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CEKIIMSA
MPOEKTUPOBAHUE U DKCILTYATALUSI DHEPTOBJIOKOB ADC

VIK: 621.646

OIIBIT PASBPABOTKH TUATHOCTHYECKOI'O KOMIVIEKCA JJIA
CUCTEM YIPABJIEHUA U 3AIIIATHI PEAKTOPHOM YCTAHOBKH
BBJP-440

Aobunosa E.A., Bopoorés E.B., Kanamnnkos M.B., IIpbiTkoBa [I.A., AukoBuu /1. A.

Bonzooonckuil unsiceneprno-mexnuneckutl uncmumym — uauan Hayuonanwbnozo ucciedo8amenbckozo 10epHo2o
yrusepcumema « MU®HUy, 2. Boneooonck, Pocmoeéckas o6n., Poccus

PaboTa mocesiiieHa MPOMEKYTOYHBIM Pe3yiibTaTaM CO3JaHHs KOMIUICKCHONH HH(OPMAIIMOHHON CHCTEMBI
KOHTPOJISI TEXHUYECKOTO COCTOSIHHSI M PECYypPCHBIX XapaKTEPUCTUK TPHUBOJOB CHCTEM YIpPAaBICHHUS U
3alUTBl  YHEProONIOKOB peakTopHOil ycraHoBkn BBDOP-440. OmnuchiBacTcs anmapaTHbIi  COCTaB
pa3pabareiBaeMOll CHUCTEMBL. J[eMOHCTPHUPYIOTCSI pPE3yJAbTaThl HCIONB30BaHUA CHCTEMBI B paMKaxX
CTCHIOBBIX UCTIBITaHUH 00BekTa. [IprBOMUTCS TIepedeHb BBIABISIEMBIX Ne()EKTOB M MPUMEP OIMpPEICIICHUS
COCTOSIHUS TIPUBO/IA CCTEMBI yIIpaBleHHs U 3amuThl Trma APK.

Kniouesvie cnosa: npmarnoctuka obOopymoBanus ADC, nepeKT CHHXPOHHOTO JBHTATENA, NATIHK
TIOJIOKEHSI, PETHCTPALINS TUATHOCTHYECKUX CUTHAJIOB, CTCHOBEIC UCTIHITAHMS.

B kauectBe cucrem ynpaiaeHus U 3amuTbl (CY3) 3HeprobJOKOB PEaKTOPHOW YCTaHOBKH
BBOP-440 wucnons3yercs npuBoa tuna APK, koTopelil sBisercs YacTbi0 HCIOJIHUTEIBLHOTO
MEXaHHU3Ma CUCTEMbI ynpasiieHus U 3amuThl CY3 BOJO-BOASHOIO PEakTopa IOJ JABICHUEM THUIIA
BBOP-440 u npenHa3HaueH ISl MyCKa, PEryJUpOBaHUS MOIIHOCTH, KOMIEHCAIMU H30BITOYHOMN
PEaKTUBHOCTH M OCTAHOBKHM PEAKTOpa IIyTEM BBEICHMS B aKTUBHYIO 30HY WM BBIBEJCHHS U3 HEE
kaccet APK.

OnexTpomexanndeckuil mpuBo APK peeunoro tuna paccunTtaH Ha cpabaTbIBaHHE MPUBOJIA B
peXXrMe aBapuiHON 3aIlUThI ITyTEM 00ECTOUMBAHUS 3JIEKTPOABUTATEIIS U AIEKTPOMAarHnuTa, KOTOPbIi
OTKJIFOYAaeT KMHEMAaTUKy MPUBOJAA OT MOJABMXKHBIX YacTeil, nocie yero kaccera APK u nonsukHele
YacTH NPHUBOJA TMAJAI0T BHMU3 MO AceicTBUEeM cuibl TspkecTu. [lombem kaccer APK w3 akTuBHOM
30HBI BO3MOXEH TOJIBKO ITPH MOAAYE 3JIEKTPONUTAHUS Ha DJIEKTPOMArHUT U JIEKTPOIBUIaTENb.

[IpuBog APK nMeeT MHIYKTUBHBIA JATUYMK TOJIOKCHHS, MAIOIMIMK CUTHAIBI ISl WHIAUKAIIUU
MOJIOKEHUS KacCeThl B Mpejiesiax pabouero xoa v B KpaiHuX moyioskeHusx [1].

Tax, nns APK Ha mraTHOM cranesne KOHTPOIMPYIOTCS CIEAYIOLUE TapaMeTphl:

— COIIPOTUBIIEHUE U30JISLUH 2JIEKTPOMEXAHUUECKUX Y3JI0B IPUBOA;

—3amac xoJia oT HWxHero koHneuHoro Boikitouatesns (HKB) no nuxuero ynopa;

— yCUJIME NepEMELLEHNS TIOBUKHBIX YacTell MpuBoaa, cuemieHHoro ¢ APK;

—cpabaTbIBaHUE HIKHETO U BEPXHETro KOHeuHOoro BhikitouaTens (BKB);

—TOK 2JIEKTPOABUIaTEINS TP NIEPEMEILIEHNN IPUBOA;

—TOK JJIEKTPOABUTaTENS B TOPMO3HOM PEXKHIME;

—WHJUKALKA BCEX 30H JUCKPETHOIO OTCYETA HA MHAMKATOPE IyJIbTA CTAamels IPHU JBUKCHUU

MIPUBO/JIA;

—Bpems nepemenienus B pexume AP or HKB no BKB u o6patHo.

[TonobHass TexHOJOTUS MPOBEIEHUS NMPOLEAYpPhl KOHTPOJS B HACTOSALIMM MOMEHT SBIISETCS
ycTapeBIIeH n3-3a OOJIBIION JTOJU PYUYHBIX ONEpaluil MPH MPOBEACHUU U3MEPEHUN U (PUKCAIIMH UX
pe3yJIbTaTOB, a TAKXKE 3aTPYyAHEHUSI B XpAaHEHUH, IOUCKE U aHAJIN3€ JaHHbBIX.

Kommnekcnas mameputensHas cuctema CY3 (KUC CVY3) nmpennasnadeHa Juisi peuieHusi B
aBTOMATU3UPOBAHHOM PEKHUME CIECIYIOIINX 3aa4:

—OIIpeelIeHNEe TEXHUYECKOro cocTosiHusA mnpuBogoB CVY3 B yCIOBHSX HCIBITATEIBLHOTO

CTCHJA;



— OIpeIENIEHNE OCTATOUHBIX PECYPCHBIX XapaKTepUCTUK NpruBoaoB CY3;

—aBTomatu3anus (QyHKIui cOopa, XpaHeHHs, OO0paOOTKH, aHadM3a W TMPEICTABICHUS

KOMIUIEKCHOW HMH(OpMAIlM O TEXHUYECKOM COCTOSIHUM M PECYpPCHBIX XapaKTEePUCTHKAX

npuBosioB CY3.

B cocta cucrembr KUC CY3 BxoauT cieayromiee 000py10BaHHE:

a) 0a30BbIil MOJYJIb B BUJIE IEPCOHATILHOTO KOMITBIOTEPA;
0) MOOMJIBHBIN MOJYJIb B COCTaBE:

—0a30BbIH 0OJIOK;

— TaTYMK BUOPAIIUU C COCTMHUTEIHHBIM Ka0eneM;

—TOKOBBIC KJICIII C COCIMHUTEIIbLHBIM Kabesem (4 miT.);

—3a)KMMbI U3MEPUTEIIbHBIE U1 U3MEPEHUS HaNpsKeHUs (6 1IT.);

—OJIOK perucTpalyy CUrHajJoB JaTYMKOB MOJOKEHUS C 3aKUMaMU U3MepHUTeNbHbIMU (13 mT.);

TokoBbIE KIIEIIM JOJKHBI YCTAaHaBIMBATbCSl Ha TOKOBEIYIIHME JKUJIBI B COOTBETCTBHM C
MapKHUPOBKOI:

—«IF1», «IF2», «IF3» — TokoBeaymue kbl ¢a3 1-3 snekrpoaBurarerns;

—«IEM» — ToKOBeIy1Ias *Kujia KaTyIIKH 3JIeKTPOMarHura.

KoHTakTHBIEC 32KUMBI 17151 U3MEPEHHS HAIIPSHKEHUS JOJKHBI YCTaHABIIMBATHCS B COOTBETCTBUU
C MapKUPOBKOM:

—«UF1», «UF2 unu UF3» — mexda3Hoe HanpsKeHUE 3J€KTPOIBUTaTENs;

—«UEM+», «KUEM-» — HalpsKeHUE KaTyILLIKH JJIEKTPOMAarHuTa.

KoHTakTHBIE 3aXHMBI JUIsI HM3MEPEHUS HAMPSOKEHUS JaTYUKOB TOJOXKEHHS  JIOJKHBI
yCTaHABIMBATHCS B COOTBETCTBUU C MAPKUPOBKOMA:

— «UHKB» — HanpsikeHHe KaTylIKH JaTyuka 1nonoxeHus B 30He « HKB»;

—«UO0», «Ul», «U2», «U3», «Udx», «US», «Ub», «U7», «U8» , «U9», — HanpsizKeHHE KaTyIlIeK

IATYMKOB I10JIOKeHUS B 30Hax 0-9;

— «UBKB» — HanpshkeHHe KaTyIIKy JaTYuKa oJa0keHus B 30He « BKB»;

—«UCOM)» — ob11iee HarpsiKEHNE KaTyIIeK JaTYMKOB TTOJIOKEHUS.

ITpu crennoBbix ucnsiTanuax npuBoaa APK werseproro 61oka HBADC 29.09.2021 1. [3] Obna
nmpousBeneHa anpoOanusi uzMepurenbHblx kaHamoB KUC CVY3. beuin  3apeructpupoBaHbl
IuarHocTudeckue curHanbl. CurHansl Toka asurarens npuBona APK B Tpex ¢azax Obun
3apEeTUCTPUPOBAHBI TIPH IBMXKCHUH BBEPX U BHHU3. Pe3ynbTaTsl peICTaBICHBl HA pUCYHKE 1.
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Pucynox 1 — Pesynbrarsl 06paborku curaanoB Toka npusoga APK npu aBmkeHnn BBepx
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Pa3paboTan mpoekT METOAMKH, KOTOpas MO3BOJSET JOCTOBEPHO BBIIBUTH CIEAYIOIIME TpU
Kkiacca coctosHusi npuBojga APK [2]: moBbllleHHOE TpeHHWe;, yBEIWYEHHBIH OOKOBOW 3a30p B
nepenavyax peaykropa, AegekT aBurarens. B cooTBeTCTBUHM € METOAMKOW OBLIM TOJTyYEHBI
orubarole 1 CreKTpbl B Kaxa0i (ase, BHIYMCICHBI CpelHUE 3HAaYCHUs U pa3Max B Tpex ¢aszax. B
JAHHOM cllydae HaOJrofaercs OTKJIOHeHHe B curHane mnepBoil dassl (IF1), Bo3MoxkeH nedext
JIBUTATEJIS.

Taxum o6pazom, Ha Hactosiem dtamne pazpadotku KMC CY3 co3man KOMIUIEKC TEXHUYECKUX
CpeAcTB, 00ecneynBaroIUX PErUCTPALMIO U XpaHEHHE THarHocTHYecKoi nHpopmanuu. [pennoxen
MIPOEKT METOIMKH, oOecreunBaroleil BoIsBIeHHE Hanbosee 3HaYMMBbIX JedexkroB nmpusogoB CY3,
KOMIUIEKC TEXHHYECKHX CpEICTB ObUI ONpPOOOBaH IpH CTEHJOBBIX HcIbITaHUsAX npuBoga APK
yerBeproro 6nmoka HBADC. Curnanel, 3aperucTpupoBaHbl U WX MapaMeTpbl OyAyT HCIOIb30BaHBI
IpU MOCIEAYIOIIEM JHAarHOCTMPOBAHUM JIAHHOTO MPHBOAA Ul OTCIEXKHBAHUSA TEHJEHIUU
COCTOSIHMSI.
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Experience in Developing a Diagnostic Complex for the Control and Protection Systems of the

VVER-440 Reactor Facility

Abidova E.A., Vorobyov E.V., Kalashnikov M.V., Prytkova D.A., Yankovich D.A.

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University “MEPhI”,
Lenin St., 73/94, Volgodonsk, Rostov region, Russia
e-mail: nii_energomash@mail.ru

Abstract — The work is devoted to the intermediate results of creating an integrated information system
for monitoring the technical condition and resource characteristics of drives of control and protection
systems for power units of the VVER-440 reactor plant. The hardware composition of the developed
system is described. The results of using the system in the framework of bench tests of the object are
demonstrated. A list of detected defects and an example of determining the state of the drive of the
control and protection system of the ARK type are given.

Key words: NPP equipment diagnostics, synchronous motor defect, position sensor, registration of
diagnostic signals, bench tests.
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UCCJIEJOBAHUE OCTATOYHBIX HAMPSI)KEHUM B CBAPHBIX
COEIMHEHUAX QJIEKTPUYECKUM METO/IOM

AunBaxeta A.N.", Bekeros B.I'.™, lemounkuii A.E.”", Uanuii M.B.", Cypun B.L."

*Hayuonanvuwiii uccredosamenvckuii s0ephuviil ynueepcumem « MUDHy, 2. Mocksa, Poccus

“*Bonzodonckuii unsceneprno-mexuuyeckuti uncmumym HUSAY MU®HU, 2. Bonzodouck, Pocmoeckas 061., Poccus

IIpoBeneHBI HCCIeOBaHUS OCTATOYHBIX MEXaHWYECKHX HANpsDKEHUI B CBAPHBIX COCIMHEHHSIX 00pa3IoB
n3 cramu 12X18HI0T meromom ckaHupytomeil kontakTHOH moteHimomerpuu (CKIT). O6paszupl s
ucnbITanni 6putn cBapeHsl B JlazeproMm neatpe HUAY MU®U u cocrostmm M3 ABYX NOJOBHH IUIACTHH
pasmepamu 100x100x6 mm. IToroueduHoe pydHOE CKaHHPOBAaHHE IMOBEPXHOCTU CBAPHOIO COEIMHEHUS
BBITIOJTHEHO 110 BOCHMH MAapaJUIEIbHBIM H3MEPHUTENBHBIM JIOPO’KKaM C MOMOIIBIO Npeo0pa3oBaTelst U3
cramu Ct3 u aBroMaTH3npoBaHHBIM npuOopom Spectroelph FFR. IllupuHa moBepXHOCTH CKaHUPOBAHHS
CBapHOTo coeanHeHus cocraBisuia 20 MM. VcKyccTBeHHBIH HempoBap KOpHSA ObUI IOJIydeH B CBapHOM
COEIMHEHUH, IyTeM HapylIeHHUs TEXHOJIOTHH CBapku. Ha MOBEpXHOCTHBIX MOTEHIHOTpaMMax B 00JacTH
HempoBapa Ha ypoBHe ¢ukcaimmu SLS=4 HabmoganyM TOCHEeNOBaTeNbHBIM psSa  pediekcos,
COOTBETCTBYIOIINX BBICOKHM 3HA4YCHHSAM OCTAaTOYHBIX HampsokeHWH. Jlig  ycTpaHeHHs MOOOYHBIX
pediiekcoB, 00pa3yOmuXcs OT APYTHX YacTel CBAPHOTO IIBA, JOTOJHUTEIHHO MPUMEHSIN TpadudecKuit
MeTo 00pabOTKN pe3yabTaToOB. Y JaJeHHE ITyMOBBIX KOMIIOHEHT CHUTHANA JIOCTUTAJIOCh TaK)Ke METOIAMH
CHEKTPAIbHOTO aHAJIN3a. XapaKTep OCTATOYHBIX HANPSIKCHWH B CBAPHOM IIBE MCCIEAOBAIN MO (opMe H
npoTspKeHHOCTH obnacteit Cen Benana.

Knrouegwvie cnoea: 3HeKTpI/I‘{€CKI/Iﬁ Hepa3pyma}om1/n71 KOHTPOJIb, CKaHUpYyromias KOHTAaKTHas
MOTCHUMUOMETPUSA, KOHTPOJIb CBApPHLIX MHIBOB, MNOBCPXHOCTHAA MOTCHUOHUOIpaMMa, PYYHOC IMOTOYCUHOC
CKaHUPOBAHUC, BHYTPCHHHNC HANPSKCHUS, JIa3€PpHAA CBApKa, KOHTPOJIb TEXHOJIOTHYCCKOTO 060py;[03aH1/1${,
HCIPOBAp KOPHs, HEPIKABCIOIIAA CTAJIb.



OnsIT IpoBeaEHUS UCCIEN0BaHNUN cBapHbIX coeanHeHnid MeTogom CKII [1,2] mokassiBaer, 4To
B 00JIaCTM CBAapHOIO COEAMHEHHMs Ha MOTEHIMOrpaMMax BbISABIAETCS OOJbIIOE KOJIUYECTBO
CTPYKTYPHBIX HEOAHOPOIHOCTEH, KOTOpbIE MpHU SKCILIyaTallud IOTEHLMAIBbHO MOTYT CTaTh
aKTHUBHBIMU KOHILIEHTpaTOpaMH HampspkeHui. Hamu ycTaHOBIEHO, 4TO MO MOIIHOCTH HM3JIy4EHUs
BOJIH MEXaHWYECKUX HANpsHKEHUH Takue KOHIIEHTPATOPHl HauboJyiee OMAacHBI, €CIM OHH CBS3aHBI C
HerpoBapoM KopHs cBapHoro coeauHeHus (CC).

B atoii cBs3m, nposenensl uccienoBanus CC obpasnoB u3 cranu 12X18H10T. O6pa3is! 1is
ucnelTanuil Obutn cBapeHbl B JlazepHom nentpe HUAY MU®DU u cocrosinm u3 ABYX MOJOBUH
wiactud pazmepamu 100x100x6 mm. HempoBap kopHS ObII MCKYCCTBEHHO IOJIy4€H B CBapHOM
COEAMHEHUH, IIyTEeM HapylIeHHs] TEXHOJOTHH cBapku. Ha pucyHke 2 nokas3aH BHEIIHHUI BUJ TaKOTro
obpasua. Ha Teu1bHOM cTOpOHE (CIipaBa) B EHTPe 00pa3iia BUACH HEPOBAP KOPHSL.

Pucynok 1 — JlunieBas (cneBa) u ThulbHas (cIipaBa) cTopoHsl 00pasiia u3 crainu 12X18H10T ¢ npepsIBUCTHIM
HEeIMPOBapOM KOPHS

CkaHMpOBaHHE  TIOBEPXHOCTH  CBAapHOIO  COCIMHEHUS  BBIIOJHEHO C  ITOMOIIBIO
npeoOpazoBarens u3 cranu Ct3 u aBTOMaTu3upoBaHHBIM mpubopom Spectroelph FFR mo Bochmu
napajulelbHBIM ~ M3MEPHUTENbHBIM  JopoxkkaM. llupuHa o0nmacTm CKaHUPOBAHUS  CBAapHOTO
coequHeHust coctaBimsia 20 mm. M3mepurenbHas aopoxka Ned reoMeTpuyeckd pacroiodkeHa
HEMOCPEJCTBEHHO IO OCH CBApHOTrO coeluHeHHs. OTHOCUTENBHO BBICOKMH YpOBEHb (UKCAIMU
HerpoBapa (SLS=4) cBuaeTenbCcTByeT O BBICOKOM 3HAUEHWM OCTATOYHBIX HampspbkeHuid. Ha Bcex
MPEACTaBICHHBIX MOTEHIMOTpaMMax (pHc. 2), 0 OCH CBApHOTO coequHeHUs (opoxkka Ned) BHUIHEI
pediiekchl HE TOJBKO B 00JACTH HEMOCPEICTBEHHOTO HEMpoBapa, HO TaKke W OT JpPyrux
NPUCYTCTBYIOIIUX B CBApHOM COEIMHEHUM HEOJHOPOJHOCTEH. OTO yYCIOXHAET 3aaady
UIeHTH(OUKAIIMA  CTPYKTYPHBIX HEOTHOpOAHOCTeW. [lo3TOMy  JOMOJHUTENBHO MPUMEHSIICS
rpaguyYecKuii METOJ ONpeeIeHUsI KOOPAHHAT Ne(EeKTOB MO HaOII0JaeMBbIM I[BETOBBIM pediieKcam
Ha MOTEHIMOTpaMMaXx.

\HenpOBap/

Pucynox 2 — @oTo 00pasua ¢ HempoBapoM KOpPHS (BEpXHSSA 9acTh PHCYHKA) M MMOTEHIIMOTPAaMMBI, ITOCTPOSHHBIC IS
ypoBus pukcarmu SLS=1;4 u 5



[IpuMeHeHHE MOMOIHUTENLHOTO MeToAa OOpaOOTKH pe3yJbTaTOB IO3BOJIWIO JIE€TAIBHO
HCCJIEIOBATh TMPEPHIBUCTHIA HEMPOBApP KOPHSA, COCTOSIIIMM M3 HECKOJBKHUX OTHEIbHBIX YYacTKOB
(pucyHok 2). YnaneHue KOMIIOHEHTHI CHUTHaja OT MOOOYHBIX CTPYKTYPHBIX HEOIHOPOJHOCTEH
JIOCTUTAETCSl TaKKE€ METOJaMHu CHEeKTpalibHOro ananusa [3,4]. Xapaktep ACHCTBHS OCTAaTOYHBIX
Hanpsokenuit B CC uccnenoBanu o ¢popme u npotsokeHHocTr obnacreit Cen Benana.

*Pabora moxnmepxana Poccuiickum QoHIOM (QyHIaMEHTAIBHBIX HCCIEIOBAHWN M BBIACICHHBIM TPAHTOM IIO
nmoroBopy Ne19-08-00266/19 ot 10.01.2019.
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The Investigation of Residual Stresses in Welded Joints by the Electrical Method

Alvaheba A.1."1, Beketov V.G.™?, Dembitsky A.E."?, Ivaniy M.B."%, Surin V.1."1

“National Research Nuclear University MEPhI, Moscow, Russia
“Volgodonsk Engineering and Technology Institute, National Research Nuclear University MEPhI, Volgodonsk, Russia
te-mail: elphyslab@yandex.ru;
2e-mail: VGBeketov@mephi.ru

Abstract — The investigations of residual mechanical stresses in welded joints of specimens made of steel
12Kh18N10T were carried out by the method of scanning contact potentiometry (SCP). The test specimens
were welded at the NRNU MEPhI Laser Center and consisted of two halves of plates 100 x 100 x 6 mm in
size. Point-by-point manual scanning of the surface of the welded joint was performed along eight parallel
measuring tracks using a St 3 steel transducer and an automated Spectroelph FFR instrument. The width of
the scanning surface of the welded joint was 20 mm. Artificial lack of root penetration was obtained in a
welded joint by violating the welding technology. On the surface potentiograms in the area of lack of
penetration at the fixation level SLS=4, a successive series of reflections was observed corresponding to
high values of residual stresses. To eliminate side reflections formed from other parts of the weld, a
graphical method for processing the results was additionally used. The removal of noise signal components
was also achieved by spectral analysis methods. The nature of residual stresses in the weld was investigated
in terms of the shape and extent of the Saint VVenant regions.

Key words: electrical non-destructive testing, scanning contact potentiometry, weld seam testing, surface
potentiogram, manual point-by-point scanning, internal stresses, laser welding, process equipment testing,
root failure, stainless steel.
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MOIEJUPOBAHUE BJIMAHUA BHEILIHEI'O JIUAMETPA
TEINVIOBBIAEJIATIOHIETI'O JIEMEHTA HA KAMITAHUIO PEAKTOPA
KJIT-40C C IOMOUIBIO MCU-PTR

Beasscknii C.B.
Hayuonanenoiii Uccneoosamenvcrkuii Tomexuti Honumexuuueckuii Yuusepcumem, 2. Tomck, Poccus

B sT10if paboTe mpUBOIATCS Pe3yIbTAaTHl pacuéTa KaMIIaHWH Mauoro MonyipHOro peakropa KJIT-40C
MHOTOTPYTIITOBBIM METOZIOM, a Takke mpu nomoui MCU-PTR. Ilokazano, 4To pe3ynbTaThl, TOTyYCHHBIE
IPU TIOMOIIM MHOTOTPYIIIOBOTO pacuéra MalT pe3yilbTaThl, KOTOPBHIE MOXKHO HCIIOIb30BaTh Kak
NIEPBUYHYIO OLIEHKY 10 IpUMEHEHUs1 MeTo 0B MoHTe-Kapio.

Kniouegvie cnoea: Manblii MOIYJBbHBIH PeakTOp, BOJO-BOJSHOW peakTOp IOJ IaBICHUEM, KaMIIaHWs,
sepHoe TormBo, MonTe-Kapio, Beiropanue, ypas, TOpHit.

Manble MOJyJIbHBIE PEAKTOPbl SABISAIOTCS OJHUMHM M3 IEPENOBBIX HOBOBBEICHUH saepHOU
sHepretuku. HeGombiume rabapurhl, Manas MOIIHOCTb U TPaHCIOPTaOENbHOCTh — 3TO KJIHOUEBbIE
MIPEUMYLIECTBA PEAKTOPOB, MO3BOJIAIOIINE HMX TPAHCHOPTUPOBKY B OTHAJEHHBIE DPETHOHBI C
JIeLIEHTPaIM30BaHHbIM 3HeproodecneuenueM. Hampumep, B ropoxe IleBek ceifuac paboTaer
€IMHCTBEHHBIN B MHpE IUIaBy4Ynid sHepro0iok ¢ aeyms peakropamu KJIT-40C [1]. KJIT-40C — sto
pazButue texHosoruit KJIT-40 u KJIT-40M, npuMeHEHHbIX Ha SIACPHBIX JeAokonax TalMblp U
CeBMODITYTb.

KaMnanust siepHOro TOIUIMBA B CIIyyae MajblX MOJYJBHBIX PEAKTOPOB — OJMH M3 KIIIOUEBBIX
HSKOHOMHYECKMX mapaMeTpoB. OOecneunBas OOJNBIIYI0 KaMIIAHWIO TOIUIMBA, MOXHO CHH3HTH
4acTOTY MEPETPY3KHU CBEXKErO TOIUINBA.

CoBpeMEHHbIE AaKTHBHBIE 30Hbl MalbIX MOJAYJIbHBIX pEAKTOPOB — OYEHb CIIOXKHbBIE
reTepPOreHHbIe CTPYKTYpbI, TpeOyrolue Mpelu3HOHHBIX METOJ0B pELIeHHUs 3ajJad IepeHoca
n3nydeHus. OHAKO B MEPBUYHYIO OLIEHKY MOXKHO MPOBOJUTH M IMPH MOMOIIM MHOIOTPYIIIOBOIO
pacyéra.

Ienb ganHOM pabOTHl — CMOAEIMPOBATH TEIIOBBIALNAIONIYI0 cOopKy peakropa KJIT-40C nmpu
oMoty nporpammbl MCU-PTR [2] u, mpoBapbupoBaB JHUaMeTphbl TBAJ AJIS PA3INYHBIX TOTUIUBHBIX
KOMITO3UIMH, CPAaBHUTH C PE3yJIbTaTaMHA MHOI'OTPYIIIIOBOIO pacyéra.

Mognens Ternosbiaenstonieit coopku KJIT-40C npencraBieHa Ha pucyHke 1.

Pucynox 1 — Mogens TBC KJIT-40C 8 MCU Office

TBC npencraBisiercs Kak KOMOMHALMS U3 MPOCTHIX T'€OMETPUYECKUX Tesl (LMIUHAPHL s
TOIJIMBHBIX CEPJICUHUKOB M OOO0JIOUEK, a TaKKe NPAaBWIbHbIE LIECTUYTOJBHHUKH JUIS 4exjia W
3aMeTUTENs, OKPYIKAIOIIETo TeIJIOBBIICTAIOMME d1eMeHThl). B rereporennom pacuére MCU-PTR
BMECTO IIOJIHOW AaKTHUBHOM 30HBI MojenHpyercsi OeckoHeuHass pemerka TBC ¢ yreukoif,
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ompenenseMoil 3aJaHHbBIM T€OMETPHUECKUM OakiIMHroM. M3MeHeHHe HYKIUAHOTO COCTaBa
paccunTtsiBaetcs noanporpammoit BURNUP B cocrae MCU-PTR.

B wmHororpynmoBoM pacu€re mecturpanHas TBC 3aMeHseTcss IWIMHIPUYECKOH, a
KOHIIGHTPALMU 3JEMEHTOB IOJIBEPraroTcsl MpOLeAype T'OMOI€HU3aLUu JUIsl CHUXKEHUs 3(PQeKToB
reTEepOreHHOCTH. |'OMOreHHass akTHBHAsl 30Ha PACCUMTBIBAETCS M MHOTOTPYIIIOBBIM METOJIOM, U C
nomonisto MCU-PTR.

KOHIIOM KaMITaHWHM TOIUIMBA CYHMTACTCS MOMEHT BPEMEHH, KOrJa Kinf CTAHOBHUTCSI pPaBHBIM
enuHune. Ha pucynke 2 m3o0paskeHbl pacCUMTaHHBIE IBYMs METOJAaMHU 3aBUCUMOCTH KaMIaHUU
TOIIMBA OT BHELIHETO AUaMeTpa TBAJ JUIsl CTAHAAPTHON KOMITO3ULIUY.

1000 -
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<
2400 -
m-\
E 200 \ ‘ ‘ ‘ ‘
g 4 5 6 7 8 9
CS Buemnunii tuamMeTp TB3J1, MM

—o—Kammanus MCU 6e3 Gd, U235-U238 Kamnanus MI",U235-U238

PI/ICyHOK 2 — 3aBHCUMOCTH KaMIIaHHH TOILUTHBA OT BHEIITHETO JAnaMeTpa TBIJI I CTaH,I[apTHOﬁ KOMITIO3HMIITUH

Kak M0xHO BHIETh, 002 METOJa JAIOT CXOXHUN XapaKTep KPUBBIX, 4TO JAET YTBEPXKAATH O
IIPUMEHUMOCTH MHOTOTIPYIIIIOBOTO pacy€Ta sl HIEPBUYHOM OLEHKHU JUIUTEIbHOCTY KaMITaHUH.

*UccneoBanmre BBIMOIHEHO B pamMkax mpoekta PH® Ne22-39-00385 (https://rscf.ru/project/22-29-00385/).
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Simulation of the outer diameter effect on the fuel lifetime of KLT-40S reactor by means of
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Abstract — The results of the lifetime calculations for KLT-40S by means of multigroup and Monte-Carlo
methods are described in the paper. It is shown that the results gained by means of the multigroup method
can be used as the first approximation before applying Monte-Carlo-based software.

Key words: small modular reactors, pressurized water reactor, Monte-Carlo simulation, fuel lifetime,
nuclear fuel, fuel burnup, uranium, thorium, KLT-40S.
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PA3PABOTKA IIPOEKTOB SHEPTOKOMILJIEKCOB C A9C HA BA3E
SITEPHBIX PEAKTOPOB MAJIONH MOIITHOCTH U TAPOT'A30BBIX
TEXHOJIOI'UU
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Pa3paboTan aJiropuT™ CO3/1aHMs IIPOCKTOB JIEKTPUIECKOH YacTH HEPrOKOMILIEKCOB. [IpuBeieH BapuaHT
(hopMHUpPOBAHUS HEPTOKOMILIEKCA C ITAPOTAa30BON TEXHOJOTHEH B 3HEProOIIOKE aTOMHOM CTaHIMK Majlon
MomHOCTH (ACMM).  DHEprokoMImieKC  BKIIIO9aeT  MOXyibHBIH  peaktop  CBBP-100 ¢
KHUIKOMETAIUTNYECKAM TETIOHOCHTENIEM — CIUIABOM CBUHEN-BUCMYT MoutHOCThI0 100 MBT, sHEprobmoxu
€ Ta30TypOMHHBIMH YCTaHOBKaMH MoIIHOCTRI0 70 MBT kakmas u maporazoBoii ycraHoBkoii B 200 MBT. B
pe3yibTaTe pean3allii MPOEKTa OMNpEAeNIeHbl MapaMeTphl W THIBI OCHOBHOTO M KOMMYTAallHOHHOTO
NIEKTPOTEXHUIECKOTO  00OpYNOBAaHUS 3HEPrOKOMIUICKCA, IPEUIOKCHBI BapHUaHTBl CXEM BBbIJAuH
MOIIHOCTH W CXEMBbl COOCTBEHHBIX HYXJ 9HeprooysokoB. OO0OCHOBaHa BO3MOXKHOCTb CO3aHUs
TIEPCICKTUBHBIX SHCPIrOKOMIUICKCOB C MAapOra3oBbIMU TCXHOJIOTUAMHU U aTOMHBIMH JJICKTPOCTAHIUAMU C
SIIEPHBIMU peaKTOpaMH MaJIod MOIITHOCTH.

Kniouesvie cnoea: >HEPrOKOMILIEKCHI, SAIEpPHBIC PEAKTOPHI, I'a30TYpOMHHBIE YCTAHOBKH, Iapora3oBbIe
YCTaHOBKH, KOPOTKOE 3aMbIKaHHE, JICKTPOOOOPYI0BaHHE, STCKTPUUCCKUE CXEMBI, COOCTBCHHBIC HYKIIbI.

B nocnenHue necaTuieTvs A MOBBILEHUS HAIEXKHOCTU SHEProCHAOKEHMS, CHIKEHUS
MOTEPh DJIEKTPOSHEPTUU B JIMHHUSAX DIIEKTPOMEPENayd MPOCICKUBACTCS CTPEMIICHHE K OJIM3KOMY
pa3MEUICHHIO, a B HEKOTOPbIX CIydyasX K TEXHOJIOIMYECKOMY OOBbEIUHEHUIO0 Oa3uCHBIX
anekTpoctanuuii (TOC u ADC) u BricokomanéBpeHHbIx dekTpoctanuuil (I'DC u FADC, I'TY u
I[II'Y) B o»HeprokoMiiekcel [2,4], KOTOpbIE SIBISIIOTCS  TEPPUTOPUATBHO-TEXHUYECKUM
00bETMHEHNEM 3JIEKTPOCTAHIMI Pa3HOro THIIA.

Jisa pemieHus mpoOseM MaHEBPEHHOCTH, MOKPBITHS MUKOBBIX HArpy3oK MoTpeOuTenen
JIEKTPUUYECKON IHEPTUH, a TaKkKe oOecledeHns UX TeIIOBOM sHepruel Hanbosee mepcrneKTUBHBIM
SIBJISIETCSL MCTIOJb30BaHWE B JHEprokomiviekce coBmecTHo ¢ ACMM [1] ra3orypOuUHHBIX U
NaporazoBbIX TeXHOJOTUH. [TocKoNbKy 3TH 37€KTpOCTaHIIMU 00JIaZal0T BBICOKOW MaHEBPEHHOCTHIO,
TO OHH MOTYT CIYXUTh HUCTOYHHKAMHU HaAEKHOTO aBapUHHOTO M PE3EPBHOTO CHAOKEHMS
COOCTBEHHBIX HYX[ (C.H.) 2HeprooiokoB ADC.

N3BecTHBIE pa3pabOTKU HEKOTOPBIX MPOEKTOB YHEPTrOKOMIUIEKCOB [3] OTpa)katoT B OCHOBHOM
TEXHOJIOTHYECKHE OCOOCHHOCTH YCTAHOBKH, pa3pabOTKa 3JEKTPUYECKON 4acTH >HEProKOMILIEKCa
MIPaKTUYECKH HE paccMaTpuBajiach. B 3Toil CBA3M aKTyalbHBIM SBIsETCA pa3paboTKa peaybHbIX
IIPOEKTOB  JJIEKTPUYECKOM YacTH KOMIUIEKCOB C LEJIBI0 ONPENEICHHUs TEXHUYECKHX U
SKOHOMMYECKUX (PaKTOPOB, BIUSIOIIMX HAa BCEX dTANaxX WX peannu3alrii.

Jns  co3maHus  DHEPrOKOMIUIEKCA, PEKOMEHIYeTCsl alrOpUTM MpOeKTa  pa3paboTKH
ANEKTPUYECKOMN YaCTH SHEPTOKOMILIEKCA, COCTOSIIIIETO U3 CIEAYIOUINX ITAlOB:

e OIpeiesieHNe pacu€THOM MOIIIHOCTH YHEPTOKOMILIEKCa B pacCCMaTpUBaeMOM PErvoHe.

e OIIpe/ieJIeHNe CTPYKTYpPhl SHEPrOKOMILIEKCA: BHIOOp THIIA M YCTAHOBJIEHHOM MOIIHOCTH
peaktopa u TypOoreHeparopa sHeproosokoB ACMM, Tunma W MOITHOCTH Ta30BOM W TMapOBOM
TypOunsl u TypooreneparopoB I'TY u IITVY;

e pa3paboTKa CXeM BBbIJa4X MOLTHOCTH 3JIEKTPOCTAHIIUSIMH 3HEPrOKOMILIEKCA.

® CPaBHEHUE BApUAHTOB CXEM, PA3IMYAIOIIMXCS C IMO3ULUU HAAEKHOCTH U TNPUBEAEHHBIX
3arpar;

e oTIpe/IeJICHUE MOIITHOCTH TPaHCPOPMATOPOB M CXEM DJIEKTPOCHAOKEHUsI TOTpeOUTeNneH C.H.
NIEKTPOCTAHLIMN YHEPTOKOMIIIIEKCA;

e pacuy€t TokoB K3 110 y31am pa3inyHOro HaNpsHKEHUs B CXEME DHEPIOKOMIIIEKCA U B CUCTEME
ANEKTPOCHAOKEHUS MOTPEOUTENS IO U TOCTIE MOAKIIOYEHHS SHEPTOKOMILIEKCa;
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e KoOpaMHANKS ypoBHeW TOkoB K3 B HOBOM cucTeMe SIEKTPOCHAOXKEHHs, BBIOOD
IIEKTPOTEXHUYECKOTO 000Dy I0BAHMUS;

e onpezeneHue crnocoda mycka arperatoB ['TY, oGecrieuenue )KMBYUYECTH 3IEKTPOCTAHIIHIA.

Huxe npuBeneHbl HEKOTOpbIE peE3yNbTaThl Pa3paOOTKH IPOEKTa 3SJIEKTPUUYECKOM YacTH
SHEProKOMILIEKCa C IMapora3oBoil TexHooruei B sHeprodsioke ACMM.

ACMM Bxurouaet sanepHsiit peaktop CBBP-100, TemoBas momHocTs koToporo g0 280 MBT,
Y MapOoTypOMHHYIO YCTAaHOBKY 3JIeKTpuUeckoil MontHoCThI0 100 MBT. Moaynshslil peakrop CBBP-
100 Ha OBICTPBIX HEUTPOHAX CHPOCKTHPOBAH I PAOOTHI C KUIKOMETAITHUECKUM TETIJIOHOCUTEIIEM
— HBTEKTUYECKUM CIUIaBOM CBUHEL-BUCMYT B 3aMKHYTOM TOILJIMBHOM LIUKJIE.

Jannas TexHoiorus orpaboTaHa MPH SKCIUTyaTallMd TOJOOHBIX PEAKTOPOB HAa aTOMHBIX
noABOAHBIX Joakax Poccum, a mpoekt CBBP-100 B 3HaunTensHON Mepe OTBeuaeT TPeOOBaHMSM,
MPEABSIBISIEMBIM K COBPEMEHHBIM SIIEPHBIM SHEPTreTUYECKUM YCTAaHOBKAM.

B nanHoMm BapuaHTe 3HEPrOKOMILIEKCA pacCMaTpHUBAETCA MPUMEHEHHUE ABYX ra3oTypOMHHBIX
ycranoBok GE 6101FA enunuynoit momuocteio 70 MBt. DOnekrpuueckass MOILIHOCTh
NapoTypOMHHOTO arperara MpH TeMIlepaType Hapy»KHOro Bo3ayxa tys = 15°C cocTtaBuia
P, = 187,6 MBT (mapoBoii TypOune npucBoena mapkupoBka K-190-6.7). B urore o6masi MOITHOCTb
SHEProKOMILIEKca, KOTopoMy mpucBoeHa mapkupoBka [1I'Y-330-P, cocraBuser P = 328,1 MBT.

[Tpu sToM nonydeno 3nauenue sekrpudeckoro KIIJ[ 6pyTrTo ng P=45,39% [3].

Hus T'TY BwiOpan TtypOoreneparop T®PI-100-2V3, umeromuii HOMHHAIBLHYI) MOIIHOCTB
P uon=100 MBT u wnanpsokenue Uy, =10,5 kB, mi1s maporypOouHHOro 61oka — TypOoreHepatop
TI'B-200-2VY3, P,,,=200 MBT u Hanpsixerne U, ;o= 15,75 kB .

[Tpu dopMupOBaHUU CTPYKTYPHOM 3JIEKTpUUYECKON cxeMbl sHeprokomiuiekca I1I'Y 330-5P B
OCHOBY TOJIOXKEH OJ0YHBIA pHHIHUII (puc. 1): mapoTypOUHHEIN OJOK COCTOUT M3 TypOOTreHeparopa
TI'l (TI'B-200-2VY3) u 6aounoro tpanchopmaropa T1 (TL[-200000/220), Uun = 15,75 «B;
ra3oTypOuHHbIe OJOKHM BKJIO4atoT typOoreneparopel TI'l m TI2 (T®I-100-2Y3) u OGrounsle
tparchopmaropsr T2, T3 (TAL[-125000/220), Uun = 10,5 kB. MectHas Harpy3ka MOIIHOCTBHIO
20 MBr (P2), A-I" mu3ens — reaeparop, TITY- TupucTopHOE ITyCKOBOE YCTPOMCTBO.

Breimonuen pacuer TokoB K3 B Toukax K1-K3 (Tabn. 1) cxemsl sHeprokomiiekca (puc. 1) ans
BBIOOpA DIIEKTPOOOOPYTOBAHHS.

JI1

@ g2

PY 220 kB

PesepBHasi MarucTpaJjsb C.H.

Pucynoxk 1 — Cxema anekTpuyeckux coemHeHui sneprokomiuiekca ACMM u I'TY

Tabnuna 1 — Pesynprathl pacuéra TokoB K3

N DHEPTroKOMIUIEKC MOAKITIOUEH K .
Pacuérnas cxema ABTOHOMHBIH YHEPTOKOMILIEKC
SHEPTOCHCTEME
Pacuérnrie Touku K3 19, KA 100, KA 190, KA 100, KA
K1 10,29 2,31 4,74 2,30
K2 100,25 8,80 76,76 34,29
K3 94,06 44,83 81,57 38,01

13




CIIMCOK JINMTEPATYPBI

1. Kpymenvnuyxuu B. H. ObnacTi IpUMEHEHUS! PEaKTOPHBIX YCTAHOBOK MaJlod MOIIHOCTH. B KHUTE «ATOMHEIC
CTAaHIIMM MaJIoW MOIMHOCTH: HOBOE HAIpaBICHWE pa3BUTHsA SHepretuk»: 1.2 / mom pen. Axax. PAH
A.A. CapkucoBa.— M.: Axagem — [IpunT. C. 18-22.

2. Zhukov V. V., Pugachev R. V., Nyaware B. O. Energy complexes consisting of hydro and nuclear power
plants with low power reactors. The international Ural conference on Green Energy. 4-6 Octover,
Chelyabinsk, 2018. pp. 132-139.

3. Kacunoe B. @., [lyoonun A. A., T'ocnoouenxose M. B. DddeKkTHBHOCTb HCIOIB30BaHMS Mapora3oBOM
TexHonoruu B sHeproonoke ADC c¢ spepubsiM peakropom CBBP-100. Teruosnepereruxka, 2015, Ne 5. C.14-20

4. )Kyxos B. B., Oseukun A.B. IlepcriekTHBHBIC JHEPreTHYECKHE SHEPTOKOMILICKCH C MapOTra30BBIMHU
TEXHOJIOTHSMH W aTOMHBIMH 3JIEKTPOCTAHIIISMH C SICPHBIMU peakTopaMH Majiol MomrHocTH. Bectank MOU,
Ne6, 2019.— C.30-38.

Development of Projects of Power Complexes with Nuclear Power Plants Based on Low-Power
Nuclear Reactors and Combined-Cycle Technologies

Zhukov V.V, Shumilov A.V.2

National Research Institute “MPEI”’, Moscow, Russia
le-mail: zhukovww@mpei.ru
2e-mail: alex7454199@mail.ru

Abstract — An algorithm for creating projects of the electrical part of power complexes has been
developed. Variants of the formation of an energy complex with combined-cycle gas technology in the
ASMM power unit and power complexes of electrically connected GTU, CCGT and ASMM are
presented. Power complexes include a modular reactor SVBR-100 with a liquid metal coolant — lead-
bismuth alloy with a capacity of 100 MW, power units with gas turbine units with a capacity of 70 MW
each and a combined-cycle gas plant of 200 MW. As a result of the project implementation, the
parameters and types of the main and switching electrical equipment of the power complex (generators,
transformers, switches) were determined, variants of power output schemes and schemes of own needs of
power units were proposed. The possibility of creating promising power complexes with combined-cycle
gas technologies and nuclear power plants with low-power nuclear reactors is substantiated.

Key words: combined power supply systems, nuclear reactor units, gas-turbine installations, combined
cycle installations, short circuit, electrical equipment, electric schemes, auxiliaries.

VIK 621.039.587

MOJEPHU3ALINA YCTPOﬁgTBA JIOKAJIM3ALIUU PACIIVIABA JJIA
PEAKTOPHOU YCTAHOBKH BB2P-1200

Ko63es M.B., Cmoann A.1O.

Boneoodonckuii unoicenepro-mexuuneckuii uncmumym — ¢unuan Hayuonanvrnoeo ucciedosamenbckoeo s10epHoco
yuusepcumema « MUDUy, e. Boneooounck, Pocmosckas obx., Poccus

Jis aBapuil ¢ pa3pylIeHUEM aKTHBHOM 30HBI C MPOILIABIEHUEM JHMINA peakTopa B npoekrte PY BBOP-
1200 mpemycMOTpeHO YCTPOHCTBO Jokanu3anuu pacruiasa (YJIP). [lnst oxnaxkaeHus paciuiaBa Kopuyma B
cocraB YJIP BXomuT cucTeMa MOJAadydl OXJIAXKIAIOMIEH BOJBI, KOTOpas CpadaThIBaeT 3a CUET OTKPBITHA
KJIaTlaHa MoJla4yy BOABI. JlaHHBIN KilamaH MMeeT JOCTaTOYHO CIOXHYI0 W METAUIOEMKYI0 KOHCTPYKIIHIO,
JUI KOTOPOIl CyIIEeCTBYeT BEpOATHOCTH OTKa3a. B pabote paccmatpuBaercsa monepuusanus YJIP 3a cuer
N3MEHEHHs KOHCTPYKLHMH KJaaHa MOAa4Yd BOJBI Ha OoJjiee HAAEKHYI0 M MEHee MeTauloeMKkyro. Ha
OCHOBaHHMHM BXOJHBIX IAHHBIX CIIPOCKTHPOBAHA HOBAas KOHCTPYKIMS KiamaHa M paspaboTaHa pabouas
KOHCTPYKTOPCKasi JJOKyMEHTaIs ISl M3rOTOBJICHUsI 00opynoBanus. s npoBepku paboTocnocoOHOCTH
KJIaraHa pa3paboTaHa IporpaMma 1 MeTOIMKa NPUEeMO-CAaTOYHBIX UCIIBITAHHUH.

14



Knroueswie cnosa: BBOP, ycTpoiicTBO mOKanM3anuy pacIuiaBa, JIOBYIIKA paciiiaBa, 3allpOeKTHAs aBapws,
KOPHYM.

YCTpoHCTBO JIOKaNM3alMKM paciulaBa sIBISETCS 0OOPYIAOBAHMEM JUIsl JIOKAIM3AlMM aBapuu B
cinyyae 3anpoektHod aBapuu (3I1IA) c pacriaBieHHeM aKTHBHOH 30HBI, CIYXHUT JJIA NpUEMa M
OXJXKIEHUS KOPUYMa M HE JONYCKaeT BBIXOJA pAJAUOAKTUBHBIX MAaTEpUAOB 3a IPEACIbI
repmoo6Oosiouku. JlaHHast aBapus sBisieTcsi HanOonee onacHo# st ADC, MOCKOJBKY HapyIIaeTcs
IIEJIOCTHOCTh BCEX YETHIPEX OapbepoB 0E30MacCHOCTH, M BBIXOJ HAPYXKy PaJHOAKTUBHBIX BELICCTB
COCTaBJISIeT 3HAUMUTEIBHYIO OMAcCHOCTh Ui MepcoHana W HaceneHus. YJIP mos3Bosiser maccuBHO
coOparb BeCb KOPUYM B OJHOM MECTE€ M IPOU3BOJUTH €r0 OXJIAKICHUE U OTHOCUTEIBHYIO
nesaktuBanuio. B YJIP mpemycMmoTrpeHa cucrtema oxiaxiaeHus KopuyMa. JlaHHas cucrtema
IPUHLMIIAAIBHO OTJIMYAETCS OT HMEIOLIMXCSl CUCTEM OXJaxJeHus. B ee coctaB He BXOIAT
TEII00OMEHHUKH U TPYOONpPOBOJIBI, KaK 3TO MPUHATO Aisi OonbmmHcTBa cucteM Ha ADC. Boga
NOJAeTCs HampsMyl0 Ha pacIulaB, HArpeBaeTcs, HUCHapseTcs IMpH JaBJIEHUH, OJIM3KOM K
atMoc(epHOMYy, U Tap BMECTE C MPUHATON TEIUIOTOW OTBOAMUTCA OT KOPUYMa IO ClelUaTbHBIM
napornpoBogaM. Takum oOpa3oM, UIsi OpraHM3aldU OXJAKICHHS Kopuyma He Tpelyercs
YCTaHABIMBAaTh HACOChl. B cOCTaB CHCTEMBl OXJIaXJACHHUS BXOIAT KIamaH I[I0Jayd BOJbl U
TpyOOIPOBOIBI 10 Hero. JJaHHBIN KiTanaH UMeeT Psili HeJJOCTaTKoB (puc. 1):

1) KOHCTPYKIIMOHHO OH HMEET 2 MPYXHHBI, pacrojiararoliecs Ha OJHOW OCH, YTO KpaiiHe
HE)KEJIATENbHO C TOYKH 3PEHUSI MPOEKTUPOBAHMS, TaK KaK CIIOKHO C OOJBIION TOYHOCTBHIO
MpeJICKa3aTh UX MOBEICHUE MPU JAHHOM Pa3MEICHUY;

2) B KadecTBe pabouero MexaHu3Ma MPUMEHEHBI IPYKUHBI, IPH TOM YTO UX 00CITY)XKUBaHHE HE
IpelycMaTpUBaeTCs MPOEKTOM M MpU JIUTENBbHOM cxatuu (B nepcrnektuBe no0 100 mer)
BEPOSTHOCTh UX CpadaThIBAaHMsI CHU)KAETCS BBHY Je(OpMaIlii METalIa;

3) mamuuue GToOpoIrUTacTOBBIX MPOKIaaoK. [Ipu Temneparypax mopsiaka 200-300°C droporuiact
HAuMHAET TOPETh, a TeMIepaTypa cpadarbiBanus kianana cocraniser 500-600°C, uto MoxkeT
BBI3BATh «IPUKUIIAHNE)» MAaTEPUATIOB WU JTOCPOYHOE CpabaThiBaHUE KJIalaHa;

4) CIIOKHOCTH M OOJIbIIIAsT METANIOEMKOCTh KOHCTPYKIIMHU, U3 KOTOPOW BBITEKAIOT JOPOTOBH3HA
M3TOTOBJIEHHUS M1 MOHTAXKA.

Aeownnon kopnyc YINP

MyckoBO# MexaHuIm

PaGouuit mexaHnim

Pucynok 1 — KoHCTpyKkIHs KianaHa Moaqd BOJBI 10 MOJIEPHHU3AIIHI

Ha AO «ADM-texHonorun» AtoMman Obuta pa3paboTaHa HOBask KOHCTPYKLUS JUIsl JAHHOTO
KJIaraHa, KOTopasi UCKITOYaeT ONMMCAHHBIC BBIIIE HEJOCTATKH (pHC. 2).

OcraBneH OCHOBHOW NpPHUHLMUN cpaOaThIBaHUSI — 3a CYET pacIUIaBJICHUS MPUIIOSL, HO
KOHCTPYKLMSI TIOJHOCThIO H30aBieHa OT JOMOJHUTEIbHBIX MEXaHHW3MOB, KOTOpbIE MOTYT HeE
cpaborarb. Kitlanan cocTOUT U3 3ariylik, B KOTOPOI MCHOIb3YyeTCsl IPUIoN, TpEX TpyOOnpoBOOB,
(utaHIa U KPBILLIKHU, CIyXalled B kauecTBe QpuibTpa. TakuM o0pa3oM B ciiyyae paciulaBa aKTUBHOMN
30HBI C IPOIUIABJIEHUEM AHMILA KOpPUYM HauHeT moctynare B YJIP u HarpeBaTh ee Merasul, Ipu
JTOCTIOKeHUH TeMiiepaTypbl B 580°C mpurmoil pacriuiaBuTCs, U 3ariIylika OTIaeT, COPOCHB JaBJICHUE
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BO3Ayxa. Boxga HayHET mocTynathk 3a CYET THAPOCTATUYECKOTO JaBICHHs (M3-3a Mepernaja BBICOT).
Takum o00pa3om, JaHHYIO CHCTEMYy MOKHO CUHTATh ITOJHOCTBIO NACCHBHOM, TaK Kak s eé
cpabareiBaHusl HEe TpeOyeTCsl HUKAKUX JOMOTHUTENLHBIX BO3JACUCTBUI OT OllepaTopa U aBTOMATHKH.
MuHuMH3anUs  aKTHBHBIX ~ MEXaHH3MOB  COOTBETCTBYET  KOHCEPBAaTMBHOMY  TOAXOAY K
MPOEKTHUPOBaHUI0 000pynoBanus B coorsercTBuu ¢ HIT-001-15.
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PI/IcyHOK 2 - KOHCprKHI/Iﬂ KJIariaHa 1rmoJaavy BOAbl MOCJIC MOACPHU3ALINN

Jliia moaTBepKAeHUS paboTOCIIOCOOHOCTH KIlalaHa Mpu 3aJaHHbIX IPOEKTOM YCIIOBUSX, OblIa
pa3paboTaHa IporpamMma U METOAMKa MPUEMO-CAATOUYHBIX UCTIbITaHui. OHa BKJIIOYAeT ce0sl OrHEBbIE
WCIBITaHUS NPU Pa3IMyYHBIX JABJICHUAX BO3/ayXa B KianaHe. C MOMOIIBIO ClIEHUAIbHON YCTaHOBKU
KJIallaH HarpeBaercss A0 HeoOXOJIuMOW TemIeparypbl, KoTopas (uxcupyercs tepmonapoit. Ilpu
cpabaTpIBaHMM KJanaHa (pUKCHpyeTcsl Temreparypa, A0 koropoil Harpencs meramn KIIB. IMocie
IIPOBE/ICHUS IPUEMO-CIATOYHBIX UCTIBITAHUH JI€1at0TCs BBIBO/BI O paOOTOCIIOCOOHOCTH KIlallaHa.
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Modernization of the Melt Localization Device for the VVER-1200 Reactor Plant

Kobzev M.V.1, Smolin A.Y .2

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhI»,
Volgodonsk, Rostov region
te-mail: kobzevmiv@gmail.com
2g-mail: aysmolin@mephi.ru

Abstract — For accidents with the destruction of the core with the penetration of the bottom of the reactor
in the project RU VVER-1200, a melt localization device is provided. To cool the corium melt, the UKR
includes a cooling water supply system, which is triggered by opening the water supply valve. This valve
has a rather complex and metal-intensive design, for which there is a possibility of failure. The paper
considers the modernization of the ULR by changing the design of the water supply valve to a more
reliable and less metal-intensive one. Based on the input data, a new valve design was designed and
working design documentation for the manufacture of equipment was developed. To check the valve's
operability, a program and a method of acceptance tests have been developed.

Key words: VVER, melt localization device, melt trap, beyond design basis accident, corium.
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PEJKAMBI PACXOJIAJKUBAHUS PY BBOP-1000 YEPE3 BTOPOI
KOHTYP IIPY ECTECTBEHHOM IIUPKYJISAIIMU TEILVIOHOCHUTEJISA
INEPBOI'O KOHTYPA C OBPATHBIM TOKOM TEIIVIOHOCHUTEJIA B
TEIIVIOOTBOJAAIIUX ITETJIAX

Menwk J1.C.

Cesacmonoavckuti 2ocyoapcmeennulii ynusepcumem, 2. Cesacmonois, Poccus

B nmanHOW paboTe mpUBenEHBI pe3yNbTaThl MOICITHUPOBAHMS aBapHUUHBIX W IEPEXOIHBIX pPEXHMOB PV,
BBI3BAHHBIX YBEIMUCHHEM TEIUIOOTBOAA dEpe3 BTOpOH KOHTyp. [l BBHIMONHEHHUS pacdyeToB OblIa
pa3paboTaHa peanucTHYecKas pacdeTHas MoJenb PY ¢ KBa3U-TPEXMEPHBIM INPEACTaBICHHEM pEaKTopa
(Bwmouass aktuBHy0 30Hy u BKY) uw KJ. MogemupoBanue BBITIOTHEHO TPH  ITOMOIIH
terutoruapasiniaeckoil mporpaMmmbl RELAP5/Mod3.4. Ha ocHOBaHWY BBITIOTHEHHBIX PacYeTOB HOJTYYICHBI
pe3yJbTaThl, MO3BOJSIOIIUE CYIAWTh 00 OCOOCHHOCTSIX HEKOTOPBIX PEXHMMOB pacxoiaxuBaHus PY B
pexxume ELT nepBoro koHTypa. IIpuBeneHs! moapoOHble pe3yabTaThl pacdeToB. [loryueHHbIe pe3yabTaThl
MO3BOJISIIOT CeNIaTh BBIBOJBI 00 YCIIOBHAX YCTOWYMBOCTH PACCMOTPEHHBIX PEXHMOB. Pe3ynbTaThl MOTYT
OBITH UCIIONIB30BaHbI IS BBIOOpa pexuMoB pacxonakuanus PY B pexume ELT nepBoro koHTypa mpu
noTepe KOHTPOJIS HaJ JaBIEHHEM BTOPOTO KOHTYpa (HalpuMep, 0TKa3 peryysTopa pacxojaKuBaHUs depes
BPY K), xorma Hy>XHO MCKIIOYUTh BO3MOXKHOCTh BO3HUKHOBEHUS YCIOBUH TepMOyAapa MoJ JaBlIeHUEM
WK XOJIOJHON MEPEOIPECCOBKH KOPITyCca PeaKkTopa.

Kniouegvie cnosa: peakTopHas YCTAHOBKA, PEKHMbI DPACXOJKHMBAHHS, CCTECTBCHHAS IHPKYJISALUSI
TEIUTHOCUTENS, OOPATHBIA TOK TEIUIOHOCUTEJNSI, TEPMOYAAp MO/ JABICHUEM, XOJIOJIHAs MEePEONPEeCcCOBKa,
0€30IaCHOCTb.

Ha skcruryatupyemsix cerogaa ADC ¢ BBOP-1000 oTcyTCTBYIOT TEXHMYECKHE CPENCTBA,
no3Bouisgiomye 3p(HeKTUBHO NPEIOTBPATUTh TEpMOYAap Mo AaBieHueM. OCOOEHHO 3TO OTHOCUTCS K
YCIOBUSAM, KOTJAa MPOUCXOTUT OBICTPOE HEKOHTPOJIMPYEMOE 3aXOJaKUBAaHHE TEIIOHOCUTENS B
OoHOM My HeckoapkuX netisax 'IT: pa3peiBel maponpoBoI0B OCTPOro napa B Heorcekaemon ot I1I°
yacty, cpabarsiBanne CAO3 B/] unu I'E CAO3 npu otkmouennsix I'TIH.

IIpu ananu3e npoekTHOM aBapun «Pa3psIB maporpoBosa ocTporo napa B Heorcekaemoun ot [1I°
yacTH 0e3 HAJIOXKEHHUS BHEIIHEro OO0eCTOYMBAHMS HHEProOJoKa» OBLIO YCTAaHOBIEHO, YTO B
aBapUifHON IeTiie 3aKOHOMEPHO BO3HUKAET OOpaTHBIM TOK TEMJIOHOCHUTENs IEPBOr0 KOHTYpa,
COXPaHSIOMINNA yCTOMUMBOCTE U B JanbHemem, npu otkiaroueHuu Bcex I'IIH mo 6nokupoBkam. Ipu
3TOM, TEeMIIepaTypa TEIIOHOCUTENS B OIYCKHOW KaMepe peakTopa OCTAeTCsl JTOCTAaTOYHO BBICOKOM
(~170...200°C), a ckopocTh pacxoiaxuBaHus PV, naxe npu Hewzonsuuu apapuitHoro III' mo
MATBOJIE, OCTAETCS CYIIECTBEHHO HUXKE MpenenbHo gomyctumor (60°C/gac B TedeHue IJHOOBIX
HIOCJIEIOBATENBHBIX JBYX 4acoB) [1].

Kpome TOro, OBUIO yCTaHOBJIEHO, YTO YyKa3aHHbIH pexxuM c oOpatHbiM TokoMm EIIT B
TEIUIOOTBOJAIIEH MeTiie (MeTsX) MOXKHO JOCTaTOYHO JIETKO BOCIIPOM3BECTH, BBEHS 3alpeT Ha
3akpeiTie b3OK oxnoro u3 I1I°, obecneunB muutenpHy0 moanutky aanHoro I u orxmrouns 'ITH
netnu ganHoro 1IN (a mo 3aBepuienun BwiOera, Takxke Bcex octaBmuxcs I'I[H), a Takxke BbINOIHUB
JEKOMIIPECCUIO BTOPOT0 KOHTYypa OTKpbITHEM OT 1 110 4 BPVY.

CexTopHOE pa30MeHHEe ONYCKHOIO0 YydYacTKa peakTopa MPUMEHSUIOCh U TMpexae Ipu
UCCIICIOBAHUM BOIIPOCOB, CBSI3aHHBIX C MPOOJEMATUKON XOJOAHOM NEpeoNpeccoBKU  IOJ
JABJICHUEM, a TaK)K€ HEPaBHOMEPHOIO 3aXOJIaXMBAaHUS CTEHKHM KOpIyca peakTopa MpU pa3pbiBe
naponpoBoAoB mwiu cpabateiBanuu akTuBHOM yactu CAO3 wim I'E CAO3 [3].

[Ipy BBIOJIHEHWH TPEIBAPUTENBHBIX PACYETOB BBIACHUIOCH, YTO Ha PE3yJbTaThl
MOJICIIMPOBAHMS CYIIECTBEHHOE BIIMSHUE OKAa3bIBACT YYET PELUPKYJSIMU T/H MEpBOr0 KOHTYypa
BHYTPHU PEAKTOPA, TO €CTh HOJAIM3ALIMS KOPIyca peakTopa Kak TakoBoro, Bkitodas BKY.

[Ipu nmopa®oTke pacyeTHOW CXEeMbl, OCHOBHBIC HM3MEHEHHUS KOCHYJIHMCh BHYTPEHHEW YacTu
Koprmyca peaktopa — akTuBHOM 30HBI U BKY [2]. BmecTo kBa3u-ogHOMEpHOH, OblIa MpUMEHEHA
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pa3duBKa aKTHBHOM 30HBI Ha 9 MapajuleTIbHBIX KaHAJIOB, OJWH U3 KOTOPBIX (LeHTpanbHbIi, [19030)
conepxut 19 TBC, a octanpasie 8 (I'D ¢ 031 mo 038) — okpy:karonue EeHTPATbHBIA KaHAT CEKTOPHI
C a3UMYTaJIbHBIM yIJoM cuMMeTpun ~90°, KaKablii U3 KOTOpBIX cojepkuT no 18 TBC.

HcxonHbIM cOOBITHEM NPOEKTHOW aBapuu SIBISIETCS pa3pblB naponposoaa ojxHoro u3 IIIN B
HEOTCEKaeMOM 4YacTu. B KkadecTBe JONOJHUTEIBHOTO OTKa3a, IMPEIIOJIAraeTcsi HEOTCEYCHUE
aBapuiinoro I1I" mo mutBoze (ue3akpeiTue PI1O u PIITIO).

HavanbHble yciioBuA

B orinume OT CTaHZApPTHOTO PACCMOTPEHHs [aHHOM IIPOEKTHOW aBapuu, BHEIIHEE
obecTounBaHue SHEProdIoKa HE MOCTyaupyeTcs. Takum oOpa3oM, Ha HAYAILHOM dSTale aBapuul B
pabote ocrarorcs 06a TIIH, BIIOH u, uto ocobenno cymectBenno, ['TI[He1 HeaBapuitHBIX METEb.
Cucrema noanutku-npoayBku neporo koutypa (TK/TB) u cucrema Brpeicka B K]l oT cuctemsl
TK/TB taxxe paboTocrnocoOHa Ha BCEM MPOTSHIKEHUH aBapUMHOTO MpoIiecca.

PesyabTaTsl pacueros

Pa3peiB maponpoBosia B HEOTCEKAEMOM 4YacTH NPUBOAUT K PE3KOMY CHMIKEHHUIO IABJICHUS B
[II'-1. Ilpoucxomut ¢dopmupoBanue curHamoB A3-1, orkmouenus ['IIH-1 u 3akpeitus B30K-1.
[Tockonbky pa3peiB maponpoBojga Haxonutcs Mexnay I[II'-1 u B30OK-1, 3akpeitue B3OK-1 He
OKa3bIBAeT BIMSHMS Ha pa3BuTHE aBapuu. B pesynprate otxitouenus ['1IH-1, B metne 1 I'T nocine
25-1 ceKyH/Ipl yCTaHABIUBACTCS OOPATHBIN TOK T/H.

[Ipeanonaraercs, yto PITIO III'-1 He 3akpbiBaeTcst Mo OJIOKUPOBKAM U MPOAOIKAET PabOTy 1O
MOAJEP)KAHUIO ypoBHA KomioBod Boabl B III'-1. Jlo momeHnta Bpemenu ~100 cekyHn sTOMY
criocobcTByeT Takxke padora (Beiber) TITH. B mampreimem mommutka I1I'-1 ocymectBisercs 3a
CUeT 3aI1acoB BOJbI, OCTaBIIEHCS B TpyOONPOBOAAX MUTBO/BI.

B wuntepBane Bpemenu 50..65 cexyna mnocie MC npoucxoaut Takke MOCIEA0BATEIbHOE
orkimtoueHue ocranbHbix I'IIH. ITocne 1300-it cexynnabl aBapun 3akpsiBatorcss b3OK nmaponpoBoaos
I1I'-2,3,4. K momenty Bpemenu 250...300 cexynn nocine MC aBapum BbiOer I'LIH Bcex mnerens
3aBepmiaercs M B mepBoM KoHType ycraHaBiuBaeTcss ELIT. Tem He MeHee, oOpaTHbI TOK
TerioHocuTens pacxonoM ~180 kr/c B netiie 1 coxpansiercs. B To ke Bpems, pacxoa ELIT B nmetisax
2-4 B IpSMOM HAIpaBJIEHUM CHMXKAETCS MPAKTUYECKH 10 HyJs npuOmmxkeHHo K 980-i cekyHne
aBapuu M OCTaeTCsA TaKUM BIUIOTH 710 1560-1 cexyHbI, KOT/1a, B CUJIy CHHIYKEHHUS YPOBHS KOTJIOBOM
Bozbl B I1'-1, oOpaTHBIN TOK TEIJIOHOCUTENS MEPBOro KOHTypa B coorBeTcTBYyromed merae ['LIT
cpbiBaeTcs. YposeHb B [1I'-1 kK 3 ToMy MOMEHTY CHUXaeTcst 10 BenuyuHbl MeHee 0,9 M oT AHMIIA.

Pe3ysibTaThl BADHAHTHBIX PAacyeTOB aBApHHU C JJIUTEJIbHOM NOANUTKON aBapuiinoro 11T’

Kak nmokasanu pe3ynbraThl MOJAEIUPOBAHMS aBapHH C pa3pbIBOM MapoNpoBOja, OOpaTHBIN TOK
ELIT B aBapuiiHOM IeTi€ BO3HUKAET 3aKOHOMEPHO M YCTOWYMB JO TEX IIOp, IIOKA OTBOAMMAs B
aBapuiinbii [II' TenoBas MOIIHOCTH CYIIECTBEHHA, TO €CTh MOKa B aBapuiHOM III' coxpansercs
JIOCTaTOYHO BBICOKHUN YPOBEHb (3arac) KOTJIOBOW BOJIBI.

JUis mONTBEPKJIEHUSI 3TOTO BBIBOZAA OBLIM BBIIOJIHEHBI BAPUAHTHBIE PACUEThI C JJIUTEIbHON
NOANUTKOMN aBapuitHOro 11" 0T pa3nu4HbIX UICTOYHUKOB:

— ot BIIDH (B mpenmnonokeHuu, 4TO MCYEpIIaHUs 3araca BOJbI B Jiea’paTopax BCJEICTBUE
yHOCa mapa B Teub He mnpoucxoaut). BIIDHBI 3amyckaioTcs HEMEUIEHHO II0Cie OCTaHOBa
nocneanero TITH, PIITIO asapuitnoro III' paGoraer B pexume MNOAAEp>KaHUS HOMHUHAIBHOTO
YPOBHSI, HE 3aKpbIBasiCh MO OJIOKHMPOBKAM.

— ot AIIDH, nmoaxmroyaeMbIX ONEpPAaTUBHBIM IEPCOHAJIOM HEMEIJIEHHO IOCIE OTKIFOUYEHHUS
TIIH. PerynsTopsl mojayu aBapuiHOW NHUTBOABI TakXke pabOTAalOT B pPEXUME MOJJEpPKAHUSA
3ananHoro ypoBHsa B III'-1. Pannee monkmouenue AIIDH BbrIOpaHO U3 yClOBUS HE JOMYCTHUTH
CYLIECTBEHHYIO IpOCaiKy YypoBHA B aBapuiiHoM III'. u mnpenorBpatuTh TepMmMoyAap IO
TEII000MEHHOU TpyOUaTKe mpu nojade Boabl ot ATIOH.

BriBoabl

B pamkax nHacrosimiell paboThel paccuuTaHbl pekuMbl pacxonaxkuBanusg PY BBOP 1000/320
npu oMot RELAPS5/Mod3 .x.

BeinosHeHHBIE B JaJbHEHMIIEM  JONOJHHUTEIBHBIE PACUETHI IIOKA3aJIM, 4YTO PEKUM
pacxonaxxuBanust PY mpu oOpaTHOM TOKE TEIJIOHOCHUTEINS NMEPBOIO KOHTYPa MOXKET OBITh JIETKO
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pean30BaH ONEPaTUBHBIM IIEPCOHAJIOM U YCTOMYMB IIPU pacxosakuBaHuu PY depes oqny nemno, a
TAKXe 4epe3 2 MPOTUBOIOIOKHBIC METIIM MPHU YCIOBUM OTKpBITHS BceX bPY-K.

Takum 00pa3oM, paCCMOTPEHHBIE PEKHMBI MOTYT OBITH MCIIONB30BAaHBI JJISi PACXOJIAXKUBAHUS
PY ¢ nmnoTtHbIM IEpBBIM KOHTYpPOM WM MaJIbIMHA T€YaMU IEPBOTr0 KOHYpPa, KOMIIEHCHUPYEMBIMHU
paboToil cHCTeMBbl MOANUTKU-TIPONYBKH. LlenecooOpa3sHOCTh MOJOOHBIX PEKHMOB — HCKIIOUEHUE
XOJIOAHOM NEPEOoNpPecCOBKU KOpITyca peakTopa IOJ JaBJIECHUEM, a TaKKe TEPMOYZapoB Ha KOPILyC
peakTopa TMOA JaBlICHHEM, OCOOCHHO B Cllydyae YacTUYHON IMOTEPH KOHTPOJS Haj JaBlICHHEM
BTOPOT'0 KOHTYpa (0TKa3 perysiTopoB pacxonaxkuanus yepe3 bPY-K wnmu BPY-A).
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The Modes of NSSS WWER-1000 Cooldown Through the Secondary Circuit at the Conditions
of the Primary Coolant Natural Circulation with the Reverse Flow in the Heat Removing
Loops

Meniuk D.S.

Sevastopol State University, Sevastopol, Russia
e-mail: d.menyuk@mail.ru

Abstract — The results presented of modeling of the accidents modes caused by heat removing increase
with the accident affected secondary loops. The realistic model created with almost 3D representation of
the reactor including the core and above structures and also almost 3D Pressurizer model. Modeling
performed using the RELAP5/Mod3.4 code. Based on the performed calculations the results obtained,
which allow considering some peculiarities of some modes of NSSS cooldown on the conditions of
primary coolant NC. The detailed results of calculations given. The results obtained allow considering the
conditions of the stability thouse modes. The results can be used at the choice of modes of NSSS primary
cooldown at the conditions of the partial loss of control on the secondary pressure, i.e. BRU-K cooldown
controller failure, when it is necessary to eliminate the possibility of pressure thermal shock or cold
overpressure on the reactor vessel.

Key words: nuclear steam supply system, cooldown modes, coolant natural circulation, reversal coolant
flow, pressurized thermal shock, cold overpressure, safety.
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COINIOCTABUTEJBHBIN AHAJIA3 BBITOPAIOIIUX MOTIJIOTUTEJIEHR
HEUTPOHOB HA OCHOBE 2PbUSA U I'AJOJINMHUSA B PEAKTOPAX
THUIIA BBIP C YVIMHEHHBIMU KAMITAHUAMUAU

My3agapos A.P., CaBangep B.U.
Hayuonanvnwtii ucciedosamenvcxuti ssoephuiil ynusepcumem « MUDHy, o. Mockea, Poccus

B pabore mpexacraBmena ympomeHHas moaens TBC ¢ HECKONIBKMMH CXE€MaMH pa3MEIICHHSIMH U C
PasTMYHBIMHA KOHIIEHTPALMSIMH BBITOPAIONIMX MOTJOTHTENCH (TafOoMHMHUM M 3pOuil) 111 KOMIECHCALUU
M30BITOYHON PEaKTUBHOCTH, BO3HUKAIOIIEH TPHU 3arpy3ke CBEXEro TOIUINBA, B peakTope Turna BBOP mpu
1,5 ronn4HON KaMNaHUM C TPEXKPATHOW meperpys3koil. Ha ocHOBe MoJyueHHBIX JaHHBIX aHATU3UPYETCS
BIMSHUE U KOHLEHTpAIMs BBIFOPAOIINX MOIJIOTUTENEH, Ha MAaKCHUMalbHYI BEJIMYMHY 3amaca
PEaKTUBHOCTH, KOMIICHCUPYEMYIO CHCTEMOH OOPHOTO PeryJIMpOBaHMSI.
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Krrouesvie cnosa: Buiropatonit  mormorurens (BIT), momwmsiaetika, BBOP, Cepnenr, cucrema
KHUJIKOCTHOTO PEerynupoBaHus, Kodp¢urmeHt pasmHoxeHUs (K.), M30bITOUHAs peakTHBHOCTH, TBATH,
TBOJIBL.

B peakropax tuna BBOP B Hacrosiiee BpeMsl IpUMEHSIOTCS YaCTUYHBIE IEPETPY3KU TOILIMBA
C YUIMHEHHBIMHM KAMIAaHUSIMU C JUIMTEJIBHOCTBIO B 1.5 roja, a B 1ajgpHENIIEM BO3MOXKEH MEPEXO] U
Ha 2-X rofauuHble kKammanuu [1]. ObecneueHne TakuxX KaMHaHuii TpeOyeT 3aMEeTHOTO MOBBIIICHUS
HAYaJIbHOTO 3araca PeaKTUBHOCTH TOILTUBHOM 3arpy3Ku, KOTOPOE JI0JDKHO OBITh CKOMIEHCHPOBAHO
JEHCTBYIONIEH CUCTEMOW KOMITICHCAIIMH M30BITOYHON PEaKTUBHOCTH. DTa CHCTEMa BKIIFOYAET B CeOs
KaK HJIKOCTHYIO CUCTEMY, OCHOBAHHYIO Ha PACTBOPEHHMH B TEIUIOHOCUTETIE OOPHOTO MOTIOTHTEIIS,
TaK U CHUCTEMY BBIFOPAIOIIMX [OIVIOTUTEIEH, B KadeCTBE KOTOPOrO BBICTYNAET MPUPOIHBIN
raJoJMHUNA, O00JaNalonMii BBICOKMM CEYCHMEM IOTJIOUICHUS TEIUIOBBIX HEHTPOHOB. ITOT
MOTJIOTUTENb UHTEIPUPOBAH B TBAJIBI (TBATH).

XKunkocTHas cucreMa HMEET OrpaHHYEHHS 110 KOHIIEHTPAIUK 00pa, IIOCKOIBKY 00p OKa3bIBaeT
HEraTUBHOE BIIMSHUE HA IJIOTHOCTHOM Kod((dulMeHT peakTUBHOCTH TerioHocuTens. Kpome Ttoro,
IIPH KUJKOCTHOM PETYJIMPOBAHUU 3araca peakTUBHOCTH B TeueHne kammanuu Ha ADC oOpasyercs
00JbIIOE KOJUYECTBO €JIa00 aKTUBHBIX KUAKUX PAJAMOAKTUBHBIX OTXOJOB. A TpH YBEIHMYECHUU
KOJIMYECTBA TBATOB CHM)KAETCs OOOraiieHue ypaHa, MCIOJIb3yEMOIO0 B TBAraX, YTO INPUBOAUT K
HEKOTOPOMY CHW)KEHHIO CpPEIHEr0 BBITOPaHUs BBIIPYKAEMOIO TOIUIMBA U yBEJIMYHUBACTCS
KodQpuIHeHT HepaBHOMEepHOCTH dHeproBoienenus B TBC [2].

B Poccum Ha peaktopax PBMK npumensiercs Gosiee ciraOblii MOTIOTUTETh HEHTPOHOB dPOUH.
EcTtecTBeHHO Mccen0BaTh BO3MOKHOCTh HCIOJIb30BAHUS TaKOTO BBITOPAIOIIErO MOTJIOTUTENS AJIs
KOMITEHCAIIMN M30BITOYHONM peakTUBHOCTH B peakTopax tuna BBOP [3]. ITockonbky 3T0 cnabbrit
MOTJIOTHTENb, TO €r0 MOXHO pa3MellaTh BO BCEX TBIJNAX 0€3 M3MEHEHHUs OOOTalleHWs ypaHa U B
3TOM CiIy4ae OH He OyJIeT OKa3bIBaTh BIMSHUS HA HEPABHOMEPHOCTH SHeproBuiaenenus B TBC.

B nanHOM coOOIIEHNM MpeACTaBIEHbl PAaCUETHBIE PE3yJbTAaThl COMOCTABUTEIHLHOIO aHAJIN3a
JUIs 3TUX JIBYX BBIFOPAIOIIUX TOIJIOTUTENEH MPUPOJHOro TrajoiuHus U 3pOus. Pacuers
npopogwinck st TBC peaktopa BBOP-1200 B pamkax ymopoIIeHHOW MOJAETH YaCTUYHBIX
Neperpy3oK, a UMEHHO: neperpy3ku 6e3 nepectaHoBok TBC B akTuBHOH 30He peaktopa. Pacuer
n3menenus Koo ¢ Beiropanuem nposoaunuck mno nporpamme CEPIIEHT (2.1.32) ¢ ucnonbs3zoBanuem
oubmuotekn simepHbiX ganHbix ENDFD7. I'maBHOoe BHHMMaHHe B pacyeTHBIX HCCIIEIOBAHUSIX
YAENAI0Ch CHUKEHUIO JI0JIM OOIIEro 3amaca peakTUBHOCTU PEaTU3yeMON C MOMOIIBIO KUAKOCTHOM
CHCTEMBI PErYJIMPOBAHUS, YTO JOJKHO CYIIECTBEHHO cokpaTuTh 00beM HA XKPO.
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Abstract — The paper presents a simplified model of fuel assemblies with several placing schemes and
with different concentrations of burnable poisons (gadolinium and erbium) to compensate for the excess
reactivity that occurs when loading fresh fuel in a VVER-type reactor with a 1.5-year campaign with a
triple refueling. Based on the data obtained, the influence and concentration of burnable poisons on the
maximum value of the reactivity margin compensated by the boron control system is analyzed.

Key words: Burnable poison (BP), polycell, VVER, Serpent, the liquid system of regulation, multiplication
factor (K.), excess reactivity, fuel rods with burnable absorber, fuel rod.
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KOHTPOJIb CBAPHBIX IIIBOB Y PE3bEOBBIX OTBEPCTHUI
QJIEKTPUYECKUM METOJOM
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[TokazaHo, 4TO MpUMEHEHHE Pa3padOTaHHONH METOJUKH ITOTOYEYHOTO CKAHUPOBAaHHS OKOJIO HMIOBHBIX 30H
CBapHBIX COEIUHEHUI TO3BOJSET C MOMOIIBIO 3JIEKTPUYECKUX METOAOB HEpa3pyIIAIOIIero KOHTPOJISA
JETAIPHO  HCCIEAOBATH CTPYKTYpy CBapHOTO IIBa, BBIABIAA HAIMYME MHKPOCKOIMYECKHX
HEOZHOpOAHOCTEH. B 3TOM cityyae Ha OTeHIMOrpaMMe OTOOpaskaeTCsi HEOJHOPOJHOE TT0JIE OCTATOUHBIX
HanpsoKeHUi B 00beMe oOpasia Wi, Tak HasbiBaeMble, oonactn Cen Benana. Otn obnactu M3mydaroT
BOJHBI MEXaHMYECKHX HampspkeHu (nedopmanmii) W NpUBOAAT K HM3MEHEHUSM aMIUIUTYBI
KOHTPOJIMPYEMOro cHurHana. JIoKaJn30BaHHBIE MHUKPOCKOIMYECKHE HEOJHOPOJHOCTH PA3JEISIOTCS MO
MOIIHOCTH M3IIy4eHHs, B pe3yJIbTare 4ero IBETOBbIE raMMbl Pe(UIEKCOB pasiuyarorcs mo ¢GopMe H
OKpacKke Ha pa3HBIX YpOBHAX ¢ukcanuud. Kpome 3TOro, MeTroioM CKaHHpPYIOIIeH KOHTAKTHOM
noteHrmomerpun (CKII) mccienoBaH cTambHON IMIHMHIpUYECKHH oOpasen ¢ TIyXHMH pPe3bOOBBIMHU
OTBEPCTUSIMH Ha TIOBEPXHOCTH. Py4yHOe TOTOYeYHOE CKaHMPOBAaHHE BBINOJHEHO 1O 19-TH
W3MEPUTENIFHBIM J0PO’KKaM IIINHAPHYECKON MOBEPXHOCTH C MOMOIIBI0 METHOTO MpeoOpa3oBaTess Ha
6a3e nnuHOM 50 MM.

Kniouegvie  cnosa:  dnEKTpUUYECKMH  HepaspylIalOMIMH  KOHTPOJb, CKAaHUPYIOIIAs  KOHTaKTHAs
MOTEHIIIOMETPHUS, KOHTPOJIb CBAapHBIX IIBOB, MOBEPXHOCTHAs IOTEHIMOTPAaMMa, PYYHOE HOTOYEHHOE
CKaHMPOBAaHHWE, OCTATOYHBIE HAIIPSHKEHHsI, 001aCTH HEOAHOPOAHBIX HanpshkeHni Cen Benana, KOHTpoIb
Pe3b0OBBIX OTBEPCTHH, CTPYKTYPHBIH YPOBEHb (PMKCAIMN, KOHTPOJIb 3aTSKKH PE3b00BOTO COEMHEHNS.

[Ipy BHIMONHEHWHM TMJIAHOBBIX pPAa0OT MO HCIOJB30BAHUIO OJEKTPUUECKUX METO/OB
HEpa3pyLIAONIEro KOHTPOJISI B 3aBOJACKHUX YCHOBUSIX, B AO «ADM TtexHONOrMu «ATOMMAID»
r. BonrogoHck, uccienoBansl 00pasibl CO CBAPHBIME IIIBAMU U Pe3bOOBBIMH OTBEPCTHSMHU.

OOBIYHO UTS TTOTyYEHUs] HeOOXOMUMOW WH(POpPMAIMK O KauyecTBE CBAPHOTO IIBA MPOBOIST
WCCJICIOBAHMSI MUKPOCTPYKTYpP CBapUBAEMBIX MATEPUAIOB C MOMOIIBIO AJIEKTPOHHOTO MHUKPOCKOIIA
B Heckonmbkux Toukax. Meromx CKII mo3Bossier momydars Oosiee oOmMUpHYH HHPOpMANUIO HE
TOJILKO B HECKOJBKHUX TOYKaX, HO U BO BCeM OOBEME CBApHOTO IIBa W B MPHJIETAIONIICH OKOJIO
IOBHOI 30He [1, 2].

Pa3paborana meroanka pyYyHOrO MOTOYEYHOTO CKAHUPOBAHMS TIJIOCKMX CBAapHBIX IIBOB C
MOCTPOCHUEM TPO(HUIBLHBIX KPUBOJWHEHHBIX MOTEHIIMOTPAMM M 30HHO-TIOBEPXHOCTHOTO aHaJIH3a.
Ha ocHoBe pa3paboTaHHOW METOAMKH MPOBEACHBI MOTOYEUHBIE HM3MEPEHHUsS IIJIOCKOTO CBAapHOTO
coequHenuss (CC) wmeromom CKII [3,4] ¢ mDOMOIIbIO METHOTO  AJIEKTPOPUINYECKOTO
npeoOpasoBarens. OOpa3zer; ObIT CBapeH M3 ABYX CTalbHbIX OpyckoB: crtamu 08X18H10T (neBas
4acTh 00pa3iia) W HHU3KOJErupoBaHHOW ctamu 20 ¢ MEepexOoJHOW HarulaBKoOW (IpaBas dacTh).
[lepexonnasi ABycioiiHash HaruiaBka BbimoniHeHa W3 cranu 10X16H25AM6 (mepBbiit cioil) u
04X19H11M3 (BTopoii cioit). [Ipumenstach aBToMaTH4eCKasi cBapka 1moj cioeM (iroca. CBapHOM
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IIIOB TaKXe BBIIIOJHEH aBTOMaTH4ecKoi cBapkoit u3 cranm 04X19H11M3 nox cnoem ¢daroca. Ilocne

00paboTKHU 1IepOX0BATOCTh paboueii moBepxHoCcTH cocTabsna Ra=3.2.

JU1si CUHXpOHU3AMKY U3MEPEHUN HCIIOIb30BANIM 3ByKOBOM JJIEKTPOHHBIM MeTpoHOM. Kiemma
«Maccay EKTPOPU3NYECKOro AaTyhKa Obliia MOICOeIMHEHA K TTOBEPXHOCTH CTAIIbHOTO OCHOBAHUS,
Ha KOTOPOM yCTaHaBJIMBAICA oOpaszen. MexaHM4YecKoe MepeMEelIeHHE AaTYMKa IO MOBEPXHOCTH
o0pa3ia OCYIIECTBISUIH O JIECATH U3MEPHUTENbHBIM J10pokKaM. CpelHssi CKOPOCTh CKaHUPOBAHUS
cocTaBisiia 2-3 MM/C, AT CKAaHUPOBAHMS U3MEHSUICS B TIpeiesax OT 2 10 4 MM.

[To pe3synpratam m3MepeHU MOCTPOEHBI KPUBOJMHEHHBIE MOTeHIIMOrpaMMbl. Ha pucynke 1
CPaBHMBAIOTCSI HEKOTOPBIE JIETAIM KPUBOJIMHEWHOM MOTEHIIMOrpaMMbl U poTorpaduu odpasua. Eciu
Ha ¢ororpaduu BUIHBI JIE€Tald pa3pe3a CBApHOIO IIBa, TO HAa MOTEHIMOrpaMME MOXXHO BUICTbH
MHOTOYUCJICHHBIE ~ CTPYKTYypHbIE  HEOJAHOPOIHOCTH, OTOOpakaloliue HEOJHOPOJHOE  IOJIe
OCTaTOYHBIX HANpsDKEHUH B 00beMe oOpaslia Wid, Tak Ha3biBaeMmble, obnacti Cen Benana. O6nactu
CYILIECTBYIOT B KBa3UCTAlMOHAPHOM COCTOSIHUM M M3Jy4YarOT BOJIHBI MEXaHMYECKUX HapsHKEHHUH
(medbopmanmii). CTpyKTYypHBIE HEOJHOPOTHOCTH PA3NEISIFOTCS 110 MOIIMHOCTH W3IydYeHHs, B
pe3ysbTare 4Yero IBETOBbIE pedeKChl pa3indaioTcs Mo (GopMe U OKpacke Ha Pa3HBIX YPOBHAX
¢ukcarmu. Ha moreHmporpamMme Mbl BHIMM OJHOMOMEHTHBIH WIIM «MTHOBEHHBIH» CHHMOK
U3IydYeHUsT YOpYyrux BOJH B oObeme oOpasma. Ha Bcex wuccnemoBaHHBIX YPOBHAX (hUKcaluu
(SLS = 2;2,824,3;3,155;3,398;3,945;4,4,086;4,252;4,509;5) OCTaTOYHEIE HATPSDKCHUS,
MPUCYTCTBYIOIINE B PA3IUYHBIX 4acTsIX oOpas3la, 3aMETHO OTJIMYAIOTCSA JAPYr OT JApyra, Kak IO
3HaKy, TaK U 1Mo cBoe BennunHe. [lokazaHbl HECKOJIBKO XapaKTEPHBIX 00sacTel, 00pa30BaBIINXCS B
npouecce cBapkd. C J1eBOMl CTOPOHBI MOTEHIMOTPAMMBI MPUCYTCTBYIOT OOIIMPHBIE MSATHA CHHE-
rOJIyOBIX TOHOB, XapaKTEPU3YIOIIUX JACHCTBUE COKMMAIONINX HAINPsDKEHHUM B 3TOHW 4acTH oOpasmna. B
MpaBoi YacTH MbI BHUIUM OOJbIIEe KOJIMYECTBO KPACHO-KEITHIX TOHOB, OTHOCSIIMXCSA K
MHUKpPOOOBEMaM, B KOTOPBIX JEHCTBYIOT pacTAruBaromye HanpsokeHus. C yBennyeHHeM 3HaueHHH
SLS otdunbTpoBbIiBatOTCS HanOOIeEe MOIIIHBIE IO MHTEHCUBHOCTH M3ITyUY€HUS! HCTOYHUKU Ha JTaHHOM
YPOBHE, TEM CaMbIM MOSBIISETCS BO3MOXXHOCTh HAOJIOJATh pAacIpe/ieIeHMEe MEHEE MOILIHBIX I10
MHTCHCUBHOCTH W3IY4YEHHUsS MCTOYHUKOB M Ooiee TIIyOOKO pPACHOJOXKEHHBIX OT IMOBEPXHOCTH
neeKToB.

Pucynok 1 — ITorenuuorpamma mist yposas ¢pukcarwn SLS = 3,301 (B BepxHeit yactn) u ¢poTo odpasiia (HIKHIS 9acTh):
1 — cBapHoii mOB; 2 M 3 — IByXCJOWHAs HaTUIaBKa; 4 — yacTh o0pasna u3 craiu 20; 5 — yacTh 00pasia u3 CTanu
08X18HI10T

Heo0xoauMo OTMETHTHh BaKHOCTH Pa3pa0OTaHHOW METOAMKH M C TOYKH 3PEHHs] CPaBHEHUS
pe3yabTaTOB MeTauiorpaduaeckoro anaimsa (M3roToBiaeHHbIX nUTHGOB) ¢ pesyabratamu CKII.

KonTtponbs pe3rboBbix coenunenuil (PC) BakeH He TOJNBKO [Jsi OMpEACNiCHUs KadecTBa
Hape3Ku pe3bObl, HO TAaKXKe M JJIs OLEHKH PAaBHOMEPHOCTH M HAJEKHOCTU 3aTSHKKU Pe3b0OBOIO
COEIMHEHUS.
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Pesynbratel uccnenoBanusi PC B nmaboparopun ®IJJHK UMADUT mnoka3epiBaioT, 4TO MpH
PYYHOM CKaHHMPOBAaHUM TOPILEBBIX IIOBEPXHOCTEH 3aTAHYTHIX OOJTOB, Ha MOTEHLHMOTrPaMMax
HOSBISIOTCS pe(IeKChl, COOTBETCTBYIOIIME MPOTEKAIOIIUM MPOLECCaM pesIaKCallii BHYTPEHHHUX
Hanpsbkenuit B PC. HMccnenoBanus BHyTpeHHUX pe3bO0oBbIX oTBepcTuii MetonoM CKII mo3Bomser
OLICHUTH BEIMYMHY M 3HAK MEXaHMUYECKUX HANPSIKEHH, KaK B/I0JIb BUHTOBOI MOBEPXHOCTH PE3bOBI,
TaK U B 30He, npuierawoomueil k Heil. Ha pucyHke 2 nokazaHa NoT€HIMOTpaMMa CTaJbHOIO LIMIMHJPA
¢ peduiekcaMu OT YeThIpeX BHYTPEHHUX pPEe3bOOBBIX OTBEPCTUH pasHbIX auamerpoB (SLS=4,29).
PyuHOoe moToueyHoe CKaHMPOBAHHUE BBIIOIHEHO MO 19-TH M3MEPUTENIBHBIM JOPOKKAM € MOMOILBIO
MenHoro mpeoOpaszoBatenss Ha 0Oaze m3mepeHuit 50 MMm. [Ipu HOCTPOCHHMH NOTEHIUOTPAMMBI
UCMOJIb30BaH TIpaUuecKuil METOJ MNPHUBSI3KU KOOPAMHAT pe(iIeKCoB K KOOpAMHAaTaM OObeKTa
KOHTPOJISL.

PI/ICYHOK 2— HOTGHHHOI’”paMMa CTAJIbHOI'O HWJIMHAPA C YCThIPbMS p€3b6OBI>IMI/I OTBCPCTUAMHU

*Pabora momnmepxkana Poccuiickum QoHIOM (yHIaMEHTAIBHBIX HCCICIOBAHWN M BBIACICHHBIM TPAHTOM IIO
nmoroBopy Ne19-08-00266/19 ot 10.01.2019.
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Inspection of Welded Seams and Threaded Holes by Electrical Method

Surin V.1.1, Shcherban A.S.2, Shcherbakov A.A., Kravchenko N.I., Breslavets E.V.,
Pavlichenko A.V.

National Research Nuclear University MEPhI, Moscow, Russia; AEM Technologies Atommash, Volgodonsk, Russia
te-mail: visurin@mephi.ru
2e-mail: shcherban_as@atommash.ru

Abstract — It is shown that the use of the developed method of point-by-point scanning near the seam
zones of welded joints makes it possible to study in detail the structure of the welded joint by means of
electrical methods of non-destructive testing, revealing the presence of microscopic inhomogeneities. In
this case, the potentiogram displays an inhomogeneous field of residual stresses in the volume of the
sample or the so-called Saint Venant regions. These areas emit waves of mechanical stresses (deformations)
and lead to changes in the amplitude of the controlled signal. In addition, a steel cylindrical sample with
blind threaded holes on the surface was studied by scanning contact potentiometry (SCP). Manual point-by-
point scanning was performed along 19 measuring tracks of a cylindrical surface using a copper transducer
on a base 50 mm long.

Key words: electrical non-destructive testing, scanning contact potentiometry, welding seam testing,

surface potentiogram, manual point-by-point scanning, residual stresses, Saint Venant non-uniform stress
areas, threaded hole testing, structural fixation level, screwed connection tightening testing.
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CEKIIHSA

IKOJJIOI'MYECKAA U PAIMAIIMOHHAS BE3OITACHOCTD
IKCINVIYATALIMHU ADC

VIIK 621.039.74

OCOBEHHOCTH N30/i10MU XPAHEHHUSA OTPABOTABIIET'O
AJEPHOI'O TOIIVIMBA

Axo0sin M.T."™, Kcenoponron A.U.™

*Hayuonanvuwiii uccnedosamensckutl sioepuvlii yuueepcumem «MUDHy, 2. Mockea, Poccus
“Apmanckas amomnas snexkmpocmanyus, 2. Meyamop, Apmenus

BypHBIl pocT siepHON SHEPTeTHKH, CBS3aHHBIM C OKCIUIyaTalel pas3lNYHBIX SAEPHBIX PEaKTOpPOB,
IPUBENl K HACTOSTENbHOH HEOOXOAMMOCTH MOAPOOHOTO W3YYEHHS pPaJUallMOHHBIX XapaKTePHUCTHK
0TpabOTABIIETO SIIEPHOTO TOIIMBA B IpOILEcce, Kak MPEeOBIBaHUS €TO B PEAKTOPE, TaK M XPaHEHHs 10CiIe
BBITPY3KH. I1oCKONBEKY B APMEHHH HE TPOBOJUTCS pereHepalysl AIepHOro TOIUIMBA W HET MOJ3EMHOTO
XpaHWINIIA PAJAMOAKTUBHBIX OTXOJIOB, BO3HHKJIA HEOOXOAWMOCTH B IOMEINEHHWH IJISI JOJITOCPOYHOTO
XpaHeHuss oTpaboTaBmux TermtoBbiAesomux coopok (OTBC). lo cux mop oTpabOTaHHOE TOILIUBO
XpaHuwiock B OacceiiHe BbIIepKku. OpHako, Koraa OacceiiH Havajd MOJXOJUTh K MpeNesy CBOUX
BO3MOXKHOCTEH, MOTpeboBanoch HOBoe MecTo Juisi xpaneHus. [lns ApmsiHckoit ADC Obuia BhIOpaHa
cucrema cyxoro xpanenusi NUHOMS, xoponro 3apekomMeHioBaBmias cedst Ha paznudabix ADC.

Knrouesvie crosa: OST, CXOST, paguaunonHsiii hoH, snepHast 0e30MacHOCTh, OKpYIKaroas cpeja.

B ocnoBy mnpoekta ApmsHckoit ADC CXOAT nexur tunoBoil npoekt NUHOMS,
TOPU30HTANIbHO-KETIE300€TOHHBIE ~ KOHTEMHEpbl Ul CyXOro  XpaHeHHs  OTpaboTaBIIMX
TETUTOBBIICIISIONINX COOPOK.

Cyxoe xpanenuss OAT (CXOST) npencrasnser co0oi crienyanbHyl0 OETOHHYIO TUIOIMIAIKY
JUI XpaHEeHMsI, Ha KOTOpoM pa3MenieHbl KoHTeiiHepbl ¢ OSAT unu oTnenbHO crosiuee 3JaHuE, B
KOTOPOM pa3mematorcsi KoHternHepst ¢ OAT.

Cucrema NUHOMS ob6ecneunBaer xpanenue OTBC B cyxuXx, TroOpHU30HTaIbHO
PacroJIOKEHHBIX IEHaJaXx.

CXOAT mno3BoauT obecneyuTh XpaHEHHE OTpaOOTABIIMX TEIUIOBBIAEISIONMNX COOPOK,
YCTAHOBJICHHBIX JJIS1 BBIICPKKH B IpupeakTopHoM Oacceline AADC 3a 50 et paboTs! craniuu. B
npupeaktopHoMm Oacceitne Boiepkku OTBC 3arpyxkatorcs B C3I1 (3apanee mepeMenieHHOM B
neperpy304HbIi 3allUTHBIN KOHTEHHED)

[leperpy3ounblii 3amMTHBIA KOHTeHHEp ¢ Haxonsaummces BHyTpu C3II (puc. 1, 2) gocraercs u3
OacceifHa BBIIEP)KKU U MTOMEIIAETCS B 30HY Je3akTuBanuu. [locie sToro neperpy304yHbiil 3aIUTHBIN
KoHTeliHep ¢ HaxoxsmuMu BHYTpH C3II moctymaer B palouyio 30HY, TA€ MPOUCXOIUT
repMeTu3anus, CIUB M cymKa KoHTedHepa. 3arem mnosioctb C3II 3anmonnsercs remuem. s
npenotBpamennss yreuku renauss C3I1 cBapuBaeTcs ¢ KOHIOB MHOTONPOXOAHBIM JIBOMHBIM
IIPOBAPOYHBIM IIBOM, & TaK)K€ MHOTOIPOXOJHBIMU KOJBLIEBBIMU U MPOJOJIBHBIMU IIBaMU. 3aTEM B
MepPErpy304HON 30HE KOHTEHHEp morpyxaercs Ha tuiargopmy Tsarada u otBo3utcs Kk CXOMAT na
tepputopuu ADC. ¥ CXOSAT konteitnep noasoautcs BIoTHY10 k I'MX, u C3II BeiTankuBaercs u3
koHTeiiHepa B 'MX mnpu nmomomu miuyHxkepa rugpommiuaiapa. Buytpu 'MX oGecneunBaercs
6e3omacHoe xpanenue C3I1 B cyxoM cocTosHUU.

HNannas  uHopmanmst  gBiseTcs  HEOOXOOUMOW Uil OIEHKM  KOHKYPEHTHOCTHU
COIOCTAaBUTENFHOIO aHAIN3a APYTUMHU NMPOEKTAaMH H3O0JSAIUHM M XpaHEHUs! 0TpabOTaBIIEro siIEPHOTO
TOILINBA.
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Pucynox 1 — Cyxotapusiii 3amutasii neran (C311) Pucynok 2 — Kopauna C3I1
CIIUCOK JIMTEPATYPBI

1. AnanuTHuYecKuil OTYeT MO Oe3omacHOCTH i cucteMbl Nuhoms Ha Tepputopun ApmsHckoir ADC B
Menamope.

O000maromuit 0TYET MO pe3ybTaTaM KOMIUIEKCHOTO o0cienoBanus sHeproomoka Ne 2 Apmsackoit ADC.

3. Tlporpamma moBsIeHUs Oe3omacHOCTH SHEproomoka Ne 2 AADC.

>

Features of Isolation of Spent Nuclear Fuel Storage

Hakobyan M.T."™1, Ksenofontov A.l.""?
“"National Research Nuclear University MEPhI, Moscow, Russia
“Armenian nuclear power plant, Metsamor, Armenia
Ye-mail: marine_h@mail.ru
Ze-mail: aiksenofontov@mephi.ru

Abstract — The rapid growth of nuclear power associated with the operation of various nuclear reactors has
led to the urgent need for a detailed study of the radiation characteristics of spent nuclear fuel in the
process, both its stay in the reactor and storage after unloading. Since there is no nuclear fuel regeneration
in Armenia and there is no underground storage of radioactive waste, there is a need for a room for long-
term storage of spent fuel assemblies. Until now, the spent fuel was stored in the holding pool. However,
when the pool began to approach the limit of its capabilities, a new storage space was needed. The
NUHOMS dry storage system, which has proven itself well at various nuclear power plants, was chosen
for the Armenian NPP. This information is necessary to assess the competitiveness of comparative analysis
by other projects of isolation and storage of spent nuclear fuel.

Key words: spent nuclear fuel, dry storage, radiation background, nuclear safety, environment.

VIK 621.311.25

OIIEHKA BO3JENCTBUS SKCILTYATAIIMU A3C HA COAEPKAHUE
PAJMOHYKJINAOB B IOHHbBIX OTJIOXKEHUAX BOAOEMOB

I'opbaueB A.B., KynsimoB B.A., Byosiukosa U.A.

Y] i - i 7 i 7l
Boazodonckuii unoicenepro-mexnuyeckuil uncmumym Quiauan Hayuonanbho2o ucciedo8amenbcko2o si0epHozo
yuueepcumema “MUDHU”, 2. Boareodonck, Pocmosckas 06.11., Poccus

B pabote npoBeneH aHamn3 JaHHBIX U3 exkerogHsix oTdeToB HIIO TaiipyH M eXeromHex oT4eToB 00
JKoJormueckoir  OezomacHocTH  PocaHeproarom. bBeuim  WcciieoBaHBI  3HAYCHHS — COJEPIKaHUS
JnonroxuBymx u30tonoB Co-60 u Cs-137 B AOHHBIX OTJIOKEHHUSIX OOBEKTOB THAPOCHEPH TEPPUTOPUH
pasmemnenust Tpex ADC: bunmmbunckoi, Kypckoii u PocroBckoii. Ilenbio paboThl SBISETCS BBIIBICHUE
3aBHCHMOCTH MEXIy cOpocaMu paJHOHYKIHIAOB B Tuapochepy M HX CoOIepKaHWEM B JOHHBIX
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OTJIOKEHUSIX. BBIIN MCIIONB30BaHBI METOIBI PETPECCMOHHOTO aHaIM3a C IMOJIOKUTCIBHBIMH BPEMCHHBIMHA
JlaraM¥ " ITOJIYyYCHBI IPEABAPUTCIIBHBIC TaHHBIC CBsI3el 3HAYSHUM aKTHBHOCTH H30TOIIOB.

Knrwouesvie crnosa: BpeMeHHBIC Jlard, MOJITOXKUBYIIUE H30TOINBI, JNOHHBIC OTIOXKCHHS, PErpeCCHOHHBIHN
aamu3, bummbunckas ADC, Kypckas ADC, Pocroeckas ADC, cOpocel B ruapochepy, comepkaHue
PalOHYKIHIOB.

Ha ceromnsmHuii neHb B COBPEMEHHOW AaTOMHOI SHEpPreTMKe CYIIECTBYeT mpodiema
00ECTIOKOCHHOCTH HACEJIECHHUsI 110 OBOAY 3KOJOTMYECKHX MOCIEACTBHIA Il OKpY’KaIOIIeH Cpeabl B
cBs3u co crpoutenabcTBOM ADC Ha HOBBIX TEPPUTOPHUSIX. DTU TOCIEICTBUS MBI IOMBITAINCH
oueHUTh Ha npumepe bummbunckol, Kypckoit u PocroBckoii cranmusx. Kak wMbl 3HaeMm,
pavalOHHBIA KOHTYP TEIJIOHOCUTENS HE UMEET MPSMOT0 KOHTaKTa ¢ 00beKTaMH TUapocepsl, HO
TEOPETUYECKH aTOMHAsl CTAHIIMS MOXKET CTaTh MCTOYHUKOM PAIHOHYKIUI0B B THapocdepe. iMenHO
MO3TOMY II€JIbI0  Hamied paboThl SBISETCS BBIABICHHUE 3aBUCHUMOCTH MeEXAy cOpocaMu
PaIMOHYKIMIOB B THApOCc(Epy M HX COACp)KaHUEM B JOHHBIX OTIOXKEHHMAX. B mporecce paboTh
ObUTH KCIONIb30BaHbI JaHHbIe ToA0BbIX oTyeToB HITO Taiidyn [1] ¢ 2002 mo 2020 rox u pecypcos
AO «Konuepn Pocaneproarom» [2, 3, 4] ¢ 2008 o 2020 rog.

OCHOBHBIM  HCTOYHHUKOM TMOSIBICHUS PAJMOHYKIWIOB B  JIOHHBIX OTJOXKEHHUSX B
HerocpeacTBeHHoW Ommzoctu oT bumbunckonr ADC sBastorcs ctoku [IJIK. Beim mpoBenen
PETrPECCHOHHBIN aHaIU3 C pa3HbBIMH BPEMEHHBIMH JlaraMd TOYKM MOHMTOpUHTa HiKe cOpoca ITJIK.
CornacHo MOJly4YeHHBIM JaHHBIM OBUIM BBIJICJIIEHBI HECKOJBKO IuarpaMM c Ooliee BBIPOKEHHOMN
CBA3BI0, TO €CTh MAKCHMaJIbHEIM 3HaueHHeM Kod(p¢ummenta nerepmunarmu (R?. ITo sennunne R?,
st Co-60 ymepeHHast cBsi3b HaOojanach 0e3 BPEMEHHOTO CABHra MEXIy MapaMeTpam W JUis
Cs-137 cunbHas cBsA3b € jJaroM B JBa rojaa. Ho xapakTep MOJOKEHHS TOYEK HAa KOOPAUHATHON
IUIOCKOCTH B 3TOM CJIy4yae BbI3bIBAET COMHEHHUS B JIOCTOBEPHOCTH IMOJIYYEHHOW 3aBUCHMOCTH U
HE00XO0IMMO BBITIOJHUTE O0Jiee AeTanbHbIN aHaIH3 Ha OOJIBIIEM KOJNYECTBE JaHHbBIX.

Co-60 y =0,262x + 50,717 Cs-137 y=0,0003x + 0,675
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Pucynok 1 — PerpeccrnoHHsIi aHanu3 naHHBIX Ha bumnOnaCckoir ADC

Cunabxenne Kypckoit ADC Bomoil A OXJaKIACHUS NMPOUCXOAUT M3 3aMKHYTOTO BOJOEMA
oXJ1aiuTeNst, 3a00p BOJIBI A1l KOTOpOro ocyiuectsisiercs u3 p. CeliM. B a1y ke peky cOpacbiBatoTcs
BO/IbI TPOMJIMBHEBOM KaHAIM3alMU U Jie0anaHCHBIE BOJIbI, €CIM TAKOBBIE HMEIOTCSI.

Uccnenys nonydeHHble JaHHbIE, Obla MOTy4YeHa TUHAMUKA aKTUBHOCTH JOHHBIX OTJIOKEHUH
no Co-60 u Cs-137 B cemu Toukax: B pailoHe cOpoca IIJIK, B oTBoasmiemM kaHaje Bojoema-
OXJIaIUTeNsl, B BOCTOYHOM YacTH BOJOEMa-OXJaJIUTeNs, B palloHe IIeHTpa TUTUEHBl U
snunemuonorud, B  paiione JIBPK, Hmxke cOpoca c. MakapoBka, Bblme cOpoca
XyT. AJIeKCaHIPOBCKHM. JTa IMHAMHUKa MOKa3aja, YTO TeHJIEHIIMU B CTOPOHY POCTa WM CHHMKEHUS
3HAa4YeHUI HEe UMEeTCs, ClIeIoBaTeIbHO, 3(h(heKTa HAKOIIIICHUS HE BBISBIICHO.

bbu1 BBIMOIHEH perpeccHOHHBIM aHanu3 Touku Huxke copoca IJIK, okono c. MakapoBka, u
touku cOpoca [IJIK co capuramu ot 1 10 3 net. CornacHo 3HaueHUIo K03 uIueHTa AeTepMuHaIu
R?, MakcHMaJbHas CBSI3b ObUIa BhIsiBIeHA M1si CO-60 ¢ marom B 2 roma u mwist Cs-137 ¢ marom B 3
roga. Ho gaxxe B 3THX cilydyasix CBSI3b MEXK/Y apaMeTpaMH XapaKkTepu3yeTcs Kak ciadast.
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Co-60  y=0,0087x+0,2615 Cs-137 Yy =0,0987x +1,9722
Jar B 2 roga R?=0,0291 x aar B 3 roxa R2=0,034
" 2
2 1 g 25
g = » g% °
gE ¢ 08 *— 2E4 20
& 5 %¥&

£&c 82 -l ©® S g22E 15
H g - A g g 10
2502 L 4 =
E 0 e o o o0 : 5 —
< 0 5 10 15 20 eme® [ o °

MBk, AktuBHocTh Boa IIJIK 0 10 20 30 40 50

MBk, AktuBHOCTB Boa IIJIK

Pucynox 2 — PerpeccuonHslii ananu3 naHHbix Ha Kypcekoit ADC

AHAJIOTHYHO TIPEABIAYIIUM CTAaHIMAM ObLI TpoBeieH aHam3 1o PoctoBckoit ADC. B oTinune
or bummbunckoit u Kypckoii ADC Ha [naHHOW CTaHIMKM OCHOBHBIM HUCTOYHHKOM TIOSIBIICHUS
PaIMOHYKIIUIOB B BOJIOEME SBJISIOTCS JAeOaTaHCHBIE BOJIbI, KOTOPHIE B CBOIO OYepeIb cOPachIBalOTCA
B coctase I1JIK. Jlonusie oTiioxenus u3 BogoeMoB otoupaimcs JIKBPb POADC Bomu3u Geperosoit
JUHUM M TPEICTaBIsUIA COOOM 3auieHHBIH MECOK. BbUl MpoBeleH PEerpecCHOHHBIN aHalu3 ¢
pa3HbIMM BPEMEHHBIMM JlaraMu JJIS OJHOM M3 TOYEK MOHHUTOpPHHIa BojgoeMa-oxiyamurens. [lo
BenuuuHe Koddduimenta nerepmuHamuu R?, mus C0-60 3ameTHas cBA3b ¢ HEOGOJIBIINM POCTOM
Habmoanack yxe cinycrs 1 roa, ans Cs-137 ymepenHas cBsizb ©MeNach MpH OTCYTCTBUU CABUTA.

Co-60 Cs-137  y=-0,2356x + 3,0097
1 y =0,155x + 1,155 R2=0,3435
.3 Jgar B lrox R = 0,6917 4 . CBIUTA
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Pucynok 3 — Perpeccuonnsiii aHanmu3 qaHHbix Ha PoctoBekoit ADC

BerlnosiHeHHBIE UCCIIEI0BAaHUS TaHHBIX TO3BOJIMIM C(HOPMYIHPOBATH CAEAYIOLINE BbIBObI:

- KonnyectBo  pagMOHYKIMAOB B JIOHHBIX OTJOXEHHMAX B paccMaTpuUBacMblii Hamu
IPOMEXKYTOK BPEMEHU OCTAETCS IPAKTUUECKU HEU3MEHHBIM.

- D¢ dext HakomIEeHNS B pa3HbIX TOYKaX OTCYTCTBYET.

[IpoBeneHHBIN aHAMU3 B3aUMOCBSI3U MEXAY paJHallMOHHOM akTUBHOCThIO cOpoca IIJIK u
paIualMOHHON aKTUBHOCTBIO JOHHBIX OTJIOKEHHH C pa3HbIMH BPEMEHHBIMH JIaraMu, MOKasall, 4To
yMEepeHHas CBSI3b MEXIy MoKa3aTeIsIMu posiBisuiach st Co-60 6e3 BpeMeHHOTO CIBUTA, U CHUIIbHAS
s Cs-137 — 2 roga (bunmubunckoit ADC), s ganueix no Kypckoit ADC — cBsa3b cnabas ans Co-
60 u Cs-137 maOmromaercs ¢ jlaroM B 2 roma U 3 roja COOTBETCTBEHHO W i Poctosckoit ADC
3ameTHast cBsi3b a1 C0-60 naGmonamack cryctsa rox, mis Cs-137 yMmepeHHas NmpH OTCYTCTBUH
BPEMEHHOTI'O C/IBHTA.

CIIMCOK JINTEPATYPBI

1. HayuHo-mpousBojcTBeHHOE oObenuHenne «Taipyn» [DnexrpoHHBIH pecypc]: Exxerognuk «PamuanmoHHas

o0cTaHOBKa Ha TCPPUTOPUN Poccun n COMpPEACIIbHBIX rocyaapcTB» URL:
https://www.rpatyphoon.ru/products/pollution-media.php (zata o6pawmenus: 11.03.2022).
2. PocaneproatomM [DJeKTpOHHBIH pecypc] Okonornueckne ordersl. bummbunckas ADC URL:

https://www.rosenergoatom.ru/stations_projects/sayt-bilibinskoy-aes/bezopasnost-i-ekologiya/ekologicheskie-
otchety/ (mara o6pamenus: 12.03.2022).

27



3. Pocameproarom  [DaekTpoHHBIH  pecypc] :  DOxomormuyeckume  oruerhl. Kypckas  ADC  URL:
https://www.rosenergoatom.ru/stations_projects/sayt-kurskoy-aes/bezopasnost-i-ekologiya/ekologicheskie-
otchety/ (mata obpamenns: 12.03.2022).

4. Pocaneproatrom [DmekTpoHHBIH pecypc] : Okomormdeckne oT4deThl. PocroBckas ADC  URL:
https://www.rosenergoatom.ru/stations_projects/sayt-rostovskoy-aes/bezopasnost-i-ekologiya/ekologicheskie-
otchety/ (nata oopamenus: 12.03.2022).

Assessment of the Impact of NPP Operation on the Content of Radionuclides in the Bottom
Sediments of Water Reservoirs
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Abstract — The paper analyzes data from the annual reports of the NGO Typhoon and the annual reports
on environmental safety of Rosenergoatom. The values of the content of long-lived isotopes Co-60 and Cs-
137 in the bottom sediments of the hydrosphere objects of the territory of three nuclear power plants:
Bilibinskaya, Kursk and Rostov were investigated. The aim of the work is to identify the relationship
between the discharge of radionuclides into the hydrosphere and their content in bottom sediments.
Regression analysis methods with positive time lags were used and preliminary data on the relationships of
isotope activity values were obtained.

Key words: time lags, long-lived isotopes, bottom sediments, regression analysis, Bilibinsk NPP, Kursk
NPP, Rostov NPP, discharges into the hydrosphere, radionuclide content.
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OLEHKA BJIUAHUSA TIPOBEJAEHUA IIITP HA PoASC HA CYMMAPHYIO
B-AKTUBHOCTBATMOC®EPHbLIX BbIITAJIEHUU PETUOHA
PASMELIEHUSA

Koncrantunos JI.C., Byaryyes U.M., Hoxenko J.C., Byoinkosa U.A.

Boneooonckuii unoicenepro-mexuuneckuii uncmumym — ¢unuan Hayuonanvruoeo ucciedosamenbckoeo s10epHoco
yuusepcumema « MUDUy, e. Boneooounck, Pocmoesckas obx., Poccus

DKCIUTyaTanus paJualioHHO-OMACHBIX OOBEKTOB B HACTOSIIEE BPEMsI SBIISIETCS MIPEIMETOM MTOCTOSTHHOTO
BHUMAaHHS U UCCIeIOBaHUA. B Xo1e paOboThl MPOBEACH aHAIN3 BIMSHUS INTAHOBOTO-TIPEIYIPEIUTEIEHOTO
PEMOHTa Ha paJHallOHHbIC XapaKTEPUCTUKH BO BPeMsl PEMOHTA | JI0 Hero. B paboTte ObUTH HCIIOIH30BAHEI
JOKYMEHTHI O paJHaIlliOHHON 00CTaHOBKE Ha TeppuTopuu Poccum (cpemHeMecsYHbIe M MaKCUMaJIbHBIE 3a
Mecsr 3HadeHus) ¢ anpens 2010 r. o ¢peBpans 2020 rona.

Kntouegvle crosa: cymMmapHasi (3-aKTHBHOCTH, IIAHOBO-TIPEAYNPEAUTENbHBIH peMOHT, PocToBckas ADC,
YCTOMYMBOCTH HAIIPABJICHUS BETpa.

BrusiHe TUTAaHOBOTO-TIPEAYIIPEIUTEIHHOIO PEMOHTA ATOMHBIX CTaHIMN Ha paJHalHOHHBIC
XapaKTePUCTHKU  ONU3NEKANUX TEPPUTOPUA HAXOIUTCS TOJ HEMPEPHIBHBIM  KOHTPOJIEM.
CylIecTBYIOT OITaceHUsT O HETaTUBHOM BO3JICHCTBUHU TUIAHOBOTO-TIPEAYIPEIUTEIIBHOTO PEMOHTA
PocroBckoii ADC Ha OKpyXalollylo Cpealy U 3J0pOBbE KUTeNel. B cBs3M ¢ 3TUM paccMmarpuBaemast
HaMH TeMa SIBIISICTCS aKTyaJIbHOM.
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PoctoBckas atomuas anekrpoctanuus — ADC B Poccun, pacnonaraercs B 16 kM oT ropona
Bonromoncka PocroBckoit o6mactu. B nanHoii pabote mpoBeneH aHanu3 Biusaus PoctoBckoir ADC
HA paJUalMOHHBIE XAPAaKTEPUCTHKU aTMOC(EepHOro BO3AyXa JaHHOTO PETHOHA JI0 W B TEPHOJ
wiaHoBo-npeaynpeauteabuoro pemonrta (ITIIP) [1]. Tlpu ananu3e HaHHBIX OBUIM HCIOJIb30BAHBI
pe3ysibTathl  EAMHOM  TOCYJapCTBEHHOM  aBTOMATU3UPOBAHHOW  CHCTEMBI  MOHUTOPHUHIA
panvanMoHHONW oOcTaHOBKM Ha TeppuTopuu Poccuiickoir denepanuu, KOTOpble NMPEICTaBICHbI B
exeroguukax «Paauanronnas oocraHoBka Ha Tepputopuu Poccun u cornpenesnbHbIX TOCy1apCTB
Hayuno-npousBonactBenHoro ooweannenus « Taidyn», Bxoadiero B coctaB denepaabHON CITyKObI
M0 TUJIPOMETEOPOJIOTHH U MOHUTOPHUHTY OKpYykaromei cpeapl. C 1ebl0 pacCMOTPEHUST BIUSHUS
ATOMHOM CTaHIIMM Ha PaJUAIlMOHHBIC XapaKTEPUCTUKH PETHOHA €€ pa3MelIeHHUs ObLIM BbIOpaHbI
HaCelleHHbIC MMyHKTHI: T. Bonrorpan, r. [lumisuck (Tadm. 1).

Tabnuna 1 — PaconoskeHne ncclieAyeMbIX HACEICHHBIX IYHKTOB 0THOCHTENBHO PocToBekoit ADC

Hacenensblii myHKT Hanpasnenue Betpa,% Paccrosaue ot Poctosckoit ADC, kM
IuMIISTHCK C3 20
Bosrorpan CB 203

AHanu3 BJausIHUA 3KcIutyatanun PocroBekoit AJC BoBpeMs M /10 meprojaa IMJIaAHOBOIO-
NpeaynpeauTebHOI0 PEMOHTA HA CYMMAPHYK [B-aKTMBHOCTH aTMOC(EePHBIX BbINAJCHUI
peruoHa pasmenieHus

BaxxHo 0TMETHTB, YTO paccMaTpUBaeMOM BEIMYUHON ObliIa BEIOpaHa cymMMapHasi B-aKTHBHOCTh
atMocepHbIXx BhImMageHud B T. LlumisgHck w 1. Bonrorpam BoBpemMs ©W 10 IUIAHOBOTO-
npenynpeauTeNbHOro peMonTa. Hamu ObLIo BBIJIEIeHA TUIIOTE3A:

1. Ecnu na”oBo-npenymnpenutenbHblii peMoHT PoctoBckoii ADC oka3blBaeT BIUSHUE Ha
paavalMOHHbIE XapaKTePUCTUKU BO3IYIIHOW cpenapl roponoB Llummsnck u  Boarorpaa, Tto
cymMMapHasi 0OeTa-aKTHBHOCTH AaTMOC(EpHBIX BBIMAJACHUA OyJeT TOBBIIIATECS TP CPABHCHHUU
AQHAJIOTMYHBIX ITOKa3aTeseu 10 U BoBpeMs nposeneHus [1I1P.

B cBs3u ¢ sTUM OBUTM HCCIIEIOBAHBI B3aWMOCBS3M MEXIY CYMMAapHOW [3-aKTUBHOCTBIO
aTMoc(epHBIX BBIMAJCHUI U MOBTOPSIEMOCTHIO HampaBieHus BeTpa oT PoctoBckoit ADC 1m0 u BO
Bpems nepuona [I1P, npeacraBnennbie Ha pucynkax 1 u 2 [2].
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Pucynok 2 — cymmapHas B-akTHBHOCTb aTMOC(EpHBIX BbINaileHHH B T. Bonrorpan
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BoiBOaBI

1.

B3anmocBa3u Mexay TOTroJHBIMH YCJIOBUAMH Ha Tepputopun PoctoBckoit ADC u

CyMMapHOW [-aKTHBHOCTBIO aTMOC(EpPHBIX BBINMAJACHUN, PACCMOTPEHHBIX B T. Bonrorpan wu
r. [lUMJISIHCK HE BBISIBJIEHA HU [0 CPEIHEMECSYHBIM, HU IO MAaKCHUMAJIbHBIM 3HAUEHHUSM KaxJ0Tro
Mmecsia ¢ ampenst 2010 r. mo despans 2020 roga. BakHO OTMETHUTH, YTO HUCCIEAyEeMbIe HAMH
PErMOHbI HE 3aBUCAT OT METEOYCIIOBUM B IEPUOJ INIAHOBO-IIPEAYITPEAUTEIBHBIX PEMOHTOB.

2. IlnanoBo-npenynpenutenbHbiii peMoHT PocTtoBckoit ADC He OKa3bIBaeT BIMSHHE Ha
paguanMoOHHbIE XapaKTEPUCTUKHU BO3AYIIHOM cpebl roponoB LlumisiHck u Boarorpan, cymmapHas
0eTa-akTUBHOCTH aTMOC(EPHBIX BBINMAJCHUN HE TIOBBIIIACTCS TPH CPABHCHHHM aAHAIOTHYHBIX
rokaszaresieit 10 u Bo Bpems nposenenus [111P.
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Evaluation of the Impact of Carrying Out PPR at Rostov NPP on the Total B-Activity of
Atmospheric Fallout in the Region of Positioning

Konstantinov D.S., Bulguchev I.M., Nozhenko E.S., Bublikova I.A.

Volgodonsk Engineering and Technology Institute — branch of the National Research Nuclear University "MEPhI",
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Abstract — The operation of radiation hazardous facilities is currently the subject of constant attention and
research. In the course of the work, an analysis was made of the effect of scheduled preventive
maintenance on radiation characteristics during and before the repair. The paper used documents on the
radiation situation in Russia (average monthly and maximum monthly values) from April 2010 to February
2020.

Key words: total B-activity, preventive maintenance, Rostov NPP, wind direction stability.

VIK 539.16.07

ABTOMATHU3UPOBAHHBIA U POEOTU3UPOBAHHBIN 'AMMA -

CIIEKTPOMETPUYECKHUIN KOMILIEKC JJI51 UCOJIb30BAHUA

3KOJIOTHYECKOHN U PAJIMALIMOHHOM BE3OIMACHOCTH ITPH
IKCIVIYATALOMUHU ADC

Mapxunos A.U., Imutpenxo B.B., Yaun C.E., Bauacuk K.®., I'paues B.M.,
Eropos P.P., Kpusosa K.B., Yremes 3.M., Yepnsimesa U.B., Illycros A.E.

Hayuonanvnwii Uccneoosamenvckuit Aoepuviii Yuueepcumem «MUDH», e. Mocksa, Poccus

B paborte paccmarpmBaeTcsi HEIOCTATKH HCIIONB3YIOMIMXCS COBPEMEHHBIX AaBTOMATH3WPOBAHHBIX H
pOOOTH3MPOBAHHBIX ~ MOOWIBHBIX TIaMMa-KOMIUIEKCOB C  NPUMEHEHHEM TaMMa-CIIEKTPOMETPOB
00aaromuX SHEPreTHYEeCKUM paspellicHHeM M paJUallMOHHYI0 CTOMKOCTh B IIpoOLecce OOecredeHHs
9KOJIOTUYECKOH W paaManMoHHON Oe3omacHocth npu akcmutyarauid ADC. IlpencraBiensl (u3uko-
TEXHUYECKHE XapaKTEPUCTHKH KCEHOHOBOTO TaMMa-CIIEKTPOMETPA, SIBJISIOIIET0CsS OCHOBHBIM NPUOOpPOM
JUISL U3MEPEHUSI CIIEKTPOB TaMMa-U3JIy4eHHUs] HHCIIEKTUPYEMBIX O0OBEKTOB M U3MEPEHUS MX aKTHBHOCTH C
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TOYKHA 3peHHs paguannoHHOW Oe3zomacHocTH. WMHDopmarus, moxydaemMas C IIOMOINBIO TamMMa-
CHEKTPOMETPHUIECKOTO KOMIUIEKCa, IepeacTcs 0 MHTEPHETY Ha YAaJCHHBIA KOMITBIOTEP U1l 00paboTKH
MIOJIYYCHHBIX TAaHHBIX B PEXKMME PEaTbHOTO BPEMEHH.

Kniouegvie crnosa: raMma-usitydeHue, JHEPreTHUECKUI CIIEKTP, PaJHOHY KN/, KCEHOH, SICPHBIH OOBEKT.

Ha cerogusmnuii neHb 0€30MaCHOCTh OSKCIUTyaTallud  SACPHO-(PHU3UYECKHX YCTAaHOBOK,
a1epHbIX 00beKTOB U ADC SBIISETCS aKTyallbHBIM, YTO NIPAKTUYECKH MCKIOYAET TAKUE aBapUM Kak,
Tpu-Maiin-Avinenn, Yepaoosutb 1 dykycuma. [Tocne 3tux karactpod cTano sCHO, YTO HEOOXOIUMO
MPOBEJICHUE NajlbHEHIINX HAay4YHBIX pa3pabOTOK U CO3JaHHE HOBBIX M3MEPHUTEIBHBIX KOMILIEKCOB
JUIs pemieHust 3amad OesomacHoi skcruryatanuid ADC. [lpu 3TOM BaXHBIMH TpeOOBaHUSMH,
MpeIbABISIEMBbIMUA K U3MEPUTEIHLHON amnmnapaTtype, SABISIOTCS AUCTAaHLIIMOHHOE YIIpaBJIeHUE, HAJTH4Ke
TEJIEMETPUUECKUX CUCTEM BHUACOHAOIIONEHUS M KOHTPOJS, BO3MOXKHOCTH IEpENadd JaHHBIX C
MOMOIIbI0 COBPEMEHHBIX CHCTEM CBS3HM, CUCTEMBI cOopa M 00paboTKH HH(DOpPMALMHU B PEKUME
peaJIbHOTO BPEMEHHU Ha YJJAJICHHBIH IyJIbT OIepaTopa.

B 0oCHOBHOM pOOOTHU3MPOBAHHBIE CHCTEMBI COCTOAT U3 JBYX YacTed: mepeMenacMon
wiathopMbl W PACIIOIIOKEHHOM Ha HEH OJOKe NeTeKTHPYIOUIEH ammaparypel C CHCTEMaMu
ynpasieHus u HaBuranuu [1]. CoBpeMeHHBIE POOOTH3UPOBAHHBIE KOMIUICKCHI OTJIMYAIOTCS JAPYT OT
Jpyra COCTaBOM allaparypbl, HUCIOJb3YEeMOW Uil PpPErucTpalud pa3jMyYHbIX KOMIIOHEHT
MOHHM3UPYIOLIETO U3ITYUCHHUS.

Henocratkom  MHOrMX  MOOWJIBHBIX ~ KOMIUIEKCOB  SIBJSIETCSI  OTCYTCTBHE — IaMMa-
CHEKTPOMETPUUECKON ammapaTrypbl C BBICOKMM JHEPreTUYECKUM pa3pelieHueM, M03BOJISIOIINM
UACHTU(PUIMPOBATh HM30TONHBIA COCTaB U AKTUBHOCTb H30TONOB pPaJMALMOHHOIO 3arpsi3HEHUs
anepHbix  oObekToB. Kak  mpaBuio, 1omoOHbIE — KOMIUIEKCHI,  OCHAIIEHHBIE  ramma-
CIIEKTPOMETPUYECKON  ammapaTypoil, OCHOBaHHOW Ha  0a3e  CUMHTWUISIMOHHBIX  WJIM
MOJTYPOBOIHUKOBBIX FaMMa-CIIEKTPOMETPOB.

Hamu BmepBble B cocTaBe aBTOMAaTU3MPOBAHHOTO M POOOTH3MPOBAHHOIO raMMa-KOMILIEKca
IpeiaraeTcsi  UCIOJb30BaTh  KCEHOHOBBIM  ramma-crekrpomerp  (puc. 1). JlaHHbIl — THO
CIEKTPOMETPOB 00J1aaeT BBHICOKMM 3HeprerudyeckuM paspeuieHuem (1,7% s sneprun 662 k3B
[2]), mpeBocxomsimM B HECKONBKO pa3 mpuOOpsl Ha ocHoBe cumHTWLIATOpoB Nal m Csl s
KOTOPBIX OHO cocTaBisieT 5 — 9 % mpwu Toit ke sHeprun. HecMoTps Ha TO, YTO MOTYTIPOBOAHUKOBBIC
JIETEKTOpbl Ha OCHOBE CBEPXYHUCTOrO TIepMaHHs OOeCHeyMBarOT 3HAYUTEIBHO JIydllee
SHEpreTUYecKoe pazpemieHue, kotopoe nocturaer 0,2 — 0,3 % na nuHNN 662 k9B, X HE0OX0AUMO
NOAJEPKUBATh IIPU KPUOTEHHOM TeMIEpaType. ITO JOCTUTAETCs MPH MOMOIIM JKUJIKOTO a30Ta WIH
MEXaHUYECKUX CHCTEM OXJaKICHHS, KOTOPbIE K TOMY K€ YXYALIAIOT YHEPreTUUECKOe pa3pelieHne
HOJIYTIPOBOIHUKOBOIO MpHOOpa.

Pucynox 1 — @ororpadus u cxema KI'C: 1 — 3apsiio4yBCTBUTEIbHBIN YCHINTEND, 2 — KPaH JUIS HAITOJHEHHUS Pabounum
BEILIECTBOM, 3 — HCTOYHHK ITUTAHUA, 4 — KEpaMHIECKUH T€PMOBBOJ, 5 — HOHU3AIIMOHHAS KaMepa, 6 — SKpaHUPYIOIast
ceTka, 7 — TepIIoHOBas N3OSN, 8 —CTATBHON KOPITYC ¢ KOMITO3UTHBIM MOKPBITHEM, 9 — BHEIITHUM 3aIIUTHBIA KOPITYC
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KceHOHOBBIIT ramMMa-CIEKTPOMETp MpPEIACTABISAET COOOW HMMITYJIbCHYIO HOHU3AIMOHHYIO
Kamepy ¢ 00beMOM 2 JI., HaIIOJTHEHHBIM CKaThIM KCEHOHOM 54X€ 101 AaBjieHreM nopsiaka 50 atm. B
Ta6n1/1ue 1 HpeILCTaBJIeHLI OCHOBHBIC q)HBHKO-TCXHI/I‘-ICCKI/IC XapaKTepI/ICTI/IKI/I KCECHOHOBOIo ramMmma-
CIEKTPOMETPA.

Tabmuna 1— OcHoBHEIE (u3HKO-TexHHYecKHe XapakTepuctuku KI'C

Hanpsoxkerne nuranms, B 24
Onepromorpedienue, Bt 20
TabapuTsl, cM D15%45
Macca, kr 5
Pa6ounii 06bem, cm® 2000

D¢ eKTHBHOCTD PErNCTpany FaMMa-KBaHTOB C 3HEpPTHeH 662 k3B, % 6
OHepreTuyecKkoe paszpellieHue s SJHepruy raMmMa-KBaHToB 662 k3B, % 1,7+0,3
Juana3oH n3MepsieMbIX SHEPTUil raMMa-KBaHTOB, MaB 0,05-5
[InoTHOCTH paboyero BemecTBa (KCEHOHA), I/cM3 0,3

Taxke KCEHOHOBBI TraMMa-CHEKTPOMETP B COCTaBE POOOTH3UPOBAHHOTO TI'aMMa-KOMILIEKCA
MO’KHO HCIOJIb30BaTh IPHU BBIBOJE U3 AKCIUTyaTallMM SJCPHBIX U paJuallMOHHO-OMACHBIX OOBEKTOB
(BD SPOO) nns obcnemoBaHusi paaualMOHHONH OOCTAaHOBKM, YTO TO3BOJSET HE HCIOIB30BATH
pabouuii nepcoHal Ipyu BBIIOJHEHUU pabOT B YCIOBHSIX MOBBILICHHOTO paJHallioHHOro ¢oHa [3].

Jnst obecrieueHHst TUCTAHIIMOHHOW CBSI3M M TIepeavyd JAHHBIX Ha MyJBT OlepaTopa co3/JaHa
cucreMa JMCTAaHIMOHHOM mnepefayd W npuéMa MH(pOpMalMM, a TAaKXKe YIpaBlIeHHs KCEHOHOBBIM
raMma-crieKTpoMeTpoM. KCEHOHOBBIII ramMma-CieKTpOMETp MOJKIIYAICSd K  OJHOILIATHOMY
MuKpokoMmmbioTepy RaspberryPi +3 ¢ momynem mobuibHo# cBsizu SIM7600E-H, mis xotoporo
OBLIO HCITOJIB30BaHA CIICIHATIBHO pa3paboraHHoe mporpammHoe obecrieuenue [10-2 «KHABOPy nHa
si3pIKe porpamMmupoBanus Python. C momousio 1aHHON CHCTEMBI B TeUSHHE HEACNU ObLIT MPOBEIEH
SKCIIEPUMEHT M0 AUCTAHLIMOHHOW Iepead CHeKTpoMeTpuyeckol nHpopmanuu. B Teuenue storo
BPEMEHU KCEHOHOBBI TaMMa-CIEKTPOMETP HENPEPHIBHO PErucTPUpPOBal TaMMa-U3JIyd4eHUS OT
ucrounnkos OCT'U, a umernno #’Na, *°Co u 13Ba. [Ipu 3ToM coxpaHsAICcs SHEPreTHIECKUii CEeKTp,
HaOpaHHBIM 3a KaXIyl0 MHHYTY BO BpeMeHHOM (aiine ¢opmara SPS. Ha pucyHke 2 noka3aHsbl
HaOpaHHBIM raMMa-CIEKTP € MOMOIIBI0 KCEHOHOBOTO raMMa-CIIEKTPOMETpA, I'/lIe€ Ha NMPUBEIEHHBIM
CMEKTpE OTYETJINBO BUIHBI TaMMa-TUHUM U CKpUHIIOT [10-2 «HABOP».

26406 PR P B P |
1,5¢+06 |
| > v Session st
WicERUT BE2ET8T4E) W
- g
E » Chat
ﬂ le+06 2000000
o . 1500000
z
- 1000000
500 000 | | 500000
T [ ]
o 1000 2000 200 2000
7 # € 4+ Q=2
[ st
0 T T T T T T T [ Sop
0 1000 2000 L Int detector setup.
L

Faad

EGon)
PucyHox 2 — JlucraHunoHHO HaOpaHHBIM raMMa-criekTp (cieBa) B mmHelHOM MaciuTtabe u [10-2 « HABOP» (cnipaBa)

B o6mactu BeicOkuX sHepruit (6ompmie omHoro 1 MsB) Ha 3TUX puCyHKaxX BHIHBI TaMMa-
JUHUM €CTECTBEHHOrO (POHOBOTO W3JIydeHHs CBA3aHHOrO ¢ pamuonyknmpamu K u 226Th.
OTKJIOHEHUsI TOJOXKEHHUS TaMMa-NIUKOB B CIEKTpax He mpesbimano (0,6 kKaHajga, 4TO COCTaBIISET
0,06%. ITo pe3ynbpTaTaM MPOBEICHHBIX U3MEPEHUN MOXKHO ClIeJIaTh BBIBOJ O TOM, YTO KCEHOHOBBIM
raMMa-ClieKTpOMETp TOKIFOUCHHBIH K OJHOIUIATHOMY KoMmmbioTepy RaspberryPi +3 paGoraer
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CTa6I/IHBHO B TCUCHUC INJUTCIILHOTO BPCMCHU HCIIPCPBIBHBIX I/IBMepeHHﬁ U SHCPreTUYCCKOC
paspelenue ocTaeTcs HOCTOSHHEIM, T.e. 1% mpu sueprun ©Co.

*WccnenoBanue BBIIOIHEHO MPH MOJEpKke MUHHACTEPCTBA HAYKH W BBICHIEro oOpazoBaHus PO (yHHKaIHHBIH
unenTudurarop npoekra RFMEFI61419X0003).
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Automated and Robotic Gamma-Spectrometric Complex for the Use of Environmental and
Radiation Safety During the Operation of NPP

Madzhidov A.l.1, Dmitrenko V.V., Ulin S.E., Vlasik K.F., Grachev V.M., Egorov R.R.,
Krivova K.V., Uteshev Z.M., Chernysheva 1.V., Shustov A.E.

National Research Nuclear University “MEPhI,” Moscow, 115409 Russia
te-mail: aimadzhidov@mephi.ru

Abstract — The article considers shortcomings of modern automated and robotic mobile gamma-gamma
systems with use of gamma-gamma Spectrometers with energy resolution and radiation resistance in the
process of ensuring environmental and radiation safety in the operation of NPP. Physical and technical
characteristics of xenon gamma-ray spectrometer, which is the main instrument for measuring gamma
radiation spectra of inspected objects and measuring their activity from the point of view of radiation
safety, have been presented. Information from the gamma spectrometry complex is transmitted via the
Internet to a remote computer for real-time processing of the received data.

Key words: gamma radiation, energy spectrum, radionuclide, xenon, nuclear facility.

VK 539.1.074:502.175

OCOBEHHOCTHU NEPEJAYY PE3YJIBTATOB U3BMEPEHUM C
BECIHINJIOTHOI'O JOSUMETPUYECKOI'O KOMIIVIEKCA

Poanonos U.A., Enoxun A.Il., Paxmatyann A.b.
Hayuonanvneiii uccnedosamenvckuii sdepruiii ynueepcumem « MUy, e. Mockea, Poccus

B pabore paszpaboraH BapHaHT OECIMJIOTHOTO JO3UMETPUYECKOTO KOMIUIEKCA, KOTOPBIH MO3BOJIUT
JUCTaHIMOHHO TIOJIydaTh J@HHBIE O paJAMallMOHHOH OOCTaHOBKE B PEXMME OHJIAHH B YCIIOBMAX
paIualoHHBIX aBapuil. PaccMoTpeHa ero cTpykTypa u crnoco0 rnepeaadyy CUrHana.

Kniouesvie cnoea: OECIMIOTHBIA O3MMETPHUYECKUI KOMIUIEKC, Iepefada pe3ylbTaTOB H3MEpPEHHH,
CHEKTPOMETP.

ABapus Ha ADC dykycuma BbISIBWIIa ONPEICICHHBIN HEIOCTATOK TPAaJULMOHHBIX METO/0B

PETHCTpAallUM M3JTyYECHHUS C TIOMOINBI0 CHCTEMBl aBTOMAaTU3UPOBAHHOM CHCTEMBI KOHTPOJIS
panuanuoHHoit oocranoBku (gamee — ACKPO). B MmomeHT BBIOpOCca paanoakTUBHBIX BerlecTB [1],
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MOCTHI KOHTPOJISL B pe3yJbTaTe IyHaMH ObLTH MOBpEXIEHHI (23 u3 24) [2-4], yTo HE TMO3BOJIWIO HA
PaHHMX 3Tanax OLEHUTH CTENEHb PAAUAIIMOHHOTO MOPAKEHUS MECTHOCTH [1].

[Ipy BO3HMKHOBEHHUH HEOOXOAMMOCTH B OLEHKH CTENEHHM pPATUALMOHHOTO 3arps3HeHUs
TEPPUTOPHUH, CYIIECTBYIOT JBa cIloco0a AEMCTBUIl: TPaJUIMOHHBII — C HENOCPEACTBEHHBIM
ydacTHEM 4YeJlOBeKa Ha IOTEHIMAJIbHO OIACHOM YYaCTKE MECTHOCTH, M TIEPCIEKTUBHBIA —
OECKOHTaKTHBII, C HCIONb30BAaHUEM, HalpUMep, OECIMUIOTHOTO JO3MMETPHUYECKOro KOMILIEKCa
(manee — BJIK) [5], ucmonb3oBaHHE KOTOPOTO TO3BOJMIO OBl YMEHBIIUTH PHUCK OOIYYCHHUS
JIOTIOIHUTEIBHBIMU  JIO30BBIMU ~ HAarpy3KaMu [E€pCOHaNa, OCYIIECTBISIONIET0 IMOHCKOBBIE U
pa3BeabIBaTeIbHBIE pAOOTHI.

CoctaB BJIK cocTouT U3 1ByX OCHOBHBIX YacTe€il — 3TO HOCUTEINb (KBaJAPOKONTEP, BEPTOJIET U
T.JI.) ¥ TO3UMETPUUYECKUI KOMIUIEKC [6], mpeAcTaBstomuid u3 cedst Habop ammapaTypsl i cOopa,
00palboTKH U Mepeaayu CUrHaia O COCTOSIHUM PaJlalliOHHONW OOCTaHOBKH.

B pabote npuBencH cienyrouMil BapuaHT pealn3alvd JO3UMETPUYECKOTO0 KOMIUIEKCA —
KOMOMHAIMS CIEAYIOIUX MPUOOPOB: KCEHOHOBBIM TI'aMMa-CIIEKTPOMETP (Jajnee — CIEKTPOMETP),
ramma-gerekrop tama YJIMI (mamee — nerektop), nataumk MecrtomonoxeHus (GPS w/mmm
I'JIOHACC), BbicoTOMED.

Taroke npuBeieH CleqyroMi BapuaHT nepefaun curiaia. [locne criekrpomerpa (AeTeKropa) CUrHasi
nocTynaer Ha omianouHyro miary STM32f103c8t6 (nanee — omiagouHas IUiaTa), 3aTeM 4Yepe3 MOAYIlb
NRF24L01+ (manee — mepeqaTiyuk JTAHHBIX) OCYILIECTBISIETCS Mepefavya Makera JAHHBIX HAa KOMOHMHAIIUIO
npubopoB (STM32f103c8t6 u NRF24L01+), ocymectBisitolnyto mnpueM ngaHHbix. Jlaramk GPS wumm
I''IOHACC, a takke BbICOTOMEpP NPUKPEIUISIFOTCS K OTJIa/I04HOM TIaTe.

[Tocne mpouenypsl mnpuéma, AAaHHBIE MOCTYHNAIOT HA TMEPCOHANBHBI KOMIBIOTEp IS
nanpHele oOpaOOTKM JaHHBIX U IOJY4YEHHUsS] pE3yJbTaTOB O COCTOSHUU paguallMOHHON
OOCTaHOBKM  MOJCTWIAIONIEH  MOBepxHOCTU. (CxemaTHueckoe  HU300paKeHHe  CTPYKTYpPHI
JO3UMETPUYECKOT0 KOMILJIEKCA IPECTABICHO HAa PUCYHKE 1.

CrnexrpoMetp Otnapgousasn mata —[lepenaTyiy JaHHEIX
GPS/TIIOHACC | | | | Bricotomep TIpHen maFFErx
HetexTop OTnapgouHad mata —[lepenaTauy QaHHEIX TIepcoHANEHEL
KOMIBEOTED

Pucynox 1 — CxemarnuHoe n3o0pakeHHe CTPYKTYpPbI JO3UMETPHUECKOTO KOMILIEKCa

[IpemyioxkeHHbII BapUAHT T03UMETPUUYECKOrO0 KOMILIEKCA MO3BOJIMT AMCTAHIIMOHHO MOJIYy4YaTh
JAaHHBIE O PAJMAIIMIOHHON 0OCTAHOBKE B PEXKMME OHJIANH.
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Features of the Transmission of Measurement Results from an Unmanned Dosimetric
Complex

Rodionov I.A.%, Elokhin A.P.2, Rakhmatulin A.B.
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Abstract — We have developed a variant of an unmanned dosimetric complex, which will allow remotely
obtaining data on the radiation situation online in the conditions of radiation accidents. Its structure and
method of signal transmission are considered.

Key words: unmanned dosimetric complex, transmission of measurement results, spectrometer.

VIIK [628.54 : 628.477] : 621.311.25

CTPOMTEJIBCTBO IIYHKTA 3AXOPOHEHUA OYEHD
HU3KOAKTHUBHBIX OTXOJ0B (OHAO) HA POCTOBCKOM A2C
OBBEMOM 11 000 M3

®etucona 10.A., I'opckasa O.U.

Qunuan AO «Konyepu Pocanepeoamomy» «Pocmosckas amomuas cmanyusay, e. Boneooouck, Pocmoeckas 06:1., Poccus

B pabote copmymnupoBaH BUA IDIaHHpYyeMOH (HaMedaeMo) XO3IWCTBCHHOW W HHOW NEATCIBHOCTH —
CTPOWTENECTBO ITyHKTAa 3aXOPOHCHHS OYeHb HU3KOaKTHBHBIX 0TX070B (OHAO) mHa PocroBckoit ADC
o6bemom 11 000 m3. TIpuseseHs! cBeieHus 06 0Opa3oBaHMU ¥ OOPALIEHMH C OYEHb HH3KOAKTHBHBIMU
orxogamu (OHAO) Ha PoctoBckoit ADC. ChopmymnipoBaHa XapaKTepUCTHKA ITyHKTa 3aXOPOHCHHS O4YCHBb
HU3KOAKTUBHEIX 0TX010B (OHAO) 06Bemom 11 000 m3. TIpoekTHOl mOoKyMeHTaluell nperycMaTpuBaeTcs
CTPOWTENBCTBO IYHKTA 3aXOPOHEHHS OYeHb HU3KOAKTHBHBIX OTXOAOB, IPEIHA3HAYEHHOTO UL
3axoponenuss OHAO III, IV u V knaccoB 0macHOCTH, COOTBETCTBYIOIINX KPUTEPHUSIM MPUEMIIEMOCTH IS
3aXOpOHEHH M O0Opa3yIoUIMXCsl B pe3ynbTaTe IPOU3BOJICTBEHHOH nestensHOCTH PocTtoBckoit ADC.
CTpouTenhCTBO OCYIIECTBIISICTCS B 2 dTama.

Knioueswvie cnosa: PocroBckas ADC, oueHs Hu3koakTHBHEIE 0TX0ABI (OHAOQO), MyHKT 3aXOpOHEHUS OYSHb
HU3KOATHBHBIX OTXOJOB, IUIAHMpYyeMas (HamedaeMast) AesATeIbHOCTh, raMMa-M3JIyqaloline OTXO0bl, 103,
aKTHBHOCTb, PAJANAIMOHHBIN KOHTPOJIb, MPOMBIIJIEHHBIE OTXOIbI, COOPYKEHHS.

PoctoBckas ADC sBisieTcs OJHUM U3 KpYyMHEWIIUX NPEeANpPUsATUI S3HEpreTUKH Ha rore Poccun,
pacrionio’)keHa B PoctoBckoil oGmactu, Ha Oepery LlumisiHckoro BomoxpaHuiuma, B 13,5 kM ot
r. BonrogoHncka.

OcHOBHBIM BUIOM JeATenbHOCTH PocToBeckoin ADC sBiseTCsl MPOU3BOACTBO JIEKTPUUYECKON
SHEPTUM TPU  COONIIOJICHMM  HOPMATHUBHBIX  TpeOOBaHWU  0€30MacHOCTH,  HaAEKHOCTH,
IIPUPOJIOOXPAHHOT0 3aKOHOAaTeNnbeTBa PD.

[IpoextHass momHOoCcTh PoctoBckoit ADC coctaBisier 4000 MBT (4 »meprobmoxka). [Ipoekt
PocroBckoit ADC oTHOocuTCS K cepud yHH(DUUIUMPOBaHHBIX, ¢ peakropamu BBOP-1000 c
JBYXKOHTYpPHOM CHCTEMOI BbIpaOOTKH 3JIEKTPOIHEPTUU U YCTaHOBIEHHOM MomHocThio 1000 MBT
Kax/1plii. DHeproOiok Nel BBeEH B MPOMBIIIICHHYIO dKcmuTyarauio B 2001 roxy, snepro6iiok Ne 2
—B 2010 romy, sHepro6siok Ne 3 — B 2015 roxy, sneproosiok Ne 4 — B 2018 romy.

B mpouecce skcruryatauun PoctoBckoit ADC 00pa3yroTcst TBep/ble O4€Hb HU3KOAKTHBHBIC
npousBoAcTBeHHbIE 0TX0AbI III, [V 1 V Kk1accoB omacHOCTH, HE SIBJISIIOIIMECS PaIAOAKTUBHBIMU
orxomamu. J[ns pa3zmenienus obpasyrommxcs Ha PoctoBckoit ADC oueHb HU3KOAKTHBHBIX OTXO/0B
(manee mo Texkcty — OHAOQO), cOOTBETCTBYIOUIUX KPUTEPHUSIM MNPUEMIIEMOCTH AJIs 3aXOPOHEHHS,
CYLIECTBYET HEOOXOIMMOCTh CTPOUTENILCTBA MyHKTa 3axopoHeHust OHAO.

OObexToM mpoekTupoBaHus ABisieTcs «IIyHKT 3aXOpOHEHHs OY€Hb HM3KOAKTHUBHBIX OTXOOB
(OHAO) Pocrosckoit ADC o6bemom 11 000 m3» (PocToBckas obmnacTs, T. Bonromonck-28) (nanee
1o TekcTy — OOBEKT).
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IIpoekTHOM  nmokymeHTauMend  mpexycmarpuBaercst — crpourtensctBo  II3 OHAO,
npeanazHadyeHHoro s 3axopoHenuss OHAO 11, IV u V kiiaccoB omacHOCTH, COOTBETCTBYIOIIUX
KPUTEPHUSAM MPUEMIIEMOCTH JJISi 3aXOPOHEHUS M O00Pa3yIOUIMXCS B pe3yJibTaTe MpPOU3BOJCTBEHHOM
negareabHocta PoctoBeckoit ADC.

B cocraB npoekTupyemMoro o0beKTa BXOIIT:

— TEXHOJIOTUYECKUI KOPIYC € IUIOMIAJIKON Pa3Tpy3Ku;

— coopyxenue s 3axopoHerust OHAO oowemom 6000 M3, atam 1 (cpok 3amonHeHus 27 Jer);

— coopyxenue misa 3axopoHeHuss OHAO o6wemom 5000 m3, stam 2 (cpok 3amoiaHeHHs 23
rona).

I13 OHAO pomkeH obecnieyrBaTh PaJUAlMOHHYIO O€30IaCHOCTh PAOOTHHKOB, HACEJICHUS U
OKpY’Karolllel cpejibl B TEUEHHE Ieprojia noTeHuanbHoi onacHoctu OHAO.

3eMeNnbHBIA YYacTOK I10J] IPOCKTHPYEeMbI OOBEKT pacmojiokeH B PocroBckoil oGmactw,
Jly6oBckoMm paiioHe, JKyKOBCKOM CEIbCKOM IIOCENICHHWH, Ha paccTosHun Oomee 1,3 kM oT
HuMIISTHCKOTO BOJIOXpaHUIIUIIIA.

[Inomane 3emenbHOro ydactka coctamisieT 85,698 ra. Ilnmomanka maxomurcs B 3,7 KM OT
x. XapceeB u B 4,3 kM ot cT. [logropenckas. 3eMenbHbI y4yaCTOK pacHojiaraeTcs B TIpaHULIAX
CYILIECTBYIOIIEH CaHUTApHO-3aIIUTHOU 30HBI PocToBckoit ADC. MHbIE 30HBI ¢ OCOOBIMU YCIOBUSIMH
UCIIONIb30BaHUsl TEPPUTOPUM HE 3aTPAarMBaOTCS, OTPAHUYEHHUs [0 PACIOJIOKEHUI0 OO0beKTa
OTCYTCTBYIOT. Ha nmpoekTtupyemMomM y4acTke AepeBbsi, KyCTApHUKOBBIC HACAKICHHUS OTCYTCTBYIOT.

Obpa3zosanue u oopawenue c OHAO na Pocmosckou ASC.

B coorBerctBun ¢ m. 1.2 Canurapusix mnpasun CII 2.6.6.2572-2010 «Obecneuenue
paauanuoHHON 0e30MacHOCTH MPH OOpAalllEeHUU C MPOMBIIIJICHHBIMU OTXOJaMU aTOMHBIX CTaHIIHM,
coJiepKallMMH TeXHOreHHble paauoHykauasy OHAQO Ha3pIBalOTCS TBEPIbIC MPOMBIILICHHBIE
OTXOJIbl aTOMHBIX CTAHIUM, 3arpsA3HEHHBIE WIM COJAEPXKAIUE PAAUOHYKIUIBI TEXHOTEHHOIO
MPOUCXOXKACHUS, HO He sBIsAOmMecs paauoaktuBHbiMu oTxogamu. K OHAO otHocsAT He
MpeHa3HauYeHHbIe ISl NajdbHEHIIero UCIoIb30BaHMs MaTepUalbl, U3/enus, 000pyA0BaHUE U TPYHT,
yJAelbHasi aKTUBHOCTh KOTOPBIX HE JIOMYCKaeT 0CBOOOXKIEHHE UX OT PaJiMalliOHHOTO KOHTPOJIS, HO
MEHbIII€ aKTUBHOCTH TBEPJIBIX PAJUOAKTUBHBIX OTXOJIOB.

Jlia mpenBapuUTENbHONM COPTHUPOBKH OTXOJOB MCIOJNB3YIOTCSI MOLIHOCTH J03bl TamMMma-
u3nydenus Haa GpoHoM Ha paccTostHuH 0,1 M OT TOBEPXHOCTH.

lNamma-uznydaromme orxoasl ADC cuutatorcs OHAO npu morHoctr 10361 0T 0,1 MK3B/4 10
1 mx3B/4. Ecau momrHoCTh 10361 Oonbiie 1 MK3B/4, TO OKOHYATeJIbHOE pelieHrne 00 OTHECeHHU
orxon0B k OHAO npuHMMaeTCcs Ha OCHOBE JAaHHBIX 00 aKTUBHOCTU U PATUOHYKIHIHOM COCTAaBE
OTXOJIOB:

— TIPOMBILUIEHHbIE OTXOAbI C yJenbHON Oera-akTuBHOCTHIO OT 0,3 mo 100 xbx/kr mnm c
ynenbHOU anbda-aktuBHOCThI0O OT 0,3 mo 1,0 kbk/kr, unum ¢ coaepkaHueM TPaHCYPaHOBBIX
paguonykimuoB ot 0,3 no 1,0 kbk/kr otHocsaTcss k OHAO npu HEU3BECTHOM paAHOHYKIHIHOM
COCTaBE;

— TIPY U3BECTHOM PATUOHYKIMIHOM cOocTaBe oTxoAbl oTHOCATCS K OHAO, ecnn ux cymmapHas
yJenbHas akTUBHOCTH Oonbiiie win paBHa 0,3 kKBK/KT, a BepXHssS TpaHUIa aKTUBHOCTU OTPEIENISIETCS
CyMMOW OTHOIIEHUH yIEIbHON aKTUBHOCTH PAJINOHYKIUIOB K UX MUHUMAJIBHO 3HAYMMOM yI€ITbHON
aKTUBHOCTH, CYMMa He JIOJI’KHA IIPEeBBIIIATH 1.

OcnoBHoit Bkian (cBeime 95 %) B aktmBHOCTE OHAO BHOCAT: MnS54, Co60, Sr90, Cs134,
Cs137.

OcB0OOXIaI0TCA OT PaJMALMOHHOTO KOHTPOJISI OTXOABI, Y KOTOPBIX CyMMapHas yjaeiabHas
akTuBHOCTh MeHee 0,3 kBk/kr. OcBOOOXKIEHHBIE OT KOHTPOJISI OTXOJBI MOTYT 3aXOpPaHHUBAThCA Ha
MOJIMTOHAX MPOMBIIIJIEHHBIX OTXOIOB.

Takum o6paszom, OHAO oTHOcATCS K OTXOJaM TMPOWM3BOACTBA U TMOTpeOJNICHUS C
JOTIOTHUTEILHBIMH TPEOOBAaHUSIMU B YACTH PAJMAIIMOHHOTO KOHTPOJIS.

OHAO o6pa3ytorcs Ha PocroBckoit ADC mpu 3SKCIUTyaTallid M PEMOHTE 000pYAOBaHMUS,
TpyOOIIpOBOI0B, anmapaTypsl, nomenieHuit ADC u pu coptupoBke PAO.

Oxwunaemprii obmuit 0o0beM OHAOQO, pa3Mermaembiii B COOPYXKCHHSIX MPOSKTUPYEMOTO
00BeKTa, cocTaBiageT 5945 M3, B TOM 4mCIIe:
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- atan 1 — 3243 M3 OHAO;

- atan 2 — 2702 M3 OHAO.

C6op OHAO npou3BoIUTCS B MECTaX MX 00pa30BaHUs OTACIBHO OT PAIHOAKTUBHBIX OTXOJIOB,
OpU O3TOM TPEIyCMaTpPUBACTCS MCKIIOUEHHWE CMEIIMBAHMS OTXOJOB Ppa3UYHBIX YPOBHEU
AKTUBHOCTH.

Xapaxmepucmuka nynkma 3axoponenus OHAO

B coorBerctBum ¢ Ttexnonorueil 3axoponenuss OHAO, cormacHo rpaduKy MOCTYIUICHUS
OHAO, tpanmes 1 srama oobemoMm 6000 M3 u Tpammes 2 stama o6bemoM 5000 M° GymyT
3aM0JIHATHCS B TEUEHHE 27 JIET KaxK1asl.

3nanue TexHOIOTMYECKOro KopIilyca MpeACTaBisieT co00W MPSAMOYTrojbHOE, OJHO3TaXKHOE
3/1aHHE€ C HECYIIMM METAJUIMYECKUM KapKacoM M HApPY>KHBIMHM OIPa)Ial0IUMU KOHCTPYKLHUSMU U3
poGUIMPOBAHHOIO HACTHIIA ¢ pa3MepamHu B Tuiade 12,54 m x 13,03 m. BricoTa 31aHusI OT OTMETKH
YPOBHS 3€MJIM JI0 BEpXa MOKpbITHs nepemeHHas oT 3,50 M no 6,21 M. 31aHue HeoTariuBaeMoe.
KoHcTpykTuBHas cxema 3/1aHusl — paMHO-CBSI3€BbI METaJUIMYECKUi Kapkac. PaMbl OIHONIPOJIETHEIE,
pacrosioxeHbl BA0JIb OykBeHHbIX oceld. [lar pam 6,0 m, nposet 12,0 m.

BepTukanbHble CBS3U MO KOJJOHHAM PACIIONOkKeHbI 0 ocsiM 1, 2 B ocsax A-b.

@yHIaMEHTBI 3JaHUS IPUHSATH MOHOJUTHBIE CTOJI0UYATHIE.

1 sran. Coopy:xeHue npeaHazHayeHo AJid 3aX0poHeHus roprounx u Heroprounx OHAO 111, IV
u V kiaccoB onacHocTU. COOpY’KEHHUE COCTOUT U3 HAJI3EMHOM U 3ariyO0JICHHOW YacTei.

HanmzemHass dacth coopyxkeHus BpemeHHoro xpaHeHuss OHAO mnpexacraBiser coOoit
OJIHOATAXXHOE MPSIMOYTOJIBHOE HEOTAINTMBAEMOE COOPYKEHUE ¢ pa3mepamu B 1iaHe 24,6 M x 61,9 m
U HapYXHBIMU OTPaXKIAIONIMMH KOHCTPYKIHMSAMH U3 mpoduiarpoBaHHoro Hactuia. CoopykeHue
UMeEeT JiBa TeMIlepaTypHbIX Ojoka. TemmeparypHbli-1e(pOpMallMOHHBIA 1IOB PacHOJIOKEH B OCIX
6-7, nenuT 3/1aHUS Ha JIBa TeMIepaTypHbIx Oioka namuHou 31,0 M. BricoTa coopykeHHsI OT OTMETKU
YpOBHSL 3€MJIM 10 OTMETKHM KOHbKa 8,09 M. BpicoTa cOOpyX eHHS OT OTMETKH TEXHOJOTMYECKOU
mwiomaaxu 0,000 1o HKU3a HecymuX KOHCTpYKIMi (pepmbl) 3,93 M.

HanzemHas yacTh coOopyeHHs IMpeaHa3HaueHa JUIs 3allMThl OT aTMOC(EpPHBIX OCAJKOB Ha
NIEPUOJ, NOJHOTO 3aIloJIHEHUsl coopykeHus koHrtenHepamu ¢ OHAO. IIpoekrom mpenycMOTpeHO
3aT0JIHEHUSI COOPYKEHUS B TeUeHHUE 27 JIeT.

KoHcTpykTHBHaAs cxeMa HaJ3eMHOHN 4yacTH MeTaumdeckuil kapkac. Illar pam 6,0 M, mposer
24,0 m. KosoHHBI paMbl IPUHSTHI CIIONIHOTO CEYSHHS U3 MPOKATHBIX 1ByTaBpoB 1o ['OCT P57837-
2017, depmsbl pazpabotanbl Ha ocHoBe cepur 1.460.3-23.98 ¢ ykimonom kpoiu 20% K3 3aMKHYTBIX
THYTOCBapHBIX npoduiieit npsimoyroasHoro cederns mo OCT 30245-2003.

CoopyxeHue HMeeT KpaHOBoe oOopynoBaHue. KpaH TpexOmOpHBIM 3leKTpUUYECKHi
rpy3onoabeMHocTh 1,0 T.

3aryry0seHHass 4acTh COOPY)KEHUSI UMeeT OeCKapKaCcHYI0 MOMNEpEeYHO-CTEHOBYI0 MOHOJIMTHYIO
KOHCTPYKTUBHYIO CXEMY C IIaroM nomnepeyHsix cted 6,0 M. ['myOuHa noa3zeMHoON 4yacTu cOOpy KeHUs
4,65 m.

ITocne 3amonHeHust coopyxenus koHteHHepamu ¢ OHAQO, KOHCTpYKIIMM HAA3€MHOM YacTh
JEMOHTHPYIOTCS, a 3ariayOJieHHas yacTh 3anoHsAeTcs 0yepHbIM MaTepruaioM (MecKoM) 10 OTMETKH
BepXa JKelIe300€TOHHBIX CTEH coopykeHHs. Ilo BepXy MOACHINKM BBIMOJIHAETCS >Kel1e300€TOHHAs
MOHOJIMTHA IIUTA TONIHHOK 150 MM 1 06BaloBKa BEICOTOH 1,35 M.

[IpocTpaHcTBEHHass JKECTKOCTh W HEU3MEHAEMOCTh TIOJ3€MHON YacTH COOpY>KEHUs
o0ecreynBaeTcsi JKECTKOCThIO BHEIIHMX M BHYTPEHHUX JKEJI€300€TOHHBIX CTEH, JKECTKO
COCIMHEHHBIX ¢ (YHJAAMEHTHOM TUTMTOW HM MeXAy co0o0il. MOHOMUTHBIE KeIe300€TOHHBIC
KOHCTPYKLIMH BOCIPUHUMAIOT BCE JACHUCTBYIOLIME HA IMOA3EMHYIO 4YacTb BEPTUKAIBHBIE U
TOPU30HTAJIbHbIE  HArpy3KH M OOECHEeYMBaIOT  MPOYHOCTh, OOLIYI0  YCTOMYHMBOCTH H
IIPOCTPAHCTBEHHYIO HEM3MEHSAEMOCTD MIOI36MHOM YaCTH COOPY KEHHUS.

2 sran. Coopy>KeHue MpeHa3HaueHo AJIs 3aX0poHeHus roprounx u Heroprounx OHAO 111, IV
u V knaccoB onacHOCTH. COOpyKEHUE COCTOUT U3 HA/I3eMHOM U 3ariay0JIeHHON YacTei.

Hamzemnass wacte coopyxeHusi BpemeHHoro xpanenusi OHAO mpexacraBmsier coboi
OJIHOATAKHOE MPSMOYTOJIbHOE HEOTAIUIMBAEMOE COOPYKEHUE ¢ pazMepamu B 1uiaHe 24,6 M x 55,9 m
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U HapYXHBIMH OTPaXKIAIONIMMH KOHCTPYKIHUSAMH W3 TpoduiarpoBaHHoro Hactuia. CoopykeHue
MMEeT JIBa TeMIEPaTypHbIX OJIOKa.

TemmnepatypHblii-neopMalMOHHBII IIOB PACIONOXKEH B OCAIX 6-7, JEIUT 3[aHUS Ha JBa
TeMIIepaTypHBIX OJIOKa: aimuHa oxHoro Osoka 31,0 M, mmmHa BTOporo Oioka 25,0 M. Bricota
COOPY>KEHHsSI OT OTMETKHM YPOBHS 3€MJHU JI0 OTMETKH KOoHbKa 8,09 M. BricoTa coopyxkeHus or
OTMETKHU TexHoJornueckoi momaaku 0,000 10 Hu3a Hecynux KOHCTpyKimi (pepmsbr) 3,93 M.

HamzemHas yacte cOOpy)KEHUs NMpeaHa3HaueHa JAJs 3alIUThl OT aTMOC(EPHBIX OCAJIKOB Ha
MEepUO/JI TOJIHOTO 3aloJHEHUs coopykeHusi koHTerHepamu ¢ OHAO. IIpoekToM mnpeaycMOTpeHO
3ar0JIHEHUS COOPYKEHUS B TEUEHHE 23 JIeT.

KoHcTpykTHBHas cxeMa HaJl3eMHOW 4acTW MeTajuimyeckui kapkac. [llar pam — 6,0 M, nponet
— 24,0 M. KoOHHBI pambl MPHUHATHI CIUIONIHOTO CEYCHHSI M3 MPOKATHBIX AByTaBpoB 1o ['OCT
P57837-2017, depmbl paspaboranbl Ha ocHoBe cepuu 1.460.3-23.98 ¢ ykionom kposiu 20% u3
3aMKHYTBIX THYTOCBapHBIX npoduieit npsimoyroisHoro ceyenus no 'OCT 30245-2003.

CoopyxxeHue wumeeT KpaHoBoe oOopynoBanue. KpaH TpexomopHbI 3JIeKTpUUECKUN
rpy3onoaseMHocTs 1,0 T.

3arny0ieHHas 4YacTh COOPYXKEHHsSI UMEET OECKapKacHYIO MOIMEPEYHO-CTEHOBYI0 MOHOJIUTHYIO
KOHCTPYKTHBHYIO CXEMY C IIIaroM IMornepeyHsix cTeH 6,0 M. [ryOnHa moa3eMHON YacTH COOPYKEHUS
4,65 m.

[Tocne 3amonneHust coopyxeHus: koureitnepamu ¢ OHAO, KOHCTPYKIIMM HAI3eMHOW 4YacTH
JEMOHTUPYIOTCS, a 3ariayOJeHHas dYacTb — 3amoiiHseTcss OydepHbIM MarepuasioM (IECKOM) [0
OTMETKHM BEpXa IKEJIe300€TOHHBIX CTEH coopykeHus. [lo BepXy TMOACHINKU BBITTOJIHICTCS
’KeJIe300€TOHHAss MOHOJIMTHAS IUIMTA TOIIMHON 150 MM 1 06BaioBKa BRICOTOH 1,35 M.

[IpocTpancTBeHHasi JKECTKOCTb W HEM3MEHSEMOCTh TOJI3EMHOM YacTH  COOPYKEHHS
o0ecreunBaeTcs IKECTKOCTbIO BHEIIHUX W BHYTPEHHUX KEJIE300€TOHHBIX CTEH, IKECTKO
COCMHEHHBIX C (YHJIAMEHTHOW IUIMTOM HW MEXKIy co00i. MOHOJHWTHBIE IKEIe300eTOHHBIC
KOHCTPYKLUHMH BOCIPUHHUMAIOT BCE JEHUCTBYIOIIME HAa TMOJ3EMHYI0 YacTb BEPTUKAJIbHBIE U
TOPU3OHTANIbHBIE  Harpy3kd ©  OOECIEeYMBAIOT  IMPOYHOCTh, OOIIYyI0  YCTOHYMBOCTH U
MPOCTPAHCTBEHHYIO HEM3MEHSIEMOCTb IMOJ3€MHOU YaCTH COOPYKEHHUS.
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Abstract — The paper formulates the type of planned economic and other activities the construction of a
disposal facility for very low-level waste (VLLW) at the Rostov NPP with a volume of 11000 m3.
Information about the formation and handling of very low-level waste (VLLW) at the Rostov NPP is given.
The characteristics of a disposal facility for very low-level waste (VLLW) with a volume of 11,000 m3
have been formulated. The project documentation provides for the construction of a disposal facility for
very low-level waste intended for the disposal of VLLW of hazard classes Ill, IV and V that meet the
acceptance criteria for disposal and are generated as a result of the production activities of the Rostov NPP.
Construction is carried out in 2 stages. Key words: Rostov NPP, very low-level waste (VLLW), very low-
level waste disposal site, planned (planned) activity, gamma-emitting waste, dose, activity, radiation
monitoring, industrial waste, facilities.

Key words: Rostov NPP, very low-level waste (VLLW), very low-level waste disposal site, planned
(planned) activity, gamma-emitting waste, dose, activity, radiation monitoring, industrial waste, facilities.
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JAUHAMUKA CMEPTHOCTH HABEMHOI'O MOJIJIFOCKA FRUTICICOLA
FRUTICUM NOCJIE TAMMA-OBJIYYEHUSA B TEYUEHHE 210 CYTOK

Yepracona E.E.”, laBpentneBa I'.B."”™", Coinzpiabic B.W."
9 9

*O6nunckuii uncmumym amommou snepemuxy — guiuan Hayuonansnozo uccnedosamenscko2o 10epozo
yrusepcumema « MUy, . Obuunck, Poccus
" Kanyacckuti punuan Mockoeckozo 2ocydapcmeentiozo mexnuueckoz2o ynusepcumema um. H.D. Baymana, 2. Kanyea,
Poccusa

Ha ocHOBaHMM 53KCIEpHUMEHTAIBHBIX JAaHHBIX JIaADOPaTOPHOTO OKCIIEPUMEHTAa MOJNYUYCHbl 3HAUYCHMS
MOKa3aTest CMEPTHOCTH TIOCIIE OCTPOTO BO3ICHCTBUSA Y-o0iydeHneM B aumama3zone ot 10 mo 300 I'p. dus
MPOBEIECHUsT JIA0OPAaTOPHOTO HKCIEPUMEHTa OB TOA0OpaHBl  yCIOBUS COAEPXKaHUS IKUBOTHBIX,
NpUOIMKEHHBIE K €CTeCTBEHHOH cpene oOuraHus. CMEpTHOCTh MOJUIIOCKOB B KOHTPOJIBHOM Tpyriie
ocTaBajach Ha HYyJICBOM YPOBHE B TE€UEHHE BCErO AKCIICpUMEHTa. B Xone nccieqoBaHM yCTaHOBJIECHBI
J1030-BPEMEHHBIE 3aBUCUMOCTU U3MEHEHUS MOKA3aTelIsl CMEPTHOCTH MOJUIIOCKOB: a0COIIOTHAsE CMEPTHOCTh
MOJUTIOCKOB BCEX BO3PACTHBIX TPYMI YBEJIWYMBACTCS C TEYEHHEM BPEMEHH TIocie OOIydeHus.
Paanope3ncTeHTHOCTh Ha3eMHOTO MOJITIOCKA BO3PACTAaeT MPH MEPEXoie OT MepBOi BO3PACTHOM IPYIIIBI K
TPEThEH.

Kniouegvie cnosa: Ha3eMHBII MOJITIOCK, pedepeHTHBIN B, Y-00IydeHne, CMEpTHOCTb.

Ha ¢one pa3BuTHs s1epHOM SHEpreTUKU odecredeHre paaualioHHON 6e30MaCHOCTH YeJI0BEKa
U OKpY’XKarolleil cpenpl SBISETCS akTyalbHbIM HampasieHueMm [1]. Ilpu sTtom Bce OGombliyro
aKTYaJbHOCTh MPUOOpPETAET SKOLEHTPUUECKUI MPUHIMII HOPMUPOBAHMS PAJAMALMOHHOTO (aKTopa,
KOTOpPBI OCHOBBIBAE€TCS Ha MPEIIOKEHHONW W pa3BuBaemor B IlyOmmkanusx MKP3 konmenmuim
«yCIIOBHBIX (pepepeHTHBIX) )KUBOTHBIX U pacTeHuit» [2, 3]. MKP3 nmpemnaraer Habop pedepeHTHbIX
OpPraHMU3MOB, KOTOPBIA BKJIIOYAET 12 BUIOB, HO JAaHHBIN CIUCOK HE SIBISAETCS OKOHYATEIbHBIM.

HazemHBIIf MOJUTIOCK HE BXOJUT B CIIUCOK peepeHTHBIX BUA0B. OTHAKO MOJIUTIOCKHU SIBIISIOTCS
yA0OHBIM MHCTPYMEHTOM OMOMHAMKAIMM TpU 3arpsA3HEHUH OKpY’Karolled cpenbl Onarogaps
BBICOKUM KO3((UIIMEHTaM HaKOIJICHUs TSDKENIBIX METaUIOB M PaAMOHYKIHAOB, IIUPOKON
pacpoCTpaHEHHOCTH, MPOCTOTE MJIEHTU(UKALNU, KOPOTKOMY >KM3HEHHOMY LHMKIY. MOJTIOCKH
OTHOCSITCS K PalMOPE3UCTCHTHBIM OopraHu3Mam [4, 5], oqHako nake MpH MajbIX J103aX MPOUCXOIST
CyILLIECTBEHHbIE M3MEHEHMs] B opraHusMe [6]. IIpu s3ToM cienyer pacmMpuTh U3y4Y€HHUE BIIMSHUS
VMOHM3UPYIOUIETO H3JIy4€HUsT Ha MOJUIIOCKOB HE TOJIBKO B MalblX J103aX, HO U B J03aX,
IIPEBBINIAIOIINX 3HAYCHH [T0KA3aTENs JICTAIbHON 0361
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JlanHasi paboTa HampaBlieHA Ha BBISBICHHE PaJHAllHOHHO-WHIYIIMPOBAHHBIX pPEIECBAHTHBIX
a¢dexToB y HazeMHoro mosutiocka F. fruticum, a uMenHo Ha ompeac/ieHHe OKa3aTelss CMEPTHOCTH
npu o0srydyennu gozamu 10 300 I'p Ha npoTskenun 210 cyTok oOimydeHus.

OOBbeKTOM HCCIEOBaHM sBIsSCTCS HaseMHbId  Mosumiock  F. fruticum.  IIpo6oot6op
MOJITIOCKOB OCYIIECTBIISIICS. HA TEPPUTOPUU C (OHOBBHIMHU 3HAYCHHSIMH PaTUOHYKINAOB. Bcero
ob10 oToOpaHo Oonee 1000 ocobeli 6€3 BUAMMBIX BHEIIHHMX ITOBPEXKACHUN pakoBHHBI. J[ist
WCCIICIOBAaHUM OBUIM BBIOpaHBI MOJUTIOCKH TpPEX BO3PACTHBIX Tpymi. Bo3pacT MOJUTIOCKOB
OmpeNesuIcs TO KOJUYECTBY 000poTOB pakoBuHBI [7, 8]. Ilepem oOiydeHHMEM MOJITIOCKH
HAXOJWJIUCh B JTA0OPATOPUU IS aIaliTAllii K HOBBIM YCIOBHIM oOuTaHus. O0IydeHrne MOJITIOCKOB
OCYIIECTBISIIOCH Ha y-ycTaHoBKke ['YP-120 B quanazone 103 ot 10 g0 300 I'p ¢ marom 10 I'p.

[Ipu oOmyyeHMH MOJIIFOCKOB TEpBOW BO3pacTHOM Tpymmbl (puc. 1) Gosee BBICOKHE HO3bI
BBI3BIBAIOT 0oJiee PaHHIO Aa0COJIOTHYIO CMEPTHOCTH IMPH HYJIEBOH CMEPTHOCTH B KOHTPOJBHOU
rpynne. Taxke clieyeT OTMETHTh, 4TO aOCONIOTHAs CMEPTHOCTh MOJUTFOCKOB (DHKCHpYETCs Tpu
obxyuyenun gozamu ot 60 I'p 1o 300 I'p. O6myuenue mommtockoB qo3amu ot 180-300 I'p BbI3bIBaeT
aOCOFOTHYI0 CMEPTHOCTh 4epe3 60 cyTok mocie obmydeHus, depe3 120 cyTok mocie o0mydeHus
abcomoTHasi CMEepTHOCTh ¢uKkcupyercs B no3ax oOmydenuss 80-170 I'p, 3a uckiIoyeHHe 103
obmyuernuss 90 I'p m 130 I'p, MakcumanpHash CMEPTHOCTh B JAaHHBIX J03aX OOIydeHUs ObLIa
oOHapyxeHa depe3 150 cyTok mocne oOiayuyeHHs. AOGCONIOTHAs CMEPTHOCTh 3aUKCHpOBaHA depes
180 cytok nmst 103 oomyuenus S0, 60 I'p u uepe3 210 cytok nist 103wl oomydenust 70 I'p.
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Pucynok 1 — CMepTHOCTD TIEpBO# BO3PACTHOM TPyYIIIBI Ha3eMHOT0 Moiutiocka F. fruticum

IIpu oONy4YeHHMH MOJIIIOCKOB BTOPOM BO3pacTHOW Tpymmbl (puc.2) yCTaHOBIEHA [030-
BpEMEHHasi 3aBUCUMOCTb U3MEHEHUSI CMEPTHOCTH: 103bl 00myueHus meHee 100 I'p He mpuUBOIAT K
a0COIOTHON CMEPTHOCTH MOJITFOCKOB Ha MpOoTsbkeHHH 210 cyTok mocie o0iydeHus:, 0ojiee BHICOKHE
7036l O0JTydeHHUsl BBI3BIBAIOT 0OJie€ PAHHIOK CMEPTHOCTh MOJUIIOCKOB. Ilpu 3Ttom oOGmydenue
MoJuttockoB go3amu 230 I'p, 260 I'p npuBoauT k abcontoTHOM cMepTHOCTH depe3 120 cyTok mocie
obmyuenust; pozamu 220 I'p, 240-250Tp, 270-300 I'p 220 — 300 I'p — gepe3 90 cyrok mocie
obmyuenus; go30i 200 I'p — uepe3 60 cyTok mocne obmydenus; 1030i1 190 I'p — gepe3 120 cyTok,
no3ou 170 I'p — uepes 150 cytok, gozamu 110-160 I'p —yepe3 180 cyTok.
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PucyHok 2 — CMepTHOCTh BTOPO# BO3pacTHOM rpymiibl HaseMHoro moiutiocka F. fruticum

VYcraHoBNeHa J030-BpEMEHHAs 3aBUCHUMOCTh HW3MEHEHUs Ha mnpoTsikenun 210 cyTok
CMEPTHOCTH MOJUTIOCKOB TPEThEH BO3PACTHOW Tpymiibl (puc. 3) mocie obmyuenus gozamu 10-300 I'p:
Oonee BbicOKMe 036l 00myueHuss (210-300 I'p) BbI3bIBalOT OoJiee paHHIO aOCONIOTHYIO
cMepTHOCTh. Ilpu sTOM abCoONIOTHAasE CMEPTHOCTh MOJUIIOCKOB HE OTMEYaeTcs NpU OOIydeHHH
no3zamu 130 I'p u Menee. MakcuMalibHasi CMEpPTHOCTh MOJUTFOCKOB B J1030BOM jAuanaszone 140-200 I'p
Hactymnaet yepe3 120-180 cyTok mocne obirydenus. i 6oJiee BBICOKUX 103 00JTy9IEeHUS MOJUTIOCKOB
(210-300 I'p) abcomroTHAs cMepTHOCTD (pukcupyercs uepe3 60-150 cyTok mocie o0ydeHusl, Kpome
103 220 u 250 I'p, rie abcontoTHas cMEpPTHOCTH OblTa AocTUTHYTa uepe3 180 cyTok.
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Pucynok 3 — CMepTHOCTB TPEThEi BO3PACTHOMN IPYIIIBI Ha3eMHOTO MoJLTFocka F. fruticum

B xone uccnenoBanuii ycTaHOBJIEHBI J030-BPEMEHHBIE 3aBUCUMOCTH U3MEHEHUs TMOKa3aTelis
CMEPTHOCTH MOJUIIOCKOB: a0COJIOTHAsi CMEpPTHOCTh MOJUIIOCKOB BCEX BO3PACTHBIX TPYIIII
YBCIUYUBACTCSA C TCUCHUCM BPCMCHHU I10CJIC O6J1y‘-IeHI/I$I. A6COJIIOTH3.51 CMCPTHOCTH MOJUIFOCKOB
MIEPBOI U BTOPOM BO3PACTHBIX I'PYIIT oTMeuaeTcs yepe3 60 cyTok mociie oomydenus aozamu 100 I'p
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u 200 I'p, COOTBETCTBEHHO, TPEThEH BO3pAaCTHOM rpymniibl — yepe3 120 cyTok mpu o0IyuyeHHH 10301
180 I'p Ha doHE HYJIEBOW CMEPTHOCTH B KOHTPOJIE.

Paguope3ncTeHTHOCT,  HA3€MHOIO MOJUIKOCKAa BO3PAcTaeT MpU IMEpeXoJe OT IepBoH
BO3pPACTHOM Tpynmbl K TpeTbe. [Ipu 3ToM vepe3 90 cyTok Kk aOCONFOTHON CMEPTHOCTH MOJLITIOCKOB
TIEPBOIi, BTOPOI U TPEThEeH BO3PACTHBIX TPYII MPUBOIAT 1036l 00mydenus 160 I'p, 200 I'p u 240 I'p,
cootBeTcTBeHHO. Uepe3 210 cyrok nocne obmydenus — 50 I'p, 110 I'p u 140 I'p, cooTBeTCTBEHHO,
JUIsL TIEPBOM, BTOPOU U TPETHEN BO3PACTHBIX IPYIIIL.
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Mortality Dynamics of the Terrestrial Mollusk Fruticicola Fruticum after Gamma Irradiation
for 210 Days

Cherkasova E.E."!, Lavrentyeva G.V."™, Synzynys B.l."

“Obninsk Institute for Nuclear Power Engineering - branch of the FSAOU VO "NIYAU "MEPhI", Obninsk, Russia
" Bauman Moscow State Technical University (Kaluga Branch), Kaluga, Russia
e-mail: caterinacherkasova@yandex.ru

Abstract — Based on the experimental data of the laboratory experiment, the values of the mortality rate
after acute exposure to y-irradiation in the range from 10 to 300 Gy were obtained. For the laboratory
experiment, the conditions of keeping animals close to their natural habitat were selected. The mortality of
mollusks in the control group remained at zero throughout the experiment. In the course of studies, dose-
time dependences of changes in the mortality rate of shellfish were established: the absolute mortality of
shellfish of all age groups increases over time after irradiation. The radioresistance of the terrestrial mollusk
increases with the transition from the first age group to the third.

Key words: terrestrial mollusk, reference species, y-irradiation, mortality.
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CEKIIMSA
CTPOUTEJILCTBO U DKCILUIYATALIUS 3JAHUIT 1 COOPYKEHUI
A3C

VIIK 621.791

UCCJEIOBAHUE YCTOMYUBOCTHU AYT'OBOI'O PA3PSJIA ITIPU
MAKCHUMAJIBHBIX PEXKUMAX CBAPKH 3JIEMEHTOB BAJIOYHbIX
KVIETOK

Bypaakos C.M., LlyBepkasnoBa O.®., [locroii JI.B.

Boneodonckuii umorceneprno-mexnuueckuti UHCIMumym — QUAUAL HAYUOHATLHO20 UCCTEeO08AMENbCKO20 A0EPHO20
yrusepcumema « MUDHy, 2. Boreooonck, Pocmosckas 061., Poccus

B pabote mpexncraBieHsl pe3ynbTaThl UCCIACAOBAHMS BIMSHUS JOIOJHUTEIBHONW COCTaBJISIONICH MUTaHUS
yactoToll 40kI'm Ha yCTOMYMBOCTB OYyrOBOrO paspsifia, NpH CBapKe MHOKPBITBIMU DJJIEKTPOJAaMH Ha
MaKCUMAaJIbHBIX PEKUMAX.

Kniouegvie cnosa: cranmbHble Oanky, OaloO4HBIC KJIETKH, MOHT&X, METAJUIMUECKHE KOHCTPYKILHH,
YCTOWYMBOCTh,  HPOM3BOJUTEIBHOCTh  IIPOIECCA,  KBa3UTapMOHHWYECKash  KOMIOHEHTa  IUTAaHUS,
K03((UIMEHT BapHalliy, pa3pblBHAS JUIMHA IYTH, IOCTOSHHAs BPEMEHH, OBICTPOIIEPEMEHHOE IO,
MPOBOJUMOCTb TYTOBOTO pa3psaia.

CranbHble OaJKuM — Kak 3J€MEHThl OalO4HBIX KJIETOK 3TO Haubojee pacHpoCTpaHEHHBIE
CTPOUTENIbHbIE KOHCTPYKIMHM. OHM HalUIM [IUPOKOE NPUMEHEHHE B CTPOMTEIBCTBE CaMbIX
Pa3INYHBIX COOPYXEHHUH: B OOIIECTBEHHBIX, I'PAKIAHCKMX W TNPOMBIIUICHHBIX 37JaHUSAX; MOCTax;
ACTAKaAaX; TUAPOTEXHUUYECKUX COOPYKEHUSAX U T.A. B 3MaHUAX U COOPYKEHUSX METAIMYECKHe
0anKu MPUMEHSIOT B BUJE OAJOUHBIX KIETOK, T.€. MEPEKPHITHH, COCTOSAIIMX U3 CHCTEMBI OallOK U
Hactmia [1].

[Tpon3BoCTBO GaJIOUHBIX KJIETOK, paOOTHI IO MOHTAXY Ha CTPOUTENBHOM IJIOIIAIKE, CBSI3aHbI
C TPUMEHEHUEM pPYYHOM JYroBOM CBapKd HOKPBITBIMU JJIEKTPOJAMHU. YBEJIWYEHHE OOBEMOB
CTPOMUTENBCTBA, B TOM YHCJIE MPOMBIIUICHHBIX OOBEKTOB, pedOopMbl I1€HOOOpa3oBaHMUS B
crpoutenberBe 2020-2022 rr. [2], cTUMYTUpPYETCs BBEIEHHEM HOBOW TOCYAapCTBEHHOW MPOTPaMMBbI
«CtpourenbctBo» B Poccuiickoii penepanmu ¢ 1 suBaps 2023 roga. To NO3BOIUT COKPATUTH CPOKU
rOCy/apCTBEHHBIX CTPOEK M YMEHBIIUTH KOJIMUECTBO HE3aBEPIIEHHOI'O CTPOUTENBCTRA [3, 4].

ViydmieHne KayecTBa CBAapHBIX COEIMHEHMH, MPOU3BOAUTENILHOCTH Mpolecca B OOJbIION
CTENEHHM CBSI3aHO C PEKMMaMU CBapKH U MOBBIIEHUEM YCTOWYMBOCTH JYyroBOro paspsizaa [5].

[ToBbIlIEHNE NPOU3BOAUTENBHOCTH PYYHOH JyroBOM CBapKHU JOCTUIAETCS NPUMEHEHUEM
AIIEKTPO/IOB OOJBIINX JIUAMETPOB, YBEIMYEHUEM CBAPOYHOTO TOKA /10 MaKCUMAaJIbHBIX MAaCIMOPTHBIX
3HaYeHUH [6], YTO MOXKET BBI3bIBATH YyBEJIWYEHHE pPA3OpbI3TMBaHUA MeETajula TpPU CBapke.
[ToBbIlIeHNE TPOU3BOIUTENHHOCTH PYYHOU TyrOBOM CBAapKHU SIBISETCS BEChbMa aKTyalbHOW 3agadeit
B CBSI3M C TEM, UTO B IPOMBIIIJIEHHOCTH, CTPOUTEILCTBE U IPYIUX, OTpacisix [6].

[ToBbIlIEHNE YCTOMYMBOCTH TOPEHUsl yTW HAa MAaKCUMaJbHBIX MACIOPTHBIX pexumax, Oyaer
CHOCOOCTBOBAaTh  yNYYIIEHWIO  TEXHOJOTMYECKMX  CBOMCTB  Ipollecca CBAapKU U €ro
MIPOU3BOIUTENILHOCTH, SKCIUTYaTal[MOHHOM HaJe)KHOCTH METAJUIMYECKUX KOHCTPYKITHH.

J11s TOBBIIIEHUST YCTOMUMBOCTH OYAET UCIOIB30BAHO BBEACHUE OT CIEIMAIBHOIO YCTPOHCTBA
JOTIONTHUTENbHOW  KBasurapmonudeckod kommoHeHThl mnuraHus (KKII) wacrotoir 40 xI'1g
(nanpspxenne 80B) B qyroBoii pa3psiia HOCTOSHHOTO TOKa MPH PyYHOU AYTOBOM CBapKe MOKPBITHIMU
anekTpoaamu [7].

Llens maHHOM pabOTBI — HCCIENOBAaHWE BIMSHUS JOMOJHHUTEIBHOM KBa3sUTapMOHHUYECKOU
KOMIIOHEHTbHI IIUTaHUS Ha YCTOMYMBOCTH yTOBOTO pas3psja MOCTOSHHOTO TOKAa Ha MAaKCHMAalbHBIX
peKUMax CBapKH.
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B kadecTBe OIIEHKH YCTOMYMBOCTH OBLTU BHIOPAHBI CIICAYIOIINE TApaMeTPhl: pa3phIiBHAS AJINHA
ayra lp [7-9], xosbounmentsr Bapuammu cBapouHoro Ttoka KVIc, nampspkenus KVUpn,
MOCTOSIHHYIO BpEMEHHU 0, XapaKTepU3yIOUIyl0 HHEPLIUOHHOCTh H3MEHEHUS MTPOBOJUMOCTH IYTH IpU
n3MeHenuu Toka [10, 11].

DKCIIEpUMEHTHI BHITIOIHSUIUCH B COOTBETCTBUU C METOUKOU pabdoT [7, 12, 13].

HccnenoBanyu ycTOMYMBOCTh TOPEHHSI OYyTM B HIDKHEM IIOJIOKEHHUU CBApOYHON BaHHBI C
HCIOJIb30BaHUEM MOKPHITOTO 3ekTpona Mapku YOHUMU 13/55 d=3mm, 1:=130A, ¢ HaJIO)KeHHEM U
0e3 HaJI0’KEeHUS KBa3UTAPMOHUUYECKON KOMIIOHEHTHI TUTaHMsI Ha yTOBOU pa3ps]l OCTOSTHHOTO TOKA.

Ha ocHoBe 00paboTKH OCIMIIIOTPaMM CBAPOYHOTO TOKA lcp M HampshKeHus Ha cronbde xyru Uy
ObLIH TOTy4YeHbI KOAhGHUIHeHTs! Bapuauu 5Tux Beauunt: KVies, KVU, [11].

[Ipu BenmeHum mpouecca B HW)KHEM MOJOXKEHHH, Ha pexume l=130A, Obu mOTy4YeHbI
napamerpsl yctoiuuBocth: l, = 16Mm; 0 = 0,135cek, KVIe= 15,46; KVU,= 15,299. JIns cBapku Ha
lee=130A (KKII f=40xI'1): 1, = 31mm; 6 = 0,031cek, KVIe= 19,363; KVU,= 14,705.

VYBenuuenune kodddunuenta Bapuanmmun KVIe, B 1,25 pasa MOXeT CBHUICTEIBLCTBOBATH O
MOBBIIICHUN YHCIIa KOPOTKUX 3aMbIKAaHUW W YBEJIMYEHUM YacTOTHl KarlllelepeHoca B Ipolecce
ceapku 1npu ucnoibzoBaHun KKII Ha MakcumanbHOM cBapodyHoM pexume. CHIDKEHHE
koaddunuenta Bapuanuun KVU, B 1,04 paza roBOpuT O MOBBIILIEHWU CTAOUIBHOCTH MaaCHUS
HanpspkeHus Ha ayre npu HajnoxxeHun KKII f=40kI o.

[TonydeHHble pe3yabTaThl TOBOPST O CylIeCTBEHHOM (B 4,35 pa3a) CH)KEHUU HUHEPIIMOHHOCTU
M3MEHEHUs MPOBOAUMOCTH IYTrOBOTO pa3ps/ia ¥ TMOBBIMICHUH €r0 JTUHAMHYECKUX XapaKTEPUCTUK
nipu Hanoxenun KKII, 4To cBs3aHO ¢ mpoTeKaroIuMu B HeM (pU3ndYecKuMH Tporieccamu [14, 15].

[Ipu oneHke yCTOWYMBOCTH TOPEHUS OYTH 10 €€ Pa3pbIBHOM UIMHE |, CleayeT OTMETHTH ee
yBEJIMYEHUE B JBa pasa, CHUXKeHHE ddexta «Omyx)aaHus», 4ro OOyCIOBIEHO OCOOCHHOCTIMH
(U3NIECKHX TPOIIECCOB MPOTEKAIONINX B IIA3MEHHOM CTOJIOE. BpIcTpomnepeMeHHoe 1mosie yCTpaHseT
HampaBJICHHOE JBIJKEHHWE HOCHTENEeH 3apsaa, 4YTO MPUBOAMT K YBEIWYCHHIO BPEMEHH UX
MpeOBIBaHUS B Pa3psSTHOM MPOMEKYTKE U YKCIa aKTOB MOHHW3AIMA U PEKOMOMHAIIMHM HA KaXKIIbI
3apsan [14].
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Investigation of Arc Discharge Stability at Maximum Modes of Welding Beam Cage Elements

Burdakov S.M.%, Cuverkalova O.F.?, Postoy L.V.2
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Nuclear University "MEPhI"
Te-mail: SMBurdakov@mephi.ru
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Abstract — The paper presents the results of a study of the effect of an additional component of the power
supply with a frequency of 40 kHz on the stability of the arc discharge, when welding with coated
electrodes at maximum modes.

Key words: steel beams, beam cages, installation, metal structures, stability, process performance, quasi-
harmonic power component, coefficient of variation, arc breaking length, time constant, rapidly changing
field, arc discharge conductivity.
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ITPOBJIEMbI MOHTAKA KPAHA KPYT'OBOI'O JIEMCTBUS B
PEAKTOPHOM OTAEJIEHUU SAINUTHOU 'EPMOOBOJIOYKHN

I'yoenanze O.A., I'yoenanse A.P.
JloHckou eocydapcmeennbll mexHuyeckuil yHugepcumem, 2. Pocmoes-na-/lony, Poccus

[Ipn pemenun mnpobirem OesomacHocTn ADC, Te CyHIECTBEHHAs pOJb OTBOAWTCS IOJHEMHO-
tparcnopTtHEIM cuctemaM (IITC) peakropHoro otnenenus (PO), nx ciemyer paccMaTpuBaTh KaK JIEMEHT
KOMILIEKCa «AJepHOE TOIIMBO — TEXHOJOTHMYECKOe 000pyIOBaHNE PEaKTOPHOTO OTIEJICHHS — 3aIIUTHAS
repmooboiouka (3['O)». B pabote paccmaTtpuBaroTcs npoOaeMbl MOHTaKa KpaHa KPYroBOTO JEHCTBHS B
peaktopHoM otaeneHud. OTIAenbHOE BHUMAaHHE YJICHSCTCS PACCMOTPEHHMIO BIMSHHS KpaHa Ha
CTPOUTENBHYI0 KOHCTPYKLHIO 3aIUTHON TepmMoo0oiodku. [IpencraBieHHBI MaTephal COOTBETCTBYET
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3aIUTHBIM  TepMooOosoukam mpoekta HIT-1000, omHako maHHBIE pe3ynbTaThl HCCIEIOBAaHUMN
cripaBeTUBEI U 111 060s0uek ADC-2006, a 3HAUHT, TPEOYIOT PEIICHHSI.

Kniouegvie cnosa: 3amuTHas TepMeTHYHass o000J0YKa, KpaH KPYroBOTO JEHWCTBHA, AehopMaryy,
MIEpEMEIIECHNS, TPELIUHBI, TIPOYHOCTH OETOHA.

MoctoBoii kpan kpyrosoro nerictBus (KKJI) B peakTopHom otaenenun sueprodioka ADC ¢
BBOP mnpu mpow3BOACTBE CTPOUTEIHHO-MOHTAXHBIX pPabOT OCHOBHOTO OOBEKTAa BBITIOIHSCT
Ipy30NO0BEMHBIE M TPAHCIOPTHBIE ONEPallMd BHYTPU TEePMOOOOIOUYKH MpU MEepeMeleHUN
o0opynoBaHusl (KOpIyca peakTopa, MalllMHbl Meperpy3Kd TOIUIMBA, MapOTreHEepaTopoB, M HHBIX
rPy30B).

I'eone3nyeckoe cOMPOBOXKIEHUE MOHTa)Ka KPAHOBOI'O IyTH U CaMOT'0 KpaHa HEIOCPECTBEHHO
Ha miomanake ADC BkiaoyaeT B ceost [1]:

— HCHOJHUTENIBHYIO ChEMKY MOJKPAHOBBIX OANOK, ONTUMHU3AIMIO MTOJIOKEHHUSI OCH KPAHOBOTO

yTH,

— KOHTPOJb TE€OMETPUYECKUX [apaMEeTpOB CEKUUH KpaHOBOIO IyTH M pa3paboTka

pPEKOMEHIaluii Ha UX PEMOHT;

— pa30uBKY OCHU KPAaHOBOTO ITyTH U MOJIOKEHUS CEKLIU;

— KOHTpPOJb YCTAaHOBKHM 0allIMakoB U CEKIIMH KPaHOBOTO pesbca, pa3paboTKy peKoMeHIalluii

Ha IOCTUPOBKY;

— KOHTPOJIb T€OMETPUUECKHUX [TAPAMETPOB PEJIbca MOCIIE CBApKHU OallIMaKoB;

— pa3OMBKY MECT YCTAaHOBKHM TJIaBHBIX OalaHCHPOB XOZ0BOH YacTH KpaHa;

— KOHTPOJIb YCTAHOBKH TJIABHBIX OAJaHCHPOB XOI0BOW YaCTH KpaHa,

— KOHTPOJIb T€OMETPUYECKUX MTapaMEeTPOB MOCTa KpaHa MPH ero cOOpKe;

— KOHTpPOJb MOHTaXa MOCTa KpaHa;

— KOHTPOJIb T€OMETPUYECKHX MapaMeTpoB OallaHCHPOB KpaHa mocje cOOpKH;

— KOHTpOJIb T'€OMETPUYECKHUX MapaMeTpoB KPaHOBOIO MYTH Iocie o00xkaTus OOOJIOYKH,

pa3paboTka peKOMEHJaluil Ha €r0 PEMOHT;

— HCIIOJIHUTENbHASI Ch€MKa KPaHOBOIO ITyTH IIOCJIE €r0 PEMOHTA.

B Xxoze BbINONIHEHUS JaHHOTO BUa pabOT HAa OHOM U3 OOBEKTOB MEPHUOJUUECKHU BBISBIISINCH
T€ WM WHBIE OTKJIOHEHHS OT TpeOOBaHUI, MpeabsBIIEMbIX K KauecTBY MoHTaxa. Hampuwmep,
HECMOTPs Ha MPOBEIEHHYIO0 pa30MBKY MECT YCTAaHOBKH TJIaBHBIX OaJlaHCHMPOB XOJOBOM 4acTH KpaHa
Ha cTposiemMcs 6noke ADC, caM MOHTaX KpaHa ObLI MpPOBEAEH 0€3 OMOBEUICHUS! COTPYIHHKOB,
KOTOpPBIE OCYILECTBIISIM COIIPOBOXKACHUE. B pe3ynbrare KpaH OblII yCTAaHOBJIEH C OTKJIOHEHUSIMH OT
TpeOOBaHUIN MpPOEKTa MPOU3BOJCTBA pabOT, YTO B CBOIO OYEpEAb MOBIUSAJIO HAa €ro KypCOBYIO
ycroifunBocTh. B MomMeHT ycranoBku 6anancupos KK/ Ha moikpaHOBBIHM MyTh IpU KOHTAKTE KoJeca
C MOBEPXHOCTBIO pejibca 00pa3yercs MIATHO KOHTAKT, pa3Mep U BHUJ KOTOPOTO O 3aBHCHUT OT (opM
oOpasyromiel Kojieca U MOBEPXHOCTH TOJIOBKM pelibca. Tak Kak pelbCOBBIM MyTh MpEeACTaBISIET
co00i OKPYHOCTb, TO MPHU BPALIEHUH KOJeca B MECT€ KOHTaKTa BO3HHUKAET MPOLECC MPOI0JIBHOTO
CKOJIBXKEHUS. DTO He3aMeUIMTENbHO (eme A0 (U3NYECKOro IyCKa) OKaszalo JAeCTPYKTHBHOE
BO3JICHCTBUE HA PENIbC KPAHOBOIO MyTH.

ITocne MOHTa)xa KpaHa Ha MOAKPAHOBBII MyTh, TO KOHCOJIN, PACIIOJNIOKEHHBIE B 30HaX BIUSHUSA
XOJIOBBIX KOJIEC, WCIBITHIBAIOT HArpy3Ky, BO3HUKAIOIIYIO OT BO3IEHCTBHSI COOCTBEHHOTO BECOM
KpaHa. 3amuTHas repMmoobonouka (31'0) B 30He KperuieHus: KOHCOJIeH BOCTIPUHUMAET MOMEHT CHIIBI
or MmaccoBoil Harpy3ku KKJI. OTo B CBOlO ouepenb BbI3bIBAaCT ympyrue Jedopmanuu
xene300eToHHOW KOoHCTpyKuuu creHsl 31°0. Ilpum sToM MecTa KpersieHHs KOHCOJIM SIBIISIOTCS
YCIIOBHOM  TpaHMIed, KOTopas paslenseT paclojOoKEHHble BbIIIE M HIXKE 30HBI C
COOTBETCTBYIOIIMMHU Ha KOHKPETHBII MOMEHT CTPOUTEIBLCTBA XKECTKOCTAMHU [2]. ClieacTBUEM ITHX
ne(OpMaMOHHBIX MPOLECCOB sABIETCA (OPMHUPOBAHHE BEPTUKAIbHBIX TPEIIMH HA BHEIIHEH
cropoHe repmoobosiouku. Ilpm sTomM B mpoekrte Ha wusrorosnenne 310  chopmynupoBano
TpeOoBaHue, YTO JOIMYCKAIOTCA YCaJ0YHbIE TPEUIMHBbI ¢ packpbiTieM 0,3 MM, 4TO B pealbHOCTH
NpEeBbIIACTCA B HECKOJIbKO pa3 [2]. Kpome Ttoro, rimyOuHa TpemMH 3HAYUTENBHO IPEBBIIIAET
TOJIIMHY 3alIUTHOTO OETOHHOTO ¢J10s cTeHbI 31°0.
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Problems of Installation of a Circular Crane in the Reactor Compartment of a
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Abstract — The Lifting and transport systems (LTS) of the reactor compartment (RC) are considered as an
element of the "nuclear fuel - technological equipment of the reactor compartment — protective pressure-
tight shell (PPHTS)" complex when solving the safety problems of nuclear power plants. The paper
considers the problems of mounting a circular crane in the reactor compartment. Special attention is paid to
the consideration of the influence of the crane on the construction of the protective hermetic shell. The
presented material corresponds to the protective hermetic shell of the NP-1000 project, however, these
research results are also valid for the shells of NPP-2006, and therefore require a solution.

Key words: protective sealed shell, circular action crane, deformations, displacements, cracks, concrete
strength.
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NCCIEAOBAHUE BO3SMOXHOCTHU TPUMEHEHUA AJJ/INTUBHBIX
TEXHOJIOIUHA AJ151 CTPOUTEJbCTBA OBBEKTOB UCHOJIL30BAHUSA
ATOMHOH SHEPTUU

HaBtsan A.P., Haxa6oB A.B.
HUAY MUDU, 2. Mockea, Poccus

B pabote paccmarpuBaeTcss BO3MOXKHOCTh NMPUMEHEHHS AJIUTHBHBIX TEXHOJOTHI B aTOMHON OTPACiH.
JlanHOE HampaBJIeHHE SBISIETCS MEPCIEKTHBHBIM B CTPOWTENHbHOW MHAYCTPHUH. AIIWTHBHBIE TEXHOJIOTUH
CHOCOOHBI YCKOPHUTH CTPOHMTEIHCTBO OOIIETIPOMBIIUICHHBIX OOBEKTOB HAa TEPPUTOPHH CTPOUTEIHCTBA
HIpeaNpUATUA aTOMHOM oTpaciu. IIpuMeHeHne agiuTUBHBIX TEXHOJIOTUH pacCMaTPUBAETCS C IPUMEHEHUE
KaK OOBIYHBIX OCTOHHBIX 3AIOJHHTENICH, TaK K€ C NMPHMEHEHHEM BTOPHYHOTO OETOHOB, MOJYYCHHBIX B
pesynbpTate geMoHTaxka OMAD. PaboThl B JaHHOM HaNpaBICHWH SBIAIOTCS MEPCHEKTUBHBIMH, 332 CUET
HOBH3HBI TexHoJoruu 3D nedaru 3xaHuil.

Kniouesvie cnosa: CTPOUTECJILCTBO, OLCHKA pPaJualluOHHOTO BOBHeﬁCTBHH, aJJUTUBHBIC TCXHOJIOTUU,
CTaHAapTHBIC 6CTOHBI, BTOPpUYHBIC 6€TOHLI, MpeACIbHOC o JOBOC MOCTYIJICHHUEC.

HCJ'IB pa6OTI:I — HCCIICAOBAHUE BO3MOXHOCTHU HCIIOJIIB30BaHUA aJJUTHUBHBIX TEXHOJIOTUHA B
aToMHOU oTpaciu. [1o qaHHON TeMe paccMaTpUBaeTCs ABa BapHaHTa WCIOJIb30BAHMUS:

- I CTPOUTCIILCTBA C UCITIOJIb30BAHUCM CTAHJAPTHBIC 6GTOHOB;

- JUIsl CTPOUTENBCTBA C UCIIOJIB30BAaHUEM BTOPUYHOTO OETOHA.
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[Ipy HOBOM CTPOUTENBLCTBE AAJAUTHUBHBIE TEXHOJIOTMH TMO3BOJISIIOT YBEIHMYHUBATH CKOPOCTH
BO3BEJICHUS 3[JaHUI U COOPYKEHUI 13 OETOHA, YTO B CBOIO OYEpEb BIUSIET HA CHIXKEHHUE CTOUMOCTH
CTPOUTENBHBIX paboT. Bo BceM Mupe HabOmOMaeTCs BBHICOKHI MHTEpec K Teme 3D-medyaru 37aHwui,
TaKk yxe B anpesie 2021 roga B P® BCTynuiau B CHIy rOCyAapCTBEHHbIE CTaHAAPThl HA MaTepUaJIbl
Ul aAJUTUBHOrO crpouTenbHoro mnpousBoiacta: ['OCT P 59095-2020 «Matepuansl Uit
aJIATHBHOTO CTPOMTENILHOTO TMpou3BojacTBa. Tepmunbl u ompenencaus», ['OCT P 59096-2020
«Marepuansl Uisl aJAUTUBHOIO CTPOUTENBHOIO Ipou3BoAcTBa. Metonsl ucnbitanuity; 'OCT P
59097-2020 «Marepuansl I aIIUTABHOTO CTPOUTEIBHOTO IIPOM3BOJACTBA. TeXHHUYECKHE
TpeOOBaAHUS.

B Mupe yxe cymecTByloT KOMIaHUM, BHEPUBIINE B CTPOUTEIbHYIO OTPAacib CBOU MPOEKTHI:
«3D-printed Canal House» xommarmmu DUS Architects; «Chinese houses» xommanuu WinSun; «a
Chinese building» komnanun WinSun u T.1. [1].

Hcxons w3 BBIIIEYKA3aHHBIX (PAKTOPOB CTPOUTEIBCTBO C TMPUMEHEHHEM aJIUTHBHBIX
TEXHOJIOTUH SABJISETCS OAHUM U3 TIEPCIIEKTUBHBIX HampaBieHui. 3D-nevyats 34aHuii U COOPYKEHUH B
ATOMHOM OTPacii MOXET TaK:Ke YCKOPUTH CTPOUTEIHCTBO OOMICTIPOMBINUICHHBIX 3[aHUH 00BEKTOB
UCIoJNIb30BaHus aToMHOM sHeprun (OUAD).

PaccMoTpeH BapuaHT WCIOJIB30BAHUS BTOPUYHBIX OCTOHOB C TMPHUMEHEHHUEM aJITUTHBHBIX
TEXHOJIOTUI B CTPOUTEIIBCTBE, IS TOTO UCCIIEIOBAINCH Pa3IUYHbIE (PAKTOPHI:

- pacyeTHas OLICHKA PaJIMallMOHHOTO BO3/ICHCTBUSI HA HACEJEHUE CYIIECTBYIOIIUX CIOCOOOB
oOpaiieHuss W YTHIM3ALUUU OTXOAOB (paccMaTpUBAIOTCS OETOHBI Kjacca HU3KOAKTHBHbBIC
paauoaktuBHble 0TX0bl (HAO) 1 oueHb HU3KOAKTUBHBIE paaroakTuBHbIE 0TX0AbI (OHAO));

- U3y4YeHHUE MPOIIECCOB, BO3HUKAIONINX B OETOHHBIX KOHCTPYKIMSIX OOBEKTOB MCIOIb30BAHUS
atomHoit sHeprun (ONMAD).

[IpoBeneH pacueT akKTUBHOCTU M DKBHUBAJCHTHOW J103bI Ha MEpcOHAN U HaceneHue. [lo3oBbie
KodpunueHTsl npuHUManuch corigacHo HPB-99/2009 mnpunmoxenwe 1 [2], wrtorm pacuera
MpUBEACHBI B Ta0nuiax 1, 2.

Tabauna 1 — JlaHHBIE pacyeTOB AKTUBHOCTH M 3KBUBAJCHTHOM J03bI HA IIEPCOHAJ BOBJICUEHHBII B epepaboTKy

3H (TpuTnit) CKOpPOCTb JbIXaHHs Mo%/c (W) 0.000389
AxktuBHOCTE OeTOHa BK/KT 1.00E+03 Bpewmst padotsi (c) (t) 18000
bk 7.59E+00 Macca mbuta (m) 0.00759
Br/me® 2.26E-01 J1030BbI# K03e(d. KB, 1.8E-15
[Mocryruienne B opranusm (Bk) 1.59E+00 V coepst (m) 33.51
Jo3a skBuBanenrtHas (3B) 2.85E-15 Pamunyc pa6. 30HbI (M) 2

Tabmuna 2 — JlaHHbIE pacyeTOB aKTUBHOCTH M SKBUBAJICHTHOM /1035l HA HACEJICHUE

3H CxopocTb apixanus M>/ce (W) 0.000389
AxtuBHOCTE OeTOHa BK/KT 1.00E+03 Bpewmst pabdotsi (c) (t) 3600

bk 1.52E+00 Macca mbuta (m) 0.001518
Bx/ms3 4.53E-02 J030BBbIi K03}, IKeB. 1.8E-15
[ocrynnenne B opranmusm (bk) 6.34E-02 V coepsl (M) 33.51
Jo3a skBuBanenrtHas (3B) 1.14E-16 Pamuyc pad. 3oHb1 (M) 2

B pesynbrare cpaBHEHMsI paCUE€THBIX JaHHBIX M 3HAYEHUN MTPENEIbHBIX I'OJ0BBIX OCTYIUIEHUN
(IIT'TT) mo HPB-99/2009 BbIsiBIEHO, YTO [JIsl HACEJIEHHS] U MEpcoHana, npu paboTe ¢ OETOHHBIMU
Matepuanamu knacca HAO u OHAO IIT'TI He npeBpIatoT HOpMy.

Ha OHMAD OeroHHBIE KOHCTPYKIMM 3/1aHUH M COOPY>KEHUH TOJABEPraroTCs BIUSHUIO
pa3nuyHbIX  (PAKTOpPOB ~ TaKMX  KaK,  BO3JCHCTBUS  HOHU3UPYIOUIETO  W3IY4YeHHS U
BBICOKOTEMIIEpAaTypHOE Bo3zeicTBHE. VI3MeHeHre MPOYHOCTHBIX CBOMCTB OETOHOB, MTPOUCXO/ISIIEE B
pe3yabTate uUX OOJMy4YeHHs, SBISETCS CIEACTBHUEM COOCTBEHHBIX DPaJHAallMOHHBIX Aedopmanuii,
BEIYIINX K CTPYKTYPHBIM H3MEHECHHIM MaTepraia [3], Takoil 0eTOH MOKET MPUMEHSTHCS BTOPUYHO,
B COOTBETCTBUH CBOMM (DPHU3HKO-MEXaHHUECKUM IapaMeTpaM.
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Investigation of the Possibility of Using Additive Technologies in the Construction of Nuclear
Energy Facilities

Davtyan A.R.}, Nakhabov A.V .2
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Abstract — The paper considers the possibility of using additive technologies in the nuclear industry. This
direction is promising in the construction industry. Additive technologies can accelerate the construction of
general industrial facilities on the territory of the construction of nuclear industry enterprises. The use of
additive technologies is considered with the use of both conventional concrete aggregates, as well as with
the use of secondary concretes obtained as a result of the dismantling of OIAE. Work in this direction is
promising, due to the novelty of 3D printing technology of buildings.

Key words: construction, radiation impact assessment, additive technologies, standard concretes, secondary
concretes, maximum annual intake.
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MOJEJIMPOBAHUE TUHAMHWYECKOI'O BO3JIEMCTBUS HA
SAHIUTHYIO OBOJIOYKY AJ9C OBPBIBA HAIIPAKEHHOT' O
APMATYPHOI'O KAHATA

Kucenen A.C., KuceneB A.C., Measeaes B.H., Yabsanos A.H., Ctpu:kos B.®.,
Cxopuxosa M.H.

Hucmumym npobnem 6e3onacnozo pazsumust amomuou suepeemuxu PAH, 2. Mockea, Poccust

B pa60Te MPpUBOAXUTCA ONHUCAHHUE METOAOJOTrMHU MOACIUPOBAHUA JUHAMHUYECKOI'O BOSHeﬁCTBHﬂ Ha
3aIUTHYIO 000JI09Ky peakTopHoro otaeieaus ADC o0pbiBa HaMpsDKEHHOTO apMaTypHOTO KaHaTa,
BBI3BIBAIONIECTO BHE3AITHOC MTHOBCHHOE CHSATHC HATPY3KH, KOTOpas yAapHBEIM 00pa3oM BO3JICHCTBYET Ha
3alIUTHYO 000JIOUKY.

Kntouegvie cnoea: 3ammrHas 000J04YKa, pacdeTHas MOJAENb, IEepeMeNeHus, AeopMaliy, HaIpsHKEHHS,
ycunusi.

[lenpro maHHO#M pabOTHI ABIAETCS pPa3pabOTKa METOAMKH M PACUYETHON MOJENU 3alluTHON
000JIOUKH ¢ ydeToM (U3MKO-MEXaHHUSCKUX W JehOPMAIMOHHBIX XapPaKTEPHUCTUK MaTepHAIOB
coopyxeHus. B pe3ynbraTte MoJenHpOBaHUS MOMYyYEHBI 3aBUCUMOCTH OT BPEMEHU TUHAMUYECKOTO
OTKJIMKA (TIepEeMEIICHHI ) 3aIIMTHOM 000JI0OUKH OT 0OphIBA HANIPSHKEHHOTO apMaTypHOTO KaHaTa.

Kenezoberonnast mpenHanpspkeHHas 3ammTHas obonoudka (30) ADC momkHa obecriedunBaTh
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CTaOUIBbHYI0 pabOTy HAa BCEM MPOTSHKEHUU SKCIUTyaTallud YHEproOiokoB. OMBIT 3KCIUTyaTaluu
MOKa3bIBACT, YTO CHUCTEMa MpeaHanpspkeHus 3anuTHoir oOosouku (CI130) ADC ¢ BBOP-1000,
BKJIIOHaromass 96 apmaTypHbIX KaHaToB B UwiIMHApUuYeckod uacth 30 u 36 apMOKaHATOB B
KYIOJIbHOM 4acTH, TpeOyeT MOCTOSSHHOTO KOHTPOJIS M, B HEKOTOPBIX CIy4yasiX, HY>KJAeTcsl B 3aMEHE
OTJIEJIbHBIX apMaTypHbIX KaHATOB.

B nepuon sxcrnyaranmun ADC ¢ BBOP-1000 umenu MecTo 1Ba pa3iIWyHBIX CIydas OOpHIBOB
apMaTypHBIX KaHATOB: CaMONPOM3BOJILHBIA OOpBHIB KaHaTta 0e3 MPHUIOKEHUS JIOTOJHUTEIbHON
Harpy3ku, oOpbIB IIpH IeMOHTaxe apmarypHoro kanata CITH-1000.

B mnacrosimee BpeMss 00OCHOBaHAa BO3MOMKHOCTh 3aMEHBI OTAEIbHBIX apMOKAHAaTOB Ha
paboTatoniem OJ0Ke C Y4ETOM CTaTHUYECKHUX AKCILTYyaTallMOHHBIX Harpy30K. OaHaKo B 000CHOBaHUAX
BO3MOKHOCTH 3aMEHBI apMOKaHATOB IpH paboTe peakTopa Ha MOIIHOCTH TpeOyeTcs YUHTHIBATbH
TUHAMHYECKHE BO3JCHUCTBUS MpPH BO3MOXKHOM OOpBIBE apMOKaHATOB. J[eMOHTa)X apMaTypHOro
kanata CIIH-1000 tpebyer mnpeaBapuTeabHO JOMOJHUTEIBHOIO HATSHDKEHHUS JEMOHTHUPYEMOIO
apMoOKaHaTa Il OCBOOOXIeHUs (DUKCUPYIOIIEH T'aliKH, YTO TMOBBIIIAET BEPOSATHOCTH €r0 OOpHIBA.
[Ipu ycunusix HaTsDKEHUS, COOTBETCTBYIOMIMX IPOEKTHBIM, OOPBHIB apMOKaHAaTa MOMKET CO3aBaThb
nuHamuueckoe BozaeiicTBue Ha 30, cOMoCTaBUMOE C AMHAMHUYECKHUM BO3JIEHCTBHUEM OT MaJICHUs
JIETKOT'0 CaMoJIeTa.

B 3710i1 cBs3U BO3HMKAET HEOOXOJMMOCTD BBITIOJHEHUSI PACUETHON OIEHKU OTKJIMKA 3al[UTHON
000JIOYKHM Ha JMHAMUYECKOE BO3/ICHCTBUE BCIIEACTBUE OOphIBA apMaTypHOTO KaHATa.

PaGora BkItOUana ciaenyonme OCHOBHBIE ITAIIbI:

1. Pa3paboTka METOOMKHM pacyéra MPOYHOCTH 3aIIUTHON OOOJIOYKM HAa OCHOBE JAETAIbHBIX
pacueToB HaNPsHKEHHO-e(hOPMUPOBAHHOTO COCTOSIHHS npu BO3/ICICTBUH
AKCIUTYaTal[MOHHBIX HAarpy30K;

2. PazpaboTka MeToaMku pacu€Ta 3ammTHOM o00omoukn ADC mnpu  AMHAMHYECKOM
BO3/ICIICTBUM BCIIECTBUE BO3MOXHOIO OOpBIBa apMaTypHOI'O KaHATa;

3. Pa3paboTka 00beMHOI KOHEUHO-3JIeMEHTHO pacueTHOI Mozaenu 30 ADC.

B nporiecce skcmmyaranuy 3aliuTHOM 00OJOYKU HAIPsHKEHHO-AE(QOPMUPOBAHHOE COCTOSIHUE
(HAC) o0ycnoBiaeHO BIMSHMEM YeThIpeX OCHOBHBIX (DaKTOPOB: COOCTBEHHBIH BEC KOHCTPYKIIMH,
Harpy3ka OT  MpEIBapUTENbHO  HANpPSIKEHHBIX  apMaTypHBIX  KaHaTOB,  BO3JEHCTBHE
OKCIUTyaTAallMOHHON TeMIlepaTypbl M HAJIUYUE KOHCTPYKTHBHBIX OCOOEHHOCTEH COOpYKEHUs
(HampuMmep, HAIMYUE YTOJIIEHUH B 30HE OTBEPCTUN OOJBIIOTO TUMETpPa, pa3nyHble TPACKTOPUU
apMaTypHBIX KaHAaTOB, (PaKTUUYECKOE KOJIMYECTBO apPMATYPHBIX KAHATOB).

Pa3paborana Meronuka pacyé€ra HamnpsKEHHO-IEPOPMUPOBAHHOTO COCTOSHUS 3alllUTHOU
00O0JIOYKM METOZOM CYIEpIJIEMEHTOB Ha OCHOBe jetanbHo 3D Monenu mnpu BosneiicTBun
IKCIUTYyaTallMOHHBIX HArPYy30K (C y4eTOM MOTEeph YCHIIHIA B apMaTyPHbIX KaHaTax) [1-8].

B mnpouecce npeaBapuTENbHOTO HANPSDKEHUS 3alUTHOW OOOJOYKM M €€ JalbHeHIen
SKCIUTyaTallud TMPOMCXOJAAT NOTEPH YCWIMH B apMaTypHbBIX KaHaTaX. K OCHOBHBIM (hakTOpam,
BBI3BIBAIOIINM MOTEPHU MPEABAPUTEILHOTO HAMIPSHKEHUS B ApMATyPHBIX KaHATaX, OTHOCSATCS:

— JIelicTBHE CUJI TPSHHSI MEXKIY apMaTypHBIMH KaHATaAMH U KaHAII000pa30BaTEIsIMH,

— Iepeaayda Harpy3Ku ¢ JOMKpaTa Ha aHKep,

— pemnakcaius HampspDKEHUH B MPOBOJIOKaX KaHATa,

— TIOJ3Yy4YecThb U ycajKa jkele300eToHa,

— nedopmariust 000JIOYKH MPHU €€ 00KATHH.

Kpowme Toro, pazpaboTanbl METOMKH pacuéTa 3amuTHON 0600k ADC npu AMHAMHUYECKOM
BO3JICHICTBUH, B TOM YHCJIE U BCJIEICTBHE BO3MOKHOIO OOpbIBa apMaTypHOI'O KaHaTa.

O6pwiB apmatypHoro kanata CII30, HarsnyToro mpu oOxatwu 30, BBI3BIBACT BHE3AIMHOE
MIHOBEHHOE CHATHE HArpy3Ku, KOTOpO€ yAapHbIM 00pa3oM BO3JECHCTBYET Ha 3alllUTHYIO 00OJIO0UKY.
Hnsa pacuera HJIC npu mogoOHBIX Harpy3kax HEOOXOIMMO MPUMEHSATH METOABl TUHAMHUYECKOTO
aHayu3a.

[TocranoBka 3amaun OOpbhIBa apMOKaHATa 3aKJIIOYanach B MOACITUPOBAHUM MTHOBEHHOTO
CHSTHS HArpy3ku €ro HaTsDKEHHS, BBIYMCICHHH MaKCHUMAJbHBIX MpHpAIICHUH MepeMerieHui
000JIOYKH ¥ BHI3BAHHBIX MU HANPSHKEHUN MPU MPOTEKAHUU TUHAMUYECKHIX MTPOIIECCOB.
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OOuwmii BUJ pacueTHON MOJEIH MPEICTABICH HAa PUCYHKE 1.

Pucynok 1 — KoneuHoaneMeHTHas Moielb 3amuTHOH 060moukn ADC (188652 nuHeHBIX 00bEMHBIX 3JIEMEHTOB H
208716 y310B)

Mopnens Britouaet 188652 nuneliHbIX 00beMHBIX 351eMeHTOB 1 208716 y3108B. Lllar pa3ouenus
KOHCTPYKILIMU Ha KOHEYHBIE JIEMEHTHI 10 YTy (OKpY>KHOE HaIpaBlIeHUE) COCTaBIseT 2 rpaayca, mo
BBICOTE (MEPUIMOHATBLHOE HANIPABJICHHUE) XapaKTEPHBII pa3Mep KOHEUHBIX 3JIEMEHTOB B 30HE BYyTa U
npoxogok cocrapnser 0,3-0,4 M, Ha perynspHod nunuHapudeckoi yactu ~0,7-1,0 M, Ha
cheprueckoM KyTojie IMar 3JIEMEHTOB COCTaBIsiET B a3WMYyTaJbHOM HAIpaBJICHUU 2 Tpamgyca.
Heobxonumocts popmupoBaHus CTOIb MOAPOOHON KOHEUHOITIEMEHTHON MOJIENN CBSA3aHA C TEM, YTO
B mporecce ananmmza H/IC obGonouku Tpedyercst OTIENbHO YYUTHIBATh BKJIA] B HArpy3Ky KasKJOTO
apMaTypHOTO KaHaTa CUCTEMbI ITPEAHANPSKEHHUSL.

B pe3yjibTaTe MOACIHNPOBAHUA IIOJYYCHBLI 3aBHUCUMOCTH OT BPEMCEHU JUHAMHYECKOTO OTKIIMKa
(nepemeniennii) Hanboee HarpyKEHHBIX 30H 3aIUTHON oOonouku. [Ipu mocienyromeM aHamu3e BEINIHNHBI
IMOJIYYECHHBIX aMIUIUTY [ KoJIeOaHWH M 3aBUCHMOCTH KOMIIOHEHTOB HaHpH)I(CHHO-,I[e(l)OpMPIpOBaHHOFO
coctossarst 30 OT BpPEMEHHM CyMMHUPOBAIUCH ¢ JKciuryaranuoHHBIM HJIC s orneHKM WX BIUSHUS HA
6e30MmacHOCTh IKCIUTyaTalliy 3alUTHON 000T0UYKH.

YCcTaHOBIIEHO, YTO MPHU yUeTe IKCIUTYaTAI[MOHHBIX (DAKTOPOB M AMHAMUYECKOTO BO3ACHCTBUA
OT OOpbIBa KaHATa, BCE CCUYCHHS 3alIUTHOH OOOJIOYKH OCTAIOTCS CKMMAIOIIUMH, a MPOYHOCTh U
paboTOCOCOOHOCTD 3aUTHON 000JI0UKH 00eCcTIeYnBaETCSl.
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Simulation of the Dynamic Impact on the Containment of a Nuclear Power Plant
of a Break in a Stressed Reinforcing Rope
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Abstract — The paper provides a description of the methodology for modeling the dynamic impact on the
containment of the reactor compartment of a nuclear power plant by a break in a stressed reinforcing rope,
causing a sudden instantaneous removal of the load, which impacts the containment in a shock manner.

Key words: containment, calculation model, displacements, deformations, stresses, forces.
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B nanHo#t paGoTe ompeneneHO BIMSHHE BHEIIHUX KIMMAaTHYECKUX (PAaKTOpOB Ha M3MEHEHHE T'€OMETPHH
000JI0YKH BBITSHKHOW TPYyOBI OalleHHOI MCTAapuUTENbHOW TPaMpHU M €€ HECYIIUX KOHCTPYKIHH, U Kak
CJIEICTBHE HAKOIUIEHHE OCTaTOYHBIX HampspkeHui u nedopmarmii. [IpousBeneH pacyer B MpOrpaMMHOM
obecnieuernr SOLIDWORKS ¢ y4eToM TeXHOJOTHYECKHX MPOLIECCOB, IPOUCXOISIINX B COOPYKECHHUH.

Knrouesvie cnosa. OalieHHas ucnaputTelibHass rpagupHs, BbITSXKHAA 6aH.IH$I, KOJIOHHaJ1a, HHCOJIAIMA,
OCTaTOYHOEC HAIIPAKCHUC.

BoNbIMHCTBO  KPYNHBIX MPOMBINUICHHBIX NPEANPHUSATHHA, Ui O€30MacHOTO  BEICHHS
TEXHOJIOTHYECKUX MPOLECCOB KOTOPHIX HEOOXOAMMO OXJIAXKJIEHHE 3HAUYUTEIbHBIX 0O0bEMOB BOJIBI B
00OPOTHBIX CUCTEMAX, UCTIOIB3YIOT OAIICHHBIE TPAIUPHH.

AKTyanbHOCTh JIaHHOM paboThl O0OYyCIOBIEHA CIOXXHOCTBIO KOHTPOJII T'€OMETPHUYECKUX
nmapaMeTpoB OalleHHOH MCTIapUTENBHON IPpaupPHH B TIPOIIECCEe IKCILTyaTaIHH.

Lenbto maHHOM pabOTHI ABISETCS ONpPE/IeIeHNe CTETIEHH BIUSHUS HEPAaBHOMEPHON MHCOJISALIUN
Ha nedhopmaIiu rpagupHH.

B nensx onpeneneHnss MakCHUMaJbHBIX HAINPsDKEHUHM co3laauM Haubojiee HeOJIaromnpHsTHbIE
yCIIOBUS ISl apMUpoBaHHOTO OeToHa. CpeaHeMecsyHasi TeMIepaTypa 3a 1iojib B ropojie Poctos-Ha-
Hony cocrasnser 22,3 °C.

[Ipenmnonarasi, 9T0 B HOYHOW MEPUON IOCTHTACTCS TEPMHUYECKOE pAaBHOBECHE, HAYAIBHYIO
TeMIIepaTypy 000JI0UKH BBITSXKHOU TPyObl MpUMeEM paBHOU cpeaHelt Temmeparype Houbto 25 °C.

VYuuTeiBast HarpeB 000JIOYKH TPAMPHU TIOCPEICTBOM KOHBEKIIMH, TEMIIEPATYpy BHYTPEHHETO
BO3AyXa B BBITSDKHOH TpyOe mpunumaem 80°C. Pacuersl mnpoM3BOIATCS B IpOrpamMme
SOLIDWORKS.

Ob6onouka B (opme rumnepbonouna. Bepxusas ormerka +171.500, mmwkusas +14.000. paxuyc
OCHOBaHMS (3/1€Ch W Jajiee 1Mo BHYTpeHHeW rpann) 60320 MM, MaKCHMaJIbHOE CY>KEHHE 000JI0UYKH
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nocruraercd Ha otmerke +125.800 u paBHsercs 36001 mm, panuyc Ha otmerke 171.500 mpumem
paBabIM 37600 MM. TosmyHa CTEHKH BHITSDKHOU TPYOBI paBHa 200 MM.
JlaHHBIE 1711 MOJCTUPOBAHUS:
-000J104Ka (OIMMKCcaHa BBIIIE)
-KOHBEKIMS C OKpY’Karollel cpenol (Temiieparypa Bo3ayxa npuHuMaercs pasHoi 32 °C.
Koaddumnument konBekiuu paccunraem o dpopmye)(l):

a = 7,34v°0%¢ +3,78e 7191 = 7,34 x 30656 4 378e7 1913 = 15 (1)

I/Ie V — YCPEIHEHHBIH MoKa3aTeab CKOPOCTH BETpa B UIOJIE COCTaBIsET 3 M/cC.

— MOTOK coNHeuHou pagauanuu 137 kBt u/m.

— KOHBEKILIUS C BHYTPEHHEH cpeioit COOpyKEHHUS.

[Ipouecc HarpeBa UM OCTbIBaHMS TpaJUpPHU PACCMOTPEH B TEUYEHHE OJHOIO IMKIA,
JUIMTENbHOCThIO 24 yaca. HarpeB moBepxHocTu rpaaupHu npoucxoaut ¢ 04:29 no 20:21, B
OCTaJIbHOM MTPOMEXYTOK BPEMEHH TEMIIEPATypa MOBEPXHOCTH ITOHUKAETCSI.

W3 smropsl OCTATOYHBIX HampspkeHuit (cM. puc. 3) ompejenseM 3HAUYCHHE MAKCHMAaTbHOTO

HaIPsKEHUs, BOSHUKAOIIETO B KOJIOHHA/E TPAAUPHH TI0]1 BIUSHHUEM HEPABHOMEPHOW MHCOJISIINU 3a
OJIMH LIUKIIL.

Terg (Celnug)
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Pucynok 2 — Pe3ynbpTaT TEpMHUECKOTO aHAIM3a B UIOJIE PucyHok 3 — DOntopa ocTaTOYHBIX HAMPSKEHUH

Takum 00pa3oM, Ha Hayaj0 HOBOT'O LIMKJIa MaKCUMaJIbHOE HaIpsHKEHHE B KOJIOHHaJe Oyner
paBHo 4511,785 H/M?. OcHOBBIBasCh Ha MNPENOJNOKEHHH, UTO OCTATOYHBIE HAMPSKEHUS
HaAKaIJUBAIOTCS JIMHEWHO, PACCUNTAEM KOJIMYECTBO IIUKIIOB, KOTOPOE MOKET BhIAEPKATh IPATUPHSL.

38530327,85
W = 8539 ,9394
HampsokeHnus, BO3HHMKAalONIME B KOJOHHAAE TPAAMPHU TMOJ JSHCTBHEM HEpaBHOMEPHOU
WHCOJIAIMY, HAKaIUTMBAIOTCS C TEUYEHHUEM BpeMEHH. B 3MMHee Bpems Toja C TMOHWKCHHEM
TEMIIEPATyphl U YMEHBIIIEHUEM CBETOBOTO JIHS TPAJAUPHS pasrpykKaeTcs, OJHAKO YaCTh OCTATOYHBIX
HaNPsDKEHUH COXPAHSETCS, YTO OTPHIIATEIHHO BIUSICT HAa HECYIYIO CIIOCOOHOCTD COOPYIKEHUSI.

B mensx oOHapyKeHUS OCTAaTOYHBIX jAedopmanuii TrpagupHU HEOOXOJWMO BBIIOJHATH
KOHTPOJIb TEOMETPUYCCKUX ITapaMeTPOB, a UMEHHO BEPTHUKAILHOCTH OCH. Pa30uBas BBHITSDKHYIO
OamrHIO Ha SIPYCHI, OMpeAesieM KOOPAMHATHI TOYEK, JeKamux Ha ocu. CpaBHHBas pacueTHBIC U
MPAaKTUYECKHE 3HAYCHUS, JeJlaeM BBIBOJ O HAIWYMHM OCTATOYHBIX HANpPSHDKEHUW W, KaK CIIEICTBUE,
nedopMaruii.
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Abstract — In this paper, the influence of external climatic factors on the change in the geometry of the
exhaust pipe shell of the tower evaporative cooling tower and its supporting structures, and as a
consequence, the accumulation of residual stresses and deformations, is determined. The calculation was
made in the SOLIDWORKS software, taking into account the technological processes taking place in the
structure.

Key words: evaporative cooling tower, exhaust tower, insolation, residual voltage.
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YACTHU 3AHIMTHOHN OBOJIOYKHU DHEPI'OBJIOKA Nel POCTOBCKOU
AIC

Mengenes B.H.", Iummuna T.M.”, Iummun U.JO.™

“Uncmumym npobiem 6eszonacrozo pazeumus amomnot suepeemuxu PAH (MBPAD PAH), 2. Mockea, Poccus
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B paboTte paccMOTpeHBI Pe3yNbTaThl MPOU3BOIACTBEHHO-IKCIEPUMEHTANBHOW pabOThI IO OINpeIeNeHUI0
(hakTHIeCKOW TEOMETPHHM BHEIIHEH IOBEPXHOCTH KYNOJBHOH YacTH  3alIUTHOH  0OOJIOYKH
reofie3smuecKuMu  Merojgamu. JlamHas pabora Oblla  BBIIONHEHA IS OICHKH  HAINPSDKEHHO-
Ne(hOpMHUPOBAHHOTO COCTOSTHUS 3aIIUTHON 000JI0UKH.

Kniouesvie cnosa: KynoJibHasgs 4aCTb 3aIHHTHOfI OGOHO‘JKI/I, HaHpSDKeHHO'I[e(i)OpMI/IPOBaHHOC COCTOSHHUEC,
IMMPOCKTHAA U q)aKTI/I‘{CCKaH reoMeTpus, 3J'IeKTpOHHLIﬁ TaxeoOMETpP.

3ammrTHas obomouka (30) mpemHazHaueHA I OJHOBPEMEHHOM 3alUThI OT HETaTHBHBIX
(hakTOpOB ¥ aBapuil A OKPYKAIOIICH CPeIlbl, a TAKXKE JJIS 3alTUThl 000PYIOBaHUS IIEPBOTO KOHTYpA
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ADC ot BHemHux Bo3zedcTBui. Konctpykims 30 xapakrepu3yercsi CIOKHBIM CTPOUTENIBHBIM
pereHueM, ©  TMpeACTaBIseT Cco0oi  mpenBapuTenbHO  HampsbkeHHoe cuctemor  CII30
KENEe3006TOHHOE COOPYKEHHUE C BHYTPEHHEHN MOBEPXHOCTHIO U3 JIMCTOBOM CTaNIH.

B mynkre 31 HII-010-16 «IlpaBuma ycTpoilicTBa M SKCIUTyaTalldd JIOKAJIU3YIOIIMX CHCTEM
0€30MaCHOCTH aTOMHBIX CTaHLUI» CKa3aHo, 4yTo B mpoekre ADC HY)XHO NMPETyCMOTPETh CHCTEMBI
U3MEpEHUs] M PErucTpaluu TeMIEepaTyp, a TaKKe HampsHKeHHO-Ie(OPMUPOBAHHOTO COCTOSHUS
(HAC) crpoutensubix snementoB 30. Jnsa ouenku HJIC konctpykumii 30 mnpeaycMOTpeHBI
pasIMyHbIC NAaTYUKH KOHTPOIbHO-u3MepuTenbHoU ammapatypbl (KHMA). Cormacho mpoekty 30
JATYNKU UMEIOT OIPaHUYEHHBIN CPOK AKCIUTyaTaluu, coctasisiomuii 30 jget. B ¢Bs3u ¢ 3TUM LiebI0
BBITIOJTHEHUST JTaHHOM palboThl SBJsUIach pa3padoTka ambTepHATUBHOTO Meroaa koutposist HJIC
KynosibHO# yact 30 Ha OCHOBE U3MEpEHHs €€ (PaKTHUECKUX T€OMETPHUECKUX MapaMeTPOB.

Copemka KynoapHOM 4yacTH 30 BBIONHIACH CIIOCOOOM IMPOCTPAHCTBEHHOM TaXEOMETPHHU C
IIPUMEHEHUEM 3JIEKTPOHHOrO TaxeoMmerpa. CheMKa M pa3BUTHE IJJAHOBO-BBICOTHOI'O CHEMOYHOTO
000OCHOBaHHUS BBINOJHSIIUCH OJHOBPEMEHHO IO METONIY AJIEKTPOHHO-0JIOUHOHM TaxeomeTpuu. [lis
3TOr0 BOKPYT KOHTPOJIUPYEMOTOo OO0BEKTa ObUIO 3akperuieHo 14 crssyrommx omopHbIx Touek (T),
KOTOpbIe (DUKCHPOBAIHCH Ha METAIUIMUYECKHX OTPXKICHHUSIX MpU moMomu Mapkepa. Co3naHue
TUTAHOBOT'O OOOCHOBAHHWE BBITIOJIHEHO Pa3BUTHEM CBOOOJHOHN JIMHEHHO-YTJIOBOM CETH, B KOTOPOH 3a
UCXOJHYI0 Oblla MpHUHSATA CTaHIMSA cTosHUs mpubopa S5. Cuctema KOOpAHWHAT OpPUEHTHPOBAHA
[apajuleIbHO CTEHaM pPEaKTOpHOro otheneHus. [IpuBsd3ka K OCSAM TakKe OCYIIECTBIEHA 4epes
MPUBS3KY K CTPOUTENBHBIM KOHCTPYKIUSAM peaKTOpHOro otaenenus [ 1, 2].

Bo Bpems cheMKH OBLTO BBIIOJIHEHO 6 MIOCTAHOBOK 3JIEKTPOHHOTO Taxeometpa (S). [Tpu atom 4
CTaHIIMM PACIIONOXKEeHbl Ha camoM Kymoie (S1, S2, S3, S4) u 2 cTaHIMH UCHOJIB30BAIKUCH IS
nepeaayn oTMeToK (S5, S6). OTMETKH CTaHIUH, CBA3YIOUINX M KOHTPOJIMPYEMBIX TOYEK OMpPeIesICHbI
TPUTOHOMETPUYECKUM HHUBEIMPOBAHUEM. 32 UCXOJHbIE MYHKTHI OBLTU MPHUHSITHI OCAIOUHbIE MapKU
peaktopHoro otaeneHust NelS u Nel8.

[IpenobpaboTka W ypaBHHMBAaHUE pE3yJIbTATOB HU3MEPEHHUH, a TaKkKe HKCHOPTUPOBAHUE
KoopauHaT mukeToB B (Gopmar dxf Bemonneno B mporpamme Credo_Dat. HemocpencrBenHast
pPUCOBKAa M aHalIM3 TpexMepHol mudpoBoil Mmonenu kynonbHOM uvactu 30 mnpousBoAMIach B
nporpaMmme ZWCAD. Cxema ceTu ¢ OLIEHKOW TOYHOCTH (3JUIUIICAMU OIIMOOK) MJIaHOBO-BBHICOTHOTO
MIOJIOKEHMSI TOUEK 0OOCHOBAHUS, CTAHIIMIA CTOSHUS TpHOOpa U MUKETOB IpeACTaBIeHbI Ha puc. 1.

B uTore Mbl mosyuniaM MpOCTPAHCTBEHHOE MOJIOXKEHUE MCKOMBIX TOUYEK (ITMKETOB) BHEIIHEN
nosepxHocTu Kymnosa 30 (B konuyecTse 415 1IT.) B €AMHOI cucTeMe KOOPIMHAT U BBICOT.

‘A S5
b
AN

|v5"15‘

i
T14

PucyHok 1 — Cxema MeCTOTIONOKEHHSI CTaHITH cTOsTHUS TaxeomeTpa (ST), OMOPHBIX TOUEK
(T) chemouHOTO OOOCHOBAHUS U ONIPENEISIEMBIX TOUEK (TIMKETOB)
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Pucynok 2 — TpI/IHrym{uI/IH Henone xynomna 30 PucyHok 3 — i/I3OJ'II/IHI/II/I kymnoina 30 c\B\;:pTI/IKanLHLIMI/I

CCUCHUAMMU 110 3aJaHHBIM HAITPABJICHUSAM

Hns  co3manust 1uGpoBOH MOJENM Kylojia TpUMEHsIach TpHaHTysius Jlenone,
IPEJCTaBIAOIIas COOOM CHCTEMY TPEYroJIbHHMKOB, BEPIIMHBI KOTOPBIX HAXOJATCS Ha IHKETax
(puc. 2). B naHHOM MOCTPOEHMM MOIY4YarOT CUCTEMY B3aUMOCBSI3aHHBIX HENEPEKPbIBAIOIINXCS
TPEYrOJIbHUKOB, MMEIOIIMX MHMHUMAJIbHBIE pPa3Mepbl, UYTO COOTBETCTBEHHO MaKCHMAJIbHO
npuOIMKAeT UX K PaBHOCTOPOHHUM TpEyrojpHHKaM. [0 CTOpoHaM TPEeyroJIbHUKOB MOJTYYSHHOU
TPUAHTYJSIIMK JleJIOHe aHATUTUYECKUM CIIOCOOOM MPOM3BOJIWIACH JIMHEHHAS MHTEPHOALMS UL
IIOCTPOCHUSI M3O0JIMHUK (JIMHUM KMMEIOLUX OJWHAKOBYI0 OTMETKY) OINpEeAeNsieMO IMOBEPXHOCTU
Kynoja. B Hamem ciydae BepTHKaJbHOE paccTOSIHME (IIPEBBILIEHHE) MEeXAy OavKalmuMu
M30IMHUSIMU ObL10 pUHATO paBHbIM 100 MM (puc. 3). ITo co3gaHHON MOBEPXHOCTH, COCTOSIIEH U3
W30JIMHUM, ObUIN OIpe/IesIeHbl BEpTUKAIbHbBIE CEYEHUS 10 331aHHBIM HalpaBJICHUSIM.

W3 TexHm4eckoro oTueTa Mo Hay4yHO-HCCIenoBaTelabckoi padorte «lccnenoBanue reomerpun
repMoOOOJIOUKH peakTopHOro otaeneHus sHeproomoka Nel Pocrtosckoit ADC mpu mpuemo-
CHATOYHBIX MCHBITAHUSAX», BblIoJHEHHOro B 2000 roxy PocToBckuM —rocynapCTBEHHBIM
CTPOUTENIbHBIM YHUBEPCUTETOM, OBIIIH B3SITHl OTMETKH Kelle300eTOHHON cTeHkH Kymnoia 30.

B pesynbTate paboThl BBIYUCIIEHBI BEJIMYUHBI TOJNIIUH CTSKKU U THAPOU3OJSLIUOHHOTO CIIOS
KynoiabHOH uactu 30, KOTOpble YCTaHABIMBAJINCh W3 CpaBHEHUS mnpoduieil (BepTUKaIbHBIX
CEYEHMI1), ONPEIeNIEHHBIX 10 pe3yibTaTaMm 3aMepoB, ocyiiecTBiaeHHBIX B 2000 1. u 2020 1. [Ipu sTom
ydTeHa IOMpaBKa 3a MPOM30LIEIUIYIO OCaAKy 3a AaHHbIM nepuoz PO. BeimonHeHo comocTaBieHne
(aKkTUYECKUX TEeOMETPUYECKHX I[apaMeTpOB BHEIIHEW IOBEPXHOCTH KymosibHOM uactu 30 ¢
npoekToM. [lomyyeHHble pe3yabTaThl UCIOIB30BaHbl AJIs ONPEIEIICHUs JOCTATOYHOCTH KOJINYECTBA
cTabmibHO paboTtaromumx gaTankoB mpu orenke HJIC kymomna 30.
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Abstract — The paper considers the results of production and experimental work to determine the actual
geometry of the outer surface of the dome part of the containment by geodetic methods. This work was
carried out to assess the stress-strain state of the containment.

Key words: containment dome, stress-strain state, design and actual geometry, total station.
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PABPABOTKA METOJJUKA NHBEKTUPOBAHUS
METAHOHNOTIJIOIAIOIAX BAKTEPUI B MHOI' OJIETHEMEP3JIBIE
I'PYHTBI COBMECTHO C YCUJIEHUEM ®YHJIAMEHTHbBIX
KOHCTPYKIIUH

Mummun F0.U., Ilocroii JI.B., Terepuna A.A., I'ynsaxkuna B.B.

Boneooonckuii unoicenepro-mexnuueckuti uHCMumym — QUAUAL HAYUOHATLHO20 UCCeO08AMENbCKO20 A0EPHO20
yrusepcumema « MUDHy, 2. Boreooonck, Pocmoeckas obn., Poccus

Cutyauusi ¢ M3MEHEHHEM KJIMMaTa W M3MEHEHHEM TEeMIIEpaTypHOro OanaHca KaxIblid ToJl MEHSEeTCs B
XyAulyro cropoHy. CleACTBHEM 3TOrO SBISETCS PACTEIIEHHE MHOTOJIETHEMEP3NBIX HOPOJ PETHOHOB
KpalfHero ceBepa M BBHICBOOOJK/IECHHWE PaHHEE CBA3aHHOTO C TPYHTaMH MeTaHa. B pesyibraTe mpoucXomsT
3HAYNTEIbHBIC I3MEHEHNUS CTPYKTYPBI MOACTHIIAIOLIETO CIIOS, CHIKAETCS SKCIUTyaTallHOHHAS! IPUTOJHOCTh
OCHOBaHHH, YBEIMUYMBACTCA BEPOSATHOCTH AedopManui ¢yHmaaMeHTOB. B pamkax paboTsl mpemiaraercs
METOJIMKA YTHIM3ALUH METaHa, IIOCPEICTBOM MHBEKTUPOBAHHS METAHOIIOTIIOMAIONINX OAKTEpHH, a TaKkKe
METOJIMKA yCHIICHHS (YHIaMEHTOB M OCHOBHBIX CTPOHUTEIILHBIX KOHCTPYKIIHH.

Kniouegvie cnosa: meraH, ruipar MeTaHa, METaHOTHJIPAT, PACTEIVICHUE TPYHTOB, METAHOKHCISIOIUE
OakTepuH, METAaHOTPO(DBI, HHBCKTHPOBAHUE, YCWICHHE (PYHIAMEHTOB, YCHJIICHHE CTPOHTEIBHBIX
KOHCTPYKIHUH, T100abHOE MOTEIUICHHE, TAPHUKOBBIH 3P PEKT.

B Hactosimee Bpemst Ha Tepputopun Poccuiickoit denepanun skcrutyatupyrores 6oiee 10
00BEKTOB PHEPreTHKH, B TOM UYUCJIE AaTOMHOW OTpPACIH, PACHOJIOKEHHBIX B 30HE PacHpOCTpaHEHUs
BEYHOMEP3JbIX NOpPOA. 3HaHMsI M COOPYKEHHMS TEIUIOBOM M aTOMHOM DSHEPreTUKH HMEIOT
NOBBILICHHBI ypPOBEHb OTBETCTBEHHOCTH, IMO3TOMY BO3HMKAE€T HEOOXOIMMOCTh B IIOCTOSIHHOM
KOHTpPOJI€ 3a OCHOBaHMAMM M (yHJAMEHTaMH OOBEKTOB, MpPEJOTBpALIeHUH JedopMalui,
BO3HUKAIOIIMX BCIIEJACTBHE HEPAaBHOMEPHBIX OCaJ0K, M CBOEBPEMEHHOM pELIEHUU MpoOlieMm,
CBSI3aHHBIX C TJI00abHBIM MOTEIIICHUEM.

[TpoGieMa rino6anbHOTO MOTEMJIEHUS C KaXKAbIM IOJIOM IpHoOpeTaeT OOJNbIIYI0 3HAYUMOCTb.
BcnenctBue nmoBblieHUs TeMIepaTypbl atMoc(hepsl, MPOrpecCUpyeT TassHUE BEYHOMEP3IIBIX MOPOI.
B Poccun Gonee 60% Bcel miiomaay TEPPUTOPUM TIPUXOTUTCS HA MHOTOJIETHEMEP3JIbIE TTOPOJIbI.
Pactennenue cymecTBEHHO BJIMAET Ha MOTEPIO HeECyIleH CHOCOOHOCTH M HKCIUTyaTallMOHHON
IPUTOTHOCTH OCHOBaHUH, aedopmanuio (GyHAAMEHTOB M CTPOUTENbHBIX KOHCTPYKLUHN 3/aHUN U
COOPYKEHHUI.

['maBHast 1enb — pa3paboTka METOJOB YTHUIIM3ALMU METaHa, MOCPEICTBOM HHBEKTHPOBAHUS
METaHOTOTJIOUIAIOIUX OaKTepHil, METOAMKH ycHUJeHHs (DYHIAMEHTOB 3/aHUIl U COOpPYKEHUH, a
TaK)K€ METOJMKH oOecredeHrs HOpMallbHOM sKcruryaTanui. OCHOBHBIE 33aJjauid — aHAJIW3 BIMSHUS
METaHa Ha KJIMMaT U MU3MEHEHHE TEMIIEpaTypbl; M3yYEHHE IOBEICHUS METaHa IpU HArpPEBAHUH;
M3y4YEeHHE CIIOCOOOB €ro yTUIN3aluu.

Meran, CHs4 — mpocrelmmii mpeneibHbI YIIIEBOJOPOJ, OPraHMYECKOE BELIECTBO Kiacca
aJKaHOB, 3ajeraer B TPyHTaX B BHAE TUApaToB. [mapar meraHa — CyNpaMOJIEKYJSIPHOE
KPUCTAJUIMYECKOE COCIMHEHHE METaHa ¢ BOJOM, CYILIECTBYIOLIEE IIPU ONPEACICHHBIX JABICHUAX U
temneparypax.[1] MeTanruapar ycToiunB K HU3KHM TeMIepaTypaM M MOBBILIEHHOMY JaBJICHHIO.
[Tpu noBbILIEHNH TEMIIEPATyPbl THPATHI JIETKO pacnaiatoTcs Ha METAH U BOAY.
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BnusHue MeTaHa Ha TeMnepaTypHBIH pexxuM, OadaHC U KIMMaT OYeHb BENHMKO. Bo3nmeicTBue
MeTaHa Ha MapHUKOBBIA 3¢dexT cocrabnser 4-9%, uro B 28 pa3 cuibHEE, YeM SKBHBAJIECHTHOE
koimaectBO CO2. Takum 00pa3om, CyIIeCcTByeT HEOOX0IMMOCTh cOOpa M yTHUIIH3AINKA MeTaHa. [2]

B nporiecce nccnenoBanus 66110 00HAPYKEHO, YTO HEKOTOPBIE SKOCUCTEMBI SIBIISIOTCS Cpefon
OOUTAaHUS METAHOKUCIIONMX Oakrepuil. MeraHoTpodsl (MeTaHomorjouammue OakTepun) —
YHHUKaJIbHbIE OMOJOTUYECKHE CHUCTEMbI, KOTOPbIE HCIIONB3YIOT METaH B KaueCTBE €IUHCTBEHHOIO
UCTOYHMKA YIJepofa W SHepruu. BrepBble oOHapy)XeHbI B IKEIyJKax KOpPOB M B BoJax
3a005104eHHBIX MecTHOCTeH. OHM CIIOCOOHBI K aKTUBHOW KHU3HEACITEILHOCTU MPU SKCTPEMAalIbHBIX
ycnoBusix.[3] Takum oOGpa3oM, MeTaHOTPO(BI pacCMATPUBAIOTCA B KAYECTBE OJHOTO U3 METO/OB
YTWIN3ALUM METaHa, IMOCPEICTBOM MHBEKTHUPOBAHUS PACTBOPA C MX COAEPKAHMEM B OCHOBAHMS.
Hcxoas u3 BhIIEU3I0KEHHOT0, MOYKHO C/I€TIaTh BBIBO, YTO OAKTEPUU HE MPEICTABISAIOT YTPO3bI IS
HKOCHCTEM PETHOHOB KpailHEro ceBepa M MOTYT OBITh MCIIOJIB30BaHbI Ui MHBEKTUPOBaHUS 0e3
Bpela i APYTUX OpraHu3moB. B Omok-cxemMe Ha pucyHKe | mpezicTaBiieHbl pa3pabOTaHHbBIE
TEXHOJIOTMYECKHE ITalbl IPOLECCa HHBEKTUPOBAHUS PAacTBOPA.

1. HEpE]], HAYAITOM BRIMIOIHEHHA panT Ha TPOMIUIOITAAKY, IPEANONOKRHTENBHO B NEPEBOSHBIX
Cp&pMEHTBan= OOCTABNAeTCA OQHEOKOMIIOHEHTHBIH HEBeKIHOHHBIH PacTBOp.

l

OnEOKpATHEEI BBOT DaxTepuii ] [ JiByKpaTHbI BBOA OaKTepHH ][ MuoroxpaTHBI BBOT baxTepHit ]

2. Ilo nmepuMmeTpy 37aHHA
YCIPAHEBAIOTCS HONbIe

-~

2.Tlo NepHMETPY 30aHHA YCTPAHBAIOTCA CKEARHHEBL, 33 JaHHOTO IIPOEKTOM

OHAMETPAE;
3. B CKB&XHHEL IOJ OABIEHHEM METONOM HaDpbisra sakaumsaercy || METAIIHTECKHE BHHTOBRIE CBAH
pacTBOP; (MpOEKTHOE NONOKEHHE OTQNOBKA

i r ook
4. Tlocne moneofi mu(YIHE pacTEOpa B TONUIE TPVEIA B CKEQNHHEY BBILIE OTMETKH YPOBHS 3EMIH)*;
VCIAHABIHBAETCA 4PMATYDHBI Kapkac (gHamerpsl pabouwmx u || 3- ~Ha  oromoske  ceau
ETOPOCTENEHHBIX CTEPKEEH OnpeieI toTcs NIPOeKToM) MOHTHPY2TCH ApOCCeNbHAA

3aCII0HKR;
/\3 4. Tlog paeneHHeEM B OOIOCTE
. CBAH nogaeTcd
5. CKBaKHHA ¢ 5. CKBa:XHHA ¢ VCTAHOBNEHHEIMHE B Hell .
- OfIHOKOMII OHEH THEIR
VCTAHOBIEHHBIMH B Hedl APMOKAPKACAMH 3AIONHARTCA A0 OTKA3A "
. HHLeKIHOHHBIH PAcTBOp HA BCHO
ApPMOKapPKACaAMH OeMEHTHRIM PACTBOPOM, B KOTODBIH BBICOTV-
3aNONHASTCA [eMeHTHBIM OpedBapHTENbHO BEOOAICA KANCYIH Y-
) - 5. ITocne OKOHYAHHA BRIIOIHEHHT
PACTBOPOM 0 OTKA3A, cyDeTpata ¢ baKTepHIMEX,
paboT M0 HaTHETAHHIO PacTBOpa
33CIOHKY 3aKpHIBAIOT,
6. HapgzeMHAadg HacThk CEaH [0
6. BeoruAaeTcs BpeMs, Heobxomumoe and Eabopa DETOEOM IpoeKTHOH ApoccellbHCH 34CHOHEH
OpOYHOCTH; YBA3BIBACTCH MOHOIHTHBIM
7. BomyckH apMaTypsl YBEA36IBAI0TCA C KAPKACOM POCTBEPKE; POCTIBEPKOM C CYINECTBYIOLIHM

8. Vcrpaupaercq onanybxa H DETOEEpPYETCH POCTEEPK, CEA3RIBAIOITHA (yEIaMeHTOM.
BHOEB YCTAHOBIESHHYIO CBAl0 C CYIIECTBYIOMEM (YHAAMEHTOM 3HAHHY,
9. Bemonamorca paboTH o pacnanlyONHEAHHIO H HOCHeAyIoIIeMy
yXofy 3a betoroM.

PI/IcyHOK 1 — bitok-cxemMa TeXHOJOTHYECKUX 3TAIlOB MMpO1ECCOB NHBEKTUPOBAHUA

* ]l BBO/Ia pacTBOpa ¢ OAKTEpUSIMHU B TPYHT Uepe3 YCTPOHCTBO cBail pazpaboTana Mojienb Kancyibsl. Omnrcanue:
umeer ¢dopmy chepbl, quamerp — 10-20mm, TommMHA CTEHKH — 5-7MM, Marepuan — xuiakoe crekio. CoaepikaHue
kancynel: nutatenbHas cpeaa (NHs)2S0a4, KH2PO4, NH4CL, MgSO4*7H,0, CaCly, FeSO4*7H,0, riroko3a, pactBop
MHKpPORJIEMEHTOB, BOJIa), ITaMM Oakrepuil. [lon gelicTBHEM BHYTPCHHUX HANPSOKCHUH B OCTOHE, BO3HUKAIOIINX IIPH €T0
TBEpJICHHUH, KaICyJia MoIBepraeTcs NeopMalii CXKATUSA, B PE3yJIbTaTe Yero HapylaeTcs ee IeJIOCTHOCTh. Beencreue
Pa3pyIICHUs KaICyJIbL, IO opaM B Tele OeToHa nmpoucxoauT auddy3ust € comepKUMOTO U3 30HBI HU3KOTO COJICPKAHUS
METaHa B 30HY 00Jice BEICOKOTO COJICPKAHUS.
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** ]Sl MHBEKTUPOBAaHHMS C MHOTOKPAaTHBIM BBOZOM OakTepuil NpeIUIo’KeHa YHUKalbHas KOHCTPYKLUS CBau:
Mmarepuan — yerupoBanHas cranb 09X16H4b (3I156), ycroitunBas k kopposuu; auamerp 150-200MM; nonasi BHYTpH;
TOJNIIMHA CTeHKH — 15-20mMM; mepdopupoBaHa Ha 1/3 [IMHBI OT OCTpUs; IUaMeTp NEepPOPALHOHHOIO OTBEPCTHS —
3-4mm; mar nepdopamun — SOMM; JIMHA CBaM ONPEAENIETCS PAcueTOM, UCXOSI U3 TEOJIOTHYECKHUX YCIOBHH.

Jig mpenoTBpaleHusl HEPaBHOMEPHBIX OCAJOK IIPU PACTEIUIEHUM OCHOBAHMM, BCIEICTBHE
yYMEHbIICHUs 00XaTuss OOKOBOW IOBEPXHOCTH CBaW TPYHTOM, MpEAJiaractcs YyCHIICHHE
(yHIAMEHTHOW IJIMTHI TOPU3OHTAJIBHBIMU CBA3SIMH M pebpamu  xkecTtkocTd. [locnenHue
BBITOJIHSIOTCS. B BHJE 3aMOHOJIMYCHHBIX TSDKEIBIM OCTOHOM CTHIKOB T'OPH3OHTAJIBHBIX HECYHIHX
KOHCTPYKLUH (pyHIaMeHTa.

B mpormecce paboThl HM3y4eHO B3aMMOJACHCTBHE MeTaHAa M MeTaHOTpOo(HBIX Oakrepuil. B
pe3yJIbTaTe UCCIEAOBAHUS NIPOBEIEH aHAIN3 BO3MOYKHOCTH YTWIM3ALMKA METaHa U3 TOJILIU IPYHTA,
MOCPEJCTBOM HMHBEKTHPOBAHUS METAHOIOIJIOMAIONINX OaKTepuil, NpeACTaBlICHA YHHUKAJIbHAS
KOHCTPYKLIMS CBau JUIsl yCHJIEHUs (yHIaMEHTa ¢ OJHOBPEMEHHBIM MHBEKTUPOBaHHUEM cyOcTpara ¢
OakTepHsiIMH, a TakXke pa3padoTaHa KOHIENUus (MOJenb) Karcynubl. Pa3paboTanbl U MpeasioKeHbl
TPU METOJAa MHBEKTHUPOBAHMS PACTBOPA C OJHOBPEMEHHBIM 3aKPEIUIEHUEM I'PYHTOB OCHOBAHMMU
3JaHUM U COOPY’KEHHMH, PACIIOJIOKEHHBIX B 30HE pACIHPOCTPAHEHHs BEYHOMEP3JBIX IOPOX: C
OJTHOKPAaTHBIM BBOJIOM OaKTepHii, JBYKpaTHbIM BBOJOM M MHOI'OKPaTHBIM BBOJOM OaKTepHi,
pa3paboTaH METO] yCHIICHUS HECYIUX (DyHJaMEHTHBIX KOHCTPYKITHHA.
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Development of a Technique for Injecting Methane-Absorbing Bacteria into Permafrost Soils
Together With Strengthening of Foundation Structures
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Abstract — The situation with climate change and changes in the temperature balance is changing for the
worse every year. The consequence of this is the thawing of permafrost rocks in the regions of the Far
North and the release of methane that was previously associated with soils. As a result, significant
changes in the structure of the underlying layer occur, the serviceability of the foundations decreases, and
the likelihood of foundation deformations increases. As part of the work, a method for methane utilization
is proposed by injecting methane-absorbing bacteria, as well as a method for strengthening foundations
and main building structures.

Key words: methane, methane hydrate, methane hydrate, soil thawing, methane-oxidizing bacteria,

methanotrophs, injection, strengthening of foundations, strengthening of building structures, global
warming, greenhouse effect.
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3AMEHA APMOKAHATOB CIIH-1000 HA APMATYPHBIE ITYYKH CII30-M
HA DHEPT'OBJIOKAX Ne 1 1 Ne 2 POCTOBCKOM A3C

Ionomapes K.B.”, ITocroii JI.B.™

*Pocmosckas ADC, 2. Boneodonck, Pocmoeckas 061., Poccust
" Bo2000HCKUI UHICEHEPHO-MEXHUYECKULI UHCIUMYM — (QUILAT HAYUOHATBHO20 UCCTe0068aMENbCKO20 S0ePHO20
yuusepcumema « MUDHy, 2. Boreooonck, Pocmosckas obn., Poccus

Lens mpoBeneHHs: MOHTaXHBIX paboT mo 3ameHe apmokanatoB CIIH-1000 na apmomyuku CII30-M:
TIOBBILIIEHUE 0E30MaCHOCTH MPH SKCIUTyaTallui U Ha/Ie)KHOCTH 3AIUTHONW 000JI0YKH 3HEprodsokos Ne 1 u
Ne 2 PocroBckoit ADC, mpomiieHHE cpoKa CIy>KOBI, COKpallleHHe pPacXoJ0B Ha TeXOOCTy)XKMBaHHE W
PEMOHT.

Knouesvie crosa: 3amuTHas repmerudHas obonouka, apmomyuku CI130-M, apMmokaHathl, 6€30MacHOCTh
TPH AKCIUTYaTaIlMy YHEProOIOKOB.

B Hactosmee BpeMms, Korja aTtoMHasi SHepretuka Poccuu mMpojoikaeT CBOE pa3BUTHE
aKTyaJbHOH TEMOW OCTaeTCsl MPOJICHNE IKCILTYyaTalIHOHHOTO Pecypca SHEProOIOKOB AEHCTBYIONINX
aTOMHBIX AJIEKTPOCTAHIIMN, BBEAEHHBIX B JKCIulyaTanuio Oonee 20 ner Hazan. Ilpoanenue cpoka
AKCIUTyaTalldd SHEProOJIOKOB pPAacCUMTHIBAETCA Ha CpoK 15-30 jeT B 3aBUCHUMOCTH OT KaXKJIOTO
KOHKpeTHOro cityyas. CorjacHO 3KOHOMHYECKUM I10Ka3aTellsiM IPOJUIEHHE CPOKa SKCIUTyaTaluu
sHeprobiokoB ADC ompenensiercs cpokoMm oT 15 mo 30 jer B 3aBUCUMOCTH OT TEXHHUYCCKUX
xapakTepucTuk o0bekTa. [lepBblii sHeprodnok PoctoBckoir ADC 25 nexabpst 2001 r. BBeaeH B
IIPOMBIIIJIEHHYO KCILTyaTaluIo, T.€. IKCIUTyaTallMOHHBIA pecypc cocTaBiser 21 roa.

B nannoif paboTe paccMOTpeH TEXHOJOTHMYECKHUH MPOLIECC MOHTAXHBIX PAadOT MO 3aMeHe
KyHOJbHBIX M mumHApudeckux apmokaHatoB CITH-1000 wa apmonyuku CII30-M (TY Ne 4846-
007-95520222-15 «Cucrema MpeABapUTEIILHOTO HaTSDKEHUS 3alIUTHON 000JI0UKH
MOJIEPHU3UPOBAHHAS) COCTOSIIHNE M3 46-TH CTANBHBIX apMaTypHBIX KaHaToB K7 B MOMUATHIICHOBOU
000J10YKe HOMUHATIBHBIM TuameTpoM 15,7 MM Ha PocToBckoit ADC Ha sHeprobiokax Nel u Ne2:

—neMoHTax apMmaTypHbelx kaHatoB CIIH-1000 m MOHTax ITydkOB apMaTypHBIX KaHAaTOB

CII30-M;

—1oa00p cocTaBa U MIPUTOTOBJIEHNE MHBEKIIMOHHOTO PacTBOPa;

—UHBEKTHUPOBAHHUE KaHAJIOB;

—HAaTsDKEHUE TyYKOB apMaTypHBIX KaHATOB;

—YCTaHOBKA 3aIUTHBIX KPBIILIEK U KOHCEPBAIIUS.

3amuTHas 000JI0UKa SBIISIETCS YacThio repMeTudHoro orpaxaeHus (I'O) u npeaHasHaueHa s
OTPaHMYEHUS] PACHPOCTPAHEHUS BBIJACIAIOIIMXCS MpPU aBapHUsIX pPaJUOAKTHUBHBIX BELIECTB H
MOHU3UPYIOLIET0 M3Iy4YeHHUs 3a mpenensl 30Hbl jJokauuu aBapuu (3JIA). Konctpykius o6osnoukn
UMeeT IWIMHIPUYECKYI0 (OpMy, 3aBEpIIAIONLYIOCS MOJycPepuyecKuM KyrosioM. Marepuan
O0OJIOYKM — TMPEIBAapUTEIIbHO HAIPSDKEHHBI MOHOJMTHBIA kene3o0etoH. IlpeaBapurenbHoe
HampspKeHUE 3alIUTHOM 000JIOUKH CO3JaeTcsl MOCPEACTBOM 00XKaTHs MOHOJMTHOTO >Kele300eToHa
BcaeacTBue HaTsokeHusi apmokaHatoB CITH-1000 ¢ ycunuem B 9800 kH, koTopble mporyckarOT
yepes KaHallo00pa30BaTesu, pacloIoKEeHHbIE B Telle KOHCTPYKIUH.

[IpuHATa TENTMKOMAANBHO-TIETIIEBAsl CXEMa pACIOJIOKEHHMS apMaTypHBIX DJJIEMEHTOB B
UMIMHIPUYECKON YacTH U OPTOTOHAJIbHO-TIETIIEBAs CXEMa PACIOJI0KEHUSI apMaTyPHBIX 3JIEMEHTOB B
Kynoje. Beero B 3amurtHON 000s10uke sHeprobdioka pacnonoxeHo 132 apmarypubix kanata CITH-
1000, B TOM 4mcCle B IMJIMHAPUIECKON YacTh — 96 mT. U B KynoJe — 36 wiT.

Knacc ©Oe3omacHoctu cuctembl mpenHanpsbkeHuss — 2HJI, kareropusi OTBETCTBEHHOCTH
KOHCTPYKIHMH 3alIUTHON 00O0JIOYKH 32 paJAHAllMOHHYIO U sifiepHyto Oe3omacHocTh — I mo [TuH AD-5.6
«Hopwmbl cTtpoutenpsHoro mnpoektupoBaHuss ADC ¢ peakTopamMM pa3iMdHOTO THIIA», KaTeropus
ceiicMocToiKoCcTH 3ammTHOW obOomoukn — [ mo HIT-031-01 «Hopmbl mpoekTHpoBaHUS
CEHCMOCTOMKUX aTOMHBIX CTAaHIIUU. [1]
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DJEeMEHTBHl CHUCTEMbI MPEAHANPSIKCHHUS 3aIUTHOH OOOJOYKH, BOCIHPUHUMAIOIIUE HArpy3Ky
(omopHBbI€ MJINTHI, apMaTypHbIE KaHAThI, aHKEpHbIE 000MMBI, KJIMHOBBIE 3aKHMBbI, IIpeoOpa3zoBaTesn
CHJIBI U3MEPUTENIbHBIE) COOTBETCTBYIOT 2 KiIacCy 0e30MacHOCTH, Kiaccu(ukannmoHHoe 0003HaYeHne
2HJI B cootBercTBHM ¢ HII-001-15, I kareropum ceiicmoctoiikoctu B cootBeTcTBUM ¢ HIT-031-01 1 |
KaTeropuy OTBETCTBEHHOCTH II0 paJMallMOHHOM U siiepHOM Oe3omacHoctu cornacHo [ImH AD
5.6.ctanpnbie anemeHThl CI130 oTHOCATC K 4 Kiaccy 6e3omacHocTy B cooTBeTcTBUM ¢ HIT-001-15.

Apmokanar CIIH-1000 cocrout wu3 456 mnapamieiabHO YJIOXKEHHBIX BBICOKOIPOYHBIX
CTaOUITM3MPOBAHHBIX MPOBOJIOK AuameTpoM 5,0 MM U3 KpyIJol yriaepoAucTOd cramu Jyisd
apMHUpOBaHUS MIpeIBApUTEIILHO HaMPsHKEHHBIX KeJe300eTOHHBIX KOHCTPYKIUH.
MopnepHu3upoBaHHas cUCTeMa NpeaHanpsbkeHus U3 apmarypHbix nydykoB CII30-M mpencrasiser
co00i CHMMETPUYHYIO KOHCTPYKLMIO M3 AHKEPHBIX DJIEMEHTOB M JAaTYMKOB CHJIBI, COCAMHEHHBIX
apMaTypHbIMH KaHatamMu K-7 B TOJIMATHIEHOBOH 000JOYKE, KOHIBI KOTOPBIX KIMHOBBIMHU
3KUMaMH 3aKpelyieHbl B KOHHMYECKHUX OTBEPCTUSAX aHKEPHBIX OJIOKOB. JlucTaHIMOHUpOBaHUE
MOJIMATUIICHOBBIX 000JI0UEK apMaTypHBIX KaHaToB K-7 oCyIiecTBIseTCs MOCPEICTBOM 3alOJHEHHUS
KaHaJIOB UHBEKLIHOHHBIM PACTBOPOM.

JemonTax apmarypsbix kaHatoB CITH-1000 n moHTaxx myukoB apMaTypHbIX kaHatoB CI130-
M Brimrouaer B cebs gemMoHTax apMmaTypHbix kanatoB CITH-1000; mpoBepky ceueHus KaHaia
KYIHOJIbHBIX U LMJIMHJPUUYECKUX IIyYKOB; IPOBEPKY HA TEPMETUYHOCTh KaHalia U MOHTaX TPyObl ipu
peMoHTe KaHana; noArotoBky myuka CI130-M k npoTsAruBaHUIO ¥ MOHTaK apMOITYYKOB B KaHAJIbI.

[TomGop coctaBa W TPUTOTOBICHHWE HHBEKIIMOHHOTO pacTBopa. Marepuansl  uis
MHBEKIIMOHHOIO PacTBOpPA: BOJA; CyXasi CMECh JUJIsl pacTBOpa MoBbleHHON npounocty [LIMU/I-5 BIT
(3oHa meperuba), KoTopasi 00ecIeYuBaeT CBOOOTHOE TIPEIBAPUTEIHLHOE U TJIOTHOE 3aroyiHeHue (0e3
MyCTOT) MOJIOCTEH KaHaja ¢ YJI0KEHHBIMH apMaTypPHBIMU KaHATaMH MPH OTCYTCTBUU KOHTPOJBHBIX
HITYLEPOB MO JUIMHE KaHaToB. A TakK K€ MHCIOJIb3YEeTCSd CMECh Cyxas TOHKOAMUCIIEPCHAs
uHbeknronHas «Llenrpunop KM-70» (BetBu) (m3roraBmmBaetcs mo TY 5745-249-51552155-2016
«Cmech cyxast ToHKomucnepcHass nHbekionHas Lleatpumop KM-70 «Centripor QM-70»). Cmech
[IMU/I-5 BII umeer npouHOCTh MpH CXKATUM TIpU TBeplaeHuu npu temieparype 20°Cs Bo3pacte 24
gacoB O0osnee 30 MIla. B cocraB mabeknuoHHoro pacrtsopa Bxoaut Lentpunop KM-70 — 20 xr u
BoJa — 7,6 TUTPOB.

HNubektupoBanue kaHanoB apmoryukoB CII30-M BblnosHsAETCS MOCie NPOTIATUBAHUS TyYKOB
B KaHaJIbl 10 HaTSDKEHHS M MMEET CBOEH LIENbI0 3aKpENICHUE apMaTypHbIX kaHaToB K-7 B kaHaie
rocjie MpOTATMBAaHUS U W30JMpPOBaHUE UX JIPYr OT Jpyra. MIHbekTHpoBaHHe KaHana MPOBOJIUTCS B
nBa ortama. Ha mepBoM 3Tame HMHBEKTHpYETCSl 30Ha Mnepermba kaHaia (Ha otMm. +56,100 s
KynoibHbIX ¥ Ha otM. +10,800 g UUIMHAPUYECKUX APMOIYYKOB) BBICOKOIIPOUYHBIM
UHBEKIHOHHBIM pacTBopoM (LIMIU/I-5 BII). Ilocne TBepaeHMUs MHBEKIIMOHHON cMmecu (He MeHee 4
4acoB), BTOPBIM ATallOM HHBEIMPYIOTCS BETBU KaHalla MHBEKIMOHHBIM pacTtBopoM (LlenTpumnop
KM-70) nns npenHanpsyKeHHbIX KOHCTPYKIHUI.

Jl1sl IpUroTOBJIEHUS U MOJaYM PacTBOpPA B KaHAJI MPUMEHSETCS ClelUaabHasi NHbEKIMOHHAs
YCTAHOBKA, COCTOSINAsl U3 JIBYX CMECHTEIbHBIX 0aKOB C JIOMACTSAMH Ha BEPTHUKAIBHOM CTBOJIE JUIS
IIPUTOTOBJIEHUS PacTBOpa, PACXOHOro Oaka JUIsl XpaHeHus: pacTBopa (OyHKEp) U BBICOKOHATIOPHOM,
BBICOKOITPOU3BOIUTENILHON HACOCHON CTaHLMEW AJI N0Ja4¥ MHBEKLIMOHHOIO PacTBOPA B KaHAJbI —
pacTtBopoHacoca. HatskeHue apMmoltydka Ipou3BOAUTCS Mocae Habopa MPOYHOCTH pacTBOpPa BETBEH
He meHee 20MIa.

Jns HaTsDKeHUs apMOINYYKOB 3allldTHOW OOOJIOYKM PEaKTOPHOTO 3AaHUS NpPUMEHSETCs
crenManbHOe THJpaBIMYecKoe oOopynoBaHue. HaTspkeHHMe apMaTypHBIX IIYYKOB —SIBJISIETCS
OTBETCTBEHHOI omepanueii, T.K. BBIMNOJIHSAIOTCS pabOThl MO CO3JaHHUIO OOJBIIMX CKUMAIOIIMX
YCUJIMHM B KOHCTPYKIIMU M PAcTATHBAIOIIMX — B BBICOKOIIPOYHOI apmarype. PaGota nmpoBoautcs Ha
000pyIOBaHUM C BBHICOKMM paboumMM AaBieHuEeM kujakoctu — a0 70 MIla. YuuteiBas 310, mo0bie
HE3HAUUTENIbHbIE OUIMOKHA MOTYT IPUBECTH K CEPbE3HBIM MOCIEICTBHIM.
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Bax q11 BoaEl

Tuapomotop

p—— CMeCHTeNbHEH 6aK
CMeCHTebHBIH 63K

/
nonocTe o6paTHoro xopa / nonocTe

HaTAXeHUua

NOPLWHA HATAXEHUA HamsxeHue kaHamos

Pucynok 1 — HaTspkeHne mydkoB apMaTypHBIX KaHATOB a) MOJIENb HHBEKIIMOHHOHM YCTAHOBKH; 0) cCXeMa HaTsKCHUS

BBuny Oonblioi JUIMHBI Iyyka apMaTypHbIX KaHaTOB M OOJIBLIOIO CyMMapHOro yria
IIOBOPOTA, HATSYKEHUE OCYLIECTBIIAECTCS JABYMs JOMKpaTaMH OJHOBpEMEHHO. HarsbkeHue mydkos
BBINOJIHAETCSl MO3TANHO, KaXIbIH 3Tall JaeT BO3MOXKHOCTb IOJIyYUTh BEJIWYMHBI Y/UIMHEHUH U
JaBJICHUs,, HEOOXOAMMBIE Ui TOTO, YTOOBI TPOBEPUTH COOTBETCTBHE PACUETHHIM BEIHMUYMHAM.
KonTponbs ycunust B apMaTypHOM IIy4dKe BEJETCsS 110 MaHOMETpPY, YCTAaHOBJIEHHOMY Ha IOJIOCTH
MOPIIHS HATSDKEHHSI THIPABIMYECKOTO JOMKpaTa JMO0 Ha HACOCHOM CTaHIMH, KJIacC TOYHOCTH
manometpa 0,6.

Kontpons HampspkeHHo-nedopmupoBannoro cocrossauss (HAC) 3ammrtHON 000M0YKH  C
UCIOJIb30BaHWEM aBToMaTH3upoBaHHON cuctembl koHTpolsi (ACK) HJC 3amuTHOM 000I0YKH B
X0Jie pabdoT IO HATSXKEHUIO MYy4YKOB apMmarypHbix kaHatoB CII30-M npooautcsa no Ilporpamme
HaTypHbIX HaOmroneHuil ciyxOoi skcrutyaramun PoADC. PesynbTarhl omepanuMy HaTsXKEHHS
YKa3bIBalOTCS B NPOTOKOJE (aKTe) HATSHKEHMs Ui KaXJAO0ro KOHKPETHOIO IydKa apMaTypHBIX
kaHatoB CII30-M. IIpoTokos mnoAmMCHIBA€TCS OTBETCTBEHHBIM 3a IPOBEACHHE paboT 1o
HaTSKEHUIO U ITPOBEPSIOLIUMU JINLAMHU.

Jlanee mpOM3BOAMTCS MOHTAX 3aLIUTHBIX KPBIIIEK, U KOHCEpBaLUs (3alOJHEHUE 3alUTHOTO
KOJMaKa Iepe3MHOM). 3aIlMTHbBIE KPBIIIKKM MOKPHIBAIOTCS aTMOC(EpHON OrHe3alMTHON 3Majbio
tuna «JIETUPy» (KO-518 III'M) (unu aHanoruyHoii), o0ecreunBaroiieil OrTHeCTOMKOCTh B TEUCHHE
60 MUHYT.

CIINCOK JIMTEPATVYPbI

=

HIT-001-15 «O6muue nosoxeHus odecrieueHus 0€30MacHOCTH ATOMHBIX CTaHIHID).

2. HII-010-16 «IlpaBmiia ycTpoiicTBa M OKCIUIyaTallMd JIOKAJIM3YIOI[UX CHCTEM Oe30MacHOCTH aTOMHBIX
CTaHLUID.

3. Texuonoruyeckue kaptol ['enkoHcTpykTopa CITH-1000 3A0 «MHCTUTYT «OpraHeprocTpoit».

4. Texuuyeckas gokymenraist ['onosHoro paspadoryurka CI130-M OO0 «CTCy».

Replacement of Reinforcing Ropes SPN-1000 with Reinforcing Bundles SPZO-M
at Power Units No. 1 and No. 2 of Rostov NPP

Ponomarev K.V."! , Postoj L.V.""2

IRostov NPP, Volgodonsk, Russia
2Volgodonsk Engineering and Technology Institute, a branch of the National Research Nuclear University MEPhI,
Volgodonsk, Russia
te-mail: po-kirl979@yandex.ru
2e-mail: LVPostoj@mephi.ru

Abstract — The purpose of the installation work to replace SPN-1000 reinforcing ropes with SPZO-M
armored bundles is to increase the operational safety and reliability of the containment of power units No. 1
and No. 2 of the Rostov NPP, extend the service life, and reduce maintenance and repair costs.

Key words: protective hermetic shell, SPZO-M armored bundles, armored ropes, safety during operation of
power units.
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CEKIIMSA

KYJbTYPA BE3OIIACHOCTH HA OBBEKTAX SJIEPHOM
SHEPI'ETUKH: COHHOKYJIbTYPHbIN, 3KOHOMUWYECKHA 1
NHPOPMALMNOHHBIU ACIIEKTBI

VIIK [621.039.58 : 621.311.25] - 355.4 (477)

BE3OIIACHAS SKCIIIYATALIUSI A9C B YCJIOBUSIX CIIEIIMAJIBHOM
BOEHHOMU OIIEPAIIMU HA YKPAUHE

Pynenxo B.A., EBnomkuna I0.A.

Boneooonckuii unorceneprno-mexuuueckuti uncmumym — guauan Hayuonanvnoeo ucciedosamenbcko2o 10epHo20
yrusepcumema « MUDH», 2. Boreooonck, Pocmosckas 061., Poccus

B nanHoO# cTaThe paccMaTpuBaroTCa BOMPOCH Oe3omacHoi akcrutyaTanun ADC B YCIOBHUSIX CHEIHATBLHOM
BOEHHOU onepauuy, nposogumon P® Ha teppuropun YKpauHsl.

KiroueBble ciioBa: 06€30MacHOCTb, OOBEKT HCIIONB30BaHHMS aTOMHOH sHepruu, nepconan ADC, cucrema
«4eJIOBEK-MalllnHa-Cpeiay.

B obGecriedennn 6e30mMacHOCTH B aTOMHOM OTpaciu 0cobasi pojb OTBOAMUTCS YEIIOBEYECKOMY
dakropy [1]. B ycroBusx crneuuasbHOW BOEHHOH omepainuu npoBoauMoil PD Ha Tteppuropuun
YKpauHbBI pOJb YeIOBeUeCKOro (hakropa Ha OOBEKTaX AaTOMHON SHEPreTUKH, B TOM YHCIE H B
Poccun, npuoOperaer ocoOyto monsipHocTs. C 0THONW CTOPOHBI, 3TO CAMOOTBEPIKEHHOE HCIIOJIHEHNE
CBOMX OOS3aHHOCTEW ONEPATUBHBIM W OOCITY)KHBAIOUIMM IE€PCOHAJIOM CTAHLIUH B MaKCHMAaJIbHO
HENpPOCTBIX yClIOoBUAX. OJHAKO HeNb3sd MCKIYATh Yrpo3y OpraHHU3alMM CIUIAHMPOBAHHBIX
YpE3BBIYAMHBIX CHUTYallMi, BO3MOHBIX JUBEPCUM C YKPAMHCKOM CTOPOHBI. «EIMHCTBEHHBIN
(daTanbHBI CIOKET € PEAKTOpOM MOXKET TIPOU30MTH, €CIM OH TOJBEPrHETCS B3pPHIBHOMY
BO3/ICHICTBUIO M3HYTPU PEAKTOPHON 30HBI B CBS3M C TEIUIOBBIM Pa3rOHOM CaMOI0 peakTopa u
OTKJIIOYEHHS CHCTEM 3alllUThl — Kak 3TO0 M mpousonuio B YepHoObule u dDykycumeyn, —
npeAynpeKAA0T SKenepThl [2]. B maHHOM ciydae Bce OyleT TOXe 3aBHCETh OT TOTO, HACKOJBKO
IPaMOTHO M JUCLUIUIMHUPOBAHHO OYyAyT BBINOJIHATH JOJDKHOCTHBIE MHCTPYKLHH OIEpaTHBHBIHI
nepconain Ha ADC.

BriepBeie B MCTOpUM BOEHHAs oOIepalys NMPOBOJUTHCA HA TEPPUTOPUH, TAEC PACIIOIOKEHBI
00BEKThl MacHITAOHOM SEPHOM dHEPreTUYecKol MporpamMmsl. B crioxkuBIIelcs CUTyalluu BOIIPOCHI
0€30IIaCHOCTH SAACPHBIX OOBEKTOB YKpauHbl TpeOyrOT 0cOO0ro BHHUMaHHs. ATOMHBIE CTaHIMU
UMEIOT BBICOKYIO CTENEHb HaJeKHOCTH. KOHCTpyKIusi peakTopa IMO3BOJSET BbLACPKHUBATh BCE
BO3MO)KHBIE BHUJBl BHEIIHUX BO3JCHCTBUM — 3E€MJIETPSACEHUS, CMEpPYM, yparaHsl, BO3IYLIHBIC
yAapHbIE BOJIHBI (HampuMep, NpU B3pbIBAX), MaJeHHE camojieTa U mpouue. MMeHHO mo3Tomy
HEMOCPEeACTBEHHO 00eBble NeicTBUs yrpo3bl ykpauHckuM ADC He mpeicTaBisiioT. Jlaxe B ciaydae
IIPSIMOTO NOTAJAHUS CHAPSIIOB U pakeT saepHble peakTopsl ADC HaeKHO 3alIUIICHBI.

Bce aTomHbIe cTaHIIMM YKpauHbl OKa3aJIMCh B 30HE BOGHHOM oneparuu. YepHooObuibckas ADC
He paboraer yke OoJblle JABaJlaTH JIeT, He BbIpabaThIBaeT 3yeKTposHeprun. llocnemHuii
sHeproOok Obu1 octanosieH B 2000 roay. ToriuBa B HEMOCTPaAaBIIUX peakTopax OoJbIIE HET, HO
Ha TEPPUTOPUH CaMOM aTOMHOW CTaHIMH OCTAJINCh PAJIMOAKTUBHBIE OTXO/bI, a B 30HE OTUYKIEHUS —
HECKOJIbKO XPAaHWJIUIL JUIsl OTXOJOB C pa3HbIM YPOBHEM pAJAMOAKTUBHOCTH M OTpaOOTaBILEro
AJIEPHOTO TOIJINBA.

Ha VYkpawne ceityac Haxomutcs 15 HeHCTBYIOMIUX SHEPTOOJIOKOB: IIECTh HA 3amOpPOKCKON
ADC; tpu Ha FOxHO-Ykpaunckoit ADC; nBa Ha XmenbHuIKON ADC; yetbipe Ha PoBeHCKOM.

OHepreruyeckas cucTeMa YKpauHbl, O MHEHUIO JKCIEPTOB, HCIbBIThIBAJIA CEpPhE3HbIE
npoOIeMbl 10 Hayala BOGHHOH onepanuu. B ycioBusx moctosHHON (eikoBoi MHPOpMAaLUU O4eHb
BaXHO YCTAaHOBHUTH peaibHble (hakThl. Bece uerhipe cTaHnny ObUIM MOCTPOEHBI B COBETCKUN MEpUO,
Cephe3HOM MOJEpPHM3ALMU HE MPOU3BOAMUIOCH. OOOCHOBaHHOE OECIOKOMCTBO CIEHATUCTOB
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BBI3BIBAIOT OKOHYAHHE TMPOCKTHBIX CPOKOB OJKCIUTyaTallil »HEProOJIOKOB, OTKa3, B CHIY
MOJINTUYECKUX MPUYUH, OT SIEPHOrO TOIUIMBA POCCHIMCKOrO0 TMPOM3BOJCTBA M IEpeXoi Ha
WCIOJIb30BaHNE TOIUIMBHBIX cOOpok kommanmu Westinghouse. BcenenctBue 5Toro siaepHbIe
peaktopsl ADC paboTaroT Ha IMOJIHYI0 MOIIHOCTh Ha «HEPOIHOM)» TOILTUBE BMECTO «3HAKOMBIX)
TB3JIoB coBerckoii nmpoektupoBku u3 Poccuu. K Tomy ke, amepukanckas kommanusi Westinghouse
Electric cBo€ oTpaboTaHHOE TOIJIMBO HAaBCErJa OCTAaBISIET CTpaHe-3aka3uuky, a Poccus, coriacHo
JIOTOBOPY, €€ C COBETCKUX BpPEeMEH 3a0upaeT ero k cede Ha nmepepaboTKy.

PoBenckas ADC — niepByro Ha YKpauHe CTaHIIMIO C BOJIO-BOJSHBIMU SIACPHBIMU PEAKTOPAMH,
el yXe TOJIBeKa, OHAa CIMHCTBEHHAas C dHEproOyiokamu Ha 0a3e mepBbIX peakTopoB BBOP-440
COBETCKOr0 TpOM3BOJACTBAa. JIBa €€ 3HeproOiioka MMEroT Oojiee Cladyr 3alUTHYI 000J0YKy U
[03TOMY 00ECIeYnBaIOT MEHBIINI YPOBEHb 3alUTHI B Cllydae aBaphH C MOBPEXKJIECHUEM PEaKTopa,
4eM ocTaibHble 13 0ornee COBpeMEHHBIX SHeprodiokoB Ha PoBHeHcko#, HOxHO-YKpanHCKOM,
XmenbHuLKoN u 3anopoxkckoit ADC.

25 suBaps 2022 roma Ha XwmenbHHULKOH ADC orkmoumics sHeprodmox Nel wu3-3a
«cpabateiBanus 1uddepeHITHaTbHON 3aIUThl 0JJ0YHOTO TpaHchopMaTopa ¢ MOCIeAYIONIIeH padoToM
3aIIUTHI PEAKTOPHOW YCTAaHOBKW». DHEProOJIOK ObLI BBEACH B IKCIUTyaTaruio B 1988 romy, u cpok
ero ciyxO0bl ucrek B 2018-m. Ha XwmenpHunkoit ADC skciulyaTupyeTcst JBa 3HEprodjoka c
BB3P-1000.

B 9TOT e JeHb OTKIIOUMIICS YeTBEPThIN 3Heprotsiok 3amopoxckoit ADC mist ycTpaHeHus
«ra30BOM HEIUIOTHOCTU TypOoreHneparopa». Cpok 3KCIUTyaTtanuu 3Heprodioka 3axonymics B 2020
rOfy.

Pounb uenoBeueckoro gakropa onpenensercs GyHKUUIMUA U 3HAUMMOCTBIO Y€JI0BEKa KaK 3B€Ha
B CHUCTEME «4elloBeK-MamnHa-cpenay». [IpodeccrnonanbHas HaAeKHOCTh YeNOBEKa JOJKHA OBIThH
BBIIIIE€ HA/IEXKHOCTU OCTaJbHBIX JIEMEHTOB CUCTEMBbI. YEJI0BEK, C OJJHOM CTOPOHBI, MOXKET HAXOAMUTH
HECTaH/JapPTHBIC PELICHUSI U BBIBOJUTH CUCTEMY W3 KPUTUYECKOW CHUTYyalMH, U, C APYTOH CTOPOHBI,
YeJIOBEK MOXKET caM U MPUBOJUTH CUCTEMY B TaKyl0 CUTyalMio. B ycioBusX cnenuaibHON BOSHHON
omepaly  HAJeXKHOCTh  IEepcoHalla  aTOMHBIX  CTaHIUMHA  YKpawHbl  ONpEAENsIoTCs
npoeCCHOHATBHBIMU  3HAHUAMH, TPOPECCHOHATBHO BAXKHBIMUA JIMYHOCTHBIMH  KAa4eCTBAMH.
NunuBuayanbHble U THYHOCTHBIC aCTIEKTHI JESTEIHOCTH NIEpCOHAlla aTOMHOW CTAHIIMU B YCIOBUSIX
MOBBIIIEHHOTO pPHUCKA OINPEAENSAIOTCS MOPAIbHO-TICUXOJIOTMYECKUMU IIEHHOCTSIMU 4YEJIOBEKa, €ro
KellaHueM paboTaTh, MOTHUBALIMEH U IETTOIMTU3UPOBAHHBIM MOJIX0A0M K COOBITHSIM.

[TonBoas uTor, oOpaTUM BHUMAaHHE HAa TO, YTO OCHOBHOM CMBICI IMOHSATHS 0€30MacHOCTU
aTOMHON CTaHIIMM TPAJUIIMOHHO COCTOUT B O€30MACHOCTH IO OTHOIIEHHIO K OOILIECTBY, KOTOpOE
HCIOJIb3YeT ATOT aTOMHBIA 00BekT. PaccmMorpenue BompocoB OezomacHoi skcmtyarauun ADC B
YCIOBUAX CHENMaIbHONH BOEHHOM omNepalnud Ha YKpauHe BKJIIOYAeT O€30MacHOCTb aTOMHOIO
KOMIUIEKCa, B HEKOTOpPOM CMbICIE, OT O0O0IlecTBa, 4YTO NOJpa3yMeBaeT Oe30MacHOCTh OT
TEPPOPUCTUYECKUX ACUCTBUIM, CINITAHUPOBAHHBIX TUBEPCHH, caboTaka Kak peakIMH MepcoHaia Ha
COLIMAJIbHO-9)KOHOMUYECKYIO CUTYyallUlI0 WJIM BOEHHO-TIOJUTHYECKYI0 OOCTaHOBKY. B KoHeuHOM
cuere, 3ammTa U Oe3omacHOCTh ADC TECHO CBS3aHBI C 3alIUTON M 0€30MacHOCTHIO OOIIECTBA:
J0JeH, KOTOpbIe pabOTaOT Ha ANEKTPOCTAHLIMSX, JIFOIEH, KOTOPbIE )KUBYT PSAOM C HUMH, U JIIOJEH,
koTopbix ADC 00ecreunBaloT JIEKTPOIHEPTUECH.
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OCOBEHHOCTH TPABOBOI'O PEI'YJIMPOBAHUSA TOPI'OBBIX
OTHOHWIEHUHA B COEPE TOIVIMBHOM NPOMBIIIJIEHHOCTH

Aopocumosa H.B., ITonosa T.C.

Boneodonckuil unoicenepro-mexnuueckuil UHCMUmMym — QUIUAI HAYUOHATLHOZ0 UCCIE008AMENbCKO20 S0EPHO20
yuusepcumema « MUDHy, e. Boneodonck, Pocmosckas oon., Poccus

B pabote mpexncraBieHBl crienu(pUYECKAE UYEPTHl PHIHKA NPOMBIIUICHHON MPOAYKIUU W OCOOCHHOCTH
MapKETHHTOBOH NIEATCIFHOCTH Ha JTAaHHOM pBIHKE. [IpOMBINIICHHOCTs — €IWHCTBEHHAS OTPACIh, KOTOPAs
MMpoOU3BOAUT CpEACTBA TpyJda, ABJIAIOIIHCCAH BaXXHEHIIUM 3JIEMEHTOM MPpOU3BOAUTCIIBHBIX CHJI, U
obecreurBaeT UMM BCE JPYTHE OTPACIH HAPOJHO-XO3SMCTBEHHOTO KOMIUIeKca. B 3Toil cBsizu TpeOyeTcs
ocobasi, mpopaboTaHHasi U anmpOOUPOBAHHAS CHCTEMa HOPMATHBHO-TIPABOBOTO PErYJIMPOBAHUS TOPTrOBBIX
OTHOIIIEHUH Ha PBIHKE TOBApOB MPOU3BOACTBEHHOI'O Ha3HAYCHM.

Kniouesvie cnosa: MNPOMBIIIJIICHHOC HNPOU3BOACTBO, SHCPIEeTHKA, TOPTOBJIA IPOMBIINUICHHBIMA TOBAapaMU,
HOPMAaTUBHO-TIPABOBOC PETyJIMPOBAHNUEC, MAIIMHOCTPOCHHE, KOHKypeHTOCHOCO6HOCTB, Ka4y€CTBO.

[TpOMBIIITIEHHOCTh, KOTOPYIO OTHOCAT K cepe MaTepuaibHOTO MPOU3BOJCTBA, MPEICTABISET
co00i1 COBOKYMHOCTb OOJBIIOTO 4YHCIA CAMOCTOATEIbHBIX OPTraHU3alUi, II€XOB M MPOU3BOJCTB,
3aHATBIX J100bIUEH, 3aroTOBKOM M mepepabOTKON ChIpbs M €ro mnpeoOpa3oBaHUEM B TOTOBYIO
NPOAYKIMIO. DHEPreTuka — 3T0 00JacTh XO3SIIICTBEHHO-DKOHOMUYECKOW NeATEIbHOCTH, HAyKU U
TEXHUKH, OXBaThIBAIOIIasi YHEPreTHUYECKUE Pecypchbl, MPOU3BOJCTBO, Iepeaady, Mpeodpa3oBaHUeE,
aKKyMyJIMpOBaHHE W pacHpelelieHHe pas3InyHbIX BHIOB 3Hepruu. OOe cdepbl MpoOU3BOACTBA
YCIOBHO O0BEAMHAIOT B TOIUIMBHO-3HEepreTndyeckuii kommiekc (TOK).

TOK — 370 cnoxHas cucreMa, BKIIIOUAKOIasl B ce0s1 COBOKYITHOCTb IPOU3BOCTB, MPOLIECCOB,
MaTepHaJbHBIX YCTPOMCTB MO JA00bIYE TOIIMBHO-?HEPIETHUECKUX PECYPCOB, UX MPEoOpa30BaHHUIO,
TPAHCHOPTUPOBKE, PACHPEACICHUIO U IMOTpeOJeHHI0. B Hero BXOAAT cleayrolue MOAO0TPaciu

(puc. 1):

HedTIHAS yroiapHas ra3oBas TophstHAs
MPOMBIIIICHHOCTD MIPOMBIIIICHHOCTb MPOMBIIIIEHHOCTh MIPOMBIIUICHHOCTh
aTOMHas 3IIEKTPO-

TIPOMBIIIICHHOCTb SHEpreTHuKa

Pucynok 1 — INogorpaciu TOK
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ToruuBHasT TPOMBIIIICHHOCTh —sBISETCA 0a30i  pa3sBUTHA  POCCHIMCKONW  3KOHOMMKH,
MHCTPYMEHTOM IPOBEACHHUS BHYTPCHHEH W BHEIIHEH NOJUTUKA. TOIUIMBHAs IPOMBIIUICHHOCTb
CBsI3aHa CO BCEH MPOMBIIUIEHHOCTHIO cTpaHbl. Ha e€ pasBurtue pacxomyercs 6osee 20 % IeHEKHBIX
cpenctB u npuxoautcsa 30 % ocHOBHBIX (poHI0B. Peanuzaiuio rocyjapcTBEeHHOMN NOTUTHKYU B cepe
TOIUIMBHOM MPOMBIIIIEHHOCTH OCyllecTBiIsieT MunucrepcTBo sHepretuku Pocceniickoit denepanuu
U TIOJIBEJOMCTBEHHBIE €My OPTaHM3alMK, B TOM 4HUcCiie U Poccuiickoe 3HepreTnyeckoe areHTCTBO.

KintoueBble BEKTOPBI pPa3BUTHS TOPrOBBIX OTHOIIEHUH B cdepe MNPOMBIIUICHHOCTH H
SHEPIeTUKU MpeICTaBIEHbl HIKE (puc. 2):

p
| ObecrieueHre KOHKYPEHTOCTIOCOOHOCTH MPOU3BOIUMBIX TOBAPOB M YCIYT (Ka4ecTBa). ‘
A

* OCHOBHBEIMU ONpUYruHaMU BBIITYCKa HeKOHKypeHTOCHOCO6HOI71 MPOAYKIHU SABJIAIOTCA: MOPaJIbHO YCTAapCBIICEC U
(1)1/13I/I‘~ICCKI/I HU3HOIICHHOC 060py)IOBaHI/Ie; HapyIEHUE TEXHOJOTHYCCKUX MPOLECCOB; Hey[[OBHeTBOpI/ITeHLHHﬁ
KOHTPOJIb 3a CBIPEEM U KOMIUICKTYIOIINMU U3ACTTUAMA

p
| IMniopro3amMenicHue. ‘
A

* OCHOBHBIC LIETH HUMIIOPTO3aMEIICHHS — I03arpy3Ka CBOOOJHBIX NPOU3BOJACTBEHHBIX MOIHOCTEH, MOAACPKKA
TEXHHYECKOT0 TIPOrpecca, 3aluTa OTEYECTBEHHOTO TPOU3BOAUTEINS, YMEHBILCHHE CIIPOCa Ha BAITIOTY, POCT
9KCIIOPTA U MPECTHKA POCCUIICKUX TOBApPOB.

p
| YiaydieHnue CTpyKTypbl IPOMBIIIIICHHOCTH. ‘
A

* HanOonbmuii yaeabpHbIH Bec B 00beMe MPOMBIIIUIEHHOTO POU3BO/ICTBA IIPUXOANTCS Ha MAITMHOCTPOCHHE U
MeTaI000paboTKy, MUIIEBYIO U JIETKYIO IPOMBIIIIEHHOCTh. YIIy4YIlIeHHEe CTPYKTYPBI CBSI3aHO C pa3BUTHEM
oTpacneil, B KOTOPbIX MAaKCHMAJIbHO HCHONB3YIOTCSI MECTHBIE MAaTEPHAIbHO-CHIPBEBBIE PECYPCHI.

p
| CHmKkeHue H3ACPIKEK MPOU3BOACTBA. ‘
A

*B nepByto odepe/b, CHIDKEHHE U3JEPKEK IPOUCXOTUT 3a CUET YMEHBIIEHUS MaTepHao- U 3HEPTOEMKOCTU
NPOJIYKIHH, 3P (HEeKTUBHOTO KOHTPOIIS HaJl M3Jep)KKaMH Ha BCEX JTarax MpOU3BOJICTBA U Ha ITOH OCHOBE
CHIDKEHHS YPOBHS UMIIOPTa YHEPTOHOCHUTEIIEH, CHIPhS U MaTEepHAIIOB.

p
| Texnomoruueckoe MEPCOCHAIICHUE TPONU3BOJACTBA. ‘
A

«[Ipogonkatonieecs cCTapeHHe OCHOBHBIX IIPOU3BOJICTBEHHBIX (DOHIIOB CTAHOBHUTCS CEPhE3HOI MpoOIIeMOoit st
MPOMBIIIEHHOCTH. Heo0XoquMBbI ocyIiecTBIeHHEe HOBOM aMOPTH3alMOHHON MOJIUTHKY, MPeyCMaTpUBAIOIICH
COKpalIeHHe HOPM aMOPTH3aINH, YCOBEPIICHCTBOBAHNE METOJIOB OIICHKH M nepeoneHkn Od.

PI/ICYHOK 2 — OCHOBHEBIC HalpaBJICHUA PAa3BUTHA TOILUIMBHOM MMPOMBIIIICHHOCTH

[TocTossiHHO MEHSIIOTCSI COcOoObl MPOM3BOACTBA 3JIEKTPOIHEPTHH, PACTET HUX KOJIUYECTBO,
MOSIBJISIFOTCSL HOBBIE Pa3pabOTKU B OOJIACTH €€ pachpeleNeHHs, XpaHeHUs W NOTpeOsIeHus, U 3TO
JieNlaeT 3HepreTudeckuil maHamadrt Bce Oosiee cinoxHBIM. Hamprmep, MHOTrOYHMCIEHHBIE MEJIKHE
MIPOU3BO/IUTENIN SHEPTUU M3 BO300HOBISIEMBIX HCTOYHUKOB JIOMOJHSIOT MOITHOCTH KpPYIHBIX
aleKTpocTaHuii. B cBo0 ouepenb, 3T0 TpeOyeT BHEAPEHUS HUHTEIUICKTyalbHBIX CETEW, 4TOOBI
3¢ HEKTUBHO YIPaBIATh KOJEOAHUSMH BHIPAOOTKH 3JEKTPOIHEPTHH.

Pa3BuTHe Bcex NPOMBINIIEHHBIX OTpacieil, B TOM YHUCIE M TEX, KOTOPbIE OTHOCITCS K
TOIUIMBHO-3HEPT€TUYECKOMY KOMILIEKCY, SIBJIIETCS YCIOBUEM PEUICHHS HE TOIBKO SKOHOMHUYECKUX,
HO U COLHMAJIbHBIX, MOJIUTUYECKUX MpoOsieM. B cBs3M ¢ 3TUM NpaBUTENHCTBO B HACTOSIIEE BpeMs
ylenseT MHOTO BHUMAaHHS 3TOMY CEKTOpY XO3SHCTBOBaHMS: pa3pabaThIBa€T COOTBETCTBYIOIINE
CTpaTerMu M NpOrpaMMbl TOJAEPKKU (OpraHu3yer ocobOble sKoHOoMUueckue 30HbI, TOCOP,
CBOOOJHBIE MOPTHI), (PUHAHCHPYET MX pean3aluio, pazpadaTbiBaeT HOPMATUBHO-TIPABOBBIE AKTHI,
PEryJIUPYIOIIME TOPTOBIIFO MPOMBIIIJIEHHON NPOLYKIHEH.

JIroOble BUABI TNpEeNNPUHUMATEIBCKONW JAEATENIbHOCTH, B TOM 4HClIe B cdepe TOpPromiu
npoaykuueit TOK, nomiexar onpenereHHOMY HOPMAaTUBHOMY peryiaupoBaHuio. HecoMHeHHO, 4TO B
OCHOBE NPEANPUHUMATEIBCKON JEesITeIbHOCTH JIEKHUT MapKEeTHHI Kak CBOEro poja «gunocopus
Ou3Heca», OMpEAeAIoNas poyib KaXI0T0 yYaCTHHKA XO3SIMCTBEHHBIX OTHOIIEHWU. Bmecte ¢ Tewm,
MapKETUHTOBbIE MEXaHU3MBI B JIyUIlIEM MX IPEACTaBICHUN pabOTaIOT TOTa, KOTla OHU 0a3upyroTCs
Ha MPOYHOM INpaBoBoM (yHmamente. [IpaBo kak 001mmeo0s3aTenbHas cucTeMa He0OX0MMBIX TTPABUIT
MOBEJICHMSI, C OJHOIM CTOPOHBI, HAPABJISIET YYACTHUKOB Cephl TpaskJaHCKOro 000poTa 1o Haubosee
ONTUMAIBHOMY IYyTH, a C JAPYrod — JaeT BO3MOXKHOCTb I10y4acTBOBaTb B c(epe TOProBbIX
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OTHOIIEHWA  BCEM  3aMHTEPECOBAHHBIM  CyObEKTaM, HampuMmep, 4UYepe3  OrpaHuyYeHUE
MOHOTOJUCTUYECKOMN AESITEIBHOCTA Ha TOBAPHBIX PBIHKAX.

BaxHO OTMETHTB, UYTO MPAaBOBBIE MEXAHU3MBI CaMH IO ceOe MEepPBUYHBI, OJHAKO HA HUX HE
MOJKET HE BJIMATH aKTyajbHas OOCTAaHOBKAa Ha TOBAPHBIX PbIHKAX, TEHICHIIMM PA3BUTHUS TE€X WU
UHBIX OTpaciieil MPOMBIIIICHHOCTH, B YaCTHOCTH, C YYETOM IOCIECAHUX MOJIUTUYECKUX COOBITHHA U
BBEJICHHS B OTHOIIEHHH POCCHM 3KOHOMHYECKUX CaHKIIMI, K TAKOBBIX OTPACISAM CTajlyd OTHOCHTCS
HAayKOEMKHE TEXHOJIOTMM, MPOU3BOACTBO psa IPOMBIIIJIEHHBIX TOBapOB, OTPACiIM TOILIMBHO-
SHEPreTHYECKOro KOMIUIEKCa U Jip. be3 CBOeBpEMEHHOro0 M TOUEYHOI0 HOPMAaTUBHOT'O PEarupoBaHUs
Ha CYUIECTBYIOLIUE MPOOJIEMbl HEBO3MOXKHO CaMO CYIIECTBOBAHUE «KJIACCHUYECKOTO TOBAPHOIO
PBIHKa».

Utak, B PO cucremMa HOpMATHBHBIX MPABOBBIX aKTOB B cpepe TOProBIM MPOMBIILICHHBIMU
TOBapaMH OCHOBaHa Ha NpUHIHMIE (enepanu3Ma, a UMEHHO, NEHCTBYEeT CTporas HOpUaAnYecKas
uepapxus, HaunHas ¢ nonokenuid Konctutymuu P 1993 r., 10 coOCTBEHHO caMuX Tpa)KIaHCKO-
IPaBOBBIX JIOTOBOPOB, 3aKJIIOYAEMbIX MEXKIy CTOpPOHAMHU TOProBbIX oTHomeHuid. Cratbu 34-37
KoHcTuTynum 3akpemisioT npaBo KaKA0ro Ha 3aHATHUE MPEANPUHUMATENIbCKOM U MHBIMU BUIAMU
JESITEIbBHOCTH, IPUHOCAILIMMHU JTOXO/I, U HE 3alPEIICHHBIMU 3aKOHOM. 3/1€Ch K€ YIIOMUHAETCS 3aIlpeT
HA MOHOMIOJIU3M Ha PbIHKAX U MOOIIpeHHe J0OPOCOBECTHON KOHKYPEHIINH, 3a7105KEHBI OCHOBHI IpaBa
YacTHOW U MHBIX ()OPM COOCTBEHHOCTH, CBOOOIBI JOTOBOPA.

Koncturynusa Poccuiickoit ®enepauuu, SBISISIC OCHOBHBIM 3aKOHOM CTpaHbl, 3aJ0XKuja
KJIIOYEBBIE MPHUHLMIIBI TPAKIAHCKOTO 000pOTa M XO3SANUCTBEHHBIX OTHOILIEHUI, KOTOpbIE Jaiee
KOHKPETH3UPYIOTCS B HOPMATHUBHBIX MPABOBBIX akTax (enepanpHoro ypoBHs. B wactoctu, ['K PO
onpeAenui IMPaBOBOM cTaryCc CyOBEKTOB NPEANPUHUMATEIbCKOM J1€ATENbHOCTH, BHUIOBYIO
MIPUHA]JISKHOCTh XO3AUCTBEHHBIX JOTOBOPOB (PO3HUYHASA KYIUIS-MIPOJaXka, JOTOBOP MOCTaBKH,
JIM3UHT U Jp.), BOIIPOCHl OTBETCTBEHHOCTH B paMKaX COBEPIIEHUSI CENIOK U T.J.

Kak BuIHO, MHOrM€ KOHCTHUTYLHOHHO-TIPABOBBIE IPUHUMUIIBI HAIIM CBOE OTPAKEHUE B
I'paxxnanckom koxaekce Poccuiickoit @eaepannn B Oosee AETAIBHOW M apryMEHTUPOBAaHHOM (popme.
Hano nmomyepkHyTh, uTO B 3apyOeXHOM IpaBe Hapsdy ¢ ['pakJaHCKUM KOAEKCOM COCYIIECTBYET
Kommepueckuii konieke, OO0 TOCISAHUNA 3aMEHSET NEepBbIA. Takoe MONoXeHHe e, Hampumep,
XapaKTepHO, AJI CTPaH C aHIVIOCAKCOHCKOW NpaBoBOMl cucteMoi. IIpu 3TOM, HE CTOUT AyMaTh, YTO
KomMmmepuecknii konekc HampaBlieH Ha Bce cdepbl TrpakIaHCKoro o0opoTra kKak u ['pakmaHckuit
KOJEKC, CKOpee OHH COOTHOCATCS Kak oOIlee © 4YacTHOCTh, rje Oosee y3kylo cdepy
peIIPUHUMATEIBCKOM EATENbHOCTH PEryINpyeT KOMMEPUECKOe 3aKOHO1aTENbCTBO.

Koneuno e, nomumo I'K P® neiictBytoT u apyrue ¢enepaibHble 3aKOHBI CIIEIUATBHOTO
Ha3HaueHwus1, Hanpumep, «O 3ammTe mpaB nmorpedureneit», «O pexname», «O GUHAHCOBOU apeHIe
(;mu3uHre)» u ap. Bee QenepanbHble 3aKOHBI, IO CBOEMY IIPABOBOMY CTaTyCy, MIPUPaBHUBAIOTCSA K
KOAU(PHUIIMPOBAaHHBIM HOPMATHUBHBIM IPaBOBBIM aKTaM, pa3HUIIA MEXIy HHUMH COCTOMT B Ooiee
y3KOil cdepe NpaBOBOrO peryaupoBaHHs. YPOBHEM HMXKe (eepanbHOr0 3aKOHOJATeNlbCTBa
paccMaTpuBAKOTCS TOJ3aKOHHBIE HOPMAaTUBHBIE IpaBOBbIe akThl — YKasbl IIpesmgenra PO,
noctaHoBienus IlpaButensctBa P®, akThl MHHHCTEPCTB M BeJOMCTB. L[€HHOCTH yKa3aHHBIX
HOPMAaTUBHBIX aKTOB COCTOMT B TOUEYHOM pEryJMpOBaHUMU HauOoJiee HACYIIHbIX CQep pbIHKA
MpPOMBIIUIEHHBIX TOBapoB. Kak mnpaBwmio, onHu ycranaBnuBatroT IlpaBuna, Ilopsnox u uHbIE
HOPMAaTUBHBIE alTOPUTMbl JEHCTBUH B cQepe MapKEeTUHTOBBIX KOMMYHUKALUN, pa3BUTHUS
KOHKYPEHTHOM Cpe/ibl, IEeHO0Opa30BaHUs U T.1.

B Bugy Ttoro, uto Poccusi siBnsiercs (pemepaTHBHBIM TOCYIapCTBOM, OCOOYIO HHIIY 371€Ch
3aHUMAIOTCS aKThl MPEJCTAaBUTEIILHBIX OPraHOB 3aKOHO/ATENIbHOW BiacTH cyOBekToB Poccuiickoit
@®enepan. OTO HOPMATHBHBIE JIOKYMEHTBI, Kacalolluecs MPOM3BOACTBA W (MJIM) pealin3aluu
IIPOMBIIUIEHHBIX TOBapoB M mpoaykuun TOK Ha KOHKPETHOM TEpPUTOPUM C YUETOM €€
TEPPUTOPUATBHBIX U UHBIX OCOOCHHOCTEH.

Buu3y ropuandeckoil uepapxum pacrojararoTcs KOpHopaTHUBHBIC (JIOKadbHbIE) HOPMATHBHBIC
aKTbl, OHU PEryJIHPYIOT JEATEIbHOCTh KOHKPETHBIX XO3SIMCTBYIOIIUX CyOBEKTOB B TOM WJIM MHOU
cdepe nestenbHOCTH. Tak, TpaAUIIMOHHBIM KOPIIOPATUBHBIM aKTOM cllefyeT cuutaTth [lomoxkenue o
KoOMMepueckoil TaiiHe. Takue BHYTpEHHHE MTPaBOBbIE IOKYMEHTHI CTOSIT Ha CTpa)ke MapKETHHTOBBIX
HMHTEPECOB, MMOCKOJIBKY MAaKCUMAJIbHO TOYHO OYEPUYHMBAIOT KPYT HH(POPMAIINN CEKPETHOTO XapakTepa,
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JIOCTYII K KOTOPOI MMEET OrpaHUuYeHHOE KOJIMUECTBO COTPYAHUKOB, KPOME TOTO, HY 3TOM K€ YPOBHE
pelIaTcs BONPOCHl TUCIUIUIMHAPHON, MaTepUAIbHON U IPaskJaHCKO-TIPAaBOBOM OTBETCTBEHHOCTH.

Hapsny ¢ HanuoHanmpHOW cuCTeMOM 3akoHojarenbcTBa B Poccuiickor  @Penepauuu
MIPUMEHSIIOTCS M MEX/TyHapOIHO-TIPABOBBIE aKThl O TOProsie, Hanpumep, [laprkckas KOHBEHIUS 1O
oxpaHe npomeinuieHHoU cobctBenHoctu (ITapmxk, 20.03.1883 r.), KonBenmust OOH o noroBopax
MEXIyHApOIHOM KyTuIi-Tipoiaxku ToBapoB (Bena, 11.04.1980 r.) u ap.

HeoOxoquMo OTMETHTH, YTO pPOJb MEXKIYHAPOJHBIX HOPMATUBHBIX IPABOBBIX aKTOB B
MPaBOBOM CHCTEME KaXKIOro TOCyJapcTBa HEOJHO3HAYHA, C OJIHOM CTOpPOHBI, oOOoramaercs
HAI[MOHAJILHBIM TPABOBOM OMBIT, C Jpyrod — B MHPOBOM COOOIIECTBE BbIPAOATHIBAIOTCS
ennHOo00pa3Hbie (OPMBI B3aMMOJICHCTBHS XO3SUCTBYIOIMIUX CyOBEKTOB, HAUMHASI C MPEIIOKEHUS
(cipoca) TMPOMBIIUICHHBIX TOBAapOB, 3aKaHUMBasg MPOLEAYPOH HAAJEKALIEr0 HCIOIHEHUS
JIOTOBOPHBIX 0053aTEJIbCTB.

B kadecTBe OCHOBHBIX II€eii MPOMBIIIJICHHOW TMOJUTUKU, 3aJCKIapUPOBAHHBIX B
OenepansHom 3akoHe Poccuiickoit ®denepanuun «O mnpombiliuieHHOM monauTuke B Poccuiickoit
Oenepannn» ot 31 nmekabps 2014 roma N 488-03, B dDenepanpHoM 3akoHe PD  «O6
aneKkTposHepreTuke» ot 26.03.2003 N 35-D3, BeaenstoT: GOpMHPOBAHUE BBICOKOTEXHOJIOTUIHOM,
KOHKYPEHTOCIIOCOOHOM MPOMBIIINIEHHOCTH, 00ECIIeUNBAIOIIEH Mepexo]] SKOHOMHUKU TOCYJapCcTBa OT
AKCIOPTHO-CHIPHEBOTO THIA PA3BUTHUSI K MHHOBAIIMOHHOMY THUITY Pa3BUTHS; 00eCIieueHUEe 3aHATOCTH
HACEJICHHUs U TIOBBIIIIEHHE YPOBHS XKU3HU rpakaad Poccuiickoit denepanuu.

Kpusucueie sBIeHUS B SKOHOMHUKE U YXYAIICHHE TEOMOJUTUYECKOW CUTyalldd BHECIHU
KOPPEKTUPOBKHU B ILI€TIEBbIE OPUEHTUPHI MPOMBIIIICHHON MOJMTUKUA B BUAE CTPATETUN YCTOMYMBOTO
pPa3BUTHS, MOJEPHU3AIMN SKOHOMHKH, UMIIOPTO3aMelIaloNied WHAyCcTpuanu3anui. B HacTosimee
BpEMSI POCCHIICKOE 3aKOHOAATEIHCTBO IMOABEPINIOCH «THUMEPTPOMUPOBAHHON» aTake CO CTOPOHBI
€BPOIEHCKUX TOCYIapCTB B PaMKax NMPUMEHEHHUS SKOHOMHUYECKUX CAaHKIMH B BUIY IMPOBEACHUS
BOCHHOW oOmepaluu Ha YKpawHe, 4YTO HHUBEIUPYET [eATeIbHOCTh HAIMOHANBHOM OaHKOBCKOU
CUCTEMBI, TUIATEKHBIX CPEJICTB, CYXKAET PHIHKU MIPOU3BOJICTBA U COBITA MTPOMBIIIUICHHONW MPOIYKIIUH,
B yacTHOCTH npoaykuuu TOK.

B Takux ycioBHsSX poJib PABOBOTO PETYyJHMPOBAHUS BO3PACTAET MHOTOKPATHO, IMOCKOJBKY
MPUMEHEHUE MHOTHX «KIJIACCUYECKUX» MEXAHU3MOB TOPTOBIM MPOMBIILICHHBIMU TOBapamu
Herenecoo0pa3Ho. B 4acTHOCTH, HECKOJIBKO MHAYE C MPABOBOM TOUKHU 3PEHHS 0003HAYCHO MOHSITHE
«dopc-Maxkopay, BeIb €CIU paHbllle 3TO ObUIH, IEHCTBUTENBHO, OOCTOATENHCTBA HEMPEOAOTUMON
cuibl (KaTacTpodbl, SMUAEMHUM € Jp.), TO B HBIHCIIHEM TOHHUMAHUU OTO €MIE U <«KECTHI
HEJPY’KECTBEHHBIX TOCYJIapCTB», MbBITAIOIIUXCA 4Yepe3 HETaTUBHBbIE IKOHOMHYECKHUE MEXAHU3MBI
(yxo[1 TOBapOB C PBIHKA, OMPE/IETICHUE TOJIBKO OJTHOTO BUJIa BAJIIOTHI IIPU pacueTax ¢ MOCTaBITUKAMHU
U JIp.) OTCTOSITh CBOM MOJUTHYECKHE MHTEPECHl B yIIepd MHTEpecaM IPYTHMX y4aCTHUKOB PBIHKA
MIPOMBIIIIICHHOM (M HE TOJBKO) MPOTYKIIHHU.

Features of Legal Regulation of Trade Relations in the Fuel Industry

Abrosimova N.V., Popova T.S.!

Volgodonsk Engineering and Technology Institute, a branch of the National Research Nuclear University MEPhI,
Volgodonsk, Russia
e-mail: petr_345@mail.ru

Abstract — The paper presents the specific features of the industrial products market and the features of
marketing activities in this market. Industry is the only industry that produces the means of labor, which are
the most important element of the productive forces, and provides them to all other branches of the national
economic complex. In this regard, a special, elaborated and tested system of regulatory and legal regulation
of trade relations in the market of industrial goods is required.
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IMPOBJEMBI U1 IEPCHEKTUBBI [IN®POBOM TPAHCO®OPMALIMH
YEJIOBEYECKOI'O IOTEHIINAJIA ATOMHOU OTPACJIN

*kk

TosnoBko M.B.”, ILnoruukos B.A."", Anuuoop A.B.”", Porauesa 7K.C.

“Hezocyoapcmeennoe akkpeoumosantoe HeKoMMepUeckoe Yacmuoe 00pasoeameibHoe yupecoeHue 6biCue20
0bpaszosanus «Axademus MapkemuHea u coyuarbHoO-uH@opmayuonnvix mexnonozuti — UMCHTy, @edepanvroe
2ocydapcmeennoe b100dcemuoe oopazoeamenvbHoe yupedcoenue svlcute2o oopasosanus «Kybanckuii 2ocyoapcmeenbiil
aepapnvil ynugepcumem umenu U.T. Tpyoununay e. Kpacnooap, Poccus
" ®edepanvroe 2ocydapcmeennoe Hro00xcemnoe 0bpazoeamenvroe yupexcoenue svicuiezo obpazosanus « Canxm-
Tlemepbypeckuii cocydapcmeenvlil SKoHoMudeckull yhusepcumemy, 2. Cankm-Ilemepbype, Poccus
" Boneodonckuil uHdcenepHo-mexnuyeckuii uncmumym — guauan HUAY MUDHU,

2. Bonecooonck, Pocmosckas o61., Poccus

B Te3ucax Wu3NOXKEHBI OCHOBHBIE NPOOJIEMbl pPa3BUTHA UM(POBBIX KOMIIETCHLMH COBPEMEHHBIX
cneruanucToB. OOGO3HAUEHBI CIIOXHOCTH aJaNnTaldy 00pa3oBaTENbHOM CHCTEMBI K HOBBIM YCIIOBHSIM
pa3BUTHS SKOHOMHUKH. [IpuBeneH mpuMep SKOCHCTEMHOTO IMojaxona [ 'ocynapcTBEHHOW KOpPHOpPAIMH IO
aToMHOW »Heprun «Pocarom» B HampasineHun 1udpoBor TpaHchopmanmu. [IpuBeneHsl mnpuMeps!
MEpOIIPUATHH, TO3BOJLSIIONINX OOECHEYNTh pPAa3BUTHE UYEIOBEYECKOTO IIOTEHIHANa KOPHOPAIMH B
COOTBETCTBHE C TPeOOBAaHMSAMH COBPEMEHHOCTH. Tpaekropust mudposmsanuu Pocaroma MOXeT cTaTh
00bEeKTOM OCHUMApKHWHTA JUId JAPYTMX KOMIIAHWH, OPHUEHTHPOBAHHBIX HAa HHTETPALUI0 B IH(POBYIO
SKOHOMHKY.

KnroueBbie cnoBa: nudposas TpaHchopmariusi, 00pa3oBaTeIbHbIC OpraHU3alUH, [IU(HPOBBIC KOMIICTCHITHH,
dpoBbIe TEXHOJIOTHH, HENIPepbIBHOE 00pa3oBanue, PocaToMm.

WNutencudpukanuss 1mmdpoBeIx TpaHchopmanmii BO Bcex cdepax KHU3HEIEATSITHHOCTH,
pacuiMpeHre oxXBaTa HAceJIeHUs] MOOMJIBHOM CBSI3bIO, MOSIBJICHUE B CBSI3U C ITHMM HOBBIX OHM3HEC-
MoOJIeNiel, TPUBOJUT K HEOOXOAWMOCTH HM3MEHEHHsS] KOMIIETEHTHOCTHBIX MOJIEJIEH CIIeIHAINCTOB.
[Tpu 3TOM BEKTOp STHX M3MEHEHUH HAIpaBlieH HE TOJBKO Ha pa3BUTHE HABBIKOB IPUMEHEHHUs
IU(POBBIX TEXHOJOTHIA, HO M UX co37aHue. Ha ceroausiHuil eHb, 1Mo OleHKaM 3KCrepToB Forbes,
Ha 20% coKpaTHJIOCh KOJIMYECTBO pabouuX MecCT i MpeAcTaBuTeneil pabounx crnenuaibHOCTeH B
NPOMBIIIICHHOCTH, a Ui paOOTHHKOB YMCTBEHHOTO TpyJa NPHUMEPHO B JITHX XKe Ipeaenax
IpoM301ILIa UX TpaHchopMalus — CTapble CMEHWJINCh HOBBIMM, KPeaTUBHBIMU U LU(ppoBbIMU [1].
M3MeHeHus ppIHKa Tpy/ia, COIVIACHO MCCIIEA0BAHUSIM, IIPEICTABICHHBIM B exeroaHoM goxiane WEF
(BcemupHslil sxoHOMHUECKUI (opyMm), mporecc podoTH3alMK NMPUBERYT K JIMKBUAALMU Oonee 75
MJIH pabouyux MecT, co3aaB mopsaka 133 miuH paOouuMx MeECT, HO YK€ M3MEHEHHBIX COTJIacHO
TpeOOBaHUSAM COBPEMEHHOCTH.

B cBs3M ¢ 3TUM OJHMM W3 OCHOBHBIX HAaBBIKOB COBPEMEHHOTO CIEIMAJIHCTAa JIOJKHA CTaTh
CHOCOOHOCTh OCTOSIHHOTO caM000pa30BaHus, MEPENOATOTOBKY C IEJIbI0 aJlanTallui KBaTu(pHUKauu
K nupposoit cpene. [lpudem nudpoBble KOMIIETCHIINN, KaK U BCSIKHE WHBIC, IO MHEHHIO aBTOPOB,
JIOJDKHBI OBITH pa3ziesieHbl Ha obmmue (MOryT ObITh CPOPMHUPOBAHBI M 0€3 CIIeUaIbHOTO 00Y4YeHuUs B
CHITy TOTO, YTO, KaK MBI OTMEYaJIM BHIIIE, ITU(PPOBU3AIMS aKTHBHO 3aTParuBaeT M MOBCEIHEBHYIO
KHU3HB JIIOJeH, ux ObIT) U cnenuduueckue. [locaenHue OTIMYaIOTCs 3HAYUTENBHBIM pa3Hoo0pasueM,
T.K. OPUEHTHPOBAHKI HE TOJIHKO HAa KOHKPETHBIA BU MPOPECCHOHATHHON NEeSITeTLHOCTH, HO HMEIOT
NPUBSA3KY K THIYy U XapaKTepUCTHKAM MCIOJb3yEMbIX MPU BBIIOIHEHUU TEX WM MHBIX TPYAOBBIX
00s13aHHOCTEN IUPPOBBIX CUCTEM.

Henb3st He OTMETUTH, YTO YpOBEHb KBATM(PHUKALMKA COBPEMEHHBIX TPYIOBBIX PECYpCOB HE B
MOJIHOM Mepe COOTBETCTBYET MOTPEOHOCTAM HU(GPOBOI IKOHOMUKH U CKOPOCTU UX M3MeHeHuil. Tak,
MOXKHO TpPHUBECTH B MNpHUMEp oOpraHu3amuu cdepsl oOpa3oBaHus, Ile B IEPUOJ IEpexoia Ha
TEXHOJIOTHH JIUCTAHI[MOHHOTO O0yUY€HUs B MEPHO 000CTPEHHUSI SMUIEMHOIOTHYECKON 00CTaHOBKH B
2020 r. BbISIBHJIaCh KOMIETEHTHOCTHAs HETOTOBHOCTh 3HAYMTEIBHOTO KOJMUYECTBA COTPYAHUKOB K
paboTe B HOBBIX YCIOBHUSIX (pe3yJbTaTbl MPOBEACHHBIX OMNPOCOB U HUCCIEIOBaHUM 3TO
noaTBepkaaoT) [2-4]. Peup wuaer He 0 HU3KOM KBamuduKanmuu pabOTHUKOB, HO 00 HX
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HEI0CTaTOYHOU IU(PPOBON KOMIIETEHTHOCTU. BeposTHO, uTO 3Ta npobiiema 00ycClIoBIeHa BBICOKOM
MHEPLUOHHOCTBIO CUCTEMBI 00pa30BaHus B 1ies10M. [leprnosr moaAroToBKM MOJIOJBIX CIIEUATUCTOB IO
nporpaMMmaM OakaiaBpHaTa, MarucTpaTypbl U CIEHUAIUCTA MPEBBIIIAET TEMIbl MHHOBAIIMOHHBIX
u3MeHeHMd B Lu¢ppoBoil chepe. MHTerpauns LuppoBBIX KOMIETCHIMH B 00pa3oBaTelbHbIE
nporpaMMbl TpeOyeT Cepbe3HBIX WHBECTHLIMH M B MaTepUaIbHO-TEXHHUYECKOE obecreueHue
00pa3oBaTeNbHBIX OpraHU3aLUi, U B pa3BUTHE KaJpoBoro noreHuuana. Cieayer OTMETUTh, YTO IO
MHEHHMIO CIELUAIUCTOB M OJKCIEPTOB B 00MacTH HUGPPOBBIX TEXHOJOTHH, Uil HHUX
IIPEIOIaBaTeNbCKasl 1EATEIbHOCTh HEKOHKYPEHTOCIOCOOHA 1O KPUTEPUIO JOXOJO0B U INEPCIEKTUB
KApbEPHOI'O pPOCTa IO CPAaBHEHUIO C JEATENbHOCTBIO Ha MPEANPUATHAX PEAJbHOIO CEKTOopa
9KOHOMHUKH.

Pemennem yka3aHHOM mpoOyieMbl MOTYT CTaTb KOPIOPAaTHBHBIE MPOrpaMMbl HOJATOTOBKHU U
MEPENnoArOTOBKH CIELHAINCTOB, OOECIeYeHNE HENPEPHIBHOTO 00pa30BaHUS COTPYIHUKOB IS
(GopMHpOBaHUS AaKTyaJbHbIX KOMIETEHUMH W MX IOJHOW MHTErpalvud B LU(PPOBBIE IMPOLECCHI
npeanpusaTaii [5 - 7]. B aTo# CcBs3M, 0 HallleMy MHEHHIO, (POPMHUPOBAHKUE CUCTEMBI HEIPEPHIBHOTO
oOpa3oBaHus Ha npuMepe ['ocygapcTBEHHOHN Kopropanuy o aToMHo# 3Heprun «Pocarom» (nanee —
Pocarom), saBisercs nmpuMepoM SKOCHUCTEMHOIO, MUHTETPUPOBAHHOIO I0AX0J1a, OPUEHTHUPOBAHHOIO
Ha IIPUOPUTETHI KPATKOCPOYHOT'O Pa3BUTHSL.

Crparernueckue opueHTUpbl Pocaroma coriacylorcs C HalMOHAIBHOM  CTpareruei
nudpoBHU3aIUU U K HUM OTHOCSTCS (puc. 1):

noaaepkka umMdposmnsaLMm HaLMOoHaIbHON SKOHOMMKM

noAroToBKa U nepenoarotoBka Kaapos no LI,VId)pOBbIM KOMMNeTeHUNnAm

CO34aHNnEe KOMMEPHYECKUNX

LI,VI('I)pOBbIX NPOZAYKTOB CO34aHKne CKBO3HbIX LI,Md)pOBbIX TEXHON0rnM

umdposm3sauyma busHec- o obecneyeHune
pasBuTUE UUDPOBOI KybTypbl o
NpoLLeccoB Ha NpeanpPUATUAX PocaTtoma MHPOPMALNOHHOWN
BCEX AVNBN3NOHOB 6e3omnacHoCTH

Pucynox 1 — Crparernueckue opueHTUpHI udpoBu3anuu Pocatoma

Ha pucynke 2 mpeactaBieHbl HEKOTOpPble HWHCTPYMeHTH mnudposusanmuu Pocatoma,
KJIacCU(UIMPOBAHHBIE ABTOPaMHM IO TMPOEKIUSM CTPATErMUYEeCKOM KapThl pa3BUTHS: (DUHAHCHI,
PBIHOK, Ou3Hec-mporiecchl U moteHunuan [8]. Ilpoekius MOTEHIMAT OXBaThIBACT HAIMPABICHUS
Pa3BUTHS YEJIOBEYECKUX PECYPCOB KOPHOpAIMH B LENAX GOopMUPOBaHUS HUGPOBBIX KOMIIETEHIUH.
OTH HaABBIKK SIBISIOTCA 0a3ucOM sl pa3paboTKH W MPUMEHEHHUS MHCTPYMEHTOB IUGPOBU3AINH,
0003HAYEHHBIX B OCTAJBHBIX Npoekuusax. Tpaektopus mudpoBuzauuu Pocatroma MoxeT craTh
00BEKTOM OEHUMApPKHUHTA ISl IPYTUX KOMIIAaHWUH, OPHEHTUPOBAHHBIX HAa WHTETPAINIO B IHU(PPOBYIO
Ou3Hec-cpeny.
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Ipoexas HuctpymenTs nadpoensanan PocaTosa
B3C

Ppnancet | Boe  HMmenepevHCoIeHEBE | OPOEETH cOocof0CTEYRT — DOEMIOEHHEY — HHEECTHIHOHHOE
OPHEISEATSABHOCTE OTpachH, TeppHTOPHEE pasuemenHEd ofpexToE Pocaroma, yEENHIeHMRD
PHIECTHOHE CTOHMOCTH OpefnpHATEE PocaToMa, CHEEEHHH) PHCECE (HEHAHCOERX DOTEPE
BCIeICTEHS VTPOS TEXHOMOTHEECKOH H SEOHOMHAECK0H Ges0macHocTH

Prraox - OO0 (memtp ofpaforse zmammnx) oFammemsckmir AQ oFomnepr PocsEeproaTono,
OpelocTAETANMHE ofnadHee HdpacTpyETYpHEES PellcEHA Ha EHeIIHHE PHHEOE,
- poccHHCEAaT mmardopma «Ynmbd ropods (AQ «Pycarom Hedpactpyverypmpie pemensms),
OpPHEHTHPOBAEHAT HA NEGPOEHIANHID [OPONCKHE CePEHCOE (IPOeET HANPARIEH, Ope#ne BCero, Ha
thopMHEpoBaREe GNATONPHATHOH FOPOICEOH cpedul TEPPETOPHE pasmemernst AJC);
- VCOIVTH 04 EHSIIHHX 3aEASTHMECE Ha oCHoBe coScteemEmx L[O]] (memtpos ofpaSorem
ZOEYMEHTAITHE)
- EHIECT Ha HOEBIE EOMMEPIECKHE PHEKH IEGPOEBE OPOIVETOE

Busnec- - opoerT mepegona EOCTO (eqerol oTpactesol cHeTemn goryMerToobopora) AOQ «l peraTono:

npomecest | (ErTerparop HET sanpasnesss PocaTora) Ha poccERCEYI0 DRGPOEYED mIaThopsoy;
- mzdpoersanna [IporsEocTEeRHoE cucTema Pocatona B L ean-Texmonorss (cosnanme nHQpOERX
I[ICP-o5pasioE), OpHeHTHPOEAHHEX HA MEHHMHSAIHK ONSPalHOHHEIX SATPAT H IOBLIIEHHE
sdpeETHEROCTH 3ECITYATAHS 000pPYI0BAHES;
- paspafoTKa H BHENpEHHS CHCTeM EROPOEKYCTHIECKOro EOHTPOIA H IHATHOCTHEE 0G0pYIOE 2HHA
ABC[11];
- CHCTEMA MOMHOTe EH3HeHHoro nEETa «I[adposce DpeampHaTHe:

IoTernman | - nepexon Ha oTedecTEeEEyYIe HEM-cuerenty Alfa HEWS - Alfa / Vopaeneswme nepcosamon
{(¥OpaETeEHe OPTaHHIAMHOHERM DOCTPOSHEEM, EATPOEME VOeT, INaHEPOESHEE H VIeT pafodero
EpeMeHH, PacueT SapIuIaTeD);
- CHCTEMA MOCHIBHEOID OOV IeHHA
- NOIrOTOEE OPOSKTHEIX KOMAHDI, PeIME0MEX 33739 OHOpoEHSanEN HEEQPacTPYETYPH H
AOCTHESHEA TEXHOIOTHIECKOH HeSaBHCHMOCTH;
- paspaffoTEa H EHeJpeHHe EHPTYATLHEIX TPEHAKEPOE M4 MoArOTOERH ONEPATHEHOTO MepCoHana
A3C;
- paspafoTEa MeTOOIHIECKHX MATEPHATOE I TepCoHama;
- BHIEOAHANHTHKA H OXPEHA TPyda (KOHTPONE OTCYTCTEEA CPENCTE HEIHBHIYANLHOH SaImHTE,
pacmosHAEAEEe H oOHApyEeEHe IEN, OOHAPYEEHHe TPOMEHX SEYKOE, OUATCE EBOSTOpAHES;
KOHTPONE MeCTOHAXOMISHHR, DAJeHHA, BETHEHOCTH, 4TPEEOKHAA EHONEAY OOOBEMEHHA O
gpesERMaiEeE CHTVAIHEY,
- DE}POBESANHA EYILTYPE 3KOHOMESeCEOH fes0nacHocTH

Pucynoxk 2 — lHCcTpyMeHTHI 1 pOBHU3aIMH B pa3pese MPOoeKInil cTpaTernyeckoil KapThl pa3surust Pocaroma [§]

[TpuBenem npumepsl HOpMUPOBAHHST HEOOXOAUMBIX HU(POBBIX KOMIETCHUIUH HACTOSAMIMX U
Oyaymux coTpyaHuKoB Pocaroma ¢ yuetom oTpacieBoi cennduku:

—  CO3JAaHHME MHTETPALMOHHBIX IUIOMIAJKHU Ul PYKOBOZSAIIEIO COCTaBa U COTPYJHUKOB B
eJIIX OOMEHa OMBITOM HCIOJIb30BaHUS U BHEAPEHUS HU(POBBIX TEXHOJIOTHH B POQPecCHOHATbHYIO
JIeSTeNIbHOCTD, HAIIPUMEp, eAMHas KopropaTtuBHas ceTh «Pocatom lifey;

— (dopMHpOoBaHME MEXaHM3MOB aJaNTallii COTPYAHUKOB BCEX YpPOBHEH K 3KCIUIyaTalluu
1 ()POBBIX CEPBUCOB, B YACTHOCTH, C UCIOIb30BaHueM miathopmbl «KPEKOP]I mobiley;

— paspaloTka M peaiu3alus IporpaMMbl IM(PPOBOI IpaMOTHOCTH Ha 0a3e OHJIAMH-KypCOB
JUISL TAKMX KaTE€rOpHil COTPYAHUKOB, KaK: PYKOBOAMUTENH 1O HU(POBU3AMH B IUBU3HOHaxX Pocatoma
(6onmee 1,5 TbIc. pykoBomuteneit B 2021 r. mpomM oOydeHHE IO JaHHBIM Iporpammam),
pa3paboTuukd  UUQPPOBBIX  TPOAYKTOB, |T-cenmuamucTsl  CEKTOpa  MMIIOPTO3aMEIICHHUS,
MOJIb30BaTENH BHEAPEHHBIX LIU(PPOBBIX PELICHUIA;

— o0ydeHue CKBO3HBIM IM(POBBIM TEXHOJIOTHUSM HAa OCHOBE MHTEPAKTUBHOIO MOJX0Aa (B
2021 r. obyuenue npouuma 6osiee 50 TwIC. Yen., 3a mepuoa 2019-2021 rr. peanuzoano 132 Tric.
Pa3INYHBIX IPOTPAMM);

—  peanuzanus IpOrpaMMm obecrieueHus UH(POPMALIMOHHOM 0€30MacCHOCTH,
ceprudunupoBanubie DenepalbHON CIIY)KOOM IO TEXHHMYECKOMY M OSKCIHOPTHOMY KOHTPOJIO
Poccuiickoit @enepannu, pa3BuTHe KyJIbTypbl HHPOPMALMOHHOW O€30M1aCHOCTH;

— peanuzauus NporpamMMm ajanTalydyd MOJIOABIX CIIELIMAIUCTOB, BBITYCKHHUKOB BY30B, C
LIEJIbI0 OPUEHTAIMU Ha BBIMIOJIHEHNE KOHKPETHBIX 3a/1a4 C UCIIOJIb30BaHUEM IIU(POBBIX TEXHOJIOTHM
Ha OCHOBE COBPEMEHHBIX MOJXOJOB (XaKaTOHBI, Keilc-1adopaTopuu, MacTep-Kiacchl, UHTEpHET-
AKTUBHOCTbH JUISl CTY/IGHTOB MO KapbepHbIM myOsukanusM (B 2021 r. oxBaT coctaBui Oosiee 1 MIH.
CTYZCHTOB), CTQXHPOBKM M MPOU3BOJICTBEHHbIE MPAKTUKH IO Hauboyiee BOCTPEOOBAHHBIM
tematukaMm — 1C, SAP, Java, Web, Data Science, nadopmanmionnasi 6€30macHOCTh, TECTUPOBAHHUE U
T.11.) (607ee 30 ToIc. cTyaeHToB B 2021 1. npouwu Meponpustus uugpposoro HR-6penna Pocatoma);
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— OpraHM3alds M [pPOBEIEHUE KOHKYPCOB IPO(PECCHOHAIBHOIO MacTepcTBa IO
MexayHapoanbiM crapaapram WorldSkills u DigitalSkills (8 mpu3oBbIX MecT mo HU(pPOBBIM
kommetreHusaM B 2021 r.).

VYKazaHHbIE MEpPONPHUATHS IO3BOJIAT KOMIICHCHPOBATh HEJOCTAaTOYHOE COOTBETCTBHE
KOMIIETEHIIMM COTPYJHMKOB CTPATETMUYECKUM OPHEHTHpaM KopHopauuu. VHBeCTHLMOHHAs
3G (PEKTUBHOCTh TPOEKTOB, HAmpaBlIeHHBIX Ha wuppoByro TpaHchopmamuio Pocaroma wu
HelpepbIBHOE 00pa3oBaHME IMEPCOHANA, 3aKJIIOYACTCs B PACIIMPEHUM PHIHOYHOI'O IMPHUCYTCTBUS
KOpIIOpaIlii Ha OCHOBE CTPATErWu TUBEPCUPHUKAINH, B 0OSCIIEUCHUN PeaH3allii HAMOHAIBHBIX
MHTEPECOB CTPaHbl B 00JACTH MMIOPTO3aMEIEHHs], YTO aKTyaJU3UPYyeTCs B IOCJEIHEe BpeMs B
CBSI3U C YCIIO)KHEHHEM BHELIHETIOJIMTHYECKOW OOCTaHOBKH, B HSKOHOMHH CE0ECTOMMOCTH TIpH
nepexoae Ha uugposoe I[ICP-mpennmpustue M TUpaKUpOBaHMM Hanbojee yCHEUHbIX Ou3Hec-
MOJETIEH.
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Abstract — The theses outline the main problems of the development of digital competencies of modern
specialists. The difficulties of adapting the educational system to the new conditions of economic
development are indicated. An example of the ecosystem approach of the State Atomic Energy Corporation
"Rosatom" in the direction of digital transformation is given. Examples of measures are given to ensure the
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development of the human potential of the corporation in accordance with the requirements of modernity.
The trajectory of Rosatom's digitalization can become an object of benchmarking for other companies
focused on integration into the digital economy.

Key words: digital transformation, educational organizations, digital competencies, digital technologies,
continuous education, Rosatom.
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IHPU3HAKU OCJIABJIEHUA KYJIBTYPBI HPOPBBOI[CTBEI—!HOFI
BE3OITACHOCTHU ITPOMBIIIJIEHHBIX ITPEAITPUATUHN
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B Te3ucax axkTyanu3supyOTCA KOHLUENTYalbHbIE OCHOBBl KaueCTBa KYJbTYpbl IIPOM3BOJCTBEHHOM
0€301acHOCTH MPOMBILIUICHHBIX TPENIPUSITAI M PACKPBIBAIOTCS OCHOBHBIE IPH3HAKU OCJA0IeHHS
KyJIBTYPBI IPOU3BOACTBEHHOH 0€30I1aCHOCTH.

Kntouegvie cnosa: MpoMBIIIIIEHHOE TIPOU3BOJICTBO; KYJIBTYpa MPOM3BOACTBEHHON 0€301acHOCTH; KaueCTBO
KyJIbTypBI TIPOU3BOJCTBEHHON 0€30MAaCHOCTH, IPU3HAKK CIIa00H KyJIbTYpbhl O€30MaCHOCTH.

B coBpeMeHHBIX COLMATbHO-?KOHOMUYECKHX U MOJUTHUECKUX YCIOBHSIX 0COOOro BHUMAaHMS
TpeOyIOT 3aJaud pa3BUTHS KyJbTypbl IPOM3BOJCTBEHHOW O€30MaCHOCTH IMPOMBIIIJICHHBIX
HpEINpUsATHIA, BbISIBIEHHE ITPU3HAKOB e€ aedopmarnuu u ocnadbiaenus. KynbTypy npon3BoAcTBEHHON
0€30MacCHOCTH CeAyeT XapaKTepHU30BaTh KaK COCTABHYIO 4YacTh NPO(ecCHOHATBHON KYJIbTYpBI
JUYHOCTH (conManbHOM rpynmsl). OHa onpeaenseTcs: ypoBHEM ClIeUalbHON MOJrOTOBKH B 00JacTh
0€30MacHOCTH MPOMBIIUIEHHOTO MPOU3BOJICTBA U OCO3HAHHYIO MOTPEOHOCTh B COONIOJAEHUN HOPM,
TpeGoBaHUI U paBUI 0€30M1ACHOTO MOBECHHS B IIpoIecce TPy Ia.

HckmounTenpHoe 3HAYeHUE MPHOOPETalOT TEOPETUYECKHE U TMPAKTHUECKHUE AaCTIEKThI
yIOpaBIE€HUS  KAayecTBOM  KYyJbTYpbl  IPOM3BOJCTBEHHOM  0€30MacHOCTH  MPOMBIIIIEHHBIX
npennpustuii. KoHnenuuio ynpaBiieHus KauyecTBOM KyJIbTYpbl O€30MAaCHOCTH CJIENYET TOMOIHUTH
KIJIIOUEBBIMH  TIOJIOKEHUSIMU  YIPABJIEHUS  PE3yJIbTaTUBHOCTbIO, B YAaCTHOCTU  YIPABIICHUS
Pe3yIbTaTUBHOCTHIO KYJIBTYPbI IPOU3BOICTBEHHON 0€301aCHOCTH MPOMBILIUIEHHBIX TPEITPUSITHH.

HcTtopus ynpaBieHHs pe3yJIbTaTUBHOCTBIO YXOJUT KOPHAMH B Hadano XX Beka. Arrecranus
pabounx Ha MPOMBIIUIEHHBIX NpeanpusaTusax Hadaia BHeApsATbes B CLIIA B 1920-e roasl. Onenka
JIeNIOBBIX KayecTB pPab0OTHUKOB crTaja mnpuMmeHatbcs B 1950-1960-x romax B CIHA w
BemukoOpuranuu. B 1960-1970-e Toasl cTajo aKTUBHO pPa3BUBATHCS IPOTPAMMHO-IICIIEBOE
ynpaBineHue. CoOBpeMEHHbIE TPAaKTOBKM  OLEHKM  PEe3yJbTaTUBHOCTHU U 3(PPEKTHUBHOCTU
JIEATEIIbHOCTH, OPUEHTHUPOBAHHBIE HaA pe3ynbTaT, 3apoawinch B 1970-e rogel. Cam TepMuH
«yTpaBleHHE Pe3yJbTaTHBHOCTHIO» BBEIM B HaydHbli oOopor M. bup (Beer, M.) u P.Pyx
(Ruh, R.A) [1; 2; 3]. B poccuiickoii mpakTHKE yIpaBICHUS 3TO HAIIPABICHHUE CTAJIO MIPOJABUTaThCS B
nocneaHe dyerBeptu XX Beka. OJHAKO BONPOCH! YIPABJIECHUS PE3YJbTaTUBHOCTBIO KYJIBTYpPBI
MIPOU3BOJICTBEHHON O€30MaCHOCTH U3YUEHBI €II€ HEAOCTATOYHO.

ITpu xapakTepuCTHKE METOAOJIOTMYECKMX OCHOB IMpOIECCa YNPABICHHUS PE3YJIbTATUBHOCTHIO
MIPOCIIEKMUBAETCS CBA3b C KOHIEMLMEH PEeHHKUHUpPUHTa OW3HEC-NpolieccoB, BO3HUKIIEH B 1990-e
rogel.  JlaHHoe  HampaBlIEHHE  MEHEIKMEHTa  XapaKTepu3yeTcs  Kak  PaJUuKaIbHOE
NEePENPOCKTUPOBAHUE MTPOU3BOJICTBEHHBIX MPOLIECCOB ISl JOCTUKEHHS 3HAYUMBIX YIYUIIEHUN 110
KJIFOUEBBIM TIOKA3aTENSIM AESITEIbHOCTH OpraHM3allMM, TAKUM KaK CTOMMOCTb, KauyeCTBO, CEPBHC,
TeMibl. OCHOBHOM 11€JIbI0 PEUHKUHUPHUHTA CUUTAETCS 3aKpeIyIeHHe KOHKYPEHTHOTO MTPeUMyIIecTBa
opranu3ani. TOYKOM CONMPUKOCHOBEHHMS KOHUEMUMNA PEUHXKUHUPHUHTA OU3HEC-TPOLIECCOB U
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mpolecca yIpaBleHUsl Pe3yIbTaTUBHOCTBIO, BKIIIOYAs BOMPOCHI YIIPABJICHUS DPE3YJIbTATHBHOCTHIO
KYJbTYpbl TIPOM3BOJICTBEHHOM O€301aCHOCTH, MOXET OBITh HCS PEHHKWHHUPWHTA UYEJIOBEUYECKUX
pecypcoB (MEHTAILHOTO U TIOBEIEHYECKOTO0 DPEHH)KWHUPHHTA), HAIpaBlicHHAas Ha TIOBBIIICHHE
KadecTBa YEeJIOBEUYECKUX PeCcypcoB, (POPMUPOBAHUE UYETOBEYECKOTO, MHTEIICKTYaIbHOTO KalluTaja
opranm3anuu. [yOoKkHe KadecTBCHHbBIE, IMPOPHIBHBIC HW3MEHEHUS B OPTraHU3AHUH CIOCOOHBI
00ecreunTh BBICOKOKBATU(UIIMPOBAHHBIE CICIHUAIUCTHI, OOJaJaronIue BBICOKMM ypPOBHEM
MOTHBAIIMH W BOBJICYCHHOCTH B MIPOW3BOACTBEHHBIC MPOIIECCHI, YTO U OPMUPYET OCHOBBI BBHICOKOTO
KadecTBa KyJIbTYPhl MPOU3BOICTBEHHON O€30IIaCHOCTH MPOMBIIIJICHHBIX IPEANPUITHI [4].

KadectBo KynbTypsl 0€30MacCHOCTH, KaK KIFOYEBOTO KOMIIOHEHTAa OpraHWU3aIllMOHHOU
(KOpIIOPaTUBHOM) KyJIbTYPhl HMPOMBIIUICHHBIX MPEANPUATHI MPOCISKUBACTC HA TPEX YPOBHIX:
Ha0JII0JJaEMOM YPOBHE, YpPOBHE JICKIApPUPYEMBIX IIeJIed M IIEHHOCTEH, YpOBHE TIIyOMHHBIX
(MMpPOBO33pEHYECKHX) MPEACTABIEHUIN COTPYIHUKOB [5].

K mnpusnakam pa3BuTOil (CHIBHOH) KYJIBTYpbl IPOU3BOJICTBEHHOW O€30MacHOCTH Ha
Ha0II0IaeMOM YPOBHE CJIEIYyeT OTHECTH apTe(aKThl, OPraHU3alUOHHBIE CTPYKTYpPhl U IMPOIECCHI,
MPOIIECChl  yMPAaBJICHUs] OE30MaCHOCTHI0 B YACTHOCTH; TEXHHYECKYID M TEXHOJIOTHYECKYIO
OCHAIIEHHOCTh IPOMBIIIICHHOTO TPOU3BOJICTBA; OOECIeUeHHEe OE30MaCHOCTH YCIOBUU Tpyla W
OXpaHbl 3J0POBbsI COTPYIHUKOB; MPOU3BOJCTBEHHYIO U COLHMANIbHYIO HHMPACTPYKTYpYy; CHUCTEMY
KOMMYHUKaLWW | JIp.

HaubGonee cymiecTBEHHBIMH M Pe3yJNbTaTUBHBIMU  MPHU3HAKA  PAa3BUTOW  KYJIbTYpPbI
MIPOU3BOJICTBEHHOM 0€30MaCHOCTH SIBIISIOTCS: HATMYHE PETJIAMEHTHPYIONICH U PeryIupyIoniei 06a3pl
B 00J1aCTH YIpaBJICHUS MPOU3BOACTBEHHON 0€30MacHOCTHIO; peryiisipHas paboTa Mo IUIaHWPOBAHUIO
U pealm3alil MEPONPHUATHH B 00JacTH TPOU3BOJCTBEHHOW O€30MAaCHOCTH; CHUCTEMATHYECKas
NEATEILHOCTh 110 TOBBIMEHUIO TPO()ECCHOHATLHON KOMITIETEHTHOCTH M KBaTM(HUKAIIMK TIEPCOHAA,
MOBBIIICHUST BOBJICYCHHOCTH IIEPCOHAa B IPOW3BOJCTBEHHBIC TIPOIECCHl M 0OCCIICUCHUE
HaJE&XKHOCTH YeIoBe4YecKoro (akTopa B obmactu Oe3omacHOCTH; (GOpPMHUpPOBAHUE OJIArONpPHUATHOTO
COLMATILHO-TICHXOJIOTHYECKOTO  KIIMMaTa, BKJIOYAs KYyJIbTYpy JIOBEpPHS ¥ COTPYIHHYCCTBA;
s dhekTHUBHOE pecypcHOe obecreueHne MPOU3BOACTBEHHON 0e30MacHOCTH U JIp.

[Tpu mpoBeeHUN PEryISIPHBIX (TEKYIIHX, MUIAHOBBIX, I[EJIEBBIX) OLIEHOK COCTOSIHHS KYJIbTYPBI
0€30MacCHOCTH PEKOMEHIYETCS YYUTHIBATh CHMITOMBI OCNAONEHUsI KyJIbTYypbhl MPOWU3BOJCTBEHHOU
0€30MMacCHOCTH W TIPUHUMATh COOTBETCTBYIOIIUE MEPHI MO CTAOMIN3AINY TTO3UTHBHBIX TCHICHIIMIA B
o0nacTu KyJbTypbl 0e30macHOCTH. B aToMHON MPOMBIIIJIEHHOCTH MO OOBEKTUBHBIM MPUYHHAM,
CBS3aHHBIMU HEW30C)KHBIMU BBICOKMMH pHCKaMH B 00JacTH O€30MACHOCTH, YICNISIeTCs
UCKJIIOYHMTENIbHOE BHUMAHNE BBISIBICHUIO HETATHBHBIX MPOSIBIICHUH KyJIbTYpbI Oe30macHocTH [6 - 8].

CHmKeHHEe KadecTBa KYJIbTYpPhl IPOW3BOJCTBEHHOW O€30MAaCHOCTH  XapaKTepHU3yeTCs
onpeAeNnéHHbIMA TPU3HAKAMH, «CHUMIITOMaMH oOclableHus» KynbTypbl Oe3zomacHocTd. Ha
Ha0JII0TaEMOM YPOBHE 3TO COITPOBOXKIACTCS CIICTYIONIMMH XapaKTePUCTHKAMHU:

— nedumut pecypcoB (MarepHalbHBIX, (UHAHCOBBIX, BPEMEHHBIX, HWH(OPMAIIMOHHBIX,
YeJI0BEYECKUX U JIp.);

— yBENIWYEHHE KOJIMYEeCTBA TMPOCPOUYEHHBIX paboT, HapymieHud U  OomuboKk B
MTPOU3BOJICTBEHHOM ITPOIIECCE;

— c1a0blii KOHTPOJIb TOTOBHOCTH OOOPYIOBAaHUS K IKCIUTyaTalllH, HEJOCTATOUHBIN KOHTPOIb
PE3yJIbTaTOB PEMOHTA W TEXHUYECKOTO 00CITY KHBAHHSI,

— BBICOKHMI YPOBEHb H3HOCA 3/aHui, 00OpYJOBaHUsS; OTCYTCTBHE yKazaTelel W 3HAKOB
OIACHOCTH;

— HU3KHUI yPOBEHB TPYAOBOM TUCIIUTUIMHEI;

— ycTapeBIas HOpMaTUBHAS JIOKyYMEHTANNS (MHCTPYKIIMH, PETJIAaMEHTBI H JIp.) TIO BOIPOCAM
MIPOU3BOJICTBEHHOM O€30MaCHOCTH U JIp.

Ha ypoBHe aekmapupyeMbIx Ieliell W I[EeHHOCTEH ocCiIalleHne KyJIbTyphl 0e30MacHOCTH
COIPOBOXKAAETCS CIETYIOIIMMHA CUMITOMAMH:

— HEJ0CTaTOYHOE BHUMAaHWE PYKOBOJICTBA K BBISABJICHHBIM MpoOiieMaM 0e30macHOCTH, ciaboe
B3aMMO/ICHCTBIE PYKOBOIUTENS C paOOTHUKAMH IO BOIIpocaM obecrieueHus 0€30MacHOCTH;

— HecOOJTI0IeHNE TIIAHOB ACHCTBUN U MEPOTIPUATHI 110 00eCTIeYeHHI0 0€301MaCHOCTH;
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— OTCYTCTBHE CHCTEMHOI'0 MOJX0/a K (POPMHUPOBAHUIO U PA3BUTHUIO KYJIbTYphl 0€30MaCHOCTH
(OTCYyTCTBHE IIJIAHOB MO TOBBIIICHUIO YPOBHS O€30MACHOCTH, Pa3BUTUIO CHUCTEMBI MEHEKMEHTA
0€301acHOCTH, OTPaHUYEHUE PECYPCOB U JP.);

— HU3KHH YPOBEHb MOTHBAIMHY TIEPCOHAJIA B BOIIPOCAX COOJIOACHUS HOPM O€30IacHOCTH.

Ha ypoBHe rinyOMHHBIX MpeacTaBiIeHU HanbosIee CyIIeCTBEHHBIMU MPU3HAKAMH OCJIA0JICHHS
KyJIBTYPbI 0€30IaCHOCTH SIBJISIOTCS:

— Hed(p(EeKTUBHBIE KOMMYHHKALIUH, OTCYTCTBHE OOpAaTHOM CBSI3M, KOMMYHHKAIIHOHHBIE
Oapbepbl, THPOPMAIIMOHHAS U30JIMPOBAHHOCTD COTPYIHUKOB;

— cnaboe B3aMMO/ICHCTBUE CTPYKTYPHBIX MOPA3/IEeICHUI B PEIIEHUH BOIPOCOB OE€30IaCHOCTH,
KOH(JIMKTHBIC U MPEIB3SThIE OTHOILICHHS U JIp.;

— (popmanu3m pykoBOACTBA U PAOOTHUKOB K COOJIIOACHUIO HOPM O€30MacHOCTH;

— COKpBITHE (DaKTOB M OOCTOSATENLCTB HAPYLUICHUH HOPM O€3011aCHOCTH;

— OTCYTCTBHE BHHMAaHHUS PYKOBOJACTBA K YCJIOBHSAM TpYyJa, OXPaHBl 3JI0POBBS, COIHAJIBHO-
OBITOBBIM yCJIOBUSM PaOOTHHUKOB;

— HU3KHH YPOBEHb HPABCTBEHHOM KYJIbTYPbI, HAJTMYKE CITy4aeB XUIIECHHS, KOPPYIILIUH U TIp.;

— HecoOJII0IeHIe HOPM BEJICHHS JOKYMEHTAIMH 10 BOIpocaM 0e30MacHOCTH U JIp.

YupaBneHue KylIbTypoil IPOU3BOACTBEHHONW 0€30MacHOCTH TPeOyeT 3HAYUTEIbHBIX YCHIHHA
BBICOKOWM CTENEHH OTBETCTBEHHOCTH CO CTOPOHBI PYyKOBOjACTBa. HemocratoyHoe BHHMMaHHE K
BOIIPOCaM 0E30IaCHOCTH IMPHUBOJAUT K TSDKEJICHINIMM IMOCIEACTBUAM, BKIIIOYAs JKU3HB M 3710pPOBbE
moneli. CBOEBPEMEHHO MPHHATBIE MEphl MO YCTPAHEHHWIO IPHU3HAKOB OCHAOJICHUS KYJIBTYPHI
IPOU3BOACTBEHHOW 0€30MacHOCTH — 0CHOBA 3()()eKTHBHOCTHU NMPOMBIIIJICHHOTO IPOU3BOJICTBA [9] .
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Abstract — The theses analyze the conceptual foundations of the quality of the industrial safety culture of
industrial enterprises, reveal the main signs of the weakening of the industrial safety culture.

Key words: industrial production; industrial safety culture; quality of industrial safety culture, signs of a
weak safety culture.
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OTrPaHMYEHHOCTU PECypCOB U 3KoJorHdeckoil OezomacHocTu. IIpuBeneHBl HEKOTOpBIE SKOHOMUYECKHE
aCTEKThl BETPOIHEPTETHKH U PACCMOTPEHO €€ MOJIOKUTEIbHOE BO3/ICHCTBHE HA pa3BUTHE TEPPUTOPUH Ha
npumepe r. Bonrononcka PocToBckoit 0051acT B KOHTEKCTE peau3aliiy Lejeil yCTOHYUBOTO Pa3BUTHS U
IUITAHUPYEMBIX PE3YJIbTaTOB.

Knrouesvle cnosa: BO30OHOBIsIEMbIe HCTOYHUKH YHEPIUH, BETPOIHEPreTHKA, LM YCTOWYUBOTO Pa3BUTHS,
SKOHOMHYECKUH 3P PEKT.

B Hacrosmiee BpeMst 0THUM U3 INI00ATBHBIX MUPOBBIX TPEH/IOB SIBISIETCS Pa3BUTHE «3EJICHOIN»
sHepretuku. Ee cymmapnas ycraHoBieHHas MmomHOcTh B 2020 romy cocraBumina 2838 I'BrT.
[IpenmyniecTBaMu BO30OHOBIISIEMBIX HCTOYHHMKOB 3Hepruu (BUD), onpenensromiuMu nMoBBIIIEHHBINH
MHTEPEC K HUM B IOCIIEHEE BPEMS, ABIISIOTCS: UX HEUCUEPIIAEMOCTb, IIUPOKOE PACIIPOCTPaAHEHHE
OOJIBIIMHCTBA BO300HOBISEMBIX HMCTOYHHKOB, OTCYTCTBME 3aTpaT TOIUIMBA U HKOJOTHYHOCTH
(oTcyTCTBHE BpEOHBIX BBIOPOCOB), YTO OCOOCHHO aKTyaJlbHO B KOHTEKCTE€ OOECTeueHUs
HKOJIOTHYECKOM 0€30MacHOCTH.

Ha pa3Butre COOTBETCTBYIOLIErO CErMEHTAa PbIHKA OKa3bIBAIOT BIMSHHME JBa OCHOBHBIX
¢akropa:

— CTOMMOCTh MIPUMEHSIEMBIX TEXHOJIOTHM, KOTOpasi B HACTOsIIIee BpeMs HACTOJIbKO CHU3UJIIACH,
yTo BID MOryT KOHKYpHpOBaTh Jaxke ¢ YIJIEBOJOPOIaMU;

— TOBBIIIEHHOE BHUMaHUE K O0ECMEYEeHHIO HKOJIOIMUYecKOoil 0e30macHOCTH, B TOM YHCIE B
CBSI3U C TJO0ANbHBIM HM3MEHEHHWEM KJIMMaTa, 4YTO CTUMYJHUPYET Ha TOCYJapCTBEHHOM YpPOBHE
NeNCTBUS K cOKpalieHuio Beiopocos COx.

OnHuM U3 caMbIX OBICTPOPACTYIIMX KOMIIOHEHTOB phlHKa BUD sBisercst BeTporeHepanus.
OOmiasi ycTaHOBJIEHHas MOIIHOCTh BETPSHBIX JJIEKTPOCTAHLUUNW B MHUpPE OIepeausia aTOMHYIO
renepauuto, coctaBuB 539 I'Bt B 2017 roxy (mpotuB moutu 400 I'BT aromHO# ycTaHOBIEHHOM
MOIITHOCTH).

B pamkax nuBepcuUKalMM M Ppa3BUTUS CErMEHTAa HOBBIX Ou3HecoB [ ockopmapariust
«PocaTtom», SBISIOMIASCS KIIOUYEBBIM OTEUECTBEHHBIM IPOU3BOIMUTENIEM SHEPTUH, HE CO3Aarolien
BBIOPOCOB MapHUKOBBIX T'a30B, B 2016 roay BhIIUIA HAa PBIHOK BETPO’HEpPreTHuku. ['ockoproparius
o0yajjaeT BCEMH pecypcaMu M KOMIETEHUUSAMH, YTOObI 3aHTh 3HAYMTEIbHYIO J0JII0 3TOIO0 HOBOTO
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JUIsl KOMIITAHUU pbIHKA. J[JI1 KOHCOMMAAIMKU YyCUIUM B NEPENOBBIX CETMEHTaX M TEXHOJOTMYECKHX
mwiatgopmMax 3IEKTPOIHEPreTUKH, OOBEAUHEHUS BETPOIHEPreTUUYECKHX AaKTHBOB M peau3alliu
CTpaTeTMM TOCKOPIOpAaUMU B OOJIACTH BETPOIHEPIeTUKH, CO3JaH HOBBIA JMBH3HOH —
AO «HoBaBunm», TEXHOJIOTMYECKMM MapTHEPOM KOTOPOTO BBICTYIWJIA TOJUIAHJCKAs KOMIIaHHS
Lagerwey, coBMecTHO ¢ KOTOpoii B HOstOpe 2017 rona 6su10 co3nano npeanpustue Red Wind B. V.
Cob6cTBeHHOE TPOM3BOACTBO KOMIIOHEHTOB BETPOIHEPreTUYECKUX YCTAaHOBOK 3alylIeHO B
r. Bonmrononcke. Kpome Ttoro, B r. BoJromoHCKe pacnosioKEHO €Ile OJHO INPEIIpUsATHUs,
OCYUIECTBIISIIOIEE MPOU3BOACTBEHHYIO JESITEIbHOCTH B TOM K€ PBHIHOYHOM CETMEHTE —
000 «BetpoCrpoii/leTasiby.

B nacrosiee BpeMs akTyajleH BONPOC OLIEHKHM JIOCTHKEHHUS LIEJ€H YyCTOMYMBOIO pa3BUTHUS
(IIYP) B mpenenax TEppUTOpPHHM Pa3BUTHUS HOBOTO OW3Heca. PaccMoTpuM maHHBIA BOIPOC HA
npuMepe aHaiu3a (QYHKIMOHUPOBAHHMS BETPOIHEPTETHUECKOTO IPOM3BOJCTBA HA TEPPUTOPUHU
r. Bonrogoncka ¢ mo3unuu neiel ycTOMYMBOTrO pa3BUTHS ropoja. BeiOop [uisi mpumepa IaHHOM
TEPPUTOPUN OOBACHSACTCA HAIMYMEM psla MPEUMYIIECTB, JOCTATOYHO MOJPOOHO PacCMOTPEHHBIX
B[1,2]:

— TOpoJ SIBJISIETCS YHUKAJIBHBIM C TOYKHM 3PEHMSI COCPEIOTOYEHHS HA €ro TEPPUTOPHUU
bunuanoB mnpeanpusaTuil  4yeteipex guBuM3NOHOB ['K  «Pocatom» (31E€KTpOIHEPreTU4YecKoro,
MAaIIMHOCTPOUTENIBHOTO, UH)KUHUPUHIOBOT'O U KOHCOJIMIALUU BETPOIHEPreTUUECKUX AKTUBOB;

— Ha Teppuropuu Topoda pacmnoioxeH Quiman HUAY MUOHU, ocymecTBiastonumii
MOJIFOTOBKY KaJpOB AJIsl YKa3aHHBIX IPEINPUITHH.

OddextuBHocth pazButusi BUD 3aBUCHT OT HalIWyus TEXHOJOTMYECKOTO KIacTepa,
OOBEAMHSIONIETO TE€HEpAIMI0 SHEPIUM, NPOU3BOJICTBO, HAYyYHO-HCCIEIOBATEIbCKUN CEKTOp U
oOpa3oBanue. Bce kKiroueBble KPUTEPUH TMPHUCYTCTBYIOT Ha paccMaTpUBAeMON TEepPpPUTOPUU
MYHUIMTATBHOTO 00pa3oBanus (puc. 1).
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Pucynok 1 — IIpumep cTpyKTypbl TEXHOJIOTMYECKOIO KilacTepa B I. Boironoscke

Jns ouenku poctiwkenuit IL[YP HeoOxomumo paccmorpers BUD B pamkax Tpuaisi
IJ100aNbHBIX LEJeH YCTOMYMBOTO Pa3BUTHS: JOCTUKEHHSI SJKOHOMHUYECKOTO POCTa, BHICOKOTO YPOBHS
COLMAIbHOM OTBETCTBEHHOCTH M 3Kojorudyeckoit Oe3omacHoctu. B IloBectke nHsS B oOiactu
ycToi4uBoro pa3Butus, npunsroro B 2015 r. OOH, cpopmynuposano 17 LIYP. Pazsutue BUD u B
YaCTHOCTH BETPOIHEPIETUKU SIBIICTCS OJHUM U3 3(PPEKTUBHBIX MHCTPYMEHTOB peanu3zaiuu L[YP,
KakK B 00J1aCTH 2KOJIOTHUH, TaK U B 00JACTHU COLMATIBHO-9KOHOMHYECKOTO Pa3BUTHS.

Pa3Butre BETpOIHEPIrEeTUKH IIPSIMO COOTBETCTBYET ABYM LY P:
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— nenb 7 — olecrneyeHne BCEOOIEro J0CTyma K HEIOPOrMM, HaJIeKHBIM, YCTOWYHBBIM H
COBPEMEHHBIM UCTOYHHUKAM SHEPTUU [l BCEX;

— 11eb 13 — mpuHATHE CPOUHBIX Mep MO0 60pbOe ¢ U3MEHEHHUEM KJIMMaTa U €ro MOCIIEeICTBUSIMH.

Co3gaHue BETPOIHEPreTUYECKUX OOBEKTOB HAa pa3jIM4YHBIX TEPPUTOPUAX CIOCOOCTBYET
peanu3anuu He ToibKO mpsiMbix LIYP, HO kocBenneix. Hampumep, memn 9 — dopmupoBanue
COBPEMEHHOM M  WHHOBAllMOHHOW  MHQPACTpyKTypbl, dS(p(dexkTuBHas  HHIyCTpUAIM3aLKs,
MO3BOJISIONIME CO37aBaTh M pa3BUBAaTh KOHKYPEHTHBIE aKTHUBBI XO3SHCTBYIOIIMX CYyOBEKTOB,
CTUMYJIUPYSI TEM CaMbIM POCT 3aHATOCTH U J0XO/0B HacesleHus. HayuHo-TeXHUYecKuil nmporpecc u
MHHOBAIlMOHHBIE Pa3pabOTKU KaK €ro pe3yJbTaTbl, SIBJIAIOTCS HPUOPUTETHBIM HHCTPYMEHTOM B
MOJITOTOBKE CTPAaTETUYECKUX pEIICHUH HE TONbKO B cdepe HKOHOMHKH, HO U IKOJOTHH,
HaIpaBJICHHBIX HAa MOBBIIIEHUE YKOHOMMYECKOW M 3HepreThyeckoi s¢¢extuBHOocTH. B ciydae
OTCYTCTBUS OT€YECTBEHHBIX TEXHOJOTHH JJIsi BETPOIHEPTETUKHU, OYIET 3aKperyieHa 3aBUCIMOCTb OT
UMIIOPTa, YTO CO3JacT JOMOJHUTENIbHBIE YIpO3bl 3KOHOMMUYECKON Oe3omacHOCTH. [[nd cHuxeHus
HKOHOMHYECKUX PUCKOB M MOCIIEACTBUN HEOOXOIUMBIM SIBIISIETCS 00ecreueHue MMIIOPTO3aMELCHUS
B JAHHOM CErMEHTE IPOMBIIUICHHOCTH. OTO HEOOXOIMMO Y4YUThIBaTh HE TOJIBKO Ha JTare
MIPOU3BOJICTBA, HO HA ATarle MOJArOTOBKU KaJIpoB B MPO(UIBHBIX 00pa30BaTEIbHBIX OPraHU3aIUIX, B
TOM YHCJIC U TIPH CTPATETHYECKOM IJIAHUPOBAHHUH UX AeATeNbHOCTH [ 1, 3].

Peanuzamus nenu 9, B cBOO ouepenb, Aa€T BO3MOXKHOCThH JOCTHYb Lenu 11 — obecrnieuenue
OTKPBITOCTH, O€30IaCHOCTH, HKOJIOTMYECKOH YCTOWYMBOCTH TOpPOJOB M HACEICHHBIX IYHKTOB,
C/IeNaB UX LIEHTpaMH SKOHOMUYECKOTO POCTa MPH COXPAHEHUU JOJKHOIO YPOBHS 3KOJOTHYECKON
6e3onacHocTu. Pemenne 3amau B pamkax ueneid 7, 9 u 11 chopmupyer HpeanoChUIKUA JUist
JOCTHMKEHUSI 1Lenu 8 — CcOoAEMCTBHE IOCTYNAaTeIbHOMY, BCEOXBATHOMY M YCTOHYHMBOMY
HKOHOMHUYECKOMY POCTY, IIOJITHON U IPOU3BOAUTENHHON 3aHATOCTH U IOCTOMHON paboTe 11 BCex.

Ha ocHoBaHMM mpoBeIeHHOTO aHaiau3a B Tabiuie 1 paccCMOTpPEHBI TIAHUPYEMbIE PE3yIIbTaThl
pa3BUTHs BETPOIHEPIeTHKU Ha JIOKAJIbHOW TeppuTopuu I. Bonaromoncka u, B uenom, PocroBckoi
obmactu, B koHTeKCcTe [[YP.

Tabmuna 1 — lenn ¥ muiaHUpyeMble pe3yIbTaThl Pa3BUTHsI BETPOIHEPreTUKH B T. Bonromonck PocroBekoii o6macti

IyP Conepanme memm Pe3ynbTaTel pa3BUTHS BETPOIHEPTETHKH PesynbraThl pa3BuTHs
Ha Teppuropuu r. BoarogoHcka BETpPOIHEPreTuky B pamkax LIYP
Henp | ObGecnieuenue BceoOmero v' B 2020 roay 3amnyiena pabora - UHTErpalus B SHEPreTHUECKYIO

7 JIOCTYTIA K HEJOPOTHM, [IECTH BETPOIHEPTETHUECKUX YCTAHOBOK cucteMy OoJee ICIIeBhIX U
HaJIC)KHBIM, YCTOWYNBBIM H (BOY) ®onpa pa3BUTHS BETPOIHEPTETUKH | SKOJIOTHIECKH YUCTHIX
COBPEMCHHBIM UCTOYHUKAM | Ha TeppuTopuu PocToBCKOW 00MacT Ha HUCTOYHHUKOB HEPTUH, POCT
SHEPTHUH JUISL BCeX CIIEAYIOIINX BETPOAIEKTPOCTAHIHIX: SHEPreTHYECcKOro MoTeHIMaa

Hens | CopeiicTBue - Cynuackas BOC momrHocthio 100 MBT; | Tropoaa u obmacTu;

8 MOCTYNaTeILHOMY, - YBEJIMYEHHUE 3aKa30B
BCEOXBATHOMY M - Kamenckas BOC momuoctsio 100 MBT; | npouseoacreenbix npeanpustuii
yCTOIUUBOMY - Tykosexas BAC moroctsio 100 MBT; 3a C4YeT MPOU3BOCTBA HO'BOFO
9KOHOMHYECKOMY POCTY, obopynosanus aist BOY;
TIOJTHOM ¥ IPOM3BOJUTENBHON | _ [azaypg BAC, 50 MBr. - CO37]aHNE HOBBIX PabOYnX MecT
3aHATOCTH U JOCTONHOM KaK Ha IpeANPUATUIX-00BEKTaxX
paboTe i Bcex v' B pamkax aususuona AQ BD, Tak 1 Ha MPOU3BOACTBEHHBIX

Ienp | Co3nanue cTonkom «HoBaBuH/» T0KaIN30BaHO IIPOU3BOACTBO | U OOCIYKHBAIOIINX;

9 MHQPaCTPYKTYpHI, cTaTtopa reHepaTopa, poTopa M INIaBHOTO - POCT 4ucna abUTYPUEHTOB
coJieiicTBUE BCEOXBATHOM M | TOANINITHAKA BETPOIHEPTETUIECKOM OTpacieBOro By3a U POCT CIIpoca
YCTOWYMBOU YCTaHOBKH, FeHepaTopa, CTYMHIIbI U Ha KypChI IOBBILICHUS
WHAYCTpHUAIN3ALHUNA 1 TOHJOJIBI. KB HKALMU 1
WHHOBAIHSIM MEepPEnoATrOTOBKY;

[ens | ObecreueHme OTKPHITOCTH, v Cosnano 254 pabounx mecra, - MOBbINIEHHUE

11 6e30MacHOCTH, MOIITHOCTH MPOU3BOJICTBA COCTABISAET 96 IPHUBIEKATENIHHOCTH TOPOA IS
KU3HECTOUKOCTU U B5Y Brox. MOJIOJIEXKH 3a CUET Pa3BUTHUA
YKOJIOTHYECKOH v' BO3MOXHO TIPOU3BOJICTBO MEePCHEKTUBHBIX TEXHOJIOTUN U
YCTOMYHUBOCTH FOPOJIOB U BETPORHEPIreTUUECKHX YCTAHOBOK pOCTa BO3MOXKHOCTEH
HACEJICHHBIX TYHKTOB MOIIHOCTBIO 2,5 1 4 MBT. TPYJOYCTPONCTBA,;

Lens | IIpunsTHEe CPOUHBIX MEP MO v" 000 «Betpo Crpoii/lerans» - POCT YHCJIEHHOCTH HACEJICHHS;

13 60pbGe ¢ H3MEHEHHEM HPOU3BOJUT MOAYJIbHBIE CTANIbHBIE OAIHN | - pOCT MHHOBALIHOHHOTO
KIIMMATa | ero st BOY AO «HoBaBunny, B pamkax IOTEeHIMANa TEPPUTOPHH,
TI0CIIE/ICTBUAMHU JJAHHOTO MPOEKTa CO3AaHo0 0KoJo 50 Beimonaearne HUOKP
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v" CremneHb JIOKAIM3AIUH «ATOMHOT0 SHEPreTUIECKOro
obopynosanust BOY, noareepxaeHHast MalIMHOCTPOEHUS»
MHMHUCTEPCTBOM MPOMBIIUIEHHOCTH U
ToproBiu Poccun, o CoCTOSHUIO Ha
Hauano 2021 roga cocraBnsger 6onee 65%.

Ha ocHoBe BbIIIEN3105KEHHOT0, MOKHO CJIEJIaTh BBIBOJI, YTO Ha TeppuTopuu r. BonarogoHcka
c(hOpMHUPOBaHBI COOTBETCTBYIOIINE YCIOBHS 3(PGEKTUBHOTO PAa3BUTHS BETPOIHEPreTUKH. JlaHHBIN
MpUMEpP, XOTh U SABJISIETCS JIOKAJTBHBIM, HO JEMOHCTPUPYET MPEUMYIIECTBA CUCTEMHOTO MOXOoAa K
JOCTHKEHUIO IIeJd. AHalu3, MPOBEIEHHBIH B KOHTEKCTE IeJiel YCTOMYMBOTIO pa3BUTHS H
IJIAHUPYEMBIX PE3YJIbTAaTOB PAa3BUTHUS BETPOIHEPTrEeTUKH, CBHUJAETEIHCTBYET O MOTEHIIHMAIBHBIX
BO3MOXKHOCTSIX Pa3BUTHUS HE TOJIHKO HOBOTO CETMEHTA SHEPTeTUUYECKOTO PhIHKA, HO U TEPPUTOPHIL.
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Abstract — The report defines the importance of renewable energy sources for solving the problems of
limited resources and environmental security. Some economic aspects of wind energy are given and its
positive impact on the development of the territory is considered on the example of the city of Volgodonsk,
Rostov Region, in the context of the implementation of sustainable development goals and planned results.
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VK 316.752

BE3OIIACHOCTb KAK HEHHOCTbh COBPEMEHHOM I'OPOJICKOH
KYJbTYPBI

IMerpyaeBuu U.A.
FOoicnviit pedepanvuviil ynusepcumem, e. Pocmos-ua-/{ony, Poccus

be3omacHOCTE paccMaTpUBaeTCss KaK OIEHKA JKUTENIMU TOpPOJOB CTENEHU 3alUIIEHHOCTH OT
BO3MOJKHBIX YIpo3, MOJCTEpEraroliUX uYeloBeKa B COBPEMEHHOM ropoje. Bropuunoil uHTepmperanuu
MOJIBEPTHYTa CyOBEKTHBHAS OICHKA YPOBHS OE30MACHOCTH JKHTEISIMH FOXKHO-POCCHICKHX TOPOOB.
IlokazaHo, dYTO HauWBHICIIMKA ypOBEHb OE30MACHOCTH OTMETHIM O KUTEIH CPEIHUX TOPOJOB.
OtHocHuTeNbHAs yTpaTa HEHHOCTH 0€30MaCHOCTH B TOPOJIE CBA3aHA HE TOJIBKO C OOBEKTUBHBIMU PUCKAMHU
U YIpo3aMH, MOJCTEPETaloIUMH YeJIOBEKa B TOPOAE, HO M C HEAOCTAaTOYHON HHGOPMHUPOBAHHOCTHIO
HACEJICHHS O PEAIbHOM I0JI0KEHHH JIe B SIIEPHOI SHEPTeTHKE.

Kurouesvle cnosa: 6C3OHaCHOCTL, ropoj, u€HHOCTb, CTPpaxX, pUCKH, AACPpHAA DOHEPIrCTUKA.

bezonacHOCTh OCO3HAHA CErojiHA Kak OJlHA M3 BaKHEHIIMX LIEHHOCTEHl dYenoBedecTBa. IJTO
CBA3aHO, C OIIHOI71 CTOPOHBI, C MMOBBIIICHHUEM YI'PO3 U PUCKOB B YCIOBHUAX TEXHOICHHOI'O O6HIGCTB3,, a
C Apyroil — ¢ oOuiei TeHIeHIMEeNH T'yMaHU3alMM 4eJOBEYECKOI'0 CYIIECTBOBAHUS, YTBEpPXKIAIOIIEeH
LIEHHOCTh JIMYHOCTH, B TOM 4HCJE €& >XWU3HH W 370poBbi. lIpobiema 0e30MMacHOCTH MOXKET
paccMaTpuBaTbCS B HECKOJBKMX AacCleKTaX: TIeONOJIMTUYECKOM, 3KOHOMHUYECKOM, BOEHHO-
TEXHUYECKOM, MH()OPMAIIMOHHOM, OOIIEKYJIbTypHOM. lIpu 3TOM BiHMsSHHE KyJIbTYpHl Ha peIICHUE
npobnembl obecrieueHust O€30IIaCHOCTH B JHOOOM U3 €€ acleKTOB TPYAHO NEepeOLEHUTh: OT
KyJbTYphl (TIOHUMaeMOW KakK CIEeHU(pUIECKH UYEIOBEUECKUH CIOCOO CYIIECTBOBAHMUS) 3aBHCAT Kak
PHUCKH, TaK M CIIOCOOBI UX MTPEOTBPAILECHHS.

CaMo moHsTHE 0€30MaCHOCTH OOBEMIIET HECKOJBKO €€ BHJIOB, KOTOPBIE BBIIEISIOTCS 110
pa3sHbIM OCHOBAaHHUSAM: TOCYJapCTBEHHas, HalMOHAJbHAs, MEXIyHapoAHas, WHIUBUAYyalbHAs,
JIM4yHasdi, FJIO6aHI)Ha$I, peruoHajibHasA: IpOJ0BOJILCTBCHHAS I/IH(l)OpMaHI/IOHHaSI uT.AO. B camom O6HICM
BUJie OE€30MaCHOCTbh OIPENENAETCs KaK «3alluTa WIM YCTOWYMBOCTh K MOTEHIMAIbHOMY Bpeay (Win
JIPYroMy HEXeNaTeIbHOMY NPUHYAUTEIBHOMY W3MEHEHHIO), MPUUYUHAEMOMY IPYTMMH, HyTEM
OrpaHUYEHUs CBOOOIbI AeUCTBUI Apyrux» [1]. DTUMONOrHYecKUii aHAIN3 TEPMUHA «OE30MTaCHOCTHY
IMOKAa3bIBACT, YTO B PA3HBIX KYJbTYypax ACJIAIOTCA pa3HbIC aKIICHTHI B COACPIKATCIILHOM HAIIOJTHCHUN
3TOTrO MOHATHUA: B MHJOEBPONEHCKUX A3bIKAaX MPOCIEKUBACTCS MPEICTaBIEHUE O 3aAILUIIEHHOCTH /
3alUTe OT Yyrpo3, TOr/1a KaKk B BOCTOUHOA3UATCKUX SI3bIKaX (SIMOHCKOM M KUTaNHCKOM) YIIOp JIeNaeTcs
Ha BHYTPEHHEE COCTOsSIHHME CHOKOHCTBHA. [Ipu BBICOKOH 3THMOJIOTMYECKOM M CeMaHTHUYECKOH
OM30CTH THX TPAKTOBOK aKIEHTHI pa3dnmuyarotcs: «B EBporie 3o ynapeHue magaer Ha MOJI0KEHNE
CyObeKTa OTHOCHUTENBHO Cpe/bl, YTO IpeJnojaraeT HEeKOTOpoe IeWCTBHE caMOro CyObeKTa WU
KaKOro-To MHCTUTYTa, B BOCTOYHOH A3uM — Ha €ro BHyTpEHHEE CaMOOIIYIIEHHEe, BBITEKAIONIEE U3
HEKOETo cocTosiHu» [2: 32].

[IpMeHUTENHHO K COBPEMEHHBIM ropojiaM MpobiiemMa 6€30MacHOCTH CTOUT OCOOEHHO OCTPO: B
NEPBYIO OYepe/lb — B CBSI3U C TEXHUYECKUMHU M TEXHOJOTHMUECKUMH PHCKAMH, BO3POCHUIMMHU IO
CPaBHEHHIO C MPEIBIIYIUMH dTallaMH UCTOPUYECKOTO pa3BUTHs. besomacHOCTh paccMmarpuBaeTcs
KaK OIIEHKA JKUTEJIIMU TOPOJIOB CTENEHH 3AIIUIIEHHOCTH OT BO3MOXHBIX YIPO3, MOJCTEPEraronInx
yenoBeka B ropojae. ['opoga — 3T0 ClOXKHBIE MEXaHU3MbI, B KOTOPBIX (WJIH PSAIAOM C KOTOPHIMH)
CKOHLIEHTPUPOBAHBI pa3jIMyHbIe MPEIIpPUATHS, aBapUU Ha KOTOPBIX YPEBaThl KaTacTPOPUUECKUMHU
MOCNEACTBUAMH JJIsl pUJIeTalomux Tepputopuil. K Takum npeanpusTUsiM OTHOCSATCS U OOBEKTHI
saaepHoi sHepreTuku. Ho ecnu mpUMEHHTENBHO K OMACHBIM MPOU3BOJICTBEHHBIM O0BEKTaM aHAU3
PUCKOB TIPOBOJHUTCS C MaTeMaTHYECKOW TOYHOCTBIO W Pa3padaThIBalOTCS COOTBETCTBYIONIHE
JITOPUTMBI MX MPEJOTBPALICHUS, TO MOAOOHBIM CTPOrMii MaTeMaTHYeCKHi aHaiIu3 4eI0BEYEeCKOTro
oOmIecTBa IMOKa HEBO3MOXKEH: CIUIIKOM MHOTO HEONpeAeIEHHOCTeH, MOTHBOB M CKPBITBIX
cooOpakeHHi BIUSIOT Ha MoBeAeHue roael. OnHako, 3TO HE 3HAYMUT, YTO COLMOTYMaHUTapHOE
3HaHWe a0CONOTHO OECCHJIFHO Tepen JUIIOM yTrpo3 M PHUCKOB, BTOPTAOUIMXCS B UYEIOBEYECKYIO

80



*u3Hb. OOpaTUMCS B CBSI3U C 3TUM K COLIMOKYJIBTYPHOMY aHAIIU3y TOPOJCKOM KHU3HH, 8 UMEHHO — K
[IEHHOCTHO-CMBICIIOBOMY MUPY COBPEMEHHOTO YEJIOBEKA.

IIpoueccsl paspylleHHs LEHHOCTHOIO CTPOs TPAJULUOHHOM POCCUHUCKOW KYJBTYPBI,
JeMopanu3aiys, kojaeOaHus ypOoBHS HPABCTBEHHOCTH JIIOJI€H, KPUMHUHAIN3AUU O0IIeCTBa — 3TO TE
00CTOSITENILCTBA, KOTOPHIE CHIXKAIOT yPOBEHb OE30MACHOCTH B COBpEMEHHBIX ropoaax. OO0 3Tom
CBUJICTENLCTBYIOT U JIaHHBIE COIMOJIOTUYECKUX HccienoBaHuil. Tak, cormacHO aHKeTHOMY OMIpOCY,
npoBenéaHoM B 2018 1. B 29 roponax KOxHoro denepanpHOro okpyra, npu oTBeTe Ha Bonpoc "Uto
01 Bel xotenu m3menuth B Bamem ropoae?" (BrIOpaTh MOKHO ObLIO HE Oosiee TpEX BapHaHTOB
orBera) BapuaHT «Cphenate ropox Oojee Oe3omacHbIM» BbIOpanu 21,2% pecrioHIEHTOB U3
KpYIMHEUIUX ropooB, 18,4% — u3 kpynHsix, 15,8% — u3 6onpmux, 11,7% — u3 cpenaux u 16,2% —
n3 ManbIxX [3:59-60]. OTu nudpbl MOATBEPKIAIOTCS M OTBETOM Ha Apyroi Bompoc: "Hero He XBaTaeT
Bam B Bamem ropoxe?". Beibop BapmanTa OTBETa paclpeaenwics MoxXoxkuMm obpazom: 21,7%
PECIOHICHTOB M3 KPyMHEUIINX ropoaos, 17,2% — u3 kpynueix, 14,7% — u3 Oonpmmx, 8,4% — u3
cpennux u 11,9% — u3 mansix [3:71].

[IpuBenéHHble JaHHBIE CBHJIETENBCTBYIOT, BO-NEPBBIX, O TOM, YTO JIIOJU OLIYIIAIOT
HEJ0CTaTOYHOCTh YPOBHSI 0€30IIaCHOCTH B UX ropogax. Bo-BTOphIX, 3Ta HEIOCTATOYHOCTb, KaK HU
CTpPaHHO, B MaJbIX TOpOJax ONIyIIaeTcs CUJbHEe, YeM B CpelHUX (a B MEPBOM BOIPOCE HaKe
CUJIbHEE, YeM B OOJIBIINX ).

Otcroga MOXHO cJenaTh BBIBOJA, 4YTO, B OTIMYME OT CPEAHEBEKOBOIO ToOpoja,
BOCITPUHUMAEMOT'0 KUTEISIMH KaK «KOBUET CHaceHus» (Kak B (DPU3UYECKOM, TaK U B JYXOBHOM
CMBICTIaxX), COBpEMEHHass ypOaHU3allus TpUBela K TOMY, YTO YPOBEHb CTpaxa (KaK HHJIUKATOpa
OILYIIEHUsI CTENEHH OE30MaCHOT0 CYILIECTBOBaHMUS) B TEXHOIEHHOM MHUpPE YBEIMYMIICS B
3HauuTenbHOl Mepe. [lokazarenem 53TOro SBISETCS IIUPOKOE PACHPOCTPAaHEHHE B MacCOBOM
CO3HAHUU «KOMILJIEKCA ATOKAJIUIICUCA», TPEJCTABICHUS O CKOPOM «KOHIIE MCTOPUU» BCIICJICTBUE
100anbHON  siepHOM KaTacTpodbl. DTH HACTPOCHUS PETYJSPHO MOJOTPEBAIOTCS HE TOJBKO
MHOTOYHUCJICHHBIMH SIBJICHUSIMH «IIPOPOKOBY», BO3TJAIIAIONIUX O CKOPOM KOHIIE CBETa, HO H
MAaHUYECKUMH CITyXaMHu O SIKOOBI CIIyUMBIIMXCSI aBapusAX Ha sSAEpHBIX oObekTax. [lanHas cutyanus
yCyryomnsieTcs TeM, 4To JKENTas mpecca CKIIOHHA pa3lyBaTh TaKoro poja ceHcamuu. OTCroia CToib
BaXHBIM CTAHOBUTCS OOBEKTUBHOE M CBOEBPEMEHHOE MH(POPMHUPOBAHHE TOPOJCKOTO HACENEHUS O
peaIbHOM TIOJIOKEHUU JIeN B JIEPHON IHEPreTUKE.
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Security as a Value of Modern Urban Culture

Petrulevich I.A.

Southern Federal University, Rostov-on-Don, Russia
e-mail: irusia2@rambler.ru

Abstract — Security is considered as an assessment by city dwellers of the degree of protection from
possible threats that await a person in a modern city. The subjective assessment of the level of security by
residents of southern Russian cities is subjected to a secondary interpretation. It is shown that the highest
level of security was noted by residents of medium-sized cities. The relative loss of the value of safety in
the city is associated not only with objective risks and threats that lie in wait for a person in the city, but
also with insufficient awareness of the population about the real state of affairs in nuclear energy.

Key words: security, city, value, fear, risks, nuclear energy.
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MPO®OPUEHTALIMOHHASI KOOIMEPALIMSI CTEMKXOJIIEPOB
ATOMHOM OTPACJIA

Pynenxko B.A., Tomuwiun C.A., Kene3usikoa A.B., JlookoBckas H.H.

Boneooonckuii unscenepro-mexunuueckus uncmumym — uauan Hayuonanvrnozo uccnedosamenvckozo s10epuozo
yrusepcumema « MU®DHUy, Boneodonck, Pocmosckas 06x., Poccus

B pabore paccmaTpuBaeTcs NpoQpOpPHEHTAIMOHHAS KOOMEpaIys CTEHKXOIJIEpOB 00pa3oBaTeIbHOTO
Ipolecca U CIEHUAIINCTOB aTOMHOI OTPaciii ¢ LENbI0 YriyOJIeHHs WHTErpaldy LIKOJIBI, TEXHHYECKOTO
YHUBEPCUTETa U MPOU3BOACTBA. IIpesiokeHa MOeNb B3aUMOICHCTBHS 3aHHTEPECOBAaHHBIX CyOBEKTOB 10
moctpoeHn0 3(PPEKTHBHOM CHCTEMBI COIMAJbHOTO MapTHEpCTBA B cdepe mpodeccrnoHaATEHOTO
00pa30BaHys ¥ HOBBIMICHUIO KauecTBAa II0rOTOBKH BHIITYCKHUKOB.

Kntouesvie crosa: aTOMHBIA TEXHOTAPK, MPOQOPHEHTAIIMOHHAS KOOIEPalus, CTEHKXOJIIepbl aTOMHOI
oTpaciy, Ipo(OPUEHTALUOHHOE CONPOBOXKICHUE.

BoaromoHck — TeppuTOpHS PAacCHOJIOKEHHsS NPENIPHUATHH Ccpa3y 4YeTbIpeX IWBU3HOHOB
I'ockopnopauuu «Pocatom» — 00OCHOBaHHOE M IEPCHEKTUBHOE MECTO CHELHAIN3HUPOBAHHOIO
B3aUMOJICHCTBUS CTEHKXOJJIepoB aToMHOW oTpaciu. Ha ©Oaze BonromoHckoro uH)XeHEpHO-
TEXHUYECKOT0 MHCTUTYTa — (rnana HalmoHansHOTO NCCIIeI0BATENBCKOTO SIEPHOTO YHHUBEPCUTETA
«MUDN» (nanee — BUTU HUAY MUDU) npu nognepxkke AO «Konuepn Pocaneproatom» u
PoctoBckoit ADC B okTs10pe 2021 r. co3aaHa U OTKPBITA IJIOLIAAKA IPOPECCHOHANTbHON HHTETpalliu
CTEMKXOJIEPOB  aTOMHOM  oTpaciu — ATOMHBIM  TEXHONAapK. BBICOKOTEXHOIOTMYHBIMU
000pYIOBaHHBIMHU TPOCTPAHCTBAMH IS COBMECTHOM paOOTHI CTAJIH:

— nabopaTopus Hepa3pyLIaoIUX METOAOB U CPeJICTB KOHTpouisd o0opynoBanus ADC;

— LIEHTp JMarHOCTUKU U PEMOHTA TEXHOJIOruueckoro odopyaosanus ADC;

— uupoBOi  MCCIENOBATENbCKMIA  IOJMIOH  BUPTYyalbHBIX CHCTEM  YIpaBlIECHUS U
skcmutyaTaiuu ADC,

- aroMHsbii IT-akceneparop;

— poOOTOTEXHUUYECKUH U DJIEKTPOTEXHUUECKUN KITyO;

— €CTECTBOMCIIBITATEIbHBIN IIOJUTOH.

['maBHOM TpaeKkTOpued pa3BUTHUsS 3TOM HOBOM IPAKTUKO-OPHUEHTHMPOBAHHOW 30HBI SIBIISETCSA
npodOpUEHTAIIMOHHAsT ~ KOONepalus TaJaHTIMBBIX  IIKOJBHUKOB, BBIIOJHSIOMIUX  HAYy4YHO-
HCCIIEA0BATENIbCKUE WM TNPAKTUKO-OPUEHTHPOBAHHBIE ITPOCKTHl WHKEHEPHOW HAIpPABJICHHOCTH,
crynenroB BUTU HUAY MHUOU u cienranncToB-mpakTUKOB aTOMHOM oTpacni. IlIkonbHuKkaM Ha
JTarie CcaMOOIIpeNETeHHUs] Ba)XKHO Ooubllle y3HaThb 00 HHKEHEPHBIX NPOQECcCHsiX, YTO MOMOXKET
OCO3HaHHO IUIAaHMPOBATh JajbHeliee oOpa3oBaHue. CTyaeHTaM HeoOXOAMMAa NpaKTHYecKas
MOATOTOBKA, TJI€ TI0JT PYKOBOJCTBOM BEAYIIMX TperojaBareneii 1 HaydHbix padotaukos HUU AOM
BUTU HUAY MUOU u npodunbHbIX Kadeap 3aKperuisioTcss UX NpoQecCHoHalIbHbIE HaBBIKH.
CoTpyaHUKaM TpeanpuUsTUid aTOMHOW OTpaciu OyleT MHTEpecHa pojb HACTaBHUKOB B Ipoliecce
COTPY/ZIHHYECTBA C OJAPEHHOH MOJIOIEKBIO C LEIbI0 TMepelaud LEHHOro MNpoQecCHOHATBHOTO
onbITa, 3(PQPEeKTUBHON NPOGEeCCHOHATHFHOW CBSI3U TOKOJICHUH, MOAJEPKAHUS U TOBBIIICHUS
cOOCTBEHHOM MpohecCHOHATBEHON (HOPMBI.

B cBsi3u ¢ oTuUM, mepBbIM MacHITaOHBIM MEpONpusATHEM ATOMHOrO TEXHOINapKa cTaja
uHxeHepHas cmena «Ounoper AtomSkillsy, HanpaBneHHas Ha:

— BBISBJIICHUE U CONPOBOXKJICHHUE YBICYCHHOU TEXHUYECKUM TBOPYECTBOM MOJIOLEKH;

— TpUBIEUEHHE MPOPECCOPCKO-TPENOAaBaTeIbCKOIO COCTaBa, YYEHBIX M IPAKTHKOB B
o0JacTv aTOMHOM HEPIeTUKH K COTPYAHUUYECTBY C OJIAPEHHON MOJIOJIEKbIO;

— CHEUUAIM3UPOBAHHYI0  MPO(QOPHUEHTALHIO  OJAPEHHOM  MOJOJEKH  MOCPEACTBOM
BBITIOJTHEHUS! KOMAHIHBIX Y MHIUBUAYAIbHBIX NIPOEKTHBIX 3alaHUNl COBMECTHO C IPEACTABUTEISIMU
BBICHIEH IIKOJIBI, IPOU3BOJICTBA U TEXHOJIOIMYECKOUN CPEIbl;

— npuoOpeTeHre MKOJbHUKAMHU U CTYAEHTaMHU OMbITa KOMAaHIHOM MPOEKTHOM paboThI;
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— MpeAOCTaBICHHE BO3MOXXKHOCTH MPAKTUKOBAThCA B PEIICHUU MPUKIAAHBIX Hay4HO-
TEXHUUYECKUX 3a7]au;

— pa3BUTHE TBOPYECKUX CHOCOOHOCTEH M UHTEpeca K HWHXXEHEPHOW JAEATENbHOCTH H
TEXHUYECKOMY TBOPUYECTBY;

— TMOMYJISPU3ALUIO U MpONaraiay Hay4yHbIX 3HAHUH B 00JIaCTH aTOMHOM SHEPreTHKU;

— BOBJICUCHHE IIKOJHLHUKOB B ABMkeHUE «FOHMOPHI AtomSKkillsy.

[Iporpamma umxenepnoit cmennl «tOuuopsr AtomSKillsy cormacoBana ¢ opranuzanusMu-
naptaepamu AO «Konuepn Pocsneproarom», AHO «KopnopatuBnas Axaaemus Pocatomay,
MBYJIO «Crannmst 1OHBIX TEXHHKOB» B T. Bonromoncke, u paspabaTbiBanachk IO MSATH
HAIPABJICHUSM WHXEHEPHOU NEeSATEIIbHOCTH, COOTBETCTBYIOIIMM aKTyalbHbIM B aTOMHOM OTpaciu
KOMIIETEHIIUSIM:

1. TexHoMOrUYeCKUE CUCTEMbI SHEPTeTUYECKIX OOBEKTOB.

2. Web-nu3aiin u pazpabotka.

3. 3D-MoaenupoBaHue U MPOTOTUITHPOBAHUE.

4. VmxenepHoe mpinuieHue. Kapakypu.

5. KynbTypa 6e3omacHocTu.

B Bugy Becomoctm o6o3HaueHHoro mnoreHnuana, BUTU HUAY MUOU B ycroBusx
MPEIOCTABIEHHBIX €My IIOJIHOMOYUHN BBIPAOOTAN MOJAENh WHTETpallM IIKOJbI, TEXHHYECKOIrO
yHUBEpCUTETa U Npou3BoAcTBa (puc. 1). Peannsauus Mozmenu MMeeT CTpAaTErMYecKHil Xxapakrep,
ApKO BBIPQXEHHBIH B MAacIITaOHBIX MPAKTUKO-OPUEHTHUPOBAHHBIX TmpoekTax: KoHmenmums
KoMIuiekcHoro — B3aumopenctBus  «lllkona-Uncturyr-llpennpusarue», Crparerus  pa3BUTHA
JOTIOTHUTENIbHOTO  TpodeccruoHanbHOro  oOpa3oBanus, Ilporpamma  pa3BUTHUS  Hay4HO-
HCCIIEI0BATENIBCKON IEATENbHOCTH, [ lTaH cOMOKYIBTYPHBIX MEPOIPUATHIM.
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PI/ICyHOK 1- MO}IGJ’IB HWHTETPAIUHN HIKOJIBI, TCXHUYCCKOTO YHUBEPCUTETA U IPOU3BOACTBA

[lenbio BBHICTYIAeT OpHEHTAIHS 00pa30BaTEIbHON OPTaHU3aIMH Ha 00ECIIEYeHUE 0XKUITaEMOTO
paboToiaTeNns MU KadyecTBa TIIOATOTOBKM BBIMYCKHHUKOB JJIs1 aTOMHOH oTpacnu. Pesynbratom
SBIISIETCS, C OJHOW CTOPOHBI, J(QQeKTHBHAs CHUCTEMa COIMAILHOTO TMapTHEpPCTBA B cdepe
npodeCCHOHATBHOTO 00pa3oBaHMs, a C JpPyroil — BBICOKHI YpOBEHb MPO(hecCHOHAIBHON
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MOJITOTOBJICHHOCTH OyAyImiux paOOTHUKOB aTOMHOHM oTpacnu. IlepBblii (BHEMIHWI) pe3yJbTar
BBICTYIIA€T KaK MEXaHHU3M pEryJUPOBAaHUSA COLHUOKYJIBTYPHBIX M HKOHOMHUYECKHMX BOIPOCOB
B3aMMOJICHCTBHS IKOJI, TEXHUYECKUX BY30B, padOTOJATENeH U rocyiapcTBa; BTOPOi (BHYTPEHHUH)
— kak emuHas koHnenuus BUTU HUAY MU®O®U, Ousnec-coobiiecTBa permoHa M BceX
CTEHKXOJIJIEPOB IPOLECCAa UHTErPALIUH.

Takass xoyuabopauus CTUMYJIMpPYET MNpO(QECCHOHANbHBIH POCT MEJAarorn4eckoro M
poeCCOPCKO-TIPENOAABATEIHCKOTO  COCTaBa  00pa30BaTENBbHBIX  YUYPEKICHHH, TapaHTUPYeET
BBIITYCKHUKAM TPYJOyCTPOHCTBO IO BEIOPAHHOW CHELMAIbHOCTHU C SICHOM MEPCIEeKTUBOM KapbepHOIo
pocta, crnocoOcTByeT (OPMHUPOBAHMIO U  COBEPILIEHCTBOBAHUIO HUX  MPO(GECCHOHAIBHBIX
KOMIIETEHIMH, 00eCIeunBaeT YUPESKIACHUSAM MPOPECCHOHATBHOTO 00pa30BaHusl rapaHTHPOBAHHBIN
OIIaYMBAEMBIH 3aKa3 Ha MOATOTOBKY CIIELUAINCTOB, BO3MOYKHOCTb JAJIbHEUILErO Pa3BUTHS HAYYHO-
UCCIIEIOBATENbCKOW ~ 0a3bl, TMOBBIIICHHWS YPOBHA M JUBEPCUPHUKAIMHU  HPEAOCTABISEMOIO
obpazoBanus. Takum  oOpa3oM,  ompeAeneHbl W IPEICTaBIEHbl  00pa3oBaTENbHBII,
COLIMOKYJIBTYPHBI, HAy4HO-UCCIICIOBATEIbCKMM W HAyYHO-IIPOU3BOACTBEHHBIM KOMIIOHEHTHI
MHTErpanuy, B MPOLECCe KOTOPOM ILIEJIEBOM PE3yJbTaT AOCTUIAETCSA IOCPEICTBOM IOCTPOEHUS U
YKpETJICHHUsI THHOBAIIMOHHBIX cucTeMooOpa3yromux cesizeid BUTU HUAY MUOU.

Vocational Cooperation of Stakeholders in the Nuclear Industry

Rudenko V.A.L, Tomilin S.A.2, Zheleznyakova A.V.?2, Lobkovskaya N.I.*

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhI», Lenin St.,
73/94, Volgodonsk, Rostov region, Russia, 347360
e-mail:V.A.Rudenko@mephi.ru
2e-mail: satomilin@mephi.ru
3e-mail: AVZheleznyakova@mephi.ru
4e-mail: NILobkovskaya@mephi.ru

Abstract — Career guidance cooperation between the stakeholders of the educational process and nuclear
industry specialists is considered in order to deepen the integration of the school, technical university and
production. A model of interaction between stakeholders to build an effective system of social partnership
in the field of vocational education and improve the quality of graduate training is proposed.

Key words: nuclear technopark, career guidance cooperation, nuclear industry stakeholders, career
guidance support.

VIK 330.101.8

HNPUHLUIIBI ®POPMHUPOBAHUSA U PAZBUTUSA KYJIBTYPbI
NPOU3BOACTBEHHOU BE3OITACHOCTH NPOMBIIIJIEHHbBIX
HPEAITPUATHUN

JInickoBa U.E.

Komu pecnybnuxanckas axaoemus cocyoapcmeennoil ciyaicouvl u ynpasnenus, 2. Coikmuiexap, Poccus
B Te3ucax akTyanu3upyrOTCS KOHIENTYyalbHBIE OCHOBBI (DOPMHPOBAHUS KyJNbTYypHl IPOHW3BOJCTBEHHON
0€30macHOCTH  TPOMBINUICHHBIX — NPEANPHUSATHH, OOOCHOBBIBAETCSI ~ 3HA4MMas  pOJIb  aTOMHOI

MIPOMBINIJICHHOCTH B 00JIaCTH PAa3BUTHS KYJIBTYPHI 0€30IacCHOCTH ITPOMBIIIECHHOTO TPOHU3BO/ICTRA.

Kntouegvle cro6a: POMBIIIUIEHHOE TIPOM3BOJICTBO; KyJIbTypa MPOMU3BOACTBEHHOMN 0€30MIaCHOCTH; MPUHIIUIIBI
(opMHPOBaHUS U Pa3BUTHUS KyJIBTYPBI IPOU3BOJICTBEHHOH O€3011acHOCTH.

84



ATOMHAasi IPOMBINUIEHHOCTH OoJiee 35 JjeT, mocie Tparn4eckux coObITuil Ha YepHOOBUTECKOM
ADC, 1eMOHCTPUPYET JTUAECPCTBO B 00JIaCTH Pa3pabOTKH KOHIETIIMHA KYJIbTYpPhl MPOU3BOICTBEHHON
Oe3omacHOCTH W €€ peanu3alui B cdepe NPOMBIIUIEHHOro Tmpou3BoAcTBa. CoBpeMeHHas
HOJUTHYECKAs U COLMAIbHO-9KOHOMHUYECKAs CUTyalus TpeOyeT 1eHCTBEHHBIX Mep 110 00OCHOBAHUIO
0€30MaCHOCTH KaK INPUOPUTETA, LU, LIEHHOCTU, HOPMBbI, CTaHAapTa KadecTBa IPOMBIIIIEHHOTO
IPOM3BOJICTBA.

KnroueBble nmpuHUUNBI  (OPMHUPOBAHUS M PA3BUTUSA  KYJbTYPHl  NPOU3BOJCTBEHHOU
6e3omacHOCTH 3aukcupoBaHbl B PykoBojacTBe Mo 0€30IaCHOCTH IPU MCIIOJIb30BAaHMM AaTOMHOMN
sHeprun «PekoMeHpamuu 1o (QOPMHUPOBAHUIO M MOAJEPKAHUIO KyJIbTypbl O€30MacCHOCTH Ha
ATOMHBIX CTaHIMAX U B SKCIUTYaTHPYIOIUX OpTaHU3alMsX aToMHbIX craHuui» (PB-129-17). Otu
pEKOMEHIaluu yTBEepXKAeHbI Nprka3zoM denepanbHOM CITyKObI 110 HKOJIOTHYECKOMY, TEXHUYECKOMY
U aToMHOMY Hana3opy oT 19 centsbpst 2017 r. Ne 371. Jlannoe PykoBoacTtBo mo Ge30macHOCTH
pazpaborano B cooTBeTcTBUM ¢ DenmepanbHbiM 3akoHOM oT 21 HosO6ps Ne 170-d3 «O6
UCTIOJI30BAaHUU aTOMHOM 3HEPTrUM» B LENAX COACUCTBUS COOMIOJeHNI0 TpeOoBanuii denepanbHbIX
HOPM U IpaBWI B OOJIACTH HCHOJIb30BaHUS aTOMHOM 3Hepruum «OOuMe nosioxeHus obecrnedeHus
6e3omacHocT atroMHbIx cranimiiy HI1-001-15, yrBepkaéHubix npukazom dexepanbHON CITy>KObI IO
9KOJIOTUYECKOMY, TEXHOJOIMYECKOMY M aTOMHOMY Haa3opy oT 17 pekabps 2015 r. Ne 522
(3apeructpupoBan Muntoctom Poccuu 2 despais 2016 1., peructpanmonnsiii Ne 40939) [1].

OTtmerum  Haubojee  3HAYMMblE  KOHLENTyaJlbHblE  IOJIOKEHMs, OOOCHOBBIBAIOIINE
NPaKTUYECKYIO0 3HAYMMOCTb, U JICHCTBUS 110 BHIITOJIHEHUIO TPEOOBAHUI BBICOKOTO YPOBHS KYJIbTYPHI
IPOM3BOJICTBEHHOI 0€30M1aCHOCTH COTPYIHUKOB ATOMHON MPOMBIIIJICHHOCTH:

1. Ilpuopumem 6ezonacrnocmu.

YcraHaBiIMBaeTCsl NPUOPUTET OE30IIACHOCTH HaJl SKOHOMUYECKMMHU M HPOU3BOJICTBEHHBIMU
LEJISIMU TTIOCPEICTBOM 3asIBJIEHMSI O TIOJUTHKE B 001acTH O€30MaCHOCTH WJIU 3asIBJICHUS O MOJINTUKE B
o0nacti KyJnpTypbl Oe3omacHocTd. IIpoBo3riameHue HNPUOPUTETHOCTH U Lesied 0e30IacHOCTH
JNOBOJWTCS 10 TepcoHasa u oOecrieuymBaeTcs B 00S3aTENbHOM TMOPSAKE B IpoIEecce
IPOM3BOJICTBEHHOH 1€ATEIBHOCTH.

2. Ilpogheccuonanuzm u keanuguxayus.

dopmupyeTcst cuctema 1moadopa, npopecCHOHAIBLHOIO O0yUYeHHsI U MOJIEP)KaHUSI BBICOKON
KBaIM(UKAIUM  COTPYJIHUKOB C LIEJIbI0 COOTBETCTBHS TpeOOBaHUSAM MPO(EeCcCHOHATBLHON
KBAJM(HUKAIMK U MOJHOW FOTOBHOCTH COTPYJIHHKOB OO€CIeYrBaTh MPOU3BOICTBEHHBIN Mpolecc ¢
y4€TOM BCEX IPHUHIMIIOB M aCMEKTOB KYJbTYphl O€30IaCHOCTH, TOM YHCJIE OCBOCHHE HABBIKOB
JUJEPCTBA PYKOBOJOUTENEH BCeX YypOBHEH, HaBBIKOB KOMaHIHOW pabOTBl U BBICOKOM
KOMMYHHKaTUBHOU KYJIbTYPBI.

3. Jucyunnuna u omeemcmeenHocmo.

JlucuumimHa M OTBETCTBEHHOCTb — MCKIIOUUTENBHO 3HAYMMbIH KOMIIOHEHT KYJIbTYpPBI
0€30IIaCHOCTH Kak pyKOBOAMTENeW, Tak W ucnoiaHurtened. OH Oazupyercs Ha 3¢ ¢eKTUBHOU
OpPraHM3al[MOHHON CTPYKType, YETKOM M OJHO3HAYHOM IOHHUMaHMM NPOPECCHOHANbHBIX 3ajad,
pacripesieieHul 00sI3aHHOCTEH, MOJHOMOYMNH M OTBETCTBEHHOCTH B 00JAaCTH NMPOM3BOJCTBEHHON
Oe3omacHOCTH. OTBETCTBEHHOCTh XapaKTEPU3yeTCs HAJIWYUEM KPUTUYECKOW TMO3UIUH U
CaMOKOHTpPOJIEM B OTHOLICHUM O€30MaCHOCTH, Ka4eCTBOM M JIOKyMEHTHPOBAHHEM KOMMYHUKAIHU,
CTPOTO perjaMeHTHPOBAaHHBIM B3BEIIEHHBIM MOJIXOJOM MpPU NPUHSATUU PEIICHUN U BBINOJIHEHUU
IIPOM3BOJICTBEHHBIX 3a/1a4.

4. Cobnrooenue uHCMpyKyuti, peciamenmos, npoepamm obecneyenus Kaiecmed.

Tpebyetcsa uéTkoe 000CHOBaHHE U COOIOACHNUE TEXHOJIOTHYECKUX PETIaMEHTOB, CIIEI0BaHHUE
TpeOOBaHUSAM, HHCTPYKIUSAM, IIpaBUiiaM, HOpMaM B Ipoliecce MPOU3BOJICTBEHHON IesATebHOCTH. Bo
u30exaHne TMOCTENeHHOro Mepexoja Ha YNpOUIEHHbIE CXeMbl U O0XOJHBIE NMPUEMBI B BOIpPOCAX
oOecrnieueHHs 0€30MacHOCTH C OMPEEIEHHON MEPUOTNYHOCTHI0 HEOOXOJUMO MPOU3BOIUTH OLIEHKY
KauecTBa JEHCTBYIOIIMX WHCTPYKLUH, PETJIaMEHTOB, HOPM, MpPOrpaMM M Jp., NpHUBJIEKas K ITOU
npoueaype caMux pabOTHUKOB /Jisi OOBbEKTUBHOM TMarHOCTUKU KauecTBa O€30MacHOCTH, BBISIBICHUS
peasbHBIX TEXHUYECKUX M TEXHOJIOTMYECKUX HECOOTBETCTBHUI, HCKaXEHWUH, H3bSHOB, OIIMOOK,
HEBEPHBIX PEIICHUHN U IEHCTBHI.

5. @opmuposarue ammocghepvl 0osepusi.
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OnanM u3 0a30BBIX YCIOBUH (OPMUPOBAHUS W PA3BUTHUS KYJIBTYPHl TPOU3BOACTBEHHOMN
0€30MacHOCTH SIBJISIETCS MPUBEP)KEHHOCTh PYKOBOJCTBA IIENSIM MPOU3BOJICTBEHHOM O€30MacHOCTH
MIPOMBIIIJICHHOTO TIPOU3BO/ICTBA B LIEJIOM M NMPUBEPKEHHOCTH KYJIBType 0€30MacHOCTH, B YaCTHOCTH.
[IpuBep>KeHHOCTh PYKOBOJACTBAa OE30MACHOCTH IMPOSBISAETCS Yepe3 YCTAaHOBKY INPUOPUTETOB
HKOHOMHYECKOM, COLUAILHOW M 3KOJIOTMYECKON OE30MacHOCTH MPOMBIIUICHHOTO MPOU3BOJICTBA B
WHTEpecax ycroWuuBoro passutus [2]. OmnpenenstomuMm ¢GaKTOPOM Pa3BHTHS  KYJIbTYPbI
6e3omacHocTH sBiIseTCs  (popMupoBaHME aTMOC(Epbl JOBEpHS M OTKPBITOCTH B BOIpPOCAax
oOecnieueHns 6e30MacHOCTH. PyKOBOACTBO MPOMBINUICHHBIX MPEANPUATHN SBISET COOOW JTMUHBIN
IpUMep TPaAHCIALUU KyJIbTYphl 0€30MacCHOCTH MOCPEICTBOM MOBCEIHEBHOIO MOBEIACHUS, KOTOPBIN
JI0JDKEH BOCHIPUHUMATHCS KOJUIEKTHBOM KaK TapaHT 0€30IacHOCTH.

6. Ilonumanue nocredcmesuii HecoOIOOeHUsE MPeDdOBAHULL DE30NACHOCIU U HOPM 0OecneyeHUs.
Kauecmaa.

[Tomu€pkuBaeTcst 3HAYUMOCTH (POPMUPOBAHHUS OTHOIICHUS K 00ecIeueHII0 OE30IMacCHOCTH BCEX
COTPY/ZIHUKOB TPOMBIIUIEHHOTO0 Mpou3BojacTBa. IIpoBomutcst mnpodunakruyeckas pabora 10
BBISIBJICHHIO HENPAaBUJIbHBIX U HEAOMYCTUMBIX JCHCTBHI COTPYIHUKOB, PUCKYIOIIUX IOBBICUTH
yrpo3sl Oe3onacHocTd. He normyckaercsi BBIMOJHEHHE IMPOW3BOACTBEHHBIX ONEpanuid, 3KOHOMHUS
pecypcoB B yuiep0 KauecTBy M 0€30MacHOCTH MPOM3BOACTBEHHBIX MpoIlieccoB. PexomeHmyercs
OTKPBITOE OOCYX/JIEHHE TOTCHIHAIBHBIX PHCKOB U Yrpo3 0€30MacHOCTH, HCHOJIb30BAHUE
BEPOATHOCTHBIX OIICHOK O€30MacHOCTH, aHalIu3 COOBITUM U OMNbITa JAPYTUX MPEANPUSTHH,
MPUBOJIMBIINX K YPE3BBIYAHHBIM CHUTYyAIWMsIM, aBapysM, CHIDKCHHUIO HAIEKHOCTH IPOU3BOJICTBA,
HaJEKHOCTH YEJI0OBEYEeCKOro (pakTopa u Ip.

7. Dgghexmusnulii camokoHmpons.

CaMOKOHTpOJIb SIBIISIETCSI OCHOBHBIM pecypcoM oOecredeHus Oe30MacHOCTH, CHOCOOHBIM
WCKJIFOYUTh WM CBECTH K MHHUMYMY IIOCIIACTBUSI OMIMOOYHBIX JIEHCTBUI M pEIICHUH B MpoIecce
npodeccuonanbHoil aesarenbHOCTU. COTPYIAHHKY PEKOMEHAYETCS KPUTHYECKH OIICHMBATh CBOMU
MOTEHIMAJl ¥ BO3MOKHOCTH 0€30IIMO0YHOTO BBIIOIHEHUSI pa0OT. /[y MOBBIIEHUS! YBEPEHHOCTH B
MPaBUILHOCTH CBOMX JCHUCTBHI COTPYAHUKY PEKOMEHIyeTcs ucmoib3oBaTh metoq STARR (Stop-
Think-Act-Review-Report, OcranoBucb-O01ymaii-JleiictByii-I1poBepb-lonox).

8. Omkpwvimocms u camocogepuiencmaosaniue.

OddekTuBHOCTH o0ecreyeHus: 0e30MacHOCTH B 3HAYMTEIBHOM Mepe 3aBUCHT  OT
CTUMYJIUPOBAHUSL OTKPBITOCTH MPO(ECCHOHAIBHOW JESITEeIbHOCTH COTPYAHHMKOB MOCPEICTBOM
NPEayNpEeKACHUS, aHalu3a, CBOCBPEMEHHOW KOPPEKTHPOBKH, HEJOMYIICHUS TOBTOPEHHIA
HEMpPaBUIbHBIX JCUCTBUIA, HO HE C [ENbI0 BBISIBICHHWS W Haka3aHWUs BUHOBHBIX. OJHON u3
CYIIECTBEHHBIX XapaKTEPUCTHK OJArOMPHUATHOTO COIMAIBHO-TICHXOJOTHYECKOTO0 KIMMara B
TPYIOBOM KOJIJIEKTUBE SIBISIETCS HEIOMYCTUMOCTh COKPBITHS OOCTOSITENBCTB, CBSI3aHHBIX C
OIMOOYHBIMU JIEHCTBUSMHU COTPYJIHUKOB TI0 NMPUYHHE OMACCHHS CAHKIWN, U TOTOBHOCTH OTKPBITO
o0cyxaTh MpobiieMbl obecredeHus: 0e30MacHOCTH IMPOU3BOACTBEHHBIX MpoleccoB. KiroueBbiM
acrneKToM coelcTBUA A()(PEKTUBHOCTU KyJIbType O€30IacHOCTH SIBISIETCS CTPEMIIEHHE KaXJ0ro
COTPYJIHUKAa K CaMOCOBEPIICHCTBOBAHUIO TIOCPEACTBOM YIIPABIEHUS 3HAHUSMHU B OpraHMU3AIIHH,
HETPEPHIBHOTO TIOBBIICHNUS KBaTH(UKanuu, camMooOpa3oBaHUs, HWCCIEAOBAaHHE HETAaTHBHOTO W
MOJIOKUTEIBHOTO OIBITa IO BOIMpPOCaM IPOM3BOACTBEHHONH O€30MacHOCTH, KakK JIOKAJIbHOTO,
0TpPAacJIeBOTr0, POCCUHCKOTO, TaK U 3apYyOEIKHOTO.

9. Momusayus.

Bricoknii  ypoBEeHb MOTHBAIlMM COTPYJHHKOB SIBJISIETCSI OCHOBOW JUISi  TIOBBINICHHS
MEPCOHAJIBHONM M KOJUIEKTHBHOM OTBETCTBEHHOCTH B BOIIpOCax OOeCleUYeHHUs MPOU3BOJCTBEHHOU
6e3omacHocT. CrcTeMa MOTHBAIIMH B acleKTe YIpaBJIeHUs KYJIbTYypoil 0€30aCHOCTH JAO0KHA OBITh
HampaBjeHa Ha MOAJepX aHue NeHcTBU, GopMUpYyIOMUX Oe30MacHOe MOBEICHHE: CBOEBPEMEHHOE
COOOIIEHNE O BO3HHUKIIUX MpoOsieMax B 00JacTH O€30MacHOCTH; BBISIBJICHHE YCJIOBHUH M OIIHOOK,
CBSI3aHHBIX C MOBBIIICHHBIMH PUCKaMH M Yrpo3aMu O€30MacCHOCTH MPOM3BOJICTBEHHBIX MPOIECCOB;
MoJiIep)KaHue HMHUIIMATHBEI COTPYIHUKOB II0 COBEPIICHCTBOBAHUIO CHUCTEM JKCILTyaTallMOHHOU
0€30MMacHOCTH U Jp.

Teopernueckne © TMPAKTHYECKWE ACTEKTHl (OPMHUPOBAHUS W PA3BUTHA  KYJIBTYPHI
MIPOU3BO/ICTBEHHON 0€30MacHOCTH, pa3pabOTaHHBIE B AaTOMHOW MPOMBIIIJIEHHOCTH MOTYT CTaTb
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OPUEHTHUPOM U TOBBIMIEHUS 3((HEKTUBHOCTH HWHTETPUPOBAHHOW CHCTEMBI MEHEIKMEHTa
0€30MacHOCTH MPOMBIIICHHBIX peanpusaTHii [3].
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Principles of Formation and Development of Industrial Safety Culture of Industrial
Enterprises
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Abstract — The theses analyze the conceptual foundations of the formation of a culture of industrial safety
of industrial enterprises; substantiate the significant role of the nuclear industry in the development of a
safety culture of industrial production.

Key words: industrial production; industrial safety culture; principles of formation and development of
industrial safety culture.

VIIK 331.53

HE3ABUCHUMASA OLIEHKA KBAJIM®UKAIINHN B CTPYKTYPE
BHEIIHEU 3KCIHHEPTU3bI KAYECTBA ITIOAI'OTOBKHU CIIELIUAJINCTA

IIpusanosa H.®., Pynenko B.A.

Boneooownckuit unoiceneprno-mexnuueckuti uncmumym — guauan Hayuonanvruoeo ucciedosamenbcko2o 10epHo2o
yrusepcumema « MU®Hy, 2. Boreooouck, Pocmoeckas 061., Poccus

B pabote paccmarpuBaeTCcsi OTpacieBas CHCTEMa HE3aBHCHMOW OIICHKH NPO(eCCHOHAIBHBIX
KBaTH(UKAIUN B CTPYKTYpE BHEIIHEH IKCIIEPTU3HI KAYeCTBA MOATOTOBKH CIICIIUAINCTOB, €€ CTPYKTYPHBIC
KOMIIOHEHTBI, PAaCKpbIBAIOTCSI OCHOBHBIE HAIpaBJICHUS JEITEIBHOCTH M0 pealu3alid U Pa3BUTHIO
cucreMbl. PackpbIBaeTcsi akTyaabHOCTh BHEUIHEH SKCIEPTU3bl KAYECTBA MOATOTOBKH CHEIHAINCTa U MECTO
HE3aBHCHMOU OlEHKH KBAIM(HUKAIMKA Oy TyIIUX HHKEHEPHBIX KaJIpOB aTOMHON OTPAClv B €€ CTPYKTYpe.

Kniouesvie cnosa: cuctema TmpodecCHOHANBHBIX KBaNH(HUKaNnii, HE3aBUCHMas OIEHKAa KBAaTH(PHUKAINH,
npodeccHoHANBHBIIN CTaHAAPT, KAYECTBO MOATOTOBKH, BHELIHSS 3KCIIEPTH3a, (POPMBI IKCIIEPTH3HI.

B croxxuBmieics CUTyalll1, Korjga 00s13aTeNILHEIM Tpe6OBaHI/IeM K JCATCIBHOCTH KAXJ0I'0o By3a
CTAHOBUTCA HAJIWYUC BHCIIHCTO W BHYTPCHHCIO MCXAHHW3Ma OIICHKU KadeCTBa O6pa30BaHI/IH,
np06neMa OKCIICPTHU3bI Ka4€CTBA IMOATOTOBKH CICHHUAINCTA, KaK e€ COCTaBJ'IﬂIOH_[eI\/’I, CTaHOBUTCSA
aKTyaHLHOﬁ, HpHOpHTeTHOﬁ. B cBas3u ¢ AKTYAJIbHOCTBIO HpOGJ’ICMBI BO3HHKACT HCOGXOI[I/IMOCTL
BCECTOPOHHEI'0 aHAJIM3a KaK IMPOUCXOAANIMX B CHCTCME BBICHICTO 06p330BaHI/I5I mponeccoB, Tak U
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Pe3yJIbTATUBHOCTH JIEATEIBLHOCTH 00pa30BaTEeNbHBIX OpPraHU3allUi, MPEACTaBICHHBIX YPOBHEM
MOJIrOTOBKM CHEIMAINCTA, [10 KAUeCTBY OTBEYAOLINX TPeOOBaHUAM paboTOaTeNs U PhIHKA TPYAa.

OTO IUKTyeT HEOOXOIMMOCTh IMEepexofa OT MapaJurMbl OLIEHKH IOCTIDKEHHH B Ipolecce
o0yueHMs B paMKaXx BHYTPEHHEH OLCHKM KadecTBa O00pa3oBaHMs, K OLEHKE YpOBHS
cOPMHPOBAHHOCTH  NMPO(PECCHOHANBHBIX  KOMIIETCHIIMH,  COOTBETCTBYIOIIMX  KOHTEKCTY
poeCCUOHATILHON JESTEeIbHOCTH COOTBETCTBYIOIIEH KBaTU(HUKALMK, MOJYUYEHHBIX B IIpoLEecce
BHEIIHEN HE3aBUCUMOM SKCIIEPTU3BI.

C touku 3penusa B.C. UepenanoBa moja 3KCHEPTHU30M MOHUMAETCS COBOKYMHOCTH MPOLEAYP,
HEOOXOJMMBIX JJIsl MOJy4EHHUs KOJIJIEKTMBHOI'O MHEHHUS B (hOpME SKCIEPTHOIO CyXIEHHs (Win
OIICHKH) O MeJarormuecKkoM 00beKTe (sSBIIeHUH, mporecce) [1].

BHenHsAs skcnepTH3a — 3TO HKCHEPTH3a C MPUBJICYEHUEM CIIEHUAIMCTOB, KOTOpPbIE 00J1aAatoT
HEOOXOJMMBIMU 3HAHUSIMH M ONBITOM B HCCIEIyeMoi cdepe, CIIOCOOHBIX TaTh OLEHKY OOBEKTY
JKCIIEPTU3Bl B MpEAciaX CBOEH KOMIIETCHIMM C Y4Y€TOM OCHOBHBIX HAIIPAaBJICHUN pPa3BUTUSA
obOpazoBanus [1].

Pabora mo «HacTpoiike» MHCTPYMEHTOB OLIEHKM KauyecTBa IMOATOTOBKM CIELUANINCTa TpeOyer
ydacTusi HE TOJIBKO IIE€aroroB, HO H, MNPEXIE BCEro, CTOPOHHUX 3KcneproB. Toiapko Toraa
MOJIy9CHHBIC PE3YJIBTAThl MOTYT OBITh ICHCTBUTEIIEHO OOBEKTUBHBIMH [1].

[loHATHE «KA4eCTBO MOATOTOBKWU» SIBISETCA CIOKHBIM, MHOTOMEPHBIM U CyOBEKTHBHBIM,
[I03TOMY IpPH ONPEIEICHUHM KOHUENTYaJlbHBIX IOAXOJ0B IPHU SKCIEPTU3E KAaueCTBAa IMOATOTOBKHU
CIELMAINCTa BO3HUKAET HEOOXOAMMOCTb UCIIOJIBb30BaHUS B KAayecTBE METO/0JIOTHYECKOIO
OpPHEHTHPA CUCTEMHBIN TIOJXO0/I, KOTOPBIHA CONIEHCTBYET (HOPMUPOBAHHIO IIETOCTHOTO TPEACTABICHUS
0 memarormueckou neiicrBurenbHOcTH [2]. Ilpu cHCTEeMHOM paccMOTpPEHHMH SKCIEpTH3a KadecTBa
MOJIrOTOBKM CHELMAIMCTa BKIIOYAET B ceOs BCE AaCHEKThl ACATENbHOCTH By3a, OKa3bIBAIOLIUX
BIMSIHUE Ha (HOpPMHUpPOBaHHE KOHKYPEHTOCIIOCOOHOTO BBITYCKHHUKA, BOCTPEOOBAHHOTO PHIHKOM
TpyZa.

AKTyanusanusi  SKCIEpPTU3bl  O0pa30BaTEIbHBIX CUCTEM  IOJIOTOBKHU  CIIELIMAIMCTOB
orpejensercs ciaenyromumu Gakropamu [3]:

—CUCTEMHBIMU MHHOBALMSIMA B MHOTOYPOBHEBOM ITOATOTOBKE CHELUAINCTOB;

—ONPEICIICHNEM B KadyeCTBE METOJOJIOTMUECKON OCHOBBI B OpraHMU3allMM WM INPOBEACHHUU
SKCIEPTHU3bl ONTHUMAIBHOTO COYETAaHUS COLMAJIbHO-MAPKETUHIOBOIO U KOMIIETEHTHOCTHOTO
MOJIXOJI0B;

—BBIJICJICHUEM B KauyeCTBE MPUOPHUTETHBIX (OPM OOILIECTBEHHO-TOCYIApCTBEHHBIE (OPMBI U
METOJIMKH OIIEHKH Ka4eCTBa MTOATOTOBKH CIIEUAINCTOB.

B npaxTuke npoBeneHHs 00LECTBEHHO-TOCYIapPCTBEHHON AKCIEPTH3bl KayecTBa MOJIOTOBKH
CTEIMAIMCTOB UCTIOIB3YIOTCSl BHYTPEHHHUE U BHEITHUE (POPMBI dKCTIepTU3HI [3].

BuyTpennue (opMbl SKCHEpTU3bl — PEUTHUHIOBas OLEHKA JAEATENIbHOCTH IperojaBaTeneii,
Kadenpsl, 1eATeIbHOCTH CTYAEHTOB, BHYTPEHHUN ayJauT, camooOcienoBaHue. BHemnue gopmel —
3TO  JIMLEH3UPOBaHME, TOCYIAPCTBEHHAs  aKKpeAuTalus, MpodecCHOHaTbHO-00IIeCTBEHHAs
aKKpeIUTalMs U He3aBUCHUMasl OlIeHKa MPOPECCHOHANbHBIX KBATH(PHUKAIIMHN BHITYCKHUKOB.

ITpu 3TOM, He3aBHCHMas OLIEHKA MPO(ECCHOHAIBHBIX KBATH(UKALUN B CTPYKType BHEUIHEH
AKCIIEPTHU3bl KayecTBa MOATOTOBKH CIIELUAINCTa BHICTYNAeT OJAHON M3 (OpPM BBIABJICHUS CTEHEHU
TOTOBHOCTH BBIITYCKHHMKA BBIMOJHATH HOBBIE Il HETO MpodeccuOHaNbHbIE (PYHKIMHU, OTBEYAIOIINe
MEPCIIEKTUBHBIM TPEOOBAaHUSAM SKOHOMUYECKON JeSITEIbHOCTH.

HezaBucumass oleHka KBalM(UKALUMU TO3BOJSET pabOTOAATENI0 MOATBEPAMTH, UTO
npodeccuoHanbHble  3HAHUS W yMEHUS  pabOOTHUKOB  COOTBETCTBYIOT  TpeOOBaHHIM
poeCCHOHATIBHOTO CTaHapTa, BHIIBUTH pealibHBI YPOBEHb MPO(ECCHOHATBHBIX 3HAHUN, YMEHHI,
HaBbIKOB, KOMIIETEHIIUH, ONpPENENUTh KOTOphle U3 HUX TpeOyHOT pa3BUTHs, KBalU(UKAIIMOHHBIE
HE/IOCTAaTKH, KOTOpble HEOOXOAMMO YCTpaHHWTh. Pe3ynbTaTbl HE3aBHCHMOW OIIEHKM MOTYT CTaThb
OCHOBOM JjIs1 pa3paOOTKH TJIaHa TIEPETIOATOTOBKH WJIA MOBBITIICHUS KBATH(UKAIINA PAOOTHHKOB.

C 2018 r. mo 2020 r. HanmoHanbHOE areHTCTBO Pa3BUTHS KBANU(UKALUI pearTn30Ballo MPOEKT
«IIpodeccuoHanbHbIl  5K3aMeH JJIi  CTYIEHTOB» C Yy4acTHEeM OTpacjieBbIX COBETOB IO
npodeccuoHaTbHBIM KBaTUpUKAMIM U cyObekToB Poccuiickoit deneparyu. [Ipoekt moarsepaut
MPEUMYIIIECTBA CONPSDKEHUS TMPOMEKYTOYHOM TOCYJapCTBEHHOM WMTOTOBOM aTTeCTallUM U
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HE3aBHCUMOHN OILIEHKH KBaIM(HUKAIMM [JIs BCEX YYaCTHUKOB — BBIIYCKHUKOB, paboTojarenei,
o0Opa3oBaTenbHbBIX Opranu3amnuii [4-5].

B uensx panpHeilnero pasBUTHUsS HAMOHAIBHOM CHUCTEMbl KBaIM(UKAIMM M CHCTEMBI
He3aBUCHMOH oreHkn kBanmudukammu B 2020 r. ObU1 MOATOTOBIEH NMPOeKT «CTpaTerus pa3BUTHUS
HallMOHATBHOM cHCcTeMbl KBandukanuii B Poccuiickoit @enepannu Ha nmepruoa 10 2030 r.».

Crparerus mpu3BaHa CHOCOOCTBOBATh JOCTHIKEHHIO HAIIMOHAIBHBIX IENeH U peaau3aiuu
CTpaTeruuecKux HaAIMOHAJIbHBIX IMPHUOPUTETOB, OlpeneieHHbIX B Ykaze [lpesunenta Poccuiickoit
Oepnepannn ot 21 urons 2020 1. Ne 474 «O HaunoHanbHBIX LEsxX pa3Butus Poccuiickoit @enepanuu
Ha mnepuox a0 2030 roma». IIpoektom Crpareruu ONpenAeIeHbl NPUOPUTETHI PA3BUTHS
Hanmonanenoii  cucrembl  kBanupukaumit  Poccmiickoit  ®Depepaunu B cpeIHECPOYHOU
nepcnekTuse [6].

C 2019r. BUTU HUAY MU®U Bener paboTy MO BHEIAPEHUIO CUCTEMBI HE3aBUCUMOMN OLIEHKU
KBUTU(QUKAIIME W CEePTH(PUKAIUN BBITYCKHUKOB, perynupyeMoit ®denepanbHbiM 3aKkoHOM «O
HE3aBHCHUMOM olleHKe KBanudukanum». HezaBucumas olieHka KBanuukaluuy peanusyercs B hopme
po(hecCHOHATLHOTO dK3aMeHa, KOTOPBIN MPOBOIUTCS Ha IUIONIaKe ABTOHOMHOW HEKOMMEPYECKON
opranu3ani «BoONTOJOHCKHI IEHTp OICHKHM W CepTHUPHUKAIUU KBATU(UKAIMNA CIEIHUATHUCTOB
aTOMHOM  OTpacim» B COOTBETCTBUM C MPOPECCHOHANIbHBIMU  CTaHIAPTaMU  aTOMHOMU
MPOMBIIIICHHOCTH, MO KBaIU(HUKAIMAM, BOCTPEOOBAaHHBIM, MPEXKIE BCEro, Ha pPBIHKE Tpyaa
NPEANPUITUSIMU aTOMHOU OTPACIIH.

BoaronoHckuid MHXEHEPHO-TEXHUYECKUM MHCTUTYT — eAuHCTBeHHbI BY3 Ha rore Poccumn,
OCYIIECTBIISIONUN MPAKTUKO-OPUEHTUPOBAHHYIO IMOJArOTOBKY CIIELIMAIMCTOB B 00JIACTH aTOMHOMU
SHEPreTHKHU, COOTBETCTBYIOIIYIO 3ampocaM AUBU3MOHOB ['ocyaapcTBeHHOM Kopnopaiun «Pocatom,
C KOTOPBIMH B TIpOIIECcCEe ACSATEIBHOCTH B OOJIACTH TOATOTOBKU CHEIMAIMCTOB JOCTUTHYTa TECHAs
uHTerpamusa. ObecriedeHa KOHCONMMIAIUS PECYPCOB MPEANPUATUN U By3a (KaapoOBbIil MOTEHIUAN,
noJIHOMacIITabHoe 000pyJOBaHME, IPOU3BOJACTBEHHBIE IUIOIIAAKHU, TPEHAXKEPbl OTPACIEBBIX
OPOMBIIUICHHBIX —~ OPEANPUSTUN) UIsi  AyaldbHOro OOy4YeHHUS CIEHUANNCTOB, pealu3aluu
WH/IMBUIYAIbHBIX 00pa30BaTENbHBIX TPACKTOPHH, OTBEUYAIOMIMX MHOTPEOHOCTSIM paboTomaTese,
MOBBILIAIONINX YPOBEHb KBATH(PUKAIIUHN BBITYCKHUKOB.

B pamkax yuactus B MEXIYHApOJHBIX 00pa3oBaTeIbHBIX Iporpammax BoiromoHckwmii
WHKEHEPHO-TEXHUYECKU UHCTUTYT OCYLIECTBIISET BHEAPEHUE B IPOrPAMMY MOATOTOBKH CTYJEHTOB
Ay4ylmux MexayHapoAHblx npakTuk WorldSkills, kak uHCTpyMeHTa HE3aBUCUMOM OLIEHKH
KBaTM(DUKAIMIA, OIEHKU C(OPMHUPOBAHHBIX MpodeccHnoHaNbHBIX KoMIleTeHIH. CTyleHThl By3a U
TEXHUKYMa €XEroJHO SBIISIIOTCS y4YacTHHUKaMHU, MpH3epaMH M TOOEAUTETSIMH MEXBY30BCKUX
yemnuoHatoB WorldSkills, nuBH3MOHaNBHBIX W OTpacieBBIX YeMIHOHATOB [ocymapcTBeHHOMN
kopnopanuu «Pocatom» ReaSkills u AtomSkills.

BUTU HUAY MU®DU — By3 B PocroBckoii obnactu, Ha 6a3ze kotoporo ¢ 2017r. B pamkax
NWIOTHOW ampobalMy W 3aKJIIOYEHHOIO0 TPEXCTOPOHHEro corameHus Mexnay [ocynapcTBeHHOMN
koprmopannu ~ «Pocatom», Coro3zom «WorldSkills Russian, HUAY MHUDU nposonsrcs
JEMOHCTpAallMOHHBIE  3K3aMeHbl.  OaHMM U3 00sA3aTeNbHBIX  YCIOBUH  NPOBEICHUS
JEMOHCTPAIIMOHHBIX HSK3aMEHOB SBISIETCS Yy4YacTHE CEepTU(UIMPOBAHHBIX JKCIEPTOB B OILICHKE
pe3yJIbTaTOB IEMOHCTPAILMOHHBIX SK3aMEHOB — MpeiCTaBUTENeH paboTonaTenen.

Jns toro utoObl HanwmoHanbHas cuctema kBanudukanuii 3apaboraia B TOJHOH Mepe
HeoOXoauMo, dYTOOBI CcHCTeMa OOpa30BaHMsI CMOIJIa OOECIEeYMBATh BBITYCKHHUKA IIEJIOCTHBIM
BUJCHUEM IIPOILIECCOB, IMPOMCXOAAIIUX B OSKOHOMHKE, IOHMMAaHMEM HX B3aUMOCBI3aHHOCTH,
B3aMMO3aBHCHUMOCTH M B3aUMOOOYCIIOBJIEHHOCTH U, COOTBETCTBEHHO, CHUCTEMHOCTHIO BHJIEHUS
paboTHUKOM cBoei ku3HM. C 3Toi Ienplo TpedyeTcs BHEApPEHHE M JalibHeilliee pa3BUTHE
npodeccuoHabHO-00mecTBeHHON akkpenutanuu (IIOA) oOpa3oBaTenbHBIX MPOrpaMM, OCOOEHHO,
UCIIOJIb30BAaHUS €€ pe3yJbTaToOB Ul MOBBIIEHHs KauecTBa oOpasoBanus [7]. C 2019r. B uncturyte
BeZleTcsl pabota 1o NpogecCHOHATbHO-OOUIECTBEHHOM M MEXAYHapOIHOW aKKpeIUTaluU
peann3yeMbIX TpoheCcCHOHATBHBIX 00Pa30BATEIBHBIX MPOTPaAMM.

Takum 00pa3oMm, UMEIOTCS UHCTPYMEHTHI, TO3BOJIAIONIME padOTOAaTENsIM B paMKaxX BHEIIHEH
HKCHEPTH3bl OCYLIECTBUTh HE3aBUCHUMYIO OLIEHKY KauecTBa MOATOTOBKM OYIYIIETO CIEUaTUCTa —
BBIMIYCKHMKA By3a. DTO CHCTeMa HE3aBUCHMOI OLIEHKM KBalu(uKaluu, peanusyemas B ¢opme
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npoeCCHOHATBHOTO 3K3aMeHa, pe3ynbTarbl yemnuoHaroB WorldSkills; nemoHcTpanmoHHBIN
AK3aMeH; MPoeCCHOHAIBHO 00IECTBEHHAS aKKPEIUTALIUsI 00pa30BaTEIBHBIX TPOTPAMM.

CeromHsi mepel CUCTEMOW BBICIIETO OOpa30BaHMS CTOUT 3ajlada OOBEIUHEHUS MOJXOJ0B U
WHCTPYMEHTOB, UCIIOJIb3YEMBIX C IEJIbI0 BHEIIHEH KCIIEPTH3bl Ka4eCTBA MOJATOTOBKU BBIITYCKHHKOB.
HeoOxonuma pa3paboTka eIuHOW METOIOJIOTHH, KOTOpas IO3BOJIUT pa3BUBATh HE3aBUCHMYIO
CHCTEMY OIICHKH KBaJH(HKAIIMKA MOJIOJBIX CIHEIHATMCTOB, KaK WHCTPYMEHTA, CIIOCOOCTBYIOIIETO
pocTty MpOPECCHOHATBHOW KOMIETCHTHOCTH, MOJEPHHU3AIMU CHCTEMBI IOATOTOBKU KaJpOB,
VIOBJICTBOPEHUIO TOTPEOHOCTH TPAaKTUKA B mpodeccHoHanax BBICOKOW  KBaIM(UKAIIUHM,
OTBEYAOIIUX COBPEMEHHBIM TPEOOBaHUSIM.
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Independent Assessment of Qualifications in the Structure of External Examination of the
Quality of Specialist Training

Privalova N.F., Rudenko V.A.

Volgodonsk Engineering and Technology Institute - branch of the National Research Nuclear University "MEPhI",
Volgodonsk, Rostov region, Russia

Abstract — The paper considers the sectoral system of independent assessment of professional
qualifications in the structure of external expertise of the quality of training of specialists, its structural
components, reveals the main areas of activity for the implementation and development of the system. The
relevance of external expertise and the place of an independent assessment of the qualifications of future
engineering personnel of the nuclear industry in its structure are revealed.

Key words: system of professional qualifications, independent assessment of qualifications, professional
standard, quality of training, external expertise, forms of expertise.
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AKTYAJIBHBIE BOITPOCHI YIIPABJEHUA PUCKAMU ATOMHOM
OTPACJIM B COBPEMEHHBIX YCJIOBUAX

XyxJjaaes /I.I'., loBobim B.E.

Boneodonckuil unoicenepno-mexnuueckuil uncmumym — guauan Hayuonanvnozo ucciedogamenbckozo A0epHo2o
yrusepcumema « MUy, Boneooownck, Pocmosckas obn., Poccusi

CraTpsl TIOCBSIIEHA BOIpPOCaM TIOCTPOeHHS S()()EeKTUBHON CcOAaTaHCHPOBAHHOM CTpaTerWu pPa3BUTHUSA
aTOMHOH OTpacid B YCJIOBHSAX MaKCHMH3allHM CAaHKIMOHHOTO JaBleHHs Ha Poccmio. B pamkax
MCCIIeIOBaHMs OIPE/ENIeH KpyTr pUCKOB B pamkax PEST-ananusa, u onpeseneH nepeyeHb BO3MOXKHBIX Mep
0 YIPABJICHUIO BBISIBJICHHBIMU PHCKaMHU.

Kntouegvie cnosa: crparernueckuii aHalli3 PHCKOB aTOMHOW otpacnu, PEST-aHanm3 pHCKOB aToOMHON
OTpaciiy, YyIpaBJeHHE PUCKAMHU B YCJIOBHSX CaHKIHMHA, SKOHOMHYECKas IIOJMTHUKA KOpIOpauui u
rocyapcTaa.

B macrosmmee Bpems Poccus  mepexuBaeT  JOBOJIBHO — CIHOXKHBIM  nepuold. MoxkHO
KOHCTaTUpOBaTh, YTO CAaHKLMOHHAs BOWHA, HAIIPABJICHHAs NPOTUB HAILEro roCyAapcTBa, AOCTUIIIA
rio0anbHBIX MacmTaboB. COOTBETCTBEHHO, M MACHITA0 PUCKOB JUISI OT€YECTBEHHOW SKOHOMHKH CTall
€ClIM He KPUTHYECKHM, TO ONacHbIM. B craThe OyayT 3aTpOHYTBI BOIPOCHI OLIEHKU U YIpPaBICHUS
pUCKaMU aTOMHOM OTpaciy, pU 3TOM aKLEHT CJIeNaH Ha CETMEHT «MUPHOI0» aToMa.

Jljis oLleHKH CUTYyalMM Ucroib3oBaHa MeToauka PEST-ananusa, npeanonararomas BeleIeHUE
HSKOHOMUYECKUX, TMOJIUTUYECKUX, COLUAIBHBIX M TEXHOJOTMYECKUX pUCKOB. OT HOBBIX
KJaccu(uKauuil Mbl BBIHYXJIEHO OTKa3aJlUCh, IOCKOJIbKY OHM HE HECIM HOBOW CMBICIOBOH
Harpy3ku [1].

[TonuTHyeckast cuTyanuss B MHpPE B LIEJIOM U B cepe IKOHOMHKH HUMEET yKe B OoJbIien
CTENEHU 4YepTbl BOEGHHOI'O IMPOTHBOCTOSHUA. PUCKM B 3TOH CBS3M B 3KOHOMMKE YCYIyOJISIOTCS
HEJIOTMYHBIM U HPPalMOHAIBHBIM IOBEJACHUEM 3allaJHOCBPONEHCKUX MPaBUTENIBCTB, KOTOPHIE
UMEIOT 3HaYuTeNbHY10 3aBucuMocTb oT CHIA. IIpeanaraem paccMOTpETh IEPEUYEHb PUCKOB:

1. 3ameHa SKOHOMMYECKHUX KpUTEPHEB [UIsl NPUHATHSA YNPABICHUECKUX pEIIeHUH Ha
MOJINTUYECKHUE;

2. TIpUMEHEHWE aJMUHUCTPATHBHBIX pbryaroB uist  BbigaBnuBaHus AO  «KoHuepH
Pocaneproatom» ¢ MeXayHapoIHBIX peIHKOB (Uexust, OUHISIHANA);

3. olmee ycuieHHe MOTUTHYECKON TOISIPU3AIIH B MUpE.

Cutyanus B TEXHOJIOTUYECKOH cdepe BBIMISIUT Hanboee yCcTOMYMBONH. JTO MOATBEP)KIAeTCS
CJIETyIOIIIMMHA OCHOBAHUSMU:

— IlonoxurenbHble (PaKTOPHI.

1. npumensemas AO «Konuepn Pocaneproarom» crpaterusi MoJiHOM MHTETpalMy MO3BOJISET
OCYILECTBIISATh KOHTPOJIb 32 BCEMHU 3TallaMu MPOU3BOjcTBa oOopynoBanus it ADC u reHepauuu
AJIEPHOM DIIEKTPOIHEPTUH;

2. HaJM4ue pecypcHOi 6a3bl 1isl SAEPHON SHEPIeTUKH;

3. co3maHWe W COXPAaHCHUS MPOPECCHOHAIBHBIX KOMIICTCHIIMA B ;007acTH  sIepHOU
DHEPreTHKHY;

4. BO3MOXHOCTb 3aMEHBI paHee UMITIOPTUPYEMBIX CIUIABOB (B T.U. M U3 YKpPauHBbI);

5. mepexoll Ha  OTEYECTBEHHOE IpOrpaMMHOEe  oOOecreueHHe, HCIOJb3yeMoe  JUis
GYHKIIMOHUPOBaHUS 0OBEKTOB SJEPHOI OTpaciu.

— HeraruHble (hakTOpHI:

1. ucnonw3zoBanue Ass pa3pabOTKU W Mpou3BojcTBAa 00opyaoBaHus aiasi ADC HUMIOPTHOTO
porpaMMHOro obecnieueHus (ABTOKaI U 1Ip.);

2. obmas nerpajganus cTaHKOCTpoeHUs: B P® okazama BIMsIHME W Ha 3aBHCHMOCTh Ha
IPOM3BOJICTBO 000PYIOBaHUS /7151 aTOMHOM SHEPreTUKU.
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ConuanbHble PUCKM PAacCCMOTPUM B acIEKTE HayyHOW nesATenbHOCTH. IIpeacraBum pucku B
JAHHOM CETMEHTE aHAIn3a:

1. orpanuueHue AOCTyIa K HAy4YHOU HH(POPMALIUY;

2. BO3MOXHBII OTTOK KaJIpOB, B TOM YHCJI€ U BBIIIYCKHUKOB BY30B (3TO KacaeTcs U CMEXHBIX
oTpaciei).

DOKOHOMHUYECKHE PHUCKH OIpe/iesieHbl MH(IAIMOHHBIMU IIpoleccaMu U JiecTabuiIu3anuen
BAJIIOTHOTO pbIHKA. B Poccun npasurensctBo 1 LIb CknoHAIOTCA K TOMY, 4TO B 3TOM roay B Poccuu
Oyzer cmaj NPUMEPHO Ha BOCEMb C IOJOBHHOW IPOLIEHTOB, IOTOMY YTO MHUPOBas 3KOHOMHKA
pa0oTtaeT, He()Th COXpaHsEeTCs Ha BBICOKMX IleHax, Poccus mpopoikaer ee mpojaBaTh, XOThb U C
HEKOTOPBIMH ITPpoOIeMaMu. DTO 3HAYUT, YTO BAIIOTA IIOCTYIAET B CTPaAHY.

VYnpasiieHuEe pUCKAMH B CTPATErMYECKOM IIEPCIIEKTUBE

Pemenuss mnonuTUYECKUX PHUCKOB, KpPOME YCTAHOBJIIEHMsSI KOHTPOJISI HAJ CTpaHAMU-
KOHTpareHTamu mnoka He HaOmopaercs. Ilpuyem, no onbity CIIA, MBI BUAMM OTKa3 OT MPSAMOIO
TEPPUTOPUATIBHOIO M  BOEHHOIO KOHTPOJS U HEPeXo] K KOHTPOJI IOJUTHYECKOMY,
SKOHOMHUYECKOMY U B MEPBYIO ouepeab (puHAHCOBOMY. B 3TOM acrnekTe Halia cTpaHa MpOUTrpPBIBAET
HaIIUM IIPOTUBHUKAM co BpeMeH yHuuToxkeHuss CCCP u counannucTuyeckoi cucTeMsl.

Jlnis mpeioTBpallleHus Bble3a KaJipoB 3a pyOex HeoOX0uMO:

1. BOCCTaHOBUTH MPAKTHUKY OOS3aTEIBHON OTPAOOTKM JUISI BBITYCKHUKOB, TOJXYYHBIINX
o0pa3oBaHMe 3a CUET CPEICTB (eiepaaIbHOro OKeTa;

2. OTKa3aTbCs OT CTUMYJIMPOBAHHUS TMONydeHHs paboThl 3a rpaHumed (mporpamma «J[Ba
JTUTIIIOMAY );

3. OrpaHUYHUTH JEATEILHOCTh PEKPYTHHIOBBIX areHTCTB.

JUid mpeononeHusl OCTaTOYHOM TEXHOJOTMYECKOM 3aBUCHUMOCTH B CMEXHBIX OTpacisiX, B
YaCTHOCTH B 00jacTu oOecrnedyeHHs OTEYECTBEHHBIM IPOrpaMMHBIM OOECHEYEHHEM HEOO0XOAMMO
BBITNIOJIHUTH BECh KOMIIJIEKC MHHOBALIMOHHBIX U TEXHOJIOIMYECKUX MEPOIPUATHUI:

1. pa3pabortark nporpaMMHO€E 0OecIIeUeHHEe

2. pa3paboTath W BHEIPUTH B IPOM3BOJCTBO MAIIMHOCTPOMUTEIbHOE O0OOPYAOBaHHE,
COIPSDKEHHOE C BBIIIEYKAa3aHHBIM ITPOrPaMMHBIM 00€CTICUeHHEM;

3. YCTpaHUTh OTCYTCTBHE U OTCTaBaHHE B IPOU3BO/ICTBE MPOMBILIUIEHHOT'O 000PY/JOBAHUS.

B Hacrosmee BpeMs pOCCHHCKHME MNPENIPHUATHSA, B TOM YHCIE€ W aTOMHOM OTpaciH,
MIPUAEP>KUBAIOTCS TOJITOCPOYHOM CTpaTeruy, HANpPaBICHHONW Ha PUCKOPHUEHTHPOBAHHOE pPa3BUTHE.
AHanu3 MeXIyHApOJIHOM NMPaKTUKU MOCIEAHMX JIET MOKa3bIBaeT, YTO YYeT pa3iNuHbIX (PaKTOpOB
pUCKa TIPOM3BOACTBEHHOM JEATENbHOCTH HMMEET BaXHOE 3HAUYEHUE JUII OSKOHOMMYECKOHN
YCTOWYMBOCTHU MPENNpUATH [2].

VY BenMuMBaOIKECcs MHBECTULIUN B MAIIMHOCTPOEHHE 3a MOCIETHUE TOJbl CBUIETENBCTBYIOT O
nepexo/ie akoHoMuku Poccuu k nmepruoay uMmrnoprozamenieHus [3].

ITooGHBIE MTPOIIECCHI IO MEXKYHAPOJAHOMY OINBITY UMEIOT AJTUTEIbHYIO TPOAOKUTETLHOCTD,
U J0 TOTO MOMEHTa, KOI/la OTEUECTBEHHOE MAIIMHOCTPOEHHUE COBMECTHO C HAyYHO-TEXHUYECKUM
CEeKTOPOM HAI[MOHAJILHOW SKOHOMHUKU CMOXKET NPEAOCTaBUTh KOHKYPEHTOCHOCOOHYIO 3aMEHY
MMIIOPTHBIM aHajoram B cepe TEXHOJIOTMUECKUX MallluH, 000pYI0BaHUs, CUCTEM U KOMIUIEKTHBIX
MIPOU3BOJICTB, MOXKET MPOWUTH Topaszo OONBIIMIA MPOMEXKYTOK BPEMEHH, YeM KOTOPBIM IMpomien ¢
Hayaja rnepexoja HallMOHAJIbHON 3KOHOMHUKH K MEPUOAY UMIIOPTO3aMEIEHUS.

IIpy mnpaBUIBHOW OIIGHKE PHUCKOB CTUMYJHUpPYETCS BBIOOD HOBBIX HKOHOMHYHBIX,
TEXHOJIOTHYECKHX MPOLIECCOB U MPOAYKTOB, oouipstores noctrwxenus HTII B obnactu ynpaieHus
pHUCKaMM; OSIBIIsIETCS (PUHAHCOBBIA UCTOYHUK aMOPTU3ALIMOHHBIX MOCTYIUIEHUH [4].

AHanu3 BHEIIHETO CHCTEMAaTUYECKOI0 BO3JIEHCTBHS NMPOMBIIIJIEHHBIX Npeanpusatuid Poccun, a
TaK)KE€ JEATEIBHOCTH 10 €€ MHWHMMM3AlMM IOKa3blBAE€T, YTO B LEJIOM IPEANPHUATHS OCO3HAIOT
BaYKHOCTb MEPOIPUATHIH MO YIIPABJIEHUIO TPOU3BOJCTBEHHBIMU PUCKAMH.

B nenom, pe3toMupyst aHaIUTUYECKHE JTaHHBIE, MOXKHO yYTBEPXKIaTh, YTO INI00ATHCTUYECKUE U
nubepanbHble TIOX0bl, TPUMEHSIEMbIE /111 OPraHU3aI[MH SKOHOMHUKHU CTPAHBI, SIBISIFOTCS B KOPHE HE
BEpPHbIMH. MBI SIBIsIEMCS CBUJAETENSMH, YTO HUKAKOTO CBOOOJHOIO phIHKA C OOBEKTHBHBIMH MU
3¢ (HEeKTUBHBIMU MEXaHHW3MaMM II€HOOOPa30BaHMUS HE CYIIECTBYET, IPABOBBIX HOPM, KOTOpbBIE
00s13aTeNIbHBI K UCTIOJIHEHUIO — TAK)KE HeT.
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Current Issues of Nuclear Industry Risk Management in Modern Conditions

Khukhlaev D.G.%, Dovbysh V.E.?

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhI», Lenin St.,
73/94, Volgodonsk, Rostov region, Russia, 347360
e-mail: omega356@yandex.ru
2g-mail: VEDovbysh@mephi.ru

Abstract — The article is devoted to the issues of building an effective balanced strategy for the
development of the nuclear industry in conditions of maximizing the sanctions pressure on Russia. Within
the framework of the study, the range of risks within the framework of PEST analysis was determined, and
a list of possible measures to manage the identified risks was determined.

Key words: strategic risk analysis of the nuclear industry, PEST risk analysis of the nuclear industry, risk
management under sanctions, economic policy of corporations and the state.

V/IK 378.4 :316.65

K BOIIPOCY CHUKEHUS HAYYHO-UCCJIEJOBATEJBCKOM
MOTHUBAIIMU CTYJEHTOB BBICHIEHA IIIKOJIBI B
NOCTHAHJAEMUMMHBIN MEPHUO /]

Aramnosa C.II., JIookoBckas H.U.

Boneooownckuit unoiceneprno-mexnuueckuii uncmumym — gunuan Hayuonanvruoeo ucciedosamenbcko2o s0epHo2o
yrusepcumema « MUD®Hy, 2. Boreooonck, Pocmosckas obn., Poccust

HccnenyroTcss TpUYMHBI  CHIDKEHHS HAYYHO-HMCCIIEIOBATENbCKOM MOTHMBAIMM W HWHUIIMATHBHOCTH
CTYICHYECKOH MOJIOAEKH B CBA3M C IEPEXOJOM K CMEMIeHHOH ¢opme oOydeHHs B TOAbl HaHIECMHH
KOpOHaBHpYyca M BBICOKOM MHEPIIMEN BOCCTAHOBJICHHS aKaJIeMHUYE€CKOM aKTUBHOCTH B MOCTHAHIAEMUNUHBIN
nepuoi. BrlABlIeHa HEYCTOMYMBOCTh HAyYHO-HCCIIENOBATEIBCKOIO MHTEpPECa CTYAEHTOB B CBS3U C
(hopmanmzarmeii Bcero akajaeMHIecKoro Mporecca B peKUMe AUCTaHIIMOHHOTO 00yUeHHs IIPH COXPaHEHUN
MOHUMAaHHS NOBBIIIEHHOHN CI0XHOCTH U TPYJOEMKOCTH Hay4YHO-UCCIIEA0BATENbCKON AEATEIBHOCTH.

Kniouesvie cnosa: HAYy4YHO-UCCJICAOBATCIIbCKAsA MOTUBALMS, CTY ACHTBI BBICIIICH IIKOJIbI, HOCTHaHHeMHﬁHHﬁ
nepuon, I/IHHOBaHI/IOHHHﬁ noTeHIraln, AMCTaHIIMOHHAaA (l)opMa 06y‘lCHI/I${.

[TporpeccuBHOE mpeoOpa3zoBaHUE POCCHICKONW SKOHOMHKH U OOIIecTBa B IEJIOM, Tpedyer
YCKOpeHHOTO (opMuUpoBaHUS MH(POPMAIMOHHOTO OOIIECTBAa, OCHOBAaHHOTO Ha BBICOKOM YpPOBHE

93


https://www.elibrary.ru/contents.asp?id=34052839
https://www.elibrary.ru/item.asp?id=27399773&selid=27399825
https://www.elibrary.ru/item.asp?id=27399773&selid=27399825
https://www.elibrary.ru/publisher_about.asp?pubsid=11078
https://www.elibrary.ru/publisher_about.asp?pubsid=11078
https://www.elibrary.ru/item.asp?id=41754855&selid=41754864

o0Opa3oBaHMs, KPEaTUBHOCTH TOJIXOA0B, MHHOBAIIMOHHOCTH M MOOMIBHOCTH BO BCEX OTPACIAX
SKOHOMUKH M cdepax AeSITeIbHOCTH. B COBPEMEHHBIX POCCHMCKHX YCIOBUAX MMOJTUTHYECKON U
UJICOJIOTMYECKON HaIpsKEHHOCTH CTaja OYEBHIHA BaXXHOCTh HAYYHO-TEXHUYECKOW aBTOHOMHOCTHU
rocynapcta. s TOCTHKEHHST HEOOXOIMMOIO YPOBHS CaMOCTOSATEIBHOCTH KJIIOUEBOE 3HAUCHHUE
MMEET MHHOBAIIMOHHBIA MOTEHIMAT CTYJEHYECKON MOJIOAEKH, O YEM, B YAaCTHOCTH, TOBOPUTCS B
Vkaze [Ipesunenta Poccuiickoit @eneparuu B.B. ITytuna ot 25.04.2022 Ne 231 «O06 00BsBIECHNH B
Poccwuiickoit @enepannu JlecatuneTrs HayKu U TeXHOIOrHid» [1].

dopMHUpOBaHHE U PA3BUTHE WHHOBAIIMOHHOTO MOTEHIMANA CTYJIEHUYECKON Mosoaexku Poccumn
JOJDKHO CTaTh 0a3vcoM MOJMOOHBIX TpaHchopmaruid. B cBA3M ¢ 3TUM IpeIMeToM MPUCTaTIBLHOTO
BHUMaHUs U HenocpenacTBeHHOro ydactus [IIIC BeIcUX M CpeqHUX Y4eOHBIX 3aBEJACHUN TOJIKHO
OBITh MaKCUMaJIbHOE BOBJICUCHUE, CTUMYJIUPOBaHUE U (DOPMUPOBAHUE MOTHUBAIIMH OO0YUYaIOIIHUXCS K
AKTUBU3ALIMH UX HAYYHO-UCCIIEI0BATEIHCKON e TEIbHOCTH.

AKTUBHOCTH YyYacTHsl MOJIOJICKH B IIpolieccax OOIIECTBEHHOW TpaHCHOpMAIMKM 3aBHUCHUT HE
TOJNILKO OT YpPOBHS OOpa30BaHUs, CTENEHU MOOWUIBHOCTH, LEJeH, J>KU3HCHHOW TMO3UIUU U
COIIMAIBHBIX OPHUEHTHUPOB (Oa3HCHBIX YCIIOBHI), HO M OT BHEIIHHX (DAKTOPOB — BO3MOKHOCTEH
MIPAKTUIECKON pealTi3alii U BOCTPEOOBAHHOCTH MX WHHOBAIIMOHHOTO IMOTCHIIMAJIA, SKOHOMUYECKON
U TOJUTHYECKON cTabuinbHOCTH B olmiectBe U ap. llocTymarenbHoe cCOLMamIbHO-3KOHOMHUYECKOE
pa3BHTHE CBSI3aHO C HOBATOPCTBOM, ITOMCKOM HETPAJIUIIMOHHBIX CIIOCOOOB pEHICHUS MPOOIieM,
MOOWJIBHOCTBIO W HWHHUIIMATUBHOCTBIO, CMEJIOCTHIO W TapaJOKCAIbHOCTHIO MBIINUICHUS, YTO B
OOJbIICH CTETIEHW CBOWCTBEHHO MOJIOJICKH B CHIIy MX CBOOOJBI OT KOHCEpBATM3Ma U HM3JIUIIHEH
palMoOHAIBHOCTH.

CpaBHHTEINIBHBIE PE3YJIbTAThl U3YUECHUSI HAYYHO-UCCIEA0BATEIILCKON aKTUBHOCTH CTYJIEHTOB B
nonannemuiinbii nepuos 2018-2019 rr. [2] u noctnanaemuiinbii nepuon 2021-nau.2022 rr.
npeacTaBiIeHbl Ha pucyHKax 1-3. B BeiOopky Britouensl cryaentst BUTU HUAY MU®U ¢ 1 o 5
Kypc ouHON ¢opMbl 00ydyenuss B konuuectBe 183 uenoBek. PenpeseHTaTMBHOCTH obecredeHa
MIPOMOPIIMOHAIIEHBEIM OTOOPOM PECIIOHICHTOB TI0 HAIIPABICHUSM U KypcaMm.

a
200 o
1
ckopee Her Ckopee n1a
na
CKopee Ckopee HET

.2018-2019 rr.
a) Hay T 6) 2021-pa4.2022 rT.

Pucynox 1 — [IpuHATHE CTYACHTAMH CTPATETHIECKON BAXKHOCTH HAYYHO-TEXHUIECKHUX HCCIICIOBAHUI; pa3padoToK,
JOCTHIKCHUM; Yell.
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80—\ 50 \\

60 \ 63 40 \
\ 30 \
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0 T T T 1 0 T T T 1
Ja  CKOpee a CKopee HeT Hda  Ckxopee na Ckopee Her
HET HeT
a) 2018-1a4.2019 rT. 6) 2021-1a92022 rT.

Pucynok 2 — HamepeHne cTy1eHTOB 3aHIMAaThCSI HAyIHO-UCCIIEI0BATEIbCKOHN 1S TEIFHOCTRIO; Yell.
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PucvHok 3 — YyacTre CTYICHTOB B HAVYHO-HCCIEIOBATEIbCKUX MPOEKTAX; Uell.

BoinykeHbl OTMETUTh OOHAapy)XEHHOE MpoTHBOpeure: Ha (oHe adCONIOTHOrO MPUHATHUSA
CTPaTErMueCKOi Ba)KHOCTH HAYYHO-TEXHUYECKUX JOCTHIKEHHUI, BO BTOPOW BOJHE HCCIICIOBAHUS
CTYJCHTBI IEMOHCTPHUPYIOT YBEIMUEHUE HAYYHO-HCCIIEI0BATEIbCKOW aKTUBHOCTU 4Ye€pe3 ydacTHe B
COOTBETCTBYIOIIUX IMPOCKTaX U OJTHOBPEMEHHO CHI)KEHHE MOTHBAIIMU K HAYYHO-HCCIICIOBATEIIbCKON
NesTeNbHOCTH. Takasi CUTyalus HYKIAeTCsl B JOMOJIHUTEIbHOM H3YYEHHH, TaK KaK THUIOTE3bl 00
YYaCTHUU «Uepe3 CHITy» HE MpeaycMaTpuBaiioch. OTHAKO Cpey OrPaHUIHBAIOIINX TPUYUH CTYICHTHI
OTMETHUJIH CIEAYIOIIEE:

1. HexBaTka BpeMeHHU:

- 3arpy’keHHOCTb B ydeOe: OOJjbllle BCEro BpEeMEHH OOydarolluecs TpaTAT Ha IMOCEIIeHHe
3aHSTUNA B HUHCTUTYTE (110 48 4. B IECTUIHEBHYIO HEMIEIIO);

- 00JIBIIOM 00BeM JoMaIIHuX 3aganuii (16-19 u. a Hexemnro);

- caMmo00pa3oBaHue, OHJIAWH-KYpCHI (7-9 4. a Heneno);

- o0mIecTBeHHAs AeATEIBHOCTD (2-3 4. a Helleto).

2. He BumsT u1st ce0s IEHHOCTH HAYYHO-MCCIIEIOBATEIBCKOM IEATEIbHOCTH:

- COMHEBAIOTCS, CTOMT JM TPAaTUTh BpeMs Ha MEpOMNPUATHSA, KOTOpbIE HE MOOIIPSIOTCS
KeJIaeMbIMH HarpaaMu;

- HET YBEPEHHOCTH, UTO MOJTYYECHHBIE HABBIKH MOTYT MPUTOTUTHCS.

3. [TyraeT BBICOKAs CIIOKHOCTh U TPYIOEMKOCTh Hay9YHO-HCCIIEIOBATEIIHCKUX MTPOCKTOB.

4. [TpoOneMaTuYHOCTh MPAKTHUECKON peatn3au pa3paboTaHHBIX TEM.

Wtak, CHWKEHHWE WHTEepeca K YYacTHI0 B HAYYHO-UCCIICOBATEIBCKON JIEATEIBHOCTH,
WHUIMATUBHOCTH CTYJIEHTOB B MOCTIAHAEMHUIHBIA TMEPUOJ MPOSBISAETCS B POCTE MACCUBHOCTH,
HEXEIIAHUW peIIaTh CIIOKHBIC 3a/a4yd, TPEOYIONMe 3HAYUTEIBHBIX BPEMCHHBIX 3aTpar W
YMCTBEHHbIX ycwimidi. Takas cuTyanus, Ha Hall B3IJIA[, CIPOBOIMPOBAHA COKpAIICHUEM
MTOJTHOTICHHBIX KOHTAKTOB TpEIrojaBaTelicd, CTYyJIEHTOB U paboTojaTesieil B TEUECHUE JOCTATOYHO
JUTUTEIHHOTO MepHoJa, 3aMEIICHUEeM aKaJeMUYeCKOW aKTHBHOCTH (IMCKYCCHH, TPYIIOBBIE (POPMBI
BBIPA0OTKH pEIICHUH MPOOJEMHBIX CHUTyallMid W T.I.) B XOJAE OYHBIX 3aHSATHH BO3MOXHOCTBIO
MPUCOSANHUTHCS K MHEHHIO JPYTHX, MCUXO()U3UOJOTHYECKUMH TpoOieMaMu TMepexoja U3
JTUCTAaHIIMOHHOTO (popmara OOyYEeHHS B OYHBIH, COKpAIlEHHEM BO3MOXKHOCTCH JIEMOHCTpAIlUH H
peanu3ainuu CBOUX MPOEKTOB.

B xagectBe Mep, CIOCOOCTBYIOIIMX YCHJICHHIO MOTHBAIMA M PACKPBITHS WHHOBAIMOHHOTO
MOTEHIIMAaja CTYICHTOB Tpeiaracm:

1. CtuMyMpOBaHHE TBOPYECKOW AKTHBHOCTH B XOJI€ PEIICHUS KEWCOB M HWHIUBUIYATHHBIX
MIPOEKTOB B PaMKaX YUTAEMbIX TUCITUILIAH

2. Bo300HOBIIEHNE MPAKTUKH CTAXHPOBOK TIpEIojaBareed Ha BeAyIIUe NPEANPUITHS C
[[eTbl0 OOMEHAa OMNBITOM M aKTyaJlU3allid HampaBlICHUN HAyYHO-HCCIEI0BATENbCKOW pPaOOThHI
CTYJICHTOB.

3. IlpuBneueHune cTyACHTOB K pa3paboTKe peaTbHBIX MPOEKTOB Pa3BUTH 00HEKTOB TOPOICKOM
HHOPACTPYKTYPHI U YUACTHE B HX TPAKTHYSCKOHN peali3aIliH.
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To the Question of Reducing the Research Motivation of Higher School Students in the
Post-Pandemic Period
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Abstract — The reasons for the decline in research motivation and initiative of students in connection with
the transition to a blended form of education during the coronavirus pandemic and the high inertia of the
restoration of academic activity in the post-pandemic period are investigated. The instability of students'
research interest is revealed in connection with the formalization of the entire academic process in the
distance learning mode, while maintaining an understanding of the increased complexity and laboriousness
of research activities.

Key words: research motivation, higher school students, post-pandemic period, innovation potential,
distance learning.
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CEKIIHSA

MN3I'OTOBJEHHUE U PEMOHT OBOPYAOBAHUSA A3C

VIK 621.311:620.179.13

PASBPABOTKA METOAUYECKOI'O 1 IPOI'PAMMHOI'O
OBECIHEYEHUMS CUCTEMBI TEIIVIOBU3UMOHHOT'O KOHTPOJIA
OBOPYAOBAHUA AIC

Aounosa E.A., Bopoonés E.B., Ilyrauésa O.10., IIpbiTkoBa [I.A., YepHos A.B.

Boneooownckuil unsicenepno-mexnuueckuii uHCMumym — QUAUAL UCCIe008aMENbCKO20 I0EPHO20 YHUGEPCUMEemd
«MU®DHUy, 2. Borcooownck, Pocmosckas obn., Poccus

PabGora MOCBAIICHA MNPOMEXKYTOUYHBIM pPE3YJbTaTaM CO3JaHusd CUCTCMbI TCIJIOBU3MOHHOI'O KOHTPOJIA,
KOTOpasi 00SCIICYUT CHIDKEHHE TPYIOSMKOCTH (POPMHUPOBAHUS JOKYMEHTALUH 110 pe3ylbTaTaM KOHTPOJISL
000OpyIOBaHUA C BKIIOYCHHEM B HHUX Bcell HeoOXxonmumol nHpopmanmu. ONUCHIBAIOTCS OCOOCHHOCTH
METOJIOB NPOTHO3UPOBAHMS TEXHHYECKOTO COCTOSHHS DIICKTPOTEXHHMYECKOTO M TEIUIOMEXaHUYECKOTO
obopynoBanus. IlpencraBieHsl HEOOXOAMMBIE KPHTEPUH M METOIbI aHAIM3a TEMIEPaTypHBIX IONEH ¢
OLICHKOW TEIUIOBOTO COCTOSIHHS WM MOHHTOPHHIA TEXHHYECKOTO COCTOSHHS OSJNEKTPOTEXHHYECKOTO H
TEII00OMEHHOT0 000PYIOBAaHUSL.

Kniouesvie cnosa: TENNOBU3NOHHBIA KOHTPOJb, TUATHOCTHKA OOOpYAOBaHMs, 3allopHas apMmarypa, 0asa
JAaHHBIX, IPOTHO3UPOBAHUE.

[Ipoekt HMUM AtomHoro Ouepreruueckoro mamuHoctpoenuss BUTU HUAY MUDOU
HalpaBJIeHHa pa3pabOTKy KOMILJIEKCHOM aBTOMAaTU3MPOBAHHOW CHCTEMbl XpaHEHUS M aHaIHW3a
pe3yabTaToOB Tem1oBU3MOHHOTO KOHTpois obopyaoBanus (KAC TBK). KAC TBK npennasnaueHo B
MEePBYIO ouepeab sl TuarHocTuKu obopynoBanus ADC, HO MOXKET OBITh UCIIOJIB30BAHO HA JPYTHUX
npousBojcTBax. K HacrosmeMy BpeMEHM B paMKax JOroBOpa C YacTHBIM yupexnaeHueM «Hayka u
WMHHOBAIIMW» BBINOJIHEHBI IEPBbI U BTOpo# 3Tarsl [1].

KAC TBK pa6otaer ¢ Tepmorpadpu4eckiMu CHUIMKaMH, IOJTY4YEHHBIMU € TIOMOIIbI0 TPUOOPOB
TEIJIOBU3MOHHOTO KOHTPOJIS pa3inuyHbIX TUNOB. Tepmorpammsl MoryT ObITh niepeaansl B KAC TBK
KaK HEMOCPEJICTBEHHO € TEIUIOBU30pa, TaK U U3 yaaneHHoro ceresoro xpanwmiia. KAC TBK npu
perucTpalM  TEPMOrpaMM  H3BJIE€KaeT M3 HUX TepMorpauyeckyro HHQOpMAIHMIO C
COITYTCTBYIOIMMH JIaHHBIMH (YCJIOBHSMU TEIUIOBU3MOHHOW CBHEMKHM M IapaMeTpaMH HaCTPOEK
TEIUIOBU3MOHHOTO TIpubopa) M coxpaHseT B CBOeW BHyTpeHHeHW Oaze naHHbIX [2]. B mpormecce
perucTpanyy JaHHBIX OOECIEeYMBAETCS BHM3yalM3allds Ipolecca TEMJIOBU3MOHHOIO KOHTPOIS U
BO3MOXXHOCTh KOPPEKTUPOBKHU JaHHBIX B Cilydae HeoOXoaumocTH. llpyu Hamumuuu TOMOTHUTETHHOU
uHpopmanuu o6 obcieoBaHuH, onepaTop f1o0asiseT ee BpyuHyto B 6azy KAC TBK.

g paspabotku Meronuyeckoro obecnedenuss KAC TBK ucnonbs3oBaH ombIT pa3paboTKu
IIEPEHOCHOTO MPOrPaMMHO-TEXHUYECKOT0 KOMILIEKCA JUAarHOCTUPOBAHUS AU3eNb-reHepaTopoB ADC
[3, 4]. Kommureke 3amau KAC TBK moxHO pa3genuts Ha msath rpymi: «KypHan o0OcienoBaHuii,
«HoBoe obcnenoBanue», «O6opynoBanue», «Cpeacra kKoHTposst», «CepBuc». IIpumep skpanHON
dbopMmbl 115 peanuzaiuu 3a1aun «HoBoe obcnenoBanuey npeacTaBieH Ha pUCYHKe 1.

B mnacrosmee Bpems pesynbratel TBK Xpassrcs coTpyaHMKamMu OTJelNa TEXHUYECKOU
JMarHOCTHKH pa3po3HEHHO M 00palaThIBalOTCS BPYUHYIO MpakTU4YecKu Oe3 ydera HMCTOpUU
JIMAarHOCTHUPOBaHUsA, Oe3 ydera pe3ylbTaToB, IOJNYyYEHHBIX JApYyruMu Mmerogamu. C  Lenbio
MOBBILIEHUS Ka4eCTBA JUArHOCTUPOBAHUS PEaTH30BaHbl CIEAYIOIINE TTOIXObI:

1. ABTOMaTHU3MPOBAHO OINpENENIeHNEe KOHTPOJIUPYEMbIX 00JIacTell Ha OCHOBE COIOCTABJICHUS
BHJIUMOTO M300pakKeHUsI 00BbEKTa (IMOTYUYEHHOTO TEINIOBU30POM BO BPEMsS ChEMKH) C XPAHSIIHUMCS
ATAJIOHOM M300paKEHUS 3TOTO OOHEKTA.

2. Pazpaborana Mojenb Al OLIEHKM Iepenaja TeMIIEpaTyp, BO3HUKAIOLIETO MPU HAIWYUU
IIPOTEYKHU ¥ BEIMYMHBI IPOTEUKH. MOKHO COIIOCTaBUTH IIEPETa] TEMIIEPATYp ¢ pazMepoM Teuu. [Ipu
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ATOM IYTEM 33/IaHUs TAPAaMETPOB Y3JI0B YUHUTHIBAIOTCS OCHOBHBIEC CBOWCTBA Cpe/Ibl M KOH(pUTrypauus
AHAIM3UPYEMOTO y4acTKa TPyOOIpoBOa C FepMETU3UPYIOIIUM JIIEMEHTOM.

3. HUccnenoBano moctpoeHue rucrorpamMm temmnepatyp. Ilpomecc 3axmrouaercs B BBIOOpE
00JacTl KOHTPOJISi, COOTHECEHUU €€ C COOTBETCTBYIOIIMM KOHCTPYKTHUBHBIM 3JIEMEHTOM OOBEKTa
JUArHOCTUPOBAHUS, IIOCTPOEHWM TUCTOTPaMMbl €  33JaHHBIM  IHArOM  JIUCKpPETH3aluu
TEMIIEpaTypPHbIX 3HAYCHUM.

4. Pa3zpaboTaH mporpaMMHBIH MOJYJIb Ha OCHOBE HEMPOCETEBOIO aHAJIN3a TePMOTpapuuecKux
n300paxKeHHi, KOTOPBIi 0OecreynBaeT aBTOMAaTUYECKOE PaclioO3HAaBaHUE HETePMETHYHOM apMaTyphl.
CKOMIUIEKTOBaHbI IOKYMEHTHI 17151 oopmitenust P1/I.

5. Peann3oBaHO NPOrHO3MPOBAHHME TEMIIEPATYpPHBIX MAPAMETPOB METOAOM JKCTPAIOJISIHUN
TpeHa.

6. OnmpoOoBaHa METOJMKA aHAlM3a PACHIMPECHHBIX pe3ynbTaToB TBK MeTromom riiaBHBIX
KOMIIOHEHT.

OBCJIE/IOBAHUE | OBOPYJIOBAHUE | CEPBHUC | BBIXOJL |

HOBOE OBCJENOBAHHE: AHAJIH3 JAHHBIX
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PE3VJIBTAT OBCJIEAOBAHHS

B coorsercraii ¢ MY1.2.1.16.1137-2016 «Ten10BHIIOHIOE HAHOCTHPOBANIE TENAOMEXAHIUECKOro 05OPYAODIHIN ATOMHBIX
Jlo apmatypu Tmax= 71.8°C »aexTpiueckix cramuiil. Metomnuec A3AHISM: KPIETEPHEN TEPMETHUIOCTI APMATYPhI B JATBOPE NBANETCH HATHUILE
TEMNEPATYPHOTO NEPENana MeAY TeMNepaTypofl BLITYCKHO# SacTH apMATyph # Brycknofl >3 °C,

TOUKA
KOHTPOJIA 1

TOYKA
KOHTPOJIS 2

TOYKA .
KOHTPOJIS 3 3

jocae apma b [ max= .9°C
Tocasspuarypss WL 0.9 ApMaTypa repMeTima.

TOYUKA

KOHTPOJIS 4 Tmax=

TOYKA

KOHTPOJISA S Tmax=

TOYKA

KOHTPOJIS 6 Tmax=

COXPAHHTH MMPOCMOTP
PE3VJIbTATDI ITPOTOKOJIA

TOYUKA

KOHTPOJISI 7 Tmax=

1

Pucynok 1 — Okpannas ¢popma komruiekca 3a1ad «HoBoe obcaenoBanme — AHAIH3 JaHHBIX)

OCHOBHBIM NPEUMYIIECTBOM Pa3padOTKH SBISETCS BOZMOKHOCTh MOBBIIIEHUS ko3 duirenTta
MCIIOJIb30BAaHUsI MOIIIHOCTH 3a CUET COKpAIlEHUs BHEIUIAHOBBIX IpocToeB ADC B CBSI3U C OTKa3aMu
o0opynoBanusa. HemanoBaxHbIM (PakTOpoM SIBISIETCA TOJOXKHUTENbHAs IpaKTHKa IO CHCTEME
WANO, nockonsky KAC TBK namnpasnena Ha nossienue 6esonacnoctu ADC.

CIINCOK JIMTEPATVYPBI

1. Pa3paboTka aBTOMaTH3UPOBAHHOM CHCTEMBI XpaHEHHUS U 00PaOOTKH pe3yIbTaTOB TEIUIOBU3MOHHOTO KOHTPOJIT
obopynosaaus ADC. Ab6umoBa E.A., Bopo6séB E.B., KamammukoB M.B., IlpeitkoBa [I.A. Hayka wu
WHHOBaIlMK B coBpeMeHHOM wMmupe: COopHuK Hayusbix ctaredl. Y. IX. Hayunsrii pen. xaHm.¢uioiH.
E.H. Myparosa. — M.: U3natenbctBo «Ilepo», 2021. — 62-65 c.

2. KoHuenumsi co3gaHusi KOMIUIGKCHOM aBTOMAaTH3MPOBAaHHOMW CHCTEMbl TEIUIOBU3HMOHHOTO — KOHTPOJIS.
J.B. llIBen, E.A. A6unosa, M.B. Kanamaukos, I1.B. [ToBapos. // [mobanbsHas saepHas 6e3onacHocTs, 2022. -
Ne 1 (42). — 60-66 c.
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3. AobumoBa E.A., Ilyrauésa O.I0., ComoséB B.M. Pesymsrarel muarmoctupoBanus mgusemst 15]1-100
TIOCPEJICTBOM BHOPOAKyCTHUECKOTO MOHHTOPHHTA W TCIUIOBU3HOHHOTO KOHTpous // Be3omacHOCTh smepHO#M
SHEPreTUKN [DNEKTPOHHBIA pecypc] : Te3. moxi. XI MexayHap. Hayd.-npakT. kKoH}., 27-29 mas 2015 r. /
BUTU HUAY MUDU [u nmp.]. — Bonromonck: [b. u.], 2015. — 1 amektpos. onr. auck (CD).

4. Aouposa E.A., Ilyragea O.1O., ConoBséB u ap. J{narHocTHpOBaHHUE IH3ENb-TEHEPATOPHOTO 000PYIOBAHUA
ADC mo pe3yibpraTaM BUOPOKOHTPOJISI U TerioMeTpun // Be30macHOCTh sepHO SHEPreTHKY [ DIEeKTPOHHBIN
pecypc] : Te3. moki. XII Mexnynap. Hay4.-npakT. KoH®., 1-3 ntonst 2016 r. / BUTU HUAY MUDU [u np.]. —
Bonrononck: [b. u.], 2016. — 1 snextpoHn. ont. auck (CD).

Development of Methodological and Software for the Thermal Vision Control System of NPP
Equipment

Abidova E.A., Vorobyov E.V., Pugacheva O.Yu., Prytkova D.A., Chernov A.V.

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhI», Lenin St.,
73/94, Volgodonsk, Rostov region, Russia, 347360
e-mail: nii_energomash@mail.ru

Abstract — The area of research is the operation of electric pipeline valves at nuclear power plants of
Rosenergoatom Concern JSC. The main measurement methods for implementation in the developed
portable complex are selected. To assess the applicability of the direct method for measuring the ESA
torque, a scheme of an experimental stand was developed. A valve drive model is proposed, which allows
simulating various deviations in its operation and performing actions in order to correct these deviations.
For the first time, processes were simulated during tightening of reinforcement, ensuring its tightness.

Key words: thermal imaging control, equipment diagnostics, valves, database, forecasting.

VIK 621.941.1

TEXHOJIOI'USI MEXAHUUYECKOMN OBPABOTKHU TPYBLI CE U
JETAJIEA, BXOJSIIUX B CEOPKY, B YCJIOBUSIX ®UTUAJIA
AO «<ADM-TEXHOJIOI'MN» <KATOMMALID»

Araaaxkos H.B., ®enoroB A.I'.

Bonzooonckuil unsicenepno-mexHuyeckull UHCmumym — QuUanan uccied08amenbCko20 s10epHo20 yHugepcumema
«MHUDHy, o. Boreooonck, Pocmosckas oba., Poccus

Mexannueckass 0o0pabOTKa SBISETCS OJHUM W3 OCHOBHBIX CIIOCOOOB M3TOTOBJICHHS OOJIBITUHCTBA
MEXaHW3MOB M JeTajieil K HUM. biaromaps MeTammopexymuMm MeToiaM OOpabOoTKH MOXKHO TOJIYYHUTh
Ka4eCTBEHHBIE, TOUHBIC U3CIHUS JIF000T0 MpOoQIIs U pa3MepoB. B TsHKeIoM aTOMHOM MalIHHOCTPOCHHH
MEeXaHU4YecKash 00paboTKka MMeeT HauOOJbIIee 3HAYCHHUE B M3TOTOBJIICHUM H3JICIIUH, TAKUX, KaK KOPITYC
peakTopa, BHYTPHUKOPIYCHBIC YCTpPOWCTBa, MaporeHeparop M Apyrue. B maHHOM Jnokiage OyneT
paccMOTpeHO Ha3HaueHHe COOpOodYHOW eauHUIBl «TpyOa», aHATU3 TEXHOJOTHYHOCTH, CYNICCTBYFOIIUX
TEXHOJIOTUYECKUH TMPOIeCcC, BHIOOP 3aroTOBKH, METOJBI OOpa0OTKH pacueT PEKUMOB PE3aHUs, a TaKKe
Ha3HaueHWe 0a3, COCTaBJICHUSA MapIIPYTHO-TEXHOJIOTMYECKOTO IIPOIECCa, BHIOOP TEXHOJIOTHYECKOTO
000pyI0BaHHS U Pa3pabOTKa MPUCTIOCOOICHUSI.

Kniouegvle cnosa: TsHKENOE MAIIMHOCTPOCHHE, TEXHOJOTHMUYECKHUN IPOIECC, aHAIN3 TEXHOJOTUIHOCTH,
peXUMBI pe3aHusi, MexaHudeckas o00paboTka, CTaHKH, WPHUCIOCOOJICHWE, WHCTPYMEHT, JeTab,
TEXHOJIOTHYECKast OCHACTKA.

Tpyba — cOopouHasi eguHuUIA, cocTosmIasi W3 TPyObl M XBOCTOBUKA, JlaHHOe wu3menue

npegHasHaueHo I (puKcau BeIropoku B 11axTe BHYTPUKOPITYCHOM Kopiyca peaktopa. Jleranb
BXOJHT B cOoCTaB m3aenus Beiropoaku. ['abaputHbie pasmepsl TpyObl — MuiuHA MIWIbka 4440 MM,
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muametp 125 mm. Uspenue BoinonHeHo u3 ctanu 08X18HIOT kOHCTPYKIMOHHOM JETMpPOBaHHOM,
KOPPO3HUOHHOCTOMKOM, )KapOCTOMKON ayCTEHUTHOU TPYTIIbI.
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Pucynok 1 — U3genune «Tpy6ay»

AnHann3 TeXHOJIOTUYHOCTH KOHCTPYKIHWU ACTAIU

TexHOJOrHYHOCTh — 3TO COBOKYITHOCTb CBOICTB KOHCTPYKIHMU HU3ACTIUA, MNPOABISACMBIX B
BO3MOJXHOCTHU OINTUMHU3AIMHU 3aTPaAT Tpyad, CPECACTB, MATCPUAIIOB U BPEMCHU TIpHU TEXHOJIOTHYECKON
MMOATrOTOBKE MPOU3BOJACTBA, H3TOTOBJICHUA, OKCILNIyaTallukh W PEMOHTC IO CpPaBHCHUIO C
COOTBCTCTBYIOIIIMMU ITIOKA3aTCIIsIMU OOHOTHUIIHBIX KOHCTPYKI_II/II\/’I I/I3,Z[6J'II/II‘/’I TOro >X€ HaMMCHOBaHUsA
npu obecreyeHnun YCTaHOBJICHHBIX 3HAUCHUU IIOKa3aTelieil KadecTBa B INPHUHATBIX YCIIOBUAX
H3TOTOBJICHUA, SKCILIyaTallUl U PEMOHTA.

Tabsmua 1 — TeXHOJIOrHYHOCTh KOHCTpYKIMH faetanu « Tpyoay

Ne TpeOoBaHus TEXHOJIOTMYHOCTH XapakTepucTUKa TEXHOJIOTHUHOCTH
1 JeTtanp DOIDKHA U3TOTaBIUBATHCS U3 KoHcTpykuus nerany TeXHOJIOTHYHA, T.K. B Ka4eCcTBE
CTaHJAPTHBIX 3aTOTOBOK 3ar0TOBKH MCIOJIB3YETCs TPYOHBII MpoKaT
2 KoncTpykuus geranu 1oKHa 00eCTIeINBaTh KoncTpykuus neranu TEXHOJIOTHYHA, T.K.
JOCTYITHOCTH 00pabOTKH ee MOBEPXHOCTH MTOBEPXHOCTH JIOCTYTIHHI 11 00pabOTKHM HA CTaHKaX
3 KoHcTpykuus netanu BO3MOKHOCTB JIOJIKHA KoHcTpyKkuus nerany TEXHOJIOTHYHA, T.K. pa3Mephl
obecrieynBaTh TPYMIIOBBIX WK CTaHAAPTHBIX YHUGUIIUPOBAHBI U TPUMEHEH THUIIOBOH
TEXHOJIOTUYECKUX MPOIECCOB; pa3Mepbl JeTalH TEXHOJIOTUUECKUH MpoLecc
JIOJDKHBI OBITh YHH(UIIMPOBAHBI
4 CaoiicTBa MaTepuaia JeTalln JOKHbI KoHcTpykuus getanu TeXHOJOTUYHA, T.K.
YAOBJIETBOPSAThH CYLIECTBYIOLEH TEXHOJIOTUU nzrorasnuBaercs u3 ctanu 08X 18H10T, uro
H3rOTOBJIEHUS], XPAHEHUSI U TPAHCIOPTUPOBKU YAOBIETBOPSIET CIEAYIOLIEH XapaKTEPUCTUKE
MaTtepuaina, TEXHOJIOTMU U3rOTOBJIEHUS, XPaHEHUS U
TPAHCHOPTUPOBKH.

Br160p TexHOMOrHUECKOro 000pyI0OBaHUS M OCHACTKU Il TEXHOJOTHUECKUX OTepalni.
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Jnst TOkapHO-BUHTOPE3HOM ONEpallMM IPUMEHSETCS CTAHOK TOKAPHO-BUHTOPE3HBIM CTaHOK
LA40x6000.

Jlnst cBepieHUs paauaibHbIX OTBEPCTHH IPUMEHSETCS BEPTUKAIbHO-CBEPJIMIIBHBIA CTaHOK

2H125.

Jnst ppesepoBaHMs Ta30B M CBEPICHHUS OTBEPCTUH MPHUMEHSETCS TOPU30HTAIBHO-PACTOYHON
cTaHoK 262204,

Br160p cxembl IpOeKTHPOBaHUs1, 0a3UPOBaHUS U Pa3paOOTKH KOHCTPYKIIMH MTPUCIIOCOOTICHHUS.

Ha pucynke 2 npezacrapieHa cxema 0a3upoBaHMsl 3arOTOBKU B IPU3MaX ONOPHBIX.

st obecrieueHHss TOYHOCTH OOpabOTKH, yCTaHAaBIMBaeMas B IPUCIIOCOOJIEHHE 3aroTOBKa
JIOJKHA OBITH JIMILIEHA BCEX LIECTH CTENEHEeH cBOOOAbI — BO3MOKHOCTH IOBOPOTA U NE€PEMEIICHUs
OTHOCHUTEIIBHO TPEX OCei KOOpAWHAT pabouero mpocTpaHCTBa MPHUCIIOCOOICHHUS.

PI/IcyHOK 3 — YcraHoBka HHHHHI[pH‘IeCKOﬁ 3aroTOBKH B IPpHU3Max OMMOPHBIX

CIIMCOK JIMTEPATYPBI

1. CrnpaBounuk TexHonora-mMamunocrtpoutenss / Ilon pen. A.I. Kocunoa, P.K. MemepskoBa. M.:

2.

Mammsoctpoenue, 1986. T.2. — 496 c.

I'yzee B.U., Baryes B.A., Cypxos W.B. Pexumpl pe3aHus Ui TOKapHBIX H CBEPIMIEHO-(Ppe3epHO-
PacTOYHBIX CTAaHKOB C YHCIIOBBEIM IporpaMMHBIM yrpaBinerneM: CrpaBounuk / [Toxg pen. B.U. I'yseeBa. M.:
Mammnoctpoenue, 2005. — 368 c.

COOpHUK 3a7a4 M IPUMEPOB MO PE3aHUI0O METAJUIOB M PEXYLIeMy HHCTpyMeHTy: Yueb. [locobme s
TEXHUKYMOB II0 TnipeaMeTy «OCHOBBI yUCHHSI O PE3aHHM METAJUIOB M PEKYIIMH MHCTPYMEHT». — 5-¢ M3,
nepepab. u pom.- M., MammHoctpoerue, 1990. - 448 c.

CrnpaBOYHMK KOHCTpyKTOpa MammHoctpourenss. B 3-x 1. /[lom pen. A.B. AmnypseBa.-T3; M.:
MammnaocTpoenue, 2001-864 c.

[Mpucnocobnenne sl MeTaUIOpeXyImux cTankoB. AHcepoB M.A. Pemakrtop H.I'. I'ytaep. JlemmHrpan
«MammHocTpoenue» Jlenunrpajackoe otnenenue 1975,

Technology of mechanical processing of pipe 110.03.04.100 SB and parts included in the
assembly, in the conditions of the Branch of JSC "AEM-technology' "Atommash"*

Agalakov N.V.%, Fedotov A.G.?

Volgodonsk Engineering and Technology Institute - branch of the Research Nuclear University "MEPhI", Volgodonsk,

Rostov region
! e-mail: agalakov.n@mail.ru
2 g-mail: agfedotov@mephi.ru

Abstract — Machining is one of the main methods of manufacturing most mechanisms and parts for them.
Thanks to metal-cutting processing methods, it is possible to obtain high-quality, accurate products of any
profile and size. In heavy nuclear engineering, machining is of the greatest importance in the manufacture
of products, such as the reactor pressure vessel, internals, steam generator, and others. This report will
consider the purpose of the "Pipe" assembly unit, the analysis of manufacturability, the existing
technological process, the choice of workpiece, the processing methods, the calculation of cutting
conditions, as well as the appointment of bases, the compilation of the routing process, the choice of
technological equipment and the development of application.

Key words: heavy engineering, technological process, processability analysis, cutting modes, machining,
machine tools, device, tool, part, technological equipment.
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VIK 608.2

METOAUKA YJIbTPA®UOJETOBOI'O KOHTPOJIA OBOPYJOBAHUA
AIC

I'opun A.C., Adunosa E.A.

Boneodonckuil unoicenepno-mexnuueckuil uncmumym — guauan Hayuonanvnozo ucciedogamenbckozo A0epHo2o
yrusepcumema « MU®HUy, 2. Boreodonck, Pocmosckas o6n., Poccust

B nmamHO# cTaThe ommcaHa MeTOIWKAa YIbTpaduoneToBoro KoHTpoms obopymoBanuss ADC. [lanHas
METOAMKA ONHUCHIBACT IIOCIEAOBATENEHOCTh JEUCTBUM, KPUTEPHH OLEHKH COCTOSHHS BBICOKOBOJIBTHOTO
o0opynoBanust HHGOpPMALUIO, OITYUYEHHYIO YIABTPA(HUOIETOBBIM METOIOM.

Kuiouesvle  cnosa:  ynbTpadHOIETOBOC HM3ITydCHHE, COCTAB AMATHOCTHYECKOTO  COMPOBOXKICHU,
yIBTpadHOIETOBBI KOHTPOJIb BBICOKOBOJILTHOTO 00OpYyIOBaHMs, TpeOOBaHUE K MPHUOOPY W ONUCAHUS
kamepsl DayCor, TexHuka 6€301macHOCTH.

DaKTUYECKH YIbTPAPHOICTOBOC M3IYUCHHUE, TAKOEC KaK YACTHYHOC TOSIBICHHE KOPOHBI
BO3HMKAaeT Ha BCEX OJJIEMEHTaX JJIGKTPUYECKOW Iienmu. Bxirouas aToMHBIE OTpacib,
MarucTpajbHble ceTH, nojacTaHuuu. KopoHa cBs3aHa ¢ HampsHKEHUEM, I03TOMY Kak
(du3MYecKoe SBJIICHHE KOPOHA BO3HUKAET B CETSAX CPEJAHETrO M BBICOKOTO HampspkeHHs. Mmes
pa3iuyHble MpoOJieMbl B ATOMHOM OTpacid OT MPOSKTUPOBAHUSA CTPOUTEILCTBA U
sKcrmyartanuu 10 TexoocuyxuBanus ADC. [loaTomMy 3amada OCHOBHas B BBISIBICHUU
HEIOCTaTKOB OCOOEHHO €CIIM OHU CTPYKTYpHble. B mepByro odepens 00 WACHTHU(DHUKAIMH
HEJIOCTATKOB.

Krnaccudukanus ypoBHEH HANPSIKCHUS:

— VYabTpoBbicokoe — oT 750kB u Biiie

— Csepxsoicokoe —750kB, 500 kB, 400xB

— Bricokoe nHanpsokenne BH — 330xB, 220 kB, 150 kB, 110xB

— Cpennee neppoe Hamnpspkenue — 35 kB, 33 kB, 20 kB

— Cpennee BTopoe Hanpspkenue — 10 kB, 6 kB, 3 kB.

— Hanpsokenue Ha BeiBosiax reHeparopos 24 kB, 22 kB, 18 kB, 15 kB, 13 kB.

— Huskoe nanpspxkenne — 0,69 kB, 0,4 kB, 0,23 kB

BonbmmHCTBO eeKTOB MPOU3BOIAT KOPOHY U 3(PPEKTHBHO BHISBISIIOT Y D-METOOM.
— - IIpo6utsie papdopoBbie TapenbuaThle U30ISATOPHI.

— - Habpocs! npoBonoku (60761110 1edeKToB)

— - CunibHOE 3arpsi3HEHHe

— - JledexTsl NOMMMEPHBIX U30JIATOPOB

— - Tpeunsl B onopHBIX (hapPopoBBIX U30IATOPAX

®du3rKa KOPOHHOTO pa3psaa.

Koponnslii pa3psan 3to — smuccuss YO — HOTOHOB B pe3ysibTaTe peKOMOMHAIIMN HOHOB,
CT€HEPUPOBAHHBIX NP MOHU3AIMH BO3AyXa BIOJIb MPOBOIHUKA IO/ BO3ICHCTBUEM CHIIBHOTO
3IIEKTPOMArHUTHOT'O TOJIS.

Koporna — 3TO cBeTOM3IIydYalOMMid SJICKTPUYECKUN pas3psl, BO3HHUKAOIIUN U3 3a
MOHU3AIIUH BO3yXa.

Kopona BO3HHKaeT, KOTJa JIOKAITBHOE DJIEKTPUYECKOE MOJIe MPEBBIMIACT KPUTHIECKOE
3HaYeHUe Expur = 24-30 xkB/cM (IpouCX0IUT HOHU3AIHS BO3/TyXa)

Wonu3zamus Bo3myxa B pe3yibTare KOpoHBI MPUBOANT K BBIIEICHUIO a0pa3HUBHBIX KUCIOT
KOTOpbIE PAa3beIal0oT METaUIbl M MOBPEXKIAIOT M3OJIALUIO BHE 3aBUCHMOCTH OT MaTrepuana
U30JIITOpA.
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KopoHa sBnseTcss OOHOBPEMEHHO WHAMKATOPOM HEUCIPABHOCTEH M  aKTHBHBIM
3J1I0KaueCTBEHHBIM (PaKTOPOM, KOTOPBIH HEOOXOAUMO JTUKBUANPOBATD.
B pesynbrare

Koppo3zus Merannnyeckoil KOHLIEBOM apMaTyphl;
Opo3sus;

Pa3noxeHne noJMMepHbIX U30JIATOPOB,;

[ToTtepst ruapodobHOCTH;

Bcnpimky;

[TpoGow;

[ToTepst conpoTUBIEHUS U30ISATOPOB;
Hapymenue npoBogumMocTu IpOBOAHUKOB,;
®u3nyecKoe MOBPEKICHUE KOMIIOHEHTOB;
TpeumHbl HeMeHTa MEXIAY CTEPKHEM M METAJNIMYECKUM KOJIIIAYKOM;
DaKTUYECKH YTEUKH 3JIEKTPOIHEPTUH.

CpaBHeHue HH(PaKpacHOI0 METo/1a (TEIIOBU30p) € YIbTPa(dUOIETOBBIM METOI0M

TermoBuzop Y®-nedexrockomn

®uxcupyer: Touky HarpeBa ®uxcupyet: Yactuunsiii paspsan (Kopony)

Oonapy:xuBaet: TemioBoe U3nyueHue B Oonapy:xuBaet: YO usnydenue (CBsI3aHHOE C
pe3ynbTaTe MEKTPUIECKUX cO0eB HANpPSDKEHUEM) B pe3ysibTaTe AJIEKTPUIECKUX COOeB

Pucynok 1 — KopoHa B MecTe coelMHEHHS BTYJIKH U KOHJEHCATOpa

[Tpuniun padotsr Y® — neexrockona DayCor
CBeT, MPOHUKAIOIINI Yepe3 0ObEKTUB U BHICOMATPHILYy 9TO BHU3YyalbHBIN KaHaj, uyepe3 YO —
(GUIbTp CUTHAJ MOMNAJaeT Ha TaK Ha3bIBAEMbI MHOXXHTENb, KOTOPBII HampasiseT Ha YD — MaTpuIly

B KOTOpOM B KOHCYHOM MTOrc¢ IMPOHUCXOAUT HAJTOXKCHUA I/I306pa)KeHI/IH,

KOTOpBIA  JlaeT

KOMOMHHpOBaHHBIM KaHai. [loaTomMy ecTh BO3MOXHOCTH paboTaTh B TpeX pEeKUMax B
«BU3YAJILHOMY, B PeXKUME «yIbTpaduosieTa», i KKOMOMHUPOBAHHBIIN (HATOKEHHBIN).

DTO MOABOAUT K TOMY, YTO OOHAapyKEHHE BeleT K MPEeAOoTBpalleHuI0. YIbTpaduoneroBas
TuarHocTuka Hambonee A((PEeKTUBHBIA CHOCOO paHHEro BBHISBICHUS JCPEKTOB CBOEBPEMEHHOTO

pearupoBaHusl.
THnel TUAarHOCTHUKU
Hapyxnas: Buyrtpennue:
- MaructpanbHas JUHUM JIEKTpONepeaay; - BeicokoBoIETHEIE JTaOOpaTOPHH,
- PacnipenenurenbHble TMHUU 3JEKTpONepeaay; - [Ipou3BoiCTBEHHBIE JTUHUM,
- Iloacranmuuy; - BHyTpeHHMe noACTaHIIUH.

- Tspxenast IpOMBIIUIEHHOCTbD.
Hapyxnast Y® nuarsHoctuka — BIUSIHUE OKPYIKAIOIIEN CPEIbI
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ATMOcdepHOe TaBICHHE ’ Temneparypa ‘ Brnaxnocts

Huskoe ‘ Bricokas ‘ Bricokas

ITpu oOcnenoBaHnM Ha OOBEKTAX C TOJICBETKOM ((PIIyOpECIIEHTHOE OCBEIIEHHE ITPOKEKTOpa)
BO3MOYKHO M3-32 M3JIyUEHHsI B CIIEKTPE, MOMAJAl0IIKe B I0JI€ 3pEHNE KaMephl, 4TO COMBAET
MOKAa3aTeH.

Caapounsle paboThI B paiioHe o6cienoBanus (cBapka 10 1 KM MOTYT co3A4aBaTh MpoOIeMbl)
[Torogubie yciaoBus (BKIItOUYast BETEP).
CyTb cueT4MKa B KaMepe.

KonngecTBo cOOBITHIT KOPOHBI — 3TO CPEHEE 32 MUHYTY KOJIMYECTBO 3aCBETOK MPHEMHOM
MaTpuIlbl (POTOHAMU NMPOHUKAIOLUIMMHU Yepe3 COJIHEUHO — cienoi puibTp YP — nedexrockomna.

KopoHa- rge?

'

Kputnu.
3reMeHT?

Kputu4yHoe
onoxxeHue?

Tun matepuana

Oa Het

v

Mpogomxatb
HabnrogeHue

PeMoHT 1 3ameHa PeMOHT u 3amMeHa
HemepgneHHo!!! HemenneHHo!!!

Pucynok 2 — CxeMa npuHATHS peLeHui

l

MnaHoBbIV pPeMOHT
Wnu 3ameHa
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Methodology for Ultraviolet Control of NPP Equipment
Gorin A.S.}, Abidova E.A.2

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhI,
Volgodonsk, Rostov region
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Abstract — This article describes the method of ultraviolet control of NPP equipment. This technique describes the

sequence of actions, criteria for assessing the state of high-voltage equipment, information obtained by the ultraviolet
method.

Key words: ultraviolet radiation, composition of diagnostic support, ultraviolet control of high-voltage equipment,
requirements for the device and descriptions of the DayCor camera, safety precautions.
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HHOBBIIIEHUE BKC[IHYATAHHOHHOFI HAJIEXKHOCTHU MEXAHU3MA
HE®TEI'A30OBOU APMATYPbBI IOCPEACTBOM IPUMEHEHMUSA
MOJIMBAEHOBOI'O HOKPbLITUSA

Kocorosa 10.I1.", MamonTosa E.P.", Tomuaun C.A.”, [Toropesos M.B.™,
Oubxosckas P.A.", ApcentbeBa E.C."

*BonzodoHckuii unscenepro-mexnudeckutl uncmumym — unuan HUAY MU®H, 2. Bonzooonck, Poccus
40 «Amommawsxcnopmy, e. Boneoooncx, Pocmoseckas oon., Poccus

CyliecTBeHHOE BIHMSHUE Ha IKCILTYaTAl[MOHHYIO HAJCKHOCTh HEe(TEra30BOM apMaTyphbl OKa3bIBaE€T U3HOC
ee eMeHTOB. B pabore paccMOTpeHO BIMSHHE MOJHOJCHOBOTO IIOKPHITHSA JAeTaieil HedTera3oBoi
apMaTypbl Ha MHOBBIMICHUC 3KCHJ’IyaTaHHOHHOI7[ HaICXXHOCTHU. YCTaHOBHCHO, YTO MPUMCEHCHUC IMOKPBITHUA
CHUKACT TPEHUE B COIPATa€MbIX ACTAIAX T0 3-5 pa3, MOBLIIIACT CTOMKOCTh K arp€CCUBHbBIM Cp€aaM U
M3HOCOCTOMKOCTh JAaxke Mpu paboTe 6e3 cMa3Ku WM B YCIOBHAX 0€3 MOCTOSHHOTO BO30OHOBIICHHS
CMa3kd. OTO TMO3BOJISIET YBEIMYUTh pECypc apMaTypbl, IHOBBICUTh IIJIABHOCTh XOJa M TOYHOCTb
PperyJMpoBaHusl, CHU3UTh BEPOSITHOCTh MOJIOMKH BCIIEICTBHE M3HOCA.

Kniouesvie cnosa: MOJ'II/I6,Z[€HOBOC IOKPBITHUC, HBHOCOCTOﬁKOCTL, Hechera3OBa;1 apMaTtypa, UCIIbITaAaHUA.

[TonBwxHbIE compshkeHHs JeTanell HedTerazoBoil apMaTypbl MOJBEPIKEHBI IMOBBIIICHHOMY
TPEHHIO, YTO OTPHULATENBLHO BIUSET Ha IKCIUTyaTallMOHHBIE CBOMCTBA M COKpAIIAET CPOK CIIyKObI
u3nenuii. B 9Toil CBSI3M MOBBIIEHUE SKCIUTyaTallMOHHOW HAJEKHOCTH He(Tera3oBoil apmaTyphbl
JOCTUTAETCA, IPEKIE BCETO, NOBBIILIEHUEM €€ N3HOCOCTONKOCTH.

W3Bectno [1-3], uTo BBeIeHHWE B COCTaB CMA304YHOTO MaTepualia MEJIKOJUCIEPCHBIX
TBepA0(a3HBIX YacTUI[ OJATONPUATHO CKAa3bIBACTCS HAa YBEJIWYEHUU HM3HOCOCTOMKOCTH Map TpPEeHHUs
BciencTBHE (POPMUPOBAHUS OPUEHTUPOBAHHBIX CTPYKTYP B 30HE KOHTAKTa, MOJIMPYIOIIEro AeHCTBUS
HAHOYACTHI] U CO3/IaHUS HA MOBEPXHOCTAX TPEHHUs] MHOIO(YHKIIMOHAIBHON IJIEHKU. J{JIs1 CHYDKEHHUS
koapduLMeHTa TpPEeHUs] U NOBBILIEHUS M3HOCOCTOMKHMX KadyeCcTB CMa304HbIX MaTepuaioB, B
HacTosilee BpeMs pPa3paboTaHbl pa3IMyYHble HAHOMOPOUIKH, CaMOCMAa3bIBAIOIIMECS IOKPBITHS,
MPUCAJIKH, KOMIIO3ULIMOHHBIE MaTepHaibl, B COCTABE KOTOPBIX A(P(PEKTUBHO HCIOJIB3YIOTCS
coenMHeHus Moo aeHa [4 - 6].

B paGore paccmarpuBanack 3((PEKTHBHOCTh MPUMEHEHUS] MOJUOJCHOBOTO TOKPBHITHS B
KOHCTPYKIIMM He(TerazoBoil apmarypbl, a HMEHHO, OCECMMMETPUYHOM OOpaTHOM KJamaHe M
perynupytomemM kianaHe. IlokpbiTHe H3 MOIMOAEHA HAHOCHIOCH C IOMOIIBIO IJIA3MEHHOTO
HalbpUIEHUs, JUIsl 9TOTO0 MCIOJB30BaIUCh ycTaHoBKa «Jlyu-1» u «Jlyu-2». IlpenBapurensHo
MIOBEPXHOCTh 00pabaThiBajiaCh CTPYHHO-aOpa3sUBHBIM METOJOM. JleTanu, mojyiexaiiue HOKpbITHIO,
nsrotasnuBanuck 3 cranu 12X13 T'OCT 5632-2014, cramu 20X13 T'OCT 5632-2014 (TBepAocTh
217-255 HB), cramm 14X17H2 TOCT 5632-2014 (tBepmocts 293-331HB). Hanecenuto
MIO/IBEPTaJICh HapyXXHbIE IWIMHAPUUYECKHE NOBEpXHOCTH auamerpoM oT 30 mm go 120 mm.
[ToxppIBaeMbIe TOBEPXHOCTH UMENH 1IepoXoBaTocTh Ra 1,6-6,3 MxM.

TexHu4yeckue nmapameTpsl MOITYy4aeMOI0 OKPBITHS:

— HOMHUHaJIbHas TodMHA TOKpbITUs — 0,15...0,3 MM;

— JI0IIyCKaeMbl€ OTKJIOHEHHMSI TOJIUHBI TOKPHITHS +30 % OT HOMHUHAIBHOM! TOJIIIHHBI;

— MuKpoTBepAocTh nokpeitus 300-400 HB;

— anres3us He MeHee 250 Kre/cM.

[IpoyHOCTH COEAMHEHMS] C OCHOBHBIM MaTepualioM (aares3usi) UCHBITHIBAIACH MO METOIMKE
npunoxenus Ne 2 T'OCT 9.304-87 mpu arTectalii HOBOW MapTHH MOJIMOJEHOBOIO IOPOIIKA.
KoHTponb TONIIMHBI MOKPHITHS HAa [WIMHAPUYECKOW YacTW BBIMOJHSUICA C  TOMOIIBIO
npucnocodbnenus. Jleranp ycTaHaBIMBaJach B ILIEHTPE WM B MPH3ME KOHIIEBBIMH INIEHKaMHU.
NunukaTop dwacoBoro Ttuma HacTpauBayics Ha «0» B 30Hax 0e3 mokpeiTusa. [lepemerieHuem
MHIMKATOpa BAOJIb OCU JAETAJIH C IEPUOINIECKUM €€ TIOBOPOTOM ONPEAEIAIACh TONINHA OKPBITHSL.
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KoHTpoIb MUKPOTBEPIOCTH MOKPBITUS TPOU3BOIIIICS HA 00pa3ie-CBUACTENE, KOTOPhIM MOKPHIBAJICS
OJIHOBPEMEHHO U IO TOM K€ TEXHOJIOTUH, YTO U IITATHBIC JETAIIH.

B xose ucnibiTaHuii Ha OATBEPKACHUE padOTOCTIOCOOHOCTH MOAIIUITHUKA CKOMbkeHus («I1H-
6J1 — Monmuben») MJIs KiaraHoB OOPAaTHBIX OCECUMMETPUYHBIX Ha ycinoBHBINA nmpoxoa DN 400...600
BBISICHWJIOCH, YTO 0€3 MOJIMOJEHOBOTO TOKPBITHS MEpEeMEIIeHHEe HarpyXEeHHBIX CONPATaeMbIX
JleTaneil apMaTypsl U3 MOJOKEHUS «OTKPBITO» B «3aKPBITO» OCYIIECTBIIOCH C 3a€IaHUSIMU, YCHUIINE
nepemMeneHust mToka cocraBuio npu 1 mmkie 35 krce. Ilocme 5 nukioB Habmoganockh
3akiuHuBaHue. llpy UCHBITAaHUM C HAaHECEHHBIM MOJUOICHOBBIM MOKPBITUEM IepeMEIIeHHe
OCYILECTBIISUIOCH TIABHO 0€3 3aeAaHui, IPU 3TOM YCHIIUS IIepeMenieHus paBHbl: ipu | nukie 16-32
krc; mociie 10 mukinoB — 18-37 krc; mocite 200 nukiios — 18-37 kre.

Y CTaHOBIIEHO, YTO MPUMEHEHUE MOKPBITHSI CHUKAET TPEHUE B CONPSTraeMbIX JETalsAX A0 3-5
pa3. OTO MO3BOJISIET NOBBICUTh HKCILTyaTallMOHHYIO HAJEKHOCTh apMaTyphbl, B YaCTHOCTU YBEJINYUTH
€€ pecypc, MOBBICUTH IUIABHOCTh X0J1a U TOYHOCTb PETYJIMPOBAHUS, CHU3UTh BEPOSTHOCTh I1OJIOMKU
BCJIE/ICTBUE H3HOcCAa. B mpouecce wuccienoBanuii Oblla yCTaHOBIEHA BBICOKAas CTOMKOCTh K
arpeccUBHBIM cpellaM (BBICOKOM TeMmIiepaType, HaJU4MIO LIEJIOYHBIX U KHUCIOTHBIX IpPUMEcEl B
paboueii cpene), BbICOKass M3HOCOCTOMKOCTH, Jake MpH padore 06e3 cCMa3Ku WU B yCIOBHSIX 0e3
MIOCTOSIHHOT'O BO30OHOBJIEHUS] CMA3KHU.
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Improving the Operational Reliability of the Mechanism of Oil and Gas Fittings Through the
Use of Molybdenum Coating
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Abstract — The wear of its elements has a significant impact on the operational reliability of oil and gas
fittings. The paper considers the influence of the molybdenum coating of oil and gas fittings on the increase
in operational reliability. It has been established that the use of a coating reduces friction in mating parts by
up to 3-5 times, increases resistance to aggressive media and wear resistance even when operating without
lubrication or in conditions without constant renewal of lubrication. This allows you to increase the service
life of the valve, increase the smoothness of motion and control accuracy, reduce the likelihood of breakage
due to wear.

Key words: molybdenum coating, wear resistance, oil and gas fittings, testing.
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BJIUSHUE PEKUMOB MMA YJbCUPYIOIEN YT OM
HA YCTOUYUBOCTB ITPOLUECCA CBAPKH

Ioapesos H.H.", Ilonos E.I0.", Jloponun 10.B.”", T'y:kaBun A.A.™

* % o~
Boneooonckuii unorceneprno-mexnuueckuti uncmumym — guauan Hayuonanvnoeo ucciedosamenbcko2o 10epHo20
yuusepcumema « MUDHy, 2. Boneooounck, Pocmosckas o6x., Poccus
Kk “ o«
Ammecmayuonnulii yenmp 2opoocko2o xoszaicmaa, e. Mockea, Poccus

B pabote uccaenoBanu ycroitunBocts MMA mporecca mynbcHpyIOIIei Iyroil mpu HariaBKe BaJMKOB
anekrpogamu YOHU 13/55 u MP-3 nuametpom 3 MM Ha HHU3KOYTJICPOAMCTYIO CTalb TOJIIUHOW 8 MM.
B xadecTBe WHCTOYHMKAa NMTaHUS IPUMEHAIN UHBepTOopHbIM anmapar MHOM-200T, ocHamieHHBIN
MUKPOIIPOIIECCOPHON CHCTEMOH ynpaBienus s pexumoB MMA, MMA- PULSE, TIG, TIG- PULSE.
W3yyanu BnusiHue pexxumoB MMA mynbcupylomieil Iyroil Ha yCTOMYHMBOCTbL MHpOLEcca B 3aBUCUMOCTH
OT CpeIHEeTO 3HAYCHUS CBAPOYHOTo TOKa Icp, pa3mMaxa aMIUIMTYABI IO TOKY AO OTHOCHTENBHO |cp, 4acTOTHI
U CKBRXHOCTH TOKOBBIX WMITydbcoB. Jlis ocmmmnorpaguposanns MMA-nponecca mnpumeHsn
WHPOPMALIMOHHO W3MepuTeNnbHylo cucreMy SignalExpress 2014 ma 06aze NI9229. OO6pabotky
ocuuiuiorpamm npooaunu B npukinagHom makere NI Diadem 2018 (yueOnast Bepcus). @opMupoBaHue
Metayula miBa oueHuBanu no I'OCT 25616-83 [1].YcTaHOBIEHO BIMSHHME OIIEHHBAaEMBIX IapaMeTpoOB
IIPY CBapKe MyJIbCUPYIOILIEH Ayroi Ha yCTOHYMBOCTD TIpoliecca 1 popMooOpa3oBaHUE HAILIABOK.

Kniouesvie cnoea. CBapOYHBIM ammapat, MyJbCHpYIOIIAs Jyra, pyd4Has OyroBas CBapKa IOKPBITHIC
JIEKTPOIbI, UMITYJIbC TOKA CBAPKH, pa3Max aMIUIUTYABI 110 TOKY.

Kak 6b110 ycTanoBneHo panee uzydaembiii MMA — mporiecc mynscupyromiei ayroi oopaTHon
MOJIAPHOCTH OoJiee YCTOMUYMB MO CpPaBHEHUIO C TPaJWLIMOHHOM pPYy4YHOM JyroBoil cBapkoil [2].
DNeKTpOAYTroBOH IMPOLECC, IO MHEHUIO CBAPIIMKOB, B PEKHUME IyJIbCUPYIOIIEH ITyTH pealu3yercs
3HAYUTEINIBHO JIeTYe U He TpeOyeT crelnaibHbIX HaBbIKOB.

HIupokuit Habop peryaupoBok B uctounuke HMHOM-200T, a Ttakke NpUHIMIIHAIBHOE
HaJIMuMe MMITYJIbCHOTO pEeXHMMa OOECHeurMBAaEeT BO3MOXKHOCTH I0JI00pa ONTHUMAJBHBIX PEXKHMOB
CBapKM sl paboThl JIOOBIMH THUIIAMH MOKPBITBIX 3JE€KTPOJOB. MMIyNbCHBIH pEXHUM IO TOKY
perynupyercs Mo 4eTbIpeM IMapaMeTpaM: CPeJIHMHM TOK B UMIyJbce, lcp; pasmMax aMIIUTyIbl 11O
TOKY, A0; 4aCTOTa UMITYJIbCOB, CEK 1; KOO(Q(PUIMEHT 3aM0THEHUs (MM CKBaXKHOCT), %.

B pabote uccnenoBanu ycroitunBocte MMA mpoliecca npu HamjaBKe BaJUMKOB IMOKPBITHIMU
anektpogamu YOHU 13/55 nuamerpamu 3 MM Ha HHM3KOYIJIEPOJMCTYIO CTallb TOJIIMHOW § MM.
Capky mTyunbiMu aekTpogamMu YOHUW 13/55 u MP-3 BeIMONHSUIA B UMITYJICHOM PEXKUME
MMA- PULSE nynbscupytoniei 1yroi.

Ha pucynke 1 mpezacraBnensl pe3ynbTaThl ocuusuiorpadupoanus B SignalExpress 2014
Ha Oaze NI9229, a Ttakke uX CHHXpoHHas oOpaborka B mnpukiaaHom makere NI Diadem
JUTSL CIIEAYIONIETO peXuMa myJibcupyromieit ayroit: Icp = 80 A, Ao = 1,5 (= 40 A), gacrora
ciefnoBanus uMIysibcoB — 10 ', xkoa¢punment 3anonHenus ummyibca — 50%. ConpoTuBieHue
cBapouHOTO KOHTYpa (puc. 1, B) komednercs mpumepro ot 0,2 10 0,8 OM, a MOIITHOCTH, BhIAEITIAEMAast
Ha cBapouyHoi BanHe (puc. 1, ) — B mpeaenax ot 100 mo 4000 Br. Ilpu sTomM HampspkeHHe Ha
CBAPOYHON BaHHE B CPEJHEM COCTABJSIET HA MCCIECIYEMOM YYacTKe ocuuiuiorpammel 25... 26 B
n usMmensercs ot 20 1o 35 B He CHMHXpPOHHO C TOKOBBIM CUTHAJIOM. J[IMHA CBAapOYHONM BaHHBI
cocraBuia — 40 MM, a ee mUpHHA 7 MM IpU XopoieM (GOPMUPOBAHUN HAIUIABIEHHOTO BaJIMKa I10
I'OCT 25616-83.
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Pucynox 1 — OT¢unbTpoBaHHbIE CUTHAIIBI 110 TOKY (a), HanpshkeHHo (0), CONPOTUBIIEHHE CBAPOYHOT0 KOHTYpa (B),
MTHOBEHHAsI MOIIIHOCTh Ha cBapo4Hoi BanHe (1), MMA mynbscupyromeii nyroi, snektpon Y OHUU 13/55, ¢ 3 mm.

AHaJOrMYHbIE OLIGHKH BIUSHUS CPEIHEro 3HA4YeHMsl CBapo4yHOro Toka lcp, pa3maxa
aMIUTUTYAbl IO TOKY AO OTHOCUTENIbHO ICp, YacTOThI M CKBaXXHOCTH TOKOBBIX HMMITYJbCOB OBUIN
CeNaHbl JUIs IIUPOKOTO CIIEKTpa 3HauUE€HUH yKa3aHHBIX napaMmerpos. Hampumep, ysenuuenue Icp o
100A npu mpoynx paBHBIX YCIOBHSX MPUBOJUT K YMEHBIICHUIO IJIMHBI CBAPOYHOU BaHHBI 10 30 MM
U YBEIMYEHHMIO €€ LIMPUHBI 10 11 MM, IpU HEM3MEHHOM XOpouleM (OPMHPOBAHUM HAIJIABKH.
YBenuyeHue 4acToThl ClIeOBaHUS UMITYJIbCOB 10 14 I'i mpu koaddunmenTe 3amnoiHeHus nepuojaa
umnyibsca 80%, lcp = 80A u Ao = 1,6 ymMeHbIIaeT JJIMHY CBApOYHOM BAaHHBI 10 25 MM MpU IIUPUHE
10 MM, popMHpOBaHUE — YIOBIETBOPUTEIBHOE.

B nenom mo pabote mokazano, uto MMA mporiecc myJbCUpYIONIEH Tyroil siBisieTcst Ooliee
ruOkUM 1o cpaBHeHHIO0 ¢ oObyHONH PJIC m nomyckaer moi0op MOAXOISAIIMX PEKHUMOB CBapKH,
O0COOEHHO JJIs1 CBapKU MaJioil EMKOCTHOM apMaTyphl — IITYLIEPhl, U3MEPUTENbHbIE TATPYOKHU U T.I1.

[To pesynbratam pabOTBl CHENaHBl BBIBOJABI O BO3MOXKHOCTU Hcmonb3oBaHus MMA
yJIbCUPYIOLIEH JYTO# Il CBAPKH OTBETCTBEHHBIX IIIBOB B AaTOMHOW SHEPIEeTHKE.
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Abstract — In this work, we studied the stability of the MMA process with a pulsed arc during the surfacing
of beads with UONI 13/55 and MP-3 electrodes with a diameter of 3 mm on low-carbon steel with a
thickness of 8 mm. An INEM-200T inverter device equipped with a microprocessor control system for the
following modes was used as a power source: MMA, MMA-PULSE, TIG, TIG-PULSE. We studied the
effect of MMA modes with a pulsating arc on the stability of the process depending on the average value of
the welding current lav, the current amplitude amplitude Ao relative to lav, the frequency and duty cycle of
current pulses. For oscillography of the MMA process, the SignalExpress 2014 information and
measurement system based on NI19229 was used. The oscillograms were processed using the NI Diadem
2018 application package (educational version). The formation of the weld metal was evaluated according
to GOST 25616-83 [1]. The influence of the estimated parameters in pulsed arc welding on the stability of
the process and the shaping of overlays has been established.

Key words: welding machine, pulsed arc, manual arc welding, coated electrodes, welding current pulse,
peak current amplitude.
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OIIEHKA IIJIACTUYECKHX CBOMCTB HATPETBIX IIOPUCTHIX
IHOPOIIKOBBIX MATEPHAJIOB ITPU UCIIBITAHUU OBPA3IIOB HA
OCAAKRY, U3I'Ub U PACTAXKEHHUE

CuneabmukoB B.B., Tomuann C.A.

Boneooownckuit unoceneprno-mexuuueckuii uncmumym — gunuan HUAY MUDU, e. Boneodonck, Pocmosckas o6bu.,
Poccus

IIpuBenéH aHanu3 HaNpPsDKEHHBIX COCTOSHUM U XapakTepa paspyLICHUH MOHOJIUTHBIX MaTEpUAlIOB IIPU
HCTIBITAHUAX Ha OCaJKy, W30 U pacTsokeHue. llpeacTaBieHbl KOHCTPYKIMH HPUCHOCOONEHUH H
ycTpoiicTBa Uil HPOBEACHHS TaKMX MCHBITAHUH B HATPETOM COCTOSIHMM MOPHCTHIX TIOPOIIKOBBIX 00pa3noB
13 METaJIMYeCKuX MOpomKkoB. Iloka3aH BUJ TpeLIVH, BO3HUKAIOIIMX IPU UCUEPNAHUHU IUIACTHYHOCTH
MIOPUCTOTO MaTepuasla MpH OCaJke M M3rnde oOpas3loB, a TaKkKe XapakTep pa3pyLIeHHs 00pa3loB NpH
pactspkernn. ChopMyIIMpoBaH BEIBOJ O MAJOIUIACTHYECKHX CBOMCTBAX HArpeToro MOPUCTOrO MaTephaia
IIPY MCTBITAHUSX Ha OCAJKY, M3THO U pacTsHKEeHHE.

Kntouegvle cnosa: IWHAMHYECKOE Topsdee MPECCOBaHUE, ITOPOIIKOBBIN oO0pasel, IaCTUIHOCTD
ITOPOIIKOBOTO MaTepHuaia, 0caaKa, M3rud M pacTsHKEHHE HarpeThIX MOPHCTHIX 00pas3IoB, BUA TPEIINH MPH
ocajke 1 n3rude HarpeTsIX 00pas3IoB, XapaKkTep pa3pymeHust 00pa3oB IPH PaCTIKEHHH.

B Hacrosiiee BpeMsi 3HAUUTENBHYIO aKTyaJlbHOCTh NMPHOOpPETAOT pa3padOTKH, CBSI3aHHBIE C
3aMEHOM  1EeJOoro  psjaa  MaTepualioB M TPAJAWLNMOHHBIX  TEXHOJOTMH  M3TOTOBJIEHUS
MalIMHOCTPOUTENIBHBIX H3AEIUNA Ha TEXHOJIOTMHM IOPOLIKOBOW METaulypru. Psa Takux
UCCIIeIOBaHMIA TIPE/ICTaBICHBI B padoTax [1 - 5].

[IpuMeHeHne u3aeNnii U3 OPOIIKOBBIX MaTEPUAIOB B aTOMHON DHEPIETUKE 3aBUCUT B IIEPBYIO
ouepesib OT TPeOOBAaHHUM K MPOYHOCTHBIM, IJIACTUYECKUM, TEMIIEPATYPHBIM U JAPYIHMM CBOWCTBaM, a
TaKXke TPeOOBaHUSIM, CBA3aHHBIM C 00eCIIe4eHuEeM UX 0€30MacHOM IKCILTyaTal|H.
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B nacrosmee BpeMsa B peakTopax HEKOTOpBIX TUIOB ADC NPUMEHSIOT MJIOTHBIE U3ACIUS U3
HOPOUIKOBBIX MaTEpUAIOB ¢ KOHCTPYKLIMOHHBIMU CBOMCTBaMu. JleTanu M3 MOPUCTBIX MaTEpUAOB,
TO €CTh, COJEpIKAIUE MOPBI, TPUMEHSIOT A dPPEKTUBHON (PHIBTPALMK OTPAOOTAHHOW BOJBI B
OXJIXIAIOUIMX KOHTypax. [lopolkoBuaHble MaTepuanbl HaXOAAT NPUMEHEHUE Ul M3TOTOBJICHUS
HOTJIOTUTEJIEN C 3aMEJIUTENSIMHU, a TAK)XKE CTEPKHEN TEIIOBBIIEIISIIOIINX 3JIEMEHTOB.

Astopsl [4, 5] npuBOIAT NaHHBIE 00 W3TOTOBJICHHU JCTANCH YIUIOTHEHHS JHEPreTHYCCKOU
apMaTypbl BBICOKHX I1apaMeTpoB, a Takke (OPMHUPOBAHMSA BBICOKOIUIOTHOTO Marepuaia Mpu
3JICKTPOKOHTAKTHOM YTUIOTHEHUH MOPOIIKOBBIX cTtainu 110113 u OpoH3BI.

TexHonorust quHamuueckoro ropsyero npeccoanus (AI'T]) mo3Bossier U3roToBIATH AeTaIN
nyTéM TOJBKO OCAJKHM IO BBICOTE HArpeTOW IOPOIIKOBOW 3aroTOBKUM WIM C €€ 3HAYUTEJIbHOU
nonepevyHoit nedopmanueii. Bropoit Bapuant ATl nenecoobpazHo MPUMEHSTH IJII U3TOTOBIICHUS
BBICOKOIIJIOTHBIX CJIOKHBIX M0 KOH(QUI'ypaluu JIeTald W3 HarpeThlX MOPOLIKOBBIX 3arO0TOBOK
POCTOi (POPMBI, UTO SIBIISETCS €TI0 JOCTOMHCTBOM.

[IpeccoBanue MOPOLIKOBBIX 3aroTOBOK €O 3HAYMTENBbHOM monmepedyHoil aedopmarueit
COIIPOBOKIAETCS HEMPEPHIBHBIM H3MEHEHHEM HANpsHKEHHO — Ae(OpMUPOBAHHOTO COCTOSIHHUS
HarpeToro nopucroro Marepuana. [lpy BO3HUKHOBEHUM NpPEAETIbHBIX PACTATUBAIOLINX HAPSKCHUN
B IOBEPXHOCTHBIX CJIOSIX MaTepuaja MOPOLIKOBOM 3aroTOBKM BO3HMKAOT TPELIMHBI, KOTOpPbIE Ha
KOHEYHOMU CTaJIuy MPECCOBAHMsI 3aXJI0NbIBAIOTCS, COXpaHssl rpaHully paszaena [6, 7]. Takue nedexTs
HEJOIyCTUMBI, TaK KaK OHM YMEHbBIIAIOT MEXAaHUYECKUE U IUIACTUYECKHE CBOMCTBA MOPOLIKOBBIX
marepuanioB nocie AI'TI.

PesynbpTaTel NpeACTAaBIEHHBIX MCCIAEAOBAHWNA TO3BOJIAT YYUTHIBATH BJIMSHHE CXEM
HaNpsHKEHHO — J1e(OPMHUPOBAHHOIO COCTOSIHMS Ha IJIACTUYECKHE CBOMCTBA HArpeToro MopuUcToro
IIOPOLIKOBOI'O MaTepuasa Ipy COCTaBICHUU TeXHoaornyeckoro npouecca JAI'TI.

HNudopmannio o BIMSHUM HANPsHKEHHO-AE()OPMUPOBAHHOIO COCTOSHHMSI HAa IJIACTUYHOCTD
[OPUCTOTO MaTepuajla MOKHO IOJYYUThb, BBIIIOJHUB HCCIEIOBAaHUS IO OCajaKe, W3Tudy u
pacTsHKEHHI0 HarpeTbix 0o0pasioB. B Hacrosmieil paboTe mpejnctaBiieH MaTepHal, COAEpKaIlui
CBeZIeHMsI 00 yCTpoiicTBax U 000pyA0BaHUH, TO3BOJISIOUINM BBIITOJIHUTE 3TH UCIIBITAHUS.

Ocaaka

B pa6otax [8, 9] npuBoasTcst naHHble 00 UCCIEOBAHUH TIJIACTHYECKUX CBOMCTB MaTEPHAIIOB
METO/I0M OCaJIki 00pas3IoB.

Atop [10] cumTaer, 4YTO IJIACTUYHOCTH MaTepuanga JIOOOro oOpasla XapaKTepuzyercs
YCIOBHUSMHU DPa3pyLICHUs B HaydalbHbIi MOMEHT (¢ HauOojee OJIarONPUATHBIMU YCIOBUSIMH IS
paszpywieHusi). lcnbiTaHuss Ha OCafKy HarpeTblX IMJIMHAPUYECKUX TOPUCTHIX IOPOIIKOBBIX
00pa3loB MPOBOJMIM C HCHOJb30BAHUEM THpHUCHOcoOseHus (puc. 1), KOHCTPYKIMS KOTOPOTrO
oOecrnieuynBalia BEpTUKAJIbHOE MepeMelieHne 0oika 2.
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Pucynox 1 — [Ipucniocobienue s 0CaIKu [UIHHIPUICCKUX 00pa3IOB:
1 — dukcarop, 2 — myancon, 3 —000iimMa HampagJIstoLIas, 5 — BCTaBKa, 6 — KOJIBI[O OTPAaHUYUTEIIEHOE
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Ha pucynke 2 mokazaHbl COCTOSHHS IMJIMHAPHYECKON MOBEPXHOCTHU CIIEYEHHOTO TMOPUCTOTO
oOpa3ua nopucrocthio 30% u3 nopomka [1XK4C no (a) u nocne (6) ocagku (TemmnepaTypa HarpeBa
1100°C) u BuJ pacKpBITOM TPEUIUHBI (8).

N SRSt

0)
Pucynox 2 — CocTosiHEE IIUTHHAPUYIECKON IIOBEPXHOCTH CIIEYSHHOTO IMTOPUCTOTO 0Opa3ma u3 mopouika [DK4C mo (a) n
60uK000pa3Hoii mocie (6) ocanku (x30); Tpemuna (8) B mopuctoM Marepuaie, Xx30 (mum¢ HeTpaBIeHBIH)

HU3rud

B o60mem cnyuae xapakTep BO3HHUKAIONIUX HAIpPSOKEHUW TMpPU ITUTACTMYECKOM U3THOe
MOHOJIUTHOT'O JINCTAa paccMOTpeH B padorax [11, 12]. [Ipu mocTmxkeHUU onpeneaéHHOTO 3HAYCHUS
PaCTITUBAOIINX HAMPSKCHUI B U30THYTOM 00pasiie MPOUCXOIUT €To pa3pyllIcHHE.

Jlisg ucnblTaHus Ha W3TUO MCMHOJIB30BAIM TMOPHUCTHIE MOPOIIKOBBIE 00pa3lbl C KBaJApaTHBIM
ceuenreMm, pazmepom 10x10 MM u gnuHOM 100 MM, HM3TOTOBJIEHHBIX H3 JKEJIE3HOTO TMOPOIIKA
IDK4C3. Tocne criekaHus OHU UMeEINl OCTATOYHYIO MOPUCTOCTh 23% U mepes UCIBITaHueM Ha M3ru0
HarpeBajlCh 3aIIUTHON cpesie AUCCOMPOBAHHOT0 aMMHaka J1o TeMmeparypst 1100°C.

Ha pucynke 3, a u3o0paxeHo mpucrnocoOiIeHue A U3ruda HarpeThiX MOPUCTHIX 00pPa3IloB.
OO6paserr ¢ TpenMHOK Tocie U3ruda Ha ONpaBKe MOKa3aH HAa PUCYHKE 3, 0.

B kauecTBe 000py10BaHUS MPU UCTIBITAHUIX HA U3TUO MCIIONB30BAJICS KOMEP, OOEK KOTOPOro
umen maccy 1,4 xr. CMeHHBIE ONIPaBKHU 5 UMEJIM Pa3HbIE PaUyChl B CTOPOHY UX yMeHbIeHus. Jis
KKJOW pajiiyCHOW OMpaBKH JOOMBAIKCH MOJHOTO Mpujleranusi odpasia K e€ MOBEepXHOCTH MyTEM
BO3JICUCTBUSI OOiiKa Ha CKOOy 1. DKCnepuMeHTHl 3aKaHUMBAJIU C WCIOJIH30BAHMEM OIPABKHU
ONpeAeNEéHHOr0 pajanyca, Ha KOTOPOM HW3TrMO HArpeToro MOPOIIKOBOrO o0paslia MPUBOIUI K
TMOSIBJICHUIO TPEIIUHBI B MaTepraje ero pacTsiHyTON YacTH.
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a)
Pucynoxk 3 — [IpucnocobneHue st TMHAMUYIECKOTo N3rnba 00pasoB («) u o0paser] ¢ TpemuHoi (6) mocie u3ruda
Ha orpaBke: 1 — cko0a, 2 — maHka, 3 — ynop, 4 — CToiku, 5 — paguycHas onpaska, 6 — oOcCHOBaHue,
7 — 3agHUe TUIaHKH, 8 — PukcaTop, 9 — BuHTHL, 10 — 00Opazer;

Pacrsizkenue

Pactskenne rmagkux oOpas3loB, KaK METOJ HCIBITAHUS JUIsl YCTAHOBJICHHS IUIACTHYECKHUX
CBOMCTB MaTepHalloB, HUcHoib3yercss asropamu [13, 14]. [nsa ciydasd pacTsSDKEHHs YCIOBHSA
BO3HHUKHOBEHHUS TPEUIMH OTphIBa B 00JACTH MOJIOKUTEIBHBIX AedopMaluii U TPEUIUH CIABUTA B
00JIaCTH MaKCHUMAaJbHBIX CIBUTOBBIX Ne(OpMalUii CXeMaTH4eCKH IOKa3aHbl Ha puUcyHke 4, a, O
COOTBETCTBEHHO. PazpylleHne MaslomIacTUYHOro Matepuana (puc. 4, a) XapakTepHO HaIUYHEM
HOpMaJIbHBIX HANpsDKEHWH, B TO BpEMs Kak B 30HE pa3pylICHHs IIJJACTUYHBIX MAaTepUaloB
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BO3HUKAIOT KacarenbHble HampspkeHus (puc. 4, 6). Cieayer OTMETUTh, YTO Y pPaCTATHBAEMOTO
obOpasma B 30He 0Opa3oBaHMs IICHKH 00pa3yeTcsi 00bEMHOE HAMPSHKEHHOE COCTOSIHUE, B TO BPEMsI
KaK BBIIIIC ¥ HU)KE IICHKU CXeMa HanpshKeHus — TnHewHas (puc. 4, ¢) [15].

i ¢ [

a) 0) 6)
Pucynoxk 4 — Cxema pa3pymieHns 00pasmos: Pucynok 5 — ®opma nopomkoBoro odpasua a0 (a) u
a, 6 — MaJOIIIACTUYHBIN U MITACTUIHBIA MaTepHAaIIbI MOCJIe TUHAMHYECKOTO PACTSIKEHUS
COOTBETCTBEHHO; @ — HAIIPSDKCHNUS!, BO3HUKAIOIINE B 30HE
IIECIKU U BHE €€

(1l

®opma crieu€HHOoro obpasua nopucroctbio 31% u3 nopouka [1XK4M3 1o (a) u coctaBaeHHOrO
nocie AMHAMUYECKOTO pacTshkeHus (0) moka3aHa Ha pucyHke 5. O6pasel noasepraics pacTsKeHUIO
B HarperoM cocTtosHuu npu Ttemmeparype 1100°C Ha ycTraHOBKE, KOHCTPYKLHS KOTOPOH
MpeJICTaBICHa Ha pUCYHKE 6.

HcnpiTanne Ha pacTsHKEHHUE HArpeToro MmOpucToro obpasia MpOBOIMIIM B 3aIIMTHON cpene
JUCCOLIMMPOBAHHOTO aMMHaKa cleqyrmumM obpaszom. [eranu 26, 25, 7 coBMecTHO ¢ oOpasuom 24
coOMpach BMECTE OMYCKAJIMCh BO BHYTPECHHIOIO IMOJIOCTh CHIJIMTOBOW meud. Jlanee x meranm 7
nojcoenuusanach mranra 14 ¢ moasuxHbIM Tpy3oM 13 Ha BTynke 12. Ilocie BbIIEpKKH yAAISIIH
¢dukcarop 19, rpy3 u BTyJIKa mepeMeIaiiuch BHA3 U B KOHIIE BEPTUKAIBHOTO JIBIKECHUS yIAAPSUTH 110
OypTHKY Ha IITAaHTe, YTO IPUBOAMIIO K pa3pbiBy oOpasia 24.
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PucyHok 6 — Cxema yCcTpouCTBa il AMHAMUYECKOTO PACTSHKEHHST HAMPEThIX METAUTMYECKUX TTOPUCTHIX MOPOIIKOBBIX
00pa3ios
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Evaluation of Plastic Properties of Heated Porous Powder Materials When Testing Specimens

for Upsetting, Bending and Tension

Sinelshchikov V.V.1, Tomilin S.A.2

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University « MEPhIy», Lenin St.,

73/94, Volgodonsk, Rostov region, Russia
e-mail: VVSinelshchikov@mephi.ru
2e-mail: SATomilin@mephi.ru

Abstract — An analysis of the stress states and the nature of the destruction of monolithic materials during
tests for upsetting, bending and tension is given. Designs of fixtures and devices for carrying out such
tests in the heated state of porous powder samples from metal powders are presented. The type of cracks
that appear when the plasticity of the porous material is exhausted during upsetting and bending of the
samples, as well as the nature of the destruction of the samples under tension, is shown. A conclusion is
made about the low-plasticity properties of a heated porous material during upsetting, bending, and
tensile tests.

Key words: dynamic hot pressing, powder sample, ductility of powder material, upsetting, bending and
stretching of heated porous samples, type of cracks during upsetting and bending of heated samples,
nature of sample failure in tension.

113


http://elibrary.ru/item.asp?id=19025638
http://elibrary.ru/item.asp?id=19025638
http://elibrary.ru/contents.asp?issueid=1120275
http://elibrary.ru/contents.asp?issueid=1120275&selid=19025638
http://elibrary.ru/item.asp?id=20842740
http://elibrary.ru/item.asp?id=20842740
http://elibrary.ru/contents.asp?issueid=1219273
http://elibrary.ru/contents.asp?issueid=1219273
http://elibrary.ru/contents.asp?issueid=1219273&selid=20842740

VIK 621.791

ONTUMMU3AIIAA TEXHOJIOT MU CBAPKH KOPITYCHBIX JETAJIEN
OBOPYJAOBAHUA ADC

Cenuenko A.C.", T'ook A.D.”, Took C.2."™

*B012000HCKULl UHIICEHEPHO-MeXHuYecKuil uncmumym — guauan Hayuonansrozo ucciedoeamensckozo 50epHozo
yrusepcumema « MUDH», 2. Boreooonck, Pocmosckas 061., Poccus
Qunuan AO «ADM-mexnonocuuy «Amommawy @ 2. Boneodonck, Pocmogckast 061, Poccus
™ Obwecmso Ppayuzoghepa, Uncmumym npouzsodcmseeHHbIxX cucmem u mexnonozuii koncmpyuposanus UIIK,
2. bepnun, I'epmanus

B pabore paccMOTpeH BapuaHT CBapKHM KOPITyCHBIX aertaieil obopynoBaHus ADC B Y3KyIO pasieliky,
MO3BOJIIOIUI ONTHMM3UPOBATh MPOLECC CBAapKM C YYETOM YMEHBIIEHHs 00BEMa HAIUIaBICHHOTO
MeTajula, 4YTO JaeT BO3MOXHOCTh CHM3UTh TPYIAOEMKOCTh U TOBBICHTH IPOU3BOAMUTEIBHOCTH
n3rotoBIeHus obopynoBanus ADC.

Kniouegvie cnosa: 6nok 3amutHEIX TpyO (B3T), y3kas pasmenka KpoMOK, aBTOMaTHUYECKas CBapKa IOJ
(hirocoM, TBYCTOPOHHSISI pa3/iesika KPOMOK.

B nacrosiiiee BpeMs 0JJHON M3 BaXKHbIX 33a4 B U3roTOBICHUU 00opynoBaHus ADC sBisercs
ONTUMU3AIMS TEXHOJOTHH cBapKu. CBapKy KOPIYCHBIX A€Taleld Ha NPEANPHSITHN BBIIOIHSIIOT
aBTOMAaTHUYECKON CBapKO# Mo (pIrocoM CO CTaHIAApTHOM pa3Jesikoil KpOMOK.

[Ipumenenne y3KOHM pa3lenKd B3aMEH CTaHJAPTHOW pasfelKku JaeT  Cleayloliue
peuMylIecTBa:

- yMeHbIIIeHnEe 00beMa HAIUIaBIEHHOTO METaJlIa,;

- YMEHBIIEHNE Pacxo0/ia CBApOYHBIX MAaTEPUAJIOB;

- YBEITMYEHHUE NMPON3BOAUTEIIFHOCTH U3TOTOBIICHHUS;

- CHIDKEHHE TPYAOEMKOCTH MEXaHUYeCKOH 00pabOTKU M CBApOYHBIX padoT;

- yIydlIeHue KadecTBa CBapHBIX COCIWHEHHH, 3a CUYET CHIDKEHHSI I0CIEeCBApPOYHBIX
HaIpPsHKCHUN.

PaccmoTpuM maHHYIO TEXHOJIOTHIO Ha MTPUMEPE BBITIOJTHEHHUS IPOIOIBHBIX U KOJIBIIEBBIX IIIBOB
Kopryca 6soka 3ammTHbeIX TpyO (B3T) peaktopa BBOP-1200. Kopryc B3T coctout u3 obeuaek,
KOHYyCa ¥ TUTUT, JUISL €T0 W3TOTOBJICHUS HEOOXOUMO BBITIOJIHUTE 9 MPOJIOIBHBIX IIBOB IPH TOJIIHHE
merayuia 80 MM u Gonee, a Takxke Oosiee 3 KOJIBLEBBIX IIBOB MPH TOJIIMHE MeTauia yxe 50 M.
CBapKy BBINOJHSIOT B IBYCTOPOHHIOIO Pa3eiKy ¢ YIJIOM pacKpbIThsi KpoMok 15°+1° (puc. 1) [1, 2].
BcenenctBue cBapku OOJbIIMX TOJIIMH METajlla Ha MPOLECC CBAPKU 3aTpaydBaeTCs 3HAYUTEIbHOE
KOJINYECTBO BPEMEHH.

a) 6)

n

!
Pucynok 1 — a) pa3menka KpOMOK TOJT CBapKy ¢ yriaoM 15°+1, 6) BEIMOIHEHHOE CBApPHOE COEAMHECHIE
IToBEICHUTE KauecTBO CBAapHbIX COG,Z[I/IHGHI/Iﬁ U TIPOU3BOAUTCIBHOCTE HM3IOTOBJICHHSA KOpPIIyCa

B3T BO3MOXXHO MPUMEHUB 00Jee TEXHOJOTHYHYIO Y3KYIO pasfenky (puc. 2). 3a c4eT mpUMEHEHHS
pasaenku co ckocoM kpomok 4°"!1 miomans HannasnenHoro mMetamna cuukaercs Ha 20%, TIpU 9TOM
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CHIDKAETCS TPYJOEMKOCTh Ha MEXaHUYECKYI0 00pabOTKy M CBapOYHBIC OIEpAIliH, a TAaKKe Pacxol
CBapOYHbIX MaTepHuaoB. KomnduecTBo mpoxo0B (CBapOYHBIX BAIIMKOB) cokpaiaetcst Ha 20%.
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PucyHok 2 — a) paszielka KPOMOK IO CBapKy ¢ yriaom 4°+°

, 6) BBITIOJIHEHHOE CBapHOE COCMHEHHUE

OcHoBHOW 3P (EeKT 0T BHEAPEHUSI TEXHOJOTHH CBApKU TOA (HIFOCOM B Y3KYIO pasfeiiky, IO
CPaBHEHHUIO C HCIOJIb3YeMOH TEXHOJOTHEH JOCTUTAeTCs 3a CUET CHIDKCHHUS 3aTpaT BPEeMEHH Ha
CBapKy M COKpAaLLlEHHUs pacxola CBApPOUYHBIX MATECPUAIOB, YTO BUJAHO M3 CIEAYIOUIUX PaCUYETOB
(Tabm. 1).

Tabnuma 1 — Pacxox cBapOYHBIX MaTepHasioB Ha | 0B

Pacxox cBapoYHBIX MaTepHANOB,
CaapHoii 110B TexHonorus [Tnomans mBa, MM2 KI'
ITPOBOJIOKA hiroc

Crapasi TeXHOJIOTHUS 2160 20 28,7
IIpononsHbIi ITpennaraemas 1760 16,7 23.4
I0B TEXHOJIOTUS

CokparnieHne 300 3,3 53

Crapas TeXHOJIOTHS 1100 31,5 43,8
Konbiesoii mos Hpennaracmas 950 27 37,8

TEXHOJIOTUS

CokparieHue 160 45 6

[To npuMeHsieMOil TEXHOJIOTUU Ha CBAPKY IIBOB OJIOKA 3alllUTHBIX TPyO 3arpaunBaercs 274,5
KI' CBApOYHOM MPOBOJIOKU U 389,7 K (hiroca.

C npuMeHEeHHeM pa3fieNki co ckocoM KpoMok 4°'1" ma cpapky mBoB 670Ka 3aIUTHBIX TPYO
3arpaunBaercs 231,3 Kr cBapoyHO# MPOBOJIOKU U 324 Kr ¢utroca.

CrouT OTMETUTH, YTO JUIsl NMPUMEHEHHUS HOBOM TEXHOJOTHMH CBAapKM HEOOXOIHMMO, YTOOBI
CBapoOyHOE O00OpyJOBaHHME ObUIO OCHAIIEHO CHCTEMOW CIEXEHUS C aBTOMATHYECKUM
MO3UIIMOHUPOBAHUEM CBApOYHON TOJOBKM IO JIMHUM CThIKA KPOMOK, YTOOBI HCKIIIOUYUTh
HecIIaBieHue MeTauia. Takke Heo0XoauMo OyJeT NpOBECTH JIOMOJHUTENIBbHOE OOy4YeHHe
MEPCOHANY 0 TEXHOJOTMH BBINOJHEHUS CBAapKH B Y3KYIO Pa3/IeNKy, C YYETOM TOTO, YTO PEXKUMBI
CBapKM COXpPAaHEHBI B COOTBETCTBUHU ¢ 0Aa30BBIM BapuaHTOM [3].

CIIMCOK JIMTEPATVYPbI

1. TIHAD T'-7-009-89 O6GopynoBanue u TpyOONPOBO/ABI ATOMHBIX JHEPreTHYeCKHX ycraHoBok. CBapka u
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3. HII-105-18. IlpaBuna KOHTpOJS MeTaula O0OpyIOBaHMS M TPyOOIPOBOJOB ATOMHBIX 3SHEPreTHUECKHX
YCTAHOBOK TP W3rOTOBJICHUH M MOHTaXe
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Abstract — The paper considers a variant of welding the body parts of NPP equipment into a narrow
cutting, which allows optimizing the welding process taking into account the reduction in the volume of
deposited metal, which makes it possible to reduce the labor intensity and increase the productivity of
manufacturing NPP equipment.
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VIK 621.039.5.5.8:621.38.004.6

MNPOTHO3UPOBAHUE IOKA3ATEJIEA HAJEXKHOCTH
IHJIACTUHYATBIX TEIIVIOOBMEHHHUKOB JIVIS1 SQHEPI'OBJIOKA C
BBOP-TOU

Ymannesa B.A., 'anymkun A.B., Ky3un C.A.

Qunuan AO «ADM-mexnonocuuy «Amommaury, 6 2. Boneooonck, Pocmoeckas 06a., Poccus

AKTYaJIbHOCTh JaHHOI pa0oThl OIpeneneHa HEOOXOIMMOCTHIO OIEHHTh HAIEKHOCTh IUIACTHHYATBIX
TEIUIOOOMEHHHUKOB, KOTOphle paspaboransl it BBOP-TOU u 3amMeHAT MOYTH BCE KOXKYyXOTPYOHBIC
TEIJIOOOMEHHHUKH B OTBETCTBEHHBIX cucteMax. Ha ocHOBaHHMM MccieoBaHus pa3paboTaHbl peKOMEHIAINH
TI0 YBEJIMUCHHIO HAJIGKHOCTH 000PYJOBAHMS M OIIPEAEIICHBI TPAHUIBI €T0 TPUMEHHUMOCTH AHAJIN3 OTYETOB
M0 HKCILTyaTalyuu (UpM, U3rOTABIMBAIOIINX IUIACTHHYATHIE TEIJIOOOMEHHHMKH, B TOM uucie n amst ADC
(m7st  cpaBHMTENHbHO HEOONBIIMX PACXOOB) TOATBEPIMII HACKHYIO OJKCIUIyaTallMi0 IIACTHHYATHIX
TeriooOMeHHUKOB.  [IpoBefeHHBIE  pacdyeThl  MOKazaTesled  HaJeKHOCTH Ui IUIACTHHYATHIX
TEIUNIOOOMEHHHKOB, MPEANOJIaTaeMbIX K HCTonb3oBaHMI0 Ha BBOP-TOM, moka3bBaroT COOTBETCTBHUE
MoKazaTesel perslaMeHTHPOBAHHBIM BeNMYMHAM. Pe3yJIbTaToOM HACTOSILETO aHalIuM3a CTalo IOIydeHHE
OOBEKTHBHBIX XapaKTEPHCTUK OE30MacHOCTH (YacToTa OTKAa30B) IUIACTHHYATHIX TEIJIOOOMEHHHKOB B
SHepreTHke. B GONBIIMHCTBE CilydaeB INIAaCTUHYATHIE TEIUIOOOMEHHUKHN MOKA3aJi OYeHb HU3KOE 3HAaUCHHE
4acTOTHI OTKA30B.

Knrouesvie cnosa: BBOP-TOU, mnnacTUHYATBIE — TEIUIOOOMEHHHUK, HAJEKHOCTh, 0€30MMacHOCT,
JHEpPreTUIecKoe 000pyIOBaHHUE.

[TnacTuHYaTHIN TEMIOOOMEHHUK MpeJHa3HAUYEH Ul SKCIUTyaTalluy MpU 3aJaHHBIX 3HAYEHUSX
pacxoJioB, TeMIIEpaTyp, JaBieHUil U padounx cpen. IIpu skcruryaTanuu TEIIOOOMEHHHMKA PE3KOoe
(ckaukooOpa3zHOE) U3MEHEHHe padoyuX JaBICHUM M (WIM) TeMIleparypbl Jr000H u3 (Miau o0eux)
pabouux cpe HEIOMyCTUMO, TaK KaK MOXXET IOBJeYb ero (TermIooOMEHHHMKa) MeXaHHYeCKOoe
MOBPEXICHHUE.

JlanHas paboTa MOCBSIIEHA aHATU3y BIUSHHUA Ha IMOKA3aTeNd HAJEKHOCTH IJIACTHHYATBIX
TerI000MeHHUKOB 2 Kiacca 6e3omacHocTu mo HIT-001-15 [1].

TennooOMEHHHK B CBOEM COCTaBE COJCPKHUT KOMIUIEKT TO(pPUPOBAHHBIX IUIACTHH C
YIUIOTHATEIIBHON NPOKJIAJKON MO KOHTYPY Ka)KIOM IUIaCTHHBI. KOMIUIEKT IJIACTHH 3a)KaT MEXIY
OCHOBHOM M TPMXUMHOW IIMTOH. TeriooOMEHHUK MPEACTaBIsSeT COO0H KOHCTPYKIUIO C ABYMS
HOJIOCTSIMM, pa3felIeHHBIMU MeXIy co00il mimactuHamu. [l OpUCOEIUHEHHS K BHELIHMM
KOMMYHHKAIMSIM OCHOBHAsI IJIMTa UMEET MecTa IO KpeIruleHne (uiaHieB. DCKU3 TeIUI00OMEHHUKA
MOKa3aH Ha pUCYHKeE 1.
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Pucynok 1 — Dckus TemnooOMeHHIKA

Kaxxnoe oOopynoBaHue HYKOaeTcsi B TINATENIBHOM TEXHUYECKOM o0OchmykuBaHuu. Ecmu
HECBOEBPEMEHHO OOHApYXUTh Ae(EKThl W3JENus, TO 3TO HPUBEIET K ero orkazy. OCHOBHBIMH
BO3MOXXHBIMU OTKa3aMH SIBIISIIOTCA: YTEYKM B TMOpTax (B OTBEPCTHSIX «BXOJOB-BBIXOJOBY)
(TaHUEBBIX COCAMHEHUH, YTEUKM MEXIy NaKeTOM IUIACTHH M HEMOABWKHOW WM TPHKUMHON
IUTUTOM, YTEUYKH MEXIy IUIACTUHAMH, BHYTPEHHHME YTEUKH, HECOOTBETCTBUE (DAKTUUECKUX
rapaMeTpoB TEINIOOOMEHHHKA.

JlJis MHOTMX THUIIOB IJIACTHHYATHIX TEIJIOOOMEHHUKOB MOTYT OBITh UCIOJIB30BaHbI pa3InyHbIC
MaTepuaigbl IUIACTHH. Ype3BblYallHO Ba)KHO MPAaBWIBHO M0A00paTh Marepuald IUJIACTHH
KOPPO3HMOHHOCTOMKUM I10 OTHOIIEHHIO K pabounM cpeaam. [Ipu HempaBuiIbHOM BbIOOpe MaTepuala
OTKa3bl 00OpYJOBaHUS BO3HHUKAIOT B TEYEHHE OYEHb KOPOTKOI'O BpPEMEHHM, 4YacTO B TEYEHHUE
HECKOJIbKUX MecCsleB. EAMHCTBEHHBIM METOIOM YCTPAHEHUS YK€ CIy4YMBILErocs OTKas3a sBIIAETCS
3aMEHa yCTaHOBJICHHOI'O NIaKeTa IJIACTUH Ha MJIACTUHBI U3 MOAXOASIIEro MaTepuania.

3aBUCHUMOCTh YacTOTHl OTKa30B OT pAa3IMYHBIX MAaTepUANOB IUIACTUH H300pa)keHa Ha
pHUCYHKe 2.

3aBUCUMOCTL YacCTOThI OTKa30B OT Marepuana nnacTuH

10.8
BKen-so
TennooGveHK0E
D Mo uscos
axcrnyaTays
B4scrors orrmsce
82

]

(MUNNMOHBI YAC0B)
Yacrora oTkasa (0TKaz0B Ha MUNIWOH

8
Y4acoB IKCNNYATaALMK)

Kon-Bo TennooGMeHHUKOB
]
Ofuwee Bpeca aKcnNyaraumu

Tirras Hepx, cTans AISI 318 Hepe, cTane AISI 204

MeTepuan nnacTui

PI/ICYHOK 2 — 3aBHCUMOCTbD YaCTOTBI OTKA30B OT MaTepuraJia mjiaCTuH
CYH_ICCTBYIOT BO3MOJHBIC HaANpaBJICHUA Ui TMOBBIMICHUA HAACKHOCTU INIACTUHYATBIX

TerooOMeHHBIX anmaparoB. [log 3TuM moapa3zymeBaeTcst MpeaynpekIeHHe BOSHUKHOBEHHS TeUeH
U 3acopeHuil TeruioooMenHuka. [IpaBuibHBIN BHIOOp THIIA TEMJI000MEHHMKA, pa3Mepa U MaTepuala
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IUTACTHUHBI, COOTBETCTBYIOLIETO pabouMM cpeaamM, THIATebHOE BCECTOPOHHEE PacCMOTpPEHUE
napaMeTpoB pabOThl, HapsiAy C TINATENbHO CIUIAHUPOBAHHBIM TpaMKOM MPOBEICHUS IUIaHOBO-

NpeayNpEeIUTEIbHBIX PEMOHTOB, SIBISIOTCS OJHMMH W3 BaKHEHIIMX (aKTOpoB oOecredeHus
HAJICKHOH M 0€30TKa3HOM paboThl 000pyIOBaHMS. YCTAaHOBKA MEXaHMYECKHX (UIBTPOB B
HEKOTOPBIX CIy4asX TaKKe CIIOCOOCTBYET TIOBBIINICHHIO SKCIUTyaTallMOHHOM HAJEKHOCTU
obopynoBanus [2].

AHan3 HaIEKHOCTH TEIUIOOOMEHHOTO O0OpyIOBaHHS — 3TO pe3yibTaT o0paboTKH U
0000mIeHNsT ~ CTaTUCTHYECKUX  JAHHBIX,  HPEJOCTABICHHBIX  3aKa3uMKaMH  KOMIIAHUH,
OKCIUTyaTUPYIOIIMX IUIACTMHYATHIE TEIUIOOOMEHHMKM Ha TEIUIOBBIX, AaTOMHBIX, THAPO- H

reoTepMaIbHbBIX AJEKTPUYECKUX CTAHIUSIX. BbUIM MpOBENEHBI pacueThl MOKa3aTeaeHd HaJAeKHOCTH
JUTSE TUIACTUHYATHIX TEIUIOOOMEHHUKOB, MPEIINoJiaraéMbIX K UCHoib30BaHui0 Ha BBDOP-TOU,
MOKa3bIBAIOT COOTBETCTBUE ATUX 1OKA3aTEJICH perjiaMeHTUPOBAHHBIM BEJIMYMHAM.

TakuM  oOpa3oM, TIPOTHO3 MO  OKCIUIyaTAallMOHHOW  HAJEKHOCTH  IUIACTHHYATBIX
terioooMenHnkoB Ha BBOP-TOU npu cobmioieHuN TEXHUYECKOT0 00CTY>KMBaHUS TJIaCTUHYATBIX
TEIJI000MEHHHUKOB, BOJIHOTO PEXXUMA U T.I1. — TOJIOKUTEIIbHBIH.

B Ttabmuue 1 mnpuBeneHsl pe3yiabTaThl pacueTOB IOKa3aTeleld HaJAeKHOCTH pPa3IMYHbIX
MJIACTUHYATHIX TETIOOOMEHHHUKAX, HaXOISMIIMXCSA B OTBETCTBEHHBIX CHCTEMaxX »SHEProdsioka c

BBOP-TOU.

Tabnuna 1 — Pe3ynpTaThl pacueToB MMoKazareaeil HaJe)KHOCTH

Coeuss HNHTEHCUBHOCTD Coexmuii
Haunmenosaunue/ HapagOTKa oTkasa Kos¢puunent Toxasatess elc): ﬂc 0
P HapPYIICHHSI TEXHUYECKOI'O | JOJTOBEYHOCTH peeype A
o0o3HaueHue Ha OTKa3, > | KamMTaJbLHOIo
TEPMETHYHOCTH, | HCIIOJb30BAHHUS JIeT
qac 1/ peMoHTa, 9ac
Jooxnmagurens
IPOMKOHTYpa 131579 1*107 0,9959 71 70080
Jlooxnagurens
IPOMKOHTYpa 131579 1*107 0,9959 71 70080
JlooxnaguTens MOAMUTKY 131579 1*107 0,9959 71 70080
OxnaguTens o
60pOCOIepIKAILEH BOBI 227273 1*10 0,996 71 70080
Oxaamurens GopHoro | 557973 1%107 0,996 71 70080
KOHIICHTpAaTa
Oxnazurenb NOAMUTKH 113636 1*107 0,996 71 70080
TemmooOMeHHHK
aBapUITHOTO ¥ TUTAHOBOTO 55555 1*107 0,995 71 70080
pacxoNaKUBaHHS
Temoo6MeHHUK
aBapUITHOTO ¥ TUTAHOBOTO 55555 1*107 0,995 71 70080
pacxoiaKUBaHHS
TemooOMeHHUK
OXJIAKICHUS
CIUTMHKJIEpHOIT BOABI 1 75758 1*107 0,9956 71 70080
GacceiiHa BBIICPKKI
TemmooOMeHHHK
OXJIAKIEHUS
CIUTMHKJIEPHOIT BOIBI K 75758 1*107 0,9956 71 70080
OacceiiHa BBIICPKKI
Temoo6MeHHUK
IIPOMKOHTYpa 50000 1*107 0,995 71 70080
TemooOMeHHUK
IIPOMKOHTYPa 50000 1*107 0,995 71 70080
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ViydiieHne TeXHOJOTHUECKUX CXEM, B KOTOPBIX YCTaHOBJIEHBI TEIUIOOOMEHHUKH, MO3BOJISET
o0ecneynTh NOBBIIIEHHYIO Ha/leXKHOCTh KCIUTyaTallui TEIUIOOOMEHHUKOB M CUCTEMBI B 11esioM [3].
[IpaBuiabHBI BBIOOp TEMJIOOOMEHHHKA, TPABHJIBHOE MOCTPOCHHE TEXHOJIOIMYECKOW CXEMBI
YCTAaHOBKM  OOOpYyJOBaHUS,  IPaBWIbHOE M  CBOEBPEMEHHOE  IPOBEJEHHE  IIJIAHOBO-
NPeayNpeIUTeNbHBIX  PadOT M30aBUT SKCIUTYaTHPYIOUIYI0 OpTraHU3ali0 OT MHOTHX 3a00T,
CBSI3aHHBIX C 3KCIUTyaTauenl o0opyJ0BaHus.
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Forecasting the Reliability Indicators of Plate Heat Exchangers for the Power Unit
with VVER TOI
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Abstract — The relevance of this work is determined by the need to evaluate the reliability of plate heat
exchangers, which are designed for VVER-TOI and will replace almost all shell-and-tube heat exchangers
in critical systems. Based on the study, recommendations were developed to increase the reliability of
equipment and the limits of its applicability were determined. Analysis of reports on the operation of
companies manufacturing plate heat exchangers, including for nuclear power plants (for relatively low
costs), confirmed the reliable operation of plate heat exchangers. The performed calculations of reliability
indicators for plate heat exchangers intended for use at VVER-TOI show that the indicators correspond to
the regulated values. The result of this analysis was to obtain objective safety characteristics (failure rate)
of plate heat exchangers in the energy sector. In most cases, plate heat exchangers have shown very low
failure rates.

Key words: VVER-TOI, plate heat exchanger, reliability, safety, power equipment.
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MATEMATHYECKASA OBPABOTKA SKCIIEPUMEHTAJIBHBIX TAHHBIX
MPOILIECCA I''TYBOKOT'O CBEPJIEHUSI OTBEPCTUM B KOPITYCHOM
OBOPYJIOBAHUU OTBETCTBEHHOI'O HABHAYEHUA

Ycmanos M.3.

AO «Mawunocmpoumenvhwiil 3a600 «3uO-Ilodorvcky, e. Ilodoavck, Poccus

Jyis onTHMU3aIMM Tpolecca TIIyOOKOTO CBEPJICHHUS KPYITHBIX TIIIAJKAX OTBEPCTHH B OTBETCTBEHHOM
000pyIOBaHUU TPUMEHEH METON IUIAHUPOBAHMS OJKCIEPHMEHTa M MaTeMaTHYeCKOW 00paboTKu
9KCICPUMCHTANBHBIX JaHHBIX. [ BBIBOJA MATEMAaTHYECKOM 3aBUCUMOCTH BIIMSHUS —YKa3aHHBIX
apaMeTpoOB Ha IIEPOXOBATOCTh IOBEPXHOCTH TIIIYOOKHMX OTBEPCTHH NPUMCHSIM METOJ[ IIOJIHOTO
¢bakropHoro skcnepumMeHta turna N=2". BblsBiIeHa 3aBHCUMOCTH IIEPOXOBATOCTH MPOCBEPICHHOTO
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OTBEPCTHS OT APAMETPOB TEXHOJIOTHUECKOTro mporiecca. [Ipu orenke no kpureputo Duinepa moryyeHHas
MareMaTruueckasi MOZeib Obliia MPU3HAHA aJJeKBATHOM.

Knrouesvie crosa: TIIaHWUpOBaHWE SKCIEPUMEHTA, MANIMHOCTPOCHHE, MareMarhuueckas o0paboTka
9KCIIEPUMEHTATIbHBIX JAHHBIX; TJIyOOKOE CBEpJCHHE; IIePOXOBATOCTh IMOBEPXHOCTH; COCTOSHHE
MOBEPXHOCTH; TEPOBOE CBEPJIO; OSMIUPUYECKAss 3aBHCHMOCTb; H3HOC HWHCTPYMEHTAa; MEXaHHYEeCKas
00paboTka.

Ha ceromnsAmHui neHb OJHOM M3 3aJa4 B OTEYECTBEHHOM ATOMHOW JHEPIETUKE SIBISETCS
W3TOTOBJICHUE PEAaKTOPHBIX YCTAHOBOK JJIS JIEOKOJIOB HOBOTO IOKOJIEHUS C LIE€JBIO IOBBIIICHUS
KOHKYPEHTOCIIOCOOHOCTH POCCHICKOIO MOPCKOT'O TPAHCIOPTa Ha PBIHKE MOPCKHX IEPEBO30K U
pasButus CeBEpHOTO MOPCKOTO ITyTH.

ITpu M3roToBIEHUM JAHHBIX PEAKTOPHBIX YCTaHOBOK Ha AO «MalMHOCTpOUTENbHBIN 3aBOJ
«3uO-Iloonbck» BO3HMKIIA TPOOIEMa IIyOOKOro CBEpIIEHUS KPYITHBIX IIagkux oTBepcTuil. [Ipu eé
pemieHMH ObUIM TIPOBEJCHBI HCCIECAOBAHUS MEXaHHYECKOH 00paboTKM KPYIHBIX TIIyOOKHX
OTBEPCTHUM.

OaHuM M3 BaXHEHIIMX [apaMETPOB IIOBEPXHOCTHOTO CJIOSI SIBJISIETCSl IIEPOXOBATOCTh
IOBEPXHOCTH IO Tnapamerpy Ra, koTropas B COOTBETCTBUM C TpeOOBAaHUSMH YEPTEKHO-
KOHCTPYKTOPCKOM JOKyMEHTalluM cocTaBiisieT 6,3 MkM. B cBsi3u ¢ BbICOKMMM TpeOOBaHUSIMHU K
00paboTaHHOMY OTBEPCTHIO 10 LIEPOXOBATOCTH IIOBEPXHOCTH, B KAUECTBE IapaMeTpa ONTUMH3ALUN
IIPU IOCTPOEHUH SMIUPUUYECKON MOJIENN BhIOpaHa UMEHHO 1I€POXOBATOCTh IOBEPXHOCTH.

[TnanupoBaHue M MaTeMaTHYECKyr0 0OpaOOTKy pe3yJIbTaTOB 3KCIIEPUMEHTOB IPOBOIMIN C
IIOMOUIbI0 PErpEeCCMBHOIO aHajdW3a M TEOpUU IUIAHUPOBAHUSA OHKCIEpUMEHTOB. /[[ns BbIBOAA
MaTEMaTUYECKON 3aBUCUMOCTH BJIMSHMS YKa3aHHBIX [IapaMeTPOB Ha IIEPOXOBATOCTb MOBEPXHOCTH
[IIyOOKMX OTBEPCTUI MPUMEHSUTH METOJ MOJHOTO (hakTopHOro skcrmepumenta tuma N=2"/ /. B
KAuecTBE CHUCTEMbI CBEpJICHHsI HCIIOJb30Bajach cucrema cepiaeHuss HTS xommanum Kennametal
(CILA) (Pucynok 1), pazpaborannas kommnanueiit Kennametal, npeacraBinsier coboli MOIy/bHYIO
KOHCTPYKLHIO, KOTOpasi COCTOMT M3 XBOCTOBHKA, YJUIMHMTENS, IPUBOJHBIX KOJIEL U CBEPJIUIBHON
roinoBkun HTS. Ilocme 00pabGoTKM pe3yibTaTOB SKCIEPUMEHTa ObLIa IOJydyeHa SMIUpUYEcKast
3aBHCUMOCTh LIEPOXOBATOCTH 00pabOTaHHOW TMOBEPXHOCTH OT PEKUMOB pE3aHUS U COCTOSHUS
PEeXYILIEro KIMHA HHCTPYMEHTA C yU€TOM BPEMEHU MPOTEKAaHUS MpoIecca pe3aHus:

R, = 6,11+ 0,0004V +1,25S + 0,44h + 0,01VS — 0,003vh —11Sh + 0,08VSh (1)

rae Ra— mepoxoBaTocTh MOBEPXHOCTH, MKM,
V — cKopoCTb pe3aHusi , M/MUH,
S — mogava, MM/MMH,
h — ¥3HOC pexyIIero KIMHa, MM.
[Tpu ouenke mo kputeputo duinepa monxydyeHHas MaTeMaThdeckas MOJEib Obljla MPU3HAHA
aJICKBaTHOM.

Pucynok 1 — CeepauibHas roaoska HTS
1 —1eHTpaNbHBIN KapTPUIK; 2 — KOPITYC; 3 — MAJIOTHOE CBepIIo; 4 — nepudepuitHpIii KapTPUIK;
5 — cMeHHBIC TBEPIOCIUTABHBIC TUIACTHHBI
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BriBoabl

1. B mporuecce 3KCIepUMEHTAIbHBIX HCCIEI0BAaHUN IOJIyd4e€Ha SMIMPHUYECKass 3aBHUCHUMOCTh
KITIOYEBBIX TEXHOJIOTUYECKHX (DAaKTOPOB Ha HIEPOXOBATOCTh MOBEPXHOCTU, KOTOpask MOXET ObITh
UCIOJIb30BaHA B MHKEHEPHBIX pacyeTax.

2. Pegynprathl pa0OThl HAaNUIM MPAKTUYECKOE NpPHUMEHeHHe Ha mnpomiuiomagke AO
«MamnHocTpouTenbHbli 3aBoj «3uO-I1010abCK» NPU U3rOTOBICHUHM PEAKTOPHOIO 000pYyIOBaHUS
IJISL CyIOCTPOCHHUSL.
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Mathematical Processing of Experimental Data of the Process of Deep Drilling of Holes in
Cabinet Equipment of Responsible Purpose

Usmanov M.Z.

JSC “ZiO-Podolsk”, Podolsk, Moscow region, Russia
e-mail: maratl2u@yandex.ru

Abstract — To optimize the process of deep drilling of large smooth holes in critical equipment, the method
of experiment planning and mathematical processing of experimental data was applied. To deduce the
mathematical dependence of the influence of these parameters on the roughness of the surface of deep
holes, the method of a complete factorial experiment of type N =2" was used. The dependence of the
roughness of the drilled hole on the parameters of the technological process is revealed. When evaluated
according to the Fisher criterion, the resulting mathematical model was found to be adequate.

Key words: experiment planning; mechanical engineering; mathematical processing of experimental data;

deep drilling; surface roughness; surface condition; feather drill; empirical dependence; tool wear;
machining.
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VIK 621.791.04:621.039.536.2

HNCCIEAOBAHUE METAJIUIA HIBOB U3 CTAJIM 15X2HM®A,
BBITOJIHEHHBIX C IPUMEHEHUEM AT'JIOMEPUPOBAHHOI'O
®JIIOCA, B HEJIAX HHOBBIIIEHUSA OKCIINIYATAIIMOHHBIX
XAPAKTEPUCTHUK KOJIBLHEBBIX HIIBOB KOPITYCOB PEAKTOPOB
THUIIA BBOP

IIyoun O.B., Ilonosa A.B., Ilogpe3os H.H.

Qunuan AO «ADM-mexnonocuuy «Amommawry 6 2. Bonecooouck, Pocmoeckas obn., Poccus

ATOMHasl 3HEpPreTHKa — BaXKHEHIIas MOAOTPAcib IMOOATbHONW 3HEPTeTHKH U SIBISIETCS] IEPCHEKTUBHBIM
MHUPOBBIM HaIllpaBICHUEM Pa3BUTH. DKOHOMHYECKH 3()(HEeKTUBHBIM sBIsIeTCS coopykeHHe ADC O0IpIIIX
MOIITHOCTEH ¥ OTHOBPEMEHHO C JUTHTEIBHBIM CPOKOM SKCIUTyaTalliy U TOBBIIIEHHON Oe30macHocThIo. [Ipn
3TOM cpok 3Kciuryatamuun ADC JTHUMUTHPYETCS CPOKOM CIyKOBI KOpIyca peakTopa, T.e. CPOKOM, B
npezienax KOTOPOTo KOPIIyC peakTopa COXPaHSAET CBOK PabOTOCIOCOOHOCTb M HAJEKHOCTh B YCIOBUSAX
BO3JICHCTBHSI IKCIUTyaTallMOHHBIX (pakTopoB. VIMEHHO MO3TOMY Ha CErOIHSILIHMN JIeHb OJHOW U3
NMPpUOPUTETHBIX 3aJad B O6J'IaCTI/I PCAKTOPHOI0 MAMIMHOCTPOCHHUA ABJISACTCA COBCPIICHCTBOBAHUEC
MaTepHalloB M TEXHOJIOTMH H3TOTOBJICHUS KOpIyca peakTopa. B Hacrosmeid paboTe mpencTaBiIeHbI
WCCJIEJIOBaHMUS 110 MOBBILICHUIO CITY>KEOHBIX XapaKTepHCTHK KOJIBIEBBIX IIBOB KOPITyCca peakTopa 3a cuer
3aMEHBI IUIaBICHOTO (DII0Ca Ha arioMEepUPOBaHHBIH.

Kniouegvie crnosa: myroasi cBapKa, arlloMEpHUpPOBaHHBIE (IIIOCHI, METAI [IBA, ATOMHAsI CTAHIINS, PEaKTOPbI
BBOP, skcrutyaranus, paauanoHHOE U TETIIIOBOE OXPYIUUBaHUE, 0€30I1aCHOCTh, PECYPC, KAYECTBO.

B mnacrosimee BpeMsi OOIIEHPUHSATHIM yCIOBHEM oOecreueHusi 0e30MacHO AIKCIUTyaTaliuu
Kopmyca peakropa (nanee — KP) siBnsieTcss oGecnieueHue ero 1eIOCTHOCTH MO KPUTEPUIO XPYIIKOTO
paspymenusi. OnHUM U3 TyTel moBbieHus 6e3onacHocTH dKkcrutyaTaruu KP tuna BBOP sBnsercs
MPUMEHEHUE Ui €r0 U3TOTOBJIEHUS MAaTEPUAIOB C HU3KUM 3HAYEHUEM HCXOJIHOM KPUTHYECKOM
TeMIiepaTypbl XpynkocTtu (Tko), @ TaK)Ke ¢ BEBICOKUM COTIPOTUBIICHUEM PAIHUAIMOHHOMY U TEIIIOBOMY
OXpYHYHMBAHUIO.

3a mocienHee JECATUIETHE COBEPIIEHCTBOBAHHUE JIETUPYIOLIEH KOMIO3UIMU PEAKTOPHOU
cramu 15X2HM®A u TexHONOTHMH W3rOTOBIeHUsT 3aroroBok KP mo3Bomunu obecneunTh
rapaHTUPOBAHHO HU3KYIO Tko, a Takke TpeOyemble MPOYHOCTHBIE XapPaKTEPUCTUKH OCHOBHOIO
Mmeraia [1].

OnHako NpUMEHsIEMbIEe Ha JAHHBIH MOMEHT CBapOYHBbIC MaTepHalibl ISl aBTOMAaTUYECKOU
cBapku nof] ¢pmrocoM kosblieBbix mBoB KP u3 cranu 15X2HM®A — nposonoka CB-09XI'HMTAA-BU
B coueTaHuu c MiaBieHbIM ¢uocom PI[-16A — He NO3BONAIOT O0ECHEUNTh MPOYHOCTHBIE
XapaKTePUCTHKU MeTalljla CBAPHOTO IIIBa U €ro ko Ha ypOBHE OCHOBHOTO METajlia: B COOTBETCTBUU C
[2, 3] TpeOoBaHus K TPOYHOCTHBIM CBOWCTBAM CBapHOro IiBa HUke Ha 11-15%, a TpeOoBaHus
K Tko Merauia mBa HUXKE 10 66% OTHOCHUTENBHO OCHOBHOTO MeTaina. Takum oOpas3owm,
CBapHbI€ COEJIMHEHHUS MO-TIPEeKHEMY oOcTalTca «cinadbbiM mectom» KP U TuMUTHpPYIOT CpoK ero
CITYKOBI.

[TnaBnensnit ¢maoc PL-16A paszpaboran cnenuanbHO s cBapku ctanei 15X2HM®DA,
B3aMeH TutaBlieHbIX (utocoB DI[-16, HD-18M, kak 6onee TexHomornuHblid. OIHAKO H3-32 BBICOKOM
XUMHYECKONH aKTHUBHOCTH IAHHOTO (pJIroca MMEeT MECTO MOBBIIIEHHOE COJIep)KaHue KHCIOpojaa B
BUJIE HEMETAJUTMYECKUX BKIIIOUEHUH B METaJUIe IIBA, M3-3a YEro He y/IaeTcsi 00eCledynTh BBICOKHE
3HAUYECHMSI €Tr0 yJapHON BA3KOCTU. AJBTEPHATHUBHBIX OTEYECTBEHHBIX IUIABJICHBIX (IIFOCOB IS
cBapku craneil 15X2HM®A ne pazpaboraHo, a mpuMeHEeHUE (IIFOCOB UMIIOPTHOTO MPOU3BOCTBA
HEBO3MOKHO BBHy TpeOoBaHu [3].

W3BecTHO, 4YTO arjJoMepupoBaHHBIE (IIOCH 00IaTAIOT KOMIUJIEKCOM MPEUMYIIECTB Mepe.
miaBjieHbIMH [4]. ArioMepupoBaHHBIE (IIIOCHI cComepKaT B CBOEM COCTaBE METAUITMUYECKHUE
KOMIIOHGHTBI, TaKWe KaK KpEeMHHUH, MapraHel, TUTaH, Olarojaps 4dYeMy OCYIIECTBISETCS
pacKucieHue, JeTupoBaHWe W MoauduuupoBaHue MeTaia mBa. bmaronmaps momuduuumpyromeit
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CIOCOOHOCTH arjaoMepupoBaHHBIX (IIFOCOB oOecrieunBaeTcsi 00jaee MEIKO3epHUCTas U paBHOMEpHAs
CTpYKTypa MeTajia mBa. Huskas Xxumudeckasi akTUBHOCTb ATHX (DIIOCOB MO3BOJISIET 0OecreynBaTh
MUHUMAaJIbHBIA IEPEX0J KUCIOpOJa B BHUJE HEMETAUIMYECKUX BKIIOYEHMH B MeTajule IIBa.
brnarogapss TeXHOIOrMYecKod omepaluu CIEKaHWs B MPUCYTCTBUU JKUIKOTO CTEKJIa, IIpU
M3TOTOBJICHUH arjIOMEPUPOBAHHBIX (IIFOCOB yAaeTcsl U30ekaTh MpoOJieM C ylaJIeHUEeM OCTaTOYHON
BJIaTU, KaK MPH BBIIJIABKE IJIaBJICHBIX (DIIIOCOB.

Takum 00pazom, 3aMeHa TUIABJICHBIX (DIIOCOB HA HU3KOAKTHBHBIE arjoMepUpOBaHHBIE (DIFOCHI
SBJIIETCS BEChbMa IEPCIIEKTUBHBIM HANpPaBICHUEM C TOYKM 3PEHUS MOBBIIICHUS MEXaHUYECKUX
XapaKTEepUCTHK MeTaiuia cBapHbIX MBOB Cr-Ni-MO-V TemioycToH4nBbIX CTalICH.

K mHacrosmemy BpeMEeHH HE HUMEETCS OTEUECTBEHHBIX pa3pabOTOK ariioMepupOBaHHBIX
¢urocoB, npenHazHayeHHbIX Juis  cBapku  Cr-Ni-Mo-V  temoycroitumBbix craneii. B AO
«HITO «HHUUTMAIIY» nns cBapkd MEPIAUTHBIX CTalled pa3paboTaH arjoMepupoBaHHBIN (irroc
Mapku DIIK-16, koTopblii B HacTOsIlEee BpeMs JOMYIICH I CBapKU YIJIEPOJIUCTBIX CTallel ¢
KpEMHEMapraHI[OBUCTHIMH U JIESTUPOBAHHBIMU CTAISIMH B COOTBETCTBHH C [3], a TaK)Ke HAXOASATCS HA
CTaJMU MCCIICAOBAaHUN BO3MOXHOCTH ero npuMeHeHus i cBapku Cr-Ni-Mo-V TemnoycToiunBbix
ctanei. B pamkax denepanbHbIX mporpamm pasBuTus atomHoil snepretuku HULL «KypuartoBckuii
uactuty™ — [HHUM KM «IIpomerei» mpoBeAeH psia HUCCICIOBaHUN ©  pa3paboTaH
armomepupoBaHHblld (iroc mapku 48AD-71 [5]. JanHbIil ¢uroc aTTecTOBaH ISl CBApKH CTaIH
Mapku 15X2M®A B couetanuu ¢ npoBosiokoii Ce-15XI'MTA.

bnuskuii xummnueckuit cocta crasieil 15X2M®A n 15X2HM®A u cBapouHbIX IpoBOJoK CB-
ISXIMTA u CB-09XT'HMTAA-BU mno3Bonser mnpeanoiaokuTh BO3MOXKHOCTb IPUMEHEHUS
armomepupoBaHHoro ¢uiroca 48A®d-71 Bzamen miaBieHoro PII-16A ¢ MONIOKUTETHHBIM BIHSHUEM
Ha MEXaHUYECKUE XapaKTEPUCTUKNA METaJlja I11IBa.

Jlis uccrnenoBaHMsl CBOMCTB MeTajjia IBa, BBIIOJIHEHHOTO aBTOMATHUYECKON CBapKoil ¢
npumeHerneM 1npoBosiokd CB-09XI'HMTAA-BU B couerannn c ¢umocom 48AD-71, Obumn
U3roToBiieHbl KOHTposibHbIe cBapHble coeauHeHus (KCC). IloaroroBka mmiacTuH (IJIAHOK) IMOJ
CBapKy, CBapka, NpeIBapUTENIbHbII W  CONYTCTBYIOUIMI  MOAOIpEB, TepMooOpaboOTKa,
Hepaspymaromue U paspymaromue kouTpoau KCC npoBoamiiucs B COOTBETCTBUU € TPEOOBAHUSIMHU
[3, 6]. Paspymaromuit kouTpoar KCC Bkimtouan B ceOs omnpeaesieHHe XUMHYECKOTO COCTaBa,
MEXaHMYECKUX CBOICTB MeTajlyla IIBa IPM HOPMAalIbHOW M TIOBBIIIEHHOM TeMIEparypax,
KPUTHUYECKOU TeMIEepaTypbl XpYIKOCTH.

Ilo pesynpraraMm HcCIENOBaHUS XMMHYECKOTO COCTaBa BHMJHO, 4YTO XMMHYECKUU
COCTaB MeTa/ula IIBa, BBINOJIHEHHOro TpoBosiokoii CB-09XI'HMTAA-BU B coueranun c
kepamuyeckuM ¢rocoM 48A®P-71 MOTHOCTHIO peepeHTeH XMMHUYECKOMY COCTaBy MeTailjia IIBa,
BbINIOJTHEHHOTO TpoBosiokoil CB-09XI'HMTAA-BU B coueranuu c masneHsiM ¢urocom PLI-16A
[3] (tabm. 1).

Ta6Jmua 1-— PGSyJ’ILTaTBI HUCCICAO0BAHUA XUMHUYCCKOI0O COCTaBa MECTaJljla 1IBa

XUMHUUECKU COCTaB, MaccoBas J10JId B MPOILEHTaX

XUMHYECKUH

C Si |Mn| Cr | Ni | Mo | Ti P Cu | Co Sh Sn Al S N
DJICMCHT

Hopwmarusssrie |0,04- |0,15- [0,45- |1,20- |1,00- (0,40-|0,01-

smavenms [0,10 0,45 |1.10 [2.00 |1.30 |0,75 |0,06 |=0008|=0.06|<0,02/<0,008)<0,001/<0,010|<0,025| daxr

Pesymerarot | 041090 (0,95 | 157 1,11]064 001 | 0,007 | 0,03 | 0,01 |<0,001| 0,001 | 0,001 | 0,004 |0,0069

HUCIIBITAHUHN

Ilo pesympraTaM HCCIEIOBAaHUS MEXAaHMYECKMX XapaKTEpPUCTUK METaula IIBa BHUJIHO,
YTO CpEeJHME 3HAUYCHUS MEXAHMYECKHX XapaKTepUCTUK M KPUTHUECKOH TemmepaTypbl XpPYNKOCTU
MeTajljia I11Ba, BbINOJHEHHOro NnpoBojoko CB-09XI'HMTAA-BU B coueraHun ¢ KepaMHUECKUM
dhmrocom 48Ad-71, BeIllle HOPMATUBHBIX 3HAYECHUU ISl METAJIJIA IIBA, BHIMOJTHEHHOTO MTPOBOJIOKOM
CB-09XI'HMTAA-BU B coueranun c¢ tuaBieHbiM Quiocom PILI-16A, m HaxoasTcs Ha ypOBHE
HOPMATHUBHBIX 3HAYEHHI JUIT OCHOBHOIO MeTauia (puc. 1, 2).

123




800 600

600 400
400
200 I 200
0 0
Bpemennoe  YcnoBHBI npeen Bpemennoe VYcnoBHbIN npeaen
CONPOTHUBIIEHUE TEKY4eCTH CONPOTHUBIIEHHE TEKy4ecTH
B ocHOBHOM MeTayur M DI[16-A W48AD-71 B ocHoBHOU MeTayT MOI[16-A H4Z8AD-71
a) 0)
80 80
60 60
40 40
20 20
, HmE , mm
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MIPOYHOCTHBIE cBOMcTBa, MIIa: a) mpu 20 °C, 6) mpu 350 °C,
cBoiictBa mactuaHoctd, MIla: B) mpu 20 °C, r) mpu 350 °C
Pucynok 1 — Mexanuueckue cBoiicTBa

B ocHOBHOU Metaut W OI[16-A 48AD-71

Pucynox 2 — Kpurnueckas temmeparypa xpymnkocti (“C)

Pe3ynpTaThl NpPOBENEHHBIX HCCIEIOBAaHUM IOKAa3ajad, 4TO MPUMEHEHHUE arJIOMEPUPOBAHHOIO
¢mroca 48AD-71 nns aBTOMATHYECKOM CBAapKU KOJBIEBBIX IIBOB KOpPIyca peakTopa IO3BOJIUT
HOBBICUTb U MPUOIN3UTE K OCHOBHOMY METaJlTy IPOYHOCTHBIE CBOMCTBA M CBOMCTBA MJIACTUYHOCTH,
a TaKKe CHU3UTh HMCXOJHYIO KPUTHUECKYIO TeMIepaTypy XpynkocTd. lloBblllleHHE yKa3aHHBIX
CIIy’)K€OHBIX XapaKTEPUCTUK IMO3BOJUT YBEIMYUTh CTOMKOCTh MeETajula CBapHBIX LIBOB KOpIyca
peakTopa MpH TemrepaType IKCIUTyaTalud 1 HEUTPOHHOM 00JTy4€HUH, TIOBBICUB CONPOTUBIIIEMOCTD
TEMIIEPATYPHOMY U DPAJUALMOHHOMY OXPYNUYUBAaHUIO U TEM CaMbIM YBEJIIMYUB IPOEKTHBIM CPOK
caykObl Kopmyca peakTopa. Ha oOCHOBaHMM TOJY4YEHHBIX MOJIOKUTENbHBIX PE3YyJIbTaTOB
uccienoBanuii copmectHo ¢ HUIL[ «KypuaroBckuit uacrutym — LIHUU KM «IIpomerein» u AO
OKbBb «['MIPOITPKCC» pa3paborana mporpaMMa aTTECTAI[MOHHBIX HUCIBITAHUNH HOBOTO COYETAHUS
CBAapOYHBIX MATEPHAJIOB C LIEJIBIO €r0 aTTECTALUU U MTOCIIETYIOIIET0 BHEIPEHHSI B IPOU3BOJICTBO.
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Abstract — Nuclear energy is the most important sub-sector of global energy and is a promising global
direction of development. It is cost-effective to construct large-capacity nuclear power plants and at the
same time with a long service life and increased safety. At the same time, the life of the NPP is completely
determined by the service life of the reactor vessel, i.e. the period within which the reactor vessel retains its
operability and reliability under the influence of operational factors. That is why today one of the priorities
in the field of reactor engineering is the improvement of materials and technologies for the manufacture of
the reactor vessel. This paper presents studies on improving the service characteristics of the annular seams
of the reactor vessel by replacing the fused flux with agglomerated.

Key words: arc welding, agglomerated fluxes, weld metal, nuclear power plant, PWR reactors,
exploitation, radiation and thermal embrittlement, safety, resource, quality.
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CEKIIMSA -
I[APPOBLIE TEXHOJOTMM B ATOMHOWM DHEPTETUKE
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ATIITAPATHO-ITPOT PAMMHBII KOMIIJIEKC HACTPOMKH
OI'PAHUYUTEJIEUA KPYTALIEI'O MOMEHTA QJIEKTPOITPUBOJHOU
APMATYPbI

Aounosa E.A., Bopoonsés E.B., bonaapes B.C., Kopanenko b.1O., Kpusun B.B.

HUU ADM, Boneodouckuti uHacenepHo-mexHuyeckull uncmumym — guauan Hayuonanohozo ucciedosamenbcko2o
s0epHo2o yHugepcumema « MU®Hy», Boreodonck, Pocmoeckas 06.a., Poccust

OO01acTBI0 WCCIICNOBAHUS SIBISIETCS HSKCILTyaTalldsl AIICKTPOIPUBOIHON TPyOONPOBOAHON apMaTyphl Ha
aroMHbIX cTaHmusx AQO «KonmepH Pocaneproatom». BbeIOpaHBI OCHOBHBIE METONBI HM3MEPCHHH IS
peanm3anyu B pa3padaTbiBaeMOM IIEPEHOCHOM KOMIUIEKce. J[JIs OIEHKH MPUMEHUMOCTH MPSIMOTO METona
u3MepeHust KpyTsmero Momenta JITA paspaboraHa cxema dKCIIEpUMEHTaNbHOTO cTeHma. [Ipemmoxkena
MOJETh TPUBOJA apMaTyphl, MO3BOJIIONIAs MMHUTHPOBATH PAa3lIMYHBIC OTKIOHEHHS B €ro padoTe M
TIPOM3BOANTE BO3ACHCTBHS C IIETBI0 KOPPEKTHPOBAaHUS JAaHHBIX OTKIOHCHWH. BriepBble CHIMUTHPOBAHBI
MPOIIECCHI MTPH 3aTsIre apMaTyphl, 00CCICYUBAIOIIHE €€ TePMETUIHOCTD.

Kniouesvie cnosa: TpyOONPOBOIHOM apMmarypbl, NPOTEYKH, HACTPOHKa MOMEHTHBIX My(T, pecypc
obopynoBanus, o0yueHHe mepcoHaa.

OddexruHas padora ADC TpedyeT MOArOTOBKU MEPCOHANA, BHIMOIHSIONIETO 00CTyKHUBaHUE,
JTUArHOCTUKY M peMOHT o0opynoBaHus. OTpaboTKa COOTBETCTBYIOUIMX HABBIKOB OCYIIECTBIISETCS C
UCIIOJIb30BaHUEM BUPTYalIbHBIX U peanbHbIX TpeHaxepoB. BUTU HUAY MUDU paszpabareiBaer
AnNmnapatHO-IPOrpaMMHBI ~ KOMIUIEKC ~ HAacTPOMKM  OTpaHUYMTENEM  KpyTSIIEro  MOMEHTa
ANIEKTPOIIPUBOHON apMaTyphbl, a Takxke «TpeHaxep Mo HaCTPOWKE MOMEHTHBIX MY(T M KOHIIEBBIX
BBIKJIFOYATeNIell 3aMopHON U peryaupyroueil TpyOonpoBOAHOW apMaTyphl, KOHTPOJIS TEXHUYECKOTO
COCTOSIHHSI TPYOOIIPOBOTHOM apMaTypsl 1 HacocoB. Hepazpymatommii kouTpoiib. Metoast TOuP».

[TpoBeneH aHanu3 HamboJiee YacTO BCTpEYAIOIUXCS Je(PEKTOB TPYyOONPOBOAHOM apmarypsl,
METOJIOB U CcpencTB ux KoHTpouss [1]. Cpenu u3BecTHBIX Ne(EKTOB HauboJiee 4acTO BCTPEYAIOTCS
NPOTEUKH, KOTOpble yrpoxaroT OezomnacHoctu ADC. IlpuumHOM mpomycka yaiie BCEro sBIsSETCS
HE0CTAaTOYHOE YCWJIME MpH 3aKpbITUM apmarypbl. C Apyroil CTOPOHBI Upe3MEpHOE YCWIME IpH
3aKpBITHH MPUBOAMT K Je(PeKTaM 3allOPHOTr0 OpraHa U IITOKa, KOTOPbIe MPAKTUYECKH HE BBISABIISIOTCS
IpU JMAarHOCTUPOBAHUU, HO MOTYT CTaTh NMPUYMHON BHE3AIHOTO OTKa3za. Teun M MOBPEKIACHUS
3allOpHOTO OpraHa, INTOKAa 3a4acTyl0 HMEIOT OAMHAKOBYIO NPUYMHY: OIIMOKM TepcoHana IpH
HACTPOIKE KOHEUHBIX BhIKIIOUaTenel 1 MyQT npeaeasHoro MoMeHTa [2].

B nacrosmee Bpems Ha ADC HacTpoiika My(pT HpeAeIbHOr0 MOMEHTa OCYIIECTBISIETCS C
HCIIOJIb30BaHUEM CTAllMOHAPHBIX CTEHIOB. [IprMeHeHHe NaHHBIX CTEHJOB TpeOyeT IeMOHTaxa,
nepeHoca M MOCHEeNyIoIero MoHTaxka oOopynoBaHusi. Takoi moaxon TpeOyeT MaTepHallbHBIX H
TPYIOBBIX 3aTpar, CHUXKaeT pecypc oOopynoBaHus. [Ipu 3ToM HacTpoiika Ha CTEHJE C MOMOILBIO
KaTMOPOBOYHON XapaKTepUCTUKH (MOMEHT-MOILIHOCTh [BUTATelNsl) HE YUYMTHIBAET OCOOCHHOCTEH
MEXaHUYECKON Harpy3KH.

Jist oTpaboTKH METOIAMKHM KOHTPOJIS MOMEHTa 3arnopHoil apmatypsl B BUTU HUAY MUOU
ucnonedyerca creHn «lmapaBnuueckas memis». JlaHHBIM  CTEHJ  ABISETCS  MPOTOTUIIOM
paspabarsiBaemoro TpeHaxepa 1o HaCTPOWKEe MOMEHTHBIX My(T U KOHIIEBBIX BBIKITIOUATENIEH.

B cocraBe amnmapaTHO-POrpaMMHOIO KOMIUIEKCA HACTPOMKH OTpaHUYMTENEeH KpYTAIIEro
MOMEHTa 3JIEKTPOIPUBOIHON apMaTypbl NPEIJIOKEHO MCIIOIb30BaTh TEH30PE3UCTOPHBIM J1aTYNMK
M20C. CymiecTBeHHbBIM MPEUMYIIECTBOM MPH UCIOJIB30BAaHUM JaTYMKA SIBISETCS OTCYTCTBHUE
HEOOXOIMMOCTH JEMOHTa)ka apMarypsl NpH ero ycraHoBke. [Ipeamonaraercs o0ydeHne nmepcoHasna
HaCTPOMKE apMaTyphl C UCIOIb30BAHNEM JaTYUKa KPYTAILErO MOMEHTA.
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OpHaKoO WCIOJIb30BaHUE JAaTYMKOB MOMEHTA JIBUTATEllsl HE SIBISCTCS WICAIBHBIM PEIICHHEM,
MTOCKOJIBKY TPeOyeTCsl ONpEeIIICHHOE BpeMs Ha €ro YCTaHOBKY M KanmuOpoBKy. [loaTomy paspaboTka
anmnapaTHO-IPOrPaMMHOIO KOMILJIEKCA HACTPOMKH OrpaHUYMTENEH KPYTSAIIEro MOMEHTa peallu3yeT
METO/Ibl pacueTa MOMEHTA, Ha OCHOBE M3MEPEHHBIX CUTHAJIOB JIEKTPHUUECKOTO0 TOKA, MOUIHOCTU H
M3BECTHBIX XapakTepUCTUK npuBoga [3]. OagHako pe3ysibTaThl pacdeTa HE BIOJHE COOTBETCTBYIOT
pesyabTataM H3MEpeHHs, TOCKOJIbKY B TMpOIEcce 3arsira JCUCTBYIOT JAMHAMUYECKHE (aKTOPBHI,
BIMSIONIME HA JIe(hOpMALINIO, HHEPIHUIO, )KECTKOCTh 00BEKTOB. J[aHHbIe (haKTOPBI MOYTH HEBO3MOXKHO
yuecTb aHanmuTHuecku. [loaTomy nenecoobpazHO MoAenupoBaHHWE AMHAMHYECKHX IPOLIECCOB B
IIPUBO/IE.

Hcnonp3oBaHue peaspHOro TpeHakepa MMEET OTPAaHUYEHHUS: HE BCE BO3MOXKHBIE COCTOSHHS
000pyIOBaHUSI MOTYT OBITH BOCIPOU3BEACHBI 0O€3 TMOBpEXaAeHUs J1ab0opaToOpHOrO OOOpYIOBAHHUS;
nepeyeHb 00OpyAOBaHHUs, HA KOTOPOM MOXET MPOWTH OOydeHue mepcoHas, orpaHuueH. [lostomy
JONIOJTHUTENBHO pa3paboTaHa pacyeTHas MOJENb, KOTOpas IMO3BOJSET YYeCTh OCOOCHHOCTH
pa3NUYHBIX TMPUBOAOB apMaTypbl. Mojaenb MOXXET HWMUTHPOBaTh pabOTy MNPUBOIA B YCIOBHSIX
HanboJIee YacTo BCTPEUAIOMINXCS Je(EKTOB, B TOM YHCIIE IPU HETIPABIILHONH HACTPOWKE MOMEHTHOM
MYy(THL.

Mopnenp mpencrapisier co0oil 1Ba CBA3aHHBIX OnoKa: 0a30BYI0 MOAETh M MOJIEIh HArpy3KH,
KOTOpbIe 00y4aeMble HACTPAUBAIOT B COOTBETCTBUM C 3aJlaHUEM. Tak:ke MOJIEeIb MOXKET JOMOTHATHCS
OJI0OKaMH IMHTHPYIOIIMMHU W3MEHEHUE TTapaMeTPOB MpH Hamuauu aedekToB (nedopmarus, nHepIus,
Tpenue). OOyuyaemble HACTPAUBAIOT U MOJCOCTUHSIOT cyOMoenu AedeKTOB B 3aBUCUMOCTH OT BHUJA
U CTeNeHU pa3BUTUsA ACPEKTOB. 3aTeM HAOMIOAAIOT MPOSBICHUS I€(PEKTOB B TOKE M MOMEHTE
JIBUTATESI.

MopenupoBanue obecrnedrBaeT HaONMIOAEHUE IPOLECCOB IpH 3aTsire, — CONPOTHUBIECHUE
Harpy3Kkd, MepeMelleHrne 3allOpHOT0 OpraHa, — KOTOPbIE HE MOTYT KOHTPOJIUPOBATHCS CPEICTBAMU
n3MepeHus. PesynbpraTel MOOENMpPOBaHHS IMO3BOJSIOT YCTAaHOBUTH COOTBETCTBHE HEHAOIIONACMBIX
XapaKkTEepPUCTUK 3aTsra M HACTPaMBA€MbIX MapaMEeTPOB: MOJOKEHHE KOHEUYHBIX BBIKIIOYATENECH,
cpabaTbIBaHUE MOMEHTHOU My(TBHI.

B pamkax oOy4eHHs C TOMOIIBI0O MOJENM BO3MOXKHO 3aJaHHE TOJOXKEHHE KOHEUYHBIX
BBIKJIIOUaTeNIel M YCTaHOBKY Ha cpaOaTblBaHWE€ MOMEHTHOW MY(TbI, KOTOpPHIE COOTBETCTBYIOT
MIPaBUJILHOM HACTPOIKe 000PyI0BaHHUS

Taxkum oOpa3oM, pacueTHasi OLIEHKa MOMEHTa MOXKET ObITh MCIOJIb30BaHA B PON3BOICTBEHHOM
npakTike ADC U ApYruX MPOU3BOJACTB JJIsI HACTPOMKU MOMEHTA 3allOpHOM apMatypsl. Dusmdeckuii
TpEHaXep U MOJEeNb OBITh HUCIOJIB30BaHbI NIt 00yueHust nepcoHana ADC U Apyrux MpPOU3BOJICTB
JMArHOCTHKE W HACTPOUKE 3allOPHOM apMaTyphI.
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Abstract — The field of research is the operation of electric drive pipe fittings at nuclear power plants of
Rosenergoatom Concern JSC. The main measurement methods for implementation in the developed
portable complex are selected. To assess the applicability of the direct method of measuring the torque of

127



the EPA, a scheme of an experimental stand has been developed. A model of the valve actuator is proposed
that allows simulating various deviations in its operation and producing effects in order to correct these
deviations. For the first time, processes were simulated during the tightening of the valve, ensuring its
tightness.

Key words: pipeline fittings, leaks, adjustment of torque couplings, equipment resource, personnel training.
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XPAHEHUE U OBPABOTKA HH®PAKPACHBIX U30BPAKEHUI B
KOMILJIEKCHOW ABTOMATU3UPOBAHHOM CUCTEME
TEIIJIOBU3NOHHOI'O KOHTPOJIS

Epmuiios U.B., Kpanusko E.H., Aounosa E.A.

Boneodonckuti unscenepro-mexnuyeckuil uncmumym — guauan Hayuonansnoeo ucciedosamenbcko2o so0ephozo
yrusepcumema « MUDH», 2. Boneooonck, Pocmogckas o6n., Poccus

PaboTa mocBsillieHa CO3JaHUIO0 KOMILUICKCHON aBTOMATH3MPOBAHHON CHUCTEMBbI XpaHCHHMsS U aHalu3a
pe3yabTatoB TepMorpadudeckoro koutpossi obopynoBanus (KAC TBK) ADC, a Takke CHIKCHHIO
M3JIEpPKEK Ha OO0CIy)XKMBaHHE SJEKTPONPHUBOJHOIO M TEIJIOMEXaHHMYECKOro OOOpYJIOBaHHS BO BpeMs
IUIAHOBBIX IIPOCTOEB TI'EHEPUPYIOIIMX MOLIHOCTEH MpU YCIOBUM COXPAHEHMsS 3KCIUIyaTallMOHHOU
HAJICXKHOCTH 000PYI0BAHUS HA CTAHI[HH.

Kniouesvie cnosa: numarHoctuka obopymoBaHus ADC, TEIIOBH3MOHHBIA KOHTPONb, 0a3a HTaHHBIX,
00paboTKa TepMOrpaMM, IKOHOMIIHOCTh ADC.

KAC TBK o6namaer MHOro()yHKIIMOHAJIIBHOCTBIO, MOOMJIBHOCTBIO, KOMIIAKTHOCTBIO U
yA00CTBOM B HCIOJb30BaHUM, YTO CBHUAETEIBCTBYET O NEPCIEKTUBHOCTH €€ HCIOJIb30BaHUS IS
KOHTPOJISI TEXHUYECKOTO COCTOSHHUS pPa3HbIX KaTeropuil 00OpyIOBaHHUS C IIENbIO0 IOBBILICHUS
6e3onacHoct ADC.

TerIoBU3MOHHBI ~ KOHTPOJIb ~ OCHOBBIBAETCSI HA  M3MEPEHUAX  NPOCTPAHCTBEHHOI'O
pacmpenenenns H3Iy4eHHs] TEIUIOBOM DSHEPIrUH IOBEPXHOCThIO KOHTPOJIHMPYEMOIO OOBEKTa H
npeoOpa30BaHUU pe3yJIbTaTOB U3MEPEHH B H300pakeHue (KapTy) TernaoBoro mous [1].

ITpu npoextupoBanuun KAC TBK B kauecTBe MpHOPUTETHBIX CTaBATCS 3aJla4M MOJACPKKU U
oOecnieuenus ctpaterudeckux nenei 'K «Pocatom», a uMeHHO:

- CHUKEHHE ce0eCTOMMOCTH BbIPaOOTKH 3JIEKTPOIHEPTUH;

- IOBBIIIEHUEM ITyOHUHBI IOMCKA HEUCITPABHOCTEH;

- HaKOIUIEHHE JUarHOCTUYECKO nH(popMmaIuy;

- YBEIMUEHUEM MEKPEMOHTHOTO IIEPHOJIA

- CHUKEHHEM PUCKa aBapUMHBIX OTKA30B;

- BBIXO/JI TIPOJIyKTa Ha 3apyOekKHbIE PHIHKH.

Oyuknuu  cOopa Tepmorpaduyeckol HHQoOpManMM  OyAyT BBIIOJIHATH  TEIJIOBU30D,
ucnonb3dyemble Ha ADC. ®OyHkuuun o0paboTku HH(poOpMau OyJIeT BBINOIHATH CTAI[MOHAPHBIN
KOMIIBIOTEP C BO3MOXHOCTBIO MOAKIIOUEHUs TeruioBu3opa yepes kaHan USB. KommnbioTep pomken
OBITH MMOJKIIIOYEH K JIOKaJIbHOH CeTH.

B 6a3e maHHBIX NpenycMaTpUBaeTCsl perucTpamus JaHHbIX 00ciel0BaHHUM, MPOBOAMMBIX IO
rpaduKy, NIpUBS3aHHOMY K BUIY M KOHKPETHBIM o0pasuaM obopynoBanus. Bo Bpemst obcienoBanus
COXPAHSIOTCS] TEPMOIPAaMMBI, & TAKXK€E JJaHHbIE, COIIPOBOKAAIONINE YCIOBUS U3MEPEHNUs (IapaMeTphl
OKpyKaroliei cpezpl) [2].

[Ipu 00pa®oTKe MAaHHBIX MCIOJIB3YIOTCSI HOPMATHUBHBIE IapaMeTphl JUIsl  JIaHHOTO
00OpYyJIOBaHUSI U paHEe pPaCCUMTAHHBIC TUArHOCTUYECKHE MapaMeTpbl. TeroBU3MOHHBIE CHUMKHU
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JOJKHBI BBOJIUTHCS B CUCTEMY IOCPEICTBOM CTaHAAPTHBIX uMHTepdeiicoB u cpenacts. [Ipu stom
orepaTop, BBOJII CHUMKHU, JOJKEH yKa3blBaTh 000pyAoBaHHE. MecTo HCIOIb30BaHUS KOMIbIOTEPA
CO CHENHMATM3UPOBAHHBIM MTPOTrPAaMMHEIM obecrieuerreM U 6a3zoil nanabsix KAC TBK — nomenienus
CHELUAJIUCTOB OT/Ie]a TEXHUUECKOW TUAarHOCTHKHU.

CNPABOYHWK OBOPY OOBAHWA
Kon obopynoeanua * (PK)

HawmeHoBaHwne *

OEOPY BOEBAHWE

A Kop arperara * (PK) IH_ rPAGUK OECNEQOBAHNA
ii Kon oBopynoeanna * (FK) F Kopg rpadimka * (PK)

*
ObozHAaYEeHWE L oo Kon arperara * (FK)
HaTa obcnegoBaHnAa *

HawmMmeHoBaHwe *

TEFPMOrPAMMA
Kon Tepmorpammel * (PK)

OBCNEQOBAHMWE
Kon obcnenosaHua * (PK) I.

I-H_'_CE Kon obcnenoeadna * (FK)

HaHHbIE *

L—O< Kop obopyposaHna * (FK)

HOPMATWBHBLIA NAPAMETP H— YCAOBWA WIMEPEHWA
Kog HopmMbl * (PK) Kon ycnoeui * (PK)
Lo« Kop_obopynosaHwa * (FK) l—od Kop ofcnepoeadna * (FK)
3Ha4veHne * AaHHble *

DPYIWME AAHHBLIE
Kogp_ppyrux * (PK)

PACHYETHLIA NAPAMETP
Keon_napametpa * (PK)

L—w= Kopg obcnepgoeaHnAa * (FK)

Kopn obcnepoeaHwna * (FK)
OaHHbIE *

3Ha4yeHwne *

Pucynok 1 — CtpykTypa 06a3bI TaHHBIX CHCTEMBI

B kauectBe cpenwl qist pazpabotku mporpammuoro obecrnedenuss KAC TBK npeanaraercs
HCIOJIb30BaTh cpeny BuszyaibHoro mnporpammupoBanus LabVIEW  (National Instruments),
oOnajaromeil MOUIHBIMH CpEACTBAMH IOCTPOEHHUSI MOJb30BaTEIbCKOIO HMHTepdeiica U co3gaHus
CJIOKHBIX MHOT'OITIOTOYHBIX IpuiIokeHui. J{iis eneit o6paboTku u aHanu3a n300pakeHU B COCTaBe
LabVIEW wumeercs Oubnuoreka MoAyled g pealu3allid MalluHHOTO 3peHus U LudpoBoi
oOpaboTtku u3zobpaxennit IMAQ Vision. B kadecTBe cpeacTB UMIOpTa pPaguOMETPUUYECKHUX
n300pakeHN OyAyT MCHOJb30BaThCs MHTEpdeich npukiagHoro nporpamMmmupoBanus (SDK API)
OT NPOU3BOJUTENIEH TEMJIOBU30pOB. B ciyyae wHcnonb3oBaHMsI TEIJIOBU30POB IPOU3BOJICTBA
kamnanuu FLIR nMeeTcst BO3MOXHOCTb HCIIOJIb30BAaHUS MUMEIOILEHCs MHPOPMALUU O CTPYKTYpe
paguomeTpuueckoro ¢aitna popmara JPEG.

B kauectBe cucrteMbl ympaBieHus Oa3oi maHHbIX mnpu paszpabotke KAC TBK Oyner
ucrons3oBana SQLite, MomHass BcTpanBaemas pensiimoHHas 0aza maHHbIX. [Ipu pa3paboTke Oazbl
cUCTeMbl OyJeT yuTeH OIBbIT HCHOJb30BaHMS CUCTEMBbI ymnpaBieHus Oa3bl maHHbIX SQLite mpu
pa3paboTKe KOMIUIeKCca TMarHOCTUPOBaHUS JU3eIb-TeHepaTOpHbIX ycTaHOBOK ADC. B nanbHeiiem,
IIPU PaCCMOTPEHUH BapHAHTOB MAcCIITa0OMpPOBaHMA 0a3bl TaHHBIX, a TAKXKE JJIs1 Pa3MEIICHUs JaHHbBIX
Ha BBIUHUCIUTENBHBIX pecypcax ADC, MoXeT ObITh MpeaokeH nepeHoc 6a3pl JaHHBIX Ha MySQL
unu PostgreSQL.

[Iporpammuoe o6ecnieuenue KAC TBK Oyzaer obecrieunBarh ciaeayrone pexumbl padoThI:

- perucrpanus CHUMKOB C IIPOCMOTPOM HM300pa)keHUH, BBOJ JOMOJHUTEIbHON HH(OpMAIU
00 yCIIOBHSIX ChEMKH;

- aBTOMAaTMYECKOE paclo3HaBaHHE H300paKEHHUs 10 STAJOHy, TEMIIEpaTyphl B 3apaHee
OTIPEICTICHHBIX TOUYKaX U3MEPEHUST OTOOPaKAIOTCS Ha dKpaHe (Tadmuia, rpaduk, THCTOTpaMMa);

- pacmo3HaBaHME KOHTPOJBHBIX TOYEK M 30H Ha HH(]paKpacHOM U300paKeHUU
aBTOMAaTHYECKOE M py4HOE (ITPY HEBO3MOXKHOCTU aBTOMATUYECKOI0 paclio3HaBaHMs). V3BneueHHbIE
TeMIIepaTypHble JaHHBIE 0TOOpaXKarOTCs B TabIHIax, rpaduKax, THCTOrpaMMax;
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- aHaJgM3 JaHHBIX I0 KOHKpPETHOMY o0OopynoBaHuio. [Ipu 3TOM ydHTBIBaeTCS HUCTOpPUS
u3MepeHuil. Ha skpaH BbIBOASTCS COOOUICHHSI O COCTOSHUM OOOPYOBaHMs, Ha MeYaTh BBIBOJIUTCS
IKCIIPECC-OTYET;

- PEXUM HacTpoeK. 37eCh CO3AAI0TCS U PElaKTUPYIOTCS MOJEIN 000pyI0BaHUS (STalIOHHBIE
M300paeHUs), Ha KOTOPBIX YKa3blBAIOTCS KOHTPOJbHBIE TOYKM M 30HBI. 3J€Chb BeEIETCH
pelaKTUpOBaHUE HACTPOEK U MAapaMeTPOB MIPOTrPAMMHOTO O0ECTIeUeHUS;

- PEKUM CITy)KEOHBIX QYHKIHHA. 3/1eCh pean3yroTcst GYHKIUKA OOCTyKHUBaHUS 0a3bl JTAaHHBIX
U pe3epBHOE KOMUPOBAaHWE JaHHBIX. ByneT mpemycMOTpeHO pasrpaHHYeHUE YpOBHSA JOCTYIIa
nojb3oBarenei, a Takxe oonosinenne KAC TBK mis pacimpenns ¢pyHkimii (mpu HeOOXOIUMOCTH).

[ToBbimienrie 3¢ (PEKTUBHOCTH TPUMEHSIEMBIX Ha JEHCTBYIOMUX dHeproomokax ADC
Hepaspymamux MerogoB TBK oTBeTCTBEHHOr0 TEMIOMEXaHUYECKOTO U CHUIIOBOTO 00OpYAOBaHUS
HAIPaBJIEHO Ha peIIeHHE 3a/Jay OIEpPaTUBHOIO YIPABICHUS PECYpcoM, MyTEM LHUPPOBU3ALUU
npoueayp coopa, o0paboTKH, aHANIN3a, XPaHEHUS U TEHEPAIMH PA3TUIHOTO BUAa GOPM IMPOTOKOJIOB,
AKTOB ¥ OTYETHOM JOKYMEHTAIlMH, COJAEpKAIlUX JIaHHbIE pPE3yJbTaTOB TepMOrpapuuecKoro
KOHTPOJISl M JMATHOCTHKH KOHKPETHOTO 000y 10BaHHUS.

Tem cambIM, TaHHBIM METOJOM MbI MOBBIIIaeM 0€30MaCHOCTh U HYKOHOMUYHOCTH BBIPAOOTKHU
anekTpodHeprun Ha ADC, dero u rnoceu JAeHb J00uBaeTcst rockoproparus «Pocatom».
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Storage and Processing of Infrared Images in an Integrated Automated Thermal Imaging
Control System
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Abstract — The work is devoted to the creation of an integrated automated system for storing and
analyzing the results of thermographic control of equipment (CAS TVK) NPP, as well as reducing the
maintenance costs of electric and thermal mechanical equipment during planned downtime of generating
capacities, provided that the operational reliability of equipment at the plant is maintained.

Key words: NPP equipment diagnostics, thermal imaging control, database, thermogram processing, NPP
efficiency.
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OIIBIT U ITEPCIIEKTUBbI BUBPOAKYCTHUYECKOI'O
KOMIVIEKCHOT'O IMATHOCTHYECKOI'O COITPOBOKIEHUA
IKCINIYATALIMU MII 1 KOHTPOJISA BE3OITACHOCTH HOIHAT'OBOT'O
BBINIOJTHEHUSI TEXHOJIOT HUECKHUX OIEPAIIUM MMEPETPY3KH
TOIIVIMBA B YCJIOBHUSAX A3C C PEAKTOPAMMU BBJP

Jlankuc A.A., Huxudopos B.H., Exun3zaposa E.1O.

HUHU ASM, BonzoooHcKuti uHsicenepHo-mexHuyeckuil uncmumym — guauan Hayuonanenozo ucciedogamensckozo
sa0epHozo yHugepcumema « MUDHy, 2. Boazodouck, Pocmosckas o6ia., Poccus

B noknane 0600méH ombiT padorst HUM aTOMHOrO SHEPreTMUECKOro MAalIMHOCTPOCHHS B 00JacTH
CO3JIaHUSI CHUCTEM BHOPOAKyCTHYECKOTO KOHTPOJIS TEXHHYECKOTO COCTOSIHHSI M OIIEHKH OCTaTOYHOTO
pecypca peaktopHoro obopymnoanuss ADC c¢ peaktopamu Tura BBOP, Takoro kak: MpHBOABI CHCTEMBI
ynpasieHus u 3amutel (CY3) tumoB APK, JIIIII, IIOM; mammaa meperpys3ounas MIIC-B-1000.
OmncaHa MOJEPHU3MPOBAaHHAS CHCTEMa BHOPOAKyCTHYECKOTO KOHTPOJII TEXHHYECKOTO COCTOSHUS
pabodeii INTaHTH, OCHOBHBIX Yy37M0B u MexaHusmMoB MIIC-B-1000, 6e30macHOCTH BBIOJTHEHUS
TEXHOJIOTHUECKHX IMPOIIECCOB Ieperpysku sinepHoro rommmsa (T) Ha ADC, paccMOTpEeHBI IEPCIICKTHBBI
€€ NanbHEMIero pa3BUTHsL.

Kniouesvie cnosa: BBOP-1000, spepHoe TOIIMBO, MaIllMHA MEperpy3o4yHas, AHarHOCTHUKA, TEXHUYECKOEe
COCTOSIHHE.

HUN ADM - chnenumanu3upoBaHHOE HAy4YHO-HCCIIEIOBATENbCKOE mojapasaenecaue HUAY
MUOU (Bonromonckuit ¢unuan), co3gaHHoe Ha 0a3e HayYHO-IKCIEPUMEHTAIBHOTO OTHAeia
TEXHUYECKON nuarHoctuku oOopynoBanuss ADC, Bxomusmiero ¢ 1980 r. B cocTaB OTpaciaeBOro
Bcecoro3Horo Hay4HO-MCCIIEOBATENBCKOTO M IIPOEKTHO-KOHCTPYKTOPCKOTO MHCTUTYTa aTOMHOTO
MamHoctpoenusi, BHUMAM (Boaromonckuii dunman).

Komnextus HUM ADM umeer 6osnee yem 40-neTHuil onbIT paboThl B 00J1aCTH OINpeaesICHUS
TEXHUYECKOTO COCTOSIHHUSI M OIEHKH OCTAaTOYHOTO pecypca obopynoaHusi Ha ADC ¢ peakropamu
tuna BBOP, takoro kak: Gacceiinbl BelaepkKu ST, TpaHCIOPTHO-TEXHOIOTHYECKOE 000pyI0BaHHE
neperpy3ku AT, mamuasl neperpy3ounsie (MIT) tama MITC-B-1000, a Takke B 00JaCTH CO3aHUS
aBTOMAaTH3UPOBAHHBIX CUCTEM BUOPOAKyCTHYECKOTO KOHTPOJISL:

- TEXHUYECKOTO COCTOSTHUS TTpuB0o10B CY3;

- rexHuueckoro cocrosiuusg MIIC-B-1000;

- TEXHOJIOTUYECKUX ONEpaluii MepPEerpy3Ku SAEPHOrO TOIUIMBA B IPOCTPAHCTBE aKTUBHOM 30HBI
u OacceiiHa BBIICPKKH.

Oran mneperpy3Kd SIEpHOTO TOIUIMBA SIBISIETCS YHHMKAJIBHBIM B YacTH BO3MOXHOCTH
OpraHu3ali aBTOMATU3MPOBAHHOTO BUOPOAKYCTUYECKOIO KOHTPOJS IMPOLECCOB MEpEeMEIeHUs
(u3BNEUEHUS, YCTAHOBKU B aKTUBHOM 30HE U B siueiikax crejutaxked O6acceiiHoB Bbiepxkku) TBC u
I[IC CVY3, a Takke BO3MOXXHOCTU OpraHU3allMM ONEPATUBHOW JMArHOCTHKH paldoueil IITaHrH,
OCHOBHBIX y3710B U MexaHn3mMoB MII. Pa3zpabotku HUM ADM 1mo3BOJSIOT B IEPHO/T IEPETPYy30UHOM
KaMIIaHUM CYIIECTBEHHBIM OOpa30M pacUIMPUTh 30HY KOHTpOJI O€30MacHOCTH MpHU NMPOBEICHUU
TEXHOJIOTUYECKUX ONepanuil meperpy3ku aIepHOro TOIUINBA.

Ocnamenne MII onepaTuBHBIMM BHOPOAKyCTHUYECKMMU CHCTEMAaMU KOHTPOJISI TEXHUYECKOTO
cocrostHnust PII, ocHoBHbIX y31m0oB u MexaHu3moB MIIC 6buto mpenycmorperno B 2001 roxmy
Konuenmueil MoaepHU3alMi MallliH NEPETPY30UYHBIX U PEAKTOPHBIX YCTAaHOBOK C PEaKTOpaMH
tuna BBOP. Takoro poma cucremamu, pazpabotanHbiMU KosuiektuBoM HUM ADM, Obutn
ocHamieHsl: Ob Nel Po ADC; Ob Nel u Ne2 TsauwBanbckoit ADC (KHP); ucnbiTarensHbIl cTamnensb
MIIC AO «ATtommarny.
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B pamkax mnporpammer HUOKP (2017 -2020rr.) HUM ADM Obuia BbINOJNHEHA
MOJICpHM3AIMs aBTOMATHU3UPOBAHHON CHUCTEMBl BHOpoakycTtudeckoro kouTpoiss MIIC-B-1000,
sKCIuTyatupyemast Ha sueprodnoke Nel PocroBckoit ADC.

[lens MopepHU3aLuu:

- KTaccu(uKanus 3JIEMEHTAapHbIX JABIDKEHHH, ocymecTtBiusiemMblx MIIC ¢ yuérom THma
paboTaroliero npuBoja, 0COOEHHOCTEH MepeMeraeMoro 00beKTa, CKOPOCTH U 30HBI IepEMELICHUs
MIIC pansi  yCOBEpIICHCTBOBAHUS CHCTEMBI OIEPATUBHOTO BHOPOAKYCTHYECKOTO KOHTPOJIS
TEXHUYECKOT0 COCTOSIHUSI paboueil ITaHI'M, OCHOBHBIX y3JI0B U1 MEXaHU3MOB;

- CO3JJaHM€ U 3aII0JIHEHUE COOTBETCTBYIOIUX 0a3 JaHHBIX;

- BUOpOAKyCTHUYECKasi IAaclopTU3alusl TEXHOJIOTM4eckux omnepauuit neperpysku AT,
OCYLIECTBJISIEMBIX B IEPUOJ] IPOBEIECHUS [IEPETPY30UHBIX KaMIIaHHH.

[TonyyeHHble pe3ynbTaThl MOATBEPXKIAIOT MPUHLUIHAIBHYIO HEOO0XOAMMOCTh HHTErpalnuu
MOJICPHU3UPOBAHHOM CHUCTEMBI CO INTAaTHOM CHUCTEMOW YIPABJICHUS MAIIMHOW IEepPerpy304HON
(CYMID).
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B — natunku Bubpaumy, 12 — naT4nKky aJIeKTpUUecKuX napamerpos, KB(a) — KkoHIIeBbIe BBIKIIIOUYATENN aBapUiiHBIE,
KB(T) — xoHIEBBIE BBIKIIOYATENN TexHONorndeckue, [1J1Y — mynst auctanuuonHoro ynpasnenus, CTC — cnennanbHas
TenecucreMa, T — TEH30JATYUKH, O — YHKOJEPHL.

Pucynok 1 — CtpykTypHas cxema IUarHoCTHYECKOro KOMILIeKca, uHTerpupoBanHoro ¢ CYMII

[Ipu pabore ¢ curnanamu CYMII Oblia mocTaBiieHa I€NIb — BBISIBUTH ITATOHHBIC 3HAUYCHUS U
MoJIsl JOMYCKOB HAa BECOBbIE Harpy3ku Ha 3axBatax MII ¢ nensto gonmonuuts umMu CBK. Onnako
BMECTO TOJIEH JTOMYCKOB OBLTU BBISBICHBI TUIMHYHBIC MPOQUIN U3MEHEHHUS CHJI TPEHUS MO BBICOTE
akTUBHOM 30HbI Nipu u3BneueHuu TBC u I[1C CVY3.

Takxum obpazom, Ob110 TTOKa3zaHo, yTo CYMII moxer ObITh mononHeHa, momumo CKI'O MII,
e ¥ MOAYJSIMU NI KOHTPOJISI TEXHUYECKOro cocTosHuss MII U 31eMeHTOB aKTUBHOM 30HBI, a
CHUTHAJIBI BeCOM3MEPUTENbHBIX YycTpocTB CYMII HecyT BaxHyO, paHee HE IOCTYIHYIO
uHdpopmanuio o coctosauu TBC.

JanpHelmen nepcneKTHBoM paboT MpEeaCcTaBIsSeTCs TUPAKUPOBAHWE pabOT ¢ HMHTETparuen
MOJICUCTEMBI TUATHOCTUKH B mTaTHbIe TpoekThl CYMII miis HoBbIX sHEprob6iaokoB ADC u pazBuTue
KOHIIEMIIUA KOMILJIEKCHOTO KOHTPOJIS aKTUBHOM 30HBI peakTopa BBOP nipu neperpyske.
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Experience and Prospects of Integrated Vibroacoustical Diagnostical Support for the Refueling
Systems Operation at Nuclear Power Plants with VVER Reactors

Lapkis A.A.L, Nikiforov V.N., Elizarova E.Yu.

Volgodonsk Engineering Technical Institute the branch of National Research Nuclear University “MEPhI”
e-mail: nii_energomash@mail.ru

Abstract — The report summarizes the experience of the Research Institute of Nuclear Power Engineering
in the field of monitoring the technical condition and residual life of the NPP refueling systems elements
and drives of CPS power units with VVER reactors. The modernized system of vibroacoustic control of the
processes of nuclear fuel transport of the Rostov NPP is described, the prospects for the development of the
topic are outlined.

Key words: VVER-1000, nuclear fuel, reloading machine, diagnostics, technical condition.
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OB30P U AHAJIN3 CITOCOBOB TUAT'HOCTUKH
IIBE3OAKCEJEPOMETPOB

My:kenko A.C., [lnotnuxoB /[.A., CaBeaben JI.A.

FOoicno-Poccuiickuil 2ocyoapemeenviti nonumexnudeckuti yrusepcumem (HIIH) umenu M.U. Ilnamosa,
2. Hosouepracck, Pocmoeéckas 06a., Poccus

B pabore KkpaTko H3JI0XKEHBI PE3YJbTAaThl HMCCICIOBAHUA aBTOPOB B 00NACTH pa3pabOTKH CHUCTEM
BuOpomonutopunra (CBM) typOoarperaroB (TA). IlpuBeneH aHanu3 HEKOTOPBIX — CIIOcO0OB
JMCTaHIIMOHHOTO  ompenenenuss  koaddumuenta  npeobdpazoBanust  (KII)  mbe3osnexTpuuecKux
akcenepomerpoB (ITA) Ha skcrmyatupyemom TA. BrusiBieHbl TeXHHYECKHE OCOOCHHOCTH W YCIIOBUS, TIPH
KOTOPBIX HEBO3MOXKHO pelleHHe 3a1aud omnpexaeieHus ucnpaBHoctu [TA u pacuera KII. Ipemnoxeno
UCIIOJIb30BaHKe 00001eHHO-perpeccHoHHbIX HelpoHHbIX ceTell (GRNN) co CKpBITBIME CII0SIMH HEHPOHOB
C HENTMHEHHBIMU PaInaNIbHO-0a3UCHBIMH (DYHKIMSAMH aKTUBALIMH JUIS ONPEeNICHUs] TapaMeTpoB (pyHKIUH,
aNMPOKCHMHUPYIOIIEH CyMMapHBIi CUTHAJ ¢ BBIX0Ja TecTupyemoro ITA.

Kntouegvle cnosa: BUOPOMOHHTOPHHT, TypOoarperar, WHTEIUIEKTYalIbHBIN JaT4MK, MbE303JICKTPUIEeCKUN
akcenepomerp, K03 UIMEHT peoOpa30BaHusl, MOBBIIIICHUE TOYHOCTA U3MEPEHUS, HEUPOCETEBOM aHATH3,
00ydYeHNe U SKCIUTyaTalus HeHPOCETH.

[Tpy oSkcruTyaTtanuy TEIUIOBBIX, B TOM 4YHCJIE W aTOMHBIX, 3JIEKTPOCTAHIMH CYIIECTBYET
npobiemMa IUarHoCTUKU cocTostHus TypOoarperatoB (TA). Oguum u3 Hambonee 3PQeKTUBHBIX
METOJIOB IMarHOCTUKH SIBISIETCS] BAOPOMOHUTOPHHT.
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Jis m3aMepeHusi mapameTpoB BHOpAIlMKM HCIONB3YIOTCA Mbe3oakcenepomerpsl (ITA), kpaitne
Ba)XHO OBITh YBEPEHHBIM B TOM, 4TO 3TH IIA HaxonmaTcs B MCIIPaBHOM COCTOSIHMM. [l 3TOro Mx
HY)KHO TEPHOAMYECKH WJIM HEMPEPBIBHO IHATHOCTHPOBATH, MPHUYEM IKeNaTeabHO 0e3 OCTaHOBKU
o0bekTa HabmoaeHus u 6e3 nemonTaxa I1A. Jlenaercs 310 [uid pelleHus ABYX 3aJad: ONpeleIUTh
ucnpaseH 11 [TA u onpenenuts mapamerpsl [1A, OCHOBHBIM Cpelld KOTOPBIX SIBISAETCS KO (UITUESHT
npeoOpazoBanus (KII).

M3BeCTHO HECKOJIBKO CIIOCOOO0B JUCTAaHIIMOHHON auarHocTuku u onpenenenus KII ITA.

Crnoco0, peanusyeMblii B ycTpoicTBe [1] mpennasHaveH st quarHoctuku [1A m ocHoBaH Ha
obparumoctu mbe3odddekra. OH 3akiroYaeTcs B MoJade Ha JaTYUK HMITYJIbCOB HAIPSIKCHHUS,
KaX/blii M3 KOTOPBIX BBI3bIBAET 3aTyXarolllMe KoJeOaHus 4YyBCTBUTENbHOTro 31emeHTa (YD) ¢
4acTOTONW YCTaHOBOYHOro pe3oHaHca (YP). BosHukime kosiebaHusi PEruCTpUPYIOTCS U 1O
OTKJIOHEHUIO MX YaCTOThl OT HOMUHAJILHOM JienaeTcs BbIBOJ 00 ucnpaBHOCTH [TA.

Henocratkom crocoba sBisieTCsl TO, YTO OH TO3BOJISIET OLEHHUTH JIMIIb HCTpaBHOCTH [IA.
HeGonpime usmenenus KII, BiusionMe Ha TOYHOCTh M3MEpPEHMs NapaMeTpoB BHUOpaluu u
BBI3BaHHbIC, HAPUMEpP, KOJICOAHUAMHU TEMIIEpaTyphl, 3TOT CIOCO0 He BhIsABISAET. Kpome Toro, oH
paboTOCIOCOOEH JIMIIb IPU OTCYTCTBUM BHEIIHUX MEXaHMUYECKUX Bo3jedcTBui Ha ITA co cTopoHsb!
o0bekTa m3MepeHus. [Ipu HamuuMum TakuX BO3JCHCTBUN BBI3BaHHBIE MMM Koiebanust UD I1A
CYMMHPYIOTCSI CO CBOOOJHBIMHM KOJIEOAHHMSMH, 4YTO JI€JIaeT HEBO3MOXHBIM HEMOCPEICTBEHHOE
OmpeieJICHUuE YacTOThI 3TUX Kosiebanuid. CrienoBaTenbHO, uarHocThka [IA MoxeT ObITh BBIIOJTHEHA
JMIIb BO BpeMs IUIAHOBOTO WJIM aBapUHHOIO OCTaHOBAa OOBEKTa HM3MEPEHMs, YTO 3HAUYUTEIILHO
OTpaHUYMBACT 00JIACTh IPUMEHEHHS CrI0co0a.

Crioco06, peanusyemsblil B ycTpoiicTBe [2], ABIsIETCS pa3BUTHEM MPEAbIAYIIEro crnocoda u Jaer
BO3MOXXHOCTh U3MepsATh KII mocpencTtBoM neproanyecKoro BBIIOJHEHUS ONepaluy BO30YXKIEHUs
PE30HAHCHBIX KosieOaHMi, ompeneneHus napamerpa Qn, IPONOPLMOHAIBHOIO HX aMIUIMTYIE, W
BerunciieHus Tekymero 3HaueHust KII1 ITA na ocHoBanuu cpaBHeHus Qn ¢ 00pa3OBBIM 3HAYCHHEM
Qo, M3MEPEHHBIM Ha HTaIle MyCKOHATIAIKH.

OToT crocod obiagaeT TeM K€ HEIOCTaTKOM, YTO W MPEAbIAyIIUH: Haludyue BUOpauuu
00BEKTa M3MEpPEHMs CYILECTBEHHO 3aTpyJIHSET, a IMOpOW JielaeT HEBO3MOXKHBIM OIpezeieHHe
aAMILTUTY 1Bl CBOOOTHBIX KOJICOaHUH.

Crioco6, npeanoxkeHHbI B [3], 4acTHUHO pelIaeT 3aaavyy MOJTy4YeHHUs MOJTHOM U T0CTOBEpHOU
uHpopmanuu o cocrosHuu ITA Ge3 ero nemMoHTaka ¢ oO0bekTa u3MepeHus. B srom ciyuae ITA
BO30YKJ1a€TC HOPMHUPOBAHHBIM AJIEKTPUUECKUM CHHYCOMJAIIbHBIM CUTHAJIOM IOCJIEI0BaTEeIbHO Ha
HECKOJIbKMX 4acToTax B Impezenax padouero auanasoHa ITA, 4To 3KBHUBaJEHTHO MEXaHUYECKOMY
B030yxeHuto [IA BuOpanumeit oObekTa u3MepeHUs. AHamu3upys curHan Ha Bbixone [IA,
onpexnenstot KII TTA.

Henocratkamu jgaHHOro cmocoba sBiseTcs wucnoib3oBaHue i Bbraucienus KIT ITA
KOCBEHHBIX JIaHHBIX, YTO CHUXAE€T TOYHOCTb U JOCTOBEPHOCTH MOJIyd4aeMbIX pe3yibTaToB. Kpome
TOro, BUOpanus o0BbEKTa M3MEpeHUs: MCKakaeT OTKIMK IIA M nermaer HEBO3ZMOXKHOM pean3aluio
crioco0a B paboueM pexxume 00BeKTa.

Haubonee monmno 3anmaua m3mepenus KII ITA wa paGoraromeM o00pyaOBaHHM peIIaeTCs
croco0oM, peann3oBaHHOM B ycTpoicTBe [4]. [IpuHImnm ero AeMcTBus CXO0X ¢ [2], HO OTIMYAETCs
KOMIIeHcale BuOpauuu obbekTa u3Mepenus. Crocod peanusyeTcs cieaylomuM obpazom. B
paboueM pexuMe O0bEKTa HM3MEpPEHHUs pPEerucTpupyercs (GparMeHT CHUTHaJla, COOTBETCTBYIOLIUI
BUOpaiy 00bEKTa, 1 BPEMEHHO COXpaHsAETCs B MaMsATH ycTpoiicTa. 3areM B UD IIA ¢ momolisio
TECTOBOI'O HMITyJIbca BO30YXKIAlOTCS CBOOOJHBIE KOJIeOaHMsI, IIOCIIE YEro pPEerucTpupyercs
CYMMapHBIi CHUTHAJ, COJEp KAl BBIHYKIEHHYIO COCTaBIIAIONIYI0, OOYCIIOBIEHHYIO BUOparuen
o0BbeKTa M3MEpPEeHHs, M CBOOOJHYIO COCTaBISIONIYI, COOTBETCTBYIOUIYIO  3aTyXaroIIUM
mexannueckuM konebanusm YD ITA. KomneHcanusi BbIHYKICHHOW COCTaBIISIONIEH BBIMOIHSIETCS
NyTéM BBIYUTAHUS IPEIBAPUTENILHO COXpPAaHEHHOIO (parMeHTa U3 CyMMapHoro curHaia. Mpes
crioco0a OCHOBaHAa Ha MPENOJI0KEHUN O MEPUOTUIECKOM XapaKTepe M CTaOMIBHOCTH MapaMeTpoB
BUOpalMy O0BEKTa B TEYEHHUE HEKOTOPOro HENpPOJOJKUTENBbHOro BpeMmeHu. M3 srtoro ciemyer
OCHOBHOHM HEIOCTAaTOK CII0CO0a, OrpaHMYUBAIOMIMN 00JAcCTh €ro MPUMEHEHHS: HEBO3MOXKHOCTh
UCIIOJIb30BAaHUS B YCIIOBHSIX HENIEPUOANYECKUX U UMITYJIbCHBIX TIOMEX.
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W3 mpuBeneHHOTo 0030pa CleayeT, YTo HU OJWH U3 PACCMOTPEHHBIX CHOCOOOB HE pElIacT B
MOJTHOW Mepe TMOCTaBJICHHYIO 3amady. Hawmbosnee OMM3KWN K PEIMICHUIO CIOCO0, peamn3yeMbli
yCTpOMCTBOM [4], HyXmaeTcs B JOpabOTKe, MO3BOJSIONICH OMpeneisTh MapamMeTpbl CBOOOTHOM
COCTaBJISIONICH curHaia Ha (JOHE HIYMOB M HMMITYJIbCHBIX MoMex. DuibTpanus peniaer npobdiemy
JUIIb YaCTUYHO, IOCKOJIBKY (DUIBTPBI HMCKaXaroT (OpPMY STOH COCTaBISIONIEH Ha HAYalIbHOM,
Haubosnee uWHPOPMATUBHOM YyyacTke. llepcrieKTHMBHBIM € O3TOM TOYKM 3pEHHUs  SIBISETCS
ucnonbs3oBanue Heipocereid (HC) mns ompeneneHus mapameTpoB (YHKIUH, aMIPOKCHMHPYIOMICH
CYMMapHBIi CUTHaI ¢ BbIxoJa Tectupyemoro ITA. Anmpokcumanus B OOJBIINHCTBE CIy4YaeB MeHee
YyBCTBUTEJbHA K CITy4allHBIM IOMEXaM, YeM PACCMOTPEHHBIE BBIIIE CIIOCOOBI.

[Ipumep mnpuMeHEHUS HEUPOHHBIX CeTel Il MOJY4YeHHUsS JOCTAaTOYHO BBICOKOIO YpPOBHS
anmMpoOKCUMAllUM HCXOJHBIX HaOJI0JaeMbIX JaHHBIX (COBHAJCHUE OLICHOYHBIX U pealbHBIX
3Ha4YeHMI) mpeacTaBieH B [7]. Mcmonb3oBaHHE CKPBITBIX CJIOEB HEHPOHOB C HEJIMHEHHBIMHU
paauanbHO-0a3UCHBIMA ~ (DYHKIHMSIMH ~ aKTHBAIMH, IMO3BOJSIFOINIMME  OTCJICKUBATh  MaJICUIITNE
U3MEHEHHUS B YPOBHSAX HCCIEIYEeMOrO0 BpPEMEHHOTO psifa, CBONCTBEHHBIX OOOOIICHHO-
perpeccuonnoii HeriponHoit cet (GRNN) m pamuanpHO-0a3ucHbiM (RBF) cersM, mo3Bossier
o0ecneunTh BBICOKHI YPOBEHb AaNMpPOKCHUMAIMK CO CrIQXHBaHHEM JaHHBIX OT CIlydaiHOM
COCTABJISIFOLIEH.

Taxxe, wu3BecTeH mpumep pa3paboTku, oOydeHus u wucnons3oBanus HC Ha 0asze
MHOTOCJIOHHOTO ~ TEpCenTpoHa Ui  3aJad  WACHTU(QUKAMH  TEXHUYECKOTO  COCTOSHUS
W3HAIMBAIOLIUXCA ~ JJIEMEHTOB  JIBWKUTENbHO-pyNeBoil  konoHku ([APK) 1o  BBIXOIHBIM
BUOpanmoHHbIM XapaktepuctukaM [8]. HC mocne mpoextupoBaHusi U 00ydeHHs CTajia CIOCOOHA
anmpoKCHMHUPOBATh MOCTYHAIOUINE aHHBIE C MCTOYHHKOB BHUOPOCHUTHAJIOB, YCTaHOBIICHHBIX JIsi
KOHTpOJIsSI M3HAIIMBaromuxcs 3jgeMeHToB JIPK, M mporHo3upoBarb KpPUTHYECKHMH HM3HOC H, Kak
CJIEJICTBUE, BBIXOJ] U3 CTPOSI KOHTPOIUPYEMBIX 3JIEMEHTOB.

[IpuBenennrpie BbImIe NpuMepsl ucmoiab3oBanuss HC s anmpokcUManuu JaHHBIX, AT
ocHoBanue momnarate, uro HC cnocobna pemmth 3amauy BolumcineHuss KII u ompenenenus
ucnpasHoctH [1A B cucreMax BHOPOMOHUTOPHHTA.
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Review and Analysis of Methods for Diagnosing Piezoaccelerometers
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Abstract — The paper briefly outlines the results of the authors' research in the development of vibration
monitoring systems (VMS) for turbine units (TU). An analysis of some methods for remote determination
of the conversion factor (CF) of piezoelectric accelerometers (PA) on an operating TU is given. The
technical features and conditions under which it is impossible to solve the problem of determining the
serviceability of the PA and calculating the CF are revealed. The use of generalized regression neural
networks (GRNN) with hidden layers of neurons with non-linear radial basis activation functions is
proposed to determine the parameters of the function approximating the total signal from the output of the
tested PA.

Key words: vibration monitoring, turbine unit, intelligent sensor, piezoelectric accelerometer, conversion
factor, measurement accuracy improvement, neural network analysis, neural network training and
operation.

VJIK 004.896

CUCTEMA ONPEJEJIEHUS NPOTEYEK SJIEKTPOIIPUBOJHOM
APMATYPbI HA OCHOBE LSTM HEMPOHHOI CETHU

IIpsiTkoBa /I.A, Bopoobses E.B., Adounosa E.A., Toactos B.A.

Boneooownckuit unoiceneprno-mexnuueckuti uncmumym — guauan Hayuonanvruoeo ucciedosamenbcko2o 10epHo2o
yuusepcumema « MUDHy, e. Boneodouck, Pocmoegckas 06a., Poccus

AnHoTanug. PaboTa mocBsimieHa CO3JaHUI0O aBTOMAaTHYECKOH Mpoleaypbl 00paboTKH TepMorpaduuecKux
n300paKeHUH I KOHTPOJIL TepMeTHMYHOCTH 3amopHoi apmatypel ADC. Ilpomenypa peammsyercs c
MOMOIIBIO MPOrPaAMMHOTO O0ECHEeYeHUs] Ha OCHOBE HEWPOCETEeBOro aHajiu3a TepMorpadruecKux
M300pakeHM 3alOpHON apMaTypsl. [IpuBeeHbl OCHOBHBIE peai3yeMble IPOrPaMMO 3TaIbl MOATOTOBKH
u 00pabOTKM NaHHBIX. BHenpeHwe pe3ynpTaToB pabOThl B MPAKTHKY JIUATHOCTUPOBAHUS 3allOPHOM
apMmatypsl ADC 1O3BOJISIIOT YMEHBIINTH BEPOSITHOCTH BOSHUKHOBEHHS! YEJIOBEYECKOH OLTHOKH M yCKOPHUTH
nporecc 00paboTKN TEPMOTPaMM.

Kniouegvie cnosa: nuarHocTMka apMaTypbl, OIpEJAEICHHE IPOTEYEK, TEMJIOBU3HOHHBIH KOHTPOJIb,
HeWpoHHAas ceTh, 00padoTKa N300pakeHHUH.

Hanexunocts pabotsl ADC 1 BBINOJHEHHUE IJ1aHA TI0 BBIPAOOTKE AJIEKTPOIHEPIHU 3aBUCHUT OT
COCTOSIHHSI 000py10BaHwMsl, Ucnonb3yemMoro Ha ADC. OHUM U3 CIOCOOOB MOBBITIICHUST HAJICKHOCTH
SBIISICTCS  KAUeCTBEHHAash JUAarHOCTUKA JJIEKTPONPUBOAHOM apmarypbl. B nanHo#l pabote
npejjiaraeTcsi BapUaHT CHCTEMbI, KOTOpas MOMOXET YCKOPUTh OOpabOTKy U JUarHOCTHUKY
TEPMOTpaMM 3aIlOPHON apMaTypsl.

B Hacrosimee Bpemsi 00paboTka TepMOrpaMM MPOUCXOIUT BPYUYHYIO, U HMEHHO MO3TOMY
CylIecTBYeT HEOOXOAMMOCTb CO3JaHHsI CUCTEMBI, KOTOPasi MO3BOJIUT YCKOPUTh U aBTOMATH3UPOBATh
JUArHOCTHKY apMaTypbl 1o €€ TepMorpapuyecKiuM H300paskeHUSM.
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B ocHOBY pabOThI CHUCTEMBI MOJIOKEH aIrOPUTM, KOTOPHI OCHOBaH Ha IMEPEeBOJE IIBETa
MUKCENs B TEMITEpaTypy U JnajabHeiel 00padoTke nanHoi nHpopmanuu. B Oyaymiem mianupyercs
WCIOJIb30BaTh TOYHOE 3HAYCHHE TEMIIEPATyphl MpsMO 3 Qailiia, KOTOPBIA CO3/1aeT TEIUIOBU30P
MIOCJIE ChEMKH.

[IpenBapuTenbHas MOATOTOBKA JAHHBIX JIJISl TUATHOCTUKU BBITJISAUT CIEIYIONIAM 00pa3oM:

1) U3 nukceneii B uBetoBoii moaenn RGB u3Binekaercs TOAbKO KaHaid R, 4TO COOTBETCTBYyeET
KpacHOMY IIBETY.

2) Tepmorpamma JIeIUTCS Ha OMPEISICHHOE KOJHUYECTBO YaCTeH.

3) B kaxkmoii W3 uyacTeld TEpPMOrpaMMbl IHUKCEIM OTOMPAIOTCA IO  ONPEIeICHHON
YYBCTBUTEJILHOCTH, 3aBUCAIICH OT KOHKPETHOM MOJENHU TeIIOBU30DA.

4) Ioay4eHHbI MAaCCUB CUMBOJIOB COOUPACTCSI B CTPOKY.

[Tocne mpenBapuTeNbHOIN MOATOTOBKH MOJIy4aeTCs MOCIEA0BATEIbHOCTh CHMBOJIOB, KOTOpas U
HCIIOJIB3YETCS B JUArHOCTUKE IIOCPEICTBOM HEMPOHHOM CETH.

Cama HelipoHHas ceTh OCHOBaHAa Ha TAaKOM THUIIE HEHPOHHBIX CETeM Kak peKyppeHTHbIEe. A
uMeHHo — LSTM Helipocetn. JlaHHBI THUI CETH TMO3BOJSICT HAXOIUTh 3aBUCUMOCTH B
MOCIIEI0BATEIHHOCTSAX CUMBOJIOB.

Wurepdeiic cucremsr (puc. 1) Hammcan ¢ momolneio Oubimmorexu tkinter, kotopasi BXOAUT B
CIIUCOK CTAaHIAPTHBIX OMONMMOTEK i si3bika Python. Beibop si3bika 0OyCIOBIEH HAIHYHEM B HEM
yI00HO# 1 OBICTPOM OUOIMOTEKH /ISl MAITMHHOTO 00yueHust — Tensorflow u rem, 4ro maHHBIH SI3BIK
UCIOJIb3YeTCs 71l 00pabOTKU OONBIINX JaHHBIX, YTO B JAHHOM CIIy4ae [e1ecoo0pa3Ho.

¢ Anartoctuka — O X

[ D:/tvclstm/germ.png OTkpbiTe daiin l

Tun obopyaosaHna IApmaTypa v |

AuarHoctuka | OTBeT cucTembl: ApmMatypa repMeTyHa

Pucynox 1 — MIHTepdeiic mporpaMmsl 1mocje BBINOJIHEHHS THarHOCTUKA

Pesynprar, monmyueHHBIH B XO0JI€ pa3pabOTKH CHUCTEMBl OIpPEACTCHHs MPOTEUYEK
AJIEKTPOTPUBOIHON apMaTyphl, OUY€Hb BAXKCH JIJIS TIOBBIMIEHUS HAJICKHOCTH pabOTHI BCe aTOMHOMN
OTpaci.
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System for Detecting Electric Valve Leaks Based on an LSTM Neural Network
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Abstract — The work is devoted to the creation of an automatic procedure for processing thermographic
images to control the tightness of shut-off valves of nuclear power plants. The procedure is implemented
using software based on neural network analysis of thermographic images of shut-off valves. The main
stages of data preparation and processing implemented by the program are given. The implementation of
the results of the work in the practice of diagnosing shut-off valves of nuclear power plants can reduce the
likelihood of human error and speed up the process of processing thermograms.

Key words: valve diagnostics, leak detection, thermal imaging control, neural network, image processing.

VIK 316.77

BPEMS KAK ®AKTOP UH®OPMAIIMOHHOHN EE3ONNACHOCTH

Cuexko I'.E.

Pocmosckuii obnacmuoil yenmp obpabomxu ungopmayuu 6 cpepe obpazosanus,
2. Pocmos-na-/{ony, Poccus

B pabote mpencraBieHBl TpU aclieKTa BIMAHUA (pakTopa BpeMEHH Ha oOecliedeHHe WH(POPMAIMOHHOM
6e3omacHocTH. [lokazaHo, 9TO BpeMs W WHPOpPMANHS SIBITIOTCS IBYMS CTOPOHAMH E€IUHOTO Ipolecca
MOPOXICHUS W (PYHKIMOHUPOBAHUS JIOOBIX JaHHBIX. JlOKa3aHO, YTO COBEPIICHCTBOBAHHE CHCTEM
uHpopMaMOHHO# 06Ee30MacCHOCTH JOJHKHO BKJIIOYATh B ceOst (hakTOp BpEeMEHH, a UMEHHO, BPEMEHHOE
OTpaHMYEHHE [UIS JOCTyma K WHPopMmanuu. BreimeneHa HEOOXOIUMOCTh Yy4€Ta OCOOEHHOCTEH
VHIVBUIYATBHOTO OTHOIICHHS KO BPEMEHHM, a TaKKe HAKOIUICHHs YCTaJOCTH YelIOBEKa-omeparopa mpu
B3aMMOJICHCTBUY ¢ MUPPOBBIMHU ycTpoiicTBamMu. OmpeneieHbl Croco0bl CHIDKEHUsS JeuinTa BpeMEeHH
KaK [[EHHOTO pecypca COBMECTHOM JESITEIbHOCTH.

Kniouegvie crosa: Bpems, undopmanusi, ”HGOPMaMOHHAs! 0€3011aCHOCTb, JIIUTEILHOCTb.

NudopmannonHass 0€30MacCHOCTh  BBICTYNA€T  BAXKHEHMIIMM  YCJIOBHEM  HOPMAaJIbHOTO
GYHKIIMOHUPOBaHUSI OOBEKTOB sifepHOM sHepreTuku. CoBpeMeHHass METOJIOJIOTHS JIOCTHKEHUS
OCHOBHOM  menu  HH(pOpMAIMOHHOMW  Oe30macHOCTH  —  «obOecmeueHue  IeJT0CTHOCTH,
KOH(UICHIMATBHOCTH U JOCTYNMHOCTH» HMH(popmauuu [1] — 10 cux mop He BKIOYaeT B ceds B
JIOCTaTO4YHOM Mepe yu€r (hakTopa BpeMeHH. A MeXay TeM BpeMs BBICTYyNaeT BceoOiel (¢opmoit
CYyIIIECTBOBaHUS BCEX MPOIECCOB Halero Mupa. BeeoOrei B TOM CMBICIIE, YTO JIFOOOM MPOIECC eCTh
cMeHa cocrosiHuil. Kaxkzaoe coctosHue JUIMTCA. DTO IJIEHHE, JIMTEIBbHOCTh KaX/I0r0 COCTOSHUS U
BBICTYMaeT TMepBold (HO HE EIWHCTBEHHOW) XapaKTePUCTUKOW BpeMeHH. BTopoit BakHeHImit
MOMEHT: Hayajlo W KOHEIl JI00Or0 COCTOSIHMS, €ro JUIMTENbHOCTH. Hauano u KoHer 0003Ha4aroT
MPEPBIBBI B JUIAIIEMCS Tpoliecce. TpeTuili MOMEHT OMpelensieTcss TeM, YTO MHOXKECTBO MPOLIECCOB U
UX aKTyaJIbHbIX COCTOSIHUI B3aUMOJEUCTBYIOT JIpYr C APYTOM, IO3TOMY U UX JJINTEIBHOCTH TaKKe
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HAXOJATCS B COOTHOCHTEIBHOM COCTOSIHMU. Bpems mostomy u mMbicnutcs punocodamMu u yuyEHbIMH
Kak (hopMa, BbIpa)Karolasi OTHOIIEHUS MEXy JUINTEIbHOCTAMH. Takoe MOHUMaHNuEe Mbl HaXOAUM B
PENSIMOHHON KOHLENIIMKA BPEMEHH, KOTOpasi, Ha HaIll B3IV, SBJISIETCS Hambosiee MpOIYKTUBHOU
IUIA 1ieieil TaHHOTO MCCIIeJOBAaHus.

Obecneuenre UHPOPMALMOHHON 0€30MAaCHOCTH JOJDKHO BKIIOYATh B ceOsa (akTop BpEeMEHHU
KaK MMHUMYM B TpEX acleKTax: BO-NEPBbIX, IPU y4€Te TOro, YTO IMPOMCXOAUT ¢ MH(pOpMaIUen ¢
TEUYEHHEM BPEMEHH, BO-BTOPBIX, IPU AHAIM3E «YEIOBEYECKOro (akTopa», TO €CTh NpH YyueTe
HINYMS 4YeJOBEeKa, BIAJCIOIIEr0 MWIM IHOJb3yloLerocs uHbopManuen; B-TPETbUX, IpH
PaccCMOTPEHUH OTHOIICHUS «UYEJIOBEK-MALIMHA» (B TOM YHCIIE — «UEIOBEK-IIM(PPOBOE YCTPOMCTBOY)
U «YeJIOBEK-4eJI0BEeK». PaccMOTpHUM Iocie10BaTeaIbHO BCE TPU aCIEKTa.

Wudopmanuio cregyer paccmMaTpuBaTh B €IMHCTBE CO BpeMeHeM. JleHCTBHUTENBHO,
uHpopMalUsg — 3TO TO, YTO M3MEHSIET BOCIPHUHUMAIONIYIO0 €€ CUCTEMY, a MU3MEHEHHE MOpPOKIAeT
BpeMs, BbIpakaeTcsi BO BpeMeHH. Kaxiplil mpoiiecc mMeeT COOCTBEHHOE BpEMsl, €CIIH 1101 BpEMEHEM
NOHUMATh JUIGHHE KaXJIO0r0 €ro COCTOSHHMS M JUIGHHE BCEX HX BMECTe, IOCJIEI0BATENIbHO.
VYcTaHOBIIEHHE KOHKPETHBIX OTHOLIEHMH MEXIy AMHAMUYECKUMHU CHUCTEMaMH, YIOpPSI0YMBAHUE
CMEHBI UX COCTOSIHUHM MOPOXKJIAeT ONpeAeaEHHbIE pUTMbI, YCTAHABIMBAET NEPUOIUYHOCTH, YCKOPSIET
WM 3aMeJUISIET MPOLIECCHI, OIPOKHUIBIBAET» UX B IPOILIOE WIH, HAPOTUB, IPOBOLUPYET CKAYKU B
Oyayiee. Bece 3TH «TeMnopalibHble PUCYHKI» YHOPSA0UYHMBAIOTCS, YTO B MO3HAIOUIEM UX CO3HAHUU
OTpa)kaeTcsi B BUJE ONEpaluy NPUPABHUBAHUS JUIMTEIBHOCTEH KaXKJIOr0 OTIENbHOIO Ipoliecca KO
BpeMeHu BceneHHOH, KOTOpoe, B CBOIO OYepe/lb, IPUPABHUBACTCA K JIBUKEHHUIO aCTPOHOMHUYECKUX
TeNl.

Ecnu sxe 00paTUThbCs K aHAJIM3Y BHYTPEHHETO YCTPOHCTBA BPEMEHH JI000M CII0KHOM CUCTEMBI,
TO MOXHO 3a()MKCHPOBATh CHHXPOHU3AIMIO M BJIOXEHHOCTh JPYT B Jpyra JUIMTEIBHOCTEH BCeX
MIOJICUCTEM 3TOW CIIO)KHOW CHCTEMBl — OT AaTOMHOTO M MOJIEKYJISIPDHOTO JI0 MEXaHHYECKOro MU
ouonornyeckoro yposHeil. Takum oOpazom, mH(OpMAIs H BpeMs — 3TO JBE CTOPOHBI €IWHOTO
nporecca NopoxJIeHus U GyHKIIMOHUPOBAHUS JIIOOBIX TaHHBIX. COOI Ha OTHOM y4acTKe HEMUHYEMO
BEIET K UCKaXEHUIO Ha BceX Apyrux. [loaTomy 10 BeAkol comepikaTeabHOW MPOBEPKU U3MEHEHHE
BPEMEHHEBIX MapaMeTpOB CUCTEMbI (TeMIa, PUTMa, CKOPOCTH, HANpaBIEHHOCTH M T.A.) Oyder
SIBJIATHCS CUTHAJIOM HEOJIaronorydusi CHCTEMBI.

Bropoii acmexkt — CyObeKTHBHBIA (aKkTop, T.e. HaJIM4YMe YENOBEKa, BIAJCIOIIEro WIN
noyib3yromierocss ~ MHQopmanue, a,  CleJoBaTeIbHO, MOTEHLUUAIbHO  CIOCOOHOTO K
HECAaHKIIMOHMPOBAHHOMY JOCTynmy K Heil. Ha mepBblif B3rmsn Kaxkercs, 4TO MOpaJbHOW U
IOPUANYECKON OTBETCTBEHHOCTH YYaCTHUKOB MH(OPMAIIMOHHBIX B3aMMOAEUCTBUI J1OCTATOYHO JIS
3ammThl MHGopManuu. OAHAKO NpaKTUKAa HE IOATBEPXKAAeT 3Ty TUIoTe3y. B cBs3um ¢ 3TuM
COBEpIIEHCTBOBAHNE CUCTEM MH(OPMAIIMOHHOM 6€30MacHOCTH JO0KHO BKIJIIOUATh B ceOsl (HapsaLy ¢
apyrumMu  (akropamu) (akTOp BpPEMEHH, a MMEHHO, BPEMEHHOE OrpaHMYCHHE Ui JIOCTyna K
nHpopmanuu. B mepByro ouepenp 3TO KacaeTcs 3allUThl MEPCOHAJIbHBIX JaHHBIX. X XpaHeHue B
KaX/10i OpraHu3aiyy J0HKHO ObITh BPEMEHHBIM, a He MOCTOSHHBIM. DH(OpHs 110 TOBOAY TOTO, YTO
B LK (poBOM MHpe HHPOPMAIIHS CYIIECTBYET BEUHO, JaBHO Mpouuia. 13 BeyHocTH Hal0 BEpHYThCS B
HAalll MUp BPEMEHU U BPEMEHHOCTH.

Hakownen, cneayer yuyuTbiBaTh OCOOCHHOCTH MHAMBHUAYAIbHOIO OTHOIICHHS KO BPEMEHH, YTO
MOTEHIMAJILHO MOXKET MMPOBOLMPOBATH KOH(MDIUKTHI B X0/1€ OPraHU3aIMN COBMECTHON JeSITEIbHOCTH,
a TakXe HaKOIUIEHHWE YCTaJOCTH oOrepaTopa IpH B3aUMOJEHCTBUU C HU(GPOBBHIMU yCTPOUCTBAMHU.
ITocnennee 0OCTOATENBCTBO MOXKET OBITh MUHUMH3UPOBAHO MYyTEM YIOPSA0UYMBAHUS BPEMEHU 3THX
B3auMoOJeMCTBUI. YUTO KacaeTcsi OpraHu3allid BPEMEHU YICHOB KOJUIEKTHMBA, TO 3JE€Ch MOYHO
obparuthcst k paboram orteuectBeHHbIX (T.A. Hectuk [2]) u 3apyOexubix (McGrath, Kelley [3])
uccienoBarened, UCXOASAIIMX W3 TIOHMMAaHUS BpPEMEHH KaK IIEHHOTrO pecypca COBMECTHOM
JesaTeNbHOCTH. Jleduuut 3Toro pecypca MUHUMU3ZUPYIOTCS ¢ TIOMOIIBIO IUTAHUPOBAHUS (CHUXKAETCs
TeMIIOpajbHasi HEONPENeNEHHOCTh), CUHXPOHM3AIMKM JEHUCTBUI (pa3pemaroTcs KOHQIUKTHL IO
MOBOAY TMOCJENOBATEIbHOCTH BBHIMOJIHEHUS 3a7ad) M HCIOJIb30BAaHMUS PA3IMUYHBIX CIIOCOOOB
9KOHOMHH BPEMEHHU.
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Time as a Factor of Information Security
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Abstract — The paper presents three aspects of the influence of the time factor on information security. It
is shown that time and information are two sides of a single process of generating and functioning of any
data. It has been proven that the improvement of information security systems should include a time
factor, namely, a time limit for access to information. The necessity of taking into account the
peculiarities of the individual attitude to time, as well as the accumulation of fatigue of the human
operator when interacting with digital devices, is highlighted. The ways of reducing the shortage of time
as a valuable resource for joint activities are determined.

Key words: time, information, information security, duration.
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