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MEPCIMEKTUBHI

ATOMHbIE KOMNETEHLUNN —
aNns HePTAHUKOB U TEMNIO3HEPITeTUKOB

HuKeropoackas MHXXUHUPUHIOBas KOM-
naHusi <ATOM3HEpronpoeKT» Bce nocnefgHue
roabl HaXxoAMTCA Ha nogbeme. B ee aKkTuBe
— AECATKMU CTPOSALLUXCH U NMPOEKTUPYEMbIX
A3C B cTpaHe 4 3a py6exoM, MacluTaGHble
NMpoeKTbl, NpegcTaBUTeNbCcTBa B 11 cTpaHax
EBponbl u A3un, 6e3yCcnoBHbI aBTOPUTET U
npu3sHaHue. TeM He MeHee, OAHON U3 NepBo-
CTEeMNneHHbIX 3aja4, CTOALWMUX HAa NOBeCTKe
AHSA, B KOMNAaHUM CHUTAIOT AUBepcUPUKaL U0
npou3BOACTBa.

O TOM, YTO MOATOJIKHY/I0O PYKOBOACTBO
HUA3MM K TaKoMy pelueHuio, Mbl NONPOCUIN
paccKasartb C.Il. OnoHueBa, BULe-Npe3neH-
Ta OAO <HUA3MM» - rnaBHOro UHXeHepa no
ynpaBJ/IeHUIO NPOEKTaMMm.

— Jlio6asi camas cunbHasa M MoLHas Komna-
HWA ABNSETCS YCTOMYMBOW TONIbKO B TOM Crly4ae,
KOrfa OHa UMeeT HECKO/bKO TOYEK OMOpbI, Korga
ee 6usHec anBepcuduumnpoBaH. B Tom uncne ato
KacaeTcs v NpeanpusaTuin atoMHom oTpacinu. Cy-
LeCTBYET HEMANO OTPaC/en, KOTOPbIE Mbl MOXKEM
CYMUTaTb CMEMHbIMU. ATO OTHOCUTCSH, HaNnpUmep,
K TEeNn0BOV aHEepreTuke, K HepTexnmmum — Befb
B Nto60V aTOMHOM CTaHLUKK €CTb U XMMUYeCKas
cocTaBndowwas, M TennoBas — U 66110 6bl Hepasy-
MHO He MNblTaTbCsH UCNOIb30BaTb HAKOMNEHHbIV
HaMW ONbIT MPOEKTUPOBAHUSA TAKUX CNOXKHbIX
MHXXEHEePHbIX 0OBEKTOB, KAKOBLIMU SBNSAOTCS
A3C, B HOBbIX HanpaB/EHHUSAX.

Multi-D npoeKTMpoBaHue — 3T0 MHCTPYMEHT,
KOTOPbIN, UHTErPUPYs B cebe COOTBETCTBYIOLLUM

C.M. OnoHueB

MOAYNb, NO3BONAET OCYLLECTBATL CTPOUTENLCTBO
W ynpasieHne NPoeKTOM B Jitob6on oTpacnu. MNpu
3TOM Ba*KHO MMETb B BUAY cnegylolee o6CTo-
ATeNbCTBO: KOr4a Mbl FOBOPUM O BHEAPEHUM
Multi-D TexHoI0rMIM B KaKne-nnobo NpoeKTbl, 3TO
He O3Ha4aeT, 4TO Mbl KOMY-TO nepegaemM CBOwU
TexHonormn. Mol 6ygem camu paboTtatb Hafa
BHeApPEeHWEeM 3TUX TEXHONOMMIM Ha niowagKkax
CBOMWX 3aKa34MKOB U3 [ipyrux otpacnen. Jliobyto
M3 COCTaBHbIX YacTeM Hallen TEXHONOrMU MOXKHO

MNMpe3uaeHTt Pecny6nukun Tatapctad P.M. MuHHuxaHoB u npe3uaeHt OAO «<HUAIMN» B.U. JlumapeHKo
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MCMNONb30BaTh K BHEAPEHUIO Ha /I060M 06bEKTE
1 B nto6oe BpeMsi, 6yab TO 3Tan NPOEKTUPOBaHMS,
3Tan 3aKynKku o60opyaoBaHUs WK 3Tan Heno-
CPEeACTBEHHOIO CTPOUTENBCTBA.

Cama TexHonorus Multi-D npeanonaraer
ynpaBieHNEe UMEHHO CIOKHBIMM VHXXEHEPHbI-
MW 06beKTaMU. TaKne 06bEKTLI ECTb U B Fpax-
[IaHCKOM CTPOMUTENBLCTBE: CTAHL MM MO O4YUCTKE
BO/Abl, Nepexobl METPOMNOAUTEHA, TO €CTb, Te, B
KOTOPbIX 06bEANHATCS CNOXKHas CTpOUTENbHAA
4yacTb M MHPACTPYKTYpa. YNpaBieHWe pUcCKamu
M MPOEKTOM, KOTOPbI BO3HUKAET B TAaKOM CIly-
Yyae, KaK Henb3s nyywe obecneymsaeT Multi-D
TEXHONOrus.

Be3ycnoBHO, PbIHKM ¥ TEMIOBOW 3HEPTETUKM,
N HedTEXMMUYECKOM OTPaC/U Ha CErOAHSALWHUM
[eHb y)Xe chOpPMMpPOBaHbl, U BbINTU Ha HUX B
KayecTBe KOHKypeHTa AENCTBYIOLMM KOMMNaHWAM
He TaK-To npocTo. Ho y Hac ecTb HECOMHEHHOe
NPEUMYLLECTBO: BCE KE NO-HACTOALEMY MOLLHOM
EPC-komnaHuu, ycnelHo ocyLwecTBASOLLIEN UH-
YUHWUPUHI, MPOEKTUPOBAHUE U CTPOUTENLCTBO,
KoMMaHuu paHra HUASI — ¢ TakuMu 060poTamMu,
C TaKMM KOJIMYECTBOM COTPYAHWKOB M 06 bEMOM
peannM30BaHHbIX MPOEKTOB — Ha 3TWUX PbIHKax B
Poccuum HeT. Halun npe3eHTaumu, pacckasbliBa-
owme o6 onbiTe ynpasieHUs CTPOUTENLCTBOM
A3C, HEN3MEHHO BbI3bIBAOT 60/IbLLON MHTEPEC
y OTEYECTBEHHbIX 3aKa34MKOB, NPEACTaBAAOLLMX
Ha3BaHHbIE OTPAC/U, Aa U UX 3apyBeEXKHbIE KOJI-
Nern cepbe3Ho 3alyMbiBatoTCs O TOM, [A€ MOXKHO
6bl1710 6bl MPUMEHUTL HaLL OnbIT.

[loka Ha POCCMINCKOM pblHKE AOCTaTO4-
HO MOLLHO npeacTaBneHbl 3apyberHble IPC-
KOMMNaHWK, B YacTHOCTH, TypeLkue. OcTatoTcs
KOMMaHWK, KOTOpble MPOAOSIKAT UCMNONb30-
BaTb CTapble TEXHONOMUKU yNpaBneHUs CTPOU-
TeNbCTBOM: MO CYTU Aiena, X03cnoco6. He Hyx-
HO MX 3@ 3TO KPUTMKOBATb: KaxAabli BbiGMpaeT
TOT NYTb, KOTOPbIM MY KaXKeTCH ONTUMabHbIM
WM KOTOPbIM MOMPOCTY AocTynHen. O4eBuaHO,
YTO KPYMHble POCCUMICKME 3aKa34MKK cenyac
npoxoaaT TOT MyTb, KOTOPLIX 3a py6exom npo-
xoamnu 20-25 neT Hasaa. Pesynstatom ctano
0CO3HaHWe ClieayiolLen UCTUHbI: HTOObI B CPOK
M C BbICOKMM Ka4eCTBOM MOCTPOUTb CNOXKHbIN
UHMXEHEPHbIN 0GBEKT, HYXKHO UMETb O4EHb CHJlb-
Hble ynpaBfieHYecKne KomneTeHuuu. U ecnun y
KOMMaHWM HEMHOIO TaKUX OGBEKTOB — OAWH
Mnn gBa — TO pa3BuBaTb COOCTBEHHbIE KOM-
neTeHUNn He MMEET CMbICNa, MOCKOJIbKY 3TO U
0poro, M HeadPEKTUBHO: Kyaa AeBATb BbICOKO-
KBaNMPULMPOBAHHbIX ¥ BbICOKOOMIa4MBaEMbIX
COTPYAHMKOB MO OKOHYaHMMU CTPOUTENIbCTBA 3TUX
06bEKTOB?

OnbIT CTPOMUTENLCTBA XMMUYECKUX U He-
PTEXMMUYECKUX OOBEKTOB, TEMIOBLIX CTAHLUNA,
KOTOPbIMN Mbl NpoaHanM3npoBasu, ToJIbKO Noj-
TBEPKAAET 3T0. TaMm, rae CTPOMTENbCTBO BeeTCs
Xx03cnocobom, oHo B 80% cnyvyaeB NMM6B0 He yKna-
[blBAeTCS BO BPEMEHHbIE PaMKW, TMG0 BbIXOAWUT
3a paMKu OTBEAEHHOro 6ioaKeTa.

bonblwyo noMouwb B peannsaunmn Hawmux
NaaHOB, CBA3aHHbIX C AuBepcudUKaumen,




HedTrexumuueckoe NpoM3BOACTBO TOXE OTHO-
CHUTCH K C/IOXKHBIM MHXXE€HEPHbIM COOPYEeHUAM

OKa3allo COTPYAHWYECTBO C PYKOBOACTBOM
Pecny6nukun TaTapcTaH, rae, Kak U3BECTHO,
WMPOKO pa3BuTa HedTexMmuyecKasa npo-
MblWNEHHOCTb. Mbl NMpUHUManNKU y4yactue B
cneuManM3nMpoBaHHOM BbicTaBKe B KasaHu,
BCTpeYyanucb C Npe3nmaeHTom pecnybninku,
paboTanu HeENoCpeaACTBEHHO C KOMMNAaHUAMMU,
npeactaBnsownMmMmm HedbTerasoBbii KOMNAEKC.
OfHa 13 HePTEXMMUYECKMUX KOMNAaHUI 3auH-
TepecoBanachb Halluew paboton ¢ 3D-moaensto
M nonpocuna, 4YTo6bl Mbl NpeacTaBAaNU ee
WHTepechbl nepes NPOEKTHOW opraHu3auuen
M OCYWECTBNAIN KOHTPONb BbiNycka 3D—
Mozenun. 3To HeGONbLLIOW NPOEKT, HO 3TO War
Brepes, ¥ Mbl pajbl, 4TO OH cAenaH.

Mbl FOTOBbI MPUHUMATbL y4acTue B TeHAepax,
npoBoAMMbIX B Pecny6nvke TatapctaH. Ho ogHowm
ToNbKO 3ToM pecny6nunkon, HUAIMM, pasymeert-
Csl, He OrpaHNYMBaETCs U rOTOB COTPYAHMYATb C

PROSPECTS

Mpe3upeHT Pecny6auku TatapctaH Pyctam MuHHuxaHoB npuBe3 B OAO <HUA3M» uenyto generayunio
U3 PYKOBOAUTENEN KPYNHbIX NPeANPUATUA U NPOEKTHbIX UHCTUTYTOB, TaKUX KaK OAO «TaTHe(dTb»,
OAO «KAMA3», 3A0 «Ka3aHckuit TnnpoHunasuanpom»

Mo6bIMU perMoHamu — B TOM 4YUCNe, Y Hac ecTb
MHTEpEeC K y4acTuio B GOMbLINX rOCyAapCTBEH-
HbIX MpoeKTax Ha [JanbHem BoCTOKe, U Mbl yxKe
npeanpuHANu onpegeneHHble 4eNCTBUS B 3TOM
HanpaB/€HUN.

3anucana lanuna OPbEBA

«TaTapcTaH — KpynHbii PEruoH, Ans peanvsaluu ce-
Pbe3HbIX MPOEKTOB B TENJIOBOW 3HEpPreTuKe, HedTe-
nepepa6aTbiBaioLiei NPOMbILIEHHOCTN HaM HY>Hbl
cTpaTermyeckue napTHepbl», — ckasan Pycram MuH-
HUXAHOB, NOAYEPKHYB 3aMHTEPECOBAHHOCTb BO BHe-
APEHUN UHHOBALMOHHDbIX TexHonorui OAO «<HUAIM»
Ha KPYMNHbIX NPeANPUATUAX U CTPOMKaX pecnyGInuKu.

Nuclear Expertise for Petro Experts and Heat Engineers

Atomenergoproekt Engineering Company
of Nizhny Novgorod has been on the rise in
the recent years. It designs and builds dozens
of NPPs in Russia and abroad, implements
large-scale projects, has opened represen-
tation offices in 11 countries of Europe and
Asia and has earned great reputation. Yet, the
company believes that operations diversifica-
tion must be one of its priorities.

We asked S. Olontsev, NIAEP Vice-Pres-
ident - Chief Engineer for Project Manage-
ment, what are the grounds for this decision.

— Any powerful company is steady only if it
uses the both feet, figuratively speaking. Busi-
ness must be diversified in the nuclear sector.
There is a number of allied industries, for exam-
ple, petrochemical industry (in any NPP there
is a chemical component) and thermal power
production. It would be unreasonable not to use
our experience in designing such sophisticated
facilities as NPP in other sectors.

Multi-D design is a tool that integrates the
module of a power plant and allows to design
and construct a facility in any sector. It should
be taken into consideration that introduction of
Multi-D design technology in various projects
does not imply transfer of technologies. We are
going to introduce the technologies ourselves at
the sites of our customers from other branches.
Any integral part of the technology can be intro-
duced at any facility at any time: at the design

stage, equipment procurement stage or con-
struction stage.

Multi-D technology is designed for sophis-
ticated facilities. Such facilities are operated in
civil engineering and include water treatment
plants, underground passages, virtually all facili-
ties that integrate sophisticated construction and
infrastructure. Multi-D technology helps manage
a project and risks inherent in it.

Apparently, heat power and petrochemical
markets are already shaped, and it is hard to
compete with the companies operating there.
But we have an advantage: in these markets
such powerful IPC-companies as NIAEP with
its engineering, design and construction suc-
cesses, with its turnover, number of employees
and implemented projects are non-existent.
Our presentations on NIAEP experience in NPP
construction management attract attention of
prospective Russian customers while foreign
colleagues consider seriously in what way our
experience might be used.

So far, foreign IPC-companies are mostly ac-
tive in the Russian market. There are companies
that still use obsolete construction management
technologies. They are not to be criticized: each
goes the way he thinks to be easier and avail-
able. Obviously, large Russian companies, our
customers, go the way that foreign companies
went 20-25 years ago. As a result, the genu-
ine truth has been realized: highly developed
managerial competences are required to build a
sophisticated facility in time and with high quality.

When a company'’s facilities are not numerous
(one or two) it is expensive and inefficient to
develop such competences: what could be done
with highly qualified and well-paid specialists
when the construction is over?

Experience in construction of chemical and
petrochemical facilities and heat power plants
analyzed by us confirms the fact. If non-contract-
ed construction method is used, in 80 percent
of cases construction is not terminated in time
or exceeds the budget.

Our cooperation with Republic of Tatarstan
where petrochemistry is highly developed was
very instrumental in the implementation of our
diversification plans. We have participated in a
specialized exhibition, talked to the President
of the republic and got in touch with the oil and
gas companies. One petrochemical company
got interested in our 3D model and asked us
to represent its interests in the design office to
monitor 3D model development. The project is
not large, but still it is a step forward and we are
happy we have made it.

We are willing to take part in tenders in Re-
public of Tatarstan. But NIAEP will not content
itself with cooperation with only one region, and
is going to establish partnership relations with
other regions two: for example, we are interested
in large state-run projects in Far East, and have
already made some actions to make it a reality.

Galina YURIEVA
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PpaHLY3CKUN aTOMHbIN ECaHT

30 ¢ppaHLy3CKMX KOMNaHUi, 3aMHTepecoBaH-
HbIX B NOCTaBKaxX Ha NpeAnpuUATUA POCCUUCKON
aTOMHOM OTpac/u, NPUHAIMU y4acTUe B ceMuHape,
NOCBALEHHOM HanpaB/JIeHUAM POCCUNCKO-PpaH-
LLy3CKOro npombilLJIEHHOrO COTPYAHMYECTBa B
061acTU aTOMHOM 3HEPruUm.

[enoByto nporpaMmy CeEMUHapa OTKPbIN cre-
LuManbHbIf npeactaBuTens dpaHunm No cBA3SIM ¢
Poccuen an-Mbep LleBeHMaH, KOTOPbLIN B pamMmKax
CBOEro BbICTYNNEHUS OTMETUN CTPaTerMyeckoe 3Ha-
YeHWe POCCUMCKO-GPaHLLY3CKOro CoTpyaHMYeCcTBa B
061acTM aTOMHOM 3HEPrUn U NOAYEPKHYN HEOBXOAM-
MOCTb AaNlbHEMLIErO PAa3BUTUS COBMECTHbIX MPOEKTOB
B 3TOM chepe.

3amecTuTeNb reHepanbHOro aupexkTopa fockop-
nopaumu «<PocaToM» N0 Pa3BUTUIO U MEXAYHAPOAHOMY
6u3Hecy Kupunn KomapoB nogrsepaun, 4To y4actue
MHOCTPaHHbIX KOMMaHWM B POCCUUCKMUX NMPOEKTaX
aTOMHOW OTpac/iM U pa3BUTUE MEX/YHapPOAHOW Lie-
NMOYKM MOCTaBLLMKOB OTHOCATCSH K NPUOPUTETHLIM
HanpaBfieHWsIM NONUTUKKM PocaToma. «<AKTUBHOE yya-
cTMe GppaHLy3CKUX KOMMaHuh B NpoeKkTax Pocatoma
No3BOJIUT NOAAEPHKMBATb ONTOCPOYHYIO OCHOBY ANt
cTpaTerMyeckoro naptTHepcTBa ABYX NMPU3HAHHbIX
NMAePOB B 06/1aCTV aTOMHOM 3HEPreTUKK», — OTMETUN
OH. ToproBbIt 060POT TOBAPOB U YCNyr B A4ePHON
chepe mexay Poccuen n ®paHumen B 2013 rogy
npesbicun munnnapa gonnapos CLLUA.

[upekTop no 3aKkynkam Pocatoma PomaH 3umo-
Hac paccKkasa 0 BO3MOXHOCTSX 151 NOCTaBLLMKOB,
KOTOPbIE [JOCTYMHbI Ha CErOAHSAWHUI AeHb U dpaH-
Lly3CKUM KoMNaHuam. OH o6paTun oco60e BHUMaHWe
npeacTaBuTenen generaunn Ha uameHeHue: ¢ 2014
roga fockopnopauuns nepenaeTt Ha NPeBEHTUBHbIN
KOHTPOJIb KayecTBa NocTaB/iIieMoro 060pyaoBaHus.
«Mbl NnaHupyem nepenTn Ha CUCTEMY KOHTPONS Ka-
yecTBa 060pyl0BaHUS, KOTopas KaK pas AofixKHa
ObITb XOPOLLO 3HaKOMa GpaHLYy3CKUM NOCTaBLLIMKaM
— 3ametun PomaH 3umoHac. — lNpegBaputensHoe
ncecnenoBaHne MOLWHOCTEN NOTEHLMaNbHbIX NOCTaB-
LUMKOB NPeaocTaBUT HAM BO3MOXKHOCTb UCKTIOYUTb
M3 Yyucna y4aCTHUKOB KOHKYPEHTHbIX 3aKynoK npes-
NPUSTUS, YCIOBUS NPOU3BOACTBA KOTOPbIX HE NO3BO-
NAT o6ecnevymBaTb M3roToBNeHNe 060pyaOBaHUS
Heo6X0AMMOro HaM KadecTBa.

Pa6ouni BU3UT generaumm ppaHLy3CKUX Komna-
HUI B Poccuto npogomxunca B HuxxkHem Hosropoge,

®dpaHuy3ckas generauyms B 0AO <HUAIM»

rae 6U3HEC-MUCCUS O3HAKOMMUNACH C EATENBHOCTbIO
06beIMHEHHON MHXUHUPUHIOBOM KomnaHun HUAIM-
AC3. Ctaplivi BULEe-NPE3UAEHT NO NPOEKTUPOBAHUIO
0OAO «HMA3IM» KOpuit UBaHOB paccKkasan 06 UCTopuun
KOMMNaHuu 1 ycnewHoMm cotpyaHnyectse HUAIM-AC3D
Cc dpaHLy3CKMMKU KoMnaHuamu Alstom n Dassault
Systems. B 4yacTHOCTWU, COBMECTHO C KOMNaHWeNn
Dassault Systems OAO «HWA3IM» paspaboTano He-
CKOJIbKO BaXHbIX 3/1IEMEHTOB TEXHONOMMU YNpaBieHUs
KU3HEHHBIM LUMKIOM CNOXHbIX MHKEHEPHbIX 06b-
eKToB. Ha ocHoBe nnatdopmbl Dassault Systemes
cneumanuctammu OAO «HUA3IM» paspaboTaHbl pe-
LUEHUS, KOTOPbIE BNEpPBble NO3BONUIN 06bEAUHUTL
TEXHONOrMYECKYI0, KOHCTPYKTOPCKYIO U CTPOUTENBHYIO
4acTu B enHYy0 MHOOPMaLMOHHYI0 Mofenb ASC: Tak
HasblBaemas TexHonorusa Multi-D.

Oco60e BHMMaHKWe 6bl10 yaeneHo NpoeKTam no
BbIBOAY U3 aKcnayaTaummn ASC n obpalleHuio ¢ 06b-
EeKTaMu A4epPHbIX TEXHONOMUA POCCUACKOM aTOMHOM
oTpacnu. B pamKkax paboyewn BCTpeyn npeacraBuTe-
v 06beamHeHHo Komnanum HUASM-ACS, KoTopast
ABASETCA Bnagenbuem HemeLKon KomnaHun Nukem
Technologies, cmornu o6¢yanTb ¢ GpaHLYy3CKUMHU
feneratamu BO3MOXHOCTU COTPYAHWYECTBA B AAHHOM
HanpaBneHWU.

Kak otmeTtun aH-lMNbep LLeBeHmaH, Bce npu-
CYTCTBYIOLLME Ha BCTPeYe GpaHLYy3CKME KOMMaHWK,
npeacraBnsaoLwme pasnnyHbie 061acTv AesTeNbHOCTH
— CTPOWUTENbLCTBO, NPON3BOACTBO 060PYAOBAHUS ANS
3HepreTM4yecKoro Komnnekca, T-npoayKTbl, UMeIOT
60/1bLUOM ONbIT PAabOoTbl B aTOMHOM MPOMBbILLIEHHOCTH

W 3aMHTEpPECcOBaHbl B COTPYAHMYECTBE C OJHOW U3
KPYNHENLIMX POCCUNCKMUX KOMMNaHUM Ha B3aUMOBbI-
rOAHbIX YCIOBUSIX.

B cBS131 ¢ 3TMM 0Cc060€ BHMMaHUe dpaHLy3CK1e
rocTv yaensinu Bonpocam, CBA3aHHbIM C OCyLLecT-
B/IEHWMEM 3aKYMNOYHbIX NpoLeayp. McyepnbiBatoLLyo
MHOOPMALMIO Ha 3TOT CHET OHU CMOT/IU MOAYYUTb
13 npeseHTauun «OpraHMsauns 3akynovyHon geq-
TENbHOCTU U COTPYAHUYECTBO B paMKax peanu3auunmv
MEXAyHapOAHbIX MPOEKTOB», HA KOTOPOM Wna peyb
06 OCHOBHbIX YCIOBUSIX M NapaMeTpax NpoBeaeHns
3aKynoYHbIX NpoLeayp, a Takke 06 3NEeKTPOHHOM
KaTanore o60pyaoBaHuUs, LOCTYNHOM ANst BCEX MO-
TEeHUMaNbHbIX MOCTaBLLMKOB.

B 3akntoyeHne HenocpeacTtBEHHO Ha paboymx
MecTax npeacTtaButTenam dpaHLy3CKUX KOMNaHUM
6blIM HarNaAHO NPOAEMOHCTPUPOBAHbI MPOEKTH-
poBaHWe TEXHONOMMYECKON U CTPOUTENBHOMN YacTu
1 MofenupoBaHue npouecca coopyxeHusa ASC, a
TaKXe opraHu3aluns 3aKyno4YHOM AedATeNbHOCTU B
HWA3M-AC3.

HypHanucTbl NOUHTEPEeCOBaNnCh y pyKoBOAUTE-
na generauuu, KakoBbl HaCTPOeHUs GpaHLy3CKOM
06LLEeCTBEHHOCTM Nocne aBapum Ha AIC «PyKycuman.

«Hac He TaK-To NpocTo 3anyraTtb, — OTBETUN IO-
cnoavH LLeBeHmaH. — Bo ®paHumm pabotaet 58
A4epPHbIX PEaKTOPOB, KOTOPbLIE 06ECNEYMBAIOT TEMIOM
1 CBETOM MPaKTUHECKU BCIO GPaHLY3CKYI0 SIKOHOMUKY.
®dpaHumns ganeko He 6orata NoNe3HbIMU UCKOMae-
MbIMMW, @ NOKyNaTb U AOCTaBNATb MX O4EHb AOPOro,
NO3TOMY paccyMTbiBaTb Ha TEMI03NEKTPOCTAHLUK
He NPUXoANTCS.

MMOPO3NEKTPOCTAHLMMU PACMONOKEHbI UL Ha
IOre CTPaHbl, B rOPHbIX panoHax. Mony4aTtb CoONMHeYHy0
3HEpruo HepeHTabenbHO BBUAY TOrO, 4TO CTpaHa
pacnonaraeTcs B 4OCTATOYHO CEBEPHbIX LIMpOTaX.
BeTpoBble cTaHUMM Mano3adpdEKTUBHbLI AaXKe B CTpa-
Hax, rie 4acTo AyloT CUibHblE BETPA, a Halla cTpaHa
K HUM He OTHOCHTCS.

OcTaeTcs 04HO — aTOMHbIEe 3NEKTPOCTaHLMK. NX
npe1myLLeCTBa O4EBUAHbI: 3TO M OTHOCUTENbHAA Ae-
LeBMU3Ha TONMBA, M MPOCTOTa ero TPaHCNOPTUPOBKM,
M OTHOCUTENbHasA 6€30MacHOCTb, U PeHTabeNlbHOCTb.

BnpoyeMm, — go6asun rocnoauH LLleBeHmaH nocne
HEKOTOPOro PasayMbsi, — BO3MOXKHO Hallla CMeNocTb
CBfi3aHa C TeM, 4TO Ha TeppuTopun dpaHLMmn HUKoraa
He 6bl10 cepbe3HbIX aBapui Ha AJC».

French Nuclear «Landing Party»

Thirty French companies eager to make supplies
to nuclear facilities participated in a workshop on
French-Russian cooperation in the nuclear sector.

The business program of the workshop was
opened by Jean-Pierre Chevenement, France’s spe-
cial representative on relations with Russia. He noted
that French-Russian cooperation in nuclear power
engineering is strategically important and stressed
the need to promote joint projects in the field.

Kirill Komarov, Rosatom Deputy General Director
for Development and International Business, said that
participation of foreign companies in Russia’s nuclear
projects and extension of the line of foreign suppliers
is a priority for Rosatom. «Active participation of French
companies in Rosatom’s projects will help sustain the
strategic partnership of two recognized leaders in the
nuclear sector», — he said. Turnover of the two countries
in the nuclear sector exceeded one billion USD in 2013.

Roman Zimonas, Rosatom Procurement Director,
dwelled on opportunities opened for suppliers including
French ones. He drew the French delegation’s attention
to an innovation: in 2014 Rosatom State Corporation
will introduce preventive quality control of equipment.
«We plan to introduce the quality control system that
is familiar to French suppliers», — said Mr. Zimonas.
«Preliminary investigation into prospective suppliers’
capacities will help us exclude those bidders in tenders
that are unable to offer equipment of required quality
due to their manufacturing conditions».
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The working visit of the French companies’ delega-
tion continued in Nizhny Novgorod where the delegates
were familiarized with NIAEP-ASE engineering company
activity. Yury lvanoy, Senior Vice-President for Design
NIAEP, spoke about the company’s development and
successful cooperation with Alstom and Dassault Sys-
tems of France. In partnership with Dassault Systems,
NIAEP has developed some key elements of the product
lifecycle management of sophisticated facilities. Using
Dassault Systemes platform, NIAEP specialists have
found decisions that allowed to unite technical, design
and construction components in a single information
model of NPP called Multi-D technology.

Special attention was paid to projects of NPP
decommissioning and treatment of Russia’s nuclear
facilities. Representatives of NIAEP-ASE united com-
pany thatis the owner of German Nukem Technologies
discussed prospects of cooperation in these fields with
their French colleagues.

Mr. Chevenement noted that all French companies
that represented civil engineering, manufacture of
equipment for the energy sector and IT products at
the meeting have experience in the nuclear sector
and are willing to get engaged in mutually beneficial
cooperation with one of the largest Russian companies.

In this regard, French guests were interested in
procurement procedures. Exhaustive information about
the general conditions and parameters of procure-
ment procedures, the electronic equipment catalogue

available for all prospective suppliers was offered in
the presentation «Organization of Procurement and
Cooperation in International Projects».

In conclusion, design of technical and construction
components and NPP construction modelling as well
as procurement organization in NIAEP-ASE were dem-
onstrated to French companies representatives at site.

We asked the head of the delegation what the
French public thinks after the Fukushima disaster.

«t is hard to intimidate us, — said Mr. Chevene-
ment, — In France 58 nuclear reactors provide the
economy with heat and light. France is not that rich
in natural resources whereas it is very expensive to
purchase and transport them, so we cannot rely on
heat-power stations.

Hydroelectric plants are available only in the south
of the country. And it is unprofitable to produce sun’s
energy because the country is in the northern latitude.
Wind plants are not efficient even in the countries
where winds are frequent, and in France they are not
frequent at all.

Therefore, nuclear power plants are the only solu-
tion of the problem. Their obvious advantages include
cheap fuel, its simple transportation, relative safety
and profitability.

Though, it is possible that our decisiveness is
due to the fact that there has never been a serious
nuclear disaster in France», — said Mr. Chevenement
with some doubt.
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«/Jo6po rnoxanosatb B bypryHauto, ctpaHy 3HameHuTbIX BUH: Gevrey-Chambertin, Pommard, Romanee-Conti u Montrachet...
BypryHansa 3HaMeHUTa CBOEN KyXHEH: 3cKapro (Y/IMTKM) C YECHOYHbIM Mac/ioM, 6E¢-6ypriuHboH, KOK-0-B3H — NETYX TYLIEHHbINA B BUHE. B coyetaHmm co
3HaMEHUTbIMM BUHaMM 3TO CAE/IaeT BallM KyJIMHapHbIe BrieyaTleHUs He3abbiBaeMbIMM».

ApepHasg «KyxHa» BypryHamu

KnacTtepHblit nogxoa Kak oAMH U3 CNOCO-
60B NMOBbILEHUA KOHKYPEHTOCNOCOGHOCTHU
3KOHOMMUYECKOro pasBUTUS PErMOHOB MOoJly-
4Yun 3a nocnepHee gecATUNEeTHE LWUPOKOE pas-
BUTHUE BO BCeX cTpaHax mupa. lMpakTtuueckum
onbIT AOKa3biBaeT 3PPEKTUBHOCTb TAKOIro
noAxoja B NOBbILIEHUU KOHKYPEHTOCMOCOGHO-
CTH ¥ ONTUMMU3aLIMU yNIpaB/IeHUS HALUOHAJIb-
HOM 3KOHOMMUKOW KaK OTAe/ibHbIX PErMoHOB,
TaK U CTPaH B Lie/IoM, N0O3TOMY BHeipeHue B
3KOHOMMKY KJIaCTepPHbIX MHULiMATUB CTaHO-
BUTCHA 6a30BOM COCTaB/AAIOWEN cTpaTerum
pa3BUTUSA GOJIbLUMHCTBA CTPaH.

MepBonpoxoauamu B MpUMEHEHUN KnacTep-
HOro noaxoja cuutatotcs cosaateny KpemHueson
[ONMHBI — KPYMHENLIEro Hay4HO-NPaKTUYeCKoro
Knactepa B CLLUA, aa 1 Bo Bcem Mupe.

B EBponencKkom Coto3e HacYUTbIBAETCS yrKe
cBbilwe 2.000 KnacTepoB, MpY 3TOM CTPaHbI, Ybs
3KOHOMMYECKas NOSIMTUKA B 3HAYUTENTbHOWM CTe-
nexHu 6asMpyeTcs Ha KnacTepHOM noaxoae, 3a-
HUMaIOT BeaylumMe MecTa B MUPOBbIX PEUTUHIax
KOHKYPEHTOCMOCOBHOCTH.

AKTMBHO nAaeT npouecc GopMUpPOBaHUs pe-
rMOHasbHbIX KnacTtepos B KOro-BoctouHol Azunn
1 Kutae.

BcTynneHne otaenbHbIX KOMMNaHUM B Kna-
CcTep NOBbIWAET WX CTaTyC, MPUBJIEKAET K HUM
BHUMMaHWe PUHAHCOBbIX CTPYKTYP, CMOCOGCTBYET
POCTY MEXAyHapoAHOW penyTaLum 1 NonynsipHo-
CTV TOProBbIX MapokK. B cBoto ovepeab, Hanuvne
B pErnoHe Knacrepa pasBMBaeT U ykpennser
3KOHOMMUKY 3TOr0 PErMoHa, NpuUBIEKaeT Tyaa 4o-
NOJIHWUTENbHbIE PECYPChI, CTUMYIMPYET IKOHOMMU-
YeCKMI POCT, 3a CHET Yero co3aaeT yCcnoBua Ans
YCMEeWHOro pa3BuTUS U PELUEHUS COoLManbHbIX
npo6nem.

B Poccun B 2008 r. MMH3KOHOMpPas3BUTHUS
6blna NpuHATa KoHuenuusa KnactepHomn NoanTu-
KW v flaxke cpOopMMpPOBaH CMIMCOK PErMOHOB Af1S
CO3[aHns B HUX TOrO WKW MHOTO BMAA KNacTepos,
OHaKO, CYLLEeCTBEHHOr0 MPOABUMEHUS B 3TOM
HanpaBieHUN NoKa He HabnoJaeTcs.

Kak He HabnogaeTcs ero v B CO34aHUU B
Hw)xeropoackom pervoHe aToOMHOro Knacrepa,
peyb 0O KOTOPOM BEAETCS YXKe He NePBbIV Fog v
BCE NPeAnoChIIKK K CO3[JaHUI0 KOTOPOro Bpoae
6bl cyLecTBYOT. HO: MpeanochifikK ecTb, corna-
LWEeHWUA O HamMepeHUsX NoAMMCcaHbl, a Knacrtepa
KaK He 6bl/10, TaK U HeT.

Moyemy? BO3MOXHO, OTBETUTb Ha 3TOT BO-
NpocC CTaHET NpoLLe Noce 3HaKOMCTBa C ONbITOM
$paHuy308B, co3aaslumx B 2005 rogy Tak Ha-
3blBaeMbln bypryHACKui saepHbin nontoc (PNB).

B KoHLe OKTA6psa 3amecTuTenb AUpPEKTopa
PNB Amageo MaHToBaH no6biBan B HuKHeEM
HoBropoge B pamKax BU3uTa dpaHLy3CKon gene-
raumv B UHXUHUPUHIOBYIO KoMnaHuto HUASIM
NnoAenuncs ¢ Konaeramu onbITom paboTbl CBOEro
Knactepa. focnoanH MaHTOBaH Tpu roga fBns-
€TCsl TEXHUYECKUM COBETHUKOM BypryHackoro

AEepHOro Knacrepa v cneunanusaupyetcsa Ha
BOMNpPOCcax MexaHoo6paboTKK U MeTanaypruu.

— B nioHe 2005 roga dpaHLy3CcKoe npaBu-
TeNbCTBO NPUHSANO pelleHne peopraHn3oBaTb
Hay4YHO-TEXHUYECKYIO AeATEeNIbHOCTb B pamMKax
MHHOBALIMOHHbIX KnacTepoB. HecmoTps Ha To,
410 PpaHumnsa B 30 pa3 MeHblle yem Poccus,
B CTpaHe 6bln co3aaH 71 Hay4YHO-TEXHUYECKUM
Knactep B CaMblX pa3HbIX HanpaBneHusax. 4To
nogpasymeBaloT GpaHLy3bl Nof Knactepom? 370:
1) KOHKPETHbIN panoH; 2) KOHKPETHOE none ae-
ATenbHOCTU. Hanpumep, B Tyny3e 6bi1 co3aaH
A3POKOCMUYECKUI KnacTep, Ha BOCTOKe dpaHLum
— MeTannypruyeckui knactep, B MNapuxe nosisu-
NNCb Cpa3y HECKOMbKO KNacTepoB, a B bypryHanv
6blN CO3AaH KNacTep SAEPHON IHEPTETUKM.

Mbl Ha4anu ¢ nNycToro nucta. Ydypeautens-
MW M NepPBbIMU Y4aCTHUKaAMK KnacTepa cTanu
BCEMUPHO M3BECTHble KoMMaHuu Electricite de
France (EDF), Areva 1 HECKONbKO MPOMbILLIAEHHbIX
npeanpuatuin. Kpome Toro, B coctaB Knactepa
BOLWM yHUBepcuTeT bypryHamu, Beicwas wxona
WHXUHUPUHIa U HEKOTOPbIE APYrMe Hay4Hble U

(M3 nyteBoautens no dpaHumun)

o6pas3oBatesibHble yupexaeHus. Taknum o6pa3om,
KnacTep u3Ha4vanbHO NpeacTaBnsan cobon nap-
THEPCTBO KPYMHbIX, CPEAHNUX U MEJTKMX KOMMaHWI
M NPeanpuaTUi U Hay4YHbIX YYPEXAEHWI, pacno-
NOXEHHbIX Ha TEePPUTOPUN permoHa bypryHaus,
06beanHUBLUNXCS An5 TOro, YTOObI BbipaboTaTb
HOBbI€ MAEMN M HOBbIE NOAX0Abl AN KOHKPETHOIo
CeKTopa — SAepHOM 3HepreTukn. KoHeyHoM e
LleNblo CO3[1aHus Knactepa aBASETCS yeuneHme
®dpaHuuKn B onpeaeneHHbIX 061acTax NPoMbILL-
NEHHOCTMU.

[na 0OCTUXKEHMS 3TOW LLenn NpeanpusTus-
YYaCTHMKM KnacTepa NpoBOASAT COBMECTHbIE UC-
cnefoBaHUs U pa3paboTKK, a pernoHanbHoe U
denepanbHoe NpaBUTENLCTBA CODUHAHCUPYIOT
X npoBeaeHue. [ing Toro, 4To6bl COCTOSANOCH
rocyfjapctBeHHoe coduHaHCUpoBaHue, Heob-
XOAUMO yyacTue B pa3paboTKe He MeHee NSaTu
YYaCTHUKOB, B TOM 4Mc/e 0653aTenbHO Hanniune
KaK KPYMHbIX, TaK U MENKUX KOMMaHWI (KPYMHON
B EBpone cunTaetcs KoMnaHus ¢ YUCIOM CoTpya-
HUKOB 60nee 250 YenoBeK 1 rogoBbIM 060POTOM
6onee 38 M/H eBpO).
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OfbIT

Bo ®paHuuKn 10BONBHO MHOI0 MHHOBALLMOH-
HbIX MEJIKUX U CPedHMX NPeAnpPUSTUA, U OQHOWM
M3 3ajay KnacTtepa aBASeTcs NoATaNKMBaTb MX
K COTPYAHUYECTBY APYr C APYrOM U C KPYMHbIMHU
KOMMaHUSIMKU O151 PELleHUs cepbe3HbIX 3adav.
JononHuTenbHbIM CTUMYIOM AJ19 3TOro ABNSET-
CSl y4acTMe TaKoro napTHepa Kak rocyaapcTso,
KOoTopoe duHaHCHUpyeT pa3paboTKu.

[ocynapcTBeHHOEe PUHAHCHPOBaHUeE KiacTe-
pa cocTaBnseT 55 npoueHToB 06Llero o6bema
3aTpart. 3To He rpaHTOBbIE MPOrpaMMbl U He Cy6-
CUANPOBAHWE KOHKPETHbIX HanpaBieHUi, a exe-
roflHOe y4acTue rocyaapcTa B paboTe Knactepa.
Mpv 3TOM agMUHUCTPATMBHbIE 3aTpaThl KNacTepa
ycTaHoBneHbl B o6beme 800.000 eBpo B rof.
OctaBlwunecs 45 npoueHTOB CPeACTB KnacTtep
nosiy4aeT B BUAE YSIEHCKUX B3HOCOB.

UccnepgoBatenbcKui 6104XKeT dopmMupyeTcs
B 3aBMCMMOCTM OT CTOMMOCTU KOHKPETHbIX Ha-
YYHbIX Pa3paboToK, KOTOPbIE OCYLLECTBASIOTCH
B TEKYLLEM roay.

K HacTosiuieMy BpemeHu Bo PpaHumnmn 06-
pa30BanoCb €lle HEeCKONbKO accouunalunm,
06beanHALWNX NPeanpUaTUS aTOMHOM oTpac-
JIX: TONbKO BOKPYr lMNapuya ux BOCEMb, €CTb B
JlnoHe, B KaHe, HO fi4epHbIv KnacTep Kak odu-
LunanbHoe o6pa3oBaHue No-npexHeMy ocTaeTcs
eUHCTBEHHbIM, N B HEro cenyac BxoaaT 163
Yy4YaCTHUKA: aCCOLIMMPOBAHHbIE YIEHbI, KPYMHbIE
nNpeanpuUATUS, CPEAHNE U MESTKME NPEeANnpUaTUS,
Hay4HO-06pa30BaTe/bHblE YYPEXAEHUS, UHBE-
CTUUMOHHbIE KOMMaHWK — 06LLEN YUCTIEHHOCTbIO
10.000 yenoBekx.

PasymeeTcs, 4neHCTBO B KNlacTepe Hakiafbl-
BaeT Ha KOMMaHWio onpefefieHHble PUHAHCOBbIE
o653aTenbcTBa. Menkue v cpefHue NpeanpusaTus
OOMIKHbI BHECTU 3a rog 1.200 eBpo; KpynHble
— 3.000 eBpo. KoHEYHO, ecTb OYEHb KpYMHble
KOMMaHWK, KOTopble XOTenun 6bl 601ee aKTUBHO
NPOBOAWTbL CBOO MOMUTUKY BHYTPM KiacTtepa —
OHM MOryT BHOCKUTb M o 10.000 eBpo B roa.
Ho Bce 370 AOMKHO BbITb 04EHb MPO3PaYHbIM U
060CHOBAHHbIM.

Co BpeMeHeM KnacTep nepecrtan GopmMmpo-
BaTbCH UCKIIIOYUTENBHO MO TepputTopuanbHoOMy
NpW3HaKy; cernyac B HEro NPUHUMAIOT KOMMaHUK
n3 apyrux pernoHoB PpaHuuun. Pazpeluaetcs
TaKKe BXOXKAEHWE NMHOCTPAHHbIX Y1EHOB, HO NPHU
0653aTeNbHOM YCNOBWMU, YTO UX NMpPeanpuaTne
pacnosioXKeHo Ha Tepputopun PpaHuun. Takum
obpasom, PNB ctan yxe oblieHaunoHanbHbiM
aTOMHbIM KNacTepPOM.

AOMUHUCTpaLMS KnacTepa COCTOUT U3 LIECTH
4esioBeK, HO 3Ta MasieHbKas KoMaHa NpuBneKa-
€T K COTPYAHUYECTBY 60/bLLOE HYUCI0 IKCMNEPTOB,
COCTaB/SOWMX HECKO/TbKO KOMUTETOB M MOCTO-
SIHHO AencTBYyOWMX paboymx rpynn. B Tom yncne
rNaBHbIM U3 HUX — HAY4YHO-TEXHUYECKUIN. UMEHHO
3TOT KOMMUTET NPOBOAWT SKCNEPTU3y Npeanara-
€eMbIX NMPOEKTOB U MPUHUMAET pelueHne 06 nx
nepcrneKkTMBHOCTU. PelleHne, NpuHaTOE KOMUTE-
TOM, CTYXXMT OCHOBaHWEM [/151 BblAEJIEHUS TOCY-
[apcTBOM CPEACTB Ha NPOBEAEHME TEX NN UHbIX
pa3paboToK. TakkKe y4acTne B GMHaHCUpPOBaHWUM
NPUHUMAIOT NPEANPUATUS-YNIEHbI KNacTepa, 3auH-
TepecoBaHHbIe B pe3ynbratax 3Tx pa3paboTokK.

He Bcerga npeanpusitue, paspaboTtaBliee
Kakoe-nnM60 MHHOBALMOHHOE U3aeNne Un Tex-
HOJIOTUIO, CMOCOBHO YCMNELWHO X KOMMEpPLManu-
30BaThb, 3aMnycTUTb Ha PbIHOK. Knactep B Takom
c/ly4ae OKa3blBaeT BCEBO3MOKHYIO MOMOLLb.

flaepHbIN Knactep He NMOKPbIBAET Bcex 06-
nacTte aTOMHOM NPOMBILINEHHOCTH, cneyunanu-
3UPYACb Ha HECKOMbKMX KOHKPETHbIX BOMPOCax.
Tak, 60/1blUOE BHUMaHKE Mbl yaensem Bonpocam
MEeTannn006paboTKMU, CO3AaHNI0 HOBbIX aHTHU-
KOPPO3MOHHbIX MOKPbLITUIA, HO BOT 3/IEKTPUYE-
CTBO, HanpuMep, yxe He BXOAUT B 30HY HaluMnx
OCHOBHbIX MHTEPECOB.
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A3C MNeHne, ®paHuusa

Bonbloe BHUMaHWE B AeATENbHOCTU Kia-
cTepa yaensietcs o6LWecTponTenbHbIM paboTam
— Hanpumep, pa3paboTKe HOBbIX 6ETOHOB AN
aTOMHOM NPOMbILLIEHHOCTH; NOXKapOo3aLLMLLEH-
HOCTK OGBbEKTOB aTOMHOM OTPacIn U T. 4.

OCHOBHBbIM e HanpaBfieHWeM AeATeNbHOCTU
aTOMHOrO KnacTepa BnseTcs NpOM3BOACTBO TH-
YKeNbIX KOMNOHEHTOB. MICTOPUYECKM TaK CNOXU-
N10Cb, YTO UMEHHO B BypryHanu ycnewHo pa3su-
BaJlIOCb MPOM3BO/CTBO O4YEHb KPYMHbIX 3arOTOBOK.
3necb M3aaBHa 3aHMMaNUCb BCEMU BONPOCaMH,
CBAI3aHHbIMM C METaNN006paboTKOM, U CEroaHs
OfHUM M3 Haubonee ycnelwHbIx HanpasBieHum
[esiTeNbHOCTU KnacTepa aBnseTcs pa3paboTka
METOA0B Hepas3pyLwatowWwero KOHTPONS.

HaKoHel, B cBeTe CobbITUI, Npousollea-
LUMX Ha @aTOMHOM CTaHUmMK «DyKycuMar, Knactep
HamepeH 6onee NIOTHO 3aHATbCA BOMpPOCaMy,
CBSI3aHHbIMW C HAAEXHOCTbIO CTPOUTENLCTBA M
6e30MacHOCTbIO0 GYHKLIMOHUPOBaAHWUS OOGbEKTOB
aTOMHOW oTpacnu.

HaunHaeTcs Bce ¢ Tex 3aaay, KoTopble CTaBaT
nepep Hamu 6yayLive nonb3oBaTeNn pa3paboTokK.
Hanpumep, OHW rOBOPST, 4TO UM HYXXHO COKpPaTUTb
CTOMMOCTb TEX UJTU UHBIX TAXEbIX KOMMOHEHTOB
WM NOBbLICUTb X Ka4eCTBO MM 6€30MacHOCTb.
JT0 03HayaeT, 4TO Mbl JOMXKHbI pa3paboTaTb
HOBbI MaTepuan WM HoBble NPMOOPLI ANS He-
pas3pyluatoLero KoHTpona u T. 4. Knactep ycrta-
HaBNMBaET NapTHEPCKME OTHOLIEHUS KaK C rocy-
[lapCTBEHHbIMU, TaK U C HACTHbIMW KOMMNAHUSMM
W “ccneaoBaTeNbCKUMU LLEHTPaMKU — KPYMHbIMMU,
MENKUMHU U CPESHUMU. BbINONHAA NOCTaBNAEHHYIO
NPUKNAAHYO 3a4a4y, Mbl KOHLLEHTPUPYEM YCUNUS
MHOMMX KOMMaHWK, KOTOPble, BO3MOXHO, 3aHU-
Masnincb 3TMMKU BONPOCaMW MPUMEHUTENBHO ANS
obLerpaxaaHCKoro CTpouMTenbCcTBa, 1 06LMMHU
CUNaMu, Kak NpaBuo, JOCTUraem O4eHb XOPOLUMX
pe3ynbTaToB.

Kpome aToro, Knactep akTMBHO 3aHMMaeTCs
o6pa3oBaTtefibHbIMW MPOrpaMmMaMn 1 Mexay-
HapoAHbIM coTpyaHu4yecTBoM. OgHOM M3 3afad
KnacTepa fiBASeTCs yny4lleHne Lenovyky noctaB-
LMKOB 151 aTOMHOM oTpacau. 310 BneyeT 3a co-
60, B TOM 41cre, Bbixod GpaHLy3CKMX KOMMNaHWM
Ha BHELWHWM pbIHOK. OHU OTKPbITbI A/1 TaKOro
COTPYAHMYECTBA M 04EHb 3aMHTEPEeCOBaHbl B HEM.

MpaButenbcTBo PpaHLMKN BbICOKO OLeHMBa-
€T y4acTue Hallero Knacrtepa B HaluMOHabHbIX

®dpaHuus, npoBuHUUA BypryHaus

obpaszoBaTtenbHbIX Nporpammax. Npobnema B
TOM, 4YTO B COBpPEMEHHOM PpaHumnmn popmupy-
eTcs 60/blWOoN AePULUT TEXHUYECKUX KaapoB:
MOJiofble N0M BCE Yallle NpeanoyuTaT uatu
pa6oTtaTb He Ha NPOU3BOACTBO, @ B 6aHKW, KOM-
MYHUKaLMOHHbIE KOMNaHUK, B cdepy ycnyr u
T. O. Y)Ke cenyac Hawtn Bo PpaHLUUM BbICOKO-
KBaNMMPULUMPOBAHHOIO cBapliMKa — 6osbluas
npo6nema. [o3aToMy NpaBUTENbLCTBO NpUnaraeT
Hemasno ycuium K Tomy, 4YTo6bl NEPEOPUEHTUPO-
BaTb MOJIOAEXKb, M KNTAaCTep TaKXe cnocob6CTByeT
aToMy. ExxerogHo Mbl NpoBOAMM 60/bLLOE KOMK-
4eCTBO NPOMOAKLMI B LLIKONAX U YyHUBEPCUTETAX,
rae pacckasbiBaemM MO0AbIM 1toasiM 06 MHHOBa-
LIMOHHOW COCTaBNAOLEN aTOMHON 3HEPTETUKM,
06 ee 3HAYEHMM NSl Pa3BUTUS CTPaHbI.

Kpome Toro, 605blLoe BHUMaHKeE yaensercs
co6CTBEHHO 06pa3oBaTebHbIM NporpaMmam.
YeunusmMu aToMmHoro Knactepa Bo ®paHuuu 6bina
co3aaHa MexayHapogHas saepHas akagemus,
KOTopasi NPOU3BOAMT HENpPEPLIBHOE 06y4eHne
M nepeobyvyeHMe Mo KOHKPETHbIM OTpaciam
aTOMHOW MPOMbILLIEHHOCTU: MPOEKTUPOBAHMUIO,
CO3/aHno aTOMHbIX PeaKTopoB, KogudukaLmm
npoLeccoB U T. 4. B wraTte akagemMuun BCero Tpu
4yenoBeKa, HO OHW NPUINALLIAIOT NS YTEHUS NIEK-
LMI KPYMHENLWNX MeXLyHapoAHbIX 3KCNepTOB,
4TO cllenano akageMuio o4eHb nonynspHon. Ha
o6pa3oBaTeibHble NEKLUN NPUESKAIOT Cneuu-
aNnCTbl U3 pasHbIx CTpaH — oT baxpenHa oo AH-
UK, U Ha AlaHHbI MOMEHT 06y4eHME B akageMuu
MPOLWSIM YyXKe 6onee ThiCAYM HYEOBEK.

O6yyeHune cneunannucTtoB NPOUCXOAUT, KO-
HEYHO, M B Hay4HbIX YHUBEPCUTETAX, BXOASALLMX
B COCTaB KJlacTepa.

Takum o6pa3om, bypryHaCcKWIM aaepHbIn Kna-
cTep — 3To 06pasoBaHne, KOTOPOE 0GbEANHSET
BCEX CBOWX Y/IEHOB, KOOPAMHUPYET MX paboTy
M OpraHn3yeT COBMECTHYI0 fAesTeNbHOoCTb. U
NnpaKTUKa NoKasblBa€eT, YTO 3TO [Ja€eT Xxopolune
pe3ynbTarbl.

3anucana laamia MUTbKHUHA

P.S. ®opmupoBaHue U pa3BUTHE PEruoHallb-
HbIX K/1aCTEPOB MOXXHO CBeCTU K dopmyne
«GU3Hec-TocyjapcTBO-HayKa», Fae Kaxpaas
U3 CTOPOH BHOCUT CBOW BECOMbIN BK1aj B
peweHue obwen sagaum. B Poccum, noxo-
e, «c/labblM 3B€HOM» 3TOM LLeNO4YKH NMoKa
AIBINETCA UMEHHO FOCYAapCTBO, NPUBbIK-
wee NPUHUMATbL pelueHUs No co3aHuio
TeX WK UHbIX HOBOOGpPa30BaHUM, He CO06-
pa3yachb ¢ peanbHOW AEeNCTBUTE/IbHOCTbIO
U He fonycKas CBoei 0TBEeTCTBEHHOCTH 3a
UX peanu3sauuio. MoKet 6biTb, UIMEHHO MNo-
3TOMY cO3/laHHble B CTPaHe «CBepXy» UCKYC-
CTBEHHbIM NyTeM KJacTepbl, He o6iaaalo-
L Me BHYTPEHHUM ABUKYLLUM MEXaHU3MOM
pa3BUTUSA, Yalle BCEro OKa3biBalOTCA He-
»KNU3HEeCcnoCcoGHbIMM.




EXPERIENCE

«Welcome to Burgundy, the land of outstanding wines: Gevrey-Chambertin, Pommard, Romanee-Conti n Montrachet...
Burgundy is famous for its cuisine: escargots de Bourgogne with garlic butter, beuf bourguignon, coq au vin — chicken stewed in wine. When combined
with exquisite wine, the dishes produce unforgettable impression.»

Burgundy’s Nuc

Clusters as a means of boosting competi-
tiveness of regions’ economies were devel-
oped in all countries in the recent decade.
Experience in clusters proves such approach
is beneficial for boosting competitiveness and
enhancing management of regional and na-
tional economies. That is why cluster initiatives
serve the basis of development strategies of
many countries.

Organizers of Silicon Valley, the largest re-
search and production cluster in the USA and the
world, are believed to be pioneers in the applica-
tion of the cluster approach.

There are over 2,000 cluster in the European
Union; countries that stick to the cluster approach
in their economic policy rank as the most competi-
tive in the world.

Regional clusters are rapidly formed in South-
East Asia and China.

Membership in a cluster results in a higher
status of a company, better attitude of financial
structures towards it, its better reputation among
foreign partners and enhanced popularity of its
trademark. On the other hand, a cluster contrib-
utes to the development of the region’s economy,
attracts additional resources, boosts economic
growth and ultimately provides for development
in the social sector and solution of its problems.

In Russia the Concept of Cluster Policy was
adopted by the Ministry of Economic Development
in 2008. A list of regions where various clusters
must be organized was compiled, but still there
is no progress.

There is no progress in the nuclear cluster
projectimplementation either. The idea has been
discussed for some years, preconditions of organ-
izing a nuclear cluster in the Nizhny Novgorod
region do exist. Yet, despite these preconditions
as well as signed protocols of understanding, the
cluster is still non-existent.

What's the reason? Probably, it will be easier
to answer the question if we familiarize ourselves
with the experience of the French who created the
so called Burgundy Nuclear Pole (PNB) in 2005.

At the end of October Am d o Mantovan, PNB
Deputy Director, visited NIAEP, Nizhny Novgorod,
with a French delegation of specialists, and
shared the cluster’s experience with colleagues.
Mr.Mantovan is PNB Technical Councilor and spe-
cializes in mechanical engineering and metallurgy.

— In June 2005 the French government de-
cided to reorganize research and technical activi-
ties in the innovation clusters. Though France is
30 times smaller than Russia, 71 clusters were
created in various fields. What does the word «clus-
ter» imply for the French? It implies: 1) a specific
region; 2) a specific field of activity. For example,
an aerospace cluster was created in Toulouse, a
metallurgy cluster — in the east of France, several
clusters function in Paris, a nuclear cluster was
set up in Burgundy.

We started from scratch. World-famous com-
panies Electricite de France (EDF), Areva and some
industrial enterprises acted as the founders and
first members of the cluster. The University of
Burgundy, Higher School of Engineering, some
other research and academic institutions joined it
too. Thus, from the very beginning the cluster was
a partnership of large, medium-sized and small
companies and research institutions of Burgundy
united for the purpose of working out new ideas
and approaches for a specific sector, i.e. nuclear
power engineering. The final goal of the cluster
is to enhance France’s industrial development.

ear «Cuisine»

To achieve the goal, the cluster members con-
duct joint research while the regional and federal
governments co-finance it. To receive state budg-
eting, a research project must unite not less than
five partners, both large and small companies
(in Europe a large company is an entity with over
250 employees and annual turnover of 38 million
euros and over).

There is a lot of innovation small and medium-
sized businesses in France. One of the cluster’'s
objectives is to prompt them to cooperate with each
other and with large companies in order to solve
important tasks. Participation of the state as a donor
is an additional stimulus to get engaged in a project.

The state covers 55% of the cluster’s total
expenditure. It does not imply any grants or subsi-
dies of specific fields of research. It implies annual
participation of the government in the cluster’'s
performance. The cluster’s annual administration
cost amounts to 800,000 euros. The research
budget is set with account for the cost of specific
research projects implemented in the given year.

The cluster generates the rest 45% of its funds
through membership fees.

Some other associations of the nuclear sector
enterprises have appeared in France; there are
eight of them around Paris, there are associations
in Lyons and Caen, but, officially, there is only one
nuclear cluster. It comprises 163 members: as-
sociate members, large companies, medium-sized
and small business, research and academic insti-
tutions, innovation companies, with total number
of employees amounting to 10,000.

Certainly, membership in the cluster entails
some financial obligations. Small and medium-
sized companies contribute 1,200 euros annually
while large companies pay 3,000 euros. There
are very big companies that would like to pursue
a more active policy in the cluster; their annual
contribution can be up to 10,000 euros. But the
payments must be transparent and substantiated.

With the course of time the territorial principle
of the cluster formation was abandoned. Now it
has members from other regions of the country. A
foreign partner can also join provided the company
is located on the territory of France. Thus, PNB is
a national cluster now.

The cluster’s administration comprises six
officials working in cooperation with a large num-
ber of experts who form several committees and
permanent work forces. The Research and Techni-
cal Committee, which is the principal body in the
cluster, examines the draft projects and decides
whether they are promising. On the basis of the
Committee’s decision the government allocates
funds to specific projects. The cluster member
companies interested in the project results co-
finance the projects.

Sometimes a company that has developed an
innovation product or technology faces difficulties
in its commercialization and introduction in the
market. The cluster renders its assistance.

The cluster activity does not cover all fields
of nuclear power engineering. It specializes in
specific issues. Great attention is paid to mechani-
cal engineering and development of corrosion-
resistant coatings, but electrical engineering is
of no interest to the cluster members.

Great attention is also paid to civil engineer-
ing issues, such as development of new concrete
grades for the nuclear sector, fire protection of
nuclear facilities, etc.

The main activity of the cluster is production of
heavy components. Historically, it was Burgundy where

(From a travel guide)

production of very heavy components was most de-
veloped. Mechanical engineering was always the core
of activities, that is why development of NDT methods
is now most effective in the cluster operation.

Besides, in light of Fukushima disaster, the
cluster plans to take an active part in solution
of construction reliability and nuclear facilities
safety problems.

Any project development starts with setting
tasks by end users of a product. For example, they
state that it is desirable to cut the cost of some
heavy components or to enhance their quality or
safety. It implies that the cluster members are
supposed to develop a new material or new NDT
instruments. The cluster then establishes partner-
ship relations with both state and private large,
medium-sized and small companies and research
institutions. The efforts of many companies that
might have been engaged in solution of similar
problems in civil engineering are focused on the
problem and usually bring good results.

Moreover, the cluster is active in implementa-
tion of educational programs and international
cooperation. One of its objectives is to improve
the line of suppliers in the nuclear sector. It helps
French companies to enter the global market.
The companies are willing and ready to be in the
global market.

The French government highly appreciates
the cluster’s participation in national educational
programs. The country faces the lack of technical
specialists: young people prefer to work in banks,
IT companies, services, etc. Itis a big problem to
find an experienced welder in France. Enormous
efforts are made by the government to reorient
the youth, and the cluster is instrumental in it.
Annually the cluster specialists organize promo-
tion actions in schools and universities and tell
students about innovations in the nuclear sector
and its significance for the country’s development.

Great attention is paid to educational pro-
grams proper. At the initiative of the nuclear cluster
International Nuclear Academy has been founded
in France. It offers training and retraining courses
for specific fields of the nuclear sector: design, pro-
duction of nuclear reactors, process codification,
etc. Only three specialists are in the Academy’s
staff, but they invite the most prominent experts
of the world to read lectures, and due to it, the
Academy has become very popular. Specialists
from various countries — from Bahrein to Great
Britain — come to the lectures. So far, over 1,000
specialists have been trained.

Specialists are also trained in the cluster
member universities.

Thus, the Burgundy Nuclear Pole is an entity
that units all its members, coordinates their ac-
tivities and organizes their joint operation with
good results.

Galina MITKINA

P.S. Formation and development of regional
clusters are effected in accordance with
the formula: <business - state - science».
Each party should contribute to a common
goal. In Russia, the «weak link» in the chain
is the state that makes decisions on in-
novations contradicting the reality and
refuses to bear responsibility for their
implementation. Probably, this is the rea-
son why clusters created artificially by the
administrative instruction and devoid of
the internal drive are mostly unviable.
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MHHOBaLMOHHbIE KnacTepbl PP: nepBblie UTOMM

1.10. ®aiKoB, . 3. H., COBETHUK rnaBbl
ropoaa Caposa

B cnucke TeppuTOpUiA, KOTOPble NpeTeH-
AYIOT Ha roCyAapCTBEHHYIO NoAAEPHKKY NPo-
rpaMm pasBUTUSl UHHOBaLMOHHBIX KNacTepos,
nouYTH NONOBUHA CBSI3aHa C aTOMHOM Npo-
MbILLIEHHOCTbI0. 3TO 06yCNaBAMBAET BaXKHYIO
ponb oTpacnu B npouecce GopMMpoBaHuUs
MHHOBALMOHHbIX KNacTepos.

3a nocnegHue 2-3 roga Takoe HanpaBieHUe
TEPPUTOPUANBLHOIO Pa3BUTUS, Kak GopMUPOBa-
HWe KnacTepos, nony4unno B Poccun 60nbLuyto no-
NyASIPHOCTb. 3TO He cyYanHoe aBAeHne, No NyTm
Knactepusalnm 3KOHOMUKM CEFOAHS MAYT MHOTMe
pa3BuTbIE M pa3BMBatOLLMECs rocyfapcTBal.

B Hawemn ctpaHe GopMUpOBaHUE KnacTepHom
NONUTUKM aKTMBHO Havanock ¢ 2011 roga, Koraa
npe3naeHToM 6blan onpegeneHbl HE06X0ANMOCTb
¥ OCHOBHbI€ HanpaB/IeHWs TAKOro NyTU Pa3BUTUS.
Oco60e BHWUMaHWe 6blN0 U3HaYaNbHO yAeneHo
GOPMMPOBAHUIO MHHOBALMOHHbIX KNacTEPOB KaK
BO3MOXHbIX «4panBepOB» Pa3BUTUS UHHOBALMK-
OHHOW 9KOHOMWKM B LIeSIOM.

B 2012 rogy B paMKax gesitenbHoctu Pa-
604er rpynnbl MO pas3BUTUIO YacTHO-rocyaap-
CTBEHHOr0 MapTHepcTBa B MHHOBALMOHHOM
cohdepe npu MNMpaBUTENLCTBEHHOW KOMUCCUM NO
BbICOKMM TEXHONOMMSAM U MHHOBALMSAM, B COOT-
BETCTBMU C NopyvyeHneM lNpesnaeHTta PoccnmncKom
degepaummn No UToram 3acefaHusa npesngmyma
[ocynapcTBeHHoro copeta Poccuitickon denepa-
umm ot 11 Hos6psa 2011 r., a TaKKe pelleHus
MpaBUTENLCTBEHHON KOMMCCUM MO BbICOKUM
TEXHONOrMAM M MHHOBaUMSaM oT 30 sHBaps
2012 r., MUHUCTEPCTBOM 3KOHOMMWYECKOIrO
passutusa PP cpean pernoHoB 6bia NpoBeaeH

KOHKYPCHbIA 0T6Op
nporpamMm pas3BuUTUSA
WHHOBALMOHHBIX TEp-
pUTOpHaNbHbIX Kna-
CTepoB.
Mo cytn, ato 6biN
He KOHKYpC Ha co3ja-
HUe KnacTepoB — CO3-
AaTb UHHOBALMOHHbIN
Knactep «C Hyns» B
POCCUNCKUX YCNOBUAX
601€ee YeM CNOXHO — a HEKas «MHBEHTapu3auums
pPecypcoB», MOUCK TEPPUTOPHI C CYLLECTBYIOLLEV
KOHLIEHTpaLMen MHHOBALMOHHbIX NPeanpUaATUNA.
Ha KOHKypc 6bI10 NogaHo 92 3as89BKM NpaKThye-
CKM OT BCEX PEMMOHOB CTpaHbl. 1o pe3ynbratam
KOHKypca 28 aBrycta 2012 roga nopy4eHuem
Mpeacenatenst npaBuTenscTBa Poccuiickon de-
nepaumm N AM-MN8-5060 yTBepKaeH nepevyeHb
MUAOTHbLIX MHHOBALMOHHbIX TEPPUTOPUANBHBIX
KnacTepoB. B nepeyeHb BKIOYEHbI MPOrpammbl
25 TepputopuanbHbix Knactepos. Mo cyTu, AaH-
HbIM NepeYeHb BKIoYan TEPPUTOPUHM, YKE UMED-
L1e NPON3BOACTBEHHbIN U HAaYYHbIN NOTEHLMAN
M NOTEHLMaNnbHO NpeTeHAyIoWMne Ha PoNib TOHEK
MHHOBALMOHHOI0 pa3BuTUA. C UHCTUTYLMOHANb-
HOW TOYKM 3PEHMSA 3TU TEPPUTOPUU HE TONBbKO
MMeloT He06X0AMMbIN MOTEHLMAN, HO U FTOTOBbI
CaMOOpraH1M30BbIBaThCH, O YHEM CBUAETENbCTBO-
Ba/¥ NOArOTOB/IEHHbIE NPOrpaMMbl, NpoLlealwmne
He TONIbKO NpodeCcCMOHanbHyI0 MPOBEPKY, HO U
06LWEeCTBEHHYI0, TO €CTb, COrnacoBaHue BCemMu
y4aCcTHMKaMu Knactepa.

OT Huxeropoackom 061acTv B nepeyveHb no-
nanu aBa knactepa: CapoBCKMM MHHOBALIMOHHbIV
KnacTep v HUxeropoackum MHAyCTpUanbHbIM UH-
HOBaLMOHHbIV KNlacTep B 06nacty asTomobune-
CTPOEHMS U HEPTEXUMMUM.

Cnepaylowum Wwarom B peanvsauuu rocyaap-
CTBEHHOMW KNaCTEPHOM MOMMUTUKMK CTan BbIXoA
nocTaHoOBNeHWUS NpaBuTenbcTBa Poccuinckon
depepaumm ot 06 mapta 2013 roga N2 188
«06 yTBEPXKAEHUU MpaBua pacnpegeneHns u
npeaocTtaBneHunsa cyéeumamm ns degepanbHoro
GlogeTa GoaetTaM cy6beKToB Poccuickon
denepaummn Ha peanusaluio MeponpuUaTUn,
NpeaycCMOTPEHHbIX MporpaMMamMu pasBuUTUS
MUAOTHbIX MHHOBALMOHHbIX TEPPUTOPUANTBHBIX
KnacTepoB». B 1aHHOM NoOCTaHOBNEHWM MPaBU-
TeNbCTBA HE TOMIbKO GblIM OnpeaeneHbl Mepbl
rocyaapCTBEHHOM MOAAEPHKKN Pa3BUTUS KacTe-
POB, HO U CKOPPEKTUPOBAH CMUCOK CYObEKTOB
Poccuiickon depepauumn, 6logKetTaM KOTOPbIX
MOryT 6bITb NPefocTaBieHbl cy6cuanm na deae-
panbHOro 6loaxKeTa Ha peanu3aumio Meponpus-
TUI, NPeayCMOTPEHHbIX MporpaMmMamMm pa3BuTUS
MUNOTHbIX MHHOBALMOHHbIX TEPPUTOPUANTBHBIX
KnacTepoB. 34echb e nNpuBedeH nepeveHb 14
KnacTepoB, KOTOPbIE MOTYT NPETEHA0BATb Ha 3Ty
noaaepKKy. Huxeropoackas o6nactb B AaHHOM
nepeyHe npeacrtaBneHa CapoBCKUM MHHOBALM-
OHHbIM K/1TaCTEPOM.

NMommumo CapoBa B MTOroBbIM MepevyeHb
BOW/N elle TEPPUTOPUU, Ha KOTOPbIX Npea-
npuatua focygapcTBeHHOM Kopnopauuu «Poc-
aTtom» AABASIOTCS rpagoob6pasylwmmm — ro-
poaa MenesHoropcK (KpacHosapckui Kpan) u
Oumuntposrpag (YNbsiHOBCKas 061acTb), a TakKe
Knactep MeauUMHCKOW, dapMaueBTUYECKOoM
NPOMbILNEHHOCTU U PagMaLMOHHbIX TEXHOSO-
run r. CaHkT-lMeTepbypra. [lommMmo 3TOrO, ele
HECKOJIbKO KNlacTepOoB, BOleAWNX B NepeYeHb,
pacrnonaratTcs Ha TeEppUTOPUSX, rae 3aMeTHO
B/IMSSHUE OPraHM3aLnit aTOMHOM HayKuU U Npo-
MbIWAEHHOCTU: KnacTepbl B MNywnHo, O6HMUHCKe,
[y6He, TomcKe. Takum 06pa3oMm, MOXKHO caenaTb

NMepeyeHb cy6beKToB Poccuiickon ®epepanuu, 6loaKeTam KOTOpbIX NpeaocTaBafaioTca cyocuanmn us peaepanbHoro 6iokeTa Ha peanusanuio
MeponpUATUIA, NPEeAYyCMOTPEHHbIX MporpaMmMamMu pa3BUTUS NUIOTHbIX MHHOBALIMOHHBIX TEPPUTOPUAIbHDBIX K/1acTepoB

Cy6beKT depepauum

KanyxcKkas o6nactb

HaumeHOBaHMe MHHOBALIMOHHOIO TEPPUTOPUAJZIBHOIO KacTepa

Knactep papmaLieBTUKK, GUOTEXHONOTMI M GUOMeAULIMHbI (I. OBHUHCK)

Knactep aaepHO-pU3N4EecKnx u HaHoTEXHoNorun (r. Jy6Ha)

MocKoBcKasi 061acTb

Knactep «®unatex XXI» (r. LonronpyaHbli, r. XUMKHK)

[opoa MockBa

fopog CaHkT-lNeTep6ypr
1 JleHnHrpagckas obnactb

Pecny6nnka MopaoBus
Pecny6nunka TatapcraH
Hwu»keropoackas obnactb
Camapckasi obnactb
YnbsiHOBCKas 061acTb
KpacHosipckui Kpaw
HoBocnbupckaa obnactb

TomcKasi o6nactb
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Knactep «3eneHorpag»

CapoBCKUM MHHOBALMOHHbIN KnacTep

Knactep MHHOBaLMOHHbIX TexHonornin 3ATO (r. enesHoropck)

BroTexHONorM4yecKMm MHHOBALIMOHHbIN TepPUTOPHUANbHBIM KnacTep (r. MyLnHO)

Knactep meavumHcKon, GapMaLeBTUYECKON NPOMbILLIEHHOCTHU, PaauaLMOHHbIX TEXHOIOrMK (r. CaHKT-MeTepbypr)

Knactep «3HeproaddEKTUBHAS CBETOTEXHWKA U MHTENIEKTYalbHbIE CUCTEMbI YNPABNEHWS OCBELLIEHUEM»

KaMCK1i MHHOBaALMOHHbIM TEPPUTOPUANbLHO-MPON3BOACTBEHHbIN KnacTep Pecny6nunku TatapctaH

MHHOBALMOHHBIN TEPPUTOPUASbHBIM a3POKOCMUYECKUI KnacTep CaMapcKon o61actu

faepHO-MHHOBALMOHHbIM KnacTep I. AuMuTpoBrpaga YIbsiHOBCKOM 061acTi

MHHOBaLMOHHBIN KnacTep MHGOPMaLMOHHbBIX U GUodapMaLLEBTUHECKUX TEXHONOMMIM HOBOCMBUPCKOM 06/1acTu

dapmaLueBTUKa, MeAULMHCKas TEXHUKA U MHDOPMaLMOHHbIE TEXHONOrMM TOMCKOM o6nacTtu




Puc. 1. UHHOBaLMOHHbDIE K/lIacTepbl HA TEPPUTOPUAX HAXOKAEHUA NPEeANPUATUIA

lfocypapcTBeHHOM Kopnopauuu <Pocatom»

BbIBOJ, YTO aTOMHas OTpac/ib He TOJIbKO cama
pa3BMBaEeTCs, HO M ABNSAETCA KaTannM3aTopoMm
pasBUTUS MHHOBALMOHHbIX MPOLLECCOB, UHHO-
BaLMOHHOro 6M3HECA Ha TEPPUTOPUSX pacho-
NOXEHWS OCHOBHbIX MPEANPUATUN.

B ceHTa6pe 2013 roga MUHUCTEPCTBO 3KO-
HOMMYecKoro pa3Butus Poccuiickon depe-
pauuu, peannsys yKkasdaHHOe MoCTaHOB/IEHWE
npaBuTENbCTBA, NPOBENO CPeaX BOLEALWNX B
rnepeyeHb Cy6beKTOB deaepaumn KOHKYPCHbIN
0T60P MO pacnpeneneHuio cpeacts deaepanbHON
cybeuaunn. Lienesoe npegHasHaveHue cybeuamm
— NoALepKKa UHHOBALMOHHOM MHPPACTPYKTYPbI
KnactepoB. TakuM 06pa3om, 6blia NPOAOIKEHA
JINHUS Ha OpraH13aLMOHHOE U UHCTUTYLMOHAb-
Hoe GOpMMPOBaHUE KNacTepoB.

Cyas no 3asiBKaM, KOTOpble pernoHbl noganu
Ha 3TOT KOHKYPCHbIM OT6OP, Takas Mepa aeu-
CTBUTENbHO Gblla HeobxoauMma. lpaKTU4ecKu
BCe 3asBKM coepxanu 3anpoc Ha NOLAEPKKY
[eATeNbHOCTU KOOPAUHUPYIOLWKX (B TEPMUHAX
NoCTaHOBMEHUS NpaBuUTENbCTBa OT 6 MapTa 2013
roga N2188 — cneuunanvManpoBaHHbIX) OpraHu-
3auMi KnacTepoB U UHXUHUPUHIOBbLIX LLEHTPOB.

AHanuaunpysa cuTyauumio ¢ nporeccamu GopmMu-
POBaHUSA KIacTepoB Ha TEPPUTOPUAX HaxoXKae-
HUS NpeanpusATUi focygapcTBEHHOM KoprnopaLmu
«Pocatom» (puc. 1), MOXKHO caenaTb HEKoTopble
BbIBOAbI.

1. Mpoueccbl GOPMUPOBAHUA KNacTepPHbIX
MHULMATMB BO MHOIOM peanuaylotcs 6naroaa-
ps ycunuam rpagoo6pasyiownx npeanpusaTiin,
KOTopble B35/1M Ha cebs PyHKLMIO opraHnsa-
LumMi-KoopanHaTopoB Knactepos: Py «PPALL-
BHUNI3D» B Capose, OI'YMN «'XK» n OAO «MCC
M. M.®. PeweTtHéBa» — B XenesHoropcke, OAO
HL HANAP — B JumuTpoBrpage. 3Tv opraHu-
3auuMun cosganu ycnosua ana GopMmpoBaHua
neperoBoOpPHbIX NIOLLAA0K Ha COOTBETCTBYIOLLMX
TEPPUTOPUSAX, NPUBNEKNN NPOdECCUOHANBbHbIX
KOHCYNbTaHTOB ¥ 3KCMEPTOB, BMECTE C OpraHamu

MECTHOro camoynpaBeHNs aKTUBHO y4acTBOBa-
N1 B NeperoBopax ¢ permoHanbHbIMMU BACTAMM.

2. NHHOBALMOHHbIN 6U3HEC, opraHbl MecT-
HOro camoynpaBneHus, y4ebHble 3aBefeHns Ha
[aHHbIX TEPPUTOPUSX FOTOBbI K COTPYAHUYECTBY
B pamMKax COOTBETCTBYIOLMUX KacTepoB, HO A/is
OopraHu3auuu peanbHOro B3anMoaencTBUS He-
06X041Mbl MOCTOSIHHO AeVCTBYIOLWME MHDOPMa-
LIMOHHbIE U NEeperoBopHble NIoLWajKku (B Buae
TeMaTUYECKMUX MEPOMNPUATUI, CECCUI NNAHUPO-
BaHMWA, crneunanManpoBaHHbIX paboynx rpymnn
W T. [I.), HA KOTOPbIX NPeACcTaBUTENN YHaCTHUKOB
Knactepa Mornu 6el BMecTe popMrMpoBaTh CTpa-
Ternio pas3BuTUS, HaxoauTb chepbl U CNOCcobbI
COBMECTHOM paboThl.

3. EcTb Heob6xoamMmocTb dopmManm3oBaTtb
KNacTepHYy0 MHULMATUBY: CO34aTb CTPYKTYpY
(cKOopee Bcero, oTAeNbHYl0 OpraHn3aLumio), Ko-
Topas BO3bMET Ha ce6s GYHKUMM MOCTOSHHO
[encTByloLLero KoopamHaTtopa; popmanv3oBaTtb
YCNIOBUS yHacTUS B KNacTepe U YCNoBKS y4acTus B
nporpammax NoAAEPIKKM KnacTepa; npopaboTtaTb
BOMPOCHI JOCTyNa Manoro u cpefHero 6uaHeca K
KOHTpaKTaM U 3aKynKaM KpyrnHbIX OpraHn3auum-
Y4aCTHUKOB U T. A.

Kak npvmep nocnegHero MOXHO NpUBECTU
pe3ynsTaThl cEMUHapa, nposeaeHHoro B Capose,
no BOMPOCY paclMnpeHns Aoctyna cybbeKTOB
CpeaHero u manoro npeanpuHumaTtenbcTBa K
3aKynKam [ocyaapcTBeHHoOM Koprnopauun «Poc-
aToM».

B cooTBETCTBMM C pacnopsiKeHuem npasu-
TensctBa PP ot 29.05.2013 N 867-p «06 yT-
BEPXKAEHUU NNaHa MeponpuUAaTUI («4OPOMKHOM
KapTbl») «PaclumpeHne JocTyna Cy6beKToB Manoro
1 CpeaHero npeanpuHMMaTebCTBa K 3aKynkam
MHPPACTPYKTYPHbIX MOHOMOSIMKN U KOMMAAHWUK C
rocyaapctBeHHbIM yqyactnem» B K «Pocatom»
Havanocb GOPMUPOBAHME HOBbLIX TPEOOBAHWM K
oTpacneBoi cucTeme 3aKynok. ns nonyvyeHus
06bEeKTUBHON MHOPMaLMK HenocpeaCcTBEHHO

OfnbIT

0T Cy6bEKTOB Masioro U cpeaHero npeanpuHuma-
TeNbCTBa NPeACTaBUTENN KOPNOopaLuuu NpoBenn
BCTpeYy ¢ y4acTHMKaMmu CapoBCKOro MHHOBA-
LIMOHHOro Knactepa. Peyb wna KaKk o goctyne
K 3aKynkam [ockoprnopauuu B LlefIoM, TaK 1 O
3akynkax Oryn «PeAL-BHUNID». B cemunnape
NPUHANW y4acTe NnpeacTaBUTeNn MHHOBALMOH-
Horo 6u3Heca, npeanaratolme BbiNnosHEHWE UC-
cnefoBaTeNnbCKMX, KOHCTPYKTOPCKMX paboT, npea-
CTaBUTENN CTPOUTESbHBIX M UHbIX OPraHu3aLmi.

[ns pa3BUTUS MHHOBALMOHHbBIX KNacTepos,
KOHEYHO ke, 6onbluee 3Ha4YeHUe UMeeT Npu-
BNleYeHne K paboTaM KpynHbIX KOMNaHWi Manoro
MHHOBALMOHHOro 6u3Heca. 3TOT NpoLecc Mo-
YET MPUHECTU BaKHble COLMabHbIE U IKOHO-
MUYECKMEe pesynbTaTbl Ha TEPPUTOPUMN: CHUSUTb
N3AEPKKM rpagoobpasylowMx NpeanpusaTui Ha
BbIMOMHEHWE OTAENbHbIX BUAOB paboT; AaTb BO3-
MOHOCTb Pa3BUTUS KOMMAHWAM Manoro 1 cpea-
Hero 6u3Heca; co3aaTb Ha TEPPUTOPUN HOBbIE
BbICOKOOMIa4YnBaemble paboyne MecTa; yCunuTb
no3vuuKn Manoro U cpeHero MHHOBaLMOHHOMO
613Heca Ha POCCUNCKOM PbIHKE; NO3BOJIUTb 3TUM
npeanpuaTUaM BbIMTU HA MUPOBOW PbIHOK MOA
6peHaamMM KpyNHbIX POCCUNCKMX KoMMaHui (MK
«PocaTtom» 1 np.), cGopMUpPOBaTL PbIHOK UHTEN-
NEeKTyanbHOro Tpyaa U T. A.2

o uToram cemuHapa BblaeNeHo cneayollee:

e HEO6X0AMMO pacwupsaTb MOCTOSHHOE
MHOOPMaLMOHHOE B3aUMOAENCTBUE MEXAY
npeanpuaTUSMKU Manoro 1 cpeaHero 6usHeca m
KPYMHbIMW OpraHn3aLmsMm, 0CO6EHHO 3TO Kaca-
€TCsl Hay4YHO-UccnefoBaTeIbCKON U NMPOEKTHOM
LeaTeNbHOCTH;

e ManoMmy 1 cpegHeMy GU3HeCY CTIOXHO y4a-
CTBOBATb B OAMHOYKY B KPYMHbIX KOMMIEKCHbIX
nocTtaBKax, 06bl4HO 3TU NPEANPUATUS crneLm-
anu3npyloTca B AOCTAaTOYHO Y3KOM Auana3oHe
TOBapoB M paboT; Ans Toro, 4Tobbl Ha PaBHbIX
y4acTBOBaTb B 3aKyrnkKax, He06xo4UMO Unu ge-
natb Nyn y4aCTHUKOB, WK pa3buBaTb 3aKynKu
Ha 6onee menkue noTbl. KOHKpETHblE MeXaHWU3Mbl
y4acTus MOryT BapbMpoBaTbCs, HO COBPEMEHHas
npaKTUKa MoKa3biBaeT, YTO €C/i He MOMTK Mo
3TOMY NYTW, MHOTME Masjble MHHOBALMOHHbIE
KOMMaHWK He CMOTYT y4acTBOBaTb B MOCTaBKaXx,
M UX MECTO Yallle BCEro 3aHMMatoT UHOCTPaHHblEe
NOCTaBLUNKK;

e Pa3BUTME MHHOBALIMOHHOIO 6M3Heca Ha
TEPPUTOPUM PACMONOKEHUS KPYMHbIX OPraHu-
3auMi aTOMHOM NPOMBILLIEHHOCTU MOXKET 6bITb
MCnonb30BaHO AN NPOM3BOACTBA TOBAPOB M
ycnyr, o6ecnevymBaloLlmMx HaLMoHanbHyto 6e3-
0nacHOCTb;

o (GUHAHCOBbIE U JOKYMEHTapPHbIEe 6apbepbl
ANs Manoro v cpegHero npeanpuHuMaTenscTea
CYLLECTBYIOT, HO OHW MEHee OMnacHbl, YeM YyKa-
3aHHbl€e BblLUE.

Takum 06pa3om, U Ha OCHOBE aHanu3a 06-
LMX TEHAEHLUIA, U HA KOHKPETHOM Npumepe Ca-
POBCKOr0 MHHOBALIMOHHOIO Knactepa MOXHO
OTMETUTb, YTO NocneaoBaTelbHasa peannsauus
KNacTepPHOM MOMUTUKKN B CTPAHE yXKe NPUBOAUT
K TOMY, YTO yAy4lLaeTcs B3aUMOAENCTBME MeXKaY
KOMMaHWAMMK, B TOM 4YMCNie, MEXAY KPYMHbIMU
KOMMaHUSAMK U ManbiM U CpeaHUM GU3HECOM.
[anbHewnee BONNOLWEHNE B }U3Hb 3TOM MOJK-
TUKM, BKItOYas U GUHAHCOBYIO NOMOLLb, BUAUT-
CSl BaXKHbIM KaTaln3aTopoM MHHOBALMOHHOIO
pasBUTUSA.

1 Hanpumep, MOXXHO NOCMOTPETb 0630pbl 3aPYGEKHbBIX KNAacTepoB Ha caiTe MUHWCTEPCTBA IKOHOMUYECKOro pa3Butua Poccuiickon deaepaumn (http://www.
economy.gov.ru/),CnMcoK nyénuMKkaLmm Ha caiTte Poccuinckon KnactepHon o6cepsaTtopum HNY BLUI (http://cluster.hse.ru/about/library.php) u ap.

2 TaKue e MHEHWs1 BbICKa3blBaMCb Y4aCTHUKAMMW 3KCMEPTHOM CECCUM WMHHOBALIMOHHbIX TEPPUTOPUANbHBIX KNacTepoB, npoxoaunBluen 2 oKkTa6ps 2013 roga B
0c0601M 3KOHOMMYECKOMN 30HE «[Jy6Ha» B pamKax |V BcepocCMNCKoM HayYHO-NPaKTUYEeCKON KoHpepeHLUnn «[pUHLMMABI U MexaHU3Mbl GOPMUPOBAHMS HaLMOHAbHOWM

MHHOBAaLMOHHOW cucTembl B Poccuitickon deaepaunmn».
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TanaHT, aHTy3na3m n ntoboBb K PognHe

HanpaBnsiscb B Hayane 60-x rogqoBs no
pacnpepenenuio B Kb-11 (HbiHe — POAL-
BHUNID), BbiNyCKHUKU COBETCKUX PU3TEXOB
HUYEero He 3Ha/Iu HU NMPO 3aKPbITbIA ropoa
CapoB, HY NPOo YCNOBUSA XU3HU B HeM. He 3Ha-
NWU paxe, rae To4Ho 310 Kb-11 HaxoauTcs:
YCNIOBUSl CEKPETHOCTU TOorAaa co6nojaauchb
ctporo. Ho coBeplueHHO onpeAeneHHo 3Hau,
YTO HaNpPaBAAIOTCA 3aHUMATbLCA CEPbe3HeN-
UMM e1I0M roCcyfapCTBEHHOW BaXKHOCTH.

B 1961 roay, Koraa nonaHbIM X0A0M LLia noa-
rOTOBKa K MCMbITAHWUIO NEPBOM Y CaMOW MOLLHOWM
B MUPE BOAOPOAHON 60M6bI, B Ap3amac-16 npu-
exan BbINyCKHUK duaddaka JITIY Paguin UnbKaes. U
BOT y)Xe 60siee NoslyBeKa 370 Je/10 roCyAapCTBEH-
HOW BaXXHOCTMU SIBNSIETCS CMbIC/IOM €0 KU3HM.

9 oKT6ps 2013 1. Paguit BaHoBUY UnbKa-
€eB OTMeTUN cBoe 75-netune. B KaHyH aTow aaTthl
Hall KOpPPEecnoHAEeHT BCTPETUACS C ObiBLUMM
avMpekTopom (1996-2007 rT.), a HblHE Hay4YHbIM
pykosoautenem POAL-BHUNID, akageMnkom
PAH n PAPAH, 3acnyXeHHbIM gesaTenem Hayku
Poccuiickoin depepaumu, naypeaToM MHOMO4YMC-
JIEHHbIX FOCYAAaPCTBEHHbIX U HEMPaBUTENbCTBEH-
HbIX Harpaf, OCHOBaTeNeEM HECKObKUX Hay4YHbIX
wKon PU. UnbKkaeBbiM.

Metadm3uKa aToMHOro nNnpoeKra

- Paaun UBaHOBMY, fl FOTOBUJICA K HalLLewn
Gecefie, HO BCe MOW 3aroToBKU O iiepPHOM
OpY}KHMHU U TEXHONAPKaX yLIX Ha BTOPOM NJaH.
U BoT noyewmy. Mo popore kK Bam s 3aexan B
Cepadumo-[luBeeBCKUit MOHACTbIPb, YTO B NAT-
Haauatu Kunometpax otr CapoBa. MoHacTbIpb
3T0T, KaK Bbl 3HaeTe nyylue meHs, — ogHa U3
CBATbIHb NpaBocaaBus. 3aechb y Bac B aaep-
HOM LIeHTpPE — TO}K€ MOHACTbIPCKana 3eM/ifl U
HaMOJIEHHO€e MeCTo, cBA3aHHoe ¢ Cepadumom
CapoBckum. U a nogyman, 4To He ciy4yaiHo
WMEHHO 3/1eCb, Ha 3TUX 3€eMNIAX, MOABUJ/ICA Ball
BHUUI®D: BO3MOKHO, BbICLLKUE CUJIbl PYKOBO-
AWIN 3TUM BbIGOPOM U pelueHnem bepuu. Bbl
He fiyMaJiM O TaKUX cCoBnageHusx?

— MNoHumaeTe, ecTb 06bLEKTUBHbIE MPHU-
YWHbI, CNOCOBCTBYIOWMNE TOMY, 4TO 34€Cb MOI
06pa3oBaTbCs CTO/b MOLHbIA HAYYHbIN LIEHTP.
Bo-nepBbiX, 61M30CTb K MOCKBE KaK LEHTPY
yrnpaBneHus, HayKu n Tak ganee. To ecTb, cloga
Bcerga 6e3 0coboro Tpyaa MOXKHO 6b110 Npu-
rNacuTb KPYMHbIX U BblAAKOLWMXCA YYEHbIX, YTO
[aBano onpefeneHHbIR BbIMIPbILL: MOXHO 6bI10
ornepaTMBHO Noo6LaTbes C y4eHbiMK, nobece-
[10BaTb, NONYYUTb HEOBXOANUMbIE KOHCYbTaL M.
OTuUbI-OCHOBaTENM NPEKPACHO 3TO 3HANU U No-
HUManKn BaXKHOCTb BG/IM30CTU K CTONMLLE.

Bo-BTOpbIX, 3TO O4EHb YeAUHEHHOE MECTO: U A0
HwHero, n go CapaHcka noytu no 180 KMnomeTpos.
To ecTb, 3T0 PaKTUYECKM [TyX0Ee MECTO, A€ MOXKHO
BECTW O4eEHb C/IOMXHbIE, B TOM YMC/Ee U B3PbIBHbIE
paboTbl, HE NPUHOCA HUKOMY HUKaKOro Bpeaa U He
BbI3bIBast IMLLHMX BOMPOCOB y HaceneHus. 3To Mecto
BbIOMpPanu UCXoas U3 KOHKPETHbIX TPEGOBaHWUM K
SAEPHOMY OOBEKTY; MPY 3TOM OYEBUAHO Y CErOAHS,
YTO HW OAMH APYroM 3aKpbITbIV AAEPHbIN rOpog TaK
yAa4HO He PACMOSOXEH, BCE OHM HAXOAATCSA ropa3ao
6nnXKe K KpynHbIM ropogam, yem CapoB. Tak yTto
OTLbI-OCHOBATENN 3Ha/N, YTO Aenanu.

14 ATOMHbBIV MPOEKT

Ho v Bbl npaBbl, NOTOMyY 4TO 6€3 6narocno-
BEHUS CBbIlEe 3TO BPSAL /I MOXKHO 6bIIO cae-
natb. [OTOMy 4TO MECTO 3TO AEWCTBUTENBLHO
MHTEPECHOE, HAaMOJIEHHOE, BMIAETCS KPYMHbIM
MCTOPMYECKNM LIEHTPOM NpaBocnaBHon Poccuu.
M cenyac, Korga Mbl FOBOPUM 0 AaePHOM LIEHTPE
KaK 06 0HOM U3 CaMbIX KPYMHbIX HAy4HbIX Opra-
HU3auun mrupa n o CapoBe KaK 0 KpynHenwem
npaBOC/NaBHOM LIEHTPE, HaZl0 Y4WUTbIBATb elle
M TO, YTO oTcloga Ao bonauHa — BaxkHenwero
KYNbTYPHOTO LeHTPpa Halemn CTpaHbl — Mo NPSIMONM
BCEro CTO KUNIOMeTPOoB. To ecTb, Hafl0 NPU3HaThb,
yTo CapoB — AENCTBUTENIbHO O4YEHb 3HAYNMOE,
3HaKoBOE W MHTepecHoe mecTo Poccun. U q
MOMHI0, YTO, KOTAa Mbl CTaNM OCTATOYHO NAOTHO
B3auMmoencTesoBathb ¢ [lpaBociaBHOM LLEPKO-
Bbl0, OAVH U3 CBALEHHWKOB CKa3an: «<Heyxenu
Bbl AYMaeTe, YTO TaK ycnelHo paboTaeTe, 4TO
BCe Yy Bac nony4vaetcs 6e3 6narocnoseHuns? Tak
He 6biBaeT! Bbl 4OMKHbI 3TO 3HATb, MOMHUTb U
LLEHUTb».

MoaTtomy, oTBeyast Ha Baw Bonpoc, 11 6bl CKa-
3af, 4TO aTOMHbIM MPOEKT NONYYNUN NOAAEPHKKY
BCEX J06PbLIX CKJ1, KOTOPbIE eCTb B Hallen Poccuu.
M MMeHHO 3T0, Ha MOM B3rNnaa, Aano NpeKpacHble
pesynbTatbl U NPUHECNIO OFPOMHbIE JOCTUXKE-
HWUS M BEIMKYIO NOJIb3Y HALLEMY Hapoay M Hallewn
cTpaHe.

- B Cepadumo-uBeeBCKOM MOHacTbIpe
ecTb 3HameHuTaa KaHaBKa, co3gaBaTb Ko-
TOPYyI0, KaK rnacurt npegaHve, Ha4MHan ewe
Cepadum CapoBcKuit. 3a CTONETUA MUJIJIUOHDI
BepyloLMX NoGbiBaNu Ha TOW JOPOXKKe CO CBO-
UMUK MoNib6amMu K boropoauue, noKpoBuUTEIb-
HULLe MOHacTbIPA. U Beib HUKTO HE NPOXOAUT
3TOT NYTb CO 3/I0M, A TOJ/IbKO C NOXeJlaHUAMHU
[o6Gpa 1 340poBbA cebe, GJIM3KUM, CTpaHe.
3710 e TaKasa MOLHaA 3HepreTuKa, MHOro-

MWUIMOHHaA BceJieHCKasa Monb6a o 6nare
u mupe!

Ho Beab u getuwie sigepHoro ueHrTpa,
Halla aToMHasa 60mM6a, KOTOPYIO Mbl He NpU-
MEHSJIM U He COGUpPaNIuCb NPUMEHATb, Ha3bl-
Baf OPYXUEM CAEepPKMBaHUA, OHa CerofHs
TOXe — NMPU3bIB K MUPY...

— KoHeuwHo! U Mbl ropaumMces Tem, YTo sgepHoe
opy»xu1e Poccum HUKOraa He NpUMeEHsoch U, Aaw bor,
He 6yaeT NpuMeHsTbes. Ho oHO o6ecneynno Bcem
HaM OrPOMHbIV MPOMEKYTOK MUPHOIO BPEMEHMU, U
Mbl CHMTaEM, YTO KoJSloCcCaslbHas 3acnyra y4eHbix
Poccuu v B nepByto o4epeb Hallero 9aepHoro Lex-
Tpa, B TOM, 4TO KPYMHENLINX BOEHHbIX KOHDSIMKTOB
He 6b110. [loaToMy Lienb Hala, HECMOTPS Ha To,
YTO Mbl 3aHMMAEMCS TaKUMU TPO3HBLIMK IENAMMU,
Yype3BblYalHO 61aropoaHas, Ype3BblYanHO HYXK-
Has — y6epeyb Hall HapoA OT KPYMHOro Hacwunus
B MMPOBOM Maclutabe. N aT1o yganock caenatb. A
CYWTal0, YTO 3TO — OFPOMHOE AOCTUIKEHME.

Ho “meHHO noaTomy 34ech, rae Noan 3aHu-
MaloTCcsl TaKUMW FPO3HbIMU AeNamMu, MopasibHas
niaHKa oJi*KHa O6bITb 04EHb BbICOKOW. U B aTOM
CMbIC/ie NpUcyTcTBMe PyccKon npaBocnaBHOM
LEPKBU B TAKOM XOpOLLIEM 0GbEME, — 3TO OFPOM-
HOE AOCTOMHCTBO Hallero ropoaa.

— MoeT 6bITb, OTLbI-OCHOBATE/IU B TAKOM
KJIloYe 06 3TOM U He Aymanu?..

— [ymato, 4yto Bbl npaBbl. HO Mbl ¢ Bamu
3HaeM, KTO BEET MO KU3HW JaxKe aTeUCToB...

- Bbl TaK oueHMBaeTe Halle fjepHoe
opyue, 4TO, A Aymalo, Jyywe Bac HUKTO U
He OTBETUT Ha BOMPOC, a KAKOBO € OHO Y
Hac ceroagHA? He ¢ TOYKM 3peHUs BOEHHbIX,
TO €CTb BO3MOHOCTU CPeJCTB AOCTaBKH,
npeogoneHua NMPO u Tak ganee, a ¢ TOYKHU
3peHus HayKu, ¢ no3uuun dpusuka-paspaséor-
YUKa AJePHbIX BOOPYKEHUM.




— 3HaeTe, Mbl Bcera CTPEMUINChL K TOMY,
4yTo6bI CoBeTCKMI CO03 U HbiHELHAA Poceus, To
eCcTb Hawa PoauHa, 6bina B 14€PHOM OTHOLLEHWHU
0OYeHb NPOJBUHYTON U COBPEMEHHON AEePKaBOM.
M MOXKHO COBEPLLIEHHO OMpPEeAENEHHO CKa3aTb, YTO
Mbl CO34au Takne TEXHOIOMMU U TaKKe yCTPOomn-
CTBa, KOTOPbIe NO3BOSIOT MOMHOCTLIO 06e30na-
CWUTb Hally CTpaHy OT KaKoro-1M6o cepbe3HOoro
KPYynHOro HanageHus. 370 BCe 3HAlOT.

- U 0co6eHHOo arpeccopbl.

— [1a, HO HaJo YTOYHWUTL: 3HAIOT MOTEHLUMANb-
Hble arpeccopsbl. 9 gymato, YTO HUKTO BCepbe3
He AymMaeT o0 TOM, 4ToGbl HanacTb Ha Poccuio,
NOTOMY 4TO OH MOJTY4UT TAKOM COKPYLUMTENbHON
CWAbl yaap, OT KOTOPOro He OMNpPaBMUTCS HUKOT-
na. B aToM YacTu 1 paHblue Halwu y4eHble obe-
crneynBanv O4YeHb BbICOKWUI YPOBEHb, K cenyac
obecneynBatot. [la, 6611 TPYAHOCTU, KOHEYHO,
0C06€eHHO B Havane u B cepeaunHe 90-x rogos,
HO Mbl 3TU TPYAHOCTU MPEOAONENH, BCE HYXKHbIE
HaM TEXHOIOMMK COXPaHUIN, @ HEKOTOPbIE AarKe
1 04€Hb CEPbE3HO pa3BMAK. TaK 4TO B 3TOM nna-
He eCTb MoJiHas YBEPEHHOCTb B Ha[EXHOCTH,
3 PEKTUBHOCTM M abBCONOTHOM 6e30MacHOCTH
Halllero apceHasna, 10CTaTo4yHOro AN18 peLleHus
BCex 6e3 UCKITIOYEHNS BOEHHbIX 3agay Poccui-
ckon depepauum.

- f1-To umen B BUAY 60J1ee NPpU3eM/IeHHYI0
oLleHKy. Bor, K npumepy, Ha gHax OAmuTtpui Po-
rO3uH CKa3aJl, YTO Mbl HUCKOJIbKO He OTCTaem
OT aMepUKaHLeB B pa3paboTKe runep3ByKo-
BbIX 60eBbIX cucteM. Unu gpyroi npumep: Mbl
npogaem amepuKaHLam Ans TAXKENbIX CUCTEM
pakeTHble gBuratenu P[1-180, u B 3TOh YacTu
060rHanuM amepuKaHueB, N0 MX COGCTBEHHOMY
NpU3HaHMUIO, NeT Ha ABaauaTtb. 1 noHumato,
YTO MX aTOMHble 60MGbl U HALLX aTOMHble
60MGbl, U Macca BCero, 4To ¢ HUMU CBA3aHO,
oT/IMYaloTCA APYr oT Apyra. OHu pa3Hble, TEM
He MeHee, XO4eTCS CPAaBHUTb U OLLeHUTb Halle
NMoJIoXKeHue.

— W aTtoMHOE, 1 BOAOPOAHOE OpYKMe Yy Hac
pasHoe, abconoTHo. Kaxkaas saepHas ctpaHa
MMEET CBOMU OTEYECTBEHHbIE TEXHO/IOTUW 1 CBOM
TEXHOMOMMK TONIbKO U pa3BMBAaET, MOTOMY YTO
YyXKMEe HUKTO He NepefaeT U HUKoraa He nepe-
nact. TonbKo No NepBOMY YCTPOWCTBY, KOTOpOE,
KaK M3BECTHO, 6bIN10 «<3aUMCTBOBAHO» OT MEPBOW
aMepuKaHCKoN 60M6bI, TO4HEE, GU3NYecKasn cxe-
Ma 6blna 3aMMCTBOBaHa, y Hac 6blIM KaKne-To
nepeceyYeHus, NpyM TOM YTO U3rOTOBEHNE U BCA
KOHCTPYKLMS 6blnn Hawwu. Ho fanee Bce pa3Bu-
Basiocb abCOMOTHO Ha OTEYECTBEHHbIX M306pe-
TEHWAX N OTEYECTBEHHbIX TEXHONOTUSAX. U cenyac
MMEHHO TaK Bce v npoaosxaetcs. [Mo3ToMy Mbl
COBEpPLIEHHO 06bEKTUBHO MOYEM CPaBHMBATD,
YTO €CTb Y HMX, C TEM, 4YTO Y HaC.

— Mo Kakum Xe KpuTepusMm, eciu Bce
pa3Hoe?

— [a no Kakum Kputepuam? Kaxkon mera-
TOHHaX, K NPUMepY, Bbl MOXXETe A0CTaBUTb MO-
TEeHUWanbHOMY MPOTUBHUKY Ha €ro TEpPUTOPMUIO.

- A pocTaBKa pa3Be B Ballei KOMMNeTeH-
umun?

— OHa He Halla, HO Mbl XK€ He A4J19 KaKoro-To
HEMOHATHOIrO UCMONHUTENS AeNlaeM CBOMU pas-
PaBOTKU: U PaKETbI, U CUCTEMbI YNPaB/IEHUS, U
Hale 60eBO€E OCHalleHWEe aenatTcs BMeCTe, B
€MHOM KOMIM/IEKCe, Mbl O4EHb MI0THO paboTaem
CO BCEMMU. A KaK e nHaye? Hanpumep, Byepay
Hac Lenblv feHb B rocTsX Obl/1 reHepasbHbI KOH-
CTPYKTOP MOCKOBCKOIO MHCTUTYTa TEMIOTEXHUKM,
KOTOpbIM B cBOe BpeMs pa3pabdoTtan «Tononb»,
cenyac «bynaBy» pagpaboTan, U C KOTOpPbIM Y
Hac MHOr0 AeCATUNETMI NIOAOTBOPHOIO COTPYA-
Hu4yecTBa. Mbl HenpepbiBHO paboTaem BMecTe
CO BCEMW BMAAMM M poJaMu BOMCK. O4eHb Xxo-
poLLME OTHOLEHUS C MUHUCTEPCTBOM O6OPOHBI,
M HOBbI MUHUCTP Y Hac yxKe nobbiBan B rocTsx,

Mbl 06CYANNUN BCE TE BOMPOChHI, KOTOPbIE TPEBYIOT
pelleHns n 6onee TeCHOro B3anmoaencTaus. Tak
4YTO MOXETE CYMTaTb, HTO Y HAC — eguMHas KOMaH-
[la, KoTopasa paboTaeT Haj caMbiMU BaXKHbIMU
BOMpPOCaMu 060POHbI CTPaHbI.

finepHbINA LWKUT PYCCKOro Mupa

— Bbl roBopunu o TAXKenom nepuopge, o
AEBAHOCTbIX roaax, koraa Bbl, cOGCTBEHHO,
¥ Bo3rnaBunu sigepHbiil LeHTp. Ho Toraa, Kak
MHe KaeTcsl, HUKaKue LLeHTpbl, HUKaKue Bce-
COIO3Hbl€ UHCTUTYTbl HUKOMY GbI/IN HE HYXHbI.
U npocTo cKa3aTtb «TAXenble BpeMeHa» B Ba-
wem cnyvyae — IBHO HeJ0CTaTO4HO.

— [aBaiTe CKaxeMm TaK: Mano Toro, 4to
3apnnaTty HaMm 3ajepxuBanu Ha 3-4 Mmecdua,
TaK TONbKO NIEHUBbLIN B NeyaTu He pyran 060-
POHLLMKOB, 0COBGEHHO A4EPLINKOB, KOTOpble-ae
3aHATbl 6ecnonesHbIM 4eN0M, NOTOMY KaK Bparos
y Hac HeT. Toraa HaM Ha BCTpevax C PyKoBOA-
CTBOM pa3HOro paHra npuMxoannoch JOKa3blBaTb
nybexaatb, YTO 419 Hallen CTpaHbl AAEPHbIN WUT
KpanHe Heobxoanm. MoToMy 4TO Npu TakKx pas-
Mepax CTpaHbl C HaceneHneM Bcero nnwb B 140
MW/STMOHOB YeN0BEK HUKaKUMK Crunamm o6LLero
pearvpoBaHusi 06eCneymnTb 3alnUTy TEPPUTOPUN
HEBO3MOXHO. TONIbKO OpYXKME CAEPHKMBaHUS, OC-
HOBaHHOE Ha camMoOW NepefoBOM TEXHONOIMMK U
caMoWn nepenoBoOn HayKe, MOXeT obecneynTb
BbIMOJIHEHWE 3TOM 3a4a4u. U Mbl y6EAUIN B 3TOM
PYKOBOACTBO CTPaHbl.

- BoT Bbl cKa3anu: «y6eauan pyKoBogcTteo
cTpaHbl». PYKOBOACTBO CTPaHbl B €BAHOCTbIX
rogax Kak pas u o6bsBM/I0 HaM O TOM, 4YTO
y Hac HeT BparoB. 1 NpeKpacHO MOMHIO TO
BpeMs, Koraa B CTpaHe Ha cTpaTerM4yeckux
06OpPOHHbBIX 3aBOjax co3fgaBalucb COBMeECT-
Hble ¢ aMepuKaHLuamM1 NpeanpuaTUN, Koraa
ryéepHaTtop HeMuL 0B npe3eHTOBaN MUPY TO/b-
KO 4YTO OTKPbIBLUMICS rOPOA U €ro 060POHHBIN
noTteHwuuan, npuBo3s cioaa Bcex M Bes. U Bac,
HaBepHoe, Ta BOJIHA KOCHynacb?

— Het. Hemu0B y Hac 6blf1, HO BCEX OCTallb-
HblX PCB He nycKano: Bce 6bl10, Kak NoNoXeHO,
1 Mepbl 6€30MacHOCTM 06ecneymBanmucb TOHHO
TaKue e, KaKk Bo BpeMeHa bepuu.

Ho A xo4y pacckasaTtb O TOM, YTO HE MHO-
rne 3HaloT: B 3TO TsKenenwee Bpems, B 1996
roay, Mbl NpoBenu 3acegaHune BcemupHoro Pyc-
ckoro Co6opa, KOTOpbIM PYKOBOAWN MaTpuapx

MaeHbI Kopnyc POSAL-BHUNID

tOBUIEN

Anekcun Il, a opraHM3oBbiBan meponpuatue
HbIHeWHWW natpuapx Kupunn. U B CesAto-AaHu-
IOBOM MOHacCTbIpe Mbl MPOBEAN CAYLIaHMA Mo
Teme: «slaepHble BOOPYXEHUS U HaUuMOHanbHas
6e30nacHoOCTb Poccum».

LlepKoBb KaTerop1Myecku Hac nogaepxkana,
3as1BMB, Y4TO HaLl TPYA HYXeH Poccuu, 4To y4eHble,
KOHCTPYKTOPbI M BCE HaLLKW CNEeLMaNUCTbl 3aHATbI
4ype3Bbl4alHO BaXHbIM /151 BCErO PYCCKOro Mupa
nenoM. U 3to 66110 NponucaHo B pelieHnn Co-
60pa. Nocne aToro NOTUXOHbKY-MONErOHbKY AENO0
CABWMHYNOCH, a Tenepb BCS CTpaHa TaK CYUTaeT.

- To ecTb, ONATb BMeLIaNUCb BbiCLUNE
cunbi? Ho Bbl roBopunu, 4to yaanocb y6eautb
U PYKOBOACTBO cTpaHbl. Kakum o6pazom?

— 3HaeTe, KaK TonbKo EnbuuHa u3bpanu
npe3ungeHTom B 1991 roay, oH yxe B deBpane
cnepytoulero roga 6bl1y Hac, M Mbl Aenanu 34ecb
eMy AoKnagbl. [0BOpWUaK 0 TOM, Yero 4OCTUIIU BO
BpemMeHa CoseTckoro Cotosa, Kakue 6binun pe-
3y/bTaTbl HA TOT MOMEHT. Ml OH TaKKe noaaep»kan
Hac, TaK 4YTO B 3TOM NjiaHe npo6aem He 6bi110. Ho
[€N0 B TOM, YTO Y€ K cepefiMHe AeBAHOCTbIX CH1-
TyaLus B 3KOHOMUKe Bbifa yacatowas, NpocTo
TAKenenwas. M B 3TUX yCnoBmsX Mbl MOKa3blBanu
1 JOKa3bIBaAM, YTO Mbl MOXEM paboTaTb, YTO Mbl
coxpaHunucb. Torga, HECMOTPS Ha BCe TPYAHOCTH,
crnewunanucTbl He NOKMHYM AAEepHbIN LEeHTP, No-
3TOMY f1 B NepBYI0 ovepeab 6GnarogapeH Konnek-
TMBY BHUNI®: B TAXKENEenWwmnX ycnoBusIX He OauH
3HaAYUMbIN CNeunannucT He MOKWUHYN UHCTUTYT.
MNpaBaa, Toraa Mbl BCe BO3MOXHblE CNOCO6bI
NOAAEPKKN CNeLnanncToB UCNonb30Basu, BCe
HOBble 3aKOHbl Poccuun 3agencTeoBanu.

- Yem ke NOMOryT 3aKOHbI, €CJIN YeTbipe
MecsiLla HeT 3apnnartbl Ha FOCYAapCTBEHHOM
npeanpuaTun?

— K npumepy, Mbl 3agevcTBoBanu NosiBUB-
LUMecs BO3MOXHOCTU MEXAYHAPOAHOro COTpya-
HWYeCTBA: BbIMIPbIBANW rPaHTbl U CTas v TOYEYHO
NOAAEPKMBATL CEeLManUcToB. KONNeKTUB NoHaA,
4YTO Yepe3 HEKOTOPOE BPEMS CMOXKEM noagep-
*aTb BCeX. Tak BCKOPE U CMy4MNIoCh.

— A 4TO 3TO GbIIO 3a MEXAYHAPOAHOE CO-
TPpyAHUYEeCTBO? AAPOHHBIA Kolanjep Beb
NoSAIBUIICA NMO3XKe.

— Konnawvpgep B gaHHOW cuTyaumm — MenoYb.
BO3MOXXHOCTM HavyaTb Hay4HOE COTPYAHUYECTBO
NosIBUANCH NOCNE PeLLeHUs ABYX NPe3naeHToB,
Poccun n AMeprkn. AMepuKaHLbl BbIAENSN FPaH-
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tOBUIEN

Tbl N0 TeMaM, NoNEe3HbIM AN1a Beex, U MexayHa-
POAHbIM HayYHO-TEXHUYECKUI LLEHTP 3apaboTan.
O6ume TeMbI, 3TO, K MPUMEPY, Takast abCoNoTHO
HeCeKpeTHas Belllb KaK KOHTeNHepbl. BceM Haao
nepeBo3nTb SAEPHbIE cocTaBasowme 6o0enpu-
nacoB, An5 Yero Heo6xo4MMbl KOHTENHEPDI, KO-
TOpble B N060OM aBapun AOMKHbI 3alMLLATb OT
pacnblnenns n Tak ganee. To e camoe Kacaetcst
KOHTENHEPOB /19 NePEBO3KN HEMOCPEACTBEHHO
6oenpunacoB. Mnun co3gaHns XxpaHunull, Y4Toohl,
K MpuMepy, aAepHble cocTaBnsiowme, o06pasyto-
lwuecs nocne AemMoHTaxka, Obln 3almLeHbl 1
no6yo 60M6apANPOBKY MOIU BblAepKaTb. Takux
3ajady 6bl10 04eHb MHOTO, BK/IlOYas YncTo dyHaa-
MeHTanbHble UCCNefoBaHuUs. M COTpyaHNYECTBO
Hayanocb, 1 66110 UHTEPECHLIM U NNOLOTBOPHLIM.

To ecTb, Mbl BK/IIOYUAN BCE ITU MEXAHU3-
Mbl, U CMELMANNCTbI MOHAIN, HYTO 34E€Cb MOXHO
n fganblue addeKTUBHO paboTtaTtb. M TakKe Kpen-
/10 OCO3HaHMe TOro, YTO SAEPHOE OPYKMNE — 3TO
LLMT, KOTOPbIA 06e30onacuT Poccuio, Npuyem, Wut
MOry4ui. Mo3aTomy BCe TEXHONIOTMK, CBA3AHHbIE
HenocpeacTBEHHO C pa3paboTKoM, NPOBEPKOM
NMPOYHOCTU, CTOMKOCTU M KUBYHECTU BCEMO HYX-
Horo BHUUID ana nena, HeCMOTpS Ha TO, YTO
UCMbITaHNA SAEPHOIO OPYXKMS BbIN 3anpeLLeHbl,
COXpaHuIucb. To ecTb, OTpac/ib COXpaHunach.
MepBbiM MUHUCTPOM Poccuickon Peagepaumm
Nno aTOMHOM 3HepreTuke ctan Buktop HUKUTOBUY
MwuxannoB — BocnutaHHMK BHUNI3®D, yenosek,
KOTOPbIM 60POSICS 3a OTPacsb, OAUH U3 TEX, KOMY
OHa 0693aHa CBOVMM CNaceHUeM B TSKeNble rofbl.
M Mbl ropgumcs, 4To NPOM30LLIIO 3TO U C Hallewn
nomolybto. B aTom nnaHe Ham npuwnock pabo-
TaTb abCOMIOTHO BO BCEX HAMpPaB/EHNSAX, 4TOObI
[lOHEeCTH 3Ty dmnocoduio 40 BCEX PyKOBOAUTENEN.
M Mbl ee goHecnu.

Hutb cCBOMM yMOM

- Ho pa3Be cerofHs He HacTynua Takomn
nepuvoj, Korga Bam, fijepLiMKkam, He Hago
AOKa3biBaTb CBOIO Heo6xoaumocTb? Bot y
Bac B My3ee xpaHuTcA aBTorpad Bnagumupa
MyTuHa, KoTopbii ewe B 2003 roay Hanucan:
«BHUNID - gocTosiHue u ropaoctb Poccum».

— [lomxeH cKasaTb, YTO TaKOro, YTO6bl HaM He
HYKHO 6bI10 JOKa3blBaTb CBOIO HEOBXOAUMOCTb,
HUKOraa He 6bl10 U He ByaeT, Tem 6onee cenyac,
Korga naet abConoTHO yXKacatolwee 3acuiibe Yu-
HOBHWKOB, U C HUMW NPUXOAUTCS HEMPEPbLIBHO
60poTbCH, CHOBa M CHOBa MX yoexkaaTb. MHave
Mbl MPUAEM K AerpajaLiu, NoTOMY H4TO COBPEMEH-
Has *M3Hb TAKOBA, YTO YYEHbIX, K COXaneHuio,
cnylwatoT ropasfo MeHbLIe, YeM paHblue. Tak 4To
He flymaWTe, 4To BCe MaeT camo cobom, HUKoraa
3Toro He 6yaet! HenpepbiBHO NpuaeTcs 60poTbes,
y6exaaTb Win yroapuBaTb YUHOBHUKOB, Jaxe
YKanoBaTtbCs Ha HMX.

- Camoe Bpems cnpocutb Bac o 3anyuieH-
HOW YMHOBHUKaMu pedopme Poccuinckon Aka-
Aemum HayK. Kak Bbl ee oueHuBaete?

— [la nnoxo s eé oLeHnBalo, 3TO XYTKUM yaap
no HayKe Poccuu, KOTopbIn ByaeT UMETb OTpULa-
TeNbHOE BO3JENCTBME O4EHb MHOIO AECATUNETUN.
Mbl e 3HaeM U3 uctopuu: B KoHue 40-x rogos
B CCCP ygapunu no KMGepHETUKE U BMONOrnu,
M 3710 Ao cux nop B Poccum yyBcTByetcs. MNetp
MepBbivi co3aaBan AKagemuio HayK, HO PyCCKOM
aKaJeMmuen oHa cTana TONbKO Yepe3 MHOro gecs-
TMnetTun. CylwecTByloLe Hay4Hbl€e LWKO/bl HaJo
necToBatb, NOMOraTb UM U pa3BuBaTb BCEMEPHO,
a He OTAaBaTb Noj ynpaB/iieHWe YUHOBHMKAM,
KOTOPbl€ HUYEr0 HE NOHMMAIOT B 3TOM.

3HaeTe, Koraa Mbl OLleHWBaEM Te UK UHble
pelweHus, aHannampyem, Hago obpalwartbes K
MCTOPUMU U YMETb U3BNIEKATb U3 MPOLLIOrO OMbIT.
B cBs3K ¢ pedopMor akafjemmm MHe BCNOMUHa-
eTcsl TaKoM Nto60oNbITHLIN GaKT. Korga aMepuKaH-
Lbl cO34aBaiv CBOM aTOMHbIA NMPOEKT — a OHU
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Mogaenb Kopnyca peaktopa BH-800
nocne B3pbiBa

NPUBIEKIN K 3TOMY MPaKTUYECKN BCIO €BPONEN-
CKYIO 3/IUTY, BCEX KPYMHbIX YYEHBIX — UM Hao
6blN0 NOCTPOUTb U YNPaBNEHYECKYIO CTPYKTYPY.
M OHM MOHSANM, YTO ANS TOJIKOBOrO yrnpaB/iEHUS
NMPOEKTOM criefyeT NpPUBMEYb YaCTHbIA CEKTOP.
3Haerte, no4yemy? 1o OAHON NPOCTOM MPUYUHE: Y
npasuTenbcTBa CoeanHeHHbIX LLITaToB He 6b1S10
HWKaKOro onbiTa PyKOBOACTBA KPYMHbIMU Hay4HO-
TEXHUYecKumu npoénemamu. Ho 8 COBETCKOM
Coto3e 1 B Poccun Bcerga ToNbKo Tak v aena-
JI0Cb: FOCYAAPCTBO YNpPaBaio Yyepes AKagemMuio
HayK BCEMM CEPbE3HbIMU Hay4HbIMU NpoeKTamu!
TaK 3a4eM e KpyrnHble ynpaBieHYeCcKne Helo-
ctaTkmM CoeanHeHHbIx LLITaToB nepeHocuTb Ha
POCCUIMCKYIO 3eMto? A cernyvac naeT NoroNoBHbIN
nepeHoc OTTya BCEro — CO BCEMM BbITEKAIOLLMMMU
nocneactBusaMu. To eCcTb, YUHOBHUKK HE LEHAT
KON0CCaNbHbIN NONOXMUTENbHbIN ONbIT, NPY 3TOM
S celyac He roBOplO O CTPYKType BnacTu, 060
BCEX [pYrux Aenax, CBA3aHHbIX C ypaBieHUeM
CTpaHon. Y Hac 04eHb MHOIO MOJIE3HOI0 B UCTO-
pun Poccuu, 1 Hao 3TOT NOJSIOXKUTENbHbIN OMNbIT
MCMNOJIb30BaTb M XWUTb B MEPBYIO 04epeab CBOMM
YMOM. TaK, Kak Mbl 1 u paboTtanu Bce Bpems,
KaK YXMBEM W ceWyac, B HaCTHOCTU, B SAEPHO-
OpPY)XEMHOWN OTpacsu, B pakeTHOM TexHuKe. To
€CTb, HAJ0 LEHUTb TaNaHT, 3HTY3Mas3Mm 1 1060Bb
K PoauHe cBOMX COGCTBEHHbIX CbIHOB, M TOraa
OyneT BCe B NOpsiAKe.

- Bo3pa3utb Hevero. Ho y meHs, Korga
YMHbIe JII0AY FOBOPAT TaKuUe NpocTtblie U 6e3-
YCJIOBHO NOHATHbIE BELH, BCerga BO3HUKaeT
OfiMH BOMNPOC: Noyemy He ciabiwaTt? He Tonbko
Bbl — a Bbl, 1 nonarato, He TO/IbKO MHe FoOBO-
pute 310 — U DopTOB, HABEPHOE, KOorga cuaen
y MyTtuHa, rosopun emy HeuTo nogo6Hoe. Ho
MyTuH nognucan ykas u gan crapt pedopme.

— Yke 6osee cTa TbiCAY, eCnu 9 NpaBUIbHO
MOHSJI, HAy4YHbIX COTPYAHUKOB MpuUcnanu CBou
NpPOTECTbI, COTHU UHCTUTYTOB NPUCIaNn KONNEeK-
TUBHbIe npoTecTbl. [ToHnmaeTe?

- Ho MHe KaxeTtcsi, OHM HUKaAKOro peu-
CTBUS HE BO3bIMEJIU.

— A 51 6010Cb, 4TO MX MPOCTO HUKTO HE YMTAET.
CBoeob6pasue TEKYLLEro MOMEHTA B TOM, YTO UHYIO
TOYKY 3PEHUS HE CbILLAT U HE XOTAT CAblWaTb.

- B 3Tou rnyxote BnAacTu, Kak MHe Ka-
¥eTcH, orpoMHbIA Bpep o6uwecTBy. Ho ato
e He Tonna ¢ bonoTHOW nnowagm, 3To xe
ymMHenwue noau Poccuun, mHorue rogbl pa-
60TaloLme Ha UHTepecbl CTPaHbl, 3TO JIIOAM,
KOTOpbie MOryT U CNOCOGHbI NPOCYUTbLIBATb
NMoOCNIeACTBUA faKe He Ha TPM Wara Bnepeg.
U nx He caywaTtb?..

— Y MeHS CNoXKMIoCh BNnevaTtneHume, 4To Hbl-
HelHWe YUHOBHUKM pa3roBapuBatoT TONbKO C
cobow, Apyr ¢ Apyrom. A Bce ocTalibHble MHDOP-
MaUMOHHbIE MOTOKU K HUM He MPOXOASAT: ¥ HUX
IM60 GUNBTPbLI CTOAT, IGO0 3arnyLWwKu.

KoHeYHO, 34echb 51 AOMKeH cKa3aTb, 4To Poc-
aToOM He BXOAMWT B CTPYKTYpY AKafemun Hayk. U
HaA0 YeCTHO MPU3HATb, 4TO OTHOLIEHHWE K HaM CO
CTOPOHbI PYKOBOAWTENEN CTPaHbI O4EHb XOPOLLEe.
N drHaHcHpoBaHWe HopManbHOe, U BCE MAET He-
NA0X0, XOTSl, KaK Bceraa, xotenoch 6bl nyywe. Ho
noyemy Mbl TOXe roBopuM o pedopme Akagemum
HayK? loTomy 4TO Yepe3 KaKoe-To Bpems Hac
CMpPOCHT: @ Bbl No4eMy Monyanu? K Tomy xe, Mbl
3HaeM, YTO aTOMHbIW-TO NPOEKT Ha4YMHaNCcs Kak
pa3 B Heapax AKageMumn HayK. Ml Mbl NOMHKUM, YTO
BCe K/Il0YEBbIE NI0AN, HAYMHABLLME 3TOT NPOEKT,
BbILLIM U3 AKaZeMun HayK. MNepsas nabopatopwms,
KoTopasi NoToM cTana Kyp4aTOBCKUM MHCTUTY-
TOM, 3TO e nabopartopusa N2 2 AKaieMUM HayK.
CospgaHHoe B 1946 rogy Kb-11, KaK paHblie
Ha3blBanCs Hal UHCTUTYT, 3Ha4MNoch Kak «Kb-11
npu naéopatopun N2 2 PAH». To ecTb, nepBble
UCNbITaHUS 9aepHor 6oM6bl B 1949 roay npo-
X0AMAun, Koraa Mol 6biM B cocTaBe AKaaemuu
HayK. 310 nepBoe.

Kpome Toro, Mbl NOHUMaEM, 4YTO AnS TOro,
4yTO06bl 3aHUMaTbCA KBAMMOULMPOBAHHO Tep-
MOSIAEPHBbIM OPYXXMEM, B CTPaHe AOMKEH OblTb
0O4YeHb BbICOKM YPOBEHb Hay4HbIX UCCNIeLOBaHUM,
NOTOMY YTO 34€Cb AOSIKHbI U MOTYT ObITb TO/IbKO
HaLMOHabHble TEXHONOMUW, HaLMOHaNbHbIE A0-
CTWXKeHUs. KoHe4YHo, A He roBOpIo, YTO MeXayHa-
POAHOr0 COTPYAHUYECTBA HE AONMKHO ObITb, OHO
Heo6xoaMMO B BbicWen cteneHn. Ho anga toro,
4yTO6bl ObIIO BCE B NOPSAKE M Ha YPOBHE, BOT
3TOT, TaK CKasaTb, Hay4HbIN «ByNbOH» CTPaHbI
[OMKeH 6blTb HaBapuCTbIM. MOTOMY Mbl U 3a-
MHTEepecoBaHbl B TOM, YTO6bI Halla POCCUICKas
HayKa 6blla nepeaoBom, 4Tobbl 60/blie 6bI10
Y4€eHbIX, KOTOpble BUAAT Aanblue, 30pye Nepcnek-
TUBbI ¥ CTPaHbl, U BCEro ocTanbHOro. Moatomy
Mbl U BbiCKa3blBaeM CBOK TOYKY 3PEHUS, XOTH
HblHELWHEeMY PYKOBOACTBY CTPaHbl JOMKHbI, KO-
HeyHo, 60NbLlIoe cnacnbo CKa3aTb 3a BHUMaHue
K 4EPHOMY OPYXMIO U K S4EPHO-OPYKENHbBIM
TEXHONOTUSM.

KomnbloTep BMecTo B3pbiBa

— A 3a BHUMaHUE K CyNnepKOMNbIOTEPHOMN
TemaTuKe, KoTopas, Haj0 NOHUMaTb, B Nepuos
3anpeTa Ha UCNbITaHUA AAEPHOIr0 OPYXUS
npuoGpertaeT A Bac oco6oe 3HauyeHwue,
KOMY BblpaxaTtb 6aarogapHoctb? Unu ato
Apyras rema?

— CoBceM He apyras. [Jeno B ToMm, 4T0, Korga
co3aaBanachk nepBas aTomHas 6omb6a U nepBoe
BOJOPOAHOE YCTPOWMCTBO, U 3aTEM BCSKMM pas,
npexae, YeM BbIUTU Ha UCMbITaHUA, Hago 6bI10
NPOBOAMTb ThICAYM PacHETOB. 3aTEM YacTb 3TUX
pacyeToB, KOTOPbIE MOXHO NMPOBEPUTb, MPOBE-
psinacb 3[1€Cb, y Hac B 1abopaTtopun, Ha B3PbIB-
HbIX MaowWaaKax, U TofbKO NOTOM, Noc/ie BCEro
3TOr0 — Ha A4EePHOM MOAUTrOHe. 3TO TEXHONOrUs
CO3aHMS CIOXHbIX TEXHUYECKMX CUCTEM, KOraa
BCce 6epeTcs M BbIBEPSETCS CHavana pac4yeTom, a
NMoTOM NMPOBOAATCH 3KCNEPUMEHTBI. [ToTOMyY 4YTO
HEBO3MOXHO NpeACcTaBUTb, CKONbKO HAZ0 NPOBO-
[IUTb 3KCMEPUMEHTOB, EC/IU UATU IMMUPUYECKUM
METOAO0M, 3TO Henpuemnemo 1 HeaPpPEKTUBHO.

To ecTb, y Hac 6blna co3jaHa HOBas TEXHO-
norns pa3paboTKK CIOXHbIX CUCTEM, HO 6e3
MaTeMaTUYeCKOro MOAEeNMMPOBaHNUS CINOXKHbIX
PU3NYECKUX ABNEHUN, 63 CO3AaHMA MOLLHbIX
BbIYMCNUTESbHbBIX MaLLMH 3TO cienatb Gbl1o Gbl
HEBO3MOMKHO. [103TOMY NpK CO34aHMK SAEPHO-
ro U TEPMOSIAEPHOTO OPYKUSA KOMMbIOTEPHOE
MOAEeNMpoBaHWe, 0COGEHHO cenyac, Korga HeT
A0EPHbIX UCMbITAHWUI, ABNSETCS OCHOBOW. U KO-




HEYHO, 3Ta OCHOBa A0/IKHa 6blTb NoadepKaHa
CO3AaHMeM XOPOLUNX USMEPUTENbHbIX YCTPOWCTB.
YacTb No3uumi, ra3oanHamMmKYy, NoneT 060/104eK,
paspylieHnsa TaM BCSIKME, Mbl 3JECb U3y4aeM,
Ha HaluWX BHYTPEHHUX nonuroHax. Ho ana toro,
4TO06bl OKOHYaTENbHO CKa3aTb, COXpPaHSAeTCH
HaOEeXHOCTb TEPMOSIAEPHOIO y3/1a UK HET, Mbl
[IO/KHbl BCE CBOW 3HAHUS 3aN0XUTb B GU3MK-
Yeckne Mogenu, 3atem no 3TuM GU3MYeCcKnm
MoAensiM co3aaTb MaTeMaTUYECKUE NPOrpamMMbl
M Ha caMbIX KPYMHbIX KOMMNbOTEPaXx NpocYMTaTh,
KaK BefeT ce65 KOHKpeTHOe nsgenve. M nokasatb
BCEM, BKJ1l04asi PYKOBOACTBO CTPaHbl, BOEHHbIX
M 9KCMEPTOB: CMOTPUTE, BOT B KAKOM COCTOSTHUM
Halle sAepHOe OpyKUe CEerofHsi, OHO HaZEKHO,
3 dEKTUBHO U 6e30nacHO.

- MoBnusano Ha xoa Bawux pa6oT no cy-
nepKomMmnbioTepam BHECEHUE amepUKaHLaMu
BHUUID B yepHble CMUCKHU, O Y€M LUMPOKO
roBOPUJIOCb HECKOJIbKO NeT Ha3apa?

— A OHM Bcerja 370 genanu: ¢ MOMEHTa BO3-
HUKHOBEHMSA camoro nepeoro cnucka BHUNID
B YMCNle TEX MHCTUTYTOB, KOTOPbLIM 3anpelleHa
nepegaya Kakux 6bl TO HU OblI0 BOEHHbIX TEX-
HONOTMN.

- U KaK Bbl pewiaete npo6siemMbl, B 4acT-
HOCTH, N0 3/IeMEHTHOM 6a3e, KoTopas U ecTb
Hau6onee yasBMMas 4acTb 3Toro gena?

&

— CuTyaumsa TakoBa: Mbl HaXO[IMM PeLLEHNS,
NOTOMY 4YTO €CTb M CBOGOAHbIN PbIHOK, ECTb U
roN0Bbl — OT/IMYHbIE KOHCTPYKTOPbI, KOTOPbIE
No3BONSAOT HAUTU HEOBXOAMMbIE peleHus. Mbl,
KOHEYHO, HE MOXEM, K MPUMeEpY, PEWNTb 3aady
Mo CO3aHMI0 KOMMNbIOTEPOB 106 B 106 MO MOLLL-
HOCTM MX MaLlWH, HO [1e/10 B TOM, YTO HaM 3TO U
He Hago. Mbl Bcerga cuuTanu, YTo eciu B AaH-
HbIi MOMEHT NPOU3BOANTENIbHOCTb HALLWX MaLUUH
6yneT B 1eCATb pa3 HUXKE, YEM Y UX MaLLUH, TO
3[0eCb HET HMYEro CTpallHOro, NOTOMY 4TO, KaK
npaBuo, Yepes ABa-TPW rojia Mbl UX JOTOHAEM.
MpenctaBbTe cebe, B CEMUAECATOM rofy, Koraa
6bl1 MUK CO3AaHWA SAEPHOrO M TEPMOSAEPHOI0
OpY¥us, Mbl cinTanu Ha BACM-6 nponssoauTenb-
HOCTbIO MU/IJTMOH OMNepPaLInii B CEKYHAY, TO €CTb,
108. Ceityac 10, pocT Ha AeBATb NOPSAKOB, B
MUANMapA pa3 MoLLHee, B MUATMapA pas 6bicTpee
CYMTAlOT HalllM COBPEMEHHbIE MalLUWHbI,.

- To ecTtb, Bbl roBOpUTE, 4YTO rHaThCA 3a
aMepUKaHLaMM HEeT HYXAbI?

— Her, HeT, rHaTbcs Hago! Ho BOT 3T0 OTCTa-
BaHWe Ha [1Ba-TpU roga HEKPUTUYHO, €ro MOXKHO
COBEPLIEHHO YETKO NpeogonieTb 60nee NosiHbIM
GU3MYECKMM PACCMOTPEHUEM MU NYHILIEN KOH-
durypaumen mateMaTMyecKomn nporpaMmmbl.

— EcTb TaKkoi U3BeCTHbIM NOCTynaT, YTO
Teopus 6e3 NPaKTUKU MepTBa. Tak BCce-TaKM,

NasepHasn yctaHoBKa «Jlyy»

tOBUIEN

3anpeTt Ha UCNbITaHUA NOAX/IECTHYN pa3pa-
60TKM cynepKomMmnbioTepoB? Mo3BonsaoT nu
cynepKoMnbloTepbl MOAE/IMPOBaTh U onpe-
AensATb BCe Te Nnpouecchbl, KOTOPble MOMU
BbISIBJIATb HENOCPEACTBEHHO MOJIMFOHHbIE
UcnbiTaHUA BO BpeMsi B3pbiBOB?

— 370, KOHEYHO, BbI30B, KOr4a Bam roBopsT:
AenanTe CNoXHoe YCTPONCTBO, HO MPOBEPSATh Er0
Bbl HE MOXeTe. TaKoro aKCnepMMeHTa B HayKe
HUKOrZ4a HU C KeM He npoBoaunn. Ho nockonb-
Ky 3TO YCTPOMCTBO, KOTOPOE LU0 U3 pyHAAMEH-
TanbHON GU3UKKU, U3 dyHAAMEHTaNbHbIX 3aKOHOB
TEOPETUYECKOM N IKCMEPUMEHTANIbHON PU3UKMK,
TaKoe CTano BO3MOXHbIM. M KOHEYHO, KaK TONbKO
peannaoBancs 3anpeT Ha UcnblTaHus, 6biav Npu-
HATbI BCE MEPbI, YTOObI MOLHOCTb KOMMbBIOTEPHOM
TEXHUKM HapalumBanacb 04eHb GbICTPO, 3TO BO-
nepsbix. Bo-BTOPbIX, CTanu CTPoUTL GU3n4ecKue
YCTaHOBKM AN5 TOrO, YTO6bI GU3NYECKMue ABne-
HUS, KOTOPbIE, CKaXeM, MPOUCXOAAT B ropsayen
W MJOTHOM Na3me, MOXHO 6blno 6onee TOYHO
N3MEepUTb, YTO6bI GU3MKa ITUX TOHKMX MPOLLECCOB
6blna nyywe noHaTa. [lanee, BCSKoe ncnbltatenb-
Hoe 060pyaoBaHue Ang nposeaeHns GU3NHECKUX
OMbITOB, rA304NMHAMMYECKMX U BCEX MPOYHUX, CTano
pa3BuMBaTbCs. To €CTb, HE TONIbKO KOMMbIOTEPHOE
MOAEeNMpoBaHWe, HO U BECb 3TOT NpoLecc cTan
pa3BMBaTbCS O4EHb CEPbE3HO MMEHHO B CTOPOHY
60nee rny6oKoro MOHMMaHMUs TOro, YTO MPOUCXO-
OMT B AePHbIX ¥ TepMOsIAEPHbIX 3apagax. U xoTs,
CKaXy elle pas, HUKTO TaKMX IKCMEPUMEHTOB
Haj y4eHbIMW paHee He NPOBOAWA, Y HAc ecTb
Hafexaa, 4To Mbl C 3TOM 3aAayen crnpaBuUMCS.

- A BaM Tenepb Bce U3BECTHO NPO PU3UKY
fAilepHOro B3pbiBa, WK TaM eLye pbiTb U PbiTb
c/lleAylolWmnM NOKONEeHUaM?

— B uenom, ecnv KpynHbiMM Ma3Kamu, Mbl
3HaeM Bce. Ho atoro Ham mano, noHumaere,
HaM Hy)KHbl AeTanu, ToHKKe getanu. K npumepy,
npu nasepHoM TEPMOSAEPHOM CUHTE3E NeTUT
060/104Ka, CXUMaET TepMosaepHyto cmechb. U
TaM HETOYHOCTb B HECKOJIbKO NPOLIEHTOB B [1aB-
JIEHUVW MPUBOAMNT K NMOJTHOM AerpajaLmm cxaTvs.
MoaTomy: Aa, B LEeNOM Mbl NPeACTaBNSeM, Kak
BCE MPOUCXOAUT, U NMOHUMAEM, HO HaM HYXHO
M3MEPUTb AeTann C O4EHb BbICOKOM TOYHOCTbIO
AN TOro, 4To6bl 3TU ieTanu BOCNPOM3BOANIUCH
B HaleM KomnbloTepe. MHavye HEBO3MOXKHO Mo-
HSATb, KAKOBA HaAEXHOCTb yCTpoKcTBa. Mnu, Ha-
npumep, eCTb ONPEeAENEHHbIA MaTepran, KoTopbli
HEBO3MOXHO COXPaHATb BEYHO, OH XKe CTapeeT.
N Kakune-To HebonblUMe U3MEHEHNSA NMPOUCXO-
AST, HO 3TO OYEeHb TOHKWE U3MEHEHMS, 06bIY-
HbIM YENOBEK UX AaXKe M He 3aMeTuT. A usgenuve
MOXET NoYyBCTBOBATb. TaK BOT, Masio TOro, YTo
Mbl JO/IXKHbI 3HATb U BUAETb 3TU UBMEHEHUS, Mbl
[OJIXKHbI JOKa3aTb 3aKa34uKy, 4TO NpUpoay aTux
M3MEHEHWW Mbl MOHUMAEM, YTO HaLX pacyeThbl
[IOKa3bIBalOT, YTO 3TN UBMEHEHUS HE BNUSIOT Ha
KayecTBO U CBOMCTBO U3penvs.

- Bbl roBopuTte ceyac 0 ToM, 4TO B No-
ciefHee Bpems CTa/u Ha3biBaTb }KM3HEHHbIM
LUKJIOM C/IOKHbIX MH}XEHEPHO-TEXHUYECKNX
00bEKTOB?

— Hy KoHe4Ho! A ecnu y4ecTb, 4TO saepHoe
1 TepMOSIAEPHOE OpYyXKMeE, 1 Aymalo, B 6Nnxan-
LUMe CTO NeT COXPaHUTCS, MOTOMY YTO HE BUAHO
HWKaKMX MPUYMH, YTOGbI OT HEro OTKasanuch, M6o
CWOBbIE METOAbI B MOMTUKE COXPAHAIOTCS U, K
coXXaneHuto, npuobpeTaloT Bce 6ONbLUMI pa3-
Max, TO aKTyaNlbHOCTb 3TUX 3alay CTAaHOBUTCS BCE
6051ee 04EBUAHOW. A 3HAUYUT, Mbl JOKHbI YrIy-
61€HHO MOHMMaTb HE TOMIbKO Ka4eCTBEHHO, HO 1
KOMIMYECTBEHHO Kayaoe Manenuee u3aMeHeHue,
AN191 4Yero u Heo6xoAnMO co3haBaTb CynepToYHble
dun3nyeckre Mmogenu, CynepToyHbie MOAENn no-
BeAeHus BellecTB. B TepmMosaepHOM OpyKun Mbl
JOOMKHbI 3HaTb MOBEAEHWE BELLECTB OT 06bIYHbIX
YyCNOBUN, K MpUMeEpy, TemnepaTypbl, 4O COTEH
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tOBUIEN

YcTtaHOBKa NOJly4eHUAl HAHOCTPYKTYPUMPOBaHHbIX B3PbiBYaTbIX BELLECTB

MWIMOHOB FPajlycoB, BOT Takol AnanasoH. U
NJIOTHOCTb BELLECTBa OT 06bIYHOIO COCTOAHUS
rasa 10 ThbiCS41 rPaMMOB B KyGMYECKOM CaHTH-
METPE: KNNorpamMmm BMECTO O[JHOr0 rpamMmma, BOT
KaKu1e NpoucxoadaT Tam aBneHus! U ectecTBeHHo,
4YTO 3TO Ype3BblHaMHO MHTEPECHas!, HO O4YeHb
CnoHas 3ajava.

Uaywum cnegom

— He TonbKO Ang y4eHbix, a NPOCTO ANSA
MbITJIMBOro yMa /1I0G0NbITHO y3HaThb, YTO NPO-
UCXOAMUT C BELLECTBOM, KOr4a OHO YIUIOTHSAET-
cA B TbiCAYY pa3, M KaKoBa cuia, cnocoGHas
TakK ero cnpeccoBatb. Ho Beagb Ha Bce 310
Tpe6yloTcs OrPOMHbIe CPeACTBa, a Ha BbiXoje
- 60m6a, KoTopas, aau bor, Ham HUKorga He
noHapo6mrcs. Bbl, 6e3ycnoBHO, 3HaeTe, 4TO
B BUHY COBETCKOM BNAacTU CTaBAT KaK pas3
TO, YTO OrPOMHbI€ AE€HbIU LI HA BO€HHbIN
GloAXeT, a He paboTanu Ha peasibHylO }XU3Hb
06bIYHbIX rpaxaaH. NMpu lop6ayeBe nNoaBuU-
JNIOCb CNIOBEYKO «<KOHBepcus», Korga BMecto
camosieTOB aBUa3aBOAbl Hayanu penaTtb
KacTtplonu. CosgaHue B CapoBe TexHonapKa
— 3TO CTpeMJIeHUe peluTb Npoéaemy nepe-
JIMBa NoTeHLnana ot 060pPOHKHM B rpaXkjaHKy,
rPaMoTHbI BapuaHT KOHBEPCUM TEXHOJIOrUi
WM YTO-TO UHOE?

— 3aecb cuTyalms Takas. KoHe4vHo, B coBeT-
CKO€ BPeMsi MHOro GblJ10 cieNlaHo v NoJIe3HOr o,
3TOro He Hago oTpuuaTb. Ho 9 mory ckasatb co-
BEPLUEHHO OMNpeaeneHHo, YTO NPOTUBOCTOSIHME
CoBetckoro Coto3a 1 CoeanHeHHbIX LLTaToB 66110
U3NULIHUM. Hanpumep: OHM pa3BepHyIu CBOO
CUCTEMY BOOPYXKEHWI, @ HaM B OTBET MOXHO OblN0
He pa3BepTbiBaTb CBOI TaK, YTOGbI YHUHTOXUTb
nx 30 pas, 4oCcTaTo4HO 6bIIO Tpex. To ecTb, B
3TOM MnaHe Hajo 6bino genaTtb BCe C YMOM, U
MOXHO OblN10 COKPaTUTb 06BLEM BOOPYKEHUM
10 AOCTATO4YHOrO YPOBHS M 4acTb PECYPCOB Ha-
npaBuTb Ha MOAEPHM3ALMIO MPOMbILLIEHHOCTH
M CENbCKOro Xxo3sMcTBa.

Tenepb 4TO KacaeTcs TexHonapkoB. EcTb
HECKOMNbKO MPUYUH, NOYEMY HaM HYXKHbl Takue
TEXHOMapKK. Bo-nepBblix, HE TaK Y MHOr0 y Hac
B Poccuu ycnelHbiX Hay4YHbIX LEHTPOB, KOTOpble
MOTYT BHECTV BKJ1aj B Hapo4HOE X03AWCTBO; HaL
AOepHbI LEHTP — OOAMH U3 TaKux. KoHevHo, B
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Hay4YHOM, TEXHOMOMMYECKON, KOHCTPYKTOPCKOM
NeATeNbHOCTM BCErla HanayTcs uaeun, Kotopble
MOXHO NePEMECTUTb U3 061aCTH CO3aaHuUs Opy-
KUK B rpaXJaHCKUi CEKTOP. A B KOMMbIOTEPHbIX
TEXHONOTUSAX, KOTOPble Mbl cernvyac o6eyaanu,
3TO HaNpPsSAMYy0 MPOUCXOAMT — Mbl MPOCTO CEN-
Yyac genaem nporpamMHble NPoAyKTbl NO Teny,
no macce Tennonepenayu, No BCAKUM APYrum
[ienam, KoTopble MOXHO MCMONb30BaTb B Mpo-
MbILAEHHOCTU. U X y)Ke Ha4anu Mcnonb30BaThb,
Mbl OTKPbITbI B 3TOM M1aHe.

M BTOPOM MOMEHT, TOXE O4E€Hb CEPbESHbIN,
3akK/toyaeTcs B cneaytoweM. CapoB — yxke 60/1b-
Lwon ropog, 93 ThicA4M HAaCENEeHUs, OJHOIO MH-
cTuTyTa ¢ 18 Thicsyamu paboymx MecT s Hero
YK€ HeJoCTaTo4yHO. HaM HyXHO aymaTtb O TOM,
4yTOGbI CO34aTh elle C JEeCATOK ThbiCAY BbICOKO-
onna4yMBaeMbIX XOPOLINX Ppaboymx MECT, YTOObI
MHbPACTPYKTypa ropoja pasBuBanach, YToohbl
UTENU YyBCTBOBAIN CEGS HE OOUMKEHHBIMU MO
CpaBHEHWIO ¢ BHUM3AdOBLLAMK, a Nosyvanu npu-
MEPHO TaKOW e [oX04 U TaK e ycnewHo pabo-
Tanu 1M CHaCTIMBO 34eCb Huan. N BHUMIDOBLIbI
XOTenu 6bl K1Tb B 6/1aronony4HOM ropoge.

To ecTb, co3gaHMe 3aMEeTHOro Konn4yecTsa
pabo4ymx MecT Ansl ropoaa KpalHe He06x0ANMO,
B 3TOM Mbl BUAMM O4EHb CEPLE3HYIO COLIMANTbHYIO
3apayvy. MNpaBaa, B Poccun HUKTO 3TOro Moka
[nenatb He YMEeT, HO Mbl HaleeMcs, YTO y Hac
KOe-4YTO NoJy4ymTCs.

— A CNOXXHOCTb OCHOBHas B 4eM, noyemy
HUKTO B CTPaHe He fenaet 3Toro?

— A NOTOMY YTO HalUK PbIHKKX 3abuTbl TOBa-
POM, Mbl € OTAann BCe CBOU PbIHKW MHOCTPAH-
uam. Cenyac Henb3s caenaTb TOro, 4TO MOXHO
6blJI0 B KOHLE BOCbMUWAECAThIX, KOra PblHOK
6b11 cBOGOAEH — Cenyvac pbiHKKM 3aHATbl MOLL-
HbIMW UHTEPHAaLMOHaNbHbIMU dupmamu. U ans
TOro, 4To6bl NPO6UTLCS, HA0 AeNaTh NPOAYKLMIO
MWPOBOTrO YPOBHS, HO Jeluesne. BoT noyemy.

- Hapgo noHumaTtb, 4TO TEXHONApK - yaen
NpeumMyLLeCTBEHHO MOJIOAEXKU?

— KoHeu4Ho, TexHoNapK 419 MosIoaeu. Tam
[IO/KHbI BblTb M OMbITHbIE JIIOAWU, HO UX AONKHO
6bITb HEMHOI0, @ B OCHOBHOM Mbl [1I0/1*KHbl 6paTh
TyAa Tex, KTo, CKaXeMm, nosy4aeT o6pa3oBaHue B
Cap®dPTU, 4TO6bI OHU TYT TPYAUIUCH U CO3aBanuU
HY}KHYIO BCEM HaM MpoAayKLMIO.

- Baw Konnera v cBepcTHUK, bopuc Huko-
naeBuny KpacHoB (rnaBHbIA Hay4HbIA COTPYA-
HUK UTMO® - Pep.) paccKka3an MHe, 4TO, Korga
OH B MOJIOA0CTH Bo3Bpaujasnca B CapoB OTKy-
Aa-HUMOYAb, Hanpumep, U3 MoCKBbI C IEKLUNA
JNlaHpay, Kyaa y4eHbIX caMoJieTOM OTNpaBAs/In
KaXXAylo Hepjelo, y Hero cpasy 3a NpoXoaHoMn
BO3HUKaNo owyueHne aoma. CapoB - 3to
Obl/1 601bLION 06U AOM. A HbIHELWHSAS MO-
JNloAeXb, Y HUX €CTb TaKoe ollyLieHne, Kak Bbl
Aymaete? U He oTTaNlKMBaeT /iU HbIHELWHIO
MOJIoA€}Xb HE0GXOAUMOCTb }XUTb B PEKUM-
HOM ropopae, 6patb Ha ce6si onpepesieHHble
orpaHuvyYyeHUst paagu MHTEPECHOW pPaGoThbl, U
Mpu 3TOM HEe UMeTb BO3MOXHOCTHU NnoexaTb
OTAOXHYTb B TaK NMONy/IAAPHYI0 Y POCCUSAIH 3a-
rpaHuuy? Beab, Korga Balue noKoseHue Ha-
4YuHano pa6ortatb 3gechb, 3a py6ex u Bac, 1
BCEX NMPO4YUX POCCUSIH HE NyCKa/li 04UHAKOBO,
HO CEroiHA-T0 KapTUHa UHaA.

— YTo KacaeTcsl orpaHMyYeHun, To JaBante
Ha3blBaTb BELLM CBOMMU MUMeHaMW. Te 3anpeThl,
KOTOpbl€ eCTb CEroAHs, OTTa/IKMBaIOT OFPOMHOE
KOMIMYECTBO TaNlaHT/IMBOM MOJOZIEXM, OHA HE XO-
YeT C HUIMU MUPUTBCS. M 3TO OYeHb cepbe3Has
npo6nemMa. Ecnu 6bl He 6bI/10 ITUX OFPAHUYEHUN
Ha Bble3[ 3a rpaHuLly Ha OTAbIX /1M, Ha NeYeHue,
WNK B NyTELWeCTBME, Mbl Bbl cernyac 6panm nydwmx
CcrneLnanmMcToB U30 BCEX BY30B Hallew CTpaHbl,
NoToMy 4YTO 60N1€€ UHTEPECHOM PabOoThl, YEM Yy HaC,
6onee coaepKaTeNibHOM U BaXKHOM, HET B Poccuu.

- A KaK Bbl yoepgurte, K npumepy, ®Cb,
KOTOpas He X04eT, YTOGbl HallKu CeKpeTbl pac-
noasanauchb NnNo Bcemy mmpy?

— A no4yeMy OHM AOMKHBI pacnonaatbes? MNo-
4yeMy BO BCEM MUpPE NI0AM HALLEro YPOBHS €3aaT
KyZa yrogHo, a HaM Henb35? U noyemy coTpyaHuK
®CB, K IpUMeEpY, CYUTAET, YTO HaLL YYEHbIN XYKe
HEero v HenpemMeHHo 6yaeT BblgaBaTb KOMY-TO ce-
KpeTbl? [la UM NPOCTO O4Y€eHb YA06HO: BCe 3anpe-
TUN U paboTaTb He Hago! N mexay Hamu rosops,
MOJOJEXb CMEETCS Haf STUMM OrPaHUYEHUSIMU, U
04Y€Hb MHOTME HE XOTHAT Y Hac paboTaTb MUMEHHO Mo
3TUM NPUYUHaM. XOTS Ha NPOTSKEHUMU NOCNEAHErO
LECATUNETUS Mbl NPUHUMAEM Ha PaboTy MOJIOAEKM
He MeHbLlUe, Y4eM B COBETCKOE BPEMS, Y MPOUCXO-
[IMT 3TO HECMOTPS Ha TO, YTO Y HAC eCTb 3K3aMeHbI
W HE BCEX YKeNaloLlmMx Mbl 6epeM.

[eno B TOM, 4TO Mbl AaBHO 3TOM Mpobne-
MOM 3aHMMaeMmcs, caenanv BoceMb Kabeap B
Cap®dTH, 4yTo6bl HalM Npodeccopa YuTanu Tam
NeKuuu, rotoBunm ctyaeHtos. BHUMI® okono cta
4yenoBeK exeroaHo 6epet ottyaa. Kpome Toro, y
HacC XOPOLLKWI coLMalbHbIA NAKeT, MONoble cre-
unanucTbl-opyenHukm MeHee 30.000 pybnew He
nonyyatoT. Tak 4TO KOIMYECTBO Hac yCTpanBaerT, U
BO3PaCTHOM CPe3 B UHCTUTYTE HOPMasbHbIN. HO
ecnv 6bl 3TOr0 OrpaHUYeHMs He 6b110, Mbl 6bl, MO-
BTOpIO, 6panu Ha paboTy CaMbIX Jy4LUKUX B CTPaHE,
6panu 6bl CNELMANNCTOB PA3HbIX HAYYHbIX LKOS,
KaK 3To 6bl1/10 34ech Bceraa. TaK 4To 3psi OHM 3TO
[enatoT, NOTOMY YTO HX B OAHOM AepHOM CcTpaHe
Mupa, Kpome Poccuun 1 Kutas, ana niogen Hawero
YPOBHS HET OrpaHUY€eHWI Ha NepeaBuKeHune. Ho,
KaK Bbl MOHMMaeTe, pelleHne 3Ton npobnaeMsbl
OT Hac He 3aBUCUT U HUKTO €€ He PELLUT, KpoMe
BbICLUErO PYKOBO/ACTBA CTPaHbI.

- Bawwu 611M3Kue He ponTanm Mo 3Tomy
nosogy?

— KoHeuHo, ponTtanu. Ho 370 e MOSI *U3Hb,
Mosi cyabba. YTo nogenaellb, Mbl NOCBATUAN BCIO
CBOIO }XM3Hb 3TOMY [1€/ly M MPEKPACHO CO3HAEM,
YTO OHO CaMOe€ MONE3HOE U HYXKHOE A/ Hallero
Hapofa, Ang Halero rocyaapcTaa.

- bnaropapio Bac, Paguit UBaHOBUY, 3a
6ecepy M Kenato 60/bLIKMX ycnexoB Ha Bawem
nonpuiue.

Metp YYPYXOB




JUBILEE

Talent, Enthusiasm and Love of Country

In the early 1960s graduates of Soviet
physical institutes who were assigned to work
at KB-11 design office in the closed town of
Sarov knew virtually nothing either about the
town itself or living conditions in it. Neither
they were sure about the place where the
office was situated since that information
was highly classified that time. But they were
confident that they would get engaged in a
project of state significance.

Radiy llkaev, a graduate of School of Phys-
ics of Leningrad State University, came to Ar-
zamas-16 (at present — Sarov) in 1961 when
preparations for testing the first and most power-
ful hydrogen bomb were at full speed. Since then
the project of state significance is the meaning
of his life.

On October 9, 2013 Radiy lIkaev selebrated
his 75th anniversary. On the eve of the jubilee,
we met Dr. Ilkaev, a former director (1996-2007)
and Scientific Supervisor of Russian Federal Nu-
clear Center — All-Russian Research Institute of
Experimental Physics (VNIIEF), Academician of
RAC and Russian Academy of Missile and Artil-
lery Sciences, Honored Worker of Science of the
Russian Federation, a laureate of many state and
non-governmental awards and prizes, a founder
of several scientific schools.

Metaphysics of Atomic Project

- Dr. likaey, sure, | have prepared for out
meeting, but now all the information about
nuclear weapons and technoparks | have
collected is of secondary importance. And
here is the reason for this. On my way to the
meeting | ran in Seraphim-Diveevo monas-
tery that is fifteen kilometers from the town
of Sarov. The monastery is one of Orthodox
shrines. You've got monastery land in the Nu-
clear Center too, it is a place saturated with
many prayers and associated with the life
of St. Seraphim of Sarov. An idea struck me:
maybe, it is not incidental that the Research
Institute of Experimental Physics was founded
on this land. Maybe, it was operation of Divine
Providence that determined the choice and
Lavrenty Beriya’s decision. Have you ever
thought about this coincidence?

— You know, such an outstanding research
center could appear here for some objective
reasons. Firstly, it is not far from Moscow that
is a center of administration, science, etc. It was
possible to invite prominent researchers, and it
was an advantage: it did not take a lot of time
to get in touch with scientists and consult them.
The founding fathers knew it and realized how
important it was to be close to the capital.

Secondly, it is a remote place; it is 180 km
to both Nizhny Novgorod and Saransk. In this
solitude it is possible to do very sophisticated
and explosive works without any harm to anybody,
not provoking questions of the local residents.
The location was chosen with due account of
specific requirements to a nuclear facility. Now
itis obvious that other nuclear towns are located
less favorably: they are closer to large cities than
Sarov. So, the founding fathers knew the score.

You are right, too. It is hard to achieve any-
thing without Divine Providence. This historic
center of Orthodox Russia is an interesting place
saturated with prayers. We should also remem-

ber that the Nuclear Center, one of the largest
research organizations in the world, and Saroy,
one of the largest Orthodox centers, are only 100
km from Bolshoe Boldino, one the most important
cultural centers of the country. One should admit
that Sarov is really significant and emblematic.
After we had begun to collaborate with the Or-
thodox church closely, one of the priests said:
«Do you really think that you could do all this so
successfully by yourselves, without the God’s
blessing? It is impossible! You should always
remember about this and value the blessingy».

So, | believe that the atomic project was sup-
ported by all beneficial forces existent in Russia.
They helped us achieve splendid results for the
benefit of the people and the country.

- Seraphim-Diveevo monastery is famous
for its runlet, a long and narrow ditch. Tradi-
tion claims that it was Seraphim of Sarov who
started digging it. For the centuries, millions
of believers came there with their prayers
to the Virgin, the monastery’s protectrix. No
one comes with an evil heart but with good
wishes to himself, relatives and the country.
It grows into a universal prayer for benefit
and peace voiced by millions. But the nuclear
bomb, a product of the Nuclear Center, that
we never intended to use and treated only
as a deterrent weapon, is also a kind of a
peace plea today...

— Absolutely! We are proud that Russia’s
nuclear weapons have never been used and, |
hope, will not be used. But they secured peace
for a long time, and we believe that to the merit
of Russian scientists and, first and foremost,
the Nuclear Center is the fact that we have not
had any serious military conflicts. Though we
are engaged in dangerous projects, our goal is
noble, specifically: to protect people from global
violence. We have managed to achieve the goal.
It's a great achievement.

Exactly for this reason, people who are en-
gaged in such dangerous projects must have
high moral standards. It implies that the activities
of the Orthodox church in this land is a virtue.

- Probably, the founding fathers did not
think about it at all...

— Right you are. But we know who rules the
life even of those who claim to be atheists.

- | think that only you can answer the
question: what kind of nuclear weapons do
we have now? Not in the purely military terms,
i.e. in terms of weapons delivery, suppression
of antimissile defense, etc., but in scientific
terms. What can you say as a developer of
nuclear weapons?

— We always wanted the Soviet Union and
modern Russia to have advanced nuclear facili-
ties. Undoubtedly, we have developed technolo-
gies that can protect the country against any
aggression. Everyone knows it.

- Especially aggressors.

— | should say: potential aggressors. | be-
lieve that no one has serious plans of assaulting
Russia, because the second-strike will be so
powerful that it would be impossible to survive it.
Our scientists have been and are ensuring high
level of protection. | admit that we had problems

in the early and mid 1990s, but we solved the
problems, preserved the technologies and de-
veloped some of them. Thus, we are confident
that our arsenal is safe and efficient, and can
be used effectively to solve any military task of
the Russian Federation.

-l expected a more practical estimation.
Recently, Dmitri Rogozin has said that Rus-
sia does not lag behind the USA in develop-
ment of hypersonic combat systems. Another
example: we sell RD-180 rocket engine to
Americans, and they admit that we are at least
twenty years ahead of them in this respect.
I realize that our nuclear bombs and their
nuclear bomb are different. Yet, it is interest-
ing to make comparisons and evaluations.

— True, both nuclear and hydrogen weapons
are very different in different countries. Each
nuclear power has and develops nuclear tech-
nologies of its own since there is no transfer of
technologies in the field. In was only in the first
product where there were some similarities and
adoptions. But then we developed only Russian
inventions and technologies. The situation is
still the same. That's why we can be absolutely
objective while comparing what they have and
what we have.

- When products are different, what cri-
teria are used?

— For example, what megatonnage can be
delivered to the territory of the potential enemy.

- Are you responsible for delivery?

— We are not. But we do not design products
for some unknown customer. Missiles, control
systems and combat weapons are produced as
integral parts of the system, and we cooperate with
all the parties involved. It cannot be otherwise.
An example: yesterday we received the General
Designer of Moscow Institute of Thermotechnics
that has developed Topol and Bulava missiles.
We have had partnership relations for dozens of
years. We cooperate with all service arms. We have
very good relations with the Defense Ministry: the
newly appointed minister has already visited our
Institute, and we discussed the problems that
require closer interaction. Thus, we are a united
team that is engaged in the solution of the most
important defense issues.

Russia’s Nuclear Shield

- You mentioned problems of the 1990s,
the time you were nominated the head of the
Nuclear Center. It seems that no one needed
those centers and All-Russian institutes that
time. | think that when you say «difficult times»
you use a sort of understatement.

— Not only we had salary arrears for 3-4
months, the media cursed defense industry
employees, especially nuclear specialists, be-
cause they were engaged in allegedly useless
projects as the country had no enemies. We had
to convince authorities of various levels that the
country needed the nuclear shield. We said that
it was impossible to protect the vast territory
of the country with the population of only 140
million using only general response forces. The
task could be solved only with the use of deter-
rence weaponry with its advanced technologies.
And we managed to convince the government.
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EXPERIENCE

- You said: <\We managed to convince the
government». It was the government of the
1990s that declared that we had no enemies.
I remember the time when Russian-American
joint ventures were set up at strategic de-
fense enterprises, when Governor Nemtsov
made a presentation of the newly opened
city together with its defense potential and
invited everybody to it. Were you affected
as well?

— No, Boris Nemtsov visited the town but for
the rest the access was denied by the Federal
Security Service. There were the same security
measures as in the time of Beriya.

| would like to say about another thing. In
1996, in the difficult time, we held a meeting of
the World Russian Council presided by Patriarch
Alexis Il. The event was organized by present
Patriarch Kirill. The discussion organized in Saint
Daniel monastery in Moscow was devoted to «Nu-
clear Weapons and National Security of Russia».

The Church provided support and stated that
our work is required by Russia, that scientists,
designers and other specialists are engaged
in projects that are very important in terms of
securing peace. It was written in the Council’s
resolution. After that, the things began to improve
gradually, and now the whole country thinks in
the same way.

- So, again Divine Providence interfered?
But how could you manage to convince the
government?

— Boris Eltsin was elected President in 1991,
and February next year he visited the Center, and
we made reports. We spoke about our achieve-
ments in the Soviet period and the available
results. He also offered his support to us, so we
did not have any problems in this respect. Butin
the mid 1990s the economy was in dire straits.
In that very difficult situation we insisted that we
still existed, that we were capable of working ef-
fectively. Despite the difficult situation, specialists
of the Nuclear Center did not leave it. | am very
grateful to the team of the Center. None of the
best specialists resigned that time. But we had
to use all means and the new Russian legislation
to support them.

- How could legislation help when salary
was not paid at a state enterprise?

— Opportunities were offered by international
cooperation: we received grants and used them
to help the best specialists. The team understood
that in some time we would be able to help eve-
rybody. So it happened soon.

— What kind of international cooperation
was it? Hadron Collider appeared later.

— Inthis situation Collider is a trifle. Scientific
cooperation began after the decision had been
taken by Russian and US presidents. Americans
provided grants to projects useful for everybody,
and International Research and Technical Center
was set up. Among the common research prob-
lems is there the problem of containers that
are not classified at all. Nuclear components
of ammunitions are to be transported, thus it is
necessary to have containers that would prevent
their dissemination in any accident. Containers
for transportation of ammunitions themselves are
also required. Another problem is development
of storages for nuclear components able to sur-
vive any bombardment. We had many common
problems of the kind, and in big science too. The
cooperation began, it was interesting and fruitful.

We used effectively those mechanisms, and
specialists understood that it was possible to
work further. At the same time people realized
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that the nuclear shield, a powerful one, would
safeguard Russia. That is why we managed to
save all technologies of development, durability,
hardness and viability testing, though nuclear
tests were prohibited. The industry was alive.
Victor Mikhailov, the first Minister of Nuclear
Power Production, was among those who fought
for the industry and saved it in the difficult time.
We are proud that we also participated in it.
We had to act in various fields, and managed
to bring this philosophy to the minds of the
authorities.

To Live with One’s Own Mind

- Can you say that now nuclear special-
ists do not have to prove that their work is
necessary? The museum of the Center keeps
an autograph note made by Viadimir Putin
in 2003: «VNIIEF is the asset and pride of
Russia».

— We have always had to prove that we are
necessary, and must do it now in light of the
stranglehold of officials. We have to convince
them again and again. Otherwise, science will
degrade. Now officials listen to scientist less at-
tentively than in the past. Thus, do not think that
everything is all right. It will never be so. We shall
have to fight, convince and persuade officials.

- It’s time to ask you what you think about
the reform of the Russian Academy of Sci-
ences launched by officials.

— I'think the reform is bad; it is a heavy strike
on Russia’s science that will affect it for dozens of
years ahead. We know from history that cybernet-
ics and biology were suppressed in 1940s in the
Soviet Union, and we still feel the consequences
of it. Peter the Great organized the Academy, but
it took many years for it to become a genuinely
Russian Academy. Scientific schools must be
nurtured, supported and developed, not placed
under control of officials who do not know any-
thing about science.

When we analyze and estimate some deci-
sions, we should appeal to history and draw les-
sons from past experience. | recall an interesting
fact. When Americans developed their atomic
project they attracted the European scientific
elite, the most prominent scientists, and they
had to have an administrative structure. They
realized that to ensure efficient management
of the project it was necessary to use private
sector. Do you know why? The reason is very
simple: the US government had no experience of
managing such sophisticated research projects.
But in the Soviet Union and in Russia it was
just the opposite: the state managed all large
research projects through the Academy of Sci-
ences. Is it really necessary to transfer drawbacks
of American management to Russia? Now we see
transfer of everything from the States to Russia,
with negative effects. It means that officials do
not value that tremendous positive experience
we have gained. There has been a lot of good in
Russia’s history; the positive experience must be
used; we must live with our own mind. To live as
we, particularly, representatives of the defense
industry, lived in the past and live now. In other
words, it is necessary to value talent, enthusiasm
and love of country. In this case everything will
be all right.

-l agree. But when wise people say such
simple things, | have a question: why others
do not hear? Others include Viadimir Fortoy,
the newly appointed President of the RAC.
Probably, he also said something of the kind
to President Putin. But Mr. Putin signed a
decree and launched the reform.

— Over one hundred thousand researchers
and hundreds of institutes have sent their col-
lective protests. You see?

— But they seem to have no effect.

— I'm afraid no one reads them. The present
time is peculiar for the fact that they do not hear
or do not want to hear opposite views.

- Deafness of authorities is harmful for
society. But now | speak about the best intel-
lectuals of Russia who have worked for the
benefit of the country for many years. And
they can predict consequences for many years
ahead. Is possible to kiss off their objections?

— I've got an impression that officials speak
only to each other. Other information flows do not
reach them: they have either filters or module
stubs.

Certainly, Rosatom Corporation is not a part
of the RAC. To be honest, | should say the gov-
ernment’s attitude toward us is very favorable.
Budgeting is good, everything is OK, though we
want the things to be even better. But why do
we also criticize the RAC reform? Because in
future we shall be asked: why were you silent?
Besides, we remember that the Atomic Project
was initiated by the Academy of Sciences. All
key initiators worked there. The first laboratory
that later has grown into Kurchatov Institute was
named Laboratory No 2 of the Academy of Sci-
ences. KB-11 design office, the precursor of our
Institute, was named «KB-11 at Laboratory No 2
of the RAC». The first tests of the nuclear bomb
in 1949 were conducted when we belonged to
the Academy of Sciences.

Moreover, we understand that big science
must be instrumental in the field of thermonu-
clear weapons because only national technolo-
gies can be used in the field. Certainly, interna-
tional cooperation is also required. To ensure the
normal course of things, this broth, figuratively
speaking, must be nourishing. That is why we
want Russian science to be advanced, we want
to have more researchers who have a better
vision of the perspective than all the rest. That
is why we express our opinion, though we are
grateful to the government for its attention to
nuclear technology.

Computer Instead of Explosion

- Who is to be thanked for the attention
to supercomputer technology that assumes
great importance in the period when nuclear
tests are banned? Or, maybe, this is another
topic?

— Not at all. When the first nuclear bomb
and hydrogen bomb were developed, thousands
of calculations must be done before the tests.
A part of those calculations was tested here, at
our laboratory and explosion areas, and only
after that they were tested at the nuclear test
ground. Such is the technology of developing
sophisticated technical systems: first, everything
is calculated, and then experiments are made.
Empirical method is impossible here since it im-
plies a lot of experiments and low effectiveness.

We have created a new technology of de-
veloping sophisticated technical systems, but it
required math modeling of complicated physical
phenomena and use of powerful computers. In
the development of nuclear and thermonuclear
weapons computerized modeling is most essen-
tial, especially when nuclear tests are banned.
Of course, sophisticated measuring instruments
are necessary too. Some tests are made here,
at our testing grounds. But to be sure that the
thermonuclear unit is reliable, we must use all
the data in a physical analogue, to make math




programs based on these analogues and to calcu-
late a product’s behavior using the most powerful
computers. And then to demonstrate it to the
government, the military and experts: look here,
this is the state of our nuclear weapons today;
they are reliable, efficient and safe.

- Was the supercomputer project affected
when Americans put VNIIEF on the blacklist
several years ago?

— It always happened: since the time the
first blacklist was compiled, VNIIEF is among
the institutes that cannot receive any defense-
related technology.

- How do you solve the most sensible
problems of hardware components?

— We find appropriate solutions in the free
market; besides, excellent designers are avail-
able. Certainly, we can hardly solve the task of
developing a computer with the capacity similar to
that of an American computer. But we do not need
it. We believe it is not a tragedy when capacity of
our computers is ten times lower now because
we catch up with them two or three years later.
In 1970 when the process of developing nuclear
and thermonuclear weapons was on its peak, we
used BESM-6 computer for calculations. It had
capacity of 10° operations per second. Now the
capacity is 10%° operations, i.e. computers are a
billion times more powerful now.

- So you think there is no need to take
part in the race?

— But yes, we should do it! But this gap in
two-three years is not critical; it can be compen-
sated for by a more complete physical model or
a better configuration of the math model.

- It is known that theory is dead without
practice. Yet, can we say that nuclear test ban
prompted the development of supercomput-
ers? Are supercomputers capable of simulat-
ing the processes that were detected during
explosions on test grounds in the past?

— Designing a sophisticated device without
being able to test it is a challenge. Science does
not have such experience. But it became possible
since the device’s design is rooted in fundamen-
tal physics and fundamental laws of theoretical
and experimental physics. Immediately after
nuclear tests were banned, efforts were made
to boost the capacity of computers. Then, instal-
lations were developed to measure accurately
physical processes that occur, for example, in
hot and dense plasma and to understand com-
pletely the physical nature of such processes.
And testing equipment for physical experiments
was improved. Not only computer simulation
techniques but the whole process was developed
rapidly in order to understand what goes on in
nuclear and thermonuclear charges. Though such
experiments have never been made before, we
hope we shall manage to solve the task.

- Do you know everything about the physi-
cal nature of a nuclear explosion or other
generations will have to clarify it?

— Upon the whole, we know everything. But
we are not satisfied with it, we need details, subtle
nuances. For example, during laser thermonu-
clear synthesis the charge envelop squeezes the
fusile material. A pressure error of several percent
results in complete pressure degradation. That is
why we must measure details with great accuracy
to reproduce them in the computer. Otherwise, it
would be impossible to ensure the reliability of the
device. Another example: aging of the material.
There are some changes that are invisible for a

human being but are essential for the device. We
must know and see these changes. Moreover, we
must convince our customer that we understand
the nature of the changes, that according to our
calculations the changes do not affect the quality
and properties of the device.

— Do you mean the life cycle of sophisti-
cated facilities?

— Exactly! The tasks remain topical since
nuclear and thermonuclear weapons will still
be there at least for a century, and there are no
reasons to abandon them. Methods of force are
still used in politics and, unfortunately, nowadays
the scale of their use expands. It means that we
must understand each tiny change both quan-
titatively and qualitatively. To have this capacity
we must develop super-accurate physical models
of substances behavior. As concerns thermo-
nuclear weapons, we must know substances
behavior in the range of normal temperature to
hundreds of millions degrees. And gas density
is to be measured in the range of one gram to
one kilogram per a cubic centimeter. The task
is both interesting and difficult.

To Those Who Follow Us

- Not only scientists but any person with
inquisitive mind would like to know what hap-
pens to the material when its density increas-
es thousand-fold, and what force can do it.
But it requires enormous budget while the
end product is a bomb that, | hope, will never
be used. The Soviet Union was to blame for
spending a lot of money for military purposes,
not for improving citizens’ life. In the time of
Gorbachev the word “conversion” became
very popular, and aircraft plants started to
produce pots. Is Sarov Technopark a good
version of military technology conversion into
civil production?

— One cannon deny that a lot of good was
done in the Soviet period. But | believe that the
confrontation of the Soviet Union and the USA
was redundant. If they deployed a weapons sys-
tem we responded with our weapons system that
could destroy them 30 times. But three times
would be quite sufficient. It means that it was
possible to reduce arms to the level of sufficiency
and to allocate the released resources to mod-
ernization of industry and agriculture.

As for technoparks, we have several reasons
to establish them. First, research centers that
can contribute to the economy development
are scarce in Russia; the Nuclear Center is one
of them. Undoubtedly, in the fields of science,
technology and design ideas can be born that
can be transferred from the defense industry to
the civil production. It happens in IT: software for
measuring heat transmission mass developed
by us can be and are used in civil production.

Another serious reason is as follows. Sa-
rov is a big town, and one institute with 18,000
employees cannot create more jobs. We should
create ten thousand good jobs to ensure develop-
ment of the town infrastructure and to let citizens
earn as much as VNIIEF specialists do and be
happy. VNIIEF employees also want to live in a
trouble-free town.

We think it to be our important task in the
social field to create more jobs for the town. In
Russia there is no experience of it, but we hope
we’ll succeed in this undertaking.

- Why is it so difficult? Why nobody does it?
— Because our market is stuffed with im-
ported goods. Now it is impossible to do what
was possible at the end of the 1980s when the
market was not occupied. Now it is occupied by
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powerful international companies. To enter the
market, one should produce goods of the world-
class quality but at a lower price.

- Technoparks are for the young, aren’t they?

— Sure, they are. Experienced specialists
must be employed there too, but their number
should be limited. Technoparks must be staffed
with those who study at, say, Sarov Institute of
Physics and Technology. They would work at the
Technopark and manufacture products that are
in demand.

- Boris Krasnoy, your colleague and Senior
Researcher of the Institute of Theoretical and
Mathematical Physics, has told me that when
he was young scientists were sent every week
from Sarov to Moscow to listen to lectures of
Landau, for example. But each time he came
back he felt at home. Sarov was a big common
home. Do young people feel the same? Are
they depressed by the need to live in a closed
town, to experience some restrictions for the
sake of an interesting job without being able
to go abroad for vacation? When you were
young, people could not go abroad, but now
the situation is different.

— Let us call a spade a spade. The restrictions
we have push away a great number of talented
young people who do not want to put up with
them. It is a problem of great concern. Because
of these restriction of going abroad we cannot
invite the best graduates of Russian universities
though we can offer the most interesting and
important job.

- Will you be able to come to terms with
the Federal Security Service that does not
want our secrets to stalk all over the world?

— Why should they stalk over the world? In
other countries people of our profession can go
anywhere; why can’t we do the same? Why does
a security officer think that a scientist is worse
than he is, that a scientist will blow the gab? The
situation is convenient for them: if you prohibit
everything there is no need to work. Young people
laugh at the restrictions, many of them do not
want to work here because of them. But in the
last ten years we hired annually the same num-
ber of young specialist as in the Soviet period,
though applicants are supposed to take exams
and we do not employ everyone.

We have been working with the youth for a
long time: we have organized eight departments
at Sarov Institute of Physics and Technology, our
professors read lectures, educate students. Each
year VNIIEF hires about a hundred graduates of
Sarov Institute. We offer good employment ben-
efits; young specialist’s salary is 30,000 rubles
(about $1,000) and over. So we are satisfied
with the number of young specialists and the
age balance at the Center. But | say it again: if
it were not for the restrictions, we would hire the
best specialists of various scientific schools of
the country. The restrictions of movement are
needless; only Russia and China have introduced
them for people of our profession. But the prob-
lem can be solved only by the government.

- Have your family members grumbled?

— Of course, they have. But this is my life,
my destiny. What can a man do? We have given
ourselves to this work, and we realize that this
is the most useful work for our people, for our
country.

— Thank you for the interview.

Petr CHURUKHOV
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KOH®PEPEHLNA

Monogexb U UHHOBaLIMK

3T10M oceHbio B HUMNUC um. HO.E. CegakoBa
(HvHMI HoBropog) ¢ 60/bLwMM yCnexoM npowna
VIl Hay4HO-TEXHUYECKas KOHbEepeHL M MONoabIX
cneunanuctoB Pocatoma «BbicoKkne TexHonornm
aTOMHOWM oTpacnv. Monogexb B UHHOBALIMOHHOM
npouecce».

MNonenutbcst MUHHOBALMOHHBLIMU HapaboTKa-
MU 1 0BMEHATLCS CBEXUMU naessmmn cobpanncb
6onee 130 mMonoabix y4eHblx U3 36 npeanpu-
AT PoccuK, BKIOYas NpeacTaBUTeNnen aToMHbIX
3MIEKTPOCTaHLUMN, CNeLManncToB HayvyHbIX LiEH-
TpoB Poccuu, cTyaeHToB 6a30BbIX BY30B.

Ha OoTKpbITUM KOHdEPEHLMM C AOKIagamu
BbICTYyNuAM Beaywme cneymanuctel OKBM Ad-

pukaHToB, HUMUC, POAL-BHUN3D, BHNUA n
LPYrux NpeanpuaTUin oTpachnu.

B Hay4Hyto nporpammy KoHbepeHLMm1 BoLwNo
6onee 80 Hay4HbIX OKIAA0B No Hanbosee aKTy-
anbHbLIM ANS OTPAC/IM HanpaBeHUaIM:

e pa3paboTKa M NPOEKTUpOBaHME pagmo-
3/IEKTPOHHbIX MPUGOPOB U CUCTEM;

e ACY o6bektamu A3 n T3K 1 mx komno-
HEHTbI;

® MWKPOINIEKTPOHUKA;

e VHOOPMALMOHHbIE TEXHOMOTWK;

e pa3paboTKa M aBTOMATM3aLMA TEXHONO-
rMYEeCcKUX NpoLeccoB;

e 6€30MacHOCTb aTOMHOM OTpac/u.

OKcnepTbl U3 YNCNa BEAYLMX CNeLanncToB
npeanpusaTMin Pocatoma onpeaenvnun nMaepos
B Ka)XlOM HanpaBfieHWU, OTMETMUB MNpPU 3TOM
BbICOKWIM YPOBEHb MpeacTaBieHHbIX paboT, ak-
TyanbHOCTb NOAHUMaEMbIX BONPOCOB 1 npodec-
CMOHaJIbHYIO KOMNETEHTHOCTb AOKNaA4MKOB. Bece
no6eanTeny u NpU3epbl HarpaxaeHbl AunNIoMamu
M NaMATHBIMU NOAapKamu.

HKypHan «ATOMHbIM NPOEKT» NyOGAUKYET Ha
CBOMX CTPaHULax MaTepuanbl, NpeacTaBieHHble
no6eanTensiMm Hay4HO-TEXHUYECKOW KOHDEepEH-
UMKN «BblICOKME TEXHOMOIMU aTOMHOWM OTpac/u.
Monoaexb B MUHHOBaLMOHHOM NpoLecce», Nony-
YMBLUMMM Harpagbl B KarKAon U3 HOMUHaLMN.

The Youth and Innovations

This autumn NIIIS named after Yu. Sedakov
(Nizhny Novgorod) organized the 8th Scientific
and technical Conference of Rosatom’s young
specialists «High Technologies in the Nuclear
Sector. The Youth and Innovations».

Over 130 young scientists took partin the event
to share their results of their research and fresh
ideas. They represented 36 companies and organi-
zations of Russia: nuclear power plants, research
centers, the best universities. At the opening of the
conference senior specialists of OKBM Afrikantov,
NIIIS, VNIIEF (All-Russian Research Institute of Ex-
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perimental Physics), VNIIA (All-Russian Research
Institute of Automatics) made their reports.

The program of the conference included over 80
reports on the most topical research fields such as:

e design and development of radioelectronic
instruments and systems;

e automated control systems in nuclear and
fuel-and-energy sectors and their components;

e microelectronics:

o IT;

e development and automation of flow pro-
cesses;

e security in the nuclear sector.

Experts from Rosatom enterprises nominated
the research leaders in each field. They noted
the high quality of investigations, the topical-
ity of the research presented and professional
competence of the presenters. All winners were
awarded Diplomas and trophies.

The «Atomic Project» offers materials pre-
sented by the leaders in each of the nomina-
tions at the conference «High Technologies
in the Nuclear Sector. The Youth and Innova-
tions».




KOH®EPEHLINA

[lpnKknagHoe nporpaMmmHoe obecnevyeHne BepxHero ypoBHS
CUCTEMbI KOHTPONA U YrpaB/eHUs NEKTPOTEXHUYECKUM
obopyagoBaHMeM 06 ECTAHLIMOHHbBIX COOCTBEHHbIX HYXA

M obopyaoBaHUEM CcxeMbl Bblgadn mowHoOCTH A3C

A.A. HyxpuH, ®ryn «®HMny HUMMC
um. 10.E. CepakoBa»

BeepeHue

B HacTosilwmMi MomeHT Ha PoctoBckon ASC
KOHTPO/b W yNpaB/ieHUE 3NEKTPOTEXHUYECKUM
o6opynoBaHuem (30) cxeMbl Bbla4yv MOLLHOCTH
M 06LLECTaHLMOHHbIX COOCTBEHHbIX HYXJ OCy-
LEeCTBSETCA C UCMONIb30BAHWEM TPAAMLIMOHHbIX
LMTOB ONEepPaTUBHO-AMCMNETYEPCKOrO ynpaBneHus
C NPOBOAHbIMU IMHUSAMM CBSA3W. JaHHOe 060pyao-
BaHWe ycTapeno Kak MopasbHO, Tak U GU3UYECKM.
OHO He ToNbKO He obecneyvynBaeT BbINOSHEHWE
COBpEMEHHbIX TpeboBaHWI, NPeabABAIEMbIX K
A3C B 4actTi MHPOpPMaLMOHHOIro obecnevyeHuns,
HO M He MO3BONSET yBENUYUTL NEpPeveHb KOH-
TponMpyemoro o6opyaoBaHuns Ans BBoAa HOBO-
ro aHepro6soka. B cBfi3n co CTPOMTENLCTBOM
3Hepro6nokoB N°3 n N24 OAO «KoHuepH Poc-
3Heproatom» 1 OAO «<HUAII» NpUHATO pelleHne
0 MOAEPHM3aLMM CYLLECTBYIOLLENO LIEHTPaNbHOro
WwmMTa ynpaBneHus PoctoBckoi ASC 1 cosgaHuu
COBPEMEHHOW CUCTEMbI KOHTPONS ¥ yNpaBieHUs
3NIEeKTPOTEXHMYECKNM 060pyaoBaHMeM. B cooT-
BETCTBMM C TEXHUYECKUM 3ajaHWUeM KITlo4eBOWM
0COBEHHOCTbIO CUCTEMbI IBASIETCH BO3MOMXKHOCTb
KOHTPONSA W YyNpaBneHUs 3NEKTPOTEXHUHECKUM
o6opyfoBaHMeM MO UMOPOBLIM KaHanam He-
3aBMCMMO C ABYX MOCTOB — yNpaBieHUs C anc-
NNEeNHbIX aBTOMaTU3MPOBaHHbIX Paboymx MecT
(APM) (OCHOBHOW MOCT) ¥ C MO3aW4HbIX NaHenen
KoHTpons (MIMKY) (pe3epBHbIi NocT). O6BbEKT aB-
ToMaTM3aLmm coaepKUT 0Kono 3500 AUCKPETHbIX
1 216 aHanoroBbix NapaMeTpoB. [ANCKpeTHble
CUrHanbl onpeaensioTt coctosHue 30, B TOM Yuc-
Ne «BK/IOYEHO» /«OTKIOYEHO», HOPMUPOBaHKNE
aBapurMHOM UK npeaynpeauTenbHOn CUrHaau-
3auMu. AHanoroBble CUrHanbl NpeacTaBASfOT
co6on napameTtpbl 30, Hanpumep: cuna ToKa,
HanpsiXXeHne, akTUBHas M peakTMBHAA MOLLHOCTb
BbICOKOBOJILTHbIX IMHWI, Typ6OreHepaTopos.

[ns peleHns 3aaa4ym OCHOBHOIO KOHTPONS U
ynpaBnexus ¢ APM 6b110 pa3dpaboTaHo npuKiaa-
Hoe nporpammHoe o6ecneyeHue (MM0) BepxHero
YPOBHS CUCTEMbI, NPeACcTaBAsioLlee cobon cucre-
My c6opa, 06paboTKK, OTOOPArKEHUS U apXUBU-
poBaHus nHdopmauun 06 30 1 ynpaBneHns um,
npeacTaBfieHHYIo B BMAe NPUKIAAHOro NpoeKTa
Simatic WinCC - cpeabl npoektnpoBaHus SCADA-
cucteMbll duMpMbl Siemens (danee — Nnpuknag-
HOW MPOEKT), NnporpaMmMHoe obecrneyeHne ansg
KOH®WIypMpoBaHUS NPUKNAAHOro NpoekTa, 6asa
[aHHbIX BXOAHbIX CUrHaNoB cuctembl. Cpeaa npo-
eKkTupoBaHus Simatic WinCC y»ke ncnonb3osa-
nacb cneumanmctamu Oryn «pHML HUMNC nm.
H0.E. CegakoBa» npu co3gaHuK NporpaMmHoO-

TEXHUYECKOro Kommnaekca céopa MHbopmauuu
(MTK CH) 3 coctaBa CKY 34 aHepro6noka N°4
KanuHuHckon ASC.

®yHkyuu MMNO cucrembl

OCHOBHbIMU PYHKUMAMU MPUKIALHOMO Npo-
rpaMmMHOro o6ecrneyeHnss BEPXHErO YPOBHSA B
pamKax CUCTEMbI SBNAIOTCA:

e ob6ecrneyeHne BO3MOXKHOCTU Bblfayun KO-
MaHAbl BK/IIOYEHUS BbICOKOBOBLTHBIX BblK/lOYa-
Tenemn Ha KOHTPOANEP YCTPOWCTBA COMPSIKEHUS C
o6bekToM (YCO) ans 3anycka anroputma nosy-
aBTOMaTMYECKON CUHXPOHU3ALMK HacToT, a3 u
HanpsXeHWN BbICOKOBONLTHON JIMHUK, UAyLLen K
notpebuTento, ¢ NoAKI4YaeMON C60PHON WNHOK
cxeMmbl Bblgayn MowHoctn A3C, a TaKKe OTo-
6paxeHne nHbopmMaumm o paboTte anroputma
onepartopy APM.

e oTOGpaXkeHue COCTOAHUI 06opyaoBaHMUS
06beKTa aBTOMaTM3aLMUN B BUAE INEKTPOTEX-
HUYECKOM CXeMmbl;

e obecneyeHne BO3MOXHOCTU ynpaBsie-
HUS BbIKIOYaTENAMU COBCTBEHHbIX HYXKA U Bbl-
KnloYaTensiMmn pe3epBHOro 3N1EKTPOCHaBKEHUS
3HEepro6/0KOB, nepektyeHuns ctyneHen PINH
aBTOTpaHchopmaTopa 1 pe3epBHbIX TpaHchop-
maTopoB ASC nyTem Bbla4yu COOTBETCTBYIOLLMX
KomaHg Ha YCO;

e apxMBMpOBaHWE 3HAYEHWI aHaNoOroBbIX
nprMéopos, MHGOPMALIMOHHbLIX U aBaPUMHbIX CO-
ObITUI, a TaKXe NpeacTaBNeHne AeTaM3MPoBaH-
HbIX COOBLLEHMI N3 AaHHbIX apXMBa Mo 3anpocy
onepaTMBHOIO NepcoHana;

e o6ecrnevyeHne paboTbl BCex GYHKLUWUK
npuKnagHoro obecnevyeHnsa B cnyvyae BbixoAa
13 cTpos cepBepa, APM, 0gHOro 13 2-X MOHM-
TopoB APM;

e OTOGparkeHne AnarHoCTU4eCKomn UHop-
MaLMK N0 COCTOSTHMSIM 060PYA0BaHUSA CUCTEMBI.

Onucanue MNO

B Hauvane paspa6oTku MIMO 611K ycoBep-
LIEHCTBOBAHbI NPUHATbIE TUMNOBbLIE anroOPUTMbI
M MeToabl 06paboTKU AaHHbIX B cpeae npoek-
TpoBaHua WIinCC. NyTem aKcnepuMeHTanbHbIX
ucecnefoBaHuin onpeaeneHo U peanv3oBaHo B
pamKax cpefbl npoektupoBaHua WinCC ontu-
ManbHOE pelleHne 41 o6ecrneyeHns KOHTPons
[IOCTOBEPHOCTU UCTOYHUKA CUrHaNa v BO3MOX-
HOCTM [O06GaBNEHNS HOBbIX UCTOYHUKOB, pa3pa-
60TaH HecTaHAapPTHbIM U 6oNiee 3GDEKTUBHDLIN
METOA XPaHEHUS BHYTPEHHUX MepeMEHHbIX B
NPWKIaaHOM NPOEKTE.

MMO cucTembl NONHOCTbIO 06ecneynBaeT
BblNONHeHWe Tpe6oBaHui T3 B 4HacT OCHOBHOIO
ynpasneHus cucteMsl. [Momumo atoro, MMO 06-

napaeT 60MblIMM KONMYEeCTBOM PYHKLMOHANb-
HbIX BO3MOXKHOCTEMN, KOTOPble He 6blan onuca-
Hbl B T3. MPUYUH UX NOABNEHUSA HECKONbKO.

BHeceHue nameHeHuin B 6a3y AaHHbIX
CUrHanoB
Introduction of alterations into the
signal database

06HoBnexue MNMO YCO
CPI AS update

O6HoBneHwue MMNO MMNKY
TCP AS update

PepaktnpoBaHune BK
Frame editing

CospaHune HOBOro
KoHdurypauunoHHoro davina ans
nporpammsl «TeconOPC Cepsep»

Creation of a new configuration file for

«TeconOPC Server»

3anyck gononxHutensHoro MO
«ConvertRostovDB»
«ConvertRostovDB» additional
software launch

3anyck nporpamMmmsbl No
MMMOPTUPOBAHMUIO TETOB
Tag import software launch

3anyck nporpamMMmbl Mo
MMMNOPTUPOBaHWMIO TabnuLbl
CO06LEHNI
Message table import software launch

OGHoBNeHWe npuKknagHoro npoexkta WinCC
WinCC applied design update

Co3paHue BHYTPEHHUX TEroB, YCTaBOK
[J151 aHaNoroBbIX NapamMeTpoB
Creation of internal tags, setpoints for
analog parameters

MpoBepKa 3MEeHEHHOro NpoeKTa
Modified design verification

CoszpaHue gy6nunKkaTa npoexTa
Ha pe3epBHbIX cepBepax
Creation of a design duplicate
on standby servers

Puc. 1. Anroputm o6HoBneHus NMMNO
Fig. 1. AS Update Algorithm
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Bo-nepBbix, 60/blI0E KONNYECTBO MOXKeNaHUn
reHNPOEKTUPOBLUMKA M 3aKa34uKa, NoBNeKLIee
3a co60M 3Ha4YMTEeNbHYIO NepepaboTKy apxu-
TeKTypbl MMO 1 OTKpbIBLLUEE BO3MOXKHOCTb pe-
ann3aumm JOMNOAHUTENbHbIX PYHKLMOHANbHbIX
BO3MOXHOCTeN. Bo-BTOpbIX, }enaHue co3aatb
MMNO Takum o6pasom, 4To6bl SCADA-cucTema
Obl/la MaKCUManbHO yA06HON, QYHKLMOHANBLHON,
ObICTPON U TMOKON.

Yno6¢TtB0 Ucnonb3oBaHus SCADA-cucTeMbl
focTuraercs:

® XOPOLWMM LiBETOBbLIM peLleHneM v Au3an-
HOM YMMU;

e yNOBGHOM CTPYKTYpPOW nonen nepexoga v
nepapxuen suaeokaapos (BK);

e BO3MOXHOCTbIO MPOCMOTPa CrpaBoOYHOM
MHbOPMaLMK MO KaXKAOMY CUrHany CUCTEMbI
nyTeM BblGOpa OnepaTtopomM COOTBETCTBYIOLLEN
MUKTOrpamMMbl;

® BO3MOXHOCTbIO QUAbTPaALMKU COOBLLEHN
no Bbl6paHHOMY 060pyA0BaHMIO;

e BblgeneHnem Bbib6paHHoro BK B meHio
nosnen nepexonos Ha BK;

e BblefleHneM nonewv NnepexooB NyTem 13-
MeHeHus LBeTa GpoHa B Ciydae cUrHanunaaumu;

e BbIBOJOM MPUYMUHbI HEAOCTYMHOCTU KOMaH-
[bl B BUJe BCMNbIBAIOWErO COO6LEHMS.

Bbicokasi dyHKLMOHANbHOCTb JOCTUrAETCA:

® BO3MOXHOCTbIO yrnpaBneHus 30 ¢ 0606-
WeEeHHbIX U AeTann3npoBaHHbix BK;

e peructpaunen nobblix 4ENCTBUN onepa-
TOopa, B TOM Y1C/e KBUTUPOBAHUS aBapUMHbIX
COOOILLEHUI;

e BO3MOXHOCTbIO 3aJaHuns yCTaBOK A9 aHa-
NIOroBbIX CUTHANOB;

e BBeJeHWEM XypHana paboTbl NoNb30Ba-
Tenen cucTemsl;

e aHa/NM30M AOCTOBEPHOCTU CUIHANOB;

e BO3MOXHOCTbIO BbiBOAA 060pyA0BaHUs B
PEMOHT (3anpeToM onepatopam ynpasnsatb 30,
HaxoAsaWMUMCs B PEMOHTE);

® BO3MOXHOCTbIO aBTOMaTU3MPOBAHHOW MO-
BEPKM Kaxaoro uamepurtenoHoro KaHana (MK);

e pasrpaHuMyeHMeM NpaB Nonb3oBaTenew
INs pas3nnyHbIX eNCcTBU onepaTtopa. B Tom unc-
ne, NpeaycMOTPEHbI cneaytowmne nosHOMOYKUS:
«YnpasfieHne o6opyLoBaHUeM», «[TpOCMOTP XKyp-
Hana nosb3oBaTenen», «losepka UK», «BbiBoa
060pyA0BaHNS B PEMOHT», «3alaHWe aHaNoroBbIX
YCTaBOK», «PeXXUM BK/IIOYEHUS HANPSAMYIO».

BeictpoTa pa6otbl SCADA-cHCTEMBI AOCTUraeTCs:

e HecTaHAapTHbIMUW ANs AaHHOW cpeabl Npo-
EKTUPOBaHNA METOAAMM XPaHEHUS BHYTPEHHMX
[JaHHbIX HA OCHOBE CTaTUYECKUX NepeMeHHbIX
NPOEKTHbIX GYHKLUWI;

e TexHonornen o6paboTKU AUCKPETHbBIX CUT-
HanoB, OCHOBAHHOM Ha UCNONb30BaHMM CTaTyC-
HbIX TEroB (MepPeMEHHbIX).

Xopowas rubKoCTb NPUKNAZHOIro NPOeKTa
JocTturaetcs:

e HannyineM OCHOBHOMO GyHKLMOHaNa npu-
KNaAHOro NpoeKTa B NPOEKTHbIX GYHKLMSX C YHU-
GULMPOBAHHBIM KOAOM;

® YMNPOLLEHHbIM CNOCOGOM BHECEHWS U3MeE-
HEHWIN B KOHOUIYpaLIMIO NPUKNAAHOro NPOEKTa,
B TOM 4uciie 06HOBEHUS CMPaBOYHON UHDOP-
Maumu, pobasneHuns agpecos OPC-nepeMeHHbIX,
n3mMeHeHnsa TabnuLbl KoMNoHeHTa «CUcTeMbl Co-
o6ueHnn» WinCC 3a cyeT ncnonb3oBaHUs a0-
nonHutenbHoro MO (cMm. puc. 1).

TaKKe CTOUT BblAeNNUTb Creaytolme 0CobeH-
HoCTK apxuTeKTypbl MNMNO:

o OdYyHKUMOHanbHble 610Kk SCADA-cUCTEMBI
pasfaeneHbl Ha TP KOMMOHEHTa MHCTPYMEHTapUs
WinCC: ans npoeKkTMpoBaHu1s BUja BUAeOKaapos,
ans nporpaMmMmnpoBaHma Norukm pabotol MO, ans
KOHbUIypaLMm NepeyHsi CUrHanoB o6beKTa aB-
ToMaTu3aumu;

® 1CMNONb30BaHWE eMHCTBEHHON NPOEKTHOWM
YHKUMKM ana NporpaMMmMpOBaHUs NOBEAEHMUS
06beKTa onpeaeneHHoro Kinacca NMKTorpaMmel
Ha BMAeoKaapax;

e MCMNoNb30BaHWe AN 06paboOTKU COCTONA-
HWW MUKTOrpaMM 3HAYEeHWUS OTAENbHbIX GUTOB
CTaTYCHbIX NEepPeMEHHbIX BMECTO KOHKPETHbIX
[OUCKPETHbIX CUIHAaNoB;

e OTOGpPaXeHMe BCEX BOSMOXHbIX COObITUM C
BblGpaHHbIM 060PYAOBaHNEM B BUAE CBETOBbIX
nporpaMmMupyemMbix Tabno Ha BUAeoKaape.

Ha pucyHke npeactaBneH oamH M3 80 pas-
paboTaHHbIX BUAEOKaAPOB, NPeACTaBAAOWMX
pa3fnyHYIO CTENEHb AeTann3aLnm TeXxHonormye-
CKOW cxeMbl 06bEKTa aBTOMaTU3aLuWK.

B mapte 2013 roga cuctema ycnewHo n 6e3
3amMeyaHui npoLuia KOMMIEKCHbIE UCTbITaHUS
C y4acTMeMm npeactaBuTesien 3aKa3ynKka Ha no-
nuroHe. B HacTosillee Bpems o6opyaoBaHue
OTrpy»KeHo Ha nnowaaKky Poctosckon ASC. B
GnvKaiee BpeMs OXMAAKTCA MyCKOHaNnaaou-
Hble paboTbl ANS BHEAPEHUS CUCTEMbI B OMbITHYIO
3KcnyaTaumio.

BbiBOoAbI

PaspaboTaHHble anropuTMbl MOTYT 6bITb UC-
nonb30BaHbl B AasibHENLIMX NMPOEKTaxX B KaYecTBe
WabNoHOB AN reHepaLMmn pasnnyHbIX 31IeMEHTOB
npeacraBneHust ntHdopmavmm Ha APM, a Takxe B
KayecTBe TUMOBbIX aNrOPUTMOB BblAayn KOMaHag
yrnpaBneHns UCNONHUTENbHBIMU MexaHUu3MaMu
Ha HUXHUI ypoBeHb ACY TI1. Pe3ynbtaThl Npo-
fenaHHoM paboTbl MCMOJb3YIOTCS B KayecTBe
npotoTuna ans cosgaxus MO BepxHero ypoBHs
NPOrpaMMHO-TEXHUYECKOro KoMMaeKkca cbopa
MHDOPMALLMK C MMKPOMPOLLECCOPHbIX PENENHBIX
3allUT ANEeKTPoTEXHUYECKOro obopyaoBanHus (MTK
CW) ans nepBoro aHepro6soKa JIeHUHrpaacKkom
A3C-2 n 6yayT UCnonb30BaTbCA AN CO34aHUsA
MNTK CU ans Bantuinckon ASC. Mony4eHHbI onbIT
MOXeT 6bITb UCMONb30BaH AJ19 CO34aHUS APYIUX
CUCTEM B 4acCTu peanm3aumnun 4YenoBeKO-MallnH-
Horo uHTepdenca nogcuctem ACY Tl pasnuyHomn
CTENeHU CNOXHOCTHU.

Puc. 2. letann3anpoBaHHbiii BK ynpaBneHus BbICOKOBOILTHLIM BbiKaloyaTenem / Pic. 2. Detailed frame for controlling high-voltage circuit breaker

1 — anemeHTbl ynpaBneHus BbikaoyaTtenem / switch control;

2 — ¢pparmeHT TexHonornyeckom cxemol / flow diagram fragment;

3 - cocTosiHne pa6otbl YKC3 / SCU3 status;

4 — nHdpopmaLmoHHble TabNo NO AUCKPETHLIM CUrHanam cocTosiHUA BbiKatovatens / information board for discrete switch status signals;

5 — uHpopmaumnoHHble Ta6no YKC / SCU information board;

6 — HdopMaLMOHHBbIE TaGN0 COCTOSIHUSA Klova BbiGopa pexxuma CMHXpoHu3auumn Ha MIMKY, 3anpeta ynpaBneHusi c APM / information board for synchronization mode selector

switch of TCP, AWS control ban.
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CONFERENCE

Upper Level Application Software of the Control System and
Management of Electrical Equipment for BOP Needs and of
Equipment for NPP Power Distribution Scheme

A. Nuzhdin, Federal State Unitary
Enterprise Federal Research and
Production Center «Scientific-Research
Institute of Measuring Systems named
after Y.E. Sedakov» (NIIIS)

Introduction

At the Rostov NPP control and management
of electrical equipment (EE) for a scheme of power
distribution and BOP needs are currently ensured
using traditional supervisory control management
switchboards with wire lines. This equipment is
outdated both morally and physically. It fails not
only to ensure compliance with modern require-
ments for NPPs in terms of infoware, but to in-
crease a list of controlled equipment to commis-
sion a new power unit. Taking into consideration
construction of power units N2 3 and N° 4 Rosen-
ergoatom and NIAEP JSC adopted a decision to
update the existing main control switchboard of
the Rostov NPP and to set up an advanced electri-
cal equipment control and management system
(EE CMS). Pursuant to the statement of work the
key feature of the system implies an opportunity
to control and manage electrical equipment via
digital channels independently from two posts
— management through automated worksta-
tions (AWS) (main post) and tile control panels
(TCP) (redundancy post). An automation object
contains around 3500 discrete and 216 analog
parameters. Discrete signals specify the EE state,
including «on»/«off», generation of alarms and
warning signals. Analog signals are EE parameters,
for example current intensity, voltage, active and
reactive power of high-voltage power lines, and
turbine generators.

To resolve the issue of primary AWS control
and management, applied software (AS) of the
system upper level was designed to become
a system of selecting, processing, displaying
and archiving (logging) data about the EE and
management thereof that is presented in the
form of an applied design called Simatic WinCC
— SCADA1 design environment developed by
Siemens (hereinafter referred to as an applied
design). Besides, software for configuring an ap-
plied design and a database of input signals were
designed. Design environment Simatic Win CC
has already been applied by experts of the NIIIS
when developing a hardware and software suite
for data collection (HSS DC) from the EE CMS of
power unit No. 4 of the Kalininskaya NPP.

System AS Functions

The key functions of applied software of the
upper level within the system are the following;:

e ensuring an opportunity to generate a com-
mand of switching on high-voltage circuit breakers
for the controller of a computer-process interface
(CPI) required to launch an algorithm of semi-
automatic synchronization of frequencies, phases
and voltages of a high-voltage power line supplying
the consumer with a switched bus bar of a NPP
power distribution scheme, as well to display data
on algorithm efficiency for an AWS operator;

e displaying equipment status within an
automation object in the form of an electrical
scheme;

e ensuring an opportunity to manage BOP
switches and stand-by power supply switches of
power units, to switch the stages with an OLTC
of a NPP autotype transformer and standby
transformers by means of generating relevant
commands for the CPI;

e archiving analog instrument values, infor-
mation and alarm events, as well as providing de-
tailed messages from archive data as requested
by operating personnel;

e maintaining all the functions of applied
software in case of a server or AWS failure, or
failure of one of the two AWS displays;

e displaying diagnostic data on equipment
statuses in the system.

AS Description

AS development started with upgrading the
adopted standard algorithms and data process-
ing methods in the WinCC environment. Through
experimental studies an optimal solution for
maintaining control over the signal source va-
lidity and add-up of new sources was defined
and implemented within the WinCC design envi-
ronment. An unconventional and more effective
method of storing internal variables in an applied
design was developed.

System AS provides full compliance with the
SOW requirements in terms of primary system
management. Besides, AS enjoys a wide range
of functional options that are not described in
the SOW. There are several reasons for their
emergence. Firstly a great number of requests
from a general designer and a customer caused
significant processing of the AS architecture and
opened up the possibility to implement additional
functional options. Secondly the AS was desired
to make SCADA system most convenient, func-
tional, fast and flexible.

SCADA system is convenient for the follow-
ing reasons:

o fine HMI design and color layout;

e convenient structure of transition fields
and frame hierarchy;

e opportunity to view reference information
for each system signal through selecting an ap-
propriate icon by an operator;

e opportunity to filter messages on the se-
lected piece of equipment;

e highlighting of a selected frame in a frame
transition field menu;

e highlighting of frame transitions by means
of changing the background color in case of
alarm;

e displaying of the reason for command
unavailability in a pop-up message.

SCADA system is highly functional for the
following reasons:

e opportunity to manage EE using general-
ized and detailed frames;

e registration of any actions performed by
an operator, including alarm acknowledgement;

e opportunity to set analog signal setpoints;

e logging of system user activities;

e signal validity analysis;

e opportunity to withdraw equipment for
repairs (prohibition for operators to manage EE
under repair);

e opportunity to conduct automated verifica-
tion of each measuring channel (IR);

e user rights differentiation for a variety of
operator’s actions. The powers shall include the
following: «<Equipment Management», «User Log
View», «IR Verification», «Withdrawal of Equip-
ments for Repairs», «Setting Analog Setpoints»,
«Direct Switch-On Mode»2.

SCADA system is fast for the following rea-
sons:

e unconventional for the given design envi-
ronment methods of storing internal data based
on static variables of design functions;

e technology of processing discrete signals
based on status tags (variables).

SCADA system is highly flexible for the fol-
lowing reasons:

e availability of the main functional of the
applied design in design functions with a uni-
fied code;

e simplified method of introducing altera-
tions into the applied design configuration,
including reference data update, OPC location
extension, change of the component table of
the WinCC «Message System» using additional
software (see Fig. 1).

Besides, the following features of AS archi-
tecture shall be singled out:

e functional units of SCADA system are
divided into components of WinCC toolbar: for
designing frame view, for programming software
logic, for configuring a list of signals of an au-
tomation object;

e application of a single design function for
programming the behavior of an object of a cer-
tain icon type in frames;

e application of a value of separate status
variable bits instead of certain discrete signals
for icon status handling;

e display of all possible events regarding
selected equipment in the form of illuminated
programmable boards in a frame.

Picture 2 presents one of 80 designed frames
representing a different degree of detalization of
an automation object flow diagram.

In March 2013 the system successfully and
unconditionally passed intensive testing in the
presence of customer representatives on the
range. At present the equipment is shipped
to the Rostov NPP. Commissioning is about to
startin the nearest future to launch the system
trial run.

Conclusion

Designed algorithms can be used in future
projects as templates to generate different ele-
ments of presenting information in AWS, and as
generic algorithms of generating commands to
control actuators for a low-level computerized
process control system. The results of this work
are used as a prototype to create high-level AS of
a hardware and software suite for data collection
from the EE microprocessor relay protections
(HSS DC) of power unit No.1 of the Leningrad
NPP-2 and will be used to create HSS DC at
the Baltic NPP. This experience can be used to
create other systems with regard to HMI CPCS
subsystems of varying complexity.
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KOH®EPEHLNA

[Monb3oBaTeNbcKasa rpadudeckasn cpesa

MHOIonpoLeccopHON BbIYUCIUTETIbHOW CUCTEMDbI
Cluster Desktop Environment

A.U. EpmowiKkuH, A.U. Ya#ka, A.H. MeTpuk,
O.A. HoBaeB
oryn «PoAL-BHUHID», r. CapoB

Bo BHUNI3® ¢ 2009 ropa HavaTa pa3spa-
60TKa KoMNaKTHbIX cynepdBM (KC-3BM), Kak
YHMBEpPCasbHbIX, TaK U CNeLnanm3vpoBaHHbIX
(rm6punaHbIx). KC-9BM — 310 cynepKomnbloTepsl
TepadnoncHON NPOM3BOANUTENBHOCTU HACTO/b-
HOro pa3mepa, KoTopble NpegHa3HavyeHbl CcTaTb
noBCceAHEBHbIM MHCTPYMEHTOM UCCriefjoBaTenen,
KOHCTPYKTOPOB W TexHoNoros. bazoBow onepauy-
oHHoM cuctemoi (OC) ana KC-9BM BbiGpaHa OC
C OTKPbITBIM KoAoM Scientific Linux, nporpaMmHo
COBMECTMMas C OJHMM M3 Haubonee pacnpo-
CTpaHeHHbIX AUCTpMOyTMBOB Linux RedHat. OHa
obecneynBaeT aGPEeKTMBHOE UCMOSIb30BaHUE
BblYMcAUTENbHbIX pecypcoB KC-O9BM B MynbTu-
3aa4HOM ¥ MHOTOMNONb30BaTENbCKOM PEXUME.
MporpammHoe ob6ecnevyeHne KC-9BM npeaHa-
3Ha4YeHo Ang co3haHus napannenbHon BblYUCIU-
TeNbHOW cpefbl, 06ecneymnBaiolLer pa3paboTKy,
OT/IagKy ¥ BbIMOHEHME NMOCAeA0BaTENbHbIX U
napasnfienbHbix NPUIOXEHWI, yNpaBneH1e 3a-
JaHUSMU U pecypcaMu, ynpaBneHue JoCTyrnoM
M XpaHEeHWEM AaHHbIX, MOHUTOPUHT annapaTHo-
NpPOrpamMMHbIX KOMMIOHEHTOB, C60p M 06PabOTKY
nHdopmMaLmn 06 UCNONb30BaAHUW BbIHUCAUTENb-
HbIX PecypcoB U 3GPEKTUBHOCTU BbINOHEHUS
napannenbHbIX NPUIOXEHUN, BU3yanusaumto u
rpaduyecKkuin aHanna daHHbIX 4na 3agay mate-
MaTU4YeCKOro MoennpoBaHus.

B HacTosiuwee Bpems B OC, yctaHaBnuBa-
emon Ha KC-3BM, cyuiectByoT rpadpuyeckme
MHTepdenchl, NpeaocTaBnsioline pasHoobpas-
Hble BO3MOXHOCTH Ana pa6oTbl ¢ MBC, HO OHUK
o6najatoT cylecTBeHHbIMK HegocTaTtkamu. Oc-
HOBHbIM HeJOCTaTKOM ABASETCH TOT dakKT, 4To
He CyLecTBYeT nHTepdenca ana peleHns KOoH-
KpeTHoro Habopa 3afjay M B3aUMOLENCTBUSA C
MBC KaK ¢ KOMMIEKCOM, a CYLLECTBYIOT peLLeHHUS
TONbKO A9 PabOoThbl Ha OTAENbHbIX y3nax. Tak e
cylecTBytoLme MHTepdenchl TpebyioT Ans padoThl
3HayuTeNbHbIE BblYUCANUTENbHbIE MOLHOCTM MBC
n pecypceol JIBC.

PaspaboTaHHbIM MHTEpdENC NpU3BaH 006b-
eanuHnTb BCMNMNO paspabotkm POAL-BHUNID B
eAnHyto rpaduyecKyto 060/104KY, YTO NO3BONUT
YMEHbLWMUTb TpyAo3aTpaThl Ha o6¢cnyuBaHue MO
KC-3BM nocne caaym ero KOHEYHOMY MONb30-
BaTesto, NoaaepxmnBaHue paboTocnoco6HOCTH
MalUWHbl KaK €JMHON Lienon CTPYKTYpbl, nepe-
KOHOUIypMpoBaHME MallMHbl UKW 3aMeHy eé
CMCTEMHOro nporpamMMHoro obecrnevyeHus,
06nerymT NCnonb30BaHNE OCHOBHbIX BO3MOX-
HocTen KC-3BM (cyeT napannenbHbix 3ajau,
ynpaB/ieHue y4eTHbIMU 3anncsimMmun nosb3oBa-
TeNen U rpynmn, HaCTPoOMKa CUCTEMHbIX CNYXO
Ut Aa.).

®daKTUYeCKH, AaHHbIA NPOrpamMMHbIN Npo-
[IYKT MO3BONSET Ha4YaTb Mcnonb3oBaHne KC-9BM
cpaay e nocne BBoAa ee B 3KCnayaTaumio, He
[0XKMaasacb NoONHOro obyyeHns obenyxunsato-
Wwero nepcoHana, a Takxke obneryaet paboty
nosnb3oBaTensm, M36aBnsas nx ot Heo6xoanMMo-
CTV NONb30BAHMUA KOHCObHLIMW TEPMUHANAMM U
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Puc. 1. 06wuit Bua cuctembl CIDE / Fig. 1. CIDE. General view

npefocTaBANs B 3/IEKTPOHHOM BUAE CTPYKTYPUPO-
BaHHYIO MOMOLLb N0 NPOrpaMMHbIM KOMMNOHEHTaM
BCMNMO, Bxoaawmm B coctaB MO KC-3BM.

PeannsoBaHHbIN MHTEPDEWC HE Harpyxa-
eT rpaduyeckyto nogcuctemy KC-3BM 3a cyet
ncnonb3osanua WEB TexHonorui, a takxke 3a
CYET TOro, 4YTO rpadryecKkoe OKpyKeHue npo-
CUYMTbIBAETCA Ha CTOPOHE KAWMEHTa, TO eCTb Ha
yAaneHHOM MallnHe, KoTopas noayvyaer JocTyn
Ha KC-3BM no J1BC.

MpunoxeHue HanMcaHo Ha A3blKax nporpam-
mupoBaHusa PHP, Perl, ExtJS, JavaScript (ExtJS
— dpermMBepK, HanncaHHbIM Ha JavaScript u
npeaHa3HayeHHbIN Ans co3aaHuns rpaduyecKkux
NPUNOXEeHUN B cpele BeO).

B kayecTBe Beb6-cepBepa ucnonblyeTcs
Apache, B kavecTtBe CYB/[, ncnonb3yetcs MySQL.
[na ynaneHHon paboTbl ¢ rpaduKom camom one-
pauMOHHOM CUCTEMDbI, YCTAHOBIEHHON Ha y3ne,
ucnonbadyetcs VNC-cepsep. BcenepeuncneHHble
nporpaMMHble CPeACTBa BXOASAT B COCTaB AMUC-
TpubyTMBa Scientific Linux 1 yawe Bcero ycra-
HaBNMBAIOTCS MO YMONYAHMIO.

KnueHTam e Heo6Xxo4MMO MCMoNb30BaTh
no6on 6paysep, NOALEPHKUBAIOLNA TEXHONOMUIO
WebSockets. CnMCoK Takux 6pay3epoB NpUCyT-
CTBYET Ha CTpaHuLe aBToOpU3aLunn CUCTEMBI.

OGwuMe NPUHUKUNDLI PaGoTbl

PaccmoTpvMm HenocpeacTBEHHO WHTEp-
denc. na aBTopM3aumn UCNOAb3YIOTCA AaH-
Hble Y4eTHbIX 3anucen nono3osatenen MBC.
AOAMWHUCTPaATOPY AOCTYyNHa BO3MOXHOCTb
nmcnonb3oBaTtb AaHHble NIS unaun gaHHble no-
KanbHbIX Y4€THbIX 3anucen. Ecnu nonb3oBa-
TeNb NPUHAANEXMUT HECKONbKUM rpynnam, emy
npeaocTaBiseTcs BO3MOXHOCTb BbiGpaTb HEOO-
xoaumyio rpynny. Npu ncnonb30BaHUKM pasHbix

rpynn nonb3oBaTesto MOryT NpefoCcTaBAsaTbCA
pas3Hble BO3MOXHOCTH.

MNocne aBTOpPM3aLMM NoNb30BaTeNb Nonaja-
€T Ha rnaBHylo cTpaHuuy cuctembl CIDE. JaHHas
CTpaHuLUa npeacTaBneHa B Buae paboyero cro-
na. 06wui BUA cucTeMbl NpeacTaBieH Ha puc. 1.
MexaHu3Mbl B3aMMOAENCTBUS NOb30BaTeNs C
NHTEPGDENCOM CXOXM C MEXaHU3MaMW, peann3o-
BaHHbIMM B pab0o4Mx CTOaxX OnepaLiMoHHbIX CUCTEM
cemenctea Windows (2000, NT, XP, Vista, Seven).

OpraHnsauuns paboTbl pabo4yero crona U
yrnpaB/sIoOLLEro MeHIO ABNISETCHS OCHOBOMONa-
ratouien B cucteme Cluster Desktop Environment
(CIDE). Jo6aBneHne B MHTEPPENC HOBbLIX MO-
fynen He oTobpakaeTcs Ha BHYTPEHHEN CTPYK-
Type sapa uHtepderica. MexaHM3mbl HAaCTPOEK
paboyero cTona u B3aMMOLENCTBUS C HUM AN
BCEX NoNb30BaTeNen 0O4MHAKOBbl U HE 3aBUCHAT
OT npaB gocTtyna.

JocTtyn K Moaynsim uHTepdenca MOXKET OCy-
LWEeCTBASATLCH C MOMOLLbIO MKOHOK, PaCMONOMeEH-
HbIX Ha paboyem cTone, C MOMOLbO ynpaBns-
lOLLLEro MEHI0 MM NaHenn GbICTPOro 3anycka.

Kakabin Moaynb npeacraBieH B BUae OT-
nenbHO oTo6parkKaemoro okHa. OgHOBPEMEHHO
MOXeT ObITb 3anyLLEHO NI060€ KONMYECTBO NPU-
NoXXeHuw. Mpu 3anycKke NpUNoXeHUs Ha naHenu
3ajay NosiBNSETCS ero npeacTaB/ieHne, KOTopoe
no3BonseT 06pallaTbCs K HeMY B 110601 MOMEHT.

QOYHKLHOHA/IbHbIE BO3MOKHOCTH
uHTepdenca

MNonb3oBatensimu nHTepdenca cTaHOBATCS
aBTOMaTMYECKM BCE NOb30BaTeNN, 3aBeA€HHblIE
Ha MBC. Ha6op moaynen v nx dyHKUMOHAN y
Ka)kgoro nofb3oBaTens 3aBUCUT OT MPUBUIETUN,
BblA€NEHHbIX eMY aAMWHUCTPATOPOM CUCTEMbI
CIDE.




Puc. 2. JInuHble HAaCTPONKHU
Fig. 2. Personal Settings

Puc. 3. AAMUHUCTPUpPOBAHUE
Fig. 3. Administration

B03MOKHOCTH, AOCTYMNHbIE NOSIb30BATENSAM
nHTepodeica:

e aAMWHUCTPUPOBAHME MONib30BaTENEN,
rpynm;

HacTporKa Ha MBC aatbl, BpeMeHU;
Bbl6op CY3 1 cnocoba aBTOpU3aLMK;
NoCTaHOBKa ¥ MOHWTOPWHI 3a4avy;
[ocTyn K rpadudeckomy Htepdeicy OC MBC;
MOHWTOPUHI COCTOSIHWS KOMMOHEHT CMO MBC;

e MNpefocTaBleHNe CTPYKTYPMPOBAHHOM
BCNoMoraTenbHOn MHGopMaLmu;

e BO3MOXHOCTb U3MEHEHWS JINYHbIX Ha-
CTPOEK;

e fpepocTaBneHne mMHGopmalmm o CBON-
ctBax MBC;

e goctyn K OpenSTK.

MNonb3oBartenu nHTepdenca MMeT BO3MOXK-
HOCTb HacTpauBaTb BHelWHWN BMA cucTeMbl CIDE.
[na atoro ncnonb3yetcs Moayab «JIM4HbIE Ha-
CTPOMKW» (pUC. 2).

Monb3oBaTenb UMeET BO3MOXHOCTb HacTpa-
MBaTb:

e Habop MKOHOK, oTOGpaXkaemblix Ha pabo-
4yeM cTone;

e Habop NPUIIOKEHWI, KOTOPbIE BYayT aBToO-
MaTU4YeCKM 3anycKaTbCs Npu BXOAe Nosib30Ba-
Tens B cuctemy CLDE;

e Habop MKOHOK, 0TOBParkaeMblx Ha NaHenu
6bICTPOro 3anyckKa;

e Habop ANarHoCTUHECKNUX MUKTOrpaMM, OTo-
6parkaeMbIX Ha NaHeIM MOHUTOPWUHIa;

e rpadumyeckme cBoncTBa UHTEpdenca: Ta-
Kue, Kak 0601 paboyero cTona, LLBET OKOH, LiBET
Haanucew, Npo3padYHOCTb NaHeNn 3ajad u apyrue.

HacTpovB 1 coxpaH1B BHELIHWUI BUJ CUCTE-
Mbl CLDE, nonb3oBatenb Bcerga 6yaert nonyvyaTb
yAOGHbIM M NPUBbLIYHBIN 418 HEro nHTepdec.

Mogaynb «[Tomoub». B gaHHOM Moayne npea-
CTaB/IEHO OMNMCaHMe KOMMNaKTHbIX cynep3BM:
AMK-1, ANK-1M, AMK-1MW, AMNK-3. OtaensHo
onucbIBaeTCa NporpaMMHoe obecneyeHue, ycra-
HaBNMBaeMoe Ha AaHHble KoMMaeKcol. MNpucyT-
CTBYET NOMoLpb Ans paboTbl ¢ UHTEPDENCOM U
Apyras BcnomoratenbHas nHdopmaums.

CTpyKTypa nHdopmauuu npeactasieHa B
Buae gepesa. MHdopmauma no Kaxaomy ane-
MEHTY OTKPbIBAETCA B HOBOW BKNafKe.

B mogyne peanu3oBaH MexaHU3M MOUCKa
3/1EMEHTOB M0 CTPYKTYpe AepeBa. [Nonck npouc-
XOAWUT aBTOMATMYECKM NpW HabupaHUW TeKcTa.
370 NO3BONSET YCKOPUTb AOCTYN K 3NEMEHTaM,
KOTOPblE HaxoAsaTCs ry60oKo B CTPYKTYPE AepeBa.

Moaynb «[laHenb ynpasneHus» (puc. 3).

C noMoLLbto AaHHOTO MOAY/A MOXHO NPOMU3-
BOAMTL cneaylolime AencTBus:

e aIMMHUCTPMPOBaHMWE NONb30BaTeNen Kom-
naKkTHon cynepdBM;

e aIMMHWUCTPUPOBaHKWE rpPynn Nonb3oBare-
ner KoMnakTHoum cynep3BM;

® aAMUHWUCTPUPOBAHUE NPUBHUNETUIA NONb-
3oBartenien rpadun4ecKoro MHTepdenca;

e BbIGOP CpeacTB aBTOpPM3aLMK NONb30Ba-
Tenen rpaduyeckoro nHtepdenca;

e HACTPOMKY AaTbl U BPEMEHM Ha KOMMNAaKT-
Hom cynep3BM;

e BbI6OP CUCTEMbI YNIPaBAEHUS 3a4aHUAMM;

e HaCTPOMKy AepeBa Ana MoHuTopuHra Cro.

MNonb3oBaTenaMu MHTepdenca aBAATCS
nonb3oBartenu MBC. Mpu go6aBnexHuu, yagane-
HUK UKW COMOCTaBIEHUN NONb30BaTENEN U FPynn
B MHTepdeNce Te xe AeNCTBUSA NPOUCXOANT U
Ha MBC.

XoTenocb 6bl OTMETUTb TMOKOCTb CUCTEMBI
npueunervin. Peannsauna no3sonseT BblAeNaTb
Habop npaB. focTyna B npusuneruio. Haéop npw-
BU/IEMMIW MOXKET Ha3Ha4YaTbCs KaK rpynne nosb-
30BaTenen, Tak U KOHKPETHOMY MO/Ib30BaTeNto.
C MHTEPGhENCHOM TOYKM 3PEHUs, cucTemMa npaB
[0CTyna TaKe o4eHb rmbKa. B pesynbraTe 4yTb
JIN HE Ha KaXayto KHOMKY MOXHO NOBECUTb CBOE
npaso.

B cucteme CIDE npucytcTBYeT MOLYNb MOHK-
TOPWHIa NPOrpaMMHbIX KOMMNOHEHT KOMMaKTHOWM
cynepdBM. Ha gaHHbI MOMEHT peann3oBaHa
NpoBepKa cneayoLmx KOMMNOHEHT:

e ceTeBas nogcuctemMa (ethernet, infiniband);

e noacuctema xpaHeHus (lustre, 3arpyska
LVMPEKTOPUI, MporpaMmHbIn raid);

e CNyX6blI (nis, ntp,ftp).

O6uiee cocTosiHME BCex MporpamMmmHbIX
KOMMOHEHT, NPUCYTCTBYIOWNX B MOHUTOPUHTE,
npeAcTaBfieHO B BUAE MUKTOrpaMMebl, KoTopast
06HOBNSETCA aBTOMaTUYECKM, Ha NaHeN MOHU-
TOpPWHra (NpaBbli HUKHWI yron). Ha gaHHyto na-
Heslb MOXHO BbIHOCUTb MUKTOrPaMMbl U3 Nt060ro
Konn4yectBa MOAYNEN MOHUTOPUHIA UK APYrvX
MoAynen, UMeLoLMX NOHATUE COCTOSIHUS. MNonb-
30BaTeflb e MMeeT BO3MOXHOCTb BblGUpaTh,
NMUKTOrpaMMbl KaKMX MOZyNien eMy oTobparkaTb
Ha NaHenn MOHUTOPUHIa.

B nHTepdence peanvzoBaHa BO3MOXHOCTb
BbIMOMHATb CUCTEMHbIE U NMONb30BaTENbCKUE KO-
MaHAbl Ha KoMnakTHon cynep3dBM. [nsa atoro
mcnonb3yetcs moaynb «VNC» (puc. 4).

C nomoLbto JaHHOTO MOAys NpeaocTaBnseT-
¢ yaaneHHoin goctyn K OC ogHoro 13 yanos MBC.
Mo ssh nnun rsh MoXHO NonacTb Ha NO60M y3e.
[aHHbIM MoAynb NO3BONSET HE YyCTaHaBANBaTb
CTOPOHHMX MPWIOXKEHUW AN B3aMMOAENCTBUA
C KOMMaKTHoM cynep3dBM.

B uHTepdenc nHterpupoBaHa cuctema mc-
cnepgoBaHus aGPEKTMBHOCTM NapanfienbHbiX
npunoxeHun OpenSTK (puc. 5). UHTepderic
npepoctaBnseT OpenSTK nHdopmaLmio o nosb-
30BaTenNax U Ux npaBax 4oCTyna.

061wyto cTpyKkTypy MBC MOXXHO MOCMOTPETL B
moayne «Csornctea MBC». C nomowbio JaHHOro
MOAYNS MOXHO y3HaTb KOHbUrypauumio no6oro
y3na Wnu e nonyy4ntb Nokasatenu scero MBC
B Lle/IoM.

3aknioueHue

MNonb3oBartenbcKkas rpadpuyeckas cpena
MHOFOMNPOLLECCOPHON BbIYUCIUTENBHOW CUCTE-
Mbl Cluster Desktop Environment nossonser
nonb3oBaTensam M agMUHUCTPaATOPaM BbINOMHATb
6a30Bble 3aa4v 6€3 UCNONb30BaAHUS KOHCOMN
M CTOPOHHUX MPUIOKEHWN.

[laHHOe npunoxeHne NnpefocTaBnseT agMu-
HUCTpaTopy 1 nonb3oBatento KC-9BM wnpokuin
CMEeKTP BO3MOXHOCTEN 1 yao6Hble cpeacTBa No
pabote ¢ KC-9BM, 6narogaps peann3oBaHHbIM
rpapuyecKMM KOMMOHEHTAM M BCTPOEHHOMY Tep-
muHany VNC-cepsepa.

Cuctema CIDE HaxoauTcsa B CTaAnuK aKTUBHO-
ro pa3BuUTUS, MOCTOSIHHO AOMNOIHAETCA HOBbIMM
BO3MOHOCTAMM M GYHKLIMOHANOM. B yacTHOCTH
nnaHnpyeTcs MHTerpaumsa nHTepderica c cucte-
Mon «CIMPYT» (cMctema aBTOMaTU3UMpOBaHHOM
yCTaHOBKM 1 HacTpoiku MO Ha MBC), unterpa-
1S C CUCTEMOM aBTOMAaTUYECKOro TeCTUPOBaHHS
MBC v peanu3auuns MeHeaKepa, CBA3bIBatOLLErO
NoKanbHoe ¢annoBoe NPOCTPaHCTBO NoJ/Ib30Ba-
Tena u MBC.

[paduryecknn nHTepdenc BXoauT B LWITaAT-
Hbi Ha6op BCIIMO KoMnaKTHbIXx cynepdBM,
0AHaKo, 6narogaps yHuBepcalibHOMY Noaxoay
K pa3paboTKe BCEX NPOrpaMMHbIX KOMMOHEHT,
[JaHHOEe MPUIoXKEHME MOXHO yCTaHaBnIuBaTb
npaKTU4YecKu Ha nobyto MBC nog ynpaBneHnem
OC Linux.

Puc. 4. VNC-knueHt / Fig. 4. VNC-Client

Puc. 5. OpenSTK / Fig. 5. OpenSTK
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Cluster Desktop Environment — a Multiprocessor
Computing System User Graphical Environment

A. Yermoshkin, A. Chayka, A. Petrik,

D. Novayev, Russian Federal Nuclear

Center - All-Russian Research Institute of
Experimental Physics (RFNC - VNIIEF), Sarov

In 2009 in VNIIEF development of both gener-
al-purpose and specialized (hybrid) compact super
computers (KS-computer) was started. KS-computers
are desktop teraflops supercomputers intended to
become an everyday tool of researchers, designers
and process engineers. The basic operating system
(OS) for KS-computers is the open code Scientific
Linux, which is compatible to one of the most wide-
spread distribution kits of Linux RedHat. It provides
effective use of computing resources of KS-computers
in a multitask and multi-user mode. KS-computer
software is intended for creation of a parallel comput-
ing environment providing development, debugging
and performance of serial and parallel applications,
tasks and resources control, access control and data
storage, monitoring of hardware-software compo-
nents, collection and processing of data on use of
computing resources and parallel applications per-
formance, visualization and graphic data analysis
for mathematical modeling.

Currently, the OS installed on the KS-computer
includes graphic interfaces providing various capabili-
ties for work with multiprocessor computing systems
(MCS). These interfaces have essential shortcomings.
Their main fault is that there is no interface for solu-
tion of a specific set of tasks and interaction with
MCS in a complex. There are only solutions for work
with separate system units. The existing interfaces
also require significant computational capabilities
of MCS and LAN resources.

The developed interface is intended to integrate
the Basic Standard Software Package (BSSP) de-
veloped by VNIIEF into a unified graphic framework
that will help reduce costs of KS-computer software
maintenance after delivery to end-user and main-
tenance of normal performance of the computer
as of a single whole structure. It will also allow
reconfiguring of the system or change of system
software, facilitate use of the main capabilities of
the KS-computer (performance of parallel tasks, user
and groups’ accounts management, adjustment of
system services, etc.).

In fact, the software product allows starting to
use the KS-computer immediately after its putting
into operation without having to wait for completion
of full personnel training. It also facilitates work
operation for users, making it unnecessary for them
to use console terminals and provides in electronic
form structured aid for work with software compo-
nents of BSSP, which are parts of the KS-computer
software.

The implemented interface does not load the
graphic subsystem of the KS-computer thanks to use
of corresponding WEB technologies and also because
the graphical environment is calculated on the side
of the client, that is by a remote computer that gets
access to the KS-computer via LAN.

Application is written in PHP, Perl, ExtJS, JavaS-
cript (ExtJS — framework written in JavaScript and
intended for creation of graphic applications in web
environments).

Apache is used as the web server, and MySQL is
used as the DBMS. For remote work with graphics
of the operating system installed on a system unit a
VNC-server is used. All the abovementioned software
are included into Scientific Linux distribution kit and
most often are installed by default.

Clients only have to use any browser supporting
WebSockets technology. The list of such browsers is
shown on the system authorization page.
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General Principles of Operation

Let look at the interface. The data of MCS user
accounts are used for authorization. Operator can
use NIS data or data from local accounts. If the user
belongs to several groups, he/she can select the
necessary group. Using different groups provides
different capabilities to the user.

After authorization, the user gets to the main CIDE
system page. This page has the form of a desktop.
The general view is shown in fig. 1. User-interface
interaction mechanisms are similar to the mecha-
nisms implemented in Windows desktops (2000,
NT, XP, Vista, Seven).

The organization of desktop and control menu
operation is fundamental for Cluster Desktop Environ-
ment (CIDE). Adding of new modules to the interface
is not displayed on the inner structure of the inter-
face core. The mechanisms of desktop adjustment
and interaction are identical for all users and do not
depend on access rights.

Access to interface modules can be by means
of icons located on the desktop, by means of the
control menu or Quick Launch Panel.

Each unit is shown as a separate window. Any
number of applications can be started simultane-
ously. After start of an application it's represented
on the task bar that allows using it at any moment.

Interface Functional Capabilities

All MCS users automatically become users of
the interface. Set of units and their functionality for
each user depends on the rights provided by CIDE
administrator.

The capabilities accessible to users of the in-
terface:
administration of users, groups;
date, time setting for MCS;
selection of CPS and authorization method;
setting and monitoring of tasks;
access to the graphic interface of MCS;

MCS components status monitoring;
provision of structured auxiliary data;
Personal Settings adjustment;
information on MCS properties;

e access to OpenSTK.

Users of the interface can adjust representation
of CIDE. Personal Settings module (fig. 2) is used for
this purpose.

User can change:

e set of icons displayed on the desktop;

e set of applications which will be started auto-
matically when once the user has logged into CLDE;

e set of icons displayed on the Quick Start Panel;

o setof diagnostic icons displayed on the dashboard;

e graphic properties of the interface: such as
desktop wall-paper, color of windows, color of in-
scriptions, transparency of the task bar and other.

Having adjusted and saved the representation of
CLDE the user will always be provided with a conveni-
ent and familiar interface.

Help module. This module contains a description
of compact super computers: AMK-1, AMK-1M, AMNK-
1MW, AMNK-3. There is also a separate description of
software installed on them. There is help for work
with the interface and other auxiliary information.

The information structure has the form of a tree.
Information on each element is opened in a new tab.

The module uses a search engine. Search is au-
tomatic by text entering. It accelerates access to ele-
ments which are located deep inside the tree structure.

Control Panel module (fig. 3).).

Using this module one can do the following:

e administration of users of the compact super
computer;

e administration of user groups of the compact
super computer;

e administration of rights of graphic interface
users;

e selection of graphic interface users authoriza-
tion means;

e setting of date and time on the compact super
computer;

e task management system selection;

e adjustment of the tree for system software
monitoring.

Users of the interface are MCS users. Adding,
deletion or comparison of users and groups in the
interface the same actions take place in MCS.

The flexibility of the system of privileges is note-
worthy. Implementation allows selection of the set
of rights to get access to a privilege. A certain set of
privileges can be assigned both to a group of users
or specific user. From the point of view of interface
the access rights system is also very flexible. As a
result, almost every button can have a separate right.

CIDE contains a module for monitoring of soft-
ware components of a compact super computer.
Check of the following components has been im-
plemented so far:

e network subsystem (ethernet, infiniband);

e storage subsystem (lustre, directories loading,
software raid);

e services (nis, ntp, ftp).

The general status of all software components
included into monitoring is presented in the form of an
icon which is updated automatically on the dashboard
(the right bottom corner). The dashboard can show
icons from any amount of monitoring modules or other
modules that can have a status. The user can select
icons of what modules to show on the dashboard.

The interface uses has the capability to execute
system and user commands. A VNC module (fig. 4)
is used for this purpose.

By means of this module remote access can be
provided to OS of one of MCS units. Ssh or rsh can
be used to get to any unit. This module helps to avoid
installing third-party applications for interaction with
a compact super computer.

OpenSTK is integrated into the interface (fig. 5).
The interface provides OpenSTK with the information
on users and their access rights.

The general structure of MCS can be looked up
in MCS Properties module. This module contains
information on configuration of every system unit
and general MCS status.

Conclusion

Cluster Desktop Environment is a MCS user
graphic environment that allows carrying out of basic
tasks by users and administrators without a console
or 3-rd party applications.

This software provides a wide range of capabili-
ties and convenient operation tools thanks to the
implemented graphic components and a VNC-server
built-in terminal.

Currently CIDE is at the stage of active develop-
ment. New capabilities and functionalities are con-
stantly added. The following updates are planned
for the nearest future: integration of the interface
into OCTOPUS (automated MCS software installa-
tion and adjustment system), integration into the
MCS automatic testing system and implementation
of a manager connecting the user local file space
and MCS.

The graphic interface is included into the stand-
ard package of BSSP of compact super computers.
However, thanks to the versatile approach to develop-
ment of all software components, the software can
be installed practically on any MCS under OS Linux.




KOH®EPEHLINA

NccnenoBaHne BNUAHUA NapaMeTpoB TEXHONOMMYECKOro npoLlecca
N1a3MOaKTNBUPyeEMOIo oCaxxgeHnqda Ha Ka4eCTBO CJ/10€EB
HeNnernpoBaHHOro AMOKCcHUaa KPeEMHUSA Pa3NMYHOW TONWMNHbI

H.C. Ko3noBa, A.O. LLIMWIKKH
oryn «®Hnu HUMKUC um. 10. E. CepaKoBa»

B TeXHONMOrMmn M3rotoBNEHUs CBEPX6ONbLINX
nHTerpanbHbix cxem (CBUC) HenernpoBaHHbIM
[IMOKCUJ KPEMHMUS, MONYYEHHbIW B npoLecce
XMUMUYECKOro ocaxjeHnsa n3 razoson dasbl U3
TeTpa3aTOKCUCHUIaHa, NPUMEHSETCH B KayecTBe
M30/IMpYlOLLErO0 MaTepuana B COCTaBe MHOrO-
CNOMHbIX MNEHOK MEXYPOBHEBOI0O AU3NEKTPUKA.

B HacTosLEee BpeMsa Npu M3roToBNEHUU pa-
NMaLMOHHOCTONKNX MUKpocxeMm B MBLL PC 3Kb
nepson ctagnen GopMmMpoBaHUA MEXYPOBHEBOIO
[IM3NEKTPUKA ABNSIETCS OCaXKAEHWEe MNEHOK He-
NerMpoBaHHOro AMOKCHAA KpeMHUS npu cybaT-
MochepHOM AaBneHuu TonuwmnHon ~10000 A,
BbICOKME MEXaHWYECKUE HanpseHUs KOTopbIX
MOTYT Bbi3BaTb PacTPECKUBaHWE AUINEKTPUKA,
4YTO NPUBEAET K OTKa3y CXeMbl.

[na pelleHuns ykasaHHoOW nNpob6nembl He06-
XOAMMO MNepeq ocaxJeHUeM AU3NEKTPUKa npu
cyb6aTtmMochepHoM aaBieHn GopMUPOBaTb TOHKUI
(=2000 A) cnoit AMoKcHaa KPeMHUS, 0CaX/IEHHOTO
B N1a3MOaKTUBUPYEMOM NpoLiecce U AN KoTopo-
ro XapaKTepHbl HU3KME 3HAYEHNS MEXaHUYECKUX
HanpsXXeHun. B cBaA3K ¢ 3TUM pa3paboTKa TEXHO-
NIOTMYECKOro npoLecca niasmoakTMBUPYEMOro
0CaXeHWs NIeHOK HENEerMpoBaHHOro JMOKCHAa
KPEMHWA TONLLMHOM ~2000 A ¢ Haunyywmnmm Bbl-
XOAHBIMU XapaKTePUCTUKaAMU ABNSETCS aKTyab-
HOW 3ajayen.

Llenbto HacTosiwen paboTbl ABASETCA pa3pa-
60TKa TEXHOIOTMYECKOro npoLiecca nia3MoaKTy-
BUPYEMOIO OCaXKAEHWS NJIEHOK HENEernpoBaHHOro
IMOKCHAA KpeMHUs ToNLMHOM #2000 A ans dop-
MUPOBaHUSA MEXYPOBHEBOMW U30NALNUN.

JKcnepuMMeHTanbHaa 4acTb HacTosWeN pa-
60Tbl BbINOMHANACb HA YCTAHOBKE OCaXKaeHus
[OU3NTEKTPUKOB, B PEaKTOpe C XONOAHOM CTEHKOMN
M NJ0CKOMapanienbHbIMK 3/IEKTPOAAMM, Ha Nna-
CTUHaX 06bEMHOI0 KPEMHUS p-TUMNa OpUEHTaLLUU
<100>, gnameTtpom 150 mMm.

B HacTosiwen paboTe pa3paboTaH TEXHOOrnYe-
CKUI MpoLecc Nna3MoaKTUBUPYEMOro OCaXaeHus
HEeNerMpoBaHHOro AMOKCHAA KPEMHUS TOMLLMHOM
~2000 A, KOTOPbIM BXOAUT B COCTAB MHOIOC/IOMHbIX
NAEHOK MEXYPOBHEBOIO AM3NEKTPUKA CUCTEMDI
meTannmsauum CBUC ¢ npoekTHbiMU HopMamu 0,35
MKM. B paboTe uccneaoBaHo BIMSIHUE NapameTpoB
TEXHOIOMMYECKOro npoLecca niasmoaKkTuBupye-
MOrO OCa[eHWs Ha Ka4yecTBO C/I0eB HeNernpo-
BaHHOMO IMOKCKA KPEMHMS PA3IMYHOMN TOLLMHBI.

B pesynbrarte uccnefosaHum 6bl10 YCTaHOB-
JIEHO, YTO ANS YMEHbLUEeHUs HEPaBHOMEPHOCTH
MAEHOK ToNLWMHOM ~2000 A Heo6xoanmo nposo-
[OMTb NPOLLECC OCAXAEHUS B YCIIOBUAX HEAOCTaTKa
okucauTensa (kucnopoaa). Ans nieHoK TONLWMHON
~2000 A, ocaaeHHbIX NPU HeoCTaTKe OKUCUTE-
N, 3Ha4YeHne HepaBHOMEPHOCTH, MO CPAaBHEHUIO
C MNEeHKaMM, OCaXKAeHHbIMU MPKU HOPMaJSIbHOM
pacxoie OKUCAUTENS, YMEHbLUMAOCHL Ha ~12 % u
coctaBuno ~1,9 %. KoadpdumumeHT npenomneHums
NAeHoK coctaBun ~1,46.

NK-®ypbe cneKTpasnbHbli aHanus3 No3BOAus
YCTaHOBUTb, YTO NPU YMEHbLLEHWMN TONLWMHbI M10T-
HOCTb M/IEHOK YMEHbLUAETCS, 0 YEM CBMAETENbCTBY-
€T pasnnyne B OLEHEHHOM CTEXMOMETPUYECKOM
cocTaBe MNeHoK. MneHKn TonwmHoin ~10000 A
XapaKTepU3YIoTCH CTEXMOMETPUYECKUM COCTAaBOM
Si0, 4, B TO BPeMs KaK CTEXMOMETPUYECKUI COCTaB
MUIEHOK TOALWMHO ~2000 A cocTaensiet Si0, . Bos-
MOMHOCTb MCMONb30BaHWA HACTOALLEro MeTosa

[ns aHanu3a NA0THOCTU MIEHOK AOKa3aHa pe3ysb-
TaTaMu UCCNefoBaHNsA CKOPOCTEN XUAKOCTHOrO
XMMMWYECKOr0 TPaB/IEHUS NJIEHOK HENErMpoBaHHOIO
[IMOKCMAA KPEMHMS Pa3/IMYHOMN TOSILLMHbI.

[ns yBenMyeHns NOBEPXHOCTHOM MAOTHOCTH
MAEHOK ToALWMHOM ~2000 A, ocaaeHHbIX B npo-
Lilecce C HeJ0CTaTKOM OKMCIUTENS, pa3paboTaH pe-
KUM NNa3MEHHOr0 YI0THEHUS NIEHOK aproHom. B
pe3ynbraTte ynaoTHEHUS MAEHOK TonwuHom ~2000
A NpounsoLwno cMelleHre N1Ka BaneHTHbIX Kone-
6aHuni Si-0-Si, 4To KOCBEHHO CBUAETENLCTBYET 06
yBeMYEHUN MNOTHOCTU NIEHOK (SiOmS). Mocne
YMNOTHEHUS HEPABHOMEPHOCTb MJIEHOK NO TO-
LMHE U KO3PDULMEHT NPENOMAEHMS MPAKTUYECKH
HEe U3MEHMUNCh.

B HacTosien paboTe BbIABUHYTO NPeanonoxe-
HWe, 4TO YBENMYEHME BbICOThI NMKa NPOU30LLIIO U3-3a
06pa30BaHuUs AONONHUTENBHBIX CBA3eN Si—0—Si U,
KaK cneactBue, YrJIOTHEHWUS CTPYKTypbl. B cBa3u ¢
TEM, 4TO MPU YIJIOTHEHUW HE YyHacTBOBaIU peaKuu-
OHHbl€ ra3bl, 06Pa30BaHWE AOMONHUTESbHbIX CBA3EN
Si—0—-Si MOXeT 6bITb BbI3BaHO BCKPbITUEM MNOP Ha
NOBEPXHOCTU NIEHKN MOHAMM aproHa 1 Nna3mMeHHoM
CTUMYNALMEN K 06 beAUHEHNIO 060PBaHHbIX CBA3EN
BHYTPWY MUKPOMNYCTOT MEXKAY COOOMN.

Takum o6pas3oM, uccnegoBaHusl, npoBe-
[eHHble B HacTosWwew paboTe, HanpaBfeHbl Ha
MOAEPHM3ALMIO TEXHONOMMYECKOro npouecca
GOpMUPOBaAHUSA TOHKKX cnoes (2000 A) MeXy-
POBHEBOI0 AN3NEKTPUKA. JOCTUTHYTbIE pedynbTa-
Tbl NO3BONAT MNOAyYaTb NAEHKKU TONLWMHON ~2000
A, xapakTepusylowmecs BbICOKOI NIOTHOCTLIO,
PaBHOMEPHOCTbIO MO TONLWKNHE, KO3PDULMEHTOM
npenomnaeHus B gvanasoHe 1,46+0,01 ¢ uensto
NOBbIWEHNA HAAEXHOCTU NPU U3FOTOBIEHNUN pa-
[IMALIMOHHO-CTOMKNX MUKPOCXEM.

Investigation into Impact of Plasma-Activated Deposition
on Quality of Plain Silicon Dioxide Layers of Various Thickness

N. Kozlova, A. Shishkin, Research Institute of
Measuring Systems named after Yu. Sedakov

In production of very large integration circuits
(VLIC) plain silicon dioxide extracted from tetraeth-
oxysilane in the gas-phase is used as an insulator
in multilayer films of interlevel dielectric material.

In production of radiation-resistant micro-
circuits by Interagency Center for Development
and Production of Radiation-Resistant Hardware
Components the first stage is deposition of plain
silicon dioxide films with thickness of 10,000 A
at subatmospheric pressure. High mechanical
strain can cause cracking of the dielectric and
the system breakdown.

To solve the problem it is required, prior to
dielectric deposition at subatmospheric pressure,
to form a thin (=2,000 A) layer of silicon dioxide
with low mechanical strain deposited through
plasma-activated process. Thus, itis an important
task to develop technology of plasma-activated
deposition of plain silicon dioxide films with thick-
ness of 2,000 A and the best parameters.

The goal of the research is to develop technol-
ogy of plasma-activated deposition of plain silicon
dioxide films with thickness of ~2,000 to be used
in interlevel insulation.

Experiments were made with the use of a

dielectric deposition apparatus, in a reactor with
the cold wall and plane-parallel electrodes, on
p-type bulk silicon plates of orientation <100>,
diameter 150 mm.

We have developed a technology of plasma-
activated deposition of plain silicon dioxide with
thickness of 2,000 A that is contained in multi-
layer films of VLIC metallization system interlevel
dielectric with the design rule of 0.35 my. We
investigated into the impact of plasma-activated
deposition on the quality of plain silicon dioxide
layers of various thickness.

It was found that the lack of oxidizer (oxygen)
is required to decrease the nonuniformity of films
with the thickness of 2,000 A. In the films re-
ceived in the conditions of the lack of oxidizer
nonubiformity decreased by =12 % as compared
with the films received in the normal conditions,
and was ~1,9 %. The film refraction coefficient
is ~1,46.

Fourier-transform IR spectroscopy showed that
the density of films decreases with the decrease of
their thickness, which is proved by the difference
in the film stoichiometry. Stoichiometry of films
with the thickness of ~10000 A is SiO, ,, while
that of the films with the thickness of 2,000 A
is Si0, .. The availability of this method in the
analysis of the film density is proved by the results

of the analysis of chemical etching of plain silicon
dioxide films of various thickness.

In order to increase the area density of films
with the thickness of 2,000 A deposited in the
conditions of the lack of oxidizer, we have devel-
oped the technology of film plasmatic densification
with argon. Densification of films with the thick-
ness of ~2,000 A resulted in a shift of the valence
vibration peak Si-0-Si, which is an indirect indica-
tion to an increase of the films density (SiO, ).
After the densification, the thickness nonuniformity
and the refraction coefficient did not change.

We put forward the hypothesis that the height
of the peak increased due to additional ties Si—0—
Si and the structure densification caused by it. As
reaction gases were absent in the densification
process, additional ties Si—0-Si could be caused
by opening of film surface vesicles by argon ions
and by plasma stimulation of unification of de-
stroyed ties in the micropores.

Thus, the present research is aimed at mod-
ernization of the technology of formation thin lay-
ers (2,000 A) of interlevel dielectric. It allows to
produce films with thickness of ~2,000 that are
characterized by high density, thickness uniform-
ity, refraction coefficient of 1.46+0.01. The films
will help increase reliability of radiation-resistant
circuits.
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KOH®EPEHLNA

[eHepauunsa Boaopoaa npu ocylleHnn 6accermHa BblAEPHKKHU
B X0[e pa3BUTUSA TAXesloM aBapuun Ha banakoBcKkon ASC

M.A. Byaaes, A.J]l. Bacunbes, 10.A. 3BoHa-
pes, A.B. KonoGees, B.B. Mepkynos,
HUL «<Kyp4yaTOBCKHIH MHCTUTYT»

BeefieHue

ABapus Ha anoHckon ASC «Pykycumar» no-
Kazana, 4To MpPU PacCMOTPEHUM BO3MOXKHbIX CLie-
HapueB pa3BUTUS 3anpoekTHon aBapuu (3MA)
Ha A3C Heo6XxoaAnM aHanM3 ManoBepPOSATHbIX
cueHapueB, B TOM yucne, ¢ AuTenbHbiM 06e-
cTo4yMBaHueM. MNpu pa3BUTUM TaKOro CLEeHapus
3a OTHOCUTENIbHO KOPOTKOE BPeEMS MPOUCXOAUT
ocyleHue 6accenHa BblaepxKu (bB) oTpabo-
TaBwero tonnmea AJC. lMNotepsa ypoBHA B BB,
COoAepKalLlero 3Ha4ymMTeNbHOE KONM4YecTBOo TENNO-
BblAensowmnx c6opok (TBC), MoXeT BbI3BaTb UX
pas3orpes u nnaBfeHue, 4TO, B CBOIO o4epefb,
MOXET NPUBECTU K THKENbIM paanaLnOHHbIM
nocneacTBuAM.

MocTraHoBKa 3afjaum

Llenbto gaHHOM paboTbl SBNANOCH pacyeT-
Hoe uccnegoBaHue nosegeHuss 6B aHepro6o-
Ka N21 BanakoBckon A3C ¢ peaktopom BBIP-
1000/B-320 npu TSenon asapum ¢ AnnTeNbHbIM
06€eCcTO4MBaAHUEM.

B Poccun ana getepMMUHUCTUYECKOTO aHa-
nn3a TAXKENbIX aBapui B KOHLE 90-x roaoB 6bi
paspaboTtaH pacy€THbIM Ko (PK) ynydweHHown
oueHkn COKPAT. 31oT Kog npeaHa3HayeH gns
KOMMJIEKCHOTO YWUCNEHHOrO MOAENIMPOBAHUSA
OVHaMWKK NPOLLECCOB, NPOUCXOASLMNX B peaK-
TOPHbIX ycTaHOBKax (PY) Tuna BBAP npwu TsKenbix
3[1A ¢ notepen TennoHOCUTENS, B TOM YUChE, C
nnasneHnem tonnuea. LLnpoknin Habop Tenno-
rMOPaBANYECKUX M GUBUKO-XMMUYECKUX MOAENEN
Komnnekca COKPAT nossonaeTr MoaennpoBatb
noseaeHue BB npu Taxkenon aBapuu ¢ anuTenb-
HbIM 06€CTOYMBaAHMEM, NPUBOASALLMM K HapyLle-
HUIO oxnaxaeHusa bB. Bce mogenu Kno4eBbiX Mpo-
LeccoB BepudULMPOBaHbI C UCMOb30BaHUEM
60/bLION 3KCNEPUMEHTaNIbHOM 6a3bl, BKIOYas
3KCMNEPUMEHTbI Ha MHTErpasibHbIX YCTAHOBKaX U
3KCMEPUMEHTbI MO OTAENbHbLIM ABIEHUAM. Bep-
cust COKPAT /B4 atrectoBaHa PoctexHaa3opom
B 2010 roay cpokom Ha 10 ner.

B pacyeTax, BbINOSIHEHHbIX B paMKax aHHOM
paboThbl, UccnefoBanacb AMHaMWKa pasorpesa u
BblKMNaHua BoAdbl M3 BB, AMHamuKa pasorpesa
n nnasnexus TBC B 6B #n reHepauns Bogopoaa
3a CYET OKUcneHnsa uupkonusa TBC n metannu-
YeCKUX KOHCTpYKLMM BB. PacyeTbl npoBoaMnuch
[N PasUYHbIX 3HAYEHWIA MOLLLHOCTU OCTAaTOYHOIO
TennoBblaeneHns otpabotaBwmx TBC.
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Puc. 1. Cxema 6acceitHa BbiiePKKKN
Fig. 1. The cooling pond plan

B pa6oTte paccmartpuBanca bB aHepro6i1oKa
N2l Banakosckorn A3C (puc. 1). OH cocTouT 13
Tpex 0TCeKOB. PasaeneHune Ha TPy KaCCeTHbIX OT-
CeKa No3BOoNSeT NPOBOANTb PEMOHTHbIE PaboThl
B OJHOM M3 HUX C pa3MelLLeHMeM KacceT B ABYX
Apyrux. B KacceTHbIX OTCeKax pacnonaratoTcs
cTennaxu ana ogHoapycHoro xpaHenuns OTBC.
AyenKkn cTennaxen, npeacrasnsowme cobon
LWeCTUrpaHHyto TpyBy, pa3MeLLatoTcs B BepLIMHaX
PaBHOCTOPOHHEro TpeyronbHMKa. CymmapHas
BMecTumocTb BB paBHa 613 TBC — 563 ayeinku
nog TBC u 50 a4eek noa neHanbl.

B pa6ote 6bin NpoBeieH aHann3 Tpex Bapu-
aHToB 3arpy3ku bB: BapuaHT 1 — cymmapHas
Tennoasi MowHocTb TBC, xpaHsiwmxcs B bB, pas-
Ha 3,6 MBT; BapuaHT 2 — aBapuiHas BbIrpy3Ka,
cymMMmapHas Tennosas MowHocTb TBC, XpaHsLwmxcs
B TpeTbeM oTceKe bB, paBHa 11,0 MBT; BapuaHT
3 — aBapviHas BbIrpy3Ka, CyMMapHas Teniosas
MoulHocTb TBC, xpaHsiumxca B BB, paBHa 16,5
MBT. BapnaHT 2 COOTBETCTBYET Cy4ato aBapumnHom
BbIFPY3KM1 B Havane KamnaHuuu. ins gaHHoro Bapw-
aHTa paccyuTbiBancs He Becb BB, a TonbKo TpeTui
OTCeK (MepBbIi U BTOPOW OTCEKU HE paccmaTpu-
Ba/IUCb), T. K. COMMaCcHO AeNCTBYIOWMM MpaBunam
B C/ly4yae aBapuMMHON BbIFPY3KM 3HA4YMTENbHasA
YacTb aKTMBHOM 30HbI peaKkTtopa (110 TBC us
163) Bbirpy)KaeTcs B TpeTuit oTcek. MNoatomy Bo
BpPeMS aBapuv € ASIMTENbHbIM 06ECTOYMBAHNEM
OCyLLEHMWE TPETLErO OTCEKA MPOMU30MAET BbicTpee
BCero. BapuaHT 3 COOTBETCTBYET CNy4ato aBapuii-
HOW BbIFPY3KM aKTMBHOW 30HbI peakTopa B BB,
Korga pacnpegeneHue ceexxux TBC no otcekam
BB npnbnnanTensHo NPonopLMoHabHO EMKOCTH
OTCeKoB. B pacyeTtax 3agaBanvcb cnegylouine
HavyanbHble ycnoBus: TemnepaTypa Boabl B BB
coctaBnsina — 60°C; nepBoHavasbHbI YPOBEHb
BoAbl — 8,13 M; ypoBeHb Bepxa 060rpeBaemon
Yyactn TBC — 5,31 m.

Pesynbrathbl
Ha puc. 2 npegcraBneHbl pesynbratbl pac-
4YEeTOB U3MEHEHMS YPOBHEW BOAbI AN KAXA0ro

Ta6nuua 1. Yucno TBC pa3nuyHo# BbiA€PKKHU NO OTCEKaM AN 3 BapMaHTOB 3arpy3Ku

oTceKka bB ans nepBoro BapuaHTa 3arpy3ku bB,
Korga cymMMapHas TeniioBasi MouiHocTb TBC B BB
coctaBnsina 3,6 MBT.

M3 puc. 2 BUAHO, 4TO ocylleHme BB ycnosHo
MOXHO pa3aenuTb Ha Tpu ¢dasbl: dasa Harpe-
BaHus BoAbl B BB g0 Temnepatypbl HacblLWEeHUS
(0+50000 ¢ unn 13,8 4 ¢ MOMEHTa 06ecTo4un-
BaHuA); da3a BbIKMNaHWA BOAbl U MOHUKEHUS
YPOBHS [0 Bepxa TOMJIMBHOMW 4YacTu TB3JIOB
((50+179)-10% ¢ unn 13,8+49,7 4); vasa ocy-
weHus TBC ((179+530)-10% c unun 49,7+147,24).

Hayano reHepaunn Bogopoaa (puc. 3) co-
OTBETCTBYET MOMEHTY BpeMeHn 210000 ¢ mnu
57,3 4 ¢ MOMeHTa 06eCTO4YMBaHUSA. 3HaYUTENb-
HbI MHTEpEeC NpeacTaBNseT CKOPOCTb reHepa-
uMu Bogopoaa. N3 rpadmka BUAHO, 4TO 6onbluas
YyacTb BoAopoaa (okono 2750 Kr) reHepupyeTcs B
uHTepBane BpeMern ~ (210+900)-10% ¢. CpeaHsisi
CKOPOCTb reHepaLMn BoAopoaa B 3TOM MHTEPBA-
Nle BpemeHu bbla paBHa ~ 4 r/c. lNonHaa macca
BOAOpPOAa M3 Tpex oTcekoB BB coctaBuna 2974
KT, YTO 3HA4YUTENbHO NPEeBbILIAET Maccy BOAOPO-
[a, BbllleJLero u3 peakropa B Xofe pasButus
nogo6Hon aBapuun. Macca Bogopoaa, o6pa3oBas-
LIerocs 3a CHeT OKUCEHUS CTalbHbIX KOHCTPYK-
UMK, coctaBuna 1469 Kr, T. e. ~ 50% ot obuiero
KonnMyecTBa o6pa3oBaBLlLEerocs BOLOPOAa.

Ha pvc. 4 npeacTaBneHbl pe3ynbTaTbl pacyeTa
M3MeHEeHWs YPOBHS BOAbI AN BTOPOro BapuaHTa
3arpy3ku bB: B TpeTuit oTceK Bbirpyxaetcs 110
cBexumx TBC ¢ cymmapHOM TeNI0BOM MOLLHOCTbIO
11,0 MBT. BblkunaHue Bofbl B TPETbEM OTCEKE
HauynHaeTcs Bcero 4yepesd ~2450 ¢ (0,68 4), a
oronexHune TBC npoucxoant npuMepHo Yyepes 11
TbICAY CEKyHA (~3 Yyaca) ¢ MOMeHTa 06eCcTo4u-
BaHUS.

Kak BMAHO M3 puc. 5, Ha KOTOpoM npea-
CTaBJiIEHbl pe3ynbTaTbl pacyeTa UM3MEHEHUs
Maccbl BOAopoja, reHepauuns Bogopoja Ha-
YynHaeTcsa Bcero yepes 16500 ¢ M 4,6 4 ¢
MOMeHTa 06ecTounBaHus. 3HauuTeNbHas YacTb
BOAOPOAa U3 TpeTbero otceka (~600 Kr) Bbl-
fensieTcsl B uHTEpBane BpemeHu (18+30)-10°
CeKyHZ. Taknum 06pa3om, CKOPOCTb reHepaLmm
BOAOPOJa B 3TOM BPEMEHHOM MHTEpBase Cco-
ctaBuna 50 r/c.

Ha puc. 6-7 npeactaBneHbl pedynbraThbl pac-
yeTa AN TpeTbero BapuaHTa 3arpy3ku bB, korga
npv aBapuiHom Bbirpy3ake TBC N3 akTUBHOM 30HbI
pa3melLatoTcsi no otcekam BB nponopuunoHanbHo
nx o6bemMy. CymmapHasa mouiHocTb TBC, pa3me-
LweHHblx B BB, coctaBuna 16,5 MBT.

M3 puc. 6 BUAHO, YTO BblKMNAHWE BOAbl
B bB HaunHaeTca yepe3 10300 ¢ namn 2.8 u,

Bpems BbigepxKku TBC, r OTcek 1 OtceK 2 OtceK 3

BapuaHT 3arpy3ku bB 1 3 1 3 1 2 3
3cyr 36 65 36 60 24 110 38

30 cyt 36 10 36 4 24 0 3

0,8 16 16 13 13 23 0 23

2,2 60 60 0 0 5 0 5

3,6 30 30 30 30 0 0 0

4,7 2 2 4 4 0 0 0

5,8 1 1 0 0 0 0 0

10,2 1 1 0 0 0 0 0
KonuuectBo TBC B oTceke 146 185 83 111 52 110 69
CyMmMapHas Ten/ioBasi MOWHOCTb B oTceKe, MBT 1,5 6,8 1,3 5,9 0,91 11 3,8
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Puc. 2. U3meHeHHe ypOBHSA BoAbI B
otceKax bB, BapuaHT 3arpy3ku N2 1
Fig. 2. Water level change in
compartments of the cooling pond,

variant 1

Puc. 4. U3meHeHne ypoBHSA BOAbI B 3-eM
otceKe BB, BapuaHT 3arpy3ku N2 2

Fig. 4. Change of water level in
compartment 3 of the cooling pond,

variant 2

Puc. 3. leHepauusa Bogopoaa B
oTceKax, BapuaHT 3arpy3ku N2 1
Fig. 3. Hydrogen generation in
compartments, variant 1
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Puc. 5. leHepauus Bogopoaa B TpeTbeM
otceKe BB, BapuaHT 3arpy3ku N2 2

Fig. 5. Hydrogen generation in the third
compartment of the cooling pond,
variant 2

Puc. 6. UsmeHeHne ypoBHSA BOAbl B oTceKax BB,

BapuaHT 3arpy3ku N2 3

Fig. 6. Change of water level in the
compartments of the cooling pond, variant 3

oronenue TBC npouncxoaut yepes 29400 ¢ unu
8,2 4. [eHepauma BoAopoaa HaynHaeTcsa Yyepes
46700 ¢ unn 13 yacos (puc. 7). 3Ha4YUTENb-
Hasi YacTb BOAOPOJA BbieNseTca B uHTEpBane
BpemMeHu (50+200)-10° ¢ namn 13,8+55,5 y.
Taknum 06pa3oM, cpeHas CKOPOCTb reHepaLunm
BOAOPOAa cocTtaBumna npumepHo 19 r/c. Macca
BOLOPOAA, BbIAENNBLIEroCs 3a CHET OKUCIEHHUSA
CTaNbHbIX KOHCTPYKLMWI, cocTaBuna 890 Kr unu
31% oT NoNIHOM Macchbl BOAOPOAA.

BbiBOAbI

B paboTe npeactaBneHbl pesynbsraTbl pacyeTHO-
ro aHanu3a ocylleHust 6acceriHa BblAEPKKN 3HEP-
ro6noka N2 1 banakoBckoi A3C B xofe aBapuu ¢
JNUTENbHBIM 06€CTOYUBAHUEM 15 TPEX PA3NIUYHbBIX
BapWaHTOB 3arpy3ku 6acceiHa: CyMmapHble MOLL-
Hoctv TBC coctaBnsinu 3,6 MBT, 11,0 MBT 1 16,5
MBT (ans cny4yast aBapMMHON BbIFPY3KK).

MNMoKasaHo, 4To B cny4ae AUTeNbHOro obe-
cTtouymnBaHus ASC KonnyecTBo BOAOPOAa, Bblae-

' [ ' I ' |
40000 G0000 80000
Bpewa, ¢

Puc. 7. leHepauus Bogopopaa B otceKax bB,
BapuaHT 3arpy3ku N2 3

Fig. 7. Hydrogen generation in the
compartments of the cooling pond, variant 3

nuBLlerocs 3a cyet okucneHuns TBC B bB, MoxeT
B 2-3 pa3a npeBblliaTh KOMYECTBO BOJOPOAA,
BblIIEALIEro U3 peaKkrtopa, 4To npeacrasnser
cob0oW cepbe3Hylo yrpoldy 6esonacHoctn A3C.
MonyyeHHble pe3ynbTaTbl NOATBEPXKAAWT Le-
necoo6pasHocTb peanmsyembix OAO «KoHuepH
PocaHeproatom» Mmep no ocHatuleHuto A3C go-
NOSIHUTE/NbHbLIM MPOTMBOABaPUNHBLIM 060PYaA0-
BaHUEM.
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Hydrogen generation as a result of cooling pond dewatering in case of
development of a severe accident at the Balakovo Nuclear Power Plant

M. Budayey, A. Vasiliyey, Y. Zvonaryoy,
A. Konobeyey, V. Merkulov
National Research Center «Kurchatov Institute»

Introduction

The Fukushima nuclear calamity showed
that analysis of possible beyond design basis
accident scenarios for a nuclear power plant
must encompass improbable cases including
long-term blackouts. In such cases within
a short time the cooling pond of a nuclear
plant is dewatered. Loss of level in a cooling
pond containing a significant amount of fuel
assemblies can cause heating up and melting
of the fuel assemblies, which in turn can lead
to severe radiation aftereffects.

Problem Definition

The purpose of this work has been to
analyze the behavior of the cooling pond of Unil
No. 1 at the Balakovo Nuclear Power Plant with
a VVER-1000/B-320 reactor in case of a severe
accident with a long-term blackout.

In the late 1990s in Russia the software code
SOCRAT was developed for deterministic analysis
of severe accidents. This code is intended for
complex computational modelling of dynamics of
the processes occurring in VVER reactor systems
in case of a severe beyond design accident with
loss of coolant including fuel melting. A wide
range of thermohydraulic and physicochemical
models of SOCRAT allows modelling of cooling
pond behavior for accidents with long-term
blackouts causing disruption of pond cooling. All
models of key processes are verified using a large
experimental base including data on integral
systems and separate phenomena. SOCRAT/
B1 was certified by Rostekhnadzor in 2010 for
validity period of 10 years.

This work includes calculation of the
dynamics of cooling pond water heating and
boil-off, heating and melting of fuel assemblies
and generation of hydrogen due to zirconium
oxidizing in fuel assemblies and oxidizing of steel
structures of the cooling pond. The calculations
were done for various afterheat outputs of spent
fuel assemblies.

The work considers the cooling pond of unit
1 of the Balakovo Nuclear Power Plant (fig. 1).
The unit consists of three compartments. The
division into three fuel assembly compartments
allows repair in one of them while the two others
accommodate fuel assemblies. The fuel assembly
compartments contain single-deck storage racks.
The racks comprise hexagonal pipe cells placed
at the vertexes of an equilateral triangle. The
total capacity of the cooling pond is 613 fuel
assemblies - 563 cells for fuel assemblies and
50 cells for canisters.

Three variants of cooling pond loading were
analyzed: variant 1 — the total heat rating of fuel
assemblies stored in the cooling pond is 3.6
megawatt; variant 2 - emergency unloading, the
total heat rating of fuel assemblies stored in the
third compartment of the cooling pond is 11.0
megawatt; variant 3 - emergency unloading, the
total heat rating of the fuel assemblies stored
in the cooling pond is 16.5 megawatt. Variant
2 corresponds to emergency unloading at the
beginning of a run. For this variant calculation
was done not for the whole of the cooling
pond, but only for the third compartment (first
and second not considered) since according
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to the current rules in case of an emergency
unloading a considerable proportion the core
(110 fuel assemblies of 163) is unloaded into
the third compartment. Therefore, during lengthy
blackouts dewatering of the third compartment
will be the quickest. Variant 3 corresponds
to emergency unloading of the core into the
cooling pond when allocation of fresh fuel
assemblies to cooling pond compartments is
approximately proportionate to the capacity
of the compartments. The following initial
conditions were taken into account: water
temperature in the cooling pond — 60°C; initial
water level — 8,13 m; fuel assembly heated top
level — 5,31 m.

Results

Fig. 2 shows the results of water level change
analysis for each compartment of the cooling
pond for variant 1 when the total heat rating of
fuel assemblies is 3.6 megawatt.

Fig. 2 shows that dewatering of the cooling
pond can be divided into three phases: water
heating to saturation temperature (0450000 sec
or 13.8 h after blackout); boil-off and water level
decrease to the fuel part top of fuel elements
((504179) 10° sec or 13.8449.7); dewatering
of fuel assemblies ((1794530) 10° sec or
49.74147.2).

The start of hydrogen generation (fig. 3)
corresponds to 210000 sec or 57.3 h after
blackout. Hydrogen generation speed is of
great interest. The diagram shows that the
greater part of the hydrogen (about 2750 kg)
is generated within ~ (2104900) 10° sec. The
average speed of hydrogen generation during
this time was ~ 4 g per sec. The total mass of
hydrogen from the three compartments of the
cooling pond amounted to 2974 kg. This value
exceeds considerably the mass of the hydrogen
that came out of the reactor during a similar
accident. The mass of the hydrogen generated
due to oxidizing of steel structures amounted to
1469 kg, i.e. ~ 50 % of the total.

Fig. 4 shows results of water level change
calculation for the second variant of cooling
pond loading: 110 fresh fuel assemblies are
loaded into the third compartment with a total
heat rating of 11.0 megawatt. Boil-off in the third

compartment starts in only ~2450 sec (0.68
h), and dewatering of fuel assemblies occurs
approximately in 11 thousand seconds (~3 hours)
after blackout.

Fig. 5 shows the results of hydrogen mass
change calculation. Hydrogen generation
begins in only 16500 sec or 4.6 h after
blackout. A considerable part of hydrogen
from the third compartment (~600 kg) is
generated in (18430)-10% seconds. Thus, speed
of hydrogen generation in this window of time
is 50 g per sec.

Fig. 6-7 shows the results of calculation
for the third variant when during emergency
unloading the fuel assemblies from the core are
placed into compartments of the cooling pond
proportionately to their volume. The total capacity
of fuel assemblies placed into the cooling pond
was 16.5 megawatt.

Fig. 6 shows that water boil-off in the cooling
pond starts in 10300 sec or 2.8 h, dewatering
of fuel assemblies occurs in 29400 sec or
8.2 h. Hydrogen generation starts in 46700
sec or 13 hours (fig. 7). A considerable part
of hydrogen is generated within (504200)-103
sec or 13.8455.5 h. Thus, the average speed
of hydrogen generation is approximately 19 g/
sec. The mass of the hydrogen generated due
to oxidizing of steel structures is 890 kg or
31 % of the total hydrogen mass.

Conclusions

The work contains the results of analysis
of unit 1 cooling pond dewatering scenarios at
the Balakovo Nuclear Power Plant long-term
blackouts for three variants of loading: the total
fuel assemblies capacities are 3.6, 11.0 and 16.5
megawatt (emergency unloading).

It was found that in case of a long-term
blackout at the nuclear power plant the
amount of hydrogen generated by oxidizing
of fuel assemblies in the cooling pond can be
2-3 times as large as the amount of hydrogen
coming out of the reactor which is a serious threat
to the safety of the nuclear power plant. The
received results confirm the expediency of the
measures implemented by Rosenergoatom to fit
nuclear power plants with additional emergency
equipment.

Table 1. Number of fuel assemblies with various storage time by compartments for 3 loading variants

Cooling time Compartment 1

Variant 1 3 1
3 days 36 65 36
30 days 36 10 36
0.8 16 16 13
2.2 60 60 0
3.6 30 30 30
4.7 2 2 4
5.8
10.2 1 1
Number of fuel
assemblies in a 146 185 83
compartment
Total heat
rating, 1.5 6.8 1.3
megawatt

Compartment 2

Compartment 3

3 1 2 S
60 24 110 38
4 24 0 3
13 23 0 23
0 5 0 5
30 0 0 0
4 0 0 0

0 0 0

0 0 0
111 52 110 69
5.9 0.91 11 3.8




KOH®EPEHLINA

KOHTPO/Ib 3KCNNyaTaLMOHHbIX XapaKTEPUCTUK TOKOBbIX
MOHM3aLMOHHbIX Kamep B cocTaBe CY3 peaKTopoB

TMna PBMK-1000

B.B. KyzepuH, Kypckaa atoMmHas cTaHUMA
- dunuan OAO <KoHuepH PocaHeproarom»

BBeaeHue

[oknan NnocBsILEH KOHTPOJIIO 3KCnyaTaum-
OHHbIX XapPaKTePUCTUK TOKOBbIX MOHWM3aLMOHHbIX
Kamep v uccnefoBaHuio cTabuibHOCTM BO Bpe-
MEHM MOoKa3aHWI camMuXx Kamep U annaparypbl,
obpabaTbiBalOLLEV X CUTHAMbI.

Llenb paboThbl:

e BbIIB/IEHWE 3KCMIyaTaLMOHHbIX eDEKTOB
pa3beMHbIX COeAUHEHUIN N NEePBUYHOM anna-
paTypbl 06paBGOTKM CUTHANOB TOKOBLIX KaMep;

e BbISIB/IEHWE HACTYMNJIEHUS MOMEHTa npe-
1€NbHOIr0 TEXHNUYECKOro COCTOSAHUA MOJIBECKMY;

e KOHTPOJSib BO BPEMEHU BbIrOPaHUs pajaua-
TOopa NOABECOK AJ19 ONpeAeneHNs BO3MOXHOCTH
WX AanbHenWen 3KcnayaTaunm no UCTeYeHUK
Ha3Ha4YeHHOro CPoOKa CNyXo6bl;

e MPOrHO3MpPOBaHME OTKA30B MNOJBECOK.

OcHOBHan YacTb

MoHU3aumnoHHaa Kamepa — ra3oHamnosHeH-
HbI MOHU3ALIMOHHBIA AETEKTOP A9 KOHTPO/S
NIOTHOCTM HEWTPOHHOIO MOTOKa, B KOTOPOM
3/IEKTPMUYECKOE NOJSIe UCMONb3YeTCsa AN CobU-
paHus 3apsiaoB, BO3HMKAIOWMWX B YyBCTBUTENb-
HOM 06beme Mo AeVCTBMEM MOHU3UPYIOLWErO
n3nyyeHus (puc. 1).

MoHN3aUMoHHbIE KaMepbl SBNISOTCS AaT4MKa-
MU CUrHaN0B B CUCTEMAX KOHTPOIS, yNpaBneHus
1 3alUUThl AAEPHbIX PEaKTOPOB.

MNoaBecKa MOHM3ALMOHHOM Kamepbl — KOH-
CTPYKTUBHbIW y3es, GUKCUPYIOLWUI NONOKEHUE
Kamep B peaKTope v 3aliMLLaoLMiA MOHU3aLMN-
OHHYIO KaMepy U IMHUIO CBA3K OT BO3AENCTBUS
BHeLLHeN cpeabl (Bnaru, NapoB KUCIOTHU T. 4.), a
TaKXKe OT 3N1EKTPOMarHUTHbIX HaBOAOK.

Mporpamma-meToanKa NPOBEPKM NMOABECOK
MOHM3ALMOHHbIX KamMep, IKCMIyaTUPYIOLWMUXCS Ha
peaktopax PEMK-1000 (N2 82506M ot 2009 r.)
onpeaensieT cneayolime 06beMbl MPOBEPOK 3/EK-
TPUYECKMX XapPaKTEPUCTUK NOABECOK:

e MPOBEpPKa COMPOTUBAEHUS UIONALUN U
3NIEKTPUYECKON EMKOCTH;

e M3MEpPEHME HaK/OoHa nnaTto BOJbT-
aMnepHOM XxapaKTEPUCTUKH;

e N3MepeHUe OTHOCUTENIbHOIO U3MEHEHUSs
YyBCTBUTENIbHOCTM MOABECKMU K HEMTPOHHOMY
NMOTOKY.

HepocTtaTtku gaHHOW nNporpamMmsbl 3aKitoda-
10TCS B criegytowem:

e 13MepeHus npoBoasaTcs Tonbko B [MIMP;

e PN UBMEPEHNM OTHOCUTENTbHON YYyBCTBMU-
TEIbHOCTU NOABECKU K HEUTPOHHOMY NOTOKY 6e-
peTcsa cpeaHas MOLHOCTb, a HE 3HA4YEeHUEe HeW-
TPOHHOIO NMOTOKA, MPOXOASALEro Yepes AaHHyo
noasecky UK.

OCHOBHbIE MPUYMHbI, BKSIOLWNWE Ha OTANYME
nokasaHui BUK mexxay coboi n oT cpegHen MoLL-
HOCTW peaKTopa:

e nepecrtaHoBka TBC cO 3Ha4uTENbHbIM
BbIFOPaHWEM TOMJIMBA U3 LeHTPaNbHbIX 30H pe-
aKTopa Ha nepudepuio BeaeT K ToMy, 4to TBC,
YCTaHOBJIEHHbIE B KpalHUX psijax, UMeIoT cyllle-
CTBEHHO MEHbILLYIO MOLLHOCTb;

Puc. 1. TokoBble KaMmepbl AN perucTpaumm HEMTPOHOB C KOMMeHcauuen ramvia-poHa ¢ TBepabiM
60pHbIM paguaTtopom / Pic. 1. Current chambers used to register neutrons and compensate gamma

background with a solid boron radiator

e pa36poc NoKasaHUi Kamep, pa3MeLLeHHbIX
B pa3nnyHbix KaHanax BUK no nepumetpy aktms-
HOW 30Hbl, KAYECTBEHHO OO BACHAETCA HaNMYnem
asnMyTanbHOM HEPaBHOMEPHOCTWU MOLLHOCTEN
TBC KpanHWX psoB aKTUBHOW 30HbI;

e BUK nmeeT oTHOCHMTENbHO HEOGONbLLOW
pagunyc 4yBCTBUTENbHOCTY;

1 CY3-BME ()

e pPa36poc YYBCTBUTENbHOCTU OTAENbHbIX
BUK.

[aHHag paboTa npeanaraet NOCTOSHHbIN
MOHWUTOPUHI 3a 3NIEKTPUYECKUMU U pagruome-
TPUYECKMMW NapaMeTpamMu NOABECOK TOKOBbIX
MOHM3aLMOHHbIX Kamep B cocTaBe KCKY3 peak-
TopoB PBEMK-1000 Ha ocHOBaHWW NOKa3aHuw,
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Puc. 2. Cxema pacnonoxeHus gatunkoB BUK u oKkpykalowmx nx gatunkoB BP/] B peakTope
Pic.2. Layout of near IR sensors and surrounding VRD sensors in a reactor
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Puc. 3. YpOBHM KOPPEKTUPOBaAHHbIX U IKBUBANIGHTHbIX CUrHANOB faTyu-

koB BPA-P u BP[1-B / Pic.3. Levels of corrected and equivalent signals of

VRD-R and VRD-V sensors

Ta6nunua 1. MacnopTHble AaHHblE YyBCTBUTEbHOCTH NoaBecku PUK PBM-K9.C6.242

HaumeHoBaHue napameTpa, eAUHULA U3MEPEHUA

YyBCTBUTENLHOCTb K TEMIOBLIM HEWTPOHAM B TOKOBOM pexume, A.cM2.c

a) «Bbix. 1»
6) «BbIx. 2»
B) «Bbix. 3»

noJly4eHHbIX OT annapaTypbl COKP3 n annapa-
Typbl KOHTpoaupytowen yactn KCKY3.

o cnoco6y noay4yeHnst AMarHoCTUYECKOMN UH-
dopmaumnn faHHaa TexHUYecKas AMarHOCTUKa
OTHOCUTCS K PYHKLMOHANbHOW, T. €. NPOBOAUMOW
TONbKO Ha paboTaloweM 060PYAOBaAHNUM.

[pn ncnonb3oBaHWM GYHKLMOHaNbHOM Napa-
METPUYECKOW ANarHOCTUKM OLLEHKa TEXHUYECKOTo
COCTOSIHMS OCYLLECTBASIETCS MO BEIMYMHE DYHK-
LiMOHaNbHbIX NapamMeTpoB 060PyA0BaHNUS Npu ero
paboTe, Npy 3TOM Nojaya LieneHanpaBieHHbIX Te-
CTOBbIX BO3ENCTBUI He TpebyeTcs. OTKIOHEHKE
3TWMX MapaMeTpoB OT UX HOMUHANbHOIO 3HaYEeHNS
CBUAETENbCTBYET 06 UBMEHEHWUU TEXHUYECKOTO
COCTOSIHWSA 3N1eMEHTOB 06beKTa, GOPMHUPYIOLLMX
[JaHHbIM NapameTp.

MNepen Havanom uccnefoBaHKsa NnapaMeTpoB
noABECOK M annapaTypbl 06paboTKM CUrHaNoB
Ha npeameT cTabubHOCTM NOKa3aHU GUKCHPY-
I0TCS 3HA4YEHUSI TOKOB MOHU3ALMOHHbIX Kamep
ncenegyembix MOABECOK U KOPPEKTUPOBAHHbIE
CUrHasnbl BHyTPUpeaKTOpHbIX gatynkos BP 1-ro
KOMMNEKTa, HaxoAsALWmxXcs B6IM3KU ccnesyemMblix
NoABECOK (puC. 2).

B KavecTBe BHYTPMPEaKTOPHbIX AETEKTOPOB
HEWTPOHHOIO NOTOKa UCMONb3YTCH 6e3bIHEPLIU-
OHHbl€ 3MUCCUOHHbIE AETEKTOPbI HENTPOHHOIO
N3y4eHUs C IMUTTEPOM, COAEPHKALLUM OKUCb
radHus.

Annapatypa COKP3 npuHumaet go 132
CUrHaNoB ANsl KOHTPOJSA pagnanbHOro pacrnpe-
neneHusa sHeprosbliaenedns BPA-P n no 144
CWUrHaNoB 415 KOHTPONS BbICOTHOrO pacnpeje-
NeHWs IHEProBbIgeNeHUs (Mo 4 CUrHana Cekumun,
pacnpeaeneHHbIx No BbicoTe KaHana BPA-B, B
Kakon n3 36 TOYEK KOHTPONS).

[anee annapatypa CPKP3 nuHelnHo npeob-
pa30BbIBaeT BXOAHbIE TOKOBbIE cUrHanbl BPA-P B
HOPMWPOBAHHbIE CUrHasbl, @ 3aTEM OHM NPEe06-
pa30BbIBaAOTCSA B KOPPEKTUPOBAHHbIE CUrHANbI.
CurHanbl ot BPJ1-B Takke HopmupytoTes U ganee
npeobpasyoTcs B 3KBUBANEHTHbIE CUTHaNbI AaT-
ynkos BPA-P.

Ha HOMWHanbHOM YPOBHE MOLLHOCTU YPOB-
HK curHanos Ukop n Ua ot gatynkos BPA-P u
BPA-B 1-ro KomnnieKta npubaM3nTenbHO paBHbI
5B (puc. 3).

Curnanbl Ukop 1 Us gatunkos BP-B v BP-P
ABNAOTCS HaUNy4WMM (MO NPUYMHE OTCYTCTBUSA
NPOCTPaAHCTBEHHbIX UCKaXKEHWUN) UCTOHHUKOM
MHPOPMaLMK NS BblIYUCIEHUS PEAKTUBHOCTY,
obuien M NOKanbHOM MOLLHOCTM Ha 3HepreTuye-
CKOM YpOBHE MOLLHOCTH.
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Puc. 4. PacyeTHblit U 3KcnepuMeHTabHbI TOK UCCIEyEMOI Kamepbl

Pic. 4. Calculated and experimental current of the chamber in question

Hopma no e3.399.038 TY

He MeHee He Gonee
1.3*10-14 1.7*%10-14
1.3*10-14 1.7*%10-14
1.3*10-14 1.7*%10-14

3Has npuHuMn pa6oTbl annapaTtypbl CKY3,
T. €., KaK CBA3aHbl HOPMMPOBAHHbLIE U KOPpPEK-
TUPOBaAHHbIE CUIHabI OT AaT4MKoB BP/, 1 MOHHK-
3aLMOHHbIX Kamep, YPOBHU CUTHANOB AaHHbIX
[laTYNKOB Ha 3HEPreTUYECKOM YPOBHE MOLLHOCTH,
MOXHO MONY4YUTb 3aBUCUMOCTb MEXay pacyerT-
HbIM TOKOM Kamepbl ¥ MOKa3aHUsiMK OT AaTYMKOB
BP/ (puc. 4).

[anee no OoTHOLWEHUIO TOKa Uccneayemon
KaMepbl K pac4eTHOMY TOKY MOXHO CyAUTb 06 13-
MEHEHWUW YyBCTBUTENIbHOCTM KaMepbl NMOABECKM,
BbI3BaHHOW BbirOpaHWEM paanatopa Kamepsbl 1
pa3nYHbIMK IKCMNyaTaLMOHHBIMKU AedeKTaMu
(puc. 5).

3Has nacnopTHble JaHHbIe YyBCTBUTENIbHOCTU
Kamep KOHKPETHOM NOABECKM, M Ha CKOJIbKO Npo-
LLEHTOB OHW MOTYT UBMEHSATLCH, MOXHO CYAUTb O
TEXHUYECKOM COCTOSIHUM MOABECKU U NEPBUYHOM
annapaTypbl 06paboTKM MHDOPMaLUH.

B T1a6n. 1 npeacraBneHbl NacnopTHbIE AaHHbIE
4YyBCTBUTENbHOCTU TOKOBbIX KaMep NoABECKMU
PUK PEM-K9.C6.242. 13 Hee cneayerT, 4To gony-

Puc. 5. OTKNoHeHue curHana Kamepbl OT pac4eTHoOro

CKaeMOe yXyALEHUEe YyBCTBUTENbHOCTU TOKOBbIX
Kamep coctaBnseTt 13%.

BbiBOAbI

YcTaHOBNEHbI CBA3K MEXAY XapaKTepUCTUKa-
MW AMarHoCTUYECKMX MapaMeTpoB 1 COCTOSTHUEM
06beKTa M onpeaeneHbl AMarHoCTUYeCKue an-
ropuTMbl, He06XxoAMMble ANa onpefeneHus Buaa
TEXHUYECKOr0 COCTOSIHMS.

Mcnonb3oBaHMe AaHHOrO MeTofja KOHTPONS
TOKOBbIX MOHWU3ALMOHHbBIX KaMep U NepBUYHOM
annapaTypbl 06pa6GOTKN CUrHANOB NMO3BOJUT:

e BbISIB/IATb IKCMIyaTauMOHHbIe febeKTbl
pa3beMHbIX COEAMHEHMI U NEPBUYHON anna-
paTypbl 06PabOTKN CUTHANOB TOKOBbIX Kamep;

e BbISIBNATb HACTYNIEHNE MOMEHTa Npesesb-
HOro TEXHUYECKOro COCTOSHUS MOABECOK;

e KOHTPONMPOBaTb BO BPEMEHM BbiropaHue
paguaTtopa noABECOK Ans onpeaeneHns BO3MOXK-
HOCTM MX flanbHeWLWen aKkenayaTaumm no ncteye-
HWW Ha3Ha4YeHHOro CPOKa CNyXoObl;

e NPOrHO3MpoBaTb OTKa3bl NOABECOK;

® CHWM3UTb CKNTaACKME 3anacbl B COOTBET-
CTBWM C naeonorven Npon3BoACTBEHHON cUCTe-
Mbl «PocaTom» 3a cHET onpeaeneHns onTumarsb-
HOro Konunyectsa pe3epBa NoABECOK;

® HAKOMUTb CTAaTUCTUYECKUE AaHHble, Nones-
Hble Ans pa3paboT4MKOB NOABECOK.

Taknum o06pa3om, UCNoNb30BaHWE AaHHOIO
MeTOo/a NOBbICUT HAAEXHOCTb U 3GPEKTUBHOCTb
aKcnnyataunn noasecok MK B coctaBe KCKY3.

Fig. 5. Deviation of the chamber signal from the calculated signal




CONFERENCE

Performance Control of Current lonization Chambers within
Reactor Control and Protection System of RBMK-1000

V. Kuzerin, Kursk Nuclear Power Plant -
branch of Rosenergoatom

Introduction

The report is devoted to performance control
of currentionization chambers and research into
timing stability of the readings of the chambers
and equipment used to process their signals.

Work objective:

e detection of operational defects of sepa-
rable couplings and primary equipment for pro-
cessing current chamber signals;

e identification of the time when the limit
technical state of the suspension occurs;

e time control over suspension heater burn-
out to identify opportunities of further operation
of suspensions upon expiration of their term of
service;

e suspension failure predictions.

Main points

The ionization chamber is a gas-filled ioniza-
tion detector used to monitor the density of the
neutron flux in which the electric field is used to
collect charges arising in the sensitive volume
under ionizing radiation (Fig. 1).

lonization chambers are the signal sensors
in reactor control and protection systems.

lonization chamber suspension is a structural
unit used to fix the position of chambers inside
the reactor and protect the ionization chamber
and communication line from the external impact
(moisture, acid fumes, etc.) and EMI.

The profile method used to check ionization
chamber suspensions employed at RBMK-1000
reactors (No. 8.2506 M of 2009) determines the
following scope of checking ionization chamber
suspensions:

e insulation resistance and electric capac-
ity check;

e plateau slope measurement of a volt am-
pere characteristic;

e measurement of a relative suspension
sensitivity shift against a neutron flux;

e The flaws of this profile method are the
following:

e measurements are carried out only during
scheduled maintenance;

e when measuring relative suspension sen-
sitivity against a neutron flux, average power
is adopted instead of a value of a neutron flux
passing through an IC suspension.

Primary reasons influencing the difference
in near IR readings between themselves and
from the average reactor power are the following:

o fuel bundle rearrangement together with
heavy fuel burnout from the central zone of a
reactor to its periphery results in fuel bundles
fixed in edge rows having much lower capacity;

e dispersion in the readings of chambers
located in different near IR channels along the
perimeter of the active zone is explained by azi-
muth imbalance in capacities of fuel bundles
located in edge rows of the active zone;

e near IR has a relatively small sensitivity
radius;

e dispersion in sensitivity of certain near IRs.

This paper suggests permanent monitor-
ing of electric and radiometric parameters of
current ionization chamber suspensions within
reactor control and protection systems (RCPS)
of RMBK-1000 based on readings provided by
the equipment of power distribution physical
control systems (PDPCS) and the equipment of
RCPS controlling part.

Pursuant to the way to obtaining diagnostic
information such technical diagnostics is referred
to as functional, i.e. the one carried out only on
operating equipment.

When applying functional parametric diag-
nostics, technical condition evaluation is per-
formed based on the value of functional param-
eters of the equipment in operation, whereas
targeted test inputs are not required. Deviation
of these parameters from their nominal value
indicates a change in the technical condition
of the object elements forming this parameter.

Prior to studying the parameters of suspen-
sions and signal processing equipment with
respect to readings stability, currents values of
ionization chambers of suspensions in question
and corrected signals of in-core sensors VRD of
the 1st setlocated near suspensions in question
are fixed (Fig. 2).

Instantaneous emission detectors of neutron
radiation with an emitter containing hafnium
oxide are used as in-core neutron flux detectors.

PDPCS equipment receives up to 132 signals
to control radial distribution of power release of
a radial in-core sensor (VRD-R), and up to 144
signals to control vertical distribution of energy
release (4 section signals distributed according
to the channel height of a vertical in-core sensor
(VRD-V) in each of 36 control points).

PDPCS equipment then ensures linear trans-
formation of VRD-R input current signals into
standardized signals, and still then they are trans-
formed into corrected signals. VRD-V signals are
also standardized and further transformed into
equivalent VRD-R signals.

Signal levels Ukop and Us from VRD-R and
VRD-V sensors of the 1st set at the nominal power
level approximate 5B (Fig. 3).

Ukop and Us signals of VRD-V and VRD-R
sensors are the best (due to lack of spatial distor-

tion) source of information to calculate reactivity,
total and local power at an energy power level.

Being aware of RCPS equipment operation
principle, namely what is the connection between
standardized and corrected signals from VRD
sensors and ionized chambers, and sensor data
signal levels at an energy power level, one can get
atthe dependence between calculated chamber
current and VRD sensor readings (Fig. 4).

Then judging by the relation between the
current of the chamber in question and the cal-
culated current, suspension chamber sensitivity
shift can be assessed as a result of chamber
radiator burnout and various operational defects
(Fig. 5).

Being aware of the passport details regarding
chamber sensitivity for a particular suspension,
and of their deviation percentage a conclusion
can be made as to the technical condition of
the suspension and primary data processing
equipment.

Table 1 shows passport details regard-
ing current chamber sensitivity of suspension
RIK RBM-K9.Sb.242. It follows thence that the
allowed sensitivity reduction for current chambers
constitutes 13%.

Conclusions

Links between characteristics of diagnostic
parameters and the object status were estab-
lished whereas diagnostic algorithms required to
identify the type of technical status were defined.

Application of this control method for current
ionization chambers and primary equipment of
signal processing will enable the following:

e detection of operational defects of sepa-
rable couplings and primary equipment for pro-
cessing current chamber signals;

e identification of the time when the limit
technical status of the suspension occurs;

e time control over suspension heater burn-
out to identify opportunities of further operation
of suspensions upon expiration of their term of
service;

e suspension failure predictions;

e inventory reduction pursuant to the ide-
ology of Rosatom Production System through
identifying an optimal amount of suspensions
in reserve;

e accumulation of statistical data useful for
suspension developers.

Application of this method will thus increase
reliability and efficiency while operating IR sus-
pensions within RCPS.

Table 1. Sensitivity details for suspension RIK RBM-K9.Sb.242

Parameter name, unit of measure

Normal value
under el3.399.038 TU

Sensitivity to thermal neutrons in a current mode, A.cm?.c

a) «Out 1»
6) «Out 2»
B) «Out 3»

minimum maximum
1.3*10-14 1.7*¥10-14
1.3*10-14 1.7*¥10-14
1.3*10-14 1.7*¥10-14
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KOH®EPEHLNA

LndpoBoe ycTponcTBo cbopa AaHHbIX MOBbILLEHHOW
e€MKOCTU CUCTEMbI PErNCTPaLUN GU3NYECKUX NapPaMETPOB

A.A. Pycak, ®ryn «PosAL-BHUNTD»
um. akapemuka E.U. 3a6a6axuna

TpaAWUMOHHBIMW KPUTEPUSIMU NPaBUNLHOCTH
KOHCTPYKTUBHOM 1 CXeMOTEXHUYECKOW peanu3auunu
pa3paboToK U UX cocTaBHbIX YacTen (CH) asnsaiotcs
UX yCnelHble HaTypHble ucnbiTaHus. Cneayet oT-
METWUTb, YTO NPOBEAEHME HATYPHbIX (MOMUTOHHbIX)
KOHTPOJIbHbIX UCMbITaHUI CONPSXKEHO ¢ 60NbWNMHU
3aTpaTtaMn BPEMEHW W MaTepuanbHbIX PECYPCOB,
No3TOMY B YC/IOBUSIX OFPaHUYEHHOCTU KONnyecTBa
MCNbITaHWM Ha NepBbIf NAaH BbIXOAWUT NOBbILWEHWE
KayecTBa NPOBOAMMbIX U3MEPEHUI, YTO TPEBYET Kak
YBENNYEHUSA TOYHOCTU UBMEPEHWI, TaK U YBENYEHUS
ob6bema peructpupyemomn nHbopmaumu.

B HacTosiee Bpemsa Bo BHUNTD Bepetcs paspa-
60TKa 60PTOBOM aBTOHOMHOM CUCTEMbI PEFUCTPALINK
GU3nYeCKnx NnapaMeTpoB, B COCTaB KOTOPOW BXOAUT
LuMdpoBOeE YCTPOUCTBO c60pa AaHHbIX NOBbILLEHHOM
E€MKOCTH (peructparop).

CyluecTByoLMUE B UHCTUTYTE CUCTEMbI AN U3MeE-
peHusa BU6GpaLMmn ¥ TemnepaTypbl ABASIOTCS MOPasibHO
YCTapeBLUMMU U HE NOANIEXKAT BOCCTAHOB/IEHMIO.

OcHoBHble Tpe6oBaHWs, NpPeabABASEMbIE K HO-
BOWM CUCTEME MO pPerncTpaLmm BubpaLuu:

— amnanTyaa u3Mepsiembix BUGPOYCKOPEHWI OT
100100 g;

— U3mepeHue BubpaLmm no 30 KaHanaw;

— nepuoj onpoca AaTinMKoB BUGpaLmm He 6onee
100 MKc;

— [IMTEeNbHOCTb OAHOIo U3MepeHus He MeHee 10 c.;

— KONMYECTBO U3MEPEHU He MeHee 16;

— NpUBA3Ka n3MepeHui K 60pTOBOMY BPEMEHM.

OcHOBHble Tpe6oBaHUs, NpeabaBASEMbIE K CU-
cTeMe Mo perncTpaLmmn TemnepaTypsbi:

— AuManasoH uamepseMblx TemnepaTyp ot -60
no +260°C;

— U3MepeHune TemnepaTtypbl No 58 KaHanawm;

— nporpaMMupyeMbIv Nepuos onpoca;

— KONIMYEeCTBO OMNPOCOB AaT4YUKOB TeMNepaTypbl
He MeHee 1200;

— Np1BSA3Ka N3MepeHnit K GOPTOBOMY BPEMEHM.

MNepen Havanom pa3paboTKuy 6bl1 NPOBEAEH aHaNN3
HanM4ms rotoBbix BapraHToB cuctem (HIMO «M3mepu-
TenbHas TexHuka», Pockocmoc, HIMO «Mpu6op», OAO
«MeBCKWI paano3aBog»). AHanua fan oTpuuaTenbHbIv

pesynbrar. NpeanoXxeHHble BapuaHTbl He YA0BIETBO-
pAAn 3agaaHHbIM TPeGOBaHMSAM MO CKOPOCTU 06MeHa
[aHHbIMK, O6BLEMOM MaMSATH, TOYHOCTHBIM XapaKTe-
PUCTMKaM U BHELLHUM BO3AeNCTBYIOWMM pakTopam. B
pesynerate 6bIN10 NPUHATO PeLLEHUE 0 CAMOCTOATENbHOM
pa3paboTKe n3MepuTeNbHOM cucTeMbl. [1o pesynsratam
npeaBapuTensHoM NpopaboTku Gbina paspaboTaHa
CTPYKTYpHas CXemMa CUCTEMbI PerncTpaLmum u chopmy-
NMpoBaHbl TPEGOBaHWSA K COCTaBHbIM HaCTSM CUCTEMBI,
B TOM YMC/E K PErucTpaTopy:

— peructpauus He MeHee 16 3anycKkoB M3Me-
peHuin BMGpaLnn C ABYX U3mMepuTenen Bubpauuu
ob6wnm o6bemom nopsigka 50 M6;

— perucrTpaums AaHHbIX U3MepPEeHUs TemnepaTypsbl
C ABYX U3MepuTenen TemnepaTtypbl;

— CpeaHss CKOpPoCcTb 06MeHa AaHHbIMU C U3-
MepuTenamu coctasnset 1 M6uT/c;

— noac4yet 60pTOBOrO BPEMEHU U peErnCTPaLLUS
COGBbITUI C NPUBA3KON K 6OPTOBOMY BPEMEHMH;

— BO3MOXHOCTb MPOrpaMmM1pPOBaHNS PEKMMOB
U3MepeHns TemnepaTypbl: UBMEHEHWE NEPUOLOB
onpoca AaT4YMKoB TemnepaTypbl;

— NpeaycMOTPeTb HECKO/IbKO BapuaHToB 3any-
CKOB M3MepeHUs BUGPaLIMK: MO KOMaHAe NunoTa, ¢
3ajaHHbIM NepuoaoM, No 3agaHHOMY PacnucaHuio;

— paboTOCNOCOGHOCTbL MPU MUTAHUM OT CUCTEMBI
3NeKTpocHabXeHns camoneTa (BepTonera).

B cooTBETCTBMM C 3a4aHHbIMU TPEGOBAHNUAMMU U
6bI1 pa3paboTaH permcTpaTop.

[NaBHbIMKM €ro JOCTOMHCTBaAMU ABNSIOTCS Cre-
ayouwme:

1) NpuBsI3Ka U3MePEHU K GOPTOBOMY BPEMEHMU;

2) 60N1bLION 06bEM IHEPTOHE3ABUCMMOMN NaMATH
(256 M6). Mpu 3TOM BO3MOXHO yBenMyeHne obbema
namsitm 6€3 U3MeHEeHUs CXEMOTEXHUKMN U HEGOSbLLION
KOPPEKTUPOBKM NPOrpamMMHOro o6ecrneyenHus;

3) 3aWwmTa faHHbIX OT MOTEPU U OLIMBOK MpuU
CUYUTbIBaHWMK;

4) BbICOKasa CKOpOCTb 06MeHa JaHHbIMU MEXay
npM6éopamMu CUCTEMbI;

5) nporpaMMrUpoBaH1e PEXUMOB U3MEPEHHS;

6) 3aN0¥eHHas afanTMBHOCTb NMPOrPaMMHOro
obecneyeHus perucTpatopa No3BONSET KOHPUTYPU-
poBaTb COCTaB CUCTEMbI PErUCTPALIMM MPYU KOMMOHOB-
Ke U3aenusa (BO3MOXHO NOAKI0YEHUE Pa3NnYHOro
KOJIMYeCTBa U3MEPUTENbHBIX NMPUGOPOB);

7) 3an0XKeHHas CXeMOTEXHUYECKas U ailrOPUTMU-
yecKasi alanTMBHOCTb MO3BONISIET NPU HEOGXOANMOCTH
Ha 6a3e perncTpaTtopa co3gaBaTb pa3nunyHble MHdOp-
MaLMOHHO-U3MEPHUTENbHbIE CUCTEMbI ANS PA3IUYHbIX
3apgay. To ecTb, CyLLeCTBYET BO3MOXHOCTb NOAK/I0YE-
HUS K PerucTpaTopy He ToNbKO Npeo6pa3oBaTtenei
Temneparypbl 1 BUGpaLuu, HO M NpeobpazoBatenew
ApYrux GU3nM4EeCKnx BennymH. Taknum o6pasom, npu-
MEHEeHWe permcTpatopa BO3MOXHO B pa3/inyHbIX 06-
NacTX NPOMbILWIEHHOCTH.

BaxHbIM AOCTUXEHMEM Npu pa3paboTKe peru-
cTpaTtopa 6b1710 0CBOEHME COBPEMEHHOM 3/IEMEHTHOM
6a3bl. KOHKPETHO, GbII0 OCBOEHO NPUMEHEHME:

— COBPEMEHHOrO 8-paspsiiHOro KOHTpoepa
1886BE4Y;

— MUKpOMNoTpeb6Asiowero KoHTponnepa
1886BE71Y;

— npuemonepeaaTynka LVDS;

— HOBbIX cepuit UndpoBbIX MUKpocxem (5514).

Ha gaHHbIM MOMEHT peanusauuns peructpartopa
¢ MN3Y oTeyecTBEHHOr0 NPOM3BOACTBA HE NpeacTaB-
NneTcs BO3MOXHON. CyllecTBylOWME MUKPOCXEMbI
MN3Y He yaoBneTBopstoT Tpe6oBaHUAM NO CKOPOCTH
3anucu u o6bemy namatu. Otcyrcteue M3Y Heob-
X0AMMOro o6bemMa OTe4YeCTBEHHOro NPoM3BOACTBA
notpe6oBano NPUMEHEHUS NepPefoBbIX UMMOPTHbIX
TexHonoruv (Mukpocxembl NAND_FLASH namsatw).
OTCcyTCTBME KA4yeCTBEHHOM O6LWefOCTYMHON TeXHU-
4YEeCKOM JOKYMEHTaLMH, a TaKKe onbiTa MPUMEHEHUS
[laHHbIX MMKPOCXEM MOTPE6GOBaNo B KOPOTKUE CPOKHM
rny6oKuX uccneaoBaHunin paboTel CaMo MUKPOCXEMbI.

C KOHCTPYKTOPCKOM TOYKM 3PEHUS MOMKHO OT-
METUTb CneayloLmne AOCTUKEHUS:

— ONS peanu3aumnn CXeMOTEXHUYECKMX peLlle-
HWUW GbINv BNEpBble CaMOCTOSTENbHO pa3paboTaHbl
MHOTOC/NOMHbIE NeYaTHble NaaThl, YTO MO3BOJIUIIO CY-
LLeCTBEHHO CHWU3UTL 06bEM peructpaTtopa. B utore
ero pa3mepsbl 3aaloTcs TONbKO pasMepamu 610Ka
nuTaHus;

— NPWU MOHTae nnaT NpMMeHsNack rpynnosas
nawka.

B nTore paspa6oTtaH perucrpatop Ha CoBpeMEH-
HOW 3neMeHTHOW 6a3e, NONHOCTbLIO YA0BNETBOPSIOLLUIA
3a/laHHbIM TPEGOBAHUAM W SBNSIOWMIACS YHUBEPCab-
HbIM NPUOOPOM AN UCNONb30BAHUS B Pa3nnYHbIX
061acTAX NPOMbILWNEHHOCTH.

High Capacity Digital Data Collection Unit for a Physical Parameters Recording System

A. Rusak, R ian Federal Nucl Center -
All-Russian Research Institute of Technical Physics
d after Academician E. Zababakhin

Traditionally, the design and circuit design accuracy of
products and their components is verified by means of full-
scale tests. Full-scale (field) tests require much time and a
lot of resources. When the number of tests is limited, it is
important to enhance the quality of measurements. It means
that the accuracy of measurements should be improved and
the volume of recorded data should be increased.

All-Russian Research Institute of Technical Physics (VNI-
ITF) is engaged in developing an air-borne single-remote
physical parameters recording system with a high capacity
digital data collection unit (recorder).

Vibration and temperature measuring systems available
in the Institute are morally obsolete.

A new vibration recording system must meet the fol-
lowing requirements:

— vibration acceleration amplitude: 1 — 100 g;

— vibration measurement in 30 channels;

— sampling period: not more than 100 msec;

— measurement duration: not less than 10 sec;

— number of measurements: at least 16;

— on-board time reference.

The main requirements to a temperature recording
system:

— measured temperature range: -60 go +260 C;

— temperature measurement in 58 channels;

— programed sampling period;

— number of samplings: at least 1,200;

— on-board time reference
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Available systems (lzmeritelnaya Tekhnika Research
and Production Association, Roscosmos, Pribor Research
and Production Association, Izhevsk Radio Plant) had been
analyzed before the development began. The result was
discouraging. The systems did not meet requirements to
data rate, storage capacity, accuracy and external influencing
factors. A decision was made to develop a new measuring
system. Primary investigation resulted in a flow diagram of
the recording system and requirements to its components
including those to the recorder:

— recording of at least 16 vibration measurements made
by two vibration meters with the total capacity of 50 Mb;

— recording of data from two temperature meters;

— average data rate of 1 Mbit/sec;

— on-board time recording and event posting with time
reference;

— programming of temperature measurement regimes:
change of sampling periods;

— several versions of vibration measurement initia-
tion: at the pilot's command, by predetermined period, by
predetermined schedule;

— possibility of energy supply by the aircraft (helicopter)
supply system.

The recorder was developed to meet the above require-
ments.

The main advantages are:

1) on-board time reference;

2) large non-volatile memory (256 Mb). The storage
capacity can be increased by insignificant adjustment of
software without any change of the circuit design;

3) protection of data from loss and error at reading;

4) high data rate;

5) programmed measurement regimes;

6) the recorder’s software adaptability allows to change
the composition of the product (various numbers of meters
can be connected to it);

7) the circuit and algorithmic adaptability allows to build
various data measuring systems to be used to solve various
tasks. It is possible to connect physical parameters meters
other than vibration and temperature meters. Thus, the
recorder can be applied in various branches of industry.

Another achievement is the application of the state-
of-the-art hardware components in the development of the
system. Specifically, the following applications are used:

— modern 8-bit 1886BE4Y controller;

— 1886BE71Y low-consumption controller;

— LVDS receiver-transmitter;

— a new series of digital microcircuits (5514).

It is not possible to use Russia-made ROM in the re-
corder now since the ROM does not meet requirements to
recording rate and storage capacity. So, it was necessary to
use advanced imported technologies (NAND_FLASH memory
chips). Since we did not have technical documentation and
experience in these chips, we had to make fast investigations
in the chip’s principle of operation.

The following achievements in design can be noted:

— for the circuit design we developed independently
multilayer boards that allowed to reduce the recorder’s di-
mensions. Its dimensions depend on the dimensions of
the supply unit only;

— kit soldering was used in the boards assembly.

Thus, the developed recorder uses modern hardware
components, has required capabilities and can be applied
in various branches of industry.




KOH®EPEHLINA

LLiInpokoanana3oHHbIKM 6/10K JETEKTUPOBAHMUSA MOLLHOCTH
aMOWEHTHOIro aKBMBanNeHTa 03bl raMMa-n3ny4eHus Knacca
6e3onacHoct 3H no HIM1-016-05, HIM1-001-97, NMOb KIPY-98

A.3. Anydpuera, M.b. JleGepes,
M.M. CononeHko, A.B. CTynauxui,
aoryn «no <MAfiK»

BBepgeHue

LLInpoKkoananasoHHbIN 610K eTEKTUPOBaHUS
BABr-10MN Xrnu.412113.001 (ganee — bA)
npeaHasHavyeH Ans HenpepbIBHOMO U3MEPEHUS
MOLLHOCTM aMOBUEHTHOr0 3KBUBaNeHTa 4O3bl
ramma-usnydenus H (nanee — MA3/1), xapakxTe-
pu3yloLen paanaLmMoHHyo 06CTaHOBKY B MecTe
ycTaHoBKM B/.

Mo BnusiHMIO Ha 6e3onacHocTb B[ cooT-
BETCTBYIOT TPe6OBaHUAM, NpeabsaBASeMbIM K
3/leMeHTaM HOpMasbHOM 3KcnayaTauuu Knac-
ca 6esonacHoctn 3H B cooTBeTcTBMM ¢ HIMT-001
(OMNB-88; MHAJI I-01-011), HM-016 (ONB OATL)
n NMOB KMPY-98.

B/l MOXeT NPUMEHSATLCS:

e B COCTaBe aBTOMaTU3UPOBaHHON CUCTEMbI
pagvaunoHHOro KoHTpons (nanee — ACPK) Ha
npeanpuaTusix, rae npon3soanaTcs, nepepabaTtbl-
BalOTCH UMM XpaHATCA PaJMOaKTUBHbIE BeLLeCTBa
W ApYrne UCTOYHUKN MOHU3UPYIOLLMX U3NTYYEHWUN;

e COBMECTHO CO CTaHAapPTHOM 3IEKTPOHHO-
du13n4ecKon annapaTypon, UMeloLEeN CoOTBET-
CTBYlOLLME BXOLb! (419 NpUeMa NocneaoBaTenbHO-
CTW CTATUCTUYECKM pacnpeaeneHHbIX MMNynbCOoB
unun nutepdenc RS-485).

BHewHun Bua B}

KoHcTpyKkTMBHO B[] npeacraensetr co6on
UMIUMHAPUYECKMI KOpMNyC M3 altoMUHWMEBOro
cnnaBa, BHYTPU KOTOPOrO Pacrno/iOXeH 3neK-
TPOHHbIN y3en, COCTOAWMIA U3 Moaynsl ynpas-
NeHUs CHETYMKaAMMK, MOAYNS MUTAHWUS, MOAYNS
BbICOKOBOJILTHOIO Npeobpa3oBaTens u Moayns
MUKpPOKOHTponnepa. b/} nmeet gBa cyéTynKa
leirepa-Mionnepa. CH4ETYMKM pa3MeLLEHbI CO-
OCHO BHYTPUY 3KPaHOB, KOMMEHCHUPYIOLLMX IHEp-
reTMYeCKylo 3aBUCUMOCTb.

NMpUHUMN AeHCTBUSA U aKTYalbHOCTb
pa3paboTKu

MpuHumnn aenctema bl ocHoBaH Ha Npeo6-
pa3oBaHWM IHEPTMU MOHU3UPYIOLWErO U3MTyYe-
HUS B 3NIEKTPUYECKME UMNYNbCbl. BpemMeHHble
napameTpbl NOCNef0BaTe/IbHOCTU 3NEeKTpUYe-
CKMX MMNYNbCOB MOCTOSAHHO NepecyuTbiBaeTCs
MUKPOKOHTPOIIEPOM MO 3aaHHOMY airoputmMy
B 3Ha4YeHMe n3MepsaemMon GU3nYeCKON BENNYUHbI
(MA3).

B KayecTBe JETEKTOPOB MOHN3UPYIOLLETO U3-
NYYEHUS UCMONb3YIOTCH ra30pA3PSAAHbIE CHETYUKM
[errepa-Mionnepa CBM20 (ans 4yBCTBUTENBHOIO
noaavanasoHa) v CU34r (gna rpy6oro noaanana-
30Ha). lNepekntoyeHne ¢ ogHOro nogananasoHa
Ha Apyrov NpoUCXOAMUT nog ynpasneHvuem npo-
rpaMmbl, 3aMMCaHHON B 3HEPrOHE3aBUCUMYIO
namaTb MUKPOKOHTponnepa. MNpu atom ans yese-
NIMYEHUS pecypca YyBCTBUTENBbHOMO CYETHMKA YPO-
BEHb HaNpPsKeHUa NUTaHWs Ha HEM YMeHbLUIaeTCs
[10 3HaYEHUS HUXKE HaNpPsXKEeHUs Havana cyéTa.

Pa6ota B/, 3akno4yaeTca B HeENpepbiIBHOM
M3MepPEHUM CKOPOCTH cyeTa (ganee UCCH) nm-

Puc. 1. BHewHu# BUA B/l 6e3 KoXXyxa
Fig. 1. WRD Exterior Without Case

nynbCcoB, NOCTyNallLMX C BbiXxoAa AETEKTOPA,
KOTOpOe peann3oBaHO MporpaMMHo-annapaTt-
HbIM cnoco6oM. 115 yBENMYEHUSA CKOPOCTU pe-
aKUMK Ha pe3kue nameHeHus MA3/[ 6bin pas-
paboTaH afganTUBHbIM anropuTM, MO3BOJIAIOLLMA
onepaTtMBHO OTCNEXMBATb PE3KUE U3MEHEHUS
3Ha4vyeHns MAS/[. C noMoLLbo aaanTUBHOIO an-
roputma 6bi10 JOCTUTHYTO BPEMS peaKuMmn Ha
CKayKoobpa3Hoe uameHeHne MAJ/, paBHoe
4-7 ¢, 4TO ABNSIETCS O4YEHb XOPOLUMM NMOKa3are-
NeMm 419 NepBUYHbIX Npeobpal3oBaTesniel aBToMa-
TM3MPOBAHHbIX CUCTEM PaAMaLMOHHOI0 KOHTPONS
(nanee ACPK). UcnblTaHMs aaanTMBHOMO anro-
puTMa npoBoaunuch Ha yctaHoBKe Y. Mony-
YeHHble peaynbTaThl NPeAcTaBfieHbl Ha PUCYHKaXx
3-5. Ina npumepa, Ha pUcyHKe 3 npeacTasBieH
TpeHa peructpauunn MA3/L, npu KOTOPOM Npouc-
XOAMNO0 CKa4KO06Pa3HOE N3MEHEHWNE MOLLHOCTH
BHELLUHEro nons raMma-uanyyeHus. Ha pucyHkax
4, 5 npefcTaBneHbl peakuumn Ha pe3koe Bo3pac-
TaHue u nageHne MAJ/1 BHelLHero nons raMma-
U3NYYEHUS.

M3 pUCYHKOB BWMAHO, 4YTO MPU COXPaHEHUM
3aJaHHOM NOrpewHOCTU U PaBHOMEPHOCTH U3-

Puc. 2. BHewHu# BUA B[l B KoXyxe
Fig. 2. WRD Exterior in Case

MepeHWI AOCTUIHYTO BPEMS peaKLMn He 6onee
5 CeKyHf, 4TO ABNSETCH OTIMYHBLIM MOKa3aTenem
NO CPaBHEHUIO C aHaNOrMYHbIMU U3AENUAMMU,
npeAcTaB/ieHHbIMU Ha POCCUIMCKOM PbIHKE.

B HacTosiwee Bpems BegeTcs npopaboTka
ellle 0AHoro pexmma pabotbl b1, KOTOPbIA Ha3bI-
BaeTCs PEXUM U3MEPEHNUS BPEMEHHbIX MHTEPBA-
nos (panee MBW). Pexxnm pa6otbl UBU ocHoBaH
Ha U3MEPEHUN BPEMEHHOIO UHTEpPBana oT Mo-
MEHTa NoAayM HanNpPSXKEHUS MUTAHUA Ha AETEKTOP
M 4O MOMEHTa MoJly4eHus € BbIxOAa AeTeKTopa
nepBoOro CYeTHOro umnynbca. Pexum paboThbl
MBW 3HauynTenbHO yBENMYMBAET BPEMEHHOMN
pecypc paboTbl cyeTymkoB lenrepa-Mionnepa.
YBenuMyeHne BpeEMEHHOro pecypca paboTbl cHeT-
ynkoB lenrepa-Mionnepa NpoucxoauT 3a cHeT
TOro, YTO NPU perucTpauumn BPeEMEHHbIX UHTEp-
Ba/lOB CHETYMK 6OMbLUYIO YAacTb BPEMEHW Haxo-
AMTCS B BbIK/TIOYEHHOM COCTOSIHWM, YTO MPUBOAUT
K 3KOHOMWM NaBUHOracsiLwen ra3oBomn Jo6aBKu.

Pexxum pabotbl MCCY, B oTanyue ot npopaba-
TbiBaemoro pexuma NBU, obecneymBaeT 60/1b-
LUYI0 CTAaBbMBbHOCTb MOKa3aHUM 3HavYeHuin MA3/],
1 o6nagaeT MeHblUEeN OCHOBHOM OTHOCUTEIbHON

Ta6nuua 1. OcHOBHbIE NapaMeTpbl U XapaKTepucTuku b1

OCHOBHbIE NapameTpbl

[nana3oH namepeHus, 38/4

3HauyeHue
1-107- 10

Mpegenbl JonycKaeMon OCHOBHOM OTHOCUTENbHOM NOrpeLHocTH, %

(H — 6e3pa3mepHas BENMYUHA, YUCTIEHHO PaBHAs M3MEPEHHOMY 3HAYEHMIO

MA3/[ B MK3B'4?)
[Ownana3oH aHepruin, MaB

JHepreTMyeckas 3aBUCUMOCTb, %

+ (20+3/H)

0,05 - 3,00
+ 30 (o1 0,06 8o 1,25 M3aB)

Mpenensbl JonycKaemMow OTHOCUTENbHOM AOMOMHUTENBHOM NOrPELIHOCTH

BCNEeACTBUE aHU30TPONUK HYyBCTBUTENBHOCTHU B/ B NNOCKOCTH, + 30
neprneHanKYNsSpHON ocu aeTekTopa, %

HanpsxxeHve anekTponutanus, B 9-42
MoTpe6nsemasn MoLWHOCTb, He 6onee, BA 2

TN BbIXOAHOMO CUrHana Yactota, RS-485
Knacc 6e3onacHocTn 3H
CTeneHu 3alLmnTbl OT BO3LENCTBUA OKPYKatoLen cpeabl (TBEpAbIX IP65
npeaMeToB M BOAbI)

CTeneHb 3aluThl OT BO3AENCTBUS OKPYXKAIOLLEN cpeabl MPY NOAKTIIOYEHHOM P68
BHeLWHeM Kabene

[pynna ucnonHeHusa n Kputepun kayectsa IMC IVA
[nanasoH paboyux Temneparyp, °C ot — 40 go + 50
[@a6apuTHblE pa3mepsbl (AMaMeTP X ANnHA), He 6onee, MM 50 x 400
Macca, He 6onee, Kr 0,8
Hapa6oTka Ha oTKas, 4 20000
Bpemsi ycTaHOBAEHMA paboyero pexuma, He 6onee, MUH 1

ATOMHbIN NMPOEKT 37




Puc. 3. Tpenp sBpemenu peakuuun b1 / Fig. 3. WRD Response Speed Trend

Puc. 5. TpeHp BpemeHu peakuuu B/l npu peakom nageHun MA3[1
BHelHero noas ramma-usny4eHus / Fig. 5. WRD Response Speed Trend
During Abrupt Decrease of the Gamma-Radiation External Field ADEP

norpeLwHocTbio. OgHaKo, Npu ucnonb3oBaHun b,
B raMMa-nonsx ¢ BbICOKUMM 3HavyeHnamm MA3/,
B 0CO6eHHOCTM npu pabote B B aBapuinHon
pagnauMoHHOM 06CTaHOBKeE, ANS yBENUYeHUs
BPEMEHHOro pecypca paboTbl CHETYUKOB [en-
repa-Mtonnepa nepcnekTUBHbIM IBASETCS NPO-
pabaTtbiBaeMas MeToanKa pexuma NBU.

Mpu pa6ote B[ nponsBoanTca aBTOMaTH-
YeCKMUM KOHTPONb paboToCcnoCO6HOCTU 060MX
noaaMana3oHoB, @ TaKXe YPOBHS BbICOKOro
HanpsaXeHus, NOCTyNaloLWero Ha cHeTYnKK fen-
repa-Miwonnepa.

B/, umeeT BHYTPEHHUI reHepaTop NPOBEPKH,
MMMY/bCbl C KOTOPOro NOAATCS Ha BXOA SNEK-
TPOHHbIX TPAKTOB ycuneHusa n GopmMnpoBaHus
rpy6oro M 4yBCTBMTENBHOIO NoagMana3oHoB,
4TO NO3BOSET NONY4UTb KOHTPOJBHYIO CKOPOCTb
cyeTa IM60 KOHTPONbHbIN BPEMEHHOW MHTEPBaN
Ha Bbixoge B/.

[na 3ameHbl cTapbix 6/10KOB AETEKTUPOBa-
HUs B B[] NpeaycMOTpeHbl HYaCcTOTHbIE BbIXOAbl,
aHanorMyHble No CBOMM napameTpam 6/10KaM,
BbIMyLLEHHbIM paHee Ha PIYI «M0 «MasK».

BbiBOAbI

MpeactaBneHHbIn Bl UMEET WNPOKKUIN ana-
na3oH namepenns MA3/], yHMKaNbHbIN anroputm
paboThbl, BbICOKYIO CTEMEHb 3aLLMTbl OT MPOHMK-
HOBEHMUS MbIAK U BNaru, 6bICTPOCLEMHbIN pa3db-
€M, WNPOKWI avanas3oH paboyux Temneparyp,
caMOJMarHoCTUKy, oTBeYaeT BCEM COBPEMEH-
HbIM XEeCTKMM TpeboBaHUAM, NPeabABASEMbIX
K YCTpOMCTBaM OTHOCSLLMXCS K Knlaccy 6e3onac-
HocTu 3H B cooTBeTcTBMM ¢ HIT-001(OMNB-88;
MHA3I I-01-011), HM-016 (ONB OATL) n NOBb
KMPYy-98.
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Puc. 4. TpeHp BpemeHu peakuuu BJ] npu pe3kom Bo3pactanuu MA9[1

BHELUHEro noas raMma-u3sJy4yeHus
Fig. 4. WRD Response Speed Trend During High Increase of the Gamma-
Radiation External Field ADEP

Bo Bpemsa pa3paboTku 6bliv NpOBeAEHbI
3KCMyaTalMOHHbIE UCTIbITAHUS B YCNOBHUSAX pe-
anbHoro npoussogctea Ha OIYI «M0 «<MAAK».

Mpv npoBeaeHUn NpeaBapUTENbHbLIX UCTbITa-
Hu Bo PIYM «BHUNDTPW» 6bina noaTBepaeHa
pa6otocnoco6HocTb B/l npu 3HavyeHusx MAS/
BbllUe BEPXHEro npefena guanasoHa U3MepeHun,
4TO TaKXKe NOATBEPANIOCH Ha IKCMIyaTaUMOHHbIX
UCMNbITaHMSX B YCIOBUSX PeasibHOro Npou3BoACTBa
BO PIrYMN «MN0 «MAAK». MapannenbHo 0gHON U3
LTaTHbIX ToYeK cucteMbl ACKP 6bi1 ycTaHOBNIEH
B/1, B cuny TEXHONOrMHYECKNX OCOBEHHOCTEN NPO-
M3BO/ACTBA NePUOANYECKU PESKO YBENNYNBANach
MA3/[ n poxoauna ao 30 3B, 4TO 3HAYUTENLHO
npeBsblllaeT 3adB/eHHbIN BEPXHUI Npeaen ana-
nasoHa namepenus b/1. Mpu atom B[] octaBancs
paboToCnoco6HbLIM U BblaaBan 3HavyeHus MAJ/,.

B npouecce akcnnyaTaLMOHHbIX UCMbITAHWUI
nosly4eHHble 3Ha4veHnsa MA3/ ot B/l cpaBHuMBa-
JICb CO 3HAYEHUAMMU LUTATHbLIX CPEACTB U3mepe-
HWS; OAMH U3 TPEHOOB CpaBHEHUs NpeacTaBieH
Ha pUcyHKe 6.

M3 aHanM3a nonyvyeHHbIX daHHbIX cneayer,
YTO XxapaKTep n3meHeHus TpeHaa MA3/ nenbity-
emoro b/J] nosTopsieT uameHeHne TpeHaa MA3/]
wraTHOro cpeactea. lNpu atom cnegyet oTme-
TWUTb, YTO NOKa3aHus ucneityemoro b/} o6nagatot
60nblIen CTabUNbHOCTbIO, BPEMS peaKuuu Ha
pe3Kkne U3MEHEeHUs1 BHELWHEN paanaunoHHOM
06CTaHOBKM HE XyXe BPEMEHU peaKLMu LTaTHOro
cpeacTBa. PesynbraTel NPOBEPKM MPU3HaAHbI Mo-
NOXUTENbHbBIMMU.

Mo pe3ynbratam ucnbiTanui b/, B nogpas-
aenenunax Prymn «1o «MAAK» ot akcnnyaTupyio-
Wwero nepcoHana 6bin NONyYeHbl cnegyowune
MOJIOXKUTENbHbIE OT3bIBbI:

Puc. 6. TpeHA cpaBHeHUSA NoslyYeHHbIX 3HaYyeHun MA3/ B v wrtaTtHoro
cpeactBa KoHTpons / Fig. 6. Trends of ADEP Values Received From WRD and
From the Regular Control Device Compared

e yN0O6CTBO COYSIEHEHUSA U OTCOEAUHEHUS
NMHK cBS3Kn oT B[l 6narogaps NpUMEHEHUIO
push-pull pazbemos;

e y106CTBO Ae3aKTUBaLUKN U 06CYKUBaHUS
6narogaps HaAeXHON CTENEHU 3aLLWTbl OT NPO-
HWKHOBEHUS Nblnv 1 Bnaru IP6S;

e CTOMKOCTb MapKuMpoBKWM B[l K ae3akTu-
BUPYIOLWMM pacTBOpam (40 3TOro NpuMeHsnachb
NnasepHas rpaBUpPOBKa, Ae3aKTUBaLLMa KOTOPOW
6blna Heyao6Ha);

e Hannyne NIoMOMPOBOYHON ITUKETKU-UH-
[MKaTopa, KoTopas yKa3biBaeT Ha HeCaHKLMO-
HUpOBaHHOE BCKpbITUe B/;

e 060siee BbICOKOE ObICTPOAENCTBME NO CpaB-
HEHWIO CO WTaTHbIMKU CPEACTBAMU U3MEPEHUS
npu pe3knx nameHeHusax MA3/] 6narogaps npu-
MEHEHMIO YHUKANbHOI0 anroputma;

e TOYHOCTb n3mepenns MA3/] ramma-uns-
Nly4eHUs B WIMPOKOM AuManasoHe, KoTopas
obecne4ynBaeTca Hanmynem B coctaBe B/l
ABYX TUnoB cyeTynkos lenrepa-Mionnepa,
KaX/bl U3 KOTOPbIX paccyuTaH Ha CBOMW Ana-
nasoH MA3/[;

® VHTYUTUBHO MOHSATHbIN MHTEPdENC CepBHC-
HOW MporpaMmbl C BO3MOXHOCTbIO apXMBUPOBa-
HWS, CAaMOAMArHOCTUKK, OTOBPAKEHUEM TEKYLLErO
3HavyeHus MA3/[, TemnepaTypbl, MPOCMOTPOM
TpeHaa nameHenna MA3/ B TedyeHue onpege-
NIEHHOr0 BPEMEHM;

® BO3MOXHOCTb UCMNONb30BaHWA KaK 4acToT-
HbIX BbIXOAO0B (415 MHTErpaLmmn B CTapble CUCTEMBI
KOHTpONS pagMalunoHHOM 6€30NacHOCTH), TaK U
obuienpuHaToro nHTepdenca RS-485;

e HaJeXHoOCTb B paboTe Npu KpaTKOBpe-
MEHHbIX NPEBbILEHUAX 3aBNEHHOIO BEPXHETO
npegena gnanasoHa namepenuin b/,
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Wide Range Detector of Ambient Gamma-Ray Dose Equivalent Power for 3H
Gamma Rays (according to HIM1-016-05, HIN-001-97, NOb KIPY-981 classification)

A. Anufrieva, M. Lebedev, M. Solopenko,
A. Stupatsky, Mayak Production Association

Introduction

Wide range detector BABIM-10M
HInU.412113.001 (hereinafter referred to as
WRD) is designed for continuous measuring of
ambient H gamma-ray dose equivalent power
(hereinafter referred to as ADEP) that is charac-
teristic of the radiation environment in the WRD
location.

As far as safety is concerned, WRD conforms to
the requirements of 3H class standard operation
according to HM-001 (OMNB-886 NMHA3I -01-011),
HIM-016 (ONBb OATL) u NMOBb KIPY-982.

WRD can be used:

e as a part of computer-aided radiation con-
trol system (hereinafter referred to as CRCS) in
the facilities where radioactive substances and
other sources of ionizing radiation are produced,
recycled or stored;

e in association with standard electronic
equipment that is equipped with the corresponding
input terminals (in order to receive a sequence
of statistically distributed impulses or RS-485
interface).

WRD Exterior

The WRD is designed as an aluminum alloy
cylindrical body that features an electronic com-
ponent consisting of counters control module,
power module, high voltage converter and mi-
crocontroller. WRD is equipped with two Geiger-
Muller counters. The counters are axially aligned
inside the screens compensating for the energy
dependence.

Operating Principle and Relevance
of the Device

Operating Principle of WRD is based on the
conversion of ionizing radiation energy into elec-
trical impulses. In accordance with the preset
algorithm the microcontroller is continuously
re-converting the temporary parameters of the
electrical impulses sequence into physical quantity
that is being measured (ADEP).

Geiger-Muller counter tubes — CBM20 (for
sensitive subrange) and CU34T (for non-sensitive
subrange) are used as ionizing radiation detectors.
Switching between the subranges is done with
the help of a program stored in the non-volatile
memory of the microcontroller. In order to increase
the life time of the sensitive counter its voltage
level is reduced to the value that is lower than
the starting voltage.

WRD task is to measure the counting rate
(hereinafter referred to as CR) of the impulses
coming from the detector output that is imple-
mented with the help of soft hardware. In order
to increase the speed of response to the abrupt
ADEP changes an adaptive algorithm that allows
for the immediate tracking of the abrupt ADEP
changes was developed. The adaptive algorithm
helped to reach the speed of response to ADEP
discontinuous jump equal to 4-7 sec what is a very
good result for sensing devices of computer-aided
radiation control systems (hereinafter referred to
as CRCS). The adaptive algorithm was tested at
gamma-ray test equipment YMNIA. The results of
the test are shown in figures 3-5. As an example,
figure 3 shows the ADEP recording trend when
the discontinuous jump of the gamma-radiation
external field voltage occurred. Figures 4 and 5
show responses to high increase and abrupt de-
crease of gamma-radiation external field ADEP.

The figures give clear evidence of the fact
that within the limits of the error assigned and
with the steady measurement response speed
not exceeding 5 seconds was reached that is a
great result in comparison with similar products
in the Russian market.

Currently another WRD operating mode is
being developed — time gap measuring mode
(TGM). TGM measures the time gap between the
moment of voltage supply to the detector and
the moment of the first counting pulse coming
from the detector output. TGM operating mode
significantly increases the Geiger-Muller coun-
ters life time. Geiger-Muller counters life time is
increased because while recording the time gaps
the counter is switched off most of the time that
leads to saving quenching agent.

CR mode in contrast with the TGM mode be-
ing developed provides for higher stability of the
ADEP values and has lower main relative error.
However for WRD application in gamma fields
with high ADEP values, especially for the usage
of WRD in emergency radiation environment, the
TGM mode is more promising for the purposes of
Geiger-Muller counters life time increase.

During WRD operation performance capacity
of both subranges as well as the high voltage
coming to Geiger-Muller counters is automati-
cally controlled.

WRD features an internal check generator, its
impulses being fed to the input of electrical tracts
that intensify and form sensitive and non-sensitive
subranges that allows receiving the check count-
ing rate or the check time gap at the WRD output.

For the purpose of replacing old detectors
WRD is equipped with frequency outputs that
are characterized with the parameters similar to
detector units that had been produced at federal
state unitary enterprise Production Association
Mayak before.

Conclusions

The WRD described possesses a wide ADEP
measurement range, a unique operation algo-
rithm, high level of protection from dust and
moisture, quick-release connector, wide operating
temperature range, self-diagnostics, it conforms
to all the current strict requirements that all the
devices of 3H class are to meet in accordance
with HIM-001(0NB-88; MHA3I -01-011), HM-016
(ONB OATL) and MNOB KMNPY-981.

The WRD development process included per-
formance test of the device at actual production
site at federal state unitary enterprise Production
Association Mayak.

During preliminary WRD testing at federal state
unitary enterprise Russian Research Institute of
Physical and Radio Metrology WRD performance
capacity at ADEP values higher than upper meas-

Table 1. Key WRD Parameters

Key Parameters
Measurement Range, Sv/h
Limits of Main Relative Error, %

(H — nondimensional value that equals the ADEP value measured in

uSv/h-1)
Energy Range, MeV
Energy Dependence, %

Limits of Additional Relative Error being the result of WRD sensitivity

urement range limit was proved, that was con-
firmed later during the performance test at actual
production site at federal state unitary enterprise
Production Association Mayak. Together with one
of the regular CRCS points a WRD was installed,
where the production process characteristics
occasionally caused the high increase of ADEP
reaching up to 30 Sv that is significantly higher
than the upper WRD measurement range limit.
WRD never lost its performance capacity and was
still able to register ADEP values.

During the performance test ADEP values
from WRD were compared with those of regular
measurement devices, one of the comparison
trends being shown in figure 6.

The data analysis shows that WRD ADEP trend
repeats the regular device ADEP trend. However
it should be noted that the tested WRD values
are more stable, speed of response to the abrupt
changes of the radiation environment is not worse
than that of the regular device. The test results
were considered to be positive.

After the testing of WRD in various depart-
ments of the federal state unitary enterprise Pro-
duction Association Mayak, the personnel of the
company provided the following positive feedback
on the device performance:

e the device is easy to link to and separate
from the communication line due to push-pull
connectors;

e the device is easy to deactivate and to
maintain due to the reliable protection system
from dust and moisture IP68;

o WRD marking is resistant to decontamina-
tion fluids (before that laser engraving was used
that was hard to decontaminate);

o WRD is equipped with sealing indication
label that shows the unauthorized WRD opening;

e due to unique algorithm during abrupt ADEP
changes WRD shows higher operation speed than
that of regular measurement devices;

e accurate measurement of wide range gam-
ma-radiation ADEP is provided by two types of
Geiger-Muller counters, each of which is designed
for a certain ADEP range;

e intuitive program interface that allows to
archive data, to self-diagnose problems, to display
the current ADEP value, the temperature, the ADEP
change trend for a certain period of time;

e ability to use both frequency outputs (for
the integration with old radiation control systems)
and conventional RS-485 interface;

e the device is reliable in case of short-term
excess of upper WRD measurement range limit.

Value
1.10-7 - 10

+ (20+3/H)

0,05 - 3,00
+ 30 (from 0,06 to 1,25 MeV)

anisotropy in the plane that is perpendicular to the detector axis, % +30
Power Voltage, V 9 -42
Power Consumption, not exceeding, VA 2

Output Signal Type Frequency, RS-485
Safety Class 3H

Level of Protection from Environmental Impact (solid objects and water) IP65

Level of Protection from Environmental Impact With the Cable Connected P68
Performance Group and EMC Quality Criteria IVA
Operating Temperature Range, °C from - 40 to + 50
Overall Dimension (diameter length), not exceeding, mm 50 x 400
Weight, not exceeding, kg 0,8

Time Between Failures, h 20000
Setup time, not exceeding, min 1
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KOH®EPEHLNA

ACKY peaKTopHbIX ycTaHOBOK «JllogMuna» U «PycnaH»:
OMbIT BHEAPEHUS N UCNOIb30BAHUSA

A.B. Manbuyes, M.E. Kouwees
aoryn «no «<Mask»

PeaKTopHble ycTaHOBKM «Jlloagmunar u «Pyc-
NaH» HaxoaaTcs Ha Tepputopun GIYIM «M0 «Mask»
r. O3epck. O6ecneyeHve Hafiexallero KOHTpons
W ynpaBfeHns BO3MOXHO 3a CYET UCMOb30BaHMA
coBpeMeHHbIx cpeacts KUIMKA a Takke npose-
PEHHbIX BPEMEHEM MOAX0A0B noctpoeHns ACYTI.

Uctopusa passutua ACKY J1d-2 6epet cBoe
Havyano ¢ 1987 roaa. Ha aTom aTtane KoMnaeKkc
TEXHWYECKMX CpefCcTB 6a3npoBancsa Ha MallMHax
Knacca CM-2M. OgHoOM 13 BaXKHeNLen YyepTon
[aHHoro nepuopa asnsaetcs pasgeneHne ACKY Ha
[Ba YPOBHS: BEPXHUIN U HUXKHWUW. B fanbHenwem
TEXHUYECKNE U NPOorpaMMHble cpefcTBa CoBep-
LUEHCTBOBANNCH, OHAKO MPUHUMN pa3aeneHuns
06pabOTKMN TEXHONOTMYECKON MHDOPMALIMK CO-
XPaHWUACH 1 MO CeNn AeHb.

Paspabotynmkamu MoaepHu3npoBaHHon ACKY
ycTaHoBKM JID-2 ananvce HUKWUIT (r. Mocksa),
YMUU BHUMKNIT (r. O3epck), OKCAT-HUKUIT
(r. MockBa), ®Iryn «Mo «Mask» (r. 03epck).

Ha cerogHsiwHmi aeHb ACKY J1d-2 06beanHs-
eT 6onee ABaaLaTM GYHKLWOHANbHbIX MOACUCTEM,
Kaxkaas n3 KOTOPbIX BbIMOMHAET CTPOro onpe-

Puc. 1. Mpumep mHemocxembl ACKY-J1
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AeneHHble GYHKLMKU: 3TO NOACUMCTEMbI BHYTPU-
PeaKTOPHOr0 KOHTPOSISA, MOACUCTEMA KOHTPONS
6acCcenHOB BbIAEPKKM, MOACUCTEMA KOHTPONS
paguaunoHHOM 06CTaHOBKM, NOACUCTEMA KOH-
TpoNns NpoTeyeK, NoAcucTeMa KOHTpoONs napa-
METPOB 06LLMX 3aMePOB, NOACUCTEMA KOHTPOSA
3NIEeKTPOCHABKEHUS U apyruve.

Bonblwas yacte nogcuctem obbeanMHeHa B
€IMHYI0 BblYUCUTENbHYIO ceTb ACKY-J1.

ACKY-J1 npeactaBnsieT co6o Jy6nnMpoBaHHyL0
ceTb ANs nepefayun TEXHONOrM4ecKomn nHdopma-
LMK ¥ JOMONHUTENBHYIO CETb ANF aAMUHUCTPUPO-
BaHWA U BEAEHUS BbIYUCAUTENBHOIO NpoLuecca.

Hanbonee BakHble A/19 KOHTPONS CUCTEMBI
Oy6nunpoBaHbl, 4To ob6ecnevynmBaeT HaJeXHOCTb,
[IOCTOBEPHOCTb M AONTOBEYHOCTb CUCTEMBI.

ACKY-J1 pa6otaeT nog ynpasneHuem Linux-
nogo6HoOM onepaLMoOHHOW CUCTEMBI.

KoHTponb 3a 4OCTYNOM K MHPOPMaLMK, Mpo-
CMOTpP cO6bITUI ayauTa, MPOCMOTP CUCTEMHOIO
YKypHana v xypHana Bbl4MCIUTENbHOMO NpoLecca
OCYLLECTBNAETCSH aMUHUCTPATOPOM MHPOPMALLK-
OHHOW 6€30MacHOCTH C OTAENbHO BbIAENEHHOIO
paboyero mecTa.

O6paboTKa TEXHONOMMYECKON U AMarHOCTU-
4eCKoV MHPOpPMaLMK BbINOMHAETCH KOMMNIEKCOM

nporpaMmHbix cpeacts KPOCC (komnneKc pac-
npeaeneHHbIX CpeacTB ceTeBoM 06paboTKK), pas-
pa6oTtaHHbIM cneumanuctamn HUKUIT. B ocHoBe
KPOCC nexut pacnpegeneHHas 6a3a AaHHbIX pe-
anbHoro Bpemenu (PBAPB). B cootBeTcTBMK C
MPUHATOM KOHLEeNUUen Kaxabin y3en cet ACKY-J1
OTHOCHUTCS K OHOMY M3 CleAyIOLLMX KNacCoB:

® VCTOYHMK MHbOPMaLUK (KOHLEHTpaTOpbI
nHbopMaunn — KN, Bbl4UCUTENBHBIE CEPBEPDI
BC);

e onepaTtopckue ctaHumm (OPChbl);

e UHXXeHepHble paboyune cTaHuun (MPChbi);

e poyue nonyyarenu nHdopmaunm (apxme-
Hble cepBepa).

KW BbinonHsA0T GyHKUMIO cOopa NepBUYHON
nHbOPMaLMK OT AaTYUKOB KOHTPONS, NEPBUYHOWM
06paboTKM, GOPMUPOBAHNS 0606LLEHHbIX 3Ha-
YeHUR, a TakKe GOpPMUPOBaAHUSA UX CTaTyCOB.
Take HekoTopble KN npon3BoasaT afnemeHTap-
Hble pacyeTbl.

OnepaTopcKne U MHXKEHEpPHble paboyne
CTaHuMKM obecneynBatoT 0ToOpaXKeHNe TEXHO-
JIOTMYECKOM U AMarHOCTUYECKOM MHOOopMaLInK
Ha gucnnesx.

Kakablv y3en ceTy coaepyuT NnLlb Ty YacTb
o6Len 6a3bl AaHHbIX, KOTOpas eMy HyxHa Ans




npaBuIbHOIO GYHKLMOHMPOBaHUS. 3a CHET 3TOro
[OCTUraeTcst 9KOHOMMUSA namsaTn. O4eBUAHO, 4TO
OPCbl, MPCbl 1 apxvBHble cepBepa cogepkaTt
Hanbonee nonHyo 6a3y AaHHbIX. [JoCTaBKOMN UH-
dopmaumm fo noTpedbutenen 3aHMmaeTcs a4po
PBAPB. K cepbe3HbiM HepocTatkam PBPB
MOXHO OTHECTMU:

® OTCYTCTBME BO3MOXHOCTU XPaHEHUS He-
4YMCNOBOM MHPOPMALMK;

e fepejaya Mo ceTu TONbKO 3HAYEHUN U
CcTaTycoB NapameTpoB (YCTaBKW, MPU3HaK /10-
rMYECKOro OTK/IIOYEHUS U Ap. HE NepeaatoTcs);

® OTCYTCTBME KOHTPONSA YCNELHOCTU KOPPEK-
TUPOBKM AaHHbIX CO CTOPOHbI onepartopa.

KomnneKkc TeXHUYECKUX CPEACTB HUKHErO
YPOBHSI UMEET AOCTATOYHO WMPOKKI cneKTp. B
X04e MoAepHu3auun 6bl10 NPUHATO pelleHne
Ha 4acTu NOACUCTEM NPOLOSIKMTb UCMONb30BaTh
MMUKPOMNPOLLECCOPHbI CYGKOMMIEKC KOHTPONSA U
ynpaBneHus (MCKY), Ha KOTopoM 6bia MOCTPOEH
HUXHUKM ypoBeHb ACKY-J1 B nepuog ¢ 1995 no
2005 r. OgHako npoueccopHble moaynu MCKY
6blM 3aMeHEHbl Ha NPOMbILLIEHHbIE KOMMbIO-
Tepbl (KOHLeHTpaTop uHbopmauun KN), ans Ko-
TOPbIX HalMMK cneunanucTaMmu 6bin HanucaH
fpanBep, BbINMOMHAIOWMI 3aNUCb TEXHONOTMYe-
CKoM uHdopmaumm, nonyveHHom ot bCO B P/ PB.
Kpome atoro, KM BbINONHAET NepBUYHbIE pac-
4yeTbl U GopMUpPOBaHNE 060OLLEHHbIX 3HAYEHUIM
napamMeTpoB.

MCKY He aBnseTca eaAMHCTBEHHbLIM Bapu-
aHTOM 6/10Ka CBSI3W C KOHEYHbIMMW AaT4UKaMMU.
Mcrnonb3ytoTes TakKe Moaynu:

o ADAM ¢dunpmbl Advantech 4013-D, 4018+,
4019

e MEPAJAT M12TXA1

® perncTpaTopbl MHOrOKaHanbHbIX TEXHOMO-
rnyeckmx (PMT 59)

[ns oTo6paxKeHnss MHEMOCXEM MCMob3yeTcs
nakeT VDESK, Take pa3paboTaHHbIf cneyunanu-
ctamu OAO HUKKM3T. NMepBoOHa4anbHO MHEMOC-
Xema npeacraBnsieT cobomn 0AnH MU HECKONbKO
TEKCTOBbIX GpannoB, HAaNWCaHHbIX Ha cneunanb-
HOM fA3blKe. B nocnepyouwem Kaap Ha s3blka
vdesk Komnunupyetcs. lNpumep MHEMOCXEMbI
npvBeaeH Ha pucyHKke 1.

CnepyeT OTMETUTb, 4TO UCNONb30BaHWE NaKe-
Ta vdesk CONpsKEHO C PSAOM CEPbE3HbIX CIOMXK-
HocTew. Mpexae BCcero aTo oTCyTCcTBME paboyero
rpaduyecKoro pegakropa v 6GU6IMOTEKM FOTOBbIX
3MeMEHTOB. A3bIK vdesk aBAseTcs AOCTaTO4HO
CNOMXHbIM A/19 MOHUMaHWS.

YHUKaNbHOCTb ONbiTa BHEAPEHUS U UCMOSb-
30BaHusa ACKY 3aknovaeTca B MPUMEHEHUU
npu6opoB, CUCTEM U NOAXOA0B KOHTPONS Ha
06beKTe, NpeabsBasowem TpeboBaHnsa obe-
CMeYeHnsa pexunma CEKPETHOCTU K 06pabaThbl-
BaemMoun nHpopmaumu.

Pa3BuTe aBTOMaT3nMpoOBaHHON CUCTEMBI
yCTaHOBKM «PycnaH» BO MHOrOM NOBTOPSIET pas-
BUTWE aBTOMATU3MPOBAHHOM CUCTEMbI YCTAHOBKM
«JTtogmunar. Tak, nepuoa ¢ 1995 no 2011 rr.
B uctopun ACKY-P xapaKktepusyeTcs TeMu e
npUHUMNamu noctpoenus, 4to n ACKY-J1 8 nepuoa
1995 no 2005 .

Hanbonee cepbe3dHble U3BMEHEHUA MPU MO-
nepHunzauun ACKY-P aonHbl KOCHYTbCS HUXHETO
ypoBHs. Mpeagnonaraercs, 4To OH 6y4eT NoCTPOoeH
Ha 6a3e moaynen MOK3000 komnanum TECON,
O[IHaKO, CYLLECTBYIOT C/TIOXHOCTHU B CTbIKOBKE MO-
nynent MOK3000 ¢ PEAPB. B gaHHbIM MOMEHT
BeAYyTCS aKTUBHbIE COBMECTHbIE paboTbl CheLm-
anuctamun ®rymn «Mo «Masik» 1 OAO <HUKUIT»
MO NOUCKY PeLIEHNN JaHHOW NPoBneMsl.

TakKe U3MeHeHUs OOMKHbl KOCHYTbCS CH-
CTEMHOM YacTu NporpaMMHoOro o6ecnevyeHus
ACKY-P. npegnonaraetcs ucnosb3oBaTb HOBYIO
Bepcuio PBPB, KoTopas AosixKHa 6bITb MLLIEHa
HEeAOoCTaTKOB Bepcuu, ncnonblyemon B ACKY-J1.

Ha 6a3e ®IryMn «M0 «Masik» pyHKLMOHMPYET
aBTOMaTM3MpOBaHHas cMcTeMa HenpepbIBHOTO
KOMMNEKCHOr0O MOHUTOPUHIa SAEPHO — U pagua-
LIMOHHO onacHbIX 06bEKTOB 1 rpy3oB (ACMAPOI).
CvcTema npepHa3HaveHa ans o6ecneyeHns Kom-
NJIEKCHOro onepaTMBHOrO MOHMTOPUHIA COCTOS-
HUA 9A€PHON, paanaLMOHHON, IKOIOMMYECKON,
noxapHom 6e30nacHoOCTH, 3HeproobecneyeHums
noapasaeneHunn Pryf «Mno «Mask», paanaumoH-
HOro M METEOPOSIOrMYECKOTO KOHTPOSIA CaHUTap-
HO-3aLWMUTHOM 30HbI U 30HbI HaGoAeHUA PIYT
«[10 «MaskK», a Takke nepegayn onepaTtuBHbIX
[laHHbIX B oTpacneBoi LueHTp ACMAPOI — dryn
«CUTyaUMOHHO-KPU3NUCHbBIN LLeHTp» [oCyaapcTBEH-
HOWM Koprnopauuu No aTOMHOKN 3Hepruun «Pocatom»
(CKL).

Cuctema MMeeT ABYXYpPOBHEBYIO pacnpeje-
JIEHHYIO CTPYKTYpY:

e BEPXHWM yPOBEHb — 0BLWWI ANs Nnpeanpu-
ATUS;

® HWXHWIN YPOBEHb — KOMMEKC TUMOBbIX
NpPOrpamMmMHO-TEXHUYECKUX CPeCTB, NpeAHa3Ha-
YeHHbIX Ana céopa MHbopMauumn o napameTpax
6e3onacHocTv (MNB) B nogpa3aeneHusx npea-
npuaTHS.

BepxHWi ypoBeHb NpeacTaBaser cobom TUMo-
BOM LIEHTP KOMIMJIEKCHOrO MOHUTOPUHIa U one-
paTMBHOrO ynpaBfieHUs 06 bEKTOBOIrO YPOBHS
(LLKM). LLKM BKntoyaeT B cebs cnegytollee:

e cepBep c6opa, 06pabOTKK, XpaHEHUS U
nepepayn 3HadveHun MNb B CKL, (nanee — cep-
Bep LKM);

e aBTOMaTU3MpoBaHHOe paboyee MecTo
(APM) ancnetyepa.

K HWKXHEeMy YPOBHIO OTHOCATCS:

e TUMOBbIE KOHTPONIEPLI CO0Pa NapaMeTpoB
6e3onacHoctn (KCIMB) ¢ MmHbopMaLMOHHbIX U
KOHTPOJIbHbIX MOACUCTEM OGBEKTOBOIO YPOBHS
M HEMOCPEACTBEHHO C AaTYMKOB TEXHOOMMYECKMX
YyCTaHOBOK, annapaToB U T. In.;

o APM uHxeHepa KWUI (aanee — APM KUIM).

Cepsep LULKM BbinonHsaeT cneayolime GyHK-
Lnu:

e c60op, 06pabOTKY U XpaHEHUE 3HaYeHUn
MNB ot Bcex KCINb npeanpuatus;

e BejJeHue apxMBoB 3HayeHum Mb;

e BeJleHWe OTYETOB TPEBOT U COObITUI;

e peanusaumio NoNb30BaTENbCKOr0 UHTEP-
denca ana APM gucnetyepa;

e nepeaavy nupopmaumm o MNb B CKLL.

APM pucneTtyepa BbINOMHAET ciegyowme
PYHKUMU:

e oTO6paxeHne nHdopmaumu o Mb;

e KBUTMpPOBaHME aBapUWHbIX COOBLWEHNN
o b;

e GUNbTPaLMIo aBapuiHbIX coobLLeHni o MNb.

o KCIB BbINONHAIOT cneayowmne GyHKLUUK:

e c60p b 06BHLEKTOB MOHUTOPUHTA;

e MaTemaTMyecKylo 06pabOoTKY KOHTPOU-
pyembix MB;

e KOHTPOSib OTK/IOHEeHUM B 3a 3agaHHble
3HayeHus (Janee — yCTaBKU);

e BejJeHue apxMBoB 3HayeHuw Mb;

e Be/leHMe OTHETOB TPEBOT U COBbITUA;

® JMarHOCTUKY COCTOSIHUSI TEXHUYECKOro U
nporpaMmHoro o6ecneyenus (MO);

e peann3aluio Nonb30BaTeIbCKOro UHTEp-
dewca gns APM KUI;

e nepepaavy AaHHbIx o Nb Ha cepsep LIKM.

APM KUWI BbINOAHSAET cneaytoume GyHKLMKU:

e oTO6paxeHne nHdopmaumu o Mb;

e KBUTMPOBaHME aBapUWHbIX COOBLEHUN
o B;

e GUNbTPaLMI0 aBapHiHbIX coobLLeHNN o MB;

e GOPMMPOBaHUA YyNPaBASIOLMX CUTHANOB
Ha YCTpPOWCTBa CUrHanu3aLmnm 1 OnoBeLLEHUS.

Cuctema ACMAPOI pa3paboTaHa cneuvanu-
ctamu «PIrYM «10 «Mask» u GYHKLUOHUPYET C
2011 ropa.
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Computer-Aided
Acquisition and
Lifecycle Support
of «Lyudmila» and
«Ruslan» Reactor
Plants: Introduction
and Application

A.Maltsev, M.Koshcheev
Mayak Production Association

«Lyudmila» and «Ruslan» reactor plants belong
to Mayak Production Association, the town of Ozersk.
Appropriate monitoring and control are effected by
means of modern instrumentation and through time-
tested automatic process control system.

Development of the computer-aided acquisition
and lifecycle support (CALS LF-2) began in 1987.
At that stage the hardware was based on SM-2M
computers. CALS was divided into the upper and
lower levels at the stage. Hardware and software
have been perfected, yet the principle of dividing
technical data processing into level is still preserved.

The modernized CALS has been developed by
NIKIET (Research and Design Institute of Electrical
Engineering, Moscow), VNIPIET (Research and De-
sign Institute of Energy Technology, Ozersk), OKSAT
NIKIET, Moscow, Mayak PA, Ozersk.

Now CALS integrates over twenty functional sub-
systems performing definite functions: an in-vessel
monitoring subsystem, a cooling-pond monitoring
subsystem, a radiation control subsystem, a leak-
ages control subsystem, a measurement control
subsystem, a power supply control subsystem, etc.

CALS-L is a combination of a dual network used
to transmit technical data and a supplementary
network for administration and calculation.

The most essential control systems are dupli-
cated to ensure reliability, accuracy and durability
of the whole system.

CALS-L is operated by Linux-type operating
system.

Information access control, review of audit
events, review of the system log and the compu-
tation log are made by the infosecurity manager
from an independent working place.

Processing of technical data and test infor-
mation is performed by the distributed network
processing complex (KROSS) developed by NIKIET
specialists. KROSS is based on the real time distrib-
uted database (RTDDB). According to the adopted
concept, each CALS-L unit belongs to one of the
following classes:

e information source (data multiplexers — DM,
computational servers — CS);

e operator stations (0OS);

e engineering workstations (EWS);

e Other data recipients (archive servers).

DMs collect initial information from inspection
sensors and perform initial processing and formation
of generalized values and form their status. Some
DMs perform simple calculations.

Oss and EWSs display technical data and test-
ing information.

Each network unit has access to that part of
information that is essential for correct operation.
It ensures memory saving. It is obvious that Oss,
EWSs and archive servers have the most complete
database. Data transmission to clients is effected
by RTDDB core. The drawbacks of RTDDB include:

e no possibility to store non-numerical infor-
mation;
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e transmission of only parameter values and
statuses (set values, logic shutdown indicators are
not transmitted);

e no control of data correction effectiveness
by the operator.

Hardware components of the lower level are
numerous. In the course of modernization, decision
was made to use the microprocessor monitoring
and control subcomplex (MMCS) that served the
base of CALS-L in 1995 through 2005. But MMCS
processor modules were replaced by industrial
computers (data multiplexes) supplied by a driver
written by our specialists. The driver records techni-
cal data received by RTDDB. Besides, DMs perform
initial calculations and formation of generalized
parameter values.

MMCS is not the only version of a link to the
end sensors. The following modules are also used:

o ADAM of Advantech 4013-D, 4018+, 4019

e MERADAT M12TXA1

e multichannel technical recorder (RMT 59).

To display mnemonic, VDESK package devel-
oped by NIKIET specialists is used. Initially, the
mnemonic is one or several text files in a special
language. Then a clip is compiled in vdesk language.
See Fig. 1 for an example of mnemonics.

There are some complications in vdesk package
application. They include the lack of a graphics editor
and a clip-chart library. Besides, vdesk language is
difficult to understand.

CALS introduction and utilization experience
is unique since it implies the use of instruments,
systems and approaches at the facility with strict
information security regime.

Development of <Ruslan» computer-aided sys-
tem is practically similar to the development of
«Lyudmila» computer-aided system. In the period

Remote control

General Diagram

Vacuum streamline

Vessels DON4000,
ion exchangers

Distribution gear
Summary table
1 tower
2 tower

3 tower

4 tower

5 tower
6 tower

Vacuum streamline

Boiler

Condensate and
drain tanks

Fig. 1. CALS-L mnemonics
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of 1995 to 2011 the same principles were used
in the development of CALS-R as were used in the
development of CALS-L in 1995 to 2005.

In the development of CALS-R the lower level will
be significantly modified. It is to be built on the basis
of MFK3000 modules of TECON but it is difficult to
couple MFK3000 with RTDDB. Now specialists of
Mayak and NIKIET JSC jointly work on the problem.

Modifications will be made in the system part
of CALS-R software. A new version of RTDDB will be
used that has no drawbacks of CALS-L.

Mayak PA runs a computer-aided system for
on-line monitoring of nuclear and radiation haz-
ardous facilities and cargo. The system is used for
comprehensive monitoring of nuclear, radiation,
environmental and fire safety, power supply of Mayak
divisions, radiation and meteorological control of
the sanitary protection zone and the surveillance
area of Mayak PA and for transmission of data to
Crisis Situation Center (CSC) Federal Enterprise
of Rosatom.

The system is of two-level distributed structure:

e the upper level — common for the company;

o the lower level — a set of hardware and soft-
ware designed for collection of information about
safety parameters in the company’s divisions.

The upper level is represented by the center of
integrated monitoring and operating control of the
facility level. The center integrates:

e a server for collection, processing, storage
and transmission of data to CSC;

e a computer workstation.

The lower level integrates:

e standard controllers of safety parameters
collection from information and control subsystems
of the facility level and from units sensors;

e An engineer’s computer workstation.

Remote Control Circuit

The integrated monitoring center performs the
following functions:

e collection, processing and storage of safety
data received from the company’s divisions;

e archives support;

e alarms and events reporting;

e interface commitment for the dispatcher’s
workstation;

e transmission of data to the integrated moni-
toring center.

The dispatcher’s workstation performs the fol-
lowing functions:

e safety data display;

e acknowledgement of alarm statements;

e screening of alarm statement.

The controllers of safety parameters collection
perform the following functions:

e collection of safety data monitored facilities;

o mathematical treatment of safety data;

e control of safety data deviations beyond the
preset levels;

e safety data archives support;

e alarm statement and events reporting;

e hardware and software diagnostics;

e interface commitment for the engineer’s
workstation;

e transmission of safety data to CSC.

The engineer’s workstation performs the fol-
lowing functions:

e safety data display;

e acknowledgement of alarm statements;

e screening of safety alarm statements;

e Sending monitor signals to signaling and
warning devices.

The integrated monitoring system has been
developed by Mayak PA specialists and has been
run since 2011.

Inlet coolant temperature

Coolant consumption

Inlet coolant temperature

Vapor consumption

Vapor pressure before reduction gear
Vapor pressure after reduction gear

Leakage on the pump line of ion-exchanger DOV1000

Leakage on the pump line of ion-exchanger DOV2000

Leakage in the upper left corridor

Leakage in the upper right corridor

Leakage in the lower left corridor

Leakage in the lower right corridor




KOH®EPEHLINA

TennoBble ceHcopbl Ha ocHoBe 6UMOPPHbLIX MAIMC angd
JANCTAaHLMOHHOIO KOHTPOIA TEMMNEPaTYPHOro pacrnpeaeneHuns

U.A. PewweTHuKOB %, [1.5. Puiranumu 2,

E.A. ®eTucos 2, P.3. Xadpu3os 23

1HUY MUIT, 20A0 «3eneHorpagcKkum
MHHOBALIMOHHO-TEXHOJIOTMYECKHUH LIeHTP»,
3000 «3nem UHPo»

TemnepaTypa — BaXHeNllee CBOMCTBO Jt0-
6bIx 06bEKTOB. KOHTPONb M U3MepeHne Temne-
paTypbl — OAWH M3 CaMbIX pacnpoCTPaHEHHbIX
BUAOB HabnoaeHnn 3a NiobbiMU 0O6bEKTAMMU.
CywecTByeT Hemano MeTO40B M3MEPEHUSA U
KOHTpONS TemnepaTypbl, 04HAKO OAUH U3 CaMblX
«3aMaH4u1BbIX» METOL0B M3MEPEHUS SBNSETCS
n3MepeHune TemnepaTypbl M NPOCTPAHCTBEHHOMO
pacnpeaeneHuns TeMnepaTypbl MO NOBEPXHOCTU
06bEKTOB AMCTAHLIMOHHO (MMPOMETPUS 1 TEPMO-
rpadus), T.e. NnyTem U3MepeHnss UHTEHCMBHOCTH
TENIOBOro U3My4eHUS TeN U ONpeaeneHus ero
NPOCTPAHCTBEHHOIO pacnpeaeneHus.

OfHUM M3 NepCneKTUBHbIX HanpaBieHUH
pasBUTUSA B MUPOMETPUN U Tepmorpadun B no-
cnefHue rofbl CTano NPUMEHEHUEe MUKPOINEK-
TpoMexaHnyeckunx cnuctem (MAOMC) Ha ocHoBe
6UMOPOHbBIX KAHTUNEBEPOB B KayecTBe OAHO-
3M1EMEHTHBIX MM MHOTO3/1EMEHTHbIX (MATPUYHBIX)
CEHCOPOB (NMPUEMHUKOB) TEM/IOBOI0 N3Ny4eHus
B AMana3oHe 4JIMH BOSH 7-14 MKM.

B ocHOBe GYHKLMOHMPOBaHNUA JaHHOIO TMNa
CEHCOPOB NEXUT TEPMOMEXaHUYECKUIN 3P DEKT, B
COOTBETCTBUM C KOTOPbIM MPU UBMEHEHUU TEMME-
paTtypbl NPUEMHOM YacTK (TENIOYYBCTBUTENLHOM
MeM6paHbl) MPOUCXOANT N3rM6 BUmaTteprabHOM
MWKPOKOHCONU. N3rn6 BO3HMKAET M3-3a pas-
HOCTU KO3 DULIMEHTOB TEMIOBOIO PacWMpeHUs
(KTP) ncnonb3yemor napbl MaTepuanos. Mapa
obpaszyeTca U3 matepuana ¢ Manbim KTP (Ha-
npumep, M3 HUTpULA KPEMHUS) U U3 MaTepuana ¢
6onblunm KTP (Hanpumep, U3 antoMuHus). Benu-
YWHa OTKNOHEHUS MUKPOKOHCOM NPY USMEHEHNUHU
Temnepatypbl Habnwaaemoro MK-o6bekTa Ha
1 K cocTaBnsieT OT HECKONbKUX €AUHWUL, A0 He-
CKOJIbKMX COTEH HAHOMETPOB.

CeHcopbl Ha ocHoBe 6UMOpdHBIX MAMC nme-
10T iBa OCHOBHbIX BUAa peann3aLmmn: CeHCopbI
C 3N1EKTPUYHECKMM U ONTUYECKUM CHUTbIBAHUEM
curHana. B gaHHon paboTe paccmaTtpuBaloTcs
MaTpu4Hble TennoBble ceHcopbl Ha MAMC ¢ on-
TMYECKMM CYUTbIBAHWEM CUTHanNa.

B nocnegHue roabl 0cobbl MHTEPEC Ans Uc-
cnefoBaTenen-pa3paboTiMKOB NpeacTaBAsAoT
MaTpUYHbIE MPUEMHUKM MHPPAKPACHOTO U3nyye-
HUSi Ha OCHOBE BUMOPOHbIX CTPYKTYP. [TPUEMHUKH
MK-n3nyyeHns Ha ocHoBe GUMOPOHBIX CTPYK-
Typ Mpuv NpPaBuIbHOM MOCTPOEHUN OMTUYECKOWM
CUCTEMbl CMOTYT 06€cneynTb IKBUBANIEHTHYIO
wymy pasHocTb Temnepatyp NETD~ 20 MK, B
4yeM He ycTynatT MaTpuLamM MUKPO6GOOMETPOB,
Npwv 3TOM IBNSSICb TEXHONOMMYECKU 3HAYUTENBbHO
MeHee CIOXHbIMMU.

[aHHbIN TMN MaTPUYHbIX MPUEMHUKOB Te-
NJ0BOr0 U3Ny4YeHUs B NepcrneKkTuBe No3BONuT
co3jaBaTb TEMNOBU3NOHHbIE NPUOOPLI HOBOIO
NOKONEHNS, KOTOPble CMOryT paboTtaTb B »KecT-
KWMX YCNOBUS 3KCMAyaTauuu, B TOM Yucne npu
BO3ENCTBUMN MOHUBUPYIOLLMX U3NYYEHUN. TaK,
cornacHo nutepaTypHbIM UCTOYHUKAM, uccne-
[lOBaHHble aHanorMyHble CTPYKTYpbl GUMOpPd-
HbIX MUKPOKaHTUNEBEPOB MOKa3ann BbICOKYIO

Puc. 1. Cxematu4yHoe npejcraBieHUe ceHcopa
TEMJI0BOro n3ny4yeHus Ha 6umopdpHbix MOIMC
Pic. 1. Schematic representation of a bimorph
MEMS thermal sensor

YCTOMYUBOCTb K BO3AENCTBUIO A-U3NTYHEHUIO U
PEHrEHOBCKOMY M3MyYEHMUIO.

Cvnamu Hallero KonneKTMBa pa3paboTaHbl U
M3roToB/IEHbI 06Pa3Lbl MAaTPUYHbLIX MPUEMHUKOB
TENNOBOro M3Ny4eHUs Ha ocHoBe GMMOPGHbIX
YyBCTBUTE/bHbIX 3IEMEHTOB.

YyectBUTENbHBIE MOMC 3nemeHThbl, aBnd-
foLMecs aneMeHTapHbIMU SHeiKaMn MaTpuLbl,
NPeACTaBNAoT cO60M MUKPO3epKana (MM MUKPO-
KaHTWneBepsbl), NoABELLEHHble Haj Si NOAJTIOXKON
Ha BbICOTe 0KOM0 2,5 MKM. CxemaTuyHoe npega-
CTaB/ieHWe CeHcopa TENNOBOro U3Ny4YEHUS Ha
6umMopdHbIX MOMC npeactaBneHo Ha puc. 1.

Pa3mep s4enKkn maTpuLbl B NnaHe cocTaBns-
eT 25-50 MKM Npy CyMMapHOW TOLWUHE CNOEB
MeHee 1 MKM. TennoyyBCcTBUTENbHAA MeMbpaHa
6umaTtepuranbHOro ceHcopa (cm. puc. 1, nos. 1)
M3roToBNEHa U3 HUTPWUAA KPEMHUS TONLWMHOWM
okono 400 HM. Memb6paHa noaBelleHa Haa no-
BEPXHOCTbIO MOAJSIOMKKM HA PACCTOSHUM NPUMEPHO

500 HM C MOMOLLbIO MUKPOKOHCONEN (N03. 2), KO-
TOpble TaKXKe U3rOTOBNEHBI U3 HUTPUAA KPEMHUS.

[Ons ymeHbleHnsa gedbopmManmn, BO3HUKa-
IOLWMX B Npouecce U3rotosieHns, membpaHa
COLEPKUT apMUPYIOLLYIO CETKY (pPEGpa KECTKO-
cTh). MUKpPOKOHCONM BUMaTepuanbHbIX MPUEM-
HWKOB MMmeloT ABa nneyva. OgHo nneyo — paboyee
(nos. 3), fatolLee OTKIMK Ha UBMEHEHME Temne-
paTypbl, U BTOPOE Nie4Yo — KOMMNEeHcupyouee
(no3. 4), oHO npefHa3HayeHo Ang npegorspa-
LLleHMS HarpeBa YyBCTBUTENbHbIX 9N1€MEHTOB OT
NOANOXKHK. Kpome Toro, KoMneHcupytoLee nieyvo
CNYXWT AN NPOTUBOAENCTBUSA TEPMUYECKUM [e-
dopmaLmsM, KOTOpble BO3HWKAIOT B X04e BbINon-
HEHWS BbICOKOTEMMEPATYPHbIX TEXHONOMMYECKUX
onepauui Npu U3roToBneHUU. N5 CHUKEHUS
TennoobMeHa MeXay HyBCTBUTENbHbLIM 3fIEMEH-
TOM M MOANOXKOW MUKPOKOHCO/b UMEET y4acCTOK
Tepmounsonsaumm (nos. 5). bumatepuanbHbiv K-
NPUEMHUK KPENUTCH K MOANIOXKKE B ABYX MecTax
(no3. 6). C Lenbio CHUKEHUS TEMI00O6MEHa MeXay
YyBCTBUTENbHBIM 31EMEHTOM U Noanoxkon NK-
NPUEMHUK JOMKEH pa3MeLLaTbes B BaKyyMUpo-
BaHHOM Kopnyce.

Ha pwvc. 2 nokasaHa nocnenoBaTefibHOCTb
TEXHOJNIOTMYECKMX onepaunin GopMmnpoBaHus
TENNOBOro ceHcopa Ha 6uMopdHbIX MOMC. Uc-
XOAHOW MOAJIOXKKOM AN GOpMMUPOBaHMA TEMNJIO-
BOr0 ceHcopa Ha ocHoBe 6UMopdHbIX MAMC
ABNSETCA MOHOKpUcTanandeckui Si. Mpouecc
M3roToBJIEHUSA COCTOUT U3 5 — 7 poTonuTorpadu-
YeCKMX LMKIIOB U BK/IOYaET B ceb64 cneayloLime
OCHOBHblE NpoLecchl POPMUPOBAHNUSA INEMEHTOB:
OCaxaeHue epTBeHHoro cnos Si0,; ocaxaeHue
Si;N,; Hanbinexnue v Tpasnexue cnoes NiCr n Al;
TpaBneHue cnos Si,N, M HaKOHeL, yianeHue xepT-
BEHHOrO €nos. TaknM 06pa3oM, TEXHONOrMYeCKUe

Puc. 2. MocnepoBaTeNnbHOCTb TEXHOJIOrMYECKUX onepauuin ans GopMUPOBaHUSA TEMIOBOrO CEHcopa

Ha 6umopdHbIX MOIMC
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Pic. 3. Images of bimorph MEMS elements of various construction

Puc. 4. U306parkeHUs A4eeK TeNI0BOro ceHcopa, HaxoAALWMXCA NPYU ABYX pa3/iIM4HbIX TeMnepaTypax:
— 24°C (cnpaBa) u +150°C (cneBa) / Pic. 4. Cells of a thermal sensor under two different
temperatures - 24°C (on the right) u +150°C (on the left)

onepauuu, NpUMMeHsemMble NMPU U3FOTOBSIEHUHU
CEHCOPOB Ha 6UMOpPOHBLIX MAOMC, coBMECTUMbI CO
CTaHapPTHbIMWU TEXHOIOMMYECKMMU MpoLieccaMu
MUKPO3NEKTPOHMKM.

B pesynbrate npoBeAeHHbIX paboT HaleMy
KONNIEKTUBY yAanocb pa3paboTaTtb M U3roTOBUTb
3KCMepuMeHTabHble 06pasLibl TEMI0BbLIX CEHCO-
poB Ha 0cHoBe 6UMOPOHBLIX MAOMC co cTeneHblo
nHTEerpaumm go 160x120 anemMeHTOoB.

Ha puvc. 3 npuBeaeHbl M306paxeHns aneMeH-
TOB 6MMOpPOHBbIX MOMC, nmetolme pasnnyHble
KOHCTPYKLMK. MU306parkeHns Nosy4YeHbl ¢ MOMO-
b0 PacTPOBOro 3MEKTPOHHOrO MMKpPOCKoNa
(POM).

Ha n3obpakeHnax YETKO BUAHbI TEMIOYYB-
CTBUTENbHbIE MeMb6paHbl, NOABELIEHHbIE Haj
NOANIOXKKOM Ha 6GUMaTepuanbHbIX KOHCONSX.
BbicoTa nogbema Mem6paHbl (6€3 BO3AENCTBUSA
Temneparypbl) 3aBUCUT OT KOHOUIypaLmm 6uma-
TepuanbHOW KOHCOMM U cnocoba 3aKkpenneHus
MeM6paHbl U KOHCOJIM (MO OAHOW CTOPOHE MEM-
6paHbl UK NO guaroHanm).

[ns namepeHus TepMomMexaHnyeckunx gecdop-
Mauui TENOBbIX CEHCOPOB Mcnonb3oBancs POM
JSM-6490LV (Jeol, AnoHus) M BaKyyMCOBMECTH-
MbIH CTONMK, 06ecneyYnBaloLL i yCTaHOBKY, Noa-

[lepXaHve 1 uamepeHune TemnepaTypbl 06pasLia
oT-30°C go +160°C. NMpumeHeHUe gaHHOro 060-
pyAoBaHMs NO3BONWNO BWU3yanbHO Habnogatb
3a QYHKLMOHUPOBaHMEM 6MMOPPHbBIX CEHCOPOB
noja Bo3encTBMEM TeMMepaTypbl.

Ha puc. 4 npvBeaeHbl M306parkeHns aueek
TENNOBOro CEHCOPa, HaxOAsALWMXCS NPY ABYX pa3-
NYHbIX Temnepatypax: — 24°C (cnpasa) u +150°C
(cnea). o ycTaHOBNEHHBLIM MapKepam MOXHO
OLIEHWUTb BESIMYUHY OTKJIOHEHUS TEMNN0YYBCTBU-
TeNbHON MeMGpaHbl OTHOCUTENLHO NOAIOMXKHU B
Avana3oHe TemnepaTtyp, 4N AgaHHOro obpasua
OHO cocTaBmno 10 MKM.

lpoBeaeHHble TaKUM METOAOM MccnefoBa-
HUS NOSTYYEHHbIX 3KCNEepPUMEHTabHbIX 06pa3-
LLOB C Pa3nnyHbIMU KOHOUTYPaLIUAMU CEHCOPOB
NO3BOJIMAN BblYUCIUTb TEPMOMEXAHUYECKYIO
YyBCTBUTENbHOCTb K=(z1-2z2)/(T2-T1), KOTOpas
coctaBwuna okono 100 Hm/°C (gna Hanbonee yaay-
HbIX KOHOUIYpaL it YyBCTBUTENbHbLIX 3IEMEHTOB).

Cnegylowunm aTanom B UccnefoBaHum Tenno-
BbIX CEHCOPOB Ha ocHoBe MAMC cTano npoeuu-
poBaHune NK-n3obpaxeHns Ha maTpuLy CEHCO-
poB. CnpoeLmpoBaHHOE Ha MaTpuLLE TEMIOBbIX
CEHCOPOB M306paXkeHne OOMKHO NPUBECTU K
M3MEHEHMIO NMONOXEHWS (BbICOTbI) TENNOHYBCTBH-

TeNbHbIX MEMOBPAH, 4TO MPUBELET K USMEHEHMIO
Bcero penbeda matpuupl.

[nda uccnefosaHuns penbeda maTpuLbl, Ha-
xogsauwencs nog sozgencrenem NK-nanyyveHus,
6bl/1 UICMOb30BAH ONTUYECKUN NPOPUIOMETP
(MHTEpdEpOomMeTprUecKnin Mnkpockon) Wyko
NT9300 (Bruker, [epmaHusi) n oTaenbHbIe KOM-
NMOHEHTbI, BK/OYalWwme B cebi BaKyyMHbIH
KOpNyC C BXOAHbIMW OKHamu, Npo3payHbiMK B
Buanmon unu MK-obnactu (7-14 MKkm) cnekTpa,
a TaKe psaf KOMMNOHEHTOB, MO3BONSAOLWMX 3a-
KpenuTb KOMMNOHEHTbl CTEHAA Ha ONTUYECKOM
ocKu nog 06bEKTMBOM MUKPOCKONa. B KavyecTBe
UcTo4YHUKa NK-n3nydyeHunsa ucnonb3oBanoch ab-
COJIOTHO YepHoe Teno Micron 316, a TakKe paa
CTaHaPTHbIX ONTOMEXaHUYECKUX KOMMOHEHTOB,
No3BONAIOWMX CNPOELMPOBATL U306paXKEHNE
Ha maTpuuy. doTorpadus cteHaa ana uccnego-
BaHMWA OTKIMKa MaTpuLbl NpuBeaeHa Ha puc. 5
(cnpaBa) ¥ BaKyyMHasi KaMepa C pa3mMeLLEHHON
B HEN MaTpuLEen TeENNOBbIX CEHCopoB Ha MOMC
(cnesa).

B aaHHbI MOMEHT UccneaoBaHMa maTpul,
TEeNNoBbIX ceHcopoB Ha MOMC He 3aKOHYEeHbI
M MPOBOAATCHA Ha NPUBEAEHHOM Bbllle CTEHE,
a TaKXKe C NOMOLbIO TEMNNOBU3UOHHOIO MUKPO-
ckona FLIR SC5700 ¢ pa3pelueHnem no temne-
patype 25 MK.

BbiBOoAbI

Pa3paboTaHHble Tenjao0Bble CEHCOPbl Ha
M3MC nmetoT cnegyrolime npemmyuiecTea: 60-
nee gewéBoe NPon3BOACTBO NO CPABHEHMIO C
npon3sofcTBoM MK-NpuemMHMKOB Ha OCHOBEe
MWUKPOBONOMETPOB; HET HEOOXOAMMOCTH B OX-
NaxaeHMn NPUEMHMUKA A0 KPUOreHHbIX Temne-
paTyp; AaHHbIM TUM NPUEMHUKOB o6eLlaeT 6biTb
60nee yCTOMYNBBIM K BO3AENCTBUIO creunasb-
HbIX GaKTOPOB.

[ns noctpoeHusi npubopoB Ha OCHOBE pas-
paboTaHHbIX TeNN0BbIX ceHcopoB Ha MAMC cyue-
CTBYET psaf TEXHUYECKMX NPoBNeM, OHAKO npe-
Of0/eHME ITUX CIIOXKHOCTEW NMO3BONUT CO34aTb
TENNOBMU30p, 06NajaloWmi paaomM NpenmyLLecTs
OTHOCWUTENbHO CYLLECTBYIOLMX HA AAHHbIA MOMEHT
NPOMbILWAEHHbIX TEXHONOT M.

MNpeanoxeHHble MaTpuLLbl TEMIOBbLIX CEHCO-
poB Ha MAOMC MoryT HaWTV LIMPOKOE NpUMEHe-
HvWe B annapaType, MPUMEHAEMON KaK B BOEH-
HOW, TaK 1 B rparkagaHckon cdepax. B KavecTBe
rpaXkaaHCKOro NpUMEHeEHUs cneayet OTMETUTb
TaKve 06/1acTH, KaK CTPOUTENLCTBO, NPOMbILLIEH-
HOCTb, SHEPreTMKa M XUIULLHO-KOMMYyHanbHoe
X039MCTBO, aBTOTPAHCNOPT, CAYKGbl cnaceHus
B MeauLMHE.

Pa6oTa BbinonHeHa Npu NoaAepKKe MUHUCTEPCTBa
o6pa3oBaHua U HayKu Poccuitickoin depgepauumn
(rocypapcTBeHHbI KOHTpaKT N2 14.514.11.4074).

Puc. 5. dotorpadumsa cteHaa U BaKyyMHasi Kamepa ¢ pa3MelleHHOW B Heil MaTpuLeli Tem1oBbIX ceHcopoB Ha MAMC

Pic. 5. Photo of a stand and a vacuum chamber containing a matrix of MEMS thermal sensors (to the left)
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Thermal Sensors Based on Bimorph MEMS for Remote Control
over Thermal Distribution
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1 National Research University of
Electronic Technology MIET, 2 «Zelenograd
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Temperature is the most important property
of all the objects. Temperature measurement
and control represent one of the most common
methods of site surveillance. There are numerous
approaches to measuring and controlling the
temperature, but one of the most attractive
measurement methods implies remote measuring
of the temperature and spatial thermal distribution
over the surface of objects (pyrometry and
thermography), that is through measuring the
intensity of thermal radiation of bodies and
determining its spatial distribution.

An upcoming trade in pyrometry and
thermography development today is application
of microelectromechanical systems (MEMS) based
on the bimorph cantilevers as single or multi
(matrix) sensors (detectors) of thermal radiation
in the wavelength range of 7-14 microns.

Sensors of this type operate based on the
principle of thermomechanical effect, according
to which temperature variation of a receiving part
(thermosensitive membrane) causes bimaterial
microcantilever bending. Bending occurs because
two types of materials used are different in
coefficients of thermal expansion (CTE). A twain
is formed from a material with low CTE (e.g.
silicon nitride), and a high CTE material (such as
aluminum). The rate of microcantilever deflection,
that occurs when the temperature of an observed
infrared object changes by 1 K, varies from a few
to several hundred nanometers.

Bimorph MEMS-based sensors have two main
types of implementation: sensors with electrical
or optical signal reading. In this paper we shall
consider matrix thermal MEMS-based sensors
with optical signal reading.

In recent years, R&D developers take
particular interest in matrix infrared detectors
based on bimorph structures. Subject to proper
construction of the optical system IR radiation
detectors based on bimorph structures can
provide noise equivalent temperature difference
NETD ~ 20 mK, thus they are in no way inferior to
microbolometer matrices, while being considerably
less technologically sophisticated.

In the long run this type of matrix thermal
detectors will enable a new generation of thermal
imaging devices that can operate in harsh
environment, including the effects of ionizing
radiation. Thus, according to published sources,
after proper examination similar structures of
bimorph microcantilevers showed high resistance
to A-rays and X-rays.

Due to joint efforts of our team samples of
matrix thermal detectors based on bimorph sensor
elements were designed and manufactured.

Sensitive MEMS elements that are elementary
cells of the matrix represent micromirrors (or
microcantilevers) suspended above the Si
substrate at the height of about 2.5 microns.
Schematic representation of a bimorph MEMS
thermal sensor is shown on Pic. 1.

The mesh size in a matrix under the plan is 25-
50 microns, with a total layer thickness of less than
1 micron. A bimaterial thermosensitive membrane
in a sensor (see Pic. 1, Pos. 1) is made of silicon

nitride about 400 nm thick. The membrane is
suspended above the substrate at a distance
of approximately 500 nm using microcantilevers
(Pos. 2), which are also made of silicon nitride.

To reduce deformations that may occur
while manufacture, the membrane comprises a
reinforcing net (stiffeners). Microcantilevers of
bimaterial detectors have two shoulders. One
shoulder is a working one (Pos. 3), which provides
feedback on changes in temperature, whereas
the other is a compensating shoulder (Pos.4)
designed to prevent heating of substrate sensitive
elements. Moreover, a compensating shoulder
serves to counteract thermal deformations arising
while manufacture during high-temperature
technological operations. To reduce thermal
exchange between a sensor element and a
substrate a microcantilever has an area of thermal
insulation (Pos. 5). A biomaterial IR detector is
attached to a substrate at two locations (Pos. 6).
In order to reduce thermal exchange between a
sensor element and a substrate an IR detector
shall be placed into a vacuumized housing.

Picture 2 shows a sequence of technological
operations aimed at forming a bimorph MEMS
thermal sensor. A blank substrate for forming
a bimorph MEMS thermal sensor is a single-
crystal Si. The manufacturing process consists
of 5-7 photolithographic cycles and includes the
following basic processes of forming the elements:
deposition of SiO2 sacrificial layer; deposition
of Si3N4; deposition and etching of NiCr and Al
layers; Si3N4 layer etching, and finally, removing
the sacrificial layer. Thus, technological operations
applied in production of bimorph MEMS sensors
are compatible with standard microelectronic
processes.

As a result of joint efforts undertaken by our
team experimental samples of MEMS bimorph
thermal sensors with an integration degree of
up to 160x120 elements were designed and
manufactured.

Pic. 3 shows images of bimorph MEMS
elements of various construction. Images were
obtained through a scanning electron microscope
(SEM).

Images clearly show thermosensitive
membranes suspended over the substrate on
bimaterial cantilevers. Membrane rising height
(under no temperature impact) depends on the
configuration of a bimaterial cantilever and the
method of fixing a membrane and a cantilever
(along one side of the membrane or cornerwise).

To measure thermomechanical deformations
of thermal sensors, they used a scanning electron
microscope JSM 6490LV (Jeol, Japan) together

Sequence of technological operations
enabling the formation of a bimorph MEMS
thermal sensor

with a vacuum-compatible table ensuring
installation, maintenance and measurement of
a sample temperature from -30°C to +160°C.
Application of such equipment allowed to visually
observe functioning of bimorph sensors under
temperature impact.

Pic. 4 shows cells of a thermal sensor
located under two different temperatures -
24°C (on the right) n +150°C (on the left). By
established markers one can estimate the rate
of a thermosensitive membrane deflection against
a substrate in a temperature range; for the given
sample, deflection was 10 microns.

Research conducted using such method into
experimental samples obtained with different
configurations of sensors allowed to calculate
thermomechanical sensitivity of K=(z1-z2)/
(T2-T1), which approximated 100 nm/°C (for most
successful configurations of sensitive elements).

The next step in studying MEMS-based thermal
sensors implied projecting of an infrared image
onto a matrix of sensors. Projected on the matrix of
thermal sensors the image should lead to a change
in position (height) of thermosensitive membranes,
which then leads to changes in matrix relief.

In order to study topography of the matrix
exposed to infrared radiation an optical
profilometer (interferometric microscope) Wyko
NT9300 (Bruker, Germany) has been used together
with individual components comprising a vacuum
housing with inlet windows transparent in the
visible or infrared (7-14 m) area of the spectrum,
as well as a number of components used to fix
the components of the stand on the optical axis
under the microscope lens.

Sources of infrared radiation included a
blackbody Micron 316, as well as a number of
standard optomechanical components used to
project an image onto the matrix. Photo of a stand
used to research matrix response is shown on Pic.
5 (to the right) together with a vacuum chamber
containing a matrix of MEMS thermal sensors
(to the left).

Currently studies into matrices of MEMS
thermal sensors are not finished and are held
on the above stand, and using a thermal imaging
microscope FLIR SC5700 with temperature
resolution of 25 mK.

Conclusions

The designed MEMS thermal sensors have
the following advantages: cheaper production
compared to the production of microbolometer-
based IR detectors; there is no need to cool a
detector to cryogenic temperatures; this type of
detector is going to be more resistant to the impact
of special factors.

In order to build devices based on such
MEMS thermal sensors one has to overcome
a number of technical problems, but meeting
these challenges will enable a thermal imager
characterized by certain advantages over currently
existing industrial technologies.

The proposed array of matrices of MEMS
thermal sensors can be widely applied in
equipment used in both military and civilian
domains. Civil application shall include such areas
as construction, industry, energy, housing and
utilities, transport, medical emergency services.

This work was supported by the Ministry of Education

and Science of the Russian Federation (state
contract No. 14.514.11.4074).
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ABTOMaTU3aLUMA NPOLLEeCcCoB 31IEKTPOHHO-NY4EBOW CBAPKU
M 06pPabOTKN 3N1EMEHTOB KOHCTPYKL NI

B.A. KynukoB, C.A. Co6ko
oryn «POAL-BHUATO um. akafeMuKa
E.N. 3a6aGaxuHa»

BeepeHue

CoBeplueHCTBOBaHME CUCTEM YNpaBieHUs
NpoLECCOM CBapKM OTBETCTBEHHbIX M3AENNI fB-
NeTcs aKTya/lbHOM 3aga4ven, peleHne KoTopomn
NO3BOSET UCKTIOYNUTb 06pa3oBaHme JePEKTOB B
CBapHOM LIBE, YBE/IMYUTb HAAEKHOCTb CBAPHbIX
COeANHEHMI, NOBbLICUTb MPOU3BOAUTENBHOCTD
TPyZAa M CHU3UTb 3aTpaTbl Ha M3rOTOB/IEHME Y3-
nos..

Llenb gaHHOM paboThbl 3aKao4yanacb B aB-
TOMaTU3aLUnn 3NEKTPOHHONYYEBbIX TEXHONOMM-
YeCKMX MpoLeccoB, BKIOYaa atanbl c60pPKHU,
CBapKM M KOHTPONS KayecTBa CBapuMBaeMblX
KOHCTPYKLMHI.

To4yHOe No3uUMOHMpPOBaHME, paBHOMEp-
HOe nepemelleHne cBapvMBaemoro uaaenus
OTHOCUTENIbHO 3IEKTPOHHOMO Nly4a U aKTUBHOE
ynpaBneHue napameTpamu 371eKTPOHHO-Ny4eBOM
yCcTaHOBKM (3J1Y) aBnsieTcs OCHOBOW aBTOMaTK-
3MPOBAHHOIO ynpaB/iEHUs TEXHONOMMYECKUM
NPOLLECCOM 3IEKTPOHHO-/Ty4eBon cBapku (AJIC)
C TOYKM 3peHunst o6ecneyeHuns TpebyemMblx napa-
METPOB LUBa.

KoHTponb KayecTBa c60pKKU (3a30poB, Ae-
niaHauum, 6UeHnn) nepes cBapKon asnseTcs
HEOO6X0AUMbIM 3/1IEMEHTOM B TEXHONIOMMU U3ro-
TOBNEHWA CBAPHbIX coeanHeHuN. NMprumeHeHne
CUCTEMbI KOHTPONS KayecTBa CO0PKM NO3BONSET
NPOM3BOAUTb OLEHKY OCHOBHbIX FTEOMETPUYECKUX
napameTpoB CO60PKU U3AeNns NPU MexaHuye-
CKOM NO3MLMOHMPOBaAHMK, a TaKKe No3BonseT
OCYLLEeCTBNATb MACMNOPTM3aLIMIO OTKIIOHEHUI Me-
XaHWYECKMX XapaKTEPUCTUK COOPKMU 0 CBAPKH
1 nocne CBapKun ¢ 04HOBPEMEHHbIM AOKYMEHTH-
poBaHWEM KayecTBa CBApHOro LWBa.

OCHOBHbIMM 3a1a4aMu pa3paboTKU CUCTEMBI
aBToMaTtusauum 3J1C sBNSAUCh: MOAYAM ynpaBsne-
HWS, CUCTEMA NO3ULIMOHMPOBAHWS CBapnBaeMoro
U30enus, CUCTEMA CNEXEHNS 3a CTbIKOM, cUcTeMa
KOHTPONA KayecTBa CO0PKM CBapUBaEMbIX U3[e-
NV Nepea CBapKow, cMCTEMa AOKYMEHTUPOBAHHMS
napamMmeTpoB npoLecca.

Mo pe3ynbTatam aHanM3a OCHOBHbIX MPUH-
LMNoB nocTpoeHuss komnnekcos 3JI1C, ucnonb-
3yeMbIX B MMPOBOW MpaKTWKe, pa3paboTaHa
KOHLLeNUMs aBTOMaTU3MPOBAHHOIO ypaBneHus
NpoLEeccoM CBapKu, B KOTOPOM Y4TEHO:

— pacnpefeneHnve 3aja4y Mexay cneuvanu-
3UPOBaHHbLIMU rpynnamu 060pyA0BaHUS;

— perucTpaumns OCHOBHbIX TEXHONOMMYECKMX
napamMeTpoB MpoLecca CBapKK;

— MHbOPMaLIMOHHOE B3aUMOAENCTBUE MEXAY
rpynnamu o60pyaoBaHus;

— y4yeT GaKTopoB, BAMSAIOLLMX HA NpoLecc
CBapkKu;

— KOHTpO/b GOPMUPOBAHUSA CBaApPHOro CO-
eVHEeHNS;

— KOHTponb 06pa30BaHUs OnepaTUBHOIO
ucnpasneHna gedeKToB B NpoLEecce CBapKM.

KoHuenuwma aBTomatnsaunm 3J1C CTPYKTYPHO
npeactasfeHa Ha puc. 1.

CyTb KOHLIEMLMK 3aKItoYaeTcs B pacrnpeje-
NEHMU PECYPCOEMKMX 3aday MeXy OTAeNbHbIMU
YHKLMOHANbHO 3aKOHYEHHbBIMM rpynnamu 060-
pyAoBaHus, 06beANHEHHBIMU €AUHOM MHOPMa-
LIMOHHOW CETbIO.

ABTOMaTU3MpoBaHHas cuctema 3J1C no poay
BbIMOHAEMbIX 3a4a4 pa3AeneHa Ha YyeTbipe rpyn-
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Puc. 1. KoHuenuua aBTomatusauum 3J1C

nbl 060pyaoBaHKs: 060pya0BaHNE MOHUTOPUH-
ra, ceapo4yHoe obopynoBaHue, obopynoBaHue
yrpaBieHUs U LLeHTpasbHbIM TEPMUHAN CUCTEMbI
ynpasneHuns komnnexkcom 3J1C (puc. 2).

OCHOBHOE A4p0 ynpaBieHus cocpeaoToye-
HO B rMaBHOM TEPMUHANE, yNpaBnsiolwWeM BCEM
komnnekcom 3JIC 1 cucTemMor KOHTPONS Kaue-
cTBa CO0PKM 1 cBapKK. CTPyKTypa TepMUHANBHON
4yacTu NnpeacTaBnseT co6on MHOMOCIOMHYIO NPO-
rpaMMHYI0 cpeay, BKIo4YaloLLyto: 06Lyto Moaenb
nosegeHuns Komnnekca 3J1C B uenom; Mogenb
npouecca cBapKku; GyHKUMOHaNbHbIE Y3/bl UH-
$OopMaLIMOHHOro B3anMOAENCTBHSA C GUUYECKUM
YPOBHEM KOMIMieKca (KOHeYHbIM 060pyL0BaHEM
ynpaBneHus U JOKYMEHTUPOBAHUS); CUCTEMDbI
KOHTPOANS KayecTBa M AOKYMEHTUPOBAHWS Npo-
uecca 9J1C.

Cuctema ynpaBneHus yCTaHOBKOW COCTOUT
13 aBTOHOMHbIX MOAYNEN, UMeloLmMx nHdopma-

LLMOHHblE CBA3M HENOCPEACTBEHHO C yrpaBsio-
LWMM SAPOM M CUCTEMOM AaT4yMKOB. MoaynbHas
CTPYKTypa aBTOMaTU3upoBaHHoM cuctembl J1C
Bbl6paHa c y4eToM HeO6X0AMMOCTH pa3aeneHus
BbIMOJIHAEMbIX 3a4a4 MeXAY BblYUCITUTENbHBIMU
pecypcamu KoMnneKkca M o6ecneyeHns BO3MOXK-
HOCTM MHTErpaLmm CUCTEMbI B CBApOYHbIE YCTa-
HOBKM, UMEIOLLME PA3/IMYHYIO CTENEHb aBTOMATH-
3auumu. Takas CTpyKTypa No3BONSET 3HAYUTENBHO
CHM3UTb TPE6OBAHMS MO NPOM3BOAUTENILHOCTU K
rMaBHOMY SiAPY CUCTEMbI YNPaB/iIEHUS U CBECTH
KOHTPOMb 3a BCeMU GYHKUUAMU B €4UHbIN Tep-
MWHan ynpaBneHus. lNocpeacTtBoM TepMuHana
yrnpaBieHUs onepartop nosay4yaeT BO3MOXKHOCTb
OCYLLEeCTBNATb yripaBAeHWe BCEMU NapameTpaMu
TexHosornyeckoro npouecca 3J1C, npoM3BoanTb
nacrnopTM3aLmIo NpoLuecca CBapKu M UMETb 00b-
EKTUBHYI0 MHPopMaumio B yaoOHOM Ans BOC-
NpUSTUS BUAE.

Puc. 2. dyHKuMOHaNbHasA cxema aBTomatusauum 3J1C




Puc. 3. BHelwuHuii BUA CBapO4YHOro
MaHunynaTopa c ycraHoBneHHoi CKKC

TaK Kak Ka4yecTBO CBapKW, B OCOOGEHHOCTU
TOHKOCTEHHbIX COeAWHEHNN, B 3HAYUTENbHOM
Mepe 3aBMUCUT OT KayecTBa CO0PKK cBapuBae-
MOW KOHCTPYKLUMW, B Npeaiaraemow KoHLenuuu
npeaycMoTpeHa cucTemMa KOHTPONS KayecTBa
c60pku (CKKC) nsgenus. 3ta cuctema npegHa-
3HayeHa Ans onpegeneHns BeposiTHOCTU BO3-
HUKHOBEHMWS B CBapMBaeMOM M3AeNnn [ePeKTOB,
CBfI3aHHbIX C HEKAYeCTBEHHOW COOPKON, ellle A0
Havyana npouecca CBapKW U AaeT BO3MOXHOCTb
CBOEBPEMEHHO YCTPaHUTb OBHapPYXEHHbIE MO-
rpPewwHoCT CO6OPKM.

OcHOBHbIM MHCTpyMeHToM CKKC npuHaT
MeTOo/ Na3epHoNn TpuaHrynsauuu. Takon BblGop
06YyCNnoB/IEH TEM, YTO KOHTPOSb KayecTBa c60p-
KW CBapuBaemoro u3genuns ocyllecTBAseTcs
HemnocpeacTBEHHO Mepej 3arpy3Kon B Kamepy
[10 cBapkuW. Koraa cBapvBaemoe n3genue Ha-
XOAWTCS B CBAPO4YHOM OCHACTKE W YCTaHOBNEHO
B MaHWUMynsTop, AOCTYMN K CaMOMY COEUHEHMIO
M3MepuTENbHBIMU MHCTPYMEHTAMM KOHTAKTHOMO
TMNa orpaHuUyeH.

B o6wem Bnae CKKC BrtoyaeT MaHunynsTop
NS MEXaHWYECKOro nepemMelleHns cBapusa-
€eMOoro n3aenus, nasepHbin ceHcop LLT-2810
$upmbl Micro Epsilon co cneunanManpoBaHHOM
OCHACTKOM 1 cneLuanmM3vpoBaHHoOe NporpaMm-
Hoe o6ecneyenue ([10). Ha puc. 3 npeactasneH
BHELHWW BUA pa3paboTaHHOro MaHunynaTopa ¢
YCTaHOBJ/IEHHbIM 1a3ePHbLIM CEHCOPOM W Pe3Y/b-
TaT CKaHMPOBaHWUS KOMbLEBOro CoeiMHEHUS B
BMAe 3-MepHOW pasBepTKH (puc. 4).

MaHunynsTop npeaHa3HayeH ANns CBapKu
KPYroBbIX ¥ KONbLIEBbIX LUBOB Y CHaGXeH AaTyv-
KOM ycunusl nogxatus ¢upmbl Burster.

[na o6ecnevyeHuns pabotocnocobHoctn CKKC
pa3paboTaHbl:

® 3/IEKTPOBBOA B KaMepy CBapO4yHOM ycTa-
HOBKM Ansa o6ecneyeHuns paboTbl MaHWnynsTopa
M gaTynMKoB npouecca 3IJ1C;

¢ [10 ang ynpaBneHus npoueccom 3J1C co-
BMECTHO C MaHUNYASTOPOM;

e 10, obecneymBaiolee CKaHMpPOBaHUe
CBapuvBaemMoro usgenusa Ao v nocne cBapKku Ha
Hanuune aedeKxTos.

TectnpoBaHne CKKC noatBepawno patéo-
TOCMNOCOOHOCTb CUCTEMbI KOHTPONSA KayecTBa
c60pKM CBApUBAEMbIX KOHCTPYKLMA.

[ina peann3almmn aBTOMaTM3NMPOBAHHbIX NMPO-
ueccoB JJ1C Hapagy ¢ ynpaBieHMemM MexaHuye-
CKMM NO3ULMOHUPOBAHUEM U3AENUS OTHOCUTENb-
HO 3NEKTPOHHOr0 ly4a Heo6X0AMMO ynpaBfeHve
NO3WULIMOHMPOBAHWEM CaMOro iyda OTHOCUTENTbHO
cBapuBaemoro usgenus. B cuctemax 4y ot-
[eNnbHble KOHTPoupyeMble NapaMeTpbl nNpes-
CTaBfieHbl B BMAe ocen ynpasneHus. B cucteme
ynpaBnenua 3JIC BBeAeHbl AONONHUTENBHO K
MeXaHU4YEeCKUM OCAM NepeMeLLeHns 3nenus ewe
1 «3NIEKTPUYECKME» OCH YNPABAEHNS OCHOBHbIMM
napameTpamu npouecca cBapku. Ans nosvum-
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Puc. 4. Pe3ynbTat CKaHUpPOBaHUA KOJIbLLEBOI0 COeAUMHEeHUA ¢ GypTammn

OHUPOBAHWUS INEKTPOHHOIO ly4a OTHOCUTENb-
HO CTblKa pa3paboTaHo cooTtseTcTBylowee MO
YIY aneKTPUYECKUMU U MEXAHUYECKUMU OCSIMHU,
BKJII04as: CKOPOCTb BPpaLLleHWs U3AeNuns, No3nLu-
OHUPOBaHUe nyya, ynpasneHne GOKYCUPOBKOM 1
TOKOM nyya. [lporpammunpoBaHune nepemeLLeHus
Nlyda no TPaeKToOpUM CBapKK OCYLLECTBASETCH
C UCMNOJSIb30BaHWEM CTaHAAPTHOroO ANs CUCTEM
4Yny G-kopa.

OfHOM M3 Ba)KHEeWWMX 3aday ana obecne-
YeHWUs Ka4eCTBEHHOW CBapKK, 0COB6EHHO TOH-
KOCTEHHbIX U3JeNni, ABNSIETCA BEAEHNE Nyya Nno
CTbIKy CBapHOro coenMHeHus. B agaHHoM cucteme
ynpasneHus 3J1C npuHAT pacTpoBbI METOL NOUC-
Ka CTblKa W BU3yann3alun NOBEPXHOCTU U3aenus
(puc. 5). PaspaboTaHbl 1 3KCNEPUMEHTANIbHO NPO-
TECTMpPOBaHbl OCHOBHbIE anropuTMbl NpoLiecca
HaBeAEeHUS 3NEKTPOHHOrO Nlyya Ha Kpyrosble
N KOJMibLiEBbIE CTbIKK, @ TaKKe CTbIKM CII0XKHOWM
KOHUrypaunmn ¢ ncnonb3oBaHuem LMGpoBon
06paboTKM U306parKEHNM NOBEPXHOCTU U3aEeNUs
B PEXUME OTPAKEHHbIX 3TEKTPOHOB.

CucteMa HaBeeHwus flyda Ha CTbIK cBapuBae-
MOrO U34eNns UCNONb3yeT BbICTPOAENCTBYIOLWLME
nporpammMmupyemble Mukpocxembl MNJIUC dprpmbl
ALTERA 1 ycunutenu oTKIOHEHHS. 3TO No3BoNseT
Ha OCHOBE aHanu3a 3NEeKTPOHHbIX N306paxe-
HWUWM OCYLLECTBNSATb MOUCK CTbIKa C MPUMEHEHUEM
anroputMoB LndpoBon 06paboTKU CUrHANOB.

[ins o6ecneyeHns BOCNPOU3BOAUMOCTU NPO-
uecca 3J1C 1 KayecTBa CBapHbIX COeJMHEHU pas-
paboTaH METOJ IOCTUPOBKM CUCTEMbI OTKIOHEHMS
fly4a, OCHOBaHHbIV Ha cneuunanmManposaHHom M0
C MCMnoNb30BaHWeM TeCT-00beKTa cneLmanbHON
reomeTpuYeckomn KoHdurypaumm (puc. 5). Cucte-
Ma IOCTMPOBKM 3NIEKTPOHHOIO sly4a No3BoONseT
nosly4MTb MHPOPMALMIO O MPONOPLUMOHANbHO-
CTU OTKJIOHEHMS Nyda Ha GaKTUYECKU 3aflaHHble
CUCTEMOM YNpaB/eHUS PACCTOSAHUS, a TakKe 06
3HEepreTM4ecKoOM pacnpefefieHun B CeYeHuu
3NIEKTPOHHOIO Sly4a NoCpPeaCcTBOM PEKOHCTPYK-
LIMKX ero ogHOMEPHbIX Npodunen.

[Onsa yBennyeHus 6bICTPOAENCTBUSA CUCTE-
Mbl Pa3BEPTKM U yBENUYEHUS pa3mMepa 30HbI
CKaHWpoBaHus pa3paboTaH U U3roToBEH BNOK
AWHAMMUYECKOrO OTKIIOHEHUSA U DOKYCUPOBKH.
BnoK No3BONSAET YyBENNYUTb YrON OTKNOHEHHUS
nyya go 70°.

Ha 6a3e pa3paboTaHHbIX CUCTEM peann3o-
BaHa TEXHO0rMS MHOrO/ly4eBOM CBapKK. MHO-
rony4yeBasi cBapKa, OCHOBaHHas Ha TOYEYHOM
KOOPAMHATHOM CKaHWpPOBaHMWU Jlyda, No3BoNseT
o6ecneynTb Ka4eCTBEHHYIO CBAPKY NEPEXOAHU-
KOB K 060/104€4HbIM KOHCTPYKLMSM.

CoBpeMeHHble ycTaHOBKK 3JIC umeloT cu-
cteMbl YITY MexaHWYEeCKUMU U INEKTPUYECKH-
MW OCSIMU, @ TaKXKe CUCTEMbI BU3yann3aLmnum u
noucka cTblka. OiHaKo, 3TM CUCTEMbI UMEIOT
orpaHuyeHHble GYHKLWUW, OPUEHTUPOBAHHbIE
TONIbKO Ha onpegeneHHble TUNOBble coeaun-
HeHus. ONuMOHHasa uHTerpaumsa paspaboTaH-
HOM CMUCTEeMbl aBTOMAaTUYECKOro ynpaBieHUs
B yctaHOBKKM JJIC no3Bonfer 3Ha4YUTeNIbHO
pacWuUpUTb TEXHONOTMYECKUE BO3MOMXKHOCTH
o6opyaoBaHus.

BbiBOAbI

Pa3paboTtaHHaa cuctemMa aBTomMaTU3aLuUK
3J1C no3BONISET BbIMNOMHATDL:

® HACTPOMKY CMCTEMbI MO3ULIMOHUPOBAHUSA
nyya;

e CBapKy CNOXHOMPODUISIbHBLIX 060/104E4HbIX
KOHCTPYKLMI B MPOrpamMMHOM PeXMUME C UCMOoSTb-
30BaHWEM cTaHaapTHoro G-koaa;

e CBapKy C HaBeAEHWEM Jly4a Ha CTbIK;

e MHOrO/y4eBYIO CBapKy;

® LIIMPOKO30HHY 06PaGOTKY M BM3yannaa-
LIMIO NOBEPXHOCTH.

MopynbHasa CTpyKTypa aBTOMaTU3MpOBaH-
HoM cucTtembl AJ1C ob6ecrneynBaeT BOSMOXKHOCTb
MHTErpaLnm CUCTEMbI B CBApOYHbIE YCTAHOBKM,
MMeloLLIME Pa3fIMyHyIO CTeNEeHb aBToMaTM3aLuum
1 NO3BONSIET 3HAYUTENBHO PACLUNPUTL TEXHOIO-
rMYecKrne BO3MOXHOCTM 060pyaOBaHuMS.

Puc. 5. Cxema pacTpoBoro Metoa NoucKa cTbiKa u BU3yanm3aLum NoBepXHOCTU U3Je/UA U
pes3ynbTaT CKaHUPOBAHUSA U3[AE/IUSA CO C/I0XKHOW reoMeTPUEi B PEXKUME OTPAXKEHHbIX 3/IEKTPOHOB
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Electron-Beam Welding and Construction Elements
Processing Automation

V.Kulikov, S.Sobko, Russian Federal
Nuclear Center - Russian Research
Institute of Applied Physics named after
Academician Zababakhin

Introduction

Improvement of welding control systems for
manufacturing of major products is an important
task that, if completed, will help to eliminate weld
seam defects, enhance reliability of weld joints,
increase the production efficiency and lower the
subassembly production cost.

The goal of the project was to automate the
electron-beam manufacturing process, including
the assembly, welding and quality control phases.

Accurate positioning, steady movement of
the welded piece relative to the electron beam
and active control of electron-beam unit (EBU)
parameters are key factors that contribute to
the automated control of electron-beam welding
(EBW) process as far as the weld seam require-
ments are concerned.

Quality control of the assembly process (gaps,
warps and wobbling regulation) before the start
of welding is an essential element of weld joints
manufacturing process. Assembly quality con-
trol system allows evaluating major geometrical
parameters of the piece during its positioning
as well as registering deviations of mechanical
characteristics before and after the welding with
the simultaneous record of the weld seam quality.

The main goals of the EBW automation sys-
tem development were set as follows: control
modules, weld piece positioning system, weld
joint tracking system, weld piece quality control
system before the welding, process parameters
record system.

The analysis of EBW best practice principles
helped to develop the concept of automated
welding process control that includes:

— distribution of tasks among special-pur-
pose sets of equipment;

— recording key welding process parameters;

— communication between sets of equip-
ment;

— consideration of factors contributing to
the welding process;

— weld joint formation control;

— control of immediate defect fixing during
the welding process.

The concept structure of EBW automation
is shown in fig. 1.

The conceptideais to distribute the recourse-
intensive tasks among separate functional sets of
equipment, united by single information system.

According to the tasks performed automated
EBW system is divided into four sets of equip-
ment: monitoring equipment, welding equipment,
control equipment and central terminal of EBW
control system (fig. 2).

The control core is concentrated in the main
terminal that controls the whole EBW complex
and quality control system for assembly and
welding processes. The terminal structure is a
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Fig. 1. Concept structure of EBW

multi-layered software package that includes
EBW complex general operation pattern; welding
process pattern; functional units for communica-
tion with the complex hardware (end control and
record equipment); EBW process quality control
and record systems.

The unit control system consists of self-con-
tained modules that are data coupled directly
with the control core and the system of sensors.
Module structure of EBW automated system was
chosen due to the need for distribution of tasks to

Fig. 2. Functional Diagram of EBW Automation

be performed among the computing resources of
the complex and the need for possible integration
of the system into welding units that have dif-
ferent level of automation. Such structure offers
the possibility to lower the production efficiency
requirements for the main control system core
and to bring the control of all the functions into
single control terminal. With the help of control
terminal operator is able to control all the EBW
process parameters, to record the welding pro-
cess characteristics and to get the objective data
presented in an easy-to-read way.




Fig. 3. Exterior of the Welding Manipulator with
AQCS

As the quality of welding, especially the qual-
ity of thin-walled weld joints, depends a lot on the
assembly quality of the piece to be welded, the
concept envisages the piece assembly quality
control system (AQCS). This system is designed
for determining the probability of welding defects
related to poor assembly before the start of the
welding process and provides the opportunity to
fix the detected assembly flaws.

The key AQCS tool is the laser triangulation
method. It was decided to use this method be-
cause it helps to check the assembly quality right
before loading the part into the welding booth.
When the piece to be welded is positioned in
the weld tooling and set in the manipulator, it is
hard to access the weld joint with the contact
measuring tools.

AQCS includes manipulator for moving the
welded piece, laser sensor LLT-2810 by Micro
Epsilon company with special-purpose tooling
and software. Fig. 3 shows the exterior of the
manipulator with the laser sensor and the result
of scanning the ring joint in the form of three-
dimensional diagram (fig. 4).

The manipulator is designed for welding
circular and girth seams and is equipped with
Burster compressive force sensor.

In order to provide for AQCS operation ca-
pability the following elements were developed:

e power point in the welding unit booth for
the operation of manipulator and EBW process
Sensors;

e software for controlling EBW process to-
gether with the manipulator;

e software for scanning the welded piece
before and after the welding in order to find any
defects.

AQCS testing proved the operation capability
of the assembly quality control system.

In order to implement automated EBW pro-
cesses apart from controlling the positioning of
the welded piece relative to the electron beam it
is also needed to control the beam itself relative
to the welded piece. In CNC systems separate
controlled parameters are presented as control
axis. In EBW control system in addition to the
mechanical axis for moving the piece there are
also «electronic» axis for controlling key welding
processes parameters. For the purpose of po-
sitioning the electron beam relative to the weld
joint the following electronic and mechanical axis
CNC software has been developed: piece rotation
speed, beam positioning, focus and beam current
controls. The beam movement according to the
welding trajectory is programmed with the help
of standard CNC G-code.

One of the key factors providing for the high
quality of the welding, especially if we speak

Fig. 4. Ring Joint with Clams Scanned

about the welding of thin-walled pieces, is the
movement of the beam along the weld joint.
In the EBW control system the beam-scanning
method of weld joint searching is used as well
as the piece surface visualization (fig. 5). Major
algorithms for aiming the electron beam at ring
and girth joints as well as joints of complex
configuration using digital surface image pro-
cessing in the reflected electrons mode have
been developed and tested.

The system used for aiming the beam at the
weld joint applies fast-speed programmable mi-
crochips PLIS made by ALTERA company and
deflection amplifiers. Based on the electronic im-
ages analysis, it allows searching for the joint with
the help of digital signal processing algorithms.

In order to provide for the reproducibility of
EBW process and weld joints quality a method
for adjusting the beam deflection system has
been developed, this method is based on the
special-purpose software using the test object
of special geometrical configuration (figure 5).
Electron beam adjustment system can provide
data on the proportion of beam reflection in re-
lation to the distances predetermined by the
control system as well as on energy distribu-
tion in the cross-section of the electron-beam
by reconstructing its one-dimension sections.

In order to increase the scanning system
speed and to enlarge the scanning area a dy-
namic deflection and focusing unit has been
developed and produced. The unit allows for
the beam deflection angle to increase up to 70°.
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The developed systems helped to implement
the multi-beam welding technology. Multi-beam
welding based on dot-to-dot coordinate beam
scanning provides for high-quality welding of
adapters onto shell structures.

Modern EBW units have mechanical and
electronic axis CNC systems as well as visuali-
zation and joint search systems. However the
functionality of these systems is limited as they
are designed only for a certain types of joints.
Optional integration of the developed automated
control system into EBW units allows expansion
of equipment technological capabilities.

Conclusions

The automated EBW system provides the
opportunity for:

e setting the beam positioning system;

e welding shell structures of complicated
shape with the program mode using the standard
G-code;

e welding with aiming the beam at the joint;

e multi-beam welding;

e processing large areas and surface
visualization.

The module structure of the automated
EBW system allows integration of the system
into welding units with different level of automa-
tion and expansion of equipment technological
capabilities.

Fig. 5. Scheme showing the Beam-Scanning Method for the Joint Search and Surface Visualization,
Weld Piece of Complex Geometry Scanned in Reflected Electrons Mode
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KOH®EPEHLNA

[lporpamMmHoO-annapartHaa peanm3auna MHPopmMaLMOHHO-
JTIOTMYECKOro MexXMoay/ibHOro B3anMo4encTBuS

M.B. OgunuoB, E.E. TepeHTbEBa,
A.B. TounnuH

oryn «PoOAL-BHUUID», r. CapoB
Huxeropopckomu o6n.

®rsoy Bno <-HUAy MUOU Cap®TH»,
r. Capos Huxeropoackom o6..

MHDOPMaLMOHHO-I0rMYecKoe B3auMoaemn-
CcTBME MHPOPMALMOHHO-TEXHUYECKUX CUCTEM
(MUTC) ocywiecTBnSiETCS NOCPEACTBOM NMPUMEHEHUS
YHUOULUMPOBAHHbIX MHTEPDENCOB CBA3K, Npes-
CTaBNSAIOLWMX COBOM COBOKYMHOCTb TEXHUHYECKMX U
NPOrpaMMHbIX CPEACTB M NPOTOKONOB, KOTOPbIE
obecneynBaloT corinacoBaHve napamMeTpos U
XapaKTePUCTUK B3aUMOAENCTBYIOLLMX CUCTEM.
NHTepdencol cBA3KN Hapaay C HENOCPEACTBEHHOWM
nepeaayen UHPOPMaLMOHHbIX CUTHANOB AOSIXKHbI
rapaHTMpoBaTb LENOCTHOCTb U ayTEHTUYHOCTb
TPaHCAUPYEMbIX JaHHbIX.

Mpun co34aHNK CNOXKHBIX CUCTEM U KOMMIIEK-
COB, COCTOSILLMX U3 PA3HOTUMHBIX UHTEPDENCHBIX
MoZyneu, JOMKHOe BHUMaHWe yaensaeTca peanu-
3alMU CaHKLMOHUPOBAHHOIO U pernameHTMpo-
BaAHHOI0 MEXMOAY/NbHOro B3anMOAENCTBUS C
ob6ecneyeHneM JOMKHOrO YPOBHSA BEpUOUKALIUM
nepegaBaemMon MHGopMaLmu.

B HacTosiuee Bpems B POAL-BHUNID npo-
BOAATCSA PpaboThbl, CBA3aHHbIE C 0TPabOTKOM Kop-
PEKTHOro B3anMoAencTBMSA pa3pabaTbiBaeMbIX
NTC c BHEWHWMH conpsiraeMbIMU CUCTEMAMM.
[ns pelweHns fjaHHOW 3agayu pa3pabaTtbiBaloTCs
U NPUMEHSIOTCA NPOrpamMMHo-anmnapaTHble KOM-
nnekcol (MAK), UMUTUPYIOLLME NPUHLMIN PaBOTbI
conpsiraeMbix CMCTEM U o6ecneymBalone nH-
dOpMaLMOHHO-N0rMYEeCKoe B3anMoaeNCTBHeE.
Takow noaxo NO3BONSIET HE TONbKO MOATBEPAUTL
NpaBU/IbHOCTb CXEMOTEXHUHYECKOMO MOCTPOEHUS
pa3pabaTtbiBaeMbix NTC ¢ TOYKK 3peHuns obe-
CNeYyeHUss INEeKTPUYECKON COBMECTUMOCTH, HO
1 BbIMOMHWUTL HEO6X0AMMbIN 06BEM paboT, CBS-
3aHHbIX C 0TPaBOTKOM PEXMMOB B3anMOAENCTBUA
Ha cTaguax pa3paboTKW M OTNAAKU anropuTMa
o6MeHa AaHHbIMM.

B ctaTtbe paccmaTpuBaetcs NAK, B coctaB
KOTOPOTro BXOAST MHTepdencHble Moaynu, obe-
cneyuBatouwme BbiNoHEHNE UHPOPMaLMOH-
HOro o6mMeHa B COOTBETCTBUM C TpebGoBaHMS-
mu FOCT P 52070-2003. MNog ynpaBneHMem
pa3paboTaHHOro NPorpaMMHOro obecnevyeHuns
(NO) nHTepdencHble MOAYNU BbIMONHAOT UH-
GopMaLMOHHO-N0rMYecKoe B3aMMoencTame
¢ UTC, BbICTyNaoWwmnmm B Ka4ecTBe OKOHEYHbIX
yctpowcTts (OY) uHtepdeinca, npu atom cam MAK
ABNAETCS KOHTpossepoM KaHana (KK) nHtep-
denca. CtpyktypHasa cxema [MAK npuBeaeHa
Ha puc.1.

MpeactaBneHHble Ha puc. 1 6/10KK BbINO-
HAOT cneayowne GyHKLMK:

1) N3BM - BbINOAHAET MHULMANUIALMIO
N KOHOUryprupoBaHue nHtepdencHoro Moayns,
obecneymBaeT coriacoBaHHylo paboTy Bcex
6nokoB MMAK;

2) MOHUTOP — OTOGparkaeT Nosib3oBaTeslb-
CKui uHTepdenc ynpasnstowero MO v Bbinon-
HAembIx Ha MIBM npoueccoB B3auMoaencTBus
MAK un OY;

3) ynpasnsiowee N0 — obecneynBaeT UHK-
Luanusaumio u KoHourypuposaHue nHTepdenc-
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Puc. 1. CtpyktypHas cxema MNAK

HOro Moayns, BbIMOMHSAET 3aAaHHbI NONb30Ba-
Tenem anroputM MHGOpMaLMOHHO-NOrMYECKOro
B3aUMO/IENCTBUS;

4) ycTponcTtBa BBoga — ob6ecnevynBaioT
BBOA M BbI6OP Nosb3oBaTeNieM Heo6X04UMbIX
napameTpoB Mosb30BaTeNbCKOro UHTepdeica
ynpasnstowero MM0o;

5) MHTepdencHbIM ModyNb — obecrneynBaeT
nogkatoyeHune NMIBM c wuHon PCl K ogHOM unn
[BYM MHPOPMALMOHHLIM MarucTpabHbIM LLUK-
Ham MOCT P 52070-2003, BbINONHSAET Nnpuem/
nepegady nHdopmaumm, nepefaBaeMon Mexay
MAK 1 OY.

6) MarucTpasnbHble WKHbl — obecrneynBaloT
nepegayvy MHGOPMaLMOHHbIX CUTHANIOB B COOT-
BetcTBUKU ¢ TOCT P 52070-2003;

7) OY — ycTponcTBa MarucTpasbHOro no-
crnefoBatesibHOro MHTepdenca, BbiMONHAKLWNE
MHPOPMALIMOHHbIK OOMEH B COOTBETCTBUMU C
ynpaBnsiownumMm KomaHaHeiMu cnosamu (KC),
oTnpasasembimu ot MNAK.

Mpun paspaboTKe MNAK ocoboe BHMMaHKE

T haronarircns
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Puc. 2. Bug 0CHOBHOIro AUanoroBoro oKHa
ynpasnsiwowero MO

Maru CTpallbHBIC

IITHHBI

yAenanocb BONpocaMm yHWBEPCANbHOCTU €ro
NPaKTU4eCKOoro npumeHenuns. na atoro 6binm
y4TeHbl BO3MOXHbl€ BapuaHTbl NOAKIIOYEHUS
QY K IMAK, a TakKe npoaHanu3npoBaHbl MHOOP-
MaLMOHHO-/I0rMYeCKMe NapameTpbl, CoyeTaHne
KOTOpPbIX 06eCneynT geTasbHyo MpopaboTKy pe-
*unmos B3anmogenctaeusa UTC ¢ conpsiraeMbiMu
cucteMamu.

Tun noakntoverHuns OY K MNAK onpeanensetcs
B AnanoroBomMm okHe ynpasnsiouwero MO (cm.
puc. 2) u nogpasymeBaeT UCMONb30BaHWe
OfHOW WK ABYX HE3AaBUCUMbIX MHDOPMALIK-
OHHbIX MarucTpanbHbIX WWH, NOACOEANHEHHbIX
K pasfniMyHomy coyeTaHuio OY, umelowwmx ceom
YHUKanbHble naeHTudunkatopbl — agpec OY u
nogaapec OY.

[ns Kaxpgoro pexxuma B3avmopercteuna UTC
C conpsiraeMblMu1 CUCTEMaMu B COOTBETCTBYIO-
lemM KoHdurypaumoHHoMm damnne nponucaHbl
anropuT™ M MHPopMaLMOHHas cocTaBastowas
o6bMeHa AaHHbIMM, a TaKKe MHOOPMaLIMOHHO-
noruyeckure napametpbl. CMIUCOK AOCTYMHbIX
NS BbINOJIHEHUSA PEXMMOB B3aUMOAENCTBUSA
dopmumpyeTcs N3 COAEPHKMMOro NepBomn CTPOKK
KOHOUrypaLMOHHbIX danioB U BbIBOAUTCH B
[ManoroBOM OKHE MpU KaXKAoM 3anyckKe ynpaBs-
nsawouero MNoO.

B KoHbuUrypaunoHHoM danne cogeprartcs
crnepylouiMe aaHHble 415 BbINOTHEHUS 06MeHa:

m HOMep dopmaTa obMeHa AaHHbiMK (N2L
unn N°2) B cootBeTctBum ¢ FTOCT P 52070-2003;

m ajpeca v nojagpeca B3anMOLENCTBYIO-
wmx OY;

® KO/IMYECTBO Y 3HAYEHUS CNIOB AaHHbIX ANS
nepena4yv B OY nnm npnéma ot OY;

= HOMepa UCMoNb3yeMbIX YCTPOWCTB Ha niaTte
UHTEPHENCHOro Moayns;




m MaKcumalnbHOoe BpeMsi 06MeHa WU OXKMK-
[aHUsi CUHXPOHW3aLMK NO OAHOW MarucTpasibHOM
LWKHE;

® MaKCMMasbHOE KOJIMYECTBO NOMbITOK MOBTO-
peHns o6MeHa Mo Kaxaon MarucTpasabHOM WWHE.

KoHdurypaumnoHHble dannbl 4OMKHbBI Haxo-
AWTbCS B OHOW AMPEKTOPUM C yNpaBnsatoWwmnm
MO. MNocne BbiGOpa B AMaANOroBOM OKHE PeXHu-
Ma B3auMOAENCTBMUSA BbIMONHAETCSA NpoBepKa
npaBWbHOCTK 3aN0/IHEHUS (CTPYKTYpa panna
M 3HaYeHUs NapamMeTpoB) COOTBETCTBYOLLE-
ro KoHoUrypaumoHHoro danna, u B cnydyae
yCMnewHoro eé 3aBepLleHns HauynHaeTca MH-
dopMaLMOHHO-NOrMYeCcKoe B3anMoaemncraeme
MAK un OY.

AnroputMm obmeHa aaHHbIMKU mexay MNMAK u
QY ycnoBHO pa3aenéH Ha otaenbHble aTansbl. Ans
NPOCTOThbl BU3yanun3aLmu pesynbraTbl BbIMOHe-
HWSA B3aMMOAENCTBUSA Ha 3Tane UMEIOT YCIOBHbIN
LMdPOBOM KOf, KOTOPbIM OTOGpaxKaeTcs B Auaso-
roBOM OKHe ynpasnstouiero N0 nocne coyetaHus
naeHTnduKaTopoB (agpec, nogagpec) OY.

Paspa6oTaHHbivi MAK no3BonsieT npoBoanTb
nowaroBoe BbiNoJiHeHWe MHGOPMaLMOHHO-N10-
rMYECKOro B3anMoenCTBUS, NS 3TOMO HYXHO
Bbl6paTb COOTBETCTBYIOLLYIO OMUMIO — «PYHHOWM
peXuM» — B AMANoroBOM OKHe ynpasnsiolle-
ro MO. B aTtom cny4yae nonb3oBaTeSb NoO 3a-
BepLleHnn KaKkoro-nnbo atana obmMeHa nmeet
BO3MOHOCTb 3aHOBO NOBTOPUTb BbIMONHEHWE
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nponaeHHOro atana o6MeHa WauM NpPonycTuTb
BbINONHEHMWE CNefyoLLMX 3TarnoB Mo CBOEMY Bbi-
60py, Ha)XKaB Ha COOTBETCTBYIOLWME KNaBULLW Ha
KnaBuarype.

MNpencTaBneHHas B fOoKnage NporpaMmMHoO-
annapaTtHas peanusauuns MHGOPMaLMOHHO-N0-
TMYECKOr0 MEXMOYNbHOro B3anMoAeNCTBUSA
OCYLLEeCTBASET UMUTALMIO NpUHLMNE paboThl
conpsiraembIx CUCTEM M 0bBecneynBaeT perna-
MEHTUPOBaHHbLIN MHOOPMALIMOHHbBIM OOGMEH C
BU3yanusaLlunen nepefaBaemblx U NPUHUMAEMbIX
[aHHbIX, 4TO NO3BONSET KAYECTBEHHO BbIMOMHUTb
0TpabOoTKY peXMMOB B3aMMOAENCTBMA pa3paba-
TbiBaeMblx UTC Ha cTaansix pa3paboTKu M OTNaaKK
anropuTMoB 06MeHa faHHbIMMU.

Soft Hardware of Infological Inter-Modular Interaction

M. Odintsoy, A. Tochilin, All-Russian
Research Institute of Experimental
Physics

E. Terentieva, Sarov Physical and
Technical Institute of MIFI National
Research Nuclear University

Infological interaction of information techni-
cal systems (ITS) is effected through uniform
communication interfaces that integrate soft and
hardware and protocols designed to coordinate
parameters of interacting systems. Apart from
transmitting data signals, communication in-
terfaces secure integrity and authenticity of the
transmitted data.

In designing sophisticated system that com-
prise different types in interface modules atten-
tion should be paid to authorized and institution-
alized inter-modular interaction and appropriate
verification of transmitted data.

VNIIEF is engaged in the development of cor-
rect interaction of ITS with external integrated
systems. To solve the task, it develops and uses
soft hardware (SHW) that simulate the integrat-
ed systems’ principle of operation and ensure
infological interaction. The approach allows to
confirm the correctness of circuit simulation of
ITS in terms of electrical connectivity as well
as to develop interaction regimes at the stage
of the development of adjustment of the data
exchange algorithm.

The article highlights SHW that integrates
interface modules of information exchange in
accordance with GOST R 52070-2003. Controlled
by the developed software the interface mod-
ules ensure infological interaction with ITS that
serve end device of the interface. SHW serves
the interface channel controller. See Fig. 1 for
SHW block scheme.

The units shown in Fig. 1 perform the fol-
lowing functions:

1) PC — performs initialization and configu-
ration of the interface module and coordinates
operation of all SHW units;

2) the monitor — displays the user’s interface
of the management software and processes of
interaction of SHW and the end devices;

3) management software — provides ini-
tialization and configuration of the interface
module, follows the infological algorithm set
by the user;

4) input equipment — provides selection and
input by the user of the parameters of the user’s
interface of management software;

5) interface module — switches PC with PCI
bus to one or several file buses GOST R 52070-

‘

Management i
‘ Software ‘<—{ Input equipment

4

}

Interface module
GOST R 52070-2003| FC!PuS
== ==

File buses

SHW

= I—|

End End
device 1| |device 2

Fig. 1. SHW block scheme

2003, receives and transmits data exchanged
by SHW and end devices;

6) file buses — transmit data signals;

7) end devices are magistral serial interface
devices that ensure information exchange in
accordance with function words sent from SHW.

In SHW development special attention was
paid to its universal application. Possible vari-
ants of connecting end devices to SHW were
considered and analysis of infological parameters
the combination of which would allow to develop
regimes of ITS interaction with integrated systems
in detail was made.

The type of connecting end devices to SHW
is set in the dialog window of the management
software (see Fig. 2). It implies the use of one
or two independent files buses connected with
various combinations of end devices. End de-
vices have unique identifying codes: end device
address and subaddress (GOST R 52070-2003.
Magistral serial interface of electronic modules
system. General requirements).

A configuration file contains algorithm and

x|

[ wen

Jaeapusry. patory,

F haronamancai

T Pgwed

Buiop T cfemmen
" Mo e manveTpamend e | 1a.1 0]

Mo avod ManveTpamend e (2,10

™ Mo amps parvcTpamsne essea | 2 8 20

Fig. 2. Main dialog window of management
software

information content for data exchange as well
as infological parameters for each regime of ITS
interaction with the integrated systems. The list
of available interaction regimes is compiled on
the basis of the content of the first line of the
configuration files and is typed in the dialog win-
dow at each start of the software.

The configuration file contains the following
data required for data exchange:

e number of data exchange format (No 1 or
No 2) in accordance with GOST R 52070-2003.
Magistral serial interface of electronic modules
system. General requirements;

e addresses and subaddresses of interacting
management software;

e number and meanings of data control
words to be transmitted to the management
software or to be received from the manage-
ment software;

e interface module card numbers of the
devices used;

e maximum exchange time or timeout of
synchronization per one file bus;

e maximum number of exchange attempts
per each file bus.

Configuration files must be in the same di-
rectory with the management software. Upon
selection of an interaction regime in the dialog
window, the correctness of the configuration file
usage is verified. In case the operation is correct
infological interaction of SHW and end devices
begins.

The algorithm of data exchange between
SHW and end devices is conventionally divided
into stages. To simplify the visualization, results
of the interaction at a stage are assigned digital
condition codes displayed in the dialog window
of the management software after the combi-
nation of identifiers (address, subaddress) of
end devices.

The developed SHW provides for stepwise
infological interaction. The option of “manual
feed” must be chosen in the dialog window
of the management software. In this case the
user, upon termination of an exchange stage,
can repeat the last exchange stage or skip next
stages at his option pressing appropriate keys
on the keyboard.

The soft hardware of infological inter-modular
interaction simulates the principle of operation of
integrated systems and provides for institutional-
ized data exchange as well as display of received
and transmitted data. It allows to enhance the
quality of ITS interaction regimes at the stage of
development and adjustment of data exchange
algorithms.
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KOH®EPEHLNA

Pa3BuUTHE Hepa3pyllalouero BM3yasbHOro KOHTPONA
aBTOMaTU3NPOBAHHbLIMU AUCTAHLMOHHbLIMK CrIOCOBaMK

0.B. Ypa3oB, HOBOBOpOHEKCKaf aToMHan
cTaHuusA,
J1.MN. Bonxkog, HMMN Anbda-AnarHocTuka»

[paKTKa NoKasbliBaeT, YTO aBapuu U Ka-
TacTpodbl, NPOUCXOAALLIME NPU pa3pyLIEeHUH
3IEMEHTOB KOHCTPYKLMIA OOBEKTOB U U3LENNUN,
noyTK BCerga CBsi3aHbl C HAMYUEM B HUX Je-
dekToB. [Ins BbIgBNEHUS AedEKTOB UCMONb3YIOT
pasnnyHble BUAbI KOHTPONS, U CPEAU HUX BaXKHOE
MeCTO 3aHWMaeT BU3yalbHblM U U3MepUTeNb-
HbIA KOHTPO/b. ITOT BMA KOHTPONS OTIMYaeTcs
OT ApYrux BMAOB Hepaspyllalowero KOHTpons
rpaHuMLaMun cnekTpanbHOM 061acTu INEKTPO-
MarHUTHOro M3Nny4YeHus, UCMOoNb3yemMoro Ans
nony4yeHust tHdopmaunn 06 06bEKTE KOHTPO-
ng. Bugumoe manyvyeHue (CBeT) — U3nyyeHue,
KOTOpPOE MOXET HEeNOCPeACTBEHHO Bbi3biBaTb
3puUTeNbHOE oulylleHne. U oencTBUTENBHO, BU-
3yalibHbl KOHTPONIb — 3TO €AUHCTBEHHbIN BUA
HepaspylaoLwero KOHTPoNS, KOTOPbIA MOXeT
BbIMNONHATLCA 6€3 KaKoro-1mb6o o6opyLoBaHUA
M NPOBOAMTBLCS C UCMONb30BAHNEM MPOCTENLLNX
M3MepUTESbHbIX CPEaCTB.

BBuay TOro, 4T0 HEKOTOpPble TEXHUYECKHKE
cpeacTBa BU3yanbHOMO U U3MEPUTENIbHOMO KOH-
TPONs AOCTYMHbI KaXKAOMY, a cama npouegypa
KOHTPOAS KaYKeTca AOCTaTO4YHO NPOCTOW, npes-
nonaralor, 4to no6oe 06CYKAEHNE ITOro MeToaa
MOKET 6bITb MPOCTbIM U BbICTPLIM. PaKTUYECKH
Y€ BU3YyaNbHbI U U3MEPUTENbHbIA KOHTPO/b
AB/IAETCA TAKWM YK€ COBPEMEHHbIM CIOXHbIM
BWAOM KOHTPOSIS, KaK pagnaunoHHbIv U yabTpa-
3BYKOBOMW.

BuayanbHbI M USMEPUTENbHBIN KOHTPOSb Me-
TOANYECKM AOCTaTOYHO XOPOLO NpopaboTaHbl 4514
TOro, 4To6bl C OnpefeNieHHON 4OCTOBEPHOCTLIO
M HaAEXHOCTbIO 06HapPYKMBaTb MOBEPXHOCTHbIE
nedeKtbl 060pyaoBaHunsa AQC (TpeLLmHbl, oTcnoe-
HWS1, MPOXOrW, CBULLM, PAKOBHHbI, HEAOMYCTUMbIE
3a60MHbI, MOAPE3bl, MOBEPXHOCTHbIE CKOMIEHUS
1 BKIOYEHUS). OCHOBHbIE MON0XKeHUs 1 Tpebo-
BaHWA K AaHHOMY KOHTPOJIO NpeAcTaBfieHbl B
pernameHTUpytoLLEeM JOKYMEHTE «YHUDULMPOBAH-
Hble METOAMKM KOHTPONSA OCHOBHbIX MaTepuanos
(nonydabpnKaToB), CBapHbIX COEANHEHUN U Ha-
nnaBKM o6opyaoBaHusa u Tpyb6onposogos AJY.
BuayanbHbii U U3mepuTenbHblM KOHTPOnb. MH
A3 I-7-016-89».

Kpome HeBOOPYXEHHOro 4enoBeYeCcKoro
rnasa AonycKaeTcs NMPUMEHEHWe cnegylowmnx
TEXHWYECKMX CPEACTB MpPU YCIoBKUM 06ecneveHmns
BbIiBNEHWS aedPeKTOB cornacHo TpeboBaHUSaM
HOPMaTWBHbIX JOKYMEHTOB MO OLEHKE KayecTBa:

— 3epKano;

— pasnuyHble Nynbl C YBENUYEHUEM [0 ce-
MUKPaTHOrO;

— 3HAOCKOMbI;

— BOJIOKOHHblE CBETOBO/bI;

— TeNIeBU3NOHHbIE Kamepbl.

BmecTte ¢ Tem npuHaTasa npoueaypa Bu3y-
aNbHOro KOHTPONS He NNLEeHa HEAOCTaTKOB NpK
KoHTpone o6opyaoBaHua ASC, a UMEHHO:

— 60/blUMe JO30BbIE HArpy3KKW Ha NepcoHan,
HEeNoCpeACTBEHHO BbIMOMHAIOWMUIA KOHTPOSb BHY-
TPEHHen YacTu o6opyaoBaHUsA 1 KOHTYPa;

— CyWeCTBEHHOE BIUSIHUE YENOBEYECKOro
daKTopa, NOBbILLAIOWEr0 3IEMEHT CYyObEKTH-
BM3Ma MNpW BbINOMHEHUU KOHTPONS;

— yMepeHHast Npon3BoAUTENbHOCTb.

KomnneKcbl AUCTaHUMOHHOMO BU3YyaNnbHOIo
KOHTPOS LUMPOKO UCNONb3YIOTCS B TEX CUTYaLU-
X, KOraa BpeaHoe nsnyyeHue, Temnepatypa uim
XMMMYecKas cpefia NpeAcTaBAsSoT ONacHOCTb AN1s
3[0POBbS BM3YyaNIbHOr0 KOHTpONiepa win Korga
KOHbUIypauus 06beKTa KOHTPOS He NO3BOoNSET
HenocpeaCcTBEHHO ero KOHTPOAUpoBaTh. B cocTas
[aHHOro KoMmnaeKca 06bl4HO BXOAAT:

— NPOMbILLIEHHAs TENEBU3MOHHAs yCTaHOBKa
(TeneBU3NOHHas cuctema);

— CBETOBOK NpMoBOp;

— CMCTEMbl MO3ULMOHUPOBAHUSA U TPaHC-
NOPTUPOBKM.

B auctaHUMOHHOM cnocobe KOHTPOoNs Wu-
POKO MpUMEHSeTCA TeNeBU3UMOHHaa cuctemMa
noay4yeHnss n3o6parkeHnss NOBEPXHOCTU U ero
nepegaya Ha pacCTosiHWe, YTO AenaeT 3ToT Cho-
€06 04eHb YAO6HbLIM.

Ho v 3gecb BO3HWKaIOT onpeaeneHHble Tpya-
HOCTH, @ UMEHHO:

— pajnauMoHHas CTOMKOCTb nepeaatoLmx
TENEBU3UOHHbIX Kamep;

— paspellatoLias cnocobHOCTb TENEBU3UOH-
HbIX KaMep (KonnyecTBeHHas oueHKa cnocobHo-
CTW NepefaBaTb ¥ BOCMPUHUMATbL Ha NPUEMHOMN
CTOpOHE C NpeaenbHOM UK 3ajaHHoM pasnnya-
€eMOCTbI0 U306paxkeHne MeKux getanen);

— CBEeTOBas XxapaKTepuCTMKa NPUEMHOMN
mMaTpuubl;

— 3alULEHHOCTb OT MOMEX;

— BbICOKasi CTOMMOCTb TENEBU3UOHHbIX Ka-
mep.

BbiCOKOW pagraLMOHHON CTOMKOCTbIO 061a-
JlaeT BaKyyMHbl BUANOKOH (BNnoTb Ao 10° pas.).
BvavoKkoHamu Ha3bIBalOT TENIEBU3UOHHbIE TPY6-
KM, Ucnonbaylouime sBneHme GoTonpoBoanumMocTu
NS MONYYEHNUS 3NEKTPUYECKOro N306paXKeHus.
Ho OHM JOCTaTO4YHO rPOMO3AKMU Y UMEIOT BbICO-
KYIO0 CTOMMOCTb.

Ha Haw B3rnsa, Hanbonee NepCneKTUBHbLIM
npeacTaBnseTca npuMeHeHe TBepAOTENbHbIX Te-
NEBWU3MOHHBIX KAMep NPK KOHTPOSE B YMEPEHHbIX
ramma-nonsix. OH1 UMEIOT CPAaBHUTENIbHO HU3KYIO
CTOMMOCTb, 06/124a10T }KECTKUM PacTPOM C Npu-
BSAIBKOWM 3/IeMEHTa Pa3/ioKeHUs U3006parKeHNs,
OTCYTCTBMEM [AUCTOPCUMU U APYrMX reomeTpuye-
CKUX UCKaXkeHUI. X pafmaLMoHHas CTOMKOCTb
nocturaet 5-10° pag.

M3 NnpaKTMKKM M3BECTHO, 4TO pa3peLLatoLas
CNOCOBHOCTb TENEBU3NOHHBIX CUCTEM B NpoLiecce
nepeaayv nsobparxkeHusa dopmupyertcs 2-3 ToY-
Kamu (nukcenamu). LUndposble TBEPAOTENbHbIE
TeNeBU3NOHHbIE KaMepbl MOTYT UMETb HECKOJTbKO
MeranuKkcenen. 3To No3BoNseT ¢ pa3pelleHnem
0,1 MM HabntogaTb NOBEPXHOCTb pa3mMepom Bce-
ro 100x100 mm2. Kpome Toro, cama undpoasi
TeNeBMU3NOHHas Kamepa fOCTaTOYHO C/IOXKHa.

Mpeanaraetcs cnegyolwas cxema npuMeHe-
HWS aHanoroBbIX TENEBU3UOHHBIX KAmep € TBep-
[OTeNbHbIMW MaTPULLAMU CPEQHErO paspeLleHmns
(~ 3-10° nukcenen):

1. lNepBOHa4yanbHO NPOBOAMTCS HabnoLeHNe
NOBEPXHOCTHM C pa3peLleHnem npumepHo B 5-10
pa3 MeHbWWM, 4eM 3To TpebyeTcs Ans o6Ha-
pyeHus pgedekra. Npu aTom aHanusupyetcs,
COOTBETCTBEHHO, B 5-10 pa3 6onblias niowanb.
MoBepxHOCTHbIE AedeKTbl B BUAE TPELLMH, pac-
CNoOeHUsI MeTanna, CKOMaeHns nop u ap. éyayr
HabnogaTbCs B BUAE pPa3mbITbiX CNeAoB C no-
XMM paspelleHveM. 3To BUAHO Ha puc. 1, rae

Fuzzy band trace

Pixels

Puc. 1. ®opmupoBaHue M306paKeH1s NONOCKH
MaTpPU4YHOW CTPYKTYPO# TeNIeBU3UOHHOW Kame-
pbl / Fig. 1. Formation of a band image by the
TV camera array structure

cnep nonocku A-A GopMHUpyeTCs HECKONbKUMU
TOYKaMM (NOKa3aH YepHbIMU TOYKamK). JaHHoe
Habno4eHre No3BOoNISET onpeae/iMTb MecTo Ha
NMOBEPXHOCTH, FAe HALo UCKaTb AedEKT yKe Tene-
BM3WOHHOW KaMepow C 60/bLLMM pa3peLlEHNEM,
HO Ha MeHbLUeN nnowaau.

2. MNocne onpeaeneHns MecTtopacnosoxe-
HUS gedeKTa Ha NOBEPXHOCTW BbIMOAHAETCH
Habn4eHne BbISBNEHHbIX HECMIOWHOCTEN ¢
NMOMOLLbIO TENIEBU3MOHHON KaMephbl ¢ TpaHcho-
KaTopom, T.e. perynnpyembiM GOKYCHbIM pac-
cTofiHMeM. B HacToswee BpeMs CyulecTByOT
06DBEKTUBDI, Yy KOTOPbIX OHO MEHSAETCS B AECATKU
W COTHIO pas.

K auctaHuMoHHOMY MeToay BM3yasibHOro
KOHTPONA TECHO MPUMbIKAeT Ny3blPbKOBbIN
(aKBapHUyMHbIN) cNOCco6 OGHapYKeHUa Herep-
MEeTMYHOCTM o60pyaoBaHusa A3C, B YacTHOCTH,
naporeHepatopa BB3P.

[MTHeBMOrnapaBAMYECKU aKBapUyMHbIN
(ny3bipbKoBbI#) (MTA) KOHTPONb FEPMETUYHOCTH
npefHa3HavyeH ans KOHTPOS MEKKOHTYPHOM Mio-
CKOCTM MaporeHepaTtopoB (OCHOBHOIO MeTanna
TENN006MEHHbIX TPY6, MX CBAPHbIX WBOB C KON-
JIEKTOPOM, CBapHbIX WBOB 06BapKK 3arnyLiekx,
YCTAHOBJ/IEHHbIX paHee B TEMNO0GMEHHbIE TPYObI).

MeTop HabngeHus — BU3yalibHbIK C UC-
NnoSib30BaHWEM cCreLnanbHON TeNeBU3NOHHOM
cUCTeMbl (NoA BOAOW) UBHYTPU KOIEKTOPOB
| KOHTYpa.

Cnocob o6Hapy»KeHus NpoTeyeK — no 06-
pa30BaHMI0 BCM/bIBAIOLWMX K MOBEPXHOCTH BOAbI
ny3blpbKOB BO3AyXa B KonnekTtopax | KoHTypa,
NP1 3TOM CO CTOPOHbI BTOPOIO KOHTYPa AOMKHO
noaaepXmnBaTbcs M36bITOYHOE AaBleHWEe BO3-
ayxa.

MNopgaya BO3ayxa BbICOKOro AaBfiEHUSA CO
CTOPOHbI 2-r0 KOHTYpa NO3BOJISAET NPOBEPUTH
repMeTUYHOCTb TPYOHOr 0 MyYyKa M ero CBapHbIX
COEIMHEHWI C KONTEKTOPOM MO OBHapPYKEHUIO
BO3/YLWHbIX Ny3blpei B BoAe, 3anofiHatoLen
06beM Konnektopa. bonbluyio Teyb nerko 06-
HapYXM1Tb C NOMOLL b0 TENEBU3WOHHON KaMepbl.
OTbICKaHWe MENKUX MPoTeYEK, CONPOBOXKAAID-
LWMXCA BbIXOAOM OTAENbHOrO My3bipsi Manoro
pasmepa B Te4eHWe BPEMEHHOr0 MHTepBana,
CBSI3aHO C onpeaeneHHbIMU TPYAHOCTAMU. BBray
60MbLUIOK NNOLWaAM NOBEPXHOCTU KOJIEKTOPA
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KOHTpONEepy NPUXOAUTCA TPATUTb HECKO/BbKO Ya-
COB Ha OTbiCKaHWe gedeKTa, YTO AOCTaTOYHO
YTOMUTENBHO M HE BCeraa NpUBOAUT K yCrexy.
Hanpumep, nepdopurpoBaHHas NOBEPXHOCTb
KONNeKTopa coctapnsieT ~ 5,3m2, Ucnonb3yemblie
B HacToslllee Bpems TeNEBU3UOHHbIE Kamepbl
06bI4HO NO3BONAOT HAaGMOAATb MOBEPXHOCTb
nnowaabto ~ 0,1m2.

Mpu BU3yanbHbIX HAGAIOAEHNUSX CYLLLECTBEH-
HYIO PONb UrpaeT BEPOATHOCTb OGHapPYXKeHUS
NPOTSKEHHOro AedeKTa BO BpeMeHu. Cuntaetcs,
YTO BEPOSITHOCTb YCMELHOrO OKOHYaHMUS NMoncKa
3aBUCKT OT psiaa BHELHMX GpaKTOPOB, xapaKTepu-
3YIOLLMX YCIOBUS HAaBMIOAEHWS: YINIOBbIE pa3Mepsbl
fedeKTa, ero KOHTPacTHOCTb NO OTHOLWEHMUIO K
o6lLen NOBEPXHOCTH, APKOCTb GOHa, YrnoBOM
pa3mep Habnogaemoro nons, BPEMEHU Nouc-
Ka, CKOPOCTM nepemellleHns o6bekTa, B JaHHOM
cnyyae BO3AyLIHOro ny3bips.

Ha puc. 2 noka3saHa BpeMeHHas 3aBUCH-
MOCTb 3TOM BEPOATHOCTU OBHaPYKEHHS.

Puc. 2. BeposAiTHOCTb OGHapyXeHUs 06beKTa Ha
NoBEepPXHOCTH (a, 6, B — BHELUHUE YC/IOBUS)

Fig. 2. Probability of the unit detection on the
surface (a, b, ¢ - external factors)

Mcrnonb3ys TeNneBU3NOHHYIO dopMy npea-
CTaBNeHns HabngaeMon NOBEPXHOCTU 060pY-
[I0BaHUs, B 4acTHOCTH, Konnektopa [, MOXHO

CONFERENCE

aBTOMaTM3MPOBATb CaM NPOLLeCC OGHaPYHEHNA
ABWXKYLLErocsi Ny3bips C MOMOLLbIO NPOrPaMMHOM
06paboTKM n3obpaxeHus. Mpn aToM cBeTOoBas
NOACBETKa onpeaeneHHoro LBeta no3sonser
NMOBbICUTb €r0 KOHTPACT.

[porpamMmmHas o6paboTKa M306parKeHns
[JaeT BO3MOXHOCTb Pe3K0 YBeINYnTb Habnto-
AaeMylo NoBePXHOCTb KonneKktopa Ml BnnoTb
[0 3aMKHYTOM KPYroBow MonoCbl UAKU Of4HO-
BPEMEHHO aHanM3upoBaTthb BClo nepdopupo-
BaHHYIO €ro 4acTb, UCKNOYMB TpaaULLMOHHOE
y4yacTue yenoBeKa B BU3yasilbHOM AUCTaHLM-
OHHOM KOHTpone.

BuiBOAbI

Peanunsauus npegnaraemMbix cnoco6oB pas-
BUTMS aBTOMaTU3UPOBAHHOIO ANCTAHLMOHHOMO
BW3YyaNbHOIO KOHTPO/S MO3BOJIUT MOBbLICUTb €0
NPOU3BOANTENBHOCTb U 3GPEKTUBHOCTL O6HapPY-
eHWs edEeKTOB C MOMOLLbIO HEAOPOTUX TEXHU-
YECKMX CUCTEM.

Automation of Enhanced Remote NDT Visual Techniques

0. Urazov, Novovoronezhskaya NPP
L. Volkov, Alpha-Diagnostika Research and
Production Enterprise

Events show that emergencies and disasters
resulting in structural damage are usually caused by
defects in structural components. Various inspection
techniques are used to detect defects, and among
them visual inspection and control by measurement
are most essential. These techniques differ from
other NDT inspection techniques by the borders of
spectral region of electromagnetic emission used
to receive information about the unit under test.
Visible radiation (light) can cause visual sensation.
Indeed, visual inspection is the only NDT technique
that can be used without any equipment but with
the use of elementary measurement instruments.

Since equipment of visual inspection and con-
trol by measurement is easily accessible and the
inspection procedure seems to be very simple, it is
believed that any discussion of the technique can
be short and easy. In reality, visual inspection and
control by measurement are as sophisticated as
radiation and ultrasonic tests.

Visual inspection and control by measurement
are elaborated thoroughly enough to be able to
help detect surface defects (cracks, exfoliations,
burnouts, wormholes, blisters, dents, undercuts,
skin inclusions) in NPP equipment. The main re-
quirements to these techniques are envisaged by
“Uniform Techniques of Inspecting Main Materials
(Semi-Products), Weld Seals and Weld Deposition
of Equipment and Pipelines. Visual inspection and
control by measurement. NMH A3 "-7-016-89».

In addition to the human eye, it is allowed to use
the following technical means provided defects are
detected in accordance with the requirements of the
regulation documents on quality control:

— a mirror;

— various magnifiers with magnifying power
up to seven-fold;

— endoscopes;

— fiber-optic guides;

— telecameras.

Butin NPP equipment control the visual inspec-
tion techniques display some drawbacks, to wit:

— significant radiation exposure of the person-
nel engaged in the inspection of the primary circuit
equipment;

— significant human factor resulting in greater
subjectivity of inspection results;

— moderate productivity.

Remote visual inspection complexes are used
when radiation, temperature and chemical environ-

ment are hazardous for a controller or when it is
impossible to inspect the unit due to its configura-
tion. Usually, the complex integrates:

— industrial TV camera unit;

— light device;

— position control and transportation system.

The remote inspection technique is convenient
since it uses TV surface imaging and teleportation
system.

At the same time it is not free from the follow-
ing weak points:

— radiation tolerance of transmitting television
cameras;

— television cameras’ resolution capability
(quantitative estimation of capability to transmit
and receive small details with ultimate and preset
discrimination);

— light transfer characteristic of receiving array;

— disturbance immunity;

— high cost of TV cameras.

Vacuum vidiocone has high radiation tolerance
(up to 10%rad.). Vidiocones are television tubes that
use photoconduction effect for electrical imaging.
But they are bulky and costly.

We believe that solid-state TV cameras are most
promising for inspection in moderate gamma-rays.
They are not expensive, have rigid scan pattern ori-
ented to image dissection, are free from distortion
and other geometric errors. Their radiation tolerance
is up to 5-10% rad.

Itis known that TV system resolution is formed
by 2-3 pixels in the image transmission. Digital solid
TV cameras can be of several megapixels. It provides
imaging of area of 200x100 mm? with resolution
of 0.1 mm. Moreover, the digital TV camera itself
is sophisticated.

The following application scheme of analogue
TV cameras with solid arrays of medium resolution
(~ 3-10° pixels) is proposed:

1. Initial survey of the surface is made with the
resolution approximately 5-10 times lower than is
required to detect defects. Accordingly, a surface
5-10times larger is surveyed. Surface defects such
as cracks and pore clusters are viewed as fuzzy spots
with bad resolution. See Fig. 1 where A-A band (in-
dicated by black points) is formed by several points.
The survey helps detect the place where a defect
must be spotted with the use of higher resolution
TV camera on a smaller area.

2. Upon spotting the defect, survey of imper-
fections found is performed with the use of a TV
camera with a zoom system, i.e. with controlled
focal length. Some lenses change the focal length
hundredfold.

The remote visual inspection technique is re-
lated to the bubble (aquarial) technique of detecting
NPP equipment seal failure, in particular, in VVER
steam generator.

Pneumohydraulic bubble inspection of airtight-
ness is used to monitor the inter-circuit space of
steam generators (the base metal of heat-exchange
pipes, welded connections to the collector, weld
seams of plug fittings previously installed in heat-
exchange pipes).

The survey is performed visually inside the col-
lectors of the primary circuit with the use of a special
TV system (underwater).

Leakages are detected by formation of air bub-
bles rising to the water surface in the collectors of
the primary circuit; excessive air pressure must be
maintained in the secondary circuit.

High pressure air delivery from the secondary
circuit allows to check the airtightness of the pipe
bundle assembly and its welded connection to the
collector by air bubbles in the water in the collector.
A significant leakage can be easily detected by a TV
camera. Detection of small leakage accompanied by
emergence of a small bubble is more difficult. Since
the surface of the collector is large, it takes several
hours to find a defect; this is a tedious job that is
not always effective either. For example, perforated
area of the collector is ~ 5,3m2. TV cameras used
now allow to survey the area of ~ 0,1m2.

In visual inspection, the probability of detecting
an extensive defect is important. It is believed that
success of the search depends on some external
factors related to the survey conditions: the defect’s
angular dimensions, its contrast range in relation to
the surface, brightness of the background, angular
dimensions of the area being inspected, time of
inspection, speed of the unit (the bubble).

See Fig. 2 for time dependence of the detec-
tion probability.

Using the television imaging of the equipment
area surveyed, in particular, that of the collector, itis
possible to automate the process of the moving bub-
ble detection by software image processing. Lighting
of a specific color ensures greater contrasting effect.

Software image processing results in the ex-
tension of the collector’s area under suevey or in
the analysis of the whole perforated area, which
excludes a man from the traditional remote visual
inspection.

Conclusion

Automation of the remote visual techniques will
help enhance effectiveness of defects detection with
the use of inexpensive technical systems.
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[TonMMepHble HAHOKOMMO3ULMOHHbIE paauonornoLuiamoLme
Matepuanbl ang KBY-gnanasoHa

E. A. 3axapbiues, ®ryn «®HMNy HUMKUC
um. 10.E. CepakoBa»

Pagunonornowatowme matepuansl (PMM)
yaule BCero npeactaBnatotT cobor KOMMNosu-
Tbl HA OCHOBE MOJIMMEPHOW MaTpULbl U cne-
LManbHOro HanonHutens. B KayectBe Takux
HanonHWTeNen, Kak NpaBuIo, MPUMEHSIOT NO-
poWKOoo6pa3Hbie GeppuTbl U METaNbI, Pa3Hble
dopmbl yrnepoaa M HEKOTOpble Apyrve mate-
puanbl. O4HMM M3 Hanbonee NepcneKTUBHbIX
HanonHUTenen Ana paguonornowatolmx mMa-
TepuanoB SBNAIOTCS YrNepogHble HaHOTPYOKHM
(YHT). B nocnegHue roabl NpoBOAUTCA MHOIMO
paboT, HanpaB/IEHHbIX Ha UccnegoBaHne ad-
GEeKTUBHOCTM Mornowatoumnx CBOMCTB NoOu-
MepHbIX KoMno3uToB ¢ YHT Ha yactoTax go
18 'y [2, 3-8] n, pexe, go 30 I'Ty. OgHako, ¢
yBenn4yeHnem TpeboBaHUM K TOYHOCTU U Obl-
CTPOAENCTBUIO PAAMO3NEKTPOHHON annapary-
pbl €€ paboyuni nana3oH cMellaeTcs BO BCE
60/1ee BbICOKOYACTOTHYIO 06/1aCTb, @ UMEHHO
B KBY-ananasoH. MccnegoBaHuin adppexkTus-
HOCTU pagMonoraowatoWwmnx matepmuanos, npes-
Ha3Ha4YeHHbIX AN NPUMEHEHMS NPU YacToTax
cBbiwe 30 [T, KparHe Mano, XoTa Ha AaHHbIX
yacToTax paboTaeT Lenbin pag npubopoB, Takux
KaK pacxofomepbl, UI3BMEPUTENN BNIAXKHOCTU U
KO3apPULMEHTA CHMUMAEMOCTH ra3oB, caMoneT-
Hble N0Caf04Hble CUCTEMbI, CUCTEMbI 3AKPbITOWM
CBfI31, NpPUBOPLI ANs UccnegoBaHus GblICTPO-
TEKyLINX MPOLLECCOB, HEKOTOPOE MEeANLMHCKOE
ob6opyaoBaHue u ap. B gaHHon pabote npo-
BeJeHO uccnegoBaHue apdektnsHocTn PINM ¢
YHT B gnanasoHe yactot 52-73 I'Ty, (anana3oH
06YyCIOBNIEH BO3MOXHOCTAMU UBMEPUTENBHOTO
o6opyaoBaHus).

B pa6oTte uccnegosanucb paguonoriowa-
lolMe CBOMCTBA 3MOKCUAHbIX KOMMO3UTOB C
yrnepoaHbIM1 HaMoOAHUTENAMU (Caxka, rpadur,
yrnepofHble HaHOTPY6KU (YHT) «TayHUT-MI»,
«TayHUT-M», «TayHWUT») B AMana3oHe YacToT 52-73
[T, (amana3oH 06ycnoBieH BO3MOXKHOCTAMM U3-
MEpPUTENBbHOro 060PYyA0BaHUS).

Paguonornowatowme ceonctsa o6pasyos
M3Mepann Ha naHopamHoM nameputene KCBH
(KO3pDULMEHT cTOSIHEN BONMHBI MO HANPSAXKEHUIO)
n ocnabnexHu P2-69. BnaoTHYKO K MJIOCKOMY
ob6pasuy NpuKnagbiBanacb aHteHHa PTAD, Ha
KOTOPYIO NofaBancs CUrHan OT reHepaTopa Ka-
yatowewcs Yactotbl (FTKY). C nomoulblo nHAMKa-
Topa A2P-67 uamepsanu MmakcumasnbHblt KCBH
B AvanasoHe YactoT 52-73 IMu. KoadduumneHt
oTpaxeHusa oT obpasua (K) paccuuTbiBancs no
cnepywoulen dopmyne:

|

KCBu+ 1 1)

[ns kaxkgoro obpasua nNpovM3BoaMAM ABa
nM3MepeHns KoadduuMeHTa OTPaXKEHNS: NPU Ha-
NNYUN METANIMYECKOrO 3KpaHa 3a 06pa3Lom
(K2) n 6e3 Hero (K1).

KCBnu - 1 ]’
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KoadduuneHTbl oTparkeHns Ha rpaHuLe pas-
nena ¢as Bo3ayx-PIM (r) u nornouwieHus (o) pac-

CYUTbIBa/M, PeLlas CUCTEMY yPaBHEHWIA:
Ko=rer(l- )fe™ s P e P(l r)e ™
Ky (L-rfe ™ r(l- ife 5 (1 r)'e ™

(2)

MCMoNb3yst MOAENb OAHOPOAHOW U30TPOMHON
cpeabl U AKCMOHEHLMaNbHbIM 3aKOH NOrNoLeHUs
N3ny4eHua:

E=E, e "™ . (3)

roe E, E0 — 3Hepruu npolleawero U najato-
LLLEero n3ny4eHmsa o.— Ko3ahOOULIMEHT NOrNoLLEHNS,
X — MyTb, NPOMAEHHbIN BONHOM B MaTepuarne.

CucteMy ypaBHeEHUI (2) peLany ¢ NoMOoLLbio
npunoxeHna MathCad 8.0 ana Kaxaoro name-
peHHoro o6pasua.

3dbdeKkTuBHbIM PIMM gonmxeH ob6nagaTb
BbICOKMM KO3DOOULMEHTOM MOTNOLLEHUSA MPHU
MWHUMaNbHOM OTpaXKeHun. MNOoCKONbKYy OT-
pakeHue U MornoweHne pacTyT NPaKTUYEeCKH
O[HOBPEMEHHO C YBEIMYEHUEM KOHLIEHTpaLMK
HaMNoONHUTENS, ONA MPAKTUYECKUX MPUMEHEHUN
Heo6xoAMMO BbiGUpaTb CoOCTaB C OMTUMaIb-
HbIM COYeTaHWeM CBOMCTB. [103TOMy AaHHble

0,9 -
0,8 -
0,7 A
0,6 -
0,5 A
0,4 1

0,3 -

KoadduuymeHT otparkeHusa

0;2

0,1 -

Il (B0

sl r)e

YHT "Tayuur-MA"

n3mMepeHun ygobHee nNpeacTaBfsaTb B Buae
3aBUCUMOCTU KO3dDDULMEHTA OTPAXKEHUS OT
Ko3dPuLMeEHTa NOINOoLWEHUS ANa nceaeayemMblix
HanonHuTenen (puc. 1).

Kak Buanm 13 puc. 3, komnosunumm ¢ YHT xa-
paKTEPU3YIOTCS 3HAYMTENIbHO MEHbBLIMM POCTOM
KoaddULMEHTa OTpaXKeHUs No Mepe ysenuye-
HWS noraoulatollen cnoco6HOCTH, 4YTo AenaeT
nx 6onee apOeKTUBHLIM HANOMHUTENEM 415 NO-
JIMMEPHbIX KOMNO3WUMOHHbIX PMM. Hanbonee
3dPEKTUBHBbIM HanonHutenem asnsaotcs YHT
«TayHuT-M». PIIM Ha mnx ocHoBe 3pGDEKTUBHO
MOr/IOLLAIOT 3IEKTPOMArHUTHOE MU3NTy4eHMe Npu
TonwwmHax B 15-20 pa3 MEHbLLMX, YEM KOMMO3UTbI
C MUKpOpPa3MepHbIMU YIIEPOAHbIMWU HAMOJIHUTE-
namu. lMNornoulatoune cBoncTBa, aHanormyHble
PIMM ¢ MUKpopa3MepHbIMU YrnepoaHbiMU Ha-
NOSIHUTENAMM, JOCTUTAOTCA KOMMO3ULMUAMU C
naHHbIM BMAOM YHT npu KoadduumeHTe oTpa-
YKEHWS Ha rpaHuLe pasaena ¢as Kak MUHUMYM
B 4 pasa HuxKe.

Kpome Toro, B 4aHHOM paboTe uccnenosasncs
LUMPOKO M3y4yaeMblii B nocnegHee Bpems Mpo-
uecc pyHKuMoOHann3aummn YHT 1 ero BausiHue
Ha paguvonoraouatume cBOMCTBa KOMNO3K-
TOB. Ans GyHKUMOHaNM3aLUumn “cnonb3oBanu

lpadwur

CVHT "TayHur"

YHT "TayHur-M"

L 1 1 1

0,0 L L L
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Koadduyuent nornoweHus, f6/cm

Puc. 1. CooTHOowweHUe KO3IDPULHUEHTOB OTPpaXKeHus (r) M nornouweHus (o AN KOMMNO3UTOB C pa3Hbl-
MU HanonHutenamu: 1 — texunyeckui yrnepop K-354; 2 — rpacpur NK-3; 3 — YHT «TayHut»; 4 — YHT

«TayHUT-M»; 5 — YHT «TayHut-M[»




Puc. 2. CxemaTtuuHoe uso6paxeHue pyHkuMoHanusmpoBsaHHon YHT

YHT «TayHUT-M» 1 NPUMEHSNU O4UH U3 CaMblX
pacnpocTpaHeHHbIX cnocoboB — o6paboTKa
YHT B cMecu cepHOM 1 a30THOM KKUCNOT. B pe-
3yfbTate Takom 06paboTKU Ha NoBepxHOCTM YHT
06pasyloTcs pasnuyHbie KUCNIopoAcoaepKallne
YHKLMUOHaNbHbIE rpynnbl, NPEUMYLLECTBEHHO
KapOOKCU/bHble (pUC. 2). ITU KapBOKCUNbHbIE
rpynnbl TEOPETUYECKN JOMKHBI BCTynaTb B pe-
aKUMIO C 3NOKCUAHBIMM FpynnamMu noaMMepHOro
cBA3ytowero ¢ 06pasoBaHUEM MPOYHbLIX KOBa-
NEHTHbIX XMMUYECKMX cBA3eN. lpouecc cuHTe3a
dyHKLMOHanM3npoBaHHbIX YHT BKAoYan cnefy-
owne cTagnm:
e cMewunBaHue YHT ¢ kucnotamu;

e COGCTBEHHO GYHKUMOHANM3aumus npum no-
CTOSIHHOM NepemellnMBaHn ¢ 06paTHbIM XON0-
annbHUKOM npu 90°C;

e OTMbIBKa NMyTEM MHOTOKPATHOrO LEEHTPU-
dyrupoBaHus;

e BaKyyMmHas cyliKa.

B pnaHHOM pa6oTe uccnepgoBanucb YHT ¢
pa3HbiM BpeMeHeM PyHKUMOHanu3auuu. lMe-
pevyeHb METOA0B mnccnengoBaHum Bratovan UK-,
Y®- 1 onTUYHECKyld CNEKTPOCKOMMUIO, Macc-
CMEKTPOMETPHUIO, INEKTPOHHYIO MUKPOCKOMMUIO,
CUHXPOHHbIN TEPMUYECKMIA aHanu3, auddepeH-
LiManbHY0 CKaHMPYIOLLYIO KanopuUMETPUIO, PEHT-
reHo®a30BbIM aHann3, MasoyrnoByk PEHTIEHO-

Puc. 3. CooTHOWwEHUEe KO3 PULUEHTOB OoTpaxKeHus (r) u nornouieHus (o) AN KOMNO3UTOB € PyHKLMO-
Hanu3upoBaHHbIMU YHT «TayHUT-M»: 5 -04;6 - 0.54; 7-24;8 - 74; 9 - 154.

KOH®EPEHLINA

rpacduto, NOTEHLMOMETPHUYECKOE TUTPOBAHME.
OCHOBHbIMY TEHAEHLWSMU UBMEHEHUS COCTaBa U
cTpyKTYypbl YHT B npouecce GyHKUMOHanM3auns
ABNSAOTCSH YMEHbLIEHUE UX ANIMHbI, pa3pylleHne
BHeLWHUx cnoes YHT, o6pa3oBaHne Ha NOBEPXHO-
CTU GYHKLIMOHASbHbIX FPYMM, MPEUMYLLECTBEHHO
Kap6OKCUIbHbIX, PE3KOE yBENMYeHne ruapodusb-
HOCTW MOBEPXHOCTM.

CooTHOWEHMS KOIDPULIMEHTOB OTPArKEHUSA
M NOTNOWEHUS AN KOMMO3UTOB C GYHKLIMOHANN-
3upoBaHHbIMKU YHT «TayHUT-M» npeacraBneHbl
Ha pwc. 3.

MccnepoBaHua 3aBUCMMOCTM paguono-
rnouwatowmnx CBOWCTB KOMMNO3MTOB Ha OCHOBE
&-YHT nokasanu, 4to dyHKUMOHaNM3aumsa Ha-
HOTPYGOK CMOCOGCTBYET yNyylWEHUIO pagnmono-
rNOLWaloLWMX CBOMCTB TaKMX KOMMO3UTOB, MpU-
4yeM 3QPEeKTUBHOCTb MOIMOLWEHUS IKCTpeMasib-
HO 3aBMCHMT OT BpeMeHU GYHKLMOHANMU3auuu.
[aHHoe ABneHue 06bACHAETCA BAUSHUEM Ha
pagvonorioLaiole CBoOMCTBa 04HOBPEMEHHO
NPOBOAMMOCTU KOMMO3UTOB (MaKPOCKOMUYECKUH
acnekT?) u paBHOMepPHOCTU pacnpeaeneruns YHT
B nofMmepe (MMKPOCKOMMYECKUI acnekT?). PaB-
HOMepHoe pacnpeaeneHue YHT B noninMmepHom
MaTpuue, Bedyllee K pocTy yucna vacTvy, B
eanHuLe obbemMa, JOCTUraeTcs yXKe npu Bpe-
MEHU PyHKUMOHanu3aummn 0,5 yaca. Npu atom
C yBENUYEHNEM BpeMeHn GyHKLMOoHann3aumum
YHT npoBOAMMOCTb KOMMO3WUTOB, @ 3HAYUT, U
3pDEKTUBHOCTb PaANONOrIOWEHNS, YMEHbLUA-
eTcs. TakuMm o6pa3om, Haunyywmne pagnono-
raouatome cBOMCTBa NoKasaau KOMMO3uTbl C
YHT, dyHKumnoHanmanpoBaHHbiMK 0,5 yaca. Takune
KOMMO3WTbl MO CPAaBHEHUIO C MaTepuanamu Ha
OCHOBe HaTUBHbIX YHT 06n1aaatoT aHanormyHbiMu1
NornoWwatoWmnMmn U OTPaXKaloLWMMK XapaKTepu-
CTUKaMu npu TonwuHax B 1,5-2.0 pa3a meHbLue.
C apyrom CTOpOHbI, TaKMe KOMMNO3WTbI NPKU aHa-
NOTUYHBIX TONWMHAX U BeMYnHe ocnabnenus
XapaKTepuaytTcs KOIOOULIMEHTOM OTPaXKEHUS
B 1,1-1,4 pa3a Huxe.

BbiBOA

MonyyeHbl paguonornouiamoline matepu-
anbl Ha OCHOBE 3MOKCUAHOrO CBA3YIOLWEro,
cogepxauwue YHT ¢ BpemeHeM PyHKLMOHaNU-
3auun 0,5 yaca, o6nagatome aHanorM4yHbIMK
NOrnowWaloWnMm 1 oTpaXKaloLWnMmK XxapaKTepu-
CTUKaMM npwu TonwmHax B 25-35 pa3 MeHblue
MO CPaBHEHMWIO C KOMMO3UTaMK Ha OCHOBe
MWKPOPa3MepPHbIX YrEPOAHbIX HAaNOMHUTENEN
(TexHnyeckum yrnepoa u rpadut) u B 1,5-2,0
pasa MeHbLe MO CPaBHEHUIO C KOMMO3UTaMM
Ha oCHoBe HaTuBHbIX YHT. TakMe KOMNO3UThI
NpU aHanorMyHbIX TONIWKUHAX U Ko3abduLKneHTe
NOrNOLWEHUS XapaKTepPU3yTcs KOaGOULIUEHTOM
oTpaxkeHus B 4,5-5.5 pasa HU¥Ke NO CpaBHEHUIO
C KOMMO3UTaMu Ha OCHOBE MUKPOPa3MepPHbIX
yrnepoaHbiX HanonHutenen n B 1,5-2,0 pasa
MEHbLLE MO CPaBHEHMIO C KOMMO3MTaMM Ha OC-
HOBE HaTUBHbIX YHT.

1 CornacHoO MaKpOCKOMUYECKOMY acneKTy NOroLWeHUsI 3NEKTPOMArHUTHOE U3Ny4eHUE Bbi3bIBAET B YMEPEHHO NPOBOAALMX MaTepuanax (KoTopbiMu
sBnsiotes PMM ¢ YHT) Toku, npeo6pasyiolimnecs B Tenno no 3akoHy Lkoyna-fleHua: 17 = ]r , rae W — MowHOCTb BblgeNneHus Tenna B eamHuLe 06b-
ema, J — NNOTHOCTb 3/IEKTPUYECKOr0 TOKa, J' — HanpsXXeHHOCTb 3EKTPUYECKOro Nons.

2CornacHo MMKPOCKOMMYECKOMY acrneKTy MOroLWeHns ocnabneHne 31eKTPOMarHMTHOro M3ny4yeHus, NPOXoasLiero Yepes COBOKYMHOCTb YacTuL,
pacnpeaeneHHblx B IMANEKTPUYECKON MaTpuLLe, MOAYUHAETCA SKCIOHEHLIMANLHOMY 3aKOHY: E = E e """ , rAe p — 44Cr0 YacTul B eAnHuLe o6bema,

G, — NOJIHOE ce4eHMNE NOMOWEHNSA HacCTHLbl.
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Cuctema KOHTPONS NapaMeTpoB YyBCTBUTENIbBHOIO
3/leMeHTa MUKPOaKceepoMeTpa EMKOCTHOIO TMNa

U.B. UeBneB, A.H. YxoB, A.C. Al{UHHUH
oryn «®Hny HUMKUC um. 10. E. CepakoBa»

[peo6pa3oBaTteny yCKOPEHUIN EMKOCTHOIO
TMNa, Takne, Kak MUKpoaKcenepomeTpbl (MA),
3aHMMAalOT BaXXHOE MOJI0XKEHWE B COBPEMEHHOM
TexHuKe. [NaBHasa 3agayva, pelwaemMas JaHHbIMU
TMnamum M3MC-ycTpoicTB, — OLlEHKa YCKope-
HUI OBMXKYLWerocs obbeKTa — NO3BONSET UC-
nonb3oBaTb MX B COCTaBe CMCTEM HaBUrauuu
06BbEKTOB KaK BOEHHOrO, TaK U rpaxKaaHCKoro
Ha3Ha4YeHwus, 4TO roBOpPUT 06 aKTyaNbHOCTH pas-
pabOoTOK MUKPOAKCENEPOMETPOB U MEPCNEKTUB-
HOCTU UX MPUMEHEHUS A9 PELIEHMS LWIMPOKOro
Kpyra 3agau.

Ha cerogHsiwHunn geHb B HUMNC B pam-
Kax OKP «fAxta» paspaboTaHbl U U3roToBJE-
Hbl TECTOBbIE KPUCTaNfbl YYBCTBUTENbHOIO
anemeHTa (43) MA no TexHonorMm 06 bLEMHOM
MWKPOMEXaHUKKN, KOTOPbIE AOMKHbI ObiTb UC-
NblTaHbl Ha BO34EWCTBUE TMHENHOT0 YCKOPEHUS
ONS NOATBEPHKAEHUSA UX QYHKLMOHUPOBAHUS.
BbixoaHow curHan 43 MA npeactaBnasieT co-
601 Manoe n3amMeHeHne emMKoctTu andodepen-
LManbHOro KoHageHcaTopa B 3aBUCUMOCTU OT
NPUNOXKEHHOTO K MHEPLIMOHHON Macce YCKo-
peHusi. Kpome TOro, Ansg U3MepeHum Koaod-
duumneHTa npeobpasoBaHnsg MA Heo6xoanMO
yCTaHaBAMBaTb M UCMbITbIBaTb B LLEHTPUdYyre co
CKONb3sWNUM KoHTakToM. B HUMUC oTcyTcTByeET
TaKas ueHTpudyra. MoatomMy Lenb HacToswen
paboTbl 3aK/o4anacb B pa3paboTKe CUCTEMbI
06pabOoTKK CUrHana ¢ TeCTOBOro Kpuctanna
MUKpOaKcenepomeTpa, CnoCoO6HON U3MepsATb
KaK HOMWHaNnbHOE 3Ha4YeHue eMKocTen and-
depeHunanbHOro KoHgeHcaTopa 43 MA, Tak U
WX U3MEHEHWE NPU BO3AENCTBUN YCKOPEHUS.
Hapsigy ¢ aTuM cucteMa fo/mkHa paboTtaTb B
[ABYX pexumax: pexume npsaMoro uamepeHus
napameTpoB U B aBTOHOMHOM pexume, no-
3BOJIAIOWEM UCMbITbIBaTb MA Ha ueHTpudyre
6€e3 CKONb3ALLEero KoHTakKTa.

B HUMUC nsrotoBnieH EMKOCTHOM MUKPO-
akcenepomeTp (TKMM505) no TexHonormu
06bEMHOM MUKPOMEXAHWKK, pPacCYUTaHHbLIN
Ha yckopeHne £10 g. OCHOBOM KOHCTPYKLMHM
MWUKpOaKcenepomMeTpa ABNgeTcs YyBCTBUTE b-
Hbl 9N1EeMEeHT — MHEPLIMOHHAas macca Ha ynpy-
rMx nogsecax. BHeWHWM B 4yBCTBUTENBHOIO
3afeMeHTa MUMKpoaKcenepomeTpa npeacraBneH
Ha puc. 1.

MHepunoHHas Macca (1) npeactaBnser cobom
BbINMOSIHEHHbIN U3 KPEMHUS MOABWMKHbIN GMIOK,
yOEPXMBAEMbIN HaJ NOMOCTbIO 3a CHET yNpyrmx
noABecoB (2) B BMAe MeaHApa, COeANHSIOLWMX
€ro ¢ HenoABMUKHbIM aneMeHToM (4,7).

Mpn BO3AENCTBUN JIMHENHOIO YCKOPEHUS
B HanpaB/ieHWn OCU YyBCTBUTENbHOCTU UHEP-
LMOHHasA Macca OTKaoHseTcs. pu aTom me-
HSAIETCS U PaACCTOSAHWUE MeEXy NOoABUMKHBIMU (3)
N HEMOABUXHBIMWU 3NEKTPOAamMu, BCAeACTBUE
4ero U3MeHsITCA EMKOCTM KoHaeHcaTopoB (5,
6), 06pa30BaHHbIX UHEPLIUOHHON Maccomn U He-
NMOABWXXHBIMU INEKTPOAAMU KOHCTPYKLMM.

Ha puc. 2 noKka3aHa 3KBMBaNEHTHas 3NEKTPU-
yeckas cxema 43 MA B Bnae auddepeHumnanbHo-
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Puc. 1. KoHcTpyKuusa 43 MA

) ya
Al Al
c1 c2

Puc. 2. 3KBUBaNeHTHan aIeKTpUYecKana cxema
MUKpoaKcenepomMeTpa

ro KoHaeHcatopa. [Mpu atom C1 — KoHAeHcaTop,
06pa30BaHHbIM 1EBOM HENOABWUKHON O6KNaAKOM
M MHEePUMOHHOM Maccow, a C2 — KoHAeHcaTop,
o06pa30oBaHHbIN NPaBOM HENOABUKHOM 06KNaa-
KOW 1 UHEPLIMOHHON MaCCOMN.

HavanbHble €MKOCTM KaXAOoro U3 KOH-
[EeHCcaTopoB fiexart B npegenax ot 2 go 7 nd.
M3MeHeHNEe e eMKOCTM Npu BO3AENCTBUMU
3afaHHOro B COOTBETCTBUM C T3 ycKOpeHus
(£10 g) coctaBngeT Benn4mHy okono 0,1 nd.
CoBpeMeHHble L, C, R meTpbl, B TOM yucne E7-
12, He o6ecneynBatoT Tpebyemyo TOYHOCTb.
Mcnonb3oBaHue xe uamepuTenen eMKocTen ¢
NoABWUHbIMW NPOBOAHUKAMW, COEIMHSAIOLLMMHU
M3MepuUTeNbHbIM NpMbop ¢ uccnegyeMbim 06-
pa3LoM, HeJONyCTUMO BBUAY NOSBAEHWS 3HAYM-
TeNbHOW Napa3nTHOM EMKOCTH, NPEBbILLIAaoLLEN
Nosie3HbIM curHan. B cea3n ¢ atum MA fonKeH
ObITb CBA3aH CO CXeMOMN 06PaBOTKM KECTKUMMU
npoBOAaMW MUHMMaNbHOW AINHbI, @ B uaeane
— HaxoAWTbCS PSAOM Ha OAHOWM NMeYyaTHOW nnare.
Mcxoas v3 BbllenepedYncneHHbIX NPeanocbiioK
NS NPOBEAEHUSA UCCNe0BaHUI U UCMbITAHWU
6b11M pa3paboTaHbl ABE CXEMbl Ha OCHOBE MNpe-
ob6pazoBaTens «eMKOCTb-KO/».

NMpeoGpa3soBaTenb

[poBeaeHHbIN B Xo4e paboT aHaM3 NPoAyK-
MM MUPOBbLIX Npon3BoanTENen npeobpasoBa-
Tenen «eMKOCTb-KO/» MoKa3saJl, YTo 415 pelleHuns
nocTaBNEHHON 3aAa4n Hanbosiee COBEPLIEHHBIM
YCTPOMCTBOM NOLOGHOI0 TUNa SABASETCH MUKPO-
cxema AD7746 (komnaHusa Analog Devices),
npeacrasnsowas cobon AByxKaHanbHbIN npe-

Ta6nuua 1. OCHOBHbIE XapaKTepPUCTUKHU
MUKpocxembl AD7746

Avana3oH 0...4 n®
U3MepAeMbIxX (c pacwmpeHuem
emMKocTen Auana3oHa Ao 21 nd)
PaspeleHune 4 ad
To4HoCTb 4 P
HennHenHocTb 0,01 %

obpazoBaTe/lb EMKOCTb-KOA. 3Ta MUKpOCxeMa
W BMUNaCb OCHOBOM 06EUNX CXEM.

BbI60p AaHHOM MUKPOCXEMbI HE CllyHaeH, no-
CKOJIbKY OHa obecnevnBaeT Tpebyemyto TO4YHOCTb
n3amepeHuin. B tabn. 1 npuBeaeHbl OCHOBHbIE
XapaKTePUCTUKN JaHHON MUKPOCXEMBI.

MwuKpocxema npeactaBnseT cobom 4ocTaTou-
HO CNIOXHOE YCTPOMCTBO, CoAepKaLlee HECKOb-
KO 6/10KOB: 24-6WUTHbIM -8 aHanoro-uMdpoBoWn
npeobpasoBaTenb, BXOAHON MYNbTUMIEKCOP,
TaKTOBbIN reHepaTop, BHYTPEHHWI UCTOYHUK BO3-
OGyKaeHus, TeMnepaTypHbIM CEHCOP, UCTOYHUK
OMOPHOr0 HaMpPsXXeHWUs, MOHUTOP HaNPSXKEeHUs
nuTaHus, 2 BcnomMoraresibHblX eMKOCTHbIX LIAT,
CXeMmy yrnpaBlieHUs pEXUMaMM U KannbpoBKOH,
undpoBoM nocnefoBaTe/bHbIN UHTEPDENC.

MuKpocxema UMeEeT ABa KaHana, KaxKabli
M3 KOTOPbIX MOXHO MPOrpamMMHO CKOHOUIYpU-
poBaTb KaK 15 NPSIMOro npeo6pas3oBaHus, TaK
n agnddepeHunanbHoro.

PaccMOTpuM OTAENbHO Kaaylo cxemy 06-
pabOTKN Ha OCHOBE OMWCAHHOIO Bbllle NPeo6-
pa3oBaTens.

ApanTtep npeoGpa3oBaTesisi eMKOCTH

Apantep npeobpal3oBartenss EMKOCTU (agan-
Tep) N03BONSET NPOBOAUTL U3MEPEHUS NapamMe-
TpoB 43 MA npu yckopeHuu O, £1 g, He pacna-
uBas obpaszel, Ha nnate. 3T0 yao6HO Npu mac-
COBOW NPOBEPKE 3NEKTPONAPAMETPOB OMbITHLIX
06pa3L0B TECTOBLIX KpucTanios MA.

AfanTep COCTOWUT M3 NevyaTHOM nnathbl, Ha
KOTOPYIO YyCTaHOBAEHO MoAWDULMPOBaHHOE
YCTPOMCTBO KOHTaKTHoe YK64-4C (puc. 3). Uc-
nblTbiBaeMblt o6pasel, MA B Kopnyce 3akpe-
nnseTcs B yCTPOMCTBE KOHTAKTHOM. Ha nnaTte
ajantepa nNpesycMoTpeHbl MeTann3npoBaH-
Hble OTBEPCTUSA, NMPWU 3ananBaHUM KOTOPbIX
Mexay cob6ov nepemMbliKamMu NMPOU3BOAUTCS
3aMblKaHWEe KOHTAKTOB, COeAMHSIOWMX BbIBOAbI
YCTPOMCTBA KOHTAKTHOIO U BbIBOAbl MUKPO-
cxeMbl npeo6pasoBaTtens. Mcnonb3oBaHue
nepemMblyeKk 0GYCNIOBNEHO MWHWMMU3aALMUEN
napasvTHOM eMKOCTH, KOTopasi BO3HUKaeT B
cllyyae Ucnoib30BaHWs NPOBOAOB, KOTOpPbIE
BHOCSAT 3HAUYMTENbHbLIV BKNa4 B Napa3uTHYtO
eMKOCTb. OLHOBPEMEHHO C MOMOLLbIO agantepa
MOXHO KOHTpONKpoBaTb NapaMeTpbl AByX Y3
MA, NOCKONbKY MUKpPOCXEMa SIBNAETCH ABYX-
KaHanbHOW. 3TO NO3BONSET COKPATUTbL BPEMS,
3aTpaynBaeMoe Ha UCMbITaHus.

MpuHUKMN paboTbl aganTepa 3aKnoyaeTcs B
npeob6pazoBaHun eMmkocTn 43 MA B umMdpoBoi
CWrHan nocpeacTBOM MUKPOCXEMbI Npeo6paszo-
BaTens. [insa atoro agantep coeguHancs ¢ LPT
NMOPTOM KOMMbOTEPA U UCTOHYHUKOM MUTAHWS NO-
CpPeacTBOM crneLmnanbHO pa3paboTaHHOMo XKryTa.

Mnarta npeoGpasoBarens eMKOCTH

lNnaTta npeo6pa3oBaTens eMKocTu (aa-
nee — nnata) pa3paboTaHa ans obecnevyeHus
U3MepeHusa anekTponapametpos 43 MA npu
UCNbITaHMUAX Ha LeHTpudyre. 3ta cxema 9BNA-
eTCcs yCOBepLIEHCTBOBAaHHON MoandbuKaumen
nepBon cxeMbl U cnocobHa paboTaTb Kak B




Puc. 3. Agantep npeoG6pa3oBaTesii EMKOCTH

pexunme npsmMoro U3MepeHus, Tak U B aBTo-
HOMHOM peXxume.

MpUHUMN paboTbl NNaTbl 3aKN0YaeTcs B npe-
06pazoBaHmmn emKocT 43 MA B LM poBoWi curHan
C BO3MOXHOCTbIO 3aM1Cuy pe3ynsTaTtoB B NaMaTh.
AHanorv4Ho agantepy, npeobpasoBaHUe OCYLLECT-
BNSieTCs MUKpocxemon AD7746 (komnaHus Analog
Devices). 3an1cb 1M xpaHeHne LUMbPOBOro CuUr-
Hana B MuKkpocxeme namsatn (24LC640A-H/SN
KomnaHuu Microchip Technology) ynpasnsieTcs
MUKpOKoHTponnepoMm (PICL6F87-E/SO komnaHuu
Microchip Technology).

3CcKn3 cO60pPOYHOro YepTexa nnaTbl nNpes-
CTaBJfieH Ha puc. 4.

HoBu3Ha pa3paboTKK 3aKo4yaeTcs B UC-
NnoJib30BaHMN BbICOKOTOYHOW M3MEPUTENbHOM
MUKPOCXeMbl, TOHHOCTb U pa3peLuaioLlas cnocob-
HOCTb KOTOPOW YAOBNETBOPSAIOT TPEGOBAHMAM Ha
nposefeHne U3MePEHUN U UCnbITaHWi. icnonb-
30BaHMe 3anncu aaHHbIX C MUKPOCXeMbl MPeo6-
pazoBarens B naMsTb NOCPEACTBOM MUKPOKOH-
Tponnepa, TakKe ABASETCH HOBbIM PELUEHNEM U
Nno3BONSAET NPOBOAUTL KOHTPONb KadecTBa Y3
MA B npouecce UchnblTaHWM Ha LeHTpudyre, He
MMeloLLEen CKOMb3SLWEro KOHTaKTa.

MporpammHoe oGecne4yeHune

[ns BU3yanusaunmm 3Ha4eHUi napaMeTpoB
Y3 MA, a TakKe A4ns ynpaBfieHUs MUKPOCXEMOM
npeo6pa3oBaTtens U 3ajaHnsa AONONHUTENbHbIX
HacTpoeK pa3paboTaHa crneunanManpoBaHHas
npuKNagHasa nporpaMma, pabotatoulas B cpege
Win32. Nporpamma pa3paboTaHa B cpefe npo-
rpammupoBaHus Delphi 7.

Ha puc. 5 n3obparkeHo paboyee OKHO Npo-
rpammbl B npouecce GyHKLMOHUPOBaHMS.

MporpamMmma coaepXuT KHOMKKU ynpaBlieHu1s
paboTo MUKpOCXeMbl NpeobpasoBaTens (Start,
Stop), KHOMKM OBHYNIEHUS 1 COXPaHEHWS AaHHbIX
(Null, Record), 6710KM HACTPONKKN PEXMMOB Mpe-
obpazoBanus (Input, Update rate, CAPDAC A,
CAPDAC B), okHa BbiBOAa gaHHbIx (C1, C2,
Cdiff, T, Vdd), nononHuTenbHble 3IEMEHTbI U
MHAWKaLUMIO.

[na ynpasneHuns paboTon MUKPOKOHTPOSI-
nepa npu paboTte nnaTtbl B aBTOHOMHOM PEXMU-
Me pa3paboTaHa MUKpOMNporpaMma Ha A3blke
Assembler. MMKpocxema B aBTOHOMHOM pexxume
paboTaeT nog ynpasieHMeM MUKPOKOHTposiepa
nofo6HO NpIMOMY M3MepeHuto. B gaHHOM cny-
Yyae 3anporpaMmMMpOBaHHbIN MUKPOKOHTPOIED
onpalwwvBaeT Nnoo4yepesHo ABa KaHana MUKPO-
CcxeMmbl NpeobpasoBaTens cHavyana B e4uHuWY-
HOM, a 3aTeM B AnddepeHLManbHOM pexume.
3HayeHnss EMKOCTU NpU 3TOM aBTOMaTU4eCKu
3anucbiBaloTcs B NaMaTb MaaTtbl NOCPEACTBOM
MWKPOKOHTPO/epa ¢ MHTepeanom 1 c.

UccnepoBanue xapakrepuctuk 43 MA

[nsi npoBepKn 1 onpo6oBaHnUa GYHKLMOHUPO-
BaHMA pa3paboTaHHbIX CxeM 06pabOoTKM CUrHana
6bI1IM NPOBEAEHbI UCCNE0BATENbCKUE UCNbITAHUS
TecToBbIX KpucTannos ¢ 43 MA (TKMM505), pas-
paboTaHHbIX 1 U3roToBneHHbIx B HUMNC.

Bl CREPXY

KOH®EPEHLINA

BHI CHH3Y

Puc. 4. 3cku3 nnatbl npeo6pasoBaTenst eMKOCTH

Puc. 5. OKHO nporpammbi B npouecce pa6oTbl
cXeMbl

McnbiTaHWa NpoBOAMANCH B LEHTPUDYre Cco
CKO/b35LMM KOHTAKTOM, 4TO NO3BOJINNO NPO-
BOAWTb U3MepeHUs Hanpsamylo. NcnbitaHuam
noaseprnucb Asa o6pasua 43 MA N2N2 30 u
31 (naptua N2 094). MakcumanbHas BeNn4u-
Ha ycKkopeHus cocTtaBnana 50 g. YckopeHue
6bl/10 HanpaBAeHO BAOAb OCKU YyBCTBUTENb-
HOCTUW. Pe3dynbraTbl UCMNbITAHUN U306PaXEHbI
Ha puc. 6 1 7.

B pesynbrate uccnegoBaHnin o6Hapy»KeHo,
41O 06pas3Lbl COXpaHMM CBOK paboTocnocob-

HOCTb MPU BENMYNHAX YCKOPEHUS, MPEBbILWAIOLMX
pacyeTHble. Ha yqactke ot O go 10 g xapaKtepu-
CTMKM 06pa3L0oB 6/IM3KK K IMHENHbIM.

AHanu3 pe3ynbTaToB UCCNIeJOBaHUN

B Tabn. 2 npefcraBneHbl paccyUTaHHble 3Ha-
YeHMs XapaKTepUCTUYEeCKMX NnapameTpos 43 MA:
pasHocTn emKocTen AC, macluTabHoro Koapou-
LumeHTa K n koadpoduuneHTa HEIMHENHOCTH O.

[aHHble, npeacTaBfeHHble B Tab. 2, N03B0O-
NS0T 3aK/1I04YUTD, YTO UCMbITbIBaEMble 06pa3Lbl
COOTBETCTBYIOT TPEOGOBAHUAM KOHCTPYKTOPCKOM
[OKyMeHTaunn n T3 Ha OKP.

3aknoueHue

PaspabotaHa cuctema 06paboTKM cUrHana
C MMKpOaKcenepoMeTpa eMKOCTHOro Tuna, fB-
NSAoWasncs NepBov B CBOEM poje pa3paboTKom
B HUMWNC. Cuctema no3BonseT NpoM3BOaANUTb U3-
MEpPEHMS XapaKTepUCTUK 43 MA B ABYX pexumax:
NpPsSIMOro U3MepeHNst 1 aBTOHOMHOM.

JKcnepuMMeHTanbHble uccnegosaHua 43
No3BOINAM NOATBEPAUTL PabOTOCNOCOBHOCTb
1 BNepBble U3MEPUTb peasibHble NnapameTpbl
necenegyembix 06pa3uoB MA Npu YCKOPEHUH,
yaoBneTBopstowemM Tpe6oBaHuam T3 Ha OKP
«fIxTa», a TaKKe OLLeHUTb paboTy pa3paboTaHHOM
cuUcTemMbl 06paboTKKU cUrHana.

Ta6nuua 2. 3HayeHUs pa3HoOCTU eMKocTel AC, macwuTta6Horo KoadpduuueHnta K u koadpdpuuuenta
HeJIMHEeNHOCTH d B Auana3oHe ycKopeHnin ot0 o 10 g

Ne 43 MA AC, n®
30-1 -0,318
30-2 0,094
311 -0,171
31-2 0,085

Yewopenue, g

K nd/g 3, %
0,023 0,33
0,024 0,16
0,015 2,54
0,013 6,10

as

Venopenne, g

Puc. 6. 3aBucumMocTb eMmKoctein KoHgeHcaTtopoB 43 MA (o6p. N2 30) B aAMana3oHe yCKOpPEHU#

ot0p00308
Ne 31-1

a0

YewopeHue, §

Ne 31-2

Puc. 7. 3aBucuMocTb eMKocTei KoHaeHcaTopoB 43 MA (06p. N2 30) B auana3oHe yCKOpeHUi

otr0a050¢g
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KOH®EPEHLNA

APM Ha ocHOBE TEXHO0IMMM

«TOHKOTO KJ/IMeHTa»

3.P. Camunos, ®ryn «®HMNL HUKHKUC
um. 10.E. CepakoBa»

APM — Ba)KHEWLUN U HEOTbEMJIEMbIN 3/1e-
MEHT aBTOMaTU3MPOBAHHON CUCTEMbI YNpaBe-
HUS, o6ecneymBaloLLnin Bbigavyy MHGOPMaLIMOH-
HbIX CUTHaNOB U MPUEM YNPaBASIOWNX KOMaHA oT
oneparopa, Takum 06pasom, ABNAIOLWNICS UHTEP-
dencom B3aMMoAENCTBUS «HeloBEK-MallMHayr.

Ye 6onee 10 net B nponssoanmbix HUMNUC
KOMMJIEKcax n cucteMax BepxHero yposHs ACY
TM ASC ncnonbaytotea B Kayectse APM paboune
CTaHUMMK.

Pa6oyas cTaHuua npeactaBnser cobou
aBTOHOMHbIV BbIYUCIUTENbHbIA KOMIIEKC C CU-
cTeMamMu BBOJa/BbiBOJa 1 ob6ecredyeHneM 6ec-
nepe6ovHOro nNuTaHua (puc. 1), BbINONHEHHbIV
B €[IMHOM KOHCTPYKTUBE.

CoOoTBETCTBYSl NPeabsABASEMbIM Ha ceroj-
HALLHWMIA MOMeEHT K APM Tpe6oBaHusim, paboyne
CTaHUUW UMEIOT CYLLLECTBEHHbIA HEOCTATOK: aB-
TOHOMHOCTb PC He No3BoNSeT rM6KO nepepacnpe-
[ensiTb He3a4enCcTBOBaHHbIE PECYPChI (BbIYUCU-
TefbHblE U NUTaloLMeE) Mexay anemeHTamu MNTK.
TakuMm o6pa3zom, ana co3gaHua N paboymx mect
Tpebyetcs N paboynx cTaHLmMi, cocToawmx na N
Bbl4MCNUTENBHBLIX YacTel, N cucteM BBOAA Bbl-
Boza v N cuctem obecneyeHuns 6ecnepedornHoro
nuTaHus. JaHHbIM aCNeKT CyLWeCTBEHHO OTpaxa-
€Tcsl KaK Ha CTOMMOCTH, TaK U Ha 3aHUMaeEMOM
NPOCTPaHCTBE CUCTEM U KOMIJIEKCOB.

Mpeanaraemoe pewenune

Ha coBpemeHHOM aTane pa3But1a nHbopma-
LIMOHHBIX TEXHONOIrMI CHOBa HabupaeT nonynsp-
HOCTb NMPUMEHSABLUMICS Ha PaHHWUX 3Tanax pas-
BUTUSA TEPMUHASbHBIV (KNUEHT-CEPBEPHbIN) AOCTYN
K BblYMCIUTENBHBIM pecypcam. [lJaHHoe pelueHne
NO3BOJISIET CYLLLECTBEHHO CHU3UTb YAENbHYIO CTO-
MMOCTb paboyero mecTa, ynpocTUTb ero o6ceiny-
YXMBaHWEe U 06ecneynTb npuemnemMbii ypoBeHb
KOHTPO/1S 3a NO/b30BaTeNAMU B CUCTEMAX pasnuny-
HOro YPOBHS MHGOPMALIMOHHON 3aLUMLLEHHOCTHU.

B coBpeMeHHbIX cucTemax pasfiMyHoro Ha-
3HAYeHUS POJib TEPMUHANa-KIMeHTa UCMONHAET
KomnakTHas [TABM ¢ cyLleCTBEHHO OrpaHUyeH-
HbIMU QYHKLMOHANIbHBIMW BO3MOXHOCTAMU — T.
H. «TOHKWW KIUEHT», OCYLLECTBNSAIOWMNIN CBA3b C
CepBEPHOM YacTbio (KaK nNpaBuno, cepBep) no
NpOTOKONaMm yaaneHHoro Aoctyna.

[aHHbIV NoaxoA npeanaraerca peann3oBaTb
NS pelleHns Halwen npobnembl, Ans 4yero He-
06X04MMO OCYyLWEeCTBUTb pasgenieHne GyHKLNI
APM mexay anemeHTaMun KoMMaeKca (puc. 2):

1) BblYMCAUTENBHBIE GYHKLWMKW NepeaatoTcs
BUPTyanbHOM MallvHe, NPOrpaMMHO OpraH130-
BaHHOM Ha 4YacTW MOLLHOCTEN CEPBEPOB U3 CO-
ctaBa lNTK (06beanHEHHbIE BbIYUCAUTESIbHbIE pe-
CYpPCbl C AMHaMUYECKUM MepepacnpeaeneHmem);

2) APM Ha 6a3e «TOHKOro K/neHTa» UCnof-
HAeT GYHKUMK ycTponcTBa MHPOPMaLIMOHHOIO
obMeHa Mexay BUpTyalbHOW MallMHOW U one-
paTtopowm;

3) cBA3b MEXKAY CepBEPHON HYacTblo (cepBep)
M KNMEeHTCKoM YacTtblo (APM) ocyliecTBnsieTcs
nocpeactsom JIBC komnnekca;
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PaGouas
CTaHIUAA

BreraucaurenpHas
4acTh

Cucrema Beojaa/
BBIBO/1A

Cucrema
oOecrieueHust
OecriepebOHHOro
MATAHHUS

Puc. 1. CywecTByiowiee peweHune

4) ons peanusaumm GyHKLMM obecrneyveHus
6ecnepebonHOro NUTaHNA B KOMMIEKC BKIIIO-
yatotcs YPI (yCTPOMCTBO KOMMYTaLMU 3NEKTPO-
nuTaHus ¢ UBM).

MN3meHeHns B nnaHe NporpamMHON peanu-
3auUnv NpUBEAEHbI Ha PUCYHKe 3.

PMNO yctaHaBnuBaeTcsa He Ha APM (cyuiecTBy-
lollee pelleHre), a Ha BUPTyasibHYI0O MalluHYy,

Pabouas
CTaHLIMs

BreruncnurennHas
4acTh

° Cucrema BBoa/
BBIBO/IA

Cucrema
oOecrieueHus
becniepeboiHOro
MUTaHKUs

[JOCTyN K KOTOpOW Nnonb3oBaTesb nonyvyaeT no-
CpeACTBOM «yAaneHHoro pabo4yero crona» — Npo-
rpamMMmbl-KnneHTa. Cuctema «<APM — BUpTyanbHas
MallMHa» N03BOASET BbINOAHATL MHPOPMALMOH-
Hble, yNpaBAsoLIMe M BCnoMoraTtesbHble PyHK-
umn PC B nonHom o6beme.

B kayecTBe 6a30BOro peleHus ans cep-
BEPHOM 4YacTu npepnaraercs Mcnonb3oBaTb

BeruucaureabHas 4acThb

Cepsep ° ° Cepsep
A
A
APM APM
L ] L ]
Cucrema Cucrema
BBOJIa/BLIBO/IA | | »| | BBOJ@/BBIBO/A

Cucrema obecrnieuenus decriepeGoiHOTro
IUTaHHUA

PucyHok 2. lMpepnaraemoe pewexHue APM Ha 6a3e yaaneHHOro/TepMuHaabHOIro goctyna




cUCTEMY yAaneHHOoro 4ocTyna U3 coctaBa cep-
BepHoi OC cemencTBa Linux, MCNonb3yowmx
npotokon RDP.

Mcnonb3oBaHMe NpeanaraeMoro pelleHus
MMeET cneayolme NpenmyLLecTa:

1) cHukaeTcs ctonmocTb APM 1 Komnnekca
B LIe/IOM;

2) OTCYTCTBYET ECTKas MPMBA3Ka NOMb30-
Batens K APM, 4yTo noBbllIaeT HageXHOCTb U
rMOKOCTb KOMMJIEKCa;

3) yMeHblIaeTcs BpeMs BOCCTaHOBEHUS
pab6oTtocrnocobHocTM APM 3a cyeT oTCyTCTBUSA
Heo6X0AMMOCTHM NPOBEAEHUSA onepauni ¢
PMoO;

4) ucnonb3oBaHue ynpouleHHbIx NM3BM B
Ka4yecTBe OCHoBbI At APM no3BonseTr UcnoJib-
30BaTb NACCMBHbIE METOAbI OXaXKAEHUS U, KaK
CNnefcTBUE, CHUXKAET LWYMOBYIO Harpya3Kky Ha
nepcoHarn;

5) ocyuiecTBneHme GyHKLUN yaaneHHoro ao-
cTyna v BBOAa,/BblBOAA CHUXaeT NOTPe6GHOCTL B
perynapHon mogepHusauun APM.

Mpegnaraemoe pelwenune ans APM nocTpoeHo
Ha «TOHKOM K/IMEHTe» — OAHOMNIaTHOM KOMIMblO-
Tepe cTaHaapTU3npoBaHHoOro dopm-daktopa
Ha 6a3e npoueccopa Intel Atom ¢ Habopom He-
06Xx0AnMbIX MHTEPDENCOB, BKIOYAET B ce6s He
MeHee [ABYX BWAEOMOHUTOPOB, YKadaTeNbHoe
YCTPOMCTBO(MbILLb, TPEKOOS, UAN ONLUMUOHANb-
HO — CEHCOPHbIN 3KpaH) U, B 3aBMCMMOCTH OT
noTpebHOCTEN 3aKa3vnKa, CUCTEMY aBTOpuU3a-
unn nonb3oBaTtens (6UOMETPUYECKUIN CEHCOP,
K/IoY, CMapT-KapTa), KaBuaTypy, akyCTUHECKYIO
cucTemy.

B kauectBe CI10 ana APM npeanonaraetcs
ncnonb3oBaTtb BcTpanBaemyto OC cemencTBa
Linux, BKNtoYatoLlyto B cebs nporpammy-KaneHT
yAaneHHoro goctyna.

Cepgep
CI10
b/l
CymiecTyroniee N N
perieHue - =
Paboyas PaGouas
CTaHLMA CTaHL KA
¥ X
PI1O PTIO
. .
CIIO CIIO
Cepsep
CI1IO
b/l
Bupryansuas / Bupryansuas
Ipennaraemas PITO
KOHIECIIMHA
et A% PRl
[ // A
<
APM 7 AN APM
Vnanenustii VnaneHusti
padounii pabouwnii
cron cron
CIIO CIIO

PucyHoK 3. U3MeHeHune nporpaMmmMHON peanusauuu

KOH®EPEHLINA

B 3aBMCUMOCTM OT BblGpaHHOro ¢Gopm-
dakTopa npeanonaraeTcs UCNONb30OBaHWE B
KayecTBe CPeACcTB BM3yalbHOro OTo6parkeHus
3KpaHOB C aHaNOrMyHbIMU BUAEOMOHUTOPY Xa-
paKTEPUCTUKAMM, OCYLLECTBASAIOWMNX CBA3b C
OfHOMNATHLIM KOMMbIOTEPOM NO cTaHaapTy LVDS.

Mcnonb3oBaHne CEHCOPHOro aKpaHa Aony-
CTUMO TONbKO anst APM, He nmelowumx ynpasns-
owen GyHKUUK.

Mcnonb3oBaHue cucTem aBTopU3aLmm Nosb-
30BaTens No3BOASeT YNPOCTUTb U YCKOPUTb
aBTOpU3aLMio Ha NpeaHa3HayYeHHoOW Ans Hero
BMPTyanbHOM MalUUHe

®dopm-daxkTop APM

MpuMeHeHMe CyLLeCTBYIOWMX KOHCTPYKTUB-
HbIX peLleHnn ana pabo4vmx cTaHUmMM Npu co3aa-
HUM APM — «TOHKOTO K/IMeHTa» HepauoHanbHo,
NOCKO/bKY:

1) 3a npeaensl yCTponcTBa BbIHECEHBI Bbl-
yucnutenbHas M NUTaloLas CUCTEMbI;

2) }ecTKas GUKcaLms 31eMEHTOB YCTPOMCTBa
CHUXaeT ero 3proHOMUYHOCTb.

MpepnaraeTtcs ucnonb3oBaTb pelleHne B
dopM-paKkTope «MOHOBMIOK» C BapuaTUBHbIM
pasmMelleHnem (NoBbIlEHNE 3PrOHOMMUYECKUX
xapaktepuctuk APM) Ha oducHOM me6enu ¢ no-
BblLUEHHbIMW MPOYHOCTHBIMU XapaKTePUCTUKaMMU.

KOHCTPYKTMBHO MOHOGNOK npeactaBnser
Co60M MeTaIMYeCKyo (KOMMO3UTHYI0) pamy C
pasmellleHHbIMY Ha HeW ¢ NOMOLLbIO BUGporacs-
LMX KpenneHuin anemeHtamm APM (ogHonnaTHbI
KOMMbIOTEP, MOHUTOP, 610K NUTaHKUS), 3aKto-
YEHHYI0 B 3aLUMTHbINA KOpMyc.

Martepuran Kopnyca MOHOG/I0Ka onpeaens-
eTCcs B COOTBETCTBMM C Knaccom 6e30MacHOCTH
APM no HIM-001-97 n npegbaBnsemMbiM K HEMY
Tpe6GoBaHMsAM Mo ycTon4neocTn K BB® n 3MC.

[laHHoe pelleHne NO3BONSET CYLECTBEHHO
YMEHbLUNTb CTOMMOCTb APM U CHU3UTL 3aBUCK-
MOCTb OT BHELLHWX MOCTABOK 3a CHET NPON3BOS-
CTBa OTAENbHbIX KOMMIEKTYIOWMX Ha MOLLLHOCTSIX
HUNUC.

MepcneKTuBbI

Cpeav BapuaHTOB fJafibHENLLErO pa3BUTUS
Hanbosnee akTyanbHbIM SBNSETCA MOCNEAYIOL NI
nepexoj K UCnosib30BaHUIO OAHOMNATHbLIX KOM-
NblOTEPOB POCCUINCKOro NPON3BOACTBA Ha 6a3e
NPOLLECCOPOB C COKPaLLEHHbIM HABOPOM KOMaHJ,
(ARM-npoueccopos) n CIMO OC PoMOC.

[aHHoe pelleHne No3BOUT:

1) CHM3WTb 3aBMCMMOCTb OT NMOCTaBOK MHO-
CTPaHHbIX KOMIMIEKTYIOLWUX;

2) cyLeCcTBEHHO NOHU3UTb 3HepronoTpebne-
Hue APM;

3) nony4nTb ry60oKMi 3aaen Ana pa3paboTku
6yayLIMX MOKOSIEHMIN KOMMNIEKCOB 1 cucteM ACY
TN ¢ ncnonb3oBaHUEM TEXHONOMMI AOMNOAHEHHON
peanbHOCTH.

NMpumeyaHue: Noj CUCTEMON LOMONHEHHOM
peanbHOCTU MOHUMMAETCS rpyrnna yCTpomcTB, 06e-
crneynBaloLLmx Bblaadvy MHGOPMaLMOHHbIX CUTHA-
N10B NONb30BaTeNo B NPUBSA3KE K OKpYXKatoLwewn
o6¢cTaHoBKe. MpuMepoM peanusalmun JaHHON
TEXHONOIMU ABNFIOTCA pa3pabaTbiBaeMble KOM-
naHuen Google o4ykn Google Glasses.

OTHOCHTENbHasa NPOCTOTa OCYLWECTBIEHUS
[aHHOW KOHLLenuuu1 No3BoNgeT peann3oBaTtb ee B
paMKax aKTyanbHbIX MPOEKTOB Mo co3gaHuto ACY
TN A3C ona pOCCUNCKMX U 3apyBEKHbBIX aTOMHbIX
CTaHLMN.

TarxKe onpefeneHHbIn UHTepec npeacTaBnger
peann3auus NOCTPOEHHOW Ha npeanaraemMom
peLlleHnn CUCTEMbI Ha HENPODUNbHbBIE PbIHKMU,
rAe OHa MOXET npeanaraTbCsl Kak HagexXHoe U
BbICOKO3aLLMLEHHOE peLleHne Ans paboThl C UH-
dpopmaumen, npeacrTaBnstolen KoOMMePYECKYo
MW FOCYAAaPCTBEHHYIO TaMHY.
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[1nannpoBaHue nponssoactesa Pryr «BHUNA»
C UCMNOJIb30BaHUEM NPOrPamMMHOro Moayns

«Pabo4ada maTtpuua»

E. A. lymeniok, ®ryn BHUMA

B HacTosiulee BpeMs nnaHWpoBaHue npo-
nssogctea ®ryn «BHNMUA» (B ganbHewnwem
— NpeanpusaTie) ocylWwecTBASETCS C NOMOLbIO
aBTOMAaTW3MPOBAHHOW CMCTEMbI YNIPaBAEHNS NPO-
M3BOJACTBEHHbIM KOMMJIEKCOM MHCTUTYTa (ACY
MKMW), koTopas obecneynBaeT ABYXypOBHEBOE
nnaHMpoBaHue.

MNepBbit ypoBeHb ACY MKW obecneynsaet
nnaHupoBaHWe U3roTOBIEHUS U3AENUN (CEepUnt-
HbIX, OMbITHbIX, MAKETHBbIX), ABNAIOLLUXCA FOTOBOW
NPOAyKLMEV NpeanpusaTus, a Takke nonybabpu-
KaToB (aeTtanemn, cC60pOYHbIX eANHULL, U3OENUN),
ABNSAOLLMXCA COCTABHbIMM YaCTAMK U3roTaBv-
BaeMOW MPOAYKLWM U U3roTaB/IMBAEMbIX «Ha
NoNiKy» C Lenblo ob6ecnevyeHns pUTMUYHOCTU U
HenpepbIBHOCTM MPOM3BOACTBEHHOMO NpoLiecca.
OTgenbHas No3unLmsa NPOM3BOACTBEHHOIO MaHa
Ha3blBaeTCs NNaHOBbIM 3agaHuem (M13).

BTopon ypoBeHb ACY MKW obecneynBaeT
nnaHMpoBaHWe U3roToBNeHUs AeTanen u coo-
poyHbIx eanHuy, (ACE), ncnonb3yembix B TEXHO-
NIOTMYECKON LienoYKe U3roToBAEHWUS U3AENNUN,
BK/IIOYEHHbIX B M/1aH NEPBOro yPOBHS.

NMnaHupoBaHHue LLEXOBOMH e ATEIbHOCTH
B ACY NKH

B pamKkax BTOpPOro ypoBHSl MiaHMpPOBaHMs
ACY MKW B moayne «MaTtpuua nnaHa» Npouns-
BOAMTCS aBTOMaTU4YECKUIN pacyeT AeTanbHOro
cocTaBa MiaHoBOro 3agaHus (Matpuubl M3),
BK/tOYas onpepeneHme LEeXoB-n3roToBuUTenew
no3uuui coctaBa, Ux TPYAOEMKOCTM U CPOKOB
BbINO/IHEHWUS MO TEOPETUYECKU BbIBELEHHON
dopmyne. Pacyet maTpuLbl OCYLECTBASETCS C
MCMONb30BaHMEM KOHCTPYKTOPCKO-TEXHONOMNYe-
CKOM MHDOPMaLMKU, MapLWpPYTHBIX KapT, a Takxe
psiga cnpaBoYHMKOB. Ha ocHoBe matpuubl 13
NpoOu3BOANTCA aBTOMaTUYecKoe GopmMupoBaHue
LLeXOBbIX M/IaHOB.

[laHHbIM NOAXO0A K NOMYYEHMIOo NIaHOB LIEX0B
npegnonaran TO4HOCTb MOMYYEHHbIX NPU aBToO-
MaTU4eCcKoM GOPMUPOBaAHMM MaTpULbl AaHHbIX
B 4aCTW CPOKOB BbINOSIHEHUS U KonuyecTBa [JCE
B paMKax NiiaHoBOro 3agaHus. B gevictButenb-
HOCTM [aKe Npu NepBMYHOM 3anycKe Hepeako
BO3HWKaeT He06X0ANMOCTb NPOBEAEHNS KOPPEK-
TUPOBKM M1aHOB 060MX YPOBHEN MO Pa3NnYHbIM
NpUYNUHaM: OTCYTCTBME HEOOBXOAMMOCTU U3TO-
TOBJIEHUS] B KOHKPETHOM 3aKa3e MOJIHOro Co-
CTaBa u3aenus, NosiBneHne 3ajayqum yBenmyeHuns
KO/MM4yecTBa COCTaBHbIX YacTen, BOBHUKHOBEHME
pPa3nnYHbIX TPE60BAHMI N0 UCNONb30BaHMIO 3a-
gena. o pa3apaboTKM NPOrpamMMHOro Moayns
«Paboyas maTpvLa» OTCYTCTBOBANa BO3MOXHOCTb
aBTOMaTU3UPOBAHHOW KOPPEKTUPOBKU PEKBU-
3uTtoB [CE 13 coctaBa nnaHoOBOro 3agaHus,
aHann3a nepapxmyecKkoro TEXHOIOMMYECKOro
oTxofa. B cnyyae He06X0AMMOCTU yBENUYEHNS
konuyectBa [JCE anda yyera TexHoOnorM4yeckoro
0TX04a WM U3MEHEHMS CPOKOB BbinoaHeHuns 1CE
BCE KOPPEKTUPOBKMU NPUXOANIOCH NPOU3BOAUTb
HenocpeacTBEHHO B LLEXOBLIX NJlaHax B Moay/e
«LlexoBoe nnaHnpoBaHue», rae HEBO3MOXHO OT-
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cnefuTb MepapxmMyecKyto 3aBUCUMOCTb MeXay
no3uuMsaIMK cocTaBa NI1aHOBOrO 3afaHus.

Kpome nameHeHnmn matpuupl N3, cBA3aHHbIX
C NepBUYHON 06pabOTKON, B MpoLecce U3ro-
TOB/IEHUSA UBAENNUSA MOXKET BO3HUKHYTb HEOOXO-
[MMOCTb NPOBEEHNS KOPPEKTUPOBOK NO3ULIUIA
LLeXOBbIX NMaHOB, CBA3aHHbIX C UBMEHEHUEM
PEKBU3UTOB MNAHOBOrO 3afjaHusl, a TaKkxke C
BbIXO4OM M3BELLEHU 06 U3MEHEHUW cocTaBa.
B ACY MKMW oTcyTcTBOBan LEHTPann3oBaHHbIN
nHTEpdENC CBOEBPEMEHHOIO MHOOPMUPOBAHMUSA
0 nepeyHe LexoBbIX NO3ULMIA, KOTOPble HE06X0-
[MMO CKOPPEKTUPOBaATb, YTO MOXKET NPUBECTH K
HeonpaBAaHHbIM MaTepuanbHbIM U TPYAOBbLIM
3aTpaTtam.

KoppeKTnpoBKa LexoBbix MN1aHOB He oTpa-
YKaeTcs Ha No3uumax maTpuubl. B To e Bpems
nepecyeT MaTpuLbl B COOTBETCTBMU C U3MEHE-
HUSIMU B 6a3€ KOHCTPYKTOPCKO-TEXHOOMMYECKOWM
nHbopmaumm (KTU) ocyulectsnsetca aBToma-
TUYECKM KaXKabli AEHb, YTO MOXET NPUBECTU K
M3MEHEHWM MaTpU1Lbl, KOTOPbIE B CBOD 04Yepeab
He oTpa)KatloTcs B LIEXOBbIX MaaHax. HecuHxpo-
HW30BaHHbIE KOPPEKTUPOBKM MPUBOAAT K NOTeE-
PSIM @KTyalbHOCTV COCTaBa B XO4€e BbINONHEHUS
NAaHOBOro 3ajaHus, a JaHHble No MaTtpuue N3 u
LLeX0BbIM MaHaM He COOTBETCTBYIOT APYr APYrY.
PaHee peann3oBaHHbIN anroput™ 3Ha4YuTeNbHO
o6nerynn Tpya NpoM3BOACTBEHHOMO AUCNeTYEpPa
W NNaHOBWKa, OAHAKO 3HaYyuTenbHas AoNs Bbl-
NOMHAEMbIX UM OnepaLui ocTanack 3a paMmKamu
aBTomMaTM3aLmu.

TakMM 06pas30oM, AaHHbIM NOAX0A K NAaHUPO-
BaHWIO UMEET creaylolme HeJoCTaTKu:

1. OTCYTCTBUE MEPAPXMYECKON 3aBUCUMOCTH
MeXay NO3ULMSAMU LIEXOBbIX NIaHOB;

2. OTCYTCTBWE LEHTPaNM30BaHHOIO UHTEp-
denca MHOOPMMUPOBAHUA O HEOBXOAMMOCTH
KOPPEKTUPOBKM AETaNbHOIO COCTaBa NaaHOBO-
ro 3afaHus;

3. OTCYTCTBME CUHXPOHU3ALMM AaHHbIX MO Lie-
XOBbIM MNaHaM 1 MaTpuLe NaHOBOro 3ajaHus;

4. oTCYTCTBME aKTyaslbHOrO COCTaBa naaHo-
BOro 3ajaHus.

C uenbto ycTpaHeHus BbISIBNEHHbIX HejocTaT-
KOB 6bI10 MPUHATO peLleHne 0 co34aHnM Moayns
«Paboyas maTpuua» B ACY MKW, KoTopbin npeao-
CTaBWUT BO3MOXHOCTb KOPPEKTUPOBKU MaTpULLbI
N1aHOBOro 3afaHus B 1l060M MOMEHT ero BbIno-
HeHus, obecrneynBas NpPU 3TOM CUHXPOHMU3ALMIO
C NJaHaMu LexoB, NPOCMOTpa aKTyanbHOro Co-
CTaBa N/1aHOBOro 3aJjaHns B peXXume peanbHoro
BPEMEHM C y4ETOM COCTOSHUS €r0 U3rOTOBNEHMS.

[ONns AOCTUXKEHUA 3TOoM Lenu Oblnn noctas-
NeHbl crnegyiolne 3agayu:

1. pa3paboTKa uHTepderica moayns;

2. pa3paboTKa CpeacTB MHTErpaLmm Moaynen
«Matpuua nnaHa», «<Paboyast maTpuuar, «LlexoBoe
nnaHMpoBaHue»;

3. pa3paboTKa cpeactB MHPOPMUPOBAHUS
0 Heo6X0AMMOCTH NPOBEAEHNS KOPPEKTUPOBOK
cocTaBa;

4. pazpaboTka nHTepdenca ans cpaBHEHUS
[eNcTByloLLero AeTalbHOro coctaBa naaHoBOro
3aaHusa 1 cocTaBa, NONYYEeHHOro B pe3ynbraTte
NPOBeAEHHbIX KOHCTPYKTOPCKUX U3MEHEHU B
cocTaBe u3genus.

Mopaynb «PaGouyasa maTpuya»
PaspaboTaHHbli Moaynb «Paboyas maTpuua»
npeacTaBnaseT cob0M MHOrononb30BaTeIbCKoe
KIMEHT-CepBEPHOE NPUNOKEHUE MO YNpaB/ieHu-
eMm CYB/] Oracle 10g Enterprise, o6ecne4ynBato-
Liee pasrpaHnyeHne npae AocTyna K MHbopma-
LMW ANs pas3nnyHbIX KaTeropui nosib3oBaTenem
Ha ocHoBe CncTeMbl pa3rpaHMyeHuns npaB JoCTy-
na KoprnopaTnBHOM MHDOPMaLIMOHHO yrpaBsito-
wew cuctembl (KUYC) npeanpuatus. B HacTosiwmm
MOMEHT An1a paboTbl ¢ Moaynem npegycmaTpu-
BaloTCH CieaytoLiMe KaTeropun nonb3oBarenen:
COTPYAHMK NPOM3BOACTBEHHO-ANCMNETYEPCKOrO
oTaena, oCyLeCcTBAAOWMNN 06pabOoTKY MaTpULLbI
M3 Ha nto6om 3Tane ero U3roToBfIEHUS, COTPYA-
HUK MPOU3BOACTBEHHO-ANCNETYEPCKOro 610pPO,

Acy nKM I 3anskM Ha pacyeT N3 Moﬂyﬂb «ManHua
nnaHa» CreumdmKanmi nanenmii,
MAPWIPYTHLIE KAPTE!
) KoHcTpyKkTOpCKO -
Focraa s TexHonoruyeckas
vmHcpopmauusa
Cuctema —— a MHbopMaLma o KopPeKTUROBKaM
pa3srpaHuyeHus " 7, | Mopynk «Pa6oyas cocraga yanos
nocryna marpuua»

Mepeyets No3MUMA onA
WIrOTOBMNEHMA LEXOM

Peaepeuposanue OCE

AC
«KoMnneKkroBoYHbIN

Mopayne «LlexoBoe
nnaHUpoBaHWe »

cknag»

Puc. 1. B3aumopgeiictBue moayna «<Paéoyas matpuuar» c o6bektammu KUYC




MMELOLLIMM OCTYN K NPOCMOTPY MHdOpMaLMK No
matpuue N3, agMmuHucTpaTop cuctemMbl. Moaynb
«Paboyas maTpuua» Bxoaut B coctaB ACY MKMW,
apnatouwenca yactoto KMYC, n Haxoamntca BO
B3anMMOAENCTBUU C Apyrumu ob6bekTammn KNUYC
(cm. puc. 1).

B npouecce paboTbl Hag cucTemomn obecne-
yeHa uHTerpaumusa moayns «Paboyas matpuuar»
1 moayns «<MaTtpuua nnaHa» B HacTv NosyyYeHus
paccyuTaHHoro B Mopyne «MaTpuua nnaHa»
[leTanbHOro cocTaBa MjaHOBOro 3agaHus. B
Mogayne «Pabo4vas maTpuua» ocylecTBnseTcs
nepBuyHasi 06paboTKa aToro coctaBa. OHa 3a-
Knto4aeTcs B npoBeaeHum pacuexosku CE, ana
KOTOPbIX He Bbln onpeeneH aBTOMaTUYeCKH Liex-
M3roToBuTENb, YBENMYEHMU KonndectBa [CE ¢
LLeNblo y4eTa TEXHOIOMMYECKOro 0TxoAa, U3Me-
HeHWn cpoKoB BbinonHenusa CE ¢ ucnonb3osa-
HUMEM anropvTmMa aBTOMaTMYECKOro nepecyeTta
cpoKoB BbinonHeHns [JCE 6onee BbICOKOro ypoB-
HS Mepapxuu (y3noB), pesepsuposanum CE Ha
KOMMNEKTOBOYHOM CK/1aae, NPy HE06X0ANMOCTH
M3MEHEHUM ieTaNnbHOro coctasa. [lonb3oBaTtento
npeaocTaBAseTcss BO3MOXHOCTb NPOBEAEHUS
pacyeTa TPYAOEMKOCTU MO LiexaM B paMKax 06-
pabaTbiBaeMOro naaHoBoro 3agaHus. lNocne
nepBu4yHOM 06pabOTKM MPOU3BOAUTCS YTBEPK-
[leH1e NNaHOBOro 3ajaHua U aBTOMaTU4yecKoe
BK/toYeHMe [ICE B nnaHbl COOTBETCTBYIOLWIMX Lie-
xoB. [ocne yTBepxaeHusa matpuubl M3 Kaxkayto
HOYb aBTOMATUYECKM NPOBOAUTCA aHaNM3 6asbl
KOHCTPYKTOPCKO-TEXHONOMMYECKON MHDOPMaLIMK
(KTW) Ha Hann4vne n3MeHEHUI B cocTaBax y3/10B.
Mpun aTomM GopMUpyeTCs NepeyeHb YTBEPKAEH-
HbIX MJIAHOBLIX 3aflaHUi, coepXKaluux y3nbl, B
KOTOPbIX MPOU30LAN U3MEHEHUS. [lanee Nonb-
3oBaTeNlb moayns «Paboyaa matpuua» JOMKEH
o6paboTaTtb NiaHOBble 3aaHus, Bollealwne B
3TOT NepeyeHb, MPUHAB peLleHne, NPoBOAUTb
[laHHble UBMEHEHUS B BbIMOMHAEMOM MJ1aHOBOM
3aaHWM1 UK OTKJIOHUTb MX. 15 nOMOLLM B NpK-
HSATUM peLleHns NoNb30BaTeNto NpejocTaBaseTcs
MHbOpPMaLIMS O CTENEHM FOTOBHOCTU KaK camoro
NJaHoOBOro 3afjaHus, Tak u otaenbHbix ACE, a
TaKKe nHTepdenc ans cpaBHEHUS TEKYLLEro COo-
cTaBa o6pabaTbiBAEMOro NiaHoOBOro 3ajaHuns 1
CcOCTaBa, KOTOPbIM Gbin 6bl MONTY4EH B pe3y/bTaTte
pacyeTta € y4eTOM KOHCTPYKTOPCKUX UBMEHEHUM.
MNocne 06paboTKM cocTaBa N1aHOBOro 3ajaHus
NPOBOANTCH CUHXPOHMU3ALUS U3SMEHEHHbIX MO3U-
LM MaTpuLbl U COOTBETCTBYIOWMX UM MO3ULMIA
LIEXOBbIX MJ1AHOB.

CpaBHeHHe COCTaBOB

MpennockbiKon Ana co3aaHnsa MHCTPYMEHTa
Nno CpaBHEHUIO COCTABOB MJIAHOBOr0 3ajaHus
M 06paboOTKMU UX Pas3IUYUiN IBUNIACb KaK npak-
TMYecKaa HeobXxoaAMMOCTb, TaK U TEXHUYECKUI
HeOoCTaToK, MPUCYTCTBYIOWMIK B AENCTBYIOLLEN
cucrteme. PaHee nonb3oBaTtento NpeaocTaBs-
nacb nHdopmaLms 06 U3MEHEHUSX B y3Nax B BUe
W3BELLEHUI, B KOTOPbIX MPUBOANIOCH ONMUCaHWe
BHECEHHbIX B y3en AopaboToK. O3HaKOMMBLIWCH
C coaeprKaHuem n3BellleHns, 6bl10 He06X0AMMO
BHECTU KOPPEKTUPOBKM B LIEXOBbIE M1aHbI.

OgHUM M3 BUOOB U3MEHEHUI SBNSETCS 3a-
MeHa OJHOro BXOASLWEro B uccnegyemMblin ysen
y3/1a Ha apyrow. B TeKcTte U3BeLLEHNS NPUCYT-
CTBYET MHPOPMALINS TONbKO O paKTe 3aMeHbl,
npu 3TOM MONb30BaTEN0 He nNpeaocTaBnseTcs
MHbOpPMaUMUs 0 cocTaBax 3TUX Y3/I0B U UX pas-
nMunsx. TexHMyeckr onepaums 3aMeHbl y3/10B
NPUBOANNA K KOPPEKTUPOBKE LIEXOBOM MO3ULIUK.
OAHMM 13 e€ PEKBM3UTOB GbISI0 CTPOKOBOE MNoJe,
cocTosiee 13 naeHTMdnaTopos MaTpmLbl, pas-
[eNeHHbIX 3HaKOM «\», XpaHuBLIee nHbopmaLmio,
[N KaKoro y3na njaHoBOro 3ajaHusa U3rotas-
NIMBAETCS AaHHas No3uLMS, a TakKe Kakue rno-
3ULMK B MNAHOBOM 3ajaHunn Heo6XoauMMbl Ans

Puc. 2. dopma cpaBHEHUSA COCTaBOB

ee nsrotosnieHus. MNpu ocyLlecTBAEHUN 3aMeHbI
B COOTBETCTBMM C U3BELLEHNEM NepecyeT AaH-
HOrO MONA He NPOU3BOAMIICA, YTO MPUBOAMIO K
CUTyaLnK, NpU KOTOPOK B NiaHe Npou3BOACTBa
06pa30BbIBaNCh MO3ULIMK, YbE U3FOTOBNEHME HE
06ycnaBnMBanoCb HEOH6XOAMMOCTbLIO UX HANNYKA
B COOPKE BEPXHEro ypoBHS. BBeaeHve B LiexoBble
nnanbl ACE, Heob6xoaMMbIX ANS U3roTOBNEHUSA
HOBOroO y3na, BbiBoA 13 nnaHos [ICE, He Bxoas-
LMX B €ro cocTaB, NepecyeT U KOPPEKTUPOBKY
KOMMYeCcTBa 1 CPOKOB BbINONHEHWS COCTaBNSAIO-
LWMX y31a NPUXOAMNI0CH MPOU3BOAUTL BPYUHYIO.

Pa3pa6oTaHHbIv B Moayne «Paboyas maTpu-
La» anropuMTM CpaBHEHWS COCTaBOB BKJOYAET
B ce6s onpeaeneHne nepeyHs nnaHoBbIX 3aja-
HUN, TpebyloWwmnx 06paboTKK, a 3aTeEM B paMKax
OHOro NNaHOBOrO 3aaHusa nocnegoBaTenbHOe
CpaBHEHME Y3/10B, HAa4YMHas C BEPXHEro ypoB-
H$1, TEKYLLLEro MU HOBOrO COCTaBa Mo creaylowmm
KpuTepusim: 0603HavyeHune, NNaHoBOEe Konunye-
CTBO, Ha/n4Me JaHHOro y3na B HOBOM COCTaBe.
NHTepdenc NHCTpYMEHTa npeacTaBnseT cobomn
$opMy, B 1I€BOM HaCTU KOTOPOMN pacKpbliBaeTcs
TEKyLLMIM cocTaB, B MpaBon — HOBbIM cocTas 13
(c™m. puc. 2). UcnonbayloTcss MHPOPMaLMOHHbIE
NMUKTOrpamMMbl A9 MAeHTUdUKaLMK XapaKTepa
M3MeHeHUn. PyHKUUS aBTOMaTUY4EeCKOro nouc-
Ka NO3BOASIET ONPEAENNUTb PACXOKAEHUS MEXIY
coctaBamu. [Janee nonb3oBaTtento He06xoAMMO
MPUHATb pPeLleHNe OTHOCUTENBbHO OT/IMHALOLLErocs
y3na: yaanuTtb, 3aMeHUTb Ha y3eN U3 HOBOIo CO-
CTaBa WAV NPUHATL KOJIMYECTBO, PaBHOE KOMU-
4YeCTBY aHaNOrMYHOro y3sa B HOBOM cocTaBe. B
C/ly4ae 3aMeHbl OCYLLECTBNSETCH aBTOMaTUYECKOE

Puc. 3. ThaBHaa ¢dopma moayna «Pa6oyasa matpuua»
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onpeaeneHune o6wux CE ans HOBOro 1 TeKyLero
CcOCTaBa, 4YTO CyWEeCTBEHHO YMEHbLIaeT Yncno
uTepaLuin 3anycka GyHKUMKM aBTOMATUHECKOro
noucka. NonHocTbI0 aBTOMaTU3UPOBaThb JaHHbIN
npoLiecc NoKa He NPeACTaBASETCH BO3MOMXHbIM
13-3a HedpopManM30BaHHOIO xapaKTepa U3BelLLe-
HUI. Ho AaHHbIM NoAxo4 NO3BONSET NOAAEPHM-
BaTb MEpPaApXMYECKYIO 3aBUCUMOCTb mexay [ACE
cocTaBa, a TaKXe m3bexaTb Heob6XoaANMMOCTH
KOPPEKTUPOBKK Kaxkaon otaenbHon ACE, ocy-
LLECTBNAA KOPPEKTUPOBKY B paMKax y3na.

Untepdeiic moaynsa «PaGouyan maTpuua»

B ocHOBe MHTEpPdENCHOro pelleHns paspa-
6OTKN NIEXMUT Mepapxnuyeckoe npeacraBrieHve
[AeTanbHOro coctaBa MNaHOBOro 3ajaHus, Ta-
61n4Hoe npeactaBneHue nepeyvns ACE, crpyn-
NMUPOBAHHOIO MO LIEXaM-U3roTOBUTENSAM, a TaKKe
rpaduyeckoe npeacraBieHne NIaHOBOro 3a-
[laHus B BUAe avarpammbl [aHTTa (cm. puc. 3).

MNMonb3oBaTento NpeaocTaBNAETCS BO3MOXK-
HOCTb YnpaBfieHUs 06beKTaMu rnaBHOM GOpMbI
MOAY/S B YacTW BbIBEAEHMWS Ha IKPaH M CKPbITHA
Takon nHdopmMauun, Kak nepeyeHb LLexoB-U3ro-
ToBuTENeM N3, nepeyeHb LexoB-KoonepaTopos,
nepedeHb n3genunn 6assl KTU, pacnpeaenexHune
TpyaoemkocTv N3 no mecsuam, CONpoBOAUTENb-
Hble nacnopTa Ha [ICE, pe3epB1poBaHue Ha KOM-
NNEKTOBOYHOM CKNlaje, TEXHONOrMYECKUE OTXOAbI.
[aHHbIM noaxoa no3BonseT u3bexatb BU3yasb-
HOW 3arpyeHHOCT1 GOpMbI, NPEAOCTaBASAA NPU
3TOM N0/b30BATENO UMEHHO TY JOMOAHNUTENbHYIO
MHbOPMaLMIO O NNAHOBOM 3aJaHuK, KoTopas
Heo6xoaMMa Ha JaHHOM 3Tane ero 06paboTKM.
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KOH®EPEHLNA

CoBeplueHCcTBOBaHWe Ka4yecTBa CBapPHbIX COeAUHEHNI
M HanaBNEeHHbIX NOBepPXHOCTEN 060opyaoBaHUA AJY

npon3soactesa OAO «MKopcKue 3aBobl»

A.M. EpmonuH, INA. CMONIbHUKOB
OAO «MxopcKue 3aBoabl»

MopcKue 3aBoabl — OAHO M3 CTapenLmx
NPOMbIWAEHHbIX NpeanpuaTuii Poccumn, ocHo-
BaHHoe B 1722 roay no ykasy NeTtpa Benukoro.
3a rofbl cBoern paboTbl 3aBOJ4aHE BNUcanu B
nctopwmio Poccumn Hemano NnpMMepoB JOCTOMHO-
ro cny>keHusa OTevyecTBy: CO34aHME U pa3BUTHE
poccurckoro ¢nota, CTpouTenbCTBO CaHKT-
MNetepbypra, o60poHa JleHUHrpaga, co3gaHue
nepBoro BOJO-BOAAHOI0 aTOMHOI0O peakTopa.

CeroaHs OfHUM M3 CTpaTEermM4yeckux Ha-
npaBfieHUI gesTenbHOCTU MOPCKMX 3aBOAOB
ABNAETCA NPOEeKTUpPOBaHUEe U NPOM3BOACTBO
o6opyaoBaHua Ans aTOMHOM 3HEpPreTuku. B Ha-
cToswee BpeMs MKopcKue 3aBofbl BbiMyCcKaloT
KopnycHoe o6opyaoBaHue Ans BOAO-BOAAHbIX
aHepreTnyeckux peaktopos BBIP-1200 anek-
TpuyecKon MmouwHocTbio 1200 MBT. Cpok 3Ke-
nayatauum HOBOrO peakTopa yBennymBaeTcs
no 60 net.

[MpOn3BOACTBEHHbIE MOLWHOCTU Npeanpu-
ATUS NO3BONSAIOT BblNyCKaTb YHUKaANbHYIO NO ra-
6apuTam M CBOWCTBAM MPOAYKLMIO, KOTopas
BoCcTpeboBaHa Ha POCCUMCKOM U 3apybexHOM
pbIHKaX aTOMHbIX TEXHONOrnn. MxopcKkune 3aBo-
[bl U3roTaBAMBaIOT KOpNycHoe o6opyaoBaHue
nepBOro KOHTypa ANt aTOMHbIX 9HEPreTUYECKUX
YCTaHOBOK C BOAO-BOASHbIMU 3HEPreTUHECKUMU
peaKktopamu (BB3IP):

e KOPMyC peaKtopa C BHYTPUKOPMYCHbIMU
YCTPOWCTBaMM U BEPXHUM GIOKOM;

e 060pyaoOBaHMe GETOHHON LWaXTbl peaKTopa;

e KOpMyc naporeHepaTtopa;

e KOJIEKTOP;

e KOMMEHCATOp JaBNEeHUs;

e ruapoemkoctn CAO3 (cuctembl aBapuint-
HOro OXNakAeHWs aKTUBHOM 30Hbl) 1 CIMN3A3
(cucTeMbl NAaCCUBHOIO 3a/IMBa aKTUBHOM 30HbI);

® KOPMyC rMaBHOMO LMPKYAALMOHHOIO Ha-
coca;

® [/1aBHble LMPKYNALUMOHHbIE TPY6OMNPOBOALI;

® TPaHCMOPTHO-TEXHONIOTMYECKOe 060pyao-
BaHMUe;

e MPUBOAbI CUCTEMbI YNIPABAEHUS U 3aLLMTbI
nap.;

e 3anacHble YacTu.

YcnelwHbIn NonyBEKOBOM OMbIT 3KCNayaTaLMu
aTOMHbIX BOAO-BOASIHbIX PEaKTOPOB NPOU3BOA-
cTBa Mopckux 3aBoaoB Ha AQC B pa3nunyHbIxX
CTpaHax fABNSeTCA NOATBEPKAEHNEM UX HAAEXK-
HOCTH 1 6e30MacHOCTH.

B uensx noBbilweHUs 3GPEKTUBHOCTU NPO-
M3BOACTBa M ONTUMM3aLMK 3aTpaT Ha coBpe-
MEHHOM MaLIMHOCTPOUTENBHOM MPEANPUATUN
Heo6Xx0AMMO MNOCTOSIHHO pa3pabaTbiBaTh M BHe-
APSiTb MEPONPHUATUS MO MOBbILEHUIO NPOU3BO-
OWTEeNbHOCTU NPOU3BOACTBEHHOMO npouecca u
CHUKEHMIO UBAEPIKEK HA U3TOTOBNIEHME NPOAYK-
unn. Heo6xoaAMMOCTb NMOCTOSIHHOrO BHEAPEHUS
YyKa3aHHbIX MEPONPUATUI LUKTYeTCs Bce 6onee
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Puc. 1. PasBuTHe TEXHOJIONMU CBapPKM KOJbLieBbIX LWWBOB Kopnyca peaktopa BBAP-1000

BO3pacTaloLen KOHKYPEHLIMEN Ha PbIHKE Mallu-
HOCTPOUTENbHOM NPOAYKLMH.

B paHHOM paboTe paccMOTpeHbl ABa OcC-
HOBHbIX MPOU3BOACTBEHHbIX Npouecca Ha OAO
«MopCKKMe 3aBOfbl», KOTOPbIE TPEBYIOT 60/bLLIOrO
KONMYyeCcTBa BPEMEHHbIX U MaTepuanbHbIX 3aTpar:

— aBTOMaTtu4yecKasi cBapka nog cnoem ¢nio-
Ca KO/MbLEBbLIX WBOB TOJICTOCTEHHbIX U3AENUI
aTOMHOWM U HePTEXMMUYECKOW NPOMBILLNEHHOCTH;

— HaHeceHWe aHTMKOPPO3MOHHOIO MOKPbI-
TUS HA BHYTPEHHME MOBEPXHOCTU EMKOCTHOIO
o6opyfoBaHUs aTOMHON U HeDTEXUMUYECKON
NPOMBbIWAIEHHOCTH, MOAJIEXAlLME KOHTAKTY C
arpeccuBHoOM paboyen cpeaon.

MoBbIWeHWe NPOU3BOANTENBHOCTU JAHHbIX
NMPOLECCOB B 3HAYUTENBHOM CTENEHN onpeaenseT
KOHEYHYIO CTOMMOCTb U3[ENWI U, TaKUM 06pa3omMm,
npeactaBnsieT co60M OAHY U3 rMaBHbIX 3a4ay B
OCBOEHMM HOBbIX TEXHONIOTMUI M MPOrPECCUBHbIX
MEeTOZ0B B 06/1aCTV CBAPKMW U HaMNNaBKMU.

OcBO€eHHe 1 BHeapeHWe B MPOU3BOACTBO aB-
TOMaTUYECKOW CBapPKM B Y3KOLLENEBYIO Pa3aenkKy

[ns cBapKu coequHeHu, paboTalolLmxX nNoj
faBneHuneMm, Ha OAO «MopcKkue 3aBofbl» Mpu-
MEHSIOTCA MeToAbl aBTOMaTMYeCKON AyroBowm
CBapKu noa GalcoM, PyYHON 31EKTPOAYroBOM
CBapPKK METaNIMYECKNM MNOKPbITbIM 3NEKTPOAOM,
nonyaBTOMaTU4YECKOW CBapKM B CPEAE MHEPTHbIX
rasoB W Py4HOW aproHoAyroBOi CBapKW BOJb-
$pamMoBbIM 3NEKTPOAOM.

[ns cBapKW TONCTOCTEHHbIX KOHCTPYKLMK
Hanbonee NPMMeEHAEMOMN B HacToslee Bpems
ABNSIETCS TEXHONOMUSt aBTOMATUYECKOW AyroBOWM
CBapKKW OAMHOYHbBIM MPOBONOYHbIM 3/1IEKTPOAOM
noa cnoem dntoca. Npon3BoaNTENBHOCTb TAKOMO
npoLiecca cocTaBnseT nopsgka 5 Kr NpoOBOIOKK
B Yac.

Mocne npoBeaeHns MccnefoBaTeNIbCKMUX U
onbITHbIX pa6oT Ha OAO «MKopckue 3aBoAbI»
Oblfla yCnewHo OCBOeHa U BHeApeHa B Mpous-

BO/JICTBO TEXHO/IOIUS CBAPKMU KONbLIEBbLIX LIBOB
B Y3KOLLENEBYIO pPa3fesiky — yron pa3genku 6bin
n3meHeH ¢ 13° Ha 8°, 3aTeM ¢ 8° Ha 4°, 3aTeM
YMeHblUEH ¢ 4° go 1°.

OCHOBHbIe Lenu:

e MOBbILIEHME KaYeCcTBa CBapKK;

e CHUWXXEHWE CBAPOYHbIX HAMPSXKEHNN;

® CHUWXEHWE MaTepmnanoemMKoCTH;

® CHWXXEHUEe TPYAOEMKOCTWU BbINOSHEHUSA
CBapOY4HbIX paboT.

OAOQ «MopcKure 3aBoabl» Ha AaHHbIA MOMEHT
ABNSAOTCA eMHCTBEHHbIM B Poccun npeanpuatu-
€M, OCBOMUBLLMM NPOLIECC CBAPKM B Y3KOLLENEBYIO
pa3genky.

Havany cBapKku Ha n3genvv Bcerga npegue-
CTBYIOT P NOArOTOBUTESIbHBIX MU KOHTPOJSIbHbIX
MEPONPUATUI, KOTOPbIE U GbIIM peann3oBaHbl
npu paspaboTKe U BHEAPEHUU TEXHONOMMU aB-
TOMaTUYECKOW CBaPKM KOJbLEBbLIX LIBOB B y3-
KOLLeNeBYo pa3aesnKy:

1) npuobpeTeHne cBapoyHOro ob6opyaoBa-
HUS;

2) ucnbiTaHWE MEexaHUYeCKUX CBOMUCTB
CBapHbIX COEANUHEHUI U aTTecTalus TEXHOMO-
rMU CBapKy;

3) obyyeHwne 1 aTTecTaumus nepcoHana.

[na BbINONHEHMS aBTOMATUYECKON CBApPKM
KO/bLIEBLIX LUBOB B Y3KOLLENEBYIO Pa3aesKy He-
06X0AMMO creLnanM3npoBaHHoOe CBapoyHoe
obopyaoBaHue. Ha MXopcKkux 3aBogax npume-
HsieTcs cBapoyHas ronoBka HNG-S ¢upmbl ESAB
C CUCTEMOW CNTEXXEHMS U CUCTEMOM aBTOMaTUYe-
CKOW pacKiafikvu BaluKOB.

Ha OAO «M»opcKue 3aBofbl» Obl/IM BbINOSHE-
Hbl MPOM3BOACTBEHHbIE KOHTPOJIbHbIE CBapPHbIE
coeanHenns (MKCC), nmutupylowme ceapHbole
COEAMHEHUS Ha U3AENMK C YrlaMKu cKoca pas-
nenok 8°, 4° n 1° v nony4yeHbl MexaHW4eckue
CBOWCTBa, yaoBneTsopstowme TpeboBaHnIm
MHA3I 7-010-89.




BHegpeHue TEXHONOrMM aBTOMaTUYECKOM
CBapKu KOMbLEBbIX WBOB B Y3KOLENEBYIO pas-
[ENKy MO3BONI0 COKPaTUTL 3aTpaThbl Ha M3roTOB-
neHne HepTexummnyeckoro obopyaosaHma n AY
3a CYeT yMeHbLIEeHUs Tpyao3aTpaT M 9KOHOMUK
CBapOYHbIX MaTtepuanoB, a TaKXKe COKpaTUTb
LMK U3roToBNEHNS 060pyaoBaHus. [Ins cBapKu
KONbLEBbIX WBOB Kopnyca BBAP-1000 c yrnom
pasgenku 13° TpygoeMKOCTb CBapOyHbIX paboT
cocTtaBnsiet 7437,5 H/4acoB, pacxoq cBapoy-
HOM NPOBOJIOKN — 9822 Kr; 4N yrna pasgeniku
1° — 3200 H/4acoB 1 5117 Kr COOTBETCTBEHHO.

OcBOEHWE TEXHONOMMK HanaBKu OAHOPOA-
HOro O4HOCNIOMHOMO @aHTMKOPPO3MOHHOIO NMOKPbI-
THS, BbIMOIHEHHOI O 3/IEKTPOLLNAKOBbLIM METOLOM,
B3aMeH HannaBKW JBOMHOrO0 MHOIOC/OMHOIO
@HTMKOPPO3MOHHOMO MOKPbITUS, BbINOTHEHHOIO
3NEKTPOAYroBbIM METOAOM

B aTOMHOM 1 HehTEXMMUYECKOM aHEeproma-
LUIMHOCTPOEHMM LUIMPOKO MPUMEHSIOTCS TEXHOO-
'MW HannaBKW aHTUKOPPO3MOHHbIX MOKPLITUM N3
BbICOKONErMPOBaHHON ayCTEHUTHOWM CTanun Tuna
08X19H10I'2b Ha BHYTPEHHWE NMOBEPXHOCTH EM-
KOCTHOro 060pyA0BaHMs, NOASIEKaLLME KOHTaKTY
C arpeccuBHoOM paboyen cpeaon.

B oTeyecTBEHHOM NpaKTUKe Hanbonee Npu-
MeHsSieMon Jonroe BpemMs ABasIach TEXHOIOIMA
aBTOMaTU4ECKON AYyroBOM MHOFOC/IOMHOW Ha-
NnaBKK NEHTOYHbIM 3N1IEKTPOAOM. [epBbIv (Nepe-
XO[Hbl) CNOV HanaBKW BbINOAHAETCS B 1 NpoXoa
neHton 07X25H13 ¢ o693aTenbHbIM NpeaBapu-
TeNbHbIM M CONYTCTBYIOLWMM Nogorpesom. Bropow
(@aHTMKOPPO3MOHHbIN) CNoK BbiNoHAETCA B 2-3
npoxoaa neHton 04X20H10I2B, npu aTom ans
obecrneyeHns CTOMKOCTU K MEXKPUCTANINTUTHON
KOppo3un Heobxoammo mnsberaTtb neperpesa
n3genus Bbiwe 100°C. KoadpoduumeHT nepeme-
LWMBAHUSA C OCHOBHbIM METaNIoM cocTaBasieT
0Kos10 14%.

OCHOBHble Lenu:

® MOBbIWEHWE KayecTBa aHTMKOPPO3UOHHOWM
HannaBKu;

e CHWXEHMEe MaTepranoemMKoCTH;

® CHWXEeHWe TPYAOEMKOCTHM BbINO/HEHNS Ha-
NnaaBOYHbIX PaboT.

B cBfI3K C TEM, 4TO CBApKa W HannaBKa ABNs-
€TCS OCHOBHbIM NMPOU3BOACTBEHHbLIM NMPOLLECCOM
Ha OAO «Mopckue 3aBoabl», TpebyeT 60/bLLOro
KONMYecTBa BPEMEHHbIX U MaTepranbHbIX 3aTpar,
6blna NoCTaBfieHa v pelleHa 3ajadva BHeApeHus
BbICOKOMPOU3BOAUTENbHOM OAHOPOAHOW OAHO-
CMIOMHOW 3neKTpolakoBon HannaBku (ILUH)
B3aM€EH [1BOMHOW MHOIOC/IOMHOM aBTOMaTUye-
CKOW HannaBKW Ha BHYTPEHHWE NOBEPXHOCTU
E€MKOCTHOro 060pya0BaHns aTOMHON U HedTEXU-
MWYECKOW NMPOMBbILLIEHHOCTU. TaKUM 06pa3zom,
Ha OAO «MopcKue 3aBofbl», MOCNe NPOBEAEHUS
ncenefoBaTeNbCKUX U OMbITHLIX PaboT, BNepBbIe B
0TEeYeCTBEHHOMN NPaKTUKe 6blna BHeAPEHa 0OAHO-
poaHast OAHOCNOMHAs INEKTPOLLIaKoBas Hannas-
Ka neHton OK Band 309 LNb ESW (OK Band
11.72) ceyeHnem 0,5x60MM ¢ NPUMEHEHUEM
dntoca OK Flux 10.10 dupmbl ESAB, (LUBeuus).
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[lyroBas neHTOYHas HannaBKa

B uenax ganbHenwero nosbieHUs adheKTUB-
HOCTM cBapoy4HOro nponadeogcTea Ha OAO «Mxop-
CKMWe 3aBofbl» 0OTpaboTaHa U BHeApEeHa TEXHOS0-
r'Msi 0AHOPOAHOM OHOC/IOMHOM SNEKTPOLLNAKOBOWM
HannaBKu ieHTon ceyeHrem 0,5x90MmM.

B cnyyae ncnonb3oBaHUs TEXHONOMUU INEK-
TPOLUINAKOBOWM HaNNaBKK 3alluTa pacniaBieHHO-
ro MeTasla cBapo4YHOM BaHHbI 06ecneymBaeTcs
CNOEM 3/IEKTPONPOBOASALLErO XMAKOro LWiakKa,
npv 3TOM NPaKTUYECKN BCS 3HEPTUS pacxoayeTcs
Ha nnaBJieHMe CBApPOYHON NIEHTbI U yBENUYEHME
BpeMeHU nNpebblBaHUS LWaKa B *KUAKOM COCTO-
AHMW. ATO obecnevymBaeT HU3KUM YPOBEHb MpPo-
nnaBfeHUs OCHOBHOIo MeTanna, 6onee paBHO-
MepHOe pacnpeaeneHue NernpyoLLmMx a1emMeHToB
Mo BbICOTE HaMNMaBNEHHOro CNOs, BO3MOXHOCTb
NonyyYeHMst CNosi TONLWMUHOM 10 6 MM 33 OAWH Npo-
XOA4 U BbICOKOE Ka4yeCTBO aHTMKOPPO3UOHHOIO
NoKpbITUSA. BbicoKas Temnepatypa metanimye-
CKOW BaHHbI M 3HAYMTENbHOE BPEMS NpebbiBaHUS
MeTanna B pacniaBiieHHOM COCTOSIHUM CMOCO6-
CTBYIOT Y/Iy4LIEHMIO YCNOBUI yaneHna ra3os 1
HeMeTaINIMYECKNX BKIIIOYEHWI U3 MeTana LBa.
Mo cpaBHEHMIO CO CBApPOYHOM Ayrom LnakoBas
BaHHa — MEHee KOHLEHTPUPOBAHHbIN UCTOYHMK
TennoTbl. 03TOMYy TEPMUYECKUI LIMKN SNEKTPO-
LLTAKOBOW CBapKM XapaKTepuayeTcs MeaJIeHHbIM
HarpeBoOM M OXJ1aXKIEHMEM OCHOBHOIoO MeTanna.
MpuMeHeHne onTMManbHbIX PEXUMOB 3/1EKTPO-
LUSIAaKOBOW JIEHTOYHOM HamnnaBKW rapaHTupyet
HE0BX0AMMbIN XMMUYECKMI U Pa30BbIN COCTaB
B YCNOBUSAX OJAHOCNOMHOM HannaBKK. Taknm 06-
pa3om, cnocob 3NEeKTPOLITaKoOBOW HamnnaBKu
ABNSAETCA HanGonee NPeanoYTUTENbHbIM, T. K.
NO3BONSIET HANTU KOMMPOMMCC, NMPU KOTOPOM
yBENUYeHME MOrOHHOM IHEPT UM NPU HaMNaBKe He
NPUBOAWT K YBEIMYEHMIO NPOMIABIEHUSA OCHOB-
Horo meTanna. KoapodnumneHT nepemMeliMBaHms
C OCHOBHbIM MeTaNIoM Npu OAHOPOAHOM OfHO-
C/TOMHOW 3M1EKTPOLLIAKOBOW HamnnaBKe cOCTaB-
nset okono 9%.

BHeapeHve aneKTpoLiakoBov 04HOPOLHON
OAHOC/IOMHOM HannaBKW MO3BOJIIET COKPATUTL
3aTpaTbl Ha HAHECEHME aHTMKOPPO3UOHHOTO Mo-
KPbITUS Ha BHYTPEHHWE NOBEPXHOCTU KOPMYCHOIo
060pyaoBaHua anst HeTEXMMUYECKON M aTOMHOM
NPOMBILLIEHHOCTH 3@ CYET YMEHbLUEHNS TPYAO-
3aTpaTt M 9KOHOMMUU CBaPOYHbIX MaTepuanos.
Mpon3BoanTENbHOCTb AYroBOro crocoba fieH-
TOYHOM HaMnMaBKM, No ONbITy NpuMeHeHus B OAO
«MopcKkue 3aBofbl», COCTABAAET NPUMEPHO 8
Kr/4d. Pe3ynbrathl, NONy4eHHbIE MPU NPOBEAEHUM
OMbITHbIX PaGoT Ha NPOM3BOACTBEHHOM Y4acTKe
LIeHTpanbHOM cBapo4YHOM nabopaTopun, U AaH-
Hble, npuBoauMble dupmon ESAB, noKasbiBaloT,
4YTO MPOM3BOAMTENIBHOCTb 3NIEKTPOLLIAKOBOIO
MeToAa HaHeCeHUs aHTMKOPPO3MOHHOIO Mo-
KpbITUA cocTaBnseT nopsigka 13 Kr/4 npu Ha-
nnaBKe fieHTon cevyeHmem 0,5x60mMM 1 18 Kr/u
npu HannaBKe NieHTon cedveHnem 0,5x90Mm.
Pacxon dnioca npu aneKkTpoLLIakoBOM MeToae
COKpalaeTcs ¢ 1,2 Kr ¢pnitoca/Kr IeHTbl Hannas-
neHHoro Mmetanna go 0,5 Kr ¢ntoca/Kr NeHTbl.
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MOKPbITUA METOAOM 3J/IEKTPOLUIAKOBOW HaNlaBKu

KOH®EPEHLINA

MoBepxHOCTb HaMIaBIEHHOrO C/Os1 HE TpebyeT
[OMNOJIHUTENBbHOM MEXaHUYECKOW U cnecapHomn
06paboTkn. O6y4yeHne nepcoHana paboTte Ha
HOBOM CBapO4HOM 060PYAOBaHMU HE Bbi3blBAET
6onblKX Npo6ieMm, Tak Kak 060pyaoBaHue ans
[yroBOW ¥ 3NEKTPOLLNAKOBOW IEHTOYHOM HannaB-
KW MPaKTUYECKU UOEHTUYHO.

Bbinv BbINONHEHbI PaboTbl MO UccneaoBa-
HUIO Ka4yecTBa aHTUKOPPO3MOHHOM OHOCION-
HOW OJHOPOAHOW HaMaBKK, aTTecTalmm MeToaa
3/IEKTPOLLINAKOBOM HaniaBKW NPUMEHUTENTbHO K
o6opyaoBaHuio HePTEXMMUYECKOW U aTOMHOM
npomblwneHHocTn Ha OAO «MKopcKue 3aBoabl»
M MOJSTyYEHO pa3pelleHne OT rocyaapCTBEHHbIX
KOHTPOAUPYIOWMX OopraHoB. Ha gaHHbIM MO-
MEHT 3JIeKTpoLUIaKoBas HannaBKka neHton OK
Band 309 LNb ESW (OK Band 11.72) ceyeHnem
0,5x90MM npuMeHsieTcs NpPU U3roTOB/IEHWM CO-
cynoB HeGTEXMMMUYECKOrO HAa3HAYEHUS, a TaKKe
fonyuieHa ans M3roToBNEHMS KOMMeHcaTopa
nasnexus ansa A3C.

BHeapeHve TEXHONOMrMK HanlaBKW 0AHOPOA-
HOrO OAHOCIOMHOIO @aHTUKOPPO3UOHHOMO MOKPbI-
TS, BbIMOMIHEHHOMO 3NEKTPOLLIAKOBLIM METOAOM,
B3aMeH HaniaBKW ABOMHOro MHOIMOCNOMHOro
aHTUKOPPO3MOHHOIO MOKPLITHS, BbIMOIHEHHOTO
9N1EKTPOAYrOBbIM METOLOM NMO3BOSET COKPATUTL
3aTpaTtbl Ha U3roToBJIEHWE HEPTEXMMUYECKOTO
o6opyaoBaHus 1 AJY 3a CHET YMEHbLUEHUS TPY-
[03aTtpaT ¥ IKOHOMWUK CBAPOYHbIX MaTepu1asnos,
a TaKXXe COKpaTWUTb LMK M3roTOBNEHUS 060pY-
foBaHus. Jns ABOMHOM MHOIOCNOMHOM yroBomn
HannaBKK Ha KOMMNeHcaTop AaBNeHUs TPYA0EM-
KOCTb CBapoO4HbIX paboT coctaBnseTr 2670 H/
4acoB, pacxof CBapo4HOM ieHTbl — 9022 Kr; ansg
0JHOPOAHOM OJHOCMIONHOW 3NEKTPOLLNAKOBOM
HannaBku — 390 H/4acoB 1 4236 Kr COOTBET-
CTBEHHO.

B nocneaHue rogbl MMeeTcs TEHAEHUMS eLle
60nblle YBENNYUTb NPOU3BOAUTENBHOCTb CBa-
POYHbIX NMPOLLECCOB. ATa HEOBXOAMMOCTb AUK-
TyeTcsl BO3pacTalolwen KOHKYpeHUUEN Ha PbIHKEe
CBapHbIX KOHCTPYKUMK. B Lensx ewe 6onbluero
noBblWeHNA 3GPEKTUBHOCTM CBAPOYHOro Npo-
M3BOACTBa Ha «MKOpCKMe 3aBOAbl» MNaHMpPYyOT
0oTpaboTaTb M BHEPUTb CNeyoLLNe TEXHOMOMUHN:

1) ABTOMaTHM4eCcKas cBapKa noj cnoem onio-
ca MeTofoM «TaHAeM» (2 Ayrv B O4HY CBapOYHYHO
BaHHY) B Y3KOLLENEBYIO pasfenKky 1° npuMeHu-
TenbHO K naagenunam A3C.

BHeapeHne aBTOMaTUYECKOM CBapKU METO-
oM «TaHaem» NO3BONSET COKPATUTL 3aTparthl
Ha CBapO4Hble paboTbl MPU N3roTOBIEHMM 060-
pyAOBaHUS HeGTEXMMUYECKON U, B MEPCMNEKTUBE,
aTOMHOW NPOMBbILIEHHOCTM 3a CHET 3HAYUTESb-
HOIO CHUXEHUS TPYA0EMKOCTN CBapPOYHbIX PaboT.
[pon3BoanTeNbHOCTb NPOLiecca CBapKU METOLOM
«TaHaeM» coCTaBNAET NopsiaKa 9 Kr NpoBOIOKK
B Yac, B TO BpPeMS, KaK NpOM3BOAUTENBHOCTb
CBapKuW oHOM ayron — 5 Kr/4ac.

Bbinv BbiNONHEHbI PaboThbl MO UccneaoBa-
HUIO KaYecTBa U MEXaHWYECKMX CBOMNCTB CBaPHbIX
COEeMHEHWUN, BbINOMHEHHbIX aBTOMaTUYECKOM
cBapkon metogom TAHAEM, atrectauua yka-
3aHHOW TEXHONIOTMWM CBaPKX NMPUMEHUTENBHO
K HedpTexmummnyeckomy obopygosaHmto Ha OAO
«MOpCcKMe 3aBoAbl» U MONYYEHO pa3pelleHne
Ha ero NpMMEHEHWEe OT rOCyAapPCTBEHHbIX HaA-
30pPHbIX OPraHoB.

2) BbinonHeHne ogHOPOAHON O4HOC/IOMHOM
@HTMKOPPO3MOHHOM HamaBKK 3NEKTPOLLIaKO-
BbIM METO/JIOM JIEHTON WUPHUHON 120 MM.

B 2013-2014 roay OAO «M»opcKue 3aBobl»
NAaHMpPYT 0TpaboTaTb U BHEAPUTb TEXHOMOMMNIO
OAHOPOAHON OAHOCNOMHOM aHTUKOPPO3UOHHOM
HamnMaBKKW 3NEKTPOLLNIAKOBbLIM METOAOM NEHTON
WwrpuHon 120 MM NpUMEHUTENbHO K 060pyao-
BaHMIO HEPTEXMMMUYECKON M aTOMHOW MPOMBbILL-
JIEHHOCTH.
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KOH®EPEHLNA

NccnepoBaHue BNUAHUA FPpagueHTHOIO XapaKTepa 3HeproBbiaeeHuns
Ha pagvaLMOHHYIO CTOMKOCTb 3/1EMEHTOB 3N1EKTPOHHbLIX NPNBoPOB

A.B. MakapeHKoO
aoryn -BHUMA nm. HJL. flyxosa»

MexaHnyecKasi peaKLMs 3NEKTPOHHbIX NPpK-
60pOoB Mpu BO3AENCTBUU UMMYNbCHOIO peHTre-
HOBCKOI0 M3ny4eHus onpegensietca npobunem
3HeproBblageneHns B HUX. CunbHbIM pa3orpes
npMGOpPOB MOMXKET NPUBECTU K MNABAEHUIO U
pa36pbI3rMBaHMio MPMNoEB, a BO3HUKatoWme
HarpysKu, BCneacTBMe MOMEHTANIbHOro pa3o-
rpeBa 3a BpeMs Aencteus nanydyenHmsa t ~ 10Hc,
MOTYT NPUBECTU K aedopmauin unn noaHomy
paspyLeHnto YCTPOMCTBA.

BbinonHeHne pacyeta npodunen aHeprosbl-
[eNneHns B anemMeHTax 3NeKTPOHHbIX NPU6GOPOB
npeacrasnseT cobov A0CTaTO4HO TPYAOEMKYIO
W CNIOXHYIO 3afayy, Tak KaK MX MHOrOC/IoWHble
CTPYKTYPbI MOTYT UMETb JOCTAaTOYHO CYLLECTBEHHO
OT/IMYaloLWmecs ToNLWMHbI — OT COTEH HaHOMe-
TPOB A0 eauHuL, MUATMMeTpoB. MNpobnema Mo-
[enMpoBaHUs BO3AENCTBUS N3NYHEHUS B TaKMX
CTPYKTypax 3aK/oyaeTcs, npexie BCero, B He-
06X04MMOCTH Y4UTbIBaTb GU3NYECKME NPOLECChI
B3aMMOJENCTBUS U3/yYEHUIN C MaTepuanamu B
nosHOM o6beme, TO eCTb, y4UTbiBaTb 06pa3oBa-
HWEe 1 MepeHOC BTOPUYHbBIX YacTuL, (Mpexae Bcero
3/IEKTPOHOB), KOTOPbIE CMOCOGHbI CYLLLECTBEHHO
NOBMUSATb Ha pacnpejeneHne aHeprosoulaeNeHuns
B 3/IEMEHTE 3IEKTPOHHOro Npudopa.

MeToauuyecKue acneKrtbl onpeaeneHus
B€JINYMHbI 3HEeproebiieNIeHUAa B
3/1eMeHTax 3/IeKTPOHHbIX NPUGOpoB
npu BO3A4eHWCTBMU UMMY/IbCHOIO
PEHTreHOBCKOro usjiy4yeHusa

McecnepoBaHue gaHHOM Npo6aemMbl MPous-
BOAMJIOCb METOAOM CTATUCTUHECKUX UCTIbITAHWUW
MoHTe-Kapno, peanM3oBaHHOro B nporpamMmme
pacyeTa nepeHoca MOHUIUPYIOLLMX U3NTyHEeHUN
B TPEXMEPHOW reoMeTpun. B oaHOPOAHbIX Npe-
rpagax mManon TonuwmHbl (1-2 AAnHBLI cpegHero
npo6era MakCcMMaabHON S3HEPTUMN YACTULbl PEHT-
reHOBCKOr0 U3Ny4YeHust) ABNSETCH JOCTaTOYHbIM
MCrnonb3oBaHWe aHanoroBoro metoga MoHTe-
Kapno, onpeaensitowero Gpuanyeckylo BeposT-
HOCTb BK/1aja YacTuubl B A4erKy $Ga30Boro npo-
CTpaHCTBa, OAHAKO MpU HalUYnUM KombuHaLumm
TOHKMX (d ~ 1MKM) U TONCTbIX cfoeB (d ~ 1 MM
n 6onee) HeO6XOAMMO Y4UTbIBATb FPAAUEHTHbIN
XapaKTep 3HeProBbIgeNeHus.

Mcnonb3oBaHMe aHanoroBoro mMetoga B
CTPYKTYpax C pa3HbIMM TONILLMHAMM MOXKET NpK-
BECTM K npobneme, cBA3aHHOM ¢ Hego6opom
CTaTUCTUKKM, B FEOMETPUYECKUX 06NacTsX, Ha-
XOASALWMXCH Ha AOCTAaTOYHO GONbLWION rMybuHe
OT UCTOYHMKA M3NyvyeHus. JaHHas npobnema
pewaetcs MM6o yBeIMYEHUEM YUCNa UCTOPUN,
4TO B CBOIO 04epeb MPUBOANT K 3HAYUTENIbHOMY
yBeSIMYEHUIO BPEMEHU pacyeTa, NMbo UCrnoNnb30-
BaHWeM paBHOMEPHOro AeTalbHOro pa3éueHuns
Ha NOZAC/OM, HO B 3TOM C/ly4ae Y1CIo MOACN0EB
yBenu4uTca Ha 3-4 nopsfka, YTo TakKe npuBeaeT
K YBEIMYEHUIO PACYETHOro BpeMeHU. Ha pucyHke
1 npoBefeH CpaBHUTENbHbIV aHanM3 pacyeta
BO34ENCTBUS UMMNYbCHOrO MOHO3HeEpreTuye-
CKOr0 PEHTrEHOBCKOrO U3NTy4eHWUs C IHepruen
KkBaHTOB 50 K3B Ha AByxCnomHyto nperpaay Au-
Si ¢ TonwmHom cnos 3onota d = 1 MKM M cnos
KpeMHus d = 100 MKM.

M3 rpaduKoB puc. 1 MOXKHO BUAETb, 4TO pac-
XOXAEHME MEXKAY NOCYUTaHHBbIMU pa3HbIM CNOCO-
60M KoadpduuneHTaMun ocnabneHuns JoCTaTouHO
60/1bLIOE, B CNOE 30/10Ta MaKCMMasbHOE 3Have-
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Kosd. ocnabnenus, oTH. eg.

Tonmuua, MM
Puc. 1. CpaBHUTENbHbIA aHaNU3 pe3y/ibTaToB
MoJeNMpoBaHUA AeNCTBUA UMMYJIbCHOIO peHTre-
HOBCKOrO U3/ly4eHusa: 1 — ¢ y4eToM rpagueHTHO-
ro Xxapakrepa 3HeproBbiieneHus; 2 — 6e3 yyeta

HUe KoadduLUMeHTa ocnabneHus oTinyaeTcs B
3 pasa, B c/loe KpeMHusa — B 5 pas.

PacueTt TepmomMmexaHM4eCcKUxX apPpeKToB
B 3/1IeMeHTaXx 3/IeKTPOHHbIX NPUGOPOB
npu BO3AEACTBUU UMNY/IbCHOIO
PEHTreHOBCKOIro U3y4eHus

Ha ocHOoBaHWK Nony4eHHbIX AaHHbIX U3 pac-
yeTa IHeProBblAeNeHUs Nocne NpeaBapUTENbHON
06paboTKN BbIXOAHbIX Pe3ynbTaToB NpoBefeH
CpaBHUTEbHbIN TENNONPOYHOCTHOM aHanun3 (CM.
puc. 2, 3). lna gaHHOro pacyeta Ucnonb3yeTcs
NPOrpaMMHbIA KOMMNEKC, KOTOPbIA NO3BOASET
NPOBOAMUTb CBA3aHHbIN TEM0NPOYHOCTHOM aHa-
M3 nceneagyemoro o6beKTa. [laHHas npoueaypa
BbINONHAETCS B ABa 3Tana. Ha nepsom 3Ttane
BbIYMCNAOTCS pacnpeaeneHns TemnepaTyp B pac-
CYUTbIBAEMOW ABYXCIIOMHON CTPYKTYPE, B OCHOBE
TEMNI0BOro aHann3a JeXUT peLleHne ypaBHEHHUS
TennoBoro 6anaHca, OCHOBaHHOE Ha 3aKOHe Co-
XpaHeHWN 3Hepruu. 1na HeKOTOPOro aneMeHTap-
HOro o6bema KONM4eCcTBO NOABOANMON IHEPTUM
MMHYC KOIMYECTBO OTBOAMMOW 3HEPTMK PaBHO
N3MEHEHUIO BHYTPEHHEN 3HEPTUK:

Qo= Qo = AU, 1)
B anddepeHumanoHom popme nmeet BUA:
dT w w
pe—+ C Hq¥ = qW, ,(2)
dt

roe p — NAOTHOCTb Martepuana; ¢ — yaesb-
Has TennoeMKocTb; T — Temnepatypa; k — Ko-
3dPULUMEHT TENNONPOBOAHOCTH; g’ — NIIOTHOCTb
TEnJoBOro NoToKa; q'”’ — o6beMHas NIOTHOCTb
TENI0BOro NnoToKa.

Mcnonbays 3akoH Pypbe, ypaBHEHUE MOXHO
3anucaTb B TaKOM pa3BepPHYTOM BUIE:
e N BTSN

dx” Tayt iz dt

rae kK — KoadpodULUMEHT TenonpoBOAHOCTH.

[nsa nonyvyeHuss cucTembl pas3pellatoumx
ypaBHEHUI 3afja4M UCMONb3YIOTCA cneayouine
CTaHAapTHbIE NPUEMbI:

— npeanonaraeTtcs, 4to anddepeHumanbHoe
ypaBHEHWe, COCTaBNEHHOE A5 3eMEHTapHOro
06bema, BbINONHAETCH AN KaXA0ro KOHEYHOro
3EMEHTa;

— NPUMEHSIOTCA CTaHAAPTHbIE BapuaLMOHHble
METOAbl, B KOTOPbIX AnddepeHunansHoe ypaBHe-
HWe YMHOXaeTcs Ha AoMyCTUMYIO PYHKLIMIO TeM-
nepaTypbl M UHTErPUPYETCH N0 06bEMY INIEMEHTA;

— B Npejenax Kaxjoro afnemeHTa Temnepary-
pbl annNPOKCUMUPYIOTCS 3aBUCUMOCTbIO T(X, Y, Z) =
ZN(xy,2) .T, rAe BENNYMHDI T, ABASIOTCS Y3N0BLIMU
Temnepatypamu, a pyHKumMn N, npeacraBnsiot
co6om cooTBeTCTBYIOWMNE DYHKLMU GOPMbI ANS
paccmaTpuBaeMbIX 3/1IEMEHTOB.

Takas npoLieaypa NpUBOAUT K CUCTEME ypaB-
HEHWI ANSi KOHEYHbIX 31EMEHTOB, KOTOpble 06-

k

Temneparypa, “C

40 50 & 70 80 80

Tonmuua, MEM

Puc. 2. MakcumanbHbI# pa3orpes B matepua-
nax ABYXC/NIOWHON CTPYKTYPbI NPU BO3AeACTBUN
MMMNYJ/IbCHOTO PEHTFE€HOBCKOro u3jyyeHus: 1 - ¢
y4eTOM rpafMeHTHOro Xxapakrepa 3HeproBbije-
neHus; 2 - 6e3 yyeta

pasyloT r1o6abHyl0 CUCTEMY YPaBHEHUI ans
aHanusa HecTalWOHaPHOro TEMNOBOro COCTO-
AHWS, a8 UMEHHO:

[CHTI+HKI{T}={Q}, , (4)

roe [K] = maTpuua TennonpoBogHocTty; [C] =
MaTpuvua yaenbHbIx Tennoemkocten; {T} = y3no-
Bble TeMMepaTypbl; = NPOU3BOLHasA TeMNepaTypbl
o1 Bpemer# {T}; {Q} = BEKTOp y3710BOro TEMIOBOrO
MOTOKa. TaK KaK Npu TEMJI0BOM peXnMe AenCTBUA
U3ny4yeHuin Hanbonee CUIbHO NPOSBASETCA 3aBU-
CUMOCTb TEeMI0GU3NYECKNX CBOMCTB MaTepuana
OT Temnepatypbl, TO MPU PeLLEHUN JaHHOW 3aaa4v
NPOBOAMNCS HETMHENHbIV aHanu3, cnejoBaTenb-
HO, cMcTeMa ypaBHeHUI (4) npuobpeTaeT BUA:

[C(D){T}+ [K(T){T} = {Q(T)}  (5)

KoHe4Ho-anemMeHTHOE pelleHune onpeaenset
3Ha4veHusl TeMnepaTtypbl B y3nax, KOTopble 3aTem
MCMONb3YIOTCH B KAYECTBE UCXOLHbIX AaHHbIX ANS
NpoBeAeHNs CBA3AHHOMO MPOYHOCTHOrO aHan1aa,
4TO MO3BONSET ONPEAENUTb TEPMUYECKME Ha-
NPSXKEHUS, T. €. HanpsXKeHus, 06yCnoBAEHHble
TEN0BbLIM paclMPEHUEM WU CHATUEM B UC-
crnefyeMon ABYXC/IOMHOM CTPYKType [4].

B pesynbraTte faHHOro aHanM3a B Matepwu-
anax [ABYXCMONHOW CTPYKTYpbl 6blN 3adUKCHU-
pPOBaHbl Pa30rpeBbl U HANPSXKEHUS, BETUYUHbI
KOTOPbIX MPEBbIWAT KPUTUYECKUE 3HAYEHUS
[N§ uccnegyemblx Matepuanos, AaHHbIN apdeKT
He HabnogaeTcsa Npu pacyeTax 6e3 yyeTa rpaau-
E€HTHOrO XapaKTepa 3HepProBblAeNeHus.

3aknoyeHue

B pacyeTax CTOMKOCTH 3N1EKTPOHHbIX NPUB0OPOB
He06X04MMO Y4UTbIBATb MPaAMEHTHbIV XapaKTep
3HEProBbIJeNeHNs, B MPOTUBHOM CllyHae MOXHO
YNyCTUTb MaKCUMaJlbHble TEPMO-HaMPSKEHUS Ha
rpaHvLax pasanena anemeHToB npubopa, KoTopble
MOTYT IBUTbCS MPUYMHON €ro YacTu4Hon gedop-
MaLuuK UK NOMHOIo Pa3pyLUEHUS.

60

140 1

Hanpaxenne, Mila
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TonumHaa, MM

Puc. 3. po4yHOCTHOM pacyeT AeicTBUA UM-
NMyJbCHOro PeHTreHOBCKOro usny4yeHusa: 1 - c¢
y4€TOM rpafMeHTHOro Xxapakrepa 3HeproBbije-
neHus; 2 - 6e3 yyeta




YnpaB/ieHue npoeKTamu
Project managerment
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YMNPABJIEHUE MPOEKTAMMU

HanpaBsieHnsa coBeEPLIEHCTBOBaAHUSA U NPO6G/IeEMbl BEAEHUS
reHnogpsagHon gesarenbHoctTn 000 «YK «YpanaHeproctpoum»
(Ha onbiTe cTpouTenbcTBa aHeprobsoka N2 4 benospckon A3C)

000 «VK «YPANIIHEPTOCTPOIf>»

620062, EkaTepuHOYpT,
np-t JleHuHa, . 97/A
Ten.: (343) 374-07-10
®dakc: (343) 374-02-36
E-mail: info@uestroy.ru
www.uestroy.ru

Buxtop CYPY[1A,

reHepanbHbii AUPEKTOP YnpaBnsiiouwen
KOMNaHWH «<YpanaHeprocTpou»

Oner MUHIOXMH,

HHXXeHep YnpaBnsaowen KoMnaHum
«YpanaHeprocrpoun»

Bo3BeaeHne MacwTaGHbIX, TEXHUYECKMU
CNOXHbIX, C NOBbIWEHHBIMX TPEGOBAHUAMU MO
obecneyeHunio 6e30NacHOCTU 06 LEKTOB, KAKUMU
ABAAOTCH 3HePro6710xku ASC, B yCOBHAX PbIHOY-
HbIX OTHOLWIEHW Bbl3blBA€T MHOIO BOMPOCOB U
npo6sem KaK TEXHUYECKOro, Tak U opraHn3auu-
OHHOrO xapakTepa.

B yacTHOCTH, MAET NOMUCK ONTUMaNbHbIX CXeM
B3aMMOJENCTBMS YHaCTHUKOB cTpouTenbcTBa ASC.
Onpo6ytoTcsa pa3Hble CXeMbI, BKIOYas BO3/OXKe-
HUE QYHKUMM reHnoapaavymMKka Ha reHnpoeKTU-
POBLUMKA.

B cBoel paboTe «YpanaHeprocTpom» Ha CTPOU-
TENbCTBE YHUKANbHOro 4-ro aHepro6aoka bH-800
Benosipckon A3C nMcnonb3oBan Klaccu4eckyto
CXEMY: 3aKa34YMK — FEHNPOEKTUPOBLLMK— FreHMnoj-
PSAYMK, OCYLLECTBMB ee agantaumto (MoaepHu3a-
LMIO) K PbIHOYHBIM YCIIOBUSIM XO3SMCTBOBaAHMS.

TpecT «YpanaHeproctpomn» nocne psga npe-
o6pas3oBaHuit cerogHs npespatuncs B 000 «YK
«YpanaHeprocTpom» — ynpaBstoLLYyto MHKUHUPUH-
rOBYIO KOMM@HWIO, OCYLLECTBASIOWYIO DYHKLUMIO
reHnoapsiAyYvKa Yepes AMBU3NOHabHbIE CTPYKTY-
pbl ynpaBneHus, o6nagatouime onepatMBHO-Npo-
M3BOACTBEHHON CaMOCTOATENbHOCTbIO U HECYLLME
MOJHYtO OTBETCTBEHHOCTL 3a pe3y/bTaTbl CBOEW
[eATEeNbHOCTH.

K Takoro poaa AMBM3MOHANbHBIM CTPYKTYpaM,
paboTatoLmMm Ha IOrOBOPHOM OCHOBE, OTHOCATCS:

— ronoBHbIe UcnonHUTENu reHnogpsaa (000
«YnpaBneHwue ctpoutensctea BA3C», 000 «Ctpon-
Kom» n ap.);

— o6cnyuBatowme opraHuzaunm (000 «ATom-
creucTponTexHnkar, 000 «3nektpocetn BH-800»,
000 «wKuncepsuc», BHEBEAOMCTBEHHAs BOEHU-
3UpoBaHHas oxpaHa 1 ap.);

— OpraHu3aLmu Mo UHXEHEPHOM NOArOTOBKE
1 COMPOBOXAEHMIO CTPONKMK (000 «MHKeHepHbIH
ueHTp», 000 «LleHTp KavectBar, 000 «MAPT-UT»
vap.);

— noructuyeckune opraHuaaummn (000 «Ynpas-
JleHre NocTaBoK 1 KomnneKktauumn», 000 «Tpom-
meTann», 000 «ToproBbi JOM», GETOHHbIE 3aBOAbI
n ap.).
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B. Cypyaa 0. MUHIOXUH

Yepes anBM3MOHaNbHbIE CTPYKTYPbl OKa3biBa-
tOTCS UHXKMHUPUHIOBbLIE YCNYrW HENOCPEACTBEH-
HbIM UCNONHUTENSAM PaboT — cyonoapsaAHbIM Op-
raHM3aumsaMm, NOCKOMbKY BaXKHeNWen 3agadven
reHnoApsSAHON AeATENbHOCTH ABASETCSA CO34aHne
61aronpUATHbIX YCIIOBWI ANsi NPOM3BOACTBA CTPO-
UTENIbHO-MOHTaMXHbIX PaboT.

[nBU3MOHANbHbIE CTPYKTYPbl ABNSIOTCS LIEH-
TPaMu OTBETCTBEHHOCTM MO HaNpaBNeHUAM fes-
TENbHOCTM reHnogpsaayuKka. Tak, 000 «YC BAIC»
OTBEYaeT 3a ynpaB/ieHNe CTPOUTENBLCTBOM IMaB-
HOro Kopnyca C peaKTOpHbIM OTAEeNEHUEM M MalLLl-
3a50M, cneybbITOBOrO Kopnyca, cneykopnyca v
psga Apyrux 06bEKTOB C NPefOCTaBAEHNEM UHKH-
HUPWHIOBbIX YCAYr Cy6noapsAHbIM OpraHu3aLmsamM
no NOArOTOBKE W OpraHu3auuv Npou3BOACTBa,
reofe3nv4ecKkomy COMpoBOXAEHUIO PaboT, opra-
HW3aLmMK OXpaHbl TPyAa K 06ecneyeHnto oxpaHbl
NAOLWAAKN CTPOUTENBCTBA.

000 «AToMCMEeLCTPONTEXHMKa» OCYLLECTBNSET
3KCNAyaTaumio M 06CNyKMBaHWe NapKa yHUKab-
HOM cneLmann3npoBaHHON CTPOUTENbHON TEXHU-
KM, B COCTaB KOTOPOrO BXOASAT: CAMOXOAHbIV ryce-
HUYHbIM KpaH DEMAG rpysonogbemMHocTbio 600
TOHH C MOAy/bHbIM npuuenom GOLDHOFERTHP/
SL TOM Xe rpy3onoabeMHOCTH; 12 6alleHHbIX Kpa-
HoB Potain; ctpoutenbHble rpy3onaccakMpcKue
nogbeMHukun Alimak, dacagHasa aByxmadToBas
nnatdopma HEK v gpyras TexHuka.

000 «9nekTpocetn BH-800» o6ecneynBaeT
BPEMEHHOE 3MIEKTPO— U TeNIOCHabXeHWe CTpo-
UTENbHOM NAoWwaaku 4-ro aHeprobnoka.

000 «Kuncepsuc» 06CnyKMBaET CETb 0bLLE-
KUTUI 4Na NPOXMBaHUS paboTHUKOB cybnoapss-
HbIX OpraHu3auum.

000 «MHKeHepHbIM LeHTP» obecneynBaeT
CTPOMKY NpOeKTamMu nNpou3BoacTBa paboT (B
TOM 4YUCNe 0COB0 CNOXHbIX) MO BUAAM paboT U
KOHCTpyKTMBaM (¢ 2005 roga Ha CTpOUTENTbCTBO
4-ro aHepro6soKka BbigaHo 6onee 1400 MIP).
BbINONHAET NPOEKTHbIE U KOHCTPYKTOPCKME pa-
60Tbl Ha cybrnoapsiae y reHnpoeKTUPOBLLMKA.
KoppektupyeT MNOC ¢ y4eTOM KOHKPETHbIX YCOo-

BeTtoHupoBaHue dyHpamMmeHTa Typ6oarperata

BUI cTpouTenbcTBa. OcylecTBASET pacyeTbl 1
KOHCTPYMPOBaHWE PasnmnyHbIX MPUCNOCOBNEHUNA,
CTPOUTENTIbHOM OCHACTKM, B YHAaCTHOCTH, pacyeThbl 1
KOHCTPyMpOBaHMe MHAWBKUAYaNIbHOM, B TOM Y1Cie
HeCbeMHOM onanyoKu NepeKpbITUI TONLWUHON 0
[IBYX METPOB, OnanyoKkun GdyHLaMEeHTHOM NnTbI Typ-
6oarperara. BoinonHaeT pa3paboTkun dacagHbix
cucTeM, 6bICTPOBO3BOAMMbIX 34aHWI, BPEMEHHbIX
CUCTEM Ha Mepuoj CTPpoUTENbCTBa (OTOMEHHE,
BEHTUNISAILMS, OCBELLEHME).

000 «LleHTp KayecTBa» — opraHn3auus, cos-
faHHasa B 2005 rogy BnepBble B NPAKTUKE oTeve-
CTBEHHOrO 3HEPreTMYeCcKoro CTPOMTENbCTBA, OT-
BeyaeT 3a o6ecrneyeHne KayecTBa CTPOUTEeNbCTBA.
OcyLLecTBASIET CTPOUTENbHbIW KOHTPOJb Ha 06b-
eKTax 4-ro 3Hepro6oKa, TabopaTopHbIN KOHTPOSb
KayecTtBa MaTtepuanoB U CMP, reogesnyecKkuit
KOHTPOJIb M MHCMEKLMOHHbIN KOHTPO/b CO6M0AE-
Hus TpebosaHuin NMOKAC(C) cybnoapsaHsiMu op-
raHnsauusMu. PaspabatbiBaeT TEXHONOMMYECKY!IO0,
a TaKXKe OpraHM3aLMOHHO-METOANYECKYIO [OKY-
MEHTaLMIo MO BOMpocaM yrnpaBfeHUs Ka4eCTBOM.
PaspabaTbiBaeT # BHeAPSieT MHHOBALMOHHbIE
TEXHOJIOTMM NMPOU3BOACTBA CTPOUTENbHbIX PAbOT.

000 «MAPT-UT» o6ecneynBaeTt pa3paboTKy,
BHEAPEHWE 1 CONPOBOXKAEHNE MHDOPMALMOHHbIX
TEXHONIOTMI MO BCEM HanpaBNeHNUAM AEATENbHO-
CTU MO COOPYXKEHUIO 4-r0 3HEeprobIoKa.

Y4yebHbIn LeHTp «[TpomeTen» BefeT 0by4eHne
pabo4nx cybrnoapsaHbIX OpraHn3aLmi CTpoUTE Tb-
HbIM CNeLManbHOCTAM, KYPCbl NOBbILWEHWS KBau-
dukaumnmn UTP. O6yvaeT nepcoHan cybnoapsaHbIx
OopraHu3aumi HoBbIM 3GHEKTUBHBIM TEXHONOTMSM
n 6e3onacHbIM MeToAaM BeeHus paborT.

Yepesd AMBU3MOHASNbHbIE NIOTUCTUYECKHUE
opraHuM3auun reHnoapsAYMKa OCyLecTBASETCS
OCHOBHas 4aCTb NOCTaBOK Ha CTPOMUTENbHYIO NJI0-
WaaKy maTepuanos, U3AENNA, KOHCTPYKLMI, a
TakXe 060pyAoBaHUs, OTHOCSLLErocs Mo CMeTaM
K MaTtepuanam.

YnpaBneH4yecKas 1 MHXUHUPUHTOBas AesTeNb-
HOCTb YnpaBnsiowen KomnaHvm B cdhepe BbIno-
HEHWA MOHTaXHbIX paboT BeAeTCH C NOMOLLbIO
Cny6 rNaBHOro TeXHOOra Mo TENOMOHTaKHbIM
1 3NEKTPOMOHTaXKHbIM paboTaM. 3Tu cy»«6bl Ocy-
LLLECTBNSIOT MHKEHEPHYIO MOArOTOBKY MOHTaXHbIX
paboT, 06ecne4ynBaloT OpraHM30BaHHOE MNOAKIIO-
YeHMe MOHTaXHbIX CyGnoapsSAHbIX OpraHn3aLmi
K MPOLIECCY COOPYHKEHUA 4-r0 aHeprobsioka, nx
B3auMoencTBME ¢ cybnoapsaaYnkamu, Bbinon-
HSOLWMMU CTpouTENbHbIE PaboThl. Cry»K6bl aHa-
JIM3UPYIOT XOA BbINONHEHUS MOHTaXHbIX PaboT 1
roTOBAT PEeKOMEeHAALMM PYKOBOACTBY YnpaBns-
loLEe KOMMNaHuMU.

Pa6oTe ¢ cybnoapsadnkamu yaensetcsa 60b-
woe BHUMaHue. MNpuopuTeT oTaaeTcs Tem opra-
HWM3aLMsM, C KOTOPbIMW HaNlaXKeHbl MPOBEPEHHbIE
BPEeMEHEM MPOU3BOACTBEHHbIE OTHOLIEHMS. Taknx
10 50%, npu aToM popma co6CTBEHHOCTH 3HaYe-
HUSI HE UMEET.

3HauuTenbHasa YacTb NPUBEYEHHbIX K CTPOU-
TeNbCTBY 4-ro a3Heprobs0Ka cyénoapaaHbIX opra-
HWM3aLMI pacnonaraet UHKEHEPHbIMK, PaboYnuMu
Kaapamu, TEXHUYEeCKon 6a301, He B MOSIHOM Mepe
COOTBETCTBYIOLWMMU TPEBOBAHWSAM CTPOUTENLCTBA
06bEKTOB A1€PHOMN 3HEPreTUKK. Mo3ToMy BCECTO-
POHHSSA NOAAEPKKa CybnoapaaHbIX opraHu3auuni
He TOMbKO B MNMaHe WHXEHEPHOW NOArOTOBKMU U
CHabKeHwus, HO U B NiaHe OBMafjeHNs HOBbIMU
TEXHONOrMsIMM NPOU3BOACTBA PaboT, NOBbIWEHUS




KBanMdUKaLM1 KapoB NO3BONSET peannu3oBaTb
Ha npaKTvke NpuHUMn «Cuna reHnogpagyvKka B
ero cyénoapsaqnKkaxr.

B utore Ha CTpomKe CNoXnnocb 4O6POBOSIb-
HO€E COLPYXKECTBO CyonoapsAHbIX OpraHn3aLmn,
paboTaloLMX COBMECTHO U HapallMBaloLWmMX CBOK
TEXHUYECKUI U KagpoBbIi NoTeHUMan. Hekotopble
13 HKX, Hanpumep 000 «BbICOTKa MOHOMWUT», HAYK-
HaloT COBCTBEHHYIO FrEHNOAPSAHYIO AEATENbHOCTD,
MCMNoMb3ysa ONbIT «<YpanaHeprocTposi».

HecTkne cpoku, 0CO6EHHOCTU KOHCTPYKTUB-
HbIX PELEHNN 06EKTOB CTPOUTENLCTBA CAENaNM
Heo6X0AMMbIM MOUCK M OCBOEHWE B MPOM3BOACTBE
MHHOBALMOHHBIX PELLEHNIN KaK TEXHUYECKOrO, TaK
M OpraHM3aLMOHHOro nnaHa.

BnepBsble Npy COOPYKEHNUN aTOMHbIX CTaHLMM
no MHMLMaTMBE YNpaBnsiowen KoOMnaHum Bce
o6opyaoBaHue, BKIOYas peakTop, MOHTUPYETCS
B YC/NI0BMSIX MaKCMMasbHOro COBMELLEHUS CTPO-
UTENBbHbBIX U MOHTaXKHbIX PaboT.

[na obecneyvyeHns aTOro CoOBMELLEHUS Npu-
MEHEeHa COBPEeMEHHas rpy30nogbeMHas TEXHWKa.
Mcnonb3oBaHWe CaMOXOAHOIO NYCEHUYHOMO KpaHa
DEMAG rpysonogbemHocTbio 600 TOHH NO3BOK-
10 YCTAHOBWTb B LLIAXTY PEAKTOPHOMO OTAENEHUS
[l0CTaBNeHHbIe U3 Liexa COOPKM Ha cneLunanbHOM
60/bLIErpPY3HOM MOAY/IbHOM MpuLIEne YKPYMHEH-
Hbl€ 3NeMeHTbI peakTopa Maccom 6onee 200 TOHH
1 COBMECTUTb CTPOUTESIbHbIE U MOHTaXKHble pa-
60Tbl O YCTAHOBKM MOCTOBbIX KPaHOB.

Cvnamu NHXeHepHOro ueHTpa 6bi1 BbINOMHEH
NPOEKT YCTPOMCTBA YNCTON 30HbI B PEAKTOPHOM
oTaeneHun. B pesynsrate c6opKa peakTopa 3Ha-
4YUTENbHO yCcKopunacbk. UTOrom gaHHoM onTuMu-
3aummn npouecca npoussogctesa CMP aBnsetca
COKpallleHMe CPOKOB MOHTaXka peaktopa 4-ro
3Hepro6/1oKa Ha OauH rof.

Ha coopykeHuu rnaBHOro v cneuuanbHoOro
KOpMyCcoB MpUMeHeHbl 6alleHHble CTaunoHap-
Hble KpaHbl Potain ¢ o6ecrneyeHnem BnepBble
B NpaKTWKe OTEeYECTBEHHOr0 3HEProCcTPOEeHUs
X COBMECTHOM paboThbl 3a CHET UCMOIb30BaHUA
AHTUKONNIM3NOHHBIX CUCTEM MPEeAOoTBPaLLEHHUS
ctonkHoseHmn TOP TRACING n RADIO LINK. B
CpaBHeHwWu ¢ npegycMoTpeHHbiMK MNOC KpaHamu
Ha PenbCOBOM XOAY 3TO NO3BOJIMIIO 3HAYUTENBHO
YBENNYUTb 0GBbEM M CKOPOCTb NOAbEMA FPY30B.

KOHCTPYKTUBHOM 0COBEHHOCTLIO 06BLEKTOB
4-ro aHepro60Ka SABNSETCS NPOEKTHOE peLleHne
WX, B OCHOBHOM, B MOHOJ/IUTHOM Kene3obeToHe,
06bEM MPUMEHEHUS KOTOPOTO Y3Ke npeBbicua 500
TbiC. M3, O6bEM CYTOYHOM YKNaKN GETOHHOM CMecH
B OTAeNbHble nepuofbl goctiuran 1000 m3,

[na o6ecneyeHns npoLecca 6eToOHMPOBaHNUS
KaK B KOJIM4ECTBEHHOM, TaK U B Ka4e€CTBEHHOM
OTHOLWEHUN «YpanaHeprocTpon» npnobpen be-
TOHHblE 3aBOAbl, OCHaLleHHble 060pyAOBaHNEM
dupm Khille n Liebherr, aBTo6€TOHOBO3bI, 6€TO-
HoHacocbl dupm SANYu Putzmeister, rugpasnu-
Yyeckune 6eToHopasaaToyHble cTpenbl. MocTaBKM
CbIMy4YMX U APYTMX KOMMNOHEHTOB GETOHHOM CMECH
opraHusoBaHbl 4epe3 000 «ToproBbiit Jom». Ta-
KMM 06pa3oMm, BCS TEXHOMOMMYecKas Lenodka
NPOW3BO/ACTBA, TPAHCMOPTUPOBAHUS U YKNAAKM
6€eTOHa YKOMM/IEKTOBaHa 3a CYeT reHnoapsaaymKka
BbICOKOMPOU3BOAUTENBHON UMMOPTHOW TEXHUKOW.
KoHTponb KayecTBa 1 Noadop cocTaBoB 6ETOHHOM
CMeCH OCYLLEeCTBNIAETCS aKKPeAUTOBaHHOM UC-
nbiTatenbHoOM nabopatopuen LleHTpa KavecTsa.
CyérnoapsiHbIM OpraHn3almsam octaeTcs ans obe-
crneyeHus ce6s 6eTOHOM CBOEBPEMEHHO NOAaBaTh
3asiBKM Ha ero nocTaBkKy.

LleHTpann3oBaHHOE NPOU3BOACTBO BETOHHOM
CMeCH Mpu MNOCTOSIHHOM Ta6opaTOPHOM COMpPo-
BOX/AEHMM No3BonseT obecneyntb Tpebyemoe
KayecTBO 3TOro0 «Kamnpu3HOro» MHOrOKOMMO-
HEHTHOro MaTepuana v 04HOBPEMEHHO CO34aTb
cyérnoapsaYnMKkam énaronpusTHble YCoBusa Ans
Npon3BoacTBa GETOHHbIX PaboT.

MoHTa Koprnyca aTOMHOIro peaKkrtopa
¢ nomoubio KpaHa DEMAG

B ycnoBuax Hanuuus ryctoapMmpoBaHHbIX
KOHCTPYKTUBOB (CTEHbI, NEPEKPLITUSA, BanKu)
npu NPUMEHEHUM OBbIYHBbIX GETOHHbIX CMecen
BO3HWKALOT TPYAHOCTH ¢ o6ecrnevyeHnem cTonpo-
LLEHTHOr 0 3anofIHeHUs GOPM, YNIIOTHEHUS CMECH.
Ha noBepxHOCTH KOHCTPYKLMI NOSIBAISIOTCSH MHOTO-
YUCNIEHHbIE KaBEePHbl U PaKOBUWHbI, ANS yCTpaHe-
HWS KOTOPbIX TPEBYETCS BbINOSHEHWE TPYAOEMKMX
PEMOHTHbIX PaboT.

MUcnbitatensHon nabopatopuen 000 «LeHTp
KadyecTBar B cogpyxectse ¢ HUMMKB 6bin nogo-
6paH cocTaB U BHEAPEH CaMOYMJIOTHSIOLWMIACS
(nuTOWM) 6ETOH. 3Ta TeKy4ast 6ETOHHasA CMeCb, U3ro-
TaBnMBaemas ¢ NpUMeHeHMEM TOHKOAMCMEPCHBbIX
3anonHUTENEN, YINOTHAETCA NOoA COO6CTBEHHbIM
BeCOM 6€e3 BMbpaLMK, 3arnonHss NoaHOCTbIO Gop-
My AaKe B NyCTOapPMUPOBAHHbIX KOHCTPYKLMSIX.

B pesynbrate Temn yknagku 6eToHa BO3pocC
B [1Ba pasa, CHUXKEHbI TPYAO— U 3Heprosatparsl,
MCKJIIOYEHBI 3aTpaTbl Ha PEMOHT MOBEPXHOCTEWM
KOHCTPYKLMW.

HaunHas ¢ 2009 roga 06bemM NPUMEHEHUS
camoynnoTHsowerocs 6eToHa coctasun 98,6
Toic. M3, B 2011 roay ero gons agocturna 54,1%
OT BCETO YNIOXKEHHOro 6eToHa.

Mpu COOpYKEHNUN BEPXHEN NNUTLI PYyHAAMEHTa
Typb6oreHepaTopa o6bemom 1176 m3 ocBOEHO
npuMeHeHue paspabotaHHoro y4eHoiMu HUMXKB
6eToHa U3 caMopacTeKatoLencs 6ETOHHON CMecH
C MMHUMasbHOM 3K30TePMUEN U CBOMCTBAMM, KOM-
NEeHCUPYIOWMMM yCaaKy B NpoLiecce TBEPAEHMUS
6ETOHHOM CMECH, 4TO 06eCcneYmnsio TPeLwnHOCTON-
KOCTb KOHCTPYKLMMK.

Mpy COOPYKEHUN KOHCTPYKLIMK OMOPHOM
6anKkn 1 cBOAA Haj PEaKTOPHbIM OTAENEeHUEM
NPUMEHEH BbICOKOMPOYHbIN 6eTOH Knacca B50
C NPOTMBOYCaA04YHbIMIU CBOWCTBaAMM.

OrpoMHbi#t 06bEM BaHHO-LLIOBHON CBApKM CTbI-
KOB apmaTypbl AMamMeTpOM MPeNMYLLECTBEHHO
28-40 MM NpeacTaBnseT B yCI0BUAX OCTPOro ae-
duumMTa KBaNMPULMPOBaAHHbLIX CBapPLLUKOB 60/1b-
Wyt npo6nemy. B 3TMx yCnoBUSIX UHKEHEPaMM
«YpanaHeprocTposi» 6bI710 pa3paboTaHo U BHeApe-
HO MexaHW4yecKoe coeanHeHne apmaTypbl MeTO-
[IOM 06XMMa C NPUMEHeHneM TpybyaTbix MydpT
«BNC-2» 1 NepPEeHOCHbIX PYYHbIX KOMMPECCOPOB.
CMmeHHas BbipaboTKa Npy YyCTPOMCTBE apMaTypHbIX
coeanHeHu Bo3pocna ¢ 6—8 CTbIKOB CBaPLLMKOM
5-6 pa3psaoB Npuv BaHHO-LWOBHOM CBapKe Ao
50-60 cTbIKoB apmaTypLiMKoM 3 pa3psiaa npu 06-
*ume. [MPoYHOCTb CoeAMHEHUS AOCTAaTOYHO BbICO-
Ka: u3 6onee 4em 400 TbiCAY BbINONHEHHbIX 3TUM
METOAO0M COeAnHEHMI 3abpakoBaHbl €ANHULbI.

CospaaHo eanHoe MHPOPMAaLMOHHOE NPOCTPaH-
CTBO AeATENbHOCTU CTPYKTYP reHnoapsaqmKa n ux
B3aUMOJENCTBUS C 3aKa34MKOM, cybnogpaayu-
KaMu 1 aHann3a Ha OCHOBE MHTErPUPOBaHHOIO
NporpamMmmMHOro Kommnaekca «YnpasfaeHue CTpou-
TeNbHbIM NPOU3BOACTBOM», KOTOPbIN BKIIOYAET:

— CMCTEMY KaneHAapHO-CETEBOr0 NiaHMpOBa-
HWS C KOHTPONEM X0Aa PaboT y4aCTHUMKOB NPOEKTa;

— OYXranTepCKUM yyerT;

— MaTepuanbHO-TEXHUYECKOE CHabXKeHWE;
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— KOMIM/IeKTaumio 060pyaoBaH1s No 3aKas-
HbIM cneuuduKaumam;

— OTYeTHOCTb No popmam KC-2, KC-3, KC-6;

— CMETHYIO nporpamMmy u ap.

MNepeyeHb NPUMEHEHHbIX MHHOBALMOHHbIX
peleHNn He OorpaHNYMBaETCs NPUBELEHHBIMU
npuMepamu.

CywectBeHHbIM GaKTopoM CO60AEHUS CPO-
KOB 1 06ecneYyeHns KayecTBa CTPOUTENBbCTBA SB-
NsieTcsi CBOEBPEMEHHas pa3paboTKa yunUTbIBato-
LieH KOHKPETHbIe YCNOBHS NPOM3BOACTBA paboyen
LOKyMeHTauuu. Mpuxoautes ctankmMBaTbCs C 3a-
[EPXKOM NOCTyNNeHus paboyen JOKYMEHTaL MK
M HEOBXOAMMOCTbIO ee A0PabOTKN.

MpaKTuka coopyeHusa 4-ro aHepro6soKa
BA3C yxe notpeboBana y4yacTusi oqHON U3 au-
BW3WOHaNbHbIX CTPYKTYP FreHnoapsainka — UHxe-
HEPHOrO LeHTPa — B NepenpoeKTupoBaHnm psaa
06BEKTOB C YY4ETOM MOBbIWEHHbIX TPEGOBAHMM
HoBbIX CHWI 1 ApyrMx HOPMAaTUBHBIX AJOKYMEHTOB
1o Tenno3aluuTe 34aHni, yCTPOWCTBY KPOBENbHbIX
NOKPbITUI. [PpOEKTHaN JOKYMEHTaLMs pa3pabatbl-
Banacb MHXeHepHbIM LLeHTPOM CaMOCTOSATENbHO
1 C NpuBAEYEHNEM NMPOEKTHbIX OpraHM3aLui no
psiay o6beKToB. Becero paspabotaHo NPOEKTHOM
AOKYMEHTaLMM C yHETOM BbIMOSHEHWUS 0COB0 CNOM-
HbIx MNP Ha 06bem CMP okono 5,7 mapg py6.

Mo HalleMy MHEeHMIO, 3Ta MpPaKTUKa A0MKHA
6bITb pacwupeHa. cnonHutensb paboT nyywe
3HaeT KOHKPETHbIE YCN0BWS CTPOUTENbCTBA U ero
NPOM3BOACTBEHHOW 6a3bl U NPU HaINYUK KBa-
NMPULMPOBAHHBIX KOHCTPYKTOPOB U TEXHONOrOB
MOXET BbINyCKaTb paboyyto JOKYMEHTALMIO, Y4n-
TbIBaIOLLYIO MECTHbIE YCTIOBUSA U HE TPEBYIOLLYIO
JanbHenwen JopaboTKu.

Kctatu, Ha 3anage WMPOKO pacrnpocTpaHeHa
npaKTUKa BbIMOHEHNS paboyen JOKYMEHTALMMU He
pa3paboTyrKaMm NPOEKTA, @ MPOEKTHO-KOHCTPYK-
TOPCKUMM NOAPa3AENEHNSAMU CTPOUTENBHBIX GUPM.

B HacTosiee BpeMs B YnpaBnsitoLwen komna-
HUW Hapagy ¢ MHXEeHepHbIM LLEHTPOM, KOTOPbIH
OCYLLECTBNSET COOCTBEHHBIMU CUIaMK Pa3paboTKy
MNP 1 pabo4yen JOKYMEHTaLMM MO CTPOUTENbHOMN
4acCTu NPOEKTa, CO34aH MPOEKTHbIV OTAEN, KOTO-
PbIi MOXET B39Tb Ha ce6s BbINONHEHWE paboyen
[JOKYMEHTaLMM N0 MOHTaXHbIM paboTam.

OcyLiecTBNeHWE MHXMHUPUHIOBOW fesTenb-
HOCTM MO MNOArOTOBKE W yNPaBAEeHWUIO CTPOUTESTb-
CTBOM Yepe3 aBTOHOMHbIE X03pacyeTHble AUBU-
3MOHabHbIe CTPYKTYPbl, KOTOPbIE UMEIOT CTUMY/bI
paboTaTb MHMLMATUBHO U TBOPYECKK, NO3BONUIIO
MHTEHCMBHO HapaLlMBaTb 06bEMbI CTPOUTENBHO-
MOHTaXHbIX paboT NPU 3HAYUTENBHO MEHbLLIMX
Temnax pocTa YUCNEHHOCTU ynpaBlieHYeCKoro
N MHXXEHEPHO-TEXHWYECKOro nepcoHana. TaK, B
nepuog 2007 — 2012 rogosB KOHCONMAMPOBAHHAsNA
BbIpyyKa «YpanaHeprocTpos» Boipocna B 6,4 pasa
npwv pocTe YNCNEHHOCTM NepcoHana B 1,7 pasa.

Ynpasnsitowas KoMnaHus «YpanaHeprocTpom»
MHOroe B CBO€eM AesATENbHOCTU noYyepnHyna u3
6oraTteniuero onbiTa KpynHenwero B CCCP cTpo-
UTENTIbHO-MOHTaHOr 0 TpecTa «YpanaHeprocTpowm»,
noctpouBlLero Ha Ypane 1 B Cuéupu 30 aneKkTpo-
CTaHuMi, B TOM YUCNE U NEPBYIO B CTpaHe Mpo-
MbILLMIEHHYIO aTOMHYIO 3NIEKTpoCTaHLmIo — beno-
apckyto ASC. AgantMpoBaB 3TOT OMbIT K paboTe B
COBPEMEHHbIX YCIIOBHSIX, Halla KOMMNaHUs CerogHs
ABNSETCH OQHOM U3 KPyNHenLwux B Poccum cTpo-
UTENbHO-MOHTaKHbIX OpraHu3aLuni, NO3ULMOHN-
pytoLLen ce6s Ha pbiHKE COOPYKEHWUS TEXHUYECKHM
CNIOXHbIX 0GbEKTOB — aTOMHbIX ¥ TEM/I0BbIX 3N€EK-
TPOCTaHLMI, TOPHOA0OLIBAIOLWIMX KOMMNEKCOB.
Mbl CTPOUM 3TW OGBLEKTHI «MOA KOY» C MYCKOM
MOLLHOCTEN 1 06y4eHMeM NepcoHana 3akasyumKa.

B pa3BuTVM aTOMHOM 3HEPreTUKMU YNpaBsio-
LLasi KOMNaHKA «YpanaHeprocTpom» ceoe byayliee
CBSI3bIBAET CO CTPOUTENBbCTBOM 3HEPrO6/I0KOB
A3C ¢ peakTopamMu Ha 6bICTPbIX HEWTPOHAX C Ha-
TPUEBLIMU Y CBUHLIOBbIMU TEMIOHOCUTENSIMMU.
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YMNPABJIEHUE MPOEKTAMMU

AToMHas aHepreTnka B Heuwckon Pecnybnuke.
KomnaHua «SKODA JS a. s.»

p g

Upxn fHeuek, ®dpanTuweK Kpuek,

Wosed Pxura,

PomaH 3pae60p,

Metp AnbTayn, MupocnaB Mapuk,

AUPEKTOP NO KAa4eCTBY  UCMOJIHAIOLLUIA BpUO aupekTopa AUPEKTOP AMBU3MOHA AUPEKTOP AMBU3MOHA HavYa/lbHUK oTAEeNa
0653aHHOCTH AVWBU3UOHA «ACYTN A3C» «CepBuc A3C» oGecneYyeHnsa Kaue-
PR-meHepxepa «UHXMHUPUHT AIC» CTBa U OXpaHbl Tpyaa

AKLUMOHepHoe 06LecTBo «SKODA JS» pa6o-
TaeT B aTOMHOM NPOMBbILLIEHHOCTH ye NoyYTn 60
neT. 3a 310 BpeMs OHO NprMobpeno 6oratbii OnbIT
1 3apeKOMEH0BasN0 cebs B Ka4eCTBE HaEeKHOro
nocTaBlLMKa COBPEMEHHOro0 060pyAOBaHUSA U
n3genun no BceMmy Mupy. Jo HacTosiLlero mMo-
MEHTa KOMMaHWs U3rotoBunaa u noctasuna 21
KOMMNEKT aTOMHbIX peakTopoB Tuna BBIP-440
1 3 Komnnekta Tvna BB3AP-1000 gna atoMHbIX
3aNeKTpocTaHLui B EBpone. B coctaBe atux nocra-
BOK Obl/1 KOPMYC U BHYTPUKOPMYCHbIE YCTPOMCTBA
peaKTopa, perynupyloLive MexaHu3mbl 1 npoyee
BaXHOe 060pyfOBaHMe NEPBOro KOHTypa.

Hayano aTomHoM nporpaMmmbl
B Yeuickon Pecny6nuke

BcKope nocne okoH4yaHust Bropov myvpoBo#n
BOWMHbI rpynna YexocnoBauKux GU3nKoB 3arope-
nacb Maeen NpoaoIKUTb JOBOEHHbIE paboTbl B
o6nacTv aToMHoM GU3KNKK, Bnarogaps Hemy yxe
B 1946 r. 66110 NPUHATO peLlEeHMEe OpraHM30BaThb
npu YexocnoBaLKON akageM1K HayK U UCKyCCTBa
oTAeNbHbIN UHCTUTYT aTOMHOM GU3UKKU. NHCTH-
TYT 3aHUMaSICs COOPYKEHMEM NEPBOrO yCKOPHUTE-
na yactmu (1948 r.), opraHusaumen uenoro psaa
Hay4HO-MccnefoBaTeNbCKMX NabopaTtopuin ans
npoBeAeHus uccnefoBaHu B obnacti paauo-
AKTUBHOIO U3My4EeHUs, CMEKTPOMETPUU, pagmno-
XMMWUK, PUBUKK HU3KKMX TEMMepaTyp, NpuMeHe-
HUS PAaMOM30TOMNOB; Ha pybexe 1952-53 IT. B
MHCTUTYTE aTOMHOM GU3UKKM Havyanucb paboThbl
MO CO3aHMI0 1 COOPYKEHWUIO COBCTBEHHOO IKC-
nepuMeHTaNnbHOro peaKkropa.

B 310 Bpems B 061aCTM aTOMHON 3HEPrETUKU
NMPOU30LLIN HEOXKMAAHHbIE UBMEHEHWS Ha MEXAY-
HapoAHOM ypoBHe. B KoHUe 1953 . npe3naeHT
CLUA yant 3v3eHxayap NpeanorKun COBETCKOMY
npaBUTENbCTBY OpraHM30BaTh MEXAyHapogHoe
COTPYAHWMYECTBO MO MCNOSIb30BAHUIO aTOMHOM
3HEPrum B MUPHbIX Liensx. B cBsi3u ¢ atow npo-
rpammon, nonyy4mMBlEN Ha3BaHue «ATOM Ansd
Mupa», Nponsolen uenbin psa cobblTU, OKa-
3aBLIKNX 3HAYUTENIbHOE BAWSIHWE Ha pa3BUTHE
aTOMHOro MalWHOCTPOEHMS BO BCEM MUpe, B
YexocnoBakuu U Ha npeanpustun «SKODA» B
ropoge Nnb3eHb, B 4acTHOCTU. B 1954 r. [eHe-
panbHasa Accambnes OOH npu3Bana npoBecTU
B 1955 r. B XXeHeBe nepByo MexayHapoaHyto
KOHbepeHLMIo N0 aTOMHOM aHepruu. Ewle go toro,
KaK OHa cocTosinacb, COBETCKOE NPaBUTENLCTBO
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NPeanoXKuI0 CBOMM COIO3HUKAM COTPYAHUYECTBO
B 06/1aCTU UCMONb30BaHNSA aTOMHOW 3HEPrun
B MUPHbIX Lensx, u yxe B uioHe 1955 r. 6b1s10
3aKo4eHo cornaweHne mexay CCCP u YCP,
Ha OCHOBaHWW KOTOPOrO B PEKOPAHO KOPOTKMUM
CPOK — 3a ABa roaa — 6bln co3aaH W 3anyLieH
nepBbIi YEXOCNOBALLKUI UCCNefoBaTeNIbCKUM pe-
aKkTop MolHocTbio 2000 KBT, a Bnocneactsmum u
LIMKNOTPOH MOLLHOCTbIO A0 25 MaB. To, ¢ Kakon
GbICTPOTOM M ONEPATUBHOCTLIO Ha 3TOM NEPBOM
3Tane passBuBanacb atToMHas PuU3nKa U TEXHUKa B
YexocnoBaKuK, He MOXKET He YAUBASATb U CETOAHS.
Yke B 1955 r. 661710 NPUHATO peLleHne co3aaTb
HOBbIM MHCTUTYT aTOMHON GU3UKK B MOcCeske
Pxex y Mparu, Kpome Toro 6bin1 ocHoBaH Pa-
KYNbTET TEXHUYECKON U S4EPHON GUBUKM.

He npowno v roga nocne 3akno4eHUs Co-
rnaleHus 0 coTpyaHMYECTBE B 06/1aCTV MUPHOIO
MCnonb30BaHUs aTOMHOW 3HEPrUK, a B MapTe
1956 r. CCCP 1 YCP noanucanu cneayiowmm goro-
BOpP 06 OKa3aHWM MOMOLLM NPW COOPYHKEHMM Nep-
BOM 4eX0CN0BaLIKOM aTOMHON 3/IEKTPOCTaHLU MK
A-1, ansl KoTopown 6bin BbiGpaH TAXKENOBOAHbIN
peakTop, oxnaxaaembii CO, , MowHocTbio 150
MBT (HWGCR — Ts)>XenoBOAHbIN ra3ooxnaxaia-
eMbIl peakTop). Ha ocHoOBaHWKM 3TOro AoroBopa
Ha psifie YEXOCNoBaALKUX NPEANPUSTUR, B TOM
uncne, «SKODA Plzef», «Energoprojekt», «SKD
Praha», <EGU» Ha4anu co3aaBaTbCs KONNEKTUBLI
cneuunanmMcToB-aToMIWKUKOB. MNpuyem, ¢ camoro
Hayana 6narogapst MHOTrONeTHeW Tpaguumn B
obnacTv aHepPreTM4ecKoro MawmHOCTPOEHHUS U
XOpOLLEN HayYHO-TEXHUYECKOM 6a3e KOMMNaHUu
«SKODA Plzefi» 6bina oTBeAeHa Beaywas ponb B
XOA€e NoArOTOBKM COOPYKEHUS MEPBOK YeXoCo-
BalLlKOW aTOMHOM 3fieKTpocTaHunn A-1. B 1957 1.
B COCTaB CMneLuanmM3MpoBaHHOM rpynnbl BXOAWIN
6onee cTa YeNOBEK, M3 HUX HECKOMbKO JECATKOB
6blM OTKOMaHAnpoBaHbl B CCCP B Hay4HO-UC-
crneaoBaTeNbCKME MHCTUTYThI, 3aHUMalOLWMECH
Hay4HbIM PYKOBOACTBOM M pa3paboTKOMN TEXHU-
4YeCKOro NpoeKTa peaKkTopa 1 NepBoOro KOHTypa
aTOMHOM 3neKTpocTaHummn A-1.

Pa6oTbl Hag npoektom A—1 wnu B CCCP Bce
6onee 1 601ee UHTEHCUBHO, NO3TOMY 6bISIO He-
06X0AMMO [JOMOMHUTb Hay4Hbl€ ¥ MPOMBILWIEHHbIE
CTPYKTYPbI CNeLnanbHbIMU BbICLUIMMU U CPESHUMU
y4eBGHbIMU 3aBeAEHNUAMM, MPOU3BOACTBEHHBIMM
ucnbiTaTebHbIMK TabopaTopusamu; TpeboBanocb
€03[aTb HOBbIE OTPAC/M Hay4YHbIX UCCefOBaHUM

— Hanpumep, TEH30METPUIO BbICOKUX Temnepa-
TYP, NPOCTPaHCTBEHHbIE MONAPU3ALMOHHO-OM-
TUYECKME U3MEPEHUS], UCCNEeA0BaHUSA XPYMKOM
NMPOYHOCTU TONICTOCTEHHbIX COCYAOB, paauaLy-
OHHOro NOBPEXAEHUS MaTepuUanoB KOHCTPYK-
LMK M U30NUPYIOLLMX MaTepuanoB. Kpome Toro,
Tpe6oBanocb pa3paboTaTb HOBbIE TEXHOMOrMYe-
CKMe NpMeMbl BaKyyMHOW NNaBKK CTanu, CBapKu
cTanew aKcTpeManbHOM TONWMHbI U aNtoMUHKE-
BbIX CniaBoB, TpeboBanocb pa3paboTaTtb He-
paspyLiatoLme MeTobl KOHTPOSIS, B HAaCTHOCTH,
CBapHbIX COEANHEHUI.

CTaHgapTHOM NMpaKTMKOM cTana npoBepKa
BaXHbIX KOMMOHEHTOB Ha MpOTOTMNax B Mac-
wrabe 1:1 npy HOMUHaNbHbIX Pabo4mX YCIOBUSAX
[laBneHus, TeMneparypbl M cpefbl. 3TO Kacanochb,
HanpuMep, TENNOBbIAENSIOLNX COOPOK, MEXaHU3-
MOB PEryIMpoBaHUs, a TakKe BCEN KPbILWKKU KOp-
nyca peaktopa. [lepsble 60MblUNe aHanoroBble
W aBTOMaTU4YecKme LMdpoBbIE BbIHUCUTENbHbIE
MalLUUHbl MPUMEHANNCE UMEHHO ANA peLleHns
npo6nemMaTMKM aTOMHOI0O MalWHOCTPOEHUS.
He6biBanble macwTabbl NPUOBGPENO COTPYAHM-
4eCTBO MPOMBILLIEHHOCTH C YEXOCIOBaALKUMHU
N 3apy6eXKHbIMWU Hay4YHbIMU OpraHn3aLnsiMu.

Mporpamma BB3P

B 1970 r. 6b1710 NPUHATO pelleHne npoaon-
aTb pa3BWUTME aTOMHOM aHepreTukn B YCCP
Ha 6a3e peakTtopos TMna PWR (BB3P). MNnaHu-
poBanochk, 4To ponb YCCP 6yaeT 3aKno4aTbes,
rnaBHbIM 06pa30M, B MOHTaXe COBETCKMX NocTa-
BOK, KaK 3T0 B OCHOBHOM W NMPOUCXOAMIO0 B X04e
COOPYXEHUS 060UX BSIOKOB aTOMHOW 3/1EKTPO-
cTaHuuun B-1 boryHuue B cemuaecaTtble rogbl.

Tem He MeHee, nocne NepBoro HedTAHOro
Kpu3uca oKasanocCb, YTO NPOU3BOACTBEHHbIE
MOLLHOCTU COBETCKOro aTOMHOI0 MalMHOCTPO-
€HUS YXe He CrpaBfaloTca ¢ BO3pacTalowmnm
CMNPOCOM Ha OTE4YECTBEHHOM U 3apY6EXHOM PbiH-
Kax, noatomy B 1974 r. CCCP o6patuncsa kK HCCP
¢ npocbbor 06 y4yacTum B MPOM3BOACTBE A4ep-
HbIX MAPOMNPOU3BOASALLNX YCTAHOBOK. B nepsom
Cnyyae peyb LW1a 0 MocTaBKax AN Nt 610K0B
BB3P-440/B-213 no 1980 ., a nocne BBoja B
3KCnayaTaumnio NepBoro cCo6CTBEHHOro 610Ka ¢
BB3P-1000 — ans Bcex ctposiwmxcsa ASC ¢ pe-
aktopamu BBOP-440/B-213. B ganbHewwem ato
NPOU3BOACTBO GbIIO PACLIMPEHO U HAa PEAKTOPbI
BB3P -1000/B-320.
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OpHaKo, TaKoM 06bem NPOM3BOACTBa aTOM-
HOro 060pyfoBaHUs 6bIN0 yKe HEBO3MOXKHO 06e-
CNeYnTb B YHUBEPCANbHbIX MALWMHOCTPOUTENbHbIX
uexax. MoaTtoMy NpoM3BOACTBEHHbIE MALIMHO-
cTpouTenbHble MolHocTM B HCCP elwe B cemu-
[ecsaTbIX rogax 6blM paclmMpeHbl NOCPEACTBOM
LeneBblXx MHBECTULMI B cymMe 6onee 5 mnpa
YELUCKMUX KPOH; B HaCTHOCTW, Ha NpeanpusaTuu
«SKODA» 6bifl COOPY}EH LieX THKENOro MaLuUHO-
CTPOEHHS, NpefHa3HavYeHHbIN AN NPOM3BOACTBA
peaKTopoB, U Liex TO4HOM 06paboTKK Ang npo-
M3BO/ACTBA NPUBOAOB PEryINPYIOLLMX CTEPKHEN.

AKuunoHepHoe o6uecTBo «<SKODA JS a. s.»
KomnaHws «SKODA JS a. s.» pa6oTaeT B 06-
NlacTM aTOMHOM 3HEPreTUKM ye 60/ee NoOBUHbI
CTONETUS; OHa NPUHSNA y4acTUe B COOPYKEHUN
CyLLECTBEHHOW YacTU S4EepPHOro O0CTpoBa BCeX
YeLICKMX MU CNoBaLIKUX aTOMHbIX 6/10KoB. A3C,
ncnonb3youme TexHonornto BBAP, otHocsATes K
YUCY CaMbIX HaAEXHbIX INEKTPOCTaHLUUIA B MUPE.

Puc. 1. PeayKkTop npuBoaa opraHa peryampoBa-
Hua MPO-M (BB3P-440)
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C 2004 r. KomnaHus «SKODA JS a. s.» sBSI-
eTcs YneHom poccuickon rpynnsl OM3. B cBoumx
NPOU3BOACTBEHHbIX U UHXEHEPHO-TEXHUYECKMX
[MBM3MOHaX KOMMNaHWsA pa3BUBaET cTpaTernye-
CKMe oTpacnu 6u3Heca, cneunanusupyrolime-
Csl Ha pa3paboTKax M NnocTaBKax Al aTOMHOM
3HEpPreTMKM, a B NocnegHee Bpems Takke ans
HedTenepepabaTtbiBatoWen, HehTEXMMUYECKOM
1 ra30BOW NPOMbILLIEHHOCTH.

B HacTosiee Bpems dupma «SKODA JS»
OCyLLEeCTBASET NOCTaBKKU TexHonorun BBIP ans
TPaAULMOHHBIX YELLCKMX, COBALLKMX, BEHTEPCKMUX
M YKPaMHCKMUX 3aKa34nKOB — aKcryaTaHToB AJC:
«CEZ, a. s., «Slovenské elektrarny, a. s.», «<MVM
Paks NPP Ltd.» n HASK «3Heproatom». Peyb naet o
NPVBOAAX PErYIMPYIOLLUX CTEPIKHEN, FEPMETUYHbIX
KabenbHbIX MPOXOAKaX M CTeNNaxax yrnioTHEHHOro
XpaHeHWs o0TpaboTaBLLErO AEPHOro TonMBa.

CambIM KpYMHbIM MPOEKTOM Ha PbIHKE peak-
TopoB TMNa PWR B 2012 r. 6b1710 3aBeplueHne
NPOM3BOACTBA BHYTPUKOPMYCHbLIX YCTPOWCTB
peakTopa EPR gns 1-ro 6noka kutanckon ASC
«TanwaHb». CnepyoWwmn KpynHbld 3aKas Ang
dpaHLYy3CKOro 3akasymMka — NPOU3BO/CTBO U
NOCTEMEHHbIN MOHTaX 060pyAOBaHUSA ANS Bbl-
rpy3Ku oTpaboTaBLUEero ToniMBa u3 CTposiLerocs
6noKa Tuna EPR Ha ASC «bnamaHBunb». B aTom
npoekTe KomnaHus «SKODA JS a. s.» aBnsetcs
€VHCTBEHHbIM MPSAMbIM 3apyGEKHbIM NOCTaB-
LWMKOM KoMnaHunu «EDF». HacTb MOHTaxa 6blna
ocywectenieHa B 2012 ., oCTaBWMECS MOHTaX-
Hble paboTbl U BBOA B 3KCnyaTaLuio 6yayT ocy-
LecTBNAEHbl A0 KoHua 2014 .

KomnaHnus «SKODA JS a. s.» pa6oTaeT u B
cTpaTterMyeckomn o6n1actv Npon3BOACTBa 060pY-
[I0BaHUS 4/19 TPAHCMOPTUPOBKM U XPaHEHUS OT-
pab6oTaBluero sagepHoro TonamMea. MHoroneTHee
COTPYAHMYECTBO C KNIOYEBbLIM HEMELKUM 3aKas-
4ynkoM GNS mbH B gaHHOM o6nacTn HeaaBHO 3a-
BEPLUNIOCH 3aKTIO4YEHUEM TULLEH3UOHHOIO KOH-
TpakKTa, KOTopbIv NpefocTaBASeT BO3MOXHOCTb
Mcnonb3oBaTh An3anH KoHTerHepa CASTOR®
440/84M v Toprosblvi 3Hak CASTOR® gns co6-
CTBEHHbIX MPSAMbIX MOCTABOK 3KCMJlyaTaHTam
aTOMHbIX 3NeKTpocTaHuuMi B Yexuun, CnoBakum
1 B HEKOTOPbIX APYrMX cTpaHax. Kpome Toro, 6bin
noanucaH KOHTPaKT Ha NOCTaBKY BOCbMW KOH-
TenHepoB TMna CASTOR®1000/19 co cpoKom
noctaBku o 2015, ¢ ONUMOHOM elLle Ha BOCEMb
KOHTEMHEPOB CO CPOKOM nocTaBku Ao 2017 r.

YMPABJIEHME MPOEKTAMU

MH)KeHepHble 1 NPOM3BOACTBEHHbIE CMO-
COBHOCTU GUPMBbI BYAYT NPUMEHATLCS HE TOJIb-
KO B aTOMHOM nNporpaMmme, HO 1 B HEaTOMHOM
o6nacTn — Npon3BoACTBE 060PYyAOBaHMA ANA
HedTenepepabaTtbiBaloLlen, HeHTEXMMUYECKOM
M ra3oBoWM oTpacnewn. ina aton uenu 6bis10 oc-
HoBaHo oTaeneHue Oil & Gas, KoTopoe 6yaeT
crnocobcTBoBaTh 60/1€€ MOMHOMY MCMONb30Ba-
HUIO MHXXEHEPHbIX U MPON3BOACTBEHHbIX MOLL-
HOCTEW KOMMNaHUM.

NMpou3BoacTBeHHan 6a3a
M TEXHOJIOrM4eCcKHe BO3MOXHOCTH

Mpon3BOACTBEHHbIE MOLHOCTM KOMNAHWW
HaxopaaTtcs B T. [1b3eHb (Hexus) n pa3meLlleHbl
B ABYX OO6beKTax:

o O6beKT bonesel,

3necb, Ha okpavHe ropoja Mnb3eHb, Haxo-
AnTcs oduLManbHOEe MEecTo PacnoOKEHNUS KOM-
naHWK1, 34ecb e pacnonaraeTcs MeEHeKMEHT
dUpPMBbI, @ TaKXKe cneumanM3mpoBaHHble nogpas-
AENEeHNUS — UHXUHUPUHT, MPOEKTHbIN, KOHCTPYK-
TOPCKUM, TEXHONOTMYECKUH OTAENbI, MEHEIKMEHT
KayecTBa, OTAen Kaapos, GUHAHCOBbIN U KOM-
MepyecKkui otaensl. Npon3BoacTBEHHbIE MOLL-
HOCTH, BK/ItOYas YUCTbIA MOHTaXK 060pya0BaHuMs,
cocpefoToYeHbl B Liexe ToOYHOM 06paboTku. B
06bEKTE MeeTCs M nabopaTopus AN UCTbITaHUS
060pyaoBaHUS peaKTopa.

o PeaKTopHbIM Lex

MMpon3BOACTBEHHbIN Y4aCTOK A1 BbINyCKa
KPYNHOTOHHaXHbIX U KpynHOrabapuTHbIX CBap-
HbIX COCYA0B M KOHCTPYKLMA Haxo4MTCS B LleHTpe
ropoga lNnb3eHb, Ha TEPPUTOPUM NPEANPUATUS
«SKODA».

NMpou3BoACTBEHHOE 0GOpYyAOBaHME

Bce o6opynoBaHue KOMNaHwu NOAHOCTbIO B
paboyeM CoCcTosiHUKU. MallUHHBIM NapK B 060MUX
06beKTax NpeuMMyL,ecTBEHHO HOBbIW, CTapoe
o60opyaoBaHue NPOLLNO KanuTaabHbIM UK BOC-
CTaHOBWTENbHbIM PEMOHT, 3an1aHMPOBaHbl HEOG-
XOANMbIE MHBECTULUMU ANS 3aMEHbl OCTaBLLENCS
4yacTu yctapesluero o60pyaoBaHus.

KomnaHusi pacnonaraeT o6WWpPHbLIM NapKom
MeTannoo6pabatbiBatowero o6opygoBaHma —
KapycenbHbIMW, FOPU30HTANbHO-PACTOYHbLIMM
CTaHKaMW, TOKapHbiMK, dpe3epoBanbHbIMU
CTaHKaMu n o6pabaTbiBaloWMMK LIEHTPAMU C

Puc. 2. LlaxTa akTUBHOM 30HbI peakTopa EPR
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YMNPABJIEHUE MPOEKTAMMU

Puc. 3. KonteitHep CASTOR®440/84

YITY. OcBOEHbI TEXHOMOMMU CBaPKKU ANs MPon3-
BOZCTBa KOPMyCcOB aTOMHbIX PEaKTOPOB, BK/OYas
BHYTPMKOPMYCHbIE YCTPOWCTBA, cneunanbHble
CBapHble KOHCTPYKLMU, KOMMNOHEHTbI CKNagoB
0TpaboTaHHOro TOM/IMBA U KOMMOHEHTbI TeNno-
BbIAENAIOLINX COOPOK.

Ba)kHbIM BWAOM AeATENbHOCTU SiBNAETCS
PEMOHT aTOMHOIro 060pyA0BaHWS, B KOMMNaHWK
paspabaTbiBaloTCs NpoLeaypbl CBapKu aAng pe-
MOHTa KOMMOHEHTOB 060PYA0BaHUS PEAKTOPOB.
KomnaHwusa pacnonaraeT v yHUKanbHbIM 060pY-
[OBaHWeM, Hanpumep, CTaHKaMu 4ns rnyboKoro
CBepeHuns, a Takke 060pyL0BaHWEM AN CBAPKM
9NEKTPOHHBIM JTyHOM.

CneuunanbHass NoAroToBKa nepcoHana
CBapLLMKOB A/1F PYYHbIX U MEXaHWU3MPOBAHHbIX
MEeTOA0B CBapKu ANsi MPOM3BOACTBA aTOMHO-
ro o60pyAoBaHUs OCYyLLECTBASETCH B COOTBET-
CTBUW C BHYTPEHHUMMU UHCTPYKUMSMU, @ TaKKe
B COOTBETCTBUU CO CTaHZapTaMu CSN, EN 1 ap.
CBapLyMKun 1 onepaTopbl KBanMduumpyoTcs B
COOTBETCTBUM CO CTaHAapTaMu CSN EN 287-1,
CSN EN 1418, AD 2000 — Merkblatt HP3, NTD
A.S.l. © amepunKaHCKNUMK cTaHgapTamn ASME
(HopMmbl ¥ npaBuna AMepuKaHCKoro obuwectsa
MH}XEeHepPOB-MexaHWKoB, pasaen IX).

OcHOBHas fenaTenbHoCcTb B 2012 1 2013 rr.

MNHBECTULIMOHHbBIN UHXUHUPUHT — KtoYeBas
cdepa aesTenbHocTH drupMbl «SKODA JS a. s,
npuHocswas en 6onee 60 % BbIPYHKH.

[esTenbHocTb 06ecneymBaeTcs AMBU3NOHOM
«HXMHUPUHT ASC» M AUBU3UOHOM «CUCTEMBI
KOHTpons n ynpasneHns ASC», BbINOMHSAIOWMMHU
NPOEKTUPOBaHMeE (MPOEKTbl MaLMHHOro 060pyao0-
BaHMs, aNeKTpoo6opyaoBaHus u cuctem ACYTI)
[N aTOMHbIX 31EKTPOCTaHLMM, B YHaCTHOCTH, TMNa
BB3P, ans aaepHoro octpoBa v BTOPOro KOHTYpa,

BKJI0Yas Tpy6onpoBOHbIE CUCTEMbI B Clieayto-
lem ob6beme:

® KOMIM/IEKTaLMS KPYMHbIX UHBECTULMOHHbIX
NPOEKTOB, KOOPAMHALMA NOCTaBLIMKOB Ans aaep-
HOro OCTpOBa U HesiaepHoM YacTn ASC;

e yrpaB/ieHne peanmsaumen Ha MecTe (site
management) Ans BbllleyKa3aHHOro 06bemMa;

e KOMMNEKCHOEe ob6ecnevyeHne nocTaBOK:
obecrneyeHne KayecTBa, KOHTPOJSIb cobntoae-
HUA NnaHa-rpaduKa, OTYETHAsA M KOHTPONbHas
[eATeNbHOCTb.

MopaepHu3auua cUCTEMbI KOHTPOARA
u ynpaBneHusi A3C «JlyKoBaHbl»

«SKODA JS» siBnsietcs reHepasibHbIM Noapaa-
YMKOM 3TOrO KPYMHOrO MHBECTULIMOHHOIO MPO-
€KTa, Lieflb KOTOPOro COCTOUT B TOM, 4TOGbI 3a-
MEHWTb 1 AOMNOJIHUTb 3nemMeHTbl cuctembl ACYTI
BCEX 3HepProb/10K0B, OKa3blBaloLMeE CYLLECTBEH-
HOe B/IMSIHWE Ha aTOMHYt0 6€30MacHOCTb, MOBbI-
CWUTb 3KCMyaTaLMOHHYI0 HaAEXHOCTb, MPOANUTD
CPOK CNy»K6bl M NOBbLICUTb FOTOBHOCTb G/I0KOB
K aKcnnyaTauuu. lMonHas MoaepHU3aumsa cucteM
ACYTI no3BOAMT 3KCMNyaTMpOBaTbh HACTOSLLYIO
A3C KaK MrHUMYM Ao 2025 . KOHKpeTHbIe Cu-
cteMbl ACYTI ¢ aToM Lenbto 6blan pasaeneHbl Ha
MoZynu, 0603HaYeHHbIe Ha 1-M aTane MogepHu-
3aummn ACYTI Kak mogynn M1, M2, Ha 2-M aTane
KaKk mogynu M3 — M5.

lepBbIf 3Tamn, CTOMMOCTb KOTOPOro COCTaBASA-
Nla oYt 7 MAPA YELUCKUX KPOH, 6bin HavaT B 2000
rofly ¥ BK/Ito4an B ce6si cuctemMbl 6€30nacHoCTH,
CUCTEMbI YNPaBIEHNS MOLLHOCTbIO peakTopa (Mo-
aynb M1) u nHbopMaLMOHHbIE CUCTEMBI (MOLY/b
M2). B TeyeHne 2005-2009 rT. B COOTBETCTBUMU
¢ rpadvKom paboT Mo 4OroBOpYy NOCTENEHHO BBO-
OWANCb B 3KCMyaTaumio MOLEePHU3NMPOBaHHbIE
cuctembl ACYTIN Ha Bcex 4eTbipex 61oKax. Bee
HOBOE 060PYyAOBaHWE Ha KOHKPETHbIX 610Kax ycTa-
HaB/IMBaANOCh MOCTEMEHHO, B TEYEHUE YeTbIpex
naywmx apyr 3a gpyrom MNP, B npoMblLLAEHHYO
3KcnnyaTauunio obopyaoBaHue 6biN0 BBEAEHO
TONIbKO B TeyeHue nocneaHero MNP

B okta6pe 2007 r. 6bin Ha4aT BTOPOM aTan
npoekTta (Mmogynn M3, M4, M5) ctonmocTbio 60-
nee 4 Mnpa YELCKUX KPoH. 3Ta YacTb NpoeKTa
BK/tOYAET B ceba 3aMeHY CUCTEM YNpaBeHUs
nepBoOro KOHTypa, TYPOGUHbI U BTOPOrO KOHTY-
pa. B KOMNIEKT NOCTaBKU BXOAMUT TaKKe HoBas
6104Has AgMarHocTuyeckas 1 MHPoOpPMaLMOHHas
cuctemMa BbiwecTosero ypoHsa DIAG, npegHa-
3Ha4vyeHHas ana céopa M 06pabOTKKU IKCMyaTa-

Puc. 4. ATomHas aneKkTpoctaHuma «TemenuH» 1-i u 2-i 610Ku
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Puc. 5. MoaepHu3auua cMcTeMbl KOHTPONA U
ynpaBneHus Ha A3C «JlyKoBaHbl»

LUMOHHbIX M ANArHOCTUYECKMX JaHHbIX. [Mogo6bHas
cuctema B apxuteKtype ACYTI ASC «[lyKoBaHbl»
[10 HaCTOoSILLLEr0 BPEMEHUW OTCYTCTBOBAana.
Pa6oTbl Ha KOHKpETHbIX 6/10Kax BeayTca B
Xo4e nnaHoBo-npeaynpeauTenbHbiX PEMOHTOB
NS TEXHUYECKOTro O6GCNYMBAHWUA U 3aMEHbI
TonnMBa. ITOT METO4 MOHTaXka npeabsiBnseT
YKeCTKMe TpeboBaHUs K KOoOpAnHaLMK 60MbLIOro
o6bema [1eATENIbHOCTM KaK B X0/[le NMOAroTOBK-
TeNbHbIX PaboT, TaK U HEMOCPEACTBEHHO B X04€
MMP. Cnoco6 MoHTarka, cTpaterns ucnbiTaHum
W BBOJ B 3KCMyaTaLluio MOAEPHU3UPOBAHHbIX
cuctem ACYTIT 6e3 npeKpalieHnss HopManbHOM
JKCnayaTaumio 3IEKTPOCTaHLMU COBEPLLUEHHO
YHWKaNbHbI, MOCKOJIbKY aHa/llorMyHas 3aMeHa
HACTONbKO KPYMHOM U BaXXHOM TEXHONOMMYECKOM
yactn ASC ellle HUKOMAa M HUrAEe B MUpPe Ha aaep-
HOW 3HEPreTMYECKOM YCTAHOBKE HE MPOBOAMNACh.
MpoekT MmogepHusauun ACYTM A3C «[dyKo-
BaHbl» OCYLLECTBNAETCH B COOTBETCTBUMU C YT-
BEPXAEHHbIM NAaHOM-rpadrKom paboT. Cneayet
OTMETUTb, YTO Ha NPOTSAXKEHUM BCEro nepuoaa
peann3aunn NPoeKTa He MPOM30LWI0 HU OAHOMO
KaKoro-1M60 4pe3BblYanHOro cobbITUS, KOTOPOEe
NoBAUSANO Gbl HA HOPMalbHYK 3KCMayaTauuto
A3C «[lykoBaHbl». KOMnneKcHas MogepHu3aLms
A3C «[lykoBaHbl» 6yaeT 3aBeplueHa B 2016 1.

LlocTpoMKa 3-ro u 4-ro GNOKOB
A3C «<MoxoBue»

«SKODA JS» siBNSieTcsl O4HUM M3 FaBHbIX
NMOCTaBLMKOB B NMPOEKTE JOCTPOMKM TPETLErO
n yetBepHoro 610Kka ASC MoxoBue. B 2009 r.
6bl/1 NOAMNUCAH JOrOBOP MEXAY «SKODA JS» U KOM-
naHuen «Slovenské elektrarne», Ha oCHoBaHUK
KOTOPOro KoMnaHus «SKODA JS» cTana nocTaBLuy-
KOM Ba)XHbIX CUCTEM: NEPBbIA KOHTYP, TPAHCMNopP-
THO-TEXHONOIMYECKas 4acTb, COEAUHUTENbHbIE
TPY60OMpPOBOAbI, MPOMKOHTYP OX/TAXKAEHUS, YacTb
cuctembl ACYTI 1 MacTepcKkue TEXHUYECKOTo
obcnyknBaHus. M3 gorosopa crneayet, YTo 31
CUCTEMbI MOCTABASAIOTCS «MOA KIoY» — 06beM
oTBeTCTBEHHOCTH «SKODA JS» BK/IOYaET B cebst
pabouyto JOKYMEHTaLMIO, MOCTaBKMW, MOHTaXHble
paboThbl, UCAbITAHUSA U 3anycK Lenbix cuctem. C
Y4€TOM OrPOMHOro o6beMa U KOMMIEKCHOCTH
ycnyr NnpeabsaBastoTca 6onblune TpeboBaHUa K
npodeccnoHanbHOM U KOOPAUHALMOHHOM ae-
ATENbHOCTM KoMNaHuu «SKODA JS». B cBA3M ¢
TEeM, 4YTO peyb WIET O AOCTPONKe, Heo6X0ANMO
OTMETHUTb, YTO C TEX MOP, KOraa CTPOUTENIbCTBO
6blI0 OCTAHOBJ/IEHO, MPOMU3OLLAN U NMPUHLMMN-
anbHble NUBMEHEHMSA B 3aKOHoAaTenbcTBe. 310
HeceT ¢ cO60M MHOTO4YUCNEHHbIE UBMEHEHMUS,
KOTOpble KacaloTCcsl KaK CTPOMTENIbHOM YacTy,
TaK M TEXHOJIOTMYECKMUX NOCTaBOK M MOHTaa.

OcHoBHas paboyas Harpy3ka B 2012 r. npu-
lwnacb Ha puHanbHyt0 4OopaboTKy paboyen ao-
KyMeHTauuMu ans ob6omx 6710KOB, COCTaB/EHNE
nporpamMmm McnbiTaHWn U NPOrpamMM MyCKOBbIX
paboT, a TaKKe Ha paboTbl N0 BOCCTAHOBUTESb-
HOMY peMOHTy. Kpome Toro, 6bliv 3aBepLIEHbI
NMOCTaBKU 06GOPYIOBaAHMS Ha CTPOUMIOLLAAKY U
pa6oTbl M0 BOCCTAHOBUTENIbHOMY PEMOHTY paHee
nocTaBfieHHOro o6opyaoBaHus. bbina Takke cy-




Puc. 6. 3D-mopensb «MepBbiit KOHTYp BBAP-440»

LLleCTBEHHbIM 06pPa30M YKpenieHa LenocTHOCTb
noapsiAHOM LLEMOYKU, MPUMEHSAEMOM KOMMNaHWeN
«SKODA JS a. s.» B JaHHOM npoekTe. HeogHo-
KpaTHO Gblna NoATBEPKAEHA COCOBHOCTb KOM-
naH1K NPefoCTaB1Tb MHBECTOPY LUMPOKKUI CMEKTP
NOCTaBOK U YCNyr Ha CaMOM BbICOKOM YPOBHE.

B pamKax noapsiAHOM LIEMOYKM KOMMNaHUS
«SKODA JS» cOTpYAHMYAET C LiebIM pSAOM GUPM.
KoHeu4Ho, B nepBYyio o4epeb peyb UAET 0 KoMMa-
HUsAX U3 Yexnn n CnoBaKknu, 0AHAKO 3aK/104YEHO
60nbLIOE KOMMYECTBO NOAPAAHBIX JOrOBOPOB U
¢ KoMnaHuamu n3 Poccuickon depepaumu, Be-
NMKOG6pUTaHnn, Benrpuu, bonrapuu, lepmaHum
W OPYrux CTpaH.

C npoeKTom cBfi3aHa HEOBXOAUMOCTb BHe-
[PEHUS MHOTO4YUCIEHHBIX HOBbIX MPOrpPamMMHbIX
WHCTPYMEHTOB B 06/11aCTM MPOEKTUPOBaHUS,
ynpasneHus 1 KoopanHauuu. B Halwe Bpems camo
c060W pa3yMeroLUMNCa SBNKIOTCS NPOEKTUPOBa-
HWE M NPOCTPaHCTBEHHAsA KOOpAMHALMSA B cpele
3D, Ucnonb3yeTcs HOBOE BblHUCUTENBHOE NPO-
rpamMmHoe obecrneyeHne, NPUMEHSIOTCS HOBble
6a3bl AaHHbIX U MHCTPYMEHTbI 415 ypaBieHns
[OKyMeHTaLMen, obecneynsatoLLme cBa3b C nna-
HOM-rpadMKOM NMpoeKTa.

[ns komnaHum «SKODA JS» npoeKT A0CTPONKM
A3C «MoxoBLe», 610KK N2 3, 4 Ba)KeH, rMaBHbIM
06pa3oMm, € TOYKMU 3peEHNsT OGHOBNEHUS NMPOU3-
BOJACTBEHHOI0, UHXXEHEPHOI0 M MEHEOKEPCKOro
noteHuuMana, NnpUHMUMas BO BHUMaHUe byaylime
NPOEKTbI N0A06HOro TMNa. Peyb AET 0 AOCTPOVKE
A3C «TemenuH», a TaKKe AanbHENLWNX NaaHax Ha
CTpoUTENLCTBO B CrioBakuun 1 BeHrpuu.

CepBHUC aTOMHbDIX 3/IEKTPOCTAHLUMA

CepBUC aTOMHbIX 3NIEKTPOCTaHLMUI — TPETUM
CerMeHT npeanpuHMMaTeNbCKON AeATENbHOCTH
GUPMBbI, BHOCSALLMI CYLLLECTBEHHbIN BKNa B NONy-
YaeMylo KOMNaHWeN BbIPYYKY U PacLUMPSIOLLMIA
CMEKTP YCNyr No TEXHNYECKOMY 06CNYKMBAHUIO
He TonbKko ASC «[lyKoBaHbl» n ASC «TemenuH»
(6 6nokoB), HO U ASC B CnoBakuu, YKpauHe,
BeHrpun n ApmeHuu.

B Yewickoit Pecny6nunke komnanus «SKODA
JS» 3aHMMaeT No3nLMIo reHepanbHOro noapsja-
YMKa Mo TEXHUHECKOMY 06CNYHMUBAHUIO ALEPHOr0
octpoBa A3C. 311 paboTbl KOMMNaHWS BbINOJ-
HAeT Ha OCHOBaHMM pPaMOYHOro Aorosopa no
OKa3aHU1Io ycnyr TEXHUYECKOro 06CnyKMBaHUA
NIOrMYECKOro KOMMNNeKca «PeakTopHOe 3aaHuer,
KOTOPbIM 6bla NOAMUCAH C 3KCNIyaTaHTOM YeLl-
ckmx A3C, aKLUMOHEPHbIM O6LLECTBOM «EZ, a.
S.». Peyb MaeT o 4ONrOCPOYHOM perynsipHo npo-
[OMKaeMOM KOHTpaKTe.

bonee aByx Tpeten o6beMa TEXHUYECKOrO
06CNyXMBaHWA OCYLLECTBNSET HENOCPEACTBEHHO
nepcoHan «SKODA JS», ocTaBLIasiCs YacTb peanu-
3yeTcsi NOCPEACTBOM LLeNOYKKU cy6noapsaayvMKoB.
Ponb «<SKODA JS» Bo BpeMs 0CTaHOBOB 6/10Ka He
orpaHv4MBaETCs TONIbKO BbINOHEHWEM CEPBUC-
HbIX PaboT, HO BK/tOYaEeT B ce6s M ONTUMU3aLMIo
WX MPOLOSIKUTENBHOCTH.

Puc. 7. 3D-moaenb «Cuctema KomneHcauum
AaBneHUs nepBoro KoHTypa BB3P-440»

Puc. 8. YctaHOoBKa Kopnyca peaKktopa BBIP-
440/B-213 Ha A3C «<MoxoBLe»/3- 610K

K onepauwnam, o6ecrne4ymBaemMbiM CEPBUCHbI-
MU oTAenaMu KomnaHuun «SKODA JS», oTHocHTCS
BbIMOJIHEHWE KOMMNEKCHbIX MPUEMOYHbIX UCMbI-
TaHUM M NEPUOANYECKUX UCMbITAHUI LIAroBbIX
anekTponpusoaos ana BB3P-1000, a TakxKe npu-
BOJOB IMaBHbIX PerynmpytoLmx kaccet BBAP-440.

YMNPABJIEHWME MPOEKTAMMU

Kpome Toro, B KOMNaHMK HanaxeHo Npov3Bog-
CTBO Pa3/IMYHbIX TUMOB rPadUTOBbIX MPOKIAL0K.

CylwecTBeHHyto YacTb noptdonno npeana-
raemblx yCnyr cocTaBNsilOT Hepaspyllawouime
MCNbITAHWS FMaBHOro 060pyaOBaHUS MepBO-
ro KOHTypa (peaKTop, maporeHepartopbl, rnas-
Hble LIMPKYNSLMOHHbIE TPy6ONpoBOAbl U T. A4.).
B HacTosiee Bpems B KoMnaHuu «SKODA JS»
NPOU3BOAUTCH HOBbIM MaHUMNYNATOP AN KOH-
TpoNs BHYTPEHHEN MOBEPXHOCTM KOpMyca peak-
Topa. Havyano ero npMMeHeHUs NaHMpyeTcs Ha
2014 r., cywecTBEHHbIM NMPENUMYLLECTBOM HO-
BOro MaHunynstopa ABASETCA 3HAYUTENbHOE
COKpallleHWe BPEMEHU KOHTPONS, OT KOTOPOro
B 6O/IbLLON CTEMEHU 3aBUCUT U NPOLOIKUTENb-
HOCTb KPUTMYECKOr0 NYTU NPU OCTaHOBE GI0Ka.
KOHCTpyKLUMS MaHMnynsiTopa NO3BONSET 3KCMNY-
aTaumio Kak Ha BBAP-440, Tak n Ha BBIP-1000.

K KpynHbIM aKTyanbHbIM NPOEKTaM, pellae-
MbIM B paMKax 3ajila4y TEXHUYECKOro pa3BuTuS,
OTHOCUTCH NPOEKT «Pa3paboTKa HOBOW TEXHO-
JIOTMM PEMOHTHON CBapKW 3KcnayaTUpyeMblxX
KopnycoB peaKktopoB BB3P-1000». [MpoeKT sB-
naeTca NpooKeHMeM pa3pabaTbiBaBLUMXCS B
NPOLIIOM MPOEKTOB, KAacaBLIKUXCH PEMOHTHOM
CBapKW KOpnycoB peaKTopoB Tuna BB3P. haBHoe
npenmyLLecTBo pa3pabaTbiBaeMON TEXHONOMMUK
3aK/1l04aeTCcs B COKPaLEHUM BPEMEHU PEMOHTA
Kopnyca peaKTtopa (npeaBapuTe/ibHOro Harpesa
1 TEpMUYECKOM 06paboTKM Nocne pemMoHTa) no
CpaBHEHMWIO C NepBOHaYaNbHO 3aniaHUpPoBaHHOM
TEXHOOren.

B 2012 r. cepBucHasa rpynna nepsoun B
LleHTpanbHOM EBpone BbINOMHUAQ PEMOHT He-
oAHopoAaHoro ceapHoro wea Ay 1100 mMm Ha
Konnektope naporeHepatopa ASC «[lykoBaHbl»
(6nok BB3P-440), gaHHbI1 PeEMOHT aABASETCS
YHUKaNbHbIM C TEXHOJIOTMYECKON M OpraHu3a-
LINOHHOWM TOYEK 3peHuns.

PedepeHTHbIE NOKa3aTenu

2012 r. cTan TpMHaAUATbIM MO CYETY ycnelw-
HbIM FOAOM Ansi KomnaHun «SKODA JS a. s B
HenpepbiBHON Yyepeae net, HadnHaa ¢ 2000 .
BbipyyKa KoMnaHuu no metoamke MC®PO, no-
Ka3aHHas B KOHCO/IMAMPOBaHHOW pUHAHCOBOM
OTYETHOCTM KOMMaHuK, cocTaBuna 4,98 mnpa
YeLWCKMX KPOH (198,2 MH eBpo), npnyem 56%
COCTaBAsEeT Bblpy4Ka OT aKkcnopTa. O6beM HOBbIX
NPUHATBIX 3aKa30B npubamxaetca K 1,8 mapa
YeLWCKNUX KPOoH (71 MnH eBpo). B 2012 r. Kom-
naHus «SKODA JS a. s.» nonyyuna KOHCONMANPO-

Puc. 9. 3Kcnnyatauusa rankosepTa WnuieK rnaBHoro pasbema peakropa BB3P-1000 Ha A3C «TemenuH»
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YMNPABJIEHUE MPOEKTAMMU

BaHHYI0 NpUbLIIb Nepes Hanoroo6a0XeHMeM No
MC®O0 B paamepe 310 M/IH YelICKMX KpoH (12,3
MJIH €BPO) U YNCTYI0 MpUbLIIb B pasmepe 247
MJIH YeLUCKUX KPOH (9,8 MNH eBpo). YKa3aHHble
pe3ynbTaTbl 03Ha4Yanu BbINOJHEHWE BCEX NOKa-
3aTefien nnaHa, NOCTaBMEHHOIO aKLMOHEPOM
KOMMaHWUM.

B cBS131 C KPYNHbLIMU MHBECTULLMOHHBIMM NPO-
€KTaMM1 YUCNEHHOCTb NepcoHana KoMNaHuu B
nocnefHue YeTblpe roga ysenvynsanacb npu-
6113unTenbHo Ha 100 yenoBeK B rof 1 cTabunu-
3upoBanacb Ha 3Ha4yeHun 1200 yenoBeK B rog.

OOHOM U3 OCHOBHbIX COCTaBASAOLLMX CTpaTe-
MK KoMnaHun «SKODA JS» sBnsieTcs HenpepblBs-
HOe pa3BUTME M YCOBEPLIEHCTBOBaAHWE CEPTU-
$UUMPOBAHHON UHTErPUPOBAHHON CUCTEMbI Me-
HemKkMeHTa (IMS), a Takxe cepTUdULMPOBaHHOM
cucTeMbl 06ecneyeHnst KauectTsa B COOTBETCTBUM
¢ ASME pa3sgen lll. Cuctema IMS uHTerpupyet
TpeboBaHus CTaHAapToOB CSN 1SO 9001:2008
(QMS), CSN IS0 14001:2004 (EMS) 1 CSN OHSAS
18001:2007 (SM BOZP). Cuctema IMS co3aaHa B
pacyeTe Ha TO, YTOGbl OXBATUTb OGLUMPHYIO LKAy
BCEX BMOOB [eSATeNIbHOCTU KOMMNaHWMU.

MpuHUMNKanbHOE 3HAYEHWE UMEIOT KIKU-
EHTCKMe KBanndUKaLnu, KOTopble MOATBEPK-
[aloT Ka4yecTBO NOCTaBOK KoMNaHun. KomnaHus
«SKODA JS» BK/TIOYEHa B CIMCOK U36paHHbIX MO-
CTaBLLMKOB KPYMNHbIX 3aKa341KOB, YTO ABNSETCS
OAHWM U3 KJIOYEBbIX YC/IOBUI COTPYAHUYECTBA.
KomnaHwus asnseTcs KBannduuMpoBaHHbIM Mo-
CTaBLWMKOM A1 KOMNaHWn «CEZ, a. s» (HYexus),
«Slovenske elektrarne» (CnoBakus), HASK «3Hep-
roatom» (YkpauHa), EdF (dpaHums), ASC MNakw
(BeHrpusa, OKG — Oskarshamn NPP (LLUBeuus),
Westinghouse Electric (CLLA), AREVA (PpaHums),
GNS (TepmaHus) 1 Lenoro psaa Apyrux 3akas-
YUKOB.

[MprMeHUTENBHO K 3apybeXKHbIM NOCTaBKam
B KOMMaHMM UCMNOJIb3YIOTCH OTEYECTBEHHbIE U
3apy6exHble NPOM3BOACTBEHHbIE MpaBuna M
CTaHAapTbl, NpeAHa3HavYeHHble AN KOHCTPYM-
poBaHus, NPOM3BOACTBA U o6ecneveHns Kaye-
cTBa MpW NPOM3BOACTBE aTOMHbIX PEaKTOPOB:
MHA3T (Poccusg), KTA (fepmanus), RCC-M (PpaH-
ums), YVEL (PuHnanams), ABOS (BeHrpusa) u BNS
(CnoBakus). B HacTosiwee BpeMsa KOMMNaHus
cepTudumumnpoBaHa cornacHo EN ISO 3834-2
(cBapka), DIN 18800-7 (60nbL0e ya0CTOBEPEHUE
cBapumka), AD 2000-Merkblatt HP O (cocyabl nog
nasnenvem), CEFRI (303MMeTpryYecKnit KOHTPONb
Ha bpaHUY3CKUX aTOMHbIX 3N1EKTPOCTaHLMUAX),
Kpome Toro, KoMnaHus Bnageet ewe 10 Bax-
HbIMK cepTUdUKaTamu.

Puc. 10. Knema ASME, cekuus lll
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B komnaHuu «SKODA JS» B paMKax cUcTeMbI
IMS ycnelwHo paboTaloT Tpu nabopaTopuu, akkpe-
[MTOBaHHble cornacHo TpeboBaHuaM cTaHgapTa
CSN EN ISO/IEC 17025:2005 - UcnbiTaTenbHas
na6opatopus gedeKkTocKkonuu, UcnbltatenoHas
nabopaTtopus 3KcnyaTaLMOHHbIX OCMOTPOB U
nabopaTtopus MaTepuanos, KOTOPbIE BKIIKOYEHbI B
o6uLyto cucteMy MCM. HeoTbemneMom cocTaBHOM
4acTblo 06ecrneyeHmns KavyecTBa NOCTaBOK KoMna-
HWUM ABNSIETCH OLleHKa Ka4ecTBa NOCTaBLLMKOB Ha
OCHOBaHWM TEKYLLEN OLLEHKM Kay4oW NOCTaBKM
mMaTepvana, a Tak:ke OLeHKa NoCTaBLMKOB Mo-
CPeACTBOM ayAUTOB KayecTBa.

TeHaep Ha coopyXeHue ABYX G/IOKOB
Ha naowaake AJC «TemenuH»

YelicKkas aneKTporeHepupyoLLlas KoMnaHus
«CEZ, a. s.» (nanee no texkcty CEZ) 03.08.2009 1.
o6bsBMUNa TEHAEP Ha 3aKa3 Noj Ha3BaHueM «[lo-
CTPOVKa aTOMHOWM 3/IEKTPOCTAHUMU «TEMENUH».
MpeaMeToM 3TOro rocyaapCTBEHHOrO 3akasa
ABNSETCA MPOEKTHOE pelleHue, cocTaBleHune
[OKYMEHTaLUWUU, UHKUHUPUHT, NPOM3BOACTBO
060pyaoBaHus, NOCTaBKa, MOHTaX Ha CTPOMMNIIO-
WajKe, UCMbITaHWS U BBOJ B 3KCMyaTaL MO ABYX
KOMMNEKTHbIX 6/10KoB AJC «TemenunH» B dopme
EPC nocTtaBKu — «N0A KtoY», BKIKOYas TOMMBO.

YcnoBwvem y4acTus B TeHaepe 6bina ycnewHas
KBanMduKaLMa KaxKaoro npeTeHaeHTa.

CpoK nogayv AOKyMeHTaumuy ans KBanuodvka-
LMW NPeTEHAEHTOB A5 y4acTus B TeHgepe 6bin
ycTaHoBneH Ha 30 okTa6ps 2009 r. B foKymeHTa-
LK 6blIM YKa3aHbl CnefytoLimMe CPOKK: 3aKiloye-
HWe KOHTPaKTa Ha 3aKka3 A0 KoHua 2011 r., BBog
6noKa 3 B aKkcnnyataumto 07,/2019 1 6noka 4 go
12/2020. B xofe TeHAepa 3aKa34MK NOCTENEHHO
NnepeHOCUn BbllleyKa3aHHbIE CPOKM.

KBanudunkaumoHHble TpeboBaHWUS 3aTpa-
rMBau LUMPOKKIM CNEKTP BOMPOCOB: OCHOBHbIE
Tpe6oBaHus, NpeabsBAsSeMble K KBannduKarmm
NOTEHLMANbHbIX YHaCTHUKOB; S3bIK 3asBIEHNUS;
orpaHUYeHre 0JHOBPEMEHHOIO y4acTuUs NPETEH-
[IEHTOB B HECKOMbKMX MPEAOKEHUSX; MUHUMASTb-
Hble TEXHUYECKNE TpebGoBaHuWs, NpeabaB/iSieMble
K MPOEKTY; NPaB0 MHTENIEKTYa/IbHOW COGCTBEH-
HOCTM Ha Npeanaraemblv MPOEKT; TpeboBaHWe No
HaNM4YMI0 KOHTPAKTHbIX OTHOLLIEHWI ¢ cybrnocTaB-
LMKamK; TpeboBaHMA K JOKYMEHTaMm, nogaBae-
MbIM B paMKax 3asBNeHUs Ha KBannduKkaumio,
M NMpoYMe opraHM3aLnoHHble U popMasbHble
TpeboBaHus.

C y4yeToM BblleyKa3aHHbIX KBanudpuKaum-
OHHbIX TPe6OBaHWM Gblfla Ha4yaTa MHTEHCUBHAS
paboTa Haj NoAroTOBKOM NoAPO6HOM KBanndUKa-

LLMOHHOW JOKYMEHTAaLMK, B TOM YUCNIE JOKYMEH-
Tal MW raBHbIX NOTEHLMANbHbIX CYONOAPSAAYMKOB
n3 Yewckown Pecnybnumkn, Poccuiickon depepa-
LMK U apyrux ctpaH. B TpebyemMble CPOKK KBa-
NMPUKaLMOHHAsA AOKYMeHTaumMs Gbina nepeaaHa
komnaHun CEZ v B Havane 2011 . KOHCOpPLNYM
6b11 KBaNMOULMPOBaAH.

OcHoBaHue KoHcopyuyma MIR.1200
lpaKT4eckn cpasy e nocne ysegomse-
HUS O Havane TeHAepa Ha 3aKka3 Ha JOCTPOWKY
A3C «TemenunH» komnaHus «SKODA JS» Havana
WHTEHCMBHbIE MEPEroBOPbl C POCCUNCKON CTO-
poHoM 0 dopmMe ByayLIero CoTpyaHM4ecTBa. 3T1
neperoBopbl WK napannenbHo ¢ NOAroTOBKOM
KBaNMbUKaLMOHHOW JOKYMEHTaLMK, YTO Npesb-
ABNSN0 BbICOKME TPEOGOBaHUA K KOOpAUHAL MK
KOHKPETHbIX paboT 1 NeperoBopoB.

[eperoBopbl BEUCH, B 4YAaCTHOCTH, C KOM-
nanuammn 3A0 «AtomcTtpornakcnopt 1 OAO OKB
«[Mpponpecc» U B Te4eHWe OKTA6PS B COOTBET-
CTBWM C NONOKEHUAMM YELLICKOT 0 rParkaaHCKoro
KoJeKkca 6bi1 noarotoBneH [loroBop 06 o6be-
OWHeHun (JoroBop KOHCopLKWymMa), B KOTOPOM
6blIM onpefeneHbl NpaBuia CoTpyaHUYECTBa,
a Komnanust «SKODA JS» HasHauyeHa nmaepom
KOHcopumMyma. [1oroBop KoHcopLyma 6bin noja-
nucaH B MockBe B 3gaHun komnanun 3A0 «ATom-
cTponakenop™ 14 oKTa6pa 2009 r.

BTopbIM 4neHom KoHcopunyMa asnsetcs 3A0
«ATomcTpornakcnopT» (AC3) — Beaylas poccun-
CKasl UHXMHUPWUHIOBAsi KOMMNaHWS, NOAKOHTPOb-
Hasa [ockopnopauun «Pocatom», peanusylowias
MEXMpaBUTENbCTBEHHbIE U KOMMEPYECKHE CO-
rnaweHnsa O COOPYEHUN OGbEKTOB aTOMHOM
3HEepreTMkM B macltabax BCero Mmpa.

TpeTbnM YneHom KoHcopumnyma asnsercs OAO
OKB «ngponpecc» (OKB M), rnaBHbIM NPOEKTU-
POBLLMK 1 BNageneL, Hoy-xay S4epHOro ocTpoBa
npeanaraemMoro peleHns.

Ha ocHoBaHWK 1OrOBOPEHHOCTU MEXay OT-
[OeNbHbIMU YneHaMn 06benHEHUE (KOHCOPLIMYM)
Hayano NoNb30BaTbCA Ha3BaHWeM «KoHcopLMyM
MIR.1200».

Ha ocHoBaHWK ycrnewHon KBanndukauum
3akasyuk B mapTe 2010 r. nepegan KBanndu-
LMpPOBaHHbLIM npeTeHaeHTam «CneuuanbHyto
[IOKYMEHTaLMto», B cOCTaBe KOTOPOW 6bIno nog-
po6HOE TEXHUYECKOE M KOMMEpPYECKoe 3aja-
Hue. [loKyMeHTauus cogepkana u Tpe6oBaHus,
npeabsaBAsemMble K COCTaB/IEHUIO LLenoro psaa
TexHU4YecKux JokymeHToB (Pre-Bid Data), Kotopble
B Te4YeHue Tpex MecsLeB 6bliv COCTaBNEHbI Ha
Heo6X0AMMOM YPOBHE KayecTBa M nepegaHbl
3aKkasunky. B unioHe 2010 r. npownun nepsble
TEXHUYECKME M KOMMEPYECKME NEPEroBopbl €
3aKa34ynKoM, B KOTOPbIX MPUHANK y4acTue 60-
nee 100 YeLwCKnx n pOCCUNCKUX CNELNanncToB,
ABNSAOWMXCA COTPYAHMKAaMM KOMMNaHUM, BXoas-
WMX B KOHCOPUMYM, @ TaKXe APYrux KPynHbIX
opraHv3sauui.

B aBrycte 2010 3aka3uyuKk coo6Lunn o Npoa-
JIEHWUU NepPeroBOpPOB Mo AOKYyMeHTauuu «Pre-Bid»
00 KoHua 2011 r. OgHOBpeMEHHO 3aKa3yuKk
C KaXkblM Y4aCTHUMKOM B OTAENbHOCTU Ha4van
coCTaBJieHMe NOAPOOHOM YTOUHAIOWEN AOKY-
MeHTauuun (Supplements). B anpene 2011 r.
npowna BTopas KOHCYy/bTallMOHHas BCTpeya u
cocTaBnieHue Supplements 6b1/10 3aBEPLLEHO B
aBrycre Toro e roga. B okta6pe 2011 r. 3a-
Ka34yuK nepepan KOHKPETHbIM NpeTeHAeHTaM
4YWCTOBYIO JOKYMEHTALUMIO TeHAepa M KOHCOop-
LLMyM COBMECTHO CO CBOMMM NapTHEPaMM 1 no-
CTaBLWMKaMK Havyan paboTy No COCTaBEHUIO
npeanoxeHus.

CoctaBneHue npeanoxeHus KoHcopuuy-
Ma npogomKanocb ¢ okTa6psa 2011 a0 uioHS
2012 r. ns ynpaBneHus pabotamu KoHcopuum-
yM chopmupoBan O6LLYIO NPOEKTHYIO KOMaHAY,




Puc. 11. CoBmecTHas doTorpadus rpynnbi No NoAroToBKe NpeanoKeHus Ha Tepputopun «SKODA JS a. s.»

KoTopasi UMena BHYTpEHHee pa3feneHune Ha py-
KOBOZSALWYO rpynny (LeHTpanbHasa rpynna) 1 Ha
PSiA cneuranM3npoBaHHbIX Fpynmn. B KOHKpeTHble
rpynnbl No Mepe Heo6Xo0AMMOCTU BXOAWUU U pa-
GOTHMKM APYrUX OpraHn3aLmin, B YacTHOCTH, Npes-
nonaraemoro reHepasbHOro NPOEKTUPOBLLMKA,
OAO «CI6A3IM», KoTopble HENOCPEACTBEHHO PY-
KoBOAMAMN paboToi psaa Apyrux cneuuanuctos
M3 YELUCKUX U POCCUNCKMX UCCneaoBaTeNbCKUX
M KOHCYNbTALUMOHHbIX OpraHuM3dauunin. B xoae
NOArOTOBKM MPEANOXEHNUS YNEHbl KONNEKTMBA
COTPYAHUYaNM He TONbKO C GUHAHCOBBLIMU U OPK-
[MYECKUMU KOHCYNbTaHTaMu, HO U C BObLUWH-
CTBOM Npeanonaraemblix 6yayLWux NocTaBLMKOB
13 Yexun, Poccuun n pyrux cTpaH.

XoJ BbINOIHEHUS PabOT KOHTPOIMPOBan py-
KOBOASALWMIN KOMWUTET NPOEKTa, KOTOPbIN TaKkKe
yTBEP}KAan KOHKPETHbIE pe3ynbTaThl M pa3peLan
npo6aembl, BbIXOASLLME 3@ PAMKU KOMMETEHLMK
NPOEKTHON rpynnbl. YneHamu aToro KoMuTeTa
6blM yCTaBHblE NPeaCcTaBUTENN OpraHM3auun-
YNEeHOB KOHcopLMyMa.

Ha oKoHuaTenbHOM cTaguu, T. €. B Te4YEHME
[BYyX MocnegHux Mecsues, paboTbl MO 3aBep-
LLIEHWIO M KOMIMJIEKTALMW NPEeanoXeHNs BENUCh
NpaKTUYECKN HEMPEPLIBHO, NMPUYEM B COCTaBE
obuwen rpynnbl paéoTtano npumepHo 100 ye-
NoBeK. B TeyeHne nepBoro mecsia Bca rpyn-
na pa6otana coBMecTHO B MocKBe M CaHKT-
MNeTepbypre, a Ha NnocneaHUn mecsy, rpynna B
NosIHOM cocTaBe nepemecTunacb B nb3eHb,
rae npolusia OKoH4YaTenbHas NPoOBEPKA U KOM-
NAeKTaumsa NpeaioxKeHus.

MNpeanoxeHune no goctpovike 3-ro u 4-ro 6no-
KoB ASC «TemenunH» 6bIn0 NnepeaaHo 3akasumKky
TeHaepa, komnanun CEZ, cBOeBpeMeHHO, T. €.
02.07.2012r.

O6wun Bec npeanoxexHns coctaBun 880 Kr
(1 opurvHan + 1 Konus), aNeKTPOHHas Bepcus
nmena o6bem 9 6.

06w 06bEM JOKYMEHTALIMM COCTaBM NOY-
T1 80 TbiCSY CTPaHML,

Ha KomnneKkrauuio n pacneyatky JOKYMeH-
TOB NpeaoxeHus ywno noytn 4000 yacos. Ha
CcoCTaBfIEHUE NPEeANoKeHUs 6bl10 3aTpavyeHo
okono 1500000 yenoBeKo-4acoB.

C 02.07.2013 r. naet atan obCyKaeHUs n
OLEHKM NpeaoxKeHui. Mo rpaduKy AaHHbIN 3Tan
[IONKEH 6bln 6bITh 3aBeplLUeH B ceHTabpe 2013 .,
Koraa nnaHupoBanoch 06bsiBNEHWE No6eanTens

TeHpepa, Ho 3akasuuk (CEZ, a. s.) obuLManbHO
06bSIBUN O NEPEHOCE CPOKA KaK MUHUMYM Ha
OAVH rof.

C KaxablM M3 y4YaCTHUKOB TeHAepa 6bin
NpoBeAeH O[IMH 3a04HbIN TYP U OMH OYHbIV TYp
06CYyKAEHMS NMPeanoXeHnn, B peaynbrate 4yero
npeanoXeHus y4acTHUKOB GbliM MOAUDULINMPO-
BaHbl. [locne npoBeaeHns BTOPOro Typa NpeTeH-
[leHTbl 6yayT COCTaBNSATb HOBYO BEPCUIO CBOErO
dUHaNbLHOro NpeanoXKeHns Ao KoHua 2013 r.

YupexpeHue opraHusaumm
ANA ynpaB/ieHUs NPOEKTOM

KoHcopumym MIR.1200 ¢ uenbto peanusauum
NpOeKTa co3fall opraHn3auuto, Kotopas UCnoJsib-
3yeT ONbIT YEHOB KOHCOPLMyMa, MPUOBPETEHHbIV
B X0 MX NpeablayLien AeaTeNlbHOCTU B 061acTH
ynpaBAeHUs CTPOUTENBCTBOM M COOPYXeHns ASC
Tvna BBIP. KoHcopuWyM NpuHAA BO BHUMaHWe
ONTUManbHbIE NPOLLECChI, KOTOPbLIE MPUMEHSANUCH

Puc. 12. Moanucanue npotoKona nepepayv nepen
3paaHueM ynpaBneHus komnanum «CEZ, a. s.»

YMPABJIEHME MPOEKTAMU

Ha NpaKTUKe B Xo4e peann3aLlunm Noao6HbIX TeX-
HOMOrMYecKMx 610KOB B HellcKkon Pecnybnuke,
C Y4ETOM COBPEMEHHbIX MHCTPYMEHTOB yrpaBs/ie-
HUS, HaNpUMeP, TakMX KaK rnobanbHas cuctema
IMS, B KayecTBe OAHOro U3 OCHOBHbIX UHCTPY-
MEHTOB YMNpaB/ieHNs NPOEKTOM.

Co3paBasl cuctemy ynpaBieHUs, KOHCOp-
umym MIR.1200 npoaHanu3upoBan noTpet-
HOCTM 3PDEKTUBHOIO ynpaB/iEHNS NMPOEKTOM
M HEeO6GXOAMMOCTb PELLEHUS KNtoYeBbIX 3adad,
TaKUX Kak GUHaHCOBblE MOTOKMW, HaNOroBble
BOMpPOChHI, Byxrantepckas cuctema, ontTMmusa-
LIMS UCMONb30BaHWUS KaPOBbIX PECYPCOB U T. A.
Ha ocHOoBaHWM BblleyKa3aHHOIO0 KOHCOPLMYM
yypeaunn Ha TeppuTtopum Hewckon Pecnybnunku
OopraHu3aLmIo cneLumanbHOro Ha3Ha4yeHus, aKLm-
oHepHoe o6wecTBo «Nuclear Power Alliance a.s.»
(nanee no Tekcty NPA) ¢ eAMHCTBEHHON LieNblo
— peanunaoBaTb NPOEKT. ITa KOMMNaHUsg MMeeT
cTaTyc opraHv3auuun cneunanbHOro HasHave-
Hus (Special Purpose Vehicle) n yupexxgeHa ana
pelleHns cneaylowmx 3aaad:

e OMTUMMU3NPOBATL MPOLIECC peannu3aunmu
NpoeKTa;

® MNOBbICUTb 3PDEKTUBHOCTb, YNPOCTUTL U
NMOBbICMTb KA4eCTBO BCEX NMPOLLECCOB, KOTOPbIE
6bIN1 BHEAPEHbI Ans ynpaBneHus npoektom A3C;

® YPOCTUTb MHTEPDENC C 3aKa34UKOM;

® YNpPOCTUTb GMHAHCOBbIE NMOTOKK Yepes
NoAPSAYMKa;

e YNPOCTUTb HaNoOroBble U ByxranTepckue
TpaHCaKUMK, Kacatolmecs noapsaaynKa;

e 0b6ecneynTb MHTerpaumnio Hanbonee fo-
CTYMHbIX KaAPOBbIX PECYPCOB ANs CO34aHUs Npo-
CTOM W JOCTaTo4yHO 3PDEKTUBHO paboTaloLLlen
opraHusauuu;

e 06ecneynTb KOHLEHTPaLMIO U OAHO3HAY-
HOe onpefeneHve OTBETCTBEHHOCTU U MOJHO-
MOYMI MO MPUHATUIO pelleHnin Ana uenen ao-
EKTUBHOIO yrpaB/ieHNs MPOEKTOM.

KomnaHnus 6bina yupexaeHa B COOTBETCTBUM
C 3aKoHofaTenbCTBOM Yewckon Pecnybimku
M MONYYUT BCE pa3pelleHuns, cepTuduKatbl U
NOMIHOMOYMUS, HEOGXOANMbIE B COOTBETCTBUM
C 3aKoHofaTenbCTBOM YewcKkon Pecnybivku
ANS peanu3aluuu Bcex BUAOB AeSATENbHOCTU B
o6beme ee OTBETCTBEHHOCTH.

KomnaHunsa oduumanbHO cywectByeT C
11.06.2013 r., Koraa 6bi1a 3aperncTpupoBaHa
B ToprosoM peectpe YP.
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YMNPABJIEHUE MPOEKTAMMU

OpraHusayua NnoAPSAHON LLeNOYKH NPoeKTa

OcHOBHas opraHM3aLMOHHAA Moje/ib NPOEKTa U FMaBHble OpraH13aLMu, yHacTByloLUe B NPOEKTe:

MaBHble opraHu3aLmm, yHacTByloLMe B NPOEKTe

3A0 «ATOMCTPOM3KCNOPT»
ATOMTEX3HEPro
HOCHTIEF CZ a.s.

1&C Energo a.s.

OAO HwuxHeropoacKas UHXUHUPUHIOBas KOMNaHWUSA «<ATOM3HEPrONPOEKT»

OAO OKB «maponpecc»

PSG International a.s.

OAO CaHKT-lNeTepbyprckui Hay4HO-MCCNeL0BaTENbCKUIM U MPOEKTHO-KOHCTPYKTOPCKUM

MHCTUTYT «ATOM3HEPIOMPOEKT»
SKODA JS a.s.
SKODA PRAHA Invest s.r.o.

OcHOBHas cxemMa NocTaBLMKOB

Mertoa muterpayum Nuclear Power Alliance
(NPA) B 06U1YI0 MO1ie/Ib OPraHU3aL MM
Mpoekra

KoHcopunym npeanaraeT ans opraHM3aLumm
NpoeKTa peanu3aLmio O4HOM U3 ABYX CNEAYIOLLMX
CTPYKTYp:

— CTPYKTYpy (04HOr0) cybnoapsiaymka «nog
K04Y» UK

— cTpyKTypy EPCM (rae NPA BbicTynaet ponu
areHTa).

KoHcopuunym npegnonaraert, 4to o6e npeana-
raemble CTPYKTYPbl ypaBAeHUs MPOEKTOM 6yayT
06CyKAEHbI B X04e aKTya/lbHOro aTana TeHaepa
¢ CEZ, nocne yero 6ynet Bbi6paHa Haubonee
noaxoAasuas CTpyKTypa.

B o6eunx npegnonaraembix cTpyKTypax NPA
HeceT NOJHY0 OTBETCTBEHHOCTb 3@ OpraH13aLmio
M peann3aunio NpoeKTa, ABAASCh CYObEKTOM
C MOJIHbIM M HEOrpaHUMYeHHbIM NPaBOM BECTU
neperoBopbl 0T UMEHM KOHCOPLIMYMa Henocpes-
ctBeHHo ¢ CEZ. TeM He mMeHee, OKOHYaTeNbHY0
OTBETCTBEHHOCTb 3a NPOEKT U BCE CBSA3AHHbIE C
HUM PUCKM HECYT YNEeHbl KOHCOpLIMYMa.
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CoKpalweHus
AC3
AT3
Hochtief
ICE
HWA3MN
OKB I
PSG
CMG6A3IM

SJS
SPI

[lonHOMOYME MONHOLEHHO NpeacTaBnAaTb
KOHCOpLWYyM 6yaeT OCHOBaAHO Ha MaHAaTHOM
norosope Mexay KoHcopunymom n NPA. B o6e-
nx npeanaraemolx cTpyktypax NPA npeacrtaBnsier
co60ii eanHoe KoHTaKTHoe mMecTo anst CEZ.

B cTpyKType (eaMHoro) cyénoapsagymka «noa
KJTl0Y» KOHCOPLUMYM Ha3HayuuT NPA eUHCTBEH-
HbIM Cy6noAPSAA4YMKOM KOHCOPLMYMa, KOTOPbIN
NOCTaBWUT €My LeNblM NPOEKT «noA Katoy». NPA
3aK/I04YUT OT CBOEro MMEHM, 3a CBOM CYET U
noa co6CTBEHHY OTBETCTBEHHOCTb KOHTPaK-
Tbl C KOMNAHUAMU, BXOASWMMHU B MOAPSAAHYIO
LenoyKy (TaKne KOHTPaKTbl yKa3daHbl Ha Co-
OTBETCTBYIOWEN AnarpammMme KaK KOHTPaKTbl
cyénoapsaaa).

B ctpyktype EPCM (NPA B ponu areHTa)
KOHTPaKTbl C KOMNaHWUAMW, BXOAAWMMN B NOA-
PAAHYIO LEMOYKY, 6yAyT 3aKNt04aTbh KOHKPETHbIE
yfieHbl KOHcopuuyma, n NPA 6yaet gencTesoBaTtb
B KayecTBe NpeAcTaBuUTeNs YI1EHOB KOHCOPLINY-
Ma HENOCPEeACTBEHHO MO OTHOLEHMIO K YleHaM
noapsiaHon uenoykun. OnpepeneHne cocrtaBa
noapsAHOM LENOYKM M MeperoBopbl C YieHa-

MW noapsAHOM uenoyku éyaet sectn NPA ot
UMeEHU KoHcopunyMa (4neHoB), NPA Takxe oT
MMEHW KOHCOPLMyMa (4JIEHOB) 3aK/H0YUT COOT-
BETCTBYIOLLME KOHTPaKTbI cybrnoapsaaa u éyaet
ynpaBnsaTb UMM.

3aknouyeHue

HWKTO B Yexnun He cOMHeBaEeTCs B TOM, YTO
B MNJlaHMpyeMomn AocTpoirKe 3-ro n 4-ro 6510Ka
A3C «TemenunH» AOMKHbI NMPUHUMATL y4yacTue
npexae BCEro YelwcKne KOMMNaHuu, KoTopble
CMOCOGHbBI CMPOEKTUPOBATL U U3rOTOBUTL Jaxke
camble C/TOXKHblE KOMMOHEHTbI, BK/IOYas KOM-
nneKkT o6opyaoBaHUs peaktopa. MNpeanpuatus
C 60/1bWOW UHKUHUPUHIOBOW TPaaULMEN, TaKne
KaK «SKODA JS», cnoco6Hbl CNpoeKTMpoBaTb,
YCTaHOBWTb M BBECTU B IKCMNyaTaLMIO CNOXHblE
CUCTEMbI AePHOM U HesiaepHoM YyacTn ASC.

YewcKkne GpUpMbl BO rnaBe C KOMMNaHWewn
«SKODA JS a. s.» cMoru COXpaHUTb Heobxoam-
MO€ HOY-Xay, OMbIT U MOTEHUMan NoCTaBLMUKOB,
B TOM 4MUC/le M BO BPeMeHa HeAaBHero cnaja
B oTpacnu. bnarogapa nobeae B TeHaepax Ha
peanun3aumnio KpynHbIX OTEe4ECTBEHHbIX NPOEK-
TOB, YeLICKNE NOCTaBLLMKM y4acCTBYIOT B MPOEKTE
MoaepHusauuun A3C «lykoBaHbl», MPUHUMALOT
yyactue B goctpoike A3C «MoxoBue» B CroBa-
KWK, NoCTaBasoT 060pyaoBaHMeE Ha aTOMHbIE
3N1EKTPOCTaHLMK ¢ peakTopamu BBIP B YkpauHe,
Kutae, UHann n Poccuun. MNMoTeHumnan YelcKux
dvpm B 061aCTH aTOMHOW 3HEPreTUKM Bbi3blBaeT
yBarkeHue.

B cBfi3n ¢ TeHaepom no goctponke A3C
«TemenunH» 4yacTo o6CyxaaeTcs BONPOC AanbHEN-
Lero MPUMEHEHUS CU1 OTEYECTBEHHbIX KOMNa-
HWUM Ha 3apybexHblX pbiHKax. MNpeactaButenu
YELICKON NPOMBbIWNEHHOCTH CXOAATCA BO MHe-
HWUUW O TOM, YTO CaMbl€ LUIMPOKUE BOSMOKHOCTH
YELCKMM KOMNaHWAM Ha rno6anbHOM aTOMHOM
pbIHKE NpeanaraeT POCCUNCKas rocyaapCTBEH-
Hasa Koprnopauus «PocaTom», B COCTaB KOTO-
poV BXOAAT POCCUNCKUE YNeHbl KOHCOpLMUYyMa
MIR.1200. CerogHsa «PocaTom» — 370 KpynHen-
WKWK NoKynaTesib YeWCKoro o6opyaoBaHns u
ycnyr anst aTOMHOM NPOMbIWIEHHOCTU. O6beMbl
3TUX CAENOK UCYUCAAIOTCH MUIIIMAPAAMM KPOH.
MoNoXUTENBHbLIN OMbIT NPOLLIOro U HACTOSALErO
noaTBEpXAaeT, YTO 3TO COTPYAHWUYECTBO Bbl-
roaHo ans o6enx CTOpPOoH.

Komnanus SKODA JS a.s. cTos/ia y UCTOKOB
YELCKOW 1 CNnoBaLKOW aTOMHOM 3HEPreTUKH,
ABNSEeTCA BeAyLlen UHXUHUPUHIOBON U NPOU3-
BOACTBEHHOW KOMNaHuen, obnagaeT onbiToM
CTPOUTENBCTBA U CEPBUCA aTOMHbIX 3NEKTPO-
cTaHuui no scemy mupy. O6wecTso «lLikopa»
6b1710 ocHoBaHo B 1859 roay. 1956 rogom ga-
TMpYeTCs Havyano paboTbl KOMNaHWU B aTOMHOWM
3HepreTuke. 3a BpeMsi CBOEro CyLleCTBOBaHUS
dupma nocraBnana UHKUHUPUHTOBbLIE YCAYTH,
o6opynoBaHue 1 cepBuc ana A3C, uccnegosa-
TENbCKUX PEAKTOPOB M CKNaJ0B 0TPaGoTaHHOIo
a4epHoro TonnmBea B LieHTpanbHOM M BocTouHOM
Espone, CkaHanHaBuu, ®paHummn, fepmanuu,
CLUA 1 Ha JanbHem BoctoKke. HaunHas ¢ 2004
rofa aKLMOHEPOM MpPeanpUaTUs SBASETCH POC-
CUICKasa MallMHocTpouTenbHas rpynna OM3.

06beAUHEeHHble MalNMHOCTPOUTE/IbHbIE 3aBO-
Abl (OM3) — oHa 13 BeayLMX KOMNaHWI Tsxe-
JI0ro MallMHOCTPOEHMUS, CrieLManmanpytoLascs
Ha WHXWHWUPUHTE, NPOM3BOACTBE, NMpoaa)kax
1 CEPBUCHOM O6CNYXMBaHUW 060pya0BaHUS ANs
aTOMHOW 9HEPreTUKU, HEPTEXMMUYECKON N He-
$TEera3oBow, rOPHOM NPOMBbILINEHHOCTH, a TaKKe
Ha NPOV3BOACTBE CneLcTanei u NpeaocTaBNeHNUM
NPOMbILLNEHHbIX ycayr. [IPOM3BOACTBEHHbIE NJIO-
wankn OM3 HaxoasaTca B Poccuu v Hexuu. Tpynny
KoHTponupyeT OAO «[a3npomGaHK».




-------

TennoobmMmeHHOe 060pyaoBaHMeE
INeKTpoobopyagoBaHMe
Equipment

Electric equipment
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TEMJIOOBMEHHOE OBOPYAOBAHUE

OAO «Ypanxummall»: HOBOe TenJ1006MeHHoe
obopygoBaHue 4nd SHEPreTMKoB

OAOQ «YPANNXUMMALL>

620010, r. EkKaTepuHOYypr,

nep. Xu6MHOropckuu, 33

Ten.: (343) 310-06-92, 310-05-28
®dakc: (343) 258-50-92, 258-60-45
E-mail: general@ekb.ru
www.uralhimmash.ru, www.ekb.ru

OAO «Ypanxvummall» — OLHO U3 KPYMHENLLMX
MaLKUHOCTPOUTENBbHBIX NpeanpuaTu B Poccuu.

3aBoj U3HavyanbHO CTPOUNCH KaK MPOMbILL-
NeHHbIV ruraHT. OH OCHalleH MOLLHOM NPOM3BOA-
CTBEHHOWM 62301, YHUKaNIbHbIM TEXHOMOMMYECKUM
ob6opyaoBaHuWeM, NepcoHan obnagaeT BbICOKON
KBanuduKaumen. 3TM TpM OCHOBHbIE COCTaBSA-
loLLMe NO3BONSIOT NPEANPUSATUIO AECATUNETUAMMU
yAEepXKMBaTb IMAEPCTBO B 06/1aCTM NPOM3BOACTBA
CNOYHOrO KpyrnHOrabapuTHOro, BbICOKOTEXHOSO-
rMYHOro 060pyaOBaHMS.

TexHonornyecknme Bo3moxHoctn OAO «Ypan-
XMMMalLl» MO3BONSIOT B KOPOTKMI CPOK M C BbICOKUM
KayeCTBOM M3roTaB/inBaTh CamMoe pa3Hoo6pasHoe
o6opyaoBaHue. 3aBoj Ha NPOTAXKEHUU AECATH-
NIeTUi BbiNycKaeT 060pyaoBaHMe AN aTOMHON U
TPagMLUMOHHON 3HepreTuku. B nocneaHue rogbl Ha
NpeanpusTUK 3Ha4YUTENbHO BO3POC 06BEM BbiMyCKa
TEeN006MEHHbIX annapaToB A5 3TUX OTpacnen.

M3roTtoBneHne TennoobmMeHHOro o6opyaoBsa-
HUS NIO6Oro MaTepuanbHOro UCMONHEHHWS, pac-
CYMTaAHHOIO MPaKTUYECKM Ha Nllo6oe AaBneHne u
Temnepartypy, Bcerga 6bi710 OHUM U3 OCHOBHbIX
HanpaBNeHW MPOU3BOACTBEHHON AEATENbHOCTH
3aBoja «YpanxuMmmal». [pu 3ToM npeanpusiTue He
MPOCTO TMPAXKMPYET CTaHAAPTHBIE KOHCTPYKLUMK, a
3aHMMaeTCs Co3aHneM TEXHUYECKUX YCTPOMCTB,
OTBEYaloLWMX CaMbiM BbICOKMM KpUTEPUAM 3d-
GEKTUBHOCTH, HAAEKHOCTU U AONTOBEYHOCTH,
CNOCO6HbLIM 06ecnevymBaTb MaKCUManbHYIO y-
6U1HY TEXHONTIOMMYECKOro npoLecca U COXpaHsio-
UMM BbICOKYIO MHTEHCUBHOCTb Tennoo6MeHa Ha
NPOTAXKEHWUM BCEr0 CPOKa CyXObl.

MHOroneTHi ycnewHbii NPOU3BOLACTBEHHbIN
OnbIT, 0TPa6OoTaHHbIE U MPOBEPEHHbIE METOAbI UH-
TeHcnduKauum Tenioo6MeHa JaloT HaM BCE OCHO-
BaHWS yTBEPXKAATb, YTO NOTEHLMaN TPaAULMUOHHBIX
KOXyXOTpy64aTbiX TENTO06MEHHMKOB C CaMbIiMu
06bIKHOBEHHbLIMW MMaAKUMK TpybaMu Janeko He
ucyepnaH, U Ha ero OCHOBE MOXHO YCMELIHO U
3bdEKTUBHO pelwaTb Ntobble TENNOTEXHUYECKME
3afauyun. [NoaToMy 3aBoj OTKazancs OT cnenoro
KOMUPOBaHWUS CTaHAaPTHbIX KOHCTPYKLMIA U Bbl-
nycKaeT Tenepb TO/IbKO OPUTrMHabHOE TeNI006-
MeHHOe 060pyaoBaHue Noa CO6CTBEHHOM TOProBowm
Mapkon «SMARTFLOW™s»,

TecHasi paboTa € NPOEKTHbLIMW OpraHn3aLmsamMm
TENNOBOW reHepaLMmn HarnsagHo NOATBEPKAAET, 4TO
TPaAULMOHHbBIE KOHCTPYKLUW TEMI006MEHHUKOB,
COCTaBSAOLWMX OCHOBY BCOMOraTe/IbHOro aHep-
reTM4ecKoro o60pyaoBaHuUs, He COOTBETCTBYIOT
COBpPEMEHHbIM TpeboBaHUSAM Mo o6ecrneyeHuto
Heo6xo0AnMOoW rny6uHbl U 3PGEKTUBHOCTHU TEMNSIO-
o6MeHa, MHTEHCMBHOCTU UCMONb30BaHWA Tenna
HW3KOMOTEHLMANbHbIX UCTOYHMKOB 3Heprun. Cos-
[laHWe COBPEMEHHbIX HaAEXHbIX U 3DDEKTUBHbIX
3HepreTM4eCKnx NPon3BOACTB TpebyeT npume-
HEeHWs B CBOEM COCTaBe CaMOro BbICOKOMNPOU3-
BOAMTENBHOIro 060pyAOBaHMS, OTIMYaloLLerocs
HOBMW3HOW TEXHUYECKUX PELUEHUI U aBCONOTHO
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TOYHbIM COOTBETCTBMEM MOCTAaBNEHHOM TENNOTEX-
HUYeCcKown 3agade.

Pacnonaras co6CTBeHHbIM cneuuanManpo-
BaHHbIM MHXWHUPUHIOBLIM MoApa3geneHnem,
OAO «Ypanxummall» npegnaraer CBOMM 3aKas-
YMKAM MHAMBUAYANIbHO CMPOEKTUPOBaHHOE Te-
nnoo6mMeHHoe 060pyAOBaHNE, OPUEHTUPOBAHHOE
Ha addPeKTUBHOE pelleHne No6on KOHKPETHOMN
TEnNoTeXHUYECKon 3agayn. OCHOBHbIMW AOCTO-
MHCTBaMMW npeanaraeMbiXx HAMW TeNN006MEHHH-
koB SMARTFLOW™, aBnsitotcsi:

® WHAMBWAYabHbIN MOAXOS K PELUEHUIO KaXaon
KOHKPETHOM TENIOTEXHUYECKOM 3aa4u, MO3BONAIO-
WM 06ecneynTb MaKkCMabHO NOHOE U My6oKoe
ee pelleHne B pamMKax npeaaraeMoi KOHCTPYKLUK;

o GOpPMMPOBaAHME ONTUMASbHbLIX TMAPOANHA-
MUYECKMX MOTOKOB TensoHocuTenemn, obecneyu-
BaloOLMX BbICOKME KOIDOULMEHTbI TEMNOOTAAYM
N 3dbEKT caMooUunLLEHNS TENNOOOMEHHONM MNOo-
BEPXHOCTH;

® KOHCTPYKTMBHbIE 0COBEHHOCTM annapaTtos,
UCKJTIOYaloLLME UM 3HAUYUTENBHO COKpallatoLime
3aCTOMHbIe 30HbI M 6annacHble (Napa3uTuyeckue)
nepeToku 1 obecneynBatoLLmMe NoNHy KoHaeHca-
LIMI0 NapoB U rNy6oKoe oXJlaXaeHue KOHAeHcaTa;

® BbICOKas MUHTEHCMBHOCTb TEN006MeEHa, No-
3BoNgK0LWan peanm3oBaTb TEXHONOMMYECKUI NPo-
LLeCC Ha 3HAYUTENbHO MEHbLINX TEMIO0GMEHHbIX
NMOBEPXHOCTAX WKW 3HAYUTENBHO YBENUYUTL Ha-
rPy3Ky Ha copa3mMepHbIX;

® BbICOKOE Ka4yecTBO M3roToBneHus obecne-
YMBAET BbICOKYK HaJEXHOCTb U AONTOBEYHOCTb
060pYyAOBaHUS, COXPaHEHNE UM HEMBMEHHBIX IKC-
nayaTaLMOHHbIX XapaKTEPUCTUK Ha MPOTSKEHUM
BCEr0 CPOKa CNyXKObl, yBEMYEHNE MEXPEMOHTHOIO
npo6era u CHUXEHWE aKCNNyaTauMOHHbIX 3aTparT.

He mMeHee BaKHbIM 31eMEHTOM 06GecrneyeHuns
Hallen co6CTBEHHOM aHEepreTMyecKom 6e3onacHo-
CTV NpeACTaBNSETCS UCMONb30BaHWe Ha 06 beKTax
3HEPreTUKM 0TEeYECTBEHHOro 060pya0BaHUS, MPo-
M3BOAMMOr0 Ha POCCUMCKUX NPEANPUATUSX U3 POC-
CUWCKKUX MaTepuanoB. KayecTBo oTe4yecTBEHHOro
Tpy6HOro NpoKaTa COOTBETCTBYET /TyHLIMM MUPOBbLIM
o6pasLam 1 N0 XMMUYECKOMY COCTaBy, M MO TOY-
HOCTW M3rOTOB/IEHUS, U MO KAYECTBY MOBEPXHOCTH.
M3roToBneHne Ten1oo06MeHHOro o6opyaoBaHu1s
NpPOM3BOANTCA Ha CaMOM COBPEMEHHOM 060py-
[OBaHWK C NPUMEHEHWEM CaMbIX COBPEMEHHbIX U
BbICOKOMPOU3BOAMTENbHbIX TEXHONOMMIM, o6ecne-
YMBAIOWMX HaZNeXallee KavyecTBO U HaAeXHOCTb
CaMbIX HaMpPsXKEHHbIX 3IEMEHTOB KOHCTPYKLMK.

Kpome Toro, cneayet UMeTh B BMAY BbiCOYaMLLYIO
YHUBEPCaNIbHOCTb KOXYXOTPY6UaTbIX TEMN006MEH-

HbIX annapaToB. 3a c4YeT oNTUMU3aLUUN TUAPOOU-
HaMMWYECKUX PEXMMOB B KOXKYXOTPYBGUaTbIX TEM/O-
06MeHHMKax dopmupyeTcs ahdEKT CaMOOUULLEHNS
TENN006MEHHOM NOBEPXHOCTHM CTOJIb XKE APKO Bbl-
paKEHHBIN, KaK ¥ B NnacTMHYaTbix annapartax. Oa-
HaKO NpK 3TOM YyBCTBUTENIbHOCTb KOXYXOTPY6UaTbIX
TENN00OMEHHNKOB K 06pPa30BaHUI0 OTNIOKEHWI B
pasbl HUXKE, YeM Y NNacTUHYaThbIX. [puyem, CKOpoCTb
nageHusi UICXOAHOMo Ko3ddULMeHTa Tennonepeaayu
[NA NnacTMHYaTbiX annapaTtoB NoyTW B ABa pasa
BbILIE, YEM O/151 KOXKYXOTPYGUaTbIX.

OTNYUTENBHOM YEPTON KOXYXOTPYBUaTbIX Te-
nnoo6meHHMKoB SMARTFLOW™ qaBnsieTcsa pauuo-
HasbHbIA MexaHW3M GOpMUPOBaHKUA 3anaca Tenno-
06MEHHON NMOBEPXHOCTH, KOTOPbIM cO3aaeTcs 3a
cYeT yBENMYEHUS AIMHbI TENN00OMEHHOM TPYGbI NpK
COXpaHeHWU HeM3MEeHHbIM pacxofa paboyen cpespl
yepes Hee. To eCTb, HEM3MEHHbIM OCTAETCS CaM
TMAPOAVHAMUYECKMI PEXUM NOTOKA, CO3AAIOLLMA,
B YaCTHOCTH, YCTIOBHWS ANt BOSHUKHOBEHUS 3bbdeK-
Ta CaMOOYMLLEHMS TENTOOOMEHHON MOBEPXHOCTH.
TexHn4yecKoe 06CNyKMBAHUE U PEMOHT KOXKYXOTPY6-
YyaTbIx annapaToB AOCTYMHbI Nt060MY 06GCNyKMUBa-
lolemMy nepcoHany U He TPebyoT NPUoGpeTEHUS
[I0POroCTOSILLMX MaTEPHAIOB M KOMIIEKTYIOLLMX.

OnNTMMKU3auUMS TMAPOAMHAMUYECKUX PEKMMOB
M 0COBGEHHOCTU KOHCTPYKLMW TEMI006MEHHUKOB
SMARTFLOW™ genaloT ux He3aMeHUMbIMU NpPU
pa6oTe ¢ nto6bIMKU NPOBIEMHBIMU cpefjamMu, obe-
CneYynBaloT 3HEpPreTM4ecKyto aGGeKTUBHOCTb U
HaAEXHOCTb TOro MPOM3BOACTBEHHOIO NpoLecca,
B KOTOPOM OHM 3a[1€MCTBOBaHbI.

Peann3yemble B npeanaraeMom Hamu Te-
n1006MeHHOM 060pyAOBaHUKU OTpaboTaHHbIE U
NpPOBEpPEHHblE Ha MPaKTUKe NMpPUeMbl U METOAbI
MHTEHCUPUKaumMKM TennoobmeHa obecneymBatoT
BbICOYANLUYIO UHTEHCUBHOCTb TEXHOOMMYECKOro
npotiecca, N03BOASAOT ycrnewHo paboTtaTtb ¢ HU3KO
NnoTeHLManbHbIMW UCTOYHUKAMM TENNIOBOW 3HEP-
rMKU. A B KOHEYHOM UTOre — CO3AatoT MPEanoChUTKK
Ans Hanbonee paLMoHaNbHOro PeLLEHUS NPO6IeM
3HeproadGeKTMBHOCTU OTEYECTBEHHOMN MPOMBbILL-
JIEHHOCTHU U 3HEPTrETUKM.

CooTBeTCTBUE TEMNNOOGMEHHUKOB
SMARTFLOW™ nocTaBneHHOW TennoTexHu4ye-
CKOM 3apave Ha 80% obecneynBaeTcs NOSHOTOM
W 0OCTOBEPHOCTbIO UCXOAHbIX AaHHbIX. [ToaToMy
3aKa34uK — pa3paboTyMK TEXHUYECKOrO 3ajaHns —
M3HavaNlbHO ABASIETCA A5 HAC COAaBTOPOM ByayLien
KOHCTPYKLMK. OHa co3aaeTcsi COBMECTHO C HUM
u ans Hero! MNocTtaBbTe Nepea HaMu CBOLO TeNo-
TEXHMYECKYI0 3a4a4y, M Bbl 063aTENbHO NOAy4YnUTe
caMoe paumoHanbHoe ee pelieHue!




ATOMHbIV MPOEKT 79




g o i - KOHCTpynpoBaHue
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- [locTaBKa

— CepBuUCHOEe
obcnyxmBaHue

3A0 «TynasneKkTtponpuson»
55 nert Ha pbiHKe Tpy6onpoBOAHO apMaTypbl.
Beayuiee npeanpuartne Poccum no nponsBoAcCTBY SNEKTPONpUBOAOB
ANA aTOMHOWN SHepreTnku.

301114, Poccus, Tynbckas o6nactb,
"\91\3 20 13 NeHnHcKuin p-H, noc. NMnexaHoso,

W 00 5 yn. 3aBopckas, a. 1, kopn. A
= ' - Tene¢oHbl: +7 (4876) 79-67-09, 79-66-18.
®dakc: +7 (4876) 79-67-17, 79-64-18

” £/} E-mail: privod@tula.net
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www.tulaprivod.ru
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000 HMN «3KPA»

428003, YyBauickan Pecny6nuka,
r. Ye6okcapsl, np. U. fikoBnesa, 3
Ten./daxc: (8352) 220-110
E-mail: ekra@ekra.ru

www.ekra.ru

HNON «9KPA», cneunanusupyowieeca Ha
pa3pa6oTKe U NocTaBKaX UHTENIEKTyaIbHbIX
YCTPOWCTB pesieiHOM 3aluThl ¥ aBTOMaTUKHU
(P3A) Ha HOBe#iLEe MUKPOMPOLIECCOPHOM 3e-
MEeHTHOM 6a3e, TECHO COTPYAHUYAET C Beay-
UMM POCCUIACKMMM 3IHEPTOKOMMNaHUAMM, cpe-
Au Kotopbix OAO «<KoHuepH PocaHeproatom»,
OAO «Poccuickue cetu», OAO «Pycluppo».

B 2006 rogy ®egepanbHom cny>k601 N0 3KO-
NOTMYECKOMY, TEXHONOMMYECKOMY M aTOMHOMY
Haazopy PP npeanpuatie 6bi10 akKpeanToBaHO
Ha NpaBOo KOHCTPYMPOBAHUS U U3rOTOBEHKS 060-
pyaoBaHus Ans 06bEKTOB aTOMHOM 3HEPreTUKM
no 4 n 3 knaccam 6e30MacHOCTU.

B 2009 n 2010 rogax Ha 6a3e npeanpu-
ATMA NPOBOAMIUCL Bble3Hble COBELaHUS
cneuymanuctoB no P3A OAO «KoHuepH Poc-
3HeproaTtoM», MOCKOJIbKY BblNyCKaeMble npea-
npusatTuem 6onee 15 net MUKPONPOLECCOPHbIE
ycTponcTBa P3A nMeElOT NON0XKUTENbHbIN ONbIT
3KcnnyaTtauum Ha 6onee yeM 250 pasnnyHbIX
aneKkTpocTaHumax n 1200 noactaHuUMAX BCex
K/TaCCOB HaNpsXeHun.

MNepBas nocTtaBKa NPoAyKUWUW, npegnarae-
Mom HIMM «9KPA» ans aTOMHOM 3HEPreTUKH, 6blna
ocyuiectneHa B 2005 roay: Ha OPY-220 kB Po-
ctoBcKomn AIC 6binn oTNpaBneHbl MUKPONpPOLLEC-
COpHble WKadbl P3A noacTaHLUMOHHOIO 060pyao-
BaHusa cepum LLIB2607.

MpoekT PocTtoBckon ASC, pacnonoxKeHHON
B panoHe ropoaa BonrogoHck Ha 6epery LUum-

lkad LW31111A

NISHCKOro BOJOXpaHunuuia, 6bin paspaboTaH
Hu»Keropoackon MHXUHUPUHIOBOWM KOMMNaHWen
«ATomaHepronpoekT (OAO «HUA3IM»). SHepro-
610K N2 1 PoctoBcKon ASC ycTaHOBIEHHOM MOLL-
HocTM 1000 MBT 6b11 BBEEH B 3KCMyaTaLmto
B 2001 roay. B 2007 roay Gbiiv NPOAOMIKEHbI
paboTbl NO CTPOUTENLCTBY 3Heprobnoka N2 2,
rae reHepasbHbIM NOAPAAYMKOM CTPOUTENbCTBA
Takxe 6b1510 onpeaeneHo OAO «HUAIM».

B 2008 rofly COBMECTHbIMU YCUAUSIMU NPO-
ektupoBumkos HNUAIMM n cneunanuctos HIM
«9KPA» GbIN1 BbIMNOMHEH 60MbLLOK 06BEM pa6oT
no BBOJY B 3KcCMayaTauuio penenHblx 3aluT
3Hepro6soka N2 2 PoctoBckoin A3C, a TaKke
Mo pacWwMUpeHUd U peKoHCTpyKunn OPY-220
PocTtoBckomn AIC. Torga HIMM «3KPA» 6610 no-
cTtaBneHo 15 wkadoB P3A cTtaHUMOHHOro 060-

3JIEKTPOOBOPYJOBAHMNE

pyaoBaHus cepuum LW31111, 20 wKados P3A
NOACTaHUMOHHOro o6opynoBaHus cepun LLI32607
1 28 MUKPONPOLLECCOPHbIX TEPMUHANOB.

B 2009 roay OAO «KoHuepH PocaHeproaTom»
nonyyunno nuueHsuto PoctexHaa3opa Ha CcTpo-
ntenbcTBo 610KkoB N2 3 1 N2 4. B HacToswwee
BpeMs NMOMHbIM XO40M MAYT paboTbl MO BBOAY B
aKcnayataumio aHeprodnoka N2 3 PocToBCcKoO#M
A3C, ana Kotoporo HIM «3KPA» n3rotoBmno 1
nocrasuno ewe 14 wrkados cepun L1111 un
8 wkados cepum LLI32607, 32 TepmuHana P3A
1 13 wkados HKY.

B KoHuepHe PocaHeproatom PoctoBcKas
CTPOMMNIOLWaAKa CYMTaETCa NepesoBon No TeM-
nam cTpouTtenbcTBa: 610K N2 3 ye BbIXOAWT Ha
3Tan nycKoHanago4HblX paboT, 1 cnegyoLwmi Ha
oyepean — aHepro6nok N2 4. MNoctaBku wWKadoB
P3A HIMM «3KPA» Ha PoctoBckyto ASC 6yayT npo-
foMKaTbes.

Ha cerogHawHum geHb yxxe 6onee 400 wka-
$oB Ha 6a3e MUKPOMPOLLECCOPHbLIX YCTPOUCTB
P3A 1 HU3KOBOJIBTHbIX KOMMIEKTHbIX YCTPOMCTB
npoussoactea HIM «3KPA» ycTaHOB/EHbI Ha
BOCbMMW M3 JeCATU AENCTBYIOLNX aTOMHbIX CTaH-
LMK Halen cTpaHbl: banakoBckon, KonbcKow,
HoBoBopoHexcKon, CMoneHcKon, POCTOBCKOW,
Kypckon, benosipckon, KannHnHckon A3C.
C 2012 rofa ocylecTBASIOTCA NOCTaBKM LWKadoB
P3A v Ha cTposiwytocs benosipckyto ASC-2.

MpK NOCTPOEHUN CXEM PENENHOM 3aLnTbl B
wkadax P3A cepum LLI31111AMN, pa3paboTaHHbIX
cneumanbHo 419 aTOMHbIX CTaHLMIA, peann3oBaH
NPUHLMN «4Ba U3 4eTbipéx». OH 3aKoyaeTcs B
TOM, YTO [ABa He3aBUCUMbIX WKada UMetoT no
ABa MUKPOMPOLLECCOPHbIX TEPMUHANA B KaXA0M.
TepmuHanbl B WKady paboTaloT No cxeme «M»,
WwKadbl pabdoTatoT no cxeme «UJTM», yTo cHUKaeT
BEPOSATHOCTb HEMpPaBUAbHOM PabOoTbl 3aLUUT U
NOBbIWAET HAAEXHOCTb OTK/IIOYEHUSA MOBPEXK-
[EeHHOro o6opyaoBaHus. bnok reHepaTtop-TpaHc-
dopmMaTop OCHaleH KOMMNEKTOM pe3epBHbIX
3alMT M ra30BbIMK 3alUTaMm.

CnekTp npoaykumun HIMM «3KPA», BbIny-
CKaeMoW [J19 0OGbEKTOB aTOMHOM 3HEPreTUKM,
NMOCTOSIHHO pacLMPSETCS.

EKRA LLC — RESEARCH AND
PRODUCTION COMPANY

3, prospekt Yakovleva, Cheboksary,
Chuvash Republic, 428003, Russia
Phone/Fax: (8352) 220-110

E-mail: ekra@ekra.ru

www.ekra.ru

EKRA Research and Production Company
specializes in development and supply of
intelligent relay protection and automation
equipment (RPA) that uses state-of-the-art
microprocessor components. The company
has established close cooperation with the
top energy producers of Russia, including
Rosenergoatom Concern, Rossiyskie Seti
(Russian Networks JSC), RusGidro JSC.

In 2006 the company was accredited by the
Federal Service for Environmental, Technological
and Nuclear Supervision and was granted the
right to design and produce equipment for nuclear
facilities of the 4th and 3rd security classes.

In 2009 and 2010 the company hosted
meetings of specialists devoted to relay protection
and automation equipment production. This
honor was granted to the plant after 15 years
of producing microprocessor RPA systems that
had proved to be efficient at over 250 power

plants and 1,200 switching stations of all voltage
classes.

The first delivery of products to the nuclear
industry was effected by EKRA in 2005: the
company supplied microprocessor RPA cabinets
of W32607 series for the 220 KV outdoor
switchgear (OSG) of Rostovskaya NPP.

The project of Rostovskaya NPP located near
Volgodonsk, on the bank of Tsimlyansk reservoir,
has been developed by Nizhny Novgorod
Atomenergoproekt Engineering Company (NIAEP
JSC). The 1st power unit with design capacity of
1,000 MW was commissioned in 2001. In 2007
construction of the 2nd power unit was continued,
with NIAEP JSC as the General Contractor.

In 2008 specialists of NIAEP and EKRA
joined their efforts in the installation of RPA
at the 2nd power unit and in the upgrade of
0SG-220 of Rostovskaya NPP. EKRA delivered
15 RPA cabinets of LLI32607 series and 28
microprocessor terminals.

Rosenergoatom Concern was licensed by the
Federal Service for Environmental, Technological
and Nuclear Supervision to build power-
generating units No 3 and 4 in 2009. Works
are underway to commission the 3rd power unit
of Rostovskaya NPP that has been supplied with
14 cabinets of LU31111 series, 8 cabinets of
LLI32607 series, 32 RPA terminals and 13 low-
voltage package module cabinets.

Rosenergoatom Concern believes that
Rostovskaya NPP project is progressing well as
far as the speed of construction is concerned:
start-up and commissioning of the 3rd power
unit will begin soon, and the 4th power unit will
be the next to be built. It means that EKRA will
continue to supply Rostovskaya NPP with its
RPA cabinets.

To date over 400 microprocessor RPA cabinets
and low-voltage devices produced by EKRA are
installed at eight of ten operating nuclear power
plants in Russia, specifically: at Balakovskaya,
Kolskaya, Novovoronezhskaya, Smolenskaya,
Rostovskaya, Kurskaya, Beloyarskaya,
Kalininskaya NPPs. Since 2012 the company
has been supplying RPA cabinets to the 2nd unit
of Beloyarskaya NPP that is under construction.

Relaying scheme in RPA cabinets of
LI91111AMU series designed for nuclear power
plants uses the principle «two of four»: two
independent cabinets have two microprocessor
each. The terminals operate in accordance
with <cAND» scheme while the cabinets operate
in accordance with «OR» scheme. It reduces
misoperation of the relay protection and ensures
reliable disconnection of damaged equipment.
Generator-transformer unit is equipped with a set
of backup protection and Merz-price protection.

EKRA LLC expands the range of products for
nuclear facilities.
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CucTeMbl yrpaB/iEHUA U KOHTPOJA
3alwuTta n obcnyxunBaHme A3C

Control systems
NPP safety&servise
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SALLNTA N OBCNTYXNBAHUE A3C

3A0 «HIM-Atom»

123098, MockBa, yn. Porosa, 5-A

Ten.: 8 (499)346-39-93

CauTt: www.npatom.com

E-mail: info@npatom.com

ABTOpbI: reHepabHbIN AUPEKTOP

3AO0 «HIM-ATom», A.T.H. A.H. MoaayGHbIN,
PYKOBOAUTEIb MPOEKTa, K.X.H.

H.A. lWlenecTroBa

3aKpbiToe aKLQMOHEepHoe 06LWecTBO
«HaHONOKpbITUSA-ATOM» CO3AaHO0 2 HOA6pA 2011
roga Kak gouepHsas crpykrypa 'K «Pocatom»,
ANSA OpraH13auuM ceTU NMPoU3BOJCTBEHHbIX
LIEHTPOB C LeNblo NpeAoCcTaB/ieHUa yCiyr B
4YacTU HaHeCceHUs HaHOCTPYKTYPUPOBaAHHbIX
¢GYHKLMOHANbHbIX NOKPbITUIA. Ha cerogHALHMK
AeHb 3A0 «HIM-ATom» ycnewHo coTpyaHU4aeT
¢ OAO «<KoBpoOBCKHIA MeXaHU4YeCKUIA 3aBOA» U
OAO «CUOMPCKUA XMMUYECKUI KOMOUHAT», HA
6a3e KOTopbIX CO34al0TCA PeruoHasbHble LieH-
TPbl N0 HAHECEHUI0 MHOroQYHKLIMOHAJ/IbHbIX
noKpbIiTUA. CoTpyaHnyectBo OAO <KM3» ¢ 3A0
«HM-ATOM» NO3BO/IUIO PELUUTb BONPOC HaHece-
HUSA MOKPbLITUA Ha OAHY U3 BefyLliux aetanen
rasoBo# LeHTpudyru. B sanbHenwem 3A0 «HIM-
ATom» npeanaraeT pacluMpUTb HOMEHKIATypy
NMOKpbIBaeMbIX geTanei LeHTpudyru, a Takxe
HAHOCHUTb MOKPbITUSI HA METAJUIOPEXKYLLUIA UH-
CTPYMEHT, usrorasnuBaemMbiii Ha 0AO <KM3» u
Apyrux npeanpuaTuax Komnaiuu OAO «TB3J1»
WU pervoHa ¢ ucrnosib3oBaHueM MeToAO0B Ha-
nbuUieHus B Bakyyme. Ha 6ase OAO «CXK» nna-
HUpyeTCcH pellaTtb Npo6ieMbl NPOU3BOACTBA
TPaHCNOPTHbIX YNAaKOBOYHbIX KOHTEHHEPOB ANA
0Tpa6GoTaHHOr o0 AlepHOro TonMBa ¢c NpuMeHe-
HUEM HOBbIX GYHKLIMOHA/IbHBIX MOKPbITUA C UC-
NoJib30BaHUEM TEXHOJIOTUI ra30TEPMUYECKOro
U XONIOAHOr 0 ra304UHaAMHUYECKOro Hamnbl/IEHUS.

MpuMeHeHWe TEXHONOIMI HaHeceHus 3a-
LWMTHBIX MOKPbITUWA ABNSETCA OHUM M3 Kapau-
HanbHbIX MyTEW ynydlWeHUs IKCnnyaTaLUOHHbIX
XapaKTEPUCTUK JeTanein u y3nos, YBENUYEHUS
MEXCEPBUCHbBIX MHTEPBAJIOB UX UCMO/Ib30BaHMS,
NO3BONSET CYLLECTBEHHO CHU3UTb pacxofbl Ha
MHCTPYMEHT M TEXHOMOMMYECKYIO0 OCHACTKY, N03BO-
NIET OTKa3aTbCH OT rajibBaHMYECKMX MOKPLITUN
B M0/1Ib3Y 3KOJIOrMYECKM HYUCTBIX U 6onee Npouns-
BOAWTENbHbIX METOAOB HAHECEHUS MOKPLITUN.

lfa3oTrepmuyeckoe HanbineHue

MeToabl HaHECEHUSA MHOTODYHKLMOHANbHbIX
MOKPbITUI XapaKTEPU3YIOTCS LWUPOTON TEXHONO-
TMYECKMX BOSMOXKHOCTEWN:

— 3alUMTHbIE MOKPbITUS MOXHO HAHOCUTL Ha
06beKTbl Nt06bIX Pa3MEPOB M Pa3IMYHOro BMaa
MaTepu1asnos;

— TOJLLMHA NOKPbLITUS MOXET COCTaBNSATb OT
0,01 go 10 v 6oniee MM, NOKPbLITUS MOTYT UMETb
3afAaHHyto nopuctocTb (0T O go 30 1 6onee npo-
LLEHTOB);

— 3alMUTHbIE MOKPbLITUS MOryT GbiTb U3ro-
TOBJIEHbI U3 NNIOGBIX MaTeEPUANoB, UMEIOLLNX KaK
TOYKY NNaBieHUs, Tak U UHTEPBAN pasMsArdyeHums;

— B Ka4yecTBe MOANOXKKN MOXKHO UCMO/b30BaTh
[epeBo, CTEKI0, NlacTMacchl, KEPaMMKy, KOMMO-
3WULMOHHbIE MaTepuarbl, MeTaNbl;

— HaHecCeHWe 3alWUTHbLIX MOKPbITUI MOXKET
NpPOV3BOAMTLCS B LWIMPOKOM Manal3oHe cocTaBa
MOKPbITUS, TEMNEPATYPbI U AaBNEHUS — B HUSKOM
BaKyyMe B CreunanbHOM Kamepe C KOHTPOJIU-
pyemow nHepTHOM aTMochepon, B BO3ayxe npu
HOPMasibHbIX YCII0BUSAX, NOA BOAOW;

— HaHeceHWe MEeTaNNIMYECKNX U Kepamuye-
CKMX MOKPbITUI HE Bbi3blBAET HAarpeBa Hamnbls-
€eMOoV MOBEPXHOCTH, 06ecnevymBaeT CoXxpaHeHne
CTPYKTYPbl M reOMETPUYECKUX Pa3MEPOB AeTanew.

DYHKLUMOHANbHOCTb MOKPLITUN, MPUMEHSIEe-
Mbix 3AO «HI-Atom», camas pa3Hoob6pa3Has:
@HTMKOPPO3MOHHbIE, UIBHOCOCTOMKUE, aHTUDPUK-
LIMOHHbIE, aHTMAAre3MOHHbIE, }KapOMpPOYHbIe U
apoCTOMKKNe, TepMobGapbepHbIe, ANINEKTPU-
YyecKue, aNeKTPONPOBOAHbIE, YINOTHUTENbHbIE,
BOCCTaHOB/IEHWE HaMbIIEHWEM U HaMnIaBKOM.

Hanuune oTBETCTBEHHOr0 NapTHEpa B N1Le
3A0 «HIM-AToM» 1 OTKpbITas cxema B3aMMoen-
CTBUS MeXAYy NPeanpUATUSIMU NO3BOAUT CHOp-
MUPOBaTb MHHOBALIMOHHYIO cpeay U onepaTuBHO
pewaTtb 3aAayn No BHELPEHUIO HOBbIX TUMOB
QYHKLMOHANbHbIX MOKPbLITUN.

HanbineHue B Bakyyme

84 ATOMHbBIV MPOEKT

NANOPOKRYTIYA-ATOM CLOSED
JOINT-STOCK COMPANY

5-A, Rogova st., Moscow, 123098, Russia
Phone: 8 (499)346-39-93
www.npatom.com

E-mail: info@npatom.com

General Director - A. Poddubny,

Doc. Sc. (Engineering)

Project Manager - N. Shelestova,

Cand. Sc. (Chemistry)

Nanopokrytiya-Atom CJSC was founded in
November 2011 as a Rosatom’s subsidiary
to set up a network of production centers
engaged in making nanostructured coatings.
NP-Atom CJSC has established cooperation
with Kovrov Mechanical Plant JSC and Sibe-
rian Chemical Works JSC that serve as the
base for regional centers engaged in multi-
functional coatings. The cooperation of Kovrov
Mechanical Plant with NP-Atom resulted in
solving a problem of coating on one of the
key components of the gas centrifuge. Plans
have been made to expand the range of the
centrifuge coated components and to make
coating on metal cutting tools produced by
KMP and other plants of TVEL JSC and the
region using vacuum deposition technique.
In cooperation with Siberian Chemical Works
itis planned to produce transport containers
for spent nuclear fuel with the use of thermal
spray coating technique.

Protective coating is a means to improve sig-
nificantly performance of units and components,
to increase their service life, to cut expenses for
tools and equipment, and to replace electrolytic
coating technique by ecologically clean and pro-
ductive coating technology.

Multifunctional coating technique has many
engineering capabilities:

— protective coatings can be made on objects
of any dimensions and material;

— the coating thickness can be of 0.01to 10
mm and over, the coating can have the desired
sponginess (from O to over 30 percent);

— protective coatings can be made of any
material with both melting point and softening
range;

— wood, glass, plastics, ceramics, composite
materials and metals can be used as support
materials;

— coating cam be made in a wide range of
composition, temperature and pressure condi-
tions: in a low vacuum chamber with controlled
inert atmosphere, in standard air conditions,
and underwater;

— metal and ceramic coating does not result
in significant heating of the surface and does not
affect the geometric dimensions of components.

NP-Atom CJSC makes coatings of various pur-
poses: anticorrosion, wear-resistant, antifriction,
antiadhesion, heat-resistant and high-tempera-
ture, thermal barrier, dielectric, conducting, joint-
ing coatings, spray reclamation and retailoring.

P-Atom CJSC as a responsible partner and
transparent interaction scheme will help build
innovation environment favorable for prompt
introduction of new types of coatings.




CUCTEMBI YMPABJIEHMA U KOHTPOJIA

0 Ao «H"umu» UHcTUTYT pa3pabaTtbiBaeT, NPOU3BOAUT U NnocTaBasieT 6onee 40 TMNoB
NnpPUMGOpPOB A1 CUCTEM aBapPUINHON 3aLUTbl PEAKTOPHbIX YCTAHOBOK U
Bonopapckoro ya., a. 8/10, r. Mensa, Poccun, 440026 KOHTPOJIA TEXHOJIOFM4ECKUX NPOLLeCCOB Ha aTOMHbIX cTaHUuAX Poccum,

Ten.: (8412) 565-563, http://www.niifi.ru YKkpauHbl, Unaun, bonrapum, UpaHa, Kutas.
HammeHoBaHMe M Ha3Ha4YeHue npuGopa. Yeayru
CEWCMOJATYMK C1 4 [unana3oH yCKOPEeHW, B Npeaenax KoToporo ycra-

npefHa3HayeH Ans HenpepbIBHOM perucTpaLmnm CeMCcMMYECKUX Bo3aein- HaBNMBAETCA MOPOr BblAa4u aBapUHbIX CUTHANOB,
CTBWI Ha peaKTopHyto yctaHoBKY ASC U dopMupoBaHuUa curHana npe- ot 0,25 go 2 m/c

BbllWEHWS YCTAHOBJIEHHOIO YPOBHS ceMcMMYecKoro Bo3aencteua ana Knacc 6e3onacHocTy 2Y no MHA3M-01-011.
annaparypbl aBapuMnMHOW 3aLLUTI. Karteropusa cencmoctonkoctv 1 no HIM-031-01.
LLledMOHTa, CTbIKOBOYHbIE UCMbITAHUS, MOBEPKA MO MECTY YCTaHOBKMU.

XoA 3anopHOro opraHa oT NMONOMKEHUS «3aKPbITO»
[10 nonoxkenusa «oTkpbiTo» MM B30K cocTtaBnser
190 mm, MM K3 — 100 mm.

OcHoBHas norpelHocTb cpabaTbiBaHUs He 6onee
+3 MM.

MoOLLHOCTb NOT/MOWEHHON J03bl U3NTyYeHUa AN
Mnn 1,2 mxlp/u.

Knacc 6e3onacHocti 2 no NMHA3M-01-011.
Kateropusa cencmoctonkoctv 1 no HM-031-01.

OATYMK NOJIOKEHUA AN 6

npeAaHa3HayYeH ansa Bblga4yu AUCKPETHbLIX CUrHANOB O NOJIOXEHUU GbICTPO-
[IeNCTBYIOLLEr0 3anopHO-0TceYHoro KnanaHa (630K) n knanaHa 3anopHoro
(K3) Ha yctaHoBKax AC.

AATYMK YI1OBbIX MEPEMELLEHUH NYU 066 [unanasoH namepeHu ot MuHyc 10 go 100 yrno-
npegHasHa4vyeH Ans npeoGpa3oBaHusl Yr/IOBbIX NepPeMELLEHU IONATOK BbIX FPajycoB.

LuMGepa perynmpytoLLero yCTpOMCTBa CUCTEMBI MACCUBHOMO oTBoAa Tenna Knacc 6e3onacHocty 2HY no MHA3M-01-011.
Ha ASC B 3IeKTPUYECKUI CUrHaI. Kateropusa cericmoctonkoctv 1 no HM-031-01.

LUTOKOBbI! AATYMK IMHEAHBIX NEPEMELLEHUHA MJIL 002 [unana3oH uamepeHui ot 0 go 100 mm.
npeaHa3HavyeH ana U3MepeHns NMHENHbIX NnepemelleHnint o6bekToB. Mc- Knacc 6e3onacHoctn 2Y no NMHA3M-01-011.
NMoNb3yeTcs B COCTaBE MEXaHUYECKNX CUCTEM B PEAKTOPHbIX oTaeneHunsax Kateropus cemcmocTtonkoctn 1 no HM-031-01.
6nokoB ASC.

OATYUK NOJIOXKEHUA AN 2 30Ha cpabaTbiBaHMa 5 MM.

npefHasHa4yeH AN1a KOHTPos 06beKTa, nepemellatllerocs oTHocutenbHo Knacc 6esonacHoctv 2H no MHA3M-01-011.
YyBCTBUTENbLHOIO 3/IEMEHTA AaTyMKa, U BblJa4yu AUCKPETHOrO (6uHapHo- KaTeropus cermcmoctorkocty 1 no HM-031-01.
ro) aNEeKTPUYECKOro curHana. Mcnonb3yeTtcs Ha Neperpy304HON MalunMHe

peaKTopHoro otaeneHua A3C.

[dvana3oH cpabaTtbiBaHWs B npeaenax or 3 Ao
15 mm.

[dnana3oH paboymx Temnepatyp ot 5 4o 60°C ans
BI, ot 5 go 150°C ans M.

Knacc 6esonacHoctn 2Y no OlNb-88/97.
Kateropusa ceicmoctonkoctn 1 no HIM-031-01.

AVUCTAHLIMOHHDbIW YKA3ATENDb 1V 2

npegHa3HavyeH ansg CUCTEMbl KOHTPONS, PeryiMpoBaHUs M ynpaBieHus
TEXHONOrM4Yecknmu nporieccamu AC ¢ BOLO-BOAAHBIMU IHEPTETUYECKUMHU
peakTopamu KopnycHoro Tuna. CocTouT U3 npeobpasoBaTene nepeme-
weHus M 2 wT. n BTopr4yHoro npeobpazoatens BIl.

[unanasoH cpabaTbiBaHUS B npegenax ot 3 go
AVNCTAHLIMOHHDbIW YKA3ATEJb A1V 3 43 MMm.
npegHa3HavyeH AN CUCTEMbI KOHTPOAS, PEryiMpoBaHus M ynpaBieHua [uana3oH paboyunx Temnepatyp ot 5 o 60°C ang
TexHonornyeckumu npouieccamu AC. Coctount U3 npeobpasoBatener nepe- BIl, ot 5 go 150°C anga M.
mMelleHusa MMM 1 wr. u BTopMyHoro npeo6pasoBarens BIl. Knacc 6e3onacHoctn 2Y no OMNb-88/97.
Kateropusa cencmoctonkoctv 1 no HIM-031-01.

BJIOK KOHLIEBbIX BbIK/TIOYATENENA BKB-4 Pa6ounn xop wroka ot 1,7 Ao 2,3 MMm.

IR} npefHa3HayYeH ans KOHTPONSA COCTOSAHUS 3aNOPHbIX KNanaHoB ¢ py4HbIM U Knacc 6e3onacHocti 2HO no MHA3M-01-011.
[IMCTAHLUMOHHbIM yNpaBAeHWEM W BblAa4u AUCKPETHbIX CUrHaNoB B cucTeMbl  KaTteropus cevicmoctonkocty 1 no HM-031-01.
aBTOMaTUYECKOro perynmpoBaHns n KkoHTponsa ASC.

NEPEKNIOMATE/Ib KOHEYHbIN NK 1 Pa6o4yni xon ot 0,2 oo 2 MmMm.

npeaHa3HavyeH Aaa KOHTPOAS KOHeYHbIX MONOXEHUN NoaBMMKHbIX Mexa- Knacc 6e3onacHocti 2H no MHA3M-01-011.
HM3MOB 060pyaoBaHus ASC. Mcnonb3yeTcs Ha neperpy3oyHon MawmrHe Kateropus cencmocTtonkoctn 1 no HM-031-01.
PEAKTOPHOrO OTAENEHUS.

OATYUK-PEJIE YPOBHSA XXUAKOCTHU CY-3 OnddepeHunan cpabatbiBaHns He 6onee 1510
@ - '*"\ | npeaHa3Ha4YeH ans KOHTPOJS YPOBHS XXUAKOCTM B annapaTtax M cocyaax MM.
‘@\‘gﬁ’&a cTauMoHapHbIx ycTaHoBOK AJC. Mcnonb3yeTtcs B TypO6UHHOM otaeneHnn Knacc 6e3onacHocti 2YH no NMHA3M-01-011.
Ha pe3epBHON AN3ENIbHON INEKTPOCTaHLUMN. Karteropusa cencmoctonkoctv 1 no HM-031-01.
CUrHAJIU3ATOP TEMNEPATYPBI CT 1 YctaBKa cpabatbiBaHusa oT O go 100 °C.

npeaHa3HayeH 41 KOHTPOA TeMnepaTypbl M cUrHanusaumm 06 usmeHennn Knacc 6e3onacHocTy 2Y no NMHA3M-01-011.
€€ BbllLE WK HUXE 3aJaHHOro 3Ha4YEHUS NMyTEM BKIIOYEHUS UK BbIKNO- KaTeropus cecmocTtorkocty 1 no HM-031-01.
YeHMA SNIEKTPMYECKON Lienu. Micnonb3yeTcs B cMCTEMax BO3AyX0noAa4u u

CUCTEMAX CMa3KM M OXJTaXKAEHWUS XMOKOCTEN AM3€ENbHbIX YCTaHOBOK ASC

NpW HENPEPbLIBHOM KPYr/TIOCYTOYHOM 3KCMayaTaLumu.
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bonee 50 neT
B MPOMBbILUA€HHOM
ABTOMATU3ALUMU

M30O-1000-05A

M3S0O-250-05A } M3S0O-2500-05A

Paspaborka
llpon3soACTBO
locraBska

CpeACTB QBTOMQTU3ALNU
AAS yrpQaBA€HUS TPY60rnpoOBOAHOM
apmarypouv ASC

©® MexXaHM3Mbl MICMOAHUTEAbHBIE SAEKTPU-
yeckme M0, MBM, M3l ang Tpybo-
MPOBOAHOM APMATYPbI;
MSM-05A1 ® Yrnpaeastolme yctpomnctsa PLI-0650A
AN BECKOHTAKTHOTO YMPABAEHMSI
SAEKTPUYECKMMM UCMIOAHUTEABHBIMM
MEXAHM3MAMU;

©® HopmMupytowpme Npeobpa30BATEAU AASI
MHAYKTVBHBIX (HI1-110A) 1 peoCTaTHbIX
(HIM-P20A) AQTYMKOB SAEKTPUHECKMX
NCMNOAHUTEABHBIX MEXAHU3MOB;

® MeXaHW3Mbl CUTHOAU3ALINY MOAOKE-
HUs: MCI1-A AAS1 CUTHOAM3ALM MTOAO-
YKEHUS PETYAURYIOLLVIX OPFAOHOB TEX-
HOAOrMYyecKkoro o6opyaoBaHus ASC,
MCTT-4 AAS CUCTEM PETYAUPOBAHMS
TYPOOOAOKOB.

M3l-11A

MCI14-330

MCTI-A

HM-110A HM-P20A ®LI-0650A

428018, r. Ye6okcapbl, YA. AbaHACbeBd, 8

[eHepaAbHbIV AUPEKTOP —

3eneHeB AnekcaHApP Cepreesuy k b

MpuemHas: (8352) 45-77-14 WWW- s s pa [ ru
TexHn4eckme cneunaamncTbl: (8352) 45-11 -92 . .

OTaeA NpoACXK: (8352) 45-89-50, 45-84-93, E-mail: admin@skbspa.ru, om@skbspa.ru

45-69-98, 45-49-99

. 86 ATOMHBIV MPOEKT




3AKPbITOE AKLUMOHEPHOE OBLWECTBO
W] MPOEKTHO-U3bICKATE/IbCKUA UHCTUTYT

=4 OPTCTPOWMMPOEKT

3A0 «OPTCTPOMNPOEKT>»

115516, Poccus, r. Mocksa,
yn. MpombllunenHasn, A. 11, crp. 3
Ten.: (495) 663-91-42

UHcTUTyT pacnonaraert cneyuanusu-
pPOBaHHbLIM OTAENIOM 06CNeoBaHus
M UCNbITAHUA CTPOUTE/IbHbLIX KOH-
CTPYKUUH, paGoTaloum B TECHOM
COTpyAHUYECTBE C UcnbITaTes/ibHOM
naéoparopuen, NPOEKTHO-KOHCTPYK-
TOPCKUM OTAEJIOM U NPeANnpPpUATUAMMU,
3aHUMALWHUMUCA UHKEHEPHO-Teo-
NIOTMYECKMMM U3bICKAHUSAIMMU.

CneuunannuctamMmm UHCTUTYTa BbIMOMHANUCH
paboTbl N0 06CNeaoBaHNO CTPOUTENbHbIX KOH-
CTPYKLUMIN KPYyMHEWLWNX IHEPreTU4YeCcKnUx 006b-
EKTOB, B 4ucne Kotopbix: O6HMHCKaa A3JC,
Nennnrpaackasa ASC, UrHanuHckaa A3C (JluT-
Ba, B nepuoj cTpoutenbctea), banakoBckas
A3C, YepHobbinbckaa A3C (nocne aBapum),
BonrogoHckas AQC (Bo306HOBJ/IEHWE CTPOU-
TenbctBa), Konbckaa A3C, MaHrbiWwnakcKum
3Heprokomb6uHar (r. LleB4eHKo), KannHuHcKasn
A3C. lMomumo 3Toro, Hapsay ¢c o6¢cnegoBaHnem
CTPOUTE/bHbIX KOHCTPYKLMIA CcaMblXx pa3Hoo-
6pa3HblX 34aHWUM U COOPYKEHUM NPEANPUATUI
MuHcpeamala-MuHaToma-PocatomMa BbInon-
HANMCb 06CcnefoBaHnsa 34aHUI U COOPYIKEHUW
peaKToOpOB Hay4YHO-UCCNeA0BaTENbCKUX UHCTU-

TyToB: PHLU «KypyaTtoBCcKui MHctutym™, MUDHU,
T3P, HUTKU (r. CocHoBbIN Bop), dunmana
HUKW3T (r. 3apeyHbint).

Pa6oTbl BbINONHAIOTCA NO cneunanbHoOn
nporpamMmme KOMMJEKCHOro o6cnefoBaHus,
pa3paboTaHHoit 3A0 «OPTCTPOMMPOEKT» Ha
ocHoBe «Tpe6oBaHWM K 060CHOBAHUIO BO3-
MOXHOCTHU NMPOASIEHMA Ha3HAYEHHOrO CpPoOKa
3KcnayaTauum O06BHLEKTOB MCMNONb30BaHMUS
aTomMHoM aHepruun» (HMN-024-2000); «Tunosown
MHCTPYKL MM MO 3KCnayaTauuu Nnpou3BOACTBEH-
HbIX 34aHUN U COOPYKEHUM aTOMHbIX CTaHLUM»
(PO-30-0007-93), «MeToAUKM OLIEHKM COCTOS-
HWS M OCTATOYHOrO pecypca *ene3o6eToHHbIX
KOHCTPYKLUMIM ASC, BaHbIX A/19 6€30MacHOCTU»
(P4 30 0447-03) 1 HOPMATHUBHbIX JOKYMEHTOB
PoccTtpos. Otnen o6¢cneaoBaHns CTPOUTENb-
HbIX KOHCTPYKLUMW pacnonaraeTr OnbITHbIMK
crneuvanMctaMu, COBpPpeMEHHbIM 060pyao-
BaHWEM, HOBEWLWMUMU BbIYUCIUTENbHBIMU U
nporpaMmMHbIMU CpeacTBamMu, UMEET TECHbIE
CBfI31 C Y4E€HbIMU U CNeLMannucTaMm BeayLmx
NMPOEKTHbIX WM Hay4YHO-UCCNEA0BaTEIbCKUX MH-
cTuTyTOB Poccuu.

ORGSTROYPROEKT CJSC

Build 3, 11, Promyshlennaya st.,
Moscow, Russia, 115516
Phone: (495) 663-91-42

The Institute incorporates a specialized build-
ing structures survey and testing division that
closely cooperates with the testing laboratory,
the design division and enterprises engaged
in geological engineering survey. Specialists of
the Institute have performed survey of building
structures of the largest power facilities.

The works are performed within a special
program of comprehensive survey developed
by ORGSTROYPROEKT in conformity normative
documents of Russian Agency for Civil and In-
dustrial Engineering.

The building structures survey division
is staffed with experienced specialists and
equipped with modern machinery, state-of-the-
art computing facilities and software, has close
ties with scientists and specialists of the lead-
ing design and research institutes of Russia.
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Hwkeropopackaa BbictaBouHaa komnaHua OO0 «HL Skcno» yupexpaeHa B
2008 rogy Hekommepuecknm napTHepCcTBOM «HMKeropoackui 4enoBO LIeHTP
aToMHoro MawwuHoctpoenua» (HM «HAL ATOMMALL») B uenax NnpoaBuKeHUA
NPOAYKUMM NPeAnpPUATUIA SHePreTMYeCckoro MallMHOCTPOEHNA Ha Poccninckunim n
3apy6exHbI pblHKK. 3a nepuof cBoeit paboTtbl OO0 «HJL| Skcno» coBMecTHO ¢
BeAYyLMMM NPEAnpUATUAMI aTOMHON OTPaCv 1 KPYMHELLNMY BbICTaBOYHbIMMA
LieHTpamu BbICTYMUSIO COOPraHr3aToOPOM pAfa YHUKaNbHbIX KOHIPeCCHO-BbICTa-
BOUYHbIX MPOEKTOB, B TOM UY/C/Ie BOCbMU MEXAYHAPOAHbIX HayYHO-MPOMbILLAEHHbIX
dopymoB «ApmapKa aTOMHOIO MaLLMHOCTPOEHUAY, TPEX MEXKAYHAPOAHBIX Hayy-
Ho-NMpaKTnyecknx GopymoB «/IHTenneKkTyanbHoe NpoeKTMpoBaHue. YnpasneHve
MKU3HEHHBIM LMKIIOM CIOXHBIX MHXXEHEPHbIX 0OBEKTOBY, a TakXe NpeacTaBunia
BefyLMe NPesnpUaTAA aTOMHOIO SHEPreTUYeCKoro MallMHOCTPOEHUS Ha CreLn-
anbHbIX pasfenax KPymnHbiX BbICTaBOK B Poccnm u 3a pybexom. OO0 «HL Skcno»
CTano opraHy3aTopOM KOSTEKTUBHOIO CTEHAA SKCMO3MLNM POCCUINCKIMX U YELLCKUX
KOMMaHWA NPOon3BOACTBEHHOIO 06beanHeHNsA «MMpaXKCKMiA ATOMHBIN ANbAHC» Ha
dopyme NOCTaBLYMKOB AJ1A aTOMHbI NPOMbILLAeHHOCTU «ATomeKc-EBpona» B lMpare.
Bcero B KOHrpeccHo-BbICTaBOYHbIX MeponpuATuax «<HAL, Skcno» npuHAno yyactue
cBbiwe 1600 5KCMOHEHTOB, 1 MO UTOraM VX NPOBEAEHMSA 3aK/IOYEHO KOHTPAKTOB

OcHoBHoV 3agaven geatenbHocTu «<HILL Skcno» AaBneTtca

co3paHue yc10BuUi A8 aKkTUBHOTO B3aMOAENCTBUA y4acT-
HUKOB BbICTaBOYHOIO N KOHIPECCHOTO MPOLIECCOB C Liefbio
o6MeHa onbITOM U HaJlaXKNBaHA B3aIMOBbIrOAHbIX 4e/T0BbIX
cBA3en.

«HAL, 3kcno» — 3To KOMaHga npodeccnoHanoB, Bcerga

roToBaa NpeaoCcTtaBTb KOMIJIEKCHOE pelleHne 3agay no
OopraHMsaunun cneynaansnpoBaHHoOro mMmeponpunAaTtna gna
Ballel KoMnaHuu:

pa3paboTka KOHUeNuuu 1 CLeHapua MeponpuaTAs
BbIGOpP NnoLaAKmM, oTBeYaloLLel cTaTycy coobITuA
pa3paboTKa yHMKanbHOro CTUA Y CUMBOJINKA
MeponpuAaTus

oT60p 1 NpurnaleHne BegyLmx 1 MOgepaTopoB
npuBneYeHne K y4acTuio IMAepoB oTpaciu
npuBneyYeHve CNOHCOPOB

PeKknamHo-nH$OopMaLMOHHasA NogaepKKa MeponpuAaTua

Ha cymmy 6onee 37 mnpp pybnen.

HAL 3KCMO v NBC EXPO
Hwvxeropopackas The Nizhny Novgorod
BbictaBouHasa KomnaHus ﬁ Exhibition Company
603163, Poccus, Russia, 603163,

r. Hmxuunin Hosropogp, yn. KasaHckoe wocce, a.12
Ten./¢dakc: 8 (831) 438-28-50
info@nbc-expo.ru, www.nbc-expo.ru

Nizhny Novgorod, Kazanskoe shosse, 12

|H| Jﬁl u Tel./fax: 8 (831) 438-28-50

info@nbc-expo.ru, www.nbc-expo.ru

SAIKCINO

The main purpose of the «<NBC Expo» activities is creating
conditions for the active interaction of the participants of
congress and exhibition processes to exchange experiences
and establish mutually profitable business contacts.

«NBC Expo» is a team of professionals, ready to produce a
complex solution of arranging a special event for your company:

creating the concept and scenario of the event
selecting the site for the event, matching its status
working out the unique style and symbols of the event
opting and inviting hosts and moderators

involving the leaders of the branch in participation
attracting sponsors

advertisement and PR of the event

The Nizhny Novgorod Exhibition Company «NBC Expo» was established
in 2008 by the Non-Profit Partnership «Nizhny Novgorod Nuclear Engineering
Business Center» (NP «<NBC ATOMMASH>») to promote products of power
machine-building companies on Russian and foreign markets. For the period it
started on the market the «<NBC Expo» LLC in collaboration with the leaders of
the nuclear industry and major exhibition centers implemented several unique
congress and exhibition projects, including eight International Scientific
& industrial Forums «Nuclear Machine-building Fair», three International
Research and Practice Forums «<Smart Engineering Design. Complex Product
Life Cycle Management», and successfully presented leading nuclear power
machine-building enterprises in specialized sections of prominent exhibitions
in Russia and abroad. The «NBC Expo» LLC arranged joint exposition of the
Czech and Russian companies of the Prague Nuclear Alliance production
association on the Nuclear industry suppliers forum «Atomex-Europe» in
Prague. More than 1600 exhibitors took part in the arranged by the «<NBC
Expo» events, which resulted in signing contracts for the total amount of
37 billion rubles.
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OT PEOAKLIMX / FROM THE EDITORS

YBa)KaeMble YUTaTe/IM — PYKOBOAUTEJIN U CNEeLiHa/IUCTbI
npeanpUATUA aTOMHOM oTpacam!

HypHan «<ATOMHbIN NPOEKT» — 3TO HaAEXHOE CBA3YIoLLEE 3BEHO MEXKAY CneLnanucTaMu KpynHenwen
B CTpaHe UHXWHUPHUHIroBon KomnaHun HUAIMM-ACS, Ha KOTOPYIO BO3/I0XKEHa BCA OTBETCTBEHHOCTL 3a
KOMMEKTaLuto, CTPOUTENLCTBO, NYCKOHaNaA04YHble paboThl M cAady «MoA KY» 04HOBPEMEHHO 6onee
4yem 20 06bEKTOB aTOMHOW 3HEPreTUKM B HalLen CTpaHe v 3a pyoeom, U MPOU3BOAUTENAMM U NOCTaBLLM-
Kamu o6opynoBaHus ania ASC. Mbl pafibl, YTO Halle U3JaHWE YCMELIHO BbIMOHAET 3Ty GYHKLMIO: XKYPHan
«ATOMHbIM NPOEKT» CTan HAaCTONbHON KHUIOM A5 NPOEKTUPOBLLMKOB HMXKEropoacKomn MHKUHUPUHIOBOK
KOMMaHW1 <ATOM3HEPronpoeKT», ero NoMy4aloT UHKUHUPUHTOBbIE KOMNaHWKM MocKBbl U CaHKT-MeTepbypra.

MpaKTnKa noKkasana, YT0 He MeHblUee 3HaYeHne MMeeT U gpyras GYHKUMS XKypHana — MHOOPMKU-
poBaTb NPeAnpPUATUS OTPACAM O HOBbIX pa3paboTKax Apyr Apyra, 6biTb AN HUX MHCTPYMEHTOM NOMCKa
NoTeHLMaNbHbIX 3aKa34MKOB M AeN0BbIX NapTHePOB. C 3TOM LieNbio Mbl pacchiiaeM 3Ha4YuUTeNbHYI0 YacTb
Tupaxa (4o 1000 3K3. Kaxkgoro BbiNyCcKa) Ha BCe 3Ha4nMble OTeYECTBEHHbIE NPEANPUATUS aTOMHOM NPo-
MbILW/EHHOCTH, @ TaKXe y4aCTHUKaM BarKHEWLWMX oTpacneBbiX GOPYMOB, CEMUHAPOB M KOHbEPEHLIMH,
KOTOPble MPOXOAAT B HaLlen CTpaHe v 3a PyeexoM.

Cnepnyrowmim BbiNyCK ypHana BbiMAeT B ceeT 14 anpena 2014 r. n 6yaet NnpeacTaBfiieH Ha cneayolmnx
KPYMHEMNLINX KOHIPECCHO-BbICTaBOYHbIX OTPACNEBbLIX MEPOMNPUATUAX:
e MOCKOBCKMI MeXayHapoaHbIv aHepreTuyecknin dopym «TIK Poccumn B XXI Beke»
(21-23 anpens, Mocksa, Poccus)
e dopym-BbicTaBKa «[oc3akaz-2014» (23-25 anpens, Mocksa, Poccus)
e VI cneuunanuM3npoBaHHas BbiCTaBKa MPMOOPOB M CPEACTB KOHTPONS, UCMbITAHUI U UBMEPEHUI
«9Keno-KoHTtponb» (23-25 anpens, MockBa, Poccus)
e X cneuuanusmpoBaHHas BbiCTaBKa-dopym «EBPO-A3MaTCKMM MalWMHOCTPOUTENbHbIN HOpyM»
(20-22 mag, Ekatepun6bypr, Poccus)

Ecnu Bbl XOTUTE yBEPEHHO YyBCTBOBATL CEOS Ha PbIHKE MOCTaBLMKOB aTOMHOW OTPac/iu — pa3me-
WwanTe MHGOPMaLMIO O CBOEN MPOAYKLIMM U YCyrax Ha CTpaHuLax XypHana «ATOMHbIN MPOEKT».
Mbl coeguHsaemM ny4qwmx ¢ aydwmmu!

Dear readers-managers and specialists
of the nuclear industry enterprises!

«Atomic Project» journal was established as a link between specialists of engineering companies,
who are responsible for supply, construction, startandadjustment and «turnkey» commissioning of
nuclear facilities, and manufacturers and suppliers of equipment for nuclear power plants. We are
happy that the journal is successful in this undertaking: it has become a «real book» for the designers
of Atomenergoproekt Nizhny Novgorod Engineering Company, it is received by engineering companies
of Moscow and Saint Petersburg.

Life has shown that another function of the journal — to inform enterprises of the industry about
new developments of each other, to be a useful tool in searching for prospective partners and custom-
ers — is of no less importance.

The next issue of the journal will come out on April, 14, 2014 and will be presented at the largest

congresses and exhibitions:

e Xl Moscow International Energy Forum «Russian Fuel & Energy Complex in the XXI Century»
(21-23 of April, Moscow, Russia)

e Forum-Exhibition «GOSZAKAZ-2013» (23-25 of April, Moscow, Russia)

e International exhibition of equipment and technologies for control, tests and measurements
«Expo Control 2014» (23-25 of April, Moscow, Russia)

e IX Euro-Asian machine building forum (20-22 of May, Ekaterinburg, Russia)

We welcome you to advertise your products and services for the nuclear industry in the «Atomic Project».
We connect the best with the best!
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