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IAEA ACTIVITIES ON THE SAFETY OF RESEARCH
REACTORS: 2017 UPDATE

D.F. Sears, A. Shokr, W. Kennedy, D. Rao

Research Reactor Safety Section, Division of Nuclear Installation Safety,
International Atomic Energy Agency,
Vienna, Austria

The TAEA conducts a broad range of activities to enhance the safety
of research reactors worldwide. The objective is to support Member States
in achieving and maintaining a high level of safety throughout all the stages
in the lifetime of a research reactor. The focus is on improving regulatory effective-
ness and enhancing the management of the safety of the facilities through the effective
application of the Code of Conduct on the Safety of Research Reactors.

One of the key IAEA activities is the development of safety standards
and supporting technical documents. These standards reflect international consensus
on what constitutes a high level of safety, cover all areas important to the safety
of research reactors, and form the basis of the TAEA safety review services
for research reactors, including Integrated Safety Assessment for Research Reactors
(INSARR) missions, safety reviews and expert missions. The IAEA safety standard
on the safety of research reactors was recently revised and published in September
2016 as IAEA Safety Standards Series No. SSR-3, Safety of Research Reactors. While
most of the technical requirements are largely unchanged, SSR-3 covers subcritical as-
semblies, addresses the interface between safety and security and incorporates
the relevant feedback from the accident at the Fukushima-Daiichi NPP.

The TAEA also supports capacity building, disseminates operating experience,
and promotes information networks and the exchange of operating experience.
This is done through training workshops and technical meetings, group fellowship
training courses and coordinated research projects. The IAEA operates the Incident
Reporting System for Research Reactors (IRSRR) and organizes regular meetings
for the exchange of operating experience.

Several Member States are considering or embarking on new research reactor
projects. The IAEA supports Member States with developing the necessary safety
infrastructure through advisory services, expert missions and publications on im-
plementing new research reactor projects.

This paper describes the safety issues and challenges for research reactors
and the TAEA activities to enhance the safety of research reactors. Recent progress
and achievements in improving research reactor safety worldwide and the strategy
for implementing further safety improvements are also presented.



IAEA ACTIVITIES IN SUPPORT
OF RESEARCH REACTORS

A. Borio Di Tigliole, D. Ridikas, M. Voronov

International Atomic Energy Agency,
Vienna International Centre, Vienna, Austria

The sustainability of RRs life-cycle is an issue of major concern, also consid-
ering that the majority of the existing RRs have reached 40 years of operation.
Member States are increasingly seeking Agency's assistance in addressing the main
challenges related to research reactor sustainable operation and effective utilization
as well as in building new and accessing existing reactors for developing their na-
tional nuclear science and technology programmes and strategies, including capaci-
ty building for nuclear power.

The IAEA’s Research Reactor Section works with Member States and provides
support in every step of the research reactor lifetime : from the initial decision to build
a research reactor, to ensuring safe and effective utilization, through a lifetime
of operation and maintenance, and to final decommissioning and disposal of spent
nuclear fuel. The Research Reactor Section assists the Member States individually,
regionally, and through international networks to carry out its activities. One
of the examples of such networking 1is the Research Reactor Coalition
of the Commonwealth of Independent States (CISRRC) established in 2012 within the
Regional Technical Cooperation (TC) Project to cover three subjects of common in-
terest: education and training, ageing management and safety of research reactors
in the region. Today, the Coalition has passed through the first project cycle and now
continues its activities in the framework of the TC Project RER1016 “Enhancing Uti-
lization and Safety of Research Reactors™.

This paper will provide a brief introduction to the IAEA activities and available
services in support of research reactors and will concentrate on assistance provided
to regional and thematic RR networks and coalitions such as CISRRC.



UCCINEONOBATEJIbCKUE ANEPHbLIE YCTAHOBKU
rOCYAQAPCTBEHHOIO HAYYHOIO Y4YPEXOEHUA
«OUNI3AN "COCHbI"»: COCTOAHUE, UCINOJIb3OBAHME,
NMEPCIMNEKTUBDI

C.H. CukopwuH, C.I'. Manguk, C.A. INonosos,
B.H. MapwwuH, T.K. MNpuroposuny, N.A. Egunk

MY «ON3AN "CocHbl" HAH Benapycuy,
r. MuHck, benopyccus

B nmoxname mpeacraBinena mHpopMmaiys 00 OCHOBHBIX (DU3MUECKUX U KOH-
CTPYKIIMOHHBIX OCOOEHHOCTSIX M TEXHHYECKOM COCTOSHUU OKCIUTyaTUPYEMbIX B
HayyHoM yupexxaeHun «OUDAN-CocHb UCClIe0BaTENbCKUX SIEPHBIX YCTAHOBKAX:
KpuTHyeckux creHgax «l'mamuam»y u  «Kpucramm M NOJKPUTHYECKOM CTEHE
«Sninay. PaccMOTpeHbl OCHOBHBIE HAIPABICHHS MPOBOJUMBIX 3KCIEPUMEHTATbHBIX
paboT U MpeACTaBJICHbI IJIaHbI TaTbHENIIIETO NCTIOIb30BAHUS CTEHIOB.

Ha xputnueckom creHae «l'MaluHT» MPOBOASATCS WCCIENOBAaHUS HEUTPOHHO-
(bu3NYECKUX XapaKTEPUCTUK KPUTUYECKUX COOPOK C BOISHBIM M TUIPUIIUPKOHHE-
BBIMU 3aMEUIUTENIIMU HEUTPOHOB U 0€3 3aMeUTUTENS IPU aTMOC(HEPHOM JABJICHUHU U
TEMIIEpaType OKpyXKarolero Bo3ayxa. Ha crenne co3naercs cuctema HarpeBa ypaH-
BOJIHBIX KpUTH4ecKux cOopok 710 90 °C u rutaHupyeTcst mpoBeACHNUE SKCIIEPUMEHTOB
10 U3MEPEHUIO TEMIIEPATYPHBIX IPPEKTOB U KOIPPHUIIMEHTOB PEAKTUBHOCTH.

Kpurnueckuit crenn «Kpucramun npeHa3HayeH i1 UCCIIEI0BAaHUS HEUTPOHHO-
(pU3NYECKUX XapaKTEPUCTUK KPUTHYECKUX COOPOK C THIPUIIMPKOHUEBBIM 3aMEIIIH-
TeJIeM HEUTPOHOB U 0e3 3ameuuTelsi. B HacTodiee BpeMsi CTEH/ HaXOAUTCA B pe-
YKUME JJIUTENILHOTO OCTaHOBA, BBIMOJHAETCS MOJEPHHU3ALMA €r0 CUCTEMBI YIIpaBlie-
HUS U 3aIUTHI.

OcyiiecTBisieTcsl NOATOTOBKA K ITPOBEIECHUIO HAa KpuUTHUeckux creHp «I'ma-
muHT» U «Kpucramm xoMiuiekca 6eHUMapK SKCIEPUMEHTOB Ha OBICTPO-TEIUIOBBIX (C
HEHTPAILHOM 00J1aCThI0 AKTUBHOM 30HBI 0€3 3aMEeUIUTENS) YpaH-OepUILTUEBBIX KpH-
TUYECKUX COOpKax M Ha KPUTHUYECKUX U TMOJKPUTHUYECKUX COOpKax Ha OBICTPBIX
HEUTpOHAX, MOJEIUpYyIoNHe (HU3nYeckue 0OCOOCHHOCTH aKTHBHBIX 30H MEPCIIEKTUB-
HBIX OBICTPBIX PEAKTOPOB U MOAKPUTUYECKUX CHCTEM, YIIPABISIEMbIX BHEIIHUM HC-
TOYHUKOM HEUTPOHOB, OXJIAXKJAEMBIX Ta30BbIM M JKUIKOMETAIUNIMYECKUMHU TEIUIOHO-
CUTEJISIMHU.

[lonkpuTHueckuii CTeH 1 «SniHay UCToNIb3yeTcsl A1 UCCIEI0BaHNI HEUTPOHHO-
(U3MUECKIX XapaKTEPUCTUK YPaH-TIOMUATUICHOBBIX MOJAKPUTUIECKUX COOPOK (B TOM
YHUCJIe C LIEHTPAIbHOM 00JacThI0 aKTUBHOM 30HBI 0€3 3aMeIuTeNsl) mpu atMochep-
HOM JIaBJICHUU U TEMIIEpAType OKpyxKaroiero Bo3ayxa. CTeH npeiHa3HaveH Ui uc-
CIIEZIOBaHUSl TOJKPUTUYECKMX CHCTEM, YIPABISEMbIX BHEIIHUM HCTOYHUKOM
HEUTPOHOB.



NUCLEAR RESEARCH FACILITIES
OF THE SCIENTIFIC INSTITUTION «JIPNR "SOSNY"»:
THE CONDITION, USE AND PROSPECTS

S.N. Sikorin, S.G. Mandzik, S.A. Polazau,
V.N. Parshin, T.K. Hryharovich, |.A. Edchik

Scientific Institution «JIPNR "Sosny"»,
Minsk, Belarus

The paper presents information on the basic physical and design features and
the technical condition of nuclear facilities operated by the Scientific Institution
“JIPNR — Sosny”, such as the Giacint and Kristal critical facilities and the Yalina
subcritical facility. The main lines of the current experimental work are discussed;
and plans for the future use of the facilities are presented.

The Giacint critical facility is used to investigate the neutron-physical charac-
teristics of critical assemblies with water and zirconium hydride moderators
and without moderator at atmospheric pressure and ambient air temperature.
A system for heating uranium-water critical assemblies to 90 °C is being organized
at this facility; it is planned to carry experiments for measuring temperature effects
and reactivity coefficients.

The Kristal critical facility is designed for investigation of the neutron-
physical characteristics of critical assemblies with zirconium hydride moderator
and without moderator. Currently, this facility has been shut down, for a long peri-
od of time, in order to update its control and protection system.

Currently, the work is conduced to prepare the Giacint and Kristal critical fa-
cilities for a range of benchmark experiments at the fast-thermal (with the central
core without moderator) uranium-beryllium critical assemblies and at fast neutron
critical and subcritical assemblies simulating the physical features of the cores in
the advanced fast reactors and the subcritical accelerator driven systems, cooled by
gaseous and liquid-metal coolants.

The Yalina subcritical facility is used to investigate the neutron-physical char-
acteristics of uranium-polyethylene subcritical assemblies (including subcritical as-
semblies with the central core without moderator) at atmospheric pressure
and ambient air temperature. This facility is designed for investigation of subcritical
accelerator driven systems.



OnbIT UCCNEAOBATEJIbCKOIO PEAKTOPA BBP-CM
MHCTUTYTA AOEPHOU ®U3UKU AKAOEMUUN HAYK
PECNYBJIUKN Y3BEKUCTAH

0.0. Ocynos, P.A. Abaynnaes

NAD AH PYs,
r. TawkeHT, Y3bekncrtaH

Peaktop BBP-C momuocthio 2 MBT Obl1 coopykeH B mocenke Yyroek
B 1959 r. nns uccrnenoBanuii B o0JacTu SACpPHON (HU3UKH, PaAUAllMOHHON XUMHH
u Ouosnoruu, GU3MKe TBEPJOTO Telia, HEUTPOHHOU (PU3MKe, aKTUBAIIMOHHOMY aHa-
JIU3Y 3JEMEHTHOTO COCTaBa BEIIECTB U PAAUAllMOHHOMY MaTe€pUaOBEICHHUIO. DTH
UCCJIeIOBAHUS TIO3BOJIAIOT PEIIaTh aKTyalnbHble 11 PecmyOnukuy 3a1auu reojioruu,
rOPHOI00BIBAIONIEH, METAJUTYPIHUECKOW U FOBEIUPHON MPOMBILIJIEHHOCTH, MEIU-
LHAHBI, 3KOJIOTUH, CEJIIbCKOTO XO3AMCTBA, KPUMHHAIUCTUKHA, & TAKKE ITO3BOJSIOT
pa3pabaTbiBaTh TEXHOJIOTUU MOJYYEHUS HOBOW PaJlMOU30TONMHON MPOIYKIIMHU, MO-
TUuUIIpPOBaTh KOHCTPYKIIMOHHBIE MAaTepHAIbl, MUHEPATHHOE ChIPbE U Pa3IUYHbIC
U3JIEIINS.

C nenpr0 MOBBIMIEHUS TUIOTHOCTH IMOTOKOB HEUTPOHOB M PACIIMPEHUS €T0
HKCIIEPUMEHTAJILHBIX BO3MOXHOCTEH B 1971 rogy Obuia mpoBeneHa PEeKOHCTPYK-
1Sl aKTUBHOM 30HBI PEAKTOpPA U MPOBEICHO UCIBITAHUE HOBOM aKTUBHOM 30HBI pe-
aktopa BBP-C. B pe3ynprare nosiBUiIach BO3MOXHOCTH IOBBICHTH TEILJIOBYIO
MOIIHOCTh peaktopa ¢ 2-x a0 10 MBt. B 1978 rogy 3akoH4eHa pEKOHCTPYKILIHMS
peaktopa BBP-C, kotopas Bkiroumia B ceOsi 3aMEHY TEIJIOOOMEHHUKOB, YacTH
3JIeKTpOHHOM anmapaTypbl CY3, 1eTeKTOPOB U MPUOOPOB TEXHOIOTMYECKOI0 KOH-
Tpouss. [locTpoeHa u BBEZieHa B DKCIUTYyaTallU0 CUCTEMA Ia3004YUCTKH.

HccnenoBarenbckuil sinepHblil peakrop UHcturyta Anepuoii @usuku Akaze-
mun Hayk PecryOnmku Y30ekucTaH sIBASETCS €AMHCTBEHHBIM SACPHBIM PEAKTO-
pom B Llentpanphoit A3um, pabotatonmm Ha Momuocta 10 MBT, uto menaet ero
YHUKQJIbHBIM U HE3aMEHUMBIM HHCTPYMEHTOM ISl Pa3BUTUSL (PyHAAMEHTAIbHBIX
Y TIPUKJIAJIHBIX HAYUYHBIX HMCCJICIOBAHUM, pa3pabOTOK U BHEAPEHHS] COBPEMEHHBIX
MHHOBALIMOHHBIX TE€XHOJOTWH, MPOU3BOJICTBA PAJIMOAKTUBHBIX M30TOIOB s Pec-
nyOJMKH U Ha SKCTIOPT.

NAD AH PY aktusHO cotpyaunyaer ¢ MAI'ATD no Bompocam obecrieueHus
SAIEpPHOM M paaualMoOHHON Oe3omacHoCTU. B mocneaHue roapl Ha MCCienoBaTeb-
CKOM SIJIEPHOM PEAKTOPE MOJHOCTHIO 3aMEHEeHa CUCTeMa 00ecredeHus paguauoH-
HOU 0€301MacCHOCTH, MOJEPHU3UPOBAHBI CUCTEMBI YIIPABICHUS U 3aIIUTHI PEaKToOpa
(CY3), cucremMa BEHTWIALMM U DJIEKTpocHAOKeHWsA. PeanusyroTcss mpoeKTh
10 MOJIEPHHU3AIMN PATUOXUMUYECKOTO JTA00PATOPUH PEAKTOPA U CUCTEMBI BTOPOTO
KOHTYpa OXJIaKJICHHS.



COCTOAHUE XPAHUITULLIA
OTPABOTABLUEIO AAEPHOIO TOMNJIUBA
UCCIEOQOBATEJIbCKOIO PEAKTOPA UI'P

M.K. Ckakos, A.[l. Bypum, N.W. [epsasko, B.A. Nangandyk, A.H. Kotnsp,
B.B. YepHagbes, M.M. MewwH, E.B. HeHaxoB

NADS — domnnan PIT1 «HALL PK»,
r. KypyaTos, KasaxctaH

Ha teppuropun ObiBmiero CeMHIIaTaHMHCKOTO HCHBITATENIBHOTO SIE€PHOTO
IIOJINTOHA PACIIOJIOKEHBI JIBA KOMILJIEKCA MCCIIEN0BATENbCKUX peakTopoB Dunana
«M1AD» PI'TI «HALL PK» — xommiekc KNP «baiikan-1» u kommieke KUP UI'P.
VYKa3aHHbIE peaKTOPHbIE KOMIUIEKCHI BKIIIOYAIOT B C€0Sl MHOTME PaauallMOHHOONAC-
HbI€ OOBEKTBI: BO-NIEPBBIX, CAMU SACPHBIE PEAKTOPbI — JCUCTBYIOIIMN HCCIIEA0Ba-
TEIBCKUN BOJOOXJIAKIAAEMBIA rereporeHHsii peakrop UBI.1M, nelicTByrommi M-
nMyJbCHBIA TpaduToBblii peaktop MI'P u Haxopsmmiicss B COCTOSHHUM UTUTEIHHOTO
OCTaHOBAa aMITyJIbHBIN peakTop PA, a BO-BTOPBIX, HECKOJIBKO JIECATKOB XPAHWJIMIIL
Pa3IMYHOTO NMpeaHA3HAYECHHS — BPEMEHHBIE, IPOMEKYTOUHBIE U IIOCTOSIHHBIE XPAHH-
JIMILA UCTOYHUKOB MOHMU3UPYIOLIETO M3TYyYEHUS, XPAaHWINILA PAJHOAKTUBHBIX OTXO-
JI0B, XpPaHWIMILA SACPHBIX MATEPUAJIOB, XPaHWINIIA CBEKEr0 PEAKTOPHOIO TOILIUBA,
XpaHWJIMILA OTPabOTaBIIEr0 PEAKTOPHOTO TOILIMBA.

PagnanuonHas 0o0CTaHOBKAa Ha yKa3aHHBIX PaJMallHOHHOOMNACHBIX OOBEKTax
komiuiekcoB KNP «baiikan-1» u KNP UT'P koHTpoaupyeTcsi COOTBETCTBYHOUIUMHU
nozapazneneHusmMu Ounnana «MAD», 4TO NOIKHO TapaHTUPOBAaTh HAJUIEXKalllee
PaIMOIKOJIOTMYECKOE COCTOSHUE BCEX 3TUX OOBEKTOB U MPWIIETAIOLINX K HUM TeppHU-
Topuil. B CBSI3M ¢ OTMEUEHHBIM B HACTOSIIIEH paboTe B KaueCTBE MpUMeEpa Mpe/ICTaB-
JIEHBI PE3yJIbTAThl HCCIENOBAHUS PAIUOIKOIOTMYECKOIO COCTOSIHUS OJTHOTO M3 TaKUX
00bekToB Puimmana «MMAD» — xpanwmnia otpadorasuiero Tormsa peakropa UI'P,
B KOTOpOM 0Ko0J10 50 et coaeprkarcst ypaH-rpaUTOBbIE TOIUIMBHBIC OJIOKH aKTHBHOM
30HbI UT'P.

Xpanunuuie pacnonoxeHo Ha komiuiekce KUP WUI'P B TopiioBoM noMenieHuu
0OBaAJIOBAHHOT'O 3€MJIEN OJTHOATAXKHOI'O TEXHOJIOTHYECKOTO 3/1aHHSI C OJTHOCKATHBIM
nepekpoiTieM (pucyHok 1). TamOyp nepea BX0a0M B NOMELIEHUE XPAHUJIUINA SIB-
JSI€TCSl OTHOBPEMEHHO U TaMOypoM Iepel 3allaCHbIM BBIXOJIOM U3 TEXHOJIOTHYE-
CKOI'0 3JJaHHUs.

B nomermennn XxpaHwInIna UMEIOTCS BE STYEUKU XPAHEHUs SICPHOIO TOIUIMBA:
suerikor Nel siBisieTcst 3arpy304Has IIaxTa XpaHWINILG, a S4eikoil Ne2 — npusiMox
ryOuHOM 1,5 M, 3aKpbITHIA CBepXy OETOHHOM 3almuTHOW IMTON. s moctyma
K BEPXHEMY IEPETPY30YHOMY METAUIMYECKOMY JIFOKY 3arpy304HOM IIAXThl UMEETCS
JEeCTHULA C NEPWIAMH, YJIOXKEHHAas HENOCPEICTBEHHO Ha OOBaJOBKY 3[aHHUA, IIO-
CKOJIBKY 3TOT JIIOK, OIUIOMOMpOBaHHbIN neyatbio MAT'ATO, HaXoIuTCs HAa MEPEKPHI-
TUM TEXHOJIOTMYECKOro 31aHus. B 3arpy3ouHoii maxre (B stueiike Nel) xpaHsTcs B Ba



CJIOSI BOCEMb OTUIOMOMPOBAHHBIX METAJUIMYECKUX KOHTEHHEpOoB-O00uek ¢ (pparmenra-
MH ypaH-TpapUTOBBIX TOTUIUBHBIX OJIOKOB.

a 0

Pucynok 1. Bug TexHomorudeckoro 31aHusi CO CTOPOHBI Bxoja (a)
1 CO CTOPOHBI 3aI1acHOTO BbIx01a (0)

Jns moctyma K mpusaMKY XpaHunumia (K sueiike Ne2) HeoOxoaummo 3alTu
B TEXHOJIOTHUECKOE 37]aHKE Yepe3 BXOTHYIO JABEph U TaMOyp (pPUCYHOK 1a), mpoitu
10 OCHOBHOMY KOPUJIOPY (PUCYHOK 2a) B TOpPEI] 31aHMsI 0 TaMOypa nepes] XpaHu-
JUIIEM W 3alacHBIM BBIXOJOM W3 37aHUs, BCKPHITh BXOJHYIO JBEPh XPaHUIIUIIA
(pucyHOK 20) ¥ 3aiiTH B TTIOMEIICHUE 3TOT0 XPAHWIUIIA (PUCYHOK 2B).

a 0 B

Pucynox 2. OcHOBHOM KOpUAOp 37aHUs (), BXOJAHAS IBeph Xpanwmiuiia (0)
Y MHTEPbEp XpaHUIuIia (B)

Jlnst ueneil BCKpbITUS NPUSIMKa B XPAHWIUILE UMEETCS] MEXaHW4ecKas KpaH-
Oasika Tpy30M0AbEMHOCTBIO | TOHHA C Py4yHOH Tanblo. B mpusMke XpaHsTcs BO-
CEMb OIUIOMOMPOBAHHBIX METANIMYECKUX KOHTEWHEPOB MOJYTepPMETUYHOM KOH-
CTPYKIIMH, 3aII0JIHEHHBIX YpaH-rpadUTOBBIMU TOIJTUBHBIMU OJIOKaMH. TOIUIMBHBIE
0JIOKM B KOHTEHHEpaX XpaHATCS CleAyronuM oopazoM. [Tk 6J10KOB, yCTaHOBIJICH-
HbIE JIpYT Ha Jpyra, oOpa3yloT HEBBICOKYIO KOJOHHY. B kaHan, oOGpa3oBaBiuiics
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10 OCH KaXJ0W KOJIOHHBI, BCTABJIEH T€PMETUYHBIA METAJIIMYECKUN TIEHAJI C TTOTJIO-
TUTEJIEM — TOpOIMKOM KapOuma Oopa. IllecTHamnaTe Takux KOJIOHH TOMEIICHBI
B OJIMH METAJUIMYECKUUA KOHTEHMHED, T.€. KaXIbId KOHTEMHEP COACPKUT IO BOCE-
MUJIECITH ypaH-TpapuTOBbIX 0J0KOB. Bce BoceMb KOHTEHHEPOB C TOILJIMBOM IIO-
MEILIEHBI B METAINIMYECKUN KapKac ¢ METAUNIMYECKOW OTKUIBIBAIOIIEHCS KPBILIKOM,
Ha KOTOPYIO YJIOKEHBI CBHUHIIOBBIE OJIOKH-KKUPIUYN», OOpa3yIOIIHUE TOTOJIHH-
TEJNbHBINA 3aIIUTHRIN CBUHIIOBELIN CJIOM TOJIIMHON 50 MM.

[Tocne yaaneHus: BceX CBUHIIOBBIX OJIOKOB C KPBIIIKU Kapkaca (Ha pucyHke 3a
9TH yJAJICHHBIC OJIOKM YJIOXKEHBI JPYr Ha Jpyra Ha Kpar IPHUSMKa) MOSBIISCTCS
BO3MOXXHOCTh JIOCTYIIa K KOHTEHHEpaM C TOIUIUBHBIMH OJIOKaMH (JIJIs 4ero J0cCTa-
TOYHO OTKUHYTh KPBIIIKY Kapkaca). B 3TUX BOCbMHU MOJYT€pMETUYHBIX KOHTEIHE-
pax (pucyske 30) xpaHsTcs oTpadoTaBIIHe ypaH-TpadUTOBBIC OJIOKH, COECPKAIIIHEC
B OO1IEH CIIOKHOCTU OKOJIO TOHHBI IPOMUTAHHOTO BBICOKOOOOTAIIEHHBIM YPaHOM
rpadura. (C ydetoM (parMeHTOB TOIUIMBHBIX OJIOKOB B BOCBMH KOHTECHHEpax-
O0oukax B 3arpy304HOM IIaXTe OO0IIee KOIUYECTBO PEAKTOPHOTO TOIUIMBA B XpaHHU-
auuie coctaBiseT Oonee 2-X ToHH) JlocTyn K TOIUIMBHBIM OJlOKaM JIHOOOTO
13 BOCbMU KOHTEHHEPOB (PUCYHOK 3B) OCYIIECTBISIETCA IMyTEM CHSTHSI C TOTO
KOHTEMHEpa KPBIIIKK, KOTOpas 3aKkperuieHa Ha KOHTeiHepe OonTaMu depe3 pesu-
HOBYIO TTPOKJIAJIKY .

B
Pucynok 3. Kapkac ¢ koHTeiiHepamMu B pUsMKe (a), BOCEMb KOHTEHMHEPOB
C TOTUIMBHBIMU OjiokaMu (0) ¥ TOTUIUBHBIE OJIOKH
B OJIHOM U3 BCKPBITBIX KOHTEIHEPOB (B)

Ocrtaercs OTMETHTh, YTO B OOCIEAYEMOM XPaHHWIHUIIE OIJIOMOUPOBAHHBIMH
nedatasMu MAT'ATD saBusitoTCs TOJMBKO OCTOHHAS 3allMTHAs ITUTHTA TPHUSMKA
C TOITUBOM (TUTUTA C KpacHOU 1udpoit «2» Ha PUCYHKE 26), METAINTUIECKAs IBEPh
Ha MpoeMe 3arpy304HOM MaxThl (IBEpbh ¢ KpacHOUM nudpoit «1» Ha pucyHke 26)
Y METAIMYECKUN BEPXHUW MEPETPY304YHBIM JIOK 3TOW IIaxTel. Bce ocTtanbHbIE
IUIOMOMPOBAHUS OCYIIECTBISIOTCS CIEUUaIbHBIMU cinykO0amu @unmana «MAD».
[Ipn stom umHcnekTopsl MAI'ATO pa3 B kBapTaj KOHTPOJUPYIOT COXPaHHOCTH
TpeX CBOMX IJIOMO W pa3 B rojJ MHCTPYMEHTAIbHBIM CIHOCOOOM JIMCTAHLIMOHHO
IPOBEPAIOT HAMYME OOJIYYEHHOTO TOIUIMBA B 3arpy304YHOM 1axTe (B sueike Xxpa-
HeHust Nel) u B ipusmke (B stueiike xpaneHus No2).

B xone BemonaeHHbIX B 2012 1 2017 rogax obciemoBanuii 06110 3a)UKCHPO-
BAaHO BIIOJIHE YJIOBJIETBOPUTEIBHOE PATHOIKOIOTMYECKOE COCTOSHHUE XPaHWIMILA
U TIpUJIETaloNiell K HeMy TeppuTopuu. M3MepeHHsMH TUIOTHOCTEH IMOTOKOB [3-
YacTHUI] 3a MpeleramMd TEXHOJOIMYECKOro 3[aHus, IMepe] BXOJOM B 3JaHHE,
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B TaMOype BXO0/a, B KOPHAOpaxX 3MaHUS U BO BCEX €r0 IMOMEIIEHUSX BIUIOTH
70 TaMOypa Tepes] MBEphbI0 TMOMEIICHUS XPAHWIUIA OBIJIO YCTAaHOBJICHO OTCYT-
CTBHME 3aMETHOTO BBIHOCA PAIMOAKTUBHBIX MPOIYKTOB 3a MPEJIEIIbl XPAaHWINILA: Be-
JUYMHBI TIOTOKOB B Pa3jUYHBIX TOYKax 3aMepoB KoJjiebanuch B mpenenax ot 0
710 16 wact./(cM>*MHH) C BBIPOXKEHHOI TEHICHIMEH K yMEHBIICHHIO B HAIPABICHUH
oT xpanwiuiia. [Ipy 3ToM B caMOM MOMEIIEHUH XPAHWINILA 3HAYEHUSI TUIOTHOCTEN
MOTOKOB [-yacTul ObUIM CYIIECTBEHHO BBIIIE M HAXOIWIHCh B mpejenax oT 50
10 105 gacr./(cM* MuH).

Ctonp HEBBICOKAS 3arPSA3HEHHOCTh MTOMEILEHHS XPaHUJIUIIA U OTCYTCTBUE 3a-
METHOTO BBIHOCA PAIMOAKTUBHBIX MPOJYKTOB 32 €ro MPe/Ieibl BIOJHE OOBSICHUMBI.
Bo-nepBbiX, KOHCTPYKIMSI KOHTEHHEPOB C TOILIMBOM M B MPUSMKE, U B 3arpy304-
HOUW IIAXTE SIBISAECTCS MOJIYTEPMETUYHOM, YTO MPAKTUYECKU MOJHOCTHIO UCKITFOYAET
BBIHOC TPOJYKTOB M3 TAKWUX 3aKPBITBIX M OIUIOMOMPOBAHHBIX eMKocTel. Bo-
BTOPBIX, CIIy4aW BCKPBITUS 3TUX KOHTEUHEPOB, TO €CTh TAKUE COCTOSAHUS XpaHe-
HUS, KOTJIa BEPOSITHOCTh BBIHOCA MPOAYKTOB HaOOJIee BBICOKA, B MPAKTUKE XPaHU-
auia ObUTM Ype3BbIYaHO peAKUMHU. Tak, KOHTEHHEPHhI-00UKH B 3arpy304HOMN I1ax-
T€ XpaHWIMIIA HU pa3y HE BCKPBIBAIUCH 3a Bce 50 JeT XpaHeHus, a U3 BOCbMH KOH-
TEUHEPOB C TOIUIMBOM B NPHUAMKE XPAaHWJIMILNA BCKPBIBAIIUCH TOJBKO JBA. 3/1€Ch
YMECTHO OTMETHUTh, UYTO MPHU €KETOJHOM MHCTPYMEHTAIBHON MPOBEPKE HAIUYMS
O0Oy4EeHHOI'0 TOIUIMBA B MPHUSIMKE U B 3arpy304HOM maxte uHcnekropsl MAI'ATO
BCKPBITHII KOHTEWHEPOB HE MPOU3BOMSAT.

VY CTaHOBJIEHO TaKXe OTCYTCTBUE OMACHOCTH MepeoOTydyeHUs epcoHana KOM-
wiekca KNP UT'P, paboratoiiero B moMemeHusIX TeXHOIOrH4eckoro 3nanus. [lo-
3UMETPUYECKUMH U3MEPEHUSIMU OBLJIO MOKa3aHO, YTO MOIIHOCTh 3KCIO3UIIMOHHOM
JI03bI B PA3JIMYHBIX TOYKAX 3aMEPOB KaK 3a MPEAEIaMU 34aHusl, TAK U BHYTPU HETO
Be3JIe, BIUIOTH J0 TaMOypa mepea Xpanunuiiem, He npeBbimana 0,2 Mx3B/4. Hemo-
CpencTBeHHO y aBepu xpanmiuma M3/] cocraBmma 0,5 Mk3B/4, a Ha TTOpore Xpa-
Huuma (B 1sepHoM npoeme) — 0,8 mx3B/4. BuyTpu nomenienus xpanunuiia MO]]
BO BCEX TOYKAaX BBIMOJHEHHBIX 3aMepoB ObLIa 3ameTHO BhImie 0,8 Mk3B/4, mpuuem
MaKCHMallbHOE €€ 3HaueHue, jgocturaromee 10,4 Mx3B/4, oOKa3aloch
Ha MMOBEPXHOCTU OCTOHHOM 3aIlIMTHOW IUJIMTHI HaJ MPUSIMKOM C TOIUIUBOM (HUHTE-
PECHO OTMETHUTb, YTO NP CHATON C MpHUsSMKA OCTOHHOM 3aIUTHOU rmiuTe MDOJ]
Ha MMOBEPXHOCTU CBUHIIOBOTO 3AlIUTHOTO CJIOSI Ha KOHTEMHEpax IPEBBICHIIA 3TO
3Ha4YCHHUE Ha TPH MOPSIIKA U cocTaBmiIa 0kojio 10 M3B/4).

[Tomy4eHHBIN MOTOKUTEIBHBIM PE3yIbTaT 00CIENOBaHUS XPAHWININA TTOJHO-
CTBIO TIOATBEPIUI TOT (DAaKT, YTO M YCJIOBUSI XPAaHEHHs TOTUIMBA, U YCIOBHS DKC-
IJIyaTaluy XPaHUWIIUIIA, U OCYLIECTBIISIEMbII COOTBETCTBYIOUIMMHU MOAPA3ACICHU-
asMu Oummnana «MAD» KOHTpONb paguallMOHHOW OOCTaHOBKM B XPaHWIIHUIIE
Y HA MPWIETAIOMIEN K HEMY TEPPUTOPUH JNEUCTBUTEIBHO TapaHTUPYIOT MpPHEMIIEC-
MO€ paJM03KO0JIOTHYECKOE COCTOSIHUE 3TOr0 PaJHALIMOHHOONACHOTO OOBEKTA.

11



§ CUCTEMA OBECINEYEHUA
CEMCMUYECKOU BE3OINACHOCTU AOEPHbLIX PEAKTOPOB

B.I. MMeTtpocaH, C.C. ApyTioHaH, A.I'. MannsH

3A0 «ApmaTtomy,
r. EpeBaH, ApmeHus

ApPMSIHCKHIT Hay4YHO-HCCJIEIOBATENbCKUI MHCTUTYT MO 3KCIUTyaTallid aTOM-
HBIX JJIEKTPOCTaHLMM - UHCTUTYT ““ApMarom”, SIBJISIETCS OCHOBHOW OPraHW3aLAEH B
ApmeHnun, o0ecreunBarolell Hay4YHO-TEXHUUYECKYIO TOJIEPKKY MPU AKCIUTyaTaluu
ADC. UHcTuTyT “ApMarom” €AMHCTBEHHAs OpraHu3alys B ApMEHNN, UMEIOIIas JIv-
IIEH3UI0 HAa TMPOCKTHUPOBAHUE W M3TOTOBJIEHUE OOOPYIOBaHMs, MPUOOPOB U CUCTEM
st ADC. OIHMM U3 OCHOBHBIX HAIlpaBJICHUM JEATEIbHOCTH WHCTUTYTA SIBJISIETCS
BHEJIPEHUE JUArHOCTHUYECKUX, MOHUTOPUHIOBBIX M MH(POPMAITMOHHBIX CUCTEM obec-
nevyeHust 6ezonacHon padbotel ADC.

B pamkax pabot no obecneuenuto 6ezonacHoit sxcrryaranun ADC B yClIoBH-
X BBICOKOM CEHCMHUYHOCTH HMHCTHUTYTOM Oblla pa3paboTaHa, CIPOECKTUPOBaHA
Y 3aMyIIeHa B TPOU3BOJCTBO CUCTEMA MHIYCTPUAIBHON aHTHUCENCMUYECKON 3allu-
Tl (CUA3-2), npegHa3HaueHHas ISl BbIIAYd ABAPUMHBIX CUTHAJIOB B CHCTEMY
aBapUIHON 3alIUTHI PEaKTOpa NP CEUCMUUYECKHUX KOJICOAHMIX OMPEIeICHHON aM-
wmtyael. CUA3-2 Bonuta B “npoekt ADC” u Obuta ycTaHOBJIEHA HA APMSHCKOU
ADC, ADC Poccuu, Ykpaunsl, bonrapuun (ADC “Koznonyii”), Cnoakuu (ADC
“MoxoB1e”), a Takke PazgaHckoi TeninoBoil anekTpocTaniin B Apmenun. Cucre-
Ma MoxeT ObiTh mpuMeHnena Ha ADC, WP, ACT, TOLl, I'DC, na crparerndyecku
BaXKHBIX 00BEKTAX ra30-, TEIIO-, SHEPIrO- U BOJIOCHAOKEHUSI KPYITHBIX HAaCEICHHBIX
MYHKTOB, & TaK)K€ Ha KPYMHBIX MPOMBIIIJIEHHBIX MPEINPUATHIX, CIIOCOOHBIX BHI-
3BaTh KOJIOTHYECKYIO KatacTpody. Cucrtema M3roToBjieHa C y4eTOM TpeOOBaHUM,
NPEaBABISIEMBIX K CUCTEMaM SIIEPHOTO MPUOOPOCTPOCHHUS JIJIsi AaTOMHBIX CTAHLIUN
no I'OCT 29075, a takke B COOTBETCTBUU CO “CrnenuaibHBIMU YCIOBUSIMHU T1O-
CTaBKH 000py/I0BaHUs, TPUOOPOB, MATEPUAIIOB U U3AEIUN 1Ji1 OOBEKTOB aTOMHOU
sHepreTukn . CUcTeMa MHAYCTPUAIBHON aHTUCEMCMHYECKON 3aIUTHl TAKKE UMEET
BaXHOE 3HAYEHUE JIJIsi 0OecredeHns Oe30MacHON IKCILUTyaTalliu UCCIEI0BATEILCKUX
peakTopoB. JIBa komruiekta cucteMbl CMA3-2 ObIJIO YCTaHOBJICHO Ha SJICPHOM peak-
tope Cankt-IletepOyprckoro mucturyta sipepHor gusuku ([TUAD). Co cropoHs
@enepabHOrO0 AreHTCTBA IO TEXHUYECKOMY PETYJIHMPOBaHUIO W MeTposornu Poc-
cuiickoit denepanuu cucteme “CHUA3” Beinan Ceprudukar 00 yTBepKICHUU TUTIA
cpeacTtB uaMepenus. Cucrtema aomnyuieHa Kk npumeHenuto B PO. C 2005 rona 3a-
nylieHa B npou3BoAcTBo Cucrema MuayctpuanbHOM AHTHCEMCMHUYECKON 3alllUTHI
HOBOTr'0 TIOKOJieHUs1 ¢ 1udpoBoit obpadbotkoit undopmarmu (CUA3-3). Crpykrypa
CHUA3-3 moctpoeHa Ha COBPEMEHHOM 3J€MEHTHOW 0a3e LU(POBOMl 3IEKTPOHUKH,
CO CHelMaIbHBIM MPOrPaMMHBIM OOECTIeUeHHEM U MpUMeHeHueM KommbioTepa. CU-
A3-3 BHenpena Ha ApmsaHckoil ADC u Pazpanckoit TOC. B 2016 roay B HHCTUTYTE
“ApmaroM” pa3paboTraHa MojepHU3MpOBaHHas Bepcusi cuctemMbl CHUA3-3Mm.
B cucreme CHUA3-3M UCIONIB30BaHbI CEMCMUYECKUE JATYMKU IIBEHIIAPCKON KoMMa-
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aun “GeoSIG”, HoBelIIas JIEKTPOHNKA M COBPEMEHHAsI KOMITBIOTEpHAs CHCTEMa 00-
pabOTKH U COXpaHEHUS JaHHBIX.
Cucrema MHAYCTPUAIIBHOM aHTUCEHMCMUYECKON 3amuThl ¢ 1udpoBoii obpa-
ootkoit uapopmanuun CUA3-3 npegHazHaueHa asis:
= HENPEpPhIBHOTO KOHTPOJS W PEruCTpaldy BEJIWYUHBI KoJieOaHUN TpyHTa
TUIOMIAZKK KOHTPOJIUPYEMOTO 00bEKTa;
= aBTOMAaTHYECKOHN BBIIAYM CUTHAJIOB B CXEMY aBAPUWHOW 3alMTBI peakTopa
U B CXEMbl OJIOKMPOBOK SHEProOJioKa MpH MPEBLINIEHUH HWHTEHCUBHOCTU
CEHCMUYECKUX BO3JACUCTBUN MPEABAPUTEIBLHO ONIPEAECIICHHBIX ITIOPOTOB.
Cucrtema BBINOJNHAET CBOM (PYHKIIMM IO 3alIMTE€ BO BpPEMsl CEHCMUYECKUX
Y UICKYCCTBEHHBIX BO3JCHCTBUH NPH MAKCUMAJIBbHOM PAaCUYETHOM 3EMIIETPSICEHHU
(MP3) 9 6amnoB no mkane MSK-64 u coxpaHsieT TEXHHUYECKHUE XapaKTEPUCTUKU
nocne HuX. OInektpoobopyaoBanne CHUA3-3 coxpanser paboTOCIOCOOHOCTDH
IpU BO3JEHCTBUM cleayromux kinmMatuaeckux ¢akropos mo ['OCT 15150:
= TeMIIepaTypa OKpyxkarouiei cpeasl — ot - 20 no + 50 ° C;
= OTHOCHUTEJIbHAA BIAXHOCTh Bo3ayxa — 110 90 % nipu temneparype + 35° C.
CucremMa COCTOMT U3 TPEX OJIMHAKOBBIX OJIOKOB (KaHAJIOB) U MEPCOHAIBHOIO
KOMITBIOTEpA C BCTPOECHHOW TpeXKaHabHOUW HMHTepdeiicHoN tutaToit. OO BUA
CUCTEMbI IIpUBEJIeH Ha pUcyHKe 1. ['abapuTHBIC U YCTAaHOBOUHBIE pa3Mephl OJMHAKO-
BbI Ju1s Becex 0510koB CHUA3-3: Beicota — 200 mm; quametp — 440 MM; yCTaHOBOYHBIE
pa3mepsl — 380 + 0,2 MM, Macca Oioka - He 6onee 35 kr. MoiepHU3UpOBaHHAS CH-
ctema CMA3-3M nmMeer HeKoTOpbIe OTiMuus. B coctaBe ogHOro Gi10ka HOBOW CH-
creMbl CUA3-3m Tpu cericmonpuemuuka OCII, ycTaHOBIEHHBIE 110 HANPABIECHUSAM
X, Y, Z, 3ameHennl oguuM Tpex oceBbiM (X, Y, Z) akcenepomerpom AC-23 (mpo-
u3Boautenb GeoSig Ltd, [lIelimapust). Akcenepomerpor AC-23, 6osiee HaJEKHBIE,
C JIyYIIMMH XapaKTepUCTUKAMH, MaJlbIMU TrabapuTaMyd W MajbiM BecoM (2,5 Kr
BMecTo 21 kr oO1iero Beca Tpex ceicMornpueMHukoB B cucteme CUA3-3).

Puc. 1. Kommiekt cuctrembl CUA3-3 — Tpu 6710Ka U KOMIBIOTEP

[punHimno pabotel cucteMbl. CUCTEMa UHIYCTPUATBHON aHTHUCEMCMHUYECKOH 3a-
IIUTHl TIOCTPOEHA Ha OCHOBE KOHTPOJIS CEMCMHUYECKHUX BO3JICUCTBUN BTPEX MECTaX.
B kaxxmom 0110ke CUCTeMBI MEXaHWYECKasi HEpPrusi KojaeOaHuil TPyHTa C ITOMOIIBIO
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ceiicmonpueMHukoB (B cucreMe CHUA3-3m onun akcenepomerp AC-23) o Tpem B3a-
UMHO TEPIEeHANKYISAPHBIM HampanieHusM X,Y,Z mpeoOpaszyercss B DJICKTPHUECKHE
CUTHAJIbI. DJNEKTPUYECKUE CUTHAJIBI, IPOMOPLIUOHATIBHBIE MEXaHUYECKUM KOJICOaHu-
M TPYHTa, C BBIXOJIOB CEWCMOINPUEMHHKA (AKCEIEPOMETPA) MOCTYMAIOT HA BXOMbI
yeuwurend YX,YY,YZ no kanainaMm X,Y,Z. YCUICHHbIE U HOPMUPOBAHHBIE CUTHAJIBI
buIBTPYOTCS B JABYX3BEHHBIX (priibTpax HWkHHX yactoT GHUX, ®HUY, ®HUYZ,
¢ yacrotoii cpesa 30 I'm.

[locne ¢unbTpalu CUTHAIBI TOCTYNAIOT HA aHaJOTOBBIE BXOABI MHUKPO-
KOHTpOJIJIEpa JIIsl aHAJIOrO-IIU(PPOBOTo Npeodpa3oBaHus, ajee, MOCPEICTBOM CIELH-
anpHOrO TIporpammuoro ooecriedenus (CIIO), GpopmupyroTcs U BbIalOTCS aBapuii-
Hble AUCKpeTHble curHaibl (/I3-1, J[3-2) Tuma “cyxoil KOHTakT Il aBapUHHOIrO
OCTaHOBA PEAKTOpA.

Bbinava aBapuiHBIX CHTHAJIOB IPOU3BOAUTCS B PE3YJIBTATE CPABHEHUS BEINYU-
HBI MOZYJIsl BEKTOpA YCKOPEHUH KOJIe0aHW TPyHTA C YCTAaHOBJIEHHBIM NoporoM. Mo-
IyJIb BEKTOpPA orpenaeisiercs no popmyJie:

A=A+ 4 + 4, , TIe A - MOJyJIb BEKTOPa YCKOPEHHMS KOJIeOaHUI IpyHTA;
Ax, Ay, Az — IpoeKIMK BEKTOpa YCKOpeHUs Kojiebanuii rpyHTa Ha ocu X,Y, Z.
[lepcoHalibHBIN KOMIBIOTEP 00ECTIEYHBAET BHIMOJIHEHUE CIETYIOMNUX (PYHKINN:
= OCYULIECTBJICHHE MOOJOYHOU MPOBEPKU PAOOTOCTIOCOOHOCTH CHCTEMBI (Camo-
KOHTPOJIb);
= 3alKCh M XpaHEHHE TEKyIIer nHPOpMAIMKA O CEMCMUYECKUX MM UCKYCCTBEH-
HBIX BO3JICMCTBUSAX HA KOHTPOIUPYEMBIH OOBEKT JIO TIOCTYIJICHUS CIIEAYIOIIE-
IO CEMCMUYECKOTO COOBITHS, TIPEBHIIIAOIIETO MTOPOT Hauana PerucTpalvuy;
= BBIFaUy TEKyIIeld WHPOpMAIMK B BHUJE MPOTOKOJIA, C YKa3aHUEM JaThl U Bpe-
MEHHU 3aITUCU CEMCMUUYECKUX COOBITUM.
Pe3romupyst BblllECKa3aHHOE, MOXKHO YTBEpKIaTh, 4to cucrema CHA3-3m mo-
KET UMETh IIMPOKOE IPUMEHEHHE JIJIsl OTIeCTICUeHuUs1 0€30MaCHOCTH SJIEPHBIX PEAKTO-
POB, HAXOJAIIUXCS B 30HE CEUICMUYECKON aKTUBHOCTH.

RESEARCH REACTOR ANTI-SEISMIC SAFETY SYSTEM
V.G. Petrosyan, S.S. Harutyunyan, D.G. Mayilyan

CJSC «Armenian Scientific-Research Institute
for NPP Operation — "Armatom" Institute»,
Yerevan, Armenia

Armenian Scientific-Research Institute for NPP Operation - “Armatom” Institute,
1s the main organisation in Armenia, which provides scientific-technical support for
NPP operation. Armatom institute is the only organization in Armenia, which has
a license for design and production of equipment, instruments and systems for NPP.
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One of the main activities of the Institute is the introduction of diagnostic, monitoring
and information systems to ensure the safe operation of nuclear power plants.

As part of the work for NPP safe operation under conditions of high seismicity,
the Institute developed, designed and put into production an industrial anti-seismic
protection system (IAPS -2) designed to deliver emergency signals to the reactor
emergency protection system for seismic vibrations of a certain amplitude.

IAPS-2 has been included in the "NPP project" and installed in Armenian NPP,
NPP of Russia, Ukraine, Bulgaria, Slovakia, and Hrazdan thermal power station
(TPS). The system can be applied in NPP, RR, TPS, HPS, in strategic object of gas,
heat, energy, water supply of cities, as well as in large industrial enterprises capable
of causing an ecological catastrophe. IAPS is manufactured taking into account
the requirements for nuclear instrumentation systems for nuclear power plants,
in accordance with GOST 29075, and also in accordance with the "Special Conditions
for the Supply of Equipment, Instruments, Materials and Products for Nuclear Facili-
ties".

The system of industrial anti-seismic protection is also significant for the safe
operation of research reactors. Two sets of the IAPS-2 system have been installed
on the nuclear reactor of the St. Petersburg Institute of Nuclear Physics (PNPI).

On the part of the Federal Agency for Technical Regulation and Metrology
of the Russian Federation, the "IAPS" system has been issued a Certificate
of Approval of the type of measuring instruments. The system is approved for use
in the Russian Federation.

Since 2005 the production of Industrial Anti-seismic Protection System of the
new generation with digital information processing (IAPS-3) has been started. The
structure of IAPS-3 is based on the modern elemental base of digital electronics,
with special software and computer application. IAPS-3 is implemented at the Ar-
menian NPP and Hrazdan TPS. In 2016, the modernized version of the system,
IAPS-3m has been developed at the "Armatom" Institute. The IAPS-3m system us-
es seismic sensors from the Swiss company "GeoSIG", the latest electronics and a
modern computer system for data processing and storing.

The system of industrial anti-seismic protection with digital processing of in-
formation [APS-3 is designed for:

= continuous monitoring and recording of the magnitude of the ground motion
of the site of the monitored facility;

= automatic issuance of signals to the reactor emergency protection scheme and
power unit blocking schemes when the intensity of seismic vibrations of pre-
determined thresholds is exceeded.

The system performs its functions for protection during seismic and simulated
impacts at the maximal calculated earthquake of 9 points on the MSK-64 scale and
retains technical characteristics after them. Electrical equipment of [ASP-3 remains
operational under the influence of the following climatic factors in accordance with
GOST 15150:

= ambient temperature: from -20 to +50 ° C;
= relative air humidity: up to 90% at a temperature of +35°C.
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The system consists of three identical blocks (channels) and a personal computer
with a built-in three-channel interface card. The overall view of the system is shown in
Figure 1. The overall and installation dimensions are the same for all IAPS-3 units:
height - 200 mm; diameter - 440 mm; installation dimensions - 380 + 0.2 mm, weight
of the block - no more than 35 kg. The upgraded [APS-3m system has some differ-
ences. As part of one block of the new IAPS-3m system, the three seismic sensors in-
stalled in the X, Y, Z directions are replaced by one three axial (X, Y, Z) accelerome-
ter AC-23 (manufactured by GeoSig Ltd, Switzerland). AC-23 accelerometers are
more reliable, have better characteristics, small dimensions and low weight (2.5kg in-
stead of 21kg total weight of three seismometers in the [APS-3 system).

Fig.1. Set of IAPS-3 system: three blocks and a computer

The principle of operation of the system. The system of industrial anti-seismic
protection is built on the basis of seismic control in three places. In each block of the
system, the mechanical energy of ground vibrations by means of seismic sensors (in
the IAPS-3m system, one accelerometer AC-23) is converted into electrical signals in
three mutually perpendicular directions X, Y, Z. Electric signals proportional to the
mechanical oscillations of the ground, from the seismic sensors (accelerometer) out-
put, are input to the inputs of the amplifier through the channels X, Y, Z. The ampli-
fied and normalized signals are filtered in two-link low-pass filters, with a frequency
threshold of 30 Hz.

After filtering, the signals are fed to the analogue inputs of the microcontroller
for digitization, and then emergency discrete signals of the "dry contact" type
for emergency shutdown of the reactor are generated and provided by special soft-
ware.

The issuance of alarms is performed as a result of comparing the magnitude
of the modulus of the acceleration vector of the ground vibration with the threshold
set. The module of the vector is determined by the formula:

A:\/ A’x+4,"+4," where A is the modulus of the vector of acceleration

of ground vibrations; AX, AY, AZ - projections of the vector of acceleration of ground
vibrations on the X, Y, Z axis.
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The personal computer provides the following functions:
= implementation of a block-by-block check of system operability (self-control);
= recording and storing current information on seismic or simulated impacts
on the monitored object until the next seismic event arrives, exceeding
the threshold for the start of registration;
= 1issuance of current information in the form of a protocol, indicating the date
and time of recording seismic events.
Concluding we can say that the IAPS-3m system can be widely used to ensure
the safety of nuclear reactors in the zone of seismic activity.

COCTOSAHUE OEN U NEPCINEKTUBbI BOCCTAHOBJIEHUA
UCCINEOOBATEJIbCKOIO PEAKTOPA «API'YC-®TU»
AOEPHO-®U3UYECKOIO LULEHTPA ®U3UKO-TEXHUYECKOIO
MHCTUTYTA UMEHU C.Y. YMAPOBA AKAJEMUUN HAYK
PECNYBJNIUKU TAIDKUKUCTAH

®. Paxumu, [x.A. CanomoB

AAPB AH PT,
r. Aywan6e, TagpkmkmuctaH

TamKukucTaH SBISAETCS HeAnepHOW crpaHou. B Takukucrane saepHbie
Y paJMOAKTUBHBIE MaTEpHUaibl HE NPOU3BOAATCS. OIHAKO OCTHKEHUS SIEPHO-
(GU3NYECKUX TEXHOJIOTHI IMIMPOKO MPUMEHSIOTCS B Pa3IMYHBIX 00JIACTSIX HAPOHOTO
XO03HCTBA PECITYOIUKH.

3a ropl COBETCKOM BJIACTH B PECIyOJMKY OBLIH 3aBE3CHBI IECATKU BUIIOB 000-
PYJIOBaHUS M THICSIYM PATUOAKTUBHBIX HMCTOYHHKOB PA3IUYHBIX AKTUBHOCTEH
JUTSI IPUMEHEHUST B HAPOJIHOM XO3SIIICTBE CTpaHbl U MPOBEJICHUSI HAYUYHBIX HCCIIEI0-
BaHMU. OJHUM W3 HUX SIBIISIETCS HCCIENOBATEIBCKUM PEAKTOpP «ApPryc», KOTOPBIA
Obul mocTaBiieH PU3MKO-TeXHUYECKOMY MHCTHTYTYy uM. C.Y. YmapoBa Axkanemun
Hayk PecnyOnuku Tamkukucran (manee ®TU AH PT) UuctutyTom aToMHOM 2HEp-
run uMm. M.B.KypuaroBa B 80-¢ rompl mpomnuioro Beka Ui MPOBENCHUS COBMECTHBIX
paloT, yunTbIBas Xopouii HayuHblii noreHman OTH.

PaGotb! o pa3zpabotke npoekta Havyanmuch B 1982 romy. B paboTtax npuHuMamm
yuactue MAD um. M.B. Kypuarosa, HIIO «KpachHas 3Be3na» u Ap. OpraHU3aIMH.
Oo6mmecTpoutenpHbIe padboThl ObUH 3aBepiieHbl B 1987 rogy u B 1988 roay 3maHue
peaxkTopa U peakTopHasi yCTaHOBKA OBLIM MPHUHATHI B AKCIUTyartaiuio. [TocraBka Tor-
JvBa U GU3NIECKHI MyCK peakTopa ObLI 3aryaHupoBana Ha jgeto 1989 roxa.

Opnnako, B Te ToJbl - Toabl ['opbadyeBckoit nepectpoiiku, B CoBerckoMm Corose
MOSIBUJIMCh MHOTO MApTUi U JBWKEeHHUN. Y B TaKuKrucTane Takue IBUKEHUS U HEKO-
TOpbIe OOLIECTBEHHBIE OPraHM3ALMM, KaK "3eJeHbld MUp’, MPU MHOIJIEPKKE HOBBIX
KaHWIATOB B JIEMYTaThl MapiiaMeHTa JOOWINCh Toro, uTo B 1989 romy 3amyck peak-
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TOpa ObUT MPUOCTAHOBIICH PEIICHUEM OpraHoB BiacTtu r. JlymanOe, Kak OMacHOTO
00BbEKTa, HAXOMSIIErocs Ha TEPPUTOPUU TOPOJA. 3ampeTWiid Jake BBO3 TOIUIMBA
B PecryOmnuky.

Takum o00pa3om, siIepHOE TOIUIMBO JJIS pEaKTopa HEe Oblla MPUBE3CHO
B Ta/pkukuCcTaH, a Janee, Kak M3BeCTHO, nmpouzomen pacnan Coserckoro Corosa
U IpUOOpETeHNEe HE3aBUCUMOCTU. Yepe3 roja mocje MoJydeHHe HEe3aBUCHUMOCTU
B Ta/UKMKHUCTaHEe HayaJlach rpakaaHcKas BouHa. [locie Havana rpakxIaHCKOM BOWHBI
(dbuHaHCHpOBaHUE MPOEKTa BOBCE ObUIO MIPEKPAIICHO.

Opnaxo pykoBozictBo @TU AH PT coxpaHuiio peakTop B 3aKOHCEPBUPOBAHHOM
COCTOSIHUM TI0 HacTosiiee BpeMs. B centsiope 2008 roga ObuUTH pUTIIAIIICHBI CTIeIHa-
muctel Poccniickoro HanmonansHOro mccnenosarenbekoro nentpa «KypuatoBekui
WHCTUTYT», KOTOPbIC JAIH 3aKIFOYEHUE O COXPAHHOCTU OCHOBHBIX Y3JIOB PEAKTOP.
Havanuce BecT mpenBapHTENIbHBIE NEPETOBOPBI ¢ PYKOBOJACTBOM KypuaToBCKOro
WHCTUTYTa O BO3MOYKHOCTM BOCCTAaHOBJIEHUSI PEAKTOpa M €ro MCHOJIb30BAHUS
JUTsl HApaOOTKU U30TOIOB JJIsl HYKT SIIEPHOM METUITHBI.

[TocnenHue robl CUTyaIMs C PEAKTOPOM B KOPHE U3MEHUJICSL.

B nacrosiiiee Bpemsi pa3BUTHE SKOHOMUKU PECIYOIMKU CTaBUT TEpe]] CTpaHOM
3a/1a4M MIAPOKOTO UCIIOIB30BAHMS COBPEMEHHBIX TEXHOJIOTUHN. B CBA3M ¢ 3TUM mepen
AKazieMueln HayK CTaBWIICA 3a/laya CKOPENIIEro BOCCTAHOBJICHUS U Pa3BUTHUS AJIEPHO-
ro uccuenoparenbckoro peakropa «Apryc-OTHUx». C 3710l 1enbio, Mo Mopy4eHHIo
[Tpesumnyma AH PT, Jupexuuss ®TU opranuzosana 24-26 utons 2014 roga B ropojie
Hyman6e [lepByto Pabodyto BcTpedy 1o OmpeesieHue COCTOSIHUS peakTopa ¢ yda-
CTHEM CHENHATUCTOB 3aBoja uiroroButens peakropa «HITIO "Kpacnas 3Besna'y,
HAyYHOTO PYKOBOAUTENS MpoekTa - HalMoHanbHOrO HCCIEeI0BaTENbCKOrO LIEHTpa
«KypyaToBCKHil HHCTUTYT» U pa3pabOTUMKa MPOEKTa 3[aHUS PEAKTOPa MPOEKTHOTO
nHcTuTyTa "Tamkukrunpoctpon”. CrenuanucTsl MOATBEPAWIM BO3MOKHOCTH BOC-
CTAaHOBJIEHUS HCCIIEIOBATENBCKOTO peakTopa «Apryc-OTH», n ero BO3MOKHOCTb Iie-
peBoJia Ha HU3KOOOOTalIEeHHOE TOIUIMBO. bbUIM MpenBapuTenbHO ONpeneieHbl 00be-
Mbl HeoOxoaumoro (uHaHcupoBaHus. CocTosBIIMECS MO3/IHEE BTOPOE U TpeThe Pa-
Ooune coBemanus B T. [lymanGe, pabouue BcTpeun B . MOCKBE MOJATBEPAMIN BO3-
MOXHOCTh BOCCTAHOBJICHHS HCCIEAOBATENIbCKOro peaktopa «Apryc-OTW». beuio
pa3paboTaHO TEXHUKO-IKOHOMUYECKOE OOOCHOBAaHME BOCCTAHOBJICHHSI PEAKTOpa,
HaMeueHbl OCHOBHBIE ATarbl BOCCTAHOBJICHUS pPEaKTOpa U Ha €€ OCHOBE pa3paboTaH
IIPOEKT TOCYIapCTBEHHOW IPOrPaMMBbI 110 BOCCTAHOBJIEHHUIO PEAKTOPA.

B pesymnbrare 3aKiIrodeHust 3TUX BCTPEUY PYKOBOACTBO AKajeMuu Hayk oOpaTu-
jock B [IpaBUTENHCTBO peciyOIuKN O MOIEPKKE BOCCTAaHOBJICHUS peakTopa. [pa-
BUTEILCTBO OJ00pWIIO MHUIIMATUBY AKanemun Hayk W npussuio [loctanoBieHue
[IpaButennctBa Pecnybnuku Tamxukuctan «O ['ocymapcTBeHHOM mporpaMmme
II0 BOCCTAHOBJICHUIO U JAJbHEUILIEMY HCIIOJIb30BAHUIO SIAECPHOTO HCCIENOBATENb-
ckoro peakropa «Apryc-OTHU» na 2016 -2020 roge» ot 02.11.2015r. Ne 644. B
paMKax [aHHOTO TIOCTAHOBJICHUSA, PYKOBOJACTBOM AkajaemMun u DU3HUKO-
TEXHUYECKOT0 MHCTUTYTA IpojiesiaHna 0oJbIas padbora.

Jmga peanuzauuu TaHHOTO TPOEKTa, AUpeKiuer DU3MKO-TEXHUYECKOrO HH-
CTUTYTa MOATOTOBJIEH VHBECTUIIMOHHBIA MPOEKT (OM3HEC-TJIaH) MO BOCCTAaHOBIIE-
HUIO SJIEPHOTO UCCIIeN0BATENbCKOro peaktopa « Apryc-OTH» na 2017-2022 rojsl.
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[{enpr0 MHBECTULIMOHHOTO IIPOEKTA SIBISIETCS BOCCTAHOBIIEHUE SIIEPHOTO MCCIIE-
JOBaTeNbCKOro peakropa «Apryc-O@TH» m ee ucnonp3oBaHME B MHUPHBIX LEISAX
JUISl Pa3BUTHSL DKOHOMUKN Ta/KMKUCTaHa - MPOU3BOJACTBA MEIMLMHCKUX PaguoOHn30-
TOMOB JJI1 HYXJ SACpHOM MeIUMUMHBI Ha 0a3e Cc03/1aBaeMoro sAepHO-
TEXHOJIOTUYECKOTO KOMIUIEKCA ¥ CO3/IAHUE aHAJTMTUYECKOTO LEHTPA JIJIsl IPOBEACHUS
HEUTPOHHOTO aKTUBALIMOHHOT'O aHAJIN3a B HAYYHBIX UCCIIECAOBAHUAX U IIPOU3BOJICTBE.

Takum oOpa3oM, TmaBHBIMU chepamMu MPUMEHEHHUSI PeaKTopa SIBJIAIOTCS HayKa,
MEIUIMHA, TOPHAS IPOMBIIUIEHHOCTb, SKOJIOTHS], CENBCKOE XO3SIIICTBO U IPYTHE.

WMHBECTUIIMOHHBIN TUIAH MPEIyCMaTPUBAET MOATANIHY PEATU3alHI0 B TCUCHUE
6 ntet, HaumHas ¢ 2017 rona.

Peanuzanus MuBecTrimoHHoro nmpoekra OyneT GUHAHCUPOBATHCS U3 OrOKETa
pecnyOnuKy 1 3apyOeKHBIX MHBECTUIIMOHHBIX (DOHIIOB.

[TonroToBneHsl U corjacoBaHbl Joroopa Mexnay Axagemun Hayk PT, HIILI
«KypuaroBckuii uHcTUTYT™» U AO «KpacHas 3Be37a» 110 BOCCTAHOBIIEHUIO PEaKTOpa.
Ot noroBopa OyIyT MOANMMUCAHBI, HajieeMcs B Onpkaiiiiee Bpems, nocie patudpuka-
umu noanucanHoro Cornamenust Mmexay [IpaBurensctBamu PT u PO no mupHOMy
UCIOJIb30BAHMIO ATOMHOM SHEPIHU B MUPHBIX LIEJSAX NapiIaMeHTaMu 000MX CTpaH.

B Hacrosiiiee BpeMs HameueH IIaH CleIyromux padoT:

*  Heo0xoauMocCTh 3aKIIH0UeHUs 10roBopa Ha noarotoBku Konrpakra o Boccra-
HOBJICHHIO 000PY0BaHUS PEaKTOPHOTO0 KOMILJIEKCa

* HeobxoaumocTs nepeBoia peakTopa Ha HU3KOOOOTalleHHbIN ypaH - 10 19.5%
o U2S

* TlogroroBka TOO BoccTaHOBIEHHS KOMILIEKCA

*  Odopmnenue munenzuu GTU Ha coopyxenune peakropa «Apryc-OTNy.

PaGotel mo BoccraHoBieHuto peaktopa «Apryc-OTU» mmanupyercs ocyiie-
CTBUTb POCCUMCKO-TaKUKCKON KOONIEPALIAEH:

- HUI1 «KypuaToBCKMI MHCTUTYT» — HAy4YHBIN PyKOBOJINUTEND;

- AO «Kpacnas 3Be31a» - IJ1aBHBI KOHCTPYKTOP;

- ®TU um. C.Y. YMapoBa — 3KCIUTyaTUPYIOIIasi OpraHu3alus;

[IpoekTHast opranu3anus - ONpeaeNsieTcs JOMOJIHUTEIBHO 3aKa3UUKOM.

Takum oOpazoM, Akanemus Hayk PecrnyOnuku TaKUKUCTaH B TIOJTHOM peIu-
Moctu peanu3oBaTh lloctanoBnenue IlpaButensctBo PecmyOnmuku Tamxukuctan
0 BoccTaHoBlieHHe peaktopa «Apryc-OTH» («O T'ocymapcTBeHHOW Iporpamme
10 BOCCTAaHOBJICHUIO U JAJIBHEHIIEMY MCIOJIb30BaHUIO AIEPHOIO UCCIIEN0BATEIBCKO-
ro peaktopa «Apryc-@THU» na 2016 -2020 rome» ot 02.11.2015r. Ne 644.)
1o 2020 roxa.
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CURRENT WORKS AND PROSPECTS OF RECONSTRUCTION
OF RESEARCH REACTOR "ARGUS-PHTI" OF THE NUCLEAR
AND PHYSICAL CENTER OF S.U.UMAROV
PHYSICO-TECHNICAL INSTITUTE OF AS RT

F. Rahimi, J.A. Salomov

Academy of Sciences of the Republic of Tajikistan,
Dushanbe, Tajikistan

Tajikistan is a non-nuclear country. Nuclear and radioactive materials do not
produce in Tajikistan. However, the achievements of nuclear-physical technologies
are widely used in various areas of the national economy of the republic. During the
Soviet Union ruling period dozen types of equipment and thousands of radioactive
sources of various activities were delivered to the republic to use in the national econ-
omy of the country and scientific research purposes. One of them is the research reac-
tor "Argus", which was delivered to the S.U.Umarov Physico-Technical Institute
of the Academy of Sciences of the Republic of Tajikistan (hereinafter referred to as
PhTI AS RT) from Institute of the Atomic Energy named after 1.V. Kurchatov in the
80 years of the last century to carry out joint work, considering the proper scientific
potential of the PhTI AS RT.

Works on the development of the project began in 1982. In the project partici-
pated Institute of the Atomic Energy named after I.V. Kurchatov, JSC «Krasnaya
Zvezday» and other organizations. Building works were completed in 1987 and
in 1988 the reactor building and the reactor facility were put into operation. The
supplying of fuel and physical start-up of the reactor was planned for the summer
of 1989.

However, during those years - the period of Gorbachev's rebuilding plan,
many parties and movements appeared in the Soviet Union. And in Tajikistan, such
movements and some public organizations, like the Green World, with the support
of new candidates of parliament deputies, ensured that in 1989 the launch of the re-
actor was suspended by a decision of the authorities of Dushanbe, as a dangerous
object located on the city territory. They even banned the import of fuel to the Re-
public.

Thus, nuclear fuel for the reactor was not delivered to Tajikistan, and then, as
is known, the Soviet Union collapsed and independence was acquired. A year after
independence, a civil war broke out in Tajikistan. After the outbreak of the civil
war, the financing of the project was completely stopped.

However, the administration of the Physico-Technical Institute of the AS RT
has kept the reactor in a conservated state until the present. In September 2008,
specialists from the Russian National Research Center "Kurchatov Institute" were
invited to give a conclusion on the safety of the main reactor units. We began pre-
liminary negotiations with the leadership of the Kurchatov Institute on the possibil-
ity of recovering of the reactor and its use for the production of isotopes for the nu-
clear medicine needs.
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In recent years, the situation with the reactor has changed radically.

At the present time, the development of the national economy demands use
extensively of modern technologies.

Therefore, the Academy of Sciences was tasked rapidly restoration and devel-
opment of the “Argus-PhTI” nuclear research reactor. By the mission of the Presid-
ium of the AS RT, the Directorate of the Physico-Technical Institute organized the
First Workshop on determining the state of the reactor with the participation
of specialists from the reactor producing company JSC “Krasnaya Zvezda”, scien-
tific supervisor of the project - the National Research Center "Kurchatov Institute"
and developer of the reactor building of the project - Design Institute "Tajikgipros-
troy" on June 24-26, 2014 in Dushanbe.

Experts confirmed the possibility of reconstruction of the “Argus-PhTI” re-
search reactor, and its ability to convert to low-enriched fuel. The amount of neces-
sary financing were previously determined. The second and the third Workshops
held in Dushanbe, working meetings in Moscow, confirmed the possibility
of restoring of the “Argus-PhTI” research reactor. A feasibility study for the reactor
recovery was developed, the main stages of reactor recovery were outlined
and a draft state program for reactor reconstruction was developed on its basis.

As a result of these meetings, the leadership of the Academy of Sciences ap-
pealed to the Government of the Republic to support the restoration of the reactor.
The government approved the initiative of the Academy of Sciences and adopted
the Decree of the Government of the Republic of Tajikistan "On the State Program
for the Restoration and Further Use of the “Argus-PhTI” Nuclear Research Reactor
for 2016-2020" dated 02.11.2015. No. 644. Within the framework of this resolu-
tion, the leadership of the Academy and the Physico-Technical Institute did a great
job.

To implement this project, the Directorate of the Physico-Technical Institute
has prepared an investment project (business plan) for the restoration of the nuclear
research reactor "Argus-PhTI" for 2017-2022. The purpose of the investment pro-
ject is to restore the “Argus-PhTI” nuclear research reactor and its peaceful use
for the development of Tajikistan economy - the production of medical radioiso-
topes for nuclear medicine on the basis of the nuclear-technological complex which
is being created and the creation of analytical center for conducting neutron activa-
tion analysis in scientific research and production.

Thus, the main fields of application of the reactor are science, medicine, min-
ing, ecology, agriculture and others.

The investment plan provides for a phased implementation within 6 years
starting from 2017. The implementation of the Investment project will be financed
from the Government budget and foreign investment funds.

Agreements have been prepared and agreed between the AS RT, the Research
Center "Kurchatov Institute" and JSC "Krasnaya Zvezda" for the reconstruction
of the reactor. These agreements will be signed, we hope in the near future, after
ratification of the signed Agreement between the Governments of the Republic
of Tajikistan and the Russian Federation on the peaceful use of atomic energy
for peaceful purposes by the parliaments of both countries.

At the present, the plan of the following works is planned:
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» Necessity of concluding an agreement for the preparation of the Contract

for Rehabilitation of the Equipment of the Reactor Complex
23; The need to transfer the reactor to low-enriched uranium - up to 19.5%
by “"U

* Preparation of feasibility study for the restoration of the complex

» Registration of the PhTI AS RT license for the construction of the “Argus-
PhTI” reactor.

The work to restore the “Argus-PhTI” reactor is planned to be carried out
by Russian-Tajik cooperation:

- NRC "Kurchatov Institute" - supervisor of studies;

- JSC "Krasnaya Zvezda" - Chief Designer;

- PhTI AS RT - operating organization;

Design organization - is determined additionally by the Customer.

Thus, the Academy of Sciences of the Republic of Tajikistan is fully deter-
mined to implement the Resolution of the Government of the Republic of Tajiki-
stan on the restoration of the “Argus-PhTI” reactor ("On the State Program for the
Restoration and Further Use of the “Argus-PhTI” Nuclear Research Reactor for
2016-2020" dated 02.11. 2015 No. 644.) until 2020.

YYET U KOHTPONb AOEPHbLIX MATEPUANOB
N PAOUWOAKTUBHbIX BELWECTB
B PECNYBNUKE TAOXWKUCTAH U BOCCTAHOBJIEHUE
UCCINEONOBATEJIbCKOIO PEAKTOPA «API'YC»

Y.M. Mupcangos, x.A. Canomos, b.b. bapoTos

AAPB AH PT,
r. dywaxbe, TagpkukncTaH

ATEHTCTBO 1O SJEPHON U pajraliioHHON Oe3omacHocTH PecnyOnuku Tamkuku-
CTaH SIBJISIETCS] €AUHCTBEHHBIM PETYJIUPYIOIIUM OPraHOM CTpaHbl, KOTOPOE MPOBOJIUT
SAMHYIO MTOJIUTHUKY B 00J1aCTH paiualldiOHHON O€30ITaCHOCTH.

INocynapcTBeHHOMY yuéTy 1 KOHTpOIIIO B PecmyOmnrke TamKkukucTa moajiekar:

- ICTOYHUKH HoHu3upytomiero uzinydeHus (M) (oTKpbIThie U 3aKPHITHIE PaIn-
AIMOHHBIE MCTOYHHUKH, KOJIMYECTBO W AKTUBHOCTH KOTOPBIX MPEBHIIIAIOT YPOBEHb
U3BATHUS W YCTPOWCTBA TE€HEPUPYIOIIETO WU3TYUYEHUs, DHEPrUs KOTOPBIX OOJIbIIe
5 xaB);

- HOBBIE M3rOTOBJICHHBIE UCTOYHUKH MOHU3UPYIOIIETO M3TYyUYEHUs MPHU MOCTYTI-
JIEHUH Ha CKJIaJ] TOTOBOU MPOTyKIIUH;

- siepHbIE MaTepuaibl (MCXOAHBIM MaTepHhall: MaTepuas, COAEpXkallUi ypaH
W/WIIM TOPUH; U CTIEUUATBHBIN pacHICTUISIONINI MaTeprall: MaTepua, COACpP Kaluil
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IUTyTOHUN-239, N30TOMBI aMEpUIHsI W/WIM HENTYHHS, MaTepuall, 00OTaleHHbIN 130-
TOIOM IUTyTOHMA-238, n3oronamu ypana-233, ypana-235);

- pamuodapmaleBTUUYECKUE TMpenapaTbl, HAOOpbl AJIi HWMMYHOJIOTMYECKOTO
aHan3a, PagoOM30TONHBIE TEHEPATOPbl MEAULIMHCKOTO HA3HAYEHMSI, COEIMHEHMS,
MEUEHHBIE PAJUOHYKIUAAMHU, a TaKXke PagHuoOM30TONHBIE IMpPEnapaTrbl U PacTBOPHI
Ha OCHOBE KOPOTKO)KMBYILMX PAAMOHYKIMJIOB C MEPHUOJIOM Nonypacnaga 1o 60 (ue-
CTUJECATH) CYTOK.

Y4€T 1 KOHTPOJIb SIIEPHBIX MAaTEPUAIIOB U HCTOYHUKOB MOHU3UPYIOLIETO U3ITY-
YEHHS OCYIIECTBIIICTCS ATEHTCTBOM TIO SIIEPHOM W paJMallMOHHON O€30MacHOCTH
Axanemun Hayk PecriyOmmku Tamxukucran (ASIPb AH PT) u skcrutyarupytomeit
OpraHu3alueil, B COOTBETCTBUM C MX KOMIIETEHIIMEW, M BEAETCA CO CTaguM HX
HA4YaJIbHOT'O MPOU3BOJCTBA U 10 OKOHYATEILHOTO 3aXOPOHEHUS.

B Tamxuxucrane umeercss okono 290 oprammsammii, ucnoassyromux WU
U siiepHble Matepuansl (IM), U3 Hux:

- ok0:10 40 noaw3oBarencit MU u SIM;

- okouo 250 nose3oBarenei renepupyrommx UAN.

A Taxoke B PecnyOnuke TamkukucTan UMeeTcs:

- 6onee 1000 renepupyroumx MU,

- 6onee 1150 3akpeiTeix UNU;

- okoJ10 120 otkpsiThiX MU

- ok0J10 90 acconMupyeMbIX 000pyI0BaHUH;

- HEKOTOPO€E KOJIMYECTBO SAEPHOI0 Marepuala.

Nwmeercs [Iporpamma BOCCTaHOBIIEHUS! HCCIIEN0BATENBCKOIO peakTopa «Aprycy
B Omsuko-TexuuueckoM nHcTuTyTe UM.C.YMapoBa AH PecniyOnuku Tamxukucran.

ASIPb AH PT B pamkax cBOei KOMIIETCHIIMU 00ECTICYMBAET:

a) co3nanue u (GYyHKIMOHUPOBAHUE CHCTEM y4eTa U KOHTPOJIS SIIEPHBIX MaTepu-
QJIOB Y ICTOYHUKOB MOHU3HUPYIOILETO U3ITy4YEHUS;

0) ynpasieHnue cOOpoM M XpaHEHUEM UH(POPMALIUU 10 YUETY U KOHTPOJIO SAep-
HBIX MAaTE€pPHUAIOB U HCTOYHUKOB HOHU3UPYIOIIETO U3TYUCHHUS;

B) IPOBEIECHUE MHCIEKIUN MO MPOBEPKE COCTOSIHUSA CUCTEM y4eTa U KOHTPOJIS
SAJIEPHBIX MAaTepUAIOB U UCTOYHUKOB MOHM3UPYIOIIETO U3IYUYEHHUsI B IKCILUTyaTUPYIO-
11el OpraHu3aluy;

I') OpraHu3alMIo0 pa3padOTKU UHCTPYKLUM 110 BEAECHUIO yUeTa U KOHTPOJIS siiep-
HBIX MAaTE€PHAJIOB U HICTOUHUKOB HOHU3UPYIOLIETO U3y YCHHUS;

1) BeJICHUE W CBOEBPEMEHHOE OOHOBJICHHE 0a3bl JAHHBIX SACPHBIX MaTEpHUAIOB
Y PErUCTPa UCTOYHUKOB MOHU3UPYIOLLETO U3ITy4EHHUS;

€) MpeCTaBIEHUE roCyIapCTBEHHBIM OpraHaM MH(pOpMaIy 0 HAJIMYUH U TIepe-
MEIIECHUH SAECPHBIX MATEPUATIOB U HCTOYHUKOB HOHU3UPYIOLIETO U3JTyUEHUS, a TAKKe
HKCIOPTE U UMIIOPTE B COOTBETCTBHHU C UX 3aIPOCAMU;

€) COTpYAHMYECTBO B paMKax MEXIyHAPOJIHBIX COIIAIIEHU U ITporpamm (Ipo-
€KTOB) IO BOIIPOCAM y4€Ta U KOHTPOJIS SACPHBIX MATEPUATIOB U HCTOYHUKOB HOHU3U-
PYIOIIETO U3JIyYEHHUs], B COOTBETCTBUM C JCUCTBYIOINUM 3aKOHOAATEIBCTBOM;

) COOIIOJIEHNE pexruMa KOHPHUISHIMATLHOCTU MH(OPMAIMH O SIIEPHBIX Mate-
PHAIOB ¥ UCTOYHHUKOB HOHM3UPYIOIIETO U3JTy4eHUs IS IPEJOTBPAILEHUS] HECAHKIIN-
OHHPOBAHHOIO JOCTYIIA K HEN.
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B pamkax rocynapCTBEHHOW CHCTEMBI y4€Ta U KOHTPOJIS AIEPHBIX MAaTEPUAJIOB
Y ICTOYHUKOB MOHU3UPYIOUIEr0 M3IydeHUs co3faercs ['ocynapcTBeHHas Oas3a J1aH-
HBIX AJIepHBIX MaTrepuanos U ['ocynapcreennsiii peructp M.

CosmectHbii poekT ASIPb AH PT u Komuccuu 1o ssaepHOMy peryianpoBaHUIO
CIIIA Ot 3aBepilieH MHBEHTapU3alluen U co3/laHueM 0a3bl TAHHBIX PaJUOAKTUBHBIX
UCTOYHUKOB. Llenbio 3TOro mnpoekra ObLJIO MPOBENCHHE MHBEHTApU3AlUK BCEX MME-
IOLIUXCSl ICTOYHUKOB MOHU3UPYIOIIETO U3ITyUeHUs (3aKPBITBIX, OTKPBITHIX, TeHEPaTO-
POB M COIyTCTBYIOLIMX 000PYAOBaHUiI1) U BBO/IAa MX B 0a3y NaHHBIX. B pamkax 3Toro
MPOEKTa WHBEHTApU3aIlUsl BCEX MCTOUYHMKOB ObLIa 3aBEpIlIeHa BO BCeX peruoHax Ta-
JOKHKUCTAHA.

Bce cobpannbie maHHBIC 110 KICTOYHUKAM OBUTH BBEICHBI B 0a3y JaHHBIX. JTa Oa-
3a JaHHbIX HazbiBaeTcss RASOD. YuukansHOCTBIO Tporpammbl RASOD siBisiercst aB-
TOMATUYECKOE OIPEACIICHHE TEKYIIEH ACSITEIIbBHOCTA M KAaTErOpU3alii UCTOYHUKOB
(kmaccudukaysi Tpou3BOAUTCS B cooTBeTCTBHH ¢ MAI'ATD u pyKOBOJACTBOM
no 6e3omnacHocTH - Noe RS-G-1.9, - PekoMenyemble KaTeropu MCTOYHUKOB, UCTIOJb-
3yembIx B oOmeil npaktuke). RASOD sBnsiercs nHGOpMaMOHHOW CUCTEMOM, KOTO-
pasi MO3BOJISIET BBOAUTH, XPaHUTh U 00padaThiBaTh JTAHHBIE UCTOYHUKOB HOHU3UPY-
rotero u3nydenus. RASOD pa3zpabotana Jij1st peryJupyroyx OpraHoB Mo BOMpocam
SJICPHON U paJMallMOHHOMN 0€301MacCHOCTH.

HccnenoBaTenbCckuil peakTop « Apryc» pacrosaraercsi Ha Teppuropud OU3uko-
TexHnueckoro naetutyra AH PT. B maHHBIM MOMEHT HIET MPOLECC BOCCTAHOBIIEHUS
peaxkTopa, Tak Kak 37aHue peakropa Obu10 moctpoeHo B 1989 romy m Heobxommuma pe-
KOHCTPYKIIHSI 00BEKTA, TIOKA SEPHOE TOIUIMBO HE MPUBE3CHO B TaPKUKUCTaH.

ASIPB AH PT B naHHbIi MOMEHT pa3pabaTbIiBacTCs HOPMATUBHO-TIPaBOBasi Oa3a
JUISl YKa3aHHOTO OOBEKTA.

ACCOUNTING AND CONTROL OF NUCLEAR MATERIALS
AND RADIOACTIVE SUBSTANCES IN THE REPUBLIC
OF TAJIKISTAN AND RESTORATION
OF ARGUS RESEARCH REACTOR

U.M. Mirsaidov, J. Salomov, B.B. Barotov

Nuclear and Radiation Safety Agency of Academy of Sciences
of the Republic of Tajikistan, Dushanbe,
Republic of Tajikistan

Nuclear and Radiation Safety Agency of the Republic of Tajikistan (NRSA
AS RT) is the only regulatory body in the country that pursues a unified policy
in the field of radiation safety.

Objects of the state accounting and control in the Republic of Tajikistan are:
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- ionizing radiation sources (IRS) (open and sealed radiation sources,
the quantity and activity of which exceed the level of seizure and devices of generating
radiation, whose energy is more than 5 keV);

- new manufactured ionizing radiation sources when the final product arrives
at the warehouse;

- nuclear materials (raw material: material containing uranium and / or thori-
um, and special fission material: material containing plutonium-239, isotopes
of americium and / or neptunium, material enriched with the isotope of plutonium-
238, uranium-233 isotopes, uranium- 235);

- radiopharmaceuticals, immunoassay Kkits, radioisotope generators for medical
use, compounds labeled with radionuclides, as well as radioisotope preparations
and solutions based on short-lived radionuclides with a half-life of up to 60 (sixty)
days.

The accounting and control of nuclear materials and ionizing radiation sources
is carried out by the NRSA AS RT and the operating organizations, in accordance
with their competence, from the initial production stage until the final burial.

There are about 290 organizations that use IRS and nuclear materials (NM)
in Tajikistan, of which:

- about 40 users of IRS and NM;

- about 250 users of generating IRS.

As well as in the Republic of Tajikistan has:

- more than 1,000 of generating IRS;

- more than 1150 sealed IRS;

- about 120 open IRS;

- about 90 associated equipment;

- some quantity of nuclear materials.

There is a Program for the restoration of the «Argus» research reactor
at the S. Umarov Physical-Technical Institute of the Academy of Sciences
of the Republic of Tajikistan.

NRSA AS RT within its competence ensures:

a) creation and functioning of accounting and control of NM and IRS systems;

b) management of collection and storage of information on the accounting
and control of NM and IRS;

c) carrying out of inspections to check the condition of the accounting
and control of NM and IRS systems in the operating organization;

d) organization of the development of instructions for the accounting and con-
trol of NM and IRS;

e) maintenance and timely updating of the database of NM and the register
of IRS;

f) Providing information to government authorities on the availability
and movement of NM and IRS, as well as export and import in accordance
with their requests;

g) Cooperation in the framework of international agreements and programs
(projects) on the accounting and control of NM and IRS, in accordance
with applicable law;
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h) compliance with the confidentiality of information on NM and IRS
to prevent unauthorized access to it.

Within the framework of the state accounting and control of NM and IRS sys-
tem, the State Nuclear Materials Database and the State Register of Ionizing Radia-
tion Sources are being created.

The joint project of NRSA AS RT and the US Nuclear Regulatory Commis-
sion was completed by inventorying and creating a database of radioactive sources.
The purpose of this project was to inventory all available of IRS (sealed, open, gen-
erators and associated equipment) and create the database of them. Within
the framework of this project, the inventory of all sources was completed in all re-
gions of Tajikistan.

All the collected data by sources were entered in the database. This database
1s called RASOD. The uniqueness of the RASOD program is the automatic determina-
tion of current activity and the categorization of sources (the classification is made
in accordance with the IAEA and the safety manual - No. RS-G-1.9, - Recommended
source categories used in general practice). RASOD is an information system that

allows the input, storage and processing of IRS data. RASOD is developed
for the regulatory bodies on nuclear and radiation safety.

The «Argus» research reactor is located on the S.Umarov Physical-Technical
Institute of the Academy of Sciences of the Republic of Tajikistan territory. At the
moment, the process of reactor recovery is in progress, as the reactor building was
built in 1989 and reconstruction of the facility is necessary. Until, nuclear fuel is
not brought to Tajikistan.

NRSA AS RT is currently developing regulatory and legal acts for the above
mentioned facility.

THE EFFECT OF RADIATION OXIDATION PROCESSING
OF METALS ON RADIATION RESISTANCE OF METALS

A.A. Garibov

"National Nuclear Research Center" CJSC Ministry of Transport,
Communication and High Technologies,
Baku, Azerbaijan

Metallic construction materials in nuclear research and energy reactors are ex-
posed to the effect of different rays when they contact water which is cooling agent.
In this case, radiation and chemical corrosion processes occur on the surface of the
metal under the influence of radiolytic decomposition products of ionizing rays and
water. Chemical modification of metals is obtained due to exposure of surface to
high temperature processing in modern technological processes. The influence of
radiation oxidation processing after the contact of water on superficial activity,
obtaining molecular hydrogen in contact environment and oxidation corrosion
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processes of metallic materials have been studied at the example of zirconium (Zr),
zirconium alloy (Zr+1% Nb), aluminum (Al), stainless steel which are typical
reactor materials with the purpose of forming superfical protection oxide layer in
hydrogen-peroxide environment in the presented report. It has been found that next
oxidation corrosion resistance of the metal increases on the surface of metallic materi-
als when thin oxide layer is formed from mean free path of the second electron flux.
As the density of protective oxide layer formed on the surface increases the resistance
to corrosion decreases during radiation oxidation processing.

The resistance and superficial activity of metallic construction materials ex-
posed to radiation oxidation processing have been studied during their contact
in the process of radiolytic decomposition of water. It has been found that molecu-
lar hydrogen 1s basically formed as a result of following processes during the con-
tact between construction materials and water:

- homogeneous radiolysis of water;

- radiolysis of water due to the second electron rays emitted by metallic phase;

- as a result of radiation-catalytic decomposition of Me-MeO system of water
formed on the surface of metallic phase.

The role of each of factors has been found in obtaining molecular hydrogen
in separate environment. Depending on the density of superficial metallic oxide
layer the influence of radiation heterogeneous decomposition of water on obtaining
hydrogen has been studied during the contact with them.

Three stages have been found in metal oxidation as a result of radiation heter-
ogeneous processes during the contact between metallic construction materials and
water and obtaining hydrogen in contact environment:

- oxidation of metal as a result of radiation heterogeneous processes during
the contact between metallic construction materials and water and accumulation
of hydrogen in the environment (kinetic region);

- stationary region in obtaining oxide layer and hydrogen related with formation
of protective oxide layer on the surface of metal;

- catastrophic oxidation process in great absorption dose region in metal pro-
tective oxide + H,0 system and the processes of obtaining high speed
molecular hydrogen.

It has been found that the formation of protective oxide layer increases starting
time of catastrophic oxidation stage as a result of beforehand radiation oxidation
processing of metallic construction materials. It reduces the activity of metallic
construction material exposed to radiation oxidation processing in advance
in radiation heterogeneous decomposition of water.

The processing method of found construction materials with the participation
of oxidation agents in advance gives an opportunity of enhancing resistance
of construction materials and providing hydrogen safety of nuclear reactors.

27



O HAPYLWEHUAX B PABOTE
UCCIEOOBATEJIbCKUX AOEPHbLIX YCTAHOBOK POCCUUA
3A 2012-2016 roabl

B.H. ®egynun, H.I'. MataynnuH, M.K. BuHorpagos, A.H. KapruHa,
K.B. ®eagynuH, H.H. Matpocosa

AO «'HU HANAP»,
r. Aumutposrpag, Poccus

B noknaze mpuBeneHbl aKTyallbHbIE CTAaTUCTHUYECKUE JaHHBbIE 00 HCCIleoBa-
TEJIbCKUX sAJepHBbIX ycTaHoBkax (MAY) ctpan mupa, Brimowas Poccuto, cBeneHUs
0 MOKa3aTessaX 3KCIuryaTauu poccuiickux MY, B ToMm yuciie pe3ylbTaThl aHAIA3a
HapymieHui B padote MAY Poccun 3a 2012-2016 ropi.

Ha 18 npeanpustusix Poccnn 3kcrutyatnpoBaiocs 68 nCciaen0BaTENbCKUX sIEp-
HBIX YCTAHOBOK, U3 HMX 45 — JCHCTBYIOIINX, 5 — HaXOJAIIUXCS HAa KOHCEpBAIIWU,
16 — BBIBOIAIIMXCS U3 AKCILTyaTallud, 2 — CTPOSIIIUECS.

3a math JieT mpousonuio 32 HapymeHus B pabote MAY, HenmocpencTBeHHbBIMU
MIPUYUHAMHA KOTOPBIX SIBIJIUCH: OTKa3bl 3J1eMEeHTOB (cucteM) (18 coOwITuit), ommoOKu
nepconaina (6 coObITHIT) 1 HapylieHus 3iekrpocHadxkenust Y (8 coOwituii).

KomnyectBo HapymieHMii OT roxa K TOAYy HMEET OOLIyH0 TEHICHIIHIO
K CHIDKEHUIO, XOTs 3a oTAenbHble roasl (10 Hapymenuit B 2015 roay) 3HauMTeNbHO
OTKJIOHWJIOCh OT CpeAHero ypoBHs (0kojio 6 HapymieHuid B rop). CyllecTBEHHBIM
BKJIaJ B OTKa3zbl »yeMeHTOoB WMAY BHOCAT OTKa3zbl »3IIEMEHTOB KOHTPOJIBHO-
U3MEPUTENIBHBIX CUCTEM, YIPABICHHUSI, 3alIUThl U aBToMaTuku. KonumuecTBo ommooK
nepcoHana B xojie HapyumeHui B 2012-2016 ronax HaxoauJI0Ch Ha HU3KOM YpPOBHE
(He Oomee nByx ommOoKk B T0xa). Hamumume ocranoBor MUY, cBsi3aHHBIX
C HapylleHueM aJekTpocHadxkenus MAY, cBumerenbcTByeT 0 HEOOXOIUMOCTH TPO-
JOJKEHUs paboT MO MOBBILIECHUIO HA/IEKHOCTU CUCTEM 3JIEKTPOCHAOXKEHUS, HaX01s-
IMXCsl B BEIEHHUU JKcIuryarupyromux MAY opranmzanmii, u ycromunsoctu WAY
K HAPYIIEHUSIM BO BHEUTHHUX AJIEKTPOCHAOXKAIOMMX opraHu3aiusax. [1o BBISIBICHHBIM
HETIOCPEICTBEHHBIM U KOPEHHBIM MPUYMHAM OTKa30B 3JEMEHTOB (CHCTEM), OIIMOOK
pabOTHHKOB (IIepcoHalIa) U HapyLIEeHU AekTpocHaOxenust UAY npennoxxeHsl kop-
PEKTUPYIOIIHAE MEpPbI, HAIIPABJICHHBIE HA YCTPAHEHUs MOCIEACTBUIA U MpeIoTBpallie-
HUE 10I00HBIX HapylIeHuit B padote MAY.

B cooTBeTCTBUM C YPOBHSAMHU MEXKITyHAPOTHON LIKABI SACPHBIX COOBITUI YEThI-
pe HapylIeHUs! KJIACCU(PUIMPOBAHbI YPOBHEM | (OTKIIOHEHHE OT Pa3pelI€HHOrO pe-
KUMa SKCIUTyaTalliM), OCTaJIbHbIE HapyIIeHUs KIAacCU(PUIMPOoBaHbl ypoBHeM 0
(ue cymectBeHHO Il 6ezomacHocTH). Hapymenus B 2012-2016 rogax mpoxoauiu
0€e3 BBIXO/a PaIMOAKTUBHBIX BEIIECTB 32 yCTaHOBJIEHHBIE IpaHulibl. He ObL1o ciyyaes
3arpsi3HEHUS] TMOMEUIEHUI PaJMOaKTUBHBIMU BEIIECTBAMH, MPEBBIIIAIOIIETO KOH-
TpoJIbHBIE YpOBHU. OTCYTCTBOBaIO OOIydYeHHE MEepCcOHalIa, MPEBBIIIAIOIIETO OCHOB-
HbIE MIPEJIEIIbI 03, YCTaHOBJICHHbIE HOPMaMH PaIUalliOHHON 0€30aCHOCTH.
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ABOUT INCIDENT IN USING
OF RUSSIAN RESEARCH REACTOR IN 2012-2016

V.N. Fedulin, N.G. Gataullin, M.K. Vinogradov, A.N. Kargina,
K.V. Fedulin, N.N. Matrosova

JSC "SSC RIAR",
Dimitrovgrad, Russia

The report provides topical statistics on nuclear research facilities (NRF)
in countries around the world, embracing Russia, information on the performance
of Russian NRF, including the results of an analysis of the violations in the work
of the Russian NRF for 2012-2016.

At 18 enterprises of Russia, 68 NRF were used, 45 of which are operating,
5 are on conservation, 16 are decommissioned, and 2 are under construction.

Over the five years, 32 incidents occurred in the work of the NRF, the immediate
causes of which were: failure of elements (systems) (18 events), personnel errors
(6 events) and power failure of the NRF (8 events).

The number of incidents from year to year has a general downward trend, alt-
hough for some years (10 incidents in 2015) significantly deviated from the average
level (about 6 incidents per year). Significant contribution to the failures of the ele-
ments of the NRF is caused by failures of the elements of control and measurement
systems, management, protection and automation. The number of personnel errors
during incidents in 2012-2016 was low (no more than two errors per year).
The presence of NRF shutdowns related to the violation of the power supply
to the NREF testifies to the need to continue work to improve the reliability of the pow-
er supply systems administered by the NRF operating organizations and the stability
NREF to incidents in external power supply organizations. Based on the revealed direct
and root causes of failures of elements (systems), errors of employees (personnel)
and power supply failures, corrective measures aimed at eliminating consequences
and preventing such violations in the work of the NRFs were suggested.

According to the levels of the international scale of nuclear events, four incidents
are classified by level 1 (deviation from the permitted mode of operation), other inci-
dents are classified by level 0 (not essential for safety). Incidents in 2012—2016 passed
without an exit of radioactive substances for the established borders. There were no
cases of contamination of premises with radioactive substances exceeding the control
levels. There was no exposure of personnel exceeding the basic dose limits established
by radiation safety standards.
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OBECMNEYEHUE BE3OMNACHOCTU UCCIIEOOBATEINBbCKUX
AONEPHbLIX YCTAHOBOK N OB BEKTOB AAEPHOIO
TOMNNMBHOIO LUUKIA. OBLUUE CBEOEHUA

A.O. Bopoben, H.I. TypTaes, B.B. Cepebpsikos,
B.B. Eropos, A.A. Porosown, NI.H. CtapukoBa

AO «'HU HNNAP»,
r. Aumutposrpag, Poccus

O01mme BOoNpochl Opranu3annm odecnevyeHnsi 0€30MACHOCTH MPHU IKCILTya-
Ttauuu OUAI B AO «I'HI HUUAP»

AO «['HI HUHUAP» pacnosio)keHO B JISCHOM MacCHBE Ha IPaBOOCPEIKHOM
HaAMOMMEHHOW Teppace peku bonbmoit Yepeminan, Ha ypaaneHuun 6—7 KM
ot T. JIumutpoBrpana YnesiHOBCKOW obOnactu. bimxaiiime KpymHble Topoaa: YIibs-
HOBCK (90 kM), Tonbsattu (90 kM), Camapa (122 kM). Berbop miomaaku paaMenieHus
AO «'HII HUMAP» mpownsBommics B 50-¢ Toapl ¢ y4eTOM HUMEBLIMXCS CBEIACHUHN
0 METEO0-, THJIPO- U CEUCMUYECKUX YCIIOBUSAX paliOHA. DTH CBEACHHS B JAJIBHEHUIIIEM
ObLIH NOTIOJIHEHBI JONOTHUTEIBHBIMU 00CIIEI0BAHUSIMH.

WNHcTuTyT sIBIsieTcs MHOTONPO(MUIBHBIM TPEINPUATHEM, DKCIUTYaTUPYIOLUM
anepHble yctaHOBKH, PU, myHkTsl xpanenus PAO, PB u fIM, a taxxke ocyuiecTs-
JSOIIMM COBMECTHYIO JeATenbHOCTh ¢ 'K «Pocatom» 1Mo COOpPYKEHHIO HOBBIX
00BEKTOB HCIOIb30BaHUs aToMHON 3Hepruun (OMAD) B pamkax AeHCTBYHOLIUX
denepanbHbIX LEJIEBBIX TPOIPAMM.

Ha teppuropun npommtomaaku Nel skcruryaTupyercs:

— 6 uccrnenoBarenbckux sAaepHbIx ycraHoBok (UAY): CM-3, PBT-6, PBT-10/2,
MUP.M1, BK-50, BOP-60;

— 2 kputnueckux creraa (KC): KC MUP.M1, KC CM-2;

— OtaeneHue TOIIMBHBIX TEXHOIOTH;

— Komriekc MaTepranoBequecKux KaMep 1 J1abopaTropui;
— OtneneHue paAMOXUMUYECKUX TEXHOJIOTHN;

— Otaenenue paioOHyKIUIHBIX ICTOYHUKOB U IIPENapaToB;
— Kommnieke mo obpamienuto ¢ OST u PAO;

— OTnenbl METPOJIOTHH, TEXHHUECKOTO KOHTPOJIS U PEMOHTA,
a TaK)Ke OCYIIECTBISICTCS CTPOUTEILCTBO MHOTOIIEIIEBOTO OBICTPOTO HCCIEH0-
Batenbckoro peaktopa (MBUP), momudyHKIIMOHATBHOTO pPaguOXUMUUYECKOTO
komruiekca (ITPK).

Opranuzanueii cucreMbl obecriedenust 6e3omacHoctT B AO «'HLI HUHAP»
NPeyCMOTPEHA JIEATENIbHOCTh (DYHKIITMOHATIBHBIX OT/IETIOB MO HamNpaBJIeHUSIM, obec-
MICUYMBAIOIIUX COOTBETCTBYIOIIUIA KOHTPOJIb U METOAMYECKOTO PYKOBOJICTBA pabOTOM.
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JesrenpbHOCTh MHCTUTYTA N0 oOecneueHuto APB ocyiecTBisercss B COOTBET-
CTBUU C (efepaabHbIMU, OTPACIAEBBIMU U UHCTUTYTCKUMU HOPMATUBHBIMU JIOKYMEH-
Tamy, 24 munensusamu Pocrexnaazopa u 1 nmmnensueit I'ockopnioparuu «Pocarom»

Hnst AO «'HII HUMAP» oGecnieuenue 6ezonacHoct OMAD siBnsieTcst ipuo-
PUTETHBIM CTPATETMYECKUM HaIIPaBJICHUEM AESATEIBHOCTH MHCTUTYTa M PacCMaTpu-
BAETCS KaK OCHOBOMOJIATalOIIEE U HEMMPEMEHHOE YCIOBUE OCYIIECTBIIEHUS BCEX BUJIOB
HAy4YHO-UCCJIEA0BATEIIbCKOM,  OMBITHO-KOHCTPYKTOPCKOM M MPOW3BOJICTBEHHO-
XO3SIUCTBEHHOU ACSITEILHOCTH B 00JIACTH UCIIOJIb30BAHMSI aTOMHOM SHEPTHH.

bezonacunocte MAY u OATIL B AO «I'HLI HUHMAP» obecnieunBaThCs 3a cUeT
peaM3alvy IPUHIIAIA TITyOOKOSIIEIIOHUPOBAHHOM 3alllUThl, B COOTBETCTBUH C TpPE-
oopanmsmu HIT-033-11 u HIT-016-05.

O NOPAOKE BblOAYU TOCKOPMOPALIMEN «<POCATOM»
CBUAETENLCTB HA NPABO BEAEHUA PABOT
B OBJIACTU UCMNOJIb3OBAHUA ATOMHOU SHEPI'U

J1.LA. CninHyenko, M.O. llsenos,
C.C. Kpeuetos, A.H. JlorenHa

"ockopnopauus «Pocatomy,
r. Mocksa, Poccus

B nensx peanuzauuu nosHoMounii U ¢pyHkumii I'ockopnopamuu «Pocatom»
B 00JJaCTU TOCYJIapCTBEHHOI'O YIPABJIEHUS MCIOJb30BAHUEM AaTOMHON SHEPIUH,
onpezneneHnbix OenepanbapiM 3ak0HOM 0T 01.12.2007 Ne 317-03 «O I'ocynapcTeen-
HOM Kopropauuu o atoMHou sHepruu «Pocarom», I'ockopnopauuen «Pocatom»
OTpeiesieH MOPSAIOK BbIJauM CBUJETENBCTB HA MPaBO BEACHUS paboT B 00JacTu UcC-
NOJIb30BaHMs ATOMHOM SHEPrUM OCYUIECTBISIONIMM TaKylO JEATENbHOCTh PaOOTHU-
KaMm yupexaeHuit ['ockopriopaumu «Pocatom», akiMoHEpHbIX 00111ecTB I"'ockopriopa-
u «Pocatom» 1 MX TOUEpHUX OOLLECTB, a TAKKE I10/IBEJOMCTBEHHBIX MPEAPHUSITHI.

[Topsiiox BbIIauy CBUIETENBCTB HA MPABO BEACHUS padOT B 00JIaCTH UCIIOJIB30-
BaHUS aTOMHOW HEPrUM INO3BOJIIET PErJIaMEHTHUPOBATh ACATEIBHOCTh OPraHU3aLUil
["ockopnoparmu «Pocarom» 1o noxydeHuro ee padOTHUKaMH CBUAETENILCTB HA IIPABO
BeZicHHUs paboT B 00JaCTH MCHOJIB30BAHUS ATOMHON DHEPIUU, OPTaHU3alMU PAOOTHI
xomuccnu ['ockoprniopanuu «Pocatom», BEEHHs y4eTa U OTYETHOCTH C LIEIIBIO CBOE-
BPEMEHHOMW BbIIa4Ml CBUETEICTB.
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ABOUT AN ORDER OF ISSUE BY ROSATOM CERTIFICATES
ON THE RIGHT OF CONDUCTING WORKS IN THE FIELD
OF USE OF AN ATOMIC ENERGY

L.A. Slinchenko, M.O. Shvedov, S.S. Krechetov, A.N. Logvina

State Atomic Energy Corporation «Rosatomy,
Moscow, Russia

For the purpose of implementation of the powers and functions of ROSATOM
in the field of public administration by use of an atomic energy determined
by the Federal law of 01.12.2007 No. 317-FZ "About State Atomic Energy Cor-
poration "Rosatom", the ROSATOM determined an order of issue of certificates on
the right of conducting works in the field of use of an atomic energy to the employees
of organizations of ROSATOM, joint-stock companies of ROSATOM and their sub-
sidiaries, and also jurisdictional enterprises performing such activities.

The order of issue of certificates on the right of conducting works in the field
of use of an atomic energy allows to regulate organization activity of ROSATOM
on receipt of certificates by her workers on the right of conducting works in the field
of use of an atomic energy, the organization of work of the commission
of ROSATOM, accounting for the purpose of timely issue of certificates.

CTAHAAPTbI FOCKOPIMOPALINN «<POCATOM»
No ADEPHOU BE3OINACHOCTH

C.C. Kpeuetos, M.O. lLisegos

["ockopnopauus «Pocatomy,
r. MockBa, Poccusa

[enbto pazpabotku CranmaptoB ['ockoprioparu «Pocarom» mo siaepHoi 6e3-
OMACHOCTH SIBJIIETCSI 3aMEHA paHee pPa3paOdOTaHHBIX M JEHCTBYIOLIMX OTPAaCIEBBIX
npaBui no saepHor 6e3onacHoctH (I164-06-00-96, I164-06-09-90, I164-06-10-99
U T.J.) U CO3AaHuE B OTpaciu cucrteMbl CTaHIApTOB MO SJIEPHOM OE30MaCHOCTH
pu OOpalIeHUH C SJCPHBIMU MaTepHUajaMu BHE peakTopa (B CUCTeMax, HE OCHAIIICH-
HBIX CHUCTEMaMU yTpaBJIEHUs 3aIlIUTON) 7151 Bcex opranusaiuii ['ockoprnoparmu «Po-
CaTOM», 3aHSTHIX MPOCKTUPOBAHUEM, WU3TOTOBJICHUEM W JKCIUTyaTalel OOBEKTOB,
000pyZI0BaHUsI, Ha KOTOPBIX HCIONB3YIOTCS, MepepadaThIBAIOTCS, XPaHSATCS, TpaHC-
MOPTUPYIOTCA SAEPHBIE ESIINECS MATEPUATIBL.

CoznaBaemble CTaHmapThl MO3BOJAT YHU(PUIMPOBATH TpeOOBaHUS SACPHON
0€30MacHOCTH TMPHU HKCIIOJIb30BAHUU, NEpepadoTKe, BHYTPUOOBEKTOBOM XPaHEHHUH
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U TPAHCIIOPTUPOBAHUU SIACPHBIX JEISIIMXCS MaTepHalioB, a TaKXe TpeOOBaHUS
K CHCTEMAaM aBAPUWHOW CUTHAIM3AIMU O BO3HUKHOBEHUHM CAMOIIOIICPKUBAKOLIEHCS
LEMHOM pEeaKUKU ACJICHHUS] U TEXHUYECKUM CPEACTBAM TAKUX CHUCTEM.

Pa3zpabatbiBaembie CTaHAapThl HE PACHPOCTPAHSIOTCS Ha ACSITEIBLHOCTH, CBS-
3aHHYI0O ¢  pa3pabOTKO#, W3rOTOBIICHHWEM, UCHBITAHUEM,  JKCIUTyaTaluei
Y YTWIN3AIUEN SAEPHOT0 OPY>KUS U SIIEPHBIX SHEPreTUUECKUX YCTAHOBOK BOCHHOIO
Ha3HAUYCHUS.

ROSATOM NUCLEAR SAFETY STANDARDS

S.S. Krechetov, M.O. Shvedov

State Atomic Energy Corporation «Rosatomy,
Moscow, Russia

The purpose of development of ROSATOM nuclear safety standards is re-
placement of earlier developed and existing industry rules on nuclear safety (such
as NSR-06-00-96, NSR-06-09-90, NSR-06-10-99 and etc.) and creation in atomic
branch the system of Nuclear Safety Standards at the treatment of nuclear materials
out of the reactor (in the systems which aren't equipped with protection control sys-
tems) for all organizations of State Atomic Energy Corporation «Rosatom» occu-
pied with design, production and operation of objects, the equipment on which are
used, processed, stored and transported the nuclear materials.

The created Standards will allow to unify requirements of nuclear safety during
the using, conversion, inside storage and transportation of the nuclear materials and al-
so the requirement to the alarm systems about emergence of self-sustaining chain reac-
tion of division and to technical means of such systems.

The developed Standards don't extend to the activity connected with develop-
ment, production, test, operation and utilization of nuclear weapon and military
nuclear power installations.
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AHANU3 NPAKTUKU BbIOAYN PA3PELLEHUN
HA NMPABO BEOEHUA PABOT NEPCOHANY
OBBLEKTOB UCMOJIb3OBAHUA ATOMHOW 3HEPIUA

A.N. CanoXH1KoB

PoctexHaasop,
r. Mocksa, Poccusa

1. BBenenue

B noxkmane npencrasieHsl pe3ynbTaThl IpakTUKM PocTexHan3opa no BeIauu
paboTHHUKaM OOBEKTOB HCIOJIb30BaHUA aToMHOU »Hepruu (OUAD) pazperienuit
HaMpaBO BeJEHUS paboT B OOJIACTH KCIOJIb30BAaHUS ATOMHOM  DHEPTUM.
Jis uccnenoBaTenbCKuX siiepHbIX yeraHoBoK (MAY) nana orieHKa MoMHOTHI NEPEUHS
JOJDKHOCTEH MepcoHaa, KOTOPhIM MMEeT KpUTHUYECKUE 3HaHUS U oOecrieunBaeT 0e3-
onacHOCTh JearenbHocTy Ha MAY. Tlo pesynpraTam aHanm3a KOHTPOJIBHO - HaA30p-
HoU aearenbHOCTH HAa OMAD (B wactHOcTH, Ha WSY) onpenenensl HanpaBieHUs
JAJIbHENIIEr0 COBEPIICHCTBOBAHUSA CUCTEMBI PEryJIMPOBAHUS

2. 3akoHoAaTe/IbHBIC © HOPMATHBHbIE OCHOBBI

Cuctema BblgauM pazpemieHuidl PocrtexHan3opa Ha mpaBo BeleHUs paloT
B 00JIaCTH HCIIOJIb30BaHUSA aTOMHOM SHEPIHH pabOTHUKAaM OOBEKTOB HMCIIOJIb30BA-
HHsI aTOMHOM DHEPTUM OCHOBBIBAETCS HA HOPMATUBHBIX NIPAaBOBBIX akTax Poccuil-
ckoit denepanuu. B Hacrosmee Bpems aelictByeT Enunbilii kBanmupuKannoOHHBINA
CIPABOYHUK JOJDKHOCTEH PYKOBOJUTENEH, CHEUANIMCTOB U ciykamux. Paznen
«KBanu@ukaluoHHbIE XapaKTEPUCTUKU JIOJDKHOCTEM pPaOOTHUKOB OpraHu3aluii
aTOMHOM 3HepreThkn» (fnanee - KBanmupukauuoHHBIA CIPaBOYHUK), YTBEPKICHHBIMI
IIpUKa3oM MuHHUCTEPCTBA 34PABOOXPAHEHUSA U COLMAIBHOIO pa3BuUTHA Poccuiickon
®eneparu ot 10.12.2009 Ne 977. OnHako, KBaTU(PUKAIMOHHBIA CIIPABOYHUK HE ObLT
corylacoBad PocrexHaazopom, kak Toro TpeOyer nocranosnenue IpaBurenscrsa Poc-
cuiickoit @eaeparuu ot 03.03.1997 Ne 240 "OO yTBepKIeHUU MEPEUHS JTOJDKHOCTEH
pabOTHUKOB OOBEKTOB HCIOJIB30BaHHUS aTOMHOM SHEPTUH, KOTOPBIE JOJKHBI MOJY-
yath paspemieHuss PenepanbHON CITyKObl MO HKOJIOTMYECKOMY, TEXHOJIOTHUECKOMY
¥ aTOMHOMY HaJ[30py Ha MpaBO BeAEHUS paboT B 00JacTH HCIIOIb30BAHUS aTOMHOM
sHeprun". Ha ocHOBe KBaJIM(PUKAIIMOHHBIX XapaKTEPUCTUK OOECHEUUBACTCSA MOA00P
Y PACCTAHOBKA PYKOBOSIIMX U TEXHUUYECKUX CHELMAIMCTOB B 00JaCTH MCIOJIb30Ba-
HuUsl aToMHOM 3Hepruu. Ilepconan OMAD, KOTOPBIN MOXKET 3aHUMATh ONPE/IEICHHbIE
JOJHKHOCTU WIIA OCYILECTBIISITH ONPEAETICHHBIN BUT IEATEIBHOCTU B 00JIaCTH UCTIOJb-
30BaHUS ATOMHOW PHEPTUH, JOJIKEH 00JIaaTh 00s3aTeIbHBIMUA 3HAHUAMH (KpUTHYC-
CKUMHU 3HAHUSIMM), IPEKIE YeM OH OyET JOIMYILEH K CAMOCTOSITEIbHOMY BBITTOJIHE-
HUIO CBSI3aHHBIX C JIOJDKHOCTBIO 00513aHHOCTEH.
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3. AIMMHUCTPATUBHBIH PerjiaMeHT.

3asiBUTENEM Ha MOJy4YeHHUe pasperieHus PocrexHanzopa MoxeT ObITh paboT-
Huk OMAD, obnagaromuii KpUTUUECKUMU 3HAHUSIMU TIO0 JOJKHOCTH, BXOJSAIIEH
B riepeueHb nomkHoctel OUAD, yrBepxknennbiii [IpaButensctBoM Poccuiickoit
deneparuu. AIMUHHUCTPATUBHBINA PETJIAMEHT IO MpenocTaBiieHU0 PocrexHanso-
POM TOCYJapCTBEHHOM YCIyTH MO BblJaue pa3pelleHUi Ha MpaBO BeleHUS padoT
B 00JIACTH MCTIOJIb30BAHUsI aTOMHOM »Hepruu padotHukam OUAD (nanee — Anmu-
HUCTPATUBHBIM  perjaMeHT) OblUl  yTBepXkIeH mpukazom Pocrexnamzopa
oT 21.12.2011 Ne 721, 3apeructpupoBan B Muntocte Poccun 25.04.2012. Anmu-
HUCTPATUBHBIN PETJIaMEHT YCTaHABINBAET:

* pa3rpaHUYCHUE MMOJTHOMOYMI MeX 1y HeHTpanbHbIM annapatoM (L{A) Pocre-
XHaI30pOM M MEXpErnoHaabHbIMA  TEPPUTOPUAIBHBIMU  YIPABICHUSAMHA
10 HAA30pY 3a SIACPHOU M paavalmoHHON Oe3omacHocThio Poctexnamzopa (MTY
SAPb Poctexnanzopa);

* IPOLIEAYPHI MOJTYUYEHHUS pa3pelIeHUi, MPOJJIEHUsI CPOKa U BO30OHOBIEHUS
JeNCcTBUA, epeoGOpMIICHHS BBIJAHHOTO pa3pelleHuss B cilydyae MepeuMEHOBaHUS
JOJKHOCTH 0€3 H3MEHEHHUsl JIOJDKHOCTHBIX OO0S3aHHOCTEM, Bblgady IyOJuKaTa
B CJIy4ae yTPaThbl BEIAAHHOTO Pa3pEIICHHUS;

* IOJTHBIN MTepevYeHb U (GOPMbI JOKYMEHTOB, HEOOXOAMUMBIX ISl IOJJa4YH 3asSBKU
Ha TOJIydeHue pazpeuieHus B 3aBUCUMOCTH 0T OMAD M KOHKpPETHOTO BUIA JAes-
TEJIbHOCTH;

* IOPSAJIOK MPOBEPKMU 3HAHUM 3asgBUTENsI 3aKOHOJATENIbCTBA U (eaepanbHbIX
HOPM U TIpaBUJI B 00JACTH MCTIOIB30BaHMs aTOMHOM dHepruu (DOHII);

* COAEPIKAHUE PABPECIICHUS U YCIOBUM €TI0 ICHUCTBHUS;

* KOHTPOJIb BBIITOJHEHHUS POLEYP BBIIAYH Pa3PEIICHUM.

Pa3pemenue siBasieTcss HTOKyMEHTOM, naromuM padbotHuky OMAD mpaBo Be-
AeHusl paboOT COINIACHO JIOJDKHOCTHBIM OOSI3aHHOCTSM TOJIBKO MO KOHKPETHOM
JNOJDKHOCTH M Ha KOHKpeTHOM OMAD. Paspemenuss PocrexHan3opa BbLAAIOTCS
nepconairy OMMAD Ha BUIbI AEATEIBHOCTH I1O:

* PYKOBOJICTBY IIPU COOPYKEHUH (CTPOUTENHCTBE), O€30MACHON IKCIUTyaTalluu
U BbIBOJIE U3 3kciutyatauun OMAD, npu oOpauieHuu ¢ a1epHbIMH MaTepHallaMu,
pPaaMOaKTUBHBIMU BEIIECTBAMH U PAIMOAKTUBHBIMU OTXOAAMU;

* BEJICHUIO TEXHOJIOTMYECKOTO poliecca (ornepaTuBHbIN IEPCOHaN);

* BEJOMCTBEHHOMY (MpOU3BOJICTBEHHOMY) KOHTPOJIIO SAIEpHON
U paJualiOHHON 0€30MacCHOCTH HPU COOPYKEHUU (CTPOUTENHCTBE), Oe30macHoOn
AKCILUTyaTali ¥ BbIBOJAE M3 dKcrutyaTanuu OMAD, mpu oOpaiieHnu ¢ saepHbIMHA
MaTepualiaMi, paJuOaKTUBHBIMU BEIIECTBAMU U PAaIMOAKTUBHBIMHU OTXOJAMU;

* XPAaHEHHIO, YUETy U KOHTPOJIIO SIACPHBIX MATEpPHUAJIOB, PAJIHOAKTUBHBIX BE-
LIECTB U PAJUOAKTUBHBIX OTXO/IOB;

* TPAHCIIOPTUPOBAHUIO SIACPHBIX MAaTEPUATIOB, PAJUOAKTUBHBIX BEIECTB
Y PaAMOAKTUBHBIX OTXOJIOB;

* pusnuecko 3ammre OUAD, sAaepHbIX MaTepUaloB, PAaJUOAKTUBHBIX Be-
LIECTB M PaJMOAaKTUBHBIX 0TX0/10B. B nmepeune nepconana OMAD, yTBepKICHHBIM
[IpaBurenscTBOM P®, oTMeuaeTcs OTCYTCTBHE B IMOJIHOM OOBEME OJKHOCTEM,
oOecrieunBaOMX 0€30MacHOCTh MPHU BbIBOJE U3 dKciumyaranuun OMAD. B 3aBu-
CUMOCTH OT 3aHUMAaeMOM JOJKHOCTH MPOBEPKA KPUTUUECKUX 3HAHUM 3asiBUTENIS HA
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nosnyueHue pazpemieHusi Pocrexuaazopa @HII B 00s1acT uCnonb30BaHUsI ATOMHOM
SHEPIUU MPOBOJAATCS B 3K3aMeHaUMOHHON komuccuu L{A Pocrexnangzopa wid 3k-
3aMEHAIMOHHON KoMmuccuu cootBeTcTByromero MTY SPb Pocrexnan3opa. Bo-
npockl i npoBepku kputnueckux 3HaHuil @HII paspabarbiBatoTcst YnpasieHus-
mu LA Pocrexnanzopa u nepecmMaTpuBarOTCs KaXkable NATh JeT. [IpoBepka mpakTu-
YECKUX HABBIKOB 3asBUTEIA U3 YHUCIIA IIEPCOHANA I10 BEACHUIO TEXHOJIOTMYECKOIO
npouecca (ONepaTUBHOIO IMEPCOHAA) MPOBOAUTCA 3K3aMEHAIMOHHOM KOMMCCHEN
JKCIUIYaTUPYIOLLEH OpraHu3alii B IMOPSIKE, YCTAHOBIEHHOM 3KCIUTYaTUPYIOLIEH Op-
ranu3anuent. [IpucyrcTBue npencrasurenein Pocrexnaazopa npu npoBepKe MPaKTU-
YECKUX HABBIKOB - I10 COIVIACOBAHUIO. Pa3pelieHue conepKuT ycioBus AEUCTBUS, SB-
JISIIOLLUECS. €r0 HEOThEMJIEMON YacThi0, U COOJIIOJIEHNE KOTOPBIX 00s3aTENIbHO AJIs
pabOTHHKA OpraHU3alUy [IPU BEJEHUU UM COOTBETCTBYIOIIETO BUA IE€ATEIbHOCTH.
Hapymenue ycnoBuid n1evicTBrs pa3penieHus BEAET K IPUMEHEHUIO CaHKIUM, yCTa-
HOBJICHHBIX HOPMAaTUBHBIMHU IIPABOBBIMHU AKTAMMU.

4. OueHKa MOJHOTHI NePeYHs A0/KHOCTEH

PocrexHan3op npoBesn aHaiau3 MOJHOTHI JOJHKHOCTEN nepcoHana UAY, obecre-
YUBAIOLIMX 0€30MacHOCTh dKciuTyataimu Y, s koropsix B KBanudukarmonnom
CIIPaBOYHUKE OIpe/IeICHBl KBATHM(PUKAIIMOHHBIE XapaKTepruCcTUku. B pe3ynpTaTe mpo-
BEJICHHOIO aHaJiu3a OBLJIO BBISBICHO, YTO KBaIU(UKAIIMOHHBIC XapaKTEPUCTUKH
B KBasnukarimoHHOM CrHpaBOYHHMKE JaHbl HE JJI BCEX JOJDKHOCTEH, HaXOJsCh
Ha KOTOPBIX nepcoHan MAY nomkeH nmMeTh pa3pelieHus Ha MpaBoO BEACHUS paboT
B 00J1aCTH MCITOJIb30BAaHHUS aTOMHOM SHEPTHUHU.

5. HanpaBiieHusl COBepPIIEHCTBOBAHUS CUCTEMbI pa3pelieHui

[To pe3ysbTaTaMm aHanm3a KOHTPOJBHO - HAA30pHOMN AesrenbHOCTH HAa OUAD
(B 4aCTHOCTH, B OpraHu3alusx, 3Kciuyatupytomux MAY) no npoBepke Bompocos
pacnpeneneHus OO0S3aHHOCTEH, MOJTHOMOYMI M OTBETCTBEHHOCTH PYKOBOJCTBA
AKCIUTYaTUPYIOIIEeH opranu3anuu u pykoBoacTBa MY, cucremsl nogdopa, moaro-
TOBKHM M MEPENOArOTOBKH MEepCOHaNa, ObUIM BBISIBICHBI CIAEAYIOIINE HAMPaBICHUS
YIIY4IIEHUs CUCTEMBI BbIaYu pas3pelieHuii Pocrexnansopa:

* yTOUHEHHE BHUIOB nesTenbHOCTH Ha OWAD (manpumep, BbiBog OHNAD
U3 DKCIUTyaTallii) M TepeyHsi JoJDKHOCcTed paboTHMkoB OUAD  (manpumep,
Ha UAY), o0sa3aHHbBIX TONTy4yaTh paspenieHust PoctexHaazopa;

* OIIPEJICIICHUE TTPOLEYP HIPUOCTAHOBKH U MPEKPALICHUS ACHCTBUS pa3pelie-
Husa PocTexHaazopa (mpekpanieHus npas Ha BINOJHEHHE COOTBETCTBYIOIIETO BUAA
JEATEIbHOCTH);

* YTOYHEHHUE TIOJIHOTHI U JOCTATOYHOCTH KBATH(PUKAIMMOHHBIX XapaKTEPUCTHK
w1 ONAD.

Kpome toro, B coorBercTBuN ¢ noctaHoBieHueM lIpasurenscrBa Poccniickon
®eneparuu (ot 26.03.2016 Ne 236) AIMUHUCTPATUBHBIA PErJIaMEHT ClIeIyeT J0-
MOJIHUTD TMOJIOKEHUSIMHU, 00€CTIEUNBAIOIIMMH 3asIBUTEII0 BO3MOXKHOCTh MOJA4H 3a-
IpOCa U UHBIX JTOKYMEHTOB, HEOOXOAUMBIX UIsl IPEIOCTaBICHHUS TOCYAapCTBEHHOU
YCIYTM B DJIEKTPOHHOM BHJIE€, a TaK)K€ BO3MOYKHOCTb IOJYy4YEHHUsS pe3yJbTara
IPEAOCTABJIEHUS YCIYTH B JIEKTPOHHOM BUJIE.
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6. 3akr0ueHue

[lepedens nomxHOocTer paboTHKOB OMAD, KOTOpBIE JOMKHBI MOTy4YaTh pas-
pemenuss PoctexHanzopa Ha mpaBo BeAeHHs pabOT B 00JACTH MCMOJIb30BaHUS
aTOMHOM 3Hepruu, onpenensercs [IpaBurenscrBoM Poccniickort @eneparuu. Cucre-
Ma pa3pelIeHUi OXBaThIBAET KPUTHUYECKUE 3HAHUS PaOOTHUKOB, 0OECIIECUMBAFOIINX
0e3omacHocTh nAesTenbHOCTH Ha OUMAD. TpebGoBaHMs Ul KIIFOYEBBIX JOKHOCTEW
nepconana Ha OMAD NOmKHBI yCTaHABIMBATHCS B OTPACIIEBBIX KBATM(PUKAIIMOHHBIX
cupaBoyHuKax. Ilo pesynpraram aHanm3a NpakTUKW BbIOAud paspemieHuil Pocrex-
Ha/30pa ObUTM OMpesesieHbl OCHOBHBIC HAIPABICHHS TMOBBIMICHUS ((EKTHBHOCTH
CUCTEMBI.

ANALYSIS OF EXPERIENCE OF GRANTING PERMITS
TO THE NUCLEAR FACILITIES PERSONNEL
FOR PERFORMING THE WORK AND DUTIES

IN THE FIELD OF ATOMIC ENERGY USE

A.l. Sapozhnikov

Federal Environmental, Industrial and Nuclear Supervision Service
of Russia (Rostechnadzor),
Moscow, Russia

1. Introduction

The report presents results of a long-term experience of Rostechnadzor for
granting permits to employees of nuclear facilities for the rights to perform work
and duties in the field of nuclear energy use. Evaluation of fullness of the job posi-
tions list of employees that possess critical knowledge and should ensure safety for
nuclear research facilities (NRFs) is given. Based on analysis of oversight experi-
ence at nuclear facilities (in particular, at NRFs) the directions for further im-
provement of regulatory system were identified.

2. Legislative and Regulatory Framework

The system for granting Rostechnadzor’s permits to employees (personnel) of
the nuclear facilities for the right to perform work and duties in the field of nuclear
energy use based on normative legal acts of Russian Federation.

Ministry of Health and Social Development of the Russian Federation put in
force by the order Ne 977 of 10.12.2009 “The Unified Skills Guide for Positions of
Managers, Specialists and Employees”, Section “Qualification Profiles for Posi-
tions of Nuclear Energy Organizations Staff” (hereinafter — the Qualification
Guide). The Qualification Guide has not been agreed by Rostechnadzor as required
by the Decree Ne 240 of 03.03.1997 of the Government of the Russian Federation
"On the approval the list of job positions of employees at nuclear facilities, who
should obtain permits of the Federal Environmental, Industrial and Nuclear Super-
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vision Service for the rights to work in the field of use of atomic energy*.

The Qualification Profiles provide basis for recruitment and placement of
managerial and technical specialists engaged in the nuclear energy sector. The per-
sonnel of nuclear facilities, who might occupy certain positions or perform specific
activities in the field of atomic energy shall possess imperative knowledge (critical
knowledge) before being allowed to perform associated duties independently.

3. Administrative Regulations

The applicant for granting Rostechnadzor’s permits may be a nuclear facility
employee, who possesses critical knowledge for a job position that included in the
list approved by the Government of the Russian Federation.

The Administrative regulations for the state service to be provided by Ros-
technadzor for issuing permits to nuclear facility employees for activities in the
field of nuclear energy use has been developed and agreed by Rostechnadzor (order
Ne 721 of 21.12.2011) and registered by the Ministry of Justice of Russian Federa-
tion from 25.04.2012. (hereinafter — the Administrative Regulations)

The Administrative Regulations specified:

e delineation of responsibilities between Rostechnadzor Headquarters and Ros-
technadzor interregional territorial departments for nuclear and radiation safety su-
pervision (Region Offices) for provision of the state service for issuing permits;

e the order, time schedule, and procedures for applying for and getting of the
permit, its registration, renewal, prolongation, and issuing a duplicate;

e the full set and forms of the documents required to apply for getting permit
depending on kind of nuclear facility and specific activity;

e the order and procedures for testing applicant’s knowledge of the legislative
and regulatory framework in the field of nuclear energy use;

e the form of the permit and attached validity conditions;

e tracking and inspections of fulfillment of the permit validity conditions.

The permit is a document that grants to employee of the nuclear facility the
rights to perform work and duties in the field of nuclear energy use only at specific
position and at specific facility.

Rostechnadzor issues permits to personnel engaged in the specified below kinds
of activities at nuclear facilities:

e management of commissioning (construction), safe operation and decommis-
sioning of nuclear facilities, handling with nuclear materials, radioactive substances
and radioactive waste;

e operation of technological processes (operating personnel);

e in-service control of nuclear and radiation safety in commissioning (con-
struction), safe operation and decommissioning of nuclear facilities, handling with
nuclear materials, radioactive substances and radioactive waste;

e storage and accounting of nuclear materials, radioactive substances and radi-
oactive waste;

e transportation of nuclear materials, radioactive substances and radioactive
waste;

e physical protection of nuclear materials, radioactive substances and radioac-
tive waste.

38



It is note that in the list of job positions of employees approved by the Government
of the Russian Federation the job positions responsible for safety in decommissioning
of nuclear facilities are not specified in full scope.

The testing (exams) of the applicant's critical knowledge of safety regulations
is carrying out by the examination commission of Rostechnadzor Headquarters
or appropriate Rostechnadzor Region Office depends on applicant's job position.
The questionnaires for testing critical knowledge (exams) have been developed
by departments of Rostechnadzor Headquarters and should be revised every five
years.

For operating personnel the assessment of applicant’s practical skills in operation
of technological processes is carrying out by an examination board of the operating
organization in compliance with procedures established by the operating organization.
The representatives of Rostechnadzor participate in examination board
of the operating organization by agreement.

The Rostechnadzor’s permit includes the validity conditions that are integrate
part of the permit and mandatory for employee to perform a relevant type of activity
in the field of nuclear energy use. Violation of the validity conditions may lead
to sanctions established by legal acts of Russian Federation.

4. Fullness of the List of Job Positions

Rostechnadzor carried out the analysis of the fullness of the list of job positions
ensuring safety at nuclear research facilities based on the Qualification Guide.
It was recognized that the Qualification Guide includes not full description of job
positions at nuclear research facilities at which the permits for the rights to perform
work and duties in the field of nuclear energy use must be getting.

5. Directions of Improvement of the System for Granting Permits

In analysis of oversight experience at nuclear facilities (in particular, at nuclear
research facilities) related to personnel duties, authority, and responsibility in the
operating organization, the system of personnel recruitment, training and retraining,
has been identified the following directions for improvement of granting permits:

e clarification of kind of activities at nuclear facilities (e.g. decommissioning)
and job positions at nuclear facilities (e.g., at nuclear research facilities), occupying
which employees obliged to obtain Rostechnadzor’s permits;

e definition of procedures for suspension and termination of the permit
(deprivation of rights to perform a relevant type of activity);

e refinement of the completeness and adequacy of the qualification profiles
for employees of nuclear facilities.

The elimination of the above-mentioned discrepancies should be reflected
in the Administrative Regulations.

Moreover, in compliance with decree of the Government of the Russian Federation
(of 26.03.2016 Ne 236) the Administrative Regulations should be supplemented
by procedures to request and apply documents for granting permit in electronic form
as well as the possibility of obtaining a result of the state service in electronic form.
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6. Conclusion

The Government of the Russian Federation establishes the list of job positions
in nuclear sector that shall getting Rostechnadzor’s permits for the right to perform
work and duties in the field of nuclear energy use. The system for granting permits
covers critical knowledge of employees who provide safe activity at nuclear facilities.
The branch qualification guides in nuclear sector should establish the qualification
profiles for key job position at nuclear facilities. In result of analysis of the experience
for granting Rostechnadzor’s permits the directions of enhancement system efficiency
have been identified.

OCHOBHbIE PE3YJIbTATbI SKCIJIYATALUU
PEAKTOPA BK-50 C PACLUMPEHHON AKTUBHOW 30HON
B 2010-2016 TOAAX

A.MN. Mpotononos, B.IN. CagynvH, H.A. CBATKMHA,
E.B. CunsaiBmHa, E.I'. Bpeycosa

AO «'HU HANAP»,
r. Adnmntposrpan, Poccus

J1ist IOBBITIIEHUST HAIE)KHOCTH PaOOThl M YIYUIIEHUS YKCITyaTallHOHHBIX Xa-
PaKTEPUCTUK KOpIyCHOro kursimiero peaktopa BK-50 (HomuHanmbHash MOITHOCTH
200 MBT, pabouee nasienue 5,5 MIla) B 2010 rony peann3oBaH, 1mocjae COOTBET-
CTBYIOIIETO OOOCHOBaHMS, MEPEXOJ C MATUPSIHON HA IIECTUPSAHYIO AKTUBHYIO
30HYy (puc.l, rne «A3» - pabouunii opran aBapuitHOM 3aiuThl). [Ipu 3TOM yBEnMueH
CPOK CITy>KObI TOIUIMBHBIX COOpPOK C MATH JI0 LIECTH JIET, C 3KCIUTyaTtauuen 18 mr.
TBC nocnennero roaa city>kObl B IOMOJIHUTEILHOM Py aKTUBHOM 30HBI. OCHO-
BOI 00OOCHOBaHHUA MEPEX0/la HAa MOCTOSHHYIO paldOTy C IIECTUPSATHON aKTUBHOU
30HOMU 10 puc.]l cTaM pe3yabTaThl HCIBITAHUN TO00HON aKTUBHOM 30HBI B 1979-
1981 romax [1].

Pacuetnbie 060cHOBaHUSA 0€30MaCHOCTHU U TOBBIIICHUS HAJIEKHOCTH PabOTHI
peakTopa ¢ pacCIIMPEHHOW aKTUBHOM 30HOW MOATBEPKAEHBI SKCIIEPUMEHTAIIBHBIMHU
uccnenoBanusimu B nepuond 2010-2016 r.r. IlomydeHHble pe3ynabTaThl pacyeTHO-
AKCIEPUMEHTAIIbHBIX HMCCJIEAOBAaHUN MOKAa3bIBAIIA MPEUMYILIECTBA IIECTUPSAHOM
30HHI [2, 3]:

- nonosHUTENBHBIN psin u3 18 TBC mecToro roga ciryx0s1 reHepupyeT ~7,5%
TEIUIOBOM MOIIIHOCTH PEAKTOPa, YTO MO3BOJSET CHU3UTh MAKCUMAJIbHBIE TEIJIOBBIC
Harpy3ku TBAJ10B U MoiiHOocTH TBC B IeHTpaabHOM YaCTH aKTUBHOMW 30HBIL;

- MOBBIIIAETCS HEUTPOHHO-PU3NYECKAs] YCTOMUUBOCTh PEaKTOpa BCIIEICTBUE
MOHWKEHUA Mapocoiep:kaHus TerioHocuTens B ueHTpaibHbix TBC [1, 4];

- paclIMPEHUE AKTUBHOW 30HBI TTO3BOJISIET CHU3UTH KOJMYECTBO 3arpyKaeMbIX
«cBexux» TBC nisa nononaHeHus 3anaca peakTUBHOCTH, BCIEICTBUE YMEHBIICHUS
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YTEUKH HEUTPOHOB, W YBEIWYUTH TIIyOMHY BBITOPaHUS BBITPYKAeMOTO TOTUIMBA
1o 28 MBT-cy1/krU;

- IIpU JAOTPY3KE B aKTUBHYIO 30HY OJMHAKOBOTO KojinuecTBa «cBexux» TBC
JUTMTEIILHOCTh PabOThl peakTopa Ha HOMHUHAIBHON MomHOCcTH Ha 30-40 cyTok
OoJIblIIE;

- paclMpeHre aKTUBHOW 30HBI 1O puc. |
HE yXYJIIIaeT COCTOSHHUE SIAEPHON Oe30IacHo-
CTH peaKkTopa.

K HacrosmeMmy BpeMEHM HAKOIUIEH J0-
CTAaTOYHBIN OMBIT o0ecreueHus: 6€30MacCHOCTU
peaktopa BK-50 ¢ mectupsanHoil akTUBHOU
30HOM:

- TIOJYYECHHBIC OIBITHBIC JAaHHBIC MO/I-
TBEPKIAOT KOPPEKTHOCTh PAacUETHOIO IIpO-
rHO3a XapaKTepUCTUK PACIIMPEHHON 30HBI Ha
OCHOBE HCMOJIb3yEMOTO MPOrPAMMHOIO KOM-
miekca: BUIIP-K, ROR-f, MCU-RFFI/A,
CAII®OUP-95; npumeHsieMble HpOrpaMMHbIE

cpeacTBa (KOJbl) JalOT YAOBJIETBOPUTEIBHYIO Puc.1. KaprorpamMma akTHBHO
JUISL HHOKEHEPHBIX PAacyeToB MOTPEUIHOCTh M 30yp ¢ OMNOIHATENBHBIM PSIOM
MO3BOJIAIOT  OOOCHOBBIBaTH  0€30MACHOCTH TBC

AKCIUTyaTallMOHHBIX XapaKTEPUCTUK KOPIyC-
Horo kumnsiuero peakropa BK-50;

- oTpaboTaHa cxema 3arpy3ku u jaBuwxeHuss TBC B miecTUpsIHONW aKTUBHOMU
30HE, ¢ obecrneueHneM TpeboBaHM TermoTexHuyeckon HaaexxHnoctu TBC u sinep-
HOU Oe3omacHocTy peaktopa; TBC miecToro roja skcruryataiu B KoiaudecTse 18
LIT. YCTAHABJIMBAIOTCA B IONIOJHUTEIbHBIN P STYEEK.

- ONIpEeNIeTICHO KOJUYECTBO JOTpykaeMbix «cBexux» TBC mnsa obecnieueHus
IUTAHOBOW SHEPTOBBIPAOOTKU PEaKTOpa B OJJHOTOAMYHON KammaHuu - 16-19 mT.

HccnenoBaHno pacnpeeseHre BeIropanus Tormaa 1o Beicote TBC B TeueHue
6 net skcrryatanuu. B cBs3u ¢ orcyrcrBueM B TBC cpelicTB BeIpaBHUBAHUS aKCH-
AJBHOTO YHEPrOpaCIpECIICHUs], BBITOPAHUE TOIUIMBA TAKKE MMEET MOBBIIIEHHYIO
HEPAaBHOMEPHOCTH IO BBICOTE.

B nanpHenmeM mIaHUPYETCs pacCMOTPETH BO3MOXKHOCTHh HCIIOJIb30BAHUSA B
TBC mectupsiiHON aKTUBHOM 30HBI paHee MCMOJb30BABIINXCS CTEP’KHEHN BhIrOpa-
IOIETO MOTJIOTUTENIS JJIsl BBIPABHUBAHUS aKCUAJIbHOTO SHEPrOBBIJCICHHS U BBITO-
paHus TOIJIMBA, a TAKKE YACTUYHON KOMIIEHCAIUH 3aIiaca peakTUBHOCTH.

CHnHCOK UCIOIB30BaHHBIX HICTOYHUKOB
1. Canynun B.II., ®ensxun P.E., llImenes B.E. u np. HelitponHo-dpusnueckue u
TUAPOJMHAMUYECKHE XapaKTepUCTUKU Kursimero peakropa BK-50 ¢ pacmm-
penHoil aktuBHOW 30HOU // - [lpenpunt HUMAP-34(599). — JlumutpoBrpan:
HUUAP, 1983.- 11 c.
2. IIporononos MI.II., Cearkuna H.A., CunsiBuna E.B., bpeycosa E.I'., Opemun
C.B. Pesynbrarsl skcmnyaranuu peaktopa BK-50 ¢ pacmmpeHHoil akTUBHON
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3oHoU. — Hayunbiii TogoBoit otuét AO «'HI[ HUMAP» (0T4€T 060 OCHOBHBIX
HCCIIEIOBATENbCKUX paboTax, BhIMONHEHHBIX B 2015 roay). — JumutpoBrpa:
AO «'HII HUMAP», 2016. C. 123—-129.

3. IIporonomnos /I.II., Cearkuna H.A., bpeycosa E.I'., Cunsuna E.B. Dxcnepu-
MEHTaJIbHBIE UCCIIEAOBAaHMS Ha peakTopHOU yctaHoBKe BK-50 ¢ pacmmpennoun
akTUBHOM 30HOM // — Hayunsiit rogoBoit otuétr AO «I'HIl HUMAP» (oTuét 06
OCHOBHBIX HCCJIEIOBATEIbCKUX paboTax, BeIMOIHEHHBIX B 2015 rony). — Ju-
mutpoBrpaa: AO «I'HIL HUMAP», 2016. C. 63-70.

4. Canmymun B.I1. TypOuHHO-HEUTPOHHBIN METO] M3MEPEHUSI PacX0/1a TeTTIOHOCH-
TNl B TETUIOBBLACIAIONIMX COOpKaX KOPIMyCcHOro kumsiiero peakropa BK-50//
Bormpocsl atomuo# Hayku u Texauku. Cep. Obecnedyenne 6ezonacnoctu ADC.
—2009. B 25. - C. 126-134.

OnbIT SKCMIYATALUU
N SKCNEPUMEHTAJIbHbIE BO3MOXXHOCTHU
PEAKTOPHON YCTAHOBKU MUP

AJL. Wxytos, AJL. MNeTenuH,
C.B. PomaHosckuin, B.A. CuctyHos, A.FO. XansnuH

AO «'HU HNNAP»,
r. Adnmutposrpag, Poccus

Nccnenosarenbekuil peaktop MUP.M1 - peakrop kaHanbHOrO TUIA C BOASHBIM
TETJIOHOCUTENIEM U OEpHUIMEBBIMU 3aMeIUTeNeM U oTpaxkarteraeM. OCHOBHOE Ha3Ha-
YEHHUE PEAKTOPA - NETIIEBBIE UCIIBITAHUS U CHELMAIIbHBIE DKCIIEPUMEHTHI C TBIJIAMU U
teroBbiesitomuMu  coopkamu (TBC), kak AeWCTBYIOMIMX, TaK U NEPCHEKTUBHBIX
PEAaKTOPOB PA3IUYHBIX THMNOB. VICIBITAHHS MTPOBOAATCS C LEIBIO IPOBEACHUS Ma-
TEpUAJIOBETUECKUX MCCIEAOBAHUN JUIsi OOOCHOBAHUS OE€30MACHOCTH MCIOJIb30Ba-
Hus TBIJ10B U TBC npu HOpMaibHOM JKCILTyaTalyy, IEPEXOIHbIX W aBAPUKMHBIX
pexumax. B asrycre 2017 r. ucnossgercs 50 neT co AHSA SHEPreTUYECKOro IycKa
peakTopa.

B noknazne, B Buae wutocTpanuii, Tabaul U rpaduKoB, TaHbl TEXHUYECKUE
XapaKTEpUCTUKU PEAKTOPA U €ro HKCIEPUMEHTAIBHBIX YCTPOUCTB, IIPUBENIECH TIEepe-
YeHb OCHOBHBIX COBPEMEHHBIX M NEPCIEKTUBHBIX 3KCIEPUMEHTAIBHBIX IPOIPAMM
ucronb3oBanus peakropa MMP.M1, noka3anel HEKOTOpBIE pe3yIbTaThl COBPEMEH-
HOTO IpuMeHeHus1 peakropa. [IpeacraBiaeHsl paboThl 10 MOJEPHU3ALMH SKCIIEPH-
MEHTaJbHOM  0a3pl.  OCHOBHBIMM  3aJ@a4yaMH  MOJIEPHM3ALMU  SIBJISIFOTCS
YBEJIMYECHNE SKCIIEPUMEHTAIBHBIX BO3MOYKHOCTEM, NPOAJICHUE CPOKA KCILTyaTaluu
PEAKTOPHOM YCTaHOBKH U MOBBIIIEHUE OE30IIaCHOCTH.
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[IpuBenena uHpopMalysi 1o 0OCIIEOBAHUIO COCTOSIHUSL CUCTEM M 000pyAOBa-
HUS, BOXHBIX IS O€30MACHOCTH, C TIENBI0 TPOJICHHUSI CPOKA CITY>KOBI PEaKTOPHOM
ycTaHoBKH. [Ipy 3TOM peannsyercss BapuaHT NPOJJIEHUSI CPOKA DKCIUTyaTalluN pPeaK-
TopHO# yctaHoBKU MUP.M1 6e3 murenbHbIX OCTAaHOBOK PEaKTOpa ¢ MPOBEICHUEM
OporpamMMbl 3KCIIEPUMEHTANIbHBIX paboT. Cpok 3kcrutyaranuu peakropa MUP mpo-
JuieH 1o koHma 2025 T.

BNUAHUE PUSNHECKUX U KOHCTPYKLUUOHHbIX
OCOBEHHOCTEWU PEAKTOPA MUP HA OBECINEYEHME
ANEPHOWU BE3OINMACHOCTU NPU EIO 3KCIJTYATALUA

A.lN. Mankos, B.B. KanbirnH

AO «'HU HUNAP»,
r. Adnmntposrpag, Poccus

MarepranoBe1yeCKkuil NETIIEBOM KaHAJIbHBIA HCCIEAOBATEIBCKUN PEAKTOP

MUP npegnaznauen ansa nposeneHus ucnbiTaHuid TBC, ¢parmentoB TBC
Y TBAJIOB SIZIEPHBIX PEAKTOPOB PA3IMYHOTO HA3HAYEHHUS B PEKHUMAX, OIM3KUX
110 CBOMM TapaMmeTpaM K MpeznojaraeMbiM padbounm. OJHOBPEMEHHO B PEaKTOpe
MOTYT MPOBOAUTH MCIBITAHUSA HE-
cKoJbKUX OonbITHBIX TBC m 3kcnepu-
MEHTAJIBHBIX  YCTPOMCTB, OTIMYAIO-
LIMXCS] KOHCTPYKLHUEH, MAaTEPUAIIbHBIM
COCTAaBOM, COJEP/KAaHUEM JEIAIINXCS
MaTepUaJioB B TB3JaX, MOIIHOCTBIO,
BUJIOM U MapamMeTpamMH OXJIaKJarolle- g
ro rertoHocurens. [loatomy, rimaBHoe
TpeOOBaHUE, MPEIBIBISIEMOE K PEak-
TOpPY, - BO3MOXHOCTb OOECHEYEHHUS,
HNOJIEP>KaHUS M KOHTPOJI 33JaHHBIX
YCIOBUM OOJTy4YeHHsS] OJHOBPEMEHHO
it Beex uccnenyembix TBC mpu 6e3-
YCIOBHOM oOOecrneyeHrr TpeOOBaHUM
0€30IacHOCTH.
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Puc. 1. Kaprorpamma akTUBHOW 30HBI

AKTHBHas 30Ha peakTopa C OT-
paxxareaeM HEUTpoHOB (cM. pwuc. 1)
pasmerieHa B OacceliHe ¢ BOJOH U
HaOpaHa W3 WIECTUTPAHHBIX OepuiI-
nueBbIX OnOKOB. B oceBbIx OTBeEp-
CTUSIX OJIOKOB TEPBBIX YETBIPEX Psi-

JIOB pa3MellarT padoune KaHaibl co mratHbiMiu TBC U neTieBbie KaHalbl ¢ IKC-

peakropa MUP
1 — pabounii kaHa, 2- MeTICBOU
kanan, 3 — PO KJI, 4 — PO A3-KO,
5 — Be-05oku



nepuMenTtanbabiMu TBC (OTBC). Ha cTeike rpaneit 6epumineBbix 0JI0KOB MOTIIO-
HIAIOIINE CTEPKHU, BBHIIOJHSIONINE GYyHKIINN KommeHcatopoB peaktuBHocTH (KC),
aBapuifHoi 3amuThl (A3) U aBTOMaTuueckoro peryaupoBanus (AP). Cxema ymnpas-
JeHus: 00ecrneynBaeT BO3MOXKHOCTb BbIOOpA IIECTH CTEPKHEN B KaUECTBE OPraHOB
A3. Jly11 KOMIIEHCAallUM PEAKTUBHOCTHU UCTIONB3YIOTCA Takxke 12 KaHalloB ¢ AOTpy3-
KOM B BUJIE COOpPKH TOTJIONIaroel HeuTpoHbl yacTu u mratHoit TBC peakropa.

MuHMManbHYI0 HEBO3MYULIEHHYIO KPUTHUECKYIO 3arpy3ky peakropa MUP co-
CTaBJAIOT mecTh pabounx TBC, pa3MeleHHbIX MO KOJIbIY U OJHA YaCTUYHO HEJ0-
IpyeHHas - B IIeHTpe Konbua (~2090 T *°U). B akTUBHYIO 30Hy yCTaHABINBACTCS
10 52 mrratHeix TBC, TO ecTh mosiHas 3arpy3ka COAEPKUT HECKOJIBKO KPUTHYECKUX
macc. PeakTop paboTaer B pekxMMe 4YaCTHUUHBIX NEPErpy30K TOIUIMBA. bobioe Ko-
JIMYECTBO OPraHOB PETYJIUPOBAHUS U PEKUM YACTUYHBIX MEPErpy30K TOIIMBA M03-
BOJISIFOT CO3JaTh M MOJJEPKUBATh B KAXKJOM NETIEBOM KaHajle HEOOXOJIUMBIE pe-
KUMBI 00JydeHus. Pe3yiabTaThl MPOBEIEHHBIX MCCIEIOBAHUN MO3BOJIMIN YCTaHO-
BUTh OIPAHUYEHUS, MO 3arpy3Ke M paclpelle]ICHUI0 TOIUIMBA B aKTUBHOW 30HE,
IPEAOTBPAIIAIOIIME BOZBHUKHOBEHUE JIOKAIbHOW KPUTUYHOCTU MPH IKCILTyaTalUH
peakropa.

O¢ddextuBHocts opranoB CY3 peakropa MUP MensieTcss B mMpokux mnpeze-
Jax, (cM. Ta0.) B 3aBUCUMOCTHU OT paclipe/iesieHus] TOIUIMBAa B aKTUBHOI 30HE, 3a-
NIOJIHEHUST DKCIIEPUMEHTANIBHBIX KAHAJIOB, B3aUMHOIO ITOJIOKEHMsSI opraHoB CVY3,
OTpaBJICHUS OEPUILIMEBON KJIAJIKU aKTUBHOM 30HBI SiIpaMu °Liu °He.

OddextuBHOCTH OpranoB CY3 peakropa MNP

Pabounit KomuuectBo KonuyecTBo opranos DddexTuBHOCTD
opraf rpynm (IIT.) B rpymre (IIT.) Tpynmsl, Bog-
A3 6 1 0,065 =+ 3,2

AP 2 1 0,1 +0,7

KC 21 1 0,065 + 3,2

K 12 1 0,08 +7,0

ar pemieTkn akTUBHOM 30HBI 150 MM BbIOpaH M3 KOHCTPYKTUBHBIX COOOpake-
HUil, C y4e€TOM HEOOXOJUMOCTH pa3MEIEHUs] TPyOOIIPOBOIOB IMETJIEBBIX KaHAJIOB.
[Ipn Takom miare COOTHOIIEHHE SIIEPHBIX KOHLEHTPALWK 3aMEIUTENS U TOIUIMBA
B aKTUBHOM 30HE HE SIBJISETCS ONTUMAJBbHBIM: 3aMEIJIUTENS 3HAYUTENbHO OOJbIIIE,
yeMm TpeOyercs sl TepMalli3allid HEUTPOHOB. BenencTBue 3Toro n3aMeHeHue IioT-
HOCTU BOZIbl CJIOKHBIM OOpa3oM BIUSIET Ha PEaKTHBHOCTb. B wactHOCTH, 3ddexTt
OT YMEHBIIECHUS [JIOTHOCTH BOJBI B METJIEBBIX KAHANAX M 3a30pax KJIaJKH aKTUBHOM
30HBI TOJIOKUTENIEH, a JJIsi pabouMX KaHaloB — oTpuuareneH. s oOecrieueHUs
AJIEpPHOM 0€30MaCHOCTH PEaKTOpa B MPOIIECCE IKCILTyaTaIlUK OMPEIEIICHBI 00IIUE 15
Bcex TUoB DTBC 1 KOHCTPYKLMIA METIEBbIX KAHAJIOB 3aKOHOMEPHOCTU W3MEHEHHUS
HOJIOXKUTENILHOTO AP PEeKTa PEaKTUBHOCTH MPH CHUKEHUU TUIOTHOCTH TETUIOHOCHUTEIIS
B HOPMAJIbHBIX U IIOCTYJUPYEMBIX aBAPUMHBIX PEKUMAaX IIPOBEICHUSA DKCIECPUMEH-
TaJbHBIX UCCIIEAOBAHNN.
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[Ton BO3meHCTBHEM HEHTPOHHOTO M3ITy4YeHHUS B OCpUIIMEBOM KIIaJKe HaKarl-
JIMBAIOTCS TIPOIYKTHI SIEPHBIX peakimii, B wacTHocTd "He m °Li, oGnanaromme
OOJIBIIMM CEYEHUEM MOTJIOLIEHHUS TETIOBBIX HEUTPOHOB. JTO BIIECYET 3a COOOU U3-
MEHEHHE 3amaca peakTUBHOCTH, 3 dexTuBHOCTH opraHoB CVY3, 3¢ dexToB peak-
TUBHOCTH, INPUBOJUT K IEpPEpaCHpEleICHUI0 dHEProBbiacieHus. [lus peakropa
MUP pa3zpaborana W peayn3oBaHa METOJMKA pacueTa HaKOTUICHHS *He u °Li
B KOXKJIOM OepusuieBoM OJioke. ITO Mo3BOJISIET 0ojiee TOYHO MPOBOAUTH PACUEThI
€ro HeUTPOHHO-(U3UUECKUX XapaKTEPUCTUK U 0OecrieunBaTh TPEOOBAHUS SACPHON
0€30I1acCHOCTH.

EFFECT OF PHYSICAL AND DESIGN FEATURES
OF THE MIR REACTOR ON ITS OPERATIONAL
SAFETY PROVISION

A.P. Malkov, V.V. Kalygin

JSC "SSC RIAR",
Dimitrovgrad, Russia

Research loop-type channel-type reactor MIR i1s intended to test fuel assem-
blies (FAs), their fragments and fuel elements of various nuclear reactors under the
conditions close to their operational

ones. Several fuel assemblies, as well - ‘ ‘ .
as experimental rigs, can be tested in

the reactor at a time; they may differ 8@‘@‘@?@‘@‘." 2
in the design, material composition, d ‘@O@@)O@“g
content of fissile materials in the fuel (IR @OOI ) 3
elements, power, type and parameters § ‘@@O@@]G@@‘ﬁ

of coolant. For that reason, the key C ‘@O@@@@@.@@.‘
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requirement to the reactor is a possi-
bility to provide, maintain and control
the specified irradiation conditions for
all fuel assemblies under testing, the
safety being secured.

The reactor core with a neutron
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reflector (Fig.1) is located in a water Fig. 1. MIR reactor core arrangement
pool and arranged of hexagonal Be- 1 — working channel, 2- loop channel,
blocks. The working channels with 3 _ a channel with an absorber, 4 — control
standard FAs as well as loop channels and scram rods, 5 — Be-blocks

with experimental FAs are located in
the axial holes of the blocks located in
the first four rows. Absorbers functioning as scram, emergency and control rods are
located at the Be-block edge joints. The control scheme allows selecting six rods as
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control ones. To compensate the reactivity, there are 12 channels with additional ab-
sorbers in the form of a standard FA.

The minimal undisturbed critical load of the MIR reactor 1s arranged of six work-
ing FAs located annularly and one in the ring center (~2090g of >*U). Up to 52 stand-
ard FAs can be inserted into the reactor core. It means that the full load contains
several critical masses. The reactor is operated under the partial refueling mode. A
large number of control rods and partial refueling mode allow the required irradia-
tion conditions to be created and maintained in every loop channel. The investiga-
tion results revealed some limitations in the fuel mass and its distribution in the
core to prevent a local criticality during the reactor operation.

The efficiency of the MIR control rods varies in the wide range (see Table be-
low) depending on the distribution of fuel in the core, occupation of experimental
channels, mutual location of control rods and poisoning of the core Be-stack with
°Li and *He nuclei.

The core pitch of 150 m was selected on the basis of the reactor design with
the account of loop channel pipeline. This pitch does not provide an optimal rela-
tion of the nuclear concentrations of the moderator and fuel in the core: the modera-
tor is more than it is required for neutron thermalization. Therefore, a change in wa-
ter density affects the reactivity in a complicated way. In particular, the effect from
the water density decrease in the loop channels and core stack gaps is positive
while it is negative for the working channels. To provide reactor nuclear safety,
there were defined mechanisms of changes in the positive effect of reactivity as the
coolant density decreases under the normal conditions and postulated accidents;
these mechanisms are the same for all types of FAs and loop channel designs.

Efficiency of the MIR control rods

Rod type II;IC(; .of groups, I;r(()) 1(l)IirI())((:iss.per g:fiup efficiency,
Control rods 6 1 0,065 + 3,2
Emergency rods 2 1 0,1 +0,7

Scram rods 21 1 0,065 + 3,2
Chanel with an absorber 12 1 0,08 = 17,0

Under the neutron irradiation, fission products, in particular *He and °Li, ac-
cumulate in the Be-stack and have larger thermal neutrons absorption section. It re-
sults in a change of reactivity margin, efficiency of control rods, reactivity effects
and causes heat rate re-distribution. A technique to calculate the *He and °Li accu-
mulation in each MIR reactor Be-block has been developed and implemented. It al-
lows more accurate calculations of the reactor neutronic characteristics and provi-
sion of nuclear safety.
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OPIrAHU3ALUNA BOOAHO-XUMUYECKUNX PEXXUMOB
ANEPHbLIX QHEPTETUYECKUX YCTAHOBOK
B YCNNOBUAX NMETJIEBbIX YCTAHOBOK PEAKTOPA MUP

AJ1. xyTos, O.H. Bnagnmuposa, B.A. CBUCTYHOB,
C.A. eonnuwiHunkoBa, B./. Bacunees, E.O. lemnaoBckas

AO «'HU HUNAP»,
r. Adnmntposrpan, Poccus

Ha wuccnenosarensckom peakrope MUP B yclOBUSX IETJIIEBBIX YCTaHOBOK
(ITY) nmpoBoAsTCA peakTOPHBIE UCTIBITAHUS PA3JIUYHBIX TOIUIMBHBIX U KOHCTPYKIIH-
OHHBIX MaTepHaJIOB B 000OCHOBAaHUE X PECYPCHOM HAJEKHOCTHU MPH MOCIETYyIOIIEH
AKCIUTyaTallMd B MPOMBIIIICHHBIX JErkoBOoAHBIX ADY. Peanusyrorcs pecypcHbie
UCIIBITAaHUS], CKAUKOOOPa3HblE U3MEHEHHS] MOIIHOCTH, OCYIIECTBIIETCS UMUTALIMS
Pa3JINYHBIX aBAapUMHBIX cUTyannil. OIHUM M3 BaKHEWUIINX BOIIPOCOB NPEICTABU-
TEJIBHOCTH JAHHBIX UCCIENOBAHMUW SBIIIETCS OpraHU3alUs COOTBETCTBYIOIIMX TH-
OB BOJAHO-XUMHUYECKUX pexxuMoB (BXP).

N3navyanpHo B mepBbiX KOHTypax [1Y Obul peanu3oBaH TOJBKO aMMHAYHBIHA
BXP. Bnocneacrsuu, ¢ paclIUpeHUEM TEMATUKU UCCIECIOBAHUM IO OTCYECTBEH-
HbIM peaktopam Thna BBOP, na peaktope MUP Obun peanu3oBaH amMMmuayHO-
KaJIMEBBIN ¢ 103UpoBaHreM OOpHOU KUCIOTH BXP maHHBIX MPOMBIIIIIEHHBIX yCTa-
HOBOK. B mocineHue rojibl B CBsI3U ¢ HEOOXOJIMMOCTHI0O 0OOCHOBAHUSI KOHKYPEHTO-
CIIOCOOHOCTH OTEYECTBEHHOM MPOMYKIMM Ha 3apyOeHOM pBIHKE, IOSBHIIACH
HeoOxonaumocTh opranmszaiuu B [1Y peakropa MUP GopHO-1uTHEBOTO € 103UPO-
BaHUEM Tra3000pa3HOro BOAOPOJA BOJHO-XMMHUECKOIO pexuma, pean3yeMoro B
peaktopax PWR 3anmagHoro tuna.

Nmuranms gannoro tuna BXP notpeboBana npoBeAaeHrs KOMILIEKCa MEPOIPHU-
ATANA TI0 MOJEPHU3ALMU CUCTEMBI BBOA KOOPAMHHUPYIOIIUX PEAreHTOB B TEIUIOHOCH-
Tesb nepBoro koHrypa I1Y. Ilpumenenre Ha 3apyOexHbIx DY nis nonasieHus pa-
JIMOJIKM3a BOBI IPSAMOT0 MHKEKTUPOBAHUSI ra3000pa3HOro BOAOPOAA MHUILIMHPOBAJIO K
pa3paboTke aHAJOTMYHOrO y3ia jao3upoBaHus Ha IIY peakropa MUP, Ha cramum
MOHTaKa HaXOAUTCS CUCTEMA HETIPEPBIBHOTO T03UPOBAHUSI MUKPOKOMITOHEHTOB.

[IpencTaBUTENBHOCTh MPOBOJMMBIX O0JIydaTeNIbHBIX 3KCIEPUMEHTOB, OIpe-
JEJISIETCSl B TOM YHUCJIE 00ECIIEYEHHEM COOTBETCTBYIOLIEIO aHAJUTHYECKOIO KOH-
TPOJIsi TapaMEeTPOB BOJHOTO TeIuioHocuTens. s aToro meroguveckas 6aza mo-
CTOSIHHO COBepUIEHCTBYyeTcs. Hapsiny ¢ TpaAMUMOHHBIMU METOJIMKAMHU KOHTPOJIA
BXP nepBbix koHTYpoB I1VY (KOHIyKTOMETpUS, MOTEHIIMOMETPUS, Ta30Bas Xpoma-
torpadus, ¢oToMeTpus, B TOM YHCIIE IJIAMEHHAas) MPUMEHSIOTCS U COBPEMEHHBIE
METOJIbl: MOHHAas XpomaTorpadus, aTOMHO-aOCOPOIIMOHHAS CIIEKTPOMETPHS, BBICO-
KOITApaMETPUUECKNE TOTOYHBIE TaTYNKH.

B noknane nan 0630p paHee BBIOJHEHHBIX PabOT MO MOAJIEPKAHUIO JKCIIe-
puMeHTanbHbIX BXP U npuBeneHbl pe3yapTaTbhl TEXHUUYECKONM MOJIEPHU3ALNU CHU-
CTEM JO3UPOBAHMS M METOJMK KOHTPOJS PEKUMOOOpaszyrolmux peareHToB B IIY
peakropa MUP.
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ARRANGEMENT OF NPP WATER CHEMISTRY
IN THE MIR REACTOR LOOP FACILITIES

A.L. Izhutov, O.N. Vladimirova, V.A. Svistunov, S.A. Dvoinishnikova,
V.l. Vasilyev, E.O. Demidovskaya

JSC "SSC RIAR",
Dimitrovgrad, Russia

The MIR reactor loop facilities are used to test different fuel compositions and
structural materials in justification of their reliability when operated in the com-
mercial light-water reactors. Lifetime tests are performed as well as power ramps;
different accidents are simulated. The arrangement of proper water chemistry is one
of the crucial points in generating representative testing data.

Initially, only ammonia water chemistry was arranged in the MIR loop facili-
ties. Further, as the scope of research in Russia’s VVERs expanded, the water
chemistry of these reactors was arranged, namely ammonia-potassium with dosed
boric acid. Recently, due to the necessity to have domestic products competent on
the foreign market, the water chemistry of western PWRs was arranged in the MIR
loop facilities, namely boron-lithium with dosed gaseous hydrogen.

The simulation of the above water chemistry required the upgrading of system
to dose coordinating reagents into the loop facility primary coolant. As far as the
foreign NPPs apply a direct injecting of gaseous hydrogen to suppress water radiol-
ysis, the same system was developed for the MIR loop facilities; the system of con-
tinuous dosing of micro-components is being under the installation.

The representativity of the tests is also conditioned by the related analytical
control of the coolant parameters. For this purpose, the methodical base is being
constantly improved. Along with the traditional methods to control the loop facility
water chemistry (conductivity measurements, potentiometry, gas chromatography,
photometry, including flame one), the following up-to-date methods are applied: ion
chromatography, atomic absorption spectrometry, high-parameter on-line sensors.

The paper gives a review of activities performed to maintain the experimental
water chemistry and presents the results of upgrades done for the dosing system
and techniques to control the chemistry-related reagents in the MIR loop facilities.
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TEKYLWWUE U NEPCNEKTUBHbLIE HAMPABJIIEHUA
UCTbITAHUUN B PEAKTOPE MUP

AJl. Nxytos., AJl. TNetenuH, A.B. Bypykun, C.A. UInbeHko,
B.A. OunHHukoB, B.H. LLynumos

AO «'HU HNNAP»,
r. Adnmntposrpag, Poccus

[To ¢pusmaeckum ocobeHHOCTSIM peaktop MUP — TenmoBoii reTeporeHHbIi pe-
aKTOp C 3aMEJINTENIEM U OTpaxkaTelleM W3 MeTamdyeckoro oepwuims. [lo KoH-
CTPYKTUBHBIM OCOOEHHOCTSIM OH SIBIIIETCS KaHAJIBHBIM M pa3MelleH B Oacceiine
¢ BoAoi. Takoe KOHCTPYKTOPCKOE PpEIICHHE IO3BOJIMJIO COBMECTHTh OCHOBHBIE
nperMyIIecTBa 0aCCEeHHOBBIX M KaHAJIbHBIX PEakTOpoB. B HacTosIiee BpeMs Ha pe-
aktope MHUP neicTByIOT ClIeAyIOIIMEe OCHOBHBIE DKCIIEPUMEHTAIBHBIE YCTAHOBKH
U yCTPOMCTBA:

- netneBblie ycraHoBkHM (I1Y), sBistomuecs OCHOBOM 3KCIEPUMEHTAIBHOIO
o00opyI0BaHUsI peakTopa, OOecneuuBaroUIero ero HauOosiee NpPUBJICKATEIbHBIC
BO3MOYKHOCTH;

- YCTPOWCTBA JJi1 MPOBEACHHUS MCIHBITAHUM C OTBOJIOM TeIia OT W3ACIUU
BOJIOW TIEPBOT0 KOHTYpa peakTopa WM KOHTypa OXJaxAeHHs OacceiiHa (MCIONb-
3YIOTCSl IPEUMYILIECTBEHHO JUISl UCIBITAHUN TOIUIMBA M 3JIEMEHTOB KOHCTPYKIMU
UCCJIEI0BATEIbCKUX PEAKTOPOB);

- (pu3nyeckas MOJeNb peakTopa — KPUTUYECKHM CTEH]T;

- paIranMOHHO-3aIIUTHBIE KAMEPHI C KOMIUIEKCOM yCTaHOBOK;

- cren uHcnekiuu TB310B 1 TBC B Oacceiine BhIEPKKU peakTopa.

Hanuune mupoKoro crekrpa 3KCIEPpUMEHTaIbHOrO 00OpYAOBAHMS U XapaK-
TepucTUKU peakropa MUP obecneunBaioT nmpoBeeHUE PEaKTOPHBIX MCHBITAHUMA
Y OKCIIEPUMEHTOB 10 PsIly COBPEMEHHBIX HAIIPABJICHUMN:

- IIETJIEBbIE UCIBITAHUS U BHYTPUPECAKTOPHBIC MCCIIEIOBAHUS XapPaAKTEPUCTUK
TB3JI0B BBOP B ycinoBusx, MOAEIMpyONIMX MTATHYO SKCIUTYaTAIUIO, OTKIOHEHUE
OT HOPMAJIBHBIX PEKUMOB U IIPOCKTHBIE aBapUU; MUCCIICIOBAHUS MEXAHU3MOB BbI-
X0Ja NPOAYKTOB JICJICHUS U3 HETEPMETUYHBIX TBAJIOB;

- ucnbiTanus TB310B U TBC Ttpancnoptasix BBP, ACMM u nnaByuyux 3Hep-
ro0JI0OKOB;

- ucnbITaHus TB3J0B U TBC BBICOKOTEMIIEPATYPHBIX Ta300XIAXKIAEMbIX pEaK-
TOPOB;

- ucnelTanus TBAJ0B 1 TBC ncciienoBarenbckux peakTopos;

- UCHIBITAaHUS U HUCCIENOBAHUS XapPAKTEPUCTUK TBAJIOB M KOHCTPYKIMOHHBIX
MaTepuagoB B YCIOBUAX, UMUTUPYIOLIMX pexXuMbl peakropa PWR, Bkitouas Boa-
HO-XHMHYECKUIM;

- HapaboTKa paIMON30TOMHON MPOIYKIIHH;

- IIPOBEJICHUE MPOMEKYTOUYHBIX UHCIIEKIIMN U MEPBUYHBIX MOCIEPEAKTOPHBIX
uccienoanuii TBC u TB310B B paANallMOHHO-3aIUTHBIX KaMepax U 6acceiiHe Bbl-
JIEPKKU peaKTopa.
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[lepcniekTHBHBIE HAIIPaBJIEHUS U IIaHbI paldoT:

- YCOBEPILEHCTBOBAHNE METOAMK KOHTPOJIS MAPAaMETPOB M BHYTPUPEAKTOPHBIX
U3MEPEHUMN XapaAKTEPUCTUK TBIJIOB;

- IPOBE/ICHUE KOMIUIEKCHBIX PEAKTOPHBIX UCTIBITAHUN 110 0OOCHOBAaHUIO MOJIEP-
HU3MPOBAHHBIX W HOBBIX TUIOB TomuMBa BBOP m PWR B pa3znuuHbBIX NMPOEKTHBIX
YCIIOBUSIX;

- ucnionb3oBanue I1Y III'-1 ¢ ra3oBbIM TEIJIOHOCUTENIEM U MPOBENCHUE HUCCIIE-
JOBaHWM JIEMEHTOB aKTUBHOM 30HBI U MakeToB TBC BbICOKOTEMIIEPATYPHBIX ra3o0-
OXJIAKTAEMBIX PEAKTOPOB;

- pEaKTOpHBIE UCHBITAHUS MO YCOBEPLICHCTBOBAHUIO U OOOCHOBAHUIO TOIUIMBA
HOBBIX aKTHBHBIX 30H [19Bb, ACMM 1 aTOMHBIX JIEJOKOJIOB HOBOT'O ITOKOJICHUS;

- pa3pabotka npoekTta yHuBepcaibHou I1Y, obecrneunBaroiieii MOACIMPOBAHNE
YCJIOBHAM JKCIUTyaTallid BOJOOXJIAKIAEMBIX PEAKTOPOB IEPCIIEKTHBHBIX SACPHBIX
OHEPreTUYECKUX YCTaHOBOK U MoAepHu3anus [1Y nepsoit ouepeny;

- YCOBEPILIEHCTBOBAHUE U ITPOJICHUE CPOKaA IKCIuTyaranuu peakropa MUP u ero
TEXHOJIOTUYECKUX CUCTEM, BKIIIOYAsi MOJIEPHU3ALIMIO U 3aMEHY O€pUIUIUEBBIX OJIOKOB.

HAYYHO-TEXHUYECKUE U OPTAHU3SALMOHHbIE
NPOBNEMbI OGECINEYEHUA AAEPHON BE3ONACHOCTU
SKCIMNMYATALUUUN UCCINIEOOBATEJIbCKUX
AODEPHBIX YCTAHOBOK

A.M. BaxmeTtbes, A.A. Monoguos, M.FO. HukutnH

AO «OKBM AdpukaHTOBY,
r. HwkHuin Hoeropop, Poccusa

B AO «OKBM AdpuKaHTOB) HAKOIUIEH 3HAYUTEIbHBII OMBIT pabOThl KpUTHYE-
CKHX CTEHJIOB, CyMMAapHbIN CPOK 3KCIUTyaTalMu KoTopsix okosio 100 ner. 3a Bce Bpe-
Ms1 SKCIUTyaTallii CTEHJ0B UMEJIO MECTO TOJIBKO OJTHO MPOUCHIECTBUE, KOTOPOE MPO-
n3onuio 23 ceHtsops 2016 roga u3-3a HapyIICHHS TEXHOJIOTUHU TTOIbeMa Pabodux op-
ranoB CY3 1pu mNOATrOTOBKE CTEHJA K MCIOBITAaHWAM. B cooTBeTCTBUM
C MOCIEACTBUAMU HapylieHue Obulo KiaccuduumpoBano mo tmkame INES- 1
(AHOMaIHs) KaKk «COOBITHE, BBIXOIAIIEE 32 pAMKU MPEANMCAHHOTO PEKHUMA IKCILTya-
TalMM MpU J03€ OOJydeHUs! NEepCOoHala, HE MPEBBILIAIOIICH I0I0BOM JT030BbIN Ipe-
JeID».

B nokmane chopMyIupoBaHbl HEKOTOPHIE TEXHUYECKHE W OPraHU3ALMOHHBIE
npoOJIeMbl, 3HAUUMBIE JUIs TIpoLiecca oOecredeHrs: 0e30MacHON IKCILUTyaTalluy uccie-
JIOBATENIbCKUX SIIEPHBIX YCTAHOBOK M MEPHI MO MX YCTPAHEHUIO.
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SCIENTIFIC AND TECHNICAL AND MANAGERIAL PROBLEMS
FOR SAFETY PROVISION DURING NUCLEAR TEST
FACILITY OPERATION

A.M. Bakhmetev, A.A. Molodtsov, M.Y. Nikitin

JSC «Afrikantov OKBM»,
Nigny Novgorod, Russia

JSC «Afrikantov OKBM)» has accumulated a great deal of experience of criti-
cal facilities operation. The latter’s total operation duration comes close to
100 years. Only one incident had occurred during this period. It took place on Sep-
tember, 23, 2016 and was caused by violation of technique of control grids rising
in the course of preparation for testing. According to aftermaths this incident was
classified as INES Level 1: Anomaly (an event beyond regular operation mode
with personnel exposure doze not exceeding of statutory annual limits).

Reported here are some technical and managerial problems being important
for safety provision during nuclear test facility operation.

O COCTOAHUU AOEPHOU U PAOVUALIMOHHOW
BE3OIMNACHOCTU UCCINIEAOBATEJIbCKOIO
AOEPHOIO PEAKTOPA UPT-T

N.H. M'puropos, O.®. Nycapos, O.M. Xynoneesa, .H. Xygonees

OIrAQY BO «®TU HA TIY »,
r. Tomck, Poccusa

UccnenoBarensckuii saepubiii peakrop UPT-T BBeneH B skcruryaTamuio mo-
cie pexkoHcTpykuuu B 1984 rony. MccnenoBarensckuii simepubiid peaktop MPT-T
AKCILUIYaTUPYETCA HEAECIbHBIMU IUMKJIaMH Ha MouiHoctd 6 MBT. Cucrema ynpas-
JICHUS! ¥ 3alUThl Ha 0aze Moy 6ezonacHOoCTH «Mupax — Mb u koHTpoONsS Tex-
HOJIOTHYECKHUX TMapaMeTpoB OTpadoTayia OGojiee NecATH JeT. 3a 3TOT MPOMEXYTOK
BpeMEHU HaOpaH OOJBIION OIBIT AKCIUTyaTallK JaHHBIX CUCTeM. BBeaeHa B dKc-
IUTyaTalMlo CUCTEMA PAAUANUOHHOTO TaMMa — KOHTPOJISI IOMENIEHUN U Ta30BOr0
pPagualOHHOIO0 KOHTPOJIA 34aHUsl UCCIIEI0BATENIBCKOTO sAnepHoro peakropa MPT-
T. Ilo uroram nmepBOro rojia AKCIUTyaTaly 3TOW CUCTEMbI ObUIO BBISBICHO MHOTO
ci1abbIX MECT, KaK B caMO amnmapaType, Tak U B MOHTaKe CUCTEMBI B 1iejioM. [locie
IIPOJUIEHUs CPOKa JKCILIyaTalluy MCCIIEN0BATENbCKOro saepHoro peakropa UPT-T
AKCIUTyaTUPYIOIIAash OpraHu3alus MPUCTYNIIA K BBIIOJIHEHHUIO MPOrpaMMbl YIIpaB-
JICHUSI PECYpCOM 00OPYIOBaHMS M CUCTEM BaXKHBIX JUIsl O€30MaCHOM IKCILTyaTaluu
NPT-T.
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COCTOSAHUE SAOEPHON N PAOUALIMOHHON
BE3OINACHOCTU AOEPHbIX YCTAHOBOK
®rBY «MNAD» (HAL «<KYPYATOBCKUN UHCTUTYT»)
B 2016 rogy

C.J. Cmonbcekuin, A.B. KopoTtbiHckui, B.IN. MaweTos, B.A. Minatosckui,
A.C. 3axapos, E.C. Kptokos, C.B. Bopobbes, A.C. NontaBckum

PIrbY «MNADy» (HULL «KypuaToBCKUA MHCTUTYTY),
r. F[aTymHa, Poccusa

IIpuBeneHsl CBeNEHUS O COCTOSIHUU SAAEpHBIX YCTaHOBOK DPI'BY «JIINSAD»
HUILL «KypuaTtoBCKHl HHCTUTYT», pa3pEIINTEIbHBIX TOKYMEHTaX HAa OCYIIECTBIIE-
HUE JIEATEIIBHOCTH 110 IKCIULYaTalluu U COOPYKEHUIO SIEPHBIX YCTAHOBOK, a TAKKE
0 Haubosee 3HAYMMbIX PabOTax IO MOBBIIIEHUIO SACPHOW M pajMallMOHHON Oe3-
OITACHOCTH, BBITIOJIHEHHBIX B 2016 T.

ITpuBeneHa olleHKA COCTOSTHUS SAEPHOM M paJuallMOHHON 0€3011acHOCTH HC-
CIEN0BATENbCKUX AIepHBIX YCTaHOBOK PI'BY «IIMAD» HULL «KypuaroBckuii un-
CTUTYT», OIPEIEIICHBI 3a/1a4i 110 IOBBIIICHUIO YPOBHS ANECPHON U paJUallMOHHOU
oe3onacuoct Ha 2017 ro.

B noxiaze Takke NpuBEICHBI CBEICHUS:

- o moaroroBke peakropa [IMK k sHepreTnueckomy Iyckys;

-0 COCTOSIHMM JIMLEH3UPYEMOH JESITeNIbHOCTH OOBEKTOB HCIIOIb30BAHUS
atomHoi sHeprun OI'BY «JI1NAD» HULL «KypyaTOBCKHII HHCTUTYT»;

- 0 MOATOTOBKE K BBIMNOJHEHHUIO U XOJ€E paboT Mo MeponpusTHsIM (enepanb-
HOU 11eNIeBoi nmporpammel «O0ecneueHre siACpPHOM U paralliOHHON O€30MacHOCTH
Ha 2016-2020 roas! 1 Ha nepuox A0 2030 rogay.

THE STATE OF NUCLEAR AND RADIATION SAFETY
OF PNPI NRC «kKURCHATOV INSTITUTE»
NUCLEAR FACILITIES IN 2016

Sergey L. Smolsky, Aleksandr V. Korotynsky, Vladimir P. Maschetov,
Vladimir A. llatovskiy, Aleksandr S. Zakharov, Evgeniy S. Kryukov,
Sergey V. Vorobyev, Andrey S. Poltavsky

PNPI NRC «Kurchatov Institute»,
Gatchina, Russia

The report contains the overview of the state of PNPI NRC «Kurchatov Insti-
tute» nuclear facilities, as well as the documents granting authorization to create
and operate nuclear installations. It also highlights the most prominent works
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and developments in field of enhancement of nuclear and radiation safety per-
formed in 2016.

The report contains an assessment of the state of nuclear and radiation safety
of PNPI NRC «Kurchatov Institute» nuclear research installations; it states the ob-
jectives aimed at enhancement of nuclear and radiation safety in 2017.

The report also includes the information on:

- the activities preformed in order to prepare the PIK reactor for the power
startup;

- the status of licensed activities of PNPI NRC “Kurchatov Institute” atomic
energy utilization objects;

the status of the activities being performed within the strategies of the Federal
Target Programme «Nuclear and Radiation Safety in 2016-2020 and until 2030»
and the process of preparation for its implementation.

UTOIM PABOTbI UCCIIEAOBATEJIbCKOIo AAEPHOIO
PEAKTOPA BB-2M

A.M. Porosckuin, N.M. Pycckux, E.H. CenesHes, A.B. Koanos

AO «MPMy,
r. 3apeyHbin, Poccus

UccnenoBarenbckuid siaepubiii peaktop MBB-2M BXoauT B cOcTaB KOMILIEKCA
NAY AO «MHCTUTYT peakTOPHBIX MAaTEPUATIOBY», KOTOPBII BKIIIOYAET B C€0s HEIO-
CPEICTBEHHO PEAKTOp, KOPIYC 3aIIMTHBIX KaMEp U IIYHKT XpaHEHUs SAEPHbIX Ma-
TEPHUAJIOB.

@usnuecknid myck peakropa MBB-2 ocymectBinen B ampene 1966 rona.
C MOMEHTa HadaJla HKCIUTyaTaluu MCCIEN0BATENBCKOrO AnepHoro peakropa MIBB-
2, B mepuoj ¢ 1975 o 1988 rox, ObLI IPOBEEH PsAJi MEPOTIPUSITHI 11O MOJIEPHHU3A-
uun AP UBB-2M. Ha ceronssimHuii J€Hb YCTAHOBJIEH CPOK JKCIUTyaTalluy MUC-
CJIEI0BATEIIBLCKOIO A1epHOro peakropa a0 2025 roxa.

B noknazne npencraBieHsl:

- KpaTkoe onucaHue peakropa MBB-2M, ero skcrutyaTalliOHHBIE XapaKTEpH-
CTUKH U SKCIIEPUMEHTAJIbHBIE BO3MOXHOCTH;

- OCHOBHBI€ nokazarenu B padore UAP UBB-2M, nocturnytsie B 2016 roxy;

- coctosguue 6e3onacHoctu Ha USIP;

- IUIaH MEpPONPUATUN MO PEKOHCTPYKUMU cHCTEM U oOopynoBanus WP
NBB-2M, ytBepxaeHsusii B 2010 rogy, u Xoa €ro BBIITOJIHEHHS MO COCTOSIHUIO
Ha CETOIHSIITHUI JICHb,

- nepcrnekTuBbl ucnonab3oBanus UAP UBB-2M no 2020 roaa.

B 2016 rogy ko3dduuueHT ucnosib3oBaHusi peakrtopa coctaBui 86,1%, a
sHeproBeipadoTka — 109,0 ['Bt-yac. 3a nmpomenmuii roa He 3aQUKCUPOBAHO HAPY-
menuii B padore UAP MBB-2M, nonamatrommx non onpenenenue HII-027-10
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«ITonmokeHne o MOPSAKE paccieIOBaHUs M yueTa HapylIeHn B paboTe ncciaeaona-
TEIbCKUX SJIEPHBIX YCTAHOBOK», YTO CBHJIETEIILCTBYET O CBOCBPEMEHHBIX MEpO-
NPUSATUSIX, HAIIPABIICHHBIC HAa 00CIIyKUBaHUE CUCTEM U 000PYyIOBaHUS peakTopa U
HaJJIeKAIIeM YPOBHE KyIbType 0€30MaCHOCTH Ha MPEAIPUSTUH.

B 2010 rony pazpabotan «Ilnan meponpusaruiit AO «MPM» no obecrnieueHuto
oe3onacHoi skcrutyatanuu komiiekca MBB-2M na mepuon mo 2025 romay,
yTBepkAeHHbIH pykoBoacTBOM 'K «Pocarom» 1 3a mocieayromue mecThb JET Bbl-
MOJIHEH IpUMeEPHO Ha 45%.

Pa3paborana koMIuieKkcHass mporpaMMa PEKOHCTPYKIIMHM U Pa3BUTHSI HAYIHO-
npon3BojicTBeHHON 0a3pl AO «MPM» na nepuon 2014 — 2020 roga. Ilensro nan-
HOW mporpaMMsbl siBisieTcs ciefgoBanue ctpareruu ['K «Pocaromy», T.e. TpaHchop-
Mallid B TI00aJBHOTO JHAEpa OTpaciu Oyaromaps pa3BUTHIO HOBBIX CETMEHTOB
Ha 0a3ze TPaJUIMOHHBIX PHIHKOB, a TaK K€ KapJAUHAIbHOE W3MEHEHHUE COLMATbHO-
AKOHOMMYECKOTO TMOJOKEHUS MPpeAnpUusaTUsa. Bcero 3Toro MoxHoO A00UTHCS MyTeM
BBITIOJTHEHUS MEPONPUSITUHN MO YBEIMUCHUIO 00BEMOB BBIPYUYKH 3a CUET IMOBBIIIIE-
HUS MPOU3BOAUTEIHLHOCTH TPYJla U KauecTBa Pe3yJbTaTOB MCCIICIOBAHUMN TIPU BhI-
nonHennn HUOKP, co3nanusg mpou3BOACTBEHHBIX MOIIHOCTEN ISl TIPEIOCTaBIIE-
HUS HOBBIX BHJIOB YCIYT W BBIMYCKAa HOBOW MPOAYKIUU, YIYUIIECHUS YCIOBUU U
0€301aCHOCTH MPOU3BOJCTBA PAaOOT B COOTBETCTBUHU C TPEOOBAHHSIMU COBPEMECH-
HBIX HOPM U IIpaBuJI.

OVERALL RESULTS OF IVV-2M
NUCLEAR RESEARCH REACTOR OPERATION

A.M. Rogovskiy, I.M. Russkikh, E.N. Seleznev, A.V. Kozlov

JSC "Institute of Nuclear Materials",
Zarechny, Russia

IVV-2M nuclear research reactor is a part of Nuclear Research Facility (NRF)
at JSC "Institute of Nuclear Materials" and consists of the reactor itself, hot cell la-
boratory, and nuclear material storage facility.

IVV-2 reactor has been launched in April, 1966. Since in operation, from 1975
to 1988 the reactor underwent several modernizations to IVV-2M. Now the estab-
lished nuclear research reactor lifetime is until 2025.

The paper gives:

- brief description of IVV-2M reactor, its operating characteristics and exper-
imental capacity;

- main figures on [IVV-2M NRF performance in 2016;

- NRF safety state description;

- reconstruction plan for [VV-2M NRF systems and equipment, approved in
2010, and its progress;
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- prospects of [VV-2M NREF operation till 2020.

In 2016 reactor capacity factor was 86.1% and power generation constituted
109.0 GW-h. Over the past year no incidents falling within the Provisions on Inves-
tigation and Reporting of the Operational Violations at Nuclear Research Facilities
(NP-027-10) were registered at IVV-2M NRF. This fact shows scheduled measures
taken to maintain reactor systems and equipment and proper level of safety culture
in the Company.

In 2010 Safety assurance plan for IVV-2M facility operation at JSC "INM" un-
til 2025 has been developed. It was approved by Rosatom State Corporation, and
for the past six years it has been fulfilled to 45%.

An integrated program on reconstruction and development of scientific and
production base at JSC "INM" for 2014-2020 has been developed. The program
aims to follow Rosatom State Corporation strategy, i.e. to transform into a global
leader in the industry by developing new segments of traditional markets and to
change social and economical state of the Company. To succeed in it certain in-
come increasing measures should be taken by increasing workforce productivity
and improving quality of R&D results, developing production capacity to provide
new services and produce new products, improving production and safety condi-
tions in compliance with modern rules and regulations.

KOHLUENTYAJbHbIE NPEANOXEHUA
MO PEAKTOPY-NMPOTOTUNY PEAKTOPA BB3P-CKQ
(TEST REACTOR)

B.M. MaxuH

AO «OKB "l'mgponpecc"»,
r. Moponbcek, Poccus

B «Omneprernueckorn crparerun Poccum Ha mnepuoxy npo 2030 roma»
Ipe1yCMaTpPUBAETCS CO3JaHUE HOBOI'O MOKOJIEHUS BOJIO-BOJISIHBIX 3HEPreTHUYECKUX
PEAaKTOPHBIX YCTAHOBOK CO CBEPXKPUTHYECKMMH I[apaMeTpamMu Iapa |
pPEryJIupyeMbIM CIEKTPOM HEHUTPOHOB. MHpPOBBIM COOOLIECTBOM aHAJIOTUYHBIE
yCTaHOBKHU co3aatorcs rno Hanpasienrro SCWR nporpammbl Generation 4.

[To nanHO mporpamme 3a pyOekoM pa3pabaTbIBalOTCs OJHOKOHTYpPHBIE pe-
aKTOpPHbIE YCTAaHOBKM KOPIYCHOTO M KaHaslbHOro TUnoB - Super Critical Water
Reactor (SCWR). Bricokue nmapameTpsl Temonocureis (10 625°C) opueHTHpo-
BaHbl Ha noaydenue KIIJ[ no 50%, a mpuMeHeHHe npHu 3TOM OJHOKOHTYPHBIX
YCTAaHOBOK C KOMIAKTHBIM KOPIYCHBIM pEakTOpoM - Ha cHuxeHue a0 40%
YACIBHBIX KallUTAIBHBIX 3aTpaTr. B 4acTHOCTH, NpH OCBOEHHBIX B TEIUIOBOMU
sHepreTrke mapamerpax mapa (P=25MIla u t=500°C) B npoekre HPLWR (I'ep-
manus) KII/] paBen 43,5%. IIpu ykazanusix napamerpax HPLWR nexmapupyer-
ca  cHmwkeHnne Ha  20%  yOeNbHBIX  KanmWTAJIbHBIX  3aTpar  IIpH
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COOpYKEHUU HHEPro0J0oKa B CPaBHEHHH C COBPEMEHHbIMH ycTaHoBKamu ABWR,
KOTOpbIE€ Ha HACTOSIIUM MOMEHT XapaKTEPHU3YIOTCS KaK CaMble SKOHOMHUYHBIC, a
MMEHHO: C MEHBIIUMU KalUTAJIbHBIMU 3aTpaTaMd M MEHbIIEH IUTEIHHOCTHIO
CTPOUTEJILCTBRA.

B pabote paccMarpuBaroTCsi KOHIIENTyalbHbIE MPEIOKEHUS 10 PEAKTOPY —
nporotuiry sHepreTudeckoro BBOP-CKJI, co3manue KoToporo periaMeHTHpyeTCs
HOpMaTuBHBIMH JokymMeHTamMu - HIT-001-15 «OO0mue monoxkeHuss obecredeHus
0€30IMacHOCTH aTOMHBIX cTaHIuiy. [lokazana 1enecooOpa3HOCTh pa3padOTKU pe-
aKTopa — MPOTOTHIA KaK TOJOBHOTO OJIOKA aTOMHOM CTaHIIMHW MajiOoil MOIIHOCTH
(ACMM). ITomoOHBIH TOIX0T OCHOBBIBACTCS HA OIBITE JJTUTEILHON M YCIICIIHOU
AKCIUTyaTaly peakTOPOB-IPOTOTUIIOB, TakuxX Kak bOP-60 nu BK-50.

CONCEPTUAL PROPOSALS
ON VVER-SCP TEST REACTOR

V.M. Makhin

JSC «OKB "Gidropress"»,
Podolsk, Russia

New generation water-to-water power reactors with supercritical coolant pa-
rameters (SCWR) and a controlled spectrum of neutrons is provided in «Power
strategy of Russia for the period till 2030» (ES-2030). Similar power reactors are
created by the world community on Generation 4 program direction.

The majority of SCWR projects are developed as a once-through or a direct-
cycle nuclear power plant, i.e., steam from a nuclear reactor is forwarded directly
into a turbine. There are vessel-type and channel-type reactors. SCWR also has
much higher operating parameters of the circulation circuit (pressure water —about
25 MPa, and outlet temperature up to 625°C). In summary, the use of supercritical
water in nuclear reactors will significantly increase thermal efficiency to 50% ; de-
crease capital and operational costs of nuclear power plant to 40 % and hence de-
crease electrical energy costs. In particular, in project HPLWR (Germany):
P=25MIIa and t=500°C (such as parameters of fossil fuelled power station) the ef-
ficiency equals 43,5 %. Adding all direct costs for this reactor, 20% saving could
be expected compared with the reference power plant - ABWR.

Conceptual proposals on a small test reactor SCWR are considered in this re-
port. Test reactor is the prototype of power reactor VVER-SCP for experimental
justification of design solutions and optimization of VVER-SCP design. Develop-
ment of test reactor is regulated by normative documents - NR-001-15 « General
provisions for safety assurance of nuclear power plantsy». The expediency of devel-
opment of a test reactor as the head (first) unit of small nuclear power plant is
shown. The similar approach is based on experience of long-term and successful
operation of reactors - prototypes, such as BOR - 60 and VK-50.

56



OMNbIT 3KCIMJTYATALIUA WCCNEOOBATEJIbCKOW
AOEPHOU YCTAHOBKU UBP-2
NOCJE MOOEPHU3ALUU (2012—-2016 MOObl)

A.B. BuHorpagos, A.B. Jonrux, KO.H. MNenensbiwes

onAn,
r. Ay6Ha, Poccus

B nepuox 2007-2011 rr. mpoBeaeHa MOJEpPHM3ALMS HCCIIEI0BATEIbCKOM
anepHor ycraHoBku MBP-2, Bkitouaromas 3aMeHy KopIlyca peakTopa M OKOoJIope-
aKTOPHOTO OOOpPYJOBaHMS, CUCTEMBI YMPABIEHUS U 3AIIUTHl PEAKTOPa, CHUCTEMbI
KOHTPOJISI TEXHOJIOTHYECKHUX MMAPaMETPOB, a TaK¥Ke CUCTEMBbI pa3zorpea HaTpusi. C
IEJIbI0 TIOBBINICHUS HAJEKHOCTH W 0€30MacHOCTH dKCIuTyaTanuu peaktopa MBP-
2M Obuta u3MeHeHa KoH(Urypanus akTUBHOM 30HBI PEaKTOpa U CTPYKTypa TOILIU-
Ba, yMeHb1IeHO KonnyecTBOo TBC. B Hacrosee Bpems B akTuBHYIO 30Hy MIbP-2M
3arpyxkeHo 65 TBC. Ha nexaOpp 2016 r. Beiropanue Tomimsa coctaBuwio 1,33%.
OCHOBHBIEC XapaKTEPUCTUKHU PEAKTOpa 10 U MOCJIE MOJEPHU3AIMU NPE/ICTABICHBI B
Tabum. 1.

Tabamuna 1. CpaBHuTENBHBIE XapakTepuCTUKHU peakTopoB MBP-2 u MbP-2M

J}:}ﬂ IMapametp HNBP-2 HUBP-2M
1. Cpennsist MomHocTh, MBT 1,5 (c mas 1996 1.) (2,0
2. Tomnuso PuO, PuO,
3. MakcumanbHas 3arpy3ka akTUBHOM 30HBI 78 69
4. Homyctumoe BeIropanue, % 6,5 9
5. YacroTa cieqoBaHus UMITYJIbCOB MOIIHOCTH, ['11 | 5,25 5
6. [TonymmpuHa uMIyJibca MOIIIHOCTH, MKCEK 245 200
7. @oH MexX 1y UMITyJIbcaMH, Yo 8.4 8,6
8. KonnuecTBO MMITyIbCOB CATEINIMTOB 4 1
9. MouHocTh B uMITysibce, MBT 1500 1830
e o gt 197 s
11. [I11OTHOCTH MOTOKA TEMJIOBBIX HEUTPOHOB Ha MO-
BEPXHOCTH BOISHOTO 3aMETHTENIs, H/CM™-C:
MUKOBast 5.10" 610"
CpeaHsisl IO BPEMEHU 0,5-10" 0,5-10"
12. | PaBHOBecHast UMITyJIbCHAS HAJIKPHTHYHOCTD 0,93-107 1,02:107
13. Ckopocts BpateHust poropos I10-3, 06/Mun
OCHOBHOM 1500 600
IOIOJTHUATEIbHBIN 300 300
14. | Martepuan otpaxarenei craib CTaJIb+HUKENb
15. Ha3znaueHHbIil cpok cityxObl, 4ac 20000 55000
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Ha WSY UBP-2 npuHAT HUKINYECKUNA PEXUM pabOTHI, MPU KOTOPOM B KaxK-
noM nukie ycraHoBka MBP-2 pabGoraer HenmpepblBHO Ha CpelaHEW MOIIHOCTH 2
MBT ot 200 10 400 wacoB. Ha puc. 1 npexacraBnena sueproeipadborka (E) UBP-
2M u ypoBHU cpeaneit momHocTd (W) B KakA0M U3 IIUKIOB PabOTHl peakTopa Ha
(Gu3HUEeCKUil HKCIIEPUMEHT, HauMHas ¢ sHepreTuyeckoro mycka B 2011 u o ¢es-
panb 2017 r.
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Puc. 1. Yposens cpenneit moraocTr (W) u sHeproBeipadboTka (E)
1o BceM 1ukiiaM padotst UBP-2M

Ha ycranoske MBP-2 npu yuactnn opranusanuu “CxyATom” co3laHa W3Me-
puTenbHas HHGOPMAIIMOHHAS CHCTEMa ISl UCCIEAOBAHUS M TUAaTHOCTHKU COCTOSI-
Hus peaktopa. C MOMOILBIO 3TOM CUCTEMBI UCCIEAYIOTCS BaKHbIE JJI1 O€3011acHO-
CTH XapaKTEepUCTUKU peakTopa. Hampumep, B pesysbrare aHaiu3a MEPEXOHbIX
IPOLIECCOB MOILHOCTH, OOYCJIOBJIICHHBIX MPSMOYTOJIbHBIMUA KOJEOAHUSIMU peak-
TUBHOCTH, TIOJIyde€Ha MUMIMYJIbCHAsI XapaKTePUCTHUKAa MOIIHOCTHOW OOpaTHOM CBSI3U
(MOC) UBP-2M, oT KOTOpO¥ 3aBUCUT JMHAMHUYECKas YCTOWUYHMBOCTH PEAKTOPA.
Kak u nna UBP-2, xapakrepuctuka MOC WBP-2M orpuniarenshasi. CuMmMeTpud-
Hble KosieOanusi peakTuBHOCTU B BP-2M BbI3bIBalOT CUMMETpUYHbBIE KOJIeOaHUs
MomHocTU. B ornuume ot UBP-2 ummynbcHas xapakTepucTuka oOpaTHOM CBSI3H
NBP-2M nHaxoauTcs ropasjo Jajibllle OT MOJIOKUTEIbHBIX 3HAYEHUM pEaKTUBHO-
ctu, yem st UbP-2, 1.e. o cpaBuenuto ¢ UBP-2 peaktop UBP-2M 6onee ycToii-
YUB U MPOJIOJKUTEIBHOCTh pabOThI €r0 B CYIIECTBYIOIEM HOMUHAIBHOM PEKUME
710 TPAHMIIBI YCTOMYMBOCTH OyzaeT noiiblue. Kpome TOro, Ha peakTope yCTaHOBJIEH
KOHTPOJIb U3MEHEHUS] UMITYJIbCHOM KPUTHYHOCTH B IpoIlecce ero padoThl (CM.
puc.2).
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Puc. 2. 3aBucumocts uMiynbcHoM kKputuaHOCTH MIBP-2M 0T sHEproBeipaboTKU
P HyJIeBOH MOIHOCTH (1), a Takke u3MeHeHne ObICTPO MOLTHOCTHON 00paTHOM
cBs3U (2): 3,4 - NOIHBIN U ONIEPATUBHBIN 3a11ac peakTUBHOCTH Pr=20,7490,,
Po=19,97B,¢ COOTBETCTBEHHO

J1030BbIe HATPY3KH HA MEPCOHAT

J1030BbIe Harpy3Ky Ha PEMOHTHBIN U SKCIUTyaTallMOHHBIN nepconan Jlabopato-
pUM HEUTPOHHOM (DM3MKH 3a MEPHOJ C Hayaja 3KCILTyaTallii MOAECPHU3UPOBAHHOIO
peaxkTopa CyLECTBEHHO MEHbIIIE KOHTPOJIBHOTO YPOBHS FOJOBOM O3Bl Ul IEPCOHA-
na JIH®, ycraHoBIEHHOro Ha ypoBHE 18 M3B, Ha 4TO yKa3bpIBAET IMHAMHUKA U3MEHE-
HUSI CPEHEr0A0BOM 103kl (cM. puc.3). CilyyaeB BHEIIHETO U BHYTPEHHETO O0ITy4EHHUsI
IIEpCOHAJIA BBILIE JOIMYCTUMBIX YPOBHEH 3a pacCMaTpUBAcMbIi IIEPUOJ HE 3aperu-
CTPUPOBAHO.
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Puc. 3. I3meHeHue cpeIHET0/10BOM 103bI
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BHenuianoBbIe aBapuiiHbIE OCTAHOBBI PeaAKTOPAa

KonnuecTBo BHEMIaHOBBIX OCTAHOBOB PEAKTOpa B pe3yJsbTaTe cpadaThiBaHUs
aBapUIHOM 3alIUThI MPEJCTaBICHO Ha pUcyHKe 4. OCHOBHAS 4acThb cpabaThIBAaHUM
aBapUIHON 3alUThl OTHOCUTCS K OTKJIOHEHUsIM B pabote Y MBP-2, Bo13BanHbIE
HapYILIEHUSIMH B AJIEKTPOCHA0KEHUU YCTAHOBKHU 10 BHEIIHUM MPUYUHAM BHE 30HBI
OTBETCTBEHHOCTH JKCIUTYaTUPYIOLIEH OpraHU3aLnu.

8
3
6
4 T 7
5
n 1l T

2012 2013 2014 2015 2016

Kosmuectso cpadarviarmii A3

Tox

W Konuyectso cpabaTbiBanmii A3 B pesynbTaTe HapylweHua B pabote MAY UBP-2

m KonuuectBo cpabarbiBaHmii A3 No BHEWHMM NpUUMHaM (BHE 30HbI oTBeTCTBEHHOCTH OMAN)

Puc. 4. CpabarbsiBanue aBapuiinoi 3auutel UAY UBP-2

Meponpusitusi o noBbieHnio 6ezonacioctu USY UbP-2

B 2013 1. 3aBepmieHsl paOOTHI MO MPOJICHUIO pecypca 000pyIOBaHUS CHCTEM
NAY UBP-2, BaxHbIX 111 0€30MaCHOCTU. AKTOM, YTBEPKJICHHBIM TJIaBHBIM MH)KEHE-
pom OUSN, oGopynoBaHre NPUHATO B IKCIUTyaTallMIO B TE€UEHHUE JIOMOJHUTEIBHOTO
CpOKa.

C 2014 r. B onbITHOM 3KCIUTyaTallMd HAXOAUTCS HOBas CUCTEMa paJuallMOHHOIO
koHtposis CPK UBP-2, no pesynasraTtam kotopoit B 2016 r. mpoBeeHO JOOCHAIIIEHNE
CPK u nopaboTtka mporpaMMHOI0 00eCTieYeHHUSI.

CrnenmanusupoBanHoi opranuzanuen “CxkyATom” BeayTcsl pabOThI TIO yITydIlie-
HUIO BO3MOXKHOCTEW HMH(OPMAITMOHHO-U3MEPHUTEIHLHON CHUCTEMbI aHAJIM3a PEaKTop-
HBIX [TapaMETPOB, MTPEIHA3HAYEHHOW JUIsl hccienoBaHus U nuarnoctuku UBP-2M.

CneunanusupoBannon opranmsanuen 3AO «KTb «Texnopoe» B 2015 r. nmpose-
JIEHA PEKOHCTPYKIMS MOCTOBOTO KpaHa peaktopHoro 3ana UAY HUBP-2, kotopsiil B
Hayasie 2016 r. nepepernctpuposan B LIMTY Pocrexnanzopa.

B 2015 r. na AO «BoTkuHCKMI1 3aBO/» HAYaJIOCh M3TOTOBJICHUE PE3EPBHOTO
MonyssaTtopa peaktuBHoctr [10-3P.

C uenbio yay4IlIeHHs U MOBBIIICHUS HAJCKHOCTH dJeKTpocHabxkeHus ¢ 2015 r.
crienuanu3npoBanHon opranuzanuern OO0 «DHeproIMarHoCTUKa» MPOBOJATCS pa-
00TBI TIO 3aMeHEe OOOPYJOBaHHWSI M 3JEMEHTOB BHEIIHETO 3JEKTPOCHAOXKEHHUs ycCTa-
HOBKU MBP-2 ¢ BeIpaboTaHHBIM pecypcoM: BBICOKOBOJILTHBIX kabeneit 10 kB, Tpanc-
dopmatopoB 10/04 kB co mixadamu BBOAA BBICOKOTO HAMPSIKEHHSI, PACIIPEICIH-
tenbHOro nyHkTa 10 kB PII-118, pacnpenenurensrnoro murta 0,4 kB PII-117, un-
Terpaluu AOMOJHUTEIbHONW IU3elIb-T€HEPaTOPHOMl YCTaHOBKA MOIIHOCTHIO 400
kBT B cuctemMy pe3epBHoro snekrponutanus UAY UBP-2.
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Kpome Toro, BeayTcs miiaHOBbIE pa0OThI O MPOJJICHUIO CPOKA IKCILTyaTallUuU
U 3aMeHe 000py10BaHUs C BEIPAOOTAHHBIM PECYpPCOM.

EXPERIENCE IN OPERATING THE IBR-2 RESEARCH NUCLE-
AR FACILITY AFTER ITS MODERNIZATION (2012—-2016)

A.V. Vinogradov, A.V. Dolgikh, Yu.N. Pepelyshev

Joint Institute for Nuclear Research,
Dubna, Russia

In 2007-2011 the modernization of the IBR-2 nuclear research facility (NRF)
has been carried out including the replacement of the reactor vessel and near-
reactor equipment, reactor control and safety system, control system of technologi-
cal parameters, as well as sodium heating system. To improve the reliability and
safety of operation of the IBR-2M reactor, the configuration of the reactor core and
the fuel structure was changed, and the number of fuel assemblies was reduced. At
present, 65 fuel assemblies have been loaded into the IBR-2M core. In December
2016, the fuel burnup was 1.33%. The basic characteristics of the reactor before
and after modernization are presented in Table 1.

Table 1. Comparative characteristics of the IBR-2 and IBR-2M reactors.

Ne Parameter IBR-2 IBR-2M
1. |Mean power, MW 1.5 (from May 1996) 2.0
2. Fuel Pqu Pqu
3. |Maximum number of fuel assemblies 78 69
4. | Allowable fuel burnup, % 6.5 9
5. |Pulse repetition rate, Hz 5.25 5
6. |Pulse half-width, us 245 200
7. |Background between pulses, % 8.4 8.6
8. |Number of satellite pulses 4 1
9. |Peak power in pulse, MW 1500 1830
10. | Peak fast neutron flux density 17 17

(in the center of the core), n/cm*s 2.6-10 2.92-10
11. | Thermal neutron flux density on water modera-

tor surface, n/cm?s:

maximum 510" 6-10"
time-average 0.5-10" 0.5-10"

12. | Equilibrium pulse supercriticality 0.93-107 1.02-10°
13. | MR-3 rotor rotation rate, rev/min:

main 1500 600

auxiliary 300 300
14. | Reflector material steel steel+Ni
15. MR service life, hours 20000 55000
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At the RNF IBR-2 a cyclic mode of operation is adopted, in which the reactor
is operated continuously at an average power of 2 MW for 200+400 hours. Figure 1
presents the energy production (E) of IBR-2M and average power levels (W) in
each of the reactor cycles for physical experiments starting from the power startup
in 2011 until February 2017.
2 - '
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Fig. 1. Average power level (W) and energy production (E)

in all IBR-2M cycles
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In cooperation with “SKU-Atom” Ltd. a measuring and information system
has been created for research and diagnostics of the reactor condition. Using this
system, safety-related characteristics of the reactor are studied. For example, on the
basis of the analysis of power transient processes caused by the square-wave reac-
tivity, pulse response of power feedback of IBR-2M, which determines the dynam-
ic stability of the reactor, has been obtained. As is also the case for IBR-2, the pow-
er feedback characteristic of IBR-2M 1is negative. Symmetrical reactivity fluctua-
tions in IBR-2M induce symmetrical power fluctuations. In contrast to IBR-2, the
pulse response of IBR-2M feedback differs more from positive reactivity values
than for IBR-2, in other words, as compared to IBR-2, the IBR-2M reactor is more
stable and its service life in the existing nominal mode up to the stability limit will
be longer. In addition, the variation in pulsed criticality is controlled during the re-
actor operation (see Fig. 2).
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Fig. 2. Dependence of the IBR-2M pulsed criticality on energy production at zero
power (1) and variations in fast power feedback (2): 3.4 - total and operational

Radiation exposure of personnel

The radiation exposure of the maintenance and operating personnel of the
Frank Laboratory of Neutron Physics since the beginning of operation of the mod-
ernized reactor has been significantly lower than the reference level of the annual
dose for the FLNP personnel set at the level of 18 mSv, as indicated by the dynam-
ics of the change in the average annual dose (see Fig. 3). No cases of external and
internal exposure of the personnel above the permissible exposure limits in the con-
sidered period have been reported.
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Fig. 3. Change in the average annual dose
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Unscheduled emergency reactor shutdowns

The number of unscheduled reactor shutdowns because of the triggering of the
safety shutdown system i1s shown in Fig. 4. The greater part of the emergency shut-
downs was caused by the deviations in the IBR-2 operation as a result of power
supply failures in the municipal electric power supply system outside the area of re-
sponsibility of JINR.

3
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>
3 3
p

2012 2013 2014 2015 2016

The number of reactor shutdowns
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Year
® The number of reactor shutdowns as a result of a disterbance in the work of the IBR-2

W The number of reactor shutdowns for external reasons (outside the area of responsibility of JINR)

Fig. 4. Triggering of the safety shutdown system

Activities to improve safety and reliability of RNF IBR-2

In 2013, the activities to prolong the service life of equipment of the IBR-2 safe-
ty-related systems were completed. According to the Act approved by the JINR chief
engineer, the safety-related equipment has been accepted into service during the ex-
tended operating term.

Since 2014, the stationary radiation monitoring system (RMS) of IBR-2 has been
in trial operation. In 2016, basing on the results of the trial operation we further
equipped the system with radiation monitoring devices and optimized the software of
the server and working places in order to improve the performance of RMS.

The specialized organization “SKU-Atom” Ltd. is working to improve the capa-
bilities of the measuring and information system for analysis of reactor parameters.
The system is designed for research and diagnostics of the reactor condition.

In 2015, the specialized organization CJSC Technology Design Bureau “Tekhno-
ros” reconstructed a special bridge crane of the reactor hall, which was reregistered in
Rostekhnadzor in the beginning of 2016.

In 2015, the manufacturing of a reserve reactivity modulator MR-3R started at
JSC "Votkinskii plant".

In order to improve the reliability of power supply, starting from 2015,
LLC "Energodiagnostika" has been carrying out the replacement of equipment and
components of the external power supply system of the IBR-2 facility with expired
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service life, which include: 10-kV high-voltage cables, 10/04-kV transformers with
high-voltage lead-in cabinets, 10-kV distribution substation RP-118, 0.4-kV switch-
board RC-117, integration of an additional 400-kW diesel generator into the backup
power system of IBR-2.

Planned maintenance activities are in progress to extend the life of the equipment
and replace the equipment with expired service life.

NOAKPUTUYECKUN CTEHA NKC ®C-2:
NMPOLLUIOE, HACTOSALWUEE, BYAYLIEE

C.WN. AnekcaHgpos, A.A. bonbLuos, C.A. Cokornos, B.A. AMnonbckun

AO «HUKNIT»,
r. Mocksa, Poccusa

Ousnueckuit creny OC-2 gBiseTcss YHUKAIBHBIM SKCIEPUMEHTAIIBHO — y4ueo-
HbIM noakputudeckuM cteHioM (ITKC), coznannsiM Ha 6aze OTpacneBoil madboparo-
pun atoMHbIX peakTopoB (OJIAP) npu kadenpe «SaepHbie peakTopbl U YCTAHOBKI
(dakynbTeTa « IHEProMalIMHOCTPOCHUE» MOCKOBCKOTO TOCYAApCTBEHHOTO TEXHHUYE-
ckoro yHuBepcutera umenn H.D. baymana u npencraBiseT coOOM NOIKPUTHYECKHIA
Pa3MHOKUTEIh, IKCIUTYaTUPYIOUIUICS TOJIBKO TPU CTAIlMOHAPHOM paboueil 3arpyske.
[IKC ®C-2 umeeT nBOMHOE Ha3HAYEHUE, SIBIISSICh, C OJHOM CTOPOHBI, SKCTIEPUMEH-
TaJIbHBIM YCTPONCTBOM (€IMHCTBEHHBIM, OCTaBIIMMCS B OTPACIH B HACTOSIIEE Bpe-
Msi), TTO3BOJISIIOIIUM TPOBEACHUE HAYYHBIX HCCIIEIOBAHMIA MO MOBBIIICHUIO SIEPHOM
0€30MaCHOCTH TPOEKTUPYEMBbIX U JEHCTBYIOIIMX PEAKTOPHBIX YycTaHOBOK (PVY)
3a CYET YJIYYIICHUS UX KOHTPOJSI B KPUTUYECKOM M MOIKPUTHUECKOM COCTOSHHUSX
U, C IPyrOil CTOPOHBI, OOECTICUYMBAIOIINM TIOJTOTOBKY BBICOKOKBATU(UITUPOBAHHBIX
KaJIpOB IS I/IEPHOM SHEPIeTUKU Ha COBPEMEHHOM YPOBHE.

[IKC ®C-2 obecrieurBaeT BO3MOKHOCTh MPOBEACHUS UCTIBITAHUNA JETEKTOPOB
HEWTPOHOB COBMECTHO C aIllapaTypor KOHTPOJIS U aBapUUHOW 3aIlUTHI ITyCKOBOIO U
MOJKPUTUYECKOTO TMANa30HOB paboThl PY paznuuHoro Ha3HaueHHs Kak B cTaTHye-
CKHX PEKMMax, TaK U B PEKUMAX HATYpPHOTO BPEMEHHOI'O BOCIIPOM3BEICHUS U3MEHE-
HUS TUIOTHOCTH ToToKa HedTpoHoB (IITIH), mMmuTupyromero ObIcTpoe BBEICHHE
MOJIOKUTENILHOU PEaKTUBHOCTH BEIMUMHOMN BIUIOTH A0 0,93 (3a cuet mepemenieHus
MCTOYHUKA HEUTPOHOB B aKTMBHOW 30HE WJIM OTpa)kaTesie CTeHJa MO 3aJlaHHOMY
anroputmy). [lonoOHbIE UCHIBITAHUS HA TMOAKPUTUYECKOM Pa3MHOMKHUTEIE MOJIHO-
CThIO 0€30TaCHBI U JOCTATOYHO MPE/ICTABUTENbHBI, TaK KaK TOTOKH HEUTPOHOB Ha
®C-2 npumepno B 100 pa3 Beiiie, yeM TakoBble B AU(PGY3UOHHOMN Cpelie OT UCTOU-
HHUKA HEUTPOHOB TOU K€ MOILIHOCTH.

[Tpouunoe.
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Crenn BBeieH B OKcmuryaTaruio 17 oktsaopst 1972 r., a ¢ 1978 roxa nepesencH
13 PEeKUMaA MOJKPUTUIECKON COOPKH B PEXKUM MOAKPUTHICCKOTO PA3ZMHOKHUTEIS.
OddexTuBHbIN K03(DUIHMEHT pasMHOKEHHS (K,pg) [IKC OC-2 cocrasiser 0,99.

CxeMaTnyHO KOHCTPYKIIHMS CTEHJA MpecTaBlieHa Ha pucyHke 1 (6ak OGumoo-
THYECKOH 3aIUTHI HE TOKA3aH).

BEPTUKANbHbIA PA3PE3 FOPU3OHTANbHBLIA PA3PE3
NKC ®C-2 MNKC ®C-2
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1 - NPOMEXYTOUHbIN BaK 13 KOPPO3UNOHHO-
CTOVIKOiA NNCTOBOM CTanu

2 - BEPTUKanbHbIE KaHanbl B OTpaxaTene

3 - rpadouTOBLIA OTPaXaTENb

4 - antMUHNEBLIN BaK aKTUBHOM 30HbI

D - aKTBHas! 30Ha

6 - BepTUKanbHbIE KaHarbl B aKTUBHOW 30HE
7 - rpacoutoBas BTyska

1 — BepTuKasbHbIE KaHasbl B OTpaxarene

2 — BEPTVKanbHble KaHanbl B aKTUBHON 30He

3 — NPOMEXYTOYHBI BaK U3 KOPPOMOHHOCTOMKON
NUCTOBOW CTanm

4 — antoMMHMEBBIN BaK aKTUBHOI 30HbI

S — BEPXHUM TOPLIEBOW rPacpuTOBbIN OTpaxaTesb
6 — aKTMBHas 30Ha

7 — rpadputoBasi BTynka

8 — rpadhuTOBLIV OTPaXaTEND

9 — nonuaTuneH

10 — HMXXHUI TOPLIEBOIA rPACPUTOBLIN OTPaXaTenb

Pucynok — BeptukanbHblil 1 ropu3oHTanbHblil paspes3 [IKC OC-2

[Ipr MOIIHOCTH UCTOYHUKA HEUTPOHOB 10® v/c B Kananax Ha YPOBHE LIEHTPA
AKTUBHOM 30HBI YCTAHABIMBAIOTCS cieayromue Bennunnasl [TITH:

LK BOK-1
[11OTHOCTH MOTOKA TEIUIOBBIX HEUTPOHOB, CM 2! 2:10° 0,6 10°
I1T0THOCTb TOTOKA GBICTPBIX HEHTPOHOB, CM +C”' 10° 10°
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C 29 mrons 1998 r. IIKC ®C-2 Haxonuics B peKUME JUIMTEIBHOIO OCTAHOBA B
CBSI3U C KOPPO3HOHHBIM MOBPEKICHUEM MPOMEKYTOUHOI0 0aka, B KOTOPOM CMOHTH-
POBAaHBI aKTUBHAS 30HA U TPA(UTOBBIN OTpaXKaTeIb.

B 2011 rony 8 AO «<HUKUDT» pazpaboTansl «MeponpusiTus 1Mo NepeBoOLy
nogkpurudyeckoro creiga ®C-2 u3 pexuMma IIUTEIBHOTO OCTaHOBA B PEXKUM
nycka». Ho, Tak kak HazHaueHHbIN cpok 3kcmuryaranuu [IKC ®C-2 cocrasuser
40 ner, TO MpeaBAPUTENBHO OBUIO HEOOXOAMMBIM BBINOJHEHUE padOT AJisl Mpo-
JUIEHUsT Ha3HAYEHHOT'O0 CpPOKa SKCIUTyaTalldd B COOTBETCTBUU C TPEOOBaHUSIMHU
HII-024-2000 «TpebGoBanusi Kk OOOCHOBAaHHMIO BO3MOKHOCTH  MPOJJICHUS
HAa3HAY€HHOTO CpOKa OJKCIUIyaTalluM OOBEKTOB MCIOJIb30BAHHMS aTOMHOU
SHEPrUn».

Jliist BeITIONTHEHUA TaHHOW paboThl TpeboBanack pazdopka [IKC ®C-2 Ha kon-
CTPYKIIMOHHBIE 3JIEMEHTHI C IIEJIbI0 MOCeayouero oocneoBaHus 1 000CHOBaHUSA
BO3MOKHOCTH MPOJJIEHUS UX uctonb3oBaHus B cocrase [IKC.

Pa3zbopke npeziiecTBoBaIM MEPBUYHOE PaJAHALIMIOHHOE 00CIeIOBaHUE CTEHA,
pacyeThbl U UCCIEA0BaHMs B 0OeCIeUeHHE SIACPHON U paJHallMOHHON 0€3011aCHOCTH
U MPOBEACHUM padoT, a TaK K€ MNPHU OPraHU3aAlLMH MECTa BPEMEHHOTO pa3Mellle-
HUs pabo4MX (TOIUIMBHBIX) 3JIEMEHTOB MOJKPUTUYECKOIO CTEH/IA.

B 2013 romy ocyiiecTBieHa pa3dbopka CTE€Ha, BKIIOYas M3BICYCHUE U Je-
KOMIIO3UIMIO akTUBHOM 30HBI. IIpoBenénuniit B AO «HUKUIT» komriekc pac-
4ETHBIX PabOT MO3BOJMI OOOCHOBATh SJAEPHYIO U PaJAHAIIMOHHYIO O€30MacHOCTb
npoLeaypbl pa30OpKH, OCYIIECTBUTH BHIOOP ClieHapusl pa3MelleHus] (GparMeHTOB
AKTUBHOW 30HBI HA XPAaHEHHUE.

Kommiiekcnoe ob6cnenoBanue [IKC OC-2 nposeaeno B 2014 roay. [1o gact-
HBIM MPOTpaMMaM IPOBEACHBI 00CIIEIOBAHMS TOIUIUBHBIX 3JIEMEHTOB CTEHA, CH-
cTeMbl yrpasiaeHus U 3amuThl (CY3), 3IeMEHTOB KOHCTPYKIUHU CTEH[A, a TaKKe
AJIEMEHTOB OTpakatelssi. B o0cinejoBaHUM TOTJIMBHBIX 3JIEMEHTOB CTEHJA MPUHS-
JY y4acTHUE€ CIEIHATUCThl CTOPOHHUX OpPTaHU3allMii, UMEIOIre OMBIT 00CIe10Ba-
HUSI TOIUIMBHBIX 3JIEMEHTOB NOAKPUTHYECKUX CTEHJIOB CXOXKEH KOHCTPYKIUU U
Ha3HA4YEeHUSI.

Hcxons w3  pe3ysnbTaToB  MPOBEAEHHOTO KOMIUIEKCHOTO — OO0CIE€OBaHMS
KOMHUCCHSI PEKOMEHJI0Baja mpouiuTh cpok 3kciyaranuu [IKC ®C-2 no konia
2032 rona.

B 2015 roxy, nocie c6opku creHaa 6e3 3arpy3kd TOIUIMBHBIX 3JIEMEHTOB, ObI-
JU TNPOBEJEHbl KOMIUIEKCHBIE HCHBITaHUA MoaepHHu3upoBaHHO CVY3. BbinonHeH
NEPBBIN ATaN (PUINIECKOTO MMyCKa — aKTHUBHAs 30HA OblJIa COOpaHa B HOBOM KOpITyCe.
Boccranosneno e€ ncxonnoe cocrosinue. st odecrneuenrs KOHTPOIS MOJKPUTHY-
HOCTH HUCIOJIb30BaHbl CUTHAJIBI MOHU3ALMOHHBIX Kamep CVY3, a Takke MOAroTOB-
JeHa ¥ HaJakKeHa HEeIITaTHAas annaparypa KOHTPOJIs 3arpy3KH SIEpHOro TOIJIMBA B
aKTUBHYIO 30HY, BKJIIoUaromas nBa kanaia npudopa [13I1.3 u onun xanan mpudopa
CIIY-1-1M.

Jlnst ompeneneHus MEPBOM MOPIIMHU 3arpykaemMoro TOIUTMBA ObUT MPOBEACH
HEUTpOHHO-GU3HUeckuil pacuer. OnpenencHue KaKa0i CIeayONe mMopIun TOM-
JUBa  BBINOJHAJIOCH TIOCIE€ TOCTPOEHUSI KPUBBIX OOpaTHOro cuera 1o
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MOKa3aHUSIM KaHAJIOB KOHTPOJIS. 3arpy3ka TOIUIMBHBIX 3JIEMEHTOB IPOBOJMIIACH
MOJIHOCTHIO B COOTBETCTBUU C OOPATHBIM MOPSIAKOM MX BBITPY3KU U3 aKTUBHOM 30-
Hbl [IKC ®C-2, BpinonHenHoi B 2013 roxy.

PaGoTbI BBITIOIHSINCH MO/ IOCTOSTHHBIM JI03UMETPUYECKUM KOHTPOJIEM.

Lenpto padot 2016 roga 6pu10 BeITyCTUTH akT NipuemMku [IKC ®C 2 B akcrutya-
TaIMIO B TEYEHUE JIOTIOJIHUTEIBHOTO CPOKa dKCIUTyaTanuu. st obecriedeHus 3Toro:

1. TlpoBenena skcmepTU3a METOJIUK OOOCHOBBIBAIOIIUX OCTATOYHBIM pecypc
CHUCTEM M 3JIEMEHTOB BaXKHBIX sl O€30MAaCHOCTU. Pe3ynbTarhl SKCIEPTU3bI MOJIO-
KUTEIIbHBIEC.

2. Pazpaborana nporpamma ympasienus pecypcom [IKC @C 2.

3. IloaroToBieHo pemieHue, coriiacopanHoe ¢ I'ockopnopanueit «Pocatom», o
BO3MOXXHOCTH MpoijieHus1 Ha3HaueHHoro pecypca [TIKC OC 2.

[To pe3ynpTaTaM BeIOIHEHHBIX padboT 5 aBrycta 2016 r. [IKC ®C-2 npussT B
AKCIULYaTalMIO0 B TEUEHUE JIOMOJIHUTENBHOTO cpoka. Cpok ycraHoBieH 1o 31 ne-
kabps 2032 1.

Hacrosmee.

20 despans 2017 r. mocie okoHUYaHHUS PabOT MO MPOIJICHUIO HA3HAYCHHOTO
cpoka skcrutyatanuu nogkputuueckoro crenaa [IKC ®C-2, nonydenus JuiieH3UU
Ha KCIUTyaTallli0 CTEHAA B PEXKUME IycKa U CIycTs mout 20 JeT ¢ MOMEHTa Iie-
peBojia ero B pexuM umrenbHoro octaHoBa, AO «HUKMWIT» 3aBepimno ¢usu-
YECKHI MMyCK CTEH/IA.

B nepuon ¢ 17 o 20 deppans 2017 r. B COOTBETCTBUU ¢ paboueil mporpam-
MOI M3MepeHUil HEUTPOHHO-(U3NUECKUX XaPAKTEPUCTUK CTEHNIa U C COOJIIOCHHU-
eM TpeOOBaHUU sIEpHON OE30IAaCHOCTH W3 CTCHAA OBLINM HW3BJICUYCHBI JIOTOJIHH-
TeJIbHbIC MOTJIONIAIOIINE CTEPKHU, BBEJACH BHEITHUN UCTOUHUK HEUTPOHOB U B3BE-
JIeHbl paboure opraHbl aBapuitHoW 3ammThl. B 12 gacoB 50 munyt 20 deBpans
noakputnueckuit crens [IKC ®C-2 BoiBeieH HAa MOIIHOCTh. BeimyliieH akt ¢usu-
YECKOro Mmycka u 0()OpMJIEH ACOPT MOJAKPUTHUECKOTO CTEH/IA.

3 mapta 1o pe3ysbraraMm (HPU3MYECKOro Mmycka BbimylleH npukas no AO «HU-
KUST» o nepeBone noakputnyeckoro crenaa [IKC ®C-2 B pexxum mycka.

bynymee.

B naneueitiem Ha [IKC ®C-2 nmnanupyetcsi npoBeAeHUue padboT 1Mo MOATBEP-
xaenuto 3HaueHuit [11TH B kananax [IK u BOK-1. Pe3ynbraTom 3TUX paboT A0IXK-
Ha CTaTh aTTECTALUSl XapaKTEPUCTHUK IOJs1 HEUTPOHOB B AKCIEPUMEHTAIBHBIX Ka-
Hanax [IKC ©C-2.

Takke miaHUpyeTCs BOCCTAHOBJIEHUE JIA0OPATOPHOIO MPAKTUKyMa CO CTY-
nentamu kadenpsl -7 u BriaoueHue [IKC B mpousBoicTBeHHBIN 1TUKI pador AO
«HUKUIDT» npu pa3paboTke 1eTeKTopoB U amnmapaTypbl kKouTpods [ITTH peaktop-
HBIX YCTaHOBOK Pa3JIUYHOTO Ha3HAYCHUSI.
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FS-2 SUBCRITICAL FACILITY:
PAST, PRESENT TIME, FUTURE

S.l. Aleksandrov, A.A. Bolshov, S.A. Sokolov, V.A. Yampolsky

JSC N.A. Dollezhal Research and Development Institute
of Power Engineering (NIKIET), Moscow, Russia

The FS-2 physical facility is a unique experimental and training subcritical fa-
cility (SCF) built on the basis of the Branch Laboratory for Atomic Reactors under
the Chair of Nuclear Reactors and Facilities (the Faculty of Power Plant Engineer-
ing, Bauman Moscow State Technical University). This is a subcritical breeder op-
erating with only a fixed operating load. FS-2 is a dual-purpose facility being, on
the one hand, an experimental device (the only one currently remaining in opera-
tion in the branch) that enables scientific research to enhance the nuclear safety of
reactor facilities under design or in operation through improving their monitoring in
critical and subcritical states, and, on the other hand, supports training of highly-
skilled nuclear personnel at an up-to-date level.

FS-2 provides for the capability to test neutron detectors jointly with hardware
for the monitoring and emergency protection in the startup and subcritical operating
ranges for reactor systems for various applications both in steady states and in con-
ditions for the full-scale in-time simulation of the neutron flux that represents rapid
introduction of positive reactivity of up to 0.9 B (thanks to the neutron source
movement in the facility core or reflector according to a preset algorithm). Such
tests in a subcritical breeder are fully safe and fairly representative, since the FS-2
neutron fluxes are approximately 100 times as high as those in a diffusive medium
from a neutron source of the same power.

Past.

The facility was put into operation on 17 October 1972. In 1978 it was switched
from a subcritical assembly mode to a subcritical breeder mode. The effective multi-
plication factor (K.¢) of FS-2 is 0.99.

Schematically, the facility design is shown in Fig. 1 (biological shielding tank is
not shown).

The following neutron flux values are set with a neutron source power of 10°
n/s in channels at the core center level:

CcC VEC-1
Thermal neutron flux, cm™s™ 2:10° 0,6:10°
Fast neutron flux, cm™>s™ 10° 10°
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From 29 June 1998, the FS-2 SCF was in a long-term shutdown mode because
of a corrosive damage to the intermediate tank inside which the core and the graph-
ite reflector are installed.

Measures to Switch the FS-2 Subcritical Facility from the Long-Term Shut-
down Mode to the Startup Mode were developed in 2011 at JSC NIKIET. Howev-
er, as the FS-2 specified life is 40 years, activities were preliminarily required to
extend the specified life in accordance with NP-024-2000 “Requirements to Vali-
date the Feasibility of Extending the Specified Life of Nuclear Facilities”.

This required the FS-2 disassembly into structural elements for further exami-
nation and to justify the possibility for extending their use as part of the SCF.

BEPTUKANbHBbIA PA3PE3 FOPU3OHTANbHBLIA PA3PE3
NKC ®C-2 MNKC &C-2
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1 - stainless steel-plate intermediate tank
2 - vertical channels in the reflector

3 - graphite reflector

4 - aluminum tank of the core

5 —the core

6 - vertical channels in the core

7 - graphite sleeve

1 — vertical channels in the reflector

2 - vertical channels in the core

3 — stainless steel-plate intermediate tank
4 — aluminum tank of the core

5 — upper end graphite reflector

6 — the core

7 — graphite sleeve

8 — graphite reflector

9 - polyethylene

10 — lower end graphite reflector

Figure — FS-2 side and horizontal sectional views
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The disassembly was preceded by a primary radiation examination of the facility,
calculations and a study to justify the nuclear and radiation safety during operations, as
well as in organizing an area for the interim placement of the subcritical facility’s
working (fuel) elements.

The facility was disassembled in 2013, including the withdrawal and decomposi-
tion of the core. The computational work package performed at JSC NIKIET made it
possible to justify the nuclear and radiation safety of the disassembly procedure and to
select the scenario for the placement of the core components in storage.

A comprehensive examination of the FS-2 SCF was undertaken in 2014. The
facility’s fuel elements, the control and protection system (CPS), the facility’s
structural components and the reflector components were examined based on indi-
vidual programs. Outside experts with an experience in examining fuel elements of
subcritical facilities of a similar design and for a similar application took part in the
examination.

It was recommended by the commission based on the comprehensive exami-
nation results that the FS-2 life should be extended until the end of 2032.

Comprehensive tests of the upgraded CPS were conducted in 2015, after the
facility was assembled without fuel element loading. The initial (first criticality)
stage was completed with the core assembled in a new vessel. Its initial condition
was restored. Signals of the CPS ionization chambers were used to support the sub-
criticality monitoring, and nonstandard hardware was prepared and adjusted to
monitor the nuclear fuel loading into the core, including two PZP.3 instrument
channels and one SPU-1-1M instrument channel.

A neutronic calculation was performed to define the initial portion of the load-
ed fuel. Each subsequent fuel portion was defined after the countdown curves were
plotted based on the monitoring channel readings. Fuel elements were loaded fully
in accordance with the inverted sequence of their unloading from the FS-2 core in
2013.

The activities were performed in conditions of continuous radiation monitoring.

The purpose of the 2016 activities was to issue the report on the FS-2 ac-
ceptance for an extended operation period. To this end:

1. Procedures to justify the residual life of safety related systems and compo-
nents were reviewed. The review results are positive.

2. The FS-2 life management program has been developed.

3. A decision has been prepared, agreed with Rosatom State Corporation, con-
cerning the feasibility of the FS-2 specified life extension.

As the result of the activities, the FS-2 SCF was accepted for extended opera-
tion on 5 August 2016 for an extended operation until 31 December 2032.

Present time.

On 20 February 2017, after the activities to extend the specified life of the FS-
2 subcritical facility were completed, after the license was obtained to operate
the facility in the startup mode and nearly 20 years after the facility was switched
to a long-term shutdown mode, JSC NIKIET completed the facility first criticality
stage.
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During the period of 17 to 20 February 2017, as required by the working pro-
gram for the measurement of the facility’s neutronic characteristics and subject to
nuclear safety requirements, additional absorber rods were withdrawn from the fa-
cility, an external neutron source was introduced and emergency shutdown rods
were cocked. At 12.50 pm on 20 February, the FS-2 SCF was brought to power.
The first criticality report was released and the subcritical facility certificate was is-
sued.

An order was issued at JSC NIKIET on 3 March, based on the first criticality
results, to switch the FS-2 facility to the startup mode.

Future.

It is planned that activities will be further undertaken at FS-2 to confirm the
neutron flux values in the CC and VEC-1 channels. The expected result of these ac-
tivities is certification of the neutron field characteristics in the FS-2 experimental
channels.

It is also planned to resume the laboratory course for the students at Department
E-7 and to make the SCF a part of JSC NIKIET’s working cycle for the development
of neutron flux detectors and neutron flux monitoring hardware for reactor systems for
various applications.

CUCTEMbI ABAPUMHOIO 3NIEKTPOCHABXEHUA
MNOCTOAHHOIO U MEPEMEHHOI'O TOKA
00O «AKKY-®EPTPUB»

A.A. Aranos

00O «Akky-PepTprd»,
r. MockBa, Poccusa

I. Homenknarypa nocrapisieMoro o0opy1oBaHus:
- AKKyMYJISITOpHBIE OaTapeu.
- CucTeMBI OIIEPaTUBHOTO IOCTOSIHHOTO TOKA ISl OOBEKTOB YHEPTETUKH.
-CucteMbl MOCTOSHHOTO TOKA aBAPUIHOTO 3JIEKTPOCHAOKEHUS.
- CucreMsl IEPEMEHHOTO TOKA.
- beIcTpOoAEHCTBYIOIIME KOMMYTAllMOHHBIE alraparsl.
- [ITuTe! pactpenesieHyss TOCTOSIHHOTO U IEPEMEHHOTO TOKA.
2. OcCTOpOKHOE «UMITOPTO3AMEILIEHUE» TTOCTABISIEMOTO 000y A0BAHMSL.
- MonepHu3anus nNpou3BOACTBEHHBIX MOIIHOCTEN PsA3aHCKOro akKymMyJsiTop-
HOTO 3aBoja « TaHTCTOyHY.
- 3aKyIlKa KOMIUIEKTYIOIIMX U MaT€PUAJIOB Y OT€YECTBEHHBIX U3TOTOBUTENEH.
3. HomenknatypHbIi psii MPOU3BOJUMBIX aKKyMYJIITOPHBIX OaTapei.
4. HanexxHocTb, 0cO6eHHOCTH (QYHKIIMOHUPOBAHUSI CUCTEM MOCTOSIHHOTO TOKa.
- KoHCTpyKTHBHBIE TpEUMYIIECTBA, OCOOEHHOCTH PadOThI, SPrOHOMHUKA U CH-
CTEMa yIIPaBIICHHUS.
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3. Hanexuocth, 0cOOCHHOCTH (hYyHKIIMOHUPOBAHUS CUCTEM TIEPEMEHHOTO TOKA.
- KagectBo dopmupoBaHUS CHHYCOUIBI IMEPEMEHHOTO TOKAa Ha BBIXOJIE
YCTPOWCTBA.
- CHHXpOHM3AIUs C BHEIIHEN PE3EPBHOM CETHIO.
- [leperpy3ouHnbie cIOCOOHOCTH YCTPONCTB MPH IMyCKE IBUTaTeeH.
6. beicTpoecTByIOLIE TUPUCTOPHBIE KOMMYTAIIMOHHBIE arrnaparsl.
- be3rokoBas naysa npu nepeKkIrOYCHUX.
- YaneHHoe yIpaBJI€HUE U HACTPOMKaA KIIH0Ya.
7. KoHncTpykuust pactipeA€IUTENbHBIX YCTPOUCTB MNOCTOSHHOTO M IIEPEMEHHOTO
TOKa.
- KoMMyTanoHHBIE aImmaparsl.
- CeKUMOHUPOBAHUE, PEZEPB.

COBEPLLEHCTBOBAHUE CUCTEMbI
HOPMATUBHbIX NMPABOBbIX AKTOB MO BE3OMNACHOCTHU
UCCINEONOBATEJIbCKUX AOEPHbLIX YCTAHOBOK

A.N. CanoxHukos, [1.H. MNMongkos, A.B. KypbiHauH, A.M. KnpkuH

OBY «HTU APB»,
r. Mocksa, Poccusa

B Hacrosiiee BpeMs ¢ LENbIO yyeTa pEeKOMEHAAIHH, cPOopMyITHpPOBAHHBIX
no pesyiabraram muccun MAT'ATO 2009 r. u nmocr-muccun MAT'ATO 2013 r.
0 KOMIUIEKCHON OIIEHKE COOTBETCTBUS PETYIUPYIOMIEH AEATEIbHOCTA HOpPMaMm
oe3onacHoctu MAI'ATD, a Takke U3MEHEHHM, BHECEHHBIX B DeiepanbHbIi 3aKOH
ot 21 Hos16ps 1995 1. Ne 170-03 «O06 ucnonbpb30BaHUU aTOMHOW DHEPTUNY», aKTHUB-
HO TIepecMaTpuBalOTCs (hesiepanibHbIe HOPMBI U MPaBUiia B 00JIaCTU UCTIOIH30BAHUS
aTOMHOM PHEPTUU B YACTH O€30MACHOCTU UCCIIEA0BATENbCKUX S/IEPHBIX YCTAHOBOK.
B uactHocTH, B koHIe 2016 roma ObLIM yTBEPXKACHBI W BCTYNWIA B CHILY
«IIpaBuna smepHoi Oe3omacHOCTH Kputhueckmx creHaoB» HII-008-16 (mpukas
Pocrexnamzopa 00 ytBepxaeHun ot 23.08.2016 Neo 348 3apeructpupoBaH
B Musntocte PO 03.11.2016 Ne 44233). Ha pa3HbIX cTaausX MepecMOTpa HAXOIATCS
cienyouue dheaepaibHble HOPMbI U IPABUIIA:
— «lIpaBuna sinepHoit 6e3onacHocTy HccaenoBareabckux peakropony (HII-009);
— «lIpaBuna obecnieueHnns 0€30MAaCHOCTH MPHU BBIBOJAE M3 IKCILTyaTalldd HC-
CJIeA0BATEIbCKUX SIEPHBIX ycTaHOBOK» (HIT-028);
— «TpeboBanus K coAep>KaHUIO OTYETa MO OOOCHOBAHUIO OE30MACHOCTH HC-
CJIe10BaTENbCKUX A1epHbIX ycTaHOBOK» (HIT-049);
— «TpeboBanus K COJAEPKAHMIO TJJaHA MEPONPHUATHHA TO 3alUTe MEepcoHaIa
B CIIy4ae aBapuu Ha UCCIIEIOBATENIbCKUX sAepHbIX ycTaHoBKax» (HII-075);
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— «lIpaBuna ycTpoiicTBa M 3KCIUIyaTalMy HUCIIOJIHUTEIBHBIX MEXaHU3MOB Op-
raHoB BO3/eiicTBUs Ha peakTuBHOCTEHY» (HII-086).

Kpome Toro Beaercst pa3paboTka HOBBIX (hefepaibHbIX HOpM U mpasuil «llo-
JIO’KEHHUE O TIOPAJIKE OOBSIBICHUS aBapUMHON OOCTAaHOBKH, ONEPATUBHOM Mepeaadyu
uH(pOpMAaIMU U OPTaHU3ALUMU YKCTPEHHOW MOMOIIM UCCIEA0BATENbCKUM SIEPHBIM
YCTAHOBKaM B CIIy4asix paJMallMOHHO OMACHBIX CUTYaLHID».

[Tpu nepecmoTpe AeicTByIONMX (heliepanibHbBIX HOPM U MpaBUi U pa3zpaboTke
HOBBIX IIPOEKTOB JOKYMEHTOB YUYTEHbl PEKOMEHAAuMu JOoKyMeHToB MAI'ATO
NS-R-4 «be3zonacHOCTh MCCIEAOBATENIBCKUX PeakTopoB», SSG-20 «ObecnieueHue
0€3011acCHOCTH UCCIIEJOBATEIBCKUX PEAKTOPOB U MOATOTOBKA OTYETa 110 00OCHOBA-
Huto 6e3omacHocT», SSG-24 «be3zonacHOCTh MPH AKCIUTyaTaIlluud U MOAU(PUKALIAN
UCCIIeI0BaTeNbCKUX peakTopoBy, SRS Ne80 «Ilepeonienka 0e30macHOCTH HCCaen0-
BATEJILCKUX PEAKTOPOB B cBeTe MHIMAeHTa HAa ADC Dykycuma-/lanun», u 1p.

3aBeplIeHNE 3aIUIAHUPOBAHHBIX Pa0OT IO COBEPIICHCTBOBAHUIO CHCTEMBI
HOPMATHUBHBIX MPABOBBIX AKTOB IO O€30MACHOCTU MCCIEIOBATEIbCKUX SACPHBIX
YCTaHOBOK MO3BOJUT F'APMOHU3UPOBATH TpeOOBaHUS (he/lepabHbIX HOPM U IIPABUII
B 00JJaCTH MCHOJB30BAHMSI ATOMHOM 3HEPrMM B 4acTU OE30MaCHOCTU HCCIEI0BaA-
TEIbCKUX SIACPHBIX YCTAHOBOK C MEXIYHAPOJAHBIMU MOAXOJAMH U B KOHEYHOM
UTOre MPUBENET K MOBBIIICHUIO YPOBHSI 0€30MAaCHOCTH HCCIEAOBATENIbCKUX SIEp-
HBIX YCTaHOBOK.

ENHANCEMENT OF RESEARCH REACTORS SAFETY
REGULATIONS SYSTEM

A.l. Sapozhnikov, D.N. Polyakov, A.V. Kuryndin, A.M. Kirkin

Scientific and Engineering Centre for Nuclear and Radiation Safety
(SEC NRS), Moscow, Russia

At present time the federal regulations and rules in the field of use of nuclear
energy that regulate safety of research reactors are actively revised in order to take
into account the amendments of Federal Law of 21 November 1995 Ne 170-FZ
«On Atomic Energy Use» and recommendations provided by Integrated Regulatory
Review Service (IRRS) of IAEA mission to Russian Federation in 2009 and IRRS
follow-up mission in 2013.

In particular «Nuclear Safety Rules of Critical Facilities» NP-008-16 were ap-
proved and introduced at the end of 2016 by the Order of Rostechnadzor
0f 23.08.2016 Ne 348 (registered in Ministry of Justice of Russian Federation
03.11.2016 Ne 44233). The following federal regulations and rules are also under
revision:

— «Nuclear Safety Rules of Research Reactors» (NP-009);
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— «Safety Rules for Nuclear Research Installations Decommissioning» (NP-028);

— «Requirements to the Contents of a Safety Analysis Report for Nuclear Re-
search Installations» (NP -049);

— «Requirements to Contents of the Action Plans for Protection of Personnel
in the Event of an Accident at Nuclear Research Installations» (NP-075);

— «Rules for Design and Operation of Actuators of Reactivity Control» (NP-086).

Besides, the development of new federal regulations and rules «Provision for the
Procedure of Announcement of Emergency, Prompt Information Communication and
Arrangement for Emergency Assistance to Research Reactors in Case of Radiation-
Hazardous Situations» is in process.

The recommendations of the following IAEA documents are considered in revi-
sion of existing federal regulations and rules and development of new documents
drafts:NS-R-4 «Safety of Research Reactors», SSG-20 «Safety Assessment for Re-
search Reactors and Preparation of the Safety Analysis Report», SSG-24 «Safety
in the Utilization and Modification of Research Reactors», SRS Ne80 «Safety Reas-
sessment for Research Reactors in the Light of the Accident at the Fukushima Daiichi
Nuclear Power Plant» and others.

The competion of planned working on enhancement of research reactors safe-
ty regulations system will allow to harmonize the requirements of the federal regu-
lations and rules in the field of use of nuclear energy that regulate safety of research
reactors with international approaches and, in the end, will lead to improvement of
research reactors safety level.

KPUTUHECKUE CTEHADbI Ne 4, 5 NAO «MC3»:
NONYBEKOBOMU OlNbIT 3KCIMNNYATALUU

A.A. PomaHos, I.O. lNuckapes

MAO «MC3»,
r. dnekTpocrtarnb, Poccuga

VYpan-rpaduroBsie kpuTudeckue cTeHAb NeNe 4, 5 «MammHOCTPOUTEIBHOTO
3aBOJIa» IKCILTyaTUpyOTcs ¢ 1967 roga u npeHa3HavyeHbl 17151 IpOoBeaeHus hU3n-
YECKUX HUCIBITAHUN MOTJIOIIAIOIIMUX 3JEMEHTOB aKTUBHBIX 30H TPAHCHOPTHBIX pe-
aKTOpoOB, a Takke rpadutoBbix crepxkHed peakTopa DI'TI-6 bumubunckoit ADC.
[To cBOMM TEXHUYECKUM M KOHCTPYKUIHMOHHBIM XapaKT€PUCTHUKAM CTEHJIbI SIBJISIOT-
Csl 3epKaJIbHBIMU OTOOPAKEHUSIMU JIPYT Apyra.

brnarogapsi TeXHMYECKOMY COBEPILIEHCTBY M HAJIEKHOCTU OOOpYAOBaHUS
KPUTCTEHIOB, a TakKe KBanu(uKaIuu nepconana 3a 50-JeTHU CPoK dKCILTyaTa-
IIMU HE OBLIO BBISIBJICHO HU OJTHOTO HapylleHus (IPOUCIIECTBUSI, aBapun) B paboTe
CTEHJIOB. 3a 9TO BpeMs Ha Kputuueckux cteHgax Ne 4 u No 5 Obut nmpoBesieH KOM-
IJIEKC PabOT MO PACHIUPEHUIO IKCIIEPUMEHTAIBHBIX BO3MOXXHOCTEH U MOBBIIIIEHUIO
AJ1IepHOM 0€30MaCHOCTH, @ UMEHHO:
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- NEpPEKOMIUIEKTalUsl aKTUBHOM 30HbL;

- YCTaHOBKa 3KCHEPUMEHTAIILHOI'O YCTPOWCTBA - aBTOMAaTa AUCTAHIMOHHBIX pa-
oot (ALP);

- TEXHHMUYECKOE MEepEeOCHAIeHUEe CUCTEMBbI ynpasieHus u 3amuthl (CY3), cucre-
MbI paauarmonHoro koutposis (CPK) u AJIP;

- BHeIpeHue cucteMbl oTobpaxenus nadopmanuu (CON) ¢ kaHaioB KOHTPOJIA U
3aIlNTHL;

- CO3J]aHUE U3MEPUTENIbHO-BBIUUCIUTEILHOTO KOMIUIEKCA Ha 0a3e MPOMBIIICH-
HbeiXx OBM, mnonyuuBmiero Ha3zBaHue «KaHall BBIYUCIEHUS PEAKTUBHOCTU
(KBP)».

B pabore kputrcteH70B OO0JIbIIIOE BHUMAHUE YNEISETCS MPOJIJICHUIO CPOKOB
skcrutyatanuu. [IpoexTHblil pecype skcmtyatanuu 30 set yxe BbipaboTaH. Pa3zpe-
meHHbId cpok Akcmryaranuu KC NeNe 4, 5 ucrekaer 30 nexadpst 2018 ropa.

B noxnane npencraBieHbl OCHOBHBIE TEXHHUYECKUE XapaKTEPUCTUKH, MOKa3are-
A paboThl 3a MOCIEAHHE S5 JIET U HKCHEPUMEHTAJIbHBIE BO3MOXHOCTH YpaH-
rpaUTOBBIX KPUTCTEHIOB. PacCMOTpEHBI POBEIECHHBIE 32 BPEMsI AKCILTyaTalluu Me-
PONPUATHSA IO yCOBEPIIEHCTBOBAHNIO CTEHA0B Ne 4 1 Ne 5.

COCTOSAHUE AOEPHON N PAOUALIMOHHON
BE3OMNACHOCTU UCCIIEAOBATEJIbCKUX AOEPHbIX
YCTAHOBOK AO «HUUI» B 2016 oAy

A.C. I'psasHos, H.H. HenagbiwuvH, B.M. MyuHmH

AO «HWT»,
r. JlbiTkapuHo, Poccus

B noknane npuseaens! obmue ceaeHus o AO «HUUII», o aeicTByromeM um-
nyJibcHOM peaktope bBAPC-4 u coopyxaemom peaktope UPB-M2. Paccmotpens! oc-
HOBHBIC MPOOJIEMBI, C KOTOPhIMU CTONKHYJICS TiepcoHan MAY BAPC-4 B 2016 romy
IIPH [IPOBEJICHUH TPOLEAYPBI IPOIJIEHHUS CPOKA HKCIUTyaTallui pEaKkTopa.

JlaHa olleHKa COCTOSIHUS SIICPHOM M PaJUallMOHHON 0€30MacHOCTH Ha Mpe-
npusituu. [IpeacTaBiaeHbl KOMIEKTUBHBIE W WHAMBUAYAIbHBIE 03Bl OOTyYCHHS
nepconana B 2016 roay u meponpustus o noseienuto APb UAY AO «<HUUID».
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BO3MOXXHOCTU 3KCMEPUMEHTAIbHbLIX YCTPOUCTB
UCCJIIEOOBATEJIbCKOIO AOEPHOIO PEAKTOPA Y-3

JIABOPATOPUU 48 — KOMIJIEKCA

C UCCINEOQOBATENNbCKUM AOEPHBIM PEAKTOPOM &®rI'yn

«KPbIJTOBCKUU FOCYOAPCTBEHHbIA HAYYHbIA LEHTP»

KO.B. Kucenes, K.b. KoHgpatbeB, C.®. TypunmHCKMM

®IYT «KpbIrioBCKMIM rocyfapCTBEHHbIN HaY4YHbIW LEEHTPY,

r. CaHkT-leTepbypr, Poccus

1. OOmwme cBenenns o USSP V-3:

UccnenoBarenbckuil simepublid peaktop Y-3 OI'VII «KpbuioBckuii rocynap-
cTBeHHBIN HayuHbIH 11eHTp» (ObiBIIee DIV «ITHWUU um. akan. A.H. Kpsimoay)
ObL1 BBeJIEH B cTpoil B 1964 roy kak SKCIEpUMEHTAIbHOE CPEACTBO JIJISl U3YUYEHUS
OMOJOTUYECKON 3aIUThl KOPaOeIbHBIX aTOMHBIX YHEPTreTUYECKUX YCTAaHOBOK, pa-
JAALMOHHONW CTOMKOCTH 3JIEMEHTOB CUCTEM YIPaBJICHUS, ITPOLIECCOB PA3BUTHUS U

JUKBUJAIIMNA PATAAIMOHHBIX aBapui Ha KOpabisax ¢ ADY.

XapakTEepUCTUKN HEUTPOHHOTO M raMMa IOJIEW B SKCIIEPUMEHTAIBHBIX KaHA-

nax USIP V-3 (N = 50 kBr)

Temmoseie | IIpoMeXyTOYHEIE BHCTpHE HeATpOHH
HEHTP OHEI HeHTp OHEL MomzocTh
IECIePHMEHTATBHOE H H H FIOSBI [anMa
yerpoicTro eM? - ceK eM? - ceK cM? - CeK - H3 Y HCHEA
E < 0,025 0,025 3e<E E E E>1MsB DEHITEH
c):] = 1M>5sB =0,1M3B | =05 M3B qac
e | 4451010 | 340100
113K 4-101 (*) 5.1p1 (**) 4:; 31.(;01(1 ) (*) (*) 1_.25'10-1'
3-10!! (**) 5(**) 3:15.1011 2:4.1011 (**)
(**) (**) .
5.
HOCHEK BRIKATHOTO 1-101 (*¥) 5,5-1010 (%) 38100 (%) 3-‘-?*)10
. 1ol (A 2,510 (*%) 1011 ok 6.75-10'0 o | 1.8105C)
kopoba 2-10M (**) 1101 (*%) . 5.5-10
( ) (**)
[uoep 2107 3107 E>1MB 7-107
TAHT HITHATHHBIH 2.2-106
1Tudep pagHaTbHEIH 5-107 1-108 3-107 7.5:108
ITubep oTKaTHOH 6-107 1,5-108 4-107 1,1-107
Hocuk Mamoro
Kopofa Ha TelekKe 1,5-1010 3-10W 3.5-10° 1,8-107
OTKATHOIO MHOepa
BepTHERAILHEIE
IKCTIEP HMEHTATBHEIE 5-1010 7-1010 2-1010 3-10°
KaHAIEI
Tennosad KOTOHHA 5-107 - - -

HoCHK BRIKATHOTO KODOOA IVCTOH - *: 3aMoIHeH BOIOH - **:

2. Komnanoska AP V-3 ¢ yckopurenem YIJI-10 JIM.
1. I'padputoBbIi OTpaxkaTenb
2. AKTuBHas 30Ha
3. BrikatHoli KOpoO
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4. buojoruueckas 3amnura
5. Otpaxarenb

6. Paguanbhbiii mmbep

7. PaqnanbHBIN KaHA

8. TemymoBas KOJIOHHA

1 5 3
4
o s i X oo!o !
et ¢
iy
R\ 7 To\
| | AR :' - =
‘ s riq S
— :
IRER
8 7 6 5 ;

3. CocTosiHME YyCTAaHOBKM Ha TEKYIIHI MOMEHT:

3a BpeMs 3KCIUTyaTaluy ObUTO TMPOBEACHO 2 MOJIEPHHU3AINH peakTopa Y-3 — B
1979 u 1988-90 r. r. C 2010 roga mo HacTosiiee BpeMsi MPOBOJATCS PabOThI MO
TEXHUYECKOMY TepeBoOpy)eHuto koMmruiekca ¢ AP V-3. Peakrtop Haxogutcs B
pexuMe dkcruryaranuu. [Ipomten cpok akcruryaranuu Ha 10 ser no 2025 r.

4. Crpecc-tect UAP V-3:

B kauecTtBe pe3synbrara CTpecc-TecTa MpeACTaBICHbl OIEHKU IOCIEICTBHIMA
TUIOTETUYECKON aBapuu, KOTOpask MOKET UMETh MAaKCUMaJIbHO BO3MOKHbBIE Hera-
TUBHBIE TIOCIIC/ICTBUS.

5. TexHn4eckoe NnepeBOOPyKEHUE:

Montax yckoputens YOJI-10 JIM.

Pabotsl, cBsizanHble ¢ mpomaieHueM pecypca USSP V-3. Ux coctaB u mpose-
JICHHBIE 0OHEMBI.

6. BO3MOXHOCTH 3KCIIEPUMEHTANIBHBIX YCTPOMUCTB.

7. IlepcniextnBsel nenoab3oBanus UAP V-3 .
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AKCIMITYATALUA PEAKTOPA BBP-L| U COCTOAHME
AOEPHOU U PAOMALMOHHOU BE3OIMNACHOCTU
AO «HUDXU UMEHU J1.41. KAPINOBA» B 2016 rogy

O.KO. KouHoB, A.A. OBcaHHUKOB, A.B. Bacunbes

AO «HNDXUN um. J1.A. Kapnosay,
r. OBbHuHCK, Poccus

B nokiaze npencraBiieHbl:

- O6mwue ceeaennst 0 AO «HUDOXU um. JI.A. Kapnosay;

- Kpartkoe onucanue peakropa BBP-11, ero skciuryaraiiioHHbIE XapaKTEpUCTUKU
U DKCIIEPUMEHTATbHBIE BO3MOKHOCTH;

- ocHOBHbIe TToKa3arenu padotrsl USAP BBP-11 nocturnyteie B 2016 rony;

- 0030p BBIIOJIHEHHBIX pabOT MO0 PEKOHCTPYKLMUU JIEMEHTOB U CUCTEM PEaKTOpa
BBP-1;

- miaH Meponpusatuil Ha 2017 roj Mo peKOHCTPYKIMM CUCTEM U 00OpYI0BaHUS
USP BBP-1;

- OLIEHKAa COCTOSIHUS SACPHON U pajvalliOHHON 0€30MacCHOCTH B MHCTUTYTE;

- MEpONPUATHUS 10 MOBBIIICHUIO SACPHON U pallalliOHHON 0€30IaCHOCTH Ipej-
OPUATHS.

UTOIM SKCIMNYATALUUN UCCITEAOBATEJIbCKMUX
AQEPHbLIX YCTAHOBOK HUL, «kKKYPYHATOBCKUUA UHCTUTYT»
B 2016 rogy

A.B. Anbyn, A.C. Kypckum

PIreY «UT3®» (HNL «KypyaToBCKUA UHCTUTYTY),
r. Mockea, Poccus

[IpencraBneHbl TEXHUUECKUE JAHHBIE IO UTOTaM KCILTyaTallii UCCIICA0BATEb-
ckux saepHbix ycraHoBok (MAY) HULL «KypuaroBckuil muHCTUTYTY. Jl71s nccienosa-
TENLCKUX PEAKTOPOB MPUBEACHBI JaHHBIE O BPEMEHH PadOThl HA MOIIHOCTH, SHEPro-
BBIPA0OTKE, COOTBETCTBYIOIIMX BPEMEHHBIX M MOIIHOCTHBIX Kod(hduimentax. s
KPUTUYECKUX CTEHIIOB MPHUBEJICHBI CBEICHHS O KOJIMYECTBE IyCKOB U CyMMapHOM
BpEMEHH pabOThI HA MOIIHOCTH (PEXKUM OOTyUeHUs).

CBeneHHst O HOBBIX JIMIICH3UAX U CAHUTAPHO-3MUIEMHUOIOTMUECKUX 3aKIII0Ye-
HUSX WUTIOCTpUPYIOT cocTosiHnue MY (MonepHU3aius, BBIBOJ U3 HKCILTyaTallHH,
COCTOSIHME JUIUTEIHLHOTO OCTAHOBA U T.I1.).

[IpuBeneHbl naHHbIE O HAPYLICHUSIX, MOANAAAIOMINX U HEMOANAAAI0IUX O
HII-027-10.
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Kpartko onmcaHbl KagpoBhIil COCTAaB YCTAHOBOK U ITosrydeHue B 2016 1. HOBBIX
NEPCOHAIBHBIX PAa3PEIICHUI Ha MpaBO BelIeHUA padOT B 00JACTH HCIOJIb30BaHUSA
ATOMHOW DHEPI'UMU.

OnucaHbl U3BMEHEHUS B COCTOSIHUU 30H OaiaHca sijiepHbIX MaTepualioB B 2016 .

[ToxazaHbl pe3ysbTaThl CPABHUTEIBHOIO aHAlIM3a JOMYyCTUMBIX M (pakThye-
CKHX BBIOpOCOB paguoHykiuaoB co Bcex UAY «HUL] «KypuaToBckuiit HHCTUTYTY,
CpEIIHEero/10Basi MOIIHOCTh aMOMEHTHOTO SKBUBAJICHTA J103bl BHEIIHETO U3Ty4YeHUs
Ha TpaHMIEe CAHUTAPHO-3AIIMTHON 30HBI, CPEIHEr0J0BbIE OOBEMHAs aKTUBHOCTH
PAIMOHYKIMIOB B BO3JyXEe W yJ€JIbHAas aKTUBHOCTb PAJIMOHYKIHMIOB B BOJE OT-
KPBITBIX BOJAHBIX OOBEKTOB B CAHUTAPHO-3AILUTHON 30HE.

PERFORMANCE OF NRC "KURCHATOV INSTITUTE"
IN THE YEAR OF 2016

A.V. Albul, A.S. Kurskiy

National Research Center (NRC) "Kurchatov Institute”,
Moscow, Russia

Technical data of research nuclear facilities (RNF) of the National Research Cen-
tre "Kurchatov Institute" operation are presented. The time of operation at power,
power generation, and the corresponding time and power factors for research reactors
data are given.

For critical facilities information on the number of starts and the total operating
time at power (irradiation regime) is given.

Information on new licenses and sanitary and epidemiological conclusions illus-
trate the state of the (RNF) (modernization, decommissioning, long-time shutdown,
etc.).

The data on the violations that correspond to and do not correspond to HIT1-027-
10 are given.

The staff working on the facilities is briefly described, and new personal permits
for the work in the field of nuclear-power engineering were received in 2016.

Changes of nuclear material balance zones state in 2016 are described.

The results of permissible and actual radionuclide emissions from all RNF of the
NRC "Kurchatov Institute" comparative analysis, the average annual ambient dose
equivalent of the external radiation dose at the limits of sanitary protection zone, aver-
age annual volume activity of radionuclides in air and specific activity of radionuclides
n open water objects in sanitary protection zone are presented.

80



ONbIT SKCIMJITYATALUUA
UCCIIEOQOBATEJNIbCKOU AOEPHOU YCTAHOBKU CM

A.J1. NMetenun, C.A. CasoHToB, H.P. Hackipos, B.B. AdaHacwes

AO «'HU HNNAP»,
r. QumuTposrpaa, Poccus

Bricokonorounslii  uccnenoBaTensckuii  peaktop CM  skcrutyatupyercs
¢ 1961 roga. B mporecce sKcIutyaTay peakTop HeOIHOKPATHO PEKOHCTPYHUPOBAJICS
C LENbIO PACHIMPEHUS €ro SKCIEPUMEHTALHBIX BO3MOXKHOCTEH U TOBBIIICHUS O€3-
OMACHOCTH PKCIUTyaTauuu. YacTh M3BMEHEHUI B KOHCTPYKIIMSX €r0 CUCTEM M 3JIEMEH-
TOB BHECEHA IIEJIEBEIM 00pa30M B CBS3H C MOSBICHUEM U MTOCTENICHHBIM Y)KECTOUYCHH-
€M TOCYJapCTBEHHBIX HOPMATUBHBIX TPeOOBaHWH MO 0E30MaCHOCTH HMCCIEI0BATEIb-
CKUX PEaKTOPOB.

PeakTop chirpan BaKHYIO POjib B 0OOCHOBAHWH MPOEKTHBIX PEIICHUI TPH CO-
3/IaHUW CEPUMHBIX OTEUECTBEHHBIX DHEPreTUUYECKUX PEAKTOPOB, 0OECHEUMI BBIMOJ-
HEHUE HAlMOHAJILHON MPOrpaMMbl MOJYYEHUSI U UCCIEOBAaHUS CBOMCTB TPAHCILIY-
TOHUEBBIX AJIEMEHTOB. Y HUKAJIbHBIE BO3MOXKHOCTH peakropa CM-3 mo3Bosdiu emy
3aHATH Belyllee MecTo B Poccuu B 00JacTh POM3BOICTBA TPAHCYPAHOBBIX 3JIEMEH-
TOB Y HaKOIUJICHUS PAAMOHYKIUIOB C BBICOKOH YEIbHON aKTUBHOCTHIO.

B noxnane mpuBeneHbl CBelleHUS 00 MCTOPUM CO3/IaHUSI UCCIIEI0BATEILCKOTO
snepHoro peakropa CM, ero TEXHUYECKHX XapaKTePUCTUKAX, ONBITE SKCIUTyaTalllu, a
TaKXke O padoTax MO PaCHIMPEHHIO SKCIEPUMEHTATbHBIX BO3MOXKHOCTEH PEakTopa,
VIIYUILIEHUI0 TEXHUKO-3KOHOMHUYECKHX XAPAKTEPUCTUK W TOBBIIICHUIO MOKa3aTesen
AKCIUTyaTallMOHHOM HajexxHocTu. Cpok skciutyarauuu peakropa CM-3 mpoasieH 110
30.04.2026 rona.

SM REACTOR OPERATION EXPERIENCE

A.L. Petelin, S.A. Sazontov, N.R. Nasyrov, V.V. Afanasiev

JSC "SSC RIAR",
Dimitrovgrad, Russia

High-flux research reactor SM was commissioned in 1961. Since then, it under-
went several refurbishments to enlarge its experimental capabilities and enhance safe-
ty. Some changes were introduced into the design of the reactor systems and compo-
nents purposely to meet more strict national requirements to RR safety.

The SM reactor was crucial in the justification of design solutions used to devel-
op Russia’s commercial power reactors; it provided the implementation of the national
program on research in transplutonium elements. The unique capabilities make this re-
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actor a national leader in the production of transplutonics and accumulation of radio-
nuclides with high specific activity.

The paper covers the SM reactor background, describes its technical parameters,
operational experience as well as activities to enlarge its experimental capabilities, im-
prove its performance and enhance its operational reliability. The SM lifetime is ex-
tended till April 30, 2026.

ONbIT SKCNNYATALUN WCCNEOOBATEJIbCKOWU
AOEPHOU YCTAHOBKU PBT-6

A.J1. MNetenuH, C.A. CasoHToB, H.P. Hackipos, B.B. AdaHacbeB

AO «'HU HANAP»,
r. Adnmuntposrpag, Poccus

HccnenoBatenbckuil peakrop PBT-6 HomuHabHO# MoiiHOCTRIO 6 MBT 3KCruty-
atupyercs ¢ 1975 roga, cylecTBEeHHOM MOAEPHU3ALMN HA IPOTSHKEHUHU BCETO NIEPHO-
Jla SKCIUTyaTaluy He nojasepraics. biarogaps ynauHo BEIOpaHHOM cXeMe U IPOCTOTE
B JKCIUTyaTallMl PEAKTOpa MPOJOJDKAET CTAOMIBHO paboTaTh, MO3BOJISASA IMPOBOJIUTH
KaK SKCIIEPUMEHTHI IO M3YUYEHHUIO CBOMCTB MaTepUalIOB IPU MOCTOSHHBIX MapaMeTpax
U peKUMax 00JyYeHHs, TAK U HApaOOTKy PalMOHYKIUIHON MPOAYKLIMH.

1o pe3ynbTaTam mpoBeneHHOro B 20072009 r.r. KOMIUIEKCHOTO 00CIIe0BaHUS
TEXHUYECKOTO COCTOSIHUSA, OLIEHKA OCTATOYHOTI'O pecypca OoOOpYIOBAHUS U CHCTEM,
BaKHBIX 11 O€30MIaCHOCTH, a TAK)KE MPOBEICHUE KOMILIEKca paboT Ha TpyOOmnpoBo/Ie
NEPBOT0 KOHTYpA, Cpok dkcruryatauuu P PBT-6 npoasien go 31.12.2020 r.

B noxnane npuBeieHbl OCHOBHBIE TEXHUYECKUE XaPAKTEPUCTUKH, KOHCTPYKIIHS
OCHOBHBIX 3JIEMEHTOB PEAKTOPA U €r0 IKCIEPUMEHTAIBHBIE BO3SMOKHOCTH, OCHOBHBIE
nokazatenu padoTel peaktopa B mepuoa 2010+2016 r.r., mokazaHsl pabOThI TIO TIO-
BBIILIEHUIO 0€30MaCHOCTH, BBIIIOJIHEHHBIE B ITOCIEAHUE TOJIbI.

RBT-6 REACTOR OPERATION EXPERIENCE

A.L. Petelin, S.A. Sazontov, N.R. Nasyrov, V.V. Afanasiev

JSC "SSC RIAR",
Dimitrovgrad, Russia

A 6MW research reactor RBT-6 was commissioned in 1975 and did not un-
dergo any significant upgrades since then. The reactor has rather an
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advantageous design and it is easy to operate that provides for its stable operation
and allows both carrying out experiments to study properties of materials under the
stable parameters and irradiation conditions and accumulating radionuclides.

Based on the results of an overall survey carried out in 20072009 to estimate
the residual operational time of the equipment and safety-significant systems as
well as after the primary pipeline upgrade, the RBT-6 reactor lifetime has been ex-
tended till December 31, 2020.

The paper presents the key technical parameters, design of the major compo-
nents, experimental capabilities and performance of the reactor in the period
2010+2016. Results of safety enhancement activities are described as well.

COCTOSAHUE HANPABNAIOLWEW TPYEbI
CUCTEMbI YNPABJIEHUA U 3ALLUTBLI U3 CTJTIABA 3110
NOCHE OJNIUTEJNIbHOU SKCIJNTYATALUU B PEAKTOPE MUP

.M. KoBbinsiHckuin', B.K. lWamapaunk', U.H. Bonkosa',
t0.[. MoHuapeHko', A.O. Masaes', A.J1. VixyToB', A.lO. XananuH',
M.I". Ucaexkosa?, O.A. Mepnosuy?

'AO «HU HANAPy, r. Dumntposrpag, Poccus
2 drAQY BO «HNAY "MNDU"», r. Mockea, Poccust

B uccnenoBarensckom peakrope MUP st obecrieuenust HaaExkHOM pabOThI ak-
THUBHOM 30HBI U €€ 3alUTHI PACIIOJIAratOTCsl HAMPABIISIONINE TPYObl CUCTEMBI yIPaB-
nenus 3amuThl (CY3), nzroronenHsle u3 cmasa Zr-1%Nb (3110) B pekpucramiu-
30BaHHOM cocTtosiHud. Hasnauenue tpyonr CY3 — obecriedenrue cBOOOTHOTO mepe-
JBWOKEHUST (MCKITIOYAIOIIETO JTII000€ BO3MOXKHOE TOPMOXKEHHUE, JIMOO 3aTUpaHue), a
TaKKe YCIOBHIA OXJIQXKJIECHUS W 3alllUThl OT MOBPEXKACHUHN, PETYIMPYIOIIEro opraHa
(PO) — xommieHCcHpyOIMX cTepKHEeH aBapuitHo 3ammThl CY3. [l 6e3aBapuiiHON
HaIEKHOU pabOThI peakTopa BakHO, 4TOOBI TpyObl CY3 BBIMOMHSIHN CBOE (HYHKITHO-
HAJIbHOE HA3HAYEHUE B TEUYCHHE JIUTEIBLHOTO MEPUOJA MPU COXPAHEHHH BBICOKHX
rokaszaTesieil pa3MepHOi CTaOMITBHOCTH, KOPPO3MOHHBIX M MEXaHUYECKUX CBOWCTB.

B pamkax BbinosiHeHUs1 001EH TPOrpaMMbl KOMIUIEKCHOTO OOCIIEIOBaHUS TEX-
HUYECKOTO COCTOSIHUS UCCIIEIOBATENIbCKUX SIACPHBIX YCTAHOBOK MPOBEACHBI MaTepu-
amoBemyeckue ucciaenoBanus Tpyosl CY3, orpaboTaBiieil B peakTope TUTEIHLHOES
Bpemsi. llenb ATuX uccnenoBaHuil — OlIEHKa pabOTOCHOCOOHOCTH HaMpaBIISIOIIUX
Tpy0o CVY3 mocnie sKcruiyaTallu B Te4eHue 37 JeT MO KPUTEPUsIM KOPPO3UOHHO-
MEXaHUYECKOTO COCTOSIHUS U (POPMOU3MEHEHHSI C MPOTHO3UPOBAHMEM Ha ATOU
OCHOBE JIOMYCTHUMBIX CPOKOB TOCJIENYIOIIEeH JKCIUTyaTanuu. V3yueHue CBOMCTB
MPKOHUEBBIX CILJIABOB, JUIUTEIBHO pa0OTAIONMIUX B AKTHUBHBIX 30HAX SJIEPHBIX
HPHEPreTUYECKUX YCTAaHOBOK, BCErJa BbI3BIBAET 3HAYMTEIbHBIA HUHTEPEC C
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TOUKHU 3pEHUS] OLEHKU pecypca MU3AENTUN W3 ATHUX MATepUATOB B AKTHBHBIX 30HAX
SJIEPHBIX SHEPTETUYECKUX YCTAHOBOK (SDY).

Hanpagnstomiast tpy6a CY3 (J33MM, ToImuHA CTEHKH 1,5 MM) U3roTOBJICHA M3
UMpKOHUEBOro cruiaBa J110 B COOTBETCTBUM C 3aBOJCKUMU TEXHUYECKUMU yCIIOBUSI-
mu i uznenuii ADC. Tpy6a CY3 coctout u3 3-x yacTeii: BepXHel 4acTu ¢ IIapuKo-
BBIM 3aMKOM, CpeJHed — padoueil 4acTh, U3rOTOBJICHHON U3 TPYObl, U XBOCTOBHKA.
Ob6mas amuna Tpyost CY3 — 4775 mm. Tpyda CY3 BepTUKaIbHO yCTaHABIUBAETCS B
pEaKToOp yepe3 creluaibHbE OTBEPCTHs B MOJABOSAIIEM KOJUIEKTOPE, OEpHUILIMEBOM
KJIaJIK€ aKTUBHOW 30HBI M HIDKHEH OMOPHOM peméTke — Bce 0TBepCTust 36 MM (3a30p
1,5 MM Ha Ka)KIAyI0 CTOPOHY).

Tpyba CVY3 skcrutyatdpoBanach Ha CThIKax OEpHIUIMEBBIX OJOKOB C AeKaOps
1975 r. mo mapt 2013 r. MakcumanbHbIi (IFOEHC OBICTPBIX HEHTPOHOB C SHEPTHUEH
6ompiie 0,1 M»sB Ha ydactke TpyObl, paClOJI0KEHHOM B IIEHTPAILHOM IJIOCKOCTH aK-
tusHoit 30ubI (LITA3) peakropa, coctaBut 6,2x10% M~ (~35 cua). Tpy6a CY3 u3sie-
YeHa U3 PeaKkTopa M YCTAHOBJIEHA B CIIEUAILHOE THE3/10 OacceiiHa BhIIEPKKU B HIOHE
2013 roga. 3amevaHuii P KCILTyaTallud PETYJMPYIOIIETO OpraHa B JIaHHOUW TpyOe
CV¥Y3 e ObL10.

Temmneparypa paboueii cpeapl (AUCTUILIAT) py paboTe peakTopa Ha MOITHOCTH
coctasisuia 40-70°C, a B mepuos ocTaHOBOK peakTopa — 14-40°C. CkopocTh U3MeHe-
HUS TeMmreparypbl He mnpeBblimana 1°C/muH. [l mucTwiuigTa TOIEPKUBAJICS
HEUTPAIbHBIA BOJHO-XUMHUYECKUMN PEKUM.

BusyanbHo-onTHYecKass WHCTIEKIHS HE BBISBHJIA KaKUX-THOO NEPEKTOB HA TO-
BEPXHOCTHU HAIPABIISIONIEH TpyObl. M3MepeHust Hapy>KHOTO IuameTpa TpyObl B IBYX
NEPIICHIUKYJISIPHBIX HAIMpPaBICHUSIX IMOKA3ald, YTO OTKJIOHEHHS OT HOMUHAIBHBIX
3HAYCHUU JWAMETPOB TPYObl, COOTBETCTBYIOIIMX TPEOOBAHUSAM  UYEPTEKHO-
KOHCTPYKTOPCKOW JTOKYMEHTAIIUU, HEBEIIMKU — HAXOJATCS B IMpejesiaXx JOMyCKOB Ha
pa3mepsbl TpyObl. JlnameTp TpyObl MPAaKTUYECKH HE U3MEHseTcs no e€ BeicoTe. JlaH-
HbIE W3MEpPEHUN B MEPHEHAUKYJSPHBIX HAIMPaBICHUSX CBUACTEILCTBYIOT 00 OTCYT-
CTBUU CKOJIb-THOO CYIIECTBEHHON OBAIBHOCTH TPYObI KaKk Ha ypPOBHE aKTUBHOM 30HBI,
TaK ¥ BAaU oT He€. VI3MepeHus TOMIIMHBI CTEHKU TPYObl B ONITUYECKOM MUKPOCKOIIE
MoKa3aliv, 4yTo €€ 3HauUeHUs] U3MEHSIOTCA 1o JyHe TpyOsl: BOMm3u LITA3 Tommuna
CTEHKH cocTaBisuia 1,45 MM, a B BepxHel yacT TpyOsl — 1,37 mm.

[Ipu Metamorpadpu4eckux HMCCICIOBAHHSIX YYaCTKOB IMOMEPEUHBIX CEUCHHI
TpyOBbI MMOKa3aHO, YTO TOJIIMHA OKCHIHOW TUIEHKA Ha €€ Hapy>KHOW W BHYTpPEHHEH
MOBEPXHOCTSX MEHBIIE YYBCTBUTEILHOCTH MUKpPOCKONA ~1 MKM, a HE3HAYUTEIIbHOE
THJIpUpOBaHUE MaTepuana TpyObl HaOroaaercs auiib Ha ypoBHe LIITA3. Takum 00-
pa3oM, KOPpPO3MOHHOE COCTOSIHHE U rujapupoBaHue TpyObl CY3 mocne AauTeabHOn
AKCIUTyaTallid B PEAaKTOpe NMpHU CPaBHUTENBbHO HU3KOW Temmeparype (~40-70°C) ne
SIBJIIFOTCSI MOTEHIIMAIEHO OMACHBIMU C TOUKHU 3pEHUS €€ pab0TOCIIOCOOHOCTH.

[To pe3ynpTaTam UCTIHITAHHUS KOJIBIIEBBIX 00PA3IOB HA PACTSDKEHUE OTPEICICHbI
KpaTKOBPEMEHHbBIE MEXaHUYECKHE CBOMCTBA Hanpasiistomel Tpyosl CY3 Ha paznuy-
HbIX paccrosHusix oT LIITA3. Ha yyactkax TpyObl, pacroyio)keHHbIX B OKPECTHOCTSIX
ITA3 wim BOAM3M Kpasi akTUBHOM 30HBI, HAOIIOAAETCS PAIMAllMOHHOE YIIPOUHEHUE
U CHIDKEHHE  IUIACTUYECKMX  CBOMCTB, TIO CpPaBHEHHIO C  Y4YacCTKaMH,
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pacIoIOKEHHBIMU Ha yAAJ€HUU OT LIEHTpa aKTUBHOW 30HBI. Tak, B cpelHEM Mpeaes
NPOYHOCTH G, Ha 3THUX ydyacTkax coctaBui ~840 u ~730 Mlla, a o0miee oTHOCUTENb-
HOe y/uHeHue O, — 6,9 u 13% coorBercTBenHo. [Ipu 3TOM MUHUMaNTEHOE 3a(UKCH-
POBaHHOE 3HAYEHHUE OOIIET0 OTHOCHUTEIBHOTO YAJIMHEHUsI cocTaBwio 4,6%. Takum
o0pa3om, palallMOHHOE YIIPOYHEHHE MaTepualia Harnpasisitomniet Tpyost CY3 BoOsu-
3u L{ITA3 B cpennem cocTaBuio:

- 10 UBMEHEHUIO TIpeeIia TeKyuecTu 2,4 pasa;

- 110 U3MEHEHMUIO TIpezeia mpouHocTu 2,0 pasa.

OO11iee OTHOCUTEIBHOE YAJMHEHNUE TPU STOM CHU3HWIOCH B cpeiHeM B 4,8 pa3sa,
XOTSI 3a1ac TIACTUYHOCTH COXPAHUJICS Ha BBICOKOM YPOBHE.

PaguanmonHoe ynpoyHEeHUE U CHU)KEHUE TUIACTHUYECKUX XapaKTEPUCTUK TPYObI
Ha y4acTKe, PAaCIOJIOKEHHOM Y Kpasi aKTHBHOM 30HBI, HAXOJISATCS Ha MIPOMEKYTOUHOM
ypoBHE. MaKCUMaJIbHBIA YPOBEHb MPOYHOCTHBIX XapaKTEPUCTUK IMPEBBIIIACT XapakK-
TEPHBIC 3HAYCHHMS JIJIS IPYTUX KOJIBIIEBLIX 00pa3iioB u3 ciuiaBa D110, 00ayu€HHBIX 10
CPaBHUMBIX (DIIFOEHCOB HEUTPOHOB. DTO OOYCJOBJIEHO HE TOJBKO paJWallMOHHBIM
YIPOYHEHUEM, CBS3aHHBIM C OOpa30BaHUEM DPaUAIMOHHBIX TOBPEXKICHUA B BUC
JUCIIOKALIMOHHBIX TETeNNb, HO W, MO-BUIUMOMY, YIPOYHEHHEM TBEPIIOTO pacTBopa
aToMamMl MoJIMO/ieHa, OOpa30BaBIIMMUCS B PE3yJbTaTe SACPHBIX MPEBPALICHUNA
(TpaHcMyTalMi) TUPKOHUS W HUOOUWS mpu oOnydeHun B peakrope MUP. Dkcnepu-
MEHTAJIBHO OMpEAETIeHO, YTO MaccoBas J10Jis1 MoiubO/ieHa B TpyOe Ha ypoBHe L{ITA3
coctaBiseT 0,24% (Bmamu ot 1{IIA3 ona coctaBuna 0,0004%). Benumunna Hakorie-
HUS MOJHMOJIEHa HAXOAMWTCS HA YPOBHE 3HAUYCHUM aMana3oHa JIETMpPOBaHUS B Zr-
CIIaBax.

3Has 3HaueHus TEeKCTYpHBIX nmapameTpoB Képuca (f; = 0,48; f,= 0.46; f;= 0,00),
KOTOpblE ObUIM TIONy4YeHBl TPU PEHTTEHOBCKUX WCCIICIOBAHUSAX, BBHITOJTHEHHBIX
B JIAaHHOW paboTe, OIIEHEHO U3MEHEHUE JITMHBI HAIPABJISIONICH TPyObl, KOTOPOE MOT-
JIO TIPOU30UTH B PE3YJIbTaTe JCUCTBUS SIBICHUS paaualliOHHOTO pocta. OIeHKa BbI-
NIOJTHEHA C MCIIOJIb30BAHUEM HW3BECTHOIO COOTHOLIEHUS i JedopMaiu TpyOsbl

B HAIpaBJICHUU d:

% S‘Gd'Fn,

r7e S — CTPYKTYPHBIA KO3 PHUIMEHT, 3aBUCIINN B 00IIIEM ClTydae OT 0COOCHHO-
CTe MUKPOCTPYKTYpPbl MaTepuaia 1 Temreparypbl o0inydenus; F — uroeHc HelTpo-
HOB; h — TMOKa3aTrelnb crTeneHu, paBHbii 1; Gy — dakTop pocra, CBsI3aHHBIN
¢ TekctypHbiMu K03 ummentamu Képnca fy coorHomenuem Gy = 1- 3f;.

B npenmosnoskeHuu TOro, 4TO M3MEHEHHUE TONIITMHBI TPYyObl Ha y9acTKe, COOTBET-
CTBYIOIIIEM KOOPJWHATaM aKTUBHOM 30HBI, BBI3BAHO PATUAIIMOHHBIM POCTOM, KOHCEP-
BaTUBHBIC OICHKU C HCIIOJIb30BAHUEM DKCIECPUMEHTAILHO OIPEICIEHHBIX MapaMeT-
POB TEKCTYpPHI TAIOT BO3MOXKHOE yBeIHUeHHE NIUHBI TpyOsl ~40 MM. Takoe m3meHe-
HUE JUTUHBI TPYOBbI SBISETCS JOMYCTUMBIM MPU MHOTOJIETHEH 3KCIUTyaTaluu Ucclie-
JIOBAaHHOTO M3/IEJINS, IOCKOJIBKY OTPaHMYEHHSI HA YIUIMHEHHE KaHala He UMEETCH.
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HA3BAHUA OPFAHU3ALIUNA

AO «'HL, HUNAP» — akumoHepHoe o0LecTBO «[ 0cyaapCTBEHHbIN HAayYHbIN
UeHTp — Hay4dHo-uccrnenoBaTenbCKMA  UHCTUTYT aTOMHBIX  PEaKTOPOB»
(r. AumuTposrpag, Poccus).

AO «HLU P® — ®dBUN» — akumoHepHoe obuwectBo «locyaapCTBEHHbIN
Hay4HbIN LeHTp Poccuickon depepaumm — PU3UKO-IHEPTETUHECKUIN UHCTU-
TyT umenun A.W. JlennyHckoro» (r. O6HuHCK, Poccns).

AO «MPM» — akumoHepHoe o6LuecTBo «HCTUTYT peakTOpHbIX Martepua-
nos» (r. 3apeyHbin, Poccus).

AO «Hayka n nHHoBaunmn» — akumoHepHoe obLiecTBo «Hayka n MHHoBaLUNy
(r. Mocksa, Poccus).

AO «HUWNI» — akumoHepHoe obuiecTBo «Hay4yHO-MccnenoBaTenbCKMn NH-
CTUTYT npubopos» (r. JlbITkapuHo, Poccus).

AO «HUKMNOT» — akumoHepHoe obuwectBo «OpgeHa JleHnHa
Hay4Ho-uccrnegoBaTenbCkMi U KOHCTPYKTOPCKUA UHCTUTYT 3HEProTeXHUKU
nmenn H.A. Jonnexans» (r. Mocksa, Poccus).

AO «HNDXN um. J1.A. KapnoBa» — akumoHepHoe obuiectBo «OpaeHa Tpy-
aosoro KpacHoro 3HameHn HayyHo-nccnegoBatTenbCknin onsnko-XmMMmnyecKmnia
NMHCTUTYT nmenn J1.4. Kapnosa» (r. O6HuHCK, Poccus).

AO «OKB "lngponpecc"» — akumoHepHoe obuiectBo «OpaeHa TpyaoBoro
KpacHoro 3HameHn n opgeHa Tpyaa YCCP onbiTHOe KOHCTPYKTOpCKoe 6ropo
"'mpponpecc"» (r. Nogoneck, Poccus).

AO «OKBM AdpukaHTOoB» — akumMoHepHoe obwecTtBO «OnbITHOE KOHCTPYK-
Topckoe 6wpo MawmHocTpoeHna umenn .. AdppukaHtosay» (r. HKHUIA
Hosropoga, Poccus).

AAPB AH PT — AreHTCTBO NO SiAEpHOM M pagnaumMoHHOW ©e30omacHOCTU
Akagemumn Hayk Pecnybnukn TamkuknctaH (r. dywanbe, TamKuknuctaH).

HY «OUNI3AN "CocHbl" HAH Bbenapycn» — rocygapCTBEHHOE HayyHoe
yupexgeHme «OObeANHEHHBLIN WHCTUTYT SQHEpreTMYyeckux Wu  SOepHbIX
nccnegosaHun  "CocHbl" HauumoHanbHoW akagemun Hayk benapycu»
(r. MuHck, Benopyccus).

["ockoprnopaumnsa «Pocatom» — [ocygapcTBeHHasi koprnopaumsi N0 aTOMHOW
aHeprum (r. Mocksa, Poccus).

3A0 «ApmaTom» — 3aKpbITOE akUMOHEpPHOe 00LLEeCTBO «APMSAHCKUA Hay4YHO-
nccneaoBaTesnibCkMii MHCTUTYT MO SKCNIlyaTaumMm aTOMHbIX 3fIEKTPOCTaHLMAY
(r. EpeBaH, ApmeHus).

OO0 «Akky-®epTpnb» — 00OLLECTBO C OrpaHUYEHHOW OTBETCTBEHHOCTLIO
«Akky-OepTpnb» (r. Mockea, Poccus).
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3A0 «HUAN» — 3akpbiToe akunmoHepHoe obLecTBo «HaumoHanbHbIN LEHTP
saaepHbIX nccrnegosaHniny MnHUCTepcTBa TpaHCNopTa, CBA3W U BbICOKUX TeX-
Honorun Pecnybnukn AsepbangxaH (r. baky, AsepbangpxkaHn).

NAD — dounman PIT1 «HAL PK» — NHCTUTYT aTOMHOW 3Heprn — domnnan
pecnybnnKaHCKoro rocyaapCTBEeHHOro npeanpuatna «HaumoHanbHel saep-
HbI LeHTp Pecnybnunku Kasaxctan» (r. KypyaTtoB, KazaxcraH).

NAD® AH PY3 — WHcTUTYT agepHon punankm Akagemum Hayk Pecnybnvku
Y3beknctaH, (r. TawkeHT, Y30eKkncraH).

MAIATO — MexayHapogHoe areHTCTBO MO aToOMHOW aHeprunm (r. BeHa,
ABCTpUSA).

ONAN — OBObeanHEHHBLIN WHCTUTYT AOepHbIX nccneposaHun (r. dybHa,
Poccus).

00O «Pecypc» — obWecTBO C OrpaHNYEHHON OTBETCTBEHHOCTLIO «Pecypcy»
(r. BopoHex, Poccus).

MAO «MC3» — nybnuyHoe akumMoHepHoe obuiectBo «MalumHocTpouTesb-
HbI 3aBOAY» (r. AnekTpocTarnb, Poccus).

PITT «NAD» — pecnybnmnkaHckoe rocyaapCTBEHHOE NpeanpusaTme Ha npase
XO3ANCTBEHHOrO0 BefAeHna «WHCTUTYT sgpgepHon  dousmkm»  (r. Anmartl,
KasaxcTtaH).

PoctexHansop — ®PepnepanbHasa criyxba no 3Kornorn4eckomy, TexHoriornye-
CKOMY 1 aToMHOMY Haa3sopy (r. Mockea, Poccus).

dBY «HTU APBb» — dhenepanbHoOe rocygapcTBeHHoe yupexaeHue «HayyHo-
TEXHUYECKU LEHTP sSAepHON M paguaumoHHon GesonacHoctuy» (r. Mocksa,
Poccus).

®rAQy BO «HUNAY "MNDN"» — hbenepanbHoe rocyaapCTBEHHOE aBTOHOM-
Hoe obpasoBaTenbHOEe yupexaeHue Bbiclero obpasosaHnsa «HaumoHanbHbIN
nccnenosaTenbCkMM  A0epHbIn - yHUBepcuTteT  "MOCKOBCKUA  UHXEHEPHO-
domamyecknin HCTUTYT"» (r. Mockea, Poccus).

®rAQy BO «dTU HN TIY» — penepanbHoe rocyaapCTBEHHOE aBTOHOM-
Hoe oOOpasoBaTternibHOe y4dpexaeHue BbicWwero obpasoBaHus «PU3NKO-
TEXHUYECKMA MHCTUTYT HaumoHanbHOro uccregoBaTenbCKoro TOMCKOro no-
NNTEXHUYECKOTO yHMBepcuTeTa» (r. Tomck, Poccng).

dre0yY BO «HNY "M3UN"» — denepanbHoe rocyaapCTBeHHOe OrookeTHoe
obpasoBaTenibHOE yypexaeHue Bbiclero obpasoBaHusa «HaumoHanbHbIN UC-
cneposaTenibCkUn  yHuBepcuteT "MOCKOBCKUM 3HEpPreTUHecKMn WHCTUTYT"»
(r. Mocksa, Poccus).

®IbYH «MBPAD PAH» — denepanbHoe rocygapcTBeHHoe OroaxeTHoe
yuypexgeHne Haykm «UHCTUTYT npobriem ©es3onacHoro passButnua aTOMHOM
SHepreTukn Poccunckon akagemumn Hayk» (r. Mockea, Poccus).
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OrbY «NT3®P» (HUL, «KypuyaToBCckUn MHCTUTYT») — (peaepanbHoe rocyaap-
CTBEHHOE bromxeTHOe yypexgeHue «MHCTUTYT TeopeTNYeCKOn
N 3KcrnepumMmeHTansHon pusnkm nmeHn A.M. Anmxanosa» (r. Mocksa, Poccug).

®IrbY «HUL "KypyaToBCKMM MHCTUTYT"» — (peaeparnbHoe rocygapcTBeHHoe
bromKkeTHOe  yupexgeHue «HauuoHanbHbIM - KUccrneaoBaTenbCKUA  LIEHTP
"KypyatoBckum nHCTUTYT"» (r. Mockea, Poccus).

PreY «MUAD» (HUL «KypuyaToBCKMM MHCTUTYT») — doefieparnibHoe rocyaap-
CTBEHHOE OropKeTHoe yupexaeHue «lleTepbyprcknin MHCTUTYT saepHon dou-
3ukun umenu b.I. KoHctaHTnHoBay (r. MaTtynHa, Poccus).

PIrYIN «KpblnoBckun rocygapCTBEHHbIM Hay4yHbIM LEHTP» — doeaeparibHoe
rocyfapCTBeHHoe yHuUTapHoe npegnpusatue «KpbinoBCKUM rocygapCTBEHHbIN
Hay4HbIN ueHTp» (r. CaHkT-lNeTepbypr, Poccus).

Oryrm «PoAL, — BHUNTD um. akagpemuka E.N. 3ababaxuHa» — doene-
panbHOe rocydapcTBeHHOe yHuUTapHoe npegnpusatne «Poccuncknn dene-
panbHbIn SOepHbIM LeHTp — Bcepoccunckun Hay4Ho-uccregoBaTenbCKum
WHCTUTYT TEXHUYEeCKon u3nkn wumMeHn akagemuka E.N. 3ababaxuHa»
(r. CHexxnHck, Poccus).

dryr «PeAl — BHUNO®» — drenepanbHOe rocyfapCTBEHHOE YHUTapHOe
npeanpuatne «Poccuncknn dpegeparnbHbi SaepHbI LeHTp — Bcepoccui-
CKUN Hay4YHO-UccrenoBaTenibCKUA UHCTUTYT 3KCMepuMeHTanbHOM U3nKn»
(r. Capos, Poccug).

®dryrm «CKL Pocatom» — denepanbHOe rocyadapCTBEHHOE YHUTapHoEe
npegnpuatne «CUTYyauMOHHO-KPU3UCHBIM UeHTp Pocatoma» (r. Mocksa,
Poccus).
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PA3SPABOTKA PACYETHO-NMPOrHOCTUYECKOIO
KOMIMJIEKCA RELTRAN AJi1 OBOCHOBAHUA
BE3OMNACHOCTU OB bEKTOB HACJIEQUA,
NMYHKTOB 3AXOPOHEHUA PAOUOAKTUBHbIX OTXOO0B

C.H. KpacHonepos, O.A. lNpunaykuH, A.A. Kucenés, P.. baknH

NHCcTuTyT Npobnem 6e3onacHoro passnTna aToOMHOW SHEPreTUKU
Poccuickon akagemum Hayk, r. Mockea, Poccus

B 2016 rony B8 UbPAD PAH nHavaiuce paboThl O CO3/1aHUIO0 HOBOI'O PacyeTHO-
nporaocruyeckoro komiuiekca «RELTRAN» nmns o0ocHOBaHMsS 0€30IaCHOCTH
OOBEKTOB HACJHEIUsl, ITYHKTOB 3aXOPOHEHHs PaJHUOaKTUBHBIX OTXO0J0B. PaboThI
npoBojsitcss B pamkax HWP «Pa3paboTka u mnpakTHuecKoe BHEApPEHHE KOAOB U
PacueTHO-MPOTHOCTUYECKUX KOMILJIEKCOB I 0OOCHOBaHMSI O€301MacHOCTH OOBEKTOB
HACJleUsl, ITYHKTOB 3aXOPOHEHHUS PpAJAMOAKTUBHBIX OTXOJOB M OOECeUeHHs
0€30MacHOCTH HACENIEHUs] U OKPYXKAaIoleH cpenmp»  (enepaabHO — IeNeBOM
nporpammbl «O0ecnieueHune siIepHol 1 paaranoHHoi 6e3onacHoctu Ha 2016-2020
roael 1 Ha nepuon 10 2030 roga».

OcHoBHast nenb co3zganus komiuiekca «RELTRAN» - obecrnieunth HaydHOE
000CHOBaHHE pabOT, HANPABICHHBIX HA pELIEHHE Mpo0ieM OOBEKTOB SJEPHOrO
HacJleIus. U CO3/aHUE MH(PPACTPYKTYpbl OE30MaCHOrO0 XpaHEHUs] U OKOHYATEJIbHOM
n3onaimu PAO.

Kommekc RELTRAN (RELease and TRANsport) npenHazHadeH Juisi penieHusI
3a7a4, CBA3AHHBIX C OOOCHOBAaHHMEM O€30MACHOCTH M OLIGHKOM BO3/IEHCTBUS Ha
OKpY>KaroIIyto cpeay oobekToB siaepHoro Hacnenus (OSIH) u mynkToB xpanenust PAO
U IIyHKTOB [NIyOMHHOro 3axopoHeHusi PAQO, kak B yCJIOBUSAX HOPMaJIbHOM
JKCIUTyaTallud, TaK M TpU aBapusX, Ui KOTOPBIX HE MCKIHOYAIOTCS BBIOPOCHI
palMOaKTUBHBIX BEILECTB B arMocdepy. B nepedens pemaeMbIxX 3a/1a4 BXOIAT 33a4l
OIICHKU TapaMeTpoB aTMOC(epHOro BbIOpOca, MOJAEIHPOBaHUE aTMOCHEPHOTO
NepeHoca PaJroaKkTUBHBIX BELIECTB, OLIEHKA MMapaMeTPOB PAIHAIMOHHON 0OCTAaHOBKH,
a TaKkKe IMPOBEIECHHE OLIEHOK HEOOXOMUMOCTH W 3(PPEKTUBHOCTH MEp 3aIIUTHI
HACEJICHUSL.

Jna cozmanmst xkomruiekca RELTRAN mmanupyercss mpoBecTr pabOThI 11O
CIICAYIOIIMM OCHOBHBIM HAIIPABJICHUSM: a) pa3paboTKa, BHEAPEHNUE U BepUUKAIHS
NPUOPHUTETHBIX (PU3MYECKUX M MATEMATUYECKUX Mojenel (POpMUPOBAHUS UCTOUHHKA
BbIOpOCa B aTMocdepy, pacpoCTpaHEHHs paIMOAKTUBHBIX BEUIECTB B aTMOCc(epe, nx
OCKJICHUS Ha MOACTUJIAIONTYIO MOBEPXHOCTh U OIICHKH /103 00JydeHust; 0) co3aHue
YHHUBEPCAJILHOTO ~ METEOPOJIOTMYECKOr0  OJIOKa, TMO3BOJIAIOIIEIO  HCIOJIb30BaTh
pa3uyHble TMOIXOAbl K OMPEAEICHUI0 METEOPOJIOTUYECKUX MapaMeTpoB (C yYETOM
COBPEMEHHBIX TMOAXOJ0B K PEUICHUIO 3TUX 3aJad M BHUJACHUS HUX Pa3BUTHA),
BIMSIOUIMX HAa KOHEYHBIM pe3ysbTar; B) pa3paboTKa MEXaHH3MOB IpEICTaBJICHUS
pe3yJbTaToOB pacueTa Jjs aHanu3a (rpaduyeckuil uaTepdeiic, aHanu3 pe3yibTaToB ¢
ucnosb3oBanneM coBpeMeHHOM [MC, 3kcnopT pe3ynbTaTroB i aHAIM3a B APYTUX
CHELMATU3UPOBAHHBIX MTPUIIOKEHUSIX ).

[Ipennonaraercsi, uto ctpykrypa komiuiekca RELTRAN (Puc.l), mo3Bonut
paboTaTh C HUM B HECKOJIBKUX PEXUMAX: HA JOKAJIbHOM KOMIIBIOTEPE IMOJIb30BATENS
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(YIpOLIEHHBIN ¢ TOYKH 3pEHUS] BO3MOXKHOCTEH pacueTa U KayecTBa MOJEIUPOBAHUS);
paclpesieseHHblil  PEeXUM € HCIOJIb30BAHUEM PECYpCOB BHYTPEHHEW CETH
HOJIb30BaTeNs (OpraHu3alys MOAACPKKH BBIUUCIUTEIBHBIX PECYPCOB, CTAOMIBHOCTD
U YCTOMYHMBOCTb PAOOTHI CUCTEMBI ONPEAEISETCS OpPraHU3alUE-110JIb30BaTENIEM);
paclpesieseHHblil  peXHM C  HCHOJb30BAHMEM  BBIUMCIHUTENBHBIX  PECYPCOB
pa3paboTurka (PeKUM MOAJEPHKKN).

B xommiekce RELTRAN OynyT peann3oBaHbl Clieayromye 0a3oBble MOJEIH:
IEPEHOC  paJMOaKTUBHBIX BELIECTB B arMocdepe (TpaHCIIOPTHAsE MOJEb),
METEOPOJIOTMYECKAsT M JIO3UMETpPUYECKas MoOjeNb. TpaHCIOpTHAs MoOAEnb OynaeTr
noctpoeHa Ha 6aze JlarpamkeBod Mojaend. MeTeopoJorHYeckre MoAeian OymyT
IpPE/CTaBICHbl MOJENISIMHM JBYX THUIOB: YIPOIIEHHAas M  IOJHOMAacIITaOHasl.
VYnpormennas moaens 6azupyercs Ha O6nuHckoit monmenu [ICA. TlomHomacirabnast
MOJIENIb  HCIIONIB3YyeT ruapoauHamuueckyro wmomens WRFEF ¢ ampom  ARW.
JlozumeTpuueckas MOZeb TOCTpoeHa Ha ocHoBe myOnukarmii MKP3 u pexomennarmit
MATI'ATD, ucnonszyembix B pamkax Tpedosanuii HPb-99/2009.

Kpome 06a30BbIX Mojenell B KOMIUIEKCE OYyIyT peall30BaHbl HOBBIE MOJAEIHU
(U3MUECKUX  SBJICHUM, TO3BOJIIOUIMX  YJIYyYUIMTh (PEHOMEHOJIOTHIO — aHaJIn3a
(opMHpOBaHMSI HCTOYHHMKOB BBIOpOCA pPaJMOAKTHBHBIX BelIECTB B armocdepy. K
TaKUM MOJICTISIM OTHOCATCS: (OpPMHUPOBAHWE HCTOYHMKA BBIOpOca B aTtMocdepy
paZlOAKTUBHBIX a3p0o30JIed B pPE3yJbTaTe€ BETPOBOTO IOIBEMA C IIOBEPXHOCTEH
NpoU3BONIBHONW  (popMBI; (opMUpOBaHHE WCTOUYHHKA BBIOpoca B aTMmocdepy
paZlMOAKTHBHBIX Ta30B W a’p030Ji€il Yepe3 BEHTWIALMOHHBIE CHUCTEMBI 3/1aHUN U
coopyxxenuit Ha OSH u mozens popmMupoBaHus UCTOYHHMKA BbIOpoca B arMocdepy
pPaZMOAKTUBHBIX ~ a3pO30JIEH  NpU IEMOHTAXE WM pa3pylIeHUH 3JaHUd U
COOPYKEHUH, 3arpsA3HEHHBIX PaJIMOAKTUBHBIMU BELIECTBAMH.
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5 8 [
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pacueTHblii 6.10K»

Pucynoxk 1 Cxema pa6otsl PITK «RELTRAN»

B nepuon no 2019 roma B pamkax pazpabotku komiuiekca RELTRAN mnpen-
MoJIaraeTcs MPOBECTH TIIyOOKYIO aganTaliio METEOPOJIOTHYECKOM M TPAHCIOPTHOM
MOJIEJIEH KOMIUIEKCa K OCOOCHHOCTSIM MECTHOCTH (METEOpOJIOTHUECcKasi 0OCTAaHOBKA U
naHamadT), B KOTOpOH pacmoniokeHbl npennpusitist ['ockoprniopaium «Pocatomy,
UMEIOIINE OOBEKTHI SIIEPHOTO HACIEIWS, MMyHKTHI XpaHeHHs Wik 3axoponeHus PAO.
Kpome storo mumanupyercsi mpoBecTd Bepru(UKAITMIO HOBBIX MOjeiel (hOpMUPOBAHUS
MCTOYHHKA BHIOPOCA PAaIMOAKTUBHBIX BEIIECTB B aTMoc(hepy Ha MpuMepax aBapuiHBIX
BBIOPOCOB UJIM BEIOPOCOB B YCIIOBUSIX HOPMAJILHOM IKCILTyaTalluy.
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