaHa Ha COCTaBIIEHHMH OanaHca Macc
n3oronoB ypaHa 235 u 238 B mpouecce pasgeneHusa. Pacuer
MPOBONWIJICS HAa | Kr HENeBOro MpOAyKTa (BBICOKOOOOTAIEHHOTO
TOILIBA).

Pemanace cucrema ypaBHEHUH MaTepHaIBHOTO OallaHca:

an(x‘np - MOTB(X'OTB = MTona‘

an (1_(an)_ MOTB (1_a’om)= an (1_(X’Ton)'

rae M — macca, o — oboraiieHue; HHIEKC «Ip» — IPUPOAHOTO ypaHa,
«OTB» — OTBAJIBHOIO, «TOI» — BBICOKOOOOTAIIEHHOI'O TOIUIMBA.

1)
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[MpuauManoce, 4to oOOTAlllCHWE MPHPOTHOIO ypaHa COCTABJISET
0,72%, a orBanbHOro — 0,24%. OnpeaensIucs MacChl IPUPOIHOTO U
OTBAJILHOI'O ypaHa, HEOOXOIMMBIC JJIsl TPOU3BOICTBA TOILIMBA.

Pacuer norennuana pasaenenus u EPP npoBoauiics 1o meroguke,
M3JI0KeHHOM B [2]. Pe3ynbraThl pacuera mpeacrapiieHsl B Tabmuie 1.
Tabmn. 1. Onpenenenune BenuuuH 1yist pacyera EPP

Bemmausa IIpuponnsiii | OTBanbHBINA Ienesoit
ypaH ypaH ypaH
Oo6oramenue, % 0,72 0,24 20
Macca, kr 41,2 40,2 1,00
OyHKIMS TOTeHIMAIA 4.86 6,00 0,83
pazjieneHus

[Homyuennass EPP, paBnas 42,0 cymiecTBEeHHO MpPEBBIIIAET 3TO
3HadeHue s okcuaHoro TormmBa ADC ¢ BBOP. [lns cpaBHeHus,
MpH CTaHAApTHOM oborameHun TorumBa BBOP (3-5%) EPP
cocrapisier 3,9-8,0. Cinemyer oTMeTUTh, 4TO 3aBUCHUMOCTh EPP oT
crelleHn oOOoraiieHus TOIIMBa SBJISIETCS HeEIMHEHHOW. Poct
TpeOyeMoro oOoramieHdusi MPUBOAUT K  HEMPOIOPIHOHAILHO
OOJBIIOMY YBETHUEHHUIO pa0bOTHI Pa3feiCHUs, YTO MMOATBEPIKIACTCS
pe3yNbTaTaMu pacdera.

Bricoknii mokazarens EPP g ACMM  ngemoHCTpuUpYeT,
HaCKOJIBKO TpeOOBaHUS K 00OTAIEHUIO TOIUIMBA BIMSIIOT Ha 3aTPaThI
MIPUPOIHOTO CHIPBS, M, KaK CIEACTBHE, HAa HTOTOBYK) CTOMMOCTH
TOIUTMBHOW  3arpy3ku. llomydeHHble maHHBIE BaXKHBI IS
SKOHOMHYECKHX PacueTOB M OOOCHOBAHHS KOHKYPEHTOCIIOCOOHOCTH
ATOMHBIX CTAHIIMI Majoil MOIITHOCTH.
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JIOPABOTKA DKCIHEPUMEHTAJILHOI'O CTEHJIA
MMACCUBHOI'O PACXOJIAJKUBAHUSI BACCEITHA
BBIJIEPKKH

Inyxoe C.M., Tawnvikos O.J1.
Yp®@Y umenu nepsoco Ilpesudenma Poccuu b.H. Envyuna,
2. Examepunoype

[MaccuBHbIC cUCTeMBbI 0€30MACHOCTH (PYHKIMOHHPYIOT 3a CUeT
€CTECTBEHHBIX (U3UYECKMX TMPOIECCOB, HE Tpedys BHEIIHErO
QJICKTPOINHUTAaHUSA 501058 IIOCTOSITHHOI'O KOHTPOJIA co CTOpPOHBI
MepcoHaia, a TakXkKe JOMONHSIOT aKTHUBHBIE CHUCTEMbI, (OPMHUPYS
MHOTOYPOBHEBYIO 3aIIIUTY.

Lenpto paboTel SBISIETCA HCCIEIOBAHHE PEKUMOB PaOOTHI
9KCTIIEPUMEHTAIILHOTO CTEHJa CHCTEMbI MAacCCHBHOTO OTBOJA TeIia
(CIIOT) pabotatoliiero mo IpUHIKIY KOJIbIIEBOro TepMocudoHa [1]
[OCJIe €ro A0PadOTKH.

Ha puc.1 npencraBieHa NpuHOMUNUAIbHAA CXEMa CTEHJA IOCIE
OpabOTKK OITYCKHOTO KaHama (moOaBiieH OOpaTHBIM KiIamaH s
WCKITIOYCHUsT OOpaTHOrO JIBU)KEHUS TEIJIOHOCUTENSI CUCTEMBI, a

TaKkKe KOJICHO ISl KOPPEKTHOM pabOTHI pacxoomMepa).
-

5 Yemdseie
A Kowaieusn
VN
- / .
)

Puc. 1. Ilpuaimmnuansaas cxema creaga CIIOT
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B pabore wucmonp3oBamuch OOIIME METOABI HCCIEIOBAHUS
(9KCIIEpUMEHT, aHANU3, HAOTIOACHHE U JIP. ).

B xoze uccnenoBaHus MOMy4€eHbl TEMIIEPATYPhl B BOCBMU TOUYKaX
CTeHAa CO BPCEMCHEM, BBIABJICHBI 3aBHCUMOCTU PEKHUMaA pa6OTbI
CTCHAA OT TEMIICPATYp B IMMOABEMHBIX KaHaJaX, IMPOaHaJIN3UPOBaHbI
PEXUMBI pabOThI CTEHA, PACCUUTAHA €TO TEIUIOBAs MOIHOCTb.

Hcxons 3 noy4eHHbIX pe3yiabTaToB:

1. PaborocrnocoOHOCTH CTeHJa mnocje JI0pabOTKU
COOTBETCTBYET NPEABSIBIIEMBIM TPEOOBAHUSM 110 OTBOJLY TeTlIa.

2.  DddexTHBHOCTH pabOTHI MpeiaraeMoll KOHCTPYKIIUU TpH
KPUTHYECKUX TapaMeTpax TEeIIOHOCHTENS (TemIepaTypa KUIEHHS
78,4°C) cTena MOATBEPKICHA.

3. Pabora CTEeHJa pu KPUTHUYECKUX rapaMerpax
TEIUTOHOCUTENSI B PEKUME KOITBIIEBOT0 TepMOcH(DOHA JoKa3aHa.

4., Koucrpykumst creaga CIIOT  pexkomenayercs — Juis
WCTIOJIb30BAHUS B KAauecTBE HWCXOMHOW C TENbl0 pa3pabOTKH
MOJTHOPa3MEPHONW MOJEIH CUCTEMBI ITACCUBHOTO PACXOJIaKHBAaHUS
0acCeiHOB BBIJICPKKH.

Jluteparypa
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CEKLIHA 1
KOHTPOJIb, YIIPABJIEHUE U JJUAI'HOCTHKA
OU3UYECKUX YCTAHOBOK U [IPOMABIIIJIEHHBIX
OBHEKTOB

YACTOTHBIN AHAJIN3 ®JTYKTYALMI JABJIEHUS U
TEMITIEPATYPbI TEIINIOHOCHUTEJISI B TEPEXO/IHBIX
PEJXKUMAX ITPU BBIHYKJIEHHOM JIBUKEHUH

Kanaesa H.A., Jlenoe M. .
HUAY MUDU, 2. Mockea

Hannune HHU3KOYaCTOTHBIX KoJIe0aHMI TEMIIEPATYPBI
TEIUIOOTAIONIEH TTOBEPXHOCTH MAJOMHEPIIMOHHBIX HarpeBaTened B
MEPEXOHBIX PEeXUMaxX KHUIEHHS TMO3BONIAIOT [1] TPOBOIUTH
JTMATHOCTUKY 3aKUITaHUS TEIUIOHOCUTENS UM HACTYIUIEHHS KpU3nca
KUIICHUS B YCIOBHAX OOnbIIoro odbema. OmHAKo B JHTEpaType
MPaKTUYEeCKH HE TPENCTaBICHBl [aHHBIE 110 CHEKTPAIbHBIM
XapaKTepUCTUKaM TaKWX (IIYKTyalldil B YCIOBHUSX BBIHYXKIEHHOTO
IBWOKCHUS W KHUIIEHWS Ha MOBEPXHOCTH HarpeBatelieid ¢ OOJbIIOoif
TEIJIOBOM MHEPLIMEN.

Host onpeeneHust 3aKOHOMEPHOCTEN BO3HUKHOBEHUS
HU3KOYACTOTHBIX (IyKTyanwii B JaHHOM paboTe MpOBeneHO
JKCIIEPUMEHTAIEHOE UCCIIEIOBAHNE TIPY BBHIHY)KIEHHOM JBIKEHUH C
KaueCTBEHHO pPa3HBIMH TE€OMETPHSIMH JBW)KCHUS TETIOHOCHUTEIS
(IBWXeHWE TEIUTOHOCUTENS depe3 oOorpeBaemMyro TpyOy W Hepes
KOJIBIIEBOM KaHAll C HarpeBOM BHYTPEHHEW CTEHKH) MeTOIaMHU
CTaTHCTUYECKOTO ¥ YacTOTHOI'O aHanmm3a. B JKcrepuMeHTe
(ukcrpoBamuch GIIYKTyallid JaBJICHUS W HAPYKHOU TeMIIEepaTyphI
CTEHKH T1I0 BBICOTE, a Takke (QIYKTyalldld TeMIepaTypsl
TETTOHOCHUTENS Ha BXOJIe u BBIXOJIE.
YacToTHBII aHalIN3 CTPOMIICS HA OCHOBE IMTOCTPOESHHSI CTIEKTPATBbHBIX
IJIOTHOCTEH (UIYKTyallun METOAOM OBICTPOrO IpeoOpa3oBaHUs
®dypbe, ganee CreKTPbI alMPOKCUMHUPOBAIHNCH CTETIEHHON (hyHKITHEH
C TIOKa3aTeyneM CTEIeHH 0.

Ha puc. 1 pana yciaoBuil JBUXKEHUS TEIUIOHOCUTENS B
o0orpeBaeMoil TpyOe NPEICTABICHBI 3aBHCUMOCTH ITOKA3aTeNs
CTETIEHW 0  allpPOKCHMAaIlMU  CHEKTPajbHBIX  IUIOTHOCTEH
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TeMIEpaTypHbIX  (QIYKTyallMii OT 3HAYCHUS OTHOCHUTEIBHOMN
SHTAIILIIUU TEIUTOHOCUTENsI. [Ipu MBMMXKEHHHM 4Yepe3 00orpeBaeMyro
TpyOy B 3aBHCHUMOCTH OOHApy)XEH JIOKAJbHBIH MaKCHUMyM IpH
3HAUCHMSIX OTHOCHTEIIbHOM SHTAJILITUH
X = -0,006 + -0,018, 4TO COOTBETCTBYET pacyYETHBIM 3HAYCHUSIM
JIOCTUTAEMOM SHTAJBIIUU TPU Hadaje NMapooOpa3oBaHUs B KaHAaJC.
Takoe HaOmIOACHUWE TMO3BOJISIET MOJCPHU3UPOBATH  METOIBI,
NpeNIoKeHHbIE paHee B [l], myTeM WCIOIB30BaHUS 3HAYCHUS
OTHOCHUTEIBHON SHTAJIBIIUU TEIUIOHOCUTENS JUIsl  ONpPEAeCHUS
PEKMMAa TEIJIOOTIAYH.

Puc. 1. 3aBucuMOCTh CTEIEHU
AmIPOKCUMAIIHNH 0. CTIEKTPOB

T (haykTyaruit remrepaTypbl
MTOBEPXHOCTH HArpeBaTesst OT
| OTHOCHUTEIHHOW SHTAJIBITNH

‘x \ | TemmomocuTens mpu

00 - JIBIDKEHUHW B 000TpeBaeMoit

T T T T T T T
0000 005 000 005 00 015 020 025 pr6e

X

OTCcyTCTBHE IOKAIBHOTO MAaKCUMyMa JUTSI CITydas IBMOYKEHUS depes
KOJIBIIEBOM KaHaNl TMPEOIOIOKHUTETbHO CBA3aHO C METOAUKOM
W3MEpPeHHH — B OJKCIepUMEeHTe (UKCHPOBAIHNCH (IIyKTyalluu
TeMIepaTypsl  HAPY)KHOW  CTEHKH, TIpA OTOM  3aKUIIaHHE
TEIUTOHOCUTENSI TPOUCXOAWUIIO Ha TIOBEPXHOCTH 0OOrpeBaeMoit
BHYTPEHHEH CTEHKHU KaHasa. Hannoe MPEANnoIoKeHue
MTOITBEPKAAETCS MOJIEITEHBIMU pacueramu YaCTOTHBIX
XapaKTePUCTUK TEMIIEPATyphl B TBEPAOM Telle IPH OTPHIBE TAPOBBIX
ITy3BIPHKOB, MPENCTABICHHBIME B padote [2].

B pabore Tarke wccienoBaHbl (UIYKTyalldd — JaBIICHUS
TETUTOHOCHUTES TS Pa3IMYHbIX TeoMeTpuii nBrkeHus. [lomyuennpie
pe3yabTaThl TO3BOJSIT MOJIEPHU3UPOBATh METOJIBI JTUATHOCTUKU
MEPEXOJHBIX  PESKHMOB  TEIUIOOTAAYM B JHEPreTHYECKOM
000pyTIOBaHUH.

HccnenoBanne BEHIMONHEHO 3a cuUer rpaHTa Poccuiickoro
Hayyaoro ¢onma Ne 25-79-00251, https://rscf.ru/project/25-79-
00251/
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METOAOJIOIUsA NIPOI'HO3UPOBAHUA OCTATOYHOI'O
CPOKA CJYXKBbl OGOPY1OBAHU S

Hlxapyna M 1., Henee .M.
HATO HUAY MUDU, 2. Obrunck

B coBpemeHHON MpakTUKE JMarHOCTUKK W KOHTPOJA
[POMBIIUIEHHOTO  00OpYJOBaHUS YK€ JaBHO  3aKpEHIUINCh
MaTeMaTUYECKHE U BEPOSITHOCTHBIE METO/bI aHaimu3a. Ho B cBsi3u ¢
MIOBCEMECTHO BHeApseMOol mu(poBH3aIieil 5JKOHOMUKH Ha BBIXOZE
TeHEepUPYeTCsl HACTOIBKO OOJBIIOE KONMUYECTBO MH(OPMALUH, YTO
XOpOIIO 3apEKOMEHOBABLIME METOIBl YK€ HEIOCTaTOYHBI IS
TIOJTHOIICHHOW ee o00paboTkm. JlaHHas paboTa pa3BHUBaET HICIO
IPYIIIUPOBKH 00OPYIOBAHHUS 110 CXOKHUM MCTOPUYECKUM MATTEPHAM
JUIS1 TIOBBILIEHUS] TOYHOCTH IIPOTHO30B.

AKTyanmbHOCT,  pabOTBI  ompeneisierci  HeoOXOANMOCTHIO
3¢ (HeKTHBHON MIAHUPOBKU TEXHHUYECKOTO0 KOHTPONSA OOBEKTOB, MX
obcnmyxuBanud. Taxke C HOMOIIBIO TOYHOI'O HPOTHO3MPOBAHUS
CTaHOBMTCSI BOSMOXKHBIM YBEJINYMBATh HA3HAYCHHBIA CPOK CIIyXOBI
W3IEIHSL.

Henbto pabotel siBisieTcst pa3pabOTKa METONOJOTMH OLEHKH U
MPOTHO3UPOBAHMUSI OCTATOYHOI'O CPOKA CIY)XOBl IPOMBILIUICHHOTO
000pyIOBaHMS C yUETOM CIEHU(UUECKUX YCIOBUI IKCIITyaTallui Ha
00BbeKTax SIEPHON U TEIUIOBOM 3HEPTETHKH.

PabGora Bkmiouaer B ceOs aHaNU3 YCIOBHH, BIMSAIOUIMX Ha
o0opyznoBaHMe, €ro TUIMWYHBIE Ne(eKThl, pa3pabOoTKy aaropuTMOB
00paboTKM JaHHBIX € y4eToM crenuduyeckux  (axTopoB
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JKCIUTyaTalMM. TecToBble HCHBITAaHWS HAa OTKPBITBIX JAHHBIX IS
MIPOBEPKU MOJEIIEH.
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CIyKObl THAPABIMYECKOTO HAacoca C TMPUMEHEHHEM METOJ0B
MAaIIMHHOTO 00y4YeHus» JInHaMuKa 1 BUOpoakycTuka, 7, Ne 3, 13-21.
2021 r.

I''IYBOKOE BBI'OPAHUE POAUEBOI'O 113

Kypuenxos A.10., Mycuxun A.M., Pacuemnosa M.A.
HUI] « Kypuamosckuil uncmumympy, 2. Mockea

Buytpupeaktopubeiii  koHTpons B BBOP  peammsyercs
ITOCPEICTBOM COOPOK BHYTpUpeaKkTOpHbIX zAerekrtopos (CBPJI),
BKJTFOYAIOIINX CEMb JAeTeKTOpOB IpsiMoro 3apsna (JI13) ¢ pomueBbiM
smutrepoM [ 1]. s mepexona ot u3mepsiemoro Toka poauesoro 113
K CpenHeMy JHHEWHOMY SHEpPrOBBIIEICHHIO MIECTH ONMMKaNIIMX K
MaTINKy  TBOJIOB i Kaxkmoro copra TBC  3apanee
MTO/ITOTaBIMBAIOTCS KO3 (P PUITMEHTHI YyBCTBUTEIEHOCTH
(mepexoaubie Gpynkuuu) [1-2].

B CHCTeME  BHYTPHPEAKTOPHOTO  KOHTPOIS (CBPK)
BOCCTAQHOBJIEHWE SHEPTOBBIZENICHNs] B aKTUBHOW 30HE 0€3 MOTepH
TOYHOCTH BBHITIONHSIETCS C WCIIONB30BaHWEM (YHKIMNA BBITOPAHUS
HII3 no 150-160 K. Takoit nuanas3on Beiropanus 113 nomHocThiO
MepeKphIBAl YEThIpe TOJa OKCIUTyaTaluu (YeThipe KOPOTKHE
kammannn) CBPJ] B moboit HampsokenHoit TBC ¢ m1r00bIM
MIPOEKTHBIM 00OTaIEHUEM.

C nepexonom PY BBOP Ha 18-u MecsauHbIe TOIUIMBHBIE HUKIIBI IPU
skciuryataiu CBP/I Tpy «UTMHHBIX» KaMIIaHUM, IPOTEKIINH 3apsiz
B HII3 moxer pocrurate yxe 180-200 K, uyro BhIXOIUT 32
00OCHOBaHHYI0 00JIaCTh  BBITOPAaHUS OMUTTEpa, U Tpedyer
oropaxoBku I3 u Mmoxker npuBectH K Aerpagaunu Gpynkunii CBPK.
B cBa3u ¢ stum, CBPJl cramum 3KCILTyaTHPOBAaThCS TOJIBKO MABE
«IUTHHHBIE» TOIJIMBHBIE KAMITAHUH.
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B pabore ObuIi mpoBeAEHBI pacyeTHBIE UCCIECAOBAHUS TITyOOKOTO
BbIrOpanusi poxueBoro JII3 nans oueHKHM BIMAHUS BO3MOXKHBIX
HEONPEACTCHHOCTE Ha TOYHOCTHBIE XapaKTEPUCTUKU (YHKIUHA
BbiTopanus JI13 (1 cooTBETCTBEHHO TOYHOCTH BOCCTAHOBJICHUS TIOJIS
SHeproBelyienenus no nokazanusaM JI13) mpu nporHo3HbIX pacyerax
¢ Beiropanuem jo0 200 K.

Jluteparypa

1. [umoGamo C.A. XapaKTEpUCTHUKH POIUEBOr0 JICTEKTOpa
neritponos J{I13-1m: [penpunt MAD-3899/4, 1984.

2. Kypuenkos A.}O. Briropanue poaueoro I3 B BBOP-
1000. Meroauka ompenereHHusl JTUHEHHOrO 3HEPTOBBIJEIEHHS IO
nokazanusm JI[13 // Bonpockl aTroMHON Hayku u TexHHKH. Cepusi
«Duznka saaepHbIx peakTopoy - 2010, Beimyck 3 «Dr3nka 1 METOIBI
pacdera SIIepHBIX PeakTopoBy, ¢.16-25.

INPUMEHEHHUE UCKYCCTBEHHOI'O UHTEJUJIEKTA B
CUCTEMAX ABTOMATHYECKOI'O YIIPABJIEHUA
AAEPHBIX DHEPTETUYECKHUX YCTAHOBOK

Kopuaeun JI.A.
HUAY MUDU, 2. Mockea

OOBeKTHl SAEpPHOM DHEPreTHKH XapaKTePHU3YIOTCS BBICOKOH
CIIO)KHOCTBIO ~ TEXHOJOTHYECKHX MPOIECCOB, MHOTOMEPHOCTHIO
MapaMeTpoB M TOBBIIICHHBIMH TpPeOOBAHMSAMH K OE30MacHOCTH.
Buenpenue meronos nckycctBeHHOro uaremiekta (M) B cucremsr
aBromatndeckoro ympasieauss (CAY) TO3BOJISET CYIIECTBEHHO
pacmpuTh (YHKIIMOHAIBGHBIE BO3MOXKHOCTH OIEPATOPCKUX U
3aIIUTHBIX MTOJICHICTEM, obecrieunBas Oonee TOYHOE
MIPOTHO3WPOBAHNE COCTOSIHH, CBOEBPEMEHHOE TIPUHSATHE PEIICHUH H
OIITUMU3AIUI0 PEXKUMOB PAOOTHI MOACUCTEM U 000PYIOBAHUSL.

OmauM n3 rnaBHbIX npuMeHeHnid WU B snepHOM »HepreTuke
SIBJIIETCSI BO3MOXXHOCTh 00pa0OTKM OOJNBIINX MAacCCHBOB JaHHBIX B
peallbHOM BpeMeHH. OJTO OOecCleuyMBaeT paHHEE BBISBICHUC
OTKIIOHEHWH B paboTe pEeaKTOPHBIX YCTAHOBOK, IIOBBIIICHHE
TOYHOCTH JMArHOCTHKH CKPBITBIX Je()EKTOB M HPOTrHO3MPOBAHHE
JanbHEHIINX CLEeHApUEB pa3BUTHs cUTyauuil. VHTemeKTyaibHbIe
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MOJIENM  TO3BOJIAIOT  YYMTHIBATh  HEJMUMHEWHbIE  B3aUMOCBS3H
MapaMeTpoB, KOTOpbIE TPYJHO WM HEBO3MOXKHO OINHCATh
KJIACCUYECKUMHU anropuTMaMu. HaneXHOCTP M OJATOBEYHOCTH
SIIEPHOM MHPPACTPYKTYPBI MOXKHO OBLIO ObI IMTOBBICUTH, eciii Ob1 U
00HapyKHMBaJl paHHHE ITPU3HAKHA U3HOCA KIIIOYEBBIX €€ KOMITOHEHTOB.

TpaauumonHoit cepoit ncnonb3oBanust M B atoMHON oTpaciu
MOKHO CUMTATh dKCHEpPTHBIE cUCTeMBI [ 1 ]. Tarke BaxHBIM (DaKTOpOM
npumenenust MU sBnsiercs obecreueHne aganTUBHOTO YIPaBICHUS
npoueccaMy B aKTHUBHOM 30HE. B yCIOBUSX M3MEHSIOIUXCA
TEIUIOTHIPABIIUYECKIUX W HEUTPOHHO-(PU3UYECKUX I1apaMeTpoB,
KoneOaHW! Harpy3kd WM TEPEXOJHBIX PEKUMOB HCKYCCTBEHHBIE
HEIpPOHHBIE CETH U aIalITUBHBIE PETYIATOPBI MOT'YT KOPPEKTHPOBATH
YIPAaBISAIONINE BO3AEHCTBHS C YYETOM TEKYIIMX W MPEACTOSIINX
COCTOSIHMHM CHCTEMBL. OJTO TOBBIIIaeT ycrodumBocte CAY K
BO3MYIICHUSIM M CHIDKAET BEPOSTHOCTh YEIOBEYECKOW OIIMOKH,
0COOEHHO B CIOKHBIX WJIM HECTAHIAPTHBIX CHTYaIHIX.

Oco0yto poib wWrpaer co3gaHue IU(QPOBBIX JIBOWHUKOB
peaKkTOpHbIX ycTaHOBOK. MWHterpanuss WM ¢ BupTyalbHBIMU
MOJEISMH [O3BOJSET MPOBOAWUTh HMUTALWK ABAPUMHBIX U
MEPEXOMHBIX  TMPOIECCOB, (POPMUPOBATH  PEKOMEHIANMU  T10
YIpPaBIEHUIO PEAKTOPOM C YYE€TOM pa3IUYHBIX CIEHapHEB. JTO
MOXET cTaTh  (yHZaMEHTOM [UISI  CO3/IaHHA  IIOJHOCTBHIO
MHTEIIeKTYanbHBIX CAY HOBOTO IOKOJIEHUSI.

B simepHoii sHEpreTHKE NcToab30Banne M HeM30€KHO CBA3aHO C
MTOBBIIIIEHHBIMH TPEOOBaHUAMH K HAJI©KHOCTH U BEpUDUITUPYEMOCTH
anroputMmoB. 1103ToOMy 3HAUUTENPHOE BHUMAHKE JOJKHO YACIATHCA
TpeOOBaHUAM K OOBACHUMOCTH pelleHnd, npuHuMaeMmbix WU.
Onepatopsbl U HAA30pHBIE OPTaHbl JOJKHBI YETKO TOHUMATh JIOTHKY
pabotet MM, d9ro0Bl 3TO HE MOIJI0O TPHBECTH K HEIITATHBIM
cutyauusM. HyXHO Kak MOXHO paHblle HadaTb BHeApeHue MU u
o0ydeHHWe TepcoHana, 4YTOOBl 3TH TEXHOJOTHH pa3BUBAINCH U
CTaHOBWJIMCH 0OJIee IPUBBIYHBIMU U U3YUYESHHBIMHU.

Takum 00pa3om, HCIOIB30BaHNE UCKYCCTBEHHOTO MHTEIIEKTa B
CUCTEMaX  aBTOMATHYECKOrO  VYIOPABIECHUS  SHEPTETHUYECKUX
YCTaHOBOK, OCOOCHHO B aTOMHOW DJHEpPreTWKe, OTKPHIBAET
BO3MOXXKHOCTH JUIsI TIOBBILIEHUSI Oe3omacHocTd, 3(deKkTHBHOCTH U
yCTOWYMBOCTH  dKCIuyaTanmd. OIHOBPEMEHHO 3TO  TpeOyeT
pa3paboTKH CTPOrMX METOAMK TECTUPOBAHHUS, CEPTUPHUKALMU U
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WHTETpallil HWHTEJICKTYaJbHBIX MoJielield, 4YTOoOBbl 00ecleuuTh
COOTBETCTBHE BHICOKUM CTaHAApPTaM aTOMHOW OTpacCIIu.

Jluteparypa

1. HuxomaeBa A.B., YBakun M.A. u gap. HckyccTBeHHBII
WHTEIUICKT B OOJNACTH WCIOJb30BAHUS ATOMHOM JHEPrHH —
CYIIECTBYIOIIME BO3MOXKHOCTH U TIEPCIIEKTUBHI // Bompock! aToMHON
Haykd U TexHuKd. Cepusi: Qu3nka saepHbIX peakTopoB. — 2023. — Ne
3.—-C. 4-16.

CUCTEMA KOHTPOJIA JE®@OPMALIUU
TEINVIOBBIAEJIAIOIIUX SJIEMEHTOB B PEXKUME
PEAJIBHOI'O BPEMEHU HA OCHOBE BOJIOKOHHO-
OIITUYECKUX JATYUKOB

Muponosa /[.P., Tpogpumos M. A.
HATO HUAY MUDU, 2. Obrunck

I'epMeTHIHOCTH 00OIOUKH TEIIOBHIACIISIONIETO dJIEMEHTA (TB3J1a)
SIBIISICTCS. KPUTUYCSCKU BaXKHBIM acCIleKTOM, ITOCKOJBbKY JFOOBIE
nedekTsl MOTYT TPUBECTH K YTEUKE PAJUOAKTUBHBIX MaTEpPHAIIOB,
YTO BBI3BIBACT POCT AKTHBHOCTH TEINIOHOCUTENS U YBEITHYNBAET PHCK
aBapuu. OJJHAKO CYIIECTBYIOIINE CHCTEMBI KOHTPOIIS TePMETUIHOCTH
obomouek (KI'O) mms peakropoB Tmrma BBOP obmagaroT HHU3KOM
3¢ (ekTHBHOCTHIO W TPeOYIOT CYIIECTBEHHBIX 3aTpaT BPEMEHH s
TIpOBENCHUS KOHTPOJsA. BomokonHo-onTtmueckne matauku (BO/I)
MPECTABIISIOT COOOM MepeIoBbIE CPEICTBA TUATHOCTUKY JUTSl OTICHKU
LIEIIOCTHOCTH 000JI0UEK TETIIOBBIEISIONINX 3JIEMEHTOB (PHCYHOK 1).

Hanpmkenne u Temneparypa

A

OnTirdeckoe BONIOKHO

Tlanaromuit Obonouxa TIpoxonamuit

cEeT Fay = N SEET S
< [ l - ( i )( j )( j )( j ) Cepneunnk } i
2l \Z

(o

e Pemérra Bparra

Puc. 1. Ctpykrypnas cxema BOJ]

K MoKa3aTeiIsiM, BJIWAIONIMM Ha LCIOCTHOCTL CTPYKTYPBI TB3JIA,
OTHOCATCH TCIIJIOBOC paCIIMPCHUEC U U3BMCHCHUC )Ie(i)OpMaLII/II/I.
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BOJI ycToitunBsbl K paguanuy U ciocoOHbI (PUKCUPOBATH AaHHBIE
0 TemrepaTtype u aedopmanuu ¢ Beicokol wactoroi (1o 100 ') u
BBICOKOM MPOCTPAHCTBEHHOM TOYHOCTHIO (0,65 MM) Ha anmuHax a0 30
METPOB.

BonokoHHBIN JaTYMK HAa OCHOBE PEIIETKH bparra cocrout us
O6J'IaCTI/I B BUAC PCHICTKU C ICPHUOANICCKUM U3MEHCHHUEM I1OKA3aTECIIA
MpETOMIICHHS B 00JacTH CepJieuHHKa ONTHYECKOTO BONOKHA. CBer,
OTPaKCHHBIA H3-32 IEPUOAMYECKUX H3MEHEHUH I0Ka3aTels
MpEIOMIIEHUSI pelIeTKH bparra ¢ 1eHTpanbHOM JJIMHOM BOJHBI,
3a1a€rcs Kak:

A= 2no/\,
rae ng — 3G EKTUBHBIN IMOKa3aTellb MNpPEIOMIICHUs; A — mmiar
pelIeTKy.

BonokonHo-onTHyeckue  aTYMKH  pabOTarOT HA  OCHOBE
MIPUHIIMIIOB TIPOXOKIEHHSI CBETa Yepe3 ONTHYecKue BojokHa. CaBur
CleKTpa, HaONIoJaeMblii B ypaBHeHWM peuietku  bporra,
WUTIOCTPUPYET CBS3b MEKIY TEMIIepaTypoil u nedopmaiiueid B
BOJIOKOHHOM JIATYHKE CIETYIOIINM 00pa3oM:

== KT + Kee,

rie AS — cmekrtpanpHbeld ciur, T — Temmeparypa, € —
nedpopmamust, a Kr u K, — xoddduuueHtsl temmepatypsl u
nedopManuy COOTBETCTBEHHO. Ilapamerp S mpencraBiser coOoid
CPEIHIOID ONTHYECKyI dYacTtory. Korma BoJOKHO cBOOOJHO
MepeMenIaeTcss U He mojBepraerca AeopMmarui, KOMIIOHEHT I
M3MEpEeHHS TEeMITepaTypbl MOXET OBITh M30JMPOBAH, YTO MO3BOJSET
BOJIOKHY HW3MEpPSITh HWCKIIOYATENBHO KONEOAHUS TeMITepaTyphl.
AHANOTMYHO, BOJIOKHA [UIA W3MepeHus nepopMamvd MOTyT
M30/IAPOBaTh U3MepeHus Jnepopmammu Tpu  (PUKCHPOBAHHBIX
YCIOBHSIX, KOIZa BOJOKHO TIIOJMHOCTBIO BCTPOEHO B MaTepHall
WCIBITYEMOTO O0BEKTa, a TeMIlepaTypa OKPYXAIoIel Cpelsl
MTOJIIEP KMBAETCS TIOCTOSIHHOM 110 BCEH JUTMHE 00BEKTA.

Jluteparypa

1. Alastair Big Luna. Online Health Monitoring of Nuclear Fuel
Pins using Fiber Optic Sensors // UNIVERSITY OF WISCONSIN-
MADISON, 2025.

2. Manjusha Ramakrishnan, Ginu Rajan, Yuliya Semenova,
Gerald Farrell. Overview of Fiber Optic Sensor Technologies for
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Strain/Temperature Sensing Applications in Composite Materials //
Photonics Research Centre, School of Electrical and Electronic
Engineering, Dublin Institute of Technology, Kevin Street, Dublin 8,
Ireland, 2016.

I'PA®OBBIE HEMPOHHBIE CETH KAK FHCTPYMEHT
AHAJIM3A TEOMETPUM ITIPU HEMUTPOHHO-
OUBNYECKOM PACUYETE

Lnanax H.I11, Konecoe B.B.
HATO HUAY MUDU, 2. Obnunck

HeﬁpOHHBIe CETU ABJIAIOTCA IEPCIICKTUBHBIM MHCTPYMEHTOM JJIsL
HEHTPOHHO-(pHU3UYECKOro MojaenupoBaHus. OJHAKO, MPEIBITYIIHIE
WCCIIEIOBaHMS TIIOKAa3aJld, YTO B TaKUX 3aJadaXx KakK pacuér
H30TOIMHOT'O COCTaBa IPH BBI'OPAHUU SAACPHOI'O TOIJIMBA, TOYHOCTH
COBPEMEHHBIX HEHPOCETEBBIX MOJEICH HeyIoBiIeTBOpUTENbHA [1].
Ora 1npobigemMa MOXKET ObITh O0OCHOBaHAa HEIOCTATOUHBIM
KOJIMYECTBOM COMYTCTBYIOIICH MH(OpMAIHH, TOAaBaeMOi Ha BXOJ
HeWpoceTH.

Hecmotps Ha To, 4TO J1sl pacuéra KOHIIEHTpalMid H30TOMOB BakKHA
HE CTOJIBKO TEOMETPHSI pacCMaTPUBAEMOM 001aCTH, CKOIBKO 00bEMBI
M TUIOTHOCTh MaTepuajioB (HadaldbHOE KOJWYECTBO W3OTOIOB),
B3aMMHOE pACIOJIOKEHHE ITOBEPXHOCTEH, a TaKkkKe TpaHWIHbIC
YCIIOBHS KpaiHe BaXKHBI TS pacuéra KodQUIFeHTa pa3sMHOKEHHUS
HeHTpoHOB. OH IPEACTABISIET 0COOBIN HHTEPEC B IFOOBIX HEUTPOHHO-
(m3mueckux pacuérax.

B pacuérnbix kogax, peanusyrommx Meroq MonTe-Kapio, Takux
kak Serpent m OpenMC, reomerpust 3ama€rcs rpadom. ['pad
TEOMETPUN CONEPKUT HH(POpPMAIMI0O O KaXKIOW TOBEPXHOCTH B
MonenupyeMoit obmactu. [loBepXHOCTH 3a7ar0TCSI TIPH TIOMOIIU
ypaBHeHU# B JlekapToBBIX KoopanHAaTax. B y3max rpada reomerpuu
coJiepXaTcsi TUI TIOBEPXHOCTH (ILIOCKOCTh, LWJIMHAD W T. I.) U
MapaMeTpbl ypaBHEHHUS STOW ITOBEPXHOCTH. Marepranbl TakKe
MOXKHO TIPEICTaBUTh B BUJE Y3NIOB Tpada, B KOTOPBIX XPaHATCH
IUIOTHOCTB, 00BEM M M30TOMHBINA cocTaB Marepuaina. [Ipumep Takoro
rpada npeacTaBiieH Ha pUCYHKe 1.
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Puc.1 INpumep rpada pacuérroii mozaeu B koge OpenMC. YEpHbiM
I[BETOM 0003HAYCHBI MaTEPHUAJIBI, CEPHIM — IMOBEPXHOCTH

Hnst 3a7a4, cBA3aHHBIX ¢ 00paboTKoi rpad)oB HA JAHHBI MOMEHT
pa3paboTaHbl JIECATKH HeHUpoceTeBbIX apXUTekTyp [2]. B mannoi
pabore OBUTO TPOBEJCHO CpaBHEHWE HEKOTOPBIX M3 HHUX B 3ajadax
pacuéra 3HauyeHus K, B Hadale M KOHE KaMIlaHuu 1o Tpady
pacu€rHoil mozenu. JlydmuM pe3ynbTaTOM CTalO OTKIOHEHUE OT
pesynbratoB OpenMC Ha 3.15% u 4.7% COOTBETCTBEHHO.

Jluteparypa

1. Hlmamax H.IT., KonecoB B.B.. «KMonenupoBaHue BBITOpaHUS
SIIEPHOT'O TOTUIMBA C IIOMOIIBIO PEKYPPEHTHBIX HEHPOHHBIX ceTeity //
BYJIVIIEE ATOMHOM SHEPI'ETUKH - ATOMFUTURE 2024,
Tesucel goxnagoB XX MexayHapoldHOW HaydYHO-TIPAKTHYECKOU
koHpepeniuu. — O6HuUHCK, 2024 — C.122-124

2. Jie Zhou, et al. «Graph neural networks: A review of methods
and applications» // Al Open — 2020 V.1, P.57-81

PA3BPABOTKA MOJEJIM ITIOJIYITPOBOJHUKOBOI'O
JETEKTOPA 13 O4I' C 1IOMOIIBIO ITPOI'PAMMHOT' O
KOMILVIEKCA GAMMALAB

Xaiieimmypaoos A.b., Ilpunauxun /. A.
HUAY MUDU, 2. Mockea

Pa3Butue MerogoB  MOAENMPOBAHUS  CHEKTPOMETPHUECKUX
W3MEPEHMH HalpaBlIeHO KakK Ha NOBbIeHHEe 3(PEeKTUBHOCTH
pa3pabOTKM  HOBBIX  KOHCTPYKLHMH  JETEKTOPOB B  COCTaBe
CIIEKTPOMETPOB, Tak M Ha oOecredeHue mpoiecca OoOyueHHs
nepcoHaa padoTe ¢ peabHBIMH CIIEKTPOMETPUYECKUMH IPHOOpaMH.
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Hens  wcchemoBaHusi  siBIsgeTcs  pa3paboTka  MoOJIENu
MOJTYNPOBOAHUKOBOTO JETEKTOpPa M3 0cO00 YHUCTOTO TepMaHUs
(OUT’), ¢ momotrpio mporpaMMHoro komruiekca GammalLab, B cocTas
KOTOpOT'0 BXOJAAT MOJIYJH, TO3BOJISIONIME 3a/1aBaTh F€OMETPUIO U
COCTaB MOJIEIUPYEMOr0 JETeKTOpa, a TakkKe IMPOBOIUTH pacyer
MerosoM Monrte-Kapio Bcex HeoOXOmUMBIX TapameTpoB. B
mporecce WCCIIEZIOBAaHUA Obu1a co3/laHa MO/IEIb
MIOJIYIIPOBOAHUKOBOTO jAerekTop u3 OUIl, sBistomerocss 4acTbio
cnekrpomerpa ORTEC GEM25P4-76 POPTOP.
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Puc.1 DddextuBHOCTD perucTpaimu BupTyanbHoro (1) u peansHoro (2)
CIIEKTPOMETpa

Jns npoBepKH KauecTBa MOIEIMPOBAHUS ObUIO BBINOTHEHO
CpaBHEHUE XapaKTePUCTHUK BHPTYaITBHOTO (MomenpHOTO)
CIIEKTPOMETpa C pa3pabOTaHHOM MOAENBIO NETEKTOpa M PEaibHOTO
nerektopa B coctaBe cnektpomerpa ORTEC GEM25P4-76 POPTOP.
Hns 3TOoro OBUIM HWCIONB30BaHBl CHEKTPHl TaMMa-H3JIy4eHUs
pamuonykmuaoB: Eu-152, Am-241. Bpems Habopa 1O >XHBOMY
BpeMeHu coctaBwio 1000 c, paccrosiHME MEXAY HOETEKTOPOM U
ucTouHUKOM — 25¢cM. KannbpoBka criekrpomerpa 1o 3¢ GeKTUBHOCTH
perucTpanny NpoBOAMIACH C HCIONb30BaHWEM MCTOUYHUKOB Eu-152
(121,782 x»3B; 244,697 x3B; 344,279 k3B; 778,904 k3B; 964,079 x3B;
1085,869 x3B; 1112,069 k3B; 1408,006 k3B) n Am-241 (59,537 x3B).

117



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

Ha pucynke 1 mpeacraBneHo cpaBHeHHE 3(PPEKTHBHOCTH
perucTpalid raMMa-KBaHTOB BHPTYaJlbHBIM (C pa3paboTaHHOU
MOJIENbIO IETEKTOPA) U PEeaTbHBIM CIIEKTPOMETPaAMHU.

C yMeHbllleHHEM 3Hepruu ramma-kBaHtoB (MeHee 200 k3B)
3G(GEKTUBHOCT  PETUCTPALIMU  JIETEKTOpa B BHPTYalbHOM
CIEKTpOMETpE HauWHAeT OTJIMYaTbcd OT COOTBETCTBYIOLIUX
3HaUEHUM peanbHOro JIETEKTOpa B COCTAaBE CIIEKTPOMETpa.
IIpeanonaraercs, 4TO0 NpHUYMHA TAKUX OTKJIOHEHUN CBs3aHA C
MOJIETIbI0 €CTECTBEHHOTO PaJUAIMOHHOrO (OHA, y4eT KOTOpOro,
BEPOSATHO, TO3BOJUT YJIYULIUTh CYIECTBYIONIYIO MOAETH AETEKTOpa.
B panpHeiimem gns BepuduKamuu  Mozenw  pa3pabOTaHHOTO
MOJTyTIPOBOAHUKOBOTO eTekropa u3 OUl mmanupyercs pacmupuThb
KOJIMYECTBO  MCCIEAYyEeMBIX  CIIEKTPOB TaMMa-H3IydeHHS  OT
CTaHJAPTHBIX PAJMOAKTHBHBIX HCTOYHUKOB M TPOO COJIEpIKaIInX
raMMa-u3ydJaroniie paJdoaKTHBHBIE BEIIECTBA C HEM3BECTHOM
AKTUBHOCTBIO.

Jluteparypa

1. Glenn E. Knoll, «Radiation Detection and Measurement» //
Third Edition. — New York: John Wiley & Sons, 2000

HUCIIOJIb30BAHUE KOMIIBIOTEPHOI'O 3PEHMA J1JIA
ONPEJAEJIEHUSA TIAPAMETPOB JIBYX®A3HOI'O
IIOTOKA

Hasnmoxosckuii H.B., Toroxkonckuii A.O., Kyyenko K.B., Casenves
A.A., Macnos IO.A.
HUAY MUDU, 2. Mocksa

[loBbllIEHHE MOIIHOCTH SIACPHOM HSHEPreTUYECKOW YCTAaHOBKU
CONPSDKEHO C PHCKOM BO3HHMKHOBEHHS KpH3UCa TEIJIOOTAAauH,
KOTOpBIA ~MOXKET MPHUBECTH K IMEperpeBy U  MIPOrOpaHHUIo
TEMJIOBBIJIEISIOMIErO  3JIEMEHTa C  MOCJIEAYIOIIUM  BBIXOAOM
MPOLYKTOB JENEHUsI B NepBbIi KOHTYp. [loaTOMY, A7s1 MOBBIIEHUS
MOIIHOCTH PEAaKTOPHOM YCTAaHOBKU, KPUTHYECKH BaXHO YMETb
JMarHOCTUPOBATh U MPOrHO3UPOBATH HACTYILIEHUE ITY3bIPEKOBOTO U
IUIGHOYHOTO PEKHMOB KHUIEHHUS M  TedeHus JByX(asHOro
teronocutenss. C LeNpl0  pellleHWs  JaHHOW — IpoOJIeMbl
paspabaTtbiBaeTcs cucreMa JUarHOCTUKH TE4EHUs u
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OPOTHO3MPOBAHUSI  KUIEHHS,  OCHOBaHHAs  HAa  METOfax
KOMIIBIOTEPHOTO ~ 3PEHHS,  KOTOPbIC  MPOCKTHPYIOTCS IS
Terioruapasnnyeckoro cresaa 8 HUAY MUOU [1].

AKTyanpHOCTh  paboOThl  MOMYEPKUBACTCS  HEOOXOMUMOCTHIO
OTEPAaTHBHOM JHATHOCTHKH M MPOTHO3UPOBAHUS MY3BIPHKOBOTO H
IEHOYHOTO  PEKHMMOB  KHUIEHHS B JIBYX(a3HBIX  IMOTOKaxX
TETUTOHOCUTES.

Ilenbto naHHOW pabOTHI SABISETCA CO3/JaHUE CHCTEMBI IS
OMpEEIEeHusI B PEKAME PEajJbHOr0 BPEMEHH  O0BEMHOTO
napocojepanust JIByx(pa3HOro IMOTOKa W pa3MepoB IAPOBBIX
ny3bIpeii HAa OCHOBE BHIEOMOTOKA, PETMCTPHPYEMOTO CHCTEMOM
KOHTPOJISL TEIUIOTHIPABIMYECKOTO CTEHIA, a TaKXKe IOKa3aHuit
JaTYMKOB.

JUts pelieHust IMOCTaBJICHHBIX 3aJad Obula BbIOpaHa MOJENb
YOLO [2] — cBéprouHass HEHpOHHAs CETh, MPEAHAa3HAYEHHAS IS
oOHapy)XeHHsT OOBEKTOB B peajibHOM BpeMeHH. Takum 00pa3om,
00y4eHHast HeHPOCeTh MO3BOJISIET OMPEIENISTh:

(1) xonmyecTBO M pa3Mep MapOBBIX IMy3bIpell Ha MOBEPXHOCTH
TEIUIOHATPEBAIOILET0 MJIEMEHTA U B 00bEME;

(2) oOBEMHOE TTapocoaepKaHUE;

(3) pacmpenenenue IETEKTHPYEMBIX My3bIpel 1O pa3MepaM.

b R _ T - o
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[ocne, momy4uB Mozienb CIIOCOOHYIO ONPEAETTH MApoBYIO (azy B
nByx(a3HOM MOTOKE, OBUIM MPOJAENAaHbl YKCIEPUMEHTHI MO MOHUCKY
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3aBHCHUMOCTH BEJIMYMHBI pa3Mepa MapoBOTo IMy3bIpsl OT MeperpeBa u
HeJlorpeBa >KUIKOCTH.

B xome pabotsl Obuia pa3paboTaHa CHUCTEMa C HCIIOJIb30BAaHUEM
KOMITBIOTEPHOT'O 3pEHUS], CIIOCOOHAS HMIACHTH(PHUIMPOBATH MapOBYIO
¢dazy, OleHUBATHL NPUCTEHHOE TNAapOCOJEp)KaHUE U OINPEACISITH
OTPBIBHBIE pa3Mephl MAapOBBbIX Iy3bIped. BbIIO yCTaHOBIEHO, YTO
pacrmpesencHie OTPHIBHBIX Pa3MEpOB MApOBBIX IMy3bIpEH ONM3KO K
JIOTHOPMAaJIEHOMY pacmpeesieHHIo.

Jluteparypa

1. L. Laouar, et al, « A thermohydraulic flow loop for
developing novel solutions in the field of using digital twins for
nuclear power facilities » // lzvestiya Wysshikh Uchebnykh
Zawedeniy, Yadernaya Energetika, - 2020(2)

2. YOLO documentation [Dnextponnsiii pecypc]. URL:
https://docs.ultralytics.com/ (mata obpamenus 02.11.2025).

INPUMEHEHUE METOJIA CKAHUPYIOIIEN
KOHTAKTHOWM MMOTEHIITMOMETPHUH B
ABTOMATHU3UPOBAHHOM HEPA3PYIIAIOIIEM
KOHTPOJIE METAJUIMYECKHAX WU3JIEJIAM

Buxmeee A.A.%, Poibaxos E.B.%, Hubaes H.P.', Cypun B.U.*
THUAY MUDH, 2. Mocksa
2CKII Texnonozuu, 2. Mocksa

CoBpemennsie MeTobl Hepaspymatomero koatpois (Y3K, PI'K,
BHXPETOKOBBI) WMEIOT OrPAaHWYEHHYI YYyBCTBUTEIBHOCTh IPHU
IMATHOCTUKE TOHKOCTEHHBIX W3MENUH, CBapHBIX COCAMHEHWUH U
neranei cIokHOW ¢opMmbl. B psme cioydaeB wH(OPMATHBHOCTH
CTaHIAPTHBIX METOJOB CHIDKAeTCcs, OCOOEHHO TIpH TIOMCKE
MUKPOTPENINH, 30H KOPPO3UHM H JIOKAIBHBIX CTPYKTYPHBIX
HapylIEeHUH.

Meron ckanupytomeid koHTakTHoW moteHnuomerpun (CKII)
MTO3BOJISIET  BBISABIATH JIEPEKTH, HEIOCTYIHBIE YIbTPa3BYKY W
PEHTTeHY, 3a CUET PEruCTPaIiy JIOKATHHBIX H3MEHEHU I KOHTAKTHOTO
MOTEHI[MAa MEXJy KOHTAKTOM M IOBEPXHOCTHIO IPOBOJSIIETO
Matepuana. KoHTpacT moOTeHIMana OTpakaeT HEOHOPOJHOCTH
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HaANpsHKEHHO-NEPOPMUPOBAHHOTO  COCTOSIHUSI M ITO3BOJISIET
00HapyXHBaTh MUKpoAe(eKThI pasmepoM oT 1—-5 mMkm [1].

Pa3pabaTriBacMasi aBTOMaTU3UPOBAHHAS YCTAHOBKA BKITFOUACT:

HM3MEpUTEIbHBIA MOIYIb C 3JIEKTPOHHBIM BOJIBTMETPOM;

MEXaHHU3UPOBAHHYIO CUCTEMY CKaHUPOBAHUS;

MHUKpPOKOHTPOJIIEp CUHXPOHU3ALIUY;

MPOrpaMMHBIN HHTEp(Elic BU3yaTH3aliu.

CxaHMpOBaHHE OCYIIECTBISETCSI aBTOMAaTHYECKH IO 3aJaHHOU
Tpaektopuu.  PesympraToM — sBIsSeTcs ~ JOByMepHas — Kaprta
pacnpeseneHrs MOTEHIINaNa, TO3BOJISIONIAs JIOKaIH30BaTh 00JIacTH
nedekToB 0e3 pa3pyllieHus U3Aeus 1 0€3 MPUMEHEHUS HCTOYHUKOB
W3ITy4YeHUs], BAKYyMa WJIM XUMHUYECKHX PEareHTOB.

OO6nacTu MpUMEHEeHHS:

aToMHas JHEepreTuKa (KOHTPOIIB TpyOOTIPOBOJIOB,
TEIT000MEHHHUKOB, CBAPHBIX IIIBOB, 3alIUTHBIX KonmadkoB AJC);

MalIMHOCTPOCHHE W MeTauTyprus ((IaHIbl, KOpIyca, CBapHbIE

Y3TIBI);
HUW wu  nabGopatopun  (aHaiu3  MHKPOCTPYKTYPHI  H
3JIEKTPOIIPOBOIHOCTH);

cepBucHbie komnanuu mo HK.

Hayuno-texunueckuit 3amen: 6omee 300 myOauKkaiuii Mo METoxy
CKII, mexnmynaponubrii matentr WO 2017/180007 Al, ombITHBIE
00pasIpl, MOATBEPKAEHHBIA YPOBEHh TEXHOIOTMIECKONH TOTOBHOCTH
TRL-8.

Pemok: mupoBoit perHok HK — $10,7 mpx (2023) ¢ mporaozom
pocta 10 $25,8 muipn k 2032 roxy [2]. Poccuiickas nons — okono 1,5
% (=14,4 mupg P B 2023 1., mo 34,8 mupa P x 2032 r.). CermeHnt
71a00paTOpHOIo U CTallMOHApHOr0 00opynoBanus coctasisier ~10 %
peiEKa, uto dopmupyer TAM PD =1,44 mmpg P B 2023 r. Ilpu
noctmkumoit oiae SOM 5-10 % nmoTeHnuanbHbI 00bEM COCTABIIET
72—144 mnH P/ron ¢ nepcriektuBoit pocta a0 174—-348 M P/rog.

[Ipemnaraemas yCTaHOBKA 3aKpBIBAET nedumuT
BBICOKOYYBCTBUTEIBHBIX METOJIOB KOHTPOJISI TOHKHX JeTalleldl |
CIIOKHBIX TIOBEPXHOCTEH, Tl TPaJAUIMOHHBIE METOAbl TEXHUYECKU
HENIPUMEHUMBI [3].

[Tonyuen rpant Ne Jlor. BH. kog 0108635 or ®onna ConeiicTBus
HNuanoBanusm.
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Jlureparypa
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KoHcTpynpoBaHre mpuOOPOB W YCTAHOBOK  DIICKTPUYECKOTO
Hepaspymatomero koutponsi. Yacte 1. Teoperndeckue OCHOBBI
KOHTaKkTHOM noteHuuomerpun. — M.: HUAY MU®U, 2024. — 188 c.

2. PeiHok Hepaspymaromero kontpons // Hoea78. URL:
https://www.gminsights.com/ru/industry-analysis/non-destructive-
testing-ndt-service-market (mara obparenws: 12.02.2025).

3. CoBpeMeHHbIE METOIBI Hepa3pymiaromero kontpos // URL:
https://ecnk.ru/blog/3589 (mata obpamenus: 15.02.2025)

CO3JIAHUE [IUP®POBOT' O JIBOMHUKA IEYATHOMN
ILIATHI JUISI HEPA3ZPYIIAIOIIETI'O KOHTPOJISI HA
MPEJAIPUSITUHA OO0 ,, MUKPOCUCTEMA¥

Jlesuenko I1.11., benoycos I1.A.
HATO HUAY MUDU, 2. Obrunck

B coBpemenHOM Mupe pa3pabOTKH 3JIEKTPOHHBIX YCTPOWUCTB, TC
CIIOXKHOCTh CXEM TIOCTOSTHHO BO3PACTaET, UCTIONIL30BaHHE IIU(PPOBBIX
TBOMHUKOB CTaHOBHUTCS BCE Oojee BakHBIM. [[udpoBoii ABOWHHK
MIPENCTABIIET COO0M BUPTYAIBHYIO MOJENb (PU3NIECKOro 00BeKTa,
KOTOpasi TOYHO OTpakaeT ero MoBEJEeHHWE U CBOMCTBAa. B KOHTeKcTe
HEepa3pyImaroero KOHTPOJI MEeYaTHBIX AT Hu(POBOM TBOMHHK
MOXKET OOECIIeYNTh YMEHBIICHHEe BPEMEHH TUarHOCTUPOBAHUS
HEHCIPABHOCTH, a TAaKXKE€ BO3MOYKHOCTh MOJIEIMPOBAHUS PA3THIHBIX
e eKTOB IS IPOBEPKH MOBeAeHUs u3aenus [1].

Lenp manHO#M pabOTHI — cO3MaHKe YacTH MU(PPOBOTO IBOHHHKA
MEYaTHOW TUIATHI Ui OCYIIECTBIEHHWS IPOTHO3WPOBAHUS MPUYHUH
ANEKTPUYECKUX e EKTOB.

Co3ganre TOYHOrO IU(GPOBOrO JBOMHWKA HAYMHAETCS C
TIIATENBHOTO cOopa MaHHBIX 000 BCeX aclekTax (HU3UIecKoro
00beKTa. OTO BKIIOYAET TEOMETPUYECKHUE XapPaKTEPUCTHKH,
JNEKTPUYECKHE CXEMBI, TEIUIOBBIE TPOQPUIN, MEXaHHYECKHE
Harpy3kd W MHOroe jpyroe. Yem Oombllie M ToYHee coOpaHHas
uHpopmanus, TeM Ommke nudpoBas MoAenb Oylner OTpaxartb
peanbHbIi 00BeKT [2].
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Taxke HY)KHO OTMETUTh BaXHOCTH cOopa uH(pOpPMAaLUU O
nedekrax, MOIOMKax, HEMCIPAaBHOCTIX, KOTOPbIE MPOUCXOAWIH C
W3JEIHUSIMA BO BPEMSI €ro MPOU3BOJICTBA, POBEPKH H IKCILTyaTaI[H
KOHEUHBIM MOTPEOUTEIIEM.

[lepen wcmonbp3oBaHUEM COOPAaHHBIX NAHHBIX WX HEOOXOJUMO
MPEABAPUTENBHO MOATOTOBUTH, HEOOXOIUMO MPOU3BECTH YHCTKY
JAHHBIX, HOPMAJIM3A1IMIO0, pa3ielieHue, ayrMEHTALUIO U T/.

Hnst co3manust UQPOBOTo NBOMHUKA HCIONB3YIOTCS TPOTPAMMBI
Altium designer u Matlab, rme nepsas HyxHa mis CO3IaHHS
BUPTYAJIBHOTO “TeNla” MeYaTHOH IIJIaThl, a BTOpast IJIsl HaICTICHUS €ro
HEOOXOJIMMBIMU XapaKTePUCTHKAMHU 1 B3aUMOCBSI3SIMHU.

BuptyansHoe “Teno” cocTouT u3 30 MOIETH MeYaTHON IIaTh,
gerber (aiiioB, OMHUCHIBAIONIMX PACIOJIOKEHUE MEIH Ha pPa3HbIX
yuactkax, dril ¢aiinbl onuchiBarone PaCcOIOKEHUS Pa3TUIHBIX
orBepctuii  u  netlist  ¢aiinoB, oOMHUCHIBAIOMIMX — TOMOJOTUIO
ANEKTPUIECKUX COCINHEHUIH CUCTEMBI.

B mporpammuom obecreuennn Matlab Bce cocrammsromnue
BUPTYaJIbHOT'O Tella OOEIHSIOTCS IIyTeM IPOMMCHIBAHUS Pa3IMYHbIX
B3aUMOJICHCTBHM, B3aHMMOCBSI3€H, a TakKe CcloJa J00aBIISTIOTCS
pa3IUYHbIC ONMCAHUE BBIIIE XapaKTEPUCTUKHU, TPOGIIIN U TA.

ITocre momydeHws BHPTyalbHOTO oOpa3a IEYaTHOW IUIATHI C
HYXHBIM (YHKLIHOHAJIOM, K IIPUMEPY, C BO3MOXXHOCTBIO CO3/1aBaTh
HEKOTOpble BHUPTYyaJbHbIE HEHCIPABHOCTM TaKUE Kak: OOpHIB
JOPO’KKH, OTCYTCTBUE 3JIEMEHTOB, KOPOTKOE 3aMbIKaHUE U MPOYHUE,
HYXHO TpOaHaJM3UpPOBATh JaHHbIE O Je(eKTax, O KOTOPBIX
YIIOMHMHAJIOCh BbIE. M3 HUX HYXHO MOJYyYUTb CTaTUCTHYECKYIO
nH(popMaIuio BUIa fedeKT- psa BOSMOKHBIX IPHYUH.

HudpoBoil NBOMHUK Ha MPAKTHKE MPUMEHSETCS CIEAYIONIHM
METOJIOM: Ha TeyaTHOM 1uiaTe oOOHapykeH medexr, 3aIyck
MPOrpaMMHOIO KOJa, IIOMY4YEHHE CTaTHCTHKH 110 BO3MOXXHBIM
NpUYMHAM, 0 OdYepequ OT OOJbIIeH BEPOATHOCTH K MEHbILIEH
MPOU3BOAMUTCS MMHUTALUMsl NPUYUH BO3HUKHOBEHHS Jedekra, IMoKa
peanbHBIl M BUPTYyaJdbHBIA AedEeKThl HE COBHALyT WIM HEe Oyaer
MOATBEPIKICHO, YTO PAHEE TAKUX CUTYallui HE BOSHUKAJIO.

JlaHHBIN TOAXOA C UCIOJIB30BAHUEM YaCTH LU(PPOBOro IBOWHUKA
MeYaTHOM IUIAThl TO3BOJMJI CYLIECTBEHHO COKPAaTUTh BpeMsl Ha
BBISIBJICHHE PUYMH BO3HUKHOBEHUs AeekToB Ha yuacTke OTK.

123



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

Jluteparypa

1. bBopoekor A.U., Psoor 10.A., Kykymkun K.B., Mapycesa
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[pubopocrpoenne. 2021. T. 64, Ne 7. C. 517—53L1.

METOAUKA IIOUCKA U OITPEJAEJIEHUSA MECT YTEYEK
B TEIIVIOBBIX CETSAX

bviuxos C. U., llIxapyna M. U.
HATO HUAY MUDU, 2. Obrunck

ens pabotsl: MccaenoBanue TEIIOBBIX CETE M 00OCHOBAHME
MIPUTOIHOCTH BHEAPEHHS] CHCTEMBI, HCIOIB3YIOIIEH aKyCTUYECKH
METOJ KOHTPOJISI [UIi OOHapyXeHHs Te4d B TPyOOHpoBomax
TeIoBbIX cerei, o aHaoruu ¢ CAKT ADC.

AxrtyansHOCTE PaboThl: CyIIeCTBYIOMNN TOIXOJ THATHOCTUKH
COCTOSIHUS  TEIUIOBBIX CET€M, OCHOBaHHBIH Ha TMPOBEACHUU
©KErOJHBIX THUAPOUCIIBITAHWHN, KpaliHe 3aTpaTeH u Hed(deKThBeH.
PeanpHOE cocTosHME TPyO 3aBHCHT OT YCIIOBHM SKCIUTyaTallUd H
KauecTBa HW3TOTOBIIEHHS, TMIOITOMY TpeOyeTcsi HEempephIBHBIN
KOHTPOITh HAJTMYHS T€YH B TPYOOIIPOBOAX.

AHanmu3 COCTOSHHS TEIUIOBBIX cerTell T. OOHWHCKA ITO3BOJIUI
M3YYATh TEXHUYECKOE COCTOSHHE TPYyOONpPOBOIOB, BBIIBUTH
HauOoIee OCTPhIe MPOOIEMBL.

AHaMH3 CyIIEeCTBYIOIIUX METOIOB KOHTPOJIS TEIUIOBBIX CeTell mam
BO3MOXKHOCTB OIEHHUTPH MX 3()P(HEKTUBHOCTH U BBISSBUTH HAIIPABIICHHS
JUTS. COBEPIIIEHCTBOBAHUS IPUMEHIEMBIX ITOAXO00B K AMATHOCTHKE 1
MOHHTOPHHTY.

JeranpHoe onrcaHne MPOTPAMMHBIX PEIISHUH ISl MOHUTOPHHTA
COCTOSIHHS TEIUIOBBIX CETeH BBIIBUIIO HaWOOJee MEepCIIeKTUBHBIC
TEXHOIIOTUU U TIO3BOJIMIIO OIIEHUTh WX IMOTEHIIUAN JUIS TIOBBIMICHHS
3¢ (HEKTUBHOCTH CHUCTEM KOHTPOJIS.

AHaNHM3 CHCTEMBI aKyCTHYECKOI'0 KOHTPOJIS TeUeH, MPUMEHSIEM O
Ha AaTOMHBIX  O3JEKTPOCTAHIUSAX, OOHAPYXKWI BO3MOXXHOCTH
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aJanTalyuy JAaHHOTO METOJa JUIS MPUMEHEHHs B TEMJIOBBIX CETSX, C
yu€roM UX crnenu(UYecKuX — XapakTepHUCTUK U YCJIOBUH
9KCILTyaTalHH.

MogenupoBaHue CHCTEMBI KOHTPOJS TeYH TPYOOIPOBOAOB
MPOIEMOHCTPUPOBAJIO IMOTEHIHMAN sl pa3paboTku 3 eKTHBHOMI
METOAMKA  aKyCTHYECKOr0  KOHTPOJIS,  aJalTHPOBaHHOH K
0COOCHHOCTSIM TEIUIOBBIX CETEH.

OKCTepUMEHTaTbHEIE HMCCIIeJOBaHUS TOJATBEP AUITH
paboTOCIIOCOOHOCTh Pa3padOTaHHONW METOJAMKH M €€ CIocOOHOCTh
ONpEeACIATh KOOPANHATEI TCUHU U OLCHUBATH PAaCXO0/] TCIJIOHOCUTEIIA,
YTO KPHUTHYCCKU BaXXHO [JII OICPATUBHOIO pearupoBaHUd Ha
aBapuiiHbIE CUTYyalUH.

O6paboTtka AKCIIEPUMEHTAIBHBIX  JTAHHBIX obecmeuria
pa3paboOTKy allrOpUTMa  OINpEEIeHUs TMapaMeTpoB Teud U
MIPOBEICHUE OICHKA TEXHUKO-DKOHOMUYECKOH 3¢ GhEeKTHBHOCTH
MPEATIOKEHHOT0 METO/Ia, YTO OOOCHOBBIBAET I1EIIECO00PA3HOCTH €ro
BHEAPEHUS Ha MPAKTHKE.
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TEXHUYECKOMY TUATHOCTHPOBAHUIO TPYOOIIPOBOAOB TEIUIOBBIX CETEH
C HICTIOJIb30BaHNEM aKyCTHYECKOTO METO/Ia.

3. Pa3paboTka cuCTEMbI aKyCTHYECKOr0 KOHTpoIs Teueit// Cait
«Uctopuss Pocaroma,» [DnektponHbIN pecypc| Pexum pocryma:
https://elib.biblioatom.ru/text/atomnaya-energiya t103-
6_2007/p342/ (nata mocemenns 10.11.2025).

4. bpruko, C. W. Meroguka AWarHOCTHPOBAHHS TEYH B
TpybonpoBoax TermtoBbix ceret Gprumuana AO "PUP" B I'. OOHMHCKE
/ C. W. berukos, M. U. lllkapyna // Byaymiee aToOMHOW SHEPTEeTHKH -
AtomFuture 2024 : Te3ucsl goknagoB XX MexayHapoIHOU HaAydHO-
npaxktrdeckoi koHpepenunn, O6HuHCK, 05-06 nexadbps 2024 roxaa.
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PA3PABOTKA 10 /151 IOBBIIIEHUS
YOOEKTUBHOCTU AHAJIU3A CUCTEMbBI
BJIAJKHOCTHOTI'O KOHTPOJISI TEUU HA ATOMHOM
CTAHLIUU

Haxab6oe A.B., Xanpoe B.H.
HATD MUDHU, 2. Obnunck

bezonacHocTh ADC Tpedyer MTOCTOSTHHOTO
COBCPUICHCTBOBAHUA CUCTEM MOHUTOPHHTA. OI{HOﬁ U3 KIIHOYEBBIX
3a7a4 SIBJISIETCSl ONEpaTHBHOE OOHAPYKEHUE YTEUEK TEILIOHOCHTENS
B TpyOONpoOBOJaX, MOCKOJIbKY OHH MOTYT NPUBECTH K CEPhE3HBIM
MOCJIEICTBUSIM.

Lens Moero wucciieioBaHHS — 3TO BCECTOPOHHHWI aHaM3
OKCINTYyaTallMOHHBIX XapaKTCPUCTUK CHCTEM KOHTPOJIA YTCUCK Ha
ADC, ¢ ¢okycoM Ha VIydlOieHHEe METOAOB 00paboTKH U
WHTEPIPETAI[UH JAHHBIX C JATYUKOB IS TIOBBIIICHHUS HAJCKHOCTH H
OIIEPaTHUBHOCTH OOHAPYXEHUS MTPOTEUEK.

Pabora ommpaercs Ha TIPOBEPEHHBIC METOIBI OOHAPYKEHUS
yTeueK: aKyCTHYEeCKHH KOHTPOIb M BIAXHOCTHBIA KOHTpOib. Oba
METO/Ia OCHOBaHBI Ha PAa3NUYHBIX (DU3UYECKUX TPUHIIMIAX, UYTO
MTO3BOJISIET CO3/]aBaTh KOMIUIEKCHBIE CHCTEMBI MOHUTOpHHTA [1].

I'maBHBIM ~ gocTmkeHWeM  pabOThI  SBISETCS  CO3/IaHUE
CHeNHaTN3upOBaHHON TporpaMMbl Ha s3bike Python [3]. Ora
TporpamMma MpeaHa3HadeHa st 00padoTKh U GHIIBTPAIINN TaHHBIX,
MOTyYeHHBIX B pe3yiabTaTe BIAXHOCTHOTO KOHTPOJS YTEUeK B
TpyOompoBomax peakropoB BBDP, wu mnpemnasHadeHa s
rcrnonb3oBaHus Ha benopycckoit ADC.

B pamkax pa3paOoTKu MpeioskeHbl HHHOBAIMOHHBIE TTOIX OBl K
OLIEHKE ImapaMeTpoB yreuek. [Ipemiaraercs aHamu3upoBaTh CKOPOCTh
MepeMeIIeHns Tapora3oBoro (poHTa W ypOBEeHb aOCONIOTHOM
BIIQXXHOCTH TIPU PA3NIAYHBIX CIEHAPUAX Te4h. OTH METPHUKH,
paccunTaHHBIE HA OCHOBE PEATbHBIX IKCIUTYaTAIIMOHHBIX aHHBIX,
MO3BOJISTIOT OOJIee TOYHO XapaKTepPH30BaTh XapaKTep W MAaciiTaObl
yTeuku [2].

Pa3paboranHoe mporpaMMHOE pellieHue, UCIONIB3YIOIIee HOBBIE
MTOJIXO/IBI K aHAIIU3Y BIIAYKHOCTHBIX JIAHHBIX, 3HAYUTEIIEHO MTOBBIIIAET
3¢ PEKTUBHOCTh CUCTEM KOHTPOJISI T€PMETHUYHOCTH TPYOONPOBOIOB
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ADC. ToyHoe M OmHepaTUBHOE BBISIBICHHE YTEUEK CIIOCOOCTBYET
MOBBIIICHUIO O0ILEro ypoBHS 0€30MaCHOCTH aTOMHOM DHEPTeTHKH.
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https://metanit.com/python/tkinter/ (n1ata obpamienus: 28.11.2025).
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CEKIIUA IV
DKOJIOTMA 1 FE30IIACHOCTh ATOMHOM DHEPTETUKH

RADIOBIOLOGICAL EVALUATION OF CONVENTIONAL
AND HYPOFRACTIONATED VMAT FOR PROSTATE
CANCER USING TCP AND NTCP INDICES

Huy Vu Trinh!, Quang Trung Pham®?,
'Ha Noi University of Sciences and Technology, Hanoi, Vietnam
2Department of Radiation Therapy and Radiosurgery, Hanoi,
Vietnam

Hypofractionated radiotherapy has gained increasing interest in
localized prostate cancer due to the tumor’s low o/f ratio, indicating
greater sensitivity to larger fraction sizes. This study compares
radiobiological outcomes - tumor control probability (TCP) and
normal tissue complication probability (NTCP) - between
conventional fractionation (CF) and hypofractionation (HF) using
VMAT in a Vietnamese patient cohort, with the long-term aim of
incorporating biological indices into routine radiotherapy quality
assurance.

This retrospective analysis included 22 patients with histologically
confirmed localized prostate adenocarcinoma (T1-T3NO-N1MOQ,
AJCC 8th edition) treated at 108 Military Central Hospital, Hanoi,
Vietnam, between 2017 and 2024. All patients were planned using
VMAT technique for both regimens, CF (78 Gy/39 Fx) and HF (60
Gy/20 Fx), across a range of prostate (40.7-174.3 cm?3) and extended-
field target volumes (seminal vesicle and pelvic lymph node).

All plans utilized VMAT technique, using 2 to 4 fields with
continuous MLC motion, calculated with the Anisotropic Analytical
Algorithm (AAA) at a 2.5 mm resolution. Treatment was delivered on
a Varian TrueBeam STx unit with 6 MV photon beams, 600 MU/min.
Two to four field VMAT plans employed a specific geometry to
minimize rectal dose: a CW arc (200° to 160°) and a CCW arc (160°
to 200°), with respective collimator rotations of 30° and 330°. For
plans requiring three or four arcs, standard collimator angles of 0° and
90° were used. Patients were positioned head-first supine.
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After that, dose-volume histogram (DVH) data were extracted
from Eclipse v13.6 and analyzed first to calculate treatment plan
evaluation, including: conformity index (Cl), homogeneity index
(HI), and gradient index (Gl). After that, TCP and NTCP were
estimated using Poisson, Logistic, and Lyman-Kutcher-Burman
(LKB) models (Table 1). Statistical comparisons were conducted
using paired t-tests or Wilcoxon signed-rank tests. All analyses were
conducted using R version 4.4.3. The parameters used for calculation
were based on the study of Burman et al. [1], AAPM-166 report [2],
and Aysegiil Unal Karabey et al. [3]

Tab.1: Models for NTCP and TCP calculating

Model NTCP TCP
LKB NTCP
TCP
(NTCP) = <—EUD _ DSO) 1y &*¥P[2Y50(1-D/TCDs0)/ In 2]
Poisson m. D, — <_>
(TCP) = p(x) 2
NTCP 1
. 1 TCpP=——
Logistic = TCD=n\4Y50
4 TCDso
14+ (TDSO) 70 1 ( EUD )
EUD

The quantitative assessment of planning quality indices (CI, HI,
GI) confirmed that all treatment plans for both protocols met the
required evaluation criteria. Although the CF regimen yielded
marginally higher TCP, it was consistently associated with increased
NTCP. In contrast, the HF regimen maintained high TCP while
markedly reducing rectum and bladder NTCP across both Burman and
Karabey parameter sets. Overall, the radiobiological models
demonstrated that HF offers comparable tumor control with
substantially lower complication risks, supporting its adoption as a
more efficient and clinically advantageous treatment strategy.

Reference

1. C. Burman, G. J. Kijtcher, B. Emami, and A. M. Goitein,
“Fitting of normal tissue tolerance data to an analytic function,”
Pergamon Press plc, 1991.

2. X. Allen Li et al., “The Use and QA of Biologically Related
Models for Treatment Planning,” Mar. 2012. doi: 10.1118/1.3685447.
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3. A. Unal Karabey et al., “Radiobiological Models:
Conventional and Ultra Hypofraction Treatments in Prostate
Radiotherapy,” Turk Onkoloji Dergisi, vol. 39, no. 3, pp. 307-315,
2024, doi: 10.5505/tj0.2024.4332.

HNCCIEAOBAHUE I''IYBUHHBIX JO3HBIX
PACITIPEJAEJIEHUU B MULLIEHU ITPU ITPOXOKJAEHUN
KJIMHUYECKOI'O ITYYKA

Hlubawos A.H., /[pyscunckas O.H.
JUTU HUAY MUDHU, . Jlumumposepao, Poccus

Baxxnoll 3aga4eli npy IIIAaHUPOBAHUY JIyYE€BOM TEpPAINU, SIBISETCS
MOJIEIMPOBAHKE U pacdeT JM03HBIX mosneld. OcoOeHHOCTH J030BOTO
pacnpeneneHusi MPOTOHHBIX MYYKOB IMO3BOJISIOT CHU3WUTH JIYUEBYIO
Harpy3Ky Ha 3/I0pOBbI€ TKaHH OpPraHM3Ma, YTO IMOBBIIIAET KaYECTBO
JICYCHHUS 110 CPAaBHEHUIO C KOHBEHIIMOHAIbHON TraMMa-Tepanue.

Henpto uccnenoBaHuss ObUIO MOCTPOUTH TIIIyOMHHBIE JO30BbIE
pacnpeneneHus, BbIIBUTh 3aKOHOMEPHOCTHM HX H3MEHEHUS B
3aBHCHUMOCTHU OT BapbHPOBAHUS pa3MEPOB IIy4Ka.

B xone uccienoBanust ObUI BBIIOJHEH Pa300p MAaTEMaTHYECKOIO
Koga Ha oOcHOBe mnporpamMmbl WolframMathematica (puc. 1),
MIPOCYUTAHBI IUIOMAAN PACIpPENeTIeHUH, BBIIBICHBI U OTOOPayKEHbI
rpaMuecKy 3aBUCUMOCTH IUIOLIAN OT Pa3MEPOB IIyUKa.

VI e 1.4
vz = 1.4

FlHa =

n o= 143

Puc. 1. ®parmeHT Kofa JO3HOTO U TPAIUEHTHOT'O PACIIPEAeTICHHS

B cootBercTBHM € pa3pabOTaHHBIM aITOPUTMOM pacdeTa JI03HbBIX
pacnpeneneHuil BBIIIOJIHEH pacyueT paclpeaeeHus 1036l B MHUILIEHU
IpU NPOXOXKAECHUM IydKa OpoToHOB ¢ 3Heprued 1000 MsB mpu
HCTIOJIB30BaHUH IIOBOPOTA OOBEKTA 00JIy4eHHS OIEPEMEHHO BOKPYT
IBYX OCEH Ha YCTaHOBKE NPOTOHHOW CTEPEOTaKCHYECKOW Tepamnuu
(VIICT) [1].

Ucxons w3 BBIYMCIGHWH KOAa, TMONyYMId Trpaduueckoe
n3o0pakeHue  pacrpeiesieHus J03bl, a TaKke TpagueHT
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pacmpenenenuss 103bl (pUC. 2) B 3aBUCHMOCTH OT Pas3IHYHBIX
3HaYeHUH pasMepa Tyuka MOpoToHOB. CHATHI KOOPAMHATHI
MUHHMAJIBHBIX 1 MAKCUMAaIIbHBIX 3HAUCHUHN TSI KaXI0U 13 o0sacTel
B 3aBHCHMOCTH OT 3Ha4CHMUs pa3Mepa Iy4Ka 00JIydeHus.

FWHM = 8 mm FWHM =9,5 mm
Puc. 2 — Pacnpenenenus 1036l ¥ TPaIMCHTA NPY MOJIHOU IIUPUHE TyYKa Ha
nonoBuHe BbicoThl (FWHM — nonHas mmprHa mydKa Ha MOJOBHHE
BBICOTBI)

IMpu anamm3e pa3dpoca KOOPAWMHAT B Pa3IHUYHBIX OOJIACTSIX
HaOmoaercst 4€TKasi TeHSHIIHSI €r0 YBEIHUEHHs C pOCTOM pa3Mepa
MMydka, 4YTO  TOATBEPXKIAET  KOPPEKTHOCTh  IOCTPOCHHOM
MaTeMaTHYecKOH  MOJENMd W TIPaBUIBHOCTh  pean3aluu
BBIYHCIUTEIHHOTO KO/,

[IpuBenénnpie rpaduueckine OTOOPaXKEHNAS PACIIPENEIEHUS 03B
HaIlJAHO TIOKa3bIBAIOT TPSMO MPOMOPIIMOHATPHYIO 3aBUCHMOCTH
pacnpeneneHus A03bl OT pa3Mepa Iydka IPOTOHOB.

Ananmu3  pacy€THBIX JAaHHBIX W TONyYEHHBIX  JIO3HBIX
pacnpeneneHrii MOKa3bIBAET, YTO C YBEMUYEHHEM pa3Mepa Iydka
MPOMCXOAUT pacIIMpeHHe o0JacTH, OXBaThIBAEMOH 3aJaHHBIM
YPOBHEM JI03BI.

Jluteparypa
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.C. bpoxuk, W.B. Bacunerckas, M.B. Xuranosa. / Menmuuiackas
¢uzuka. — 2020. — Ned4. — C. 5-12.

OLIEHKA PAJJUOMETPUYECKHUX U
CIHEKTPOMETPUYECKHUX XAPAKTEPUCTHUK AJIb®A -
AKTHUBHBIX ADPO30JIEN B YCJIOBUSX
HOPMAJIBHOTI'O JABJIEHUSI BO3JIYXA

3yorosa A.I'., [lpunauxun J.A.
HUAY MUDU, 2. Mockea

OnHOM U3 aKkTyalbHBIX 3a7au ajb(pa-CreKTPOMETPUHU adpO30JIci
SBIISIETCS.  pa3pabOTKa  METOJIOB,  IO3BOJISIONIMX  MPOBOJWTH
W3MEpPEHUS B BO3AYIITHON cpefie 0e3 MPUMEHEHHS BAKYYMHBIX CHCTEM
n 0e3 palMOXUMHUYECKON MOJrOTOBKU MPO0. ITO 0COOEHHO BaXKHO
IIprU MOJEBBIX HCCICAOBAHUAX M B CUTyalUsX, KOIr'da HCO6XO}II/IM
OlepaTHBHBI aHanmm3. B paMkax wuccienoBaHusl OICHUBAIACH
BO3MOXKHOCTh ~ PETUCTpaly  anb(pa-4acTul] MpH HOPMaJIbHOM
JIABIICHUH BO3JlyXa C WCIIOJIh30BAHUEM CIIEKTPOMETpa Ha OCHOBE
MOTYIPOBOJHUKOBOIO KPEMHHEBOTO JIETEKTOpA M KOJTUMATOPOB C
kBaapaTHOi (opmoii siueek (puc. 1). IlpuMeHeHHME KOMIMMAIIMU
MO3BOJISIET YMEHBIIUTH YIIIOBOW pa30opoc anb(a-4acTHIl U TeM CaMbIM
YIIYqIINTh SHEPTEeTHIECKOe pa3penienne crieKTpoB [1].

Puc. 1. Kommumaropsr Ne 1 (a), Ne 2 (6)

Jnsi OLeHKH BIMSHMS BO3LYLIHOM cpelpl Ha XapaKTepHUCTHKH
MPOBEIEHBl W3MEPEHMs CIIEHUAJBHOTO a’3pO30JbHOI0 HCTOYHHUKA
(CAN) muryToHMS KaK IpY HOPMaJbHOM aTMOC(EPHOM AaBJICHNH, TaK
U B YCIOBHAX BakyyMa. B Bo3aymHOW cpene  CHEKTPHI
perHCTPUPOBANINCE 0€3 KOIIMMaTopa M C TNPUMEHEHHWEM JIBYX
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BapHaHTOB KOJUIMMATOPOB C Pa3MepOM KBaJPAaTHOU SUEHKH 5 MM H
BbIcoTOi 5 1 10 Mm. [TonmydeHHBIE CIIEKTPBI IPEACTaBICHBI HA PUC. 2.
o pesynbTaTam n3MepeHui onpeneneHsl 3HaueHust 3PPEKTUBHOCTH
peructpanuu u [TIIIB muka 2*°Pu.
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Puc. 2. Cnektpsl ucrounrka CAU, n3amepeHHbIe B BO3/IyXe

Taxxke OBUIM BBIMOMHEHBI H3MEPEHHUS a’PO30JIBHBIX MPOO,
cozepKammux aodepHue nponykrthl pacmana (II1P) pamona. CriekTps
PETHCTPUPOBAINCE B JIBYX BapHaHTax — 0e3 KOUIMMAaropa U C
HCIIONIb30BaHueM KojutmMmaTtopa Ne2. Ha ocHoBaHMHM u3MepeHUit
ompesieieHa aKTUBHOCTH 2°PO ¥ COOTBETCTBYIOIIHE 3HAUCHHMS
[THIITB.

PesynpTaThl mOKazanu, YTO TPUMEHEHHE KOJJIMMAaTOPOB
OIpENENCHHOW  KOH(UIypauuu  yiaydllaeT  3HEpreTH4ecKoe
paspelieHue CIEeKTPOB, Belpaxkatonieecs B ymeHnbieHuu [IIITB, Ho
B TO K€ BpeMs HaOmomgaercs CHIDKeHHEe d(QekTuBHOCTH
perucTpanuy, UYTO JelaeT BaKHBIM  ONTHUMAJBHBIM  BBIOOP
KOJUIUMATOpa C y4YETOM JAOIYCTUMOIO CHUXKEHHUS 3((PEKTUBHOCTH
[IpU MOBBILIEHUU 3HepreTudeckoro paspewmenus. [Ipu srom st CAU
IUTYTOHMS HAaWJIy4IlIne pe3yabTaThl Jan koumMmaTop Ne 1, Torga xak
s a3po3oibHbIX pob TP pagona — kommumaTop Ne 2.

Jluteparypa
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CYTOYHBIE BAPUALIUN KOHINEHTPALIUU TPUTHUSA B
BOJSHBIX TAPAX ATMOC®EPHOI'O BO3IYXA HA
TEPPUTOPUU C TOA3EMHBIM HCTOYHUKOM

®Deoynosa E. B.Y2, Muxaiinos A. B.%, Jhykawenko C. H1
Cmenansny E. P.Y2 Tomcon A. B.*

YHUI] "Kypuamoeckuii uncmumym" — KKPAD, 2. Obnunck
2HATD HUAY MUDHU, 2. Obnunck

Tputuii sBAsSETCS ONHUM U3 OCHOBHBIX PAJIHOHYKIHIIOB B
BBIOpOCAX AaTOMHBIX CTaHIMH BO BpEeMs HUX INTaTHOW pPadOTHI.
YuuteiBas TEMIIbI pa3BUTH aTOMHO-IHEPTeTHIECKOU
MIPOMBITIUIEHHOCTH, KOJTMYECTBO TPUTHS B OKpY>KarOIIeH cpeme Oyaer
Bo3pactaTh. OJHUM W3 OCHOBHBIX THIIOB PaJHalMOHHO-OMACHBIX
OOBEKTOB SIBJIAIOTCS DKOCHUCTEMBI C IIOA3EMHBIM HMCTOYHHKOM
pamuoaKTUBHOTO 3arpsisHeHUs. [lomoOHBIE OOBEKTHI BO3HHKAIOT
BCIICAICTBUE pa3pyMICHUS XPaHWIHUII PaITAOAKTHBHBIX OTXOJOB.
Hcnapenne TpUTUPOBAHHOM BOJBI C TOBEPXHOCTH  IOYBHI,
TpaHCIIUpAIys TPUTHPOBAHHOW BOABI PACTCHUSIMH TPHUBOIUT K
MOCTYIUICHHIO TPUTHUSA B aTMochepy. DKCIIEPUMEHTAIBHBIX pa0d0T Ha
JAHHYI0 TeMy HEIOCTaTOYHO JII TOYHOW OIEHKH COIEp KaHUs
TPUTHS B aTMOC(HEPHOM BO3IIyXE.

Lenpto Hacrosimeit paboTHl ABISETCA HCCIENOBAaHUE CYTOYHBIX
Bapyanuii KOHIICHTPAIlMM TPHUTHS B aTMocdepe IKOCHCTEMBI C
MMOJA3E€MHBIM HUCTOYHHKOM.

Hccnenosanne mpoBoANIIOCs HA MPUPOJAHOM yIacTKe, Ha KOTOPOM
JOKa3aHO HaJIW4He IOI3eMHOr0 HMCTOYHWKA TpuTus [1]. Ydactok
HaxXOIWTCSA B OKPECTHOCTAX ropoja OOHUHCK Ha PAacCTOSHUU OKOJIO
1,5 kXM OT ropoickoil MH(PACTPYKTYpHl HENOJAIEKY OT IepEeBHU
[TotpecoBo. MccnenoBanue mpoBOAWIIOCH B JIBYX TOYKaX ITAHHOTO
ydactka. Jlns TOATBEpXKIEHHWS HAIWYHS IMOI3EMHOT0 HCTOYHHMKA
TPUTHSA B BBHIOPAHHBIX TOYKAX OIPENEICHO pacIpeeeHue
aKTUBHOCTH TpuTus cBobomHoii Bomel (TCB) mouBer 1O
BEPTHKAIIEHOMY MPO]HITIO.

B Touke, pacronoxeHHOH Onmke K IMOA3EMHOMY HCTOYHHUKY
TpuTHUs, HaOIoJaeTcs JMHelHoe YyBenuueHue axkTuBHOocTH TCB
mouBkl Ha riryouHe ot 40 10 70 cM, Mmocie yero 3HaueHne aKTHBHOCTH
TCB BbIx0aUT Ha 1aTO. B TOUuKe, KOTOpast HAXOAUTCS HA PACCTOSTHUU
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100-150 M OT TOYKM MaKCHMaJIbHOTO 3arps3HEHHS, JHHEHHOE
yBeJIMUYEHHE KOHIEHTpauuy Habmoaaercs ¢ 60 go 80 cm, mocie yero
BBIXOJUT Ha IiaTo. MakcumanbHbie KoHIeHTparuun TCB mouBb
nocturarot 1620 bx/n B Touke 1 u 550 Bbx/n B Touke 2.

B pesynbraTe TpoBeNeHHBIX pabOT TMOJIYyYeHBbl 3aBUCHMOCTH
KOHIIEHTpalMi TPUTHS B BOJIHBIX mHapax Bo3ayxa (TBIIB) ot
BpPEMEHM CYTOK. XapakTep HU3MeHeHus KoHueHTpauuun TBIIB B
TEUCHHE CYTOK B IBYX TOYKAX OJTMHAKOBBIN, HO 3HAYCHUS aKTHBHOCTH
B TOYKE 2 HIDKE IMPUMEPHO B JIBa pa3a aHAIOTWYHBIX 3HAUYCHUU B
touke 1. Konmnentpanus TBIIB nocturaer MakcuManbHBIX 3HAYCHHIMA
B TEUEHHE 2-X 4acoB IMocje paccBeTa u 3akata (B Touke 1 - 280 bx/m,
B Touke 2 - 120 bk/n). [Ipu 3TOM, KOHIIEHTpALUsSI TPUTHST CHHXKACTCSI
Ha TIOPSI/IOK B TIOJJIEHb.

beimn ompeneneHsbl 3HaUEHUST KOHIICHTPAIIMHA TPUTHS B BOISHBIX
mapax TIIOYBEHHOTO BO3[yXa, KOTOpele cocraBmaor ~0,5 oT
KOHIIEHTpanmidi aTMocepHOro Bo3ayxa. XapakTep HW3MEHEHHS
KOHLIEHTpalUuy TPUTHS B BOASHBIX Iapax IIOYBEHHOI'O BO3AyXa
COBHNAJAET C XapaKTEpPOM PACHPEACIECHUS KOHLUEHTPALUU TPUTHUS B
BOJIHBIX Mapax atMoc(epHoro Bo3ayxa.

Takum o0Opa3oM, KOHIIEHTpauus TPUTHS B BOASHBIX Tapax
BO3/lyXa  3HAYUTEIBHO  H3MEHSETC B  TEYEHUE  CYTOK.
3aKOHOMEPHOCTH W3MEHEHHsI KOHI[EHTPAIlMM TPUTHS B BOISHBIX
mapax arMoc(epHOro  BO3IyXa, BEPOATHO,  OMPENEIIIOTCS
LHUPKATHBIMU PUTMAMHU PACTEHUM.

Jluteparypa
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N3YYEHMUE BJIMAHUA NOHU3UPYIOETO
W3JYYEHMS HA 3D KJIETOYHBIX COEPOIJI0B

Kounoea A.0.Y, ITonos A.JI.°
YHATD HUAY MU®DHU, 2. Obnunck
2UTOF PAH, 2. Ilywuno

JBymepubie (2D) kierouHble MOJENH, KOTOpPHIE B HACTOAIIEE
BpeMsl SIBJISIIOTCS KITFOUEBBIM HHCTPYMEHTOM B JKCIIEpPUMEHTaxX in
Vitro, HaXoAAT MIMPOKOE MPUMEHEHHE KaK B (DYHIAMEHTAIbHbBIX, TaK
Y TPUKJIATHBIX UCCIEIOBAaHUSAX, OCOOCHHO B Pa3pabOTKe METOJ0B
MPOTHBOONYXONeBol Tepamuu. [lpu pabore ¢ 2D-kymbrypamu
YUYUTBIBAIOTCS MX OTIMYHS OT XKMBOTHBIX MOJEINei iN ViVO, omHaKo,
YTOOBI CIPOrHO3WPOBATH TOT WM HMHOM 3(Q(EeKT B OpraHusMme,
HEOOXOJIMMO TIPOBECTH OOJBINOE KOIUYECTBO IKCIIEPHUMEHTOB Ha
KJIETOYHBIX KyNbTypax. Kpome Toro, Kk HeJjocTaTkaM MOHOCIOWHBIX
KyJbTYp MOXKHO OTHECTHM OTCYTCTBHE TKAHEBOH CTPYKTYphl U
HEOI'PaHUUYCHHBIA JOCTYI KJIETOK K TaKUM KOMIIOHEHTaM POCTOBOM
Cpembl Kak KHCIOpOJX, NUTATelbHbIE BEIIECTBA U METaOONUTHI, B
OTJINYME OT OIYXOJIEBBIX TKAaHEH, Iie JOCTYIl 3THX BellecTB Ooiee
BapuabeneH. B CBSA3M ¢ TakMMM OTrpaHUYCHUSMH BO3HHKIA
MOTPEOHOCTh B alNbTEPHATUBHON CHUCTEME, CIIOCOOHONH MMUTHPOBAThH
Oprasbl M IO3BOJSIIOIIME MPOBOAUTH PYTHHHBIE SKCIEPUMEHTHI B
OOJIBIIIOM KOJMYECTBE O3 TPHUBJICUCHUS JTaOOPATOPHBIX KHBOTHBIX.
Takas cucrema TmpencraBisieT co0OH cdepuuecKkne CKOIJICHHS
KIETOK C MEXKKIIETOUHBIM B3amMogeiictBueM — Tpexmepusie (3D)
MOJENH, TaKue, Kak c(epouabl, BBIPALIMBAEMbl Ha ITOBEPXHOCTH
HHU3KOaJr€3UBHOIO IUIACTHKA WIJIM aropo3bl, a TaKXKe MOTYYEHHBIE C
HCIOJIB30BAHMS METOA «BUCSLICH KaIUIm.

Henpto  wuccrnemoBaHusl — SBIAETCA  HM3YYHUTh BIIMSIHUE
HMOHU3UPYIOILEro n3ny4yeHus Ha 3D-kiaeTounbix cheponaax.

3anaun UcCIeaoBaTENbCKON paboTh:

- copmupoBath 3D-kierounsie chepouipl U3 KyJIbTYPhl KIETOK
EMT6/P (pakoBble KIETKH MBIIIH, B3SThIC U3 OMYXOJH MOJOUYHOM
KeJIe3bl) C HCIIOJIb30BAHNEM METO/IA «BUCSILEH KarImy,

- poBecTy oOiydeHue 3D-kineTouHsIx ceponaax ucroiab3ys X-
ray usnydenue B pasmepe 6 I'p;
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- IPOBECTH JaJIbHEIIIee HaOII0ICHUS UCTIONB3Ys KJIOHOTCHHBINA U
MUTPAIMOHHBIA  METOJI HCCJCIIOBAaHUS, a TaKKe BBINOIHUTh
u3MepeHue pasMepa chepougioB B TeueHHe 96-TH 4YacoB TIOCIHE
OOJIYYCHUSI U OKpaIllMBaHUE KIIETOK M3 Pa30UTHIX CPHEpPOUIOB uepes
24 gaca mocyie 00JTy4YCHUS;

-IPOAHAJIM3UPOBATh TOJYYCHHBIC PE3YJIbTAaThl I'padUISCKUM
CIIOCOOOM.

B pabote Obli1a MPoIeMOHCTPUPOBAHA TOJATOTOBKA K 00JIYUCHHUIO,
a TakKe TNPOBEICHHOE JalibHEiInee HaOmoaeHue. l3mepenue
qramerpa chepormos nposogwiock Ha npubope CELENA Digital
Imaging System, B Teuenme 96-TH 9YacoB C MOMEHTa OOJydYEHHS.
MurpanoHHbIi  TECT  IO3BOJSET  OLCGHUTh  MHIPALMOHHYHO
AKTHBHOCTh KIIETOK B cocTaBe 3D-KiIeTOYHBIX CHEPOHIOB MOCIE
o0my4eHus, Oblla TIPOM3BEJCHA CheMKa IUIOMQJN Ha YCTPOHCTBE
Clone Select Imager, a Takxe mociemyromas o0paboTka GHoTo U
pesynbraToB B mporpammax Imagel m Prizm. KioHmoreHusiii Tect
MO3BOJIICT OICHUTh BIUSHAE WOHU3UPYIOIMIET0 W3IyYeHUsT Ha
MUTOTHYECKYIO aKTHBHOCTh KJIETOK W HUX CIIOCOOHOCTh K
KOJIOHMAJILBHOMY Pa3sMHOXCHHIO U3 pa3z0ouToro Ttema cheponna.
OxpammBaHie KJIETOK OBUIO MPOHM3BENCHO (IIyOpECICHTHBIMH
kpacuremssmu Hoechst, Propidium lodine, DCF u TMRE, crycrs 24
Jaca nociie oomydeHus, poto ObLTH crenanbl Ha ycTpoiictse Bio Rad
Fluorescent Cell Imager u mnocnenyromas o6pabotka ¢GoTo B
porpamme Imaged.

B pesynbrare mpoBENEHHOrO WCCICIOBAHUS OBLIA TIONYYCHBI
pe3yNbTaThl, KOTOPBIE MOKA3alH, YTO HOHU3UPYIOIIEe H3ITydeHUe
Brnusier Ha pocT 3D-knerodHpIXx cdepongoB, TaKKe Ha HX
MUTPAIMOHHYI0 AKTUBHOCTh W KOJOHUAIBLHOCTh, & TaKkKe IMpH
MOTJIOMEHHOW 103e B 6 I'p, 3amerHO Oonblle BHYTPEHHHX
HapyllEHUH B KIETKaX.

Jluteparypa

1. TI'pedmes J.IO., MaxkmnakoBa MW.}O., Ilomyraiino M.B.,
CynranoBa .A. IlepcrekTvBa NpUMEHEHUS] HAHOYACTUI] OKCHUAA
nepusi mpu  3a00NEBaHMSIX — TMEYCHH. BECTHHK  ypaibCKou
MEIULUHCKON akagemuueckod Hayku. PUO YI'MYVY. 2022, 1.19, Ne 2.
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TEOPETUYECKOE U OKCHHEPUMEHTAJIBHOE
OIIPEJAEJIEHHUE JOJIX OBMEHHOI'O OPTAHUYECKMU-
CBA3AHHOI'O TPUTHUS B PACTEHUSIX,
MMPOU3PACTAIOIINX HA TEPPUTOPUMU C
HOJA3EMHBIM UICTOYHUKOM TPUTUA U CPABHEHHUE
C JIMUTEPATYPHBIMU JAHHBIMHA

Cmenansany E.P.*?, Muxaiinoe A.B.2, Dedynosa E.B.Y2,
Tomcon A.B.?
YWATD HUAY MU®H, 2. O61unck,
2HUL] «Kypuamosckuii uncmumymy - BHUMPAD, 2. O6nunck

TpuTuil — 3TO €IMHCTBEHHBIN PaJMOAKTUBHBIA M30TON BOAOPO/IA
C TIEPHOJIOM TIOTypacmasa, paBHeIM 12,3 romam. B pacTeHusx Tputuit
cymecrpyer B Buje HTO (TpuTHii cBOOOJHOI BOABI) M B BHJE
opraanuecku cBsazanHoro Tputus (OCT). Paznuuator nea tnma OCT:
oomennsrit (O-OCT) n neoomennsrit (H-OCT). Pazmuame ux coctout
B ToM, 9uT0 O-OCT mepexoaut B BOAHYIO a3y NMPH CMauMBaAHUU
pacTuTeNnbHOr0 Matepuana. B Hay4yHOl JuTepaType HuMeeTcs
undopmarus o goine oomennoro OCT B pactenusix [1], [2], onHako
3HaueHune nonu Bapbupyer ot 11 mo 39%. IlpwuwmHOl mmpoxoro
JiaTia30Ha TAHHBIX B PA3HBIX HCTOYHUKAX MOYKET SIBIIATHCS Pa3iIidne
Meroauk onpeneneHus O-OCT B pacTeHUsX.

CornacHo Teopuu, OOMEHHBIMH MOTYT OBITh T€ aTOMBI TPHUTHUA,
KOTOpBIE CBA3AHBI C KUCIOPOIOM, a30TOM 1 cepoit. Ecim cuntatp, 4To
TPUTHH, CBSI3aHHBIA C KHCJIOPOAOM, SBISIETCSI OOMEHHBIM, TO
teopernueckas nonsg O-OCT B pacTeHusx coctaBisieT nopsaka 26%.
[anHoe 3HaueHne BXOAUT B YKa3aHHBIN BbIIIE HHTEPBA 3HAUCHUN U3
Hay4HOH JUTEpPaTypHl.

Lembto  nmaHHOW  paboOTBl  SABISAETCA  OKCIIEPUMEHTATbHOE
onpegenenue o O-OCT B pacTeHMsIX, a TaKXKe HCCIECIOBaHUE
BITUSTHUS YCIIOBUH ITOATOTOBKH (TEMIIEpaTypa CYIIKA) PACTUTENEHOTO
Matepuana Ha 3HadeHue Jonu O-OCT B pacTeHusx.

Hns skenepumenTansHoro onpenenenus gonu O-OCT orGupancs
pACTUTENBHBI MaTepual C JBYX TEPPUTOPHUH C TOA3EMHBIM
HUCTOYHUKOM TPUTHSA: TeppuTopus Ha rpanune @O (kpanusa, KiéH,
koHmeHTparms OCT~3000 Bbx/kr) m CeMumnanaTUHCKUI TOIUTOH
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(xyctapuuk, xoHuentpauuss OCT~59000 bx/m). Ananusupyemblit
MaTepuai BBICYNIMBAJICS B Pa3IMYHBIX TEMIEPATYPHBIX DPESKHMax
(25, 50, 100°C), wum3menpuancs ¥ CMEIIMBAICI C BOAOH B
cooTHouleHnH 1/6. BrilenaunBanyue NpoUCXOHIIO IPU MOCTOSHHOM
MepeMeIIMBaHUN B TeueHHue 24 dYacoB, BBIIIENAT OTACTSICS OT
TBEpAON (a3pl myTéM QyroBaHHs, OUHMINANCA IMyTEM MEPETOHKU.
Anamms AKTHBHOCTHU BbIIIICIIaTa IIPOBOAMNJIICA Inpu IIOMOIIH
YKHUJAKOCTHO-CIIMHTUUIAIMOHHOrO criekTpomerpa TriCarb 4810 TR.

Honss O-OCT B pacrenusix ¢ CeMHUIAIaTHHCKOTO ITOJHMTOHA
cocrapmna 4,2+0,4%. IlonydeHHble pe3yiabTaThl 3HAYUTEIHHO
OTJIMYAIOTCS OT TEX, YTO OBLIM IIPECTABIICHBI B HAYUHOM JIUTEpaType.

Hons oomennoro OCT B pacTeHHsIX, OTOOPaHHBIX Ha TPaHHIIC
®OBOU menbie nipenena odHapyxkerus (<2% ot odmero OCT). Jlomu
O-OCT pns nucra knéna, BeicynieHHoro mpu 55 u 100°C u crebus
knéHa BeIcymeHHoro npu 55°C Bblme mpenena OoOHApYXEHHS H
paBubI cootBercTBeHHO 7,0+0,7%, 3,0+0,3% 1 7,5+0,7%. BepositHO#I
MPUYMHOW IAHHOTO DPa3iMyusl SBISIFOTCA IPOIECCH], BBI3BIBAEMBIE
MTOBBIIIIEHNEM TEMITEPaTyphl BBIIIIE KOMHATHOM.

Ha ocHoBe monmydeHHBIX AAHHBIX MOXKHO CAEIaTh CIETYIOUTHil
BBIBOJI: MOTYYCHHBIC B X0/1¢ dKcnepuMenTa 3HaueHus 1o O-OCT B
pacTeHHsAX  CYIIECTBEHHO  HIDKE  aHaJOTHYHBIX  3HAYEHHH,
MPUBENEHHBIX B JUTEPAType M MOMyYEHHBIX TeopeTndecku. [larnHoe
pPacXOXJIeHHEe MOXKET OBITh OOYCIOBIIEHO pa3IHMYdeM METOVK,
ucnons3dyeMbix s onpenenenns O-OCT B pacTeHHAX.

Jluteparypa

1. H. Renard, D. Maro, S. Le Dizes «Tritium forms discrimination
in ryegrass under constant tritium exposure: From seed germination
to seedling autotrophy» // Journal of Environmental Radioactivity 177
(2017) 194-205

2. Frédérique Eyrollea, Loic Ducrosa, Séverine Le Dizésa «An
updated review on tritium in the environment» // Journal of
Environmental Radioactivity 181 (2018) 128-137
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BJIMAHUE NPK HA COJEP)KAHUE ®OPM
HAXOXIEHUSA IIJIYTOHUSA B IIOYBE

Hlaspuna K.E., Doomckas M.A., lllynux A.A., Maprxosa M.B.,
Llanosanos C.I.
HUI] "Kypuamosckuii uncmumym" — KKPAD, . Obnunck

[loBeneHne  TUIYyTOHHST B CHCTEME  «IIOYBA-PACTCHUE
omnpesensieTcss ero XUMHUYECKMMH (QOpMaMH HaxOXKICHHS |
MOJBM’KHOCTBIO, KOTOPBIE, B CBOIO O4Ye€pelb, CHIIHO 3aBHCAT OT
(UBNKO-XMMUYECKMX TapaMeTpoB cpeabl. OJHUM U3 KIFOUEBBIX
(hakTOpOB, PEryIUPYIOIIUX 3TH MapaMeTphl, SBISETCS MPUMEHEHUE
MuHepanbHbIX ynoopennii (NPK).

Hens paboTel —  ONpENEeNWTh  BIWSHAE KOMIUIEKCHOTO
MuHepaimpHOro  yaoopenuss (NPK) ma  comepkanmme U
TpaHc(HOPMALIMIO  JIETKOJOCTYNHBIX M TIOABMXHBIX  (hopMm
HAXOXKIECHUS IIYTOHUSI IIPU BBIPALMBAHUY CEJIbCKOXO03SHCTBEHHBIX
KYJBTYD.

B kadectBe TecT-KynmbTyp OBUTH BBIOpaHBI TOpPOX, COPT
HemumnoBckuii-50 m oBec, copT SIkoB. BereramuoHHBIN OITBIT
MPOBOAMIIM Ha CEPOM JIECHOW MOYBE, MPEABAPUTENHHO 3arPsI3HEHHOU
2°Pu. B mousy BHocumi comn NHsNOz 1 KH,PO4 0 mocTrokeHns
Heobxomumoirt korteHTpanuu NPK B 100, 150 u 200 Mr/kr mo4BEI.
Ananu3 (opM HaXOXIEHWS IUIyTOHHS B IIOYBE IPOBOJMIN 10
BBIpAIMBAHMUS PACTEHUH U IIOCIE 3aBEPIICHHS BEreTallMOHHOTO
nepuona.  BomopactBopumyio  dopmy  29?Py  pimensmm
TUCTHJUTMPOBAHHOW BOJOH B COOTHOIIEHWH 1:5; OOMEHHYIO
JIETKOAOCTYIHYO U noaBuxHY0 Gopmbl — CH;COONH, ¢ pH = 7,0
u pH = 4,8, coorBercTBeHHO, B cooTHomeHuu 1:10. Ananus
COZIepKaHUsl IUTyTOHUS IPOBOAMIIA METOAOM aib(a-CIIeKTPOMETPUHN
C MpeaBapuTEIbHBIM PaIHOXUMHUYECKUM BbleneHneM [ 1].

PesynbTathl peacraBieHsl Ha pucyHKe 1.

Jo BbIpammBaHus He HAOMIOAAETCs CYIIECTBEHHOrO BIMSHHS Ha
cojiepykaHue BOJOPACTBOPHMOM U 0OOMEHHOI MOABHKHOM (hopm, pu
3TOM copepkanue OOMEHHOH JIETKOAOCTYIIHOM  BBIIIE  Ha
koHueHTpau NPK 100 Mr/Kr Bbllle 10 CpaBHEHHUIO C KOHTPOJIEM U

140



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

150 mr/kr. [y1s oBca ¥ TOpoXa HaOJIF0IaeTCs CHIDKEHUE UCCIICTYEeMbIX
(hopM TOCIIE BBIpABAHHS.

Conep:xanue Conep:xanue 0OMeHHOI
BOJIOPaCTBOPMMOHN (pOPMBI JETKOJIOCTYTTHOH (DOPMBEI
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Puc. 1. Conepxanne GpopM HaxoxaeHus 25°*240Py npu pasHoM conepsxaHuu
NPK 1o u mocie BeIpammBaHus
Jluteparypa
1. Edomskaya M.A. et al. Estimation of radionuclides global
fallout levels in the soils of CIS and Eastern Europe territory //Journal
of Environmental Radioactivity. — 2022. — T. 247. — C. 106865.
https://doi.org/10.1016/j.jenvrad.2022.106865
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CPABHEHUE OTEYECTBEHHOM U 3APYBEKHOM
KJIACCHOUKALIMU PATUALIMOHHBIX ABAPHUIA

Mueynos M. U.
HUAY MUDU, 2. Mocksa

PanuanmonHble aBapuy MPEACTABISIOT cOOO0W yrpo3y HE TOIBKO
JUIsL 3M0pOBbsl uenoBeka [1], HO u i Okpyxaromied cpeasl [2,3].
OddekTuBHas cucreMa UX KilacCU(PUKALMK TO3BOJISET HE TOJIBKO
KOPpPEKTHO OILIEHWTh Macmrad coObITHA, HO U OIEPaTHBHO
OpraHu30BaTh COOTBETCTBYIOIINE MEphI pearupoBanus [5, 6]. B
MHUPOBOH M OTEYECTBEHHOW NpPaKTUKE MPUMEHSIOTCS pPa3IHuHble
MOAXONbl K KiaccH(UKauu aBapuii, OTIUYAIONIMECS Kak TIo
CTPYKTYpE, TaK W M0 KPUTEPHUSIM.

B Poccuiickoii ®Denepanmu knaccupuKaius paadariOHHBIX
aBapuii  OCHOBBIBaeTCs Ha  MacmTabax  paclipoCTpaHEHHUs
pamuaIMoHHBIX rmociencTsuid  [2, 6]. IlpwHsATOo nOeneHme Ha
JIOKaJbHble, MECTHble U oOmme apapud. JlokanbHble aBapuu
OIpaHMYUBAIOTCA  TeppuUTOpUEll  YCTAaHOBKM;  MECTHblE  —
pacnpoCTpaHsIIOTCs 3a IpeeNbl 30aHus, HO B IIPeieax CaHUTapHO-
3alUTHON 30HBI; OOIIME — BBIXOJAT 3 IIPEAENbl 3TOH 30HBI U MOTYT
3aTparuBaTh HaceneHue. OOITHE aBapuy TaKXKe MTOAPA3ICIIAIOTCS Ha
TePPUTOPHATBHBIC, PETHOHAIBHEIC U TI100abHEIE [2, 3].

Ha wMexayHapongHoM ypOBHE HcCIONb3yeTca MexayHaponHas
mrkana saepHberx coosrTril (INES), paspadorannas MAT'ATO. [llkana
BKJTFOUaeT BoceMb ypoBHEi (ot 0 1o 7), rae ypoau 1-3 cumratorcs
uHImaeHTamMu, a 4-7 — amapusmu [5]. INES yuurteBaer Tpm
KaTeropuy IMOCIEACTBUI: BIUSHAE Ha HACEICHHE U OKPYXKAIOLIYIO
cpeny, BO3IEHCTBHE BHYTPH YCTaHOBKH, a Tarke 3(P(EeKTHBHOCTH
3amuTHBIX cucteM [2, 5]. MAI'ATD pekoMeHAyeT ONOBeNaTh
CTPaHBI-y4YaCTHUKU B 24-4acoBOM CpPOK O BCEX aBapusiX BhIIIE 2
YPOBHSI ONACHOCTH, KOTAAa HMMEIOTCA XOTS Obl HE3HAUUTENbHBIC
BBIOPOCHI pajualliyl 3a Mpeaesbl MPOM3BOACTBEHHOM IUIOMAaIKy [2,
5].

OpHako MmIKama HEe TNperHa3HauyeHa ISl CPAaBHEHHUS YPOBHS
0€30MacHOCTH Y TOCYapCTB M MPOEKTHBIX OpraHu3alMid — H3-3a
HeOOJIBIIOr0 KOJIMYECTBA aBapUil BTOPOIr0 YPOBHS U BhIIIE [5].
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OCHOBHOE OTJIMYHME MEKIY CHUCTEMaMH B TOM, YTO POCCHICKAs
KJIAaCCU(UKAIUS CMOTPHUT TMPEKJAE BCEro0 Ha TO, KaK JalleKo
paclpoCTpaHWIOCh  3arpsA3HEHUE W OBbUIM  JIM  MPEBBIMICHBI
JOITyCTUMBIE NT03BI [6]. Mexxnynapoanas cuctema INES yuuteiBaer
Oonbie GakTopoB M AAET BO3MOXKHOCTH CPAaBHUBATH aBAPHU MEXKIY
ctpanamu [5]. Ceromus B Poccum wucnons3yroT 00€ CHCTEMBI

OJJTHOBPEMEHHO — 3TO MOMOTaeT JIy4ylle MOHUMATh CUTYalui0 U
oOMeHUBaThCs MH(OpMAIHeEl ¢ APYTUMHU CTpaHami [ 5, 6].
Jluteparypa
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OIIEHKA COAEPXAHUA CS-137 1 CO-60 B ITPOBAX
ITO4YBbI U PACTUTEJIbHOCTH, B35IThIX BbJIN3U
HOBOBOPOHE KCKOU ATOMHOU CTAHIIN

Il]epbaxosa E.U., ll]epbaxos A./].
HATD HUAY MUDHU, 2. Obrnunck

OO0ecrieueHre paguallMOHHON 0€30IIaCHOCTH HACEICHUS SIBJISICTCS
BaXXHOW  3ajayell MpU  OKCIUIyaTalldd aTOMHOM  CTaHIIMH.
Kputnueckumu paauoHyKIuaaMu pu aHanuse ssistorces Cs-137 u
C0-60, Tak KaK CUMTAETCs, YTO KMEHHO OHH BHOCST OCHOBHOH BKJIa[Il
B J103y OOJIYUCHUS HACEIICHUS B PSKUME HOPMAJIbHOM SKCILTyaTalluu
ADC.

B pabore paccmarpuBamuch TPOOBI, B3SATHIE B CAHUTApPHO-
3aIUTHOM 30HE, 30HE HAOFOACHUS U KOHTPOIHHOM ITYHKTE B TOPOE
Jlucku (Teppuropus BHe BiustHA ADC).

Puc. 1. Cxema canurapHo-3amuTHOHN 30H6I HoBOBOpOHE)KCKOH ADC

IlocrostHEbIl  MOHUTOpHHT cofepxkaHuss Cs-137 mo3Bomser
CBOEBPEMEHHO BBISIBIISITD BO3MOXXHBIE HETe€PMETUYHOCTH
000pynoBaHMs, NMPENOTBPALIATE PACIIPOCTPAHEHUE PAJANOAKTUBHBIX
BEILIECTB B OKPYXKAIOILYIO CPEAY U 00eCIIeunBaTh HAJACKHYIO 3aIUTY
[IEpCOHAJIa U HACENIEHUS OT pPaJUalliOHHOIO BO3/1EHCTBHS.
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Co-60 BbImensieTcss cpequ NPOYMX MPOAYKTOB aKTHBALUHU
peakTopa CBOEH IIOBBILICHHOM pPaJUALMOHHOM  OIIACHOCTBIO,
XapaKTepu3yIOIeicsT HWHTEHCHUBHBIM ramma-usiaydeHueM. Kpome
toro, Co-60 obnamaer coCOOHOCTHIO K aKTUBHOMY OCENAHUIO Ha
aeMeHTax o0opyJqoBaHUsI TEPBOrO KOHTYpa H B CHUCTEMax
OXJIQXKJICHUS1, YTO CO3JaeT PUCK MOBHIIICHHS PaIUalliOHHOTO )OHA B
MOMEIIEHHUAX CTAHIIMU U 3arPsA3HEHUS OXJIAXKIArOIIer BOJIBI.

Uzmenenune pasnaIMoOHHOTO COCTOSTHUS o0beKTa
(KpaTKOCPOYHOrO XapakTepa) MOXKET OBITh OMHCAHO IMOCPEICTBOM
koddduimenta R,  UYUCIEHHO  paBHOTO  OTHOCHTEIBHOMY

HPUPALLEHUIO KOHTPOJIMPYEMOM BEJINYMHBI MEXIY
MOCIEA0BATENLHBIMI HAOIFOICHUSMHU:
B Bj —Bj_4
Bj = —Bj—l )

r7le KOHTpoimpyemas Bj BenwuuHa, COOTBETCTBYIOIIAS j-MY
M3MEpEeHHIO (MJIM MOMEHTY BPpEMEHH, HapruMep, TOaY).

B o61em citydae B mporiecce HaOJII0AeHHS 32 00bEKTOM JTHHAMMKA
MOXKET OBITh TTOJIOKUTENHHOM R>0 (YypoBHM 3arps3HEHUS HapacTaloT
C TCUECHHUEM BpeMEHH), oTpumaTelbHO R<0 (YpoBHH 3arps3HEHH
YMEHBITIAIOTCS) FJIM  BOOOIE OTCyTcTBOBaTh R~0 (ypoBHH
3arpsi3HEHMs] OCTAIOTCS TOCTOSHHBIMHU).

PesynpraTtel  pagManoHHOTO  MOHHTOPHWHTa  TIOYBBI U
PACTHTENBHOCTH TMOKA3bIBAIOT, YTO 3HadeHWs Kod(QuImenrta
W3MEHEHHS YPOBHSI 3arPA3HEHUS SIBIAIOTCS OTPUIATENFHBIMH JTHOO0
pPaBHBIMH HYJIO, YTO CBHUJAETEIHCTBYET O MUHHMAIHFHOM BIIHSHHE
ATOMHOUW CTaHIIMY Ha OKPY KAIOIIYIO CPEIy.

Jluteparypa

1. PomumonoB JI.I'. MexaHu3mbl BO3JCHCTBHAS  aTOMHOMU
ANIEKTPOCTAHIINM Ha OKPYXKAIOIIYI0 cpeny ¢ y4y€rom dakropa
BpeMenu [Dnektponnbiii  pecypc] — URL: https://ecsn.ru/wp-
content/uploads/202205_173.pdf (mata oopamenust 20.11.2025)

2. YcTaHOBIEHHWE KOHTPOJBHBIX YPOBHEW paIualliOHHBIX
napamerpoB o0bekToB HoBoBoponexckoii ADC u okpyxaromei
cpensl. HopmatusHO-TexHnueckuii marepuanr HBADC, 2019 r.
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PROTON TRANSPORT SIMULATION IN RADIOTHERAPY
USING THE GENERALISED FOKKER-PLANCK METHOD

Ndati L., Solovev A. N.
OINPE NRNU MEPhHI, Obninsk

Proton transport in tissue is governed by a variety of physical
interactions, including elastic scattering, inelastic collisions, and
continuous energy loss, all of which influence the spatial dose
distribution relevant for radiotherapy. While Monte Carlo methods
remain the gold standard for modelling these processes, their
computational expense limits routine clinical use. Deterministic
approaches based on the Boltzmann Transport Equation (BTE) offer
a promising alternative, provided that angular scattering and energy
loss can be approximated efficiently and with sufficient accuracy. The
Generalised Fokker—Planck (GFP) approximation is designed to treat
highly forward-peaked scattering while including corrections for
large-angle scattering, making it suitable for proton transport in the
therapeutic energy range. Both BTE and GFP methods already proved
feasibility in conventional radiotherapy [1] and recently in
radionuclide therapy [2]. Such algorithms for Treatment Planning
Systems, namely Acuros-XB [3] is already implemented in Eclipse
and Acuray, while some schemes are under active development [4].

The purpose of the current work is to formulate and implement
own proton transport model in homogeneous media using the GFP
operator. First, the transport equation is derived from the linear BTE,
incorporating small-angle scattering, continuous slowing down, and
stopping power effects. Proton scattering transport coefficients
obtained from angular cross sections, which extracted from GEANT4
engine, while ICRU-based datasets used for estimation of the loss
function. Ensuring physically consistent representations of elastic and
inelastic interactions is an essential point for further development. The
GFP operator is constructed from these coefficients to provide a
higher-order angular approximation capable of capturing both
forward scattering and non-negligible large-angle events.

At current stage, the mathematical background of the work has
been established and the Python implementation is under
development.
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APPLICATION OF GENETIC ALGORITHMS FOR
WEIBULL PARAMETER ESTIMATION IN NUCLEAR
COMPONENT RELIABILITY ANALYSIS

Ndlela D., Samokhin D.S.
OINPE NRNU MEPhI, Obninsk

The reliability of critical nuclear power plant (NPP) components,
such as steam generator tubing, is governed by time-dependent
degradation mechanisms that require accurate probabilistic modeling.
While the Weibull distribution is the standard for modeling wear-out
behavior, traditional estimation techniques like Maximum Likelihood
Estimation (MLE) and Rank Regression on Y (RRY) can exhibit
limitations in fitting quality for complex datasets.

This study develops a robust Genetic Algorithm (GA) framework
to estimate Weibull shape () and scale (n) parameters by explicitly
minimizing the Pearson Chi-squared (x?) goodness-of-fit statistic. To
validate the methodology, a synthetic benchmark dataset (N=200)
representing Alloy 600MA steam generator degradation was
generated using reference parameters from International Atomic
Energy Agency assessments. The evolutionary approach was tested
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against classical methods to evaluate convergence and fitting

accuracy.
Table 1. Comparison of Weibull Parameter Estimates obtained by MLE,
RRY, and GA Methods

Method Shape (o) Scale (n, EFPY) 2 Score
MLE (Benchmark) 3.22 15.65 3.36
RRY 3.44 15.45 4.16
GA 3.16 15.47 3.24

The results, summarized in Table 1, demonstrate that the proposed
GA method achieved the lowest ¥* score (3.24), offering a 22.1%
improvement in fit quality over the traditional RRY method and
matching the precision of the MLE benchmark with 3.57%
improvement in fitness. The algorithm demonstrated stable
convergence within 100 generations, confirming its viability for
optimizing reliability models in nuclear safety applications where
accurate failure forecasting is essential for risk-informed decision
making.
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CEKLIUA V
BBIYUCIIUTE/IbLHBIE 1 HHOOPMAI[UOHHDIE
TEXHOJIOTMH B ATOMHOY DHEPTETHUKE

YN CJIEHHOE MOJEJMPOBAHME ECTECTBEHHOI
KOHBEKIIMH ITPH NCITOJIb30BAHUM DNS M RANS
MOJIXO10B

3axapos P.M., Hocxoe A.C., Onexciox /. A.
HUI] “Kypuamosckuii uncmumym”, 2. Mockea

OxnaxkaeHue o0OpYIOBaHUS ISl XpaHEHUs OTPabOTaBILEro
saepaoro tomuBa (OST) ¢ wWCHONB30BaHUEM €CTECTBEHHOM
KOHBEKIIMM — KIIFOUEBOM DIIEMEHT oOecriedeHus] 0e30MacHOCTH U
HAJI©KHOCTH CHCTEM CyXOro xpaHeHus. HopmaTuBHbBIC TpeOOBaHUS
MpH TPOEKTUPOBAHWM MYHKTOB cyxoro xpaneHuss OST ormator
IIPEANIOYTEHNE IACCUBHBIM CUCTEMaM OXJIaXKAEHHsI, OCHOBAHHBIM Ha
€CTECTBEHHOW KOHBEKITMHU Bo3ayxa [1].

Anammn3 OGezomacHocTH cucteM oxnaxzaeHuss OST Bcé wame
omupaercs Ha  YHMCICHHOE  MOJEIUPOBaHUE, I103BOJIAIOLICE
UCCIIEl0BATh CJIOXKHBIE TEUEHHs M TEIUIONEPEHOC, YYUThIBas
peajbHyI0, 3a4acTyl0 AOCTaTOYHO CIIOXKHYIO, T€OMETPUI0 00BEKTOB
xkm3HeHHoro 1wkina OMT (manpumep, TYK mns xpaneHus u
tpancroptupoarus OST).

OcHOBHOM 00BEM B HACTOSIIEC BPEeMsI BBITONHSICTCS C
ncnonb3oBanreM RANS-11o1x0m0B. IT0 00yCIOBIEHO MTPEX/IE BCErO
OpUEMIIEMON  BBIYMCIUTENBHOM  crommocThio:  RANS-mozenu
TpeOyrOT 3HAYUTENHFHO Ooliee TPYOBIX CETOK 1Mo cpaBHeHHIO ¢ DNS
MpsAMBIM YrcIeHHBIM MoaenupoBanueM (DNS) nmu LES-monensmu
TypOyJIEHTHOCTH U TIO3BOJISIIOT MTOJYYaTh YCTAHOBHUBILHUECS PEILICHUS
3a IpUeMJIeMOe BpeMs, 4YTO 4YacTO SBISETCS OIpelessSIomnuM
(hakTopoM B MHXKeHepHBIX 3a1a4ax. RANS mozgenu TypOyneHTHOCTH
B TO € BpeMs, UMEIOT PsAJ HENOCTaTKOB, HAaIpUMEp, B CIydae C
€CTECTBEHHOM KOHBEKLMEH — CIOKHOCTH HPH pacuére JaMHHApHO-
TypOyneHTHoro mnepexoza. OOHAKO, C Pa3BUTHEM TEXHOJIOTHH M
POCTOM  JIOCTYNHBIX BBIYMCIUTENBHBIX MomHOcTed a1 DNS
MOJETTMPOBAHNS CTAHOBSTCS JOCTYIIHBI O0Jiee MacIITaOHbIE 3a/1a4H.
DNS no3Bossier mony4yuTs A€TalbHYI0 HH()OPMAIHMIO O TIOTOKE MPH
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WCCIICJIOBAHUY TICPEXOJHBIX TPOIIECCOB U 00pa30BaHMsI BUXPEBBIX
CTPYKTYP U MOXET CIYXHTh Juis yrouHeHuss RANS mozeneit mpu
MOJICTUPOBAHUN  JIAMUHAPHO-TYpOYJIEHTHOI'O  Tepexoja  Mpu
€CTECTBEHHOW KOHBEKIIUH.

B pabore npexncrasnensl pesyabtaThl CFD pacdera oxnaxaeHus
CTCHKM €CTECTBCHHOM KOHBEKIIMEH BO3/1yXa ¢ Mcmoib3oBanueM DNS
n RANS nonxomos. B kauectBe RANS monenu Obuta BeIOpaH k —
w SST y — ReB a mozens, MO3BOJISIONIAS PACCYUTHIBATH JAMUHAPHO-
TypOyJleHTHBIH Tiepexojl. Pe3yibTaThl pacdyeroB CpaBHHBAJIHChH C
UMEIOIIUMUCS SKCIIEPUMEHTATBHBIMY JaHHBIMU [2]. 3HaUeHUE Ynciia
Panes B pacuere coctapisier Ra ~ 10%.

IIpu paccMoTpeHHH aHANIM30B PE3yIbTATOB OONBIIOE BHHMAHHE
OBLJI0O  yAENEHO MOJCIMPOBAHHUIO  JIAMUHAPHO-TYPOYIIEHTHOTO
nepexona. PesymbraThl mokassiBaroT, uro DNS momxom xoporio
OIKCBhIBACT MeCTO Iepexona, Toraa kak RANS monenu TtpeOyroT
JOTIOJTHUTENTBHBIX KOPPEKTUPOBOK (PUCYHOK 1).

12

3KcnepuMeHT
10 —DNS

RANS

U+
B [}

N

0
0.4 4 40 400

-2
Y+

Puc. 1. IIpoduib BepTHKAIBHONW CKOPOCTH B TIOTPAHUIHOM CJIO€
[lomyuennsie B pesynbrate DNS pacdera pesymbraThl OyayT
WCIIONB30BaHbl JIs  ynyumieHuss kadectBa RANS  mopeneit

€CTECTBEHHOM KOHBEKIIMM, B OCOOCHHOCTH TPHU  ONHCAHUH
JAMUHAPHO-TYPOYJIEHTHOT O TTepexoa.
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®A30BAS [TAYEUYHASI AKTUBHOCTH B
HEWPOHAJIbBHOM MOJEJIN MOPPUC-JIEKAP

byoa M.A.Y, Cnaokos K. J1.2
YHATD HUAY MU®DHU, 2. O6nunck, Poccust
2UBK PAH, 2. Ilywuno, Poccus

Heiiponnsle Momenu nenarcs Ha Ouodusuueckue (XOMKKUH-
Xakcimu,  Moppuc-Jlekap), onuchIBaromme  MeMOpaHy — Kak
KOHJICHCATOP C HOHHBIMH TOKaMH, ¥ (PEHOMEHOJIOTHYECKUE
(Woxukesny, OuTnXpi0-Harymo), BoCIipon3BoasIINEe MTOBEACHIE O€3
JETaTbHOT0 MEXaHN3Ma.

B xmaccndukanmm VoxnkeBuda ¢a3oBasi madedHas aKTHBHOCTD
JIOJITO CYUTANACh HENOCTYIMHOM i mMozeneld XOoMKKUHA-XaKCId U
Moppuc-Jlekap u3-3a CIOXKHOCTH MapamMeTpoB. Takue peKUMBI
HaWIIeHBI TI03e, HO 0e3 cHCcTeMaTH4YecKoro aHamm3a. B pabore
OTIpEICNIEHbl  MapaMeTpUiecKiue TpaHuIsl (Ha30BOMH  MaYeTHOU
aKTHUBHOCTU B Mozaenu Moppuc-Jlekap.

Monenb yduThIBae€T KalbIIMEBBIA (BO30YXTAFOIINI), KaTHEBHIi
(BOCCTaHABITMBAIOIITHIA ) TOKH u TOK YTEUKH.
Junaamuka V u n (otkpbiTre K-kaHanoB) 3amaéres:

CV=1—1Icq—Ix—1I;

(ne, —n)
Ta
rie C — memOpanHas émKocTh, V — MeMOpaHHBIA TOTEHIIHAI
Heiipora, | — BHemHUN TOK, Icq, Iy, [;; — WOHHBIE TOKH; 1L —

NepeMCHHAad OTKPBLITHA, OIMKCBIBAKOIIAA COCTOSIHHUC KaJMCBBIX
KaHaJIOB
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B pesynpraTe pemieHus cHUCTEMBl YpaBHEHUH YHMCIEHHBIM
WHTErpUPOBAHUEM TOTYUEHBI CIECAYIOLINE PE3yabTaThI:

e BruBnena dasoBas mayeuHasi akTHBHOCTh B ONpeNeIEHHOM
Jrana3oHe mapaMeTpoB, IpU KOTOPOM TOYKA PaBHOBECHUS COXpPAHSET
YCTOWYHMBOCTh, HO OM3Ka K e€ morepe.

e  VYCTaHOBJIEH MOHOTOHHBIM POCT YHCIA CIHAHKOB C TOKOM
(puc. 1A).

e OOGnactp pacronokeHa BOmM3KM Oudypranuu UK,
MIPUBOJISIIETO K MTOTEPE YCTOHUMBOCTH MOJIOKEHHS paBHOBECHS (pHC.
1B).

° Haiineusl 00nacTM IAYE€YHOM  AKTUBHOCTH: TOK U
npoBoxuMocTh Ca-kanasnos (puc. 1B)

A 3aBMCHMOCTb YHCNa CNARKOB OT AeMbTH BXOAHOrO TOKa |
7{

6 e

1{e
201510 5
[lensTa 8x0aMor0 ToKa OT 8812518 MKA

Puc. 1. 1A rpaduk 3aBUCHMOCTH YUCIIa CHIAKOB B (ha30BOM MayKe OT
BEIIMYMHBI CTUMYIHpPYIOLIero Toka; 1b Gudypkanuronnas quarpamma;
1B rpaduk ymcna cmiil KoB 3aBUCMMOCTH OT BEJIMYHHBI TOKA H
MIPOBOJMMOCTH KaJIbIIHEBOr0 KaHama

HccnenoBanue omnpeaenser rpaHuilbl (Ha30BOW MadyeqHOU
AKTUBHOCTH MoJiean Moppuu-Jlekap v NpuMEHUMO B sIIEPHOM

MCIAUIMHC I aHaJIn3a JaHHBIX HOBHTpOHHO-SMHCCHOHHOfI n

01HO(OTOHHOU KOMITbIOTEPHOM Tomorpaduit npu
HEeHpoIereHepaTuBHbBIX 3a00JIeBAHUSX.
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PASPABOTKA HEMPOHHOM CETH JJIs1
ABTOMATHYECKOW TAPMOHW3AIIMA HA OCHOBE
BOKAJIBHOW MEJIOJIUH

Ouweposckas /I.B., llnanax H.I1.
HATO HUAY MUDU, 2. Obrunck

Hnst Gonee riryOOKOro 3BYYaHUs KOMITO3HIIMM KOMITO3UTOPHI U
ApaHXUPOBIIUKN B pa60Te K OCHOBHBIM BOKaJIbHBIM IIapTHUAM
no0aBIIAIOT ~ JOMONHUTENbHBIE.  OmHako  ecou  TpeOyercs
MPOAHAIM3UPOBATh KOMITO3UIUIO, MPENCTaBUTh MAapPTUH B HOTHOM
BHJIE, TO TIEpEe My3bIKaHTOM CTOUT 3a/1ada aBTOMATHIECKOT'0 aHAN3a
ayauo3anuceii, 4ToObl YINPOCTUTh U YCKOPUTH paboTy. Ocolbyro
CIIO)KHOCTh ~ TIPEICTABIISIET BBIJEJICHHE OCHOBHOW BOKAJIBHOM
Menoaud W3 (OHOTpaMMBI, TJ€ OHa dYacTo CMeEIIaHa ¢
WHCTPYMEHTaJIbHONM dYacTblo. PemeHns Ha ocHOBe UH(pOBOit
00pabOTKM W MAIMHHOTO OOYYEeHHUS MPEACTaBISIIOT cOOOH b
JEKOMITO3UITNIO - pa3Ouenne aynuodaiina Ha 3 HHCTpyMEHTATbHbBIE
maptTid U 1 BOKaNbHYIO, TJIe CMEIIMBAETCS OCHOBHAs BOKallbHAsS
MEIIOINS C JOMOMHUTENHBIMA. OCHOBHBIME CITOcOOaMu 1THU(POBOI
00pabOoTKH SBISAETCS CIIEKTPAIBHOE BEIYNTAHME [ 1], aHANH3 TTIaBHBIX,
HE3aBUCUMBIX KOMITOHEHT [2]. K MammHHBIM crmocobdam OTHOCST
uetipocern Demucs (Hybrid Spectrogram-Waveform Model) [3], HT-
Demucs (Hidden-State Transformer Demucs) [3]. Ecmm mis
Mpo(heCCHOHANIOB, CIIOCOOHBIX HA CIyX ONpENeIuTh HOTYy H ef
JUTATENHOCTD, TIOJO00HBIE TMPOOIEMbl - YacTh pabOThI, TO s
moduTenel, He 00MaJaroInX a0COTIOTHBIM MY3BIKATBHBIM CITYXOM,
aTa mpobiieMa - cepbE3Has mperpaia Ha TBOPYECKOM ITYTH.

OcCHOBHas CIIOKHOCTh 3aKJIFOUAETCA B OTCYTCTBUU 3(PPEKTUBHBIX
METOJIOB Pa3lIOKEHHs Ha BOKAJIBHBIC TAPTUU - TEKYITUMH METOIaMU
JIEKOMITO3UIIUN  OTJICIUTh OCHOBHYIO BOKaJbHYIO TIAPTHIO OT

153



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

JOIMOJTHHUTCIIBHBIX HEBO3MOXHO. MCJ’IOILI/II/I OpeacTaBIAOT coboi
OAHOBPEMCHHLIC, TAPMOHHUYCCKU CBA3aHHBIC MCTOYHUKHU 3BYKa CO
CXOXUMH XapaKTCPpUCTUKaAMU, 0CO0€EHHO IIPpU OAVHAKOBBIX BXOJIHBIX
JaHHBIX. H3-3a aTOr0 G3K-BOKAI nmorjaomacrcss OCHOBHBIM.

+0 dB
8192

-10 dB
4096

-20 dB
2048

-30 dB
1024

512 -40 dB

YacToTa

>s6 -50 dB

128 -60 dB
6a -70 dB

-80 dB

Bppems

Puc. 1. Ilpumep NeKOMIO3UIMH ayIHO

Llenpto  paboTBI  sBISETCS pa3pab0TKa HEHPOHHOM  CETH,
CIIOCOOH O

1. OmpenenuTh HOTHI OCHOBHOM BOKaJLHOW MapTUH

2. Ha ocHOBe mpaBui My3bIKaJIbHOH TEOPHUH IIOCTPOUTH
JOTTOTHUTENTFHBIE METOINH - TAPMOHHHL.

ITepBsrii mar - 06paboTka BOKaILHOW IAPTHH, COACPIKAIICH B ceOe
BoKaibHBIE mMapTiu. C moMomisio peodpasoBannst Oypbe TaHHBIE
MOXKHO  TIpEACTaBUTh B BuAe  crekrporpammbl.  [locie
MPOAHAIM3UPOBATh, YTOOBI IOHSTH, KAaKW€ HOTHI CIET BOKAJHCT.
[Ipoananu3upoBaTh YaCTOTHI MOXKHO C TIOMOMIBIO KOPOTKUX OTPE3KOB
aynuocurHana (KaJpoB) W JUIA KaXKJOr0 W3 HUX MBI Haiiiem
OCHOBHYIO YaCTOTY — 3TO H OyJIeT HOTa, KOTOPYIO CIIeNl BOKAJIUCT.

Ha ocHOBe momydeHHBIX YaCTOT MOMYYaeTCs MTOCIe0BATENbHOCTh
4ycel — 4acTora B ['eprax ais Kaaoro Kajpa. ITH 4acTOTHl MBI U
npeobpazyem B MIDI-HOTEI.

A 1o MIDI-HOTaM MOXHO MOCTPOUTH JOMOIHUTENbHBIE METOAUU
10 TpaBHUJIAM MY3BIKaJIbHOW TEOPHH C MOMOIIBI0 HEHPOHHOW CETH,
YTOOBI YIIPOCTHTH TIpoIecc paboThl ¢ ayanodaiiiamu.
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MATEMATHYECKOE MOJEJIMPOBAHUE
XUMHUYECKHAX PEAKIIMIA, DKCTIEPUMEHT,
TEXHOJIOTHH OBPABOTKHU Y AHAJIM3A
PE3VJIBTATOB

bapcykos B.I'., Muviwies A.B.
HATO HUAY MUDU, 2. Obnunck

[IpoBenenne HKCIEPUMEHTOB XUMHUYECKUAX TPOIECCOB SIBIISETCS
CJIO’)KHOM M JIOPOTOCTOSIIEN 3a7aueil KaK B aHAJIUMTUYECKON XUMUU,
Tak ¥ B aTOMHOM NpOMbIIIIEHHOCTH. [loaTOMy MaTemaTuueckoe
MOJIEIMPOBAHNE XUMHYECKHX TIPOIIECCOB SBISETCS Hamboree
MEePCIIEKTUBHBIM HAIpaBICHUEM peIIeHNs KaK HAay4HbIX, TaK |
MPAKTUYECKUX W TEXHOJOTMYECKUX 3a/1ad COBPEMEHHOW XWMHHU. B
paboTe, ¢ OIHOW CTOPOHBI, PACCMATPUBAETCS METOJ YHCIECHHOTO
MOJICIUPOBAHMS KUHETUKA XHMHYECKHX pEAKUUH B YCIOBHUSIX
OTpaHWYEHWH Cpebl BBIYMCICHHH, 3aMKHYTOCTH MOJENH 3ajad,
HEOIpeNeNEHHOCTH HaYalbHBIX YCIIOBHH U ITAPaMETPOB. A C JIPyTOi
CTOPOHBI — METOABl W TEXHOIOTHH O0OpabOTKH pe3ylbTaToB
MOJIENTPOBAHMS U IKCIIEPUMEHTA.

Ha mepBom »Tame 3KCIEpUMEHTATbLHOM pabOTHI B KAadecTBE
00BeKTa MCCIeIOBaHMs ObLTa BRIOpaHA XUMUYECKAs PEAKIIHS MEXIY
METHJIOBBIM (PHOJIETOBBIM M THIPOKCHIOM HATpHUsS C 00pa3oBaHUEM
OeclBeTHOr0 JIeHKOOCHOBaHWs. J[s TpoBeNeHHS HATYpHOTO
JKCIIepUMEHTa OBbUTM  TPUTOTOBIIEHBI PACTBOPHI  METHIIOBOTO
duoneroBoro [CasHaoNz]"Cl™ (1,5 - 1075 M) u ruapokcuga Harpus
NaOH (0,02 M). DkcniepuMeHT TpoBOAMIICS B TedeHHe 90 MUHYT ¢
[IaroM JIeTeKTHPOBAHUS pe3ysibTaTa B OJHY CeKyHIy. PesymbraTom
JNETeKTUPOBAHMS SBUJIOCH HW3MEPEHHWE 3HAYEHWH OINTHYECKOM
IJIOTHOCTH pacTBopa. PacrBop ObLI WCCIIeIOBaH
CHEeKTPOPOTOMETPUUECKUM MeToIoM Ha criekTpodoromerpe KDK-
3KM (Poccus).
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Ha BTOpOoM 3Tamne paboThl OblIa CO3aHa MATEMaTHYECKast MOJICIb
KAHETHKH XMMHYECKOW PEaKIMH, a TEXHOJIOTUS MATeMaTH4YECKOTO
MOJICIMPOBAHUSI XUMUYECKOH peakiiy Oblla MOCTPOSHA HA OCHOBE
OJHOLIaroBeIX MeTo/10B PyHre-KyTThl. /711 mpoBeieHus YUCIEHHOr 0
IKCIIEpUMEHTa ObUTM  pa3pabOTaHbl W  pPeajM30BaHbI  MOJCIH
AJTOPUTMOB U TIPOLENYP KOMIIBIOTEPHBIX TEXHOJIOIMH Ha OCHOBE
Pa3HOCTHBIX CXEM MCXOJHOMW 3amauu Koy, ucnonbs3ys pa3inokeHne
npaBbIxX yacTed AuddepeHnnanbHBIX ypaBHeHH o Metony ["aycca-
Pano.

Texnonoruu 0OpabOTKK U aHANN3a PE3YJILTATOB IKCIIEPUMEHTA U
MaTEeMaTHYECKOr0 MOJCIUPOBAaHUsI ObLIM pa3pabOTaHbl HA OCHOBE
METOJIOB PErPECCHOHHOIO aHalW3a M MEeToJa HAMMEHBIIUX
KkBagpatoB. KoMIproTepHas peanu3aiius 0003HauYeHHBIX TEXHOIOTHH
B BHJIE TIPOrPAMMHOT0 MPOIyKTa ObLIa ocyiiecTBiIeHa Ha s3bike C B
Visual Studio 2022.

Ha ocHOBe perpeccHOHHOr0 aHaIn3a MacCHBa KOHCTAHT CKOPOCTH
XUMHYECKOW pEaKUUH 10 pe3yJbTaTaM OSKCIIEPHMEHTa ObUIH
OOHAapy)KeHbl  CJICAYIOIIME  3aKOHOMEPHOCTH. Bpemennast
3aBHCHMOCTb H3MEHEHHUS KOHCTAHTBI CKOPOCTH XUMHYECKOW PEaKIIH
XOPOIIIO ONMUCHIBACTCS YPABHEHHEM PErPecCHU TPEThEro MopsiaKa:
k(t) = 1.544341 - 1071t — 1.062410 - 1071°¢% + 2.288164
1.544341- 10" ¢33 — 1.062410 - 1071%¢% + 2.288164 107"t

1077t + 7.482466-107*
+ 7.482466-107*

rae k(t) — KOHCTaHTa CKOPOCTH TMPSMON XHMHYECKOU
peakimu.  Jlwamason — u3MeHeHuss — 3HaueHmd  k(t)
[0.00072;0.00133] u 3HaueHus Kod(h(UIUEHTOB YpaBHEHUS
perpeccud CBUIETENBCTBYIOT O XOpOUIEH aHaIUTHYECKOM
anmpOKCUMAIMK SKCIIEPUMEHTAIBHBIX 3HaueHui K (t).

AHanu3 pe3ylbTaTOB MOJCIMPOBAHUS U HKCIIEPUMEHTA
XUMHUYECKON peaklMM MOKa3alld XOPOUIEe UX COOTBETCTBUE B
paMKax  IOTPEIIHOCTH MU3MEpPEeHU npudopa, YTO
CBUJIETEIBCTBYET O TOM, YTO MATEMATUYECKOE MOACIUPOBAHUE
XUMUYECKUX PEAKIUH SBIIAECTCS HAJICAKHBIM, IEPCIIEKTUBHBIM 1
HEJJOPOTUM HHCTPYMEHTOM PEILICHUS CIIOKHBIX XUMHUYECKHX
3a/1a4 B UX HAyYHOM Pa3BUTHUU U MPAKTUUYECKOM MPOJAOTHKEHUH.
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Jluteparypa
1. ®opcaiitr, [I. MammHHBIE METOIBl MaTEMAaTHYECKUX
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BBIYMCJIUTEJIbHBIN AHAJIN3 JIBYMEPHbBIX IOJIEN
JJSI UCCJETOBAHUSI TIPOCTPAHCTBEHHBIX
BAPHUAIIMM B 3AJTAYAX ATOMHOM DHEPTETUKH

3aepaesckas C.M.
HATO HUAY MUDU, 2. Obnunck

CoBpeMeHHas aTOMHas SHEPTreTHKa OIUPAETCs Ha BHICOKOTOYHBIE
MCTOJIbI MOHUTOPUHIa U MOICIIMPOBAHUA (1)I/I3I/IT-IGCKI/IX IIpoueccoB,
MPOUCXOJAAIIINX B PCAKTOPHBIX YCTAaHOBKAX W IPHIICTrarOmIinx
TEXHOJIOTHYECKUX CHCTEMaAX. OJIHI/IM N3 KIKYEBBIX JJIIEMCHTOB
BBIYUCITUTEIBHOH WHQPPACTPYKTYPHl CTAHOBUTCS aHATM3 CIOXHBIX
MHOTOMEPHBIX JTaHHBIX, OMICHIBAIONINX PACIIPEEIIEHHUS TapaMeTPOB
Cpenpl — TeMIIepaTypHBIX MOJIEH, MIIOTHOCTH HEHTPOHHOTO TMOTOKA,
KOHIIEHTPAIHM aKTUBHBIX IIPUMeECed, paJualliOHHBIX Harpy30K HITH
HMOHU3AIMOHHBIX XapaKTEPUCTHK cpemsl [1, 2].

B npencraBnmsemoi pabore paccMaTpuBaeTcs IMOAXOA K
BBIYHCIUTEIHHOMY Pa3IOKEHUIO TBYMEPHBIX ITOJIEH, TTO3BOISIOIHIA
BBIICISITh PA3WYHBIE MPOCTPAHCTBEHHBIE KOMIIOHEHTHI CIIOKHOTO
curHaima. Takas 3afmada akTyajdhbHa B TeX CiydasX, KOTaa
HaOII0MaeMoe paclpenelicHHE MPEACTABISIET cO00H KOMOWHAIIHIO
HECKOJIBKMX  TPOIIECCOB  PA3NMYHOW  TPUPOABI:  TI00ATBHBIX
W3MEHEHHUH, PEryJsIpHBIX IPOCTPAHCTBEHHBIX BOJH, JIOKAIBHBIX
AHOMAaJMi W MEIKOMACIITA0HBIX BapHalWi, BO3HUKAIOMIUX IO
neicTBreM (PM3MYECKUX, TEXHOMOTHIECKUX WIIH SKCILTyaTaIllHOHHBIX
(hakTOpOB.

[TomoOHBIE cHUTyallMM XapakTepHBI JJIs aHaJIW3a IPOIECCOB B
AKTUBHOW  30HE  peaKkTopa,  IMOBENSHHWsS  TETJIOHOCHUTEIIA,
pacnpocTpaHeHUs paTuallMoOHHBIX IIOJIe, a Takke /IS 3a7ad
JMICTAaHIIMOHHOTO MOHHUTOPHHTa atMochepbl W  OKOJIO3EMHOTO
MPOCTPAaHCTBA, TAe (UKCHPYIOTCS JaHHBIE, BIUSIOIIAE Ha
YCTOMYMBOCTH CBSI3U C OOBEKTAMH aTOMHOU oTpaciu. PazmoxeHue
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MOJIsl Ha HECKOJIBKO «CJIOEBY» TO3BOJSIET MHTEPIPETHPOBATH BKJIA[
pa3IMYHBIX MEXaHM3MOB, BBISBISITH CKPBITBIE CTPYKTYpPBHl U
IIOBBIIIIATH I/IH(I)OpMaTI/IBHOCTL MOHUTOPHUHIOBBIX CUCTEM.

OcHoBHOE BHUMaHHUE B paboTe yIeIeHO TOMY, Kak popmupyercs
aJIalITHBHOE KOJIMYECTBO KOMIIOHEHT pa3jiokeHHs. lcmonb3yroTcs
KpUTEPUHU, TIIO3BOJIAIOMIMEC ABTOMATUUYCCKHU OIPCACIATh CTCICHDb
BBIPAXKCHHOCTU CTPYKTYp B OAaHHBIX Ha OCHOBE CTATHCTHYCCKUX
CBOICTB M DHEPreTMYECKMX IIOKa3aTelneld OCTATOYHOM YaCTH.
Bnaronapst aTomy pasnoxeHne He TpeOyer 3apaHee (DPUKCHPOBATH
YHCJIO BBIICNSIEMBIX YPOBHEH, YTO Ba)KHO MPH paboTe ¢ pealbHbIMU
CHUTHaJaMH aTOMHOM OTpaciH, KOTOPbIE 4acTo 001alaloT CI0KHOM,
HW3MEHYNBON CTPYKTYPOH.

Hnst  mpoBepku monmxoaa (GopMupyercss Habop  TEeCTOBBIX
JNBYMEPHBIX  TIOJIeH, HMMUTHPYIONIMX TIOBENEHHE (U3MUECKUX
BCIIMYUH, XapaKTEPHBIX JJId 3a1a4 aTOMHON OHEPreTUKU: JIOKAJIbHBIC
MUKA  (COOTBETCTBYIOUIME  AHOMAJbHBIM  30HaM),  IJIaJKHe
KpynHOMacmTaOHble BOJNHBI (TI00aJIbHBIE W3MEHEHHS IapaMeTpoB
cpenbl), NMPOCTPAHCTBEHHO MOYJIMPOBaHHBIE CTPYKTYpHI (aHajor
pacnpeneneHys OTOKOB MM TEIUIOBBIX HeoAHOponHoctel). Takas
UMHUTALMsl IO3BOJIIET  OLEHUTh KOPPEKTHOCTh  Pa3IOKEeHU,
CIIOCOOHOCTh METOJa BOCCTAHABIMBATh CJ1a0ble KOMIIOHEHTHI M
YCTOWYHMBOCTD K HAJIO’KEHHIO IIPOLIECCOB PA3HOr0 MacuTada.

[lony4yeHHble pe3ynpTaThl IOKA3bIBAIOT, YTO BBIYMCINTEIbHbBIE
METOABl CTPYKTYPHOM JEKOMIIO3MLIMM IIO3BOJISIIOT — BBIICISITH
nH(GOPMATHBHBIE 3JIEMEHTHl CJIOXKHOIO IIOJISI M MOTYT OBITh
UCIOJIB30BaHbl B 3aJayax JAWarHOCTHKM, AaHAjIW3a COCTOSIHUA U
MporHo3a noseneHus ¢usznueckux cucreM. Ilogxon co3maér ocHOBY
UL TIOCHENyIoIIel WHTErpaluyd IONOOHBIX HHCTPYMEHTOB B
MPAKTUYECKUE KOMIUIEKCHI MOHUTOPUHIA M PAacuéTHbIC IIaKEeTHl,
MIPUMEHSIEMbIE B aTOMHON YHEPIETUKE.

Pabora sBisieTcs YacThlO MCCIENOBaHHS METONOB 00pabOTKH
MHOTOMEPHBIX JaHHBIX M MOXET OBbIThb paclIdpeHa NMPHUMEHEHHEM K
peajbHBIM  W3MEPEHMSM, BKIIOYAs JaHHbIE MOHHUTOPMHIA H
JMAarHOCTUYECKUX CHCTEM.

Jluteparypa

1. Nunes J.C., Bouaoune Y., Delechelle E., Niang O., Bunel Ph.
Image analysis by bidimensional empirical mode decomposition //
Image and Vision Computing. — 2003. — Ne21. — Pp. 1019-1026.
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2. Renman N., Mandic D.P. Multivariate empirical mode
decomposition // Proceedings of the Royal Society A. — 2010. —
Ne466(2117). — Pp. 1291-1302.

OIIEHKA MACHITABUPYEMOCTH BbIYUCJIEHUM
OPENMC U SERPENT HA 3AJJAYE HEU-MET-FAST-001

Ilvioicos U.B.
HATO HUAY MUDU, 2. Obnunck

CoBpeMeHHBIE PAcYETHl OBICTPOrO M TEIUIOBOIO HEHUTPOHHOTO
TpaHcIopTa Bc€ yare onupartcs Ha MoHTe-Kapio-Ko1s1 ¢ pa3BUTOM
HOZIZICp)KKOﬁ MHOTI'OITOTOYHOCTH, IMOTOMY Hux pcajibHasA
MIPOU3BOJAUTEIIBHOCTG CTAHOBUTCA OOIHHMM H3 KIIFOYEBBIX @aKTOpOB
npH BeIOOpe MHCTpyMeHTa. HecMoTpst Ha OOMIHOCTH (QU3HUYECKUX
MIPUHIUIIOB u HCIIOJIb30BAHUE METOo/1a Momnte-Kapno,
apxurektypubie pazmmuus OpenMC [1] m Serpent [2] MoryT
MIPUBOJIUTH K CYIIECTBEHHBIM PACXOXKICHUSIM B POU3BOAUTEIHHOCTH
W MacmTabupyeMOCTH, YTO JeflaeT HEeOOXOAWMBIM HX IMpsIMOe
CpaBHEHHE Ha PerPe3eHTaTUBHBIX TECTOBBIX 33/1a4ax.

B  pabore  BBIIONTHEHO  CPaBHUTENBHOE  HCCIEAOBAHUE
npousBoautenpHOocTH OpenMC 1 Serpent ¢ HCIIONB30BaHUEM JIBYX
penpe3eHTaTUBHEIX Moneiei: Ovictporo Oenumapka HEU-MET-
FAST-001 u terutoBoit stueiiku WWER MOX Pin-Cell V1 MODL.
Jlinst 06oux KoI0B ObLIa MOAr0oTOBJIEHA equHas onoamnoreka JEFF-3.3
B ¢popmate ACE, a reomerpnn 6€HIMapKOB MPUBEAEHBI K CTPOrOMY
COOTBETCTBHIO.

OcHoBHO# ymop crenaHn Ha O6enumapke HEU-MET-FAST-001,
I/ie TIpoCcTas OJHOPOMIHAS TEOMETPHS MO3BOJSET HATIISIHO OLEHUTH
MacIITabMPyeMOCTh W HAKIAZHBIE PAcXONbl Kaxmoro koma. Jlms
ATOr0 OBUIM BBITIONHEHBI CEPUU PACUYETOB C TIOCIIEIOBATEIBHBIM
YBEIMYEHNEM YHCTIa 32/IeCTBOBAHHBIX JIOTHYECKHX MTPOIIECCOPOB OT
1 mo 16, mpu (UKCUPOBAaHHOM pa3Mepe «IMayKh» HEUTPOHOB W
KOJIMYECTBE PACUETHBIX IMKJIOB, YTO IIO3BOJIWJIO TIOCTPOHTH
3aBUCHMOCTh TIPOM3BOMUTEIHFHOCTH KaXKIOTO KOJIa OT CTENeHH
napajjienu3alMd M BBIIBUTH  NPEAENbHBIE  BO3MOXKHOCTH
MaciuTaOupoBaHusl.

159



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

le6

3.0 1 x OpenMC %
Serpent

2.5

YacTuu/cekyHaa
[ N
v <)

!

o
(=]
L

0.5 1

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
JNlornyeckux npoueccopos

Puc. 1. 3aBUCHMMOCT KOJIMYECTBA YAaCTHIl B CEKYHAY OT YHCia
3a/1efICTBOBAHHBIX JIOTHYECKUX MIPOLIECCOPOB

[Ipu mnepexone k 0ojiee CIO0KHOW TI'€TEPOreHHON TEeOMETPUU
WWER MOX Pin-Cell pasmuuns crmaxuBaiorcs: OpenMC
nocturaer mopsaka 220 ThIC. YacTHII/C, TOrAa Kak Serpent - OKOJIO
150 TBIC. YACTHI/C TMPH MCIOIB30BAHUU BCeX 16 JIOTHYECKHUX
MIPOIIECCOPOB.

[pencrasnennsiit Ha pucyHke | rpaduk MacTaOUPyEeMOCTH IS
HEU-MET-FAST-001 moka3siBaer, uto OpenMC B TekyIiel Bepcun
obmamaer Oomee BBICOKOW 3((EKTHBHOCTHIO  HCIOIB30BAHUS
MHOTOITPOITECCOPHBIX CHCTEM, OCOOEHHO Ha TPOCTBIX OBICTPBIX
MOJIEIISIX, YTO MOXET JIeTIaTh €ro MpeanoYTHTEeTFHBIM HHCTPYMEHTOM
JUTS OOJIBIIIX CTATUCTHYECKHX BHIOOPOK M MapaMeTPHUYECKUX CepHil
pacdéToB; ONHAKO 3TH PE3YNbTATHl TPeOYIOT Ooiee THIATEThHOTO
MONTBEP)KIACHUS Ha CYIIECTBEHHO OOllee CIOKHBIX TeTepOTreHHBIX
TeOMETpUSX © B  3aJadax BBITOPAHWs, TA€ CTPYKTypa
BBIYHCIUTENBHBIX 3aTPaT W XapakTep Napajuleu3aldd MOTYT
3HAYUTENFHO OTINYATHCS.

Jluteparypa

1. Romano P K and Forget B 2012 The OpenMC Monte Carlo
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PA3PABOTKA HEMPOCETEBOM MOJIEJIN JJIsI
OBHAPYKEHUS NEYATEN U NOANMUCEN HA
JOKYMEHTAX

3amkos J[.B., [lInanax H.II.
HATD HUAY MU®DU, 2. Obnunck

CucTeMBl DIIEKTPOHHOI'O JIOKYMEHTOO0OPOTa HCIONB3YIOTCS B
KOMIIAHUAX, B TOCYHAPCTBEHHBIX YUYPESKICHUAX I YNPOLICHUSA
pabotsl ¢ JokymMeHTamH. [Tob30BaTENN TAKUX CUCTEM CTAITKUBAIOTCS
C HEoOXOMMOCTBIO TIOJMUCHIBATH U 3aBEPSATh JOKYMEHTHI. B cuiy
OOMINST JOKYMEHTOB TIOSIBJSIETCS HEOOXOAMMOCTH B BBICOKOM
CKOPOCTH HMX OOpabOTKM OJIHUM 4YeJOBEKOM. 3ajada IpPOBEPKH
MOJUIMHHOCTA ~ CaMoOro  JIOKyMEHTa CTaHOBUTCS BcE  Ooree
BocTpeOOBaHHOW. Bo3HHMKaeT HEOOXOIMMOCTL B  pa3paboTKe
MPOrpaMMHOTO KOMILJIEKCa, aHAIM3UPYIOMIETO JOKYMEHT C IIENbIO
MIPOBEPKH €0 IOUTMHHOCTH.

B COBPEMEHHOM TOKYMEHTO000poTe UCTIONB3YIOTCS
9JIEKTPOHHBIE TOANMCH U 3JIEKTPOHHBIC IeYaTH, OJHAKO OHH HE
BCer/ia MPEeIOCTABISIOTCS BMECTE C OPUTHHAJIOM JJOKYMEHTA, €CITN OH
CYILECTBYET TOIBKO HAa OyMayKHOM HOCHTEIIE.

Takas 3agaya sBSIETCd KOMIUIEKCHOM, M €€  clenyer
JIEKOMIIO3UpoBaTh. [Ipexae 4eM mHpoBepATh IedaTh W IOIHCH,
HEo0XOIMMO OOHApPYKHUTh MX HA JOKYMEHTE M ONPEIEIHTh, KaKyro
007acTh JOKyMEHTa OHU 3aHUMAIOT.

Lenpto manHOW pa3paOOTKH SBISICTCS aBTOMATH3aIlUs ITOMCKA
MeYaTd ¥ MOAIICH, OCHOBBIBAsCh HA OTCKAaHHPOBAHHOM JIOKYMEHTE,
IUISL  TIOCNIENYIOIIEr0 aHalu3a C  HCIIONB30BAaHHEM  JIPYroro
pPOrpaMMHOro KoMIlieKkca. Pelmenne 1anHoi 3a1auu 3aKI04aeTcsl B
UCIIOJIb30BAHUY MAIIMHHOTO 00YYEHHS M KOMITBIOTEPHOT'O 3pSHUSL.

Jus  pa3pabOTKM W TECTUPOBAHUS CHCTEM OOpadOTKH
JOKYMEHTOB HEOOXOJUMBI PENpe3eHTaTUBHBbIE NaHHBbE. OHAKO
UCIIOJIb30BAHNE PEAIbHBIX JIOKYMEHTOB HEBO3MOXKHO HM3-3a CTPOTUX
TpeOOBaHMI K 3alMTe NepcoHaJIbHOW wuHpopManuu. JlaHHOE
OrpaHHYeHHe CO3/1aéT JeDUIMT MPUTOAHBIX Ui PaboThl HAOOPOB
naHHBIX. TakuM 00pa3oM OBLIO pemIeHO CO34aTh CHHTETUYECKHI
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JaTacer, COCTOSIIMN M3 HCKYCCTBEHHO CIEHEPHPOBAHHBIX IeYaTeH,
MIOAIIMCEN U TEKCTA.

B urore 6611 crenepupoBad Habop nanHbIX U3 1000 n3obpaskeHnit
Ha ocHoBe 15 pasmuunbeix ¢QoHoB, 30 moxamucei, 13 mneuareii.
[Mpunuun pa3zmenienus: HHGopMaIMK Ha H300PaKEHUH CIICAYIOIINI:
ciydaiiHbIM 00pa3oMm reHepupyercs 30 CTpOK TeKcTa, U KaKaoi
ONPEIEISIIOTCS CTydailHble KOOPAMHATHI Ha HM300paKeHUU; Jaliee
TakAM Jk€ 00pa3oM MOMEINAIOTCS Ie4aTh M IOMINCh, KOTOpbIE
JIOJDKHBI OBITh TIOJTHOCTBIO PACIIONOKEHbI Ha JOKyMeHTe. st 3Toro
HEOOXOJIMMO YYHTBIBATh pa3Mepbl Bcex H300paxkeHWH. Tak, ObuT
cozgan Habop maHHBIX w3 800 w300pakeHMi s oOydaromien
BbI0OpKH, 1 200 — /17151 BaTUAAIIMOHHOM.

Mogenr YOLOvIl Obula BbIOpaHa Kak — COBpPEMEHHAas
apXUTEKTypa, 00eCIeunBaIONIasi BELICOKYIO CKOPOCTh U TOYHOCTH JIJISI
oOHapyXeHUs U Kiaccupukanui o0beKToB Ha n3o0paxkenuu [1]. B
KayeCcTBE METPHK HCIOab30Baauch Precision u Recall. B koneurnom
UTOTe MOJICNIb HAYYWJIACh OMPENENATh MECTOMOIOKEHUE NeYaTH B
OONBIIMHCTBE ciIydaeB (TieyaTh HaxoauT B 92% ciydaes), 4To OBLIO
MIPOBEPEHO HA PEATBHBIX IIPUMEPAX TPaMOT U TUTIIIOMOB (CM. puc. 1).
Mozenb HEBEPHO ONpeAeNsieT MOANUCH — 3TO HaIpaBJICHHE IS
Oyayiieii paboThI.

1.0

Meats

Noanwce 0.04 0.21 0.84

0.4

NpeackasanHne

0.2

®an 0.04 0.79 0.00
0.0

METrHMbE

Puc.1 Marpuna koH(Y3UH Ha TECTOBOM HaOOpe JaHHBIX
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MOJIEJIMPOBAHUE TOMOTEHHOT O
IMWJINHJIPUYECKOI'O PEAKTOPA BE3 OTPAKATEJIS C
BBEJIEHHBIM UJEAJBHBIM O JIOIIAIOIINM
CTEP)XHEM ITOCPEJICTBOM ®HU3NYECKH-
UH®OPMUPOBAHHOM HEMPOCETHU

Boromnurxoea A.A, lnanax H.I1.
HATO HUAY MUDU, 2. Obrunck

Pemenne ypaBHeHus nuddy3un HEHTPOHOB JUII TOMOTEHHOTO
LIWJIMHIPUYECKOTO peakTopa 0e3 oTpa)kaTessi C BHICOKOH TOYHOCTHIO
Mozenupyercs Ghu3nuecku-uH(OOPMUPOBAaHHOM HefpoceThio [1].

B Hacrosieii pabore paccMaTpHBacTCs M3MEHEHHE T'€OMETPHH
pacdeTHON 00jacTH, B KOTOpOH pemaercs ypaBHeHue nuddysumu,
COOTBETCTBYIOILIEE BBEACHHUIO B ILEHTP peaKkropa HJEaJbHOIO
MOTJIOMIAIONIEr0 CTEP)KHS Ha pasMuHylo IiyOmHy. Tak Kak Ha
TPaHULE C TaKUM CTEPXKHEM M BHYTPU HEro IOTOK HEHTPOHOB
CUMTAETCS PABHBIM HYJIIO, TO €0 MOJEINPOBAHUE COCTOUT B U3bSATUI
3aHUMAEeMOH CTEpKHEM 00JIaCTH U3 PaCUETHOH U PacIpOCTpaHEHUEM
IPAaHUYHOI'O YCIIOBUSI YTEUKU HEUTPOHOB HA TPAHUILLY CTEPHKHSL.

MogenupoBaHue  peuleHds] — 3a4a4d  [IPOU3BEICHO c
WCIOJIb30BAHUEM IOJHOCBSI3HOM HEUPOHHOH CeTH ¢  ABYMs
CKPBITBIMU CIIOSIMU 110 128 HEWPOHOB B KaXKIOM, (DYHKITVSI aKTHBAITIH
— xocunyc. OyHKIMS TOTEPh CETH COCTOUT U3 IBYX 4YacTel: mepBast
yuuThiBaeT BHI AU (EpeHLUanbHOTO ypaBHEHUS, BTOpas —
rpaHuyHble yciaoBus. Ha kaxmaom mare oOyueHns paccMaTpuBaroTCs
6000 Touek BHyTpu pacuerHoi obOmactu u 2000 Ha rpanwmme. s
peanu3anyu anropuTMa (GU3MYECKU-UHPOPMUPOBAHHOW HEWpoceTn
UCTOJIB30BAJIaCh OMONMOTEKa C OTKPBITBIM HCXOIHBIM KOAOM
DeepXDE [2].

Ha pucynke 1 npuBeneHs! pe3yabTaTbl MOJIETUPOBAHHUSL.
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Puc. 1. Pe3ynabTaThl MOJIETMPOBaHUS pellieHus] ypaBHeHus quddy3un s
BBIBE/ICHHOT'O (CBEPXY) U BBEAEHHOTO (CHU3Y) MOTJIOTUTEINS

Ilo pesympraTaM uCCICOOBAaHUS MOXKHO CHENaTh BBIBOL, YTO
UCTONIb30BaHNE (U3NUECKU-UH(POPMUPOBAHHOM HEHMPOHHOH CeTH
MO3BOJIIET TOJIYYUTh PEATUCTUUHBIE PE3yIbTaThl MOJIEIUPOBAHHE
JBIDKCHUS MIOTJIOLIAOLIETO CTEPIKHS B TOMOT'€HHOM
LUINHAPHUYECKOM PEAKTOpE.

Jluteparypa

1. bonoraukoBa A.A., lllnanak H.I1. [Ipumenenue ¢usnuecku
WH(GOPMHUPOBAHHBIX HEHpoceTel Ui pelleHus] ypaBHEHUH (U3NKu
SIIEPHBIX peakTopos// bymyiiee atoMHo# sHepreTukun — AtomFuture
2024: XIX MexayHapoaHas Hay4HO-TIPaKTUYecKasi KOH(epeHLus:
Tesuce! noxinagos. — OOHUHCK, 2024.
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HNCITOJIb3OBAHUE MPOJABUHYTHIX UHAEKCOB
BEI'ETAIIUU JJI51 AHAJIN3A COCTOSHUSA
OUTOMACCHI JIECHOT'O PETUOHA 110
CIIYTHUKOBOMY CHUMKY

Monuanosa M.B., Illinanax H.II., benoycos I1.A.
HATD HUAY MU®DHU, 2.Obnunck

AHanmu3 3HAaYEHUN WHIEKCOB BEreTallii W BIAKHOCTH —
pacupoCTpaHEHHBIA METOJl OTCJIEKUBAHUS COCTOAHUS HPUPOTHOU
30HBI. B pamkax JaHHOTO MCCIIEOBaHUS PACCMOTPEHBI 4 WHIEKCa!
NDVI (Normalized difference vegetation index), NDMI (Normalized
difference moisture index), ARI (Anthocyanin reflectance index) u
NDCI (Normalized difference chlorophyll index). Bce atu nnmexchr
HEOOXOAMMBI JIJISl OL[EHKH Pa3HbIX aCIIEKTOB COCTOSIHHSI (PUTOMACCHI.

J1J1s OLIEHKH COCTOSIHMS (DUTOMACCHI TAK)KE TPUMEHSIIOTCS METOIbI
MAaIIMHHOTO OOYUYEHHS, OJJHMM W3 KOTOPBIX SIBIISIETCS KIIACTEPHBIH
aHanmu3. C ero MmoMoIbl0 MOXHO MPOAHAIM3UPOBATH H300pAKEHHE
[0 BCEM MHJIEKCaM B COBOKYITHOCTH, a TaK)Ke€ BBIIECIHUTH apeajibl Ha
1M300pakeHNH, 9TO MOXKET MPUMEHATHCS B BBISBICHUHM KPHU3UCHBIX
30H Jieca.

Lenpto Hamiero WCCIENOBaHHUS SIBISIETCS  KIacTepHU3aIlus
CIYTHHUKOBOTO CHUMKA 110 4 mHAekcaM. Tarxke HeoOXOAMMO CIenaTh
BBIBOJl O BBIJICIEHHBIX aJTOPUTMOM 30HAaX, W OIEHUTh COCTOSHHE
(uTOMacchl B HUX.

NDVI (Normalized Difference Vegetation Index) — oaro
CTaHIAPTU3UPOBAHHBIA HWHAEKC, MOKA3bIBAIOIMIMNKA TO, HACKOIBKO
AKTUBHO Pa3BHUBAETCsl PACTUTENBHOCTh B JaHHOW 30HE, 3HAUCHUS
KOTOpOro MEHSIIOTCST B aAuamazoHe ot -1 go 1. NDMI —
HOPMAJTM30BaHHBIA PA3HOCTHBIM WHIEKC BIAXXHOCTH, 3HAYCHUS
KOTOpOT'0 HaxosaTcs B AuanazoHe oT 0 1o 1, ucrons3yromumiics ams
OIIEHKM BJIQXXHOCTH TOYBHI B AaHHOM 30He. [1] ARI — uHzekc
OTpPaXEHUSI AHTOI[MAHOB, MUTMEHTOB, OTBEYAIONIMX 32 KpacHBIH,
(moneroBslif 1 cuHUH 1BeT B pacteHusx [2]. NDCI HeoOxomum s
OLIEHKHU CoJiepKaHus XJIopoduiia B Bogoémax [3].

JlanHbIil HA0OP WHIEKCOB MO3BOJISAET BBIICITUTH KPU3UCHBIC 30HEI,
YUUTBIBasl Takue ()aKTOPBI, KaK pa3HbIC [IBETA PACTCHHI WIIA HATTMYHE
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BomoémoB. [Ipm  kmacrepuszammu  HEOOXOAMMO  YYUTHIBATH
KOpPPESAIUN WHACKCOB JPYT C APYrOM, JUIS TOTO YTOOBI OTOPOCHTH
MHJICKCHI, HE Hecymue B cebe mose3Hoi mHdopmanuu. Haunbomee
CWIbHas Koppensius HaOmromaercst y nap unaekcoB ARI u NDCI,
NDCI u NDVI, NDVI u ARI (puc.1). B BepxHeii HonoBrHE MaTPUIBI
HaxojsTcs 3HadeHus koddduumenta [Tupcona s BCcex MHIEKCOB
MOnapHo.
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Puc. 1. Koppensammonnas matpuria NDVI, NDMI, ARI u NDCI

Jluteparypa

1. Momvanoea M.B., Ilmamaxk H.IL., benoyco ILA.,
<<I/ICCJ'IG,Z[0BaHI/I6 BO3MOXXHOCTH OHNPEACIICHNUA MOPOAHOIo COoCTaBa
JIECHOM 30HBI TI0 CIYTHUKOBBIM CHUMKam» // Bymymiee aTomHON
snepreruku - ATOMFUTURE 2024, - O6nunck, 2024

2. Gitelson, A.A., Chivkunova, O.B. and Merzlyak, M.N.,
«Nondestructive estimation of anthocyanins and
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CEKIIHUA VI
PAJJUOHYKIMIIHAS 1 JIVYEBAS MEJULIMHA

PA3PABOTKA BbICOKO3®®EKTUBHOI'O
®OTOHEUTPOHHOI'O UCTOYHHUKA JJI51
HEUTPOHO3AXBATHOWM TEPAIIUHA

Onuwyx E.A.Y, Kypauenxo FO.A, Kum A.A.?
YHATD HUAY MUDHU, 2. Obnunck
2MIY um. M.B. Jlomonocosa, 2. Mockea

Bop-neiitponosaxsatHas tepanus (BH3T) mpencrasnsier coboit
HepCHeKTHBHLIfI METOJZ JICUCHHA 3JI0KAYCCTBCHHBIX OHYXOHeﬁ,
OCHOBaHHBIH Ha cmocobHoctn sigep Oopa-10 wn3OuparenpHO
morjiomarb HU3KO3HEPIr€TUYCCKUEC HeﬁTpOHBI, YTO IIO3BOJISIET
TOYECYHO BO3)I€I7[CTBOBaTB Ha OIIYXOJIb C MUHHNMaJIbHBIM
TIOBPESKICHUEM 310POBBIX TKaHeH [1]. OmHako mpuMeHeHue TaHHOTO
METOJIa C UCTIOIh30BAHUEM HCCIIEIOBATENbCKUX SAEPHBIX PEAKTOPOB
CTAJIKUBAETCS C CEPhE3HBIMU OTPAaHWYCHHUSMH, BKIIOYAst CI0KHOCTD
oOecrieueHNsT paJWaliOHHON  OE30MMacHOCTH, TeorpaduIecKyro
HEIOCTYITHOCTh HM3-32 MPUBS3KH K HEMHOT'OYHCIIEHHBIM PEAKTOPHBIM
[EHTpaM, a TaKKe TEXHUYECKHE CIOKHOCTH, CBS3aHHBIE C
HENPEPHIBHBIM PEKHMOM pabOTHl PEAKTOPOB H  TPYAHOCTSIMH
OIEPATUBHON PETYIUPOBKU HEUTPOHHOTO MOTOKA.

B o10if cBsA3m ocoboe 3HaueHWE IIpHOOpeTaeT pas3padoTka
KOMIAKTHBIX YCKOPUTENBHBIX HCTOYHHKOB HEHTPOHOB, KOTOpHIE
o0JIafaloT  CYIECTBEHHBIMH  IPEUMYIIECTBAMH, TaKAMH Kak
BO3MOXKHOCTh TOYHOTO YIIPaBJICHUS MapaMeTpaMyd HEHTPOHHOTO
ITy4JKa, KOMITAKTHBIE Pa3MepbI, TO3BOJISIONINE Pa3MeIIaTh yCTAHOBKH
B KJIIMHWKAaX, W TOBBIIICHHAs 0€30MacHOCTh Oyiarofapsi OTCYTCTBHIO
HEOOXOJMMOCTH HCIIONB30BaHUS siiepHOro TorumBa. [lepexon Ha
YCKOPUTENbHBIE TEXHOJIOTMH MOXET 3HAYHUTENEHO PaCIIUpPUTh
BO3MOXHOCTU KiuHuuyeckoro mnpumenHenuss BH3T, cpmemaB stoT
WHHOBAIIMOHHBIN METO]I JIeueHus OoJiee TOCTYITHBIM U 0e30MacHBIM
JUTS TIAI[UEHTOB.

B paGore mpoBeneHbl pacyeTHBIE HCCICIOBAHUS XapaKTEPUCTUK
HEHUTPOHHBIX TIOJIeH, BKITFOYasi MOJICITUPOBAHHUE PACITPE/ICIICHUS J103 B
OHMOJIOTHYECKMX TKAaHSAX, OIEHKY O€30MacHOCTH Ui TepCOHAala |
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aHanu3 3 QeKTUBHOCTH BO3ACHCTBUS Ha OMyXOJIEBbIC KIETKU [2].
Ocoboe BHIMaHHE y/IeIeHO CPAaBHEHUIO TAPaMETPOB YCKOPHTEIBHBIX
U PEaKTOPHBIX HCTOUYHUKOB HEHTpoHOB. IlomydeHHbIE pe3ynbTaThl
MOKa3ajdHh, YTO YCKOPUTETM 3apsHKEHHBIX YaCTHUI[ IO3BOJISIIOT
reHepupoBaTh Ooiee CTaOMIbHBIE W yIOpaBlseMble IYYKH
SMUTEJIOBBIX HEUTPOHOB MO CPaBHEHHUIO C SJAEPHBIMU PEAKTOPaMHU.
Taxoke ObUTM paccUMTaHbl ONTHMANbHBIE TapaMeTpbl HEHTPOHHBIX
My4YKOB, MHUHHMMH3HPYIOIIUE IOBPEXACHHUE 3I0POBBIX TKaHEH W
MaKCUMH3HPYIOIIHE TepareBTHYeCKUl dPQeKT.

Jluteparypa

1. Suzuki M. Boron neutron capture therapy (BNCT): a unique
radiation therapy // International Journal of Radiation Oncology.
2020.

2. Kypauenko IO.A., 3abGapsuckuit 10.I., Onumyk E.A.
IMpumeHenne  GOTOHSHTPOHOB Ui JiydeBod  Tepamuu /]
MenuiuHCKas paJuoNorus M paauanpioHHas 0e30MacHOCTh. — M,
2017.

INPOT'HOCTUYECKOE 3HAYEHHME ITIOJIHOI'O
MOP®OJIOT'HYECKOI'O OTBETA OIIYXOJIU IIOCJIE
MPOBEJIEHUA HEOATBIOBAHTHON XUMHUOJYYEBOU
N XUMHUOTEPAIIUHA Y BOJIbBHBIX MECTHO-
PACITPOCTPAHEHHBIM PAKOM KEJYIKA

Bonobyes C.M., Cxoponao B.FO. , I punesuu B.H., Cmonenos E.H. ,
Agponun I''.B.
Meouyunckuii paduonoeuveckuii Hayynvlid yeump um. A.@. L[viba e.
Obnunck

Pak xemynka sBiseTcsT OOHOW M3 BEOYUIMX  IPUYMH
OHKOJIOTMYECKOH CMEPTHOCTH, C OJHOTOJUYHON JIETaJIbHOCTBHIO
6onee uem 39%. B Poccum xummonmyueBas Tepanus NpH pake
XKeJTyAKa He sIBJISIeTCA CTaHAAPTHBIM METO/IOM JICUEHUS, B OTIIMYUE OT
CIIA wu crpan 3amamHod EBpombl. OTCyTCTBYHOT KpYIHBIE
OTEUECTBEHHBIE  HWCCJIECIOBAaHMUS, CpPAaBHHUBAIOLIME  OTHAJIEHHBIE
pe3yabTaThl XUMHOIY4YEBOI'O M XUMHOTEPATIEBTUYECKOI0 TIOJXO/I0B B
KOTropTe MAIUEeHTOB C JOKa3aHHBIM IIOJIHBIM MOP(OIOTHYECKIM
OTBETOM. B OTHOIIEHUH paka *emyaKa JaHHbIE pa3IMYHbIX aBTOPOB
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MMPOTUBOPEUMBEL: OJHU HUCCIICMAOBAHUS JIEMOHCTPUPYIOT 3HAYUMOC
YIYUIICHUE BBDKUBAEMOCTH TIPH IMOJIHOM MOP(OJIOTMYECKOM OTBETE,
JPyrue — HE MOATBEPKIAI0T €ro He3aBUCUMOI0 ITPOrHOCTHYECKOTO
3HAa4YCHMUS.

Lenb: IlpoBecT aHanmu3 pe3yjabTaTOB JieUeHUS U (HhaKTOPOB,
BIIUAOIIIUX Ha BBIDKUBAa€MOCTbD, y 6OJ'II)HI)IX MECTHO-
pacOopoCTpaHEHHBIM  PakOM  KEIyJKa, JOCTUTIIMX  IOJHOrO
MOPQOJIOTHYECKOTO ~ OTBETA  OMYyXONM  MOcje  MPUMEHEHUS
XHMHOHy‘IeBOﬁ U XUMUOTCpaInu.

Uccnenosanne nposeaeno B MPHII um. A.®. [{pi0a Ha ocHOBE
PETPOCIIEKTUBHOIO aHau3a 0a3bl JaHHBIX Oosiee yeM 300 OOIbHBIX ¢
BepU(UIIUPOBAHHBIM MECTHO-PACIPOCTPAHEHHBIM pakoM
(ameHOKapIIMHOMON) JKETy/Ka, TMOTYYHBIINX KOMOHMHUPOBAHHOE
JICUEHHE B PaMKax IPOTOKOJIBHBIX HCCIEAOBAHUN W PYTUHHOU
KJIINHUYECKON IIPAKTUKH.

CTaHIIapTHBIM METOJ0M JICUCHUA SBJISIIIOCH IIPOBCACHUEC
repuorepanonHoi xumuotepanuu mo cxeme FLOT. Uccnenyemsie
METOJIVKH HEOaJAbIOBAHTHON Tepamuy BKIIOYAIN XUMHOIY4YEBYIO
Tepanuio B Tpex BapuanTtax: COA=45 I'p ¢ mHEBHBIM ApobieHuEM
1036l Ha nBe dpakmwn - 1 u 1,5 I'p; COJ/[=46 I'p 3a 23 dpakuuu; 18a
OHUKTa WHIYKIMUOHHON xumuorepanmmun FLOT ¢ mocnemyromieit
xumuonyaeBoil teparmueii B COl=46 I'p 3a 23 ¢pakiun. Bo Bcex
CIIydasix Jy4eBYIO TEpaluio MpOBOMWIM Ha (DOHE TIpenaparoB
kanenuTabuaa 1850 mr/M2 B meHb 3a 2 TpueMa C©KETHEBHO, U
OKcanuIuIaThH 85 Mr/M2 B 1 u 22 nHU.

Uepes 6—8 Hemens Tociie 3aBepIIeHUsT He0a TLI0BAaHTHOW TepaIuu
MIPOBOIMIIOCH KOHTPOJIbHOE OOClenoBaHne. B ciydae MCKITIOUYeHUs

MPOrPECCUPOBAHUSl  OMYXOJH,  BBIIOJHSJIOCH  paluKalbHOE
XUPYPTHUECKOe BMeEMATeNbCTBO. M3 0a3pl maHHBIX oTOOpaHo 38
nauuenToB ¢ ypTONOMO

Cpemn  Bcex  MAalNMEHTOB  MPOrPECCHPOBAHHE  OIyXOJH
3a(pMKCUPOBAHO TOJNBKO B 1 ciydae.

[Tokazatenu obmieli BepKMBaeMocTu (OB) cocraBuim: 1-neTHss
OB — 94,7 + 3%, 3-neruss u S-nerasss OB — 86,5 £ 6%. Ilpu
WCKITIIOYEHUH TOCIIEONepAlMOHHON JieranbHocTH (n=2) (n=36): 1-
nerasis OB — 100%; 3-merusa u S-neruas OB — 91,3 + 6%.
Pazmuumst B mokazartensx BbDKMBAEMOCTH B 3aBHCHMOCTH OT THIA
HeoalbloBaHTHOM Tepanuu orcytcrBoBaiu (P<0,05). Ilo manHBIM
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HaIlIer0 WCCIICIOBAHMsI, TPOBEICHUE aJbIOBAHTHON XUMHOTEpPAITUU
HE BJIMSJIO HA OT/JIAJICHHBIC PE3yJIbTaThl JICUCHUS.
3axmouenne:OTaaneHHbIe PE3yNbTaThl JICUCHUS] HE 3aBHUCIT OT
METOJIMKH HEOabIOBAHTHOMN TEpaNuu.
1. B ciaydae IOCTHKEHHS MOJTHOTO MOP(OIOrHYecKoro 0TBeTa
OIyXO0Jirh, NPpOBCACHUC aIl’LIOBaHTHOI\/'I XUMHUOTECpAN HE IPUBOJUT K
YBCIINYCHUTIO nokasaTesei BEIKHBAEMOCTH.

HNCCIEAOBAHUE METOJ10B BEPUOUKALIUU U
KOPPEKIIMU ITOJIOKEHUSA ITALIMEHTA TIPU
IMPOBEJEHUU ITPOTOHHOM TEPAITUM

Tpucopves U.U., /[pyacunckuii B.O., Apyscunckas O.U.
HUTU HUAY MUDU, . Jlumumposepao

I'ma3 yenoBeka — 3TO OTHOCHUTENHHO HEOOJIBIION M OJHOPOTHBIN
opraH, NPAaKTUYECKH PEHTIEHOIPO3PayYHbIl M II03TOMY TpPYAHO
pa3iuuYuTh €0 BHYTPEHHHE  CTPYKTYpPbl € IIOMOIIbIO
peHTrenorpadum.

OcoOeHHOCTH €ero CTPOEHHsI HE IO3BOJIIIOT HCIONb30BaTh
CTaHJApPTHbIE IIOAXOAbI, IPUMEHSIEMbIE B IIPOTOHHOH JyueBOH
Tepanuu. [lnaHupoBaHue oOMydeHus IS IJ1a3a IPOU3BOAUTCS II0
MOJEIM OpraHa, KOTOpas pPacCUUTHIBACTCS IO KIMHUYECKHUM U
PEHTI'€HOBCKUM JaHHBIM.

JlaHHOE nccnenoBanye NPOBOAMUIIOCH B CIIENAIbHOM IIOMELICHUN
s obmydenusi MansiM ¢ukcupoBanHeiM mydkoM (FSTR). B xone
MpoIeAypsl  Hcrmonb3oBajics BomHbi (anTtom CRS Phantom, nHa
KOTOPBIH YCTaHOBJIEH AMOAHBIN nerektop Scanditronix pSi (Momens
SFD), nmoaxmrouéHHBIA K CHCTEME MO3WIIMOHUPOBAHUS TMAIlUEHTa
(PPS) u nepxartens BogHOrO hanToMa Ha cryne Eyeline,

Hens mpouenypbl — NPOBEPUTHh HA TJIA3HOW JMHUH, YTO IPU
MOMEIEHUH OOBEKTa B H3OLEHTP C MOMOLIBIO PEHTIEHOBCKOM
CHUCTEMBbI, OH Oyler pacHoJOoKeH Ha OCH IIydKa IPOTOHOB,
UCIOJIb3YEMBIH B KaUeCTBE OPUEHTHPA; IIPOTOHHOE U CBETOBOE OIS,
a TaK)Ke PEHTT€HOBCKOE M CBETOBOE I10JIsI JIOKAJIM30BAaHbI COBMECTHO.

Oco0eHHO Ba)KHO JOOUTHCS XOPOILEro BEIPABHUBAHUS 110 OCsIM Y
U Z, MOCKOJIBKY 3TO OINpeneNnsierT MOJOKeHHWE MPOTOHHOIO MOJs B
opranu3Me nanueHta. OTHOCHTENFHOE BBIPABHHMBAHHE MAallUEHTA U
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MIPOTOHHOTO My4yKa Mo ocu X MeHee KpUTHYHO. CBS3aHO 3TO C TeEM,
YTO JMAIA30H BO3JACHCTBYS HA MALIMEHTa B OCHOBHOM OIIPEIEIISIETCS
TOJILIMHON TKaHEW MAalMeHTa, YePEe3 KOTOPhIE IPOXOAUT IIPOTOHHBIN
IIy4OK.

Bce mnomydenHele 3HaueHUs CPABHUBAIUCh CO 3HAYCHUSIMU,
MOTYYEHHBIMH TPH KATHOPOBKE CHCTEMBI Ha AaTy — 2 siHBaps 2022
roga. Pe3ynbraTel npeacrapiieHs! B Tadauie 1.

Kak BUAHO, IEHTp MPOTOHHOrO MyYKa M LEHTP PEHTT€HOBCKOIO
nyuyka Rad-A orwionwics Ha 0,228 MM, 10 CpaBHEHUIO C
pedepeHCHBIMU 3HAYCHUSIMH.

Ta0.1.CpaBHeHHe OMyYEHHBIX PE3YJIbTaTOB

PaccrosiHue
BripaBHMBaHUE Ha TJIOCKOH
B IHUKCENAX B HU3OIIEHTPE, MM)
MaHEeJIN, MM
3Ha‘-ICHH$[, IMNOJTYYCHHBIC B X0A€ OKCICPUMCEHTA
Rad-A u my4ka mpoToHOB 7,61577 0,38079 0,31307
Rad-A o ocu Z FRS 1,50000 0,07500 0,06166
Rad-C no ocu Z FRS 1,00000 0,05000 0,04111
PedepencHble 3HaUCHHS

Rad-A u my4ka mpoToHOB 2,06155 0,10308 0,08475
Rad-A mo ocu Z FRS 0,50000 0,02500 0,02055
Rad-C no ocu Z FRS 1,00000 0,05000 0,04111

Crnenyromue 3HaY€HHS IOKA3bIBAlOT, HACKOJIIBKO II€pPEKpecTHe
[IAHEIH OTKJIOHEHBI OT U30LIEHTPa B U30LEHTPUUECKOM INIOCKOCTH, a
TaKXXe HACKOJIbKO NEPEKPECTHUS MTaHEeNU OTINYAIOTCS IPYyT OT Apyra.

ITo cpaBHeHHMIO cO 3HAYEHHSIMU, MOITYYEHHbIMH 2 siHBaps 2022
roja, MEpeKpecTH OTKIOHWIKCH OT m3oueHTpa Ha 0,04 mm. Bcee
MOTy4EHHbIE 3HAUCHUS BXOAAT B IOMYCTUMBIH MPEAE.

OTKIIOHEHUSI, BBIABICHHBIC IPHU CPaBHEHUU C pedepeHCHBIMHU
3HA4YCHUSIMH, HAXOMAATCS B JIONMYCTHUMBIX Ipenenax. Tem He MeHee,
OHHU TIOATBEPXKIAIOT HEOOXOIMMOCTb PErysipHOH IPOBEPKH BCEX
cucTeM Ui obecriedeHus 0e30MacHOCTH JICUEHHUS.
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MONTE CARLO SIMULATION OF ORGAN-SPECIFIC
DOSE IN A RADIATION ACCIDENT SCENARIO USING
GEANT4

Ananda D.R.I., Solovev A. N.
Obninsk Institute for Nuclear Power Engineering, NRNU MEPhI,
Obninsk

The accidental radiation events are matter of interest in the nuclear
research field. The events arising from high-activity sources radiation
exposures need accurate dose reconstruction particularly in cases
where physical dosimeters were not available. The present paper is
based on an investigation of the Geant4 Monte Carlo simulation
package to simulate a real radiation accident event happened with an
48 year old individual (pseudonym: BERT) in 1980-s. The person has
been exposed to a ®®Co source within the distance around 20 cm out
of the torso during several seconds and for longer (~25 minutes)
duration within the room of the source. The nominal exposure rate
estimated as about 1000 R*s-1 at 1 m by the facility staff. The
equivalent source activity was estimated by ICRP 103 formalism [1].
The photon emission rate was further normalized with this value
during the Geant4 simulation. Another reference dose was given by
the BERT based on the chromosome aberration analysis done in the
next few days after event by the A.l. Burnazyan FMBC (former
Institute of Biophysics) was 28.75 Gy of total body. The irradiation
event resulted in necrosis of the fingers required following amputation
of fingers. The person is still alive and active worker of the A. Tsyb
MRRC.

This simulation based on the advanced voxel human phantom
example of the Geant4 package implementing reference MIRD
phantom [2]. Current aim is to extend and develop a project for the
organ-specific absorbed doses estimation in the eyes, heart, chest and
fingers. Photon emission spectra, physics of interaction and material
compositions were modelled with accuracy in the simulation of soft
tissues and bone [3]. A fixed phantom position equivalent to the actual
accident position was re-created to track energy-deposition in the
organs of interest. Graphical-based verification of photon transport
confirmed that a sufficient interaction of gamma along the anterior
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axis of the body and highly localized depositions may be observed in
the chest and the upper limbs, as would be anticipated with Co 60
gamma.

At the present phase, the research aims on methodological validation of
the phantom and geometry setup. The methodology allows to create a
reproducible structure for the retrospective organ-dose evaluation in
extreme exposure situations. In future work, dose tally conversion to
absorbed doses and equivalent doses, comparison with ICRP deterministic
thresholds and phantom customization to feature detailed eye model and
finger models to score dose more accurately will be carried out. Upon
validation, the extended model might be applied to calculate the organ-
specific absorbed and equivalent dose at various exposure periods,
normalized to the measured source activity and geometry. Simulated
outcomes will be compared to known ICRP deterministic thresholds and
accessible clinical results and will examine how predictable patterns of
tissue injury identically compare with medical outcomes in the comparison
[1,4]. The study is useful in creation of a computation dosimetry protocol
of emergency and forensic reconstruction of accidents related to radiation
exposures.
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CEKILIUA VII
IIEPCIIEKTHUBKI YIIPABJIEHHA IIPEAIIPUATHAMH
ATOMHOV SHEPTETUKH

SKCHOPTHBIN MOTEHILIUAJ ATOMHOM SHEPTETUKH
P® B YCJOBUSIX 'EOMNOJJUTUUYECKOTIO KPU3UCA

Kobwiuna E.B., , I'vcesa K.A.
HATO HUAY MUDU, 2. Obnunck

ATOMHas 3HepreTuka SBJsAeTcs OJHUM U3 Hauboliee 3HAYUMBIX U
MEePCIEKTUBHBIX HANPaBIEHUH B CTPATErMH BHEITHEAIKOHOMHYECKOTO
corpynHunuectBa Poccun. IMeHHO B P® cymiecTByeT yHHMKalIbHAs
Hay4JHO-TIPOM3BO/ICTBEHHAs 0a3a, HeoOXOoarMast I MCCIIeNOBaHUH 1
MIPOEKTUPOBAHUS B OOJACTH ATOMHOW JHEPreTHKH, a TakXKe s
ctpoutenbctBa ADC HOBoro mokoneHusi. CTOMT ydUTBIBAaTh, HYTO
TEONOMUTUYECKUH KPU3UC TMOCIECOHUX JIeT MOCTaBWI Iepex
POCCHUIMCKOM aTOMHOM SHEPreTMKON HOBBIE BBI3OBbI, B IIEPBYIO
odepesb, HaIPaBIEHHbIE Ha IIEPEOPUEHTAIMIO PHIHKOB COBITA U
00pr0OY ¢ Bo3pociIeit KOHKYPEHITUEH co cTOpOHBI KuTas 1 3amagHbix
CTpaH.

OTedecTBEHHYIO AaTOMHYIO HEPIeTHKY MO)KHO OXapaKTepU30BaTh
KaKk TpUMep TEXHOJIIOTHYECKOW HE3aBUCHUMOCTH, KoTopas Obuia
chopMupoBaHa IOCPEICTBOM YCHUIMH ThHICSY BBICOKOKIACCHBIX
CIIEL[HAJIUCTOB, KOTOpble OOECIEYMBAIOT 3aMKHYTBHIH sIEpHBIC
TOIUIMBHBIM LUKJI, IPH 3TOM COOJroAass TpeOOBaHUS IOBBILICHUS
0E30MacCHOCTH  JKCIUIyaTallMM  PEaKTOPHBIX  YCTAHOBOK U
OCYLIECTBIISAA [IOJTOBPEMEHHOE MEKIYHAapOIHOE COIPOBOXKICHHE
[1].

Haunbonee u3BeCTHBIMU SIBIISIIOTCS TaKHE 3KCIIOPTHBIE IPOEKTHI,
kak: ADC «Akkyo» B Typuun, ADC «Pynmyp» B banrnageme. O6a
MPOEKTa SBISIOTCA NMPUMEPAMU KOOPAMHALUHM HE TONBKO CIIOXKHBIX
WH)XXEHEPHBIX  pacu€roB, HO  TaKkke W  KauyeCTBEHHOU
JUTIIOMaTHYECKON 9KCIIEPTU3BI u PUMEHEHHS psina
YIpaBIEHYECKHX KOMIETEHIINIA Ha BHICOKOM YPOBHE.

B Hacrosmee Bpems OKCHOPTHBIM  moreHiuan Poccuu
¢dopmupyercs 3a  Ccu€r MepecedeHusT  HayYHO-TEXHHUYECKHX
BO3MOYKHOCTEN u MIPUOPUTETHBIX HaIpaBJIeHUH
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BHEIIHENOJIUTHUECKOr0  coTpynHudectBa. Ha  pucynke 1
MIPENCTABIIEHbl OCHOBHBIE HAIIPaBJIECHUS DKCIOPTHOIO IIOTEHLHAsa
aTOMHOM »HepreTuku Poccuu.

it ~
Cocpeaortoue r >z nopre
. CoCpesoToueH Ha NPOMIBOACTEE W 3KCNOopTe
Axkcnopr obopyaceanma peA A P
"

0BOPYAOBAHNA, BKNOYAA PEAKTOPHLIE YCTAMOBK

CrpouTenscrso noa KMoy

Bxmouaer crpoutenscreo A3C 3a rpanunuen \

OxBartsiBaer 3KCNOPT AZEPHOro ToNA1sa
N CBA3AHMHBIX YCAYT NO ero nepepaborke /

Bxmouaer nepegaqy TexXHONOM A
n obyuenne nepcoxana

Puc. 1. HanpaBnenus sxcopTHOro noreHnuana PO

‘ IKCNOPT TONAMBA

A/
, S | S | ) G

‘ Mepegava rexHonormin

KiroueBbIMHU HallpaBiIEHHUSIMHU 3KCIIOPTa ATOMHOM 3HEpreTuku PO
SBJISTFOTCSI:  TIOCTaBKa  BBICOKOTEXHOJIOTMYHOTO  OOOPYIOBaHUA,
BeITTONTHEHNE TIPOoeKTOB ADC 1o moaenu EPC-KOHTpaKTOB, 3KCIIOPT
SIIEPHOTO TOIUIMBA M €ro mepepaboTka, IMepenada TEXHONOTUH W
o0ydeHHsT KaapoB B MapTHEPCKUX CTpaHax. TakuMm obOpasom,
(dhopmMupyercs yCTOWYMBOE BHEIIHEIKOHOMHYECKOE TPHCYTCTBHE
Poccun Ha  MHpPOBOM  pPBIHKE SIIEPHOM  DHEPreTUKH, UTO,
HEMOCPEICTBEHHO, BIMAET Ha YKPEIICHHUE MO3HUIIIH HaIlIeH CTpaHbl B
YCIOBHUSIX TEONOTUTHYECKON TypOyiIeHTHOCTH [2].

KitoueBpiMu cTpanamy mapTHEpaMH Ha JAaHHBIA MOMEHT IS
Poccun smasrores: Typuus, Eruner, banrnagem, Wunusa, Wpan,
ctpansl CHI, crpansr Adpuku.

AtomHass  »Heprermka Poccmm  TpaHchopMHpoBanach B
KOMILUTEKCHBIN TPOAYKT AJISi DKCIOPTa, KOTOPBIA COMEPKHUT B cebe
BBICOKOTEXHOJIOTHYHBIE PEIIEHHUs, BOSMOXHOCTh COIPOBOXKICHHUS H
JONTOBPEMEHHOT0 MEXKIYHApPOAHOTrO MapTHEPCTBA. B ycmoBumsix
CYIIECTBYIOIIET0 CAHKIMOHHOTO [IABJICHUS W IepPeOpHEHTAIUH
MHUPOBBIX SHEPTeTUYECKUX TOTOKOB IOTEHIIMAN aTOMHBIH OTpaciu
MMeeT U YKOHOMHYECKOEe, U BHEIIHEOIUTHIECKOE 3HAUCHHE.
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2. ®pozoB A.B. DKCopT aTOMHOI SHEPreTUKU KaK MHCTPYMEHT
BHEIIHEMOMUTHYeCKOro BiusHus Poccuu // MupoBasi 3KOHOMHUKa U
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CTPYKTYPHBIE UBMEHEHUSA MAPOBOI'O TOK U
IBOJIIOLIUA KPUTEPUEB
KOHKYPEHTOCIHOCOBHOCTH AQC

Abouxamumos /. K., Xapumonoe B.B., Cemenos E.B.
YHUAY MU®DH, 2. Mockea

CoBpeMeHHBI  3Tanm  pa3BUTHS  TVIOOAIBHOH  DHEPreTHUKU
XapakTepu3yercsi BCTYIUICHHEM B (pa3y 4eTBepTOoro 3Hepromepexoa,
HpaﬁBepaMH KOTOPOr'o BBICTYIIAKOT HE TOJBKO KIHMMaTHYCCKasi
IIOBECTKAa, HO M OObEKTHMBHAsg HEOOXOJMMOCTb 3aMEIEHUS
HCYEpPIIaeMbIX YTIIEBOJOPOAHBIX pecypcoB. CoOrllacHO MPOrHO3ZHBIM
omeakaM MAI'ATD (m3manme 2025 roma), k 2050 romy mumpoBoe
MIPOM3BOICTBO AJIEKTPOIHEPTHH YABOUTCS 10 CPABHEHUIO C YPOBHEM
2024 rona, a B clieHapUH BBICOKOTO POCTA YCTAHOBIIEHHASI MOIITHOCTH
ADC nomkHa yBeIHIHTHCS B 2,6 pasa, mocturays 992 I'Bt [1].

MaremaTtryeckoe MOIEIHPOBaHHE JWHAMHKHA  HCUYEPHaHUS
HEBO300HOBIISIEMBIX PECYpCOB IIOKa3bIBaeT, YTO MHKH JOOBIYH
TPATUITNOHHBIX DJHEProHOCUTEeNed (HepTH, NMPUPOTHOrO Taza u
JIEMIEBOTO ypaHa) MPH CYIIECTBYIOMINX TEMIaX MOTPEOIIEHUS MOTYT
OBITH TMPOMICHBI YK€ B epBoil mooBuHe X XI Beka [2].

B ycmoBmsx pocta momm croxactudeckoil reHepanuu (BUD)
TpaAULIMOHHBIH MOKa3aTeb MPUBEACHHOU CTOUMOCTH
anekrposHeprun (LCOE) Tepsier cBOIO pernpe3eHTaTuBHOCTD, TaK KaK
HE YYUTHIBAET 3aTPaThl HA HHTETPAINIO UCTOYHHUKA B SHEPTOCUCTEMY
U pe3epBHpOBaHHE MomIHOCTeW. B  pabore obOocHOBaHa
[IEIecO00pa3HOCTh TMPUMEHEHHUS CHUCTEMHOro moaxona (System
LCOE/VALCOE) [3].
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% CTOUNOCTL, ADAY

Puc. 1. CpaBHUTENBHBIN aHAN3 TTOJIHOW CUCTEMHONU CTOUMOCTH
3JIEKTPOIHEPTUU

Kak mokazano Ha pucynke 1, HecMOTps Ha CHIDKCHHE
HOMHMHAJIFHON cTOMMOCTH TeHepaunun BUD, ux momnas cucremHast
CTOUMOCTH OKa3bIBACTCs BBIIIIC aTOMHOM TeHEpalun n3-3a
KOJIOCCANIBHBIX 3aTpaT Ha o0ecliedeHre HaJeKHOCTH TOCTaBOK
(pe3epBHBIC MOIITHOCTH, HAKOITUTEH, CETH).

Konkypentocriocoonocts ADC B IOATOCPOYHON TIEPCHEKTHBE
OyZer ompenenaTbCs COOTBETCTBHEM IISATH TMPHHIMIAM OOJBIIONH
SIIEPHON DHEPTETHKH, CPOPMYIMPOBAHHBIM B paMKaX CTpaTErHu
pasButus oj pykosoactsoM npod. E.O. Anamora [4]:

- ObecrnieueHre KOHKYPEHTOCITIOCOOHOCTH SIIEPHON SHEPTETHKH B
CpPaBHEHWH C JAPYTUMH BHJAMH 3JEKTPOreHepary (CHIDKEHUE
CTOMMOCTH  JJIEKTPOdHEPTHMH 332  CYeT  KAaNWTajdbHBIX |
IKCIUTyaTaIllMOHHBIX 3aTparT).

- Hckmouenne aBapwii, TpeOyIOIMX 3BaKyalnd, a TeM Ooiee
OTCEICHUSl JIIOJIEH, a TakXe BBIBOAAIIUMX U3 XO3SMCTBEHHOIO
WCIIONB30BAHMS 3HAYNTENbHBIE TEPPUTOPUHN (MAKCHUMABHEIHN yIiepo
— noteps 6moka ADC).

- llomHOe wWcHONB30BaHWE DJHEPTETHYECKOTO IOTEHI[Haa
JOOBIBAEMOTO CHIPBS Ha JUTHTENBHYIO TIEPCIEKTUBY (COTHU U THICSIUN
JIET).

- PamnanroHHO-3KBUBaJICHTHOE oOparienve SIIEPHBIX
MaTepuajoB B TOIUIMBHOM IIMKJIE C COXPaHEHWEM MPHPOIHOTO
paananmoHHOTO OanaHca.

- Texnonoruyeckoe YCHJICHHE pPEKHMa HEpaclpOCTPaHEHUS
SIIEPHOTO OPYXKHS 32 CUET MCKIIIOUEHUS HapaOOTKH M BBIJICTICHUS B
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TOIIMBHOM LMKJIE uucTEIX 2°U 1 Pu opy»keifHOro KauecTsa, a TakKe
MOCTENEHHOI0 OTKa3a OT MHCIIONB30BAaHUS B AJEPHONW 3HEPreTHUKE
TEXHOJIOTUH pa3zencHus (o0oraiieHus ) U30TOIOB ypaHa.

Peanuzanms 3THX IPUHIUIIOB BO3MOXKHA TOJIBKO MPH MEpEXojie K
JBYXKOMIIOHEHTHOW  SIICPHOM  DHEPreTUYECKOM  CHCTEME  C
3aMkHyThIM STL[ W peakropamu Ha OBICTPBIX HEHUTpOHAX,
yIOBIIETBOPSIONIMMHI TPEOOBAHUSIM €CTECTBEHHOH Oe30macHoCTH [5].
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AHAJIM3 IOAXOA0B, IPUMEHSAEMBIX B
IroCyYJAPCTBAX CHI 110 OIITUMHU3ALIMHN
IMPOIECCOB B3 SAPOO

3apyoun A.C., Kysneyos A.FO., Jlumseunos M.A.
AO «TBOJI», 2. Mockea

Juig ocymiecTBIeHHs AEITEIBHOCTH 10 HCIIOIb30BAHUIO aTOMHOM
sHeprun B CCCP ¢ cepemunbsl 40-Xx TOmOB OBIIM pa3BEPHYTHI
MacmTaOHbIe PAOOTEI MO0 OOECHECYCHHIO MHHEPAIbHO-CHIPHEBOM
06a3pl. B pecnyOmmkax CpemHeit Asunm  ObUH  pa3BemTaHbI
MECTOPOXKIICHUSI ~ ypaHa,  CIPOEKTHPOBAaHBI W  IIOCTPOEHBI
noObIBaroIINe, mepepadaThiBaromue komOnHaTel. OmHako B 1990-¢
rofpl, mocie oopazoBanus Compyxecrsa HesaBucumpix ['ocygapcTs,
MHOTHE OOBEKTHI IO JO0ObIYe, W3BICYEHUIO YpaHa W CBS3aHHBIE C
HUMH MeCTa pa3MeIleHUs] OTXO0JI0B IepepadOTKH (OTBAIBI 1 XBOCTHI)
OBLTH 3a0pPOIIICHBI.

Hekotopele w3 obOwekroB simepHoro Haciemus (OSIH)
pacmoioKeHbl B CEHCMHYECKM aKTUBHBIX palloHax © B
HEMOCPE/CTBEHHON OJIM30CTH OT PETHOHANBHBIX BOJHBIX ITyTEH,
HaJan4due MOAOOHBIX TUIOMIAJIOK CO3[AaeT PHUCKH IS HAacelleHUs U
okpyxaromeid cpeapl. K 3TuM puckam oTHocsTcs (u3ndeckas
ONACHOCTh Ul JIIOAEH W >KUBOTHBIX, MOBBIIIEHHOE BO3ACHCTBHE
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paiNOaKTUBHBIX W TOKCHYHBIX MaTepHalloOB Ha HaceleHHE,
npoxkuBatoniee BOmu3n OSH, HeratnuBHOE BIMsHUE Ha 3[0POBbE U
COIMANIbHO-9KOHOMHYECKOE OJNaromnoiyyne HaceleHHs, a TaKKe
BO3MOKHOCTDb TPAHCTPAHUYHOT'O 3aIrpsA3HCHUA.

Ilo wunamnmatuBe AO «TBOJI», Ha ocHOBE [JAaHHEBIX OT
3alHTEPECOBAHHBIX OpraHu3anui, Oblia pazpaborana basa maHHBIX
OSH rocymapcte — ywactHukoB CHI', cocrosimas u3 peectpa
o0bekToB (Oonee 150) W WX MAcHOPTOB, IO3BOJISIOIIMX OLCHHUTH
MOTEHIHAJBHYI0 OMACHOCTh OOBEKTOB Uil OKPYXKAIOMIEH Cpempbl.
basa pmannpIx craHer ocHoBoM CorjameHuss TOCYAapcTB —
yuacthukoB CHI' mo mpuBemeHuio B 0e30macHOE COCTOSHUE
00BEKTOB SIZIEPHOTO HACIEANS.

Taxxe cocraBieH Peectp TexHomormii — OmOMMOTEKa HAyIHO-
TEXHUYECKOHN JOKYMCHTAIWH C OITMCAHNEM MMCEIOIUXC Ha O6’LeKTaX
TEXHOJIOTUi, 000pyI0BaHUS U UHXKEHEpHBIX pemennit B chepe OAT,
PAO u BD SPOO. Peectp cmocoOCTByeT CHCTeMAaTH3alUUd W
3¢ ¢deKTUBHON peau3alMd IPOEKTOB, INPHUBJIEKAas K IPOBEAECHHIO
paboT BIaeNbIlIeB HHTEIUICKTYaILHOW COOCTBEHHOCTH.

Okcnepramu AO «TBDJI» nmpoBomuTest kamepanbHas o0paboTka
macioproB  OSH. B 2023-2025 r1r.  OpraHM30BHIBAIIUCH
9KCTIeIMIIMOHHBIC BBIE3Ibl HAa 00BEeKTHI B PecryOnnke Tamkukucran
n Ksiprenckoir Pecrybnmke mms BepudUKanuy MacIoOpTOB  C
Y4acTHEM 3aMHTEePECOBAHHBIX opraHu3auuil. I1o pesynpraTtam Takux
BbIE3I0B OBUIM IIOATOTOBJIEHBI 3aKIIOYEHHUS O BO3MOXKHBIX ITyTAX
COBEPIICHCTBOBAHMUS PAIUALMOHHON 0€30MacHOCTH M BBIBOAA W3
skciuryatarmn SIPOO.

B pamkax pacmmpeHus NOAXOAOB K pEaNIM3alUM IIPOEKTOB
BBIBOZIA U3 IKCIUTyaTallH OBIJIO MIPOBEACHO U3yUEHHUE BO3SMOKHOCTH
9KCTPAKLMM I[OJE3HBIX MAaTEepPUajoB B IPOLECCE PEKyJIbTHUBALMU
IJIOWANO0K pa3MmelieHus HekoTopbix OSH. B uwacTtHOCTH, OTXOXBI
N0OBIYN ypaHa MOTYT COAEp>KaTh BaHAIUN, CKaHAUH, IUHK, TepMaHuN
U Jpyrue KPUTUIECKU BaXKHbIe MaTepHaibl. Harpumep, BO3MOKHOCTD
W3BJICYEHHUS TEUIypa W3 OTBAJIOB MMEET CTPAaTErHUecKoe 3HAaYeHUe
JUISl TEXHOJIOTHI COJIHEYHOW SHEPreTHMKH W 000poHBL. Jloxomsl OT
NpONaXH H3BJICUCHHBIX MAaTEpPUajoB MOIYT YacCTUYHO HIIU
MOJTHOCTHIO KOMIIEHCHPOBATh 3aTpaThl Ha PeKyJIbTUBALUIO. Mozaenb
000pOTHOrO (MHAHCHUPOBAHHUS, TAE NOXOABI OT OJHOIO IMPOEKTa
HAMPaBIIAIOTCS HA PEAIM3aLUIO CIENYIOUIero, CHU3UT 3aBUCHMOCTh
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OT JOHOPCKUX CPEICTB, KOTOPBIC CErOJHS SIBJISIOTCSI OCHOBHBIM
HWCTOYHUKOM  (DMHAHCHUPOBAaHUS MPOEKTOB IO  BBIBOAY W3
skcruryatarmu OSH.

Okcnepramu noAaroTosieH CBOJ PEeKOMEHIAIUMA IO COITUATIBHO-
SKOHOMHYECKOMY Pa3BUTHIO TEPPUTOPUH C OOBEKTaMH SJICPHOTO
Hacinequs. B JoKyMeHTe — mpeaycMaTpuBaeTcs — pa3paboTka
MOJICTFHBIX TPABOBBIX AaKTOB [UISl TOBBIIICHUS HHBECTHIIMOHHOMN
MPUBJICKATEILHOCTH ~ Takux  Tepputopuit. (Ocoboe BHUMaHUE
yuaensiercss MHuIMatuBe Keipreizckoit PecnyOnuku 1Mo CO31aHMIO
Accoruanuy ropojJioB ¢ YPaHOBBIM HACIIETHAEM.

CBAJIAHCUPOBAHHASI CUCTEMA ITOKA3ATEJIEN B
CTPATEI'HYECKOM YIIPABJIEHUHN
YPAHOAOBBIBAIOIIUM ITPEAITPUATHUEM

Capcenbex M.B.*2 Konwiues B. ﬂ.l
THUAY MUDU, 2. Mockea
2TOO «CII «byoénosckoey, 2. Anmamsi, Pecnyoauxa Kazaxcman

CoBpeMeHHbIE KOMIIAaHUH SAEPHOr0 TOIIMBHOI'O IIUKJIA paboTaroT
B YCJIOBHSIX KECTKOrO PErYyJIMPOBAHUSI, BHICOKOM KalMUTaIOEMKOCTH
MIPOEKTOB M PACTyILUX TpeOOBaHUM K O€30IaCHOCTH M YCTOHYUBOMY
pazBuTHIO. B 3TUX  yCHOBHSIX — TPaOMLUMOHHBIA  IOAXOL,
OpPHEHTHPOBAaHHBIA TOJIBKO Ha (PUHAHCOBBIE M IPOHU3BOJCTBEHHBIC
[IOKAa3aTely, He [T03BOJIAET IOJHOLEHHO YIIPABIATh CTPATETHUECKUM
Pa3BUTHEM YPaHOAOOBIBAIOIIETrO IPEATIPHUITHS.

Lems paborel — mokazaTh Bo3MoxkHOcTH TpuMeHenns CCII
(Balanced Scorecard, BSC) B kauecTBe Kapkaca CTPaTerHYeCKOTrO
yOpaBieHUs YypaHOHNOOBIBAIOLIEH KOMIIAHUEH U NPEIIOKHUTH
aJaNTHPOBAaHHYID MOJENh C YYETOM OTpacieBod crenuduku. B
OCHOBE TIO/IXO/a JIKAT CTPYKTYpUpOBaHHE LieneHd, GopMHUpOBaHHE
CTpaTernyeckol KapThl W 1OAOOp KIIOYEBBIX IIOKa3aTesel
s dexruBrOCTH (KPI).

[Ipennaraercs MOIU(HUIMPOBAHHAS CTPYKTypa BSC,
BKJIIOYAIOLIAs MATh B3aMMOCBS3aHHBIX INEpCHEeKTUB: «DUHAHCH U
¢ dekTuBHOCTEY, «CTEWKXOonaepbl W penyTauus», «BHyTpeHHue
nporeccsl U 0e3onacHocTby, «llepcoHan u KynbTypa 6€301acHOCTHY,
«VHHOBanyu 1 nupoBas TpaHCHOPMALIHSD».
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Puc.1. CtpaTernueckas kapta npenpusTHs
Ha pucyHke cxeMaTHM4HO MOpeJCTaBlIeHa CTpaTeruyeckas Kapra
NpEANpUATUS, B KOTOPOM pa3BUTHE KOMIIETEHLMI I[epcoHala U
HU(POBBIX pPEIICHUH YBA3aHO CO CHIDKCHHEM OIEPAI[MOHHBIX H

SIIEPHO-PAAUALIMOHHBIX PUCKOB, POCTOM JOBEpPHUS PETYISATOPOB M
YCTOHYHMBBIMU (PUHAHCOBBIMHU PE3yJIbTaTaMHU.

Ta0.1. YkpynmHEHHBI TpUMEp CHCTEMBI TOKa3aTeneill Mo MepcrHeKTHBaM
BSC st ypaHomoObIBaroIIero npeaAnpusiTis MOIHocThio 3 Thic. T U B roa

eaeBoe
IlepcnexTHBa IIpumep noka3areJis
H3MEHeHHe

duHaHCH u | YiaenbHbIe orneparonssie | —10 %
3 HeKTHBHOCTD 3atpartsl, $/kr U
Buytpennue npoueccsl | Yactota WHIAJICHTOB mo | —40 %
1 0e30MacHOCTb 6e3omacHoCcTH, ciydaeB Ha |

MJIH YeN-4acoB
Ilepconan u kxynepTypa | Homns COTPYIHHUKOB, | 10 95 %
0e301acHOCTH OpOIIeNINX  OOy4eHHe 10

KyJbType 6e3omacHocTH, %
WunoBatmn u 1mu¢p. | Jons mpoumeccoB ¢ omnmaitH- | mo 70 %
TpaHchopManus MOHHUTOPHHIOM, %

B rtabmuue mnpuBenéH yKpYMHEHHBIH TpUMEpP CHUCTEMBI
mokazateneii mo mepcnektuBaM BSC mis  ypaHomoObIBaromiero
npennpuatug MmouHocTbio 3 Thic. T U B roa. Ha ycnoBHOM pacuérHom
IpUMepe II0KAa3aHO, 4YTO JOCTHXKEHHE IeJeBbIX 3HAYCHUH 10
KIIOYEBBIM  IIOKa3aTesiM  IO3BOMISICT  MOJNYYUTh  3aMETHBIN
9KOHOMUYECKUH 3(PQeKT Npu 0AHOBPEMEHHOM HOBBILIEHUH YPOBHS
0€30MacHOCTH U YIIPaBISIEMOCTH.

Cneman  BBIBOA, UYTO  aJanTHpOBaHHas K  YCJOBUSAM
ypaHopoObIBaromieii  orpacnu  cOaJaHCHpOBaHHas  cHUCTeMa
MoKazaTefiell MOMXKET CHYXUThb MPaKTUYECKUM HHCTPYMEHTOM
COTJIACOBaHMs MHTEPECOB aKLIMOHEPOB, PEryIATOPOB U MEpCOHana, a
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TaKXe OCHOBOH I pa3paboTKu HU(POBHIX MaHeNneld MOHHUTOPUHTA
CTpaTeruv U NporpamMmm MOBBIIICHUSA 0€e30I1acHOCTH.
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COBPEMEHHBIE ITOJIXO0/Ibl K HAJIOTOBOI
OIITUMM3AIIMA B CBETE U3MEHEHUMI B HAJIOTOBOM
CUCTEME P® C 1 SIHBAPA 2026 'OJA

Jlesean B.J[., Ocunos B. A.
HATDO HUAY MUDU, 2. Obrunck

IIpunsarue I'ocymapctBenHoit Jlymoir B HOs0pe 2025 roma
KOMIUIEKCHBIX TMOmpaBok B HamjoroBeiii komekc Poccuiickoi
Oeneparnuu (HK PD) o3rameHoBaio Havaao CUCTEMHON HAJIOTOBOM
pedopmbl, KoTOpast BcTymaer B cwiry ¢ 1 sHBaps 2026 roma. Ota
pedopma mpearnonaracT MaciTaOHbIE W3MEHEHHS, 3aTparuBaroIIne
OCHOBHBIE HaJIOTOBBIE PEXKHUMEI, M TpeOyeT OT HaJOrOILIATEIbITIKOB
MepecMoTpa CBOMX IIOAXOMOB K HAJIOTOBOMY IIJIAHMPOBAHHUIO U
OIITUMU3AINH.

Lenbro manHON pabOTHI SABICTCS aHANN3 KIFOYEBHIX HAJIOTOBBIX
W3MEHEHUH, BcTrynaromux B cuwiy B 2026 roay, W BbISBICHUE
COBPEMEHHBIX MOJXOJ0B K HAJOTOBOW ONTHMHU3AIMHA B YCIOBHUSIX
HOBOH (DMCKaJIBHOU IMOJUTHUKA TOCYAApCTBA.

C 1 suBaps 2026 rona 6a3osas craBka H/IC mossimmaercs ¢ 20 no
22 mpoIeHTOB. DTO MEePBOE MOBKIMIEHIE 00IIIel HaJOrOBOM CTaBKU CO
Bpemenn yBenuueHnuss HJIC B 2019 rogy ¢ 18 mo 20 npouenros. Ilo
onienkamM MunmcTepcTBa puHancoB PD, moBkilieHHE CTaBKHU JTOTKHO
o0ecrieunTh OIO/DKETY JOIONHUTENbHBIC TOCTYIUICHHS B 0OBbeMe
npuMepHo | Tpuinrona pyoneit exerogHo [1].
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Haubonee cepresnblie mocnencTBus HajoroBas pedopma umeeT
Uil CyOBEKTOB Majoro u cpemHero OusHeca, npuMmenstonmx Y CH.
[lopor romoBOoro moxoga, TpPU  MPEBBILICHAW  KOTOPOTO
HaJoromiarelbk o0s3an  ymiayuBate HJIC, cokpamaercs
mo3ranHo U B 2026 roxy on cocraBut 20 MitH pyOeit [1].

Panee ator mopor cocraBisii 60 MIIH pyOJiei, YTO IMO3BOJISI
3HAYUTENIFHON YacTH mpeanpuHuMatenei u3bexats ymiatel HIAC
[3]. TlosramHoe CHMXEHHE MPEIYCMOTPEHO JUIsl TOCTEIECHHON
a/larTalui HaJIOTOIJIATEBIINKOB K HOBBIM YCIIOBUSIM.

st mamoromnarenpiukoB Ha YCH ubM J0XOABI TMPEBBICST
YCTaHOBJICHHBIN MOPOT, MPETyCMaTPUBAIOTCS JBE AIbTEPHATHBHBIC
Moxenu Hajgorooomoxenus HJIC [1]:

1. O6oporaenit HIC — 5-7 % or Belpyukn Oe3 mpaBa Ha
HaJIOTOBBIE BBIYETHI 110 Bxoasmemy HJIC.

2.  Kiaccuueckuit HJIC — o craBke 22 % ¢ mpaBoM BBIUETOB
BXOJISIIIIET0 HAJIOTa.

OnHUM U3 KIIOYEBBIX MHCTPYMEHTOB HaJIONOBOW ONTHUMH3ALUU
CTaHOBUTCS aBTOMATU3HUPOBaHHAS YIpOILEHHAs cucrema
Hajgorooonoxkenus (AYCH) [2]. CorlacHo HOBOBBEIEHHSM,
HasoromiatenbImuKy Ha AY CH mony4aroT BO3MOXKHOCTb COXPaHUTh
nopor oceoboxaeHus ot HJC Ha ypoBHe 60 MitH pyOsieli 10 KOHIIA
2027 roga, 9To SIBISETCS 3HAYUTEIBHBIM IIPEHMYIIECTBOM.

[Ipumenenne AYCH TpebyeT HCHONB30BaHHUS  KAaCCOBBIX
anmapaTtoB M CHEHUAJIBHOIO MIPOrpaMMHOIO OOECII€UEHHs, 4TO
MOBBIIIACT TpeOOBaHMA K aJAMUHHUCTPUPOBAHUIO JIOXOAOB, HO
KOMIIEHCHPYETCS HAJIOTOBBIMHU JIbIOTaAMH.

Haunnas ¢ 2026 roma, CylIECTBEHHbIE OrpaHUYCHUS
HaKIaJbIBAIOTC Ha  BO3MOXHOCTH CyOBekTOB  Poccuiickoii
®denepanuu ycTaHABIUBATh NOHWKEHHBIE cTaBku Y CH u Hanoroeie
KaHUKYJIBI U1l OTACIBHBIX BUIOB AesTenbHOCTH [2]. Teneps pernonsl
CMOTYT MNpPEeJoCTaBIATh NOHIKEHHble cTaBku YCH Tonmpko mis
KOHKPETHBIX BHUJOB JAESITEIBHOCTH, COOTBETCTBYIOLIUX IEPEYHIO,
yCTaHOBJIEGHHOMY MunskoHOMpa3Butus PO.

[lepen HamoromnaTenbIIMKAMH BCTA€T KPUTUUECKOE PEIIECHHUE O
BbIOOpE HAJIOroBOro pexuma. KoMmrnaHuu ¢ rogoBBIMH JAOXOIAMHU B
nuanaszone 15-25 miH pyOnel JOMKHBI IPOBECTU PacdeT HaJIOTOBOH
Harpy3KH U pacCMOTPETh BApHUAHTHI:

* coxpanenue YCH c nepexonom Ha oboporubrid HIIC (5-7%);
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* TIepexoJi Ha YHpOUIeHHYI0 cucteMy c kinaccumdeckuM HJIC
(22%);

* IIepEeX0J Ha AaBTOMATH3UPOBAHHYIO VIPOIICHHYIO CHUCTEMY
Hajorooonoxenus (AYCH).

Hanoromnarensuyky, BeiOupatoniue kiaccuuyeckuii HJIC mpu
pabore Ha YCH, mony4aroT mpaBo Ha BBIYETHI BXOASIIETO HAJIOra.
Takas Momenb TpeOyeT MepecMOTpa JOTOBOPHBIX OTHOIICHHUH C
MOCTABIIUKAMH M MOXET OBITh ONTHUMaJIbHA JJIi KOMITAHUU C
BBICOKOH J10JIei MaTepHalIbHBIX 3aTPaT B Ce0ECTOMMOCTH TOBApOB U
YCIIYT.

Komnanuw, paboTatoriue B chepe oOpa3oBaHus,
3IpaBOOXPAaHEHUsA,  (apMalEeBTHKH,  JODKHBI ~ MaKCHMajbHO
ucnoib3oBaTh Jbrorueie crasku HJAC (10% u 0%), npumenss
MpaBUIIbHOE 000CHOBaHUE KBANMM(DUKAIIUN CBOCH EATEIBHOCTH.

YIIPABJIEHUE SITEPHBIMU 3HAHUSIMHU B YCJIIOBUSX
HUP®POBOU TPAHCO®OPMALIUN ATOMHOMU OTPACJIN

Hmaneanuesa 112K, FOwxoes E.C.
HUAY MUDU, 2. Mockea

VYnpapnenue SnepHBIMA 3HAHUAMH CTQHOBHTCSI CTPATErHYecKH
Ba)XHBIM HAlpaBJICHUEM DPa3BUTHS aTOMHOH OTPAcid B YCIOBHUSX
nudposoit Tpanchopmammu. CrucreMHass pabota ¢ HHpOpPMAaIUEH,
KOMICTEHIMSIMH W OTPAacjeBBIM  ONBITOM  OOeclieynBaer
MIPEEeMCTBEHHOCTb, TEXHOJOTHYECKYI0 YCTOHYMBOCTH M BBICOKHI
YPOBEHb 0E30ITaCHOCTH Ha BCEX dTarax KU3HEHHOTO IIUKJIA SIePHBIX
00bexToB. [ludpoBrle WHCTPYMEHTHI CO3JAIOT HOBBIE CIIOCOOBI
XpaHEHHs, aHalM3a W Tepenaddl 3HaHWH, (QOpMHPYS eAUHYIO
MHTErPUPOBAHHYIO CPEAY JUIS CIIEIUATICTOB.

Ludpossie TuIaTGOPMBI yNpaBICHUS 3HAHUSAMHU OOBEAWHSIOT
HOPMaTHBHO-TEXHHYECKUE JOKYMEHTHI, UCCIIeIOBAHUS "
IKCIUTyaTallMOHHBIE JAHHBIE B €IUHYIO CTPYKTYpy. Takue cucrembl
UCIIONB3YIOT ~HMHTEUICKTYyalbHBIH TOWCK, aBTOMAaTH3HMPOBAaHHYIO
KIacCH(PUKAIMIO W aNrOPUTMbl MCKYCCTBEHHOTO WHTEIUIEKTA, 4YTO
MO3BOJIIET YCKOPSATH 00pabOTKy HMHGOpPMAaLMU M TOAJEPKHUBATDH
MPUHATHE NHKEHEPHBIX U YIIPABICHYECKUX PELICHUH.
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HckyccTBeHHBI MHTEIUIEKT MTPaeT KIIOUEBYIO POJb B aHANM3E
HECTPYKTYPHPOBAHHBIX JIAHHBIX, TAaKUX KaK apXWUBHBIC OTYETHI,
ANAarHOCTUYCCKUE 3allUCHU U SKCIICPTHBIC KOMMECHTApHU. MamunaHoe
00y4eHHE BBISBIISIET 3aKOHOMEPHOCTH U (OPMHUPYET PEKOMEHIAIINH,
coKpamasi pyTHHHYIO Harpy3Ky W moBbImasi 3QeKTUBHOCTh pabOThI
nepcoHasa. ITO CIOCOOCTBYeT Oosiee TIyOOKOH aHaJUTHUKE WU
ONCPATUBHOMY HNPUHATHIO peHlCHI/Iﬁ B CIIOXKHBIX TEXHOJOTHYCCKUX
YCTIOBHSIX.

Hudposbie TBOWHUKK OOOPYAOBAaHHS U MPOIECCOB IMOBHIMAIOT
Ka4yeCTBO IMOATOTOBKHU M ITO3BOJAIOT (1)I/IKCI/IpOBaTB 3HAYMMYIO 4acCTb
9KCTIIEPTHOTO OMBITa B CTPYKTypHpoBaHHOW (opme. BupryanbHbie
MOJIEIM  MCIIONB3YIOTCS Ui OTPabOTKM  SKCILTyaTaIl[MOHHBIX
CIICHApPUECB, aHaJIn3a TEXHUYCCKUX PUCKOB U O6y‘-IeHI/I$[ CIICOHaJINCTOB
B Oec3omacHoi cpere. Takas NpakTHKa IOBBIIIACT HAIAEKHOCTh
MIPOM3BOACTBEHHBIX MPOIECCOB M  CIIOCOOCTBYET COXpPaHEHHIO
YHUKAQJIBHBIX 3HAHU.

Bwmecre ¢ Tem mndpoBruzanys ycunuBaeT TpeOOBaHUS K KyIbType
oOMeHa 3HaHUAMH U 3amuTe nHdopMaiuu. IhHEeKTUBHOCTh CUCTEM
YIpaBleHus] 3HAHUSAMH 3aBUCHT OT BOBIIEYEHHOCTH COTPYAHUKOB,
pa3BuUTHA MPO(HECCHOHATBHBIX COOOIIECTB U MOAAEPKAHUS TPaIUIIAN
HactaBHMUYecTBA. Ocoboe BHMMaHHE TpeOyeT KubepOe30MmacHOCTS,
MTOCKOJIBKY IH(POBHIE XPAaHUIHUINA BKIIOYAIOT KPUTHIECKH BaXKHBIE
TaHHBIE U TPEOYIOT CTPOTOTr0 KOHTPOJIS JOCTYTIA.

Hudposas tpanchopmanus u BHenpenne MU co3maror ocHOBY
it (hOpMUPOBAHUS COBPEMEHHOW MOJIENN YIIPAaBJICHUS SACPHBIMHU
3HaHuAMHA. CodeTaHWe BBICOKOTEXHOJNOTHYHBIX  pEIIeHHH |
YeJIOBEYECKOT0 OIbITa O00ECleYnBaeT yCTOWYUBOCTH OTPAcCH,
CIOCOOCTBYET COXPAaHEHWIO KOMIIETEHIIMH ¥  TOIJEpKUBAET
WHHOBAIIMOHHOE PA3BUTHE ATOMHON YHEPTEeTHKH.
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KPUTEPUHU KOHKYPEHTOCIIOCOBHOCTH A9C B
YCJIOBUAX TPAHC®OPMALIUU MUPOBOI'O
SHEPI'OBAJIAHCA

Abouxamumos /. K., Xapumonoe B.B.,Cemenos E.B.
HUAY MUDU, 2. Mocksa

'moGanpHBI TpeHIT HA JeKapOOHM3ALMWIO U TPOTHO3UPYEMBIN
POCT MUPOBOTO AeKTporioTpedaeHus 10 62 944 TBtu k 2050 roay
[1] popmupyroT HOBBIE TpeOOBaHUS K BepupUKauu dHHeKTHBHOCTH
TeHEepHUPYIOIIKX MOITHOCTENH. B paboTe BBIMOTHEH pacUeTHBIN aHaIN3
KOHKYPEHTOCIIOCOOHOCTH aTOMHBIX dyiekTpocTanuuii (ADC) B
CpaBHCHUHN C aJIbTCPHATHUBHBIMU HMCTOYHHUKAMU SHCPIrUHU HA OCHOBEC
KpHUTEpUEB TIOJHOTO )KU3HEHHOT O [IUKJIA.

Merononorudeckomn 0azoi HCCIEI0BAaHUS TTOCITY>KHJT
CpaBHI/ITe_HI)HI:Jﬁ aHaJIN3 YACJIBbHBIX MAaTCPpUAJIbHBIX U CTOMMOCTHBIX
MMOTOKOB.  YCTAaHOBJIIEHO, YTO  HCIOJIB30BaHWE  TIOKa3aTews
npuBeneHHOW cTouMOCTH 3jekTpodHepruu (LCOE) mrst cpaBHeHUS
mucneraepusupyemonr (ADC, TOC) wm croxactudeckoir (BUD)
TeHepaly METOJOJIOTHYECKH HEKOPpPEeKTHO 0Oe3 ydera 3aTpaT Ha
pe3epBUpOBaHNE MOIIHOCTH. Pacdersl JeMOHCTPUPYIOT, HYTO
KO3(UIIUEHT UCIIONB30BaHUs YCTaHOBIeHHONW MorHOocTH (KITY M)
s ADC mocturaer 90%, Torma Kak I BETPOBBIX M COTHEYHBIX
CTAHIMA 3TOT mapamerp He mpeBbimaer 35% (puc. la) [2], uro
TpeOyeT BBEIEHUS MOMPaBOYHBIX KOI(D(PHUIIMEHTOB CHCTEMHOM
rennoctd (VALCOE) [3].
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Puc.1. CpaBHUTENBHBIN aHATN3 yAETIBHBIX MMOKa3aTenel 3pdekTnBHOCTH
Pa3IUYHBIX TEXHOIOTHI T€HEPAlUH MIEKTPOIHEPTUU
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Ananu3 naHHbIX (puc. 1B, 1T) mokaspIBaeT, 4YTO MpPU MEPEXOae K
TEXHOJIOTMYECKOH miIaTgopMe 3aMKHYTOrO SAEPHOTO TOILTUBHOTO
nukna (3ATL) ADC obnanaroT aOCOMIOTHBIM MPEUMYIIIECTBOM 10
peCypCHBIM Kputepusam [4].

OnHako BBISIBIIEHA BBICOKAs! YyBCTBUTEIBHOCTh HHBECTUIIUOHHOM
npunekaTenbHocTd ADC K cpokaM peanu3anuu. Ha ocHoBe
TUHAMAYECKOM  MOJIETH  JUCKOHTHPOBAHHBIX  TOTOKOB  [2]
YCTaHOBJIGHO, 4YTO 3aJiepKKa BBOJa JHeprobmoka Ha 3 roja
OTHOCHUTENBbHO TIIaHoBoro cpoka (Tc = 6 ner) mpuBOAMT K
HEeJIMHEITHOMY MaJeHuI0 BHYyTpeHHeH HopMbl noxonHocty (IRR) Ha
6,1 npouenTHBIX MyHKTA (¢ 9,9% 10 3,8%), epeBoAs MPOEKT B 30HY
9KOHOMHUYECKOH HeaekTHBHOCTH.

Takum 00paszom, obecrieueHrne KoHKypeHTocrnocoonoctu ADC Ha
MHUPOBOM  pBIHKE Tpe0yer He TOJbKO TEXHOJIOIMYECKOro
npeBocxoactBa (3ATLl), HO u BHeApeHUS IMPPOBBIX METOIOB
YIpaBIeHH KU3HEHHBIM IUKIIOM JIsl CTPOTOTr'0 COOJIIOICHISI CPOKOB
COOpPY)KEHHUSI W KOHTPOJIS YIENbHBIX KalUTaJbHBIX BIOKEHUH (pucC.
10).

Jluteparypa

1. Energy, Electricity and Nuclear Power Estimates for the
Period up to 2050. Reference Data Series No. 1. Vienna: IAEA, 2025.
137 p.

2. XaputonoB B.B., Cemenora JI.I0. O6 >KOHOMHYECKOM
s dexTnBHOCTH TH(PPOBHU3ANMH SIIEPHON DHEPTETHKU B YCIOBHUSIX
riobanpHOro sHepromepexona // IlpobGmeMbl MPOrHO3UPOBAHHUSL
2023. No 2 (197). C. 97-110. DOI: 10.47711/0868-6351-197-97-110

3. CemenoB E.B. DOspomronmst mOIXOmOB K  OICHKE
SKOHOMHUYECKOH 3 dexTuBHOCTH TTpoekToB ADC // DHepreTndeckas
monutka, No. 9 (200), Sep 2024. pp. 69-81.

4. TIlepmrykoB B.A., Aptucrok B.B., Kammpckuit A.A. [lyts k
«3ENeHOoW» DJHEpreTHKe [UIi SAEpHBIX JHEProTexXHo’orui //
Ounepreruueckas noiautuka. 2021. Ne 9 (163). C. 12-23.

187



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

IKOHOMUNYECKASA S9PPEKTUBHOCTb IPUMEHEHUSA
HUH B OIITUMU3ALUUA TOIIJIMBHOI'O HUKJIA A3C

Hmaneanuesa I11.2K., FOwxoes E.C.
HUAY MUDU, 2. Mockea

OnTumuzanyst TOIUIMBHOTO ILMKJIA — OAWH U3 KIIOYEBBIX
pe3epBoB  moBbitieHus 3 dexktuBHoctd  ADC. McKycCcTBEHHBIN
untemiekt (M) mo3Boiser aBTOMaTU3UPOBATH PACUETHI IO 3arpy3Ke
AKTUBHOM 30HBI, IPOTHO3UPOBATH MOTPEOHOCTH B TOIUIMBE WU
HpoJUIeBaTh KaMIIAaHMM MEXAy Imeperpy3kamu. Takoil mnoxxon
YMEHBIIAeT YacTOTy OCTaHOBOB U CHIJKAeT JKCIUTyaTallMOHHBIE
pacxobl, MOBBIIIAS SKOHOMHUYECKYIO YCTOMUYNBOCTD SHEPTO0JIOKA.

HNH-niporuno3upoBaHue MO3BOJSET TOYHO IJIAHHPOBATH OOBEMBI
3aKyIKH TOIUTHBA, UCKITIOYast N30BITOYHBIE 3aITachl M CHIKAS 3aTPaTh
Ha XpaHeHHe. BHepeHue Takux MoJIeNed Ha IPaKTUKE, KaK IoKa3all
ombIT Constellation Energy (CIIIA), oGecrieqnBaeT 5KOHOMHIO CBBITIIE
$1,6 MiIH Ha SHEProOJIOK B TOX 3a CYET ONTHMHU3AIUM TPa(QUKOB M
KoH(HTypanmii 3arpy3ku [1].

Anroputmel UM Taxoke TPUMEHSIIOTCS UISI TIPEIUKTHBHOTO
obcayxuBanuss obopymoBaHus. OHH BBIABISIOT  OTKIOHCHHS
MapaMeTPOB [0 TOSBIICHIS HEHCIIPABHOCTEH, UTO TTO3BOJISIET CHU3UTH
PUCKM HE3aIUTaHMPOBAaHHBIX OCTaHOBOB. llo mamHbIM Argonne
National Lab, Takue pemeHus crrocoOHbI SKOHOMHUTD OTPACIH COTHU
MHIJUTHOHOB JIOJJIAPOB €XKETomHO [2].

CoBpemennsie M-crucremMpl ciocCOOHBI WHTETPUPOBATH JTaHHBIE
W3 Pa3UYHBIX NU(POBBIX CHCTEM CTAHIUU — OT MOHHUTOPHHTA
MapaMeTpoB peakTopa JO0 aHaian3a padOThl BCIIOMOTATEIhHBIX
arperatoB.  JTO  TIO3BOJNISIET  KOMIUIEKCHO  aHaJH3UpPOBATh
JKCIUTyaTallMOHHBIE  TapaMeTpsl W HAaXOJUTh  ONTHMAJIbHBIC
yIpaBlIeHUYECKUE PEIICHUSI.

HudpoBble  NBOWHWKHM, KaK  YacTh  WHTEIUIEKTYaJIbHOH
MH(PACTPYKTYPBI, MOIEIHPYIOT TMOBEACHUE PEAKTOpa B Pa3TUYHBIX
peKMMax, CHIKAas PUCKH OMNIMOOK ¥ OOecIednBas BHPTYAIbHYIO
OTJIAJIKy YIPaBIIEHUECKUX PEIIeHUH 0e3 BMEaTebCTBA B PeaTbHBIHI
npouecc. Takoe MoaenupoBaHue OCOOCHHO J(PQEKTUBHO NPU
IUTAHUPOBAHUHN MOJIEPHU3AIMN WITH TIPOAJICHHUS CPOKA HKCILTyaTalluu
OJIOKOB.
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MU Takke MOXET CHOOCOOCTBOBATH CHIDKEHHMIO OOBEMOB
oOpa3oBaHus OTpabOTaBIIETO TOIIMBA 3a CYET OoJiee IOIHOTO
BBITOPAHUS H  TOYHOTO TPOTHO3HPOBAHHS  3arpy3Kd.  ITO
JIOTIOJIHUTEIILHO ~ COKpallaer  3aTpaThl Ha  oOpalleHHe ¢
PaIMOAKTUBHBIMUA OTXOJAaMH U CHOCOOCTBYET 3KOJOTHYECKOM
6e3omacuoctu ADC.

Kommnekcnoe mnpumenenue WM B TommuBHOM mukie ADC
CIoco0CTByeT U POBOit TpaHchopManuu OTpaciy.
OxoHOMHYECKHH APQEKT TPOosBISETCS B COKPAICHUH 3aTpar,
VBEIMYECHUH MEXPEMOHTHOTO MpoOera, MOBBIMICHUN HAIEKHOCTH U
YCTOMYMBOCTH  BCEM  TONJIMBHOW  JIOTUCTUYECKOW  IEMOYKH.
WHTennekryaabHble HWHCTPYMEHTBHI CTAHOBATCS HEOTHEMIIEMOM
YaCTBI0O COBPEMEHHOT'O0 VIIPABJICHUECKOrO IIOAX0Ia B AaTOMHOMN
SHEPTeTHKE.

HonomautensHo MU crocobcTByeT MOCTPOEHUIO YCTOWYHBBIX
Mojeneil  B3aWMOJCHUCTBHUS  ITOCTABIIMKOB,  OMEPAaTOPOB U
pPEeryJIsITOPOB B paMKax TOIUIMBHOTO ITMKIa. Ha ocHoBe amamm3a
MIPOU3BOJICTBCHHBIX,  JIOTUCTHYECKUX W  IICHOBBIX  JaHHBIX
dbopmupyroTcss 1UPPOBBIE MOAETH, TO3BOJISIOMINE ITOBBICUTH
MPO3PAaYHOCTh TIPOIECCOB, CHHU3UTH 3aBHCHMOCTH OT BHEIIHHUX
(haKTOPOB W MOBBICUTH QANITHBHOCTH IETIOYKH ITOCTABOK TOILIMBA.

Jluteparypa
1. DOE Office of Nuclear Energy. New Al Tools Could Save
Constellation Reactor Fleet Millions.

https://www.energy.gov/ne/articles/new-ai-tools-could-save-
constellation-reactor-fleet-millions (mara o6pamienus: 20.11.2025).

2. Ponciroli R. et al. Al Systems 'Show Promise' in Streamlining
Nuclear Plant Operations and Maintenance. Argonne National
Laboratory / NucNet, 06.10.2022.

3. World Nuclear Association. Nuclear Fuel Cycle Overview.
https://www.world-nuclear.org/information-library/nuclear-fuel-
cycle/introduction/nuclear-fuel-cycle-overview.aspx (mata
obpamienus: 20.11.2025).
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«KAPTA JJOBPBIX JEJI»: IU®POBOIl UHCTPYMEHT
MNOJJIEPKKH HKO B TOPOJIAX IPUCYTCTBHUSI
POCATOMA

bpycnuyvina J1.H., llepemseun /I.E., Bywyes U.C., Kynasun E.A.
VpTK HUAY MU®DU, 2. 3apeunsiii

B ycrmoBusax orpaHHYeHHBIX HH(GOPMAIMOHHBIX PECYPCOB MallbIX
ropomoB HekomMmepueckue opranusaruu (HKO) crankuBarores c
mpobiaeMoli HHM3KOM BHIUMOCTH W HEIOCTaTKAa BOJOHTEPCKOM
mojiep k. B pamMkax peanusaiiuyd COIMaJbHONW OTBETCTBEHHOCTH
I'ockopnoparnuu «PocaTom» pa3paboraHo BeO-mprioxenue «Kapra
JOOpBIX Jen» — Uu(GPOBOM HWHCTPYMEHT, HaIpaBiCHHBIH Ha
MTOBBIIIIEHU € ITPO3PAYHOCTH U JIOCTYITHOCTH COIMAJIBHOW aKTHBHOCTH
Ha TEPPUTOPHUSIX MPHUCYTCTBUS MPEAIPUATHIA aTOMHON OTPACITH.

Ilenpro mOpoekra cCcTaJio CoO3JAaHWE HWHTYUTHBHO ITOHSTHOM
nuGpPOBOA KapThl, TAC JIFOOOW MOJIb30BaTENh — JAXE KUTEIh
HEOOJBIIIOr0 TOPOIa — CMOXKET:

«Y3namo, komy HyHCHA NOMOWD PAOOM CO MHOUY — 3a 2 KIIHKA.

IIpoekT pemaer 3agaumu:

— nossimenus suguMmoct HKO,

— YOPOIIEHUS AOCTyNa K KOHTAKTaM M OMHCAHUSM,

— BOBJICYCHHS HOBBIX BOJIOHTEPOB U MAPTHEPOB,

— (opMHUpOBaHUS EAMHOTO HHPOPMAITMOHHOTO MTPOCTPAHCTBA B
ropojax npucyrcreusa Pocatoma.

IludpoBasg kapra peann3zoBaHa Ha ¢peliMmBopke Django ¢
ucnons3oBanneM APl SHpmexkc.Kapr. OcHoBHBIE  (yHKIHH
mI1aT(GOPMBI BKITFOYALOT:

— HHTEpaKTUBHYIO KapTy ¢ reomerkamu HKO;

— (UIBTpalMIO0 OpraHu3alid IO KaTeropusMm (ColHaIbHEIE,
JKOJIOTUYECKHE, KyJIIbTYpHBIE, 00pa30BaTelbHbIE U ApP.) U TOPOIaM;

— CHCTeMy MOJepaIuu s 100aBIeHHsI HOBBIX OpraHU3aIlHii;

— JIMYHBIE KAOWHETBHl IOJB30BaTelCH C  BO3MOXKHOCTBIO
ynpasinenus ankeramu HKO.

CucreMa TO3BOJSCT  TOJB30BATEIIAIM  JIOOABISATH  HOBBIC
OpraHu3alliy MOCce MOJIEpalUu.
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Ha texymuit MomeHT B cucteMe o0bequaeHa napopmanus o HKO
B HECKOJNIBKUX ropoaax mpucyrctBuss Pocatoma. [lonp3oBaTtenu
MOT'YT JIETKO HAaXOAWUTH MOIXOMSANINE WHHUIUATUBBI, CBSI3BIBATHCA C
OpraHu3aTopaMH U y4acTBOBATh B JOOPOBOJIBUECKON AEATEIbHOCTH.

[poexr «KapTa g00pbIX Aem» cnocoOCTBYET Pa3BUTHIO KYJIBTYPHI
n00poBoOJIbUYECTBA B LU(MPOBOH cpele, YKPEIUIEHHIO COIUAIbHBIX
CBsA3c B TOpomax IPHUCYTCTBUA PocaToMa ©  IOBBIIICHHUIO
MPO3PAYHOCTH COIIMATILHBIX HHUIIATUB.

Jluteparypa

1. TlomyskroBa, H. P. Pa3paGorka BeO-mpuiIOKeHHI: Y4eOHHK
st CITO / H. P. TTonyskToBa. — 2-e u3a. — M. : FOpaiir, 2025. —
204 c.

2. Yepnsiies, C. A. OcHOBBI mporpammupoBanus Ha Python:
yueonuk st CI1O / C. A. YepHbiiieB. — 2-¢ u3j., epepad. u 01,
— M. : OpaiiT, 2025. — 349 c.

NMMUTAIONOHHOE MOJEJIMPOBAHUE KAK
HMHCTPYMEHT HU®POBU3ALIMU U YIIPABJIEHUSA
KAYECTBOM HA YPAHOJOBBIBAIOIIIUX
HNPEAIIPUATHUAX: OB30P IPAKTUYECKUX IPUMEPOB

Ilasnosa H.B., Cunenko A.H.
HUAY MUDU, 2. 3apeunsiii

HudpoBas Ttpanchopmaiis  ypaHOIOOBIBAIOIIEH  OTpaciu
SIBIISIETCS  CTPATETMYSCKAM OTBETOM HA COBPEMCEHHBIC BBI3OBHI:
WCTOIIICHWE  MECTOPOXKIEHUH,  YXKECTOUYEHHE  IKOJIOTHMYECKUX
CTaHIApPTOB M TpeOOBaHUS HSKOHOMHYECKOH 3(PPEKTHBHOCTH.
NMuTammionHOE MOJEMTUPOBAHUE CIYXKHUT BaXKHBIM HWHCTPYMEHTOM
3TOH  TpaHchopMmammu, — co3maBas ~— OU(pPOBBIE  JABOWHUKH
TEXHOIIOTUIECKHIX MPOIECCOB JIJISl IPESAUKTHBHOTO YIIPABICHUS.

Ha srtame mpoektupoBaHus HMUQpPOBU3AIMS TO3BOJIIET BHIOpATh
OITUMANTBHYIO KOH(UTYpAIHIo TOPHBIX padoT. Ha mMecTtopoxaenun
LK (Cunpipss, Kutaif) Obia npemiokeHa WHHOBAIMOHHAS CXeMa
«TOpPU30HTaJbHAs HarHeTaTelbHAas CKBOKWHA — BepTUKalbHAs
OTKayHasi CKBaKUHa». C TIOMOIIBIO MOJICIIN CONPSIKEHUS «CKBaKHHA-
miact» coupled flow model m meroma oTciexuMBaHUS YacTHIL
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(MODPATH) wuccnenoBana 3aBUCHMOCTh 30HBI BBINICTAYUBAHUS U
30H, KOTOpPBIE PACTBOP HE MOKPOET («MEPTBBIX 30H») OT HapaMeTpoB
cucTeMbl. MozienupoBaHye MO3BOIMUIIO B BUPTYAIbHON CpEie pelnTh
BaKHYIO 3a1aqy: CIIPOTHO3MPOBATH pacripenenexue
BBIIENIAYMBAIOIICTO PAaCcTBOpPa M BBIIBUTH «MEPTBBIC 30HBI». be3
MPUMEHEHHSI MOJIENH 3TH «MEPTBBIE 30HBD» ObLIM ObI OOHAPY>KEHEI
JIMIIb B MPOLIECCE MPOMBIIUTICHHON dKcIuTyaTanuu [1].

B mporecce m00bIYM MMHTAIMOHHBIE MOJICIM OOECIICUUBAIOT
OTEPAaTHBHBI KOHTPOJb KauecTBa TEXHOJOIMYECKOTO IpoIlecca.
[Mpumepom ycnemnoi nudpoBuzanuu mporecca [ICB  ciyxut
TpexMepHas Mojenb MecTopoxkiaeHus byneHoBckoe (Kazaxcran),
KOTOpasi y4YHTBIBAE€T CIOXKHYIO KHHETHKY pacTtBopeHus 4 u 6
BaJICHTHOTO ypaHa. Mojienb ONMMChIBAET MONHBIN IUKI: HATHETAHHE
CEpHOI KHCIIOTHI, pACTBOPEHUE OKCHUJIOB ypaHa, TPAHCIIOPT PacTBOPa
W OTKayKy TPOAYKTHBHOM JKUAKOCTH. BepuuiupoBaHHbie
KOHCTaHTBI CKOPOCTH PEAKI[Ui TO3BOJMIN C BBICOKOH TOYHOCTHIO
[IPOTHO3UPOBaTh JAWHAMMKY H3BJICUEHMs YypaHa BO BpPEMEHH WU
YIpaBIATh KOHIIEHTpAIMel peareHTa Uil MaKCHUMHU3alMM BBIXOJA
mpoxaykra [2].

ITocne 3aBeprieHuss a00bIUM  IMQPOBHU3AIUSI  00ECICUHUBACT
Oe3omacHoe yIpaBiieHHE OOBEKTaMU Hacienus. FccimenoBanme
xBocroxpanmmuma Le  Cellier (®panHmums) meMoHCTpUpyeT
MpUMEHEHHE IByMepHOU ABYxuAKocTHOM monenn B HYDRUS-2D.
BepudunuposanHas MOIenb MO3BOJSIET OCYLIECTBIITh YIPABICHUE
Ka4yecTBOM BOJAbI 4Yepe3 IPOrHO3UPOBAHHME OOBEMOB APCHAXKHOTO
CTOKa W ero xmmuueckoro cocraBa a0 2100 roma. PesympraTsr
MOATBEPAMINA COOTBETCTBHE KAdyeCTBA OUYMCTKH YCTaHOBJICHHBIM
CTaHmapTaM JUIsl COOBITHH C TMEPHOAOM MOBTOpsieMOcTH MeHee 200
ner [3].

Kak  neMOHCTpUpPYIOT  PacCMOTpEHHbIE  HPUMEPBI,  OT
MPOCKTUPOBAHMUSI CHCTEM CKBAKMHHOTO  BBIIICIAYMBAHUSA 0
yrpaBieHus: 00bEKTaMH XBOCTOXPAaHWIJIMLI, BHEIPEHHE LH(PPOBBIX
MoJielied TIO3BOJISIET MOBBICUTH 3KOHOMHYECKYIO 3()()EeKTUBHOCTh U
o0ecreunTh yCTOWYMBOE PAa3BUTUE OTPACIM Yepe3 MHUHHMH3ALHIO
9KOJIOTMYECKHUX PHCKOB.

Jlnteparypa

1.1 Z, Su X, Jiao Y., Zhang Y., Qiu Y., Hu X., A New
Comprehensive Model to Simulate and Optimize Fluid Flow in
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Complex Well-Formation System for In Situ Leaching Uranium //
Energy Science & Engineering. 2025.
https://doi.org/10.1002/ese3.2044

2. Kantaee A., Kypmanceitir M.b., Tynraraposa M.C.
MOI[GHHpOBaHI/IC 1 HUCCJIICAOBAHUEC MPOIECCa BhIIICIIaYUBAHUA yYpaHa
// Becthuk Ka3zaxcko-BpuTaHCKOr0 TEXHUYECKOrO YHUBEPCUTETA.
2025. T. 22, Ne 3. — C. 186-198. DOI: 10.55452/1998-6688-2025-
22-3-186-198.

3. L’Hermite P., Jost A., Plagnes V., Wang Y., Blanc-Potard |.,
Regnier D., Descostes M. Modeling present and future flows in a
tailings pile at the former Le Cellier uranium mine (France) // Journal
of Hydrology: Regional Studies. 2024. Vol. 56. Article 101984. DOI:
10.1016/j.ejrh.2024.101984.

COBPEMEHHOE COCTOSIHUE PBIHKA
PAJIMOPAPMALHEBTUYECKUX JIEKAPCTBEHHbBIX
TIPEITAPATOB P® 1 MECTO HA HEM
I'OCKOPIIOPALIUHN «POCATOM»

Anexceesa JI.B., Ocunog B.A.
HATO HUAY MUDU, 2. Obrunck

CoBpeMEHHOE COCTOSHHE pBIHKAa paanodapMaIieBTHICCKIX
nexapcTBeHHBIX TpenapatoB (PDJIIT) B Poccum xapaxrepusyercs
AKTUBHBIM pa3BUTHEM, pacumpeHueM HOMEHKJIATYPbI
OTEYECTBEHHBIX MPOIAYKTOB U CTPEMIICHHEM K MMITOPTO3aMeIIeHHIO.
ITo manubM Ha uroHb 2024 roma, B Poccuu 3apeructpupoBano 60
paarodapManeBTHIeCKUX IpernapaToB, npudéM 95% wu3 HuUX —
OTEYeCTBEHHBIE pa3paboTku. KirroueByro poib B 3TOM IIporiecce
urpaer  T'ockopmopauuss  «Pocatom»,  KoTOpas  3aHUMAaeT
JTUAMPYIONINE TO3UIUK B MPOU3BOJCTBE M30TOMHON MPOAYKIUU U
AKTUBHO pa3BUBAeT MONHBIN Uk co3nanus POJII — or HapaboTku
M30TOMOB JI0 BBITYCKA TOTOBBIX IIPEIIapaToB.

Poinok P®OJIIT B Poccuu nemoHcTpupyeT yctoMuuBbiid pocT. Ilo
ounenkaMm, k 2030 romy ero o0ObEM MOXET YBEIHUYUTHCS BJBOE,
JNOCTUTHYB 25 muipa. pyOuseit B ron. OCHOBHBIMH HampaBJICHUSIMU
npuMeHenus: P®OJIII  gaBAsSOTCS  OHKONOTUA, KApAUOJIOTUS U
HeBposiorus. Paauodapmmpenaparbl HCHONB3YIOTCS Kak s
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muarHoctuku (Hanpumep, ¢ nomornbio O®OKT u [I9T/KT), Tak u
IUIsl Tepanmuy TsDKENBIX 3a00NIeBaHU, BKIIOYAs HeEOlepadelbHbIe
OIYXOJIH U MeTacTasbl [1].

Cpenu TepCcreKTUBHBIX pa3paboTOK — Mpenaparbl Ha OCHOBE
aKTUHUA-225, pamusa-223 u motenus-177, KOTOpble IEMOHCTPUPYIOT
BBICOKYI0 3(dexTuBHOCTE B TapreTHoi Tepanuu. B 2024 romy B
Poccun Hauvanu NpUMEHATh CHHTE3UPOBAHHBIM OTEUECTBEHHBIMU
cneruanuctamu  npenapat 177Lu-DOTATATE nmns  neueHus
HEUPOIHJOKPUHHBIX OITyXOJIEH.

OpHaKo PHIHOK CTAJIKMBAETCS C PSAZAOM BBI30OBOB:

1. HemoctaTrok NpoOM3BOJCTBEHHBIX MOLIHOCTEH MJIi TOTOBBIX
nperapatoB. Hecmorps Ha To 4uro «Pocatom» 3akpbIBaeT
norpeOHOCTH B TpamuioHHbix P®OJIIT (fion-131, camapuii-153,
TeHepaTopbl TeXHenua-99m), s WHHOBAIMOHHBIX IIpernapaToB
TpeOyrOTCS ~ JONONHUTENbHBIE  IPOM3BOJACTBEHHBIE  JIMHHH,
coorBercTByronme ctanaapram GMP.

2. Heobxomumocth pa3Butus HHOPACTPYKTyphl. Tpedyercs
OOHOBJIEHHE IIapKa TIaMMa-KaMep U OCHAIlCHHe MEIULIUHCKUX
YUpEXIEHUH BHICOKOTOYHBIM JUATHOCTUYECKUM 000pYI0BaHUEM.

3. Kagpomerit  gedurur.  OTCYTCTBYIOT — JTOCTaTOYHBIC
KBAJIM(QULUPOBAHHBIE CIELUAIUCTHI B 00JaCTU SAEPHON MEIULIUHBI,
0COOCHHO B pErMOHaX.

4. Perymsropusie crnoxHocTtd. Cucrema peructpanuu POJIIT u
KIIMHUYECKU e HCCIIeI0BAHNUS TpeOyIoT JaJIbHEHIIero
coBepIIeHCTBOBaHUA [2].

«Pocatom» sIBIIsIETCS KITFOUEBBIM UTPOKOM Ha POCCHMCKOM PBIHKE
P®JIII. Kopmoparus ob1agaeT MOIITHOM HAyYHO-TEXHUYIECKON 0a30it
U IMIUPOKOH CEThIO NMPOU3BOICTBEHHBIX IUIOMIAZOK, YTO IO3BOJSET
monmy4aTh  MPaKTUYeCKH  IJI00OW  MEIWIWHCKAKA  HM30TONM B
MPOMBIIUICHHBIX MacIITadax.

OcHOBHBIE JOCTHKEHHUS U TPOEKTHI «PocaTomar:

1. IIpousBoacTBO M30TONOB. «POcaToM» MOCTABISET N3OTOIHYIO
nponykuuio B Oonee yem 50 crpan, Brutouas crpansl BPUKC,
EBponer 1 JlatuHckoit Amepuku. Koproparwisi BXOIUT B TOm-5
MHUPOBBIX ITOCTABLIMKOB PaJUOHYKIHIOB, TAKUX Kak MoinOnen-99,
TexXHenun-99m, fon-131, aktuanii-225, paguii-223 u nmrorenuii-177.

2. CrpoutennctBo 3aBona B O0HunHcke. B Kamyxckolt obnactu
BeETCs CTPOUTENBCTBO 3aBoAa 1o BoiycKy PDJII, koTopslit Oyner
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MPOU3BOANTE OKoJIO 20 pa3HOBHIHOCTEW MpenaparoB, BKIIOYAs
MPOAYKTH Ha OCHOBe #oma-131, camapus-153, texmernusa-99m, a
taoke nepcrnektuBable POJII] Ha ocHoBe miorenusi-177, akTHHUS-
225 u panusa-223. 3anyck npeanpuaTus 3amanuponad Ha 2025 rox,
a TepBas OMBITHAS MAPTHUS MIPENapaToOB MOXKET ObITh MPOM3BEACHA B
koHnie 2026 roma [3].

3.  CoTpymIHHYECTBO C MEIUIHUHCKUMHU  YUPESKICHUSIMHU.
Pagnodapmanestrueckas mpoaykiust «Pocaroma» mocraBisieTcs
6onee yem B 200 kimHUK B Poccnu u ctpanax EADC.

4. HccnenoBanust u paspabotku. Kopriopamus cCOBMECTHO ¢
OMEBA Poccun Benér pa3paborky nHHOBanmoHHbIX POJII, Brirouas
TapreTHble mpernapaTsl Ha OCHOBE TIENTHI0B u
PaaMOCEHCHOMITN3aTOPOB.

IlepcriekTHBHI:

- paciMpeHue HOMEHKJIATypbl npou3BoauMbix PDJIII, Britouas
mperapaTsl s JIeUeHHs] HEHPOIHIOKPHUHHBIX OITyXOJeH, paka
[IPEACTATEIbHON JKeNe3bl, MHUEIOMAHBIX 3a00JE€BaHUA U APYIHX
HO30JIOTHH;

- pa3BUTHE MOOWJIBHBIX TEXHOJIOTHH, TAaKHMX KaK TeHEepaTOpBbI
TeXHEenmuA-99m, KOTOphle IO3BOJSAIOT CHHTe3upoBaTth POJIII
HEIOCPEICTBEHHO B KIIMHUKAX;

- TMOBBIIIEHHE JOCTYMHOCTHM JAWAlHOCTUKH M JIEYEHHUS C
npuMeHerreM POJIII, Bkiaodas paHHEe BBISBJICHHE 3a00ICBaHUN U
TapreTHYIO TEPamuio B PETHOHAX.

Takum o6pazom, «Pocatom» wurpaer UEHTpPaJbHYIO pOIb B
pa3BUTHHI pBIHKA POJITIT B Poccumn, obecrieumBast
HMMIIOPTO3aMeEIIECHHE, PACLIMPSST MPOU3BOICTBEHHBIE MOIIHOCTH H
BHEZPsIsI MHHOBALIMOHHbIE TexHOMoruu. OQHAKO U AajbHEHIIEero
pocTa oTpacii HeoOXOIMMBI PElIeHHs B 00IacTH HHPPACTPYKTYPHI,
KaJpOBOro 00ecredeHus 1 PperysITOPHBIX MEXaHU3MOB.

Jluteparypa

1. PaguoaxTuBHOCTB, KOTOpast jJeunt. Kak Poccust obecrieunBaer
cebs paamodapmalieBTHIeCKUMHU Tpernapatamu // KommepcaHTB
[Onextponnsiii pecypc] URL: https://www.kommersant.ru/doc/6209922
(marta obpamenus: 29.11.2025).

2. K 2030 romy poccuiickuii pBIHOK panuodapmiipenapaToB
MOXeT BbIpacTH B aABa pas3a // Crpana Pocatom [DnekTpoHHBIN
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pecypc] URL: https://strana-rosatom.ru/2022/04/07/k-2030-godu-
rossijskij-rynok-radiofarmpr/ (mata oopamienus: 29.11.2025).

3. bonee 2,5 MiH pa3 B rojl Bpaud HCIONB3YIOT H30TOIBI
«Pocatroma» // PBK Tpenmpl [Onekrponnbiii pecypc] URL:
https://trends.rbc.ru/trends/innovation/cmrm/688cbb709a7947bf461e
b726 (nata obopamenus: 29.11.2025).

MECTO HOBOBOPOHEKCKOM ADC B
HHBECTHHHOHHOﬁ IMPOI'PAMME KOHIIEPHA
«POCOHEPTOATOM»

Kupsikosa B.U., Ocunog B.A.
HATO HUAY MUDU, 2. Obrunck

HMuBectuuronnas aesrenbHocTh KoHiiepHa «PocsHeproatom» B
(opMe KamWTadbHBIX BJIOKEHWH HalpaBleHA Ha pean3aIuio
rocyJiapcTBeHHo nporpammbl Poccuiickoit @eneparuu «Pa3Butue
aTOMHOIO 3HEPrOIPOMBIIUIEHHOIO KOMILJIEKCa», YTBEPXKICHHOM
nocranoBnieHueM IlpaBurensctBa P ot 02.06.2014Ne506-12 (pen.
ot 07.03.2025) [1].

JUIsl TIJTaHOMEPHOTO0 W MAaKCUMalbHO 3((EKTHBHOIO PEIICHUS
MOCTaBJIEHHbIX 3a1a4 KoHIepH pa3pabaTbiBacT MHBECTUIMOHHBIE
MIPOrpaMMbl Pa3HOW JUIMTEIBHOCTU: HA JOITUN CPOK, HA TPH Trola U
Ha OZIUH TOXI.

@duHaHCHpyeTCs MHBECTULMOHHAS AestenbHocTe AO «KoHuepH
Pocaneproarom» u3 Tpéx HCTOUHUKOB:

- COOCTBEHHBIE CPECTBA KOMIIAHUM;

- UMYLIECTBEHHBIN B3HOC OT ["ockopriopanuu «Pocatom»;

- Ip1 HEOOXOANMOCTH — 3aEMHBIC KPEIUTHBIE CPEACTBA.

OcHOBHbBIC HampaBiCHUS, Ha KOTOPHIE BBIACISIFOTCSA [IGHBIH B
paMKax MHBECTUIIMOHHOH MPOrpaMMBl:

1. CrpoutenscTBO HOBBIX 3HeproOmokoB ADC — BIOXKEHHS B
BO3BEICHHE ATOMHBIX YHEPIOOJIOKOB.

2. Pabora ¢ neiicTByIOIMMH SHEPTOOTIOKaAMHU:

- IPOJyTIEHNE CpoKa cIy)O0bI 3HeproookoB | u 1l mokoneHwnii;

- moanep)kaHue Han&KHOM M 0e30macHOW SKCIUTyaTallud YKe
paboraromux SHeprooIOKOB.
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3. OOBEKTHI IO 00PALICHUIO ¢ OOTYYEHHBIM SIIEPHBIM TOTUIHMBOM
U PaAMOaKTUBHBIMU OTXOJaMU — WHBECTUIMU B MHQPACTPYKTYpPY U
TEXHOJIOTUH JJIsl pabOoTHI C SIEPHBIMU MaTepHalaMU U OTXOAaMHU.

3. Jpyrue mpoeKThl U MEPOIIPUSTHUS:

- KOHCEPBAaIIUs Pa3IMYHBIX O0BEKTOB;

- HAayYHO-HMCCIICIOBATENILCKME M  OMBITHO-KOHCTPYKTOPCKUE
paboter (HOKP). [2].

Jo 31.12.2025 ceemenuss 0 Xole peaju3alid U 00 OIICHKE
3¢ $EKTUBHOCTH TOCYIaPCTBEHHOM porpaMmbl «Pa3BuTHE aTOMHOTO
SHEPTONPOMBIIIEHHOTO KOMILJIEKCa HE MyOIUKYIOTCS
(ITocranoBnenue [IpaButensctBa P® ot 29.04.2025 Ne575).

HoBoBoponexxckass ADC  wurpaer BaxHEHIIyI0 pojb B
obecriedeHNH PHEPreTHIEeCKON 0e30IMaCHOCTH PErMOHA M Peah3allii
MPOrpaMM TEXHOJIOTHYECKON MOJICPHU3AIINH.

B Hacrositiiee BpeMsi B 9KCIUTyaTallul HAXOASTCS JiBa SHEPTOOJIOKA:

Biok Ne 4 (peaktop BBOP-440):

- YCTaHOBJICHHAs! MOITHOCTE — 417 MBT;

- TOCJe KalMTaJIbHOIO PEMOHTa M MOJEPHM3ALMU BBIBEAEH Ha
100% mommnoctu 10.01.2019;

- IPOMIEHHBIN CPOK IKCIUTyaTanuu — 10 2032 rofa.

Biok Ne 5 (peakrop BBOP-1000):

- ycraHoBieHHas MontHocTs — 1000 MBT;

- B 20102011 rr. mpoBeneHa macmrabHass MOAECPHU3ALMS TIO
IIPOIUIEHUIO pecypca;

- B mtone 2017 r. MmomHOCTh TypOoarperata yBenudeHa Ha +15
MBT;

- OpOAJIEHHBIN CPOK 3KcIuTyaTanuu — 1o 2036 rona.

CymmapHas ycTaHOBJICHHAsI MOIITHOCTH ABYX OnokoB 1417 MBT.

HoBoBoponexckass ADC obecneunBaer 10 90% BbIpaOOTKH
3JIEeKTpodHEeprun BopoHexckol obimacTu M MOKpbIBaeT okono 50%
TETJIOBOW Harpy3ku ropona HoBoBoponex.

[1mane! o pa3BUTHIO.

B pamkax 3amerieHus «COBETCKHX» OJIOKOB BEAETCS MOATOTOBKA
K CTPOUTENBLCTBY dHeprodioka Ne §:

- IUVIAHUpYEeMasi MOIIHOCTb — okoio 1,2 I'BT;

- 3aBepILIEHNE CTPOUTENBHO-MOHTaXHBIX padoT — 2036 rox;

- Bbl1aya nepBoii anektposnepruu — 2037 roa.

197



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

Ilocne BBoma B oKcmmyaTauuio Onoka Ne8 mmanupyercs
octaHoBka 0110k0B Ne 4 u Ne 5 x 2040 roxy. [2].

B Texkymyro HMHBECTHLMOHHYHO Iporpammy HoOBOBOpOHEKCKOM
ADC BXOIAT CIEYIONINE HAIpaBICHUS:

1) crpouTensCTBO aBTOAOPOTH 4 KaTErOpUM C NPHIOPOKHOM
HHQPACTPYKTypoll Mexay mpomIuiomankamMu HoOBOBOPOHEKCKON
ADC;

2) paboThI MO MPEANPOSKTHON cTajuu NpoekTa «CTPOUTENBCTBO
BEHTHJIATOPHBIX T'PATUPEH JUIS COBMECTHOH pabOThl C OalICHHBIMHU
WCHIAPUTENbHBIMY TPATUPHSIMHU S3HEPTOOIOKOB;

3) moaepum3zarus HopoBoponexkckoit ADC ¢ 1ennpio o0ecredeHust
0e30IaCHO 1 YCTOHYMBOI PadOTHI JEHCTBYIOIMX SHEPTOOJIOKOB;

4) HaAyYHO-HUCCIIENOBATENHCKHAE, OMBITHO-KOHCTPYKTOPCKAE H
TEXHOJIOTUYECKHE padoTHI [3].

Jluteparypa

1. OO0 yTBep>KIeHHH TOCyIapCTBEHHOW MporpaMMbl Poccuiickoit
®enepanuu =~ «Pa3BuTHE  aTOMHOrO  JHEPrONPOMBIIIIIEHHOTO
komimiekcay. IlocranoBnenue IlpaButenbctBa P® or 02.06.2014
Ne506-12 (pen. ot 07.03.2025) / HudopMaIrimoHHO-CIIPaBOYHAS
cucrema «Koncynbrantllmocy.

2. Odwmmanenerit  caéit  Konmepna — «PocaneproaTom»

[DmeKTp OHHBIIA pecypce]/ URL:
https://www.rosenergoatom.ru/partners/  finansovoe-sostoyanie-i-
rezultaty-deyatelnosti/investitsionnaya-deyatelnost/ (maTa
obpamenwst: 29.11.2025).

3. Odvnmaneubnii  caiit  «HoBoBopoHekckoir ~ ADCy»

[Dnexrponnsiii pecypc] / URL: http://docaes.nvnppl.rosenergoatom.
ru/ (mara obpamenwus 29.11.2025).

CTAHJAPTU3ALUA JTAHHBIX - BbI3OB ITPH CJIMAAHUUN
ABYX NPEAINNPUATHUA

Caxosa A 10.
HATD HUAY MUDU, 2. Obrunck

CaustHue IPEANPUATHI B COBPEMEHHBIX YCIIOBUSX, OCOOCHHO MIOA
BIIMSIHUEM CAHKIMOHHOTO JIaBJIEHUS U YCKOPEHHOM LM(pOBHU3aLNH,
TpeOyeT He TONbKO (YMHAHCOBO-IOPUANYECKOW WHTErpaluy, HO U
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rapMOHM3aIMKM JaHHBIX. KiltoueBol OapbepoM Ha 3TOM IIYTH
CTaHOBUTCS HECOBMECTUMOCTh MH(OPMAIIMOHHBIX CUCTEM U METOJ
y4éTa ChIphs K MATEPHAJIOB, UTO HAIIPSIMYIO CHUKAET OIEPallMOHHYIO
3¢ ()EeKTUBHOCTh COBMECTHON paboThl. B maHHOM HCCiemoBaHMs Ha

MpUMe (hapMaIeBTHIECKOro XOJIJIUHTa «HNXKDAPM»
paccMaTpuBaeTcs  3ajada  CTaHAAPTU3alMd  JaHHBIX  IIpH
OObCIMHEHUHM JIBYX TIPOU3BOJACTBEHHBIX IUiomamok — AO

«Hwmwxkdapm» (Hwkauit Hosoropom) um OO0  «Xemodapm»
(O6HHHCK), paHee BXOAMBIINX B MEKAYHAPOAHYIO TPYIITY KOMITaHUH
STADA [1].

[locne oObenuHEHHsT KOMIAHWW CTOJNKHYJIUCH C  PSIOM
TEXHOJOrMYeCcKHX U MH(opMalMOHHBIX 3a71a4. HoBoe o0opynoBanue
HE COOTBETCTBOBAJO INAOJIOHAM JIAHHBIX B CTapoil cUCTEMe
yIIpaBJIEHUs], a Pa3IHyIusl B KacCH(DUKAIIMKA KOMIIOHEHTOB, METOIaxX
KOHTPOJIA KayecTrBa u YUYCTHBIX IMpaKTHUKax 3aTPpyaAHATIN
(dhopMupoBaHUE €OWMHOTO YIIpaBIEHYECKOr0 KOHTypa. BHempenme
enunoit cuctembl 1C:ERP BbIsIBHIIO HOBBIE CIIOKHOCTH: IpOrpaMma
HE T03BOJISJIa YYUTHIBATh OJUHAKOBBIE MaTepUaibl MO Pa3HBIMU
HIeHTU(GUKAIMOHHBIME MaTepuagamMu [2], a popMupyembpie OTIeThI
ObUTH TIeperpy>keHbl HaHHBIMH W TpeOOBanmHM JONOJHHUTEIHHBIX
IecTBUI I Ooliee IETANbHOTO M TOYHOTO aHaJIH3a.

Jug mpeomoneHnss BO3ZHUKIINX BBI30BOB OBUIM TPENIOKEHBI
HECKOJTBKO Mep, OJHO W3 KOTOPHIX HaIpPaBI€HO Ha IOJHYIO
PECTPYKTYpH3AIIUI0 HOMEHKJIATYphl. OTOT TIOAXOJA ITO3BOJISIET
MIEPECMOTPETh MOMUTHKY YYeTa M MOTPEOIeHHs] BCIIOMOTaTENbHBIX
KOMIIOHEHTOB, B YaCTHOCTH, AT BO3MOXKHOCTH CO3[aTh HOBBIE,
€IWHbIE U WHTYUTHUBHO MOHSATHBIE BUABI MaTEPHAIIOB, YTO TTOBBICHUT
MPO3PAavYHOCTh W CKOPOCTh 3aKyNKH — MOTpedisieMoe Ha 00enx
MIPOM3BOICTBEHHBIX TUIOMIAKAX CHIPhE MOXKHO 3aKyIaTh B OONbIIEM
o0beMe U o Ooliee BBITOTHOM IIeHE.

[Tomumo 3TOrO, I OOECTIeYeHUs] TOYHOCTH aHaIu3a JAHHBIX U
(hopMUpOBaHUS TIONHOW KapTHHBI COCTOSIHUS JIBYX 3aBOZOB OBLIO
MPEUIOKEHO HACTPOUTH (IIBTPALMI0 JIaHHBIX TIPA  TTOMOIIH
«KITIOYEH» —  WHAMBUIYaIbHBIX  KOJOB  IPOHU3BOJCTBEHHBIX
momanok. JlanHoe perneHne chOpMUPYET HOBBIH BEKTOpP OIIEHKH
nokasareneil 3¢(eKTUBHOCTH, YTO MO3BOJIMUT HE TOJIBKO CPAaBHUBATH
COCTOSIHHE TIPEANPHUATHIA, HO U IPUHUMATH OBICTPHIE U MPABUIIBHBIC
[Iary sl IPeoI0JCHHS Pa3INYHBIX BBI30BOB.
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BrIsiBIICHHBIC B XO/I€ UCCIIEOBAHMS MTPOOJIEMBI — 3TO HE MPOCTO
ONEpPAllMOHHBIE TPYIHOCTH, a BO3MOXKHOCTH TIIEPECMOTPETh U
OITUMHU3HUPOBATh OM3HEC-TIPOIIECCHI, BHIBEIS MX HA HOBBIH YPOBEHBb
3(()EKTUBHOCTH C COXpPAaHEHHEM BBICOKOTO YPOBHS COOTBETCTBHS
CTaHJIapTaM KauecTBa. BHenpeHue o0Iell CUCTEMbI B COBOKYITHOCTH
CO CTaHJapTU3allMed MaHHBIX MO3BOJISIET CO3JaTh Oojee TMOKYIO M
YCTOWYMBYIO MOJENb yrpaBieHus xoiaauarom [2]. IlomyuenHbie
BBIBOJIbI U PEKOMEHIAIMH MOTYT OBbITh IPUMEHEHBI JPYIHM
POCCHUHCKAM TIPOMBIIIJICHHBIM TPEANPUITASIM, HaXOSAIIUMCA B
MIPOIIECCE CIMSHUS WM KOHCOJIUIAIINYA aKTHBOB.

Jluteparypa
1. Germany's Stada has spun off Russian business — newspaper
[PnexTponHbIit pecypc]. URL:

https://www.reuters.com/business/healthcare-
pharmaceuticals/germanys-stada-has-spun-off-russian-business-
newspaper-2023-12-23/ (nara obpamenus 28.11.2025)

2. 1C: VYmpapneHwe XOJIMHIOM: ITOJHOE PYKOBOACTBO IIO
aBTOMATH3allMA  YIIPABJICHHS  KOPIHOPATUBHBIMH  CTPYKTypaMu
[Dnekrponnsiii  pecypc]. URL: https://mrcheck.ru/blog/detail/1s-
upravlenie-kholdingom-polnoe-rukovodstvo-po-avtomatizatsii-
upravleniya-korporativnymi-strukturami/ (mata obpareHwst
30.11.2025)
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CEKIIHA VIII
MOJIOE)KHAS CEKLIUA

AHAJIN3 CBOMCTB MATEPHUAJIOB JIOTATOK JIJISI
YJIYUHIEHUSA SKCIIJITYATAIIMOHHBIX
XAPAKTEPUCTHUK INTAPOBBIX TYPBUH

byovuikun K.A., Ilonosé M. A.
HATO HUAY MUDU, 2. Obnunck

[ToBrllieHne HAAEKHOCTH MapOTYpOWHBI SBISETCS aKTyallbHOM
3ajadeif, TOCKOJBKY TIpM OTOM TMOBBIINIAETCS OE30MacHOCTb
YCTaHOBKH, YJIydHIalOTCd SKOHOMHWYCCKHUEC aCIICKTHI.

JlonaTku TypOMH — KJIFOUEBBIC 3JIEMEHTHI MAPOBbIX TypOuH. OHU
ABIISAIOTCS TJABHBIM KOMIIOHEHTOM TIpeoOpa3oBaHUsS BHYTPEHHEH
SHEPrMU Tapa B DJHEPrHIO BpalleHuss poropa. HawmbGonee
MO/IBEP)KEHHBIMA ~ Pa3pYIICHUIO  SBJSIOTCS  JIOIATKA — POTOpa
niocienaeit crynenn (JIPTIC) munmHapa HU3KOTO TaBJICHUS ITapOBOM
typounsl (LIHAIIT). JledhekTsl, BOZHUKAIONUE B MUKPOCTPYKTYpeE
Martepuaia B IPOIECCe M3TOTOBJICHUS U TEPMOOOpPAOOTKH JIOMATOK,
CIIOCOOHBI TIPW JUTHTEILHOW paboTe pas3pacTaThCs B PE3ynbTaTe
KOPPO3HOHHO-3PO3MOHHOTO BO3ACHCTBHS, KOPPOSHOHHON YCTAIIOCTH,
neiicteus Beicoknx Temmepatyp [1]. CormacHo manasiM EPRI, mo
73% aBapwIfHBIX OCTAHOBOK MapOBBIX TYPOHH CBS3aHO C TIOJOMKaMH
JIOTTATOK, BRI3BAaHHBIX BO3IACHCTBHEM NaHHBIX (GaKTOpOB [2]

PaccmaTpuBaercss TpEMEHEHHE pPa3WYHBIX MaTepuajoB B
KauecTBe  MaTepualioB  pabo4YnMxX  JIOMATOK:  HEPIKABEIOIINX
MapTEHCUTHBIX CTallel, THTAHOBBIX CIDIABOB, HAILIABOK [3], mpuuéM
KOKIBI BapHaHT WMEET CBOM IPEUMYINECTBA W HENOCTaTKH,
ornpenensromue 3PQPEeKTUBHOCTh €r0 HUCIONB30BAHHUS B KauecTBE
MaTepuaa JOMaTOK MapoBbIX TypOWH.

Jis  OIeHKM TIEepPCIeKTHBHOCTH TPUMEHEHUS  Pa3IMIHBIX
MaTepuasioB IS W3TOTOBIEHHS JIOMATOK IAapOBBIX TYpOUH
paccmarpuBaercs HaboOp MaTrepwaloB W OIEHHWBAIOTCA  MX
MMPOYHOCTHBIE CBOWMCTBA, CKOPOCTH KOPPO3HOHHO-3PO3HOHHOTO
H3HOCA MyTEM MPOBEACHUS conpsukEHHOro pacuéra B moaynsax CFX
un Static Structural mporpammuoro komrutekca Ansys. B nepcriektuse
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TUTAHUPYETCA YUET BIUSHUS PAa3IMYHBIX IPOLECCOB TEPMOOOPAOOTKH
Ha JJaHHBIE XapaKTEPUCTHKH MAaTEPHAJIOB.

Jluteparypa

1. GaolJ, Tang Z., Guo B. Study of cracks in the last-stage rotor
blade of a steam turbine and the corrosion fatigue properties of its
materials // Heliyon, Vol. 10, 2024.

2. Bopmauea WM. B. VYcmoBus paboThl, H3HOC U
MOBPEXAaEMOCTh JIONATOK MapoBbIX TypOuH // COOpPHHUK HAyYHBIX
crarei 13-if MexyHapoIHONH MOJIOAGKHON HaydHOH KOH(DepeHu
«[lokonenue Oymymiero: Barmsm mMoionasix yuéHbix-2024». B 4-x
tomax. Kypck, 2024.

3. WlepdpenunoB P. b., Umenko M.I'., Cnactén JLLA. u np.
PaspaboTka pabo4mX JIOMATOK M3 THTAHOBOIO CIJIABa IS MTOCICIHUX
CTYIEHEH MIMH/Pa HU3KOTO JIaBJCHUS MOIIHBIX MAPOBbIX TYpOuH //
BecTHUK HalMOHAJIBHOrO TEXHUYECKOro yHuBepcuTera «XIT».
Cepust «DHepreTHuecKde W TEIUIOTEXHUYECKUE IMPOIECChl |
obopynoBanue», Nel, 2019.

PEAKTOP HA BBICTPBIX HEUTPOHAX — BYJIVIIIEE
ATOMHOU ITPOMBIIIVIEHHOCTH

bepesnuxoe C.A., bpumeun H.H.
VpTK HUAY MU®DU, 2. 3apeunsiii

Pa3Butue aTOMHOM SHEPreTUKU SBISETCA CTPATETHYECKUM
HaIpaBJICHUEM I OOCCIICUEHUsST DHEPTreTHIECKOW Oe30IMacHOCTH
Poccun. KiroueBbIM TEXHOJIOTHYECKUM PELICHUEM JUTS AOCTHKECHUS
nemd B 25% nomm atomHOM TeHepanuu K 2045 Tomy SBISIFOTCA
peakTopsl Ha ObicTpeix HeWTpoHax (PBH), mozBomsrommue
peann3oBaTh 3aMKHYTHIH S/IEPHBIA TOITTUBHBINA UK [S].

OcnoBHOe nmpenMytectBo PBH — Bo3MOXkHOCTE TpaHCMyTaIuu
SIIEPHBIX OTXO/10B. B TpajMIIMOHHBIX peakTopax HUCIONb3YeTcs JIMIIb
okoino 3% B3HepPreTMYecKoro MoTeHunuana ypasa, Torga kak PBH
MO3BOJIAIOT  BOBJIEKaTb B TOIUIMBHBIA 1uka wm3oton U-238,
yBenuuuBas 3()(HEKTUBHOCTh HCIHONB30BaHMS SIEPHOTO TOIUIMBA B
60-70 pa3 [3]. DOTO OCOOEHHO aKTyaJlbHO B CBETE€ HAKOIUICHHS
3HAYUTENLHBIX 00bEMOB OTPaOOTAHHOTO SAEPHOTO TOILIMBA.
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Poccust obnamaer yHuKanbHBIM OnbITOM 3Kcrutyatanuu PBH. Ha
Benosipckoit ADC ycnemHo padoTaroT SHEProOIOKH € peakTOpaMu
BH-600 u BH-800, a x 2035 roay miaHupyeTcst BBOI B KCILTyaTaIHIO
nepcnekTuBHOro  »Heproomoka BH-1200 [4]. Texuuueckue
0COOCHHOCTH 3THUX YCTAHOBOK BKJIFOYAIOT:

—  HCIOJIb30BaHWE  KUJAKOMETAJUIMYECKOrO0  TElJIOHOCHUTENS
(natpus);

—  OTCYTCTBHE BBICOKOI'O JAaBJIEHHUS B IIEPBOM KOHTYPE;

—  TOBBIIICHHBIE TApaMETPbI 0€30MaCHOCTH.

AHanu3 COBPEMEHHBIX pa3pabOTOK TOKa3bIBAET HaIlpaBIICHUS
coBepiieHcTBoBanust PBH [1, 2]: mnoBeimenue ko3 dunmeHta
BOCTIPOM3BO/ICTBA AEPHOTO TOIUIMBA; yIydIIeHHE TeTI0(PpU3NIeCKNX
XapaKTEepPUCTHUK AKTHBHOM 30HBI; paspabotka HOBBIX
KOHCTPYKITMOHHBIX MaTepPHAJIOB.

BaxnbsiM acnekTtoM pasButus TexHonoruun PBH - sBisercs
MTOJIrOTOBKA KB (PHUITUPOBAHHBIX KaJIpOB. Buenpenne
00pa3oBaTENIbHBIX IPOrpaMM, OPUEHTUPOBAHHBIX Ha M3Yy4EHHE
(hu3uKH OBICTPHIX PEAKTOPOB, CTAHOBHUTCS HEOOXOIUMBIM yCIIOBHEM
JUIsl YCIIELIHOM pean3aluy IPOEKTOB 0 CO3JaHUIO N1ePCIEKTUBHBIX
SHEProOIOKOB.

ITepcnextuBnl pazsutus PBH B Poccuu cBsizaHbl ¢ co3gaHueM
sueprodimoka BbH-1200, pa3paboTkoii TEXHOIOTHH 3aMBIKAHUS
SIIEPHOT0 TOIUIMBHOTO IIMKJIA M BHEAPEHUEM HU(POBBIX TEXHOIOTUI
B CHCTEMBbI YIIPaBJICHUSL.

Takum  oOpa3zoMm, peakTopel Ha  OBICTPBIX  HEUTPOHAX
MPEACTABIISAIOT COOOM CTpAaTErMuecKy BasKHOE HAIPaBIICHUE PA3BUTHS
aTOMHOW »dHepreTukn Poccru, TO3BONSIONIEE PEIIUTH IMPOOIEMY
pecypcooOecriedeHUs] W YMEHBUIUTH OOBEMbI PaJUOaKTHBHBIX
OTXOJIOB.

Jluteparypa

1. bongeipee AM., Jlamma E.IL, Cenesnes E.D. Ilouck
MEPCIEKTUBHBIX KOHCTPYKTUBHBIX pEIICHWH B peakropax Ha
ObICTpBIX HeWTpoHax // Bompockl atoMHON Hayk U TeXHUKU. CepHusi:
SAnepHo-peakTopHble KOHCTAaHTHIL. 2024. Ne3. C. 114-127.

2. Kougpatiok M.WU. SnepHble peakTopsl Ha OBICTPBIX
HeiTpoHax // Most mpodeccuonansHast kapeepa. 2021. Ne20. C. 145-
147.
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3. IlporpamMmma HHHOBAIIMOHHOTO Pa3BUTHUS U TEXHOJIOTUYECKOM
MonepHusanuu I'ockopnopannn «Pocatom» Ha nepuoa 1o 2030 roga
(B TpaxxmaHckod wact) B pemakuuu 2020 roma // [DNEKTpOHHBIH
pecypc]: Odunmansheii caiit «Pocatoma». — Pexxum gocryma:
https://clck.ru/3Eyr9d, ceoboamslii. (mata oopamenus: 03.11.20245).

4. TanubikoB O.JI, ®umma UW.A. CoopykeHHE T'0JIOBHOTO
3HEpProbioka ¢ peakropHoi ycranoBkoi bH-1200 na benosipckoit
ADC // Te3uchl NOKIAI0B HAYYHO-TEXHHUYECKOW KOH(EPEHIUHU II0
SICPHBIM TEXHOJIOTUSIM JITISI  MOJIOJIBIX  YYEHBIX, CIICIIHAICTOB,
CTYZEHTOB U acTiupaHToB, ExaTepunoypr, 12—16 centsiops 2022 rona.
— Mocksa: UznatensctBo «Ilepo». — C. 10-11.

5. Bcerpeua Bmagumupa IlytmHa ¢ TIaBOM TOCKOpIIOpAaIuu
«Pocatom» Aunekceem JluxauéBeiM 15 okTsa0ps 2024 roma //
[DneKTpOHHBII pecypc]. URL:
http://www.kremlin.ru/events/president/news/75322 (mara
obpamenus: 05.11.25).

OB30P BO3MOKHOCTEW HAPABOTKH M30TOITA
ITYTOHUA-238 B PEAKTOPAX PA3HBIX TUIIOB

Typuyvina U.C.
HATDO HUAY MUDU, 2. Obrunuck

M3oron moyToEus 2°Pu  obmamaer psmoM  crenudHUecKux
CBOWCTB, KOTOPBIE AENAlOT €ro IEHHBIM HMCTOYHHKOM TEIUIOBOW H
JNEKTPUYECKOl JHEPTMHW NPHUTOTHBIM JUIA HWCIOIB30BAHHS B
PaAMON30TOIHEBIX TepMOdJIeKTprdeckux rerepatopax (PUTOlax) u
B KapaHocTUMyIaTopax. M3oromn **6Pu sBiIsieTcs MOITHEIM TEIIOBBIM
ncrtoyarkoM (570 BT/Kr) ¢ JOCTaTOYHO UIMTENHHBIM TEPHUOIOM
nonypacnaza (87,7 Jer), mo3ToMy HCIONb30BaHKE “CPu B KauyecTBe
HUCTOYHMKA TerioBod sHepruu B PUTOI genaer BO3MOXKHBIM
CTaOMIIBbHOE ¥ TPOIOJDKUTEIHHOE SHEProodecnedeHne KOCMHIECKUX
armmapatoB  [1]. IlmyToHuMH  CTaHOBUTCA  NPUTOAHBIM  JUIS
PaJAMON30TOIHBIX TEPMORIIEKTPHUYECKUX TEHEPATOPOB TOJIBKO TPHU
COONIFOJIEHUH CIIENYIOIUX JIBYX TPeOOBaHWN K €ro HM30TOIMHOMY
COCTaBYy: A0JIA 238Py o/KHA OBITH BBIIIE 80%, a nons 2Py — Hmke 2

ppm [2].
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logoBas morpeOHOCcT, Poccuu, a Takke Jpyrux CTpaH,
Pa3BUBAIOIIUX KOCMHYECKYIO OTpacib, B u3orore 238Pu npesbimaer
HMMEIOIIYIOCS BO3MOXKHOCTh €0 HapaOOTKH, MO3TOMY IpolieMa B
JJAHHBIA MOMEHT aKTyaJlbHa.

BonbmmHCTBO BOCTPpEeOOBAaHHBIX B XO3SIMCTBE M TPOMBIIICHHOCTH
W30TOMOB HapabaThIBaeTCsl B TEIJIOBBIX peakropax. Ha naHHBIH
MOMEHT CYIIECTBYeT M aKTUBHO HCHOJNB3yercsi HapaOoTKa
HCKYCCTBEHHBIX H30TONOB Ha 3Heprernyeckux peakropax PBMK.
Ero HemocpeacTBEHHBI  MPEUMYIIECTBOM  MOXXHO  HAa3BaTh
BO3MOXKHOCTB TIEPErpyKaTh 00JIydaTelNbHbIC YCTPOUCTBA «HA XOIY»
BO Bpemsi kammnanuu [3]. OgHako MepcrekTHBa HapabOTKU CUIIHHO
OrpaHMYEHa BpEMEHEM, TaK KaK Pecypc pPeakTOpoB JAHHOTO THIA
3aKaHYHBACTCS.

IpemtaraeTcs HapabaTeIBaTh M30TON 2°Pu B JApPyrHX BHIAX
peaktopoB. Hampumep, B JierkoBomHOM peaktope Tumia BBOP. B
nentpe OV pacnonaraercs cranaaptaas TBC peakropa BBOP-1000,
B KOTOPOH IHOKCH] OOOTamieHHOTO ypaHa 3aMEHEH Ha IBYOKHCH
Hentyauss NpO,. VMeHHo HenTyHWH sBisieTcs  Hamboiee
TOIXOMAIIAM CTAapTOBBIM MaTepHaIoM Uil HapaboTkm 2°Pu.
[IpeanouTHTENbHBIH  criekTp  (06macTh  pe3oHaHcoB 2 Np)
dopmupyercs myreM pasmemenns Bokpyr TBC ¢ ®'Np TBC c
3aMemInTeNneM, B BHAE “°°Pb, KOTOpBI IO3BONSET IOBHICHT
IJIOTHOCTH TIOTOKA HEHTPOHOB B MHUIIIEHHOM MaTtepuaiie. OTCYyTCTBUE
3aMeTUTEINS BOKPYT Np-MHIIEHH TPUBOAUT K HApaOOTKE TUTYyTOHUS
C OdyeHb OONBIION joNell HEKENaTeNbHOTO HW30TOma  2°Pu
(mpeBBImIeHUE AOMTYCTUMOM BerauHbI B 60 pa3) [4].

B kadecTBe TOTEHIMATBHOH  AJBTEPHATHUBEI  TEIJIOBOMY
nmerkoponHoMmy peaktopy BBOP-1000 omneHeHa BO3MOXHOCTh
HapaOoTku mTyToHUS, puroanHoro mist PUTII, B OpicTpoM peakTope
BPECT-1200 co cBuHnOBBIM TerioHocuTenem [1].  Ilpm
ncrnonb3oBaHnu NpO; B KauecTBe CTapTOBOTO MaTepraia TpeOyeMbIii
M30TOMHBIA COCTaB IUTYTOHUS OBLI MOMYYEH TOJNBKO MPH OKPYKESHHUH
neHTpanbHoit TBC nBymst cnosmu (18 TBC) cBUHIIOBBIX COOpPOK |
P  JTOCTaTOYHO MPOCTOpHOM pemerke NpOz-TBaoB. Temn
HapaOOTKH TaKOTO TUTYTOHHS OKa3bIBaercs Ha ypoBHe 1,2—1,3 kr/rox,
YTO 3aMETHO HIDKE AaHAJOTMYHBIX 3HAYEHHWH, JOCTHXKMMBIX B
peaxTope BBOP-1000.
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Bonpocer atomHoi Haykn u TexHukd. Cepust: SlaepHo-peakTopHBIE
koHcTaHThl. — 2023. — Ne 3. — C. 86-93.

4, Illmenés A.H., I'epackur H.U., Anicy B.A., Kymuxos I'.T".,
KymukoB  E.I.,, TIme6oB B.b. Omenka  BO3MOXHOCTH
KpynHoMaciTaOHoi Hapa®oTku 238 Pu B 3HEpreTHuecKoM peakTope
tunia BBOP-1000. // U3Bectus By30B. SnepHas sHepretuka. — 2023.
—Ne3.-C. 118-126.

AHAJIA3 TEOPU 1 MEXAHU3MOB I'EHEPAIIAU U
YCKOPEHUA KOCMUYECKHUX JIY YEH
CBEPXBbBICOKHUX DHEPI'MU

Kupnosa B.H.
HATD HUAY MUDHU, 2. Obnunck

Kocmuaeckne myum cBepxBeicokux 3Hepruii (KJICBD, (E >
10183B) sBnsoTCA YHMKATBHBIM TIPUPOIHEIM ABIEHUEM, H3ydEHHE
KOTOporo OyIer TOJNe3HO AJsl HUCCIEJOBAaHUS IKCTPEMajbHbIX
acrpodpusmueckux  mpouneccoB. @DyHmameHTanpHas — npoOiema
npoucxoxaenus KJIICBD gopmynupyercsa uepes npenen ['peiizena-
3anenuna-Ky3pmuna (GZK), KOTOpBI YCTaHaBIMBAE€T TOPU3OHT
pacnpocTpaHeHHs IPOTOHOB H3-32 (HOTO-TTMOHHOTO B3aUMOEHCTBUS
C PEMUKTOBBIM M3TydeHHeM. OTCioAa Cleayer, 4To CyLIeCTBOBAHUE
gactul 3a noporoMm GZK TpeOyer cymiecTBOBaHHMsS B JIOKaJIBbHOM
Bcenennoit (Ha paccrosHMM MeHbIe 1,3 MIIpI CBETOBBIX JIET)
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HUCTOYHUKOB, CIIOCOOHBIX JOCTUTATh TMTAHTCKUX DHEPTHH, KOTOPHIE
MO3BOJIAT JIy4aM, [Peo10IeBast IIOTEPH B MEKTaaKTHICCKOHN cpere,
COXpaHsTh OONBIIYIO YaCTh CBOCH dHEPrHH. MakciMamnbHast SHEPT U,
JI0 KOTOPOH MOXKET OBITh YCKOpEHA 3apsKEHHAs YaCTHIA B MATHUTO-
THIPOIUHAMHYECKOM TMPHONMKEHUH, ONpenensercs KpuTepreM
Xwumnaca.  Hambomee  pa3pa®oTaHHBIM U OOIICIPUHSATHIM
MexaHu3MoM sBisiercss auddysnansHoe ycKkopeHHe Ha (QpoHTax
yIapHBIX BOMH wwin yckopenme ®epmu 1 poma. DKCTpAmOISITUs
JaHHOTO MeXaHu3Ma Ha Oojiee MOIIHBIE YyJAapHbIE BOJHBI B
penstuBucTCKUX JpKetax AS[ Wi B TUTAHTCKUX —OCTaTKax
CBEPXHOBBIX B 3BE3/1000pa3yIOIINX TaJlaKTHKaX SIBISETCS Haubomee
MpaBa0noa00HbsIM 00bsicHeHHeM reHepaiinn KJIICBD. HecMmotps Ha
ycrexu, MexanusM @epmu | mopsiaka crankuBaercs ¢ mpodieMoit
WHXKeKIUH. [Ipu 5TOM HEsICHO, KaKOW MEXaHW3M 3aCTaBIISIeT YaCTHIbI
W3HAYaJbHO WMETh DHEPTHH, JIOCTATOYHO BBICOKHE ISl 3TOro. B
CBSI3U C OTHM, HE MOTYT OBbITh UCKITFOUEHBI AIbTEPHATUBHBIEC METO/IBI,
TaKue Kak:

DNeKTpOANHAMUYECKOE YCKOpEHHE: MEXaHH3M MOXET ObITh
Ype3BBIYaHO (P PEKTUBHBIM, HO TPEOYET CrelU(PHUECKUX YCIOBHIA.

Kocmonormdeckne  MexaHW3MBI:  MOIENH  pacmaja MU
AHHUTWISIIAA ~ CBEPXMACCHUBHBIX  PETUKTOBBIX  YACTHI[ MOTYT
paccMaTpuBaThCS CO CTPOTMMH OTPAHWYESHHSIMU.

HaGmonaTensHble maHHBIE BCe Oojee YBEPEHHO YKa3bIBAIOT Ha
BHerajakThueckoe mpoucxoxaeane KJICBD. Takum obpazom
MexaHu3M yckopenus depmu [ mopsinka ocTaercss OCHOBHOI paboueit
TUTIOTE30H, OJHAaKO, BEpOATHO, TpedyeT MomuduKamuid st
OOBSICHEHUsI TONHOrO0 Habopa maHHBIX. OKOHYATENhHOE peIleHHe
npobnemsl rerepanuu KJIICBD nexur B 00macTi MHOTOKaHATBHOMN
acTpoHOMHH. TONBKO COBMECTHBIA aHanu3 AaHHbix 0o KJICBDO,
raMMma-KBaHTaM W HEUTPHUHO CBEPXBBICOKMX DHEPTHUH OT YCTAaHOBOK
CJIEIYIONIETO TIOKOJIEHHUS TTO3BOJIUT OAHO3HAYHO MACHTU(UIINPOBATH
TUTl MCTOYHUKA W JOMHHHUPYIOIIUN (PHU3NUECKUI MEXaHW3M, YTO
OTKPOET HOBYIO 3Py B acTpO(M3HUKe BEICOKUX IHEPTHUH.

Jluteparypa

1. A. A. HsanoB, “TloMck BHeragakKTHYECKHMX HCTOYHHUKOB
KOCMHYECKUX JIydel cBepXBbICOKMX 3Hepruil”, Ilucema B JKOTO,
87:4 (2008), 215-219; JETP Letters, 87:4 (2008), 185-189

207



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

2. Tlanacrok M.W., Mupomuuuenko JI. Y. "Yckopenue gacTuil B
KocMoce: yHuBepcanbHblit Mexanu3m?" YOH 192 413442 (2022)

3. Hepume E. B, Kouaposckuit B. B, Kouaposckuii B. B.
"Kocmudeckne yCKOpPUTENM JUIsl YacTHI[ CBEPXBBICOKHUX 3HeEpruit"
Y®H 177 323-330 (2007)

MOTEHIIUAJI UCITOJIb30BAHUSA TOPUSI B SIAEPHOM
SHEPI'ETUKE

Inrocnun B.B.
HATO HUAY MUDU, 2. Obnunck

CoBpeMeHHasi  sepHas ~ DHEPreTWKa  CTaJKHBAaeTCs  C
(yHIIaMEHTaIbHBIM OTPAHWYEHHEM PECYPCHOM 0a3bl, CBA3aHHOM C
HCUYEpIIaHNEeM JIOCTYITHOTO I JTOOBIIH 235U, JIOJIsI KOTOpPOro B
MPUPOIHOM ypaHe cocTtaBisier numb ~0.7%. MMeHHo oHa mms
OTKPBITOTO SIIGPHOTO TOIJIMBHOTO LWKJA JeJaeT JajbHenInee
HapamuBaHHEe MOIIHOCTEH Ha 0a3e peakTOpOB Ha TEIUIOBBIX
HelTpoHax, BKiIodas BBOP, HEBO3MOXHBIM, TIOCKOIBKY THTYTOHUIN
MMEET TUIOXHE CBOWCTBA B TEIJIOBOM CIIEKTpe HelTpoHoB [1]. bes
pacIIMpeHns PeCypCHBIX 0a3, IPOCTOE yBEMNUEHNE 00EMOB JOOBIIH
HE PeInT mpodIemy.

Crparerneld pa3BUTHS SACPHOU DHEPIETHKH | OCKOPITOpAINH
«Pocatom» (yrBepxaena [Ipesunnymom HTC B 2018 1.), KpuTrdeckn
BOXHBIM HAIPaBIICHHEM SIBIISICTCS aNalTaIyisl CYIIECTBYIOIINX
TEXHOJIOTMH, B  4acTHoctd BBDOP, m1g  ucmonan3oBaHus
aThTEPHATUBHBIX TOIUIMBHBIX PECYpPCOB, TaKWX KaK TOpWUH. OTO
OPUPOOHBIA  PAAMOAKTUBHBIA  3JIEMEHT C  [NOTEHLHAJIbHOH
BO3MOXKHOCTBIO €r0 TPUMEHEHHs] B SIIEPHOM TOIUITMBHOM IIHKIIE.
EcTecTBeHHEIi TOPUIi COCTOUT TIOYTH MONHOCTBIO U3 M30TOma 22Th,
OH oOmamaer 3HAYATENEHBIM CTPATETHYECKUM ITOTEHIIUAJIOM,
SIBJIASICH  TIOOOYHBIM TIPOAYKTOM TIIPH J00bIYe U TepepadoTKe
penkosemenbHbIXx MetauioB (P3M), 3amacel koroporo B P®
3HauuTeNbHbl [2]. Ero BoBiiedeHHE B TOIUIMBHBIA LIMKI MO3BOJIUT
CYIIECTBEHHO PAaCIIMPHUTh CHIPEEBYIO 0a3y SIEpHOW SHEPreTHKH U
CHHU3UTh 3aBUCUMOCTb OT IPUPOJHOTO ypaHa.

TopueBast simepHass mporpamMma akTUBHO pa3BHUBajach B
HECKOJIbKUX KPYITHBIX rocyiapcrsax, Takux kak CCCP, CIIIA, Kurait
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u Wunus. B pesynprare HakoruieH 3HAYUTENbHBIA 00BEM 3HAHMH,
OXBAaTHIBAIOIINI OCOOCHHOCTH MPUMEHEHUS TOPUS MPAKTHUECKH IS
Ka)KJIOro THIa peakropa [3].

Ha Tekymue sTansl pa3paboTku B 001aCTH TOPUEBOM SHEPTETHKH
orpanuuensl nmporpamMamu Mumun u Kuras. Mnaus nonnep:xuBaer
pabory  wmccienoBatenbckoro — peakropa  «Kamini».  Kutait
dokycupyercs Ha  JABYX  TEXHOJIIOTUYECKHUX  HAIpPaBJICHHS:
CTallMOHAPHOW PHEpPreTHKe Ha 0a3e MOCTPOSHHOTO KHJIKO-COIEBOTO
peaktopa «TMSR-LF1» BBemenHoro B skcmuryatamnuio B 2023 romy
MOIIHOCTRIO 2 MBT, a Tak jkeé aHOHCHUPOBAHHI IUIAHKI 110 CO3/JaHHI0
JIEMOHCTPAIMOHHBIX W KOMMEPUYECKHX SHEProOIOKOB (Hampumep,
npoekT TMSR-LF2) u koHTeliHEpoBO3a C peakToOpoM Ha TOPHEBOM
ToruBe (mpoekTHON MomHocThio 200 MBT). HezaBucumo ot 3Toro
B 1990-2000-¢ roasr B Poccuiickoit denepaiinu Obln pa3paboraH
KOHIIENTYaJIbHBINA MPOEKT MOTU(PHUKAIINU IHEPTOOJIOKA C PEAKTOPOM
BBOP-1000, ob6o3nauennsii kak «BBOP-T» [4]. KirodeBoit
HNPUHIUI JTAHHOTO IPOEKTa 3aKJIoyalcs B MHTErpallud TOpUS B
SITEPHBIA TOTUTMBHBIN ITUKJI 0€3 BHECEHUS KapAMHAIBHBIX U3MCHCHUN
B KOHCTPYKITHIO PEAKTOPHON YCTaHOBKH. JIaHHBIN KOHIIENIT HE OBLI
HCIIOJIB30BAaH HU3-332 3KOHOMHMUYECKH BBIT'OJHOTO B TO BpEMs ypaHa.

Crnenyer OTMETUTB, YTO KIIIOYEBBIM (DAKTOpOM 3(PGHEKTHBHOTO
OCBOEHHUA TOPUEBOro TOIUIMBa B Poccuiickoii denepaiiuu sBisieTcs
aJlanTaIus CyIecTBYOIIero napka peakropos BBOP, a ve cozganme
HOBBIX CIIEUAIH3MPOBAHHBIX CUCTEM. Takol 5BOMIOLMOHHBIN IyTh
MTO3BOJISIET MCIIONB30BaTh OTPAOOTaHHYIO TEXHOJIOTHYECKYIO 0a3y |
HHQPACTPYKTYPY, YTO 3HAYUTEIBHO COKPAIIAET CPOKU M MacIITaObl
HeooxomuMbix HMOKP mo cpaBHeHHro ¢ pa3paboOTKOW peakToOpOB
NPUHLUNHAIGHO HOBBIX THIIOB. JTO OTKPHIBAET BO3MOXKHOCTD
MOIYYNUTh SKOHOMHUIO IIPUPOTHOIO ypaHa B 0003pHUMOIl IEPCIEKTHBE,
MUHHMU3HPYSl  CONYTCTBYIOIIME M3AEPXKKH U  obecrednBas
TEXHOJIOTNYECKYIO IPEEMCTBEHHOCTb.
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Hay4HO-TIPaKTHUYECKOl KoHdepenmuu. — Ypa : OMEI'A CAMHC,
2017. - C. 33-38.

3. Anekcees, [1. H. MecTo u pons TOpUs B SAEPHOI SHEPTETHKE /
I1. H. AnekceeB // lHHOBaTHKa M SKCIEpPTH3a: HAYYHBIE TPYIbl. —
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nonyJjaAaPu3AINA MATEMATUKHNU YEPE3 CO3JAHUE
TEMATHYECKUX KOMUKCOB

Abpamos B.E., I'voun /[ A., Mapmiowes /[.B.
VpTK HUAY MU®U, 2. 3apeunsiii

B yciaoBusx  umdpoBoii  TpaHchopMmanuu — 00pa3oBaHHUS
AKTYaJIbHBIM SIBIISIETCSI TIONCK MHHOBAIIMOHHBIX METOJIOB O0y4YeHHs,
CIIOCOOHBIX TOBBICUTh MOTHBALMI0 U 3(PPEKTUBHOCTH YCBOCHHS
CIIOXHBIX JHCIUIUIAH. MaTeMaTHKa 4acTO BBI3bIBACT TPYAHOCTH Yy
oboygarommmxcss CIIO wm3-3a BBICOKOH aOcTpakTHOCTH. OmHUM U3
[EPCIEKTUBHBIX ~ HAaNpaBIEHUH  MOJAEpHU3alUM  00pa30oBaHUs
SIBJISIETCSI UCIIOJIb30BaHUE BU3YyaJbHBIX TEXHOJOIMH, B YaCTHOCTH,
o0yJarommux KOMUKCoB [1].

IIcuxomnoro-negaroruyeckoe 000CHOBaHHE IIPUMEH EHUS
KOMHUKCOB 0Oaszmpyercss Ha wuccieqoBanmsx JI.C. Beirorckoro o
BaXHOCTH  ydera BO3pPACTHBIX OCOOGHHOCTEH M  CO3JaHus
TTOJIOKUTENEHON ~ dMOIMMOHaNbHOW — atMocepsr  [2].  IlpuHInm
HAaTJAOHOCTH, mnogdyepkuBaembli  SI.LA.  KoMeHCkuM,  Takxke
ITOATBEPIKIACT IIeTeCO00pa3HOCTh JaHHOTO moaxoaa [3].

Pa3paOorannble B paMKax IPOEKTa KOMHUKCHl OXBATbIBAIOT
KJItoueBble TeMbl Kypca maTtemMaTuku CIIO: oCHOBBI cTepeoMeTpuu,
TpUTOHOMETpHUYECKHEe (YHKIMH W ToxkaecTBa. Kaxmplii KOMHUKC
MPEACTaBIAET COOOM 3aKOHYEHHBIH CIOXKET, I'Zle MaTeMaTH4EeCKUE
MOHATHSI WHTETPUPOBAaHBl B IIOBECTBOBAaHHUE. | epOM-CTYHEHTHI
HarJSiIHO  JIEMOHCTPUPYIOT NPUMEHEHHE 3HAaHUU Uil pelICHUs
MpaKTUIeCKuX 3a1a4 (puc.l).

BaxHbIM IMIAKTHYECKUM AaCIEKTOM SBJISIETCSI MCIIOJIb30BaHHE
IOMOpa, KOTOPBIH TO3BOJSIET CHM3MTH CTpax IMepen OLIMOKOH U
co3faer OnaronpusTHBIN KIUMaT A7l 00y4deHus: Mmatematuke [4].
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AmpoOanusi METOIWKHM BKJIIOYaJda HWHTETPAIUI0 KOMHKCOB B
y4aeOHBIN TIpoltecc Tpymm mnepBoro kypca YpTK HUAY MUODU B
2024-2025 yuebHoM roay. KoMHKCHI HCITOJIb30BAIMCH Ha Pa3InYHbIX
dTanax 3aHATHS: KaK MOTHBAIIMOHHOE CPEICTBO, MJUTFOCTPATUBHBIN
MaTepuail M OCHOBAa JUISI CAMOCTOSITENIbHOW pPaloThL. Pe3ynbTarhl
MOHHMTOpPHWHTA TOKa3ajH pocT mHTepeca Kk auciuruimae. bomee 80%
OTIPONICHHBIX CTYACHTOB OTMETIJIM, YTO KOMHKCHI ITOMOTJIH UM
JTydITe TIOHSTH CTEpEOMETPUUICCKIE ITOCTPOCHUS u
TPUTOHOMETPUYECKHUE 3aBUCUMOCTH. KadeCTBEHHBINH aHaIU3 padoT
MOKa3aJd YMEHBIIeHHEe KONWYEeCTBa THNHYHBIX OIMHOOK TIO
COOTBETCTBYIOIIMM TeMmaM. IIpermomaBaTeny OTMETHIIN TOBBIIICHHE
AKTHBHOCTH W TIOCEITAEMOCTH.

ITepciekTHBBI TIPOEKTa CBS3aHBI C PACIIUPCHHEM TEMaTHKH
KOMHUKCOB, WX aJanTalyed A pa3HbIX ypPOBHEH IMOIrOTOBKH, a
TaK)KE CO3/[aHWEM WHTEPAKTHBHBIX IU(GPOBBIX BEPCHA, YTO
COOTBETCTBYET TEHICHIHUAM TeHMHU(PUKAIIMA ¥ BHU3yaTH3aI[HH
00pa3oBaHUSI.
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HNPAKTUKOOPUEHTUPOBAHHBIV CBOPHUK 3AJIAY 110
MATEMATHUKE KAK OCHOBA MOJIEJIMPOBAHUSA
MNPOLHECCOB B OQHEPTETUYECKUX OB BEKTAX

babuxoe B.B., Bacunvesa A.A.
VpTK HUAY MU®U, 2. 3apeunsiii

B ycnoBusx 1upoBU3alMd W TEXHOJOTHYECKOIO Pa3BUTHS
9HEPreTHYECKOl OTpaciii BO3pacTaroT TpeOOBaHUS K IOJATOTOBKE
CIIEL[MAJIUCTOB, CIIOCOOHBIX INPUMEHATh MaTeMaTUYECKHUE METOJbI
JUIl  pelleHHs IPaKTHUECKUX 3ajad, NPOBOIUTH HEOOXOAUMBIE
pacuersl. Oco0yI0 aKTyaIbHOCTh MpHoOpeTaeT pa3padboTka yaeOHBIX
MaTepuajoB, OOECHEUMBAIOIIUX MEKIUCLUIUIMHAPHBIE CBS3U U
MPaKTUKOOPHEHTHPOBAHHYIO HaIpaBleHHOCTh oOydenus [1]. B
CBSI3U C OTUM IIENBIO HaIlel paboTHI cTaja pa3paboTKa M anmpooartus
CHELUAIN3UPOBAHHOIO COOpHUKA 3aJady [0 MaTeMaTHKe Il
CTYAEHTOB CIELUUATBHOCTU «DJEKTPUUECKUE CTAHLUH, CETH MU
CHCTEMBI».

Teopernyeckoif OCHOBOM HWCCIIEIOBAHUS TIOCIYKUIH pabOTHI B
obmacti MeToAuKu TmpodeccrHoHaIbHOro obpasoBanus [2], rae
MOJYEPKHUBAETCS. Ba)KHOCTh KOHTEKCTHOI'O MOAX0Ja K OOY4YEHHIO.
[IpakTHKOOpHUEHTUPOBAHHbBIE 3aJAaHUSI CIIOCOOCTBYIOT HE TOJBKO
YCBOGHHMIO MAaTeMaTW4YeCcKUX 3HaHWH, HO ©  (OPMHUPOBAHHUIO
poheCCHOHAIBHBIX KOMIIETEHITNI Oy IyIuX SHEPTeTUKOB [3].

B mpomecce paspabotku cOopHMKa OBIIM  peamn30BaHbI
CIIEAYIOIIME BTalbl: aHAIM3 NPO(ECCHOHATBHBIX CTAHAAPTOB U
coZiep’kaHusl PaboduX MporpamMMm JUIsl ONpENeNiCHHs] KIIOUYEeBBIX
MaTeMaTHYECKUX KOMIIETEHIMI »HepreTuka; OoTOOp M ajanTauus
MPAaKTUYECKUX CUTyalMd H3 Npo(ecCHOHATbHON eSTebHOCTH;

212



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

pa3paboTka CHCTEMBI 3aJlad C [IOCTCHEHHBIM YCIOKHCHUEM;
SKCIIEPTHAS OLICHKA COJCP>KaHMS CIIEUATUCTAMU OTPACIIH.
COopHMK  BKJIIOYaeT TPU  OCHOBHBIX  Oloka  3ajau:
DJIEKTPOMeXaHUYeCKHe pacuyeTbl — MIPUMEHEHUE TIPOU3BOTHON IS
aHaJgM3a TEPEXOJHBIX IMPOLECCOB B  ANEKTPUUYCCKUX  IICMIAX,
WCTONB30BAaHME  MHTErpajoB Ui  pacuyeTa pabOThl  TOKa;

KOMILUIEKCHBIH aHa/lu3 uemeii — omepanud ¢ KOMIUIEKCHBIMU
YUCIaMH JJIA pacyera mapaMeTpoB IIEMed MepeMEeHHOro Toka [4];
ONTHUMU3ANUOHHDIE 3amaun - METO/TBI JTUHEHHOTO

MPOrpaMMHUPOBAHUS JUIS ONITUMAJILHOTO PACIIPE/IE/ICHUsT HArPy30K B
9HEProcucTeMax.

Oco0eHHOCTBI0 COOpPHUKA SBISIETCSl €T0 OPUEHTUPOBAHHOCTH Ha
pealibHbIe POM3BOACTBEHHbIC CUTyaluu. Hampumep, 3amauu 10
ONTUMHU3AIMK  BKJIIOYAIOT  PacyeT  ONTHUMAJbHOM  3arpy3ku
TPaHC(OPMATOPOB C YUETOM CYTOYHBIX TPAPUKOB MOTPEOICHHUS
9Hepruu. B paszjene, MOCBAIICHHOM CTAaTUCTUKE, TPEJICTABIICHBI
3a/1a4¥ 110 aHAIKM3Y JAaHHBIX MOHUTOPHHTA YHEPTOMOTPEOIEeHUS.

AmpoOanusi cOOpHHKA MTPOBOAIIIACH B YIEOHBIX TPYyIIIIaxX MEPBOTO
u BToporo kypcos YpTK HUSTY MUDU B 2024-2025 yueOHOM Troxy.
PesynbraTel MOHUTOpPHMHTA TIOKa3ajd: TOBBLIIMICHHE MOTHBAIMH K
M3Y4EeHUI0 MaTeMaTHKd Ha 35%; yiydIlleHHe yCIIeBaeMOCTH 10
poheCCHOHANBHBIM JTUCIUIUTMHAM Ha 22%; pOCT KOJIHYECTBA
CTYIEHTOB, BBIOMPAIOMINX MaTEeMaTHYECKHE TEeMbI IS KypCOBBIX
MIPOEKTOB;

[lepcriekTBBI  pa3BUTHS  TPOEKTa  BKIIOYAIOT:  CO3JAHUE
JMEKTPOHHONW Bepcur COOpHUKA C WHTEPAKTUBHBIMU JJIEMEHTAMH,
pa3paboTKy METOANYECKOTO COMPOBOXKISHHS IS MIPEToaaBaTenei,
pacmmMpeHre TeMaTHKA 33729 C YIeTOM Pa3BUTHUS TEXHOIOTHIA.

Jluteparypa

1. T'ynmait T.A., IlomyssHoB M.A., YekanoB WM.U. Ilpumenenwue
TEOPUH BEPOSATHOCTEH B 3nekTpodHepreTuke // Hayunoe obo3penue.
[legarormueckne Hayku. — 2019. — Ne 4-3. — C. 45-48.

2. Imuar, H. M. IIpunoxkeHue KOMIUIEKCHBIX 4YHUCEIl B
anekTporexHuke // Mononoi yuensiif. — 2012. — Ne 2 (37). — C. 320-
323.

3. PemeOHMK MO 3yeKTpoTeXHUKe: yueOHoe mocodme / H.A.
MakeHoBa, T.E. XoxJ10Ba, Tomckoi MOJUTEXHUYSCKUI
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yHuBepcuter. — Tomck: W3a-Bo TOMCKOro mOMMTEXHHUYECKOTO
yHHMBepcurera, 2015. — 165 c.

4. Bonbman, B. M. COopHUK 337124 110 TEOPETHUECKUM OCHOBAM
AJIEKTPOTEXHUKHU: yueb. mocobue st By3oB / B. M. Bonbman, . 1.
Pomuonos, I'. U. Ockun. — Cankt-Ilerepoypr : Jlans, 2011. — 464 c.

JIMYHBINA BPEH]]I B ATOMHOM OTPACJIH KAK
CTPATETHYECKHM PECYPC NPO®ECCUOHAJIBHOI'O
PA3BUTHS HA IPUMEPE JUPEKTOPA BEJIOSIPCKOM
AJC B.II. HEBCKOI'O

Banescxasn I1.A.
VpTK HUAY MU®U, 2. 3apeunsiii

B coBpemeHHo# mpodeccHoHaNbHOW Ccpeie JIMYHBIA  OpeH[
CTaAaHOBUTCA KPUTUYCCKU BAXHBIM aKTHUBOM, 0COOEHHO B
BBICOKOTEXHOJOTMYHBIX OTPACISIX, TAKHX KaK aTOMHas DHEPreTHKa.
OH mpeacraBisieT CO0OW COMMANBHBIA KallUTaI, OCHOBAaHHBIM Ha
peryTanuy, SKCIepTH3E U JIOCTIDKEHUSIX CIEIUAINCTa, U HATPSIMYTO
BJIMSIET HA €r0 KOHKYPEHTOCIIOCOOHOCTE M KaphepHEIi pocT [2].

Spxoit mmocTpaieit 3pPEKTUBHOrO (HOPMHUPOBAHUS JTUYHOIO
OpeHIa B AaTOMHOW OTpaciiy SIBISIETCSl JICATENLHOCTh IEPBOTO
mupektopa benospckoir ADC Bmamumupa Ilerposuua HeBckoro
(1963-1973 rr.). HecMOTpst Ha MOJIOIOM BO3PACT M ITEPBOHAYATBHEIIH
CKEICUC KOJUIGKTHUBA, €My VyJAJIOCh BBICTPOUTH PEMYTAIHIO
OeCKOMIIPOMHUCCHOTO ¥ 3¢ deKTUBHOTO JuAepa. Ero momxon coueran
WHHOBAI[MOHHOCTh B PEIICHUU TEXHOJIOTMYECKUX 3a/1a4, TAKUX Kak
MPOJIBUKECHUE OBICTPBIX PEAKTOPOB, C KOMIUIEKCHBIM pa3BUTHEM
conuanbHON WH(QpacTpykTyphl. HeBcknii aKTHBHO 3aHUMAJCA
CTPOUTEIILCTBOM JKWJIbsI, OOBEKTOB KYJIBTYphl W 00pa3oBaHUs B
3apeuHoM, co3/laBasi TeM CaMbIM KOM(MOPTHBIC YCIOBHS IS JKU3HU U
paboThl cBOEro nepconana [1, 3].

PesynpTaToM MHOrorpaHHo#l jestenbHocTH HeBckoro crano
(dbopMHpOBaHUE YCTOWYMBOTO JTMYHOrO OpeH/a, KOTOPBIN coderas B
cebe o0pa3 TeXHHYECKOro HoBaTopa, dY(h(eKkTHBHOrO MeHemKepa U
COLIMANILHO  OTBETCTBEHHOro Jmjaepa. Atopurer HeBckoro
YKPEIUIICSI HACTOJIBKO, YTO €r0 MHEHHUE CTaJ0 ONPEACISIONIM IPU
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pelIeHuU HE TOJBKO TPOU3BOACTBEHHBIX, HO U PErnoHAJIbHBIX
COILIMATbHO-3KOHOMUYECKHX BOMPOCOB.

Hcropuueckuit onbiT B.II. HeBckoro neMOHCTpUpYET, 4YTO
YCIICIIHBIN JIMYHBIN OpEHJT B aTOMHOM OTpaciii (POpMHUPYETCs uepes3
CHUHEPTHI0O IIIyOOKUX MpO(EeCCHOHANBHBIX 3HAaHUM, Pa3BUTHIX
YIPaBJICHYECKUX KOMIETEHIUW W aKTMBHOM COLMAJIBHOW MO3WLIMU.
OTOT NpHUMEp COXpaHSET CBOIO aKTyaJbHOCTh JJISI COBPEMEHHBIX
CHEHNAITUCTOB aTOMHOW OTpACIIH, MOKa3bIBasl, YTO KaphepHBIN ycIex
JIOCTUTAETCs He TOJBKO Yepe3 TEXHUUECKYIO IKCIEPTU3Y, HO U Yepes
CIIOCOOHOCTh BBICTpanBaTh KOMIUIEKCHBIE CTpaTeruu
podecCHOHATBHOTO MO3UIIIOHUPOBAHMUS, COYETaIoIINe
MIPOM3BOICTBEHHBIE IOCTUKEHHSI C COI{UATbHON OTBETCTBEHHOCTHIO U
JTUAEPCKUMH Ka4eCTBaMHU.

[IpoBeneHHOE wWCclenOBaHUE TO3BOJIMIO  CHOPMYITHPOBATH
KIFOYEBbIe KpUTepuu (opMHpOBaHUsT APPEKTUBHOTO JTHYHOTO
OpeHaa B aTOMHOM POMBIIIIEHHOCTH. CerofHs yCIenTHbIA JTHIHBIN
OpeHIl OCHOBBIBACTCS HA BOCBMH B3aUMOCBSI3aHHBIX KOMIIOHEHTaX:
podecCuOHaNbHAsT 3KCIIEPTHOCTh, PENyTallMOHHAs HaAEKHOCTb,
JUIEPCKUN  MOTEHUMaJ, KOMMYHUKAaTHBHAas KOMIICTEHTHOCTb,
COLlMaJibHAasi ~ OTBETCTBEHHOCTb, HMHHOBAI[MOHHOCTb, LU(pOBas
BUJMMOCTb U CETE€BON KaIUTall.

Oco0yr0 3HaYNMOCTh B KOHTEKCTE aTOMHOM OTPACIIH PHOOpETaeT
COOTBETCTBHE NPUHLMIAM KyJIbTYpPbl 0€30I1aCHOCTH U CIIOCOOHOCTD
TPAHCIUPOBATh CJIOXKHbIE TEXHOIOIHYECKUE IPOLIECCH! B IOCTYITHOM
hopme.

ITepcnieKTHBBI HaTbHEHIIINX UCCIIEOBAaHUN BUISATCS B pa3padoTKe
CUCTeMBbI OIeHKH d(()EKTUBHOCTH JUYHOTO OpeH/a U CO3JaHHH
aJanTUBHBIX Mozened ero QopMuUpoBaHHS IS Pa3lIU4HBIX
podecCHOHaNbHBIX rpymnmn ATOMHOM MPOMBIIUICHHOCTH.
[IpakTudeckasi 3HaYMMOCTh PabOTHI 3aKIIOYAETCS B BO3MOXKHOCTH
WCIOJIB30BaHMS TIOIYYEHHBIX PE3yJIbTAaTOB Ul POrpaMM Pa3BUTHUS
MepcoHaIa ¥ KOPIIOPATUBHBIX CUCTEM HACTABHUYECTBA.

Jluteparypa

1. Kpymckwii A., bakupoa H. Bpems — 3To Mbl: kHHTa K 50-N1€THIO
Benosipekoiit ADC. — ExarepunOypr: Cokpat, 2014. —C. 16-21.

2. MoxoBa FO.A. Jluunpli OpeHA Kak MHCTPYMEHT JIMYHOTO M
npodeccuonansHoro  pasButust  //  COopuuk  tpymoB Il
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MexayHapOAHOW HAyYHO-TIPAKTHYECCKOW KoH(pepeHmu. — OMCK,
2022. - C. 21-23.

3. Cepruenko JLK., Jlobapera C.B. 3apeunsiii. Mcropus mMoero
ropoza. — EkarepunOypr: 3EBC, 2005. — 236 c.

CTAJIBHBIE PYKH ATOMA: PABPABOTKA U 3D-IIEYATH
HNPOTOTHUITA MAHUITYJIATOPA JJIA OBCJIY KUBAHUSA
A3C

Pynnenv /. B., Anopeesa H. 0., Anopees U. C.
AHOO «I'opoo [lemcmeay, . Kpacrnozopck

PasBuTne aTomMHOIT OHEPICTUKHU COIIPOBOXKIACTCA IMOBBIIICHHBIMUA
TpeOoBaHUSAMH K O€30MacHOCTH M COKPAIIEHUIO 0NN OIEpaIlHid,
BBIIMTOJIHAEMBIX YE€JIOBEKOM B IIOTCHIIMAJIBHO OITACHBIX 30HAX. O)IHI/IM
u3 KIIFOUYCBBIX HaHpaBHeHI/Iﬁ SABIISICTCS IIPUMCHCHUEC
pOOOTH3UPOBAHHBIX ~ MAHUNYJISATOPOB  UISI  JAWCTaHIIMOHHOTO
o0cIyXuBaHUS 000OpymOBaHHS, pabOTHl C  paauOaKTUBHBIMHU
MaTepuaiaMu U MPOBEJICHUSI PETJIAMEHTHBIX ofiepalinil. B mkonbHOM
cpezie Takve 3a1a9d MOTYT MOJIEITHPOBATHCS C MTOMOIIBIO TOCTYITHBIX
MIPOTOTHUIIOB, CO3JIAHHBIX CPEACTBAMHU AJJUTHBHBIX TEXHOJOTHHA W
o0pa3oBaTeIbHON POOOTOTEXHHKH.

Ilenrr mpoekta — pa3paborka u 3D-medaTe MPOTOTHIA
pPOOOTH3UPOBAHHOTO MAaHHITYJIATOpPA, IPOrpaMMHpPyeMOro Ha 0Oaze
miaTdopmbl Arduino, kak ydeOHOW MOIENH «CTaTbHOM PYKW» UIA
O0CITy)XMBaHHSI OOBEKTOB AaTOMHOW CTaHIHWKM B JIA0OPaTOPHBIX
ycnoBusix. OOBEKT HCCIEnoBaHUS — POOOTH3MpPOBaHHAs pyKa C
HECKOJIBKAMHU CTENEeHSMH CBOOOIBI, TPEOMET HWCCICIOBAHUS —
BITUSHIE KOHCTPYKTHBHBIX PEIICHUN W aJrOPUTMOB YIIPABJICHUS Ha
TOYHOCTB, TIOBTOPSAEMOCTh U YCTOWYHBOCTH BBHIMIOJHEHUSI THITOBBIX
orepauui.

KoncTpyknmst maHwmIynsaropa BbImoHeHa w#3 3D-medaTHbIx
neraneii (PLA-mutacTuk), 9TO CHHXKAET CTOMMOCTH, YIIPOINAET
JopabOTKy W TIO3BOJISIET OBICTPO 3aMEHSTh Y3IIbI IIPH MOJIEPHU3AIIHH.
B mpoekre peann3oBaHa MOMYIBLHOCTB: MPENYCMOTPEHBI CMEHHBIE
3aXBaThl U BO3MOXXHOCTh YCTaHOBKH JIaTYMKOB, B TEPCIEKTUBE —
AJIEMEHTOB TEXHUYECKOro 3peHwus. [IpuBombl peann3oBaHbl Ha Oaze
CEPBOMAIIIMHOK, YIIPAaBJICHUE OCYIIECTBISETCS 4Yepe3 KOHTPOILIEp
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Arduino ¢ BO3MOXHOCTBIO TEPENpPOrpaMMHUPOBAaHUSI Ha S3bIKax
C/C++ u Python.

Meronuka paboTsl BkItodaer 3D-monenuposanue y3nos, FDM-
neyaTh Jeraneidl, cOOpKy W OTIaIKy MeXaHUKH, pa3paboTKy Wu
TECTUPOBAHHE  IPOrpaMM  YIpPaBIEHUS, a TakKKe  CEpHUIO
SKCTICPUMEHTOB: HMMHUTALMSl 3axBaTa W IEpeMelleHus oOpasIoB,
COPTUPOBKA OOBEKTOB 10 30HaM, OOCITYy)KUBaHHE YCIOBHOW «I1aHEH
ynpaBieHus».  OLEHWBaOTCA  TPy30MOABEMHOCTh,  TOYHOCTh
MO3UIIMOHUPOBAHNUS, BpPEMsSl LHUKJIA U YCTOWYMBOCTH Pa0OTHI TpPU
MHOTI'OKPaTHBIX IIOBTOPECHUSX. ITonydeHHbIH IIPOTOTHUII
JIEMOHCTPUPYET BOBMOXKHOCTH CO3/IaHNUsI PYHKIIMOHAIBHBIX YUE€OHBIX
MaHHITYJISTOPOB CHIIAMH YUYEeHHKa 9 Kilacca U MMOKa3bIBaeT, KaK CBSI3Ka
«3D-neuatp + Arduino» TO3BOJISIET MEPEXOAUTH OT IIKOJIBHOTO
OKCIIEPUMEHTA K MHXCHECPHBIM MOACIAM, TEMATUYCCKU CBA3aHHBIM C
3a1a9aMu JUCTaHIIMOHHOTO oOciyxuBanus ADC.

Jluteparypa

1. KomocoB JI.I'. Texnomorus. PobGoroTexHuka Ha miaTdopme
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AHAJIN3 3AITACOB ITPUPOJHOI'O YPAHA B
MHNOTEHHUAJIE 3AMBIKAHUA AJEPHOI'O
TOIIVIMBHOI'O HUKJIA

Jluxaues A. U.
HATD HUAY MU®DU, 2. Obnunck

C TOBBIIICHUEM JIOJH SJICPHOM SHEPreTHKU B 0OIIEM 00beMe
BBIPAOOTKH  DIIEKTPOIPHEPTMHM UM COOTBETCTBEHHO  PACTYIIHM
MOTPEOJICHHEM SIJIEPHOTO TOIUIMBA TOSBIISICTCS HEOOXOANMOCTh
pa3BuTHA chepbl JOOBIYH YPAHOBOW PYIIBL.

Jlunepamu no oobemam a00bun sBisitoTess Kaszaxcran, CLIA,
Kanama n Hamubus umest oxono 50% momu B MuUpe 10 IPOM3BOJICTBY
ypana. B Poccun Pocatom (AO «Pocatom Henpay) Bmanmeer moutu
BCEMH YPaHOBBIMH 3aJieKaMH CyMMHEpYyomuecss B okoao 520 Tsic.
TOHH 3aI1acoB ypaHa, uTo sBisierca 9% MupoBbIxX 3amacoB. Haubonee
MEePCIEKTUBHBIME SIBIISIOTCS DIBKOHCKHE MECTOPOXKIEHUS, 3amachl
KoTopeix B Pocatome umerot nomo 69% (357 teic. ToHH). B manHO#M
TpyIIe MECTOPOXKICHUH aHupyercs goosrda 2000 T mpupomHOTO
ypana B rox [1].

bonpmryro wacte peiHka BBOP B Poccum 3ammmaer BBOP-
1000/1200, ncnone3yromiee odoramenue okomno 4,26%. Ileperpysku
MPOUCXOMAT Kaxkaple 1-1.5 Toma, 3aTparuBas dYeTBEPTh-TPETh
aKTHUBHOM 30HBI. [loHas 3ampaBKa akTUBHOW 30HBI TpeOyeT 65-80
TOHH ypaHa, WCXOAA W3 OTOr0 MOXXHO BBICUHTATH TOTpeOJIeHHE
npupoaHoro ypana BBOP.

QopMmynbl IS BBIYUCIEHUH OBUTM B3ATHI W3 HW3IAHUS
Brnagumuposa B. U. o pemennro npaktuyeckux 3anad [2].

Taobm. 1. Oboramenus

O6oramenue Tomsa BBOP-1000 4,26%
OoorariieHre TPUPOIHOTO ypaHa 0,711%
Oooraienne 00eTHEHHOTO ypaHa 0,1%

Hcxons U3 naHHBIX 3HaYEHUH, BHICUMTHIBACTCS, YTO KOJIMYECTBO
MIPUPOIHOTrO ypaHa s moyueHus 22 ToHH 4,26% ypana ans BBOP-
1000 momxHO ObITH IPUMEPHO paBHO 150 ToHHaM. DTO O3HAYAET, 4TO
JaHHAsl MOJIENIb UMEET TMOKa3aTelb MOTPeOIeHUs IPUPOAHOrO ypaHa
150 T/I'Brt - ron.
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Pesynprarom  oOoramieHust ypaHa SBJISETCS HE  TOJBKO
obOoraieHHoe TOILUIMBO, HO M O0emIHEHHEIH ocTaTok. Mcxoms wus
BBIIIECKA3aHHOTO pacdeTa, B JaHHOM ciaydae u3 150 ToHH
MPHUPOAHOTO ypaHa ocTaercs 128 ToHH obenHeHHOro ypaHa. JlanHsie
OTXOAbl MOKHO MCIOJIBL30BATh B p€aKTOpax Ha 6I)ICTpI>IX HCI\/'ITpOHaX,
KOTOpBIC, HCIIOIb3YyA TOIUIMBO C O6CILHCHHI)IM ypaHOM, MOI'yT
BLIpa6aTLIBaTI) QJICKTPOIHECPIrIo, a TAKXKE MPOU3BOANUTH TOINIMBO AJIA
peakTopoB Ha TeIUIOBBIX HeWTpoHax. CpemHee moTpebieHUe
O00ETHEHHOTO ypaHa Yy HCIOJIB3YeMbIX Mojenedl (Iph yCIOBUH
ucnonb3oBanuss MOKC-torusa) cocrapisier okoiio 81/'BT - rox.

B Poccun go0biBaercs mopsiaka 2,8 ThiC. TOHH MIPUPOHOIO ypaHa
C TUIAHMPOBAaHHBIM YBEIIMYECHUEM [0 5 TBIC. TOHH Omaromaps
OIBKOHCKAM MECTOPOXKIACHHUSIM. JTO JAeT BO3MOXKHOCTH CO3JaHUS
torumBa st 33 sreprodiokoB BBOP-1000 1 MHOXKECTBY peakTOpOB
Ha OBICTPBIX HEHUTpOHAX JUIS pean3alld 3aKpPBITOrO SIACPHOTO
TOIINIMBHOI'O ITUKJIA.

Jluteparypa

1. TamaktnonoB B.O. Ilmanbl OCBOEHHS KPYITHEUIIETO
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Oueproaromm3aat, 1986.—304 c.: .

TEXHOJIOTUH MOAYJIBHOI'O CTPOUTEJIBCTBA:
OCOBEHHOCTH CO3JAHUA 1 BOSMOKHOCTH
INPAKTHYECKOI'O IIPUMEHEHUWA

Maxcumos /{.C.
YpTK HUAY MUDU, 2. 3apeunviii

COBpCMCHHaH aTOMHass SHCPreTHUKa Tp66y€T IMOBBIIICHU A
SKOHOMUYECKOU 3(1)(1)6KTI/IBHOCTI/I U COKpallCHUusA CPOKOB BBOJA
MOH_IHOCTeﬁ. MO,I[YHLHOG CTPOUTCIILCTBO, npeamnojararomniee
3aBOJCKOC U3IrOTOBJICHUEC KOMIIOHCHTOB C nocneuylomeﬁ C60pK0ﬁ Ha
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IUIOIIA/IKE, SBISETCS KIIIOUEBBIM TPEHAOM, OTBEYAIOMIUM STHM
BbI30BaM [ 1, 2].

AHanM3 TpeuMyLIeCTB  MOAYJIBHOIO IMOAXOJa  IO3BOJSET
BBIACIIUTD:

—  COKpalleHHE CpPOKOB UM CTOMMOCTHM IIPOEKTa 3a CueT
MapajiebHOTO BHIMOIHEHUS PadoT;

— TOBBINIGHHE KadyecTBa MW  0e30mMacHOCTH  Onarojaps
CTaHJapPTU3ALIUHU TIPOIIECCOB;

—  TuOKOCTh M MacHITaOUPYEMOCTb MIPU UCIIOL30BAHUN MaJIbIX
MOJlyJIbHBIX peakTopoB (MMP);

—  YIpPOILIEHHWE MOJEPHU3ALMU U BBIBOJA U3 DKCIUIyaTal|u.

OnHako BHEOPEHWE MOAYIBHBIX TEXHOJOTUM COMPSHKEHO C
BBI30BAMU:

—  BbICOKHeE nepBoHadabHbIe 3aTpaThl HAa HUOKP [1];

- HEOOXOIMMOCTh aJanTaIliiii HOPMaTUBHOM 0a3bl;

—  JIOTHCTHYECKHE CIIO)KHOCTH TPaHCIOPTUPOBKU
KPYIIHOraOapUTHBIX MOIYJICH.

B pamkax npoekra pa3paborana 3D-Momens MOIYILHON aTOMHOM
CTaHLMM, JEMOHCTPUPYIOILAs KOMIIOHOBKY KJIIOUEBBIX 3JIEMEHTOB.
Hnst MONYJISIPU3aL U 3HAHUHN CO3/1aH KOMILJIEKT
PO OpHUEHTALNOHHBIX MaTepuasoB Ui IIKOJIbHUKOB,
BKJIIOYAIOUIMHA  BUKTOPUHY M  HMHTEPAKTUBHYKO  WIPYy, UTO
CIOCOOCTBYET paHHEH MpodecCHOHaT HON OPUEHTAIINH.

IIpoBeneHHblid aHAIN3 TTOTBEPK/IAET 3HAUUTEIbHBIN MOTEHIUAI
MOZIYJIBHOTO CTPOWUTENBCTBA JUI IOBBIMLEHUS 3(PPEKTUBHOCTH
aTOMHOM »HepreTuku. PaszpaOoraHHble 00pa3oBaTeNbHBIE PECYPCHI
BHOCSAT BKJIAJ] B IOATOTOBKY OyIyIIMX CIIELMAIMCTOB IJIsl OTPACIIH.
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MoYeMy OHH TaK HOMYJSpHBI // [DMeKTpoHHBIH pecypc]. — Pexxum
nocryma: https://strana-rosatom.ru/2019/05/02/bolshie-perspektivy-
malyh-reaktorov, ceo6oamsiii. (1ata oopamierus: 05.10.25).

2. Conep, A.B., beprenemu M.Mansle MORyJIbHBIE PEAKTOPHI:
npoOieMbl U TepCreKTHBbI// [DNeKTpoHHbIM pecypc]: Passutue u
SKOHOMHUKA  SAEpPHBIX  TexHomormd. — Pexum  gocryma:
https://www.rosatom.ru/upload/docs/Small_Modular_Reactors.pdf,
cBOOOHBIN. (HaTa obpamenus: 01.11.25).
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KPEATUBHAS MATEMATHUKA KAK CIIOCOB PAZBUTHUA
KPUTHYECKOI'O MBIILJIEHUA Y BY AYIIUX
PABOTHUKOB ATOMHOM NPOMBIIIJIEHHOCTH

Bockpecenckuii A.M.
VpTK HUAY MU®DU, 2. 3apeunsiii

CoBpeMeHHBIC BBI30BBI B aTOMHOH OTpacid TpeOYIOT OT
CIEUAICTOB HE TONBKO (YHIAMEHTAIBHBIX 3HAHWH, HO U
pasBUTOro KPUTUYCCKOI' O MBIIIJICHU S, CHOCO6HOCTI/I K
HECTaHJAPTHBIM PEIICHUSM M OBICTPOM aJanTaliuyd K MEHSIOIIUMCS
TEXHOJIOTHYECKUM TiporieccaM. OCcoOyI0 aKTyalbHOCTh IIPHOOpETaeT
nouck 3(dexkTHBHBIX MeTOMOB (POPMUPOBAHUS STHX KauyecTB Ha
gTane NpodecCHOHAIbHOW IMOJATOTOBKH, CPEIH KOTOPBIX BaKHOE
MECTO 3aHHMAeT KpeaTHBHasI MaTeMaTHKa.

JlaHHBI TOIXOA TpPEACTaBiAeT cO00 CHHTE3 KIACCHYECKOTO
MaTeMaTH4YeCKOro 0o0pa3oBaHUS M TBOPYECKOT'O METOJA PELICHUS
MPaKTHYECKUX 337ad. B oTimume oT TpaauIHOHHOTO O0YYeHHS, OH
TIpearnoaaraer WCIIOTIb30BaHUE TOJIOBOJIOMOK, MIPOEKTHOMN
JeSITELHOCTH U peabHBIX KEHCOB M3 MPOPEeCCHOHALHOM MTPAKTHKH,
YTO CIOCOOCTBYET Pa3BUTHIO KaK MATEMAaTHUECKUX CIIOCOOHOCTEH,
TaK ¥ CHCTEMHOTO MBIIUICHUS, HEOOXOAWMOro CIeraIincTaM
aTOMHOM OTpaciiu.

Kak cmpaBemmmBo otmedan Dpux PpomMM, KPEaTHBHOCTH — 3TO
«CMOCOOHOCTh yIUBIATHCS W TIO3HABaTh, HAXOAWTH pEIICHUS B
HECTaHJIAPTHBIX CHUTyalusx». B KOHTEKCTe aTOMHOW OTpaciu 3TO
KauecTBO CTAHOBUTCS OCOOCHHO BaXKHBIM, TIOCKOJIBKY CITCIIHAIACTAM
MTOCTOSTHHO TIPUXOMUTCSI CTalKWBAaThCS C YHUKAITBHBIMHU 3a/la4aMH,
I7iec TOTOBBIE pEIIeHHS YacTO OTCYTCTBYIOT, a IIeHa OLIMOKH
WCKITIOYUTEIBHO BBICOKA.

[Iporecc TBOpYECKOrO IMOWMCKA, NETANLHO OMHCAaHHBIA JKroimem
Aunpu Ilyankape, JEMOHCTPHpPYET VHHBEPCAIBHBIM MeXaHU3M
pelieHuss CIOXKHBIX 3a/ad, TNPOXOIIIIMNA YeThIpe CTaauu -
IOCTAaHOBKAa 3ajJlauu, Oecco3HaTelbHas paboTa Haja pEIIeHUEM,
MOMEHT O3apeHHs | 3aBepIiarolias TMpoBepKa. OTa MOeb
MOJHOCTBIO COOTBETCTBYIOT peajibHBIM IIpoleccaM, ¢ KOTOPBIMHU
CTAJIKUBAIOTCS WHKEHEPHl TPU TMPOSKTHUPOBAHHU W JKCILTyaTaI[uH
00BEKTOB ATOMHOIH SHEPreTHUKH.
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[IpakTnueckas peanuzanus kpeatuBHoro noaxona B YpTK HUAY
MH®U neMOoHCTpUPYET MOJIOKUATEIbHBIE Pe3yabTaThl. Ha 3aHsaTusax
10 MaTeMaTHKe CTYJEHThl aKTUBHO BOBJICUEHBI B IIPOEKTHI, KOTOPHIE
HEMOCPEICTBEHHO CBsi3aHbl ¢ WX Oyaymedl npodeccrnoHambHOM
JeaTenbHOCThi0.  Oco00ro BHHMAaHUS 3acCIY)KUBAaeT TMPOEKT 10
MOJICTTUPOBAHUIO CHCTEM O€30MacHOCTH aTOMHBIX OOBEKTOB, IJIE
CTYJEHTBI IPUMEHSIOT METO/Ibl MaTEMAaTHYECKOI'0 aHAIN3a U TEOPHH
BEPOSATHOCTEW JUIsl pEUIEHUs MpaKTHYEeCKUX 3ajad. Takod mojaxon
MO3BOJISIET HE TOJBKO OCBOUTH CJIOXHBIE MaTeMaTHYECKHe
KOHIIEMIIMM, HO ¥ pPa3BUTh IIOHMMaHHE UX MPaKTHYECKOTro
MIPUMEHEHHS B PEabHBIX POU3BOJICTBEHHBIX YCIOBHSIX.

Cpenu HanOostee mepcreKTUBHBIX HAIPaBICHU I MOKHO BBIICINTH
pa3paboOTKy  MOOWJIBHBIX  MPHJIOKEHHH  JUIsi  ONTHMH3AIUN
TEXHOJIOTUYECKUX MapIIPyTOB, CO3AaHNE MOJIeNel HH(PpacTpyKTypbI
C TIpUMECHEHHEM TeOpuu TpadoB, aHaau3 OONBIIMX JAHHBIX W3
Pa3IMYHBIX KCTOYHUKOB HH(OPMAIINH.

PasBuTHEe KpeaTUBHOIO MaTEMaTHYECKOTO MBIIIICHHUS CO3aeT
[IPOYHYI0 OCHOBY JJIsI HOATOTOBKM CIIELUAIUCTOB, CIIOCOOHBIX
pelaTh caMble CIIOKHBIE 33a41 COBPEMEHHON aTOMHOH YHEPT€TUKH.
OTO0 0COOEHHO Ba)KHO B KOHTEKCTE peaju3aluy IEPCHEKTUBHBIX
IIPOEKTOB, TaKUX KaK CO3JaHHE pPEaKTOPOB HOBOIO IIOKOJICHUS,
pa3paboTKa CHCTEM 3aMKHYTOI'O SIIEPHOTO TOIUIMBHOI'O IMKIA U
BHeZIpeHue HU(POBBIX TEXHOJIOTUI Ha 00bEKTaX aTOMHON OTPaCIIu.

Jluteparypa

1. Tpodumora T. A. MaTemaTiudeckass TpaMOTHOCTB: ITOCOOHE
[0 Pa3BUTHIO (PYHKIIMOHATIHHONH TPAaMOTHOCTH CTAapIIEKIACCHUKOB /
T. A. Tpodumosa, U. E. bapcykos, A. A. Bypnakosa u np. - Mocksa:
Axanemust Munmnpocsemenus: Poccun, 2021. — 68 c.

2. Xowmwmu H.B., lllyneruna H.A. ®opmupoBaHue KpeaTHBHOTO
MBILUICHNS HAa Ypokax mareMaTHkH // llemarormueckuii MOMCK. —
2022. - Ne5. — C. 14-19.
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HANIEYATAHHBIA CUMBHO3: 3D-KOHCTPYKIIUA
®OTOBUOPEAKTOPOB J1JI5s1 BBIPAILIUBAHUS
XJIOPEJJIBI B MHTEPECAX ADQC

Pynnens /. B., Anopeesa H. 1O., Cnupun A. /1.
AHOO «I'opoo [lemcmeay, e. Kpacnozopck

PazBuTe aTOMHON 53HEPreTMKM  yCWIMBaeT 3alpoc Ha
sKojoruyecku Oe3onacHble TeXHONOTUH paboTel ¢ CO2, CTOUHBIMHU
BoOgaMu H TBép):[bIMI/I OTXOJaMHU. O,Z[I/IH N3 MNCPCHCKTUBHBIX
OMONIOTMUECKUX HMHCTPYMEHTOB — MHUKpoBogopocis Chlorella
vulgaris, crnocoOHasi MHTEHCHBHO IOTJIOMATh YTIEKUCIBIA Tra3 U
COpOHMPOBATH 3arPS3HSIONINE BEIIECTBA, BKITIOYAS THKENBIE METAILITBL.
Jnst pakTHYeCKOTO BHEJPEHHs] TAaKWX pelleHuH HeoOXOIHMBbI
KOMITaKTHBIC yIIpaBlisieMble (POTOOMOPEAKTOPHI, KOTOPBIE MOXKHO
pa3Meriath  BOJM3M  TEXHOJOrMYeCcKWX KoHypoB ADC wm
MHTErPUPOBATH B CYIIECTBYIOIIYIO HHPPACTPYKTYPY.

Ienp mpoekTa — pa3paboTka W ampodamus WHANBHIYATHHOTO
HacTOJNIBHOTO (oTodmopeakropa ¢ 3D-TIeUaTHBIM KOPIyCOM ISt
KyJbTUBUPOBAHUS XJIOPEIUIbI, @ TAKKE OLIEHKAa BO3MOKHOCTEH €ro
MacIITaOUpPOBaHUs A0 MOLYJIbHOM YCTAaHOBKH B MHTEpecax aTOMHOM
craniui. OOBEKT WCCIEAOBAaHUS — IMPOIECC POCTa XJIOPEIIBI B
3aKpBITO  CHCTEME, NpeAMET — BIHSHUE KOHCTPYKTHBHBIX
mapaMeTpoB (porobmopeakTopa (FeOMETpPHs, TONIIHHA CTCHOK,
KOH(UTypaLus MOJICBETKU, adpaLysi) Ha yCTOMYUBOCTh KYJIbTYPHl U
CKOPOCTh HAaKOIJIEHHUS! OMOMACCHI.

Meronuka Brimoudaer 3D-moaenupoBanue kopnyca, FDM-neuats
neraneii, COOpKy peakIIMOHHOTO OJIOKa B IIEYATHOM KapKace, MOHTaX
CBETOIMOIHOTO MOAYJII W CHUCTEMBI a’panuu. PocT KyJabTypsl
OLICHMBAETCSI BU3YaJbHO W MMKPOCKOIMYECKH, I10 H3MEHEHHIO
OKpacKH cpelnbl M KOHLEHTpalMH KJIeToK. B cepum omnbiToB
BapbUPOBAINCh  OCBEUIEHHOCTb,  TEMIIEpaTypa U  DPE&KUM
NepeMelIBaHus; Uil CPaBHEHHs HCIIOJIb30BAJIMCh TPAaIULMOHHBIC
J1a00paTOpHBIC KOIOBI aHAIIOTUYHOTO 00BEMA.

ITokazano, wuro 3D-meyaTHbII KOpOYyC C BHYTPEHHUMH
HaANPaBIAIOUIMMHU YJIy4IIaeT MEepeMelIMBaHie W PaBHOMEPHOCTD
OCBEIIEHHSI TI0 BBICOTE CT0J10a KUAKOCTH, & MOAYJIbHAS KOHCTPYKIHUS
MO3BOJIIET COCAMHSATH HECKOJIBKO PEAaKTOpOB B «OHONAHENbY,
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MOTEHIHUAJIbHO TMPUTOJHYIO IJIsi JOOYMCTKH BOIBI HWJIHM JIOKAJIHHOM
yTunu3amuu  4dactd  BeHTWisuoHHoro CO: Ha ADC. Ilpoekt
peanu3yercs ydyeHMKOM 9 kmacca B ¢opMare IIKOJBHON
HCCIIEIOBATEILCKOW paboThl M JAEMOHCTPHPYET, KaK aJJUTHBHBIC
TEXHOJIOTUH YIPOIIAIOT IMEpexon OT Y4YeOHOro SKCIEpUMEHTa K
WH)XKEHEPHBIM  MPOTOTHIIAM, CO3[aBasl OCHOBY JJsl  paHHEH
npoecCHOHANBHOW  OpUEHTAaMK B O0NacTH  aTOMHOM U
OMOTEXHOJIOTMUECKOM OTpacieH.

Jluteparypa

1. AyxanoBa H.B. Mopdosoruueckass W cuUCTeMaTH4ecKas
XapaKkTepucTUKa XJopeuibl. Ee Mpou3BOACTBO M TpuUMeHeHHe //
Hayunsrnit BectHuk. 2014. Ne 1. C. 113-126.

2. 3yxpabora JL.M., 'anmuera A.M. Onrramm3aiis On0TeXHOIOTUH
BBIpAIIMBaHMS XJIOPEIUTBI B JIA00OPATOPHBIX YCIOBHAX // YdeHble
3anuckn Ka3aHCKOM rocynapcTBEHHOW aKaJeMHHM BETEPUHAPHOM
Meaunuuabl M. H.D. baymana. 2014. T. 217, Ne 1. C. 99-102.

3. Memepskora }0.B., Haropmos C.A., Epoxun W.B.
HakomuTenpHOe KyIbTHBHPOBAHHE MHKPOBOJOPOCIH XJIOpEIUia B
3aKpbITOM (horodropeakTope / Hayka B nentpansHoit Poccuu. 2015,
Ne 2(14). C. 92-100.

4. Nmennn E.E., Cemuxun B.A., CanpumkoBa E.M. Orenka
s dexTuBHOCTH (HOTOOHOPEaKTOpa HAa OCHOBE XJIOPEIIIBI B KAUECTBE
OYMCTHUTENSI BO3JyXa OT YIJIEKUCIIOro ra3a B YCIOBUSAX MOBBIIICHHON
KoHIeHTpanwu cBuHNA // FOHBI yaensiit. 2024. Ne 5(79). C. 198-
2009.

BUPTYAJIbHASI AKAJJEMUS BE3OITACHOCTH:
HHOATOTOBKA COTPYJIHHUKOB K NPOXOKIAEHHUIO
HHCTPYKTAXKEHU B HU®POBOM ITPOCTPAHCTBE

Axpamos [.4., Kynasun E.A.
YpTK HUAY MUDU, 2. 3apeunviii

CoBpeMeHHBIE BBI30BBI B 00J1aCTH POMBILICHHON 0€3011acHOCTH
TpeOYIOT  BHEIPEHUS  HMHHOBALMOHHBIX  METOJOB  OOYyYEHUs
nepcoHana. B ycnoBusix umdpoBoli Tpanchopmauuu 0coOyro
AKTYaJIbHOCTh MPUOOPETAIOT PEIICHMS, MO3BOJIOIINE MEPEHECTH
TPaIUIMOHHBIE HWHCTPYKTaKM IO OXpaHe TpyAa, I[OKapHOU
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0€30MacHOCTH W TPaXKAaHCKOH OOOpOHE B BHUPTYAJIBbHYIO CpEdy.
Pa3zpabotka u BHeapenue BupryanbHoW akageMun O€30MaCHOCTH
HaTpaBJIeHO Ha co3naHue dP¢ekTuBHOH HHUGPOBOH MIaTHOPMBI,
HCIOJB3YOIIeH TeHMU(PUKALIMI0 U UHTEPAKTUBHBIC CUMYJISIIUN JIJIS
MOBBIIICHNST KAa4yeCTBa MOJTrOTOBKH COTPYIHUKOB MPEANPHUATHIA, B
TOM YHUCJI€ B aTOMHOM OTPACIIH.

OcHOBOIf TpOEKTa SBIISICTCS KOHIEHIUS TreMHpHUKAIMH —
MPUMEHEHHUS WIPOBBIX MEXaHHUK B HEUTPOBOM KOHTEKCTE JIs
MOBBIIICHHUS BOBJICYCHHOCTH U 3()(EKTUBHOCTH YCBOCHHUS MaTepuasia
[1]. B pamkax mpoekTa pelieHbl ClIeAyolue 3a1a4u: copMupoBana
CTPYKTYpHpOBaHHasi 0a3a 3HaHWI, coJiepKaliasi HOPMAaTHBHEIC
TpeOOBaHUS U CIICHAPUH ITOBEICHUS IIPH YPE3BbIUANHBIX CUTYAIIHSIX;
MPOBEJICH aHAJIN3 COBpeMeHHbIX IT-pemeHuii, BKIOYas BONPOCHI
HMITOPTO3aMEIleHUS, i1 BbIOOpA ONTHUMAJIbHONW TEXHOJOIHYECKOM
maaTGopMbl; pa3paboTaH MPOTOTHII HMHTYUTHBHO IOHSATHOIO MU
JOCTYITHOTO U(PPOBOTO MPOAYKTA, 00eCTIeYMBAOIIEr0
MIPOXOK/IEHNE HHCTPYKTaXKeH B MHTEpaKTUBHOM (popmare.

BuptyanbHast akajemust 6€30IaCHOCTH Pean3yeT KOMIUICKCHBIH
MOJXOJT K 00YYEHHIO, BKITFOUAIOIIHNA:

—  UHMEpPaKmueHvle CUMYIAYUU, MOJECTUPYIOUINE peabHbIC
CIICHapUH YPE3BBIYAWHBIX CUTyallni (TIOXKaphl, aBapuH, IBAKyaIus).
OT0 MO3BOJSAET COTPYTHUKAM OTPabaTHIBATh MPAKTUYECKHE HABBIKH
B O€30ITaCHBIX yCIOBHUSX;

—  cucmemy  eeumugpuxayuu, KOTOpas TpedycMaTpHUBAET
HayWcIeHne OaJuloB, TONyYeHHE JOCTIKEHHH M WCIIOIb30BaHHE
PEHTHUHTOBBIX TAOJIHIT IJIs TTOBBIIIICHUS MOTHBAITHH [2];

—  adanmusHbvle cyeHapuu o0OyueHus, THE CIOKHOCTb U
MTOCTIEIOBATENFHOCTD 33JJAHUI MOTYT HACTPAaUBATHCSI B 3aBUCUMOCTH
OT YPOBHSI IIOATOTOBKH TOJIH30BATEIS;

—  aHaaumuybeckuii MOOYIb JUIA OTCISKHWBAHHS Iporpecca
oOy4yeHusl, BBIABICHHS THIIMYHBIX OMIMOOK ©  (QOPMHUPOBAHUS
OTYETHOCTH.

Brenpenne BupryanbHO# akafgeMuu O€30MaCHOCTH TIO3BOJISIET
CYIIECTBEHHO CHHM3UTHh 3aTPAThl HA MPOBEACHUE ITOBTOPHBIX OYHBIX
WHCTPYKTaXKeH W TIOBBICHTH YPOBEHb YCBOEHHWS MarepHalia 3a CueT
WHTEPAKTUBHOCTH M HATJSAHOCTH. Kak MOKa3pIBAIOT UCCIIEAOBaHUA,
WCIOJIb30BaAHUE CUMYJISITOPOB M UTPOBBIX MEXaHUK CIIOCOOCTBYET HE
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TOJIBKO JIYYIIEeMYy 3allOMHHAHHUIO MpOLenyp, HO U (POpPMUPOBAHUIO
YCTOWYMBBIX MOBEICHUECKUX MOJEIEH B CTPECCOBBIX CHTyalusx [3].
Iyis  aTomHOW oOTpaciau, Tae TpeOoBaHMS K 0€30IaCHOCTH
MepcoHana  HMCKIIOYMTEIbHO  BBICOKM, JaHHas  IuiaTdopma
MPEAOCTABIsIET BO3MOXHOCTh CTaHJAPTH3UPOBATh OOydeHHE WU
o0ecIeunTh BBICOKUH YPOBEHb KA4eCTBO MOATOTOBKH COTPYIHUKOB.

IlepcnexkTuBbl pa3BUTHsS IPOEKTA CBSI3aHbBl C MHTErpalven
TEXHOJIOTU BUPTYaJIbHOU U JonoHeHHOH peanbHocTH (VR/AR) mist
cozanus dQQeKTa MoTHOro MOrPYKEHHs, a TAKXKe C TPUMEHEHHEM
QITOPUTMOB HCKYCCTBEHHOT'O WHTEJIEKTa JUIS TEPCOHAIN3AIUH
00pazoBaTebHBIX TPACKTOPH.

Jluteparypa

1. Kamm K. M. Kapp. ['eiimudukarus B o0yuennn. MHCTpyKIUS
K npumeHenuto. — M.: John Wiley & Sons, 2012. 336 c.

2. Makronukan M. PeanbHocTh 1o BorpocoMm: [ToueMy urpbl
JIEJIat0T HAC JIyYllle ¥ KaK OHU MOT'YT U3MEHUT Haul Mup. — M.: MU,
2011.338 c.

3. Barumep B. Paspaborka CHMYJISTOPOB M HHTEPAKTHBHBIX
Y4eOHBIX Ccpen s Tienell oOpa3oBaHus W TpodeccroHaThHOU
noarorosku. — M.: MU®. 522 c.

COXPAHEHME UCTOPUYECKOM MAMSITH ATOMHBIX
T'OPOJIOB: IU®POBOM MPOEKT «<ATOMI'PAJI: CBSI3b
MNOKOJIEHUM»

Axpamos /. X.
VpTK HUAY MU®DU, 2. 3apeunsiii

Hcropuueckas mamsaTb (GOpMUPYET HACHTHYHOCTH OOILECTBA,
0COOCHHO B TOpPOJAaxX C CTPATErMYECKUM 3HAUCHHEM, TaKUX Kak
3apeuHblil — eHTp aTOMHOI npombinuieHHocTH Poccuu. Lndpossie
TEXHOJIOTUN OTKPBIBAIOT HOBBIE BO3MO)XHOCTH JuIst
JOKYMEHTHPOBAHUS U ME€PEAaYM 3HAHUH O JIOJSX, BHECIINX BKIJIAJ B
pa3BuTHE Tropoja M oTpacid. IIpoeKT HampaBieH HE TOJIBKO Ha
COXpaHEHHE BOCIIOMMHAHHH, HO W Ha Iepeladyy OIbITa HOBBIM
MOKOJIGHUSIM, YTO OCOOCHHO B@)KHO JIsi aTOMHOM OTpaci, TIle
MIPEEMCTBEHHOCTh UTPAET KIHOUYEBYIO POJIb.
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Lenp mpoekrta - COXpaHEHHE HCTOPUUYECKOW MaMATH O
BBIIAIOMINXCS JIMYHOCTSIX 3apeuyHoro, 4bsl ACSTEIBHOCTH CBSI3aHA C
ATOMHOM MPOMBINIIEHHOCTHIO, HAYKOH, 00pa3oBaHHEM, KYIbTypOr U
npyrumu chepamu. st e€ JOCTHKEHUs TIOCTaBIICHBI 3a/1a4u:

- co3marh emuHylo ©0Oa3y 3HaHW Cc OworpadusmMu U
npodecCHOHANBHBIMU TOCTHKEHUSIMHU TOPOXKAH;

- CHUCTeMaTH3MpoBaTh HMH(OpPMAIMI0O O IEPBOCTPOUTENSIX,
WHKeHepax, YUEHBIX U YIpaBIeHIaX;

- IOMYJISIPU3UPOBATH UCTOPUYECKOE HACIIEANE CPETU MOIOAEKH;

- pa3paboraTh JOCTYIHBII BeO-pecypc A pacripocTpaHEHUs
MaTepHasoB B IM(HPOBOM MPOCTPAHCTBE.

B pamkax mpoekTa mpoBeAEH cOOp W aHATN3 apXUBHBIX JAHHBIX,
WHTEPBBIO C JKUTEISIMH TOpOJa, a TakKe CHCTeMaTH3alus
naopmaruu o 6onee ueM 60 mesrensix 3apeunoro. Ha ocHoBe 3THX
MarepuajoB co3faH caiT atomgrad.online, rae pa3MelIeHbI
HCTOPUYECKUE O4YepKH, BKIIoHaronme Qororpaduu, OINUCaHHE
npoheCCHOHAIBHON NEITeNbHOCTH, JOCTHKEHHHA W SKU3HEHHBIX
MIPUHIIUIIOB TEPOEB.

IIpoekT  «AToMrpaa: CBs3b  TIOKOJNICHHUW» YK€  HAIIEN
MPaKTHIECKOE IPUMEHEHHE:

- B 00pa30BaTENbHBIX YUIPESKIACHUIX 3apeUHOTO M PETHOHA KakK
JOTIOTHUTENTFHBIA MaTEpHAI 10 UCTOPHH HAYKH U TEXHUKH;

- B JEATENbHOCTH KYJIbTYPHBIX W OOIIECTBEHHBIX OpraHW3aIlHi
JUTS TIOTTYJIIPU3AITAH HACIIEHS TOPO/a;

- B IM(POBBIX TYMaHHTAPHBIX HCCIIEIOBAHUAX KaKk MOJENb
CO3JIaHUS IIIEKTPOHHBIX 0a3 NCTOPUUYECKUX JAHHBIX;

- B MEIHWIHOM TPOCTPAHCTBE JJIsI OCBEIISHUS POIN 3apedHOro B
pPa3BUTUU ATOMHOM 3HepreTuku Poccun.

3apeuHblil - ropon, CO3JaHHBIM TPYIOM IEPBOCTPOUTENEH, YbU
pohecCHoHaNN3M U IENeyCTPEMIIEHHOCTh 3aJI0KUIIM OCHOBY €Tro
pa3Butus. CeronHs oH sBisiercss aomMoM it benosipckoir ADC -
YHUKQJIBHOTO OOBEKTAa C PEAKTOpOM Ha OBICTPHIX HEUTpPOHAX,
CUMBOJHM3UPYIONIET0 TEXHOIOrmueckuil mporpecc Poccuu. Ilpoekr
«AToMrpaz: CBA3b TOKOJEHHWW» HE TOJBKO COXpaHSET MaMsTh O
JMOJSIX, HO W YKPEIUIIET CBSA3b MEXAYy NPOIUIBIM M OyayIuM
ATOMHOM OTpaciu, BAOXHOBJISISI HOBOE MOKOJIEHHE HA MPOJIOKEHHE
TpaauLui.
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Takum o0pazom, co3maHHBIA LUGPOBOH pecypc MpeAcTaBiIseT
co0oii He mpocTo 0a3y JaHHBIX, a HU(POBO MAMSTHUK BBIIAIOIINM CSI
muaHocTsiM - 3apeunoro. Ero pasButume Oynmer cmocoOCTBOBaTh
COXPaHEHUIO UCTOPHYECKON MaMSITH U YKPEIUICHUIO HJCHTUYHOCTH
ATOMHBIX TOPOIOB, YTO OCOOEHHO Ba)KHO B YCJIOBHSX COBPEMEHHBIX
BBI30BOB.

Jluteparypa

1. UBanoB A. b. Ucropust aromuoil suepreruku Poccun. M.:
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2. CunopoB H. A., Kysneuos U. B. 3apeunsrii: ctopus ropona
aToMInuKoB. 3apeunsrid, 2020.

3. ApXuBHBIC IOKYMEHTBl MYHHIIMTIAIILHOTO YIIPAaBJICHHS TOPOa
3apeunoro // I'ocymapcTBeHHbIi apxuB CBepIIOBCKOM 00JIaCTH.

4. Odwunmaneaast crpanmma  benospckoit  ADC. URL:
https://vk.com/belnpp

NEPCINEKTUBBI IPUMEHEHUA TOPUA B AAEPHOM
OHEPI'ETUKE

Cmapuxos A. A.
HATO HUAY MUDU, 2. Obrunck

AXTyanmpHOW 3ajmadeli Ha CerOAHANIHWA [JI€Hb  SIBIISETCS
MOBBIILICHN € SKOJIOTMYECKOM 0€301aCHOCTH U 0€30I1aCHOCTH SIIepHON
sHepretukd. OOHUM W3 pELICHHUH SBISETCS BHEAPEHHE TOPHs B
SIIEPHYIO SHEPTETUKY.

['maBHBIM NPEUMYILIECTBOM TOpUS IJIsl OKPYXKAIOLIEH Cperbl
3aKJI04aeTcs B TOM, YTO OH CHJIBHO YMEHBIIAET KOJHMYECTBO
JOJITOXKUBYIIMX PaAMOAaKTUBHBIX 0TX0M0B. [lo pacueram, peakTopsl,
HCTIOJIB3YIOIIME TOPUEBBIM TOIUIMBHBIA LMKJI, MPOM3BOAAT Ha 85%
MEHbLIE JOJIT0KHUBYIIUX MHUHOPHBIX aKTHHHIIOB YEM PEAKTOphI Ha
ypase. Ecnu sipepHbie 0TX0b1 0T ypaHa onacHbl okono 300 000 ner
MOCJIE HM3BJICUEHUS M3 PEAKTOpa, TO OTXOJbl TOPUS CTAHOBSATCS
6e3onacHeiME yke yepe3 300-500 xner [3]. OOmas Macca akTHHHJIOB
cpa3y mocje BBIIPY3KH U3 peakTopa cokpamaercs B 50-100 pa3. U
KOJIMYECTBO BBICOKOAKTHBHBIX OTX0J0B yMeHbaercs Ha 60-70%.

HoOwiBaTh TOpUii ropazno OezomacHee, Benb NpU A0ObIUE TOPHUS
Beiiensiercs B 1000-1500 pa3 meHbllle pajioHa, YeM TpHU J00bIYES
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ypana [2]. Kpome Toro, 3anmacoB Topus B MUpE OKOJIO 6-7 MUJUTHOHOB
TOHH, YTO TpPH TEKyIIeM YpOBHE MOTPEOJEHHUs] MO3BOIUT
MoJib30BaThCs UM Ha npoTsukenun 40000-60000 et [1].

UroOBl 3amycTUTh MPOILECC B PEAKTOpe, HYKEH BHEIIHHH
HCTOYHUK HEUTPOHOB. B ciryyae aBapuu TOpUl MOXKHO U30JIMPOBATh
OT 3TOr0 WUCTOYHHWKA, W Tpolecc OyaeT ocTaHoBieH. /s 3amycka
TOPUEBOTO LIMKJIA HYKHO B 2-3 pa3a MEHbIIIE JAesIIerocs MmaTtepraia
[1], yem s ypanoBoro. M TorumBo yasauBaercs Obictpee: 3a 15-20
net npotuB 50-70 ner y ypana [3].

Kpome Toro, TexHoiaorm AymMarOT O CO3JaHUU TUCIIEPCHOHHBIX
KOMITO3UIIHH, KOTOphIE MOTYT CJIIENIaTh PEAKTOpPHI elle Oe3onacHee.
Takne cocTaBbl XOpOLIO MPOBOJAT TEMJIO, MO3TOMY TOIUIMBO HE
HarpeBaercs CWJIBHO U HAKalUIMBaeT MaJl0 Terya. Takke
paccMaTpuBaeTcs CMEIIaHHBINA IUKI C TIPOU3BOJCTBOM ypaHa-233 u
IUTyTOHUSI B OBICTPBIX peakTopax. JTo JaeT Oobire Oe30macHOCTH,
TaK Kak OoJbIIast YacTh HEUTPOHOB 3a/IeP)KUBAETCS B AKTUBHOM 30HE.
Kpome Toro, HaxoxxeHre Topust B OJaHKETe TTO3BONISIET UCKIIOUNUTh
IIPOTaKTUHHEBHIH d3ddekT peakTuBHOCTH [4]. Tarke 23U nonyuaercs
0ojiee YHMCTBIM IO CPaBHEHHUIO C JIFOOBIM IIPYTHM CIIOCOOOM €ro
HapaboTku. Bc€ 3T0 Mo3BOMISET MepexonuTh Ha TOPUH MOCTEIICHHO,
0¢e3 OoNBIINX 3aTpart.

Crnemyer OTMETHTD, YTO MEPEXO0]] HA TOPHUEBBIA TOTUIMBHBIHN IHKIT
HE TOJIbKO OyAyT OoJiee 3KOJIOTHIeCKH YHCTHIMH U O€30TIaCHBIMH, HO
n Ooiee SKOHOMHYECKH BBITOAHBIMH, YTO TIO3BOJIIET OOECIIEUUTH
JHEpruel YeI0BeYEeCTBO Ha JIOJTOE BPEMSL.
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OCHOBHBIE METO/JbI PEAJIN3ALIUA
CIHHEKTPAJIBHOI'O PET'YJIMPOBAHMUSA B PEAKTOPAX
TUIIA BBIP

Cmonuna AE.
HATD HUAY MUDHU, 2. Obrunck

[lepcrieKTUBHBIM METOJIOM B pa3BUTHE TEXHOJIOTHH JIETKOBOJHBIX
PEaKTOpOB SABISIETCS CHEKTpaidbHOe perynupoanue [1]. OmuH u3
CIOCOOOB CMEKTPAILHOTO PEryJUpOBAaHUSI — YIPABICHUE CIIEKTPOM
HeiiTpoHoB BBOP ¢ mnomompio BeITeCHUTENEH (IIUPKOHUEBBIX
cTepxHel ). Beenenue Zr-crepykHel MeXIy TBIIAMH M YBEIHYEHHE
WX JHaMeTpa TPHUBOJAUT K BBITECHEHHIO O0beMa BOIbI BHYTPH
peakTopa W YMEHBIIEHHIO KOI(D(DUIMEHTa pPa3MHOXKEHUS H3-32
CMEIIEHNs] CIeKTpa HEHTpOHOB B Oojee OBICTPYIO OOJACTb.
BHenpenne B KOHCTPYKIIMIO PEAKTOpa CTPEKHEH-BHITECHUTENEH
[O3BOJIAET MPOUINTh TOIUIMBHYIO KAaMIIAHUIO IIyTEM CHMKEHUS
M30BITOYHON PEAKTUBHOCTH B Ha4aJie KaMIanuw [2].

Bropoit croco®d — HCHOJIB30BaHME TSDKEIOW BOAbl. PaHee
[IPOBE/ICHHbIE HCCIIEIOBAHUSA IIOKA3bIBAIOT, YTO PEAKTOPBl C
TSKEITOBOJIHBIM TEIUIOHOCHUTENIEM MOT'YT UMETh 00Jee 3KOHOMUYHBIH
pacxol TOIUIMBA, TaK Kak TsDKENas Bozja o0jazaeT HauBBICHIIMM
ko> puIMeHTOM 3aMeIeHUsT HEHTPOHOB 110 CpaBHEHHIO Kak C
o0bgHOM Bomol, Tak W ¢ Tpadurom [3]. OTITUIUTETHEHON
OCOOCHHOCTBIO TSDKENIOW BOJBI SIBJSIETCS MEHBIIAs 3aMeIUIIoNIast
CIOCOOHOCTb,  MOITOMY  M3MEHSSI €€  KOHLEHTpaluul B
TEMJIOHOCHUTENE, BO3MOXKHO BIIMATH Ha CIIEKTP HEHTPOHOB B PEaKTOPE,
C/IBHTAs €T0 B 00JACTh OOJiee BHICOKUX DHEPTHil, YTO CrOCOOCTBYeET
NPOMICHUIO TOIJIMBHOM KaMIAHWM 3a CYET YJIYYIIEHHOrO
BOCIIPDOM3BOJCTBAa TOIUIMBA W CHIKEHHIO HAa4yaJbHOrO 3amaca
peaktuBHOcTH [4]. OmHako TspKenash BOJA SIBISETCS AOPOTUM B
MPOU3BOACTBE MAaTEPUAJIOM, YTO MOXKET SBISATHCS MPOOIEMATHUHBIM
C 9KOHOMUYECKOH TOUKH 3PEHUS, TaK KaK ISl 3aJIMBa AKTUBHOM 30HBI
peaxTopa Tpedyercs JOBOIBEHO OombIne ee 00beMsl [3].

Takum oOpazom Hambonee 3(pQeKTUBHBIM CIIOCOOOM SIBISIETCS
WCTOJIb30BaHUE LIMPKOHMEBBIX CTEPKHEH B KaUeCTBE BHITECHUTENEH
JUTS1 ©3MEHEHHSI BOJIO-TOIUIMBHOI'O COOTHOLIEHHUSL.
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MOBBIIIEHUAE JOBEPUS K ATOMHOM OTPACJIH
YEPE3 PABOTY C HE'ATUBHBIMU OT3bIBAMU B CETU
HNHTEPHET

Konviuesa V.E.
VpTK HUAY MU®DU, 2. 3apeunsiii

B ycmoBmsx mwmdpoBoit  TpaHcopmanmy  OOIIECTBEHHBIX
KOMMYHUKalIMA 0COOYIO aKTyaJbHOCTH IpHOOpeTaeT mpobiema
(hopMupoBaHUs 00BEKTHBHOTO OOIIECTBEHHOTO MHEHHSI O aTOMHOM
sHepreTuke. HecMOTpst Ha TEXHOJOTMYECKHE MpPEHMMYILIECTBA H
IKOJIOTHYECKYIO 3 PEKTHBHOCTD, oTpacib HPOAOIDKAET
CTAJIKMBAThCS C  YCTOMYMBBIM  HETAaTUBHBIM  BOCHPHSTHEM,
YKOPEHEHHBIM B UCTOPUYECKOM OITBITE MPOILIBIX WHIUAEHTOB [1].
Llenblo TaHHOTO MCCIIEIOBAHUS SIBISiETCS pa3padoTka 3 (EeKTUBHBIX
KOMMYHHMKALIMOHHBIX CTPATETHH ISl IPOTUBOACHCTBHUS HErATUBHBIM
OT3bIBaM B LM (POBOM MPOCTPAHCTBE.
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[IpoBeneHHbIi KOHTEHT-aHAIU3 TUCKYCCUH B COLIMANBHBIX CETAX
(na mpumepe coobmiecTBa NrT. PeTHHCKMIT) BBISBUI XapaKTepHbIC
MATTEPHbl HETaTHBHOTO BOCHPHUATHS. B 0OCYKIEHWH TepCIeKTHB
crpoutenberBa ADC 3adurcupopano 6onee 100 kommeHnTapues, 67%
W3 KOTOPBIX COAEPIKaIM KPUTHUKY, OCHOBAaHHYIO HA CTEPEOTHIIAX W
HenoctoBepHoi mHGopmanuu [3]. Haubonee pacnpocTpaHeHHBIMU

HappaTMBaMH  OKa3allMCh:  KartacTpoduzamus  MOCIEACTBUN
skciutyataimu ADC, UTHOPUPOBAHHE COBPEMEHHBIX TEXHOJIOTHIMA
0€e3011acCHOCTH, TIpeyBeNnYeHNE PpHUCKOB paaAnalmoOHHOrO
BO3JCHCTBUS.

TeopeTnueckoil OCHOBOH HCCIIEIOBaHMSI CTalM PadOTHl B 001aCTH
KOMMYHUKAIITMOHHOTO MEHEDKMEHTa [2], The NOTYepKUBACTCS
BaKHOCTh MPOAKTUBHOTO TMO3UIIMOHUPOBAHUSI B IU(POBON cpere.
AHanm3 1okasal, 4To TPaUIMOHHBIE TIOAX0AbI K HHHOPMUPOBAHUIO
HACEJIeHUs1 HeNoCcTaTouHO 3(P(EKTUBHBI B YCIOBHAX BBICOKOM
COILIMAJIbHOM HaIPSAYKEHHOCTH.

B pamkax wuccienoBaHusi pa3paOoTaHa KOMIUIEKCHAsh MOJEIb
KOMMYHHMKALIMOHHOI'O  COIPOBOXIEHHS  aTOMHBIX  IIPOEKTOB,
BKJIIOYAIOLIASL: MOHUTOPUHT nuQpoBOro IIPOCTPAHCTBA
(oTcnexuBaHME YIOMMHAHMM B COLMAIBHBIX CETSIX), aHAJIU3
TOHAJIBHOCTU U KJIFOYEBBIX T€M OOCYXKIEHWUH (BBIIBIECHHE JINACPOB
MHEHWH), KOHTEHT-CTPAaTEruio  (co3maHue  00pa3oBaTEIBHOIO
KOHTEHTa Ha JOCTYIIHOM S3bIKe (BH3yalM3auusl  CIOXKHBIX
TEXHUYECKHX IIPOLECCOB, IMyONMKAIMsI MHTEPBBIO C OTPACIEBBIMU
JKCIEepPTaMH, JEMOHCTpAlysl Jy4lIMX MPAaKTUK 0e3011acHOCTH),
MHTEPAKTUBHOE B3auMOJlelicTBUE (OpraHu3alnys OHJAHH-BCTped C
HaceJeHUEM, OIEpaTUBHOE pEarupoBaHME Ha KOMMEHTapHuu,
MIPOBEJICHNE BUPTYAIBHBIX TypoB Ha jaeiictBytomure ADC).

AmnpoOanusi MpeAaoKEeHHOr0 MOAXO0Ja MPOBOIMWIACH B paMKax
y4eOHOr0 MPOEKTa M0 CO31aHMI0 KOMMYHUKALIMOHHOM CTpaTeruu st
aTOMHOM oTpaciu. Pe3ynbraTsl mokasanu, 4To cucreMHasi padora c
KOHTEHTOM IO3BOJISIET: CHU3HUTD JIOJIF0 HEraTHUBHbBIX YIIOMUHAHUN Ha
25-30%; TNOBBICUTH YpOBEHb JIOBEpHUS K OTpaciu; chOpMUPOBATbH
JIOSUTBHOE SIIPO CTOPOHHUKOB.

[lepcrieKTrBBI pa3BUTHS UCCIEIOBAHUS CBS3aHBI C pa3pabOTKOI
ABTOMAaTH3UPOBAaHHOM CHCTEMbl MOHHUTOPMHIA OOLIECTBEHHOTO
MHEHHUS U CO3/IaHUEeM aJalTHBHBIX KOMMYHUKALIMOHHBIX CTpaTeruit
JUISL pa3JIMYHBIX LEJIEBbIX ayAUTOPHH.
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«MHKEHEPHASA CMEHA» B ATOMHOM I'OPOJIE

Tuxonaszos B.C., Ypasmanos T.P.
VYpTK HUAY MU®DU, 2. 3apeunsiii

IIpoektr «H>keHepHasi cMeHay» Y pajdbCKOro TEXHOJOTHYECKOIo
komtemxa HUAY MU®U - 5170 MHOroCcTYyneH4aTasi CUCTEMa paHHEU
npooprueHTaluy JUIsl CO3JaHMsl KaJIpoBOIO pe3epBa aTOMHOM
orpaciu. B pabore 0000mEeHBI pe3ynbTaThl peain3aliy MPOeKTa B
2024-2025 rr. u nepcrnektuBbl B 2026 roxy.

CoBpeMeHHasi aTOMHasi OTpacib TPeOyeT OT CIIECHUATUCTOB HE
TONBKO TIJIyOOKMX TEXHMYECKUX 3HAHMH, HO U  Pa3BUTHIX
HaanpoQeccHoHanbHBIX  KoMmreTeHnud. [lpoext «UHxeHepHas
cMeHay» OblI pa3paboTaH AjIsl CHCTEMHOI'O PEIICHHs 3TOH 3aiauu
Yyepes: HepephIBHOE CETEBOE B3aUMO/IEICTBIE ¢ 00pa30BaTeIbHBIMU
YUPSKICHUSIMU  T. 3apeuHslii; pealu3aluilo  MPaKTHKO-
OPMEHTHPOBAHHBIX  INPOrpaMM  TEXHMYECKOrO  TBOPYECTBA;
¢dbopmupoBaHre NPoQecCHOHAIBHBIX JUHACTHH 4Yepe3 BOBJICUCHHE
ceMell y4aCTHHUKOB.

B 2024 rony mpoekt ycrnemHo aedroTupoBal, oxsatus oonee 200
IIKOJbHUKOB. YUYAaCTHUKH OCBOWJIM OCHOBBI 3JEKTPOMOHTAXA,
9JIEKTPOHUKM M MPOrPaMMHUpPOBAHUS  TOJ  PYKOBOACTBOM
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CepTI/I(bI/IIII/IpOBaHHLIX OKCIICPTOB UCMIITMOHATOB HpO(beCCI/IOHaHLHOI‘ ()

MacTepCTBa. [IpoBeneHHblii  aHaAM3  TOKAa3aJl  BBICOKYIO

3¢ ()EeKTUBHOCTh TPAKTHYECKUX 3aHATUH — 87% y4aCTHHUKOB

OTMETHJIN TIOBBIIICHUE HHTEPECa K TEXHUYCCKUM CIICIIHAIEHOCTSIM.
—

Puc. 1. Yuactauku «/HXKeHEpHOI CMEHBD) B y4€OHO-TPEHHUPOBOYHOM
nentpe BADC

LN 1 Q

Puc. 2. TIpakTryeckue 3aHATHI

B 2025 romy mpoekT monydmi pa3BUTHE B pamMKax (ecTUBas
«Meuratii! JletictByii! Co3upmaii!» oOydaromnmecss coonpair MOAETH
aTOMHBIX JIEIOKOJIOB M y4aCTBOBAJIM B HUMH B COpPEBHOBaHUSX. B
pamkax QectuBans ObLIM ampoOMPOBAaHBI HOBBIE 0OpPa30BATENBHBIC
MOZYJH: Kypc OpaTOPCKOr0 MCKYCCTBA M NMPOEKTHOM AESATEIbHOCTH;
mporpaMMa «ATOMHBIM aHTIIMHACKUENY, 3aHATHS 1O paboTe ¢
HEUPOCETSAMH.

B 2026 rogy mpoeKT moxyqui moafaepKKy TPaHTOBOTO KOHKypca
Pocaroma «80 moOpeix mem». B pamkax HOBOro 3Tara IIaHUPYETCs:
CO3JIaHME IIOCTOSIHHO JICWCTBYIOIIETO IIEHTPAa TEXHHYECKOIrO
TBOpYECTBA; pa3paboTKa OHJIAWH-TUIATGOPMBI JUIS AUCTAHIMOHHOTO
OOyuYeHHUs; OpraHW3alMs BBIC3THBIX WH)KCHEPHBIX IIKOJI  JUIs
MyHULUNAIUTETOB CBEpUIOBCKOI 00JIaCTH; U3/IaHNE METOIMYECKIX
MaTepHaJIoB AJIsl THPAKUPOBAHHUS OIIBITA.
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3a 1Ba roga peanu3aldy MPOEKT J0Ka3all CBOI d(PQEeKTUBHOCTH:
36% y4acTHHKOB CBSi3ajM JanbHelliee 0O0pa3oBaHHE C aTOMHOW
OTPaciblo; CO3J4aHa CUCTEMa HENPEPHIBHOM IOATOTOBKH  OT
HIKOJILHUKA 70  CIeNUalucTa,  pa3paboTaHbl  yHUKaJbHBIC
00pa3oBaTeIbHBIC METOIUKH.
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COJEP)KAHME
CEKLJUA I
PACYET ¥ KOHCTPYHPOBAHHUE PEAKTOPOB ADC 3

Heiitponno-dusnueckue xapakrepuctukn BH co CBYT MOKC
TOIJTUBOM
Yexanenko M.E., Hcanos K.A. 3

BiusiHue pa3znuyHbIX MPOLECCOB B3aUMOJIECUCTBUA C BEIIECTBOM Ha
BBIXOJ  3apSKCHHBIX  YacTUI[ M3  MHUIICHEH, 00JydJaeMbIX
BBICOKO?HEPI€TUYECKUM ITYYKOM TOPMO3HOI'O U3JTy4EHUS

Hanywa U.11., Jlemun B.M., Kyounos B.B. 4

HccnenoBanre BO3MOXXHOCTH MHOT'OKPATHOT'O PEIUKIA aMEPUIIUs U
IUIyTOHUS TPH TOMOI'€HHOM YTHJIM3alM¥ MHHOPHBIX aKTHHHUIOB B
peakrope tuna bH

Yunuuxosa B.JI., Hcanos K. A., 3axupos H.A. 6

HccnenoBanve BIUSHUS TIyOWHBI BBDKUTAHHS aMepuIus-241 Ha
JIOJITOCPOYHOE CHHUIKEHUE aKTUBHOCTH
Tocmuxa I'.B., Heanosckas U.C., Hcanos K. A. 8

HccnenoBanue BIHSHHS TEXHOJIOTHYECKHX MApaMETPOB SUYCHKU Ha
JOCTHXEHHE PeKUMa OpUIMHTA TOPUEBOTO TOILIHBA
Qupcos E.U. Buykosg P. A. 9

OrneHka BO3MOKHOCTH HCTIONb30BaHusA 100aBok B PUTOI Ha ocHoBe
238

Pu
Opnog A.E., lllecmaxos A.H., Hypmyxamemos A. JI., Heanos A. 1. 11

Hcronp30BaHHe MUHOPHBIX AKTHHHIOB B KadyeCTBE BBHITOPAIOIINX
noryiorutenei B peakrope BBOP-1200
Hlupkosa /[.E., Tepexosa A.M. 13

Hapa6otka miyTonns-238 B peakTopax Majaoil MOLIHOCTH
Boponyosa A.A., Jlanun A.C. 14

236



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

Ananu3 BeITOpaHusl u30TOna Oopa-10 B TemIoHOCHTENE MEPBOTrO
KOHTYpa MpH 3KCIUTyaTalluH TOTUTMBHBIX 3arpy30K SHeprodimokos Nel
u Ne2 benopycckoit ADC

Canvresuu A.A., Jlasposa B.C. 16

AHaH3 ¥ IEPCICKTUBBI PA3BUTHUS 3aMKHYTOI'O STICPHOT0 TOIUTMBHOTO
uvkia B Poccun
Kynaxosa B.A., Koocyxos H.H. 18

Kpocc-Bepudukaruss  OlEHKH BJIUSIHUSL ~ TEXHOJIOTUYECKHUX
HEOIPENIENICHHOCTeH Ha HEHUTPOHHO-(PHU3MYECKHE XapaKTEePUCTHKU
BdC

byprees M.3., Buykos P.A. 21

BiusHHe KOHCTPYKIMM  OOJydaTelNbHBIX cOOpok °CO  Ha
terossineneane TBC 3BO peaktopa tima BH u  ynenbHyio
AKTUBHOCTH MUIIIEHU

Inaokoe I'.B., Buykos P.A. 23

Orenka 3pdekTHBHOCTH OTAaHKOB C TBEPAOTEIHHBIM 3aMEIITUTEIICM
JUIE  YMEHBIIEHWS MYCTOTHOrO J({QeKra pPEaKkTHBHOCTH B
CBEPXKPUTUIECKOM BOJITHOM PEaKTOpE

Cenmebos H.O., Konecos B.B., Buykog P.A. 25

CpaBHHUTENBHBIA aHANM3 HEUTPOHHO-(U3MUYECKUX XapaKTEPUCTHK
MOTJIOTUTENEH TerIoBbiX HeiTpoHoB B BBDOP-1200 mpm wux
aKCHAIBHOM MPO(QUIMpPOBaHUN

Huxynux I'.O., Ilonos M.A. 27

Paspabotka HelipoceTeBOro pacuérHoro Kojma Juis MOJCTHPOBAHUS
HEHTPOHHO-(HU3UIECKUX MTPOIIECCOB
LInanax H.II., Konecoé B.B. 29

HccnenoBanne BIUSHUSA aKCHaJIbHOTO Pa3OMEHUs! TOIIMBHOM 4acTu
moznenu TBC peakropa Tnna BBOP-1200 Ha n3MeHeHne HyKITUAHOTO
COCTaBa SAEPHOIO TOIUIMBA B NIPOLIECCE BHITOPAHUS

Kpasyos B./[., branounckuii B.1O., Jlanun A.C. 31

237



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

HccnenmoBanne MUHAMAYECKUX XapaKTEPUCTHK TPH TMPOTEKAHUN
MEPEXOTHBIX MPOIECCOB B TIEPCITEKTUBHBIX JISTKOBOAHBIX PEaKTOpax
Usanoe A.A., Jlanun A.C. 33

HeiitponHo-(pu3nueckne XxapakTepUCTUKH akTHBHOW 30HBI BBOP-
600 co 100% 3arpy3koit MOKC-tornBa
JKenoybaee A.M., Hcanos K. A. 35

Hcnonp3oBaHue MpPOrpaMMHOIO KOZa Openmc JJjis MOJSTUPOBAHUS
HaKOIUIEHUS paauon30TonoB B peakrope IEA-R1
Ilampaxeesa A.U., Konecos B.B., Tepexosa A.M., @®omun P.B. 37

YTouHeHue HEWTPOHHO-PH3NUECKHX XapaKTEPUCTUK pu
paauasbHOM NMPO(QUIMPOBAHUM HA MPUMEPE IJIEMEHTAPHOU SUSHKU
peakropa BBOP-1200

Ilonos M. A., Buyxos P. A. 39

Hcnons3oBanue AHAJIUTHYECKOTO MeTona U pacuera
MaKCHMAaJIbHON TeMIIepaTyphl B TOILIMBHON Ta0JETKE C OTBEPCTHEM
HImauxo C.T. 41

UccnenoBanne BnusHWSA TIyOMHBI BBDKUTAHUS HENTYyHHS-237 Ha
JONTOCPOYHOE CHIDKEHUE aKTHBHOCTH
Ueanoesckaa U.C., [locmuxa I'.B., Hcanos K. A. 43

UccnenoBanne Bnustausa romoreHHoro nobasnenns MA B MOKC-
TOIUIMBO HAa BEIMYMHY HATPUEBOro IycToTHOro 3ddekra
peakTUBHOCTH B peakTope Tuna bH

I'yoauioyniun .M., 3axupoe H.A., Hcanos K. A. 44

VYder ucropuu o0IydeHHs] OTPabOTaBIIEro SIEPHOTO TOILIMBA IIPH
OIPE/ICTICHUHN er0 HYKJIMTHOI'O COCTaBa
Lllamaes A.B., Jlankuc A.A. 46

Hcnonws3oBanue okcujma Oepwiuis B KayecTBE MCTOYHUKA U
oTpaxartens HeUTpoHoB st PUT nuyToHHS MOHMXEHHON YHCTOTHI

Tonvoman M.J[., Buyrxoe P.A. 48

238



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

Orenka 3()(EeKTHBHOCTH TOMOT'CHHOI'O BBDKUTAHHS HENTYHHS B
peaktope Tuna BH mpyu MHOTOKpaTHOM peIuKIie
Cycaxun B.A., Hcanos K.A. 49

[oBbimenne  BomopoaHoit  OezomacHoct  ADC  BB3P1200
HCIIO0JIb30BaAHUEM TBCpI[O(l)a?,HI)IX MOTIOTUTEI e BOAOpOaAa, HUX
pereHepanusi, peajJu3anus B CMEKHBIX 001acTsaX

Posnseun J[.@., Opnosa E.A., Camoxun /[.C. 50
CEKL[UA I
TIPOEKTUPOBAHUE U DKCIIJIVATALIMA ASC 53

MojeupoBaHKe TEIUIOTHAPABINYECKUX IPOLIECCOB B IETJICBOM
YCTaHOBKE C TSKEJIbIM JKUIAKOMETAJUIMUECKUM TEIJIOHOCUTEIEM C
MOMOIIIBI0 porpaMmuoro kommiekca ANSYS FLUENT

Jlesuenko B.A., Kawees M.B., I'upun A.I1. 53

OreHKa BIVSTHHS KIOPHUS Ha TEIJIOTHIPABINYECKIE XapaKTEPUCTUKH
peaktopa BBOP-1200 mpu roMOT€HHOM paclpeeIeHIH KIOpHs B
TOIJIMBHOW MaTpuIle

Xpamxoe B.B., Anues /[.P, Cxyaxun B.O. 55

Ananmn3 paboTOCTIOCOOHOCTH TIIABHBIX ITUPKYISIIHMOHHBIX HACOCOB
I'IH-195m peaktopHoii ycranoBkn BBDOP-1000 ¢ mpumeHeHunem
MOJIETTH arima JuTsi TPOTHO3UPOBAHUS BPEMEHHBIX PSIJIOB

Cmenanos A.A., LHlnanax H.I1. 57

Hecranuonapnas TEIJIONPOBOHOCTh MPSIMOTO pebpa
napabonn4eckoro mpouiis ¢ MepeMEHHBIMU CBOWCTBAMU MaTepralia
pebpa 1 KO3 UITMEHTOM TEIIOOTAa N

Jlesuenxo B.A., Kauees M.B., Axcernos U.A. 58

CpaBHUTENBHBI aHAIM3 MoOJENeld TypOYJIEHTHOCTH B 3agadax
BepU(pUKAIN THAPOJMTHAMHUKH aKTUBHOM 30HbI BTT'P
Kusazovrxun /I.B., Huxonaes /1.C., Kypuyun /1./]., Hemxuna T./]. 60

239



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

BosiokOHHO-ONTHYECKAass JAUArHOCTHKA KOHCTPYKIIMA B YCIOBHSX
paauaIy ¥ MEXaHHYECKUX HAarpy30K
Maorcumos A.3., Heanoe B.B. 62

AHamu3  KOHCTPYKTHBHBIX  OCOOCHHOCTEHH HM  TOAXOJOB K
000CHOBaHUIO 0€30ITaCHOCTH aTOMHBIX CTAaHIIMHA MaJIOi MOIHOCTH
fOpacosa K. A., Kaweee M.B., Jlesuenxo B.A. 64

Onenka 3((EKTUBHOCTH  SKCIUTyaTAIMOHHBIX PEKUMOB  IPH
MPOJUIEHUH KaMIlaHWH HEproodioka ¢ peakropom BBOP-1000

Huxumace I' H., Jlankuc A.A. 66
Bnusnue Ha  pagualMoOHHYI0 — OOCTaHOBKY ME€JIJIEHHOT' O
pacxonaxuBanus 3Heproonoka JIADC-2 B mepHon OCTaHOBa ISt
pemMoHTa

Eemywenxo E.A., Kaweee M.B., Jlesuenxko B.A., Casunos P.H.,
Hlosuros A.B. 68

CucTeMHBI aHaNM3 W TPEIAKTHBHOE MOJEIUPOBAHNE H3HOCA
rpaUTOBEIX MOIIIUITHIKOB T€PMETHIHBIX HACOCOB CYIOBEIX SIDY
Koponée A.E., Heanoe B.B. 70

PacuerHble  uccienoBaHUsT B ODOCHOBaHHE — XapaKTEPHCTHK
TepPMOSIEPHBIX YCTAHOBOK HAa OCHOBE MajopaamoakTHBHoro D-*He
TOIUIHBA

T'ooec A.U., Konopawos O.B., @edopos /].B., [llabros B.JI. 71

Pacuér TtemmeparypHOro peXMMa TOIUIMBHBIX KOMIAKTOB U
MHUKPOTBAJIOB C triso mokpertueM mist ADTC ¢ BTTP
baswk C.C., byneaxosa A.B., Manvuuesa E.A., [lapamonosa U.JI. T3

[oBbIlIeHHE JOCTOBEPHOCTH PACYETOB BIIMSHHS OHOIOrMYECKOro
oOpacTaHusi Ha TEIIOTUAPABINYCCKHE MPOIECChl B TUIACTHHYATHIX
Ter1oo0MeHHnKax Ha ocHOBe CFD-k010B ¢ UCITOIb30BaHUEM METO/1a
GClI

Domenko HJI., Yueunes A.B. 75

240



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

[Ipumenenue METOJOB MAIIMHHOTO OOYyUEHHS Ui JeTEKTHPOBAaHUS
PEKXUMOB pabOThI TEIIOTHIPABINIECKOTO CTEH 1A

Taspunos A.C., Kusamos A.A., Jlebeoes U.B. 77
BinsHMe MOHM3MPYIOIUX H3JIy4EHUH Ha MOBEPXHOCTH Mapca Ha
BBIOOD apXWUTEKTYPHO-CTPOUTENBHBIX PEHICHUH KOHCTPYKIHUH ¢
Y4ETOM TEXHOIOTUM paMALIMOHHON 3a1IUThI

@nopencruii B.M., benos B.B. 79

UccnenoBanne TUAPOAMHAMHMKH  TEIJIOHOCUTENS B YCJIOBHUSAX
W3MEHSONIEeNCsl TeOMETpHH TPaUTOBOW KIIAJKK AKTUBHOW 30HBI
BTI'P

Kypuyun /1., Huxonaes /[.C., [Hemxuna T][., Jlecuanos M.A.,
Lmumpues C.M. 82

Onucanne KPUTHYECKOT'O COCTOSTHHS peaKTOPHON ycTaHOBKH BBOP-
1200 ¢ wmakcUMaJIbHBIM KOX((GUIIMEHTOM pPEAKTHBHOCTU IO
TeMIIepaType TeIIOHOCUTENS

Hapgénos T.A., [laceunux U.J1. 84

Ot1eHKa BO3MOYKHOCTH MOJICITIMPOBAHUS TaPOTeH ePUPYIOIIETro KaHaa
C MCIIOJIb30BaHKEM mporpaMmuoro komiiekca FLOWVISION
bonomnukosa A.A. 86

AHanu3 BIMSHUS TEOMETPUH TEIUIOOOMEHHOTO0 YCTpOWCTBa Ha
3¢ (heKTHBHOCTD pacxojakMBaHUS HATPUEBBIX TPYOOIIPOBOIOB

Pesaxuna I1.4., becconos M.A., Knebauckuu E.P., Ocaunxun C.A.,
Jlezo6 A. /1., Taunvikos O.J1 88

Temmodusuvecknit pacuer Momenu peaktopa Ttuna BBOP-C ¢
TOMOT'€HHBIM Pa3MELICHUEM HENTYHHSI B TOIUIUBO
Bepeyxu A.11., Xapvkoe M.A., Cxyakun B.O. 89

CpaBuutensubii anami3 CFD-maketoB (ANSYS CFX, STAR-
CCM+, CADFlo) mns oOmeHKd BO3MOXXHOCTH TPUMEHEHHS
METAJUTMYECKOr0 TOILTMBA B PEAKTOPE Ha OBICTPHIX HEUTPOHAX

Mopo3zos A.T" 91

241



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

ABTOMaTH3aUUA CHCTEMBI KOHTPOJIA napameTpoB
TEIUTOTHIPABIMYECKOr0 CTEHJAA MJsl HCCIENOBAaHUS TEPEXOIHBIX
PEKUMOB TeII00OMEHa TpPH EeCTECTBEHHOH W  BBIHY)KICHHON
LHUPKYJISIIUN BOBI

Tlaenioxosckuii H.B., Tonoxouckuii A.O., Kyyenxo K.B., Cmpyuanun
1.1, Jlenoe M.U. 93

ONEeKTPOXUMUYECKOE  HCCIIEJJOBAHME KOPPO3HMOHHBIX  CBOMCTB
KOHCTPYKIMOHHOM ctanu [1I" MeromoM amk B yCIOBUSIX 00pabOTKH
10 peuenTypaM X1 peakropos tuna bH

Cmvikos B.B., Jleekux K.I'"., Acxadynnun C.P. 95

Temnodusmdecknii  pacyér o0ONyIaTETLHOTO YCTPOMCTBA IS
WCIBITaHUS 00PA3IOB SKCIIEPUMEHTAIBHOTO rpaduTa
Muoickun A.A., Hlamosa M. A., Jlumeunenxo O.B. 97

BrusHue mepexoma K - KHAKOMETAJUIMYECKOMY TOACIOI0  Ha
HEHTPOHHO M TEILIOPU3NICCKHUE XapaKTepucTHKU Ha mpumepe TBC
peakropa BPECT-O/I-300

Tpynun B.A., [lonoe M.A., Cemenos /LE. 99

PaspaboTka 3Kcrpecc-MeTOIMKHN OIEHKH /103 OOIydeHHsl ITepcoHana
B CiIy4ae CIIOHTAaHHOTO BO3HHWKHOBEHHS CaMOIIOAIEP KUBAIOIICHCS
IIETTHOM peakmuu aeneHus Ha oobekTe STL]

Caoodgpves U /1., Ilpunauxun /. A. 101

OreHka 3aTpaT MPUPOJHOTO YpaHa HAa W3TOTOBIIEHUE TOILIMBA IS
aTOMHBIX CTaHIINI MaJIOM MOITHOCTH

IImauxo C.T. 103
JopaboTka 9KCTIIEPUMEHTATILHOTO CTeHaa [IACCUBHOT'O
pacxonaKuBaHus OacceiiHa BBIICPKKH

I'nyxoe C.M., Tawnvikos O.J1. 105

242



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

CEKLIMA 1T
KOHTPOJIb, YIIPABJIEHUE U JJUAI'HOCTHUKA PU3UYECKUX
YCTAHOBOK U ITPOMBILI/IEHHBIX OB bEKTOB 107

YacroTHplii aHanu3 (QUyKkTyanuil JaBieHUs] ©W  TeMIIEpaTyphl
TEIUIOHOCUTENSL B IIEPEXOAHBIX PEKUMAX IIPU  BBIHYXKACHHOM
JBHYKEHUU

Kanaesa H.A., /lenoe M.U. 107
Meroponorusi MPOrHO3UPOBAHUS OCTATOYHOI'0 CpPOKAa  CITY)KOBI
000pyI0BaHUS

LIxapyna M.U., Henes U.M. 109

I'my6okoe BriTOpanue poauesoro JI13
Kypuenros A.10., Mycuxun A.M., Pacuemnosa M.A. 110

[lpuMeHeHUue  WCKYCCTBEHHOI'0 ~ WHTEJIEKTa B CHCTEMax
ABTOMATHYECKOTO YIPABIICHUS SACPHBIX YJHEPIETUIECKUX YCTAHOBOK
Kopuaeun JI.A. 111

Cucrema KOHTpOJISL JIe(OPMALMU TETIIOBBIIEISIIONMNX JJIEMEHTOB B
pPeXUME pealbHOr0 BPEMEHH Ha OCHOBE BOJIOKOHHO-ONTHYECKHX
JaTYNKOB

Muponosa /[.P., Tpoghumoe M.A. 113

I'padoBbie HEWPOHHBIC CETH KAK MHCTPYMEHT aHaln3a T'eOMETPUH
NP HEUTPOHHO-(DUBNIECKOM pacyére
LInanax H.I11, Konecos B.B. 115

PazpaboTka Momenu momynpoBOgHUKOBOTO neTekropa uz OUl ¢
MTOMOIIBO porpaMMHoro komruiekca GAMMALAB
Xatieitmmypaoos A.b., Ilpunauxun /. A. 116

Hcnonp3oBaHne KOMIIBIOTEPHOTO 3pEHHUS Ui ONpEAeieHHS
rapameTpoB JByX(a3HOro moToka
Iagnioxosckuui H.B., Tonoxonckuii A.O., Kyyenxo K.B., Casenves

A.A., Macnos IO.A. 118

243



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

ITpuMeHeHne METOIa CKAaHUPYIOIIEH KOHTAKTHON MOTEHIIMOMETPHH B
ABTOMATH3UPOBAHHOM HEPA3PYIIAIOIIEM KOHTPOJIE METAUTHYECKUX
5663 (S04

buxmees A.A., Poibaxos E.B., Huwbaes H.P., Cypun B.U. 120

Co3ganre  HUQPPOBOrO  JBOMHUKA  TEYATHOM  IUIaThl  JUIs

Hepa3pylLIarollero KOHTPOJIS Ha NPEANPUATUN 000
»MUKpocucTema*
Jlesuenko I111., benoycog I1.A. 122

Meroauka MoucKa U ONPEICICHUS MECT YTEUEK B TEIUIOBBIX CETIX
bviuxos C. U., lllxapyna M. U. 124

Paspabotka 1o st nmoBsimieHus 3)(HEKTHBHOCTH aHAIM3a CUCTEMBI
BJI&KHOCTHOTO KOHTPOJISI TEUH HA ATOMHOM CTaHITHUH
Haxaboe A.B., Xanpos B.H. 126

CEKLJHA IV
DKOJIOTMA U BE3OMTACHOCTb ATOMHOH SHEPTETHKH128

Radiobiological evaluation of conventional and hypofractionated
vmat for prostate cancer using TCP and NTCP indices
Huy Vu Trinh, Quang Trung Pham 128

HccenenoBanne TMyOMHHBIX TO3HBIX PACIIPEACICHUN B MUIICHH MPU
MPOXOKACHHH KIMHHYECKOTO ITyJKa
Hlubawos A.H., /[pyscunckas O.U. 130

OmeHKa paJOMETPHYECKUX U CIIEKTPOMETPHUECKUX XapaKTEPUCTUK
anb(a-aKTHUBHBIX a3pO30JIEH B YCIOBHAX HOPMAJBHOTO aBIICHUS
BO3IyXa

3ybrosa A.I'., Ipunauxun /[.A. 132

CyTouHBIE BapWalMy KOHIEHTPAI[UM TPUTHUS B BOJMHBIX Mapax
aTMoc(epHOT0 BO3/TyXa Ha TEPPUTOPHH C TIOA3EMHBIM UCTOYHUKOM

®@eoynosa E. B., Muxaiinos A. B.,JIykawenko C. H.,Cmenansny E. P.,
Tomcon A. B. 134

244



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

W3yueHne BIMSAHUS HOHU3UPYIONIETO M3aydeHus Ha 3D KIeTOYHBIX
cepoiinon
Kounoea A.O., Ilonos A.JIL. 136

TeopeTnueckoe ¥ IKCIIEPUMEHTAIBHOE  OMpEAeICHHE  JIOIH
OOMEHHOTO  OPraHWYECKH-CBA3aHHOTO TPUTHS B  PACTEHHSX,
MPOM3PACTAIONINX HA TEPPUTOPHH C TIOA3EMHBIM HCTOYHUKOM TPUTHS
W CpaBHEHHE C JINTEPATYPHBIMHU TaHHBIMU

Cmenansany E.P., Muxaiinos A.B., @eodynoea E.B., Tomcon A.B. 138

Bnustnue NPK Ha conepxanne Gopm Hax0xKaeHHsI TUTyTOHUS B TIOUBE
Hlaspuna K.E., D0omckas M.A., lynux A.A., Mapxosa M.B.,
Illanosanos C.I. 140

CpaBHEHHE OTEYECTBEHHOM M  3apyOexHON  KIacCH(pUKAIIH
paldalOHHBIX aBapyid
Mueynoe M.U. 142

Onenka comepxkanust Cs-137 u Co0-60 B mpobOax IOYBBI U
PACTUTEIBHOCTH, B3ATHIX BOJHM3H HOBOBOPOHEKCKOH ATOMHOM
CTaHITUH

Ilepbakosa E.H., [llepbakos A.J]. 144

Proton transport simulation in radiotherapy using the generalised
Fokker—planck method
Ndati L., Solovev A. N. 146

Application of genetic algorithms for weibull parameter estimation in
nuclear component reliability analysis
Ndlela D., Samokhin D.S. 147

245



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

CEKLIUAV
BBRIYHUCJ/IUTEJIFHBIE U MH®OPMAIJMOHHBIE TEXHOJIOT MU
B ATOMHOH SHEPI'ETHUKE 149

UuclieHHOE  MOJICIMPOBAHUE ©CTCCTBCHHOW  KOHBEKIIMM  IIPU
ucnons3oBanuu DNS u RANS noaxonos

3axapoe P.M., Hocxoe A.C., Onexciox [].A. 149
dazoBas navyeyHas aKTUBHOCTb B HEHPOHAIBHOM Moxaenu Moppuc-
Jlekap

byoa M. A., Craokos K. /1. 151

PazpaboTka HEHpOHHON CETH I aBTOMATHIECKON rapMOHU3AIIH Ha
OCHOBE BOKAJILHOM MEJIOAUU
Ouweposckas /I.B., lnanax H.I1. 153

MaremaTrueckoe MOJICTUPOBAHUE  XUMHUYECKUX peakiuu,
9KCIIEPUMEHT, TEXHOJIOTUU 00pa0OTKU U aHaJN3a PE3yIbTaTOB
bapcyxoe B.I., Moiues A.B. 155

BrluncnutenbHbIA aHAM3 JIBYMEPHBIX TMOJEH N1 MCCIed0BaHUS
MIPOCTPAHCTBEHHBIX BapHaIlii B 3a/1adaX aTOMHON YHEPTETHKH
3aepaesckas C.M. 157

Ornenka macmrabupyemoctr Berancieanii OPENMC u SERPENT na
3agaye HEU-MET-FAST-001
Ivioicos U.B. 159

PaszpaboTka HelpoceTeBOH MoJenu Jis OOHApYXEHHS Iedaredl u
MOANKCEN Ha TOKYMEHTax
3amkos /I.B., llInanax H.II. 161

MojieupoBaHie TOMOTEHHOIO IWJIMHAPHYECKOro peaktopa 0e3
OTpa)kaTeNisi ¢ BBEJACHHBIM HCATBHBIM IMOTJIOMAOIINM CTEPIKHEM
rmocpencTBoM (pu3nvecku-uHHOPMUPOBAHHON HEHPOCETH

Boromnurkoea A.A, [LInanax H.II 163

246



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

Hcnons3oBanue MPOABHUHYTHIX HMHACKCOB BEreTalilMu AJid aHalin3a
COCTOsAHUA q)HTOMaCCI)I JISCHOT'O pEruoHa 1o CIiyTHUKOBOMY CHUMKY

Monuanosa M.B., lllnanax H.I1., benoycos I1.A. 165
CEKLIUA VI
PAJTMOHYKIIUITHAA U JIVIEBAA MEJ[UITHHA 167

Pa3paborka BBICOKO3((HEKTUBHOIO (POTOHEHTPOHHOIO HCTOYHHKA

JUISl HEUTPOHO3aXBaTHOM Tepanuu
Onuwyx E.A., Kypauenko FO.A., Kum A.A. 167

[IporaocTrueckoe 3Ha4Ye€HHE MOJTHOIO MOP(OIOrHYEcCKOro OTBETa
OMYXOJIM TOCJ€ TNPOBEIAEHUS HEO0abIOBAHTHOW XUMHOIYYEBOM U
XUMUOTEpanii y OOJBHBIX MECTHO-PACIPOCTPAHEHHBIM pPaKOM

KeTyaka
Bonobyes C.M. , Cxoponao B.FO. , I'punesuy B.H., Cmonenos E.U. ,
Agponun I'.B. 168

UccnenoBanne MerooB Bepu(DUKAMH M KOPPEKIHUU TOIOXKCHHS
MaryeHTa Mpy MPOBEJACHUH MPOTOHHOM TepaIiu
Tpucopves U.U., /[pyacunckuii B.O., Apyscunckas O.H. 170

Monte Carlo simulation of organ-specific dose in a radiation accident
scenario using GEANT4

Ananda D.R.l., Solovev A. N. 172
CEKILIUA VII

IIEPCIIEKTHUBbI VIIPABJIEHUA HIPEJIIPUATHAMHA
ATOMHOW SHEPTETHKH 174

OKCIOPTHBI TOTEHIMA]l AaTOMHOM JHEpreTukn P® B ycnoBHsX
IeOMOIUTHYECKOT 0 KpU3uca
Kobviuna E.B., , I'ycesa K.A. 174

CrtpykrypHble u3MeHeHuss MmupoBoro TOK u 3Bomonns Kputepues
KOHKYpeHTocnocooHoctr ADC
Abouxamumos /1. K., Xapumonos B.B.,Cemenos E.B. 176

247



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

AHanmu3 TOAXOMOB, MpHUMEHseMbIX B rocymapctBax CHI mo
ontumu3zanuu mnpoueccos BO APOO
3apyoun A.C., Kysuneyos A.1O., Jlumseunos M. A. 178

COamancupoBaHHAs CHCTEMa I[IOKasaTeleil B  CTPaTermyecKoM
YIIPaBJICHHH YPaHOI0OBIBAIOIINM MIPEANPHUSITAEM
Capcenoex M.b., Koaviues B. /1. 180

CoBpeMeHHBIE MOAXOABI K HAaJOrOBOM ONTHUMH3AIMM B CBETE
n3MeHeHui B HasoroBoil cucreme P® c 1 suBaps 2026 roga
Jlezean B.J[., Ocunos B. A. 182

YmpaBieHue SAICPHBIMA 3HAHWSIMH B YCIOBUSAX  ITUGPOBOI
TpaHcpOopMauy aTOMHON OTpaciIu
Wmaneanuesa 111K, FOwxos E.C. 184

Kputrepuun  komkypeHTtocmocobHocTHn  ADC B YCIOBHSX
TpaHchopMaI MEPOBOTO dHEpPTrodaanca
Abouxamumos /1. K., Xapumonos B.B.,Cemenos E.B. 186

OxoHomudeckas 3PheKTHBHOCTL npuMeHeHuss U B onmruMm3anun
TOIUIMBHOTO 1rKiIa ADC
Hmanzanuesa I1.K., FOwxkos E.C. 188

«Kapra moOpeix mem»: mudpoBoit nHCTpyMeHT nomnepkkun HKO B
roponax npucyrctBusa Pocatoma
bpycuuyvina JILH., [lepemscun /[.E., Bywyes U.C., Kynasun E.A. 190

HmMuTanmoHHOe MOJETUPOBAHNE KAK HHCTPYMEHT IU(DPOBU3AIIH U
yIpaBieHUs] KayeCTBOM Ha ypPaHOMOOBIBAIONINX MPEAPHITHIX:
0030p MPaKTHYECKUX TPUMEPOB

Ilasnosa H.B., Cunenko A.H. 191

CoBpeMeHHOE  COCTOSIHHE€  pBIHKA  pajnodapMaleBTHICCKUX
JIEKapCTBEHHBIX TpenapatoB P® u mecto Ha HEéM ['ockopmopanuu
«PocaTtom»

Anexceesa /[.B., Ocunos B.A. 193

248



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

Mecto HoBoBoponexckoii ADC B HMHBECTHMLIIMOHHOM NporpaMme
KoHIlepHa «Pocaneproarom»

Kupsikosa B.U., Ocunog B.A. 196
CranmapTusalys JaHHBIX - BBI30B MPH CIIUSAHUH ABYX HPEANPUITHI
Caxosa A .IO. 198
CEKLIUA VIIT

MOJIONEKHAS CEKLIUA 201

AHanu3  CBOMCTB  MaTepHajioB  JIOMATOK JUIS  YJIYYLIEHHS
9KCIUTyaTaIl[HOHHBIX XapaKTEPUCTUK MAPOBBIX TYpPOHH

byoviikun K.A., Ilonos M. A. 201
Peaktop Ha OblcTpbIX HeiiTpoHax — OyJyiniee  aTOMHOMN
MPOMBIIIICHHOCTH

bepesnuxos C.A., Bpumeun H.H. 202

O0630p BO3MOXKHOCTEH HapaOOTKHM H30TOMa IUTYTOHHSI-238 B
peakTopax pa3HbIX TUIIOB
Typuyvina U.C. 204

AHanmu3 TeopHd W MEXaHW3MOB TEHEpallud W YCKOPEHHSA
KOCMUYECKUX JIy4el CBEPXBBICOKUX SHEPrUui
Kupnosa B.H. 206

[ToTeHnaN UCTIONBL30BAHUS TOPHUS B SIICPHOM SHEPTETHKE
ITnocuun B.B. 208

[Momynspu3anys MaTeMaTHKH dYepe3 CO3AaHhE TEeMaTHYEeCKHX
KOMHUKCOB
Abpamos B.E., I'youn JI.A., Mapmrwowes /].B. 210

[TpakTHKOOPUEHTUPOBAHHBIA COOPHUK 3a]a4 MO MAaTeMaTHKE Kak
OCHOBA MOJICTTUPOBAHUS IPOILIECCOB B SHEPTETUIECKIX 00BEKTaX
Babuxoe B.B., Bacunvesa A.A. 212

249



XXI MEXIYHAPOJIHAS HAYUYHO-TEXHUYECKAS KOHOEPEHIUA

JluuHblii OpeHIT B aTOMHOM OTpaciy KaK CTPaTErHYECKUil pecypc
npoh)eCCHOHATIBHOIO Pa3BUTHS Ha MpUMEpe JUpeKTopa bemospckoit
ADC B.II. HeBckoro

3anesckasn I11.A. 214

CranpHBle pPyKH aroma: pas3paboTka W 3d-meyaTh MPOTOTHUIIA
MaHHMYIsTOpa s o0cmy)uBanust ADC
Pynnens /. B., Anopeesa H. IO., Anopees U. C. 216

AHanM3 3amacoB IMPUPOJHOTO YpaHa B MOTEHIMAJIC 3aMbIKAHUS
SIEPHOTO TOIJIUBHOTO ITUKJIA
Jluxaues A. U. 218

TexHOMOruM MOIYIBFHOTO CTPOUTEIHCTBA: OCOOEHHOCTH CO3MaHMs U
BO3MOYXHOCTH MPAKTHIECKOTO IPUMEHECHHUSI

Maxcumos JI.C. 219

KpeaTuBHasi MareMaTHKa KaK CIOCOO pa3BUTHS KPUTHYECKOTO
MBIIDICHHS Y Oy IyIUX paOOTHHKOB aTOMHOM MPOMBIIIIIICHHOCTH
Bockpecenckuii A.M. 221

Hamedarannsnii cum6nos: 3d-xkoHCTpyKInu (HOTOOHOPEAKTOPOB IS
BBIpAIMBAHUS XJIOPEIITHI B HHTepecax ADC
Pynnenw /. B., Auopeesa H. FO., Cnupun A. J1. 223

BupryansHas akagemusi 6€30I1acCHOCTH: OATOTOBKA COTPYIHUKOB K
MIPOXOXKACHUIO HHCTPYKTaXKel B IIM(POBOM IPOCTPAHCTBE
Axpamos /. Y., Kynasun E.A. 224

CoxpaHeHHe MCTOPUYECKOM MaMSITH aTOMHBIX I'OPOIOB: LU(POBOIL
MPOEKT «ATOMIPA: CBSI3b MOKOJICHUID
Axpamos JI. X. 226

[lepcriekTUBBI TPUMEHEHHSI TOPHS B SIACPHON SHEPreTHKE
Cmapuxog A. A. 228

250



BYJIYIIEE ATOMHOM SHEPTETUKH — ATOMFUTURE 2025

OCHOBHBIE METOJbl peaTU3allMU CIIEKTPATLHOTO PETYIUPOBAHUSA B
peaktopax tuna BBOP
Cmonuna A.E. 230

[loBblllicHWE JOBEpUS K AaTOMHOW OTpacid 4epe3 paboTy ¢
HEraTUBHBIMH OT3BIBAMU B CETH MHTECPHET
Konviuesa V.E. 231

«MmkeHepHast CMEHa» B aTOMHOM TOPOJIE
Tuxonazoe B.C., ¥Ypazmanoe T.P. 233

OtBercTBeHHHIH pegakTop A.M. TepexoBa
[oaroroBka opurnHana-makera A.M. TepexoBoii

[lognmcaHo K rmevaTu Dopmat 6ym. 60x84/16
[Neuats pusorpad. Bymara MB Meu.n. 15,75. U3a. Ne 001-2
3aka3 Ne 636 Tupax 100 sx3. Iena morosopHas

Homurpaduueckas kommanuss OO0 "Ansnpuat”

251



	СЕКЦИЯ I
	РАСЧЕТ И КОНСТРУИРОВАНИЕ РЕАКТОРОВ АЭС
	НЕЙТРОННО-ФИЗИЧЕСКИЕ ХАРАКТЕРИСТИКИ БН СО СВУТ МОКС ТОПЛИВОМ

	Чекаленко М.Е., Исанов К.А.
	ВЛИЯНИЕ РАЗЛИЧНЫХ ПРОЦЕССОВ ВЗАИМОДЕЙСТВИЯ С ВЕЩЕСТВОМ НА ВЫХОД ЗАРЯЖЕННЫХ ЧАСТИЦ ИЗ МИШЕНЕЙ, ОБЛУЧАЕМЫХ ВЫСОКОЭНЕРГЕТИЧЕСКИМ ПУЧКОМ ТОРМОЗНОГО ИЗЛУЧЕНИЯ

	Папуша И.П., Демин В.М., Кудинов В.В.
	ИССЛЕДОВАНИЕ ВОЗМОЖНОСТИ МНОГОКРАТНОГО РЕЦИКЛА АМЕРИЦИЯ И ПЛУТОНИЯ ПРИ ГОМОГЕННОЙ УТИЛИЗАЦИИ МИНОРНЫХ АКТИНИДОВ В РЕАКТОРЕ ТИПА БН

	Чипчикова В.Д., Исанов К.А., Закиров Н.А.
	ИССЛЕДОВАНИЕ ВЛИЯНИЯ ГЛУБИНЫ ВЫЖИГАНИЯ АМЕРИЦИЯ-241 НА ДОЛГОСРОЧНОЕ СНИЖЕНИЕ АКТИВНОСТИ

	Постика Г.В., Ивановская И.С., Исанов К.А.
	ИССЛЕДОВАНИЕ ВЛИЯНИЯ ТЕХНОЛОГИЧЕСКИХ ПАРАМЕТРОВ ЯЧЕЙКИ НА ДОСТИЖЕНИЕ РЕЖИМА БРИДИНГА ТОРИЕВОГО ТОПЛИВА

	Фирсов Е.И. Внуков Р. А.
	Оценка возможности использования добавок в РИТЭГ на основе 238Pu

	Орлов А.Е., Шестаков А.Н., Нурмухаметов А. Л., Иванов А. И.
	ИСПОЛЬЗОВАНИЕ МИНОРНЫХ АКТИНИДОВ В КАЧЕСТВЕ ВЫГОРАЮЩИХ ПОГЛОТИТЕЛЕЙ В РЕАКТОРЕ ВВЭР-1200

	Ширкова Д.Е., Терехова А.М.
	НАРАБОТКА ПЛУТОНИЯ-238 В РЕАКТОРАХ МАЛОЙ МОЩНОСТИ

	Воронцова А.А., Лапин А.С.
	АНАЛИЗ ВЫГОРАНИЯ ИЗОТОПА БОРА-10 В ТЕПЛОНОСИТЕЛЕ ПЕРВОГО КОНТУРА ПРИ ЭКСПЛУАТАЦИИ ТОПЛИВНЫХ ЗАГРУЗОК ЭНЕРГОБЛОКОВ №1 И №2 БЕЛОРУССКОЙ АЭС

	Салькевич Я.А., Лаврова В.С.
	АНАЛИЗ И ПЕРСПЕКТИВЫ РАЗВИТИЯ ЗАМКНУТОГО ЯДЕРНОГО ТОПЛИВНОГО ЦИКЛА В РОССИИ

	Кулакова В.А., Кожухов Н.Н.
	КРОСС-ВЕРИФИКАЦИЯ ОЦЕНКИ ВЛИЯНИЯ ТЕХНОЛОГИЧЕСКИХ НЕОПРЕДЕЛЕННОСТЕЙ НА НЕЙТРОННО-ФИЗИЧЕСКИЕ ХАРАКТЕРИСТИКИ БФС

	Буркеев М.З., Внуков Р.А.
	ВЛИЯНИЕ КОНСТРУКЦИИ ОБЛУЧАТЕЛЬНЫХ СБОРОК 60CO НА ТЕПЛОВЫДЕЛЕНИЕ ТВС ЗБО РЕАКТОРА ТИПА БН И УДЕЛЬНУЮ АКТИВНОСТЬ МИШЕНИ

	Гладков Г.В., Внуков Р.А.
	ОЦЕНКА ЭФФЕКТИВНОСТИ БЛАНКОВ С ТВЕРДОТЕЛЬНЫМ ЗАМЕДЛИТЕЛЕМ ДЛЯ УМЕНЬШЕНИЯ ПУСТОТНОГО ЭФФЕКТА РЕАКТИВНОСТИ В СВЕРХКРИТИЧЕСКОМ ВОДЯНОМ РЕАКТОРЕ

	Сентебов Н.О., Колесов В.В., Внуков Р.А.
	СРАВНИТЕЛЬНЫЙ АНАЛИЗ НЕЙТРОННО-ФИЗИЧЕСКИХ ХАРАКТЕРИСТИК ПОГЛОТИТЕЛЕЙ ТЕПЛОВЫХ НЕЙТРОНОВ В ВВЭР-1200 ПРИ ИХ АКСИАЛЬНОМ ПРОФИЛИРОВАНИИ

	Пикулик Г.О., Попов М.А.
	РАЗРАБОТКА НЕЙРОСЕТЕВОГО РАСЧЁТНОГО КОДА ДЛЯ МОДЕЛИРОВАНИЯ НЕЙТРОННО-ФИЗИЧЕСКИХ ПРОЦЕССОВ

	Шлапак Н.П., Колесов В.В.
	Исследование влияния аксиального разбиения топливной части модели ТВС реактора типа ВВЭР-1200 на изменение нуклидного состава ядерного топлива в процессе выгорания

	Кравцов В.Д., Бландинский В.Ю., Лапин А.С.
	ИССЛЕДОВАНИЕ ДИНАМИЧЕСКИХ ХАРАКТЕРИСТИК ПРИ ПРОТЕКАНИИ ПЕРЕХОДНЫХ ПРОЦЕССОВ В ПЕРСПЕКТИВНЫХ ЛЕГКОВОДНЫХ РЕАКТОРАХ

	Иванов А.А., Лапин А.С.
	НЕЙТРОННО-ФИЗИЧЕСКИЕ ХАРАКТЕРИСТИКИ АКТИВНОЙ ЗОНЫ ВВЭР-600 СО 100% ЗАГРУЗКОЙ МОКС-ТОПЛИВА

	Жендубаев А.М., Исанов К.А.
	ИСПОЛЬЗОВАНИЕ ПРОГРАММНОГО КОДА OPENMC ДЛЯ МОДЕЛИРОВАНИЯ НАКОПЛЕНИЯ РАДИОИЗОТОПОВ В РЕАКТОРЕ IEA-R1

	Патракеева А.И., Колесов В.В., Терехова А.М., Фомин Р.В.
	УТОЧНЕНИЕ НЕЙТРОННО-ФИЗИЧЕСКИХ ХАРАКТЕРИСТИК ПРИ РАДИАЛЬНОМ ПРОФИЛИРОВАНИИ НА ПРИМЕРЕ ЭЛЕМЕНТАРНОЙ ЯЧЕЙКИ РЕАКТОРА ВВЭР-1200

	Попов М. А., Внуков Р. А.
	ИСПОЛЬЗОВАНИЕ АНАЛИТИЧЕСКОГО МЕТОДА ДЛЯ РАСЧЕТА МАКСИМАЛЬНОЙ ТЕМПЕРАТУРЫ В ТОПЛИВНОЙ ТАБЛЕТКЕ С ОТВЕРСТИЕМ

	Шмачко С.Т.
	ИССЛЕДОВАНИЕ ВЛИЯНИЯ ГЛУБИНЫ ВЫЖИГАНИЯ НЕПТУНИЯ-237 НА ДОЛГОСРОЧНОЕ СНИЖЕНИЕ АКТИВНОСТИ

	Ивановская И.С., Постика Г.В., Исанов К.А.
	Исследование влияния гомогенного добавления МА в МОКС-топливо на величину натриевого пустотного эффекта реактивности в реакторе типа БН

	Губайдуллин И.М., Закиров Н.А., Исанов К.А.
	УЧЕТ ИСТОРИИ ОБЛУЧЕНИЯ ОТРАБОТАВШЕГО ЯДЕРНОГО ТОПЛИВА ПРИ ОПРЕДЕЛЕНИИ ЕГО НУКЛИДНОГО СОСТАВА

	Шамаев А.В., Лапкис А.А.
	ИСПОЛЬЗОВАНИЕ ОКСИДА БЕРИЛЛИЯ В КАЧЕСТВЕ ИСТОЧНИКА И ОТРАЖАТЕЛЯ НЕЙТРОНОВ ДЛЯ РИТ ПЛУТОНИЯ ПОНИЖЕННОЙ ЧИСТОТЫ

	Гольдман М.Д., Внуков Р.А.
	ОЦЕНКА ЭФФЕКТИВНОСТИ ГОМОГЕННОГО ВЫЖИГАНИЯ НЕПТУНИЯ В РЕАКТОРЕ ТИПА БН ПРИ МНОГОКРАТНОМ РЕЦИКЛЕ

	Сусакин В.А., Исанов К.А.
	Повышение водородной безопасности АЭС ВВЭР1200 использованием твердофазных поглотителей водорода, их регенерация, реализация в смежных областях

	Ровнягин Д.Ф., Орлова Е.А., Самохин Д.С.
	СЕКЦИЯ II
	ПРОЕКТИРОВАНИЕ И ЭКСПЛУАТАЦИЯ АЭС
	МОДЕЛИРОВАНИЕ ТЕПЛОГИДРАВЛИЧЕСКИХ ПРОЦЕССОВ В ПЕТЛЕВОЙ УСТАНОВКЕ С ТЯЖЕЛЫМ ЖИДКОМЕТАЛЛИЧЕСКИМ ТЕПЛОНОСИТЕЛЕМ С ПОМОЩЬЮ ПРОГРАММНОГО КОМПЛЕКСА ANSYS FLUENT

	Левченко В.А., Кащеев М.В., Гирин А.П.
	Оценка влияния кюрия на теплогидравлические характеристики реактора ВВЭР-1200 при гомогенном распределении кюрия в топливной матрице

	Храмков В.В., Алиев Д.Р, Скулкин В.О.
	АНАЛИЗ РАБОТОСПОСОБНОСТИ ГЛАВНЫХ ЦИРКУЛЯЦИОННЫХ НАСОСОВ ГЦН-195М РЕАКТОРНОЙ УСТАНОВКИ ВВЭР-1000 С ПРИМЕНЕНИЕМ МОДЕЛИ ARIMA ДЛЯ ПРОГНОЗИРОВАНИЯ ВРЕМЕННЫХ РЯДОВ

	Степанов А.А., Шлапак Н.П.
	НЕСТАЦИОНАРНАЯ ТЕПЛОПРОВОДНОСТЬ ПРЯМОГО РЕБРА ПАРАБОЛИЧЕСКОГО ПРОФИЛЯ С ПЕРЕМЕННЫМИ СВОЙСТВАМИ МАТЕРИАЛА РЕБРА И КОЭФФИЦИЕНТОМ ТЕПЛООТДАЧИ

	Левченко В.А.1, Кащеев М.В.1, Аксенов И.А.2
	СРАВНИТЕЛЬНЫЙ АНАЛИЗ МОДЕЛЕЙ ТУРБУЛЕНТНОСТИ В ЗАДАЧАХ ВЕРИФИКАЦИИ ГИДРОДИНАМИКИ АКТИВНОЙ ЗОНЫ ВТГР

	Князькин Д.В., Николаев Д.С., Курицин Д.Д., Демкина Т.Д.
	ВОЛОКОННО-ОПТИЧЕСКАЯ ДИАГНОСТИКА КОНСТРУКЦИЙ В УСЛОВИЯХ РАДИАЦИИ И МЕХАНИЧЕСКИХ НАГРУЗОК

	Мажитов А.З., Иванов В.В.
	АНАЛИЗ КОНСТРУКТИВНЫХ ОСОБЕННОСТЕЙ И ПОДХОДОВ К ОБОСНОВАНИЮ БЕЗОПАСНОСТИ АТОМНЫХ СТАНЦИЙ МАЛОЙ МОЩНОСТИ

	Юрасова К.А.1, Кащеев М.В.2, Левченко В.А.2
	Оценка эффективности эксплуатационных режимов при продлении кампании энергоблока с реактором ВВЭР-1000

	Никитась Г.Н.1, Лапкис А.А.1,2
	ВЛИЯНИЕ НА РАДИАЦИОННУЮ ОБСТАНОВКУ  МЕДЛЕННОГО РАСХОЛАЖИВАНИЯ ЭНЕРГОБЛОКА ЛАЭС-2 В ПЕРИОД ОСТАНОВА ДЛЯ РЕМОНТА

	Евтушенко Е.А.1, Кащеев М.В.2, Левченко В.А.2, Савинов Р.Н.1, Шовиков А.В.1
	СИСТЕМНЫЙ АНАЛИЗ И ПРЕДИКТИВНОЕ МОДЕЛИРОВАНИЕ ИЗНОСА ГРАФИТОВЫХ ПОДШИПНИКОВ ГЕРМЕТИЧНЫХ НАСОСОВ СУДОВЫХ ЯЭУ

	Королёв А.Е., Иванов В.В.
	РАСЧЕТНЫЕ ИССЛЕДОВАНИЯ В ОБОСНОВАНИЕ ХАРАКТЕРИСТИК ТЕРМОЯДЕРНЫХ УСТАНОВОК НА ОСНОВЕ МАЛОРАДИОАКТИВНОГО D-3He ТОПЛИВА

	Годес А.И., Кондрашов О.В., Федоров Д.В., Шаблов В.Л.
	РАСЧЁТ ТЕМПЕРАТУРНОГО РЕЖИМА ТОПЛИВНЫХ КОМПАКТОВ И МИКРОТВЭЛОВ С TRISO ПОКРЫТИЕМ ДЛЯ АЭТС С ВТГР

	Базюк С.С.2, Булгакова А.В.1, Малышева Е.А.1, Парамонова И.Л.1
	ПОВЫШЕНИЕ ДОСТОВЕРНОСТИ РАСЧЕТОВ ВЛИЯНИЯ БИОЛОГИЧЕСКОГО ОБРАСТАНИЯ НА ТЕПЛОГИДРАВЛИЧЕСКИЕ ПРОЦЕССЫ В ПЛАСТИНЧАТЫХ ТЕПЛООБМЕННИКАХ НА ОСНОВЕ CFD-КОДОВ С ИСПОЛЬЗОВАНИЕМ МЕТОДА GCI

	Фоменко Н.Д.1, Чивилев Я.В.2
	ПРИМЕНЕНИЕ МЕТОДОВ МАШИННОГО ОБУЧЕНИЯ ДЛЯ ДЕТЕКТИРОВАНИЯ РЕЖИМОВ РАБОТЫ ТЕПЛОГИДРАВЛИЧЕСКОГО СТЕНДА

	Гаврилов А.C., Киямов А.А., Лебедев И.В.
	ВЛИЯНИЕ ИОНИЗИРУЮЩИХ ИЗЛУЧЕНИЙ НА ПОВЕРХНОСТИ МАРСА НА ВЫБОР АРХИТЕКТУРНО-СТРОИТЕЛЬНЫХ РЕШЕНИЙ КОНСТРУКЦИЙ С УЧЁТОМ ТЕХНОЛОГИЙ РАДИАЦИОННОЙ ЗАЩИТЫ

	Флоренский В.М.1, Белов В.В.2
	ИССЛЕДОВАНИЕ ГИДРОДИНАМИКИ ТЕПЛОНОСИТЕЛЯ В УСЛОВИЯХ ИЗМЕНЯЮЩЕЙСЯ ГЕОМЕТРИИ ГРАФИТОВОЙ КЛАДКИ АКТИВНОЙ ЗОНЫ ВТГР

	Курицин Д.Д., Николаев Д.С., Демкина Т.Д., Легчанов М.А., Дмитриев С.М.
	ОПИСАНИЕ КРИТИЧЕСКОГО СОСТОЯНИЯ РЕАКТОРНОЙ УСТАНОВКИ ВВЭР-1200 С МАКСИМАЛЬНЫМ КОЭФФИЦИЕНТОМ РЕАКТИВНОСТИ ПО ТЕМПЕРАТУРЕ ТЕПЛОНОСИТЕЛЯ

	Парфёнов Т.А., Пасечник И.Д.
	ОЦЕНКА ВОЗМОЖНОСТИ МОДЕЛИРОВАНИЯ ПАРОГЕНЕРИРУЮЩЕГО КАНАЛА С ИСПОЛЬЗОВАНИЕМ ПРОГРАММНОГО КОМПЛЕКСА FLOWVISION

	Болотникова А.А.
	АНАЛИЗ ВЛИЯНИЯ ГЕОМЕТРИИ ТЕПЛООБМЕННОГО УСТРОЙСТВА НА ЭФФЕКТИВНОСТЬ РАСХОЛАЖИВАНИЯ НАТРИЕВЫХ ТРУБОПРОВОДОВ

	Ревякина П.А., Бессонов И.А., Клебанский Е.Р., Осанкин С.А., Лезов А.Д., Ташлыков О.Л.
	Теплофизический расчет модели реактора типа ВВЭР-С с гомогенным размещением нептуния в топливо

	Верецки А.П., Харьков М.А., Скулкин В.О.
	Сравнительный анализ CFD-пакетов (ANSYS CFX, STAR-CCM+, CADFlo) для оценки возможности применения металлического топлива в реакторе на быстрых нейтронах

	Морозов А.Г.
	Автоматизация системы контроля параметров теплогидравлического стенда для исследования переходных режимов теплообмена при естественной и вынужденной циркуляции воды

	Павлюковский Н.В., Толоконский А.О., Куценко К.В., Стручалин П.Г., Делов М.И.
	ЭЛЕКТРОХИМИЧЕСКОЕ ИССЛЕДОВАНИЕ КОРРОЗИОННЫХ СВОЙСТВ КОНСТРУКЦИОННОЙ СТАЛИ ПГ МЕТОДОМ АПК В УСЛОВИЯХ ОБРАБОТКИ ПО РЕЦЕПТУРАМ ЭХП РЕАКТОРОВ ТИПА БН

	Смыков В.Б., Легких К.Г., Асхадуллин С.Р.
	ТЕПЛОФИЗИЧЕСКИЙ РАСЧЁТ ОБЛУЧАТЕЛЬНОГО УСТРОЙСТВА ДЛЯ ИСПЫТАНИЯ ОБРАЗЦОВ ЭКСПЕРИМЕНТАЛЬНОГО ГРАФИТА

	Мыскин А.А., Шамова М.А., Литвиненко О.В.
	ВЛИЯНИЕ ПЕРЕХОДА К ЖИДКОМЕТАЛЛИЧЕСКОМУ ПОДСЛОЮ НА НЕЙТРОННО И ТЕПЛОФИЗИЧЕСКИЕ ХАРАКТЕРИСТИКИ НА ПРИМЕРЕ ТВС РЕАКТОРА БРЕСТ-ОД-300

	Грунин В.А., Попов М.А., Семенов Д.Е.
	РАЗРАБОТКА ЭКСПРЕСС-МЕТОДИКИ ОЦЕНКИ ДОЗ ОБЛУЧЕНИЯ ПЕРСОНАЛА В СЛУЧАЕ СПОНТАННОГО ВОЗНИКНОВЕНИЯ САМОПОДДЕРЖИВАЮЩЕЙСЯ ЦЕПНОЙ РЕАКЦИИ ДЕЛЕНИЯ НА ОБЪЕКТЕ ЯТЦ

	Садофьев И.Д., Припачкин Д.А.
	ОЦЕНКА ЗАТРАТ ПРИРОДНОГО УРАНА НА ИЗГОТОВЛЕНИЕ ТОПЛИВА ДЛЯ АТОМНЫХ СТАНЦИЙ МАЛОЙ МОЩНОСТИ

	Шмачко С.Т. (1)
	ДОРАБОТКА ЭКСПЕРИМЕНТАЛЬНОГО СТЕНДА ПАССИВНОГО РАСХОЛАЖИВАНИЯ БАССЕЙНА ВЫДЕРЖКИ

	Глухов С.М., Ташлыков О.Л.
	СЕКЦИЯ III
	КОНТРОЛЬ, УПРАВЛЕНИЕ И ДИАГНОСТИКА ФИЗИЧЕСКИХ УСТАНОВОК И ПРОМЫШЛЕННЫХ ОБЪЕКТОВ
	ЧАСТОТНЫЙ АНАЛИЗ ФЛУКТУАЦИЙ ДАВЛЕНИЯ И ТЕМПЕРАТУРЫ ТЕПЛОНОСИТЕЛЯ В ПЕРЕХОДНЫХ РЕЖИМАХ ПРИ ВЫНУЖДЕННОМ ДВИЖЕНИИ

	Калаева Н.А., Делов М.И.
	Методология прогнозирования остаточного срока службы оборудования

	Шкарупа М.И., Ивлев И.М.
	ГЛУБОКОЕ ВЫГОРАНИЕ РОДИЕВОГО ДПЗ

	Курченков А.Ю., Мусихин А.М., Расчетнова М.А.
	ПРИМЕНЕНИЕ ИСКУССТВЕННОГО ИНТЕЛЛЕКТА В СИСТЕМАХ АВТОМАТИЧЕСКОГО УПРАВЛЕНИЯ ЯДЕРНЫХ ЭНЕРГЕТИЧЕСКИХ УСТАНОВОК

	Корчагин Д.А.
	СИСТЕМА КОНТРОЛЯ ДЕФОРМАЦИИ ТЕПЛОВЫДЕЛЯЮЩИХ ЭЛЕМЕНТОВ В РЕЖИМЕ РЕАЛЬНОГО ВРЕМЕНИ НА ОСНОВЕ ВОЛОКОННО-ОПТИЧЕСКИХ ДАТЧИКОВ

	Миронова Д.Р., Трофимов М.А.
	ГРАФОВЫЕ НЕЙРОННЫЕ СЕТИ КАК ИНСТРУМЕНТ АНАЛИЗА ГЕОМЕТРИИ ПРИ НЕЙТРОННО-ФИЗИЧЕСКОМ РАСЧЁТЕ

	Шлапак Н.П1, Колесов В.В.
	РАЗРАБОТКА МОДЕЛИ ПОЛУПРОВОДНИКОВОГО ДЕТЕКТОРА ИЗ ОЧГ C ПОМОЩЬЮ ПРОГРАММНОГО КОМПЛЕКСА GAMMALAB

	Хайытмурадов А.Б., Припачкин Д.А.
	Использование компьютерного зрения для определения параметров двухфазного потока

	Павлюковский Н.В., Толоконский А.О., Куценко К.В., Савельев А.А., Маслов Ю.А.
	Применение метода сканирующей контактной потенциометрии в автоматизированном неразрушающем контроле металлических изделий

	Биктеев А.А.1, Рыбаков Е.В.2, Ишбаев Н.Р.1, Сурин В.И.1
	СОЗДАНИЕ ЦИФРОВОГО ДВОЙНИКА ПЕЧАТНОЙ ПЛАТЫ ДЛЯ НЕРАЗРУШАЮЩЕГО КОНТРОЛЯ НА ПРЕДПРИЯТИИ ООО „МИКРОСИСТЕМА“

	Левченко П.П., Белоусов П.А.
	Методика поиска и определения мест утечек в тепловых сетях

	Бычков С. И., Шкарупа М. И.
	РАЗРАБОТКА ПО ДЛЯ ПОВЫШЕНИЯ ЭФФЕКТИВНОСТИ АНАЛИЗА СИСТЕМЫ ВЛАЖНОСТНОГО КОНТРОЛЯ ТЕЧИ НА АТОМНОЙ СТАНЦИИ

	Нахабов А.В., Хапров В.Н.
	СЕКЦИЯ IV
	ЭКОЛОГИЯ И БЕЗОПАСНОСТЬ АТОМНОЙ ЭНЕРГЕТИКИ
	RADIOBIOLOGICAL EVALUATION OF CONVENTIONAL AND HYPOFRACTIONATED VMAT FOR PROSTATE CANCER USING TCP AND NTCP INDICES

	Huy Vu Trinh1, Quang Trung Pham1,2,
	ИССЛЕДОВАНИЕ ГЛУБИННЫХ ДОЗНЫХ РАСПРЕДЕЛЕНИЙ В МИШЕНИ ПРИ ПРОХОЖДЕНИИ КЛИНИЧЕСКОГО ПУЧКА

	Шибашов А.Н., Дружинская О.И.
	ОЦЕНКА РАДИОМЕТРИЧЕСКИХ И СПЕКТРОМЕТРИЧЕСКИХ ХАРАКТЕРИСТИК АЛЬФА-АКТИВНЫХ АЭРОЗОЛЕЙ В УСЛОВИЯХ НОРМАЛЬНОГО ДАВЛЕНИЯ ВОЗДУХА

	Зубкова А.Г., Припачкин Д.А.
	СУТОЧНЫЕ ВАРИАЦИИ КОНЦЕНТРАЦИИ ТРИТИЯ В ВОДЯНЫХ ПАРАХ АТМОСФЕРНОГО ВОЗДУХА НА ТЕРРИТОРИИ С ПОДЗЕМНЫМ ИСТОЧНИКОМ

	Федунова Е. В.1,2, Михайлов А. В.1, Лукашенко С. Н.1,  Степанянц Е. Р.1,2, Томсон А. В.1
	ИЗУЧЕНИЕ ВЛИЯНИЯ ИОНИЗИРУЮЩЕГО ИЗЛУЧЕНИЯ НА 3D КЛЕТОЧНЫХ СФЕРОЙДОВ

	Кочнова А.О.1, Попов А.Л.2
	ТЕОРЕТИЧЕСКОЕ И ЭКСПЕРИМЕНТАЛЬНОЕ ОПРЕДЕЛЕНИЕ ДОЛИ ОБМЕННОГО ОРГАНИЧЕСКИ-СВЯЗАННОГО ТРИТИЯ В РАСТЕНИЯХ, ПРОИЗРАСТАЮЩИХ НА ТЕРРИТОРИИ С ПОДЗЕМНЫМ ИСТОЧНИКОМ ТРИТИЯ И СРАВНЕНИЕ С ЛИТЕРАТУРНЫМИ ДАННЫМИ

	Степанянц Е.Р.1,2, Михайлов А.В.2, Федунова Е.В.1,2,          Томсон А.В.2
	ВЛИЯНИЕ NPK НА СОДЕРЖАНИЕ ФОРМ НАХОЖДЕНИЯ ПЛУТОНИЯ В ПОЧВЕ

	Шаврина К.Е., Эдомская М.А., Шупик А.А., Маркова М.В., Шаповалов С.Г.
	СРАВНЕНИЕ ОТЕЧЕСТВЕННОЙ И ЗАРУБЕЖНОЙ КЛАССИФИКАЦИИ РАДИАЦИОННЫХ АВАРИЙ

	Мигунов М.И.
	ОЦЕНКА СОДЕРЖАНИЯ CS-137 И CO-60 В ПРОБАХ ПОЧВЫ И РАСТИТЕЛЬНОСТИ, ВЗЯТЫХ ВБЛИЗИ НОВОВОРОНЕЖСКОЙ АТОМНОЙ СТАНЦИИ

	Щербакова Е.И., Щербаков А.Д.
	PROTON TRANSPORT SIMULATION IN RADIOTHERAPY USING THE GENERALISED FOKKER–PLANCK METHOD

	Ndati L., Solovev A. N.
	APPLICATION OF GENETIC ALGORITHMS FOR WEIBULL PARAMETER ESTIMATION IN NUCLEAR COMPONENT RELIABILITY ANALYSIS

	Ndlela D., Samokhin D.S.
	СЕКЦИЯ V
	ВЫЧИСЛИТЕЛЬНЫЕ И ИНФОРМАЦИОННЫЕ ТЕХНОЛОГИИ В АТОМНОЙ ЭНЕРГЕТИКЕ
	ЧИСЛЕННОЕ МОДЕЛИРОВАНИЕ ЕСТЕСТВЕННОЙ КОНВЕКЦИИ ПРИ ИСПОЛЬЗОВАНИИ DNS И RANS ПОДХОДОВ

	Захаров Р.М., Носков А.С., Олексюк Д.А.
	Фазовая пачечная активность в нейрональной модели Моррис-Лекар

	Буда М.А.1, Сладков К.Д.2
	РАЗРАБОТКА НЕЙРОННОЙ СЕТИ ДЛЯ АВТОМАТИЧЕСКОЙ ГАРМОНИЗАЦИИ НА ОСНОВЕ ВОКАЛЬНОЙ МЕЛОДИИ

	Ошеровская Д.В., Шлапак Н.П.
	МАТЕМАТИЧЕСКОЕ МОДЕЛИРОВАНИЕ ХИМИЧЕСКИХ РЕАКЦИЙ, ЭКСПЕРИМЕНТ, ТЕХНОЛОГИИ ОБРАБОТКИ И АНАЛИЗА РЕЗУЛЬТАТОВ

	Барсуков В.Г., Мышев А.В.
	ВЫЧИСЛИТЕЛЬНЫЙ АНАЛИЗ ДВУМЕРНЫХ ПОЛЕЙ ДЛЯ ИССЛЕДОВАНИЯ ПРОСТРАНСТВЕННЫХ ВАРИАЦИЙ В ЗАДАЧАХ АТОМНОЙ ЭНЕРГЕТИКИ

	Заграевская С.М.
	ОЦЕНКА МАСШТАБИРУЕМОСТИ ВЫЧИСЛЕНИЙ OPENMC И SERPENT НА ЗАДАЧЕ HEU-MET-FAST-001

	Пыжов И.В.
	РАЗРАБОТКА НЕЙРОСЕТЕВОЙ МОДЕЛИ ДЛЯ ОБНАРУЖЕНИЯ ПЕЧАТЕЙ И ПОДПИСЕЙ НА ДОКУМЕНТАХ

	Замков Д.В., Шлапак Н.П.
	МОДЕЛИРОВАНИЕ ГОМОГЕННОГО ЦИЛИНДРИЧЕСКОГО РЕАКТОРА БЕЗ ОТРАЖАТЕЛЯ С ВВЕДЕННЫМ ИДЕАЛЬНЫМ ПОГЛОЩАЮЩИМ СТЕРЖНЕМ ПОСРЕДСТВОМ ФИЗИЧЕСКИ-ИНФОРМИРОВАННОЙ НЕЙРОСЕТИ

	Болотникова А.А, Шлапак Н.П.
	Использование продвинутых индексов вегетации для анализа состояния фитомассы лесного региона по спутниковому снимку

	Молчанова М.В., Шлапак Н.П., Белоусов П.А.
	СЕКЦИЯ VI
	РАДИОНУКЛИДНАЯ И ЛУЧЕВАЯ МЕДИЦИНА
	РАЗРАБОТКА ВЫСОКОЭФФЕКТИВНОГО ФОТОНЕЙТРОННОГО ИСТОЧНИКА ДЛЯ НЕЙТРОНОЗАХВАТНОЙ ТЕРАПИИ

	Онищук Е.А.1, Кураченко Ю.А.1, Ким А.А.2
	Прогностическое значение полного морфологического ответа опухоли после проведения неоадъювантной химиолучевой и химиотерапии у больных местно-распространенным раком желудка

	Волобуев С.М. , Скоропад В.Ю. , Гриневич В.Н., Смоленов Е.И. , Афонин Г.В.
	ИССЛЕДОВАНИЕ МЕТОДОВ ВЕРИФИКАЦИИ И КОРРЕКЦИИ ПОЛОЖЕНИЯ ПАЦИЕНТА ПРИ ПРОВЕДЕНИИ ПРОТОННОЙ ТЕРАПИИ

	Григорьев И.И., Дружинский В.О., Дружинская О.И.
	MONTE CARLO SIMULATION OF ORGAN-SPECIFIC DOSE IN A RADIATION ACCIDENT SCENARIO USING GEANT4

	Ananda D.R.I., Solovev A. N.
	СЕКЦИЯ VII
	ПЕРСПЕКТИВЫ УПРАВЛЕНИЯ ПРЕДПРИЯТИЯМИ АТОМНОЙ ЭНЕРГЕТИКИ
	ЭКСПОРТНЫЙ ПОТЕНЦИАЛ АТОМНОЙ ЭНЕРГЕТИКИ РФ В УСЛОВИЯХ ГЕОПОЛИТИЧЕСКОГО КРИЗИСА

	Кобылина Е.В., , Гусева К.А.
	СТРУКТУРНЫЕ ИЗМЕНЕНИЯ МИРОВОГО ТЭК И ЭВОЛЮЦИЯ КРИТЕРИЕВ КОНКУРЕНТОСПОСОБНОСТИ АЭС

	Абдихамитов Д.К., Харитонов В.В., Семенов Е.В.
	Анализ подходов, применяемых в государствах СНГ по оптимизации процессов ВЭ ЯРОО

	Зарубин А.С., Кузнецов А.Ю., Литвинов М.А.
	СБАЛАНСИРОВАННАЯ СИСТЕМА ПОКАЗАТЕЛЕЙ В СТРАТЕГИЧЕСКОМ УПРАВЛЕНИИ УРАНОДОБЫВАЮЩИМ ПРЕДПРИЯТИЕМ

	Сарсенбек М.Б.1,2,Колычев В. Д.1
	СОВРЕМЕННЫЕ ПОДХОДЫ К НАЛОГОВОЙ ОПТИМИЗАЦИИ В СВЕТЕ ИЗМЕНЕНИЙ В НАЛОГОВОЙ СИСТЕМЕ РФ С 1 ЯНВАРЯ 2026 ГОДА

	Лезгян В.Д., Осипов В. А.
	УПРАВЛЕНИЕ ЯДЕРНЫМИ ЗНАНИЯМИ В УСЛОВИЯХ ЦИФРОВОЙ ТРАНСФОРМАЦИИ АТОМНОЙ ОТРАСЛИ

	Имангалиева Ш.Ж., Юшков Е.С.
	КРИТЕРИИ КОНКУРЕНТОСПОСОБНОСТИ АЭС В УСЛОВИЯХ ТРАНСФОРМАЦИИ МИРОВОГО ЭНЕРГОБАЛАНСА

	Абдихамитов Д.К., Харитонов В.В.,Семенов Е.В.
	ЭКОНОМИЧЕСКАЯ ЭФФЕКТИВНОСТЬ ПРИМЕНЕНИЯ ИИ В ОПТИМИЗАЦИИ ТОПЛИВНОГО ЦИКЛА АЭС

	Имангалиева Ш.Ж., Юшков Е.С. (1)
	«КАРТА ДОБРЫХ ДЕЛ»: ЦИФРОВОЙ ИНСТРУМЕНТ ПОДДЕРЖКИ НКО В ГОРОДАХ ПРИСУТСТВИЯ РОСАТОМА

	Брусницына Л.Н., Перетягин Д.Е., Бушуев И.С., Кунавин Е.А.
	ИМИТАЦИОННОЕ МОДЕЛИРОВАНИЕ КАК ИНСТРУМЕНТ ЦИФРОВИЗАЦИИ И УПРАВЛЕНИЯ КАЧЕСТВОМ НА УРАНОДОБЫВАЮЩИХ ПРЕДПРИЯТИЯХ: ОБЗОР ПРАКТИЧЕСКИХ ПРИМЕРОВ

	Павлова Н.В., Силенко А.Н.
	СОВРЕМЕННОЕ СОСТОЯНИЕ РЫНКА РАДИОФАРМАЦЕВТИЧЕСКИХ ЛЕКАРСТВЕННЫХ ПРЕПАРАТОВ РФ И МЕСТО НА НЁМ ГОСКОРПОРАЦИИ «РОСАТОМ»

	Алексеева Д.В., Осипов В.А.
	МЕСТО НОВОВОРОНЕЖСКОЙ АЭС В ИНВЕСТИЦИОННОЙ ПРОГРАММЕ КОНЦЕРНА «РОСЭНЕРГОАТОМ»

	Жирякова В.И., Осипов В.А.
	СТАНДАРТИЗАЦИЯ ДАННЫХ - ВЫЗОВ ПРИ СЛИЯНИИ ДВУХ ПРЕДПРИЯТИЙ

	Сакова Я.Ю.
	СЕКЦИЯ VIII
	МОЛОДЕЖНАЯ СЕКЦИЯ
	АНАЛИЗ СВОЙСТВ МАТЕРИАЛОВ ЛОПАТОК ДЛЯ УЛУЧШЕНИЯ ЭКСПЛУАТАЦИОННЫХ ХАРАКТЕРИСТИК ПАРОВЫХ ТУРБИН

	Будылкин К.А., Попов М. А.
	РЕАКТОР НА БЫСТРЫХ НЕЙТРОНАХ – БУДУЩЕЕ АТОМНОЙ ПРОМЫШЛЕННОСТИ

	Березников С.А., Бритвин Н.И.
	ОБЗОР ВОЗМОЖНОСТЕЙ НАРАБОТКИ ИЗОТОПА ПЛУТОНИЯ-238 В РЕАКТОРАХ РАЗНЫХ ТИПОВ

	Турицына И.С.
	АНАЛИЗ ТЕОРИЙ И МЕХАНИЗМОВ ГЕНЕРАЦИИ И УСКОРЕНИЯ КОСМИЧЕСКИХ ЛУЧЕЙ СВЕРХВЫСОКИХ ЭНЕРГИЙ

	Жирнова В.Н.
	ПОТЕНЦИАЛ ИСПОЛЬЗОВАНИЯ ТОРИЯ В ЯДЕРНОЙ ЭНЕРГЕТИКЕ

	Плюснин В.В.
	ПОПУЛЯРИЗАЦИЯ МАТЕМАТИКИ ЧЕРЕЗ СОЗДАНИЕ ТЕМАТИЧЕСКИХ КОМИКСОВ

	Абрамов В.Е., Губин Д.А., Мартюшев Д.В.
	ПРАКТИКООРИЕНТИРОВАННЫЙ СБОРНИК ЗАДАЧ ПО МАТЕМАТИКЕ КАК ОСНОВА МОДЕЛИРОВАНИЯ ПРОЦЕССОВ В ЭНЕРГЕТИЧЕСКИХ ОБЪЕКТАХ

	Бабиков В.В., Васильева А.А.
	ЛИЧНЫЙ БРЕНД В АТОМНОЙ ОТРАСЛИ КАК СТРАТЕГИЧЕСКИЙ РЕСУРС ПРОФЕССИОНАЛЬНОГО РАЗВИТИЯ НА ПРИМЕРЕ ДИРЕКТОРА БЕЛОЯРСКОЙ АЭС В.П. НЕВСКОГО

	Залевская П.А.
	СТАЛЬНЫЕ РУКИ АТОМА: РАЗРАБОТКА И 3D-ПЕЧАТЬ ПРОТОТИПА МАНИПУЛЯТОРА ДЛЯ ОБСЛУЖИВАНИЯ АЭС

	Руппель Д. В., Андреева Н. Ю., Андреев И. С.
	АНАЛИЗ ЗАПАСОВ ПРИРОДНОГО УРАНА В ПОТЕНЦИАЛЕ ЗАМЫКАНИЯ ЯДЕРНОГО ТОПЛИВНОГО ЦИКЛА

	Лихачев А. И.
	ТЕХНОЛОГИИ МОДУЛЬНОГО СТРОИТЕЛЬСТВА: ОСОБЕННОСТИ СОЗДАНИЯ И ВОЗМОЖНОСТИ ПРАКТИЧЕСКОГО ПРИМЕНЕНИЯ

	Максимов Д.С.
	КРЕАТИВНАЯ МАТЕМАТИКА КАК СПОСОБ РАЗВИТИЯ КРИТИЧЕСКОГО МЫШЛЕНИЯ У БУДУЩИХ РАБОТНИКОВ АТОМНОЙ ПРОМЫШЛЕННОСТИ

	Воскресенский А.М.
	НАПЕЧАТАННЫЙ СИМБИОЗ: 3D-КОНСТРУКЦИИ ФОТОБИОРЕАКТОРОВ ДЛЯ ВЫРАЩИВАНИЯ ХЛОРЕЛЛЫ В ИНТЕРЕСАХ АЭС

	Руппель Д. В., Андреева Н. Ю., Спирин А. Д.
	ВИРТУАЛЬНАЯ АКАДЕМИЯ БЕЗОПАСНОСТИ: ПОДГОТОВКА СОТРУДНИКОВ К ПРОХОЖДЕНИЮ ИНСТРУКТАЖЕЙ В ЦИФРОВОМ ПРОСТРАНСТВЕ

	Акрамов Д.Ч., Кунавин Е.А.
	СОХРАНЕНИЕ ИСТОРИЧЕСКОЙ ПАМЯТИ АТОМНЫХ ГОРОДОВ: ЦИФРОВОЙ ПРОЕКТ «АТОМГРАД: СВЯЗЬ ПОКОЛЕНИЙ»

	Акрамов Д. Х.
	ПЕРСПЕКТИВЫ ПРИМЕНЕНИЯ ТОРИЯ В ЯДЕРНОЙ ЭНЕРГЕТИКЕ

	Стариков А. А.
	ОСНОВНЫЕ МЕТОДЫ РЕАЛИЗАЦИИ СПЕКТРАЛЬНОГО РЕГУЛИРОВАНИЯ В РЕАКТОРАХ ТИПА ВВЭР

	Смолина Я.Е.
	ПОВЫШЕНИЕ ДОВЕРИЯ К АТОМНОЙ ОТРАСЛИ ЧЕРЕЗ РАБОТУ С НЕГАТИВНЫМИ ОТЗЫВАМИ В СЕТИ ИНТЕРНЕТ

	Копычева У.Е.
	«ИНЖЕНЕРНАЯ СМЕНА» В АТОМНОМ ГОРОДЕ

	Тихолазов В.С., Уразманов Т.Р.

